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Chapter 1 Introduction

1.1 Overview of Features

The Suspension Analyzer by Performance Trends, Inc. is software to let circle track racers, road racers, chassis builders,
engineers, and performance enthusiasts understand, tune and even design front suspensions. It does a complete double A-Arm
(wishbone) suspension analysis, including bump steer, Ackerman, caster gain, anti-dive, tire scrub, camber gain and much more.
Its detailed inputs and calculations will examine all aspects of suspension motion and function in 3 dimensions, left/right,
up/down, and forward/back. Its many features include:

Features:

User friendly, Windows interface, compatible with Windows 95, 98, NT and 2000.

Can print results using most any Windows compatible printer, many times in color.

The Shim menu where you can shim the upper A-Arms up/down/in/out and see the effect on Camber & Caster.

The Optimize menu lets the program find optimum settings automatically.

The Ride Height menu lets you change ride height either by Jacking on the Spring, Changing Tire Size, or Changing

Spindle Drop.

e Detailed determination of Wheel Rate and Roll Stiffness.

e View car from front perspective or rear (driver’s) perspective.

e View suspension from front (or rear), top and side.

e Simulate Rack and Pinion or Pitman Arm/Idler Arm/Center link steering systems.

e Draw Extension Lines to see how Instant Centers and Roll Centers are derived.

e  Automatically calculate and display Camber Gain, Caster Gain, Toe Gain (bump steer) as measurements and locations are
changed and updated.

e Save nearly unlimited number of suspensions for recall, comparison and analysis in the future.

e Allows several reporting and graphing options for analysis for various amounts of Dive, Roll and Steer.

e  Write ASCII files for importing data into other computer programs.

Please read Sections 1.2 "Before You Start" and 1.3 "A Word of Caution" before you turn on the computer. Then try running
the program following the guidelines in 1.4 "Getting Started" and 1.5 "Example to Get You Going". When you feel a little
familiar with the program, take time to read this entire manual. It will show you all the things you can do with this powerful
tool.

Be sure to check Appendix 6, Appendix 7, Appendix 8, and
Appendix 9 for new features introduced in v2.0,v2.4 A, v2.4
B, and 2.4 C, since the original writing of this manual.
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1.2 Before You Start

What you will need:
e  Computer with Windows 98, NT, 2000, XP, Vista or Windows 7, Windows 8 or Windows 10

Many terms used by the Suspension Analyzer and this user's manual are similar to terms used by other publications, i.e. Camber
Gain, Bump Steer, etc. However, these terms may have different definitions. Therefore, read Chapter 2 to see what these terms
mean to the Suspension Analyzer.

Occasionally it will be necessary to identify "typos" in the manual, known "bugs" and their "fixes", etc. which were not known
at the time of first publication. These will be identified in a file called README.DOC in the Suspension Analyzer directory or
folder. This file can be displayed right in the Suspension Analyzer by clicking on Help at the Main Screen, then clicking on
Display Readme.doc File. You can also read it using utilities like NotePad or WordPad.

Unlocking Program Options:

The Suspension Analyzer is equipped with copy protection. This ensures the legitimate users do not have to cover the costs for
unauthorized distribution of the program. When you first receive the program, it is in demo mode. All features work in Demo
mode. Sometime during those 10 days, you must call Performance Trends to obtain an “Unlocking Code”.

Before you call Performance Trends, you should get your disk serial number (stamped in blue on the disk), your registered
name and code number, and computer hardware number. The registered name and code numbers are available by clicking on
file in the upper left hand corner of the Main Screen, then clicking on Unlocking Program Options. A screen will appear as
shown in Figure 1.1.

Performance Trends will provide you an unlocking code number. Type in the unlocking code number and click on OK. If you
typed in the number correctly, you will be given a message that the program is permanently unlocked. The program will only
run on this one computer.

If you want to run the program Figure 1.1 Menu to Unlock Program Options

on another computer, you must FE Unlock Form (=]
install it, obtain the computer

hardware number and registered Code # to Extend Demo 239235212 0K
code number as shown in Figure Computer Hardware # 842897

1.1, and call Performance Trends . .

for a new Unlocking Code for A CO L ELTE Joe Smith Cancel
that computer. There may be a Registered Code # 14666

charge for additional computers.

Enter Unlocking Code # || Help

Click on Help for more info an biowe pow use this screen to unlock, thiz program.
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1.3 A Word of Caution

The Suspension Analyzer is a comprehensive software package which estimates a suspension's motion based on limited user
input. These estimates can be used for suspension analysis and tuning. However, a suspension is a very complex system, which
makes exact calculations of all details impossible. Therefore, several simplifying assumptions are made to reduce the
calculations to a manageable level. The user must recognize:

The software can not predict the safety of a suspension modification or driving situation. Done correctly, with the proper
quality parts and safety precautions, extreme racing conditions can be safe. Done by inexperienced racers with standard or
low quality parts, a race car can be a "disaster waiting to happen". Please read and follow any "Safety Notes" as highlighted
in this manual.

The software, like any computer model, can NOT make exact predictions because:

e  Much of the input data to the software is estimated.

e Even if the input data were exactly correct, the simplifying assumptions within the program will limit the accuracy.
These assumptions include that there is no flex in the suspension arms or bushings.

e  Tire characteristics, driver performance, track conditions, etc. are rarely constant and repeatable.

The software should be used as a guide to:
e Help you understand how a suspension works; what parameters are important, how parameters interact, what are the
tradeoffs, etc.
e Point you in the correct, general direction for making modifications. This direction should be verified by other sources
like known authorities, race results, books, etc. Never trust one "single source" if it does not make sense to you.
e Make you think, not think for you. If unexpected results are obtained, take a minute to:
e Double check all your data input.
e Refer back to this manual.
e Ask someone else skilled and experienced in the particular area.
e  Give the retailer or Performance Trends Inc's. Tech Help Line a call for an explanation. (Computer programs
are written by normal people who can make mistakes. It's always possible there may be an error in the
calculations. Your phone call may help us correct it.)

Please also read the Warranty and Warning at the beginning of this manual and on the diskette envelope. Also see Appendix 1
for general tips on “optimum” suspension settings and how there is little agreement on what is actually “optimum”.
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1.4 Getting Started (Installation)

You must install the Suspension Analyzer from the distribution CD to a hard drive before it will run. To do this, simply install
the CD in your CD Rom drive and the Performance Trends Installation Wizard should automatically start, allowing you to
install the Suspension Analyzer and demos of any of our other products.

If the CD does not auto-run, then click on Start, then Run, then Browse and find your CD drive. Then look for SETUP.EXE on
the CD and run it to run the Installation Wizard. If you want to bypass the wizard, go into the Programs folder and run the
Suspension-Analyzer-v2.4-Installer.exe file.

Figure 1.1 B Installation Wizard or Bypassing Installation Wizard
E Performance Trends Installation Wizard E@@

Options Moyyies Product Comparisons Wisit our Website: weww,performancetrengdsom The Installation Wizard will
Engine Pertf'}@lc i [ ools ata Logger Programs Auto-Start when you insert
Install Thiz Prog CheCk MOVIe_S for bgram Yiew Install Thiz Program  View the program CD. Here’s the
L Enging dnaluzer | a quCk tutorial nalyzer | Brochure Dyna Datatdite | Brochure | SUSpenSiOn Analyzer button

Engine Analyzer Flus | Brochure | Drag Race Analyzer Pro | Brochyél Drag Race Databite | Brochure | to install this program. You
Enaine Analyzer Pro | Brochure | 4 Link Calculatar | Broy{ure | Foad Race DataMite | Brochure | can also install any or all of
Engine Building Tools Practice Tree | %chure | ,W Brochure the %thercd.emo prOgramS on

Install This Program  View Prelim. Race Clutch |/Br0-:hure | Install D ataMite Utilities | tBhr?)Ch[l),l r o t:ll,(l:tlt(oorlnt;hea
Comp. Ratio Calculator | Brochure | Circle Track/Road Kace Tools Other Products particular product ¥or a
Cam Analzer Brochute ||| Install This Progidm  View instell This Progiam  ¥iew description with illustrations

Fuel Economy Calculator | Brochure |

|
|
Cam Test Stand | Brochure | Fioll Center Cajfulator | Brachure | (a brochure) of that program
Port Flow Analyzer | Brochure | il Tracb/hnal_l,lzer | Bl | Rotating Inertia Calc. | Brochure | tO be d|sp|ayed
Sirl Meter | Brachure | Suspensén Analyzer | Brochure | Coil Spring Tester | Brochure |
Tumble Fixture | Brochurs | Trans. Gear Calculator | Brochure | AJF Data Logger | Brochure |
Fuel Inj. Calculator | Brochure | Lep/Bemment Thnsr | Bl | Thermocoupls Recorder | Brochure |
Engine Log Book | Brochure | Pit Stop MPG Calc | Brochure | Weather Wiz | Brochure |
Walve Spring Tester | Brachure | Circle Track Log Book | Brochure | Inztall Adobe [tm] Reader
Valve Spring'wiz__| _Brochurs | Shock Dyno | Brochue | Install dobe [tm) Readsr |

Click on 'Movies' [top of screen) to play demonstration movie files of certain products.

Stop | if you purchaszed a program. click on that product's button to install it as described on your
ingtallation sheet. You can install any of our other programs here az demos to zee their features.

To bypass the Installation Wizard, click on Start,
then Run, then Browse from the Run screen
shown below to find the CDRom, then the
Programs folder on the CD, then the
Suspension-Analyzer-v2.4-Installer.exe file in
the Programs folder.

@[L_

Open Office Document

Programs 4

Diocurments

Settings

Search

Bun E]E]

_ Twpe the name of a pragram, Falder, docurnent, or
= Inkternet resource, and YWindows will open it For wou,

open: G Programs\Suspension-Analyzer-+2. 4-Installer. >

L]

[ (o] 4 ] [ Cancel ] [ Browse. .. ]

& o | T @ &) 8L

S 'Windows e Millennium Edition
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Entering Registered Owner's Name:

The first time you run the Suspension Analyzer, you will be asked to enter your name as the Registered Owner. During this first
session, you can modify it until you are satisfied. Once you accept the name, the computer will generate a Registered Code #
based on the name. To be eligible for Tech Help, you will need both your registered name and code #, and to have sent in your
registration card. The name you enter should be very similar to the name you enter on the registration card.

Click on Help, then About Suspension Analyzer at the Main Screen to review your name and code # .

Unlocking Program Options:

The Suspension Analyzer is equipped with copy protection. This ensures that legitimate users do not have to cover the costs for
unauthorized distribution of the program. When you first receive the program, it is in demo mode. In demo mode you can try
either the Basic version, or the full Vehicle version for ten days. All features are working in demo mode.

Sometime during those 10 days, you must call

Performance Trends to obtain an “Unlocking Figure 1.2 Menu to Unlock Program Options
Code”. This Unlocking Code will be for either FE Unlock Form _ O] x|
the Basi . . .
¢ Basic version or the Full Vehicle Version, Code # to Extend Demo ——
whichever you have purchased. (1] 4
Computer Hardware # 842897

Before you call Performance Trends, you should Registered Name Joe Smith
get your registered code number and computer Cancel

hardware number. These are available by Registered Code # 14666

clicking on file in the upper left hand corner of ]

the Main Screen, then clicking on Unlocking IELC = TR S R
Program Options. A screen will appear as

shown in Figure 1.2. Click an Help for mare info on how vou uge thiz screen to unlock thiz program.

Performance trends will provide you with an unlocking code number. Type in the unlocking code number and click on OK. If
you typed in a number correctly you will be given a message that the program is permanently unlocked to either the Basic or Pro
mode. The program will only run on this one computer.

If you want to run the program on another computer, you must install it, obtain the computer hardware number and registered
code number as shown in Figure 1.2, and call Performance Trends for a new Unlocking Code for that computer. There may be a
charge for additional computers.
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1.5 Example to Get You Going

To start the Suspension Analyzer, click on Start, then Programs, then Performance Trends, and then Suspension Analyzer (or
click on the Suspension Analyzer icon on your desktop). During startup of the program, you will be given some introductory
tips. It will also ask if you want to load the last suspension you (or the program) was working with. To get familiar with the

program, answer Yes. Then an example

suspension file will be loaded.

After these brief introduction screens
and questions, you will be left at the

Main Screen shown in Figure 1.3.

Notice that there is already a suspension

file loaded and displayed (if you

Figure 1.2 For Learning, answer Yes to this first question

Load Last Suzpension ?

Do pou want bo load the Suzpension which you were runhing when pou last zhut down the program?

answered Yes to the question of Figure

Figure 1.3 Main Screen

Menu Commands, like “Graph”.

Name of suspension
File you are working

Dynamic  [ive

AN
E Suszpension Analyzer ¥1.0 Performance Trends [ LIMITED LATE MODEL. ]

. HDII. Steer

Click on Dynamic to enable these dynamic
movement specs to apply certain motions on the
suspension. You will see calculated “output”
specs being updated based on the type of motion.

./

File Edit Graphs Reports Other Spec:  Adjust  Optimize  Preferences
Mew [start new suspension) Chil+M Wiew 1
Open [from all zaved suzpensions) Ctl+0
Save Clil+5 Gain based on 1" Dive.
Saveds \gm{

Open from Floppy Drive  [A:h Drive]
Save to Floppy Drive  [&:% Dirive]

Fritit M ain Screen
Fritit Blank orksheet
Wwindows Printer Setup

car [right side of screen i1z actually left side of car).

Unlack Program Options
Tranzter Programm ta Anothmm\
Ezit Program Crl+<
L
Toen Gain; -.05" Roll Center HE: 2.56 Center Right: 265 Toedn Gain; -01"
Camber Gain: -1.65 Caster Gain: .26 Gair: 12 Camber Gain: -1.53
" Suspension Data
Location Type Rt Dut ] RtHeight[¥]  [RtDepthZ)  [Lt Out 2] [CtHeight[v] Lt Depth 2] -
Upper Ball Jaint Input 21.570 0715 22514 22.385 -0.310 ||
Upper Frame Pivaot, Front InpLt 15.260 17.999 -3510 15.020 18.300 -3.820
Upper Frame Pivat, Rear Input 15.340 17.059 5.930 14.860 17.420 5230
Lower Ball Joint Inpul\ 24.382 10.040 0.140 23.443 3 0.140
Lower Frame Pivot, Front Input\ 8,560 E.725 0.050 2120 6,270 -0.020
Lower Frame Pivot, Fear Input \ 14.560 7.820 12160 14.260 7.000 12430
Tie Rod on Frame Input \ 8.500 6.386 k] 7.500 5.980 kel
Tie Fod on Spindle Input \ 22.375 8 -6.875 21.375 8 -6.505
Steenng Swivel Axiz pper Input [c'p] 7.85 10.400 -14 540 7.880 10 -14 540
Steenng Swivel Axiz Lower Input [CIM 7.85 7.980 -6.240 7.880 7.980 -6.240
Center Link. Pivats Input \[7.85 7.E80 -12.790 7.850 7.E80 -12.790
A

st | | S 51T

\
”|J @Eanorin...l %Susp&n...”[ﬁ Susp... KMicrosof...l @Eompus...l

(B E Tospm

Suspension
motion and
layout are
drawn here so
you can check
your inputs
and results.

Click on File,
then choose
from different
Save or Open
options

Click on
Unlock
Program
Options to
obtain codes to
give to
Performance
Trends to
permanently
unlock the
program (take
out of the 10
day demo

In rows marked “Input”, you can click on most any measurement and type in a
new input . The suspension layout above and all calculated specs are
immediately updated for this change. Rows with “Input (clc)” are ones where if
you click on “Input (clc)” you will be presented with a “calculation” menu where
you can calculate the input from other specs. See Figure 1.9 for an example.
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. ______________________________________________________________________________________________________________________________________________|]
1.2). This is for the last suspension file the program was working with when the program was last shut down. If you just got
your program, this would be an example suspension which was loaded at the factory. The name of the suspension is shown at
the top in square brackets [ ], LIMITED LATE MODEL shown in Figure 1.3.

A suspension file is made up of basically 2 parts:
1. Suspension Data (measurements) as listed on the Suspension Data grid on the Main Screen.
2. Other Specs which describe the type of suspension and what Suspension Data measurements are needed.

From this Main Screen, you can:

e Enter or edit any “Input” type measurement by clicking on it in the Suspension Data grid. All calculated Static results are
immediately updated to show you the results.

e Edit or review settings or comments for the file you are currently working with by clicking on Other Specs.

e  Click on “Dynamic” so you can apply different motions to the suspension for Dive, Roll and/or Steer. All calculated
Dynamic results are immediately updated to show you the results.

e Choose different tabs to view the suspension drawing from Front, Top or Side

e Open or save a file of suspension results and specs by clicking on File in the upper left corner, and then the Open or Save
commands.

e  Graph or report the suspension for the file you are currently working with.

e  Change the Preferences options to somewhat customize the program for your needs.

e  Click on File, then Unlock Program Options to obtain codes to give to Performance Trends to permanently unlock the
program (take out of the 10 day demo mode). See Section 1.2, page 2.

e  Get HELP to explain these options by clicking on Help.

e  Quit the program by clicking on File, then Exit.

All these options are explained in detail in Chapters 2 and 3.

To check out how the program works, try applying dynamics to the suspension by clicking on “Dynamics” at the top of the

Figure 1.4 Main Screen with Vehicle Dynamics Click on Dynamic

to enable Dive,

E Suspension Analyzer ¥1.0 Performance Trends [ LIMITED LATE MODEL ]

File Edit Graphs Heports Other Specz  Adjust Optimize  Prefefences  Help _IR_r?” and Steer-
- — - - - en type in or
Front View| Side View | Top View | Ho View X Dynamic DIVE. HD" _. Steer-. ]
] — _] ] _] : i click on arrow
This is a view from the front of cGal.[nghl side IIJI[ screen is actually left side of car). buttons to apply
ain based on 1" Dive. N
various amounts
of motion.

Suspension is

\ redrawn with
motion applied so
you can visualize
new positions.

]

The Suspension
Toedn Gain: -05" Rl Center HE 2.15 Tum Radius: 96t Lt Roll CentprBight: 141 oe-ln Gain: 01" Data table shows
Camber Gain: -1.65 Caster Gain: .26 Tum Toe In: 10" LCaster Gain: 'I Camber Gain: -1.53 the StatiC pOSition

" Suzpension Data >4 4 .
Location Rt Static |FItD_I,Inamic 7 |F|tChange 7 ||Lt8lalic |Lt Dynamic |Lt Change ~ - (before mOtlon)
Tire Circumference, in Input 04.82 a4.82 and the new
Tread ‘Width, in |hput 10 10 dynamic pOSitiOl’\
Camber, deg |nput -3 5.04 -2.04 25 40 =210
Caster, deg Duput |279 315 36 193 188 05 and the change.
Caster Trail Output |35 Rex] -02 -44 -44 .0n . .

Tae In, deg Input |5 552 5.2 5 533 569 A— Click and slide
Toe In, inches Output |14 1.54 1.40 14 -1.50 -1.64 / scroll bar to data
Ideal Ackrmn Toe In, deg Output | 53 53 .o B0 H.EN

Ackrmn Error, deg Output .50 A -23 .80 .21 -29 _I _on table yOU are
King Pin Angle, deg Output_ [11.14 13.09 1.5 4.0 5.9 1.95 interested in.
Scub Radiuz Output 512 496 16 5.90 589 -01

Spindle Angle, deg Output a.14 B.51 LI




(C) Performance Trends Inc 2017

Main Screen. See Figure 1.4.
Then type in various amounts of
Dive, Roll and/or Steer. Or you
can click on the up and down
arrow buttons to increment the
motions. You will see the
suspension move as in an
animation and all dynamic
calculations are updated. You can
watch camber, toe in, caster, etc.
change immediately.

Several features are available at the
top of the Main Screen in the
Menu Bar. Click on the Graph
menu command to open up the
graph options menu shown in
Figure 1.5. The graph settings
shown in Figure 1.5 are for Left
and Right Toe In, deg versus Dive,
which would be a typical Bump
Steer graph.

Click on the Make Graph button to
produce the graph shown in Figure
1.6. At the graph screen you have
several other options available for
changing the graph. These options
are available by clicking on the
commands in the menu bar or on
the buttons at the top of the screen,
including the Help command. The
Help command at this screen (and
most screens) provide a good
background on what the various

Suspension Analyzer

Chapter 1 Introduction

Select Side to Graph here.

i, Graph Settings

Figure 1.5 Graph Options Menu (to make Bump Steer Graph)

Select Data Type to

Graph in this section.

Hold Steer At

\
\

Make Graph | HElAl Eancell Print

Output \ Toe In, deg
Graph Type Pick Diata from List )‘ﬂ E:::E;l dsgg
Side - +] | |Roll Cntr Lt/Rt
l |Left and Right = Roll Cntr Height
et Toeln, in
E_ ek Tire Scrub
|F"r|mar_1,l Type IDive j Ackrmn Err. deg
_ Caster Trail
Starting From 3 Anti-Dive %
Going To %I;&_‘
Step Size \ \|~_'L
" Preview:
Secondary Type \I Mare j 7 Data Paints for Dive at:
- 3210, -3
[Starting From \ 2 Hold Rl 4 0
|Euim_:| To \ > Hold Steer &t 0
- g [21 Data Pointz for 13 Graph Lines iz
|5tep Size \ |1—| the Maximum pozzible. ]
|Hu|d Roll At 1]
o |

\_ Select motion to check and range of motion.

options are. For now, just click on Back at the upper left to return to the Main Screen.
Figure 1.6 Graph from Options Selected in Figure 1.6

Menu Bar commands

Many of the input measurements
you see on the Main Screen
(Figure 1.4) may not be familiar
to you. For a brief definition of
the inputs, simply click on the
specification name in the first
column. A definition will appear
in the with a page # in this
manual for more info.

Some specs have a Type of “Input
(clc)”. One example is Spring
Rate. The “clc” stands for
"calculate". For example, if you
want to calculate the spring rate
from wire diameter, number of
coils, etc., simply click on the
“Input (clc)” name in the Type
column. The program will
display a new menu listing the
inputs and the Calc Spring Rage

8

ile Fomat View Graph Type Add Test Help

2 R I s = A |

eln deg , vs Dive inches

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Click on
Help for an
overview of
your options
for this
screen.

Click on Back
to return to
the Main
Screen

Graphs
showing Toe
In changing
with Dive, or
Bump Steer
(right side
has much
more than
left).
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from these inputs.
For further
explanation, click
on the Help
buttons in these
menus. To use the
Calc Spring Rate
calculated from
these inputs, click
on the Use Calc
Value button.
Otherwise click on
Cancel to return to
the Main menu
with no change to
Spring Rate.
Section 2.8,
Calculation Menus
explains all these
calculations.

Suspension Analyzer

Chapter 1 Introduction

Figure 1.7 Help at Main Screen
Click on Other Specs for more Suspension Specs, see Figure 1.8.

g Suspenszion Analyzer w1.0 Prrformance Trends [ LIMITED LATE MODEL ]

File Edit Graphs
Front View] Side View] Top Yiew ] Ho Yiew ] [ Dpnamic DiVE

Beports

Other Specs Adjust  Optimize  Preferences  Halg

Rl . Steer.

This is a view from the front of car [right side of screen is actually left side n?}asl\ )
Gain based on 1" Dive. Click on
Help at the
top of this
\ (and most
all)
screens for
! !
3-D Suspension Analyzer B g € neral
Caster Trail iz the distance between the center of the tire contact patch and where the Caster &ngle Info and
ling hits the ground. Meaative [-] Caster Trail means the tire is ahead of where the Caster Line hits t|ps on hOW
e the ground. and is usually produced from negative caster angles.
Toeln Gair: - 05 Fol tO use the
Camber Gain: 165 Cas
[ Suspenszion Data ™ I — nranaram
Location [Lt Change -
Tire Circumiberence, in Input 04.82 i
Tread Width, in Inpct__[10 Click on the
Camber, deg Input -3 -210
Caster, deg Olutput .05 name (Ieﬂ
Caster Trail Dutput Column for
Toe In, deg Input A 5.89 )
Toe In, inches Output (14 -1.64 any row and
|deal Ackimn Toe In, deg Dutput .00 -5.60 A
iackrmn Error, deg Dutput .60 -29 _I a defln ItIOI’l
King Pin Angle, deg Dutput 11.14 1.95 and page #
Sciub Radius Output 512 - . .
Cpindle £ngle, deg Dutput [3.14 B IS given.
st [P & 51D || By Erpling .| FmMailit .| TMicrosalt.. | &y Susnbnz [ 2 Suspen.. | B0 ENE 1232PM

Back [ok]

" General Specs

Help

. Other Suspension Specs

Figure 1.8 Help and Calc Buttons in Other Specs Menu

"Hide Hel ments

|Heighl of C.G., inches

15 [Za_1t:|

30

|Lt Side, me}énteﬂine

|Z Front Braking

65.00

Lt Side, B}Jﬁnd Wheel Center [0

Mheelhase, inches

110.00

rom Centerline

[Rt Sid 30

|Steering

ISteering Box

|H7a’de, Behind Wheel Center /8 '

/I—l

|5|:|lings

I Coil Ovwer [outhoard]

énmmenls //

[Sway Bar Ik,)e$

-

el el 1«

|Sway Bar Rate. Ibfin

150 Cdlc |

|Symetric Chassis [Lt same as Rt) IND j

d Sample Data for BTS200 Suspénzsion Software ;I

— ldentification

|l:hassis #

|l:ustumer

" Data Logger Sensors

[Susp. Travel SEnsor

E—]

|Steering Sensor

-~

INone

[

—7

T H
,feﬁgéﬁ‘:un/ owh g key to select the type of
3 zion travel #ensor being used by a data
_~acquisition system, if any. iour choice will determine

if inputs are required to describe the mounting points
of zensors at the Main Screen, p s

General Help is available
by clicking here.

Click on Calc buttons for
Calculation Menus to
calculate an input from
other details. See Figure
1.9.

Enter most any
comments or notes
about the suspension
here. These are handy
reminders of what this
suspension was and
what you were doing.

Click on most any spec or
spec name, and a brief
Help description is given
here in the Help Frame,
with a page # in this
manual for additional info.
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Once you feel comfortable changing specifications in the various menus
and making various graphs and reports, read Section 3.5 of this manual
called Suspension Libraries to learn how to save suspensions or recall
suspensions which have been previously saved. Then you will know all
the basic commands to operate the program. For a more in-depth
knowledge of using these commands and an explanation of the results,
read this entire manual.
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Figure 1.9 Typical Calculation Menu

im. Calc C.G. Height, in

Calc C.G. Height. in

" Level ¥ehicle Measurements
r'w'heelhase 110

|Tuta| Yehicle Weight. lbs 2480

W

|Tuta| Front Weight. lbs 1500

" Raized ¥Yehicle Measurements

Raise Front or Rear IHeal =]
Front Tire Radius. in 13
Distance Raised. in 14.5

Mew Taotal Front Weight, Ibs

" Mote:
See diagram and procedure in Section 2.7.4 in
manual, page 76.

Uze Cale 'H"aluel Help | Cancel | Print
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Chapter 2 Definitions

2.0 Basic Program Operation:

Whenever you start the Suspension Analyzer, you are brought to a Main Screen which will look like Figure 2.1.

Figure 2.1 Main Screen

Menu Commands of File, Graph, etc. Name of Current Suspension File

give you all the options to operate the Click on th_ese
program and change data. Laet;\?v (t:a r?vél;[f?grent
E Suszpension Analyzer ¥1.0 Performance Trends [ LIMITED LATE MODEL ] views of the

File Edit Graphs Beports Other Spec:  Adust Optimize Bef@rences Help

Thiz is a view from the front of car [nght side of screen iz actually left side of car).
Gain bazed on 1" Dive.

Front View| Side View | Top View | No Vie X Dynemic  Dive[1.1 |B Roll[15 B Stesi[7 |B- suspension.

L These “Dynamic”
commands apply
different motions
to the

The Suspension
Layout drawing
updates as you

» change inputs
° (measurements)
L or apply motion.
Toe-n Gain: -.05" Fall Center HE: 215 Turn Radius: 96 ft Lt Fall Center Right: 14.15 Toen Gain: - 01"
Camber Gair: -1.685  Caster Gain: .26 Turn Toe In: 10" Caster Gain: .12 Camber Gain: -1.53
" Suspenzion Data . Click on Slide
Location Type Rt Out (] [RtHeight [v]  [RtDepth @l Lt Out =] [LtHeight Y] [LtDepth @) Nq Bar to display
Upper Ball Jairt Input 22097 21.870 0715 22514 22.385 0310 4
Upper Frame Pivet, Front Input__[15.260 17.999 3510 15,020 18.300 3820 more Suspen-
Upper Frame Pivot, Bear Input 15.340 17.059 5,990 14.850 17.420 5230 Sion Data,
Lower Ball Jaint Input 24.382 10.040 0.140 23.449 ] 0140 P
Lower Frame Fiwat, Front Input 8.560 B.725 0.050 8180 B.370 -0.020 WhICh may nOt
Lower Frame Pivat, Frear Input |14.950 7.820 12,160 14,260 7.000 12.430 be able to fit
Tie Rod on Frame Input 2,500 15 k] 7.500 5.980 B on the screen.
Tie Rod an Spindle Input 22375 -6.575 21.375 a3 -6.505
Steering Swivel Axiz Upper Input [clz] |78 -14.540 7850 10 -14.540
Steering Swivel duis Lower Input [cle) |7.85 -6.240 7.850 7.980 -£.240
Cgniter Link Pivots ripLit 785 12750 7.850 7.580 12,7490
| | k4

Click on the Suspension Data grid in an “input” row to type in a
new number, then press <Enter>. You can use the arrow keys or
<Enter> button to move to the next cell (box) you want to change.

Many inputs like these shown are locations of points, which require 3
numbers: an “Out” measurement (from the center of the car), a “Height”
measurement (above ground), and a “Depth” measurement (distance back
from the axle, axle being a line connecting the left and right wheel centers).

Type of Data, Inputs are numbers you enter, Output is calculated by program
Name of Suspension Data in this row.

11
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If you want to Open a previously saved suspension file, you can click on File in the upper left corner, then click on Open (from
all saved suspensions). You will get a screen as shown in Figure 2.2 where you are presented with a list of saved suspensions
in the Suspension Library. Some suspensions are examples provided by Performance Trends. As you enter suspensions
yourself and save the results, you will add many more suspensions to the library. These saved files are useful for making

comparisons in the future. Figure 2.2 Opening a Suspension File

. Dpen Suszpenszion File

Figure 2.2 shows that the Suspension

Library is divided into sections (called |27 Suspensions in Library |Chosen File: New7Dmod
Folders in Figure 2.2) to help organize a
1 b £ . F base-steer | Prewview
arge numoer O suspenswns. or BTS5-TEST Chassis #: lsdfikasli
example, all suspensions for the ABC Copy of HOWE :
. DEL-AARM Lett: Fight:
Team could be saved under a section EXAMPLE WSH Track: 32 Track: 32
name of ABC Team. All Port City (tm) HOWE Camber: 2 Camber: -3
suspensions could be saved under a KJHGKJ1 gaﬁf’f '595-3':' gaﬁ:f’f gu'jljz“
section (folder) name of Port City. This ﬁngﬁﬂ 1 Hpcﬂight: 1 HEHt:g'z.ES
will save ConSiderable time and KJHGEJH2Z i Remount right upper frame pivat down 2'°) =
confusion when trying to located a KJHGKJH3 remant left upper frame pivot down 144",
particular suspension in the future. See kihgkihg raise ride height on left side 1/8"
. . Limited Late Model Rezult: rall center is now 3.2"" high and
Section 3.5 for creating new Folder new-32bit-Format T e g —
names. New/Omod 1.6" total movement. The car now rolls LI
new-STEER i

To look in different sections, click on " Folders _ _
the Folder name from the list shown at skd slasj Isidal: Tip: Llick on

. . . btz different Folder
the lower right of Figure 2.2. The list of ch-ramey name to dizplay all
suspensions will then be updated for that Examples the suzpensions

: : : My-Tests gaved under that

Fglder. To pick a suspension, sunply Open | Advanced | Falder Marne
click on it from the list of suspensions, Cancel I Help I Delete I old-roll
then click on the Open button. (For ~

those familiar with computers, Folders
are actually subdirectories or folders in
the 3D-Data folder. The Name “Folder”
can be changed to something else, like
“Customer” or “Manufacturer” in the Preferences menu.)

Click here to pick a different category or group of
tests (Folder) from which to disolav a list of Test Files.

Notice in Figure 2.1 that a current suspension name is listed at the top in square brackets [ ]. This is the file of recorded
suspension measurements, Other Specs, comments etc. which are currently saved in the Suspension Library, and are the
suspension measurements and specs you are currently working with. If you change the measurements, comments, etc, or make a
graph or report, it is for this current suspension file.

If you click on one of the Menu Commands at the top of the Main Screen, you can be presented with a screen of specs. Figure
2.3 shows the screen for the Other Specs. Figure 2.3 discusses some of the commands to enter or change settings at this menu
and most other menus in the program.

General Program Operation

The Suspension Analyzer lets you determine a several aspects of the suspension’s motion and handling characteristics. These
characteristics include Roll Center and Camber Gain. For a quick background, Roll Center is an imaginary point about which
the chassis tends to roll in cornering maneuvers. In general, the lower the Roll Center, the more the car rolls in the corners. The
farther right the Roll Center, the less the right side moves up or down during cornering. Camber Gain is the amount of camber
change (tilt of the tires when viewed from the front) you get from a certain amount of body motion, typically 1 inch of dive from
braking. Most race cars want Camber Gain in the range of -1 to -2 degrees for an inch of dive. For circle track cars (always
turning left), you may want positive camber gain on the left side. Both of these have a large impact on a car’s handling and
maximum cornering capability. See Appendix 1.

The Basic procedure for using the program involves:

12
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1. You enter measurements from your car (or open an example file of measurements provided with the program by clicking on
File and then Open). If you are entering measurements from your car and are starting fresh, it is important you correctly
enter the “Other Specs” of the suspension. This ensures you have places to enter the correct measurements, like Roll Bar
measurements if your suspension has a roll bar.

2. The program draws your suspension layout on the screen, including calculated dimensions like King Pin Angle, Instant
Centers and the Roll Center in the Suspension Layout drawing.

3. Once all measurements are entered, you can force the suspension into various amounts of Dive, Roll and Steer by selecting
the Dynamic option at the top of the Main Screen. As the suspension is redrawn with various amounts of Dive, Roll and

Steer, the new Roll Center, Camber, Spring Length (compression), etc. are displayed.

4. Watching Shock Length change is useful for matching the actual vehicle motion you see on the track. Dive and Roll so the
shocks go through the range of motion indicated by your shock travel indicators.

5.  More in depth analysis is then available through Graphs, Reports, Adjust and other options listed at the top of the Main
Screen on the Menu Bar.

13
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Suspension Analyzer

Chapter 2 Definitions

lower left corner.

Figure 2.3, Explanation of Sections of Typical Menu (Other Specs menu shown here)

Names of component specs. Click on them for a description in the Help frame in the

Standard text entry box where you can type in a number for a

spec.

Drop down combo box. For some specs (like Chassis # and
Customer) you can either type something in the box, or click
on the arrow button to select a pre-programmed selection.
For most others you can only select from a list of pre-

programmed choices.

iw. Other Suspension Specs
Back [pk]  File Help

" Genperal bpecs

" Ride Height Measurements

e

Heaght u‘ C.G.. inches

Lt Side. From Centerline

|X Front Hraking

65 /

|Lt Side, Behind Wheel Center

['I#'heelhaie, inches

110 !

Rt Side. From Centerline

Steering I Steering Box /

1l

IRt Side. Behind Wheel Eey(er

|5 prings I Cail Over [outhoard)

/

" Comments

e

|5way Bar K ate. Ib/in

150 Cale

Symetric E\lassis [Lt zame az Rt) IN':' j

\

\
Sway Bar \ IYES

|

Remount right upper frame phvot down 24,
rermnount left upper frame piot down 1/4", raize
ride height on left zide 1./8"

Result: rall center is now 3.2 high and 1.1"" left
which moves appros.

1.6" total movement. The car now rollz thiough
the center of the turn better than any time

befaore. LI

L[

= Identiﬁcatin{n
Chassis # \ I.Ju:uhnsu:un-EISE j
|EustDmEl \ IHendricksun j
" ata Logger (5ensors
|5usp_ Travel\ﬁensur INDne

L e

IN:::ne

Steering Sentur

" Hel

Heigﬁt of the vehizle's Center of Grawvity. Click on the
Calc Button to calculate from readings made during a
special test. [See the manual on page 7E.] p 20

|

Some specs have
a Calc (calculate)
button, where you
can either enter the
specs directly (in
this case the
Height of C.G.) or
click on the Calc
button to calculate
it from other inputs.

Comment text
frame to enter a
comment to
describe these
component specs.
These comments
are saved with the
suspension specs
in the Suspension
Library.

\_ Standard menu commands which provide the options for closing this menu (Back),
erasing a set of specs (click File, then New, printing this screen (click on File, then Print),
etc. See the sections later in this chapter for more details on individual menus.
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2.1 Main Screen Inputs and Outputs

The Main Screen is shown in Figure 2.4 and shows a layout drawing of the suspension and various measurements and calculated
results. The Main Screen is made up of 5 basic sections as shown in Figure 2.4. These are discussed in the next 5 sections. The
rest of this section gives an overview of how the Main Screen is organized.

Figure 2.4 Main Screen

5) Menu Commands of File, Graph, etc. 1) Click on these
These give you all the options to operate the Tabs to switch
program and change test data. between the
E Su:penszion Analyzer v1.0 Performance Trends [ LIMITED LATE MODFL § different VieWS Of
File gdit Graphs Heports Other Specs  Adjust  Optimize  Preferencee—Help th|s particu'ar
Front View| Side View | Top View | Mo s X Dynamic  Dive[1 | 5@. Steeil0 B suspension.

This is a view from the front of car [right side of screen iz actually left side o .
Gain bazed on 1" Dive.

2) Dynamic
Motion Specs

3) Suspension

Layout
- L
¥\_‘_‘—‘—~—\_/
Toen Gain: - 05" Fioll Center Ht: 2.44 Foll Cert@r Right: 5.25 Toe-n Gain: -.01"
Carnber Gair: -1.65 Caster Gain: .26 Caster Gain: .12 Camnber Gair: -1.53 .
" Suspension Data 4) SUSpenS|0n
Location Type Rt Dut (4] [RtHeight [¥] _ [RtDepth 21 _JF0ut (2] [LtHeight [¥] ___[Lt Depth ] - Data or
Upper Ball Joint Inpuit 22.097 21.870 0.715 22514 22.388 -0.310
Upper Frame Pivot, Front Input 15.260 17.999 3T 15.020 18.300 -3.820 measureme ntS
Upper Frame Pivot, Rear Input 15.340 14.850 17.420 5230
Lower Ball Joint |nput 24.382 23449 g 0.140
Lower Frame Pivot, Front Input 8.560 8180 E.370 -0.020
Lawer Frame Pivat, Rear Input 14.960 14.260 7.000 12.430
Tie Rod on Frame |nput 8.500 7.500 5.980 -5
Tie Rod on Spindle |nput 22.375 21.375 g -6.505
Steering Swivel Axiz Upper Input [clc] | 7.85 7.850 10 14.540
Steering Swivel Axis Lower Input [elz] [7.85 7.850 7.980 E.240
Center Link Pivots |nput 7.85 7.850 7.E80 12.790
hd

2.1.1 Tabs

Click on the tabs at the top of the screen to see the different views of the suspension, Front, Side and Top. Selecting No View
fills the entire screen with just the table.

You will notice at the top of the Suspension Layout a Note:
This is a view from the Front of Car (right side of screen is actually left side of car)

There is a Preference called Main Screen View which lets you modify these views. For example, Front view could be viewed
from the front of the car, or from the rear of the car (the driver’s perspective). This Preference affects the Front and Top views
only. See Section 2.2 Preferences.
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2.1.2 Dynamic Motion Specs

You must first select (click on) Dynamic to enable these 3 specs to be used. Once they are enabled, you can type in most any

setting within reasonable limits. Note that if
you enter too high a number, errors will be
encountered in the calculations, and an
Error Warning will appear at the top of the
Suspension Layout.

Dive

The amount the car's front end drops
compared to its static (standing still) height.
To simulate the front end rising, enter a
negative (-) number.

Roll

The amount the car's front end rolls (leans)
due to cornering forces, compared to its
static (standing still) angle. A positive (+)
angle means the car is leaning to the Right,
typical of Left turns. Use a negative (-)
number to lean Left (Right turns).

Steer

The amount the rack moves to the right for

Figure 2.5 Error Message from Entering Too Extreme a
Dynamic Motion

=

3-D Suspension Analyzer

‘Binding' condition: were encountered at the following conditionslocations:

Right Steering Tie Rod
Steering Linkage

Binding occurs where links must stretch [for example, when a 10" Tie Rod must be 11" long to stay
cannected to the spindle at some severe steering angle]. Calculations resulting fram Binding
conditions are NOT ACCURATE.

E Suspension Analyzer ¥1.0 Performance Trends [ LIMITED LATE MODEL ]

File Edt Graph: Beportz Other Specs  Adust Optimize Preferences  Help
anlView] SideView] TopView] NoView] P Dynamic Dive. F50"|E|. Steer.

ig actually left side of car].

This is a view from the front o

]

Error Message displayed in
Suspension Layout.

[

“Binding” means some impossible motion has been requested, like a
steering position which requires the tie rods to stretch.

Rack and Pinion systems. For Pitman Arm (steering box) steering systems, this is the amount the steering Pitman Arm’s
attachment on the center link moves to the right. To move the rack or Pitman Arm to the left, enter a negative (-) number.

2.1.3 Suspension Layout

Figure 2.6 shows the suspension layout of the Main Screen, all 3 views. The layout and data for the different sides is drawn in

different colors:

Left side = Red

Right Side = Blue

Common to Both = Black (roll bar in green)

If you are doing dynamics, then the starting position of the chassis is drawn in gray for comparison.

The layout screen includes some critical calculated parameters, which include:

Camber Gain is the amount of change in Right and Left camber (in degrees) for a set amount of suspension movement.
The default suspension movement when you get the program is set to 1 inch of dive, but you can set this to some other
combination of Dive and Roll in the Preferences menu. See Section 2.2, Preferences.
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Figure 2.6 Suspension Layout Camber Gain and the motion on which it is based is given in this line.
Steering System
Pitman Arm & Idler

Arm and centerlink

Currently viewed from Rear

E Suspenszion Analyzer ¥1.0 Performance Trends [ LIMITED LATE MODZL ]

File  Edit Other Specs | Adjug
|. F|0II|E| |. Steer.

VA
n is actuGlly right side of car].

Graphz  Beports Optimize Preference:  Help

o Yiew ] [ Dynamic  Dj ElD

Front \Fiew] Side ‘Uiew] Top Yiew Right Instant

Center, drawn

This is a view from the rear Efar [right side of scr

Fain bazed on 1" Dpfe.

in blue.

Roll Center,
drawn in black.

Left Instant Center
drawn in red just
like the right side
suspension. The
red arrow pointing
off the screen
shows its actual
location is off the
screen.

B3 L
Turn Toe In\ 26"

Foll Center Right: 12.75 Toen Gain: -05"
Cazter Gain: .26 Camber Gain: -1.65

\___ Sway Bar (roll bar)

Centerlink (drawn in gray) for steering system.

Toedn Gair: 14" Fioll Center Ht: 1.62
Camber Gain: 92 | Caster Gain: .37

\ Summary of critical calculated outputs. These are defined in this section.

E Suszpension Analyzer ¥1.0 Performance Trends [ LIMITED LATE MODEL ]
File Edit Graphs Reports Other Spece  Adust Optimize  Animate  Preferences  Help

Front View] Side View] Top View] No View ] [ Dynamic DiVEEI. Fiall El. SIBEIEI.

This is a wiew from the right side [right side of screen iz front of car).
Gain based on 1" Dive.

drawn in green.

. Rotation Axis for steering box Pitman
arm and idler arm (not applicable for
rack and pinion steering).

. Arrows showing front of car.
Foll Center Ht: 2.56
Caszter Gain: 12

Fioll Center Right: 2.65
Caster Gair: .26

Toeln Gair: -04"
Camber Gain: -1.53

Toeln Gair:
Camber Gzl -1.65

E Susgpenszion Analpzer v1.0 Performance Trends [ LIMITED LATE MODEL ]
File Edit Graphs

Front View] Side View] Top Yiew ] No Yiew ] | | Dynamic Dive

Thisg iz a top view [top of screen is t of car].
Gain bazed on 1" Qe

Heport:  Other Spec:  Adjust  Optimize  Animate  Preference: Help

Fall EI . SteerEI .

Toe-n Gain: -09"
Carnber Gain: -1.65

Ruoll Center HE: 2,56
Casgter Gair: 12

Rall Center Right: 2.65
Cagter Gair: .26

Toeln Gain: -.04"
Carnber Gain: -1.53
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Caster Gain is the amount of change in Right and Left caster (in degrees) for a set amount of suspension movement. The
default suspension movement when you get the program is set to 1 inch of dive, but you can set this to some other combination
of Dive and Roll in the Preferences menu. See Section 2.2, Preferences.

Toe In Gain is the amount of change in Right and Left toe in (in degrees) for a set amount of suspension movement. The
default suspension movement when you get the program is set to 1 inch of dive, but you can set this to some other combination
of Dive and Roll in the Preferences menu. See Section 2.2, Preferences.

Roll Center Height is the height of the roll center for the current amount of Dive, Roll and Steering. If Dynamics is not
checked, then this would be the static roll center height, in inches above the ground.

Roll Center Left/Right is the distance the roll center is right or left of center for the current amount of Dive, Roll and
Steering. If Dynamics is not checked, then this would be the static roll center distance left or right of center.

Turn Radius, ft is the turning radius in feet for the current amount of Steer, based on the current wheelbase in the Other
Specs menu. If Dynamics are turned off or Steer is set to 0, this parameter is not displayed.

Turn Toe In, “ is the Toe In (in inches) for the current amount of Steer, based on the current wheelbase in the Other Specs
menu. This is the same as total Ackerman Error (Left and Right combined) except it is expressed in inches and not degrees.
These inches are based on either the current tire diameters in the Suspension Data section, or some standard tire diameter, which
can be specified in the Preferences menu. See Section 2.2, Preferences. If Dynamics are turned off or Steer is set to 0, this
parameter is not displayed.

2.1.4 Suspension Data Grid

Measurements are entered into the Suspension Data Grid at the bottom of the Main Screen. Some of the boxes in this grid are
for inputting measurements and some are for displaying calculated results. The left column shows the name of the data for that
row, and the 2nd left column (Type) shows if the data is an input or a calculated output. Some inputs are marked "Input (clc)",

where the (clc) stands for Calculate. If you - - - -
click on "Input (clc)" in the Type Columi a Figure 2.7 Column Headings in Bottom Section of

new menu will appear where you can enter Suspension Data Grid Column Headings change when
gthef[ ir;fortrkrlla:ion to calculate the original you go to lower half of Grid.
inputs for that row.

Most measurements are to locate some point in T \ <

Suspension Data J e S
space, for example the center of the upper ball Location L5 tatic |L\D_l,lnamic |D‘Change ||F|t Static
joint To locate this point requires 3 Spring Angle fram Front Output  |E.35 B.34
Spring Angle from Side Output .00 00

measurements: "Out" measured out from the -
. . pring R atewheel Rate Input [clc) [N
centerline of the car, "Height" measured up Mtin.Ratio Sprng/Shek/SBar |Output | 565
from the ground, and "Depth" measured back
" " : . Track. in Inpuit 3071
from the "axle" (a line connecting the center of —_— . : ==
the tire contact patches on the left and right
side). You will use negative (-) numbers to
enter Depth measurements in front of the

3420 1000

Some specs just require a Right and
Left input, like Spring Rate shown here.

"axle". These columns are labeled at the top of
the Suspension Data grid for both the Left and Right side. See Figure 2.4, page 15.

Other inputs are just a single number for the Right and Left side, like Tire Track or Spring Rate. Then you enter the value in the

“Out” column. Note that if you click on the scroll bar on the right side and slide down the report, the column names change to
Static, Dynamic, and Difference. See Figure 2.7 on this page.
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As measurements are entered, the program draws your suspension layout on the screen, including calculated dimensions like
King Pin Angle, Instant Centers and the Roll Center. You can click on the Front, Side and Top tabs at the top of the screen to
view the suspension from different angles. The drawings can help you spot errors you have made in your measurements or in
entering the data. You can also select No View to see only the table, which is useful for watching several numbers change.

Before we define the inputs in this section, lets take a minute to describe how you will make these measurements.

Taking Suspension Measurements

Park the car on a Figure 2.8, Finding Car Centerline and Measuring Front Suspension Points

flat, level surface. (typical Out and Height measurement shown for Lower Frame Pivot)
First we must

decide on what you
will call the car’s Car Centerline
centerline for
measuring the

“Out” /ﬁ /ﬁ
measurements. «—Qut—»
Many people use a

distance half way
between the left and
right tire patches. l
One disadvantage 0

of this method is if \_ ) \ Height \_ J

you change rim

widths or wheel Half the distance between \:

offsets your
centerline can the lower arm mounts
change. This can be used as centerline
means all your Out
measurements have
now changed also.
Therefore, we Alternate Car Centerlines
usually recommend

a distance half way ) )
between the frame Engine center can also be Half the Track Width

rails, or the Iflrame used as the centerline. (the distance between
ts on t i
mounts on the § ) the center of the tire

lower arms. These

locations usually patches) can also be
will stay in one —) used as the centerline.
place. In \ U

symmetric cars
where the left and
right side are
identical, the
centerline can also .
be the center of the < Track Width
engine and can be
marked by dropping a plumb bob (pointed weight on a string) down from the center of the crank pulley.

< >

Once you decide on a centerline for a particular car, you must make all
measurements from this same centerline. Once all measurements are taken,
you can recenter the car using the Edit feature, Section 2.4.
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Once you’ve decided on the centerline method you will use, use a tape measure to mark a point on the floor which is halfway
between the your references, or drop a plumb bob from the center of the engine crankshaft. This will now be your car’s
centerline and is 0 in the Out (horizontal) direction in the Suspension Data Grid.

Then with the plumb bob, place the string on the center of a new suspension point to be measured and drop the bob until it just
touches the floor. Measure the distance from the car's centerline to where the plumb bob points on the floor. This is the Out
distance for that particular suspension point.

Height measurements are measured as you would expect, the distance up to the particular point from the ground.
Depth measurements are somewhat more tricky, as they are measured from the axle line, which is a line connecting the center of

the 2 wheels. If the car had a straight axle, this would be exactly at 0 Depth. Points which are ahead of the axle are measured as
a negative (-) Depth. For example, a point 4 inches ahead of the axle would have a Depth of -4. See Figure 2.9.

You can print a blank worksheet for recording your measurements by clicking on File at the upper left of the Main Screen (in
the Menu Bar), then clicking on Print Blank Worksheet. Be sure you have first selected the correct Other Specs (Steering Type,

Figure 2.9 Depth Measurements

i T Negative (-) Depth
Axle Line gative (-) Depth,
connecting the Front of Car / goes towards front

wheel centers of car
(spindles) is 0

Depth. All . Positive (+) Depth
Depth / goes toward back
measurements of car

are measured
from this line.

Spring Type, Roll Bar, etc.) by clicking on Other Specs at the top of the Main Screen to obtain the correct worksheet for your
car.

Other inputs are just a single number for the Right and Left side, like Tire Track or Spring Rate. Then you enter the value in the
“Out” column. Note that if you click on the scroll bar on the right side and slide down the report, the column names change to
Static, Dynamic, and Change. See Figure 2.7.

Tip: You can enter fractions for measurements, like "9 3/8", and the program will convert this to the
decimal equivalent of "9.375".

Suspension Data Definitions (McPhearson Strut, see page 31)
Upper Ball Joint (Upper McPhearson Strut, see page 31)

The location of the Upper Ball Joint. Measure to what you visualize to be the center of the ball inside the joint.

Upper Frame Pivot, Front (Lower McPhearson Strut, see page 31)

The location of the Front Frame Pivot for the upper A Arm or Wishbone.
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Upper Frame Pivot, Rear

The location of the Rear Frame Pivot for the upper A Arm
or Wishbone.

Lower Ball Joint

The location of the Lower Ball Joint. Measure to what you
visualize to be the center of the ball inside the joint.

Lower Frame Pivot, Front

Figure 2.10 Measuring Ball Joint Locations

Measure to what you
visualize to be the center
-1-- of the ball inside the joint.

The location of the Front Frame Pivot for the lower A Arm or Wishbone. On some suspensions, this may be the forward strut
(sometimes called 'Drag Strut') which locates the main lower arm (like some Masterbuilt (tm) chassis or stock Fords).

Lower Frame Pivot, Rear

The location of the Rear Frame Pivot for the lower A Arm or Wishbone. On some
suspensions, this may be the rear strut which locates the main lower arm (like some Lefthander

(tm) and Port City (tm) chassis).

Tie Rod on Rack

The location of the Tie Rod End as it attaches to the rack (rack and pinion steering) or the

center link (Pitman arm steering systems).

Tie Rod on Spindle

The location of the Tie Rod End as it attaches to the wheel
spindle.

Steering Swivel Axis Upper

A real or imaginary point which locates the TOP of the axis
(imaginary line) about which the Idler Arm or steering box
Pitman Arm rotates about. See Figures 2.10A and 2.10B.
This point can also be created by clicking in “Input (clc)”
Type in this row and using the Calculation Menu described in
Section 2.8.5 on page 57.

Steering Swivel Axis Lower

A real or imaginary point which locates the BOTTOM of the

Figure 2.10A

Idler Arm
Axis

Figure 2.10B Steering Box Axis

Any point on this line
above steering box can
be picked as the Steering
Swivel Axis Upper.

/

Any point on this line below
the steering box can be
picked as the Steering
Swivel Axis Lower.

axis (imaginary line) about which the Idler Arm or steering box Pitman Arm rotates about. See Figures 2.10A and 2.10B. This
point can also be created by clicking in “Input (clc)” Type in this row and using the Calculation Menu described in Section 2.8.5

on page 57.
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Center Link Pivots

The location of the Idler Arm and Pitman Arm as they attach to the center link.

Steering Sensor

The location of the Attachment Point for the Steering Sensor (for a data logger) on either the rack or center link.

Steering Sensor

The location of the Attachment Point for the Steering Sensor (for a data logger) on the frame.

Upper Spring Pad

The location of the center of the spring pad at the top of the spring on the frame.

Lower Spring Pad

The location of the center of the spring pad at the bottom of the spring on the A Arm or Wishbone.

Upper Shock Mount

The location of the center of the top shock mount on the frame.

Lower Shock Mount

The location of the center of the bottom shock mount on the A Arm or Wishbone.

Upper Sensor Mount

The location of the center of the spring travel sensor (for a data logger) at the top on the frame.

Lower Sensor Mount

The location of the center of the spring travel sensor (for a data logger) at the bottom on the A Arm or Wishbone.

Bellcrank Axis Front

A real or imaginary point which locates the FRONT of the axis (imaginary line) about which the spring's Bellcrank or Rocker
Arm rotates about. This spec is not used in this version.
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Bellcrank Axis Front

A real or imaginary point which locates the Back of the axis (imaginary line) about which the spring's Bellcrank or Rocker Arm
rotates about. This spec is not used in this version.

Pushrod Mount on Arm

The location of the center of the spring's Pushrod as it mounts to the A Arm or Wishbone. This spec is not used in this version.

Pushrod Mount on Bellcrank

The location of the center of the spring's Pushrod as it mounts to the Bellcrank or Rocker Arm. This spec is not used in this
version.

Roll Bar Mount on Arm

The location of the center of the Roll Bar's (roll bar's) attachment point on the A Arm or Wishbone.

Roll Bar Mount on Frame

The location of the center of the Roll Bar's (roll bar's) attachment point on the frame. This spec is not used in this version.

Spring Length

The spring length calculated from the spring pad inputs above. The Static Length is shown 3rd and 6th columns (leftmost
column of the 3 columns for each side of the car). The Dynamic Length (due to Dive, Roll and/or Steer) is shown to its right
(4th and 7th column), and the difference is shown to its right (5th and 8th column).

Spring Angle from Front

The spring angle in degrees from vertical when viewed from the FRONT. A positive angle tips toward the car's centerline at the
top. This is calculated from the spring pad inputs above. The Static Angle is shown 3rd and 6th columns (leftmost column of
the 3 columns for each side of the car). The Dynamic Angle (due to Dive, Roll and/or Steer) is shown to its right (4th and 7th
column), and the difference is shown to its right (5th and 8th column).

Spring Angle from Side

The spring angle in degrees from vertical when viewed from the SIDE. A positive angle tips toward the car's rear at the top.
This is calculated from the spring pad inputs above. The Static Angle is shown 3rd and 6th columns (leftmost column of the 3
columns for each side of the car). The Dynamic Angle (due to Dive, Roll and/or Steer) is shown to its right (4th and 7th
column), and the difference is shown to its right (5th and 8th column).
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Spring Rate/Wheel Rate

The spring rate in pounds per inch (force required to compress the spring 1 inch). Click on the "Input (clc)" and a menu will
open where you can calculate a spring rate from other specs. You can type in this number in the 3rd and 6th columns (leftmost
column of the 3 columns for each side of the car). The calculated Wheel Rate in pounds/inch (force required to move the wheel
center up or dive the vehicle 1 inch) is shown to its right (4th and 7th column).

Mtn. Ratio Spring/Shock/Sensor

The motion ratio between the Spring/Shock/Sensor motion and
the wheel's motion. See Specs for Calculating Camber Gain in
Section 2.2, Preferences on exactly how Motion Ratios are
calculated.

Track

The track from the car's centerline and the center of the tire
patch on the ground. The Static Track is shown 3rd and 6th
columns (leftmost column of the 3 columns for each side of the
car). The Dynamic Track (due to Dive, Roll and/or Steer) is
shown to its right (4th and 7th column), and the difference
(called Tire Scrub) is shown to its right (5th and 8th column).

Tire Circumference

The circumference (distance around the outside) of the tire.

Click on the "Input (clc)" and a menu will open where you can calculate circumference from other specs.

Figure 2.11 lllustration of Camber, King Pin
Axis and Scrub Radius

Camber Angle
‘/ (negative angle shown here)

( — Front View

King Pin Axis

Spindle Angle

‘_,‘A/Scrub Radius

Tread Width

The width of the tire's tread. This is used only for drawing
the front and top views to scale and not used for any
calculations.

Camber

Camber is the degrees of tilt of the wheel with respect to
the ground as viewed from the front, in degrees. Negative
(-) camber means the top of the wheel tilts in towards the
car. See Figure 2.11.

Caster

Caster is calculated as the angle between vertical and a line
connecting the two ball joints when viewed from the side,
in degrees. It is about the same as King Pin Angle, except

Figure 2.12 lllustration of Caster and Caster Trail

Upper Ball Joint

Caster ‘ :
Angle Lo
(positive
shown
here)

King Pin Axis
Side View

4/ vertical

Lower Ball Joint

Caster Trail—
(positive shown here)

viewed from the side. Negative caster means the top ball
joint is ahead of the lower ball joint. See Figure 2.12.

24



(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 2 Definitions
. ___________________________________________________________________________________________________________________________________________|

Caster Trail

Caster Trail is the distance between the center of the tire contact
patch and where the Caster Angle line hits the ground. Negative
(-) Caster Trail means the tire is ahead of where the Caster Line
hits the ground, and is usually produced from negative caster
angles. See Figure 2.12.

Toe In, deg

Toe In is the angle of the wheel when viewed from the top, in
degrees. Positive Toe In means the front of the wheel is tilted in
toward the center of the car.

Toe In, inches

Toe In, inches is the distance the front of the wheel is tilted in
toward the center of the car. In the Preferences section, you can

Figure 2.13 lllustration of Perfect Ackerman

Projection of each tire’s
turn radius intersects
.. atthe wheelbase

select to have this based on the tire circumference you've entered for this suspension (Lt/Rt), or some standard tire radius.
Selecting a standard tire radius lets you compare this number across any suspension, independent on the tires used for each.
Note that this is reported for each wheel separately, and that tofal Toe In would adding the left and right Toe In together. Most
racers, tuners and mechanics talk about total Toe In. For example, if

Ideal Ackrmn Toe In, deg

Figure 2.14 Ackerman Error and Turn Toe In (exaggerated here to illustrate concepts)

Negative Turn Toe In (toe out)

Projection of each wheel’s turn radius
intersects ahead of wheelbase

Positive Turn Toe In

Projection of each tire’s turn radius
intersects behind wheelbase
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Ideal Ackerman Toe In is the angle in degrees for the left and right side which would produce perfect Ackerman Steering based
on the steering inputs, Track and Wheelbase. See Figure 2.13.

Ackrmn Error, deg

Ackerman Error is the difference in degrees between the "Toe In, degrees" and the "Ideal Ackerman, degrees" above. See Figure
2.14.

King Pin Angle, deg

King Pin Angle (or King Pin Inclination Angle ) is calculated as the angle between vertical and a line (called King Pin Axis)

connecting the two ball joints when viewed from the front, in degrees. It is about the same as Caster Angle, except viewed from
the front. Negative King Pin Angle means the top ball joint is farther out from center than the lower ball joint. See Figure 2.11.

Scrub Radius

Scrub Radius is the distance from where the king pin axis hits the ground and the center of the tire patch. See Figure 2.11.

King Pin Angle, deg

The king pin axis is the line intersecting the upper and lower ball joints. See Figure 2.11.

Spindle Angle, deg

Spindle Angle is the angle between the King Pin Angle and Camber Angle in degrees. As you change measurements, but you
do not change the spindles, this angle should stay constant. See Figure 2.11.

Instant Center Height

The Instant Center is an imaginary point at the intersection of extension lines from the upper and lower A Arms or Wishbones.
The wheel moves up and down as if it were attached to a swing arm attached at this imaginary Instant Center. Instant Center
Height is the height of the Instant Center above ground. If this is negative (-), it means the Instant Center is below ground.

Instant Center Right or Left

The Instant Center is an imaginary point at the intersection of extension lines from the upper and lower A Arms or Wishbones.
The wheel moves up and down as if it were attached to a swing arm attached at this imaginary Instant Center. Instant Center
Left and Right is the distance from Instant Center to the car's centerline, usually on the other side of the car. For example, the
Left side's Instant Center is usually on the right side of the car. If this is negative (-), it means the Instant Center is on the same
side of the car and is very short (very unusual).

Roll Center Height

Roll Center is an imaginary point about which the chassis tends to roll in cornering maneuvers. In general, the lower the Roll
Center, the more the car rolls in the corners. The farther right the Roll Center, the less the right side moves up or down during
cornering. The Roll Center is calculated at the intersection of imaginary lines connecting the tire contact patches to the Instant
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Centers. Roll Center Height is the height of the Roll Center above ground. If this is negative (-), it means the Roll Center is
below ground.

Appendix 9, v2.4C features now includes Force Base (more accurate) or Kinetic Roll Center options.

Roll Center Right or Left

Roll Center Left and Right is the distance the Roll Center is left or right of the car's centerline. See Roll Center Height above.

Roll Stiffness, ft Ib/deg

Roll Stiffness, ft-1bs/deg is the amount of torque (in ft Ibs) required to roll the car 1 degree. This assumes the only compliance
in the car is from the suspension's springs and roll bar, and everything else (tires, bushings, etc.) are perfectly stiff.

Anti-Dive, %

Anti Dive, % is the amount of resistance to dive from braking produced by the suspension geometry. Theoretically, a car with
100% anti-dive will not dive at all during deceleration. See Appendix 5, page 131.

Upper Arm Len True/Frnt/Rr

Upper Arm Length in firont and rear is the distance from the center of the upper ball joint to the center of the upper front and

rear arm mount. This is calculated from other inputs and is shown here only to help you check and visualize these other inputs.
The true length is the length from the ball joint perpendicular to
the axis of (imaginary line connecting) the front and rear frame Figure 2.14 A lllustration of Arm Lengths
pivots. This is also the closest distance to this axis. See Figure
2.14A. Arm Length, Front\\

Front of Car

Lower Arm Len True/Frnt/Rr

Lower Arm Length in front and rear is the distance from the
center of the lower ball joint to the center of the lower front and
rear arm mount. This is calculated from other inputs and is
shown here only to help you check and visualize these other
inputs. The true length is the length from the ball joint Arm Length, True
perpendicular to the axis of (imaginary line connecting) the front
and rear frame pivots. This is also the closest distance to this
axis. See Figure 2.14A.

e
Center of Car

Arm Length, Rear

Spindle Length

Spindle Length is the distance from the centers of the upper and lower ball joints. This is calculated from other inputs and is
shown here only to help you check and visualize these other inputs.

Tire Rod Length

Tie Rod Length is the distance from the tie rod mount on the spindle and the tie rod mount on either the rack or the center link.
This is calculated from other inputs and is shown here only to help you check and visualize these other inputs.
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2.1.5 Main Screen Commands

The next section discusses some of the commands available at the top of the Main Screen. Most will not be discussed here in
detail, as they are discussed in other sections of this manual.

File (see Figure 2.15 for File Options)

New (start new suspension)

Click on File, then New to start a new suspension. This process will “walk you through” some critical steps to preparing a new
Suspension File. You can select to keep certain data from the previous suspension like suspension comments, engine specs, etc.
Keeping data can save you considerable time since you don’t have to type in information which may be the same as the current

suspension. The New Suspension command is discussed in full detail

in Section 2.9. Figure 2.15 Main Menu File Commands
E Suzpension Analyzer ¥v1.0 Performance Tre

. | Edt Graphs B ts  Other S Adust 0

Open (from all saved suspensions) Clo| ERY Drephe WWesors BVnErOpEes CoR BY

Mew [start new suspension] Chrl+M i
This option presents the Open Suspension File menu discussed in Open [from all saved suspensions] R
Section 3.5, Suspension Libraries. From there you have several =P H bar
options to open a previously saved suspension file from any place in 2ave Chrl+3 Ge

the Suspension Library, or from most any place on the computer, Save As Cirl+A,
including the floppy disk drive.

Open fraom Floppy Drive  [&:5 Drive)
Save to Floppy Dirive  [&:% Drive]

Print b ain Screen
Print Blank ‘W ork sheet
Save Windows Printer Setup

nlozk Pragranm Options

Select Save if you want to save the current suspension and any recent
Tranzfer Pragram to Another Camputer

changes to the same name as you are currently working with. This is -
tshceir ilf name shown in square bracket [ | at the top of the Main Exit Pragram Chrle ®

.

Save As

Select Save As if you want to save the current suspension and any recent changes to a new name or new folder. You will be
presented with the menu discussed in Section 3.5 where you can change the suspension name, change the folder you are saving
it to, or add a new folder name.

Open from Floppy Drive
Save to Floppy Drive

The Open command provides a simple 1 click command to open a standard Windows “File Open” menu displaying the contents
of the disk in the Floppy Drive. The Save command provides a simple 1 click command to save the current suspension file to the
disk in the Floppy Drive to the same name as is currently being used. These commands provide a convenient method for
copying files from one computer to another. The drive letter (A or B) that the program defaults to can be changed in the
Preferences menu, Section 2.2.
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Figure 2.16 Print Options Menu

Print iw. Print Reports Options
" Report Options
Print Main Screen ¥ Include Suspension Measurements
['Include Dther Specs:
Select Print Main Screen to print all the data from the Suspension Data grin [" Include Test Comments
in a report. The Print Options menu will be presented as shown in Figure I™ Request Report Comment
2.16. These options are explained in Section 3.4.
Print Blank Worksheet WL Ry oA e
Select Print Blank Worksheet to print a report with blanks for all inputs auniiEcee il sipohosokinecs

currently shown on the Main Screen and in the Other Specs menu. Note that

the menu of Figure 2.16 will be presented momentarily as the worksheet is Tip _
printed, then disappear. You do not have to click on any buttons in this Close ?.-.E.;.?El:iﬁfg.;.e 141 in marual for
menu. | :

Note that if you will be measuring a suspension different than the current suspension, you may need to change the Other Specs
first. For example, say the current suspension does not have a roll bar, but the one you will measure using the worksheet does.
Change this setting in the Other Specs menu to open up that row on the Suspension Data grid. Then print the worksheet and roll
bar inputs will be included.

Windows Printer Setup

The Windows Printer Setup lets you change your Windows default printer, paper orientation, etc. for printing reports or graphs
in other areas of the program.

Unlock Program Options

The Suspension Analyzer is equipped with copy protection. This ensures that legitimate users do not have to cover the costs for
unauthorized distribution of the program. When you first receive the program, it is in demo mode. In demo mode you can try
either the Basic version, or the full Professional version for ten days. All features are working in demo mode.

Sometime during those 10 days, you must call Performance Trends to obtain an “Unlocking Code”.
Before you call Performance Trends, you should get your registered code number and computer hardware number. These are

available by clicking on File in the upper left hand corner of the Main Screen, then clicking on Unlocking Program Options. A
screen will appear as shown in Figure 2.17. See Section 1.2 for more information on how to unlock the program.

Figure 2.17 Menu to Unlock Program Options

2 Unlock Form [_ [O0]
Edlt Code # to Extend Demo 239235212 oK
Computer Hardware # 842897

The Edit command lets you move a large group of Registered Name Joe Smith c :

. Lance|
measurements with one comrpand, orcopy Registored Code 1t 14666
measurements from the left side to the right side or
vice versa. The Edit options are discussed in detail is Enter Unlocking Code # | Help

Section 2.4, page 41.

Click on Help for more infa an how wou uze thiz screen to unlock this program,
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Graphs

The Graph command lets you graph several different types of data from the current suspension, either by itself or with data from
other suspensions for comparisons. The Graph options are discussed in detail is Section 3.3, page 91.

Reports

The Report command lets you create reports of several different types of data from the current suspension. The Report options
are discussed in detail is Section 3.1, page 83.

Other Specs
The Other Specs command opens up the Other Specs menu. Other Specs are used to describe aspects of the suspension which
can not broken down to the Left or Right side. Many of these specs are quite critical for what inputs can be entered at the Main

Screen. For example, if you set Roll Bar to None, no Roll Bar measurements are asked for at the Main Screen. See Section 2.3,
page 37.

Adjust
This powerful feature lets you change some component or adjustment on the chassis, and have all other suspension
measurements change just as if you had made the change on the actual car. This feature is discussed in detail in Section 2.5,
page 43.

Optimize

This powerful feature lets you find a new location or adjustment for some selected suspension component which produces some
optimum type of suspension characteristic. One example, would be to move the left tie rod end to find minimum left side bump
steer. See Section 2.6, page 47.

Animate

The Animate option lets you direct the suspension through a series of steps to simulate continuous motion, much as you would
see on the actual test track or race track. See Section 2.7, page 49.

Preferences

Preferences let you customize the program for your needs and for your computer and printer. See Section 2.2, page 23.

Help

Click on Help for several options to help describe your options at the Main Screen, and for other information to help you
understand how this program works.
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McPhearson Strut Inputs
McPhearson Strut, Top

Is a point through which the axis of the McPhearson Strut
travels at its top location.

McPhearson Strut, Bottom

Is a point through which the axis of the McPhearson Strut
travels at its bottom location. Note that this is NOT the location
where the strut actually attaches to the spindle.

Figure 2.17 B McPhearson Strut Specs

McPhearson Strut Top /\

Not McPhearson —_—
Strut Bottom (do not
measure to the
attachment point of the
strut to the spindle.

McPhearson Strut
Bottom (measured to
a point on the axis
of the strut’s

motion)
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2.2 Preferences

The Preferences Menu has been expanded considerably in v2.0 and v2.4. Check Appendix

6 and 7.

Suspension Analyzer

Chapter 2 Definitions

Click on the Preferences item in the menu bar at the top of the Main Screen to bring up the Preferences menu shown in Figure

2.18. Here you can adjust
some program items to
personalize the program for
your needs. Preferences may
also save time by eliminating
steps you don't require.

Program Title
Comments

Enter most any text here for
the First and Second lines.
These 2 lines will appear at
the top of printouts and
printed graphs. This is a
good place for your business
name or your personal name.

Figure 2.18 Preferences Menu

i, Preferences E3

" Program Title Comments

First

" Mizcellaneous

|Default Floppy Disk Drive I,e.'

=

|Secund |gu here. See Preferences. |

IX Y £ Axig to Use for Measurements

Tip: Enter text [company name, phone #, etc] which
will appear at top of printouts.

" Specsz for Calculating Camber Gain

| Standard 1" Dive, 0Ral ¥ |

|Specs to Use

|Di\re for Gain Calcs.

L

|FIDII for Gain Calcs., deg

Standard 1" Dive produces the most accurate spring
and zhock. mation ratios.

L |

| =Left/Right, Y=Height, Z=Depth

~

|Tire Size Used for Toe In, inches

|Use 16" Radius (32" Dia, 101" Circumference] ¥ |

|Draw Front Yiew Extension Lines IYES j
[Dot Matrix Graph Printer IN':' j

]

|Printer Fonts I W55 ansSerf Fart

|F‘rinted Graph Width, % of Page

" Location of Test Library Files

|Use Alternate Location for Files IN':' j

{1007 7]

I

IND j
Folder

[Main Screen View Ime Rear

|Always Autoscale Hew Graph

|5uspensiun Folder Hame

You can change these entries
as often as you wish.

[Pathto Files ™ | [e:\pfafiles |
Tip: Thiz iz typically used only for Metwork. systems.

|Adding Shims

=

Help I

IMD'\I’ES Frame Pivotz In

(1] I Cancel I Set Graph Colors I Restart Showing Help Tips |

Specs for
Calculating Camber Gain

Each time you make a change to a Suspension Data input, the program checks how that change affects static calculations, like
spring length, roll center position, etc. It also moves the suspension through some standard movement, like 1 inch of dive, to see
the effect on 3 critical specs: Camber, Caster and Toe In. This change is called "gain" and is labeled in the suspension layout as
Camber Gain, Caster Gain and Toe In Gain (often called Bump Steer). The program's default standard movement is 1 inch of
dive. However, you are able to change this to some combination of dive and/or roll. These Gain numbers make for handy,
quick checks on the impact of a certain modification. For example, if you move a ball joint, and Toe In Gain increases, you
know immediately that this change will increase Bump Steer.

If you change the standard movement from 1" Dive to 1/2" dive, then the Gain numbers reported will drop by approximately
half. You can only make comparisons on Gain numbers calculated for equal standard motions.

During this standard movement, the program also checks on how much the springs (and shocks and roll bar, if any) compress
(twist in the case of the roll bar) for this standard movement. Knowing how far the spring compresses for a given amount of
wheel movement is the precise way the program calculates the spring (and shock and roll bar, if any) Motion Ratio. Unlike the
Gain numbers, the Motion Ratios calculated are corrected for changes in the standard motion. This means a Motion Ratio
calculated for 1" Dive will be close to the Motion Ratio for 1/2" dive.

Note, however, that if the standard movement is very small, Motion Ratio accuracy will not be good. For example, say the
standard motion is 1/2" Dive and 2 deg Roll. The left side wheel may go through a 1" of travel, but the right side may go only
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through .05" travel. The right side Motion Ratio will not be accurate. Therefore, for accurate Motion Ratio calculations, we
recommend you use the default standard motion of 1" Dive (or at least avoid Roll as a standard motion).

Use Alternate Location for Files

Some users (typically those on a network) may need to store their ; ; ;
data files in a location other that in the 3D-DATA folder in the Figure 2.19 Alternate Path in Windows
SUSPANZR folder (the folder containing the actual Suspension Explorer

Analyzer program). For example, you may want to put the files on BN Exploring - [E:)

the E drive so other computers can access them. If so, choose Yes i Edit i G Favari
and then the spec Path to Files will be enabled. J i el WiEw H9 ey Copy the
T D-D
In most all situations (except for network users) it N - ~ T 3 ata
; : Back Farina Up  folder to the
is STRONGLY recommended you keep this marked new location
No. | Asddress [ = E2 / Here it is
2 shown on
It is also STRONGLY recommended that if you do Falders / the E drive
choose Yes, that you do NOT keep changing this "@ ) where the ’
back and forth from No to Yes. This will produce " [D.- o wourd
possible errors when saving or opening files. This EI __E [ '] be simply
will be due mostly to saving them in one location g ’ E-\
and then looking for them in another location. o = i?'iata
E.... - In
l:l Amenica Online 4.0
- =@p
Path to Files - -0 Davis SDK

If you set the previously described Use Alternate Location for Files spec to Yes, this spec becomes enabled. Enter the full path
to the new location for the Suspension Analyzer data files. For example, if you want to store the files on the E drive, enter the
path:

E:\

Either before you make this change in the Preferences menu, or immediately after that change, you must copy the Suspension
Analyzer data folder (directory) 3D-DATA to the new location on the E drive (in the root directory).

If this process seems complicated or you are not familiar with Windows copy commands or folders, DO NOT
use this option. Keep the spec Use Alternate Location for Data Files set to No.

Default Floppy Disk Drive

Choose the letter of the floppy disk drive on your computer, usually A . This is the disk drive which will be first opened when
using the Save to Floppy Disk or Open from Floppy Disk File commands at the Main Screen.

XYZ Axis to Use for Measurements

To be consistent with our smaller Roll Center Calculator and Circle Track Analyzer programs, we have adopted the notation that
Out from the car's centerline is an X measurement, and Height up from the ground is a Y measurement. Then the last
measurement of Depth is a Z measurement. However, some users are used to other coordinate systems, where Depth is X, Out
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is Y, and Height is Z. You can choose either notation with this spec. This only changes the labels on the columns in the
Suspension Data grid on the Main Screen.

Tire Size Used for Toe In, inches
Toe In in degrees is an absolute measurement, and does not depend on tire size. However, Toe In in inches does depend on tire

size, or the tire size assumed by the Toe In Gauge you are using. Therefore, you have options here to assume different standard
tire sizes, or use the tire size based on the Circumference you enter in the Suspension Data grid on the Main Screen.

Draw Front View Extension Lines

Choose Yes to draw extension lines on the Suspension Layout, to better illustrate how the Instant Centers and Roll Center
locations are calculated. Choose No to avoid clutter on the screen. Extension Lines are drawn on the Front View Layout only.

Printer Fonts

Choose which basic type of font to use for printouts. You may not get your choice if your printer does not support that
particular font.

Printed Graph Width, % of Page

Due to the endless combinations of computers, Windows setups and printers, some printed graphs may not fill the page, some
may extend off the page to the right. This option lets you expand (% greater than 100) or shrink (% less than 100) the printed
graph to better fit the page.

Always Autoscale New Graph
Choose Yes for 'Always Autoscale New Graph' and each time you do a new graph, the graph is autoscaled (program picks the

scales to show all data). This is usually the best for beginners. Choose No and any manual scales you have set will be
maintained for each new graph, until you quit the program.

Suspension Folder Name
The Suspension Analyzer saves suspension files under different folders (directories) under the main folder 3D-DATA. Some
users may prefer to have the 'Folder' be called ‘ChassisType' or 'Customer’, depending how they choose to organize their

suspensions. Your entry here of most any text is what the program will use to call the different folders where suspension files
are stored.

Adding Shims

In the Adjust Feature of Shimming the Upper A Arms, Adding Shims can either move the arms farther out or farther in. Select
the action which Adding Shims will produce on most the cars you work on.
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Figure 2.20 Screen for Customizing Graph Line Colors
Set Graph im. User Specified Graph Colors
Colors " General Color Choices
i - a 1 2 2 4 5 [

Click on the Set Graph |Use Uzer Specified Colors IYES J | | | | | | | | | | | | | | | |
Colors button to open a Background Color IW vI |8 [[9 [{1ofj 11 12 {13 | |
scrleen f(;\rﬂfettlng }tlhe " Color Codes for Individual Graph Lines
colors of the gra - : : :
. grap Line 1 I 9 =] Line 13 I =] Line 25 I 6 |7 Line 37 I 5 7|

Line 2 I =] Line 14 I =] Line 26 I g ¥ Line 38 I 6 |7

Line 3 I =] Line 15 I =] Line 27 I 9 =] Line 39 I g ¥
Restart Line 4 I 12 7| Line 16 I =] Line 28 I =] Line 40 I 9 =]
Showing Help Line 5 [13 5 Line 17 [12 7] Line 29 | =] Line 41 | =]
Tips Line6 [ =] |[Lnel8 [13 7| [Line30 [12 +| [Lined2 [ ]
Click on the Restart Line 7 I 1 7] Line 19 I =] Line 31 I 13 7] Line 43 I 12 7|
Showing Help Tips Line 8 I 2 | Line 20 I 1 =] Line 32 I =] Line 44 I 13 7]
button to start showing - - - -
the Help Tips which Line 9 I 3 7| Line 21 I 2 7| Line 33 I 1 7] Line 45 I =]
appear in the program. Line 10 I 4 j Line 22 I 3 j Line 34 I 2 j Line 46 I 1 j
These Tips usually ine 11 Line 73 [ine 35 Line 47
appear only once each Line I 3 j Line I 4 j Line I 3 j [Line I 2 j
time you run the Line 12 I 6 =] Line 24 I 5 = Line 36 I 4 =] Line 48 I 3 =
program, unless you
click on the "Don't (1] 4 | Cancel | Help | Load Default Colors
Show This Again" box

in the lower left corner
of the tip. See Figure 2.21.

Figure 2.21 Typical Help Tip

Suspension Analyzer ¥1.1 Tip

Tip: The 'Arrow' buttons (like the one
wyou just clicked on) let you Shift or
Zoom the graph left. right. up or down.
If you want to Zoom or Shift at a faster
rate. hold down the shift key while
clicking on these buttons.

: Help |

] Don't show thiz again
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For Full Vehicle version, this is called “Vehicle

Specs”. Check Appendices at back of book
2 . 3 Oth e r S pe cs for these new features.

Other Specs are used to describe aspects of the suspension which can not broken down to the Left or Right side. Many of these
specs are quite critical for what inputs can be entered at the Main Screen. For example, if you set Roll Bar to None, no Roll Bar

measurements are asked for at the
Main Screen. See Figure 2.22.

There are 2 basic ways to enter or
change specs in this menu:

1 You can click on a spec value
and change the current setting or
type in a new one. If your entry is
outside the typical range, a
message is given showing the
limits, and the setting is switched
back to its original value.

2 Some specs are picked from a
list called a "Combo Box". An
example would be Roll Bar, where
there are 2 choices either None or
Yes. Click on these specs or the
"down arrow button" to the right
of the specs to be presented with
the list, then click on your choice
from the list.

Some Combo Boxes (like
Customer and Chassis #) let you
pick from a list, or type in a new
entry. If you type in a new entry
(like a new customer), it will be
added to the list.

Height of C.G., inches

Height of the vehicle's Center of
Gravity. This measurement is used
for % Anti-Dive, % Anti-Squat,

Figure 2.22 Other Specs Menu

These 5 specs help determine what data can be entered in the
Suspension Data grid on the Main Screen.

These specs are used only for the Adjust Ride
Height feature described in Section 2.5

' Ride Height Measurements
14 l:alc:l [t Side. From Centerline

65.00]F Lt Side. Behind 'Wheel Center
105 \ [Rt Side, From Centerline

NiiE

[ Steering Box \SJ [Rt Side, Behind Wheel Center

I Coil Ower [outboard) LI\\- Comments
|5 ay Bar IYes j Neremount right upper frame pivat down 2 _ -
b o e i 150 (L] || e B 2

Rezulsroll center is now 32" high and 1.1 left

s |T=tlic Chassis [Lt same as Ri) IND j

Id

tification

Chiagsis # IJDhnsnn-DBE

Cugtomer IHendricksnn

Leflel

Datla Logger Sensors

|Susp. Travel Sensor INane

Leflel

|Stekring Sensor INU"'IE

/
_
Enter most any comments to describe this suspension
or modifications you have made.

These specs are for information only and are not used for calculations.

Help definition for spec currently highlighted

and the new FLLD (handling) calculations introduced in v2.0. If you are not sure, use 20 inches. Because most vehicle mass is
concentrated in the engine and driveline, some people recommend estimating this at 5 above the height of the engine’s
crankshaft. Click on the Calc Button to calculate from readings made during a special test. See Section 2.8.1.

% Front Braking

The percent of the vehicle's total braking force which is produced by the front wheels. This measurement is only used for %
Anti-Dive calculations. If you are not sure, use 65%.
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Wheelbase, inches

The distance from the vehicle's front wheel center to the vehicle's rear wheel center. This measurement is used for % Anti-Dive
and Ackerman calculations. If you are not sure, use 100 inches.

Steering

Click on the down arrow key to select the type of steering. Your choice will determine what inputs are required to describe the
steering geometry at the Main Screen.

Springs

Click on the down arrow key to select the type of suspension springs. Your choice will determine what inputs are required to
describe the spring and/or shock mounting locations at the Main Screen.

Roll Bar

Click on the down arrow key to select the type of anti-roll bar, if any. Your choice will determine what inputs are available to
describe the anti-roll bar mounting locations at the Main Screen.

Roll Bar Rate, Ib/in

The 'spring rate' of the anti-roll bar in pounds per inch. Click on the Calc Button to calculate the rate from anti-roll bar
measurements. See Section 2.8.2.

Symmetric Chassis (Lt same as Rt)

Click on the down arrow key to specify if the chassis is Symmetric (ALL left side specs are the same as the right side). Your
choice will determine if only specs for 1 side are needed at the Main Screen.

Chassis #

Type in most any name or number combination up to 20 characters to identify this chassis or front suspension, or click on the
down arrow key to pick from a list of previously used numbers.

Customer

Type in most any name up to 20 characters to identify the owner of this head, or click on the down arrow key to pick from a list
of previously used customers.

Susp. Travel Sensor

Click on the down arrow key to select the type of suspension travel sensor being used by a data acquisition system, if any. Your
choice will determine if inputs are required to describe the mounting points of sensors at the Main Screen.
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Steering Sensor

Click on the down arrow key to select the type of steering sensor being used by a data acquisition system, if any. Your choice
will determine if inputs are required to describe the mounting points of a sensor at the Main Screen.

Ride Height

Lt Side, From Centerline

Enter the distance from the car's centerline to where you measure ride height on the Left side.

Lt Side, Behind Wheel Center

Enter the distance back from the center of the wheel or spindle to where you measure ride height on the Left side. If you
measure ride height in front of the spindle, enter a negative (-) number.

Figure 2.23 Ride Height Measurement Locations, Top View of Right Side Shown Here

S A~ S— Wheel Center (Axle) Line
Front of Car

Right Side, from Centerline
T g

?_ Right Side, Behind Wheel

Center

Car Centerline

Frame location where you measure ride height.

Rt Side, From Centerline

Enter the distance from the car's centerline to where you measure ride height on the Right side.

Rt Side, Behind Wheel Center

Enter the distance back from the center of the wheel or spindle to where you measure ride height on the Right side. If you
measure ride height in front of the spindle, enter a negative (-) number.
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Edit Options allow you to modify a large number of Suspension Data measurements with one command. They consist of the 3

Copy commands shown in Figure 2.24 and the Move
Options shown in the Menu of Figure 2.25.

Edit - Copy Commands

The Swap command lets you copy all Right side
measurements to the Left side, and copy the Left side
measurements to the Right.

The Copy commands only copy one side’s measurements
onto the other side. This command can be handy for
creating a symmetrical chassis. You only need to enter
measurements for one side, then copy that side’s
measurements onto the other side for a perfectly symmetric
(mirror image) chassis.

Figure 2.24 Edit Options at Main Screen

File
Fr

Edit

Swap Left and Right Side Specs
Copy Left Side to Right Side
Copy Right Side ta Left Side

Graphsz

Click on Edit for These Options

E Suszpenszion Analpyzer ¥1.0 Performance Trends [ LI

Adjust
Ho Yiew \|

Beportz  Other Specs Optimize

P
I_

Move Groups of Measurements

-
}

lar of car [nght sid
Gain bazed «

Move Groups of Measurements

This screen lets you modify (move) groups of Suspension Data points. For
example, you could move all the suspension points up 1 inch as if you had
changed vehicle ride height, or to correct a mistake in measuring. This can

be very handy when doing measurements on a surface plate. Say that the

car's axle line (0 line for measuring depth) ends up being 1.25 inches

ahead of 0 on the surface plate. You can still do all your measurements,
but when you are done, use the Edit command to move all measurements

back 1.25 inches. Now the axle line would fall exactly on 0.0.

First select the group of points you want to Move.

e All points would be selected for the 2 examples given above.
e Steering System is useful for moving the rack or Steering Box, Idler

Arm and Center Link to a new location.

e Left Side Only and Right Side Only can be useful for simulating

chassis modifications and for correcting measurement errors.
e  Center Car based on Tire Tracks is useful for recentering all
measurements if you change wheel offsets, tire widths, etc., and you
want to keep the car's centerline exactly centered between the 2 tire patches.

Then select the Direction you want to move the selected points.
Then enter the distance you want to move the selected points.

Then Click on the '"Move Points' button to perform the Move.

Figure 2.25 Move Menu

iw, Move Points

" Inputs
Move [zl Points

Direchion

|H ow Much

"~ Mote:
Thiz zoreen letz pou move groups of pointz of the
zuzpension layaut with one command. This
could change the geometry of certain partz, like
tie rod lengthz, & arm lengths, ete. Use the
‘Bdjust’ feature to move mounting points, tire
zizes, et and keep the geometry of the specs
constant.

Move Points | Helpl Ean-::ell Print

41




(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 2 Definitions

When you Edit points, you simply move measurements. This could mean that the lengths of links could change (physically
impossible unless you change or modify parts). If you want to simulate moving selected points around, but keep all lengths the
same, use the Adjust feature. See Figure 2.26 below and Section 2.5, Adjust Feature.

Figure 2.26 Difference Between Moving Points and Adjusting Points

Starting Condition Move All Points Up 2” Adjust (shim) Upper Arm

. “
Frame Pivots Up 2
E Suspension Analyzer ¥1.0 Performance Trends [ E Suspension Analyzer ¥1.0 Performance Trends [ E Suspension Analyzer v1.0 Performance Trends [

File Edit Graphs BReports Other Spec:  Adjust  Optimize File Edit Graphs BReports Other Specs  Adust  Optimize File | Edit Graph: Beports Other Specs  Adjust  Optimize

Front View] Side View] Top Yiew ] Ho View ] | Front View\| Side View] Top View ] No View ] Front View] Side View] Top Yiew ] Ho View ] |
This is a view from the rear of car [right = This is a view from the rear of car [right s This iz a view from the rear of car [right i
Gain base: Gain base Gain bazec

Roll Cenfer Ht: -105.97

Toedn Gain: -.01" Rall Center Ht: 2.56 Toedn Gain: -.01" Rioll Center Ht: 4.11 Toen Gain: - 03"
Camber Gain: -1.53  Caster Gaine .12 Camber Gair: -1.53  Cagter Fain: .12 Camber Gain: -J64 Caster aln 14

All points simply move up, camber does not change J
Camber (and Caster which can not be seen here)
change as would happen with the actual suspension.

Lengths of all Arms and Spindle stays the same.

Only Upper Frame Pivot points move up (both front and rear were selected to move).

42



(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 2 Definitions

2.5 Adjust Options

Click on Adjust at the top of the Main Screen for the Adjust Options shown

in Figure 2.7. These options fall into the 3 basic types shown:

e  Shimming the Upper Arm Frame Pivots either in/out or up/down.
e Changing the Wheel/Tire Offset which changes Track.

e Making adjustments which change Ride Height

Clicking on Steering System just refers you to the Edit menu, which is the
only way to move the steering system as a unit. See Section 2.4. Also see
Example 4.3 for using the Adjust Option.

Figure 2.27 Adjust Options from
Main Menu

Ferformance Trends [ JIM'S BUSCH MONTE |

Specs | Adust Optimize  Animate  FPreferences  He
View Shirn Left Upper A [nd0ut :I I
Shim Right Upper A [0/ Dut
n the n Shim Left Upper A Up/Down tually
Shim Right Upper Arm Up/Cown

Ride Height

Left Wheel/Tire Dffset
Right “heelTire Offseat

Shesning System

i Tt -7 =5

Shimming

This powerful feature lets you shim Figure 2.28 Typical Shimming Menu

(change or adjust) the Front and/or Rear

Frame Mounts for the upper control
. . Shim Left Side U Arm Inf0ut
arms (A Arms or Wishbones). You can . Shim Left Side Upper AmIn/0ut [

shim this arm and have all other |Shim Thickness Added -. 1875 |Shim Thickness Added -.1250
suspension measurements change just as - Shims Added, Rear - Shims Added. Front
if you had made the change on the
dd/Remove i - = -
actual car. A : IAdd Shims J Add/Remove I'Add Shims J
[Shim Type Used ISlandald Shims j |Shim Type Used ISlandard Shims j
For example, at the Main Screen you |t 1416 Shims |3 =] #1716 Shims m
can change the Frame Mounts for the # 178 Shims | 5 178 Shims | r
upper arms and only that measurement T b :
changes. That is a useful method when | S W e L | [Custom Thickness Added
you are first entering measurements for ~ Notes:
the car. However, on the actual car, if ESCEl o This menu sssumes that REMOVING shims
you, say, shim out the fI'OIlt, left Frame |Eslimated Hew |__?7- | |4_22 | moves the Flam_e Prvot falthgr DUT_ from th_e_ car
Pivot i1l likelv move the or [reducing negative cambe_l, Increasing positive
IVO. > _you w1 y Vi ! upp |l:unent |._22 | |4_;]2 | cambei]. IF most Suspensions you work with are
ball joint out and back, changing different, change the 'Adding Shims' option in the
camber and caster. You could also push rﬁ:fgsr;?Tﬁemﬁr;ﬁ:]bg;gg;’_”g 0 8 E7BEEs
the left tire down somewhat, tilting up Use Cale Value | Help | Cancel | Print |
the left side of the chassis. All

measurements tilt up, and there would
be some small change in some
measurements moving to the right. This

New Caster and Camber are shown
here for the Shimming requested.

feature can simulate all these changes
that you would see on the actual car. See Figure 2.29.

To use this feature, first pick whether you will Add or Remove shims for either the Front or Back mount, or both. Then select
whether you want to use standard sixteenth (1/16) and eighth (1/8) inch shims, or to enter some other 'Custom' shim adjustment.
After your selection, the lower inputs will become enabled as appropriate. Selecting No Shims' disables the lower inputs and
keeps that mounting point unchanged. The total shim thickness will be displayed for both the Front and Back mount, and the

change in Caster and Camber.
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Figure 2.29 Difference Between Moving Points and Adjusting Points

Starting Condition Move All Points Up 2” Adjust (shim) Upper Arm

H 13
Frame Pivots Up 2
E Suspension Analyzer ¥1.0 Performance Trends [ E Suspension Analyzer ¥1.0 Performance Trends [ E Suspension Analyzer v1.0 Performance Trends [

Fil= Edit Graphs RBeports Other Specs  Adjust  Optirize File Edit Graphs Reports Other Specs  Adust  Optimize File | Edt Graph: Beports OtherSpecs  Adust  Optimize

Front View| Side View | TopView | HoView | | Front View| Side View | Top View | | No View | Front View| Side View | | Top View || NoView | |
This iz a view from the rear of car [right s Thisg iz a view from the rear of car [right Thiz iz a view from the rear of car [right =i
Gain base Gain bases Gain bazec

Toedn Gain: -01" Rall Center HE 2 56 Toeln Gair: -.01" Rioll Center HE 4.11 Taoedn Gain: -.03)
Camber Gain: -1.53  Caster Gain: .12 Camber Gair: -1.53  Caster Gain: .12 Camber Gair: -6

_

All points simply move up, camber does not change

Camber (and Caster which can not be seen here)
change as would happen with the actual suspension.

Lengths of all Arms and Spindle stays the same.

Only Upper Frame Pivot points move up (both front and rear were selected to move).

The entries and suspension layout on the Main Screen are not updated until you click on 'Use Calc Value'.

Important: This menu can either assume that Adding shims or Removing shims moves the Frame Pivot either
farther out from the car’s centerline. The Notes section of Figure 4.28 shows it is currently set to Removing shims to
move the arm out. Depending on the type of suspensions you most often work on, you can select the default action
at the Preferences menu. See Section 2.2. If your chassis is opposite to the current Preference setting, select
'Remove Shims' if you are actually adding shims or 'Add Shims' if you are actually removing shims.

Making a Shim adjustment can change most all your measurements. It is highly recommended you save your current Suspension
File (click on 'File', then 'Save' or 'Save As' at the top left of the Main Screen) before you make a Shim Adjustment.

Adjusting Ride Height

This powerful feature lets you change some component or adjustment on the chassis, and have all other suspension
measurements change just as if you had made the change on the actual car.

For example, at the Main Screen you can change the Tire Circumference and only that measurement changes. That is a useful
method when you are first entering measurements for the car. However, on the actual car, if you installed, say, a larger
circumference tire on the Left side, the left side would go up and the chassis would tilt up on the left side. All measurements tilt
up, and there would be some small change in some measurements moving to the right. There would also be a change in Left and
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Right Camber due to this tilt of the chassis by changing only the left side tire
size. This feature can simulate all these changes that you would see on the actual
car. See Figure 2.31.

To use this feature, first pick the type of adjustment you want to make, then pick
the side, Left, Right or Both Left and Right. Then the appropriate inputs will be
enabled for you to change.

As you specify the changes you want, the Ride Heights are calculated and
updated so you can see the effect. However, to accurately see Ride Height
changes, you must first enter accurate Ride Height locations in the Other Specs
menu. These locations show where you are measuring Ride Height, how many
inches behind the "axle" (a line connecting the left and right wheel centers) and
how far from the car's centerline. See Section 2.3, Other Specs on how the Ride
Height locations are entered.

The 'Jacking on Spring' Adjustment option assumes you jack on the spring until
the ride height on that side changes the amount you specify. This Adjust screen
does not tell you how many turns to make on the jacking screw to get this ride
height change.

Note: When you make a change on just 1 side, the program shows how much
Ride Height changes on that side. More than likely there is also a small change
in ride height on the other side of the car.

Making a Ride Height adjustment can change most all your measurements. It is
highly recommended you save your current Suspension File (click on 'File', then
'Save' or 'Save As' at the top left of the Main Screen) before you make a Ride
Height Adjustment.

Figure 2.30 Adjust Ride Height
Menu

i, Adjust Ride Height |

|Hide Ht Change, Left -2.359
|Eurrenl Tire Circumference, Rt 8482

|Currenl Tire Circumference, Lt 84.82

" How Are You Adjusting Ride Height 1
[Change ITilE Circumference j
Which Side  [Left Side Only =

[New Tire Circumference. Rt
|New Tire Circumference. Lt Fill

" Mote:
Thiz zcreen shows the change in Ride Height
[meazured from ground to zome point on the
frame] by changing vanous suspension elements.
Where vou measure nde height 1z zpecified in
the Other Specs menu available at the top of the
Main Screen.

Make Change | Help | Cancel | Print |

Figure 2.31 Adjusting Ride Height with Tire Circumference Change

Starting Condition Change Tire Circumference
by Entering new Value
in Suspension Data Grid

E Suspension Analyzer v1.0 Performance Trends [

g Suspension Analyzer ¥1.0 Performance Trends [
File Edit Graphs Reports Other Specs Adjust Optimize File Edit Graphs Reports Other Specs  Adjust  Optimize

Change Tire Circumference
Using the Adjust Ride Height
Feature

E Suspension Analyzer ¥1.0 Performance Trends [

File Edit Graphs Heports Other Specs  Adjust  Optimize
Front View\| Side View] Top View\| Mo Yiew ] |

Front View] Side View ] Top View ] Ho View ] Front View] Side View ] Top View ] No View ] |
Thiz iz a view from the rear of car [right = Thiz iz a view from the rear of car [right ¢
Gain base Gain basec

WJ . .
Toedn Gair: -01" Roll Center HE: 2.56 Toe-n Gain: - 01" Foll Center H: 2.56
Camber Gain: -1.53  Caster Gain: .12 Camber Gair: -1.53 | Caster Gair: .12

Thig iz a view from the rear of car [right si
Gain bazec
§
L ] L ]
Toen Gair: -01" Roll Center HE: 1.66
Carnber Gain: -1.51 Caster Gain: .12

Only Tire Circumference changes.
All other points are unchanged.

Tire Circumference changes and all other points change to reflect the
change in ride height on this left side (chassis now tilts to the left).
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Left Wheel/Tire Offset
Right Wheel/Tire Offset

These Adjust options let you specify how you are changing the tire track by
changing wheels and/or wheel spacers. You first specify the current wheel
you are using in the upper section. In the lower section you enter specs for
the new wheel and/or spacers. The output at the top of the screen shows the
current Track and the new proposed Track.

Unlike the other Adjust features, this one only changes 1 measurement on
the Main Screen. That’s because it only moves the Track (wheel and tire) if
or out from the car’s centerline. It does not change the height of any points
because it assumes the tire circumference does not change. If tire
circumference is changing also when you make this wheel change, you
must use the Adjust Ride Height feature for changing Tire Circumference
also.

Rim Offset (backspacing)

The distance from the inside of the wheel rim to the wheel's mounting
surface, sometimes called backspacing. This is usually measured by laying
the wheel face up on the floor and measuring from the floor to the mounting
surface.

Rim Width

Figure 2.32 Screen for Adjusting
Wheel/Tire Offset

iw. Adjust Wheel/Tire Offzet - Left |

29.
29.75

|New Track - Left

|Eunent Track - Left

" Current Wheel/Tire Specs

|Flim Offset [backspacing]
|Him Width
Wheel Spacer Width

4|
10
o |

" Mew Wheel/Tire Specs

|Him Offzet [backspacing]
|Him Width
['I#'heel Spacer Width

5|
10
L2

" Mote:
Thiz zoreen shows the change in Track by
changing wanouz Wheel zpecs. |f pou are like
mozt racers and don't uze Wheel Spacerz, leave
it blank or zet it to O,

Usze Calc ¥alue | Help | Cancel | Print |

Width of the wheel rim from inside bead to bead,
in inches. This measurement is usually about 1”
less than measuring from outside edge to outside
edge.

Wheel Spacer Width

Some racers user spacers between the hub and the
wheel. Enter the width of any spacer you are
using, or leave the spacer spec blank (or set to 0) if

you are not using spacers. Rim Offset
(backspacing)

The New Track for the appropriate side on the

Main Screen is not updated until you click on 'Use

Calc Value'. The calculation assumes the rim JJ

“lip” thickness is the same for both the current

and new wheel, which is a safe assumption in most Rim Width «

Tire Bead goes here

!

Figure 2.32A lllustration of Wheel Measurements

Wheel Mounting
[ Face of Hub

k\

Wheel Spacers (if
— any) go here between
hub and wheel

L —

cases. \

>‘ « Rim “lip” thickness
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2.6 Optimize Options

Check Appendix 6 for a new Optimize option to adjust Handling, FLLD% (front lateral load

distribution).

This powerful feature lets you find a new location or adjustment for a selected suspension component which produces some
“optimum” type of suspension characteristic. (See Example 4.3) One example, would be to move the left tie rod end to find

minimum left side bump steer.

handling.

Note that some “Optimum” setting arrived at by this feature may not
actually produce optimum handling or safety. It only means that some
suspension characteristic falls into some mathematical range. The
changes proposed by this feature to obtain improvement in one
characteristic, may completely “screw up” other suspension characteristics,
making the car unsafe to drive. If you accept some proposed change,
you must check all other suspension characteristics to ensure safe vehicle

To use this feature, first pick what suspension component you want to move. You will notice that some components are
identified with "Move" and some with "Shim". If you select Shim Left or Right Upper A Arm, you are simulating actual
shimming, so that Camber and Caster and several other conditions are also changing, just as it would in the actual suspension.

See Section 2.5, Adjust Feature. You are
also moving the both the front and rear
Frame Mounts the same amount, which
should produce only small caster
changes if any.

If you select "Move", then only the
components you move are changing.
This is usually for Steering components,
which is still realistic. If you move a
steering component, you will likely
readjust the Tie Rod lengths to bring Toe
In back to the desired amount.

After selecting the Component to move
or shim, then select how far to move it
from its current location. For example,
to simulate shimming the left Tie Rod
End up and down a range of 1" from the
current location (2 inches total range),
you would enter 1 for Up and 1 for
Down. You can also select the
increment for making adjustments. Note
that you may want to start with a large
increment to see if anything significantly

Figure 2.33 Find Optimum Settings Menu

These settings will move the Right Tie Rod end
up 2 inches through down 2 inches, and left 2
inches through right 2 inches, in .5 inch steps.

. Find Optimum Sethings

" Adjust from Curgent Poszition [ Motion to Check to Obtain:

I‘lh"hat

N
N

IMCI'\.-'E "‘ Dive |2” Dive to 2" Rise =]
|Max Distance Higﬁ\\\ 2 [Roll IND charge in Frol j
[Max Distance Left |Dbtain IMin Riight Bump Steer =]
|Hax Distance Up
" Motes:

|Mar. Distance Down

|Max Diztance Back [depth] \

O Left side choose what suzpengion point to
Adjust and the range of Adjustment to allow. On
Right zide, choose what suspension matian ta
check and what you want to obtain, p s

|Max Distance Forward

|5 (/2inch N =]

|Int:lement

# Settings

# Motions

Hote: Proposed changes juzt meet the criteria set above, and may HOT produce
optimum handling or safety. The changes proposed may produce unwanted “zide effects’,
making the car UMSAFE to drive. If you accept a proposed change. you must check all
other suzpenszion charactenstics to ensure zafe vehicle handling.

. Find Optimum

Help | Cancel | Print |

better than the current condition can be found. If so, then try a smaller increment. On slower computers trying large ranges of
changes with small increments, an Optimization may take up to an hour.
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Then select the amount of suspension Dive and Roll motion to check. If you know your suspension only goes through 1" of
Dive and 1" of rise (negative dive), then only select 1" Dive to 1" Rise. Do not select 3" Dive to 3" Rise, as this will take longer
to calculate, and the optimum setting obtained for 3" movement may not be the best for only 1" movement.

Then select what you want to obtain from the suspension. Note that Steering Component changes are usually optimized to
obtain minimum Bump Steer, and Shimming Upper Arms are optimized for Roll Center movement.

Then click on the Optimize button. Depending on the conditions you have set, the Optimize routine make several minutes. If it
is taking a long time, you can click on the Cancel button to stop Optimizing. Then you can change some settings and try again.

When calculations are finished, the program will present you with what it recommends for an adjustment, and how much
improvement was obtained. You can then select whether you want to accept the suggestion, or cancel. If you accept the
suggestion, you should then check the results obtained by graphing the new "Optimized" suspension with the old suspension.
What the program has found to be "optimum" may look good to the program and fit the criteria "minimum total bump steer", but
may not be what you expected.

Accepting an Optimized adjustment can change most all your measurements. It is highly recommended you save your current
Suspension File (click on 'File', then 'Save' or 'Save As' at the top left of the Main Screen) before you make a Shim Adjustment.
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Figure 2.34 Animate Menu

2.7 Animate .

" Inputs

First Motion I Roll

The Animate feature lets you force the suspension through a series of Ending Position
movements, similar to what it would do in actual racing or driving
situations. Click on Animate at the top of the Main Screen to be presented
with the menu of Figure 2.34. You can select however many different Ending Position
motion sequences and motion types from 1 through 4. The animated
motion always starts and ends at 0 Dive, 0 Roll and 0 Steer.

|5 econd Mohion I[)i».rg

|T hard Motion IStEg[

|E nding Position
Chose the types of motion and then enter the final extent of the motion for
the first through fourth segment. When you have entered info for the
number of segments you want, click on the “Animate” button to start the Ending Position
process. You will be returned to the Main Screen with the Suspension
Layout drawing going through the motions specified. The individual specs
of this screen are defined below.000

[Fourth Motion I Dive

el el bl e

"~ Mote:
Thiz zoreen directs the suspension to move. The
ztarting and ending pogition ig alwaps 0 Dive, Boll
and Steer."

First Motion

Help | Cancel | Print |

Select the type of motion for the first segment, either Dive, Roll or Steer.

Figure 2.35 Main Screen in Animation
E Suspension Analyzer v1.0 Performance Trends [ LIMITED LATE MODEL ]

File Edit Graph: Reportz Other Specs  Adjust  Optimize  Animabs

Preferences  Help

Front \I’ieuq Side ‘Jiew] Top ‘Jiew] Ho View 1 [% Dynamic

. Thiz iz a view from the rear of car [right side of screen iz actually Wcar].
Arimngte-0ff . . .

Gain based on 1" Dive. Click
here to
bring up
Animate
menu
shown in
Figure
2.34.

s Click here
P, e to stop the
Toeln Gain: -.04" Foll Center HE: 2,46 Fiall Center Right: 4.43 Taoe-ln Gair: -.09" Ani ti
Camber Gain: -1.53  Caster Gain: 12 Caster Gair: .26 Camber Gain: -1.65 nimation
" Suzpension Data process.
Location Type Lt Out [] LtHeight[¥]  [LtDepth ] (Rt out <) [RtHeight [v)  [Rt Depth ) -
Upper Ball Jaint Input 22385 0310 22.097 21.870 0w5 -
Upper Frame Pivot, Front Input 15,020 18.300 -3.820 15.260 17.999 -3510
Upper Frame Pivot, Rear Input 14.850 17.420 5,230 15.340 17.089 5.990
Lower Ball Jaint Input 23449 9 0.140 24382 10.040 0140
Lower Frame Pivot, Front Input 8.180 £.370 -0.020 8.560 E.725 0.050
Lower Frame Pivot, Rear Input 14,260 7.000 12430 14.960 7820 12160
Tie Bod on Rack Input g 5,980 A E E.326 Rl
Tie Fod on Spindle Input 21.375 3 -B.505 22375 g -E.875
Steering Swivel Awiz Upper Input [cle] |7.950 11 -8 7.85 12 -7
Steering Swivel Awiz Lower Input [cle] |7.950 5 R 7.85 7 -7
Center Link Pivots Input 7.850 7 680 -4.5 7.85 7.680 -4

Eﬂﬁtarll“ nagsE >

J %Myhﬂa...l Docu...l @Explol...l ﬁSusp... | @Micm...”b—f Sus...

P& 1015 PM
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Ending Position

Enter the last position you want for the motion specified above. In Figure 2.34, the Animation will start at 0 Roll and finish at 2
degrees of Roll at the end of the first segment. Steer and Dive will both start segment 1 at 0 and end segment 1 at 0, no change.

Second Motion

Select the type of motion for the second segment, either Dive, Roll or Steer. Note that if you do not choose a motion here, the
Animation will consist of only 1 segment.

Ending Position
Enter the last position you want for the motion specified above. In Figure 2.34, the Animation will start at 0 Roll and finish at 2

degrees of Roll at the end of the first segment, and at 1 inch of Dive at the end of segment 2. Steer will start segment 1 and 2 at
0 and end segment 2 at 0, no change.

Third Motion

Select the type of motion for the third segment, either Dive, Roll or Steer. Note that if you do not choose a motion here, the
Animation will consist of only 2 segments.

Ending Position
Enter the last position you want for the motion specified above. In Figure 2.34, the Animation will start at 0 Roll and finish at 2

degrees of Roll at the end of the first segment, and at 1 inch of Dive at the end of segment 2, and at 1.4 inches of steer at the end
of segment 3.

Fourth Motion

Select the type of motion for the fourth segment, either Dive, Roll or Steer. Note that if you do not choose a motion here, the
Animation will consist of only 3 segments.

Ending Position
Enter the last position you want for the motion specified above. In Figure 2.34, the Animation will start at 0 Roll and finish at 2
degrees of Roll at the end of the first segment, and at 1 inch of Dive at the end of segment 2, and at 1.4 inches of steer at the end

of segment 3, and -1 inches of dive (1 inch rise) at the end of segment 4.

At the end of segment 4, the program will force the suspension gradually back to the starting conditions of 0 Roll, 0 Dive and 0
Steer.
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2.8 Calculation Menus

Check Appendix 6 and 7 for new Calculation Menus in v2.0 and 2.4.

The following section explains the user input for specs listed with Clc Figure 2.36 Typical Calculation Menu
buttons, or are identified with a Data Type of “Input (clc)” in the w. Calc C.G. Height, in |
Suspension Data grid on the Main Screen. These specs are ones where

you can simply enter a value, or click on the Clc button or “Input(clc)” Calc C.6. Height. in AR
and the program will present a menu of inputs which will calculate that

particular parameter. These menus are like computer “scratch pads” for " Level Yehicle Measurements
calculating specs like Spring Rate, Height of C.G., Tire Circumference, Wheelbase 110

etc. from other inputs.

|Tuta| Yehicle Weight, Ibs 2500

|Tuta| Front Weight, lbs 1300
The starting values in each calculation menu are usually blanked out ) )
when the menu is opened. If there is other information in the program to " Raised Yehicle Measurements
estimate what one of your input values will be, it may be loaded. As

Notes:

v : ; : Raise Front or Rear IHEE" =l
shown in Figure 2.39, the Wheelbase is already available based on its
setting in the Other Specs menu, and this value is loaded into the Front Tire Radius. in 13.5
Calculation Menu. You are free to change them to any other value. Distance Raised. in 155
Once enough specs have been entered, the calculated value(s) at the top New Total Front Weight, Ibs 1326
of the menu will be displayed. This calculated value(s) will now be
updated each time you change a spec. If you want to use this calculated ~Mote:
value, click on Use Calc Value. If the calculated value is within expected See diagram and procedure in Section 2.7.4 in
limits, it will be loaded into the original menu. If you click on Cancel, mahual, page 6.

you will be returned to the original menu with the original value
unchanged. If you click on Help, you will be given a general
explanation of calculation menus, and a page # in this section for more
info about the particular menu you are using.

Usze Calc ¥alue Cancel | Print

The input values or calculated values in any calculation menu have NO affect on calculated performance unless you load the
Calculated value into the original menu. If you already know a spec in the form required by the program, then you have no
need to use the calculation menu. For example, if you know the Spring Rate is 950 lbs/inch, then you have no need to use a
calculation menu to calculate Spring Rate from Wire Diameter, Coil Diameter and Number of Coils.

2.8.1 Calc C.G. Height

This menu is available by clicking on the C.G. Height Clc button in the Other Specs menu.

The procedure to determine C.G. height requires one end of the car to be raised while accurately measuring the wheel weights
on the other end of the car before and after the car is raised. The suspension must be blocked so the springs do not compress
during the process. This can be done by replacing the shocks with solid links that maintain the vehicle’s free standing height.

Raising a typical car about 20 inches (quite a lot) will only show a weight increase of 30-60 Ibs for most cars. Therefore, this
process requires very precise weight measurements. Some tips to improve the accuracy of the procedure include:
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e  Wiggle the car slightly on the scale to ensure it always returns to the Fiqure 2.37 Calc C.G. Height
same weight, both when level and when one end lifted. g : = g

e The higher you raise the car, the more weight difference you will see Calc C.G. Height. in B |

and the more accurate results. [Calc C.G. Height, in 21.6
e  The test should be run with the driver and all fluid levels at race
conditions. " Level ¥ehicle Meazurements

e Do the entire test more than once and average the C.G. height results.

Wheelbase 108

|T otal ¥ehicle Weight. Ibs 3000

This procedure can be dangerous if not done with Total Front Weight, Ibs 1560
care and using good equipment. Take the proper

precautions, especially if you raise the car - Raised Vehicle Measurements
significantly. Raise Front or Rear Rear j

|ant Tire Radiuz, in 139
Distance Raised. in 15

Wheelbase’ In New Total Front Weight, Ibs  [1590
Wheelbase of the car in inches, the distance from the front wheel center (or - Mote-
front axle line) to the rear wheel center (or rear axle line). See diagram and procedurs in Section 2.8.4 in

manual, page wwx.

Total Vehicle We'ght, Ibs Uze Calc Yaluei] Help | Ean-::ell Print |

The total weight of the vehicle, ideally with the driver and all fluid levels at
race conditions.

Total Front (Rear) Weight, Ibs

The weight on the front tires (or rear tires if the front of the car is raised) on level ground in pounds, before the car is raised.

Raise Front or Rear

Choose which end of the car is raised for this test, usually the rear.

Front (Rear) Tire Radius, in Figure 2.38 Procedure to Measure C.G. Height

The radius of the front tire (or rear tire if the front of the Block suspension (so springs can not be compressed).

car is raised). .
Raise one end of car

a significant distance.

Distance Raised, in

The distance the one end of the car is raised, in inches.

. Weighing Scale,
New Total Front (Rear) Weight, lbs showing weight level  Block up tire level with scale
and raised. for accurate “level car” weight

The new weight on the front tires (or rear tires if the front
of the car is raised) when the car has been raised.
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2.8.2 Tire Circumference
Tread Width

This calculation is available from the Suspension Data grid
on the Main Screen and allows you to estimate Tire
Circumference and Tread Width for certain Tire Rating
Types. Click on “Input (clc)” for either Tire Circumference
or Tire Width calculation menu.

Side

Figure 2.39 Rolling Radius

Circumference

Diameter

Radius

Click on this combo box to select which tire you want to calculate specs for.

Rating Type

Click on this combo box for the following rating types:
e  P-Metric (ex P225-60-15)
o Letter (ex G-60-15)
e Rolling Radius, inches
e Diameter, inches

Depending on your choice, certain specs will become enabled. If you
choose the P-Metric or Letter Type, you will also be able to calculate the
Tread Width.

P Metric Tire Size (ex 225)

Identifies the tire's cross sectional width in millimeters and is also
related to the tire's load carrying capacity.

Letter Tire Size

Identifies the tire's load carrying capacity. Click on this combo box to
select one of the letters. This is an older rating system and there is more
variation across different manufacturers.

Aspect Ratio

Is the ratio of tire cross sectional height to cross sectional width. A 75
series tire has a height 75% as high as its cross sectional width, and is
generally a tall tire. A 50 series tire is a lower profile tire, more suited to
cornering and performance.

Figure 2.40 Calc Tire Circumference

. Calc Twe Circumference. inches

|Ea|c: Tire Circumference, inches [81.1

|Ea|c: Tread Width, inches

8.0

" Inputs
|5ide

{Right Only
|H ating Type

-
| P-Metric (ex P225-60 7

|I'-'Ietric Tire Size [ex 229] 245

|Letter Tire Size I

|Aspect Ratio
rWheel Rim Diameter, in

|H olling Radius. in

Ini®

|TilE Diameter, in

" Mote:

calculated Circurnferences are MOT reduced 3%
from exact dimenzionz. That iz becauze 'tire zlip'
iz hiot an izzue in thiz program.

Inlike some other Performance Trends programs,

Usze Calc "Iul"aluel Help | Cancel | Print
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Wheel Rim Diameter

Is the diameter of the wheel's rim.

Rolling Radius, in

Is the tire's radius, measured with the tire mounted on the car, with the tire on the ground with typical vehicle weight on it.
Radius is the distance from the center of the tire to the ground. See Figure 2.39.

Diameter, in

Is the tire's diameter measured in inches. Diameter is the distance across the tire. See Figure 2.39.

2.8.3 Calc Spring Rate

This Calculation menu is available by clicking on the “Input (clc)” data Type at the Suspension Data grid for entering Spring
Rate.

Spring Location Figure 2.41 Calc Spring Rate

Calc Spring Rate |
Click on this combo box to select which spring location you are

calculating a spring rate for, either the Left spring, Right Spring or both [Cale Spring Rate
springs.

" Inputs

|5prim_:| Location | Right Side

Type of Spring [ [RSTEAIIN - |
Click on the combo box for Type of Spring to change the inputs in this # Leaves at Center
menu for the 4 basic types of springs:
e Coil Springs
e Leaf Springs |5prim_:| Length, in
e Solid Torsion Bars
e Hollow Torsion Bars

Kl

Type of Spring

|ﬂ Leaves at Ends

|Thic:kness of 1 Leaf. in

1

These inputs will be discussed in the 3 sections below Spring Width, in
. . " Hote:
Coil Sprlngs Click on Location to choosze which spring you are

calculating the Spring Rate for. Choose a
different Type of Spring for Torsion Bars or Leaf

Wire Diameter, in S prings.

Is the diameter of the wire which makes up the coils, in inches. Take
this measurement carefully as it has a large impact on the results. Uze Calc Yalue | Help | Cancel | Print
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Inside Diameter of Coill, in

Is the inside diameter of the wire coils which makes up the spring, in inches. The coil diameter ranges from 1.5 to 5 inches for
most springs.

Number of Active Coils

Is the number of active coils in the spring. Usually the top and bottom coils of a spring do not move (are not active) and do not
contribute to the “springiness” of the spring. To be more precise, do not count any part of the coil spring which is touching the
spring mounting pad. Therefore the number of active or moving coils is usually 2 less than the total number of coils. For
example, for a spring with 12 coils, the Number of Active Coils would usually be 10. Note that you can enter partial coils, or
that the Number of Active Coils can include a decimal fraction, like 10.5 coils.

Leaf Springs

# of Leaves at Center

Is the number of individual leaves at the center of the leaf spring, where the axle attaches. For a single leaf this would be 1.

# of Leaves at Ends

Is the number of individual leaves within 2 inches of the front and rear mounting points on the vehicle frame. Usually this is 1.

Spring Length, in

Is the length of the main leaf spring in inches, usually 20 to 60 inches.

Thickness of One Leaf, in

Is the average thickness of each individual leaf, in inches. Take this measurement carefully, as it has a large impact on the
results.

Spring Width, in

Is the average width of each leaf, in inches. This usually ranges from 1 to 3 inches.
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Torsion Bars Figure 2.42 Torsion Bar Specs

Arm Length
Torsion Bar Diameter, in —,
Bar Out3|de Diameter
Is the outside diameter of the section of the bar which is designed to
twist, in inches. Take this measurement carefully as it has a large > ]

impact on the results. See Torsion Bar Length below.

) Active Bar Length
Torsion Bar Length, in

Is the length of the bar which is designed to twist, which is usually the Detailed Side View of Arm Length
thinnest part of the bar. See Figure 2.42. >||

Lever Arm Length, in [~ /
Is the distance from the bar to where the bar attaches or rests on the
axle. See Figure 2.42. For the Front Suspension, this is usually the Arm Length

length of the lower A Arm, from the center of the torsion bar to the
ball joint. Axle Housmg

Bar Inside Diameter, in

Is the inside diameter of the torsion bar if you have selected a Hollow Torsion Bar, in inches.

Figure 2.43 Calc Roll Bar Rate

2.8.4 Calc Roll Bar Rate CalcRollBarRate |
|Ea|-:: Foll Bar Rate 312

This Calculation menu is available by clicking on the Roll Bar Rate Clc

button in the Other Specs menu. " Inputs
Type of Bar Solid Bar =]
Type of Bar Bar Outside Diameter, in |1—|

Click on this combo box to select from the following 3 types of roll bars: |Bar Inside Diameter. in

e No Roll Bar |A-::tive Bar Length, in 24
B |

e Solid Bar |Arm Length
e Hollow Bar

. . . " Mote:
Bar Outside Diamete r, 1N Active Bar Length is the lenght of the bar that iz

dezigned to bwist, which uzually haz a smaller

Is the outside diameter of the section of the bar which is designed to twist, in than the rest of the bar. At Length is the
distance from the bar mounts on the frame back

1nch§s. Take this measurement carefully as it has a large impact on the to where the bar maurnts on the suspension.
results.

Uze Calc Valuel Helpl Eam::ell Print
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Figure 2.44 Roll Bar Measurements

Bar Inside

Diameter, in Production Style Bar Custom Style Bar

Is the inside diameter Bar Outside Diameter Bar Outside Diameter
of the torsion bar if Arm Length Arm Length

you have selected a
Hollow Roll Bar, in

inches. X i i
Active Bar I " [ l
Length, in Active Bar Length Active Bar Length
Is the length of the

bar which is designed to twist, which is usually the thinnest part of the bar. See Figure 2.44.

Arm Length, in
Is the distance from the bar to where the bar attaches to the suspension. See Figure 2.44.

Appendix 9, v2.4C features now greatly expands Roll Bar Calculator capabilities.

2.8.5 Steering Axis

The Steering Axis is only used to describe the motion of Pitman arm steering members. It is a more complicated to understand
than some of the other measurements. This axis represents the axis about which either the idler arm or steering box Pitman arm
rotates. See Figure 2.45.

The program needs any 2 points on this axis to describe the axis completely. Rather than asking you to measure to 2 (perhaps

imaginary) points, you can use the Steering Axis Figure 2.45 lllustration of Steering Axis Inputs
calculation menu to enter angles to describe the axis.

Steering Arm
Side Points to Back

.#anﬁ

Steering Arm
Side Angle

Steering Arm Points To T~

Select which side you are calculating axis points for,
either left side (typically steering box in the United
States) or right side (typically the idler arm in the
United States).

—_

Front of Car

Steering Axis
Side Angle
Select if the steering arm (Pitman arm from the
steering box or idler arm) either points to the front of
the car or the rear of the car. If the arm points toward

L . . Steering Arm Length
the rear, then the axis is in front of the pivot point, as
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shown in Figure 2.45.

Steering Arm Length

Measure the length of the steering arm
(Pitman arm from the steering box or idler
arm) from the pivot to the axis. See
Figure 2.45.

Steering Arm Top Angle

Is the angle of the steering arm (Pitman
arm from the steering box or idler arm)
when viewed from the top. After entering
the angle, click on the Top View button
shown in Figure 2.46 to confirm the angle
points in the direction you measured.

Steering Arm Side Angle

Is the angle of the steering arm (Pitman
arm from the steering box or idler arm)

Suspension Analyzer

Chapter 2 Definitions

Figure 2.46 Steering Axis Menu with Approximate
Measurements for Steering Box shown in Figure 2.45

. Steering Swivel Axiz

LEOut (] LtHeight Lt Depth [£] Top
|Upper Axis  [9.37 | [10.08 | 10015 |
|Lower Axis | [9.37 | [04 | 1284 | !
" Specs N
|5ide ILE" j !
Steering Arm Points T = ;
|Steering Arm Points To |Fleal =l Fiear i
|5teering Arm Length 0.2 i
|5teering Arm Top Angle 10 & o
|5teering Arm Side Angle 5] g
|5wivel Axis Front Angle 1] g
[Swivel Axis Side Angle 15 ;
" Note: . )
Calculations above bazed on the current Left S e
zide meazurements of where the swivel [ball] of
the Steenng Pitman arm attaches to the Center
Link: 10,2768, 55131, -E. 3716 .
Usze Calc Yalue | Help | Cancel | Print | Front ¥iew Side Yiew

Front

Top Yiew

when viewed from the side. After entering the angle, click on the Side View button shown in Figure 2.46 to confirm the angle

points in the direction you measured.

Swivel Axis Front Angle

Is the angle of the steering arm axis when viewed from the front. After entering the angle, click on the Front View button
shown in Figure 2.46 to confirm the angle points in the direction you measured.

Swivel Axis Side Angle

Is the angle of the steering arm axis when viewed from the side. After entering the angle, click on the Side View button shown
in Figure 2.46 to confirm the angle points in the direction you measured.
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2.9 New Suspension Menu:

The New Suspension command is available by clicking on File at the top, left of the Main Screen, then selecting New. You will
then be presented with the screen shown in Figure 2.47.

When starting a New Suspension, it is usually best to first Open a previous suspension which is similar to the New Suspension
you will be measuring (similar Measurements, Suspension Type, Roll Bar and Similar Suspension Comments.) This previous

suspension will then be the
'pattern’ or 'template' for the
New Suspension and will save
you from having to type in
many specs to describe this
New Suspension. This also
ensures consistency between
your suspensions and reduces
the possibility of errors.

If the current suspension is not
a good 'pattern’ for this new
suspension, you can abort
starting this new suspension by
clicking on 'Cancel (don't start
new suspension)' at the top of
the New Suspension screen.
Then click on 'File' at the top,
left of the Main Screen and
select one of the 'Open' options
to open a past suspension to
serve as a pattern.

There are 4 categories of specs
and data you can individually
select to keep or blank out from
the previous suspension:

Other Specs

e  Measurements

e  Steering System

e Test Comments

Checking any of these
categories will copy the
measurements and entries from
the current “pattern”
suspension to the new
suspension. Unchecking any of
these will blank out these
measurements and entries in the
new suspension. Uncheck all 4
and you will start with a
completely blank suspension.

If you want to check the Other
Specs, or want to modify some
Other Specs from the previous

Figure 2.47 New Suspension Menu

m. Starting a Mew Suspension

Start Mew Suzpenzion

File Hame for Hew
Suspension

2 Critical specs for the new test are listed here at the top.

Click here to start a New suspension based on these settings

Cancel [don't start new suspenzion] | Help

Folder Hame for

Mew Suspension —

|LIMITED LATE MODE

| [NEwW

" Pick S5pecs to Keep, based on cumrent [ LIMITED LATE MODEL ]

=

Summary of Selected 'Other Specs”:
CG.Hi=14 ‘wheelbasze=110.00
Steering = Steerning Box
Springz = Coill Ower [outboard)

Sway Bar =es
Chaszziz # = Johhzon-032
Cuztorner = Hendrickzoh

See Specs

All Suzpension ['ata will be blanked out for the
new Suspension [except steering system data)

All Steerng Data will be blanked out far the new
Suzpenzion

Teszt Comnent:  |Remount right upper frame pivot down 2", -
remount left upper frame pivol down 1/4", raise
ride height on left zide 1/38"

R esult: roll center is now 3.2" high and 1.1" Ieft/

which moves approx.

=

Once a Meéw Test iz startked, vou can eazily eraze aor modify any of the specs listed ghove.
ry zpeck nob zelected to 'Keep’ will be mostly blank when vou stark the Hew Test,
\

/ |

These are the comments which you can
modify. Uncheck Test Comments to start with
blank comments for the New Suspension.

A summary of the current settings is given here.

Click on thise button to see the current Other Specs.

Click here to Check or Uncheck these options. Checking means
you want to keep these specs for the new suspension. Once the
new suspension is started you can then make modifications to
these specs if you want.
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L]
suspension, click on the 'See Specs' buttons for Other Specs. Click on Help in the Other Specs menu for more info on how to
enter these specs. When you close out this menu, you are brought back to the New Suspension screen. Be sure to check the
check box at the left for all specs you want to use for your new suspension. If Other Specs is not checked, they will be blanked
out. Blank specs may cause problems when entering Suspension Data for the New Suspension. Therefore, we recommend you
keep Other Specs checked for most situations.

Most all specs in these categories can also be changed once the suspension has started with no problems. This includes specs
which simply describe the suspension and do not affect any calculations or what is recorded, like Chassis Number, Customer,
Comments, etc.

Two (2) critical specs are listed separately at the top:

1. File Name for New Suspension is the file name the program will create for saving the Suspension Data for the new
suspension you are starting. The program fills in a default name of the current suspension name, but incrementing the last
digit in the name by 1. You can change this name to most anything you like. The program will warn you if the name
entered is not valid and show you what is wrong.

2. Folder Name for New Suspension is the folder in the 3D-DATA folder where the suspension will be saved. The program
may not be using the name 'folder' for this spec, but whatever word you have assigned in the Preferences menu at the Main
Screen. The folder name 'Examples' is reserved for Performance Trends example suspensions supplied with the program,
and can NOT be used for your suspensions.

When you are ready to start the new suspension, click on 'Start New Suspension' at the top of the screen. If some critical spec
has not been entered, the program may warn you and ask you for it at that time.
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Chapter 3 Output

The Suspension Analyzer provides several ways to view and output the data and results, including:

e Reports of tabular data displayed on the screen
e ASCII files for exporting results to other software packages

e  High resolution graphs

e  Printer output of reports or graphs
e Suspension Libraries for recording suspension data for later use.

All these topics will be covered in this chapter. Figure 3.1 shows how to reach all these various features.

Check Appendix 6 and 7 for several new features for output introduced in v2.0 and 2.4,
including the ability to email graphs and reports.

Figure 3.1 Various Output Options from the Main Screen

Click on File to display several options to Save test files, Open test files which were previously
saved, or print information.

Click on Graph to display several Graph Options and produce a high resolution graph.

Click on Report to display several Report Options and produce a tabular report. Once a
report is displayed, it can be output as an ASCII file, or printed.

Name of current Suspension File.

E Suszpensior Analyzer ¥1.0 Performance Trends [ LIMITED LATE MODEL ]

Beports  Other Specs  Adjust

Mew [start new suspengzion) Chrl+h

Optimize  Preferences  Help

iew ] EDynam Bl B sesf |E

Open f Chil+0

Save

all zaved suspenzions)

Save bz

Open fram Fhgpy e [A:5 Drive)
Save to Floppy [ Drive]

Ween is actually right side of car].
7%/ ait based on 1" Dive.
Clrl+dy

Frint Main 5creen
F'nnt k. W'orkshe

ter Setup
Unlock Pro
Transfer Program er INgmputer

Exit Program \\ Chrl+
Toedn Gain: -07" Fioll Center Ht: 1. Tumn Radiuz: 67 ft Lt Fioll Center Right: 17.34 Toen Gain: - 058"
Camber Gain: -1.53  Caster Gaine 12 Jurn Toe [r: 06" Caster Gair: .26 Camber Gair: -1.65
[ Suzpension Data ~
Location Type Lt Out [) sight 2] [LtDepths) Rt Out [v) [FtHeight ][Rt Depth () -
Upper Ball Jaint Inpuit 22.3 -0.310 22.097 21.870 0715
Upper Frame Pivot, Front Input 15.020 18.300 3.820 15.260 17.999 -3.510
Upper Frame Pivot, Rear Input 14.850 17.420 ki) 10340 17009 2390
Lawer Ball Jaint Inpuit 23.443 9 0.140 24.382 10.040 0.140
Lower Frame Pivot, Front Input 8.180 E.370 -0.020 8.560 E.725 0.050
Lower Frame Pivot, Rear Input 14.260 F.000 12,430 14.960 7.820 12160
Tie Rod on Rack Inpuit 7.500 5.980 5 8.500 E.386 B
Tie Rod on Spindle Inpuit 21.378 g -6.505 22,375 g -6.875
Steering Swivel Auis Upper Input [cle] |7.850 10 -14.540 7.85 10,400 14.540
Steering Swivel Auis Lower Input [cle] |7.850 7.980 -6.240 7.85 7.980 B.240
Center Link Pivots Inpuit 7.850 7.680 12.730 7.85 7.680 12730
Ad

iaﬁlall”J ﬂ g I‘Sﬂ =)

| i | ey | Ay su | S |15 . Ken | LRE

P N SR LY

Saving options to Save
a suspension file are
discussed in Section
3.5.

Opening options to
open a previously
saved suspension file
are discussed in
Section 3.5.

Print options let you
print the contents of
this Main Screen,
which is a good
summary of this
current test. See
Section 3.4.

61




(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 3 Output

62



(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 3 Output

Figure 3.2 Report Options Menu
3.1 Reports T S

Dutput Toe In, deg

Report Type  [Pick Data hiom List 7] | Pt
Roll Cntr LE/Rt
Roll Cntr Height
- Getti Toe In, in
etngs Tire Scrub

Reports can be made of various Suspension
characteristics as the suspension goes through
various amounts and combinations of Dive,
Roll and/or Steer. This menu lets you select

L]

Side | |Left/Right Side by Side

what characteristics (data) to report and the Primary Type Aol Eg:{.';"ﬁ;i =

motion for the suspension to go through. ‘Starting From Anti-Dive %
|Euing To

Click on the Report menu command at the Step Size

Main Screen to be presented with the Report T Preview:

11 Doata Pointz for Rall at:
325 2 15 .. -2

3 Conditions for Dive at:
101

Hold Steer At 0

Options Menu shown in Figure 3.2. The Secondary Type  [Dive
inputs in this menu are described below.

|5tartim_:| From

|Euing To

Output |5tep Size

|Hu|d Steer At

18 Columnz of Data

0T

[21 Data Paints for 12 Graph Lines iz
The Output section specs lets you select the the M aximum passible.]

type of data you want calculated, and for
what side of the vehicle.

Make Report | Helpl Eam::ell Printl

Report Type

In this current version, there is only 1 type of report:
1. Pick Individual Items.

If you selected the Pick Individual Items report type, click on the Data Types in the top, right section to select (or 'deselect’ if it
has already been selected) that Data Type for reporting. Data will be reported for up to the first 5 Data Types you have selected.

Side

Click on the down arrow button to select the side of the suspension for data to be calculated, Left, Right or Left and Right both.

Settings

In the Settings section, select the Primary Suspension Motion to be applied using the top 4 specs. Then enter the range of
motion and increment size. This motion will appear on left side of the reports, one row for each increment. Note that the larger
the range and smaller the Increment size, the longer it will take to construct the report, and the more rows in the report.

In the Settings section you can also select the Secondary Suspension Motion to be applied using the next 4 specs. This will add
new columns in the report for each Secondary Motion. You can also select None for keeping the report more simple. Again,

enter the range of motion and increment size for this Secondary Motion.

You can also select the setting for the Suspension Motions you decided not to use. For example, if you chose Roll as the
Primary Motion, and Dive as the Secondary Motion, then you can select Steer to be at some particular setting.
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L]
Primary Type
Select the primary motion you want to see in the report:

e Roll

e Dive
e  Steer

Starting From

Type in the starting amount of Primary motion you selected (Roll, Dive or Steer) in the suspension for the report.

Going To

Type in the ending amount of Primary motion you selected (Roll, Dive or Steer) in the suspension for the report.

Step Size

Type in the increments size for the Primary motion you selected (Roll, Dive or Steer) in the suspension for the report. For
example, if you selected :

Primary Type = Roll
Starting From = 3
Going To = -2

Step Size = .5

A report would be created for whatever data you selected at the following conditions:

Roll, degrees = 3, 2.5, 2,1.5,1, 5,0, -5, -1,-15, -2

Secondary Type
Select the secondary motion you want to see in the report:
e None
e Roll
e Dive
e  Steer

If you select a Secondary Type other than None, then for each Primary motion setting, you would get each Secondary motion
setting.

Starting From
Going To
Step Size

These are the same as for the Primary motion specs described above and are best explained with an example.
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If you selected:

Primary Type = Roll Secondary Type = Dive
Starting From =3 Starting From =1
Going To = -2 Going To = -1

Step Size = .5 Step Size =1

A report would be created for whatever data you selected at the following conditions:

Roll, degrees = 3, 2.5, 2,1.5,1, .5, 0, -.5, -1, -1.5, -2 11 settings
Then at each setting of Roll, 3 different Dive conditions would be set:

Dive, inches =1, 0, -1 3 settings
The total combinations for this report would then be:

11 x 3 = 33 settings

Hold At
Hold At

There are 3 types of motion you can apply to the suspension, Roll, Dive and Steer. In the Primary and Secondary specs above,
you can specify what 1 or 2 of these motions are and the settings for each. But that leaves 1 or 2 motions unspecified. These
“Hold At” specs let you specify these 1 or 2 unspecified motions.

For example, in the example above Dive and Roll are specified. Then the 2nd Hold At spec will be disabled. The first Hold At

spec lets you specify the Steer setting. You could Hold Steer At 0 or straight ahead for the different Dive and Roll settings.
You could also Hold Steer at some other setting, like 1” to the left and see what Dive and Roll produce with this steer setting.

Table 3.1 Data Types for Reports

Data Type Definition (also see Section 2.1 for illustrations)

Camber Camber is the degrees of tilt of the wheel with respect to the ground as viewed from the front,
in degrees. Negative (-) camber means the top of the wheel tilts in towards the car.

Caster Caster is calculated as the angle between vertical and a line connecting the two ball joints

when viewed from the side, in degrees. It is about the same as King Pin Angle, except
viewed from the side. Negative caster means the top ball joint is ahead of the lower ball joint.

Caster Trail Caster Trail is the distance between the center of the tire contact patch and where the Caster
Angle line hits the ground. Negative (-) Caster Trail means the tire is ahead of where the
Caster Line hits the ground, and is usually produced from negative caster angles.

Toe In, deg Toe In is the angle of the wheel when viewed from the top, in degrees. Positive Toe In
means the front of the wheel is tilted in toward the center of the car.
Toe In, inches Toe In, inches is the distance the front of the wheel is tilted in toward the center of the car. In

the Preferences section, you can select to have this based on the tire circumference you've
entered for this suspension (Lt/Rt), or some standard tire radius. Selecting a standard tire
radius lets you compare this number across any suspension, independent on the tires used
for each.

Ackrmn Error, deg Ackerman Error is the difference in degrees between the "Toe In, degrees" and the "ldeal
Ackerman, degrees" above.
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Tire Scrub The change in Track width due to Dive or Roll motion. This is listed as the change in
Dynamic vs Static Track in the Suspension Data grid at the Main Screen.

Roll Center Height The Roll Center is an imaginary point at the intersection of imaginary lines connecting the tire
contact patches and the Instant Centers. The car tends to roll about the Roll Center. Roll
Center Height is the height of the Roll Center above ground. If this is negative (-), it means
the Roll Center is below ground.

Roll Center Right or | The Roll Center is an imaginary point at the intersection of imaginary lines connecting the tire

Left contact patches and the Instant Centers. The car tends to roll about the Roll Center. Roll
Center Left and Right is the distance the Roll Center is left or right of the car's centerline.
Anti-Dive, % Anti Dive, % is the amount of resistance to dive from braking produced by the suspension

geometry. Theoretically, a car with 100% anti-dive will not dive at all during deceleration.

Figure 3.3 Pick Individual Items Report (from settings in Figure 3.2)

Click here or here to Print (see Section 3.4) Summary Description of this Suspension
E Suspension Analyzer v1.0 Performance Trends [ LIMITED LATE MODEL ]
5. Bgck Print Feport Types  File HelplF1] = Iﬂlﬂ
i [ Std Conds:  Camber. Caster  Toeln:  Track: Roll Cefter: Report Conditions:
Comments Right: -3 279 5 31.440 Ht: 1.;; Hold Steer =000
Left: 25 -1.83 i 29,980 Right: 17.34

Roll Toeln deg Toeln deg Caster Caster Camber Camber -

Lt Dive =1 Rt. Dive =1 Lt, Dive =1 Rt. Dive =1 Lt Dive =1 At. Dive =1 \ [
3.000 116 -2.054 3.169 .264 -4 837
2.500 b9 139 -1.993 3170 420 -4.756
2.000 Rl 166 -1.940 3.163 .61 -4.695
1.500 493 196 -1.896 3147 687 -4 654
1.000 483 229 -1.859 3123 797 -4 634
500 AF3 266 -1.831 3.090 891 -4 633
000 461 307 -1.810 3.048 .969 -4.653
- 500 A7 351 -1.797 2.997 1.031 -4.693
-1.000 432 400 -1.792 2.937 1.075 -4.753
-1.500 414 .453 -1.795 2.869 1.103 -4.832
-2.000 .395 A1 -1.805 2791 1.113 -4.930
Roll Toeln deg Toeln deqg Caster Caster Camber Camber

Lt Dive =0 Rt. Dive =0 Lt, Dive =0 Rt. Dive =0 Lt Dive =0 RAt. Dive =0 \
3.000 552 220 -2.361 3109 1.469 -2.768
2.500 5h42 257 -2.268 3.078 1.677 -2.755
2.000 532 297 -2.183 3.038 1.872 -2.763
1.500 h24 341 -2.107 2.988 2.052 -2.792
1.000 h16 .390 -2.038 2.930 2.216 -2.841
b0 b0 442 -1.978 2.863 2.366 -2.911
000 500 500 -1.927 2.786 2.500 -3.000
- 500 491 563 -1.883 2.700 2618 -3.109
-1.000 | 481 B3 -1.848 2 605 2720 -3.237
-1.500 | AF0 705 -1.821 2.500 2.804 -3.384
2.000 | 458 786 -1.802 2.386 2.872 -3.549
- a l - ] . - ] - - - - ] - ] hal
i | il

\- Primary Suspension Secondary Suspension Motions (if
Motions listed here. any) are listed here in the table.
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3.2 ASCII Data Files

You may want to use the results from the Suspension Analyzer in Figure 3.4 ASCII Files Options Menu
other software packages. This could be for additional graph

capabilities, statistical analysis, data basing, etc. Once you have
created a report (as shown in Section 3.1), click on File to write the
results to an ASCII file with a name of your choosing. The ASCII

Click on File from
Report Screen for
ASCII File menu.

File command is possible any time a report is displayed on the screen. | MR/
Frint  Report Tupes  Fie  Help(F1]
You can only save the results currently displayed on the Report Comments | E“ighctc'“dﬁ %ﬁmberi g?s — Note that
screen. If you want to write an ASCII file of a suspension file you 1 o 55 ads | thefile
have previously run, you must open that suspension file first, then lll . Save as ASCII File |_ name can
create a report for that suspension file. ASCII File Dptions - p. include the
ol ®=e s ed — complete
|| omma aEparale
_ | [CInclude Text pa::.ls tol a
i i _ | [ Convert to Columns particular
ASCII File Options _ B i

|| /
__ [File Hame |d:‘\e:<ce|\|ate'rnc-del.cw |

Save File | Cancel |

Comma Separated

Tip
Select this option to insert commas between data points. Leave this = | Enter avalid file name [and path if you

. - il ASCI file. 1F just a fi
unchecked for data to be arranged in evenly spaced columns. ;v:rﬂe] i: gsl‘::i the fi|E:'i33 Sa\',f'd ?D 'tﬁe

Suzpenzion Analyzer folder. Refer to
page 98 and 102 in User's Manual for
definitions of Options

h42 257
£33 207

T

Include Text

Select this option to strip out all titles and letters, leaving only
numbers.

Convert to Columns

If you do not select this option, data will be written to the file much like it is displayed in the report on the screen. Select this
option to have the report turned on its side, that is, the rows will become columns and the columns will become rows.

File Name

Enter a file name for saving this ASCII file. Checks are made to ensure what you enter is a valid file name and that you are not
overwriting an existing file. The file is written to the Suspension Analyzer folder (directory), the folder which contains the
SUSPANZR program file.

Note to Advanced Users: You can also enter a complete path, including disk drive and folders. As shown in Figure 3.4, you
can write to d:\excel\latemodel.csv, which could be a location to analyze the data with a spreadsheet program.

There are certain limitations for file names, as they can not contain certain characters, like / \ : | > < * ? “ | The program

will warn you if you use an illegal character.

See Section 3.5 for more details on file names.
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3.3 Graphs

Graphs are obtained by clicking on the Graph menu command at the top of the Main Screen. Figure 3.5 shows a typical graph
and a descriptions of some of the basic graph screen items. (See Examples 4.2 and 4.3 for using graphs for analysis.)

Appendix 9, v2.4C features now include a History Log which greatly expands graphing capabilities.

Figure 3.5 Primary Graph Screen ltems

Command buttons. Some commands can only be done through these buttons, some of these
buttons just provide a graphical button for performing action of some menu items.

Menu bar provides for several graph commands and options.

Graph Title
Name of current Test File containing all suspension data and specs

Graph Legend, which

describes the data
| graphed. This includes
Name of the Suspension
file, Type of Data, which
data goes with which file,
etc. You can also click
on Data Type names and
the corresponding data
line will flash. This is
useful to find a particular
line when several are
graphed.

. Suspensior; Anzlyzer 1.1 [ LIMITED LATE MODEL ]

BacH File Fdmat| Yiew Graph Type Remowve Test Help

5 | [t [ ll=] [el o] al o] [ o] X] @] Furview]setscaed /

limited latgf model
\ [foeln degft

———————————————————————————————

Note that 2 Suspension
File names are shown
when you are doing
graphs of 2
suspensions.

\_ Vertical Y axis. The scaling of this axis can be
easily changed as described in this section.

Horizontal X axis. The scaling of this axis can be easily
changed as described in this section.

Data graph lines. The style and thickness of these lines can
be changed by clicking on Format, then Line Style.
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Graph Options Menu

The Graph Menu is shown in Figure 3.6. Graphs can
be made of various Suspension characteristics as the
suspension goes through various amounts and
combinations of Dive, Roll and/or Steer. This menu
lets you select what characteristics (data) to graph and
the motion for the suspension to go through.

Click on the Graph menu command at the Main Screen
to be presented with the Graph Options Menu shown in
Figure 3.6. The inputs in this menu are described
below.

Output

The Output section specs lets you select the type of
data you want calculated, and for what side of the
vehicle.

Graph Type

In this current version, there are only 2 types of
graphs:

1. Pick Individual Items.

2. Roll Center Motion

If you selected the Pick Individual Items report type,
click on the Data Types in the top, right section to
select (or 'deselect' if it has already been selected) that
Data Type for reporting. Data will be graphed for
only the first Data Type you have selected.

The Roll Center Motion graph is different than the
others in that it graphs the 2 Data Types of Roll
Center Height and Roll Center Left/Right versus each
other. It is basically a picture of where the Roll
Center is for various amounts of Dive, Roll and Steer.
See Figure 3.7.

Side
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Figure 3.6 Graph Options Menu

. Graph Settings

Output
|E'E'IJh Type IF'ick [Cata fram List j E::I?;'r,dsgg
Side i - Roll Cntr Lt/Rt
l B =0 | [Roll Gt Heighs

_ . Toeln n
Setlings Tire Scrub
|Plimaul Type Dijwe j Ackmmn Enr, deg

. Caster Trail
|Starting From 3 Anti-Dive %
|Going To -3
Step Size -1
| |—| " Preview:
|Secondary Type  [1one j 7 Data Paints for Dive at:
- 3210. -3
[Starting From 2 Held Roll 40
- Hald Steer &t 0
[Going To -2
|Slep Size K] [21 Data Paintz for 13 Graph Lines iz
I—I the b aximum pozzible. ]
[Hold Roll At 0
[Hold Steer At 0
Make Graph | Help | Cancel | Print |
Figure 3.7 Roll Center Motion Graph
. Suspension Analyzer v1.1 [ LIMITED LATE MODEL H2 | ]

Back File Fomat Wiew GraphType Remove Test Help

255 T I R = A Y s |

Roll Center Movement limitadl late modsl #3 —
i |RC LURL

FTTTTToo .""‘E‘mﬂ'l'"""".""""'.'""""T'"""'T"""".‘ """"

This suspension shows much less

. |Left/Right Roll Center Movement.

Roll Center Movement for
+3 to -3 inches of Dive.

RC Movement Right

\_ 0 on vertical Y axis is the car’s centerline

0 on horizontal X axis is ground level

Click on the down arrow button to select the side of the suspension for data to be calculated, Left, Right or Left and Right both.

Settings

In the Settings section, select the Primary Suspension Motion to be applied using the top 4 specs. Then enter the range of
motion and increment size. This motion will appear on bottom, horizontal X axis on the graph. Note that the larger the range
and smaller the Increment size, the longer it will take to construct the graph, and the more detail in the graph.
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In the Settings section you can also select the Secondary Suspension Motion to be applied using the next 4 specs. This will add
more graph lines to the graph for each Secondary Motion. You can also select None for keeping the graph more simple. Again,
enter the range of motion and increment size for this Secondary Motion.

You can also select the setting for the Suspension Motions you decided not to use. For example, if you chose Roll as the
Primary Motion, and Dive as the Secondary Motion, then you can select Steer to be at some particular setting.

Primary Type
Select the primary motion you want to see in the graph:
e Roll

e Dive
e  Steer

Starting From

Type in the starting amount of Primary motion you selected (Roll, Dive or Steer) in the suspension for the graph.

Going To

Type in the ending amount of Primary motion you selected (Roll, Dive or Steer) in the suspension for the graph.

Step Size

Type in the increments size for the Primary motion you selected (Roll, Dive or Steer) in the suspension for the graph. For
example, if you selected :

Primary Type = Roll
Starting From = 3
Going To=-2
Step Size = .5
A graph would be created for whatever data you selected at the following conditions:

Roll, degrees = 3, 2.5, 2,1.5,1, 5,0, -5, -1,-15, -2

The bottom, horizontal X axis would start at -2 and extend to 3 on the right side.

Secondary Type
Select the secondary motion you want to see in the graph:
e None
e Roll
e Dive
e  Steer

If you select a Secondary Type other than None, then for each Primary motion setting, you would get each Secondary motion
setting.
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Starting From

Going To
Step Size
These are the same as for the Primary motion specs described above and are best explained with an example.
If you selected:
Primary Type = Roll Secondary Type = Dive
Starting From = 3 Starting From = 1
Going To = -2 Going To = -1
Step Size = .5 Step Size = 1

A graph would be created for whatever data you selected at the following conditions:
Roll, degrees = 3, 2.5, 2,1.5,1, .5,0,-.5,-1,-15, -2 11 settings
Then at each setting of Roll, 3 different Dive conditions would be set:
Dive, inches =1, 0, -1 3 settings creating 3 graph lines for
each side of the suspension you
chose to graph.

If you chose to do Left and Right sides, the total combinations for this graph would then be:

11 data points on 3 Right Side graph lines and 3 Left Side graph lines (6 graph lines total)

Hold At
Hold At

There are 3 types of motion you can apply to the suspension, Roll, Dive and Steer. In the Primary and Secondary specs above
you can specify what 1 or 2 of these motions are and the settings for each. But that leaves 1 or 2 motions unspecified. These
“Hold At” specs let you specify these 1 or 2 unspecified motions.

For example, in the example above Dive and Roll are specified. Then the 2nd Hold At spec will be disabled. The first Hold At

spec lets you specify the Steer setting. You could Hold Steer At 0 or straight ahead for the different Dive and Roll settings.
You could also Hold Steer at some other setting, like 1” to the left and see what Dive and Roll produce with this steer setting.

Table 3.2 Data Types for Graphs

Data Type Definition (also see Section 2.1 for illustrations)

Camber Camber is the degrees of tilt of the wheel with respect to the ground as viewed from the front,
in degrees. Negative (-) camber means the top of the wheel tilts in towards the car.

Caster Caster is calculated as the angle between vertical and a line connecting the two ball joints

when viewed from the side, in degrees. It is about the same as King Pin Angle, except
viewed from the side. Negative caster means the top ball joint is ahead of the lower ball joint.

Caster Trail Caster Trail is the distance between the center of the tire contact patch and where the Caster
Angle line hits the ground. Negative (-) Caster Trail means the tire is ahead of where the
Caster Line hits the ground, and is usually produced from negative caster angles.

Toe In, deg Toe In is the angle of the wheel when viewed from the top, in degrees. Positive Toe In
means the front of the wheel is tilted in toward the center of the car.
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Toe In, inches

Toe In, inches is the distance the front of the wheel is tilted in toward the center of the car. In
the Preferences section, you can select to have this based on the tire circumference you've
entered for this suspension (Lt/Rt), or some standard tire radius. Selecting a standard tire
radius lets you compare this number across any suspension, independent on the tires used
for each.

Ackrmn Error, deg

Ackerman Error is the difference in degrees between the "Toe In, degrees" and the "ldeal
Ackerman, degrees" above.

Tire Scrub

The change in Track width due to Dive or Roll motion. This is listed as the change in
Dynamic vs Static Track in the Suspension Data grid at the Main Screen.

Roll Center Height

The Roll Center is an imaginary point at the intersection of imaginary lines connecting the tire
contact patches and the Instant Centers. The car tends to roll about the Roll Center. Roll
Center Height is the height of the Roll Center above ground. If this is negative (-), it means
the Roll Center is below ground.

Roll Center Right or
Left

The Roll Center is an imaginary point at the intersection of imaginary lines connecting the tire
contact patches and the Instant Centers. The car tends to roll about the Roll Center. Roll
Center Left and Right is the distance the Roll Center is left or right of the car's centerline.

Anti-Dive, %

Anti Dive, % is the amount of resistance to dive from braking produced by the suspension
geometry. Theoretically, a car with 100% anti-dive will not dive at all during deceleration.

Graphs Comparing 2 Suspensions

There are 3 basic types of suspensions which can be graphed in the Basic version:
e Current suspension results. These are the suspension results of the suspension file which you are working with on the

Main Screen.

o  Last suspension results graphed. These are the suspension results which you previously included in the graph for
comparison. This allows you a way to easily refer back to one particular suspension for comparison.

e Add Suspension lets you pick any suspension from the Suspension Library to compare to the Current suspension
results. This suspension now becomes the Last suspension results graphed.

You can only compare 1 additional suspension to the Current Suspension. If an additional suspension is graphed for
comparison, the Add Suspension command changes to Remove Suspension. You must first click on Remove Suspension before
the Add Suspension command reappears so you can add a different suspension.

Choose Add New Choose Add Last Suspension
Suspension to open to add the last suspension you
up the entire had added to the graph for
) Suspension Library comparison. (Suspension
Other Graphlng from which to choose Folder and File name are
a New Suspension. shown for your info.)
Features T

The graph screen has several other

features, including:
e Printing

Figure 3.8 Graphing Multiple Tests

v1.1 [ LIMITED LATE MODEL #2 ]

Add Lazt Suepenzion [nevlimited late model] b 11 F
Add Hew Sukpenzion

—enter NIOVEMent
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e  Cursor to pinpoint the value of a particular point on the graph
e Changing titles and legend names
e  Changing the scales

These are discussed in this next sections.

Printing

Figure 3.10 shows the options for printing graphs and how to access these options. Figure 3.9 shows the screen for changing the
Windows Printer Setup. Figure 3.11 shows how you can add information to a graph printout. After you request printing but
before the graph is actually printed, you will be asked 2 questions as shown in Figure 3.11.

Figure 3.9 Standard Windows Printer Options

Prnt Setup EE .
_ | The Properties
[ inter / (sometimes
Mame: HF Lazetlet [P Properies | called
Status: Default printer; Feady Advanced )

button displays

Type: HF Lazerlet [IIF
a screen for

Wwhere:  LPT1:

selecting
Comment: . ..
various printing
—Paper Orientation————————————— and color
options. Try
ize: i - . ™ Porhait .
Size: ILetter 81/2x11in J ‘rtrai changing these
Source: IUppe[ tray j i Landscape SettlngS to .
correct certain

print problems.

QK. I Cancel |

Figure 3.10 Printing Graphs

Clicking on the Printer button is the same as clicking on File and then Print Color.

Click on File to display the 3
print menu options

| . Huspension Analpzer v7.7 | LIMITED LATE MODEL #2 ]
Bafk | FilE
Add Test to Graph t || (.|I| |.) I | 3 || -+ || +

1l e ) i Click herg tq print the graph in
Prirtt Black & white [dashed |ines4\"emen color (solid lines).

Windows Print Options N .
Exit \ i - Click here to print the graph in

black & white (various styles of
dashed and solid lines).

Format “iew Graph Type Remove Suspenszion  Help

--42008-

Click here change the printer
or printer driver, page
orientation, etc.

--- 8H8-

fm e m e =
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Figure 3.1 Printing Options

Printed Comment BE
Enter a comment to be printed on the graph.

The default comment shown below (if any] iz the last Eaneel | Include Suspension Comments?
comment you entered for a graph.

Do you want to include the Suspenzsion Comments and Suspension Summary on the printout?

Mo |

Comparizon of 1" lowering in Upper Ball Jaintd

Suspension Analyzer v1.1 Your name / company name can Suspension File: WCSAMPLE
Performance Trends (C) 2001 go here. See Preferences. Folder: EXAMPLES
Page: 1 Date: 11-09-02 Time: 1:12 pm

Front Roll Center Movement

10.000 r wcsample
RC LURt
8.000
r wcsample
RC LVRt
6.000
4.000
2.000 ~
.000
3:0 6:0 9i0 12.0 15.0 18.0
-2.000
-4.000
-6.000
-8.000 RC Movement Right

Comparison of 1" lowering in Upper Ball Joints 1\
Suspension Summary and Comments for: wcsample \crm

Std Conds: Camber:; Caster: Toe In: Track: Roll Center: Graph Conditions:

Right: 5.5 5.78 0 30.75 Ht: 2.59 Hold Roll=.000 | —— Graph

Left: 5 3.70 .0 29.75 Right: 9.82 \Hleteer =.000 Comment

Sample Winston Cup Type Suspension for 1.5 mile medium banked oval.

Note that this file has been modified somewhat so as not to give away any "tuning

secrets”. For this reason, DO NOT try to copy this file exactly for your car. V\ \
Suspension Summary and Comments for: wcsample < Test

Std Conds: Camber: Caster: Toelin:  Track: Roll Center: Graph Conditions: Summary

Right: -5.5 5.78 .0 30.75 Ht: 1.64 Hold Roll = .0

Left: 5 3.70 .0 29.75 Right: 17.51 Hold Steer = .000

Sample Winston Cup Type Suspension for 1.5 mile medium banked oval.

Note that this file has been modified somewhat so as not to give away any "tuning —

secrets". For this reason, DO NOT try to copy this file exactly for your car. Test

Comment
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Cursor

The cursor feature is very useful for determining or comparing the value of the graph lines at various places. See Figure 3.20
for explaining the use of the cursor. Note that you only get readings at the actual data points. For example, if you calculate Toe
In every 1 inch of Dive (as shown in Figure 3.12), you will only get a reading at 1 inch increments of Dive. You will get
readings at 1” Dive and 1 Dive, but not at 1.46” Dive.

Figure 3.12 Cursor Features and Commands

Cursor line, usually
pink or green,
depending on
background color.

Click here to turn cursor ON.
Click here to turn cursor OFF.

Click on these buttons to move the cursor left or right. Hold down the
<shift key> while clicking these buttons and the cursor moves faster.

| The value of each
graph line at the
cursor is displayed

limited late model #2 —

——————— R eSS S e 14 (ST 577
1 1 1 1 1 1 here.
i i i i . VRt Rali= 1 E16

_____ e W RON=D 531

— The X value of the
cursor is shown
here, in this case
Dive = -1.

-3.0 ] -2.0 Silaa] -1.0 -.5\ 0 15 1.0 15 20 24 3.0 Dive -1.0

\_ You can also enable the cursor by single clicking on a graph

line at a data point. This also provides a quick way to move
the cursor from 1 area of the graph to another. (Do not drag the
mouse while clicking or you will zoom in on that area.)
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Changing the scales

Many times you may want to change the scale of the X or Y axis. This may be to show an area in more detail or to match the
scales of a previous graph. The program has several ways to change the scales as shown in Figures 3.13 and 3.14.

Back

. Suspension Analyzer ¥1.1 [ LIMITED LATE MODEL #Z ]

Figure 3.13 Changing Scales for the X or Y Axis

Clicking on these
buttons shifts the graph
left, right, up or down.
Hold down the shift key
while clicking on them
and the graph moves
farther each step.

Fle Fomat ‘“iew Graph Type AddSuspension Help

Clicking on these buttons zooms in
or zooms out on the graph, either
vertically or horizontally Hold
down the shift key while clicking
on them and the graph moves
farther each step.

Click here to restore
“autoscaling”. That is where the
computer picks the scale to show
all the graph in good detail.

IR [ P4 ¥|ravid=s5y——J— Click here to set scales as shown

Lt & Rt Toeln deg vs Dive |nches
R R Tl LR LR EE R TR R R SR S

RS SR S S e

limited late model #2 —
SRS S (PO /Lt Rol=

2

in Figure 3.14 below.

You can use the mouse to outline

20 25 3.0 Dive

i Lt,'Ron:

il

an area to be zoomed in on.
Simply click on the mouse key in
the upper left corner of the area,
then hold the key down and drag
the mouse to the lower right corner
of the desired area. A box will be
drawn as shown. When you
release the mouse key, this area
will fill the whole graph. This
feature is disabled if the cursor is
turned on. Also, start the upper
left corner well away from a graph
line or the program may turn on
the cursor instead.

Grapk: Scales
" Calculated Results [Roll Center, Camber, etc]

Figure 3.14 Menu to Specify Graph Axes Scales

This menu can be obtained by clicking on the Set Scales button, the right most button
on the graph screen.

The current scale limits are loaded when
this menu opens. Change any or all
these to most any value you want.

Click on Turn Autoscaling ON to let the

|Haximum Honzontal X Yalue [uzually roll or dive]

|Hinimum Honzontal X Yalue [usually roll or dive]

|Haximum Calculated Yertical ¥ Yalue

|Hinimum Calculated Yerhical ¥ Yalue

4

/|0 l/

rn AutoScaling OM [computer picks scalés]

u |
(1] 4 ~
Tiurn AM

program pick the best scale settings.

Click the Turn Autoscaling Off button to
/- turn Autoscaling Off to enable changing
specs in this menu. This screen shows
this button disabled (you can’t change it),
so Autoscaling is already turned Off.

L Click on OK to have the graph redrawn
to these new scale limits.
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Appendix 9, v2.4C features now include a History Log which greatly expands graphing capabilities.
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3.4 Printer Output

The Suspension Analyzer can print the tabular suspension results of a report for a permanent hardcopy by clicking on Print in
the menu bar or the Printer icon. The menu of options shown in Figure 3.15 will appear. Check the options you want to use for
the printout by clicking on any or all of the Option boxes. All options and buttons are discussed in this section.

Figure 3.15 Printer Button and Print Menu Command Options - Report Screen

|E DataMite Data Analyzer ¥2.0 Performance T
mt Feport Types  File Help(F1]
Frint Rezultz Ctrl+P

Click on Print or the Printer button
(shown hidden here) for the Printout
Options menu shown to the right.

This options lets you choose the
printer or printer driver being used by

Windows and also page orientation.

i thidows Prinker Setup
BRPM Frogram Printer Setup L

6000

Check or uncheck these

" Report Options
¥ Include Suspension

options, then click on
this button to print the
current report with
these options.

X Incl

mare info.

Tip
|V See page 141 in manual for

Suspension Results Report Options

Include Suspension Measurements
Include Other Specs

Select these options if you want all the specs from these menus printed with the report. This will add 1-2 pages to the printed
report.

79



(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 3 Output

Include Suspension Comments

Select this option if you want all the comments for the Suspension File printed with the results.

Request Report Comment

Select this option if you want to be asked for a comment for each particular report you send to the printer. These "report
comments" are useful to identify important points for future reference, like engine modifications, special suspension conditions,
etc.

Larger Font (Print Size)

Check this option if your particular

inter i prinfing th s with Figure 3.16 Print Commands for Main Screen
printer 1s printing the results with a E Suzpenszion Analyzer ¥1.0 Performance Trends [ LIMITED

small print font. This option will [Ele Edt Graphs B

; . Beportzs  Other Specs Adjust  Optimize  Preference
increase the font size for some Mew (start new suspension] ol o, ] [ Dynami _ o
parts of some reports. Also see . Click on File in either
Section 2.2, Preferences for Qpen [from all saved suspensions] Etl+0 Lot (right side of sor  the Engine Spec menu
Selecting Printer Fonts, page 24. S CHkS | Gainbased on1"Div  to display these Print
Save Az Chrlady .
Options.

Qpen from Floppe Drive  [A:% Drive)
Save to Floppy Drive  [A:h Dirive)

Print b ain Scresn
Print Blank. “wark zheet
wfindoas Printer Setup -

Other Pri nt Options Unlock Program Options i " S -

Tranzter Prograrm to Anather Computer I P
Other menus have print menu Exit Pragram il (@7 . g "
commands or print buttons as | N

shown in Figures 3.16 and 3.17.

Figure 3.17 Print Button
[ Calc Roll BarRate 3|

|[Za|c Holl Bar Rate 3503

" Inputs

Type of Bar Solid Bar

|Bar Outzide Diameter., in 125

[
1125 |
|Bar Inside Diameter, in
B ]
12

lActive Bar Length, in —— Many screens and menus

have a Print button. Click
on it to print that particular
 Note- screen or menu.

Active Bar Length iz the lenght of the bar that iz
dezigned ta bvaizt, which uzually has a smaller
than the rest of the bar. Arm Length is the
diztance from the bar mounts on the frame back
to where the bar mounts on the suspenzion.

|Alm Length

/
Usze Calc Value | Help | Cancel | Print |
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3.5 Suspension Libraries

The Suspension Analyzer allows you to save Suspension Data to the Suspension File Library under a name of your choosing.
You can then open these suspension files out of the Suspension File Library in the future for comparison or modification. The
Open window is explained below with explanations.

Figure 3.18 Suspension Library Options

Click on File, then Open (from all saved suspensions) to display Suspension Library shown here.
Click on File, then Save or Save As to save current suspension and specs to the Library.
Total # Suspensions in Library under this Folder

E Suzpension Analyzer ¥v1.0 Performance Trends [ LIMITED LATE MODEL ]
Edit Graphs Reports

Front View| Side Vis

Name of chosen
Help Suspension (currently
B highlighted in List)

bt Specz: Aduzt Optimize  Animate  Prefere

= ofcar  Click and drag slide
32 Suspensions in Library Chosen File: Limi}d{ate Model bar to view all
AR Brou A Suspensions in list
i TEIEN
ﬁngﬁng ig ¥ lohnzon-032 L Preview of suspension
kihgkihg K 23930 ?@m_ chosen
LIMITED LATE MODE1 Slet: 3l il i, . :
LIMITED LATE MODE2 'd ber—3 Single click on a
LIMITED LATE MODE3 | astar Caster. 279 Suspension to choose
Limited |ate Model pring: 1000 Spring: 1000 it for preview. Double
LIMITED LATE MODEL #2? RcRight; 2.65 RcHt: 256 click to immediately
new-32bit-format Rermount right upper frame pivot down 2'* [ open it
New/0Omod remaount left upper frame pivot down 174" ’
new-STEER b raize ride height on left side 143"
RCA Result: mall center iz now 3.2 high apd | Suspensions can be
EE:.-I:EIL 1.1" left wihich moves appros. saved under various
. HEA:HI]D = 1.6" total movement, The caprw roll ﬂ ——T'; categories (folders) to
’ hel rganiz
Eaibe Folders e - el Iaergpeyr?&jrr?bge?s ofe
" Suzpe zkd slasj Isjdal; Tip: Click on a . .
uspe ok i Isidal e T suspensions. Click
LI— Ch'lamE}' rname to d|$p|a_|r| all 097 ) ona dlfferent name
[PPET Examples the suspensions : here and a different
Upper My-Tests saved under that | | 250 list of Suspension
Upper 222 Scvance Folder Name 340 Files will be
tnwer [:aq::el | l:-lelp | [i'elelﬂ | ;ggz displayed. The name
OWE 1 1 ] Ll 1 ] “ ”
| miflme Comrom D\ b Dimmr  FJ— 14 2cn 7 ann 19 42N 14 acn folder C?n be
/ Click here t changed in the
ICk here 1o Preferences menu to
gilse;t)eer:r;ieoﬁhosen most any word.
Click here to bring up “on screen” help. Click here to bring up

standard Windows File Open
screen, to let you open a file
in most any folder (directory)
and disk drive.

Click here to close the Suspension Library with No
changes (without opening a suspension)

Click here to open the chosen Suspension

81




(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 3 Output

Open a Suspension File

To open a suspension file saved in the Suspension Library, click on File at the upper left corner of the Main Screen, then on the
Open (from all saved suspensions).

You will obtain the window shown on the previous page. Single click on one of the suspensions in the list, or click and drag the
slide button on the right side of the list to display more suspensions. Once you single click on a suspension, it is now the
Chosen Suspension File and a preview of the suspension is given in the Preview section. If the file you chose was not a valid
Suspension Analyzer file (or alternate format read by Suspension Analyzer), the program will tell you and you can not choose it.

Tip: Once you click on a suspension and get a preview, use the up and down arrow keys to go through the list
suspension-by-suspension getting a preview of each suspension.

The Suspension Analyzer can also read files from Performance Trends’ Roll Center Calculator and Circle Track Analyzer, and
BTS Software’s Double Wishbone Suspension Analysis Software (tm). Simply find these files using the Advanced feature, or
copy these files to one of the folders under the 3D-DATA folder. If you copy them to one of the folders under the 3D-DATA
folder, you will be told of the file type when you click on them as shown in Figure 3.18. The preview will only show this
alternate file type name.

Once a suspension has been chosen, you can delete it by clicking on the Delete button, or Open it by clicking on the Open
button in this window. You can also click on a different suspension to Preview it or close this window and return to the Main
Screen without choosing a new suspension file.

If you are sure of the suspension you want to open, you can simply double click on it from the Suspension List. This opens the
suspension without a preview and closes this menu.

Save a Suspension File

Before you discuss saving a suspension file, it is important for you to understand how the program opens and uses suspension
files. When you open a suspension from the Suspension Library, you are only using a copy of the suspension. The original
suspension file is kept in the library.

As you make changes to the suspension, they are only made to this copy. The original file is not changed. If you want to delete
your changes, you can simply open a fresh, unchanged copy of the original suspension file from the Library. If you want to
keep your changes, you must save them. This can be done by clicking on File, then Save. You are also asked if you want to
save your changes whenever you open a new suspension, and the program has detected you have made changes to the current
file.
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Figure 3.19 Saving Suspension File Options

New name to save suspension data to. Leave
unchanged and click OK to save to the current

Click on File Click here to . Thi Id be th
then Save As save specs suspension name. (This wou be the same as

; clicking on File, then Save.) Click on the name in
to bring up to New the box to change it, then click OK t it to th
this Save Suspension e box to change it, then clic o save it to the

new name.

menu. name shown

Name of current suspension file you are
working with.

Click on the down arrow button to pick a
different folder to save this suspension to.
=l2l Note that the top choice in this list is “Add
1 New Folder”. Pick this option and then
you can type in a new folder name, This
~en i new folder name will be added to the list
L so that you can save the suspension file to
that folder if you wish. The word “folder”
can be changed to most any word in the

E“j Suszpenzion Analyzer ¥1.0 Performance Trend: [ LIMITED LATE

File Edit Graphz Bepopz Other Spec: Adust Opfimize Animate

Thin an [~

sims Fromm b roare AfF A

[ Preferences menu.
[Folder Name IHE‘W’ /=]
|H w Folder Mame | | . .
—— Type in a New Folder Name here if you
0K | Cancel | Help | Advanced | L~ ’s\lea:?nc; Add New Folder” as the Folder
Enrter a Hew Suzpenzion Mame and click on OK. The !_.n-:: . .
current Suzpenzion name iz given zhould you chooge M_ CI!Ck here t.o bring up standard
ta madify it glighty for the new name. Lse the Delete -9  Windows File Save screen, to let you
key to eraze the name if you want a completely new ---  save a file in most any folder (directory)
hame. and disk drive, and to most any file
Taeln Ga name. Note that files saved this way

Carber 5. | 1Fpou want b save the Suspenzion under & different

Falder name. chick an the davn arraw button and are not found in the standard Test

[ SI‘L'E_’"Si select one. Select the top choice of Yadd Mew Falder! ——  Library.
Location e_mu:l___l,u:uu _l.-xlill _I:u_e azked for a new Folder name to add to 1
|lpper Bal
Ilpper Frame Fivat, Front [nput 15.020 18,200

To save a Suspension File, you will be presented with the Save screen as shown above. The program suggests a new suspension
name which is the same as the current suspension name shown at the top of the Main Screen. If you want to save your changes
to the same name, simply click on OK. This will update the current suspension file with your latest changes.

If you want to save the current set of suspension specs with your changes to a new name (and leave the current suspension file in
the Library unchanged), then click on the suggested file name and modify it as you want. For example, in the window shown
above, you may want to add 2 to the current name CAMBERTEST to create CAMBERTEST? to indicate this is the 2nd
revision of CAMBERTEST. This is the safest way to make changes, because you can always return to an earlier version and see
what you had done.

Because the Suspension Analyzer is a 32 bit program (not compatible with the older Windows 3.1), it can use most any type of
file name. The names can be up to 50 characters long and can include spaces, and upper case and lower case letters. However,
there are certain limitations for file names, as they can nof contain certain characters, like /\ : | > < * ? “ _ The program
will warn you if you use an illegal character.

Suspension files are saved to folders (directories) you have created in the 3D-DATA folder (directory) in the SUPSANZR folder
(directory) under PERFTRNS.PTI folder (directory). You can copy Suspension Analyzer files from programs on other
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computers to this folder (directory) and they will be found by the program. The Suspension Analyzer will read files produced
with Performance Trends’ Roll Center Calculator and Circle Track Analyzer, and BTS Software’s Double Wishbone
Suspension Analysis Software (tm). Just copy them into a folder under the 3D-DATA folder (other than the Examples folder).
The Save to Floppy and Open From Floppy commands discussed on page 29 are an alternate, perhaps easier way to copy files
from one computer to another.

Advance Open or Save Screen

If you click on the Advanced button in either the Open or Save As screen, you will obtain the screen shown in Figure 3.20.
From here you can access most and file on the computer on most any disk drive.

Figure 3.20 Advanced Open or Save Screen

Laak jn: IBNEW j ﬁl

base-steer ] Kjhak1 LIMITED LATE
) Bts-test ] Kihgkih LIMITED LATE
Tips to Advanced Copy of HOWE @] Kihgkih1 LIMITED LATE
Users: Dbl-aarmn ] Kjhgkih2 Lirited Late M
Example.wsh ] Kihakiha LIMITED LATE
If you have a file from another computer, Howe #] kihgkihg nev-32bit-form
from another disk (like a floppy) or
folder, you can simply copy it into any 1] | _'I
folder in the 3D-DATA folder and it will . .
be found by the Suspension Analyzer File name: I |ﬂ|
rogram. This can be done with a .
grozram like Windows Explorer Files of type: I"f"‘II Filez *.%) j ﬂl

(Windows 95.98). You can also create I | Open as jead-only
new folders (directories) in the 3D-DATA ) P

folder and these will also be used by the
Suspension Analyzer program.
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Chapter 4 Examples

Each example in this chapter becomes progressively more complex, assuming you have performed and understand the preceding
example. Section 1.5's example is somewhat more basic than Example 4.1, so it may be a better place to start if Example 4.1
looks complicated.

The results shown in these examples may be
somewhat different than what you obtain with
your particular version of the program That
is due to minor upgrades in the calculations
in later versions.

87



(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 4 Examples
. ___________________________________________________________________________________________________________________________________________|

88



(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 4 Examples

Example 4.1 Measuring Out a Typical
Steering Box (Pitman Arm) Suspension

Suggested Background Reading:
e Section 1.5, Example to Get You Going
e Section 2.1, Main Screen Inputs
e Section 2.3 Other Specs

This example demonstrates the basic steps to measure out the front end of a Pitman Arm steering suspension. Pitman arm
suspension is more complex than a Rack and Pinion steering and that is why it is chosen.

Print a Worksheet

You can print a worksheet which
has blanks for recording all the
required measurements. It also

Figure 4.1 Steps in Printing a Worksheet
1) Open a Suspension File which will be close to the
suspension you are going to measure.

2) Click on Other Specs to set up critical
specs before printing the worksheet.

makes a good check sheet to
ensure you make all
measurements.

The worksheet will only show
inputs required for particular
suspension types. For example, if
you don’t say there is a Roll Bar,
no Roll Bar mounting points will
be shown in the worksheet.
Therefore, you should pick a
suspension file which is close to
the suspension to be measured to
be the Current File. See Figure
4.1.

Then click on Other Specs to
ensure some critical specs here
are set correctly. For example, if
the current file has Rack and

dit Graphs Reports

E Suzpenzion Analyzer ¥1.0 Performance Trends [ WCSAMPLE ]

3) Current Suspension File
on which worksheet is based.

hher Spece Adjust  Optimize  Animate  Preferen

4) Save As lets

Mefw [=tart new/WpenSanj LI
dpen [from a)f saved suzpensions) Cirl+01
Save Chrl+5
Save Az Chrl+y

A [ Dynamic  Dve
= | you save any

Open from Floppy Dirive  [4:% Drive)
Save to Floppy Drive  [A:h Drive)

Frint Main Screen

Frint Blank Waorksheet
Windows Printer Setup

Unlack Program Options
Tranzfer Program to Another Computer

Ewxit Program Chrl+i,

changes you
make to the
current file’s
Other Specs to a
new name, which
can be the name

tar [right zide of zcreen is .
Gain bazed on 1" Dive.

; of the new
__-~"~ Suspension File.
ozl . 5) Printthe
_.;-.——!-‘ Worksheet.

Pinion steering, there will be no blanks on the worksheet for the Pitman Arm steering measurements. The Steering spec in the
Other Specs menu must be set to Steering Box.

Critical ‘Other Specs’ to Set before printing Worksheet

Steering
Springs
Roll Bar

Susp. Travel Sensor
Steering Sensor

Obviously it is important to set all specs correctly, its just that these specs listed above affect the worksheet bring printed right
now. Any and all these specs can be changed at any time after you start creating this new Suspension File.
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After you have set the Other Specs to match your new suspension,
you may want to save these changes (if there were any) to the name
you want to use for the new suspension file you will create. For
example it could be called “Jim’s Busch Monte”. To do this you
would click on File, then Save As (step 4 in Figure 4.1). Then the
program will ask you for a new name and folder for saving this new
suspension file. See Figure 4.2. (DO NOT click on Save as that will
save these changes to the current Suspension File, which you do not
want to change. You only want to use the current Suspension File as
a pattern for the new file and a pattern for the worksheet.)

Now that the current file’s Other Specs critical specs matches the new
suspension, click on File, then Print Blank Worksheet to obtain the
worksheet shown in Figure 4.3. Note that the Print Report menu will
flash for about a second or so before the worksheet is printed (see
Figure 4.10 to see a worksheet).

Make Measurements

With the blank worksheet you are now ready to make measurements.
Check pages 18-21 for some background on these measurements.

Suspension Analyzer

Chapter 4 Examples

Figure 4.2 Saving the New File to a New
File Name by Clicking on Save As

Wi, Save a Suspenszion File

IM'S BUSCH MONTE

|Hew Suzpenszion Hame

Folder Mame IHy-Tests =]
[New Folder Name | |
1] 4 | Cancel | Help | Advanced |

Enter a Mew Suspenzion Mame and click on OF. The
current Suspenzion name iz given should you chooze
ko madify it zlightly for the new name. Uze the Delete
key to eraze the name if pou want a completely new
Nare.

[F pou want o zave the Suzpenzion under a different
Folder hame, click oh the doven arow button and
zelect one. Select the top choice of Add Mew Folder*
and you will be azked for a new Folder name to add to
the lizt of Folders.

Taking measurements can be a difficult and time consuming task if you try to be extremely accurate. You have got to keep in
the back of your mind that the entire suspension is not perfectly rigid. Bushings compress, arms and struts bend, tire sidewalls
deflect. In most cases, accuracy within 0.1” (one tenth) is usually sufficient. It is unrealistic to expect that you can measure
things more accurately than this, however professional race teams with the best tools can do better.

There are tools and fixtures available to help the measurement process * . Most involve some type of surface plate with a grid
laid out a 1” or 1/2 “ intervals, some type of height measurement calipers, plumb bobs, etc. The method we will show here
involves using an inexpensive piece of Sheetrock (drywall) as our grid plate. Drywall works well since it stays relatively flat
(use 1/2” thick drywall), is big enough for the entire front suspension and tires, and is easy to write on.

1) Drive the front tires of the car on the drywall sheet which has been laid on a flat, level floor. Be sure all measured points are

within the edges of the sheet, the drywall has
stayed flat, and the steering is straight ahead. If
you want to be extremely precise, you may
want to put another equal thickness of drywall
or other spacers under the rear tires as well to
keep the car exactly level. Usually this is not

required.

Left Side
2) Drop the plumb bob from the center of the Center
wheel spindles extended out to the outside of Link Pivot
the tire and mark this point on both the left and Attaches
right side. A line joining these 2 points will be Here

the axle line, the line from which all depth

* See UnilJig at 888-UNI-JIG7 or on the web at
www.unijig.com, or contact Tri-Mark
Performance at 608-356-3595 in Wisconsin,
USA.

Side View from
Right Side

Figure 4.3 Measuring Steering Box with Relatively Long
Shaft (Steering Swivel Axis)

Left Side
Steering
Swivel
Axis

Left Side Steering
Swivel Axis Lower
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Figure 4.4 Idler Arm Has
Short Shaft (Steering
Swivel Axis)

measurements are made. You do not
have to draw this line yet, but only
after all measurements are made. See
Figure 4.7.

3) For all points in the worksheet, use

the plumb bob to determine the

Figure 4.5 lllustration of Effect of Measurement Error on Steering
Swivel Axis Error

Measuring Short Shaft Measuring Long Shaft
0.1” error
Possible range of - [
center link pivots with |
0.1” error very high 0.1” error og®

Possible range of
center link pivots with
0.1” error much less

/

True Idler Arm
Position

4+—

True Idler
Arm Position

Range of
Swivel Axes

o)

True Shaft Range of
Axis Swivel Axes

location in the left/right and front

back direction. Mark a dot on the drywall and label each point. Then also measure the height to each point and write that down
on the drywall also or on the worksheet. Only height measurements are known at this time.

4) One difficult measurement to understand and make concerns the idler arm and steering box. What is required here is not so
much some exact points, but the axis about which the idler arm shaft and steering arm shaft pivot. Any 2 points on this line are
called Steering Swivel Axis points in the worksheet. For the steering box shown in Figure 4.3, the top and bottom of the
steering box shaft can clearly be determined. The length of the steering box shaft is also fairly long. Therefore, you can use
these points as the Upper and Lower points on the left side Steering Swivel Axis with good accuracy.

For the right side idler arm, you can also

clearly see the top and bottom of the idler

arm shaft. The problem comes from

measuring these points accurately enough to
determine the idler arm axis. See Figure 4.4
If you assume you can only measure points

distance between the ends of the shaft to

accurately determine the angle of the axis.

See Figure 4.5. This is a case where it is
much more accurate to use the alternate

LtOutf<] LtHeight Lt Depth ] .
|Up|:|er Axis |9_3? | |1 0.08 | |-1 015 |
. Lower Axis 9.37 .04 -12.84 N
accurate to 0.1 inch, then you need a large | | || | | ;
rSpecs N
Side [Lett =]
[Steering Arm Paints To IHear j . : .

measurement method described in Section
2.8.5. This method involves measuring the
angles of the idler arm (or steering box) shaft

and length and angle of the idler arm or
Pitman Arm. These angle and length

Figure 4.6 Calculation Menu for Determining Upper and
Lower Points to Identify Steering Swivel Axis

. Steering Swivel Axis

|5teering Arm Length

5.2 !
10 o
B |

[Steering Arm Top Angle

|Steering Arm Side Angle

|5wivel Axiz Front Angle

[Swivel Axiz Side Angle

measurements are all made referenced from
the end of the arm that attaches to the center
link. This also makes it easy to make these
measurements at most any time in the future,
even after the car has been moved. You can
print the Steering Swivel Axis screen of
Figure 4.6 when it is blank and use it as a
separate worksheet.

" Mote:

Calculations sbove based on the current Left
side measurements of where the swivel [ball) of

the Steering Pitman arm attaches ta the Center /

Link: 10.2768. 5.9131, -6.3716 .

Side View B attom

_ Print this screen when it is

blank for a worksheet.

Usze Calc Yalue | Help | Cancel | F4|l | Front Yiew Side Yiew Top Yiew
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5) Be sure to mark the center of the tire patch at both the front and back of each tire. This is not for toe in determination, but for
identifying the exact tire track from left to right. See Figure 4.7.

6) Make the other measurements required like Camber and Toe In. You can also record other info like Tread Width and Tire
Circumference.

7) At the bottom of the Worksheet are several Other Specs you can measure or estimate. Several of these we already set, like
Steering type, Springs type, Roll Bar type before we printed the worksheet. The Height of CG and % Front Braking are very
difficult to measure or determine accurately. Luckily they are only used for the % Anti-Dive calculation. It is recommended
you estimate a Height of CG of 20” and % Front Braking of 65% as typical for most cars.

8) When all measurements are done, roll the car off the drywall. Draw a line from the left and right wheel spindle centers
marked in step 2. This will be the axle line.

9) Draw a line from the front and back tire patch dots. Where this line crosses the axle line is the center of the tire patch.

Figure 4.7 Drive Car onto Sheet of 1/2” Drywall, Measure and Mark Critical Points

. - 4 x 8 sheet
i of drywall
Front of Car
Mark X C o . X
point X / / “\\ :
extended h \
out from X 3 k X
center of
wheel | Mark front and
spindle on back of center of
each side. tire patch to
locate tire track
width.
Figure 4.8 Remove Car, and Draw Axle and Tire Track Lines, and Car Centerline
Distances toward front o
o : are Negative (-) depths - Axle Line is -
Cart i “Out” distances are; connects Spindle
. ?sn eriin measured from center points
; : from each side of
drawn Centerline \::
: the car
perpen- :
dicular to
?;(LeieLrglg, Track Lines.
between Tire Track is
the 2 measured from
track these lines to
- the Centerline.
L_ All Depth measurements are measured back from
All Out measurements are this Axle Line. Points ahead of this Axle Line are
measured out from this Centerline. negative. For example, a Depth 3.5 inches ahead
nf the Axla | ine has a Nenth nf -R & inches
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10) Find the middle of the tire patches and mark that point of the axle line. Using a carpenters scale or some other method,
mark a perpendicular line. This will now be the centerline of the car. (Note that this centerline would not have to be exactly
between the tire patches. The Edit feature in Section 2.4 would let you recenter these measurements with one command.)

11) Now you can measure all the points from your marks on the drywall. Depth measurements are made from the axle line.

Out measurements are made out from the centerline. See Figures 4.8 and 4.9.

Figure 4.9 Example of Measuring Some Particular Points

Depth ahead of ) )
axle line are Iglsldpgclan:he
. negative (- u
Thlsldpgmt ; 9 ©) front frame
could be : : . mount for the
the rear X 1215 O;<Ut _3.25 Depth’ right side
frame V2N SR g P B T upper A Arm.
mount for 7 3/4 Depth Note that
the left X : ¥ depth
side : Xm : measurements
xpper A : ahead of the
rm :
Note that you can use fractions. : Simply axle must be
type in the fractions and the program entergd asa
converts them to decimals. : negative .
number, with a
minus sign in
front of it.

Figure 4.10 Portion of Worksheet Filled Out

Suspension Analyzer v1.1 Performance Trends (C) 2001 This Report Printed:
Blank Worksheet Your name / company name can 1:15 pm 11-09-02
go here. See Preferences. Page: 1
Location Type LtOut X) LtHt(Y) LtDpth(Z) RtOut(X) RtHi(Y) Rt Dpth(Z)
Upper Ball Joint Input 2978 20% /[z,: 227% 2/ ?lr 'VY/_
Upper Frame Pivot, Front Input IS7e 12 =37y /%S~ Jg A Y A
Upper Frame Pivot, Rear input /57 2 S 5 /23~ 12 S.3
Lower Ball Joint npt 2¥%p & 4 ~3F 29 F% -~y
Lower Frame Pivot, Front Input 7-S 78 o ].3 2% —7r
Lower Frame Pivot, Rear nput /¥%g 128 L% 192% &% ]2
Tie Rod on Rack Input 7 % bS5 -S7 Ls V4 et o1 9
Tie Rod on Spindle mput 22 %% & Z% -6-5 23 g3 2%
Steering Swivel Axis Upper Input (clc)
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Entering
Measurements into
Program

Now you have all the measurements on
your worksheet. Back at program, click
on File (upper left corner of the Main
Screen), then New (start new suspension)
to bring up the New Suspension screen,
which will likely show a Tip message.
See Figure 4.11. As the Tip in Figure
4.11 says, it is usually easiest to start with
a Suspension file that is as close as
possible to the suspension you will
create. This lets us avoid having to make
major changes to suspension information

Fi= ure 4.11 The New Suspension Screen with Tip
E Suspension Analyzer ¥v1.0 Performance Trends [ JIM'S BUSCH MONTE |

like the Other Specs, Comments, etc.

There are two
critical specs listed
separately at the top.
See Fig 4.12. These
must be filled out
before you can start
the new suspension.
The program usually
fills them in with
default values based
on the current

suspension.
1. File Name for
New

Suspension is
the file name
the program
will create for
saving the Test
Data for the
new suspension
file you are
starting. The
program fills in
a default name
of the current
suspension
name, but
incrementing
the last digit in
the name by 1.
You can change
this name to
most anything
you like. The
program will
warn you if the
94

B Dot £
Front View it Mew Suspension Cancel [don't start new suspension)] Help Ell
Thizi File Name T Folder Name for Add r
Suspension New Suspension .
[JIM'S BUSEH MONTT i T =] Click on
[ Pick Specs to Keep, based on current [ JIM'S BUSCH MONTE ] F||e, then
New (start
Any Specs which you Pick to Keep for this New new
Suspension will be based on the current Suspension: SUSpenSion
JIM'S BUSCH MONTE ) to bring up
| It a different Suspension would more closely match this the NeW
new Suspension (reducing the number of changes you .
| ]| Ll will have to make in specs). click on 'Cancel' at the top. Suspen8|on
- i " Then click on 'File' and 'Open’ at the Main Screen to i "
E:;LZ,G;;?H_U.-?Z? select a better Suspension on which to base this New ?:_10521 Screen )
[ Suspension Dat: Suspension. s
Location [] Don't show this again .| | Help | Rt Heig
Lpper BallJaint 21.366
Upper Frame Prvat. 5 ‘ - - - = 18.262
m Once a Mew Test is started, pou can easily erase or modify any of the specs listed above 16.924
[Cower Ball Joint Anp specs not gelected to 'Keep' will be mostly blank when you start the Mew Test, ]
Lower Frame P?vot, s - - . 7.1434
Figure 4.12 New Suspension Screen
2 Critical specs for the new suspension are listed here at the top.
Click here to start a New Suspension based on these settings.
w. Starting a New Suspension
Start Mew Suzpenzion Cancel [don't gtart new suzpenzion) Help
File Hame for Hew Folder Hame for
- - Add
Suspension Hew Suzpension
[JIM'S BUSCH MONTT | [My-Tests -
" Pick Specs to Keep, bazed on current [ JIM'S BUSCH MONTE ] ] Click here to
f | new
Other Specs ¢ Summary of Selected 'Other Specs’ faclig ane
C.G. Ht=165  Wheelbase =110 older name.
Steering = Steering Box
Springz = Coil and Shock [outboard) A summary
el BT S of the current
Chaszis # = .
Ceiaes = settings of
. , the Other
[] Measurem All Suspengion [ata will be blanked out for the Specs is
new Suspengsion [except steening system data) _p
. ; given here.
[] Steerin All Steering Drata will be blanked out for the new
Suspension You can edit

-

Test Comments

Sample Winston Cup Typeﬁuyiﬁﬁ

-

[

Once a Mew Tast iz starked, you can easily erase or modify any of the zpecs listed above.
Anp zpecs not sklected to 'Keep' will be moszty blank when you start the Mew Test,

the current
comments here
for the new
test, or un-
check Test
Comments to
start with blank
comments.

\
\_ Click on this button to see the current Other Specs settings.

Click here to Check or Uncheck these options. Checking means you want to keep
these specs for the new suspension. Once the new Suspension is started you can
then make maodifications to these snecs if vollr want
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L]
name entered is not valid and show you what is wrong. Earlier in this example we used the Save As command to save the
current Suspension file to a new name JIM’S BUSCH MONTE. This is the name shown here except the E in MONTE has
been turned into a 1 You can click on the file name and change this 1 back to an E. For this example the name used will
be JIM'S BUSCH MONTE for this Busch suspension.

2. Folder Name for New Suspension is the folder in the 3D-DATA folder where the suspension will be saved. The program
may not be using the name 'folder' for spec, but whatever word you have assigned in the Preferences menu. The folder
name 'Examples’ is reserved for Performance Trends example suspensions supplied with the program, and can not be used
for your tests. By clicking on the Add button, you could enter a new folder of BUSCH. See Fig 4.12. This folder will
be used for you will use for all of your suspensions used on the Busch cars.

Since most all the measurements for this new suspension will be different than the current suspension (the one we printed the
worksheet from), you will uncheck the Pick boxes in the New Suspension screen (except Other Specs). This will produce a
completely blank Main Screen for entering measurements as shown in Figure 4.13. Based on the numbers recorded on the
worksheet, start typing in your measurements. When enough measurements have been entered, the suspension layout drawing
will be constructed.

Figure 4.13 Entering Measurements on Main Screen Data Grid
E Suspenzion Analpzer ¥1.0 Performance Trends [ JIM'S BUSCH MOMTE ] M= ER
File Edit Graph: BReports Other Specs  Adiust Ophimize  Animate  Preferences  Help
Front \I"ieww Side View] Top View ] No View ] [™ Dynamic DiVBEI. Rl EI. SteerIEI.
This iz a view from the rear of car [nght side of zcreen is actually nght side of car).
Gain bazed on 1" Dive.
Layout is not
drawn until
enough entries
are made to
complete most
Note that you can type in of the layout.
fractions. Type in the
number followed by a space
then the fraction and press
<Enter>. The program will
convert the number in this
case to 24.375.
" Sugpension Data /’
Lacation Type Ltowpd’ « [LtHeight(v]  [LtDepth@)  [Rrouti) [RtHeight(¥]  [RtDepth ) -
Upper Ball Jaint Input 24 348 \ /_
Upper Frame Pivat, Front Input
Upper Frame Pivot, Rear Irput \____ Click on the “cell” of the grid where you want to
Lawer Ball Joint Input enter a measurement. Type in the number and
Lo e P A JiEll press the <enter> key to let the program know
#?EWHETDZ'::;:';DL Fiear ::p“: you are done typing and to move to the next cell.
: : £ You can also use the up and down arrow keys to
Tie Rod on Spindle Input .
Steenng Swivel Axiz Upper Input [c\:] move to a different row.
Steenng Swivel Axiz Lower Input [cl&‘]
Center Link Pivaots Input\
Steering Sensar Input Click here to display the screen Click and slide slide bar ~|
shown in Figure 4.6 to enter data to move to other
to define the points on the sections of the
Steering Swivel Axis. Suspension Data grid.
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Figure 4.14 Main Screen After Entering All Measurements

ESuspensionAnal}lzm ¥1.0 Performance Trends [JIM'S BUSCH MONTE | [_ [=]x]
File Edt Graphs Heports Other Specs  Adust Optimize  &nimate Preferences Help

New [stark new suspension] Chbl o 1 (T e T |~ RGN | It =

Open [from all saved suspensions] Ctl:0 [ [right side of screen is actually right side of car).
Save Clrl+5 Gain based on 1" Dive.
Save bz Clrl+d,

Open from Floppy Drive (&% Drive)
Save to Floppy Drive [ Drive]

Click on File, then
Save intermitently to
save your work.
Selecting Save
instead of Save As
saves the file to the

Frint b ain Screen
Frint Blank “Woarkzhest
WWindows Printer Setup

Unlock Program Options
Transfer Program to Another Computer

E it Program Chl+ . current file name of
e ——d e oooemmmeoo - EE Jim’s Busch Monte.

Toeln Gain: 02" Rall Center HE: 1.64 Rall Center Right: 17.51 Toeln Gain: 02

Camber Gain: -1.27 Caster Gaire .33 Caster Gairn: .78 Camber Gain: -1.51

[ Suspension Data

Location Type Lt Out [ [CtHeight ] Lt Depth 2] [Rt Out 2] [RtHeight (v]  [RtDepth 2] -

Lower Shaock baunt InpLt 231088 8. 7657 30129 22,8443 880 31755

|

Rall Bar on &mns Input 19.6958 9.0386 37315 191717 8.9302 -3E274

Spring Length Cutput E.G67 797 J

Spring Angle from Front Output 11.07 14.64

Spring Angle from Side COutput - 42 .EE

Spring RateMwheel Rate Input [ele] |E50 19249 200 241.7

tn. R atio Sprng/Shek/RBar  |Output 545 TOE 739 550 B74 T2

Track, in Input 2975 0,75

Tire Circurmnference, in Input [cle) [26.8 ar.a

Tread Width. in Inout Telel {11 11 i

The procedure shown here is just one of several methods to measure a suspension, enter the data into the program and save the
data as a suspension file.

Example 4.2 will show you how to analyze this suspension file.

Conclusions

e The program allows you to print blank worksheets for recording measurements.

e  These recorded measurements are entered into the program and the layout drawing is updated when enough measurements
have been entered.

e The program has several options for starting a New Suspension file and using some or none of the measurements, settings
and comments from the previous (current) suspension file.

¢  You should save you measurements periodically by clicking on File, then Save (to save to the same current Suspension
Name) or Save As to save to a new Suspension Name.
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Example 4.2 Analyzing a Suspension

Suggested Background Reading:
e Section 3.1 Reports
e Section 3.3 Graphs
e Example 4.1 Measuring a Suspension

This example demonstrates the features to analyze a suspension once it has been measured. It will use the WCSample file found
in the Examples folder. Click on File, then Open (from all saved suspensions) to bring up the Open screen. Then click on
Examples to select the ; : ; ;

Folder in the lower left Figure 4.15 Opening a Saved Suspension File

corner, then click on Click on File, then Open (from all saved suspensions) to display the Open screen.
WCSample to
highlight it and get a
preview. Then click
on the Open button at

E Suspension Analyzer ¥1.0 Performance Trends [JIM'S BUSCH MOMTE |

First select (click on)
the folder which

TT] contains the

Ffle Edit Graphs Beportts Other Specs  Adust Optimize  Animate  Preferences  Help

Front View] Side View] Top View ] No View 1 [ Dynamiz  Dive[o
SR i, Open Suzpension File

Rall'jo

:Elesllg‘):/:l’rll’lijelg fti(;eoggg |2 Suszpensions in Library |l:hosen File: WCSample / \?vuasnptetgslzgz flle yOU
. 34 FORD HIGH BOY Preview )

return to the main M Chossi

screen. L Left: a7 \\ .
P Second, select (click
g::-}:fgfg o on) the file from this
FicRight: 17.51 folder. A preview of

Static Sample Winzton Cup Pype Suspension ;I this Sus_penS|on |5.

. shown in the Preview
Ana|y5|s at section to the right.
Main Screen Toedn Gair?: / LI  oe

| Camber Gair " Folders / jmb i .
) [ Suspensior —'EleVI Hstefak— ;iifrf;[;':tftof;;; — Flnally, click on the
Back at the Main tlT:T:ZtrIOE?aIIJI / s riame to display al il Open button to open
Screenl, the;elare Uppor P — 2 gt :Els file and return to
several usetu Upper Frame —I —I | Folder Name € main screen.
calculations to analyze souetfal.t _Cancel | _telp | _pelete |
this SuSpenSiOI’l, See | rumar Frarma Piwat Plasr iln:...r im oiin riresd 12 1ER? 14 FAAT

Figure 4.16. Calculations like Roll Center Left/Right and Height, Caster, Anti-Dive %, etc. are calculated and shown in the
Suspension Data table in the Output rows. You may have to click and slide the slide bar down to be able to see various sections
of the Suspension Data table. If you click on the No View tab at the top (next to Front View, Side View, Top View tabs), you
can display more of the table by eliminating the Suspension Layout drawing. You can also click on File, then Print to print the
entire table with all input and calculated output rows.

The Suspension Layout drawing also shows several “gain” calculations. Gain means increase in a calculated number for a
standard amount of suspension movement. The standard amount of suspension movement is set to 1 inch of dive when you first
get the program, and is identified at the top of the Layout Drawing. This standard suspension movement for calculating gains
can be changed in the Preferences menu. See Section 2.2.

For example, the Left Camber Gain shown in Figure 4.16 of -1.27 degrees means the left camber decreases (goes more negative)

by 1.27 degrees with 1 inch of dive. Negative Camber Gain is desirable in a race car suspension, so the tire camber goes more
negative in corners, during dive and roll. See Appendix 2.

99



(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 4 Examples

Bump Steer is a critical suspension characteristic. Most racers and chassis builders want 0 bump steer, or do not want tire Toe
In to change as the suspension goes through dive and roll. Toe In Gain gives you some idea of the amount of bump steer. If
Toe In gain is zero or very low, then bump steer will also be very low, at least through the standard suspension movement.

Figure 4.16 Static Analysis at Main Screen
Static conditions shown when “Dynamic” is not checked.

g Suszpension Analyzer v1.0 Performance Trends [ WCSAMPLE ]

Fil= Edit Graph: Beportz Other Spece  Adjust Optimize  Apfmate  Preferences  Help

Front ‘U'iew] Side ‘."iew] Top View ] Mo View ] Divnamic DiVE. Rall . StEEf.

This is a view from the rear of car [right side of screen is actually right side of car].
Gain bazed on 1" Dive.

Standard Suspension
movement on which
the gain calculations
are based.

Gain calculations
and Roll Center are
summarized here.

Toeln Gaine 01" Fall Center HE: 1.64 Fall Center Right: 17.51 Toedn Gain: 03"
Camber Gain 1,27 Caster Gain; .33 Cazter Gair: .78 Camber Gain; -1.51
" Suszpension Data
Location Tupe Lt Static |Lt Dynamic |Lt Change [Rt Static |Bt Dynamic |Rt Change -
Ideal Ackimn Toe In, deg Output .00 .00
Ackrmn Error, deg Output o0 o0
King Pin &nagle. deg Output h.aa 594
Scrub Radius Output R0O3 ha1
Spindle Anale, deg Cutput 10.38 44
Inztant Center Height Cutput 1.75 B39
Inztant Center Left Output 2012 1211
Fiall Center Height Cutput 1.64
Foll Center Right Cutput 17.51
Fiall Stiffness, ft-lbz/deg Cutput 7.2
Anti Dive, & Dutput', 41.4 \ 86,7 -
/ ~ — /
\4 Static calculated outputs shown in these

Calculated outputs are ; ;
identified with “Output’ columns for Left and Right sides.

in this column.
Click and drag slide bar down to see different

areas of the Suspension Data table.

100



(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 4 Examples

Dynamic Analysis at Main Screen

If you click on the Dynamic check box shown if Figure 4.17, you can now direct the suspension to move through various
amounts of Dive, Roll and Steer. You will now see the Dynamic values of many calculations, like Track, Camber, Caster,
Ackerman, etc. in the Suspension Data grid. For example, say you direct the suspension through the standard suspension
movement on which the gain calculations are based (usually 1” Dive). You should then see the change in Camber, Caster and
Toe In from the Lt Change and Rt Change columns shown in the Figure 4.17 below, match the Suspension Layout drawing gain
calculations.

Figure 4.17 Dynamic Analysis at Main Screen

Static vehicle outline Dynamic conditions shown when “Dynamic” is checked.

shown with dotted lines Type in (or click on arrow buttons) to
for comparison of B change the amount of Dive, Roll and
Dynamic vehicle position. Steer to be applied to the suspension.

E Suspension Analyzer ¥1.0 Performance Trends [ WC5S5AMPLE ]
File Edit Graphs Feportz Other Spec:  Adust \Optimize Apimate  Preferences/ Help

Front ‘-"iew] Side ‘b"iew] Top View 1 No View 1 Dynamic: DiVE . Rl . StE'37.

This iz a view from the rear of car\[right side of screen iz actually right side of car].
Gain bazed on 1" Dive.

Roll Center location
is displayed for the
amount of dynamic
motion applied to
the suspension.

Turn Radius and
Turn Toe In are
shown if you have
applied Steer to

Toe-ln Gair: 01" Roll Center Ht: .31 Turn Radiuz: 144 ft Lt Roll Center Right: 23,17 oeeln Gain: 03" .
Carber Gain: -1.27 Cazter Gain: .39 Turh Toe ln: 09" Cazter Gain: Carnber Gair: -1.51 the suspension.
" Suspension Data P
Locatian Type Lt Static |Lt Dynaic |Lt Change [[Fit Gitatic [Bt Dynamic |Bt Change -
Track, in Input 29.75 29.70 -0 3075 3096
Tire Circumference, in Input [cle] [36.8 ara
Tread Width, in Input [cle] [11 11
Camber. deg Input ] -6.68 -1.18
Caszter, deg Cutput 370 B.6E .88
Cazter Trail Cutput 89 1.46 18
Toe In, deg IhpLt 0 376 376
Toe In, inches Output .00 1.05 1.05 _l
|deal sckimn Toe In, deg Clutput .00 357 357
Ackrmn Error, deg Output .00 19 19
King Pin Anale, deg Cutput B.3a e 78
Seub Radius Output_ |5.03 A/1 3 .
// \\// //

Change in Tire
Track is also

: Dynamic calculated outputs shown in these
known as Tire

columns for Left and Right sides. The
change between Static and Dynamic are
shown in the adjacent columns..
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Reports

Reports can be made by
clicking on Reports at the
top of the Main Screen.
Reports are the dynamic
calculated numbers for
various combinations of
Dive, Roll and Steer. The
Static calculated numbers
will be included in the
report if you include the
combination of Dive =0,
Roll = 0 and Steer =0,
which usually happens.

Click on Reports and you
will obtain the Reports
menu shown in Figure
4.18. From this menu you
will pick what calculated
results to display at what
combinations of Dive, Roll
and Steer motion. See
Section 3.1 on Reports.

Suspension Analyzer

Chapter 4 Examples

File Edit Graphs

H00IRY & Report Settings

Figure 4.18 Report Menu

Bepfitz  Other Spece  Aduzt Optimize  Animate  Preferences

E Suspension Analyzer ¥v1.d Performance Trends [ WCSAMPLE ]

Help

[ Output Toe In, deg Far]
Report Type Bick: D ata fram List Caster. dsgg
Side  [Left/Right Side by Side =] 0 '” U )\
oll Cntr Heig
- Selti Toe In, in
e- g Tire Scrub
|P"mal_'.' Type Biall j EcklmnTEr[l, deg
aster Trai
Starting From 3 W
- |
[Going To |3/I’
|5lep Size -1 —
review:
Secondary Tvpe  [Fol =] 7 Data Points for Froll at:
- 3210..
Starting From 1 3 Conditions for Rall at:
- 10 —
Toe-r |Eulng Us |'1—| Huold Diive At 0 Ton
L SCamb |5lep LEC |_1—| 30 Columng of Data a:ml
usp 5 —
Hold Dive At 0 -
Locat | I—I [21 Data Paints far 13 Graph Lines is | (=1
Lppe the Maximurm possible.] q
Uppe 5
Uppe 2
Laowe M ake Report | Help | Cancel | Print | 7
Laowe
Lowei Frame Preof. Reat Thout NERSRE PR T2 Thas TIETd7

Click here for the Reports menu shown here.

Select what
calculated
results you
want to
report here.

Select what
suspension
motions for
which you
want results
reported.

Figure 4.19 Typical Report from Settings in Figure 4.18

Click here or here to print this report.

E Suspension Analyzer ¥1.0 Performance Trends [ WCSAMPLE ]

Summary of current suspension.

B BAck Pnnt Report Twpes File  Help(F1] ;lilil
i = | Std Conds: Camber. Caster:  Toelm  Track Rall Center; / Fieport Conditions;
@ Comments | Right: A5 5.7a 1] 075 Ht: 164 Hald Dive = 000
= . Left: a] 270 1] 2975 Right: 17.51
Fall Toelndeg |(Toelndeg [Caster Caszter Camber Camber RLC Lt/Rt RLC Lt/Rt Scrub Scrub =
Lt,Roll=1 |RL Raoll=1 (Lt FRoll=1 |RELRoll=1 |Lt Roll=1 |Rt Roll=1 |LtRoll=1 (Rt Acll=1 |Lt, Rol=1 |RtLRoll=1
2.000 054 3442 E.180 4568 b.232 22804 22804 003 =072 =
2000 -0 054 3442 B.180 4558 5232 22804 22804 .oog -[072
1.000 -0 054 3442 E.180 4563 -b.232 22,804 22,804 003 -072
aan -0 054 3442 E.180 4568 0232 22.804 22804 .0o9 - 072
-1.000 - 03 054 3442 B.180 LN R.232 22804 22804 o9 - 172
-2.000 -0 054 3442 E.180 4568 -B.232 22804 22804 003 =072
-3.000 -0 054 3442 G180 4 558 5232 22804 22 804 aog -[072
Fall Toelndeg Toelndeg  Caster Cazter Camber Camber RC Lt/Rt RC Lt/Rt Scrub Scrub
Lt Foll=0 Rt Rall=0 |Lt,Rall=0 Rt FRaoll=0 Lt Rall=0 Rt Rall=0 Lt Ral=0 |RLRall=0 Lt Rall=0 At Rall=0
2.000 .0oo aan 2703 577 5.000 -5.500 17.507 17.507 .oon .0oo
2.000 oo aan 2703 R7ra 5.000 -5.600 17.807 17.507 .oon .0oo
1.000 .0oo aan 3703 B4 5.000 -5.600 17.507 17.507 .oon .0oo
ann 0o ann 3703 5779 5.000 -5 600 17.507 17 507 aan oo
-1.000 oo aan 2703 BFra 5.000 -5.600 17.507 17.507 .oon .0oo
-2.000 .0oo aan 2703 577 5.000 -5.500 17.507 17.507 .oon .0oo
-3.000 oo aan 2703 R7ra 5.000 -5.600 17.807 17.507 .oon .0oo
Fall Toelndeqg (Toelndeg |Caster Caster Camber Camber RLC Lt/Rt RLC Lt/Rt Scrub Scrub
Lt.Roll=1 Rt Roll=1 Lt Roll=1 RALRol=1 Lt ARoll=1 Rt Roll=1 Lt Rol=1 |RAtLAcll=1 Lt Rol=1 Rt Roll=1
2000 022 -049 3923 5343 et R.B25 12359 12359 -ma E7
2 0nn N2 . n49 2977 Tk £ 2ED = 17 760 17 760 .ma nez
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Graphs

Graphs can be made by clicking
on Graphs at the top of the Main
Screen. Graphs are constructed
much the same as reports, except
that the results are graphed
instead of being listed in a table.
However, a significant
advantage of graphs is you can
compare 2 suspensions.

Click on Graphs and you will
obtain the Graphs menu shown
in Figure 4.20. From this menu
you will pick what calculated
results to display at what
combinations of Dive, Roll and
Steer motion. See Section 3.3 on
Graphs.

Click on the Make Graph button
on Figure 4.20 to produce the
graph of Figure 4.21. It shows
Left and Right side Toe In for -

Suspension Analyzer

Chapter 4 Examples

Figure 4.20 Graph Menu

File  Edit
Front %

E Suspension Anzlyzer ¥1.0 Performance Trend: [ WCSAMPLE ]

Grafhz  RBeportz Other Spec:  Adjust Optimize  Animate Prefershices Help

. Graph Settings

" Output
[Graph Type Pick Data from List =] Caster. deg (<
Camber, deg
Side Left and Right - Roll Cntr Lt/Rt -
| I e— J Roll Cntr Height
G etti Toe In. in
e- (e Tire Scrub
[Primary Type IDive =| | |Ackmmn Exi. deg
_ Caster Trail
|Slarllng From 3 Anti-Dive Z
|Eoing To -3
Step Size -1
| \I—I " Preview:

|Secondary Type INone 7 Data Points for Dive at:
3210 ..
Hold Roll &t 0

\m@ee[ 440

T

[Starting From

|Euing To .2 =

Ty . . T
- - [£1 D ata Points for 13 Graph Lines iz

Camb |Slep HEE |1—| the b aximum pozsible. | b3
Susp | [Hold Roll At 0 =
Locat | [
Uppe |Hold Steer At 0 q
Uppe 5
Uppe 5 2
Love Make Graph | Help | Cancel | Print | -
Lowe
I ~ivime Crmrmm Ol imk O II.H..-...I |1.| (=] T OO 17 4ACED 14 CAd7

Click here for the Graph menu shown here.

Select
what
calculated
result you
want to
graph
here.
Only the
first
selection
will be
graphed.

Select what
suspension
motions for
which you
want
results

Aranhad

. Suspension Analyzer ¥1.1 [ WCSAMPLE ]

Back File Format Wiew Graph Type | AddSuzpension Help

@ Add Last Suspension [my-tests\imited late model]
Add Mew Suspenzion

Figure 4.21 Graph form Figure 4.20, for Left & Right Toe In (bump steer) vs Dive
Click here to add a 2nd suspension to this graph, see Fig 4.22.

[ ] Fuivien | et Scaled] |

wesample
Toeln deg Lt
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3” to 3” Dive. Ifyou click on Add Suspension, you can add a second suspension to the graph, as shown in Figure 4.22. This
suspension can either be the last suspension you added to a graph (or one done at Performance Trends if you just got the
program), or you can pick some new suspension from the entire library of saved suspensions.

Figure 4.22 shows the vertical Cursor which lets you pin-point values on the graph lines. You can obtain the cursor by:

e  C(Clicking on a graph line near one of the data points which makes up the line (in this case near dives of -3, -2, -1, 0, 1, 2 or
3 inches).

e  Clicking on one of the cursor buttons.

e  Clicking on View, then Turn Cursor On.

Figure 4.22 Graph Comparing 2 Suspensions
Cursor can be displayed by clicking on View, then Turn Cursor On.

Cursor can be displayed by clicking on one of these Cursor Buttons. The
Cursor Button second from the left turns the cursor Off.

. Suszpenszion Analyz:r v1.1 [ WCSAKPLE |

L. The
/_‘ values at

Lt & Rt Toeln deg, vs Dive inches wcsamplei/ cursor
————————————————————————————————————— Toelndeglt 031 line are
displayed
here.

K B R S R e

limited late model —

Toeln deg Rt 307

You can
clickon a
graph line
near a data
point to
produce
the cursor
line.

JE O [ ) | U DU

-
—
=
—
h
ka
=
2
o
=

| PR Y EN

Note that the current suspension settings are compared to some saved suspension file. If you want to make a comparison graph
of a suspension with several different modifications, you must save each modification as a separate file. For example, say you
want to compare the original suspension file called WCSample to WCSample with the steering rack raised 1 inch. If the current
file is a copy of the WCSample with the 1” modification, then you would graph the current suspension (copy of WCSample with
the rack raised 1) and add the original WCSample. Simple enough.

But, if you want to graph WCSample with the rack raised 1” with WCSample with the rack dropped 17, you have to save either

of these suspensions with this modification at the main screen under some new name, like WCSample Raised 1. Then you can
modify the rack position to a 1” drop from the original position. Make a graph of the current suspension (with a 1”” drop). You
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now have the option of graphing this suspension with either the original rack position (WCSample) or with the rack raised 1”
(WCSample Raised 1).

Figure 4.23 is Graph 4.22 with the added Suspension File for comparison, and with the Secondary Type of suspension motion
shown in Figure 4.19 set to Roll. Each secondary suspension motion, in this case Roll at -2, -1, 0, 1 and 2 degrees, produces a
separate graph line. You can see it can get quite confusing when you get so many different types of suspension motion graphed,
especially for 2 different suspensions. Usually you don’t want too many levels of Secondary motion, because it adds too many
additional graph lines.

Figure 4.23 Graph of 2 Suspensions with a Secondary Type of Suspension Motion, In This
Case Roll of 2, 1, 0, -1 and -2 Degrees (not generally recommended because it is too cluttered)

Back File Format “iew Graph Type Remove Suzpenszion  Help
=] e ] =] Lel2 e ]s] 2o el X 2] Furview] set soded] |
Lt & Rt Toeln deg , vs Dive inches wesample

R R B s e Al Lt, Rall= 2

R, Roll=1
Lt, Roll=0

Lt, Roli=-1
Ri, Roll=-1
Lt, Roli=-2
Rt, Roll=-2

lirnited late model —
Lt, Roll= 2
Rt, Roll= 2
Lt, Roll= 1
Rt, Roll=1

Lt, Rall=-1
R, Raoll=-1

R, Roll=-2

Conclusions:

e The Suspension Analyzer provides several methods to analyze suspension motion:
e  Staticly and Dynamically at the Main Screen.
e  Through the construction of reports
e  Through the construction of graphs and comparison graphs

e  Graphs provide the most flexible and powerful method of comparing 2 different suspensions.
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Example 4.3 Adjusting and Optimizing a
Suspension

Suggested Background Reading:

e Section 2.5 Adjust Feature

e Section 2.6 Optimize Feature

e Example 4.2 Analyzing a Suspension

e Appendix 2 "Rules of Thumb" for Tuning Suspension Characteristics and Additional Reading

The Suspension Analyzer provides several methods for making adjustments to the suspension easily. Some will be
demonstrated in this example. For all examples, we will start with the WCSample used in Example 4.2.

Shimming

Assume you are circle track testing and determine from tire temperatures that the inside of the right front tire is getting too hot
(working too hard). Since the car is always turning left, you want to try reducing static negative caster 1/2 degree to put more
weight on the outside of the tire. On the car, camber adjustements are made by shimming the upper A Arm. You can do the
same type of shim adjustments in the program. Click on Adjust at the top of the Main Screen, then Shim Right Upper Arm
In/Out. You will obtain the screen shown in Figure 4.24.

Figure 4.24 Shimming Screen Note that this section says that removing shims
moves the arm Out. If most cars you work with are

different, change this feature in the Preferences menu.
New Camber is |_‘

reduced about

iw. Shim Right S5ide Upper Arm Inf0ut

1/2 degree and Shim Thickness Removed 1250 | [Shim Thickness Removed 1250
Caster stays . .
about the " Shims Aemoved, Rear " Shim: Removed, Front
same after Add/Remove IFIemu\re Shims j Add/Remove IHemDvE Shims j
removing two Shim Type Used  [Srandard Shims »| | | [Shim Type Used i
(2) 1/16” shims ype Usze IStandard Shims j
from the front #1716 Shims |2 =] | | #1716 Shims -
and rear frame 1 1/8 Shis | <] | #7178 Shims

| -

|E“3t"“‘ Thichved |Eustum Thickness Removed

Click here to move \be ~MNotes:
the frame pivots EENSEI Thiz menu azsumes that REMOVING shims

and change caster | EsimatedNow (504 ] pw ] | pepsteFarre e OlTentece | | -

. 7
and camber to |Eurlent |-5_5 | |5_?3 | camber]. |f mast Suspensions vou wark with are 7
these new settings different, change the ‘Adding Shims' option in the

Preferences menu by clicking on Preferences at

at the Main Screen. the top af the tain Screen.

Uze Calc Yalue | Help | Cancel | Print |
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Click on the amount of shims you want to add or remove from either the front or rear frame mount, and the change to Camber
and Caster is displayed immediately, along with the current Camber and Caster settings. When you have decided on the
appropriate shim change, click on Use Calc Value to make these changes to the current suspension file at the main screen. Note
that not only will the frame mounts be changed, and Camber and Caster, but many other measurements as well because the
changing Camber may also slightly change ride height on that side of the car. See the Adjust Feature in Section 2.5.

Optimize

The main reason you bought this program is to improve, or optimize, your suspension geometry. One method of optimizing
would involve you making many changes to mounting points, lengths of arms, location of the steering rack, etc., and look for
some suspension characteristic to improve. For example, you may want to shim the tie rod end at the spindle up or down to find
a location which reduces bump steer.

Note that some “Optimum” setting arrived at by this feature may not
actually produce optimum handling or safety. It only means that some
suspension characteristic falls into some mathematical range. The
changes proposed by this feature to obtain improvement in one
characteristic, may completely “screw up” other suspension characteristics,
making the car unsafe to drive. If you accept some proposed change,
you must check all other suspension characteristics to ensure safe vehicle
handling.

The Suspension Analyzer has the Optimize feature which directs the program to do this automatically. You basically tell the
program 3 things:

1. What suspension points you want to adjust, how far and in what size steps.
2. What type of motion to apply to the suspension, like dive, roll or both and how far and in what direction.
3. What type of suspension performance characteristic you are looking for.

Click on Optimize at the top of the Main Screen to produce the screen shown in Figure 4.25. In this example we want to adjust
(shim) the left and right upper arm pivots to find a roll center height which stays close to 3 inches as the suspension goes
through +3 #o - 3 inches of dive. The optimize menu only lets us do 1 side at a time, so we will have to optimize twice, first the
left side and then the right side. We have set up the optimize screen to allow 1 inch of adjustment up, down, left and right. Once
the specs are set as shown in Figure 4.25, click on the Optimize button to start the process.
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. Find Optimum Settings

" Adjust from Current Poszition

Figure 4.25 Optimize Screen

I'w"hat

IShim Right Upper & Arm Méuntsj

\

|H ax Distance Right

|H oll I Mo change in Roll

|Max Distance Left

|Max Distance Up

|H ax Distance Down

|Ha:u: Diztance Back [depth])

[Max Distance Forward

N

|Dhtai" IKeep Fioll Center at 3{Ht [

" Hotes:
On Left side chooze what suspension pNnt to
Adjuzt and the range of Adustment to alloky.
Right zide, choose what sugpension maotion

check and what pou want to obtain. p =

L

[Increment

[5 (2inck) 7 =]

i Find Optimum

Help | Cancel | Print |

# Settings
# Motions

2)

Moved Right = -1
Maoved Up = -1
Moved Back = 0

The program found a condition 747 better than your current condition with:

Do you want the Suspensgion to be modified to these new settings?

Usze New Settings? [ <] |

Select what suspension dimensions you want to adjust.

' W Obtain: |
3" Dive to 3" Rise

Select the range of
adjustments, and in how fine
a steps.

Select the range of
suspension motion to be
checked, Dive and/or Roll.

Select what outcome you
want, or what suspension
characteristic you want the
program to try to obtain.

When all combinations have been
tried, the program will will
summarize the results, and let you
decide if you want to keep the
proposed change.

Note: The program
automatically shims both the
front and rear frame mounts the
same amount for each condition,
keeping caster fairly constant.

When done, a message is given
as shown in Figure 4.25, letting
you decide to keep or reject the
proposed change.

After doing both the left and
right side and keeping the
proposed changes, we should
check to see the effect. The
easiest way would be to compare
the original suspension
(WCSample) with the new
“optimized” suspension on a
graph. Click on Graph at the top
of the Main Screen, then select
the special Graph Type at the
upper left corner of the Graph
Menu called Roll Center Motion.

Then select the suspension

Figure 4.26 Graph Screen

Select special Graph Type Roll Center Motion

. Graph Settings E2

" Output

[ToeIn_deg |
Graph T f - Caster. deg
:S_T:IJ ype IF(D” Center Motion J an%&r{ ':Ilj?m Other graph
ide : = oll Cntr
JLeft snd Right ARl Ents Height Dat?j Tyg(lasd
S Toe In, in are disabled.
Se-ttmgs Tire Scrub
|Pl|mal5.l Type Dive j Ackrmn Err, deg
. Caster Trail
|Slalt|ng From 3 j\\ Anti-Dive %
[Going To -3 To check the
Step Size |-1 | > effect of the
" Preview: imi i
|Secnndaly Type  [MNore j Rall Center Height and mowvement optlmlzatlon,
i Left/Right will be graphed for the graph the
Starting From 2 Settings selected to the left, same motion
[Going To -2 for which you
|SIB|J Cize -1 0pt|m|zed, 3
to -3 inches
Hold Roll At 0 .
| L__J of Dive for no
|HD|d Steer At 1] Change in
Roll.

Make G

raph | Helpl Eancell Plintl
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motion range which was optimized for, 3 to -3 inches of Dive, with no Roll. You will notice that all the data types are disabled
on the left side because this special graph type dictates that the data graphed is Roll Center Height and Left/Right movement
together. Click on the Make Graph button to make this graph type shown in Figure 4.27.

At the Graph Screen, click on Add Graph and add the WCSample to compare the Roll Center movement graph to the original
suspension. Figure 4.27 shows the new suspension does keep the Roll Center closer to a height of 3” than the original
WCSample. It also keeps it closer to the car’s centerline. This may or may not be what you want. Other graphs could show
what has happened to Bump Steer, % Anti-Dive, and several other suspension characteristics. That is why it is always good to
double check all suspension changes the optimize feature has produced.

Figure 4.27 Roll Center Movement Graph Path of Roll
Center over
&, Suspension Analyzer v1.1 [ WCSAMPLE ] range of 3 to -3
Back File Fomat “iew Graph Twpe Femove Suspension  Help inches of dive for
sl «ll=] [el2l 203 el el ] 8] Funvien] set scae] | Optimized
Roll Center M t condition. Note
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Conclusions:

e  The Suspension Analyzer provides methods to adjust several suspension settings, much as you would do on the actual
suspension.

e The Suspension Analyzer provides ways to let the program automatically try several suspension modifications through
various amounts of suspension motion to find some desired suspension characteristic.

e The Roll Center Motion graph is a special graph type that lets you track RC Movement through some set amount of
suspension motion.
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Appendix 1: Accuracy and Assumptions

The Suspension Analyzer can do its calculations extremely accurately, based on the assumption that there is no compliance
(compression or deformation) or clearance in any bushings, tires, joints or suspension members. In reality, everything has
compliance. Therefore the Suspension Analyzer’s calculations will calculate results assuming aperfectly stiff suspension.

A major limitation on accuracy will be your ability to accurately measure the exact center of different points, like ball joints and
frame mount pivots. See Section 2.1 and Example 4.1.

A major advantage of the Suspension Analyzer over other simpler programs (like Performance Trends’ own Roll Center
Calculator and Circle Track Analyzer) is the 3 dimensional inputs. Doing all calculations in 3 dimensions greatly improves
accuracy and will give different and improved results compared to 2 dimensional programs.

Calculated motion ratios are based on the ratio of movement of the mount points to the movement of the wheel for some
standard amount of vehicle movement, called Specs for Calculating Camber Gain. See Section 2.2, Preferences. During this
standard movement, the program also checks on how much the springs (and shocks and roll bar, if any) compress (twist in the
case of the roll bar) for this standard movement. Knowing how far the spring compresses for a given amount of wheel
movement is the precise way the program calculates the spring (and shock and roll bar, if any) Motion Ratio.

Note, however, that if the standard movement is very small, Motion Ratio accuracy will not be good. For example, say the
standard motion is 1/2" Dive and 2 deg Roll. The left side wheel may go through a 1" of travel, but the right side may go only
through .05" travel. The right side Motion Ratio will not be accurate. Therefore, for accurate Motion Ratio calculations, we
recommend you use the default standard motion of 1" Dive (or at least avoid Roll as a standard motion).

Many other software packages use much simpler calculations, with the assumptions the wheel moves just as much as the lower

ball joint. This is often a wrong assumption, and is the reason the Suspension Analyzer’s motion ratio calculations will not
match that of other programs.

Please read Appendix 2 to see how that exact accuracy may not be that critical.
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Appendix 2 "Rules of Thumb" for Tuning
Suspension Characteristics and
Additional Reading

Suspensions can be set up for various types of handling:
e  Optimum performance, which usually means optimum cornering.
e Stable, predictable handling on the street.
e Anything in between.

This appendix gives some very general guidelines. The best information
and understanding can be obtained by reading some of the books listed
at the end of this Appendix 2.

Version 2.0 introduces a new calculation called Front Lateral Load
Distribution, or FLLD%. This can be used to understand vehicle balance
(oversteer or understeer) and is discussed in more detail in Appendix 6.

Optimum Handling (racing):

Roll Center, Camber, Camber Gain

Roll Center is an imaginary point about which the chassis tends to roll in cornering maneuvers. In general the lower the Roll
Center the more the car rolls in the corners, and the farther right the Roll Center the less the right side moves up or down during
cornering. Camber Gain is the amount of camber change (tilt of the tires when viewed from the front) you get from a certain
amount of body motion, typically 1 inch of dive from braking. Most race cars want Camber Gain in the range of -1 to -2
degrees for an inch of dive. This is especially true for the outside tire in a turn. For circle track cars (always turning left), the
desired camber gain on the left side may be less or even a positive number, depending on track banking and other factors. Both
of these have a large impact on a car’s handling and maximum cornering capability.

Note from Performance Trends: It is difficult to get any agreement from “experts” on
optimum Roll Center location, Camber Gain, static Camber setting, etc. This is true for
most any suspension setting. The reason appears to be that these settings are so
“combination dependent”. Traction capability of the track and tires; tire construction;
roughness of track; temperatures; compliance of the chassis, suspension members
and bushings, shock settings, etc. all come into play. However, the component with
the biggest effect on optimum settings is the driver. Driver preference for how a car
handles and “feels” to them has a huge effect on their confidence,
aggressiveness on the track, and therefore lap times.

The following statements are ones we have found in various references which appear to be consistent between these references.
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Roll Center:

Several authorities agree that the static Roll Center (before any Dive or Roll) should be from 2.5" to 4.5" above the ground. For
road race cars (turning both left and right) you want to keep the Roll Center near the car's centerline (left or right).

The farther the Roll Center is to the Left, the quicker the car will react (more it will Roll) when going into a Left turn. For this
reason, many asphalt circle track (left turning) cars locate the Roll Center to the right of center (less Roll) and dirt cars locate
the Roll Center to the Left of center (more Roll and hopefully better "bite" at the right front). However, the car is more
predictable "all around" if the Roll Center is kept close to the car's centerline.

Higher circle track banking (20 degrees or more) usually requires a lower Roll Center, in the 2-3 inch range.

The more mass in the front of the car (heavier engine or engine more forward), the higher the Roll Center should be.

Some circle track authorities believe a lower Roll Center works better on dirt because the higher body roll produces more "side
bite" from the tires.

Lower Roll Centers require stiffer springs to control Roll. However, stiff springs hurt traction on bumpy tracks.
The less the Roll Center moves during Dive and Roll, the more predictable the car's handling.

Most authorities agree that holding the Roll Center position as constant as practical during Dive and Roll is optimum.

Camber/Camber Gain:

For Circle Track cars (turning left), reasonable Static Camber values (before any Dive or Roll) are: Left Side + 1 degree, Right
Side -2 to -3 degrees.

Wider and/or stiffer sidewall tires require less Static Camber.

Camber Gain should be in the range of -1.75 for a flat track, -1.25 for a medium banked track (10-15 degrees) and down to -1
for highly banked tracks (over 25 degrees) on the outside tire (right tire in a left turn). For circle track cars (always turning left),
the desired camber gain on the left side may be less or even a positive number, depending on track banking and other factors.
These Camber Gains are based on the program's standard definition as the amount of Camber Change from 1" of Dive.

Toe In, Toe In Gain (bump steer)

“Toe In causes stability and initial understeer in a turn. Toe Out (negative toe in) causes instability and initial oversteer.
Usually you want just enough toe in to keep the wheels from going into toe out at speed.” How to Make Your Car Handle, Fred
Puhn.

Suspension tuners vary somewhat on what they prefer for Toe In. Some tuner’s personal preferences are for slight positive Toe
In to slight negative Toe In (toe out), but most agree that minor changes can have a large effect. For circle track racing, higher

amounts of negative Toe In (toe out) are used, up to 1/4” negative total Toe In (1/8 inch toe out at each wheel).

Most race authorities agree that 0 Toe In Gain (no bump steer) is ideal. Some tuners have different theories for Toe In Gain
(bump steer) for circle track (left turning only) cars, but there seems to be no consistent agreement.
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Caster

You almost always want positive caster (top ball joint behind the lower ball joint). Positive caster provides self-centering
steering so the wheel returns to straight ahead automatically. In most situations where cars turn both left and right, you want left
and right caster the same.

In circle track racing, right side caster is generally 1.5-2.5 degrees more than the left, with more caster being used with power
steering and dirt racing.

As another “rule of thumb”, generally the caster angle should be about 1/2 of the King Pin Axis (Inclination) Angle when
viewed from the front. See Figure 2.11, page 24.

Caster Gain (Anti-Dive)

Most suspensions have positive Caster Gain, which is also an indication of Anti-Dive being present in the suspension geometry.
Anti-Dive means the suspension resists diving during the application of the brakes. Race cars with lower center of gravity and
stiffer springs usually don’t require as much Caster Gain (Anti-Dive) as production cars. Negative Caster Gain means the car
will dive more than normal during braking and generally should be avoided.

Caster Trail

Caster Trail is positive if the tire patch is behind the point where the caster angle hits the ground. This is typical of most cars
because most cars run positive caster. Caster Trail can be changed by changing tire diameter, spindle or the caster angle. Caster
is similar to Scrub Radius, except viewed from the side instead of the front. Increasing Caster Trail will increase steering wheel
effort, especially when cornering hard.

Scrub Radius

Most race cars have positive Scrub Radius, which provides feedback to the driver of when either tire is loosing traction. Three
to 5 inches is normal is circle track racing. Unequal amounts a Scrub Radius left and right will cause the car to pull to one side
under braking. Generally you want to keep the Scrub Radius equal, or at least with in 1/4 inch from side to side.

Street Performance

On the street, you usually want a suspension which is stable. This means the car tracks true down the road and is not upset by
minor changes in the road. It also means that during extreme or emergency situations, the suspension is very forgiving. This is
generally what the auto makers do for production vehicles

Fred Puhn’s “How to Make Your Car Handle” contains production specs for several cars. These specs are rather
dated, but give the suspension tuner and builder a good overview of typical production settings.

Roll Center:

Keep the roll center centered and fairly low, from 1” to 3" above the ground.
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Camber/Camber Gain:

Adjust camber to the manufacturer’s recommended specs if they are available. If you have a custom suspension, keep camber
close to 0 for daily driving. You can go to -0.5 degrees camber for better extreme cornering, but you will increase tire wear.

Camber Gain should be kept low, usually between 0 to -.5 degrees per inch of dive.

Toe In, Toe In Gain (bump steer)

Adjust Toe In to the manufacturer’s recommended specs if they are available. If you have a custom suspension, start with Toe
In at 1/8 inch total (1/16 inch toed in at each wheel). Front wheel drive cars usually want slight negative Toe In.

Production vehicle’s usually have a Toe Gain curve where high amounts of dive (2.5 to 3 inches dive) will produce about
negative -3/4” total Toe In (3/8 inch toe out at each wheel).

Caster

Adjust caster to the manufacturer’s recommended specs if they are available. If you have a custom suspension, start with
positive caster. Light cars need more caster than heavier cars. Start with +2 to +3 degrees on cars under 2800 Ibs, and +1 to +2
degrees for cars over 2800 1bs.

As another “rule of thumb”, generally the caster angle should be about 1/2 of the King Pin Axis (Inclination) Angle when
viewed from the front. See Figure 2.11, page 24.

Caster Gain (Anti-Dive)

Most suspensions have positive Caster Gain, which is also an indication of Anti-Dive being present in the suspension geometry.
Anti-Dive means the suspension resists diving during the application of the brakes. Production cars usually use more Caster
Gain (Anti-Dive) than race cars. Negative Caster Gain means the car will dive more than normal during braking and should be
avoided.

Caster Trail

Caster Trail is positive if the tire patch is behind the point where the caster angle hits the ground. This is typical of most cars
because most cars run positive caster. Caster Trail can be changed by changing tire diameter, spindle or the caster angle. Caster
is similar to Scrub Radius, except viewed from the side instead of the front. Increasing Caster Trail will increase steering wheel
effort, especially when cornering hard.

Scrub Radius

Most production cars have a relatively low Scrub Radius compared to race cars. You definitely want equal scrub radius on each
side of the car. Negative Scrub Radius is more stable than positive Scrub Radius, especially when braking if the left and right
braking forces are not equal. Unequal amounts a Scrub Radius left and right will cause the car to pull to one side under braking.
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Additional References:

How to Make Your Car Handle by Fred Puhn. Classic Motorbooks 800-826-6600 Osceola, W1

Chassis Engineering by Herb Adams. Classic Motorbooks 800-826-6600 Osceola, W1

Tune to Win by Carroll Smith, Classic Motorbooks 800-826-6600 Osceola, W1

Building the Pro Stock Late Model Sportsman by Steve Smith. Steve Smith Autosports 714-639-7681 Santa Ana, CA
Stock Car Dirt Track Technology by Steve Smith. Steve Smith Autosports 714-639-7681 Santa Ana, CA

Fundamentals o f Vehicle Dynamics by Thomas D. Gillespie Classic Motorbooks 800-826-6600 Osceola, W1
Race Car Vehicle Dynamics by William F and Douglas Milliken Classic Motorbooks 800-826-6600 Osceola, W1
Tires, Suspension and Handling by John C. Dixon Classic Motorbooks 800-826-6600 Osceola, W1

Richard Hathaway, suspension seminars, Email: richard.hathaway@wmich.edu Kalamazoo MI
Pi Research, suspension seminars, 317-259-8900 Indianapolis, IN

Tri-Mark Performance, Fee for service “one-on-one” consulting and questions answered, Email: trimark@midplains.net or Fax
questions to 608-355-9827
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Appendix 3 Backing Up Data

Appendix 6 for details.

Version 2.0 added 1 step backup and restore commands. Check

Backing up data means to make more than one copy of the data which can be used or referred to at a later date. This may be
needed in the event one copy becomes lost or erased, or you need room in the Suspension Library. Backing up data can take 2
basic forms, either Paper Reports, or Copying files with Windows copy commands

Other than making Paper Reports, backing up data requires knowledge of Windows Explorer (95, 98, NT) commands. Unless
you are experienced with Windows commands, have someone experienced with Windows assist you to prevent losing data.

Paper Reports:

If you already keep written copies of all suspensions you measure, you
already understand this form of backing up data. You could continue to do
this by simply clicking of File, the Print at the Main Screen to print a
summary of each suspension. The disadvantage of Paper Back Ups: For
example, say you have accidentally erased a Suspension File but have a
paper report of that data. You will have to type in all this data by hand,
which is time consuming and prone to errors.

Copying data to disk with Windows commands:

This method is the preferred method. If you are not familiar with
Windows commands, have someone help you the first couple of times.
However, this is the most reliable and most efficient way to back up your
data.

Note: Unless stated otherwise, all mouse clicks are with the normal, left
button on the mouse.

To copy Entire 3D-DATA Folder using Windows 95, 98 or NT, which
contains all folders and suspension files in the Suspension Library:

Figure A4.1 Print Suspension
Summary
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Suspension Summary

Click on Start, then Programs, then Windows Explorer (usually at the bottom of the list of programs). You will obtain the

Windows Explorer screen shown in Figure A4.2.

Locate the PERFTRNS.PTI folder (may not be printed in capital letters) on the left side of the Windows Explorer screen,
usually on the C drive. Click on the [+] sign to the left of it to display the contents of the PERFTRNS.PTI folder.

You should now see the SUSPANZR folder. Click on the [+] sign to the left of it to display the contents of the

SUSPANZR folder.

You should now see the 3D-DATA folder. Right click on the yellow 3D-DATA folder icon to display the menu of options.
Click on Copy to copy this entire folder (all suspension files in the standard Suspension File Library).

Note: In v2.0, PERFTRNS.PTI is now the Performance Trends folder in the Program Files folder, and the SUSPANZR

folder is now SuspAnzr20 folder.
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Figure A4.2 Copying Files with Windows 95, 98 or NT Windows Explorer
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Now you must tell the computer where you want to copy the files to. Click and drag the slide bar for the left section of the
Windows Explorer screen to the top. (You can also click on the up or down arrow buttons on the slide bar.) Look for the
Floppy Drive icon, usually the “A” drive. Put a new, formatted disk in the floppy drive. Then right click on the Floppy
Drive icon, and select Paste from the list of options. You will see the floppy drive light come on as the entire 3D-DATA
folder and all its contents are copied to the floppy disk. Label this disk with something like “3D-DATA folder, xx/xx/xx”
with a name and date.

Notes:

If you have so many suspensions in the Suspension Library, they may not all fit onto 1 floppy disk. Windows Explorer will tell
you this and ask you to insert another new, formatted disk. If this happens, be sure to label all disks with a name, date and
sequential #s, and keep the entire disk set together. A suggestion for novice computer users is to make each folder under 3D-
DATA a separate floppy disk. This may require more floppy disks, but will make it easier to understand restoring just certain
folders in the future.

You may just want to back up one particular folder in the suspension library (in the 3D-DATA folder) or just 1 particular
suspension. You would do this the same as with copying the entire 3D-DATA folder, just click on the [+] by the 3D-DATA
folder to display the folders under 3D-DATA. Then right click on the folder you want to Copy. To find individual suspension
files, click on the yellow folder icon containing the suspension file and the contents of the folder will be shown on the right side
of the Windows Explorer screen. Then right click on the suspension file name and select Copy.

You can also copy individual suspension files to the floppy drive inside the Suspension Analyzer program. Open the file you
want to copy so it is the current suspension file. Then click on File at the top of the Main Screen, then select Copy to Floppy
Disk. This command takes care of all 3 files mentioned in the previous paragraph automatically.

More experienced computer users may want to use the “Backup” features built into Windows 95 and 98 (click on Start,

Programs, Accessories, System Tools, Backup). This compresses suspension files so it takes fewer floppy disks. However you
need to use the Backup program to restore suspension files, which can be more confusing to novice computer users.

Restoring Data

Be very careful when restoring data, as you may overwrite Suspension Files with old,
erroneous information. Read all the information below before restoring data. If you are not
familiar with Windows Explorer, have someone more experienced help you.

The ONLY reason to restore data is if you have lost suspension files. This could be because
you mistakenly erased it, you had a major computer failure, or you are moving the program to
another computer. Do NOT restore data unless you have one of these problems, as you could
possible create many more problems than you are trying to fix.

When restoring suspension files and folders, you pretty much reverse the procedure for backing up. First you put your backed
up floppy disk in the floppy drive. Then open Windows Explorer, find the Floppy drive icon and click on it to display its
contents. Right click on the folder you want to restore and select Copy.

Now find the 3D-DATA folder under SUSPANZR under PERFTRNS.PTI, usually on the C: drive. Right click on the folder
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1 level UP from the folder you are restoring. For example, if you are restoring the suspension file folder CHEV which was
in the 3D-DATA folder, you must click on the 3D-DATA folder. If you are restoring the entire Suspension Library folder 3D-
DATA, you must click on the 3D-DATA folder. If you are restoring the suspension file 194-150 which was in the CHEV folder
under the 3D-DATA folder, you must click on the CHEV folder.

During the restoring (copying) process, Windows Explorer checks to see if it is overwriting an existing file (Figure A4.3). Ifit
is, it will ask you if the existing file or folder should be overwritten. Be very careful when overwriting files, as you may
overwrite a new suspension file with data from an old suspension file of the same name.

Before restoring suspension files, it is good practice to back up all suspension files first. Then
if you make a mistake, and overwrite suspension files you didn’t mean to, you have your
backup copies to restore the suspension files from.

Note: In v2.0, PERFTRNS.PTI is now the Performance Trends folder in the Program Files folder, and the SUSPANZR
folder is now SuspAnzr20 folder.

Figure A 4.3 Windows Explorer Warnings when Overwriting Suspension Files
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Appendix 4 Full Vehicle Version:
Overview of Features

The Full Vehicle version of Suspension Analyzer has several enhancements over the standard version, the most significant is
analyzing various types of rear suspensions and combining front and rear suspensions together for full vehicle analysis. A list of
the Full Vehicle version’s features includes:

The Full Vehicle Version lets you graph or report these additional types of data.

Anti-Squat % (see App. 5) Sprng Ang, Frt Sprng Ang, Side
Sprng Mtn Ratio Shock Mtn Ratio RollBar Mtn Rto
Sensor Mtn Rato Front Swing Arm Side Swing Arm
Axle Side Angle Rear Axle Lead Binding Error

These data types are added to the bottom of the Data List in the Graph and Report menu.

Figure 1
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These data are displayed on the Main Screen in the Data Grid. For a complete listing of these inputs and calculated outputs,
click on Help at the top of the Main Screen, then List Definitions for Main Screen Input/Output.
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The Full Vehicle Version lets you specify Push Rod w Rocker Arm and Pull Rod w Rocker Arm springs for Double A Arm
suspensions. In Vehicle Specs, choose these types for the “Springs” spec.

Figure 2 Example of Pushrod Spring Layout
g Suspension Analyzer ¥1.1 Performance Trends [ pushiod | HEE
File Edit Graphs Repots Wehicle Specs  Adjust Optimize Zoom  Animate  Preferences  Help Be” Crank W|th
Front View| Side View | Top View | Mo View | [ Dwnamic  Di=[l B Fel[0 B s B rotation axis shown
This is a view from the rear of car [right side of screen is actually right side of capfl as Clrcle here
Gain based on 1" Dive. .
G—— | __— | Pushrod attached
to lower arm.
‘e Note that Pullrod
would attach to
the upper arm.
Front 5 i I
]
Toedn Gain: 15" Fioll Center HE: .83 Tun Radius: None Fioll Center Right: .00 Toe-n Gain: 19" - -
Camnber Gair: - 34 Caster Gain: .43 Caster Gain: .43 Camber Gair: - 34 :
= e Enter
Locaton Tope  [ooup] el [LiDephz)  [Rowpy™ [Ribegh(] [Ribephz) [ measurements
Spring Mount on Frame Ihput B 7 1] B 7 1]
Puzh Rod Mount on Lower Amm |Input 12 g 0 18 L} __l for Be” Crank
Belcrark Asis Front Input |12 14 a0 12 18 0 and Pushrod or
Bellcrank Axis Rear Input 12 14 10 12 10 10
Spring Mount on Bellcrank Ihput 9 18 3 9 18 3 Pu ”rOd here )
Puzhrod Maount on Bellcrank, Input 14 16 1] 14 16 1]
Spring Length Output 11.79 11.79
S pring Angle fram Front Output 1825 -18.25
S pring Angle from Side Output 15.25 15.25
Soiing Rate/whee! Rate Input [clel | 400 1801 400 2448 Ad
Full Vehicle Version lets you analyze these ends of the car.
Front Suspension Only Rear Suspension Only
Front and Rear Suspension together
/7 Click on Vehicle Specs for the Menu Shown Here
v; Click these tabs to
E Suspension Analyzer v1.1 Pesformance Trends [ pushrod ] H H
Eile gd Graphs Epnlts Yehicle Specs  Adjust Dpnrmz Zoom Animate  Prefersnces  Haf VIEW SpecCs (“ke
Front View| Side View | Top View | Mo View | [ Dwmamic  Ovell |8 A0 @ ce=[|E Suspen3|on Type) for
This is a view from the rear of car [right side of scieen is actuzlfy right side of car). Front or Rear Of car
Gain based on 1" Dive. .
&, Vehicle Specs
Back [ok] File  Help
Vehicle Specs i Front $spension i Rear Suspension -
] ”_ Choose Which End to
[ General Specs i
TR IES. e | D 5 Analyzer here: Front
Fron bk [ Cogord | B Frontuspension | only, Rear Only, or
[Wheelbase. inches [100 A Commants 1= R Hea@spmm | Front and Rear.
Suspension to Analyze  |[Fiortaf@Rear ¥| | | [Stock 1978 Mustang Il - g Fehesh
This is & popular frart end for street 1ads. L34 | QA_I
0| Vehloweights | oty e cont e i e \
specs. just geomety. These are courtesy Bol
Left Frant Tatalwt r;ncnrzaf\'\‘,enm Enginee. street 1od buider and o 'S;'ﬂ’“ i} \Z'SDN“@ N
Pight Front | [6875 |  Aear’ [00_] = 223 .
e e | S Click these buttons to
Pight Rear ross malagsixr‘ementlwfsnnly = [anAntl-Dzlge_ ) I 0 work on, view and
calculations. IF you are not sure, use 20 inches. .
Calculate Comer Weiahts from s | | C1ec en ne Cal Euton o eale e from reacings 13 405 ana|yze the different
made duiing a special test. [See the manual on page
76) p 20 -4.84
ends of the car.
i
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To graph or report data for a particular end of the car, you must have chosen to view that end of the car on the main screen by
clicking on the appropriate button at the lower right of the layout screen.

The Rear Suspension Types supported at this time include are given below.

Double A Arm McPhearson Strut
Three Link w panhard bar Four Link (angled links like Chevelle or 5.0L Mustang)
Four Link w panhard bar Ladder Bars (trailing arms)
NASCAR Truck Arms C3 Corvette (63-82) coming soon
s“ = Click on the Rear Suspension tab to be able to
Back (oh] Fle el choose the Rear Suspension Type from this list
Vehicle Specs T Front Suspension y Rear Suspension
[ General Specs D ogger Sensors |
|Suspension Type 1 |Susp. Travel Sensor IND”E ﬂ
4 Link with lateral locator & . .
I gk ) || _ Note that springs can be attached either to
ik, top I!nk Right sige-lateral locator Ride Height Measureme; . . .
i ton Lk i ol ocdo 5 B Gt o the lower arms or the axle housing itself. This
Ladder Bar with lateral locator . .
E.uc.ﬁl%m;é;mc ‘;.E.Euu;;w Lt Side,BeFind Wheel Conter  [13 can have a large affect on Spring Motion
Genl (54-56) Covet Fear x| | eSide, From Centaine (14 _| Ratio, Roll Stiffness and Front to Rear Roll
|Rt Side. Behind Wheel Center  [15 C |
Springs — [Cai Dver foutboard) = Help ouple.
Aol B [ie 5| | S it et e sttt
‘Rnll Bar Rate,_ Ib/in 0 dilrzlen’::ne v::val inpLits are available at the Main - -
Symetiic Chassis (Lt same as RY. [1o =] S Layout view of 4 Link Rear
Suspension with Panhard Bar

E Sugzpenszion Analpzer v1.1 Performance Trends [ 4 Link + Panhari Bar |

File Edit Graphs Heports Wehicle Specs Adust Optimize Zoom  Apifiate  Preferences  Help

Front View] Side View ] Top View \| No View ] P Dyng  Squat . Fall .
This is a view from the rear of car [right gifle of screen iz actually right side of car]. | TOta|
Gain pdzed on 1" Dive. V h |
enicle
results.
Ff'%—/—.\
. —_— .
Front Suspension |

Rear Suzpension |
Toe-ln Gain: 07" Ruoll Certer HE: 7.50 Tum Radius: 7463 ft Lt Rall Cenpsf Left: .56 Toedln Gair: -01" |
Anlti-Sguat, Static 161.8%  Dyn 161.0% Tum Toe In: 00" A Squat, Static 156.0%  Dyn 141.7% fiefi=sl]

" Suzpension Data
Location Tupe Lt Static |Lt Diyniarnic /ftt Change ||F|t Static |F|t Dynarnic: |F|t Change - | R
Lower Link Length Dutput__|21.13 2063 Slide slide
Pfanhard EBar L.ength Output bar button
Binding Errar, in Olukput 06
o Wz vl o Lt ||l 21 292 56 3B to bottom to
Tatal Rall Stiff ft-lbz/d u] view Total
otal Roll Sttness, ft-lbs/deg utpLit .

Fronrt RBoll Couple, % Output Veh|C|e
Fear Roll Couple, % Output resu |tS
Roll Axis to CG Moment Arm Output
Level Ground Roll Rate, deg/G [Output ShOWn
Front Matural Freq, cps Dutput 246 here.
Fear Matural Freq, cps Output 1.74 :l
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If you analyze Front and Rear Suspension together, the program also calculates and displays these Full Vehicle results. These
results are listed at the bottom of the Data Table on the main screen.

Total Roll Stiffness, ft-Ibs/deg Front Roll Couple, %

Rear Roll Couple, % Roll Axis to CG Moment Arm
Level Ground Roll Rate, deg/G Front Natural Freq, cps

Rear Natural Freq, cps

The Depth (Z) measurements for Rear Suspensions are positive if they are in front of the axle, toward the front of the car. Depth
(2) for both the front and rear mean “in towards the center of the car”. See Figure 5 if you’ve made a mistake entering Z
measurements.

Figure 5
E Suspension Analyzer ¥v1.1 Performance Trends [ 4 Link

File | Edit Graphs Beports Yehicle Specs  Adjust Optimize  Zoc

Fr Swap Left and Right Side Specs - ] [ Dyn.
| Copy Left Side to Right Side _ _
Copy Right Side to Left Side [right zide o

ain based ot 1

Flip £ Direction [front to back] on &l Pekate__|

Should you make a mistake on the Z
direction measurements, this
command will swap the Z
measurements from front to back, or
switch the + and — signs on all Z
measurements.

Move Groups of Meazurements

Another useful feature for working with front and/or rear suspensions is the ability to “selectively open” one end of a vehicle
suspension file and use it on the same end of the current vehicle you are working with or building. For example, say you have
built a vehicle file working with only the Front Suspension file. Now you want to put only that front suspension on an existing
vehicle file which has both a front and rear, but you want to keep the rear. You would click on File, then Open, then choose the
Selective Open option shown in Figure 6. This feature also lets you put a front suspension on the rear or rear suspension on the
front (McPhearson Strut or Double A Arm only).
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Figure 6

Click on File, then Open (from all saved suspensions)

E Suspension Analpzer ¥1.1 Performance Trends [ 4 Link + Panhard Bar ]

Set this option to Yes for
Selectively Opening just the
front or rear suspension of a
particular saved file.

This combo box lets you
choose which suspension to
use from the file you are
opening.

Fffe Edit Graphs Reports Wehicle Specz Adjust  Optimize  Zoom Animgte—Pref s Help
TR S I (R b N Run s (e v BN -PATN P
Front s
fon . Open Suspension File [ %] .
|B Suszpensions in Library |Chosen FiIe:)‘CSample f car.
34 FORD HIGH BOY Freview: THiz file has Front Only I
78 Mustang Il Front: Dguble A A [wishbone)
LIMITED LATE MODEL
Super Late Model [prev)ew specs below are for Front)
SUPRA Rear .
Supra Twin Turbo Riight:
Sweet Chassis Track: 30.75
WCSample Camber: -5.5
Caster: 5.78
Spring: 800
RcHt: 1.64
Sample “Winzton Cup Type Suspension [
far 1.5 mile medium banked owval
Mote that this fle has been modified
zomewhat 0 g not to give away any I
T "tuning secrets”. For this reazon, DO Toed
2% - MOT try bo copy this file exactly for wour [ bl
Cai Camnber
" Sug| " Folders
[Lac. BothFrontRear | Tip: Click ona ut
[Uon bts —I different Folder 3 o
U—DD Busch J name ta display al e
|=EP . the suspensions
ch-rame: p
IUep  Open | Advanced | Exam| Iey[:olvelle saved under that
Low | | | | I Foeilene | s
@ Cancel Help Delete four link LI
LUWGI PN oL, TeEdr JLLLIAR (20T oTsd o [=N=Fau)
Tie Rod on Rack [Input— |10.375 7.25 55 7.9375

This combo box lets you
choose where to put the
suspension on the current
file you are working with.
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Version 1.1 C.017, Feb 4, 2002 added a new type of rear suspension type, the IRS with lower H arm, typical of that used in the
IRS Ford Thunderbirds in 1987 and the Cobra Mustangs. See Figures 7 and 8§ below.

Figure 7 Independent Rear Suspension (IRS) with Lower H Arm
Right Rear Suspension

Single upper arm controls camber. Front of Vehicle

>

Solid "H" arm mounts at 2 locations on frame and 2 locations
on spindle. This controls both toe in and caster.

Figure 8 Data Input Screen for IRS Rear Suspension Type

E Suspension Analyzer ¥1.1 Performance Trendz [ IRS Temp ]

File Edit Graph: BReportz “ehicle Spec:  Adjust Optimize Zoom  Animate  Preferences  Help
ant\l"iew] Side\fiew] Tup\fiew] NoView] [ Dynamic SquatEI. HC'"EI.

Thiz iz a view from the rear of car [right side of screen is actually right zide of car].
Gait baged on 1" Dive.

f——w ﬁ

L L ]
_ﬁ______ji'— . —h‘:‘"‘—-—__:_
Front Suzpenzion |

I — Rear Suspension |
Toedn Gain: - 18" Rall Center HE: £.78 Turn Radiug: Mone Roll Center Right: .00 Toe-In Gair: - 18"
Camber Gain: -1.47  Caster Gaire -.19 Caster Gain -19  Camber Gain: -1.47 =flesh |

" Suszpension Data

Lacation Type Lt Dut ) LtHeight[*)  [LtDepthi@)  [RtOut) [FtHeight [v] _ [RtDepth &) -
Upper Arm Pivot on Spindle Input 135 1 24 195 1 ||
Upper Arm Pivot on Frame Input 16 175 3 16 175 3
Lawer H Arm on Spindle, Front  {Input 25 A -4 25 5 -4
Lower H A on Frame, Front — (Input 13 7 £ 13 7 B
Lower H Arm on Frame, Rear  (Input 14 75 B 14 75 5
Lower H & on Spindle, Bear  (Input 24 55 3 24 5.5 3
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Appendix 5 lllustrations of Calculations

Figure A5.1 Definition of Anti-Dive and Anti-Squat

WB = wheelbase, distance between front and rear axles

% FB = the percent of the vehicle’s braking developed at the front axle (typically 60-70%)
A = Side View Instant Center (swing arm) of upper and lower A arms

B = CG Height at a distance %FB x WB behind front axle

C = height of 100% anti-dive line at Instant Center distance behind front axle

WB

%FB X' WB 100% Anti-Dive Line for Front

% Anti-Dive = A (height) / C (height) x 100%

Instant centers which lie above the 100% Anti-Dive Line are more than 100% anti-dive

A = Side View Instant Center of Rear Suspension
B = CG Height at the Front Axle
C = Height of 100% Anti-Squat line at the Instant Center distance ahead of rear axle

100% Anti-Squat Line
% Anti-Squat = A (height) / C (height) x 100 %

Instant centers which lie above the 100% Anti-Squat Line are more than 100% anti-squat
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Appendix 6 New Features in v2.0

Version 2.0 was released in 2006 and added the following major features:

e A new Preference of Metric inputs was added. Inputs are entered in Centimeters, KG for weight, and Kg/Cm for spring rate.
The program keeps track of what units are used for each suspension file. If you are in, say, Metric mode and open a file
saved with English units, the units will be converted to metric once it is opened. You can also manually force a file to be
converted by clicking on Edit (top of main screen) then selecting either Convert Measurements to Metric or Convert
Measurements to English. See Fig A 6.1.

e Added a new calculation called Front Lateral Load Distribution, or FLLD% and Rear Lateral Load Distribution, or RLLD%.
These calculations are similar to “roll couple” and can be used to find a “balanced” setup by adjusting spring and roll bar
rates, and roll center heights. This feature is only in the Full Vehicle version and is discussed in detail below. See Fig A 6.2
and A 6.3.

e Several new “Optimize” features and options have been added, including one to find your desired FLLD% automatically.
This is discussed in detail below. See Fig A 6.3 and A 6.4.

e A Watts Linkage has been added to the possible “Lateral Locator” devices, in addition to the Panhard bar. This feature is
only in the Full Vehicle version and is discussed in detail below. See Fig A 6.5.

o A solid axle with leaf springs is now a possible Rear Suspension type. This feature is only in the Full Vehicle version and is
discussed in detail below. See Fig A 6.6 and Fig A 6.9.

e A coil over spring can now be mounted on the upper A arm, similar to that used in the early Ford Mustangs. This feature is
only in the Full Vehicle version. See Fig A 6.9.

e A coil over spring can now be mounted inboard of the frame attachment point on the upper A arm. This is sometimes called
a “rocker arm” spring and is common on Formula cars with independent rear suspensions. This feature is only in the Full
Vehicle version. See Fig A 6.9.

e A Torsion Bar spring can be used with either a Double A Arm or McPherson Strut suspension. This feature is only in the
Full Vehicle version. See Fig A 6.9.

e The program now has Backup/Restore commands. Click on File at top of main screen and select either Backup or Restore.
The Restore command has 2 options, either restore all files from a previous backup or just 1 file at a time. See Fig A 6.7.

e When Opening a file, a “Find” button has been added, letting you enter some phrase or sequence of characters to look for in
a particular files name. This helps you locate files faster.

e You can now import dimensions directly to the program from either a file or by pasting them after copying them from
another program, like Microsoft Excel. This feature is only in the Full Vehicle w Data Logger Option version and is
discussed below. See Fig A 6.13.

e The program can now read “freeform” ASCII files of data logger data. We’ve tried to make the Suspension Analyzer
“smart” enough to be able to recognize data from various data loggers, like Motec, Pi and AIM. In addition, you no longer
have to provide track map data, as the Suspension Analyzer can generate this info itself from distance, velocity and lateral Gs
data. This feature is only in the Full Vehicle w Data Logger Option version and is discussed below. See Fig A 6.12.

e A new Preference lets you select to either have Toe Gain, Caster Gain and Camber Gain be displayed in the suspension
layout drawing, or more simply Toe, Caster and Camber. The “Gains” are the amount of change in these parameters for a
given amount of suspension movement. See Fig A 6.1 and A 6.8.

e New Preference for choosing to have the Rear Suspension either to be “Draw Centered Between Tires” or “Centered on x =
0 Dimension”. See Fig A 6.1.

e Program now remembers the printer orientation (portrait/landscape) you’re using and restores it when you restart.

e The program now draws the transmission angle (in front of the driveshaft). You may not see this unless you use the Zoom
options to slide the side of the rear suspension to one side. See Fig A 6.6.

e The locking algorithm now uses a computer hardware number which is more stable. This means that you will be less likely
to get a new unlocking code when you make changes to your computer.

e Version 2.0 will look for and allow automatic or manual importing of all your v1.1 files. See Fig A 6.7.

o A new Preference was added to let you choose to display the Spring Angle (front and side view) or shock and sensor length.
See Fig A 6.1.

o Several new example Suspension Files have been added.

Also, click on Help, then Display Readem.doc file to display a more detailed list of each item which has been change or added,
and any “bug” fixes.
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Metric

Figure A 6.1 Metric Inputs and Other New Preferences
Choose to use Metric Inputs.

w. Preferences

|/ Definitions T File Dptions
iMain Screen / Calcs T Printing & Graphing

You can manually force inputs to be
changed. This is useful if you had the
old v1.1 and entered dimensions in as
centimeters. V2.0 will assume the
centimeters are inches, but you can
Set manually force the program to do a

Graph conversion to real centimeters.
Colors

Draw Front View Extension Lines Yes W

Main Screen View  |From Fisar |

Dynamic Arrow Buttons Maves 50 inche:
Enter Toe In Az Degrees -

Refiesh Calcs after each change |y :I' R = Suspension Analyzer v2.0 Performance Trends [
estart
3 Link Convergence Limit, % 0 - Showing File Bas# Graphs Reports  Vehicle Specs  Adjust Cpkimize  Zc
Help Tips . )
3 Link Max Calc. Attempts an - Fi|  Pwap Left and Right Side Specs | T
| opy Left Side to Right Side
Maig Screen |Show Front/Side Spring Angles v | Help opy Right Side ta Left Side : [l.jlghl
ged on
Lapoul Shows |Actual Camber, Camber, Tos Flip Z Direction (Ffront to back) on All Paints
\ Don't Ask Move Groups of Measurements
About
Rear Axle |Draw Centered on i = 0 Dimensi [+ Updating Convert Measurements bo Mekric
Leaf Springs\Add to Roll Stfness Convert Measurements bo English .
Metric Inputs ] Impaort {paste) Dimensions From Another Program O
\ \ \ \ ‘ll\ I‘\

Leaf springs typically add about 25% more roll stiffness than what
just their spring rate and spacing would indicate. Here you can
enter what percentage you want the program to use.

Choose how you want the rear axle drawn.

Choose if you want actual values or “Gains” displayed on the
Suspension Layout screen.

Choose if you want spring angle info displayed, or shock and
sensor length.

FLLD (Front Lateral Load Distribution)

When a car makes a turn, weight is transferred from the inside tires to the outside tires. However, how this weight transfer is
split between the front and rear has a huge impact on the feel and handling of the car. If more weight transfer occurs on the
front of the car, the outside front tire is being “overworked” more than the rear outside tire, causing less cornering traction at the
front. This is more likely to produce understeer or a push. Very simplistically, if the Front Lateral Load Distribution is 50%,
that means the weight transfer split between front and rear is the same, and that should produce neutral handling. The book
“Race Car Vehicle Dynamics” by Milliken and Milliken (with assistance by Terry Satchell) discusses this concept in detail.
This concept is similar to the idea of balancing the front and rear roll angles presented in recent magazine articles.

Figure A 6.2 shows the program displaying the FLLD for the current vehicle (currently 44%, which would tend to have
Moderate Oversteer) during the transition between releasing the brakes and going to the throttle, at the apex of the turn
(transistion between braking and power). During braking and under acceleration, the weight transfer is much more complicated,
and the FLLD concept can not be as easily applied.
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Tatal Fall Stiffness, fbafdeg  |Output 1941.3
Front Fall Couple/FLLD, % Cutput 84.61
Fear Roll Couple/RLLD, % Cutput 18.39

Foll Axiz to CG Mament A, it | Dutput 711

Figure A6.2 FLLD and RLLD Displayed in Results with Roll Couple

44.M
55.99

Owersteer
Owersgteer

toderate
oderate

Lewvel Ground Roll Rate, deg/G | Dutput 0.74
Framt M|
Fearnl FLLD and RLLD shown in results along with Handling Rating

Figure A6.3 is displayed if you click on the “Find” button shown in Figure A6.2. This “Find FLLD” screen lets you find a
certain Front Lateral Load Distribution (FLLD), which can be a good indication of how the car will handle at the apex or

transistion of the turn (no power, no braking).

Pick the 'Adjust' factor to tell the program what
vehicle component(s) you want to adjust. Enter
your desired 'For This FLLD', then click on the
'Find Now' button. For perfect theoretical
'Balance', the FLLD should be 50%. However,
from experience, Milliken suggests a target
'starting point' FLLD value of 5 percentage points
higher than the percent weight on the front tires
(100% - Rear Wt % = Front Wt %). By default,
the program will load in this value, but you can
change it to anything else you want. Higher
FLLDs tend to make the car tighter, with more
understeer. Lower FLLDs tend to make the car
looser, with more oversteer.

There are several ways to obtain a certain Front
Lateral Load Distrbution percentage. To reduce
the possibility of using very strange settings, the
program will calculate the average front and rear
natural frequencies for the springs. If these
frequencies are significantly different than those
typically used, the program will warn you.
Typically, the front natural frequency will be in
the range of 1.4 to 2.0 and the rear will be .1 to .5
points lower than the front.

For many vehicle combinations, the program can
not find settings to match your requirements.
Many times this is due to the Front or especially
the Rear roll centers being too high. High roll
centers transfer more weight laterally through the
suspension linkages and less through the springs,
making the springs and roll bar have less effect

Figure A 6.3 Find Front Lateral Load Distribution by
Clicking on Optimize

m. Find Front Lat Load Dist

3

3) Click here
to have

program find
new settings.

Load Dist

1) Pick what
to Adjust.

Current Rear Spri (150 7 180 |
Current Mat Freq, F [1.75 7 1.68 |
Mew Front Lat Load Di

Mew Hear Springs
/R

96.4 7 2357 |
N\

NR67192 |

WAL L

Options

2) Select the
FLLD you
want. The
program will
defaultto a
typical value
based on your
car’s weight
distribution.

Adjust
For This FLLD

Hear Spl}\gs ﬂ

Thiz change tends to make the car
zlightly looser.

Mote:
The new settings you find uging thiz feature may

HOT be best pour driving style and could be
IMSAFE. Click on Help for more info.

4) Click here to
have program
save these new
settings.

Far thiz vehicle's Front wi % of B0.0%, 55 0% (5%
higher] would be a zuggested zetting.

OK./Keep

| Help| Eam::el| Print |

on this tuning factor. You may then want to have the program adjust the Rear Roll Center to find the FLLD you desire. After
you adjust the Rear Roll Center and keep this change (click on OK/Keep), then you can go back into this screen and try
adjusting springs and/or roll bar and they are likely to have more affect.

The new settings you find using this feature MAY NOT BE THE BEST AND COULD BE UNSAFE. USE YOUR
JUDGEMENT when making adjustments based on this concept.
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New Optimize Features

Figure A 6.4 shows some of the new features in the Optimize screen.

Figure A 6.3
= Suspension Analyzer ¥2.0 Performance Trends [ Susp_in_Compare ]|
File Edit Graphs Reports  Yehicle Specs  Adjust BelsliEEN Zoom  Anjifiate  Prefe This brings up screen below
Front View| Side View | Top View | MNovj Ontimizs Balance' (FLLD%) /
Optimize Other Parameters
| Thiz iz a view from the rear of car y rig

il Find Optimum, Settings

Adjust from Current Poszition Motion to Check to Obtain:

- - —1 | V2.0 has new
what ||‘--1|:|ve Left Upper Ball Jaint - Dive |2" Dive to 2" Rize j conditions you
Max Diztance Right Roll |Nu:| change in Rol j can “optimize” for.

V 2.0 has new items you To Obtain Thiz Result._, Help
can adjust, like Ball Joints.

D |Maint. Spec. RC [Ht 4 timés more important] -/ For Somz of these
- new conditions,
Max Distance Down D Yertical Location you can specify a

Max Distance Back (depth) Horz_Location [left is neg.-) vertical and/or
horizontal location

- | to optimize for, like
Increment | 25 (124 inch) ﬂ ; Roll Center
: #f Settings |:|

location.
Motes: # Mations |:|

On Left zside chooze what suspenszion paint to

Max Diztance Forward

Adjust and the range of Adjustment to allow. On Hqte:_ Proposzed changes just meet the
Right zide, choose what suspension motion to chtena set ahqve, and may HOT produce
check and what you want to obtain, p s optimum handling or zafety. The changes

propozed may produce unwanted “side
effectz’, making the car UNSAFE to dnve.
If you accept a proposed change. you must
check all other zuspension characternstics
to ensure zafe vehicle handling.

Help | Cancel | Print |

To Obtain This Result...

Choose what result you want to obtain, like to maintain a certain Roll Center Location (Left or Right) or Roll Center Height,
Bump Steer (which is Toe In/Out), or Camber. If Roll Center Height or L/R are not mentioned, then you are asking both to be
kept stable (maintained).

Some options let you try to match a 'Specified' Roll Center Vertical or Horizontal location. If you select this option, then the
Vertical and Horizontal data entry boxes become enabled for you to enter values. Note: To specify a Horizontal Location LEFT
of center, enter a negative (-) number. Roll Center Height typically has a larger impact on handling than location Left or Right,
so some of these options let you concentrate, say, 4 times more on maintaining height constant than horizontal motion. This
means that a 1 inch change in height will be considered as important as a 4 inch horizontal change.

See Section 2.6, page 47 in this manual for more explanation of this Optimize Screen.
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Watts Link Lateral Locator

V2.0 lets you select a Watts Link (with the center pivot mounted to the axle) or a Panhard Bar as the lateral locating device for
solid axle suspensions. Figure A 6.5 shows some major options with this feature.

Figure A 6.5 Watts Link Features
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Leaf Springs, Zoom Features and Transmission Angle

Figure A 6.6 shows some additional new features in v2.0. Notes for leaf springs:

e  Only the Height Measurement is needed for the Spring Mount on the Axle. The program will assume this is on a
straight line between the front and rear mounting points.

e  For the Rear Mount, use the location where the shackle mounts to the firame, not where the shackle mounts to the leaf
spring. The program will assume approximately a 2 shackle that is vertical at ride height. The rear end of the spring
is not as critical as exactly where the shackle mounts to the frame.

e Because leaf springs are flat, they resist roll more that coil springs do at equal spacing. Most authorities say they have
about 25% higher roll stiffness than the same suspension with coil springs or torsion bars. Figure A 6.1 shows where
you can change this percentage based on your own experience.

Figure A 6.6 Showing New Rear Suspension Type (leaf springs), Zoom Features and drawn
Transmission Angle

Click here for Zoom options.
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New File Options

Figure A 6.7 shows some new File options. The Backup
command copies all suspension files to a floppy disk,
CD or memory stick. Restore copies files from a
previously backed up floppy disk, CD or memory stick
back to your program. To be safe, before you restore,
you may want to do a backup in case you restore “over
the top of a file” which you have recently changed.

The Import Dimensions from File is only available in the
Full Vehicle Version with Data Logger Features.

Figure A 6.7 New File Options
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Figure A 6.8 shows the difference for setting this preference, as shown in Figure A 6.2. Gains mean the amount of change for a
given amount of vehicle movement, typically 17 of dive (or squat in the rear). Setting this to Actual Toe, Caster and Camber

may be easier to understand for many users.

;
‘_’)‘3‘“‘*‘——.;2

Toe In, deg: .00
Camber; 280 |

Roll Center HE: 3599 T
Caster: 1.22 T

Suzpension D\ata

[Tiimm

[

Actual Toe In, Caster
and Camber

Ioemow

Toedn Gain: 04"
Eéml:uer Gain: -1.55

Figure A 6.8 Toe Gain, Caster Gain and Camber Gain vs Actual Toe, Caster and Camber

..;f"
T——

Roll Center HE: 3,99
Caster Gain: .14

Tu
To

T

Toe In Gain, Caster Gain and Camber
Gain (the only option available in v1.1.

139




(C) Performance Trends Inc 2017

New Types of Springs

Suspension Analyzer

Chapter 4 Examples

Figure A 6.9 shows some of the new types of springs possible in v2.0, the Full Vehicle Version. In addition, Leaf Spring solid

axle is an option as shown in Figure A 6.7.

New Spring Options chosen in Vehicle Specs

Figure A6.9 New Suspension Options for Full Vehicle Version
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Full Vehicle Version with Data Logger Option

Animate Data Logger Data

The Suspension Analyzer can read ASCII files from data loggers recording engine RPM, vehicle speed, shock travel, etc and
display the actual suspension movement for detailed analysis. This is done automatically with Performance Trends’ DataMite
II data logger, but can also be done with ASCII data from other data loggers. Figure A 6.11 shows the Animation screen when
displaying this data logger data.

To start the Animation process, click on Animate at the top of the main screen. If you have purchased the Full Vehicle with
Data Logger Options version, you will have a section called “Read from File” at the bottom of this screen. Figure A 6.10
explains some of these features. (See section 2.7 on page 49 for more basic explanation of the Animate feature.)

Figure A 6.10 Animate Menu of Options

Inputs

Click here to choose what type of ASCII file you are

| Jé/—— going to be using.
i
=

Click here to type in the path and file name of the ASCII
file from your data logger to be used. Click on the

Browse button to more easily search your computer for

| / [/ the file.

— | Choose Yes to have the Roll Axis, roll moment arm and CG
location drawn with the Animation. You will still only see one
suspension drawn, either the Front or Rear Suspension.

Read from File

Data Source

File c:\vbSB\pmiectsE\suspanz(| Brows

Do Both Ends at Same Time |Ng / =

Mote:
Thig zcreen directs the suzpengsion to move, The
starting and ending position iz alwayz 0 Dive, Roll

and Steer.” Click here to start the Animation process shown in Figure A 6.10
Animm&ancel | Print ‘

There are 4 types of file formats the Suspension Analyzer can read, which can be picked in the Data Source input in the Animate
screen, as described in Table A 6.1 below.

Table A 6.1 File Formats for Animate

Read from File (short) This file would typically be for just the front suspension with minimal data
channels recorded.

Column 1 time

Column 2 RF Shock Travel

Column 3 LF Shock Travel

Column 4 Steering Travel
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Read from File (long) This file would typically be for both the front suspension and rear suspension
with minimal data channels recorded.

Column 1 time

Column 2 Engine RPM

Column 3 distance along track from starting location

Column 4 RF Shock Travel

Column 5 LF Shock Travel

Column 6 Steering Travel

Column 7 RR Travel

Column 8 LR Travel

Read from File w Track Map This file is the same as what the Performance Trends DataMite II's software
would export to the Suspension Analyzer. Most other data logger software
packages do not export the Track Map feet data, so this form has been made
easier to use with the addition of the Freeform format below.

Column 1 time

Column 2 track map feet to right (X direction) of starting location

Column 3 track map feet forward (Y direction) of starting location

Column 4 longitudinal gs, + is acceleration

Column 5 lateral gs, + is accel to right (turning right)

Column 6 distance along track from starting location

Column 7 Engine RPM

Column 8 MPH

Column 9 RF Shock Travel

Column 10 LF Shock Travel

Column 11 Steering Travel

Column 12 RR Travel

Column 13 LR Travel

Column 14 Brake pressure or Travel

Column 15 Throttle Travel

Read ‘Freeform’ File This file format can have the columns in any order and does NOT need the Track
Map data. The Suspension Analyzer can generate it from the other data
supplied. You do not need to provide all data columns. The program will just not
display what you have not provided. This format was designed so that you could
just export or write most any ASCII text file from your data logger of all your
channels, and the Suspension Analyzer would just “handle it”. If you have a data
file which the program can not “handle”, please email us a copy of it and we'll let
you know what can be done.

time

longitudinal gs, + is acceleration

lateral gs, + is accel to right (turning right)

distance along track from starting location

Engine RPM

MPH

RF Shock Travel

LF Shock Travel

Steering Travel

RR Travel

LR Travel

Brake pressure or Travel

Throttle Travel

Notes for the Freeform file format:
e  The data must be for only 1 lap.
o Ifthe data file includes data at more than 1 sample every 0.1 seconds, the program will ignore points which were
recorded faster than 0.1 seconds, and only use points at approximately every 0.1 seconds.
e  The columns must each have a text name so the program can determine what they are.
e  Columns can be separated either by commas or tabs.
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The 5 sections at the bottom of the graph consist of, from right to left, as identified in Table A 6.2.

Table A 6.2 Graph Track Map Sections

1

Track Map

The Track Map is a simplified drawing of the track layout. If you click on a point on
the map, then the circular “cursor” identifying that point is drawn on the map. At the
same time, a corresponding “cursor” is drawn on the Friction Circle for the same
point, and the suspension movement for that position is displayed.

Friction Circle

The Friction Circle is a graph of the sum of the lateral and longitudinal acceleration
the vehicle is exhibiting. If you click on a point on the friction circle, then the circular
“cursor” identifying that point is drawn on the friction circle. At the same time, a
corresponding “cursor” is drawn on the Track Map for the same point, and the
suspension movement for that position is displayed.

Steering, Throttle,
Brake

This section shows the relative brake, throttle and steering wheel position and motion.
These signals are what ever you have assigned as “Brake”, “Throttle” and “Steering”
in the DataMite specs. If the steering wheel’s motion seems to be opposite of what
the actual motion is, then click on the Options button and you can change it. See the
explanation below. The term “relative” is used because before this section is drawn,
the program finds both the maximum and minimum values for the brake, throttle and
steering channels. Then the program “auto-scales” these 2 bar graphs and the
steering wheel motion to show good resolution of this movement.

Shock Movement

This section shows the relative position and motion of the shock sensors. These
signals are what ever you have assigned as “RF Shock”, “LF Shock”, “RR Shock”
and “LR Shock” in the DataMite specs. The assumption for this display is that as the
Shock Signal gets larger, that the shock is extending (getting longer). The Red line
connects the 2 rear shocks. This is a rear view of the car and this line is drawn with a
longer line to simulate it is closer to the viewer. The 2 front shocks are connected
with a shorter, blue line. This section is good to visualizing general trends, but much
more detailed results are available with the other Animate features.

Engine RPM, MPH

This section shows relative engine RPM on the Tach Gauge and relative vehicle
speed on the bar graph.
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Options

I ax G on Friction Circle
Steering Movement

Adjuzt Steering

Steering Factar

Feverse Lat Gz for Map
Compreszion iz + Shock Direction
Mote:

These setiings change haw the Track Map
Friction Circle, et are presented.

Keep Settings ‘ Help | Cancel |

. Track Mapping Options @

Yes ¥/
e
Yeg -

BN
g

Figure A 6.12 Track Mapping Options

Increase this number if the friction circle data (lateral
and longitudinal Gs) goes off the screen.

L

If the wheels are turning the wrong way when being
steered, change this setting.

— | The Suspension Analyzer wants steering sensor movement to
be in inches. Many data loggers put this out in degrees. Set
“Adjust Steering” to Yes, and then enter a number here to do the
conversion from your data loggers steering units to inches (or
cm) of steering sensor movement.

— | If the vehicle seems to be going the wrong way around the track
map, or it seems to be drawn in a “mirror image” of what it
should, change this setting.

If the shocks seem to be moving in the opposite direction (front
end risina when the brakes are applied). chanae this settina.

Import Dimensions

Some users use CAD programs for designing their suspensions, and needed an easy way to input several measurements quickly
to the Suspension Analyzer program. Figure A 6.2 shows the command to import these dimensions from an ASCII file. Figure
A 6.13 below shows how to do this by copying the data from a program (like Excel using the Ctrl-C command). Then you will
paste it into the Suspension Analyzer’s Import Dimensions screen by clicking on the Import window, then using the Ctrl-V
command (press and release the letter V key while holding down the Ctrl key).
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Fr

Figure A 6.13 Importing Dimensions by Direct Copying from Another Program
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The Suspension Analyzer can read suspension measurements copied from other programs, either tab separated or comma
separated. The format is one row of 6 measurements for every row available for data entry on the current screen, either front or
rear suspension. The data in the row is expected to be Left Side X, Y and Z, then Right Side X, Y, Z.

Notes:
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If your Preference settings are such that you are using a Front view in your Suspension Layout, the screen will display
the Right side measurements in the left columns, then the Left side measurements. Even in this situation, you still have
the Left side measurements come first when importing.

If Left Side X values are negative (common in some CAD programs), they will be converted to + in the import process.
You will make a large change to your existing Suspension File. If you have not saved a copy of this suspension's
current measurements, you may want to choose 'Cancel' at the next screen to Stop Importing these dimensions. Then
you can save your current settings should you want to return to them if the Import process does not work as you

intended.
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Appendix 7 New Features in v2.4

Added several new types of Rear Suspensions (Fig A 6.14A), including:
e Torque Tube Live Axle Fig A 6.14

Torque Arm Live Axle Fig A 6.15

Trailing Arm and Semi Trailing Arm Independent Fig A 6.16

5 Link Independent Fig A 6.17

'Decoupled' Live Axle (bird cage) Fig A 6.18

Added 'Four Link' features. These features lets you enter all holes for all 4 link brackets and see all possible combinations, and
how each combination will affect anti-squat and roll steer. If you are working with a 4 Link type of rear suspension, and are
displaying it in 'Side View', and new menu option of '4 Link' will appear for you to click on. Also, for each 4 link mounting
hole, the type of input is specified as 'Input (clc)', where the '(clc)' means if you right click on it, it will ask which side (left or
right) bracket you want to specify for entering in several possible mounting holes. Fig A 6.19

Added 'Virtual Scales' features, but clicking on the 'Adjust' drop down menu. Fig A 6.20 This feature has 3 different methods
of adjusting corner weights:
e  Turning 'Jacking Screws', which changes the preload on the suspension springs on the 4 corners of the vehicle and
typically affects Cross Weight only.
e Changing Tire Size, which changes the preload on the suspension springs on the 4 corners of the vehicle and typically
affects Cross Weight only.
e Changing Ballast, by adding weight to or removing weight from a certain location of the car, or by moving weight from
it's current location to some new location.
Note, 'Virtual Scales' is only available if you are working with both a front and rear suspension on a vehicle.

Refined the method of entering data into the measurements 'Grid. Now it is not so critical to press <Enter> after each new
input.

Program is now more Vista and Windows 7 compatible, and better able to handle latest versions of Adobe Acrobat.
Fixed some Watts Link bugs and now you can have the Watts link pivot mounted on either the axle or the frame of the car. The
Watts Link Wizard calculation screen is now easier to get to and suggested by the program to fix Watts Link math errors. Fig

A6.21

Added 3rd option for rear suspension springs, to be able to put spring on the upper arm. For the 'Decoupled' Live Axle (bird
cage suspension type, you can also specify the springs are on the bird cage bracket. Fig A 6.22

Program now highlights the appropriate cell in the spreadsheet when you click on a point in the layout drawing. Fig A 6.23
Added a '"View' button on layout drawing so you can quickly change some Preference settings which affect the layout drawing.
Fig A 6.24. Some of the new Preferences we’ve added which can be changed at the View button include:

e Added 'Bigger' Preference so you can select to make the layout drawing bigger on higher resolution screens.
e Added Preference to allow only 1 side to be drawn in side view (helps avoid confusion).

Now all versions have the Ball Joint Wizard for more accurately calculating the location of the center of rotation of the ball
joint. Fig A 6.25

Made several changes to graphing to allow for you to press the arrow keys on the keyboard to move graphs around and to not
run into limits where zooming and shifting would run into limits.

Program now automatically checks for old versions 1.1 and 2.0 of Suspension Analyzer on your computer for importing files.

The File, then Import... feature now looks for old versions 1.1 and 2.0 of Suspension Analyzer on your computer for importing
files.
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L]
When choosing different types of suspensions, the program now better checks for valid types of springs which can be chosen,
especially for solid axle rear suspensions. For example, torsion bars, and springs to upper arms can not be used on 3 link.

Added a Preference so user can enter in dimensions as low as -100 inches. This allows for components normally on one side of
the car's centerline to actually be mounted on the other side of the car. For example, normally the LEFT lower A arm mount on
the frame is mounted to the LEFT of the car's centerline. If you set this preference, you can now mount it, say, -20 inches, so it's
actually attached to the frame 20 inches to the RIGHT of the car's centerline.

Added a Preference to be able to display 'Jacking Component at CG' in the results. This shows the vertical jacking component
of the force vector at the location 'of the Center of Gravity. As this component increases, there is more jacking 'force on the
vehicle from that particular tire. This is very much related 'to Roll Center Height. Fig A 6.26

Added several new Graph features:

e Added new Graph option to show the Graph Legend (labels on right side) in Larger and Largest size fonts, found under
the Format menu on the Graph Screen. Fig A 6.27.

e Added new Graph option to show the Dive/Roll on the Y axis, found under the Format menu on the Graph Screen.
This will make graphs similar to that found in other suspension programs. Note: The cursor will NOT work with this
graph setting. Fig A 6.27.

e Added new "Restore Defaults" under Format on Graph Screen, to quickly put graph settings back to those used by most
users. Fig A 6.27.

Added a Preference for "Show Neutral Line for Anti-Squat/Anti-Dive" under the Main Screen Tab. An Instant Center which
falls on this line is considered to have 100 % AntiSquat or 100% AntiDive. Fig A 6.28.

Added several new features for Emailing suspension files and results:

e Added Emailing Preference tab with several inputs to allow easy emailing of files, graphs, and printouts to other
people. Fig A 6.29.

e Added new Email option under File at main screen to allow user to email a Suspension File to another user of the
Suspension Analyzer. Fig A 6.30.

e Added new Email option under File at main screen to allow user to email a PDF printout of the main screen with
suspension layout. Fig A 6.30.

e Added new Email option under Print on the Report screen to allow user to email a PDF printout of the Report. Fig A
6.31.

e Added two new Email options under File on the Graph screen to allow user to email a JPG graph. One option is for
256 color, which creates a higher quality, larger file which takes more time to send and receive. The other option is for
a 16 color graph, which is smaller and faster, however it requires the program to work with the MS Paint program on
your computer. Fig A 6.31.

Program now has a Help Screen which shows the X, Y and Z measurements for the front and rear suspension. This is available

by clicking on Help at top of main screen, or the first time you click on the data input grid on the main screen for help on an
input definition. Fig A 6.32.
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Fig A 6.14A Picking New Rear Suspension Types from Vehicle Specs Screen

Back{okl File Help

Click on Vehicle Specs to
open the Vehicle Specs
screen shown here. Then
click on Rear Suspension
tab at top.

Yehicle Specs T Front Suspension T Rear Suspension Lpi
General Specs Data Logger Sensors i
Suspension Type / Susp. Travel Sensor MNone - F&
|4 Link. Live Axle [with lateral locator) 4 j S
Truck &ms Live Asle ~ C3
Genlll [63-82) Carvette RS | Ride Height Measurements CY
IRS w Lower H A (T Bird, Mustang Cobra, etc) _ = bt
Solid [Live] Axle w Leaf Springs Lt Side. From Centerline i
Torque Armn Live Axle w Lower Control Ams = = ]__ec
Tarque Tube Live Ade Lt Side. Behind Wheel Center el
Decoupled Live Axle [Bird Cage') - -
Trailing Armn#Semi T railing A |ndependant b Rt Side, From Centerline —
Toeln { Rt Side. Behind Wheel Center —
Anb-Soul _ | Ch
Springs | Cail Over [outboard] = S
Suspen 1elp =
; Roll Bar |N J Click on the down arrow key to select the type of —
Locatio one b suzpension to analyze. Your chaice here wil i
Upper L determing what inputs are available at the Main
Upper Li Screen. poue
S
e i C (Lt same ag Rt} |y
Lower Li
etz L
W atts Li
Wiatts Li
Em———————————

This ‘drop down’ list now
includes 5 more choices
for Rear Suspension
types, the 4 bottom
choices here are all new.
The 5 Link is not shown
but is higher in the list, the
third choice in the list.
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Fig A 6.14 Torque Tube Live Rear Axle

Torque Tube

all directions.

R —

The Torque Tube rear axle has
one “torque tube” link attached
at one point, typically up near
the transmission. This pointis a
ball joint allowing motion in most
all directions. All accelerating
and decelerating torque is
transferred through this one
point. This tube has supports to
resist the axle twisting when
viewed from the top (plan view).
It then uses some type of lateral
locating device (panhard bar
shown here) to resist sideways
motion.

This suspension was used in
the 3™ generation Camaros and

Front ball joint, allows for rotation Firebirds, 1982-92.
but the center stays fixed in

= Suspension Analyzer v2.4 Performance Trends [ Torgque Tube ]

File Edit Graphs Reports Wehicle Specs  Adjust  Optimize Zoom  Animate  Preferences  Help

Torque Tube is an example
file supplied with program for
you to evaluate.

Front View] Side View} Top Yiew ] Ho View ] [ Dynamic l:l. l:l.
Wiew This is a view from the right side [right side of screen is front of car).
Gain based on 1" Dive.

Toedn Gair: 00" Rl Center HE: 12,50 Turn Radiuz: None Rall Center Right: Taen Gain: 00"
Anti-Sguat, Static 168.8%  Dyn 168.8% Anti-SguatSratic 168.8%  Dyn 168.8%

Side view of Torque Tube
suspension.

Suspension Data

Rear Suspension| |ocation of the single ball

Program only needs

joint.

Location Type  |RtOW B [RtHeight (] |RtDepthZ]  [LtOul (4] [CtHeight (71 [LtDeph@)l |~
Torgue Tube on Frame, in Input 1 13 52

W atts Link Mounts on Frame, in |Input [clz] |20 13 -8 20 12 -8

Srwinn Mrunt nn Frame Inrnat 4 ] AR 24 28 AR
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Fig A 6.15 Torque Arm Live Rear Axle

The Torque Arm is similar to the
Torque Tube rear axle. The
“pball joint” at the transmission is
now replaced with a slider joint.
Two lower control arms have
Torque Arm been added to resist the axle
twisting when viewed from the
top (plan view). It then uses
W. some type of lateral locating
e —— device (panhard bar shown
N——1\ here) to resist sideways motion.
All accelerating and decelerating
torque is transferred through the
lower control arms.

; This suspension was used in the

4 \ 4th generation Camaros and
Driveshaft typically goes along Firebirds, 1993-2002.

side or below torque arm.

Slider restrains motion laterally
To front

of vehicle and vertically only, not fore/aft.

Torque Arm is an example
file supplied with program

E Suspension Analyzer v2.4 Performance Trends [ Torgue Arm ]
for you to evaluate.

File Edit Graphs Reports Yehicle Specs  Adjust  Optimize Zoom  Animate  Preferences Help

Front View] Side View] Top View ] HNo View ] [ Dynamic l:l . l:l.

Wigw This iz a view from the right side [right side of screen is front of car). . .
Gain based on 1" Dive. Side view of
Torque Arm
suspension.
- Program needs
location of the
Torque Arm and
Rear Suspension
Toedn Gain: 00" Foll Center HE: 12,50 Tumn Radius: Hone Foll Center Right: .00 Toe-ln GajpZ00" | |Ower COﬂtrOl
Ant-Sguat, Static 139.1%  Dyn 139.1% Anti-Sguat, Stabic 139.1% DA 13912 arms.
Suspension Data
Location Type Rt Out () [RtHeight (v]  [RtDepth @ L 2] [LtHeight ] [LtDepth @) ~
T orque Arm on Frame, in Input 1 13 52
Lower Link Frame Mount, in |nput 24 9 28 24 3 28
Lowwer Link Axle Mount, in Input 25 7 0 s} 7 0
Fan Hard Bar [Frame = Rt Side], |Input 20 13 -8 20 12 -8
e —
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Trailing Arm

Rotation axis is parallel
to axle line in top and

To front i
front view.

of vehicle

Semi Trailing Arm

.*" Rotation axis is NOT
;- parallel to axle line in

It either top or front view.

To front
of vehicle

Fig A 6.16 Trail Arm / Semi Trailing Arm Independent Rear Suspension

The Trailing Arm style of independent
rear suspension has a control arm for
each rear wheel, which “hinges” on 2
attachment points on the frame. For
the special case of Trailing Arm, the
hinge axis is perpendicular to the
car’s centerline, and parallel to the
ground. For the Semi Trailing Arm,
these “hinge” points can be angled
with respect to the car’s centerline
and the ground.

Chapter 4 Examples

= Suspension Analyzer v2.4 Performance Trends [ Semi Trailing Arm Rear ]

Fle Edit Graphs Reports Wehicle Specs  Adjust  Optimize Zoom  Animate  Preferences Help

Front View| Side View | TopView | HoView | [ Dynamic =] =]
g »
Zoom In Gain based on 1" Dive.

Zoom Out
Zoom Off

-

Toedn Gain: - 03"
Camber Gair: - 53

Roll Center Ht: .14
Caster Gain: -3.68

Turn Radius: Mone Fioll Center Right: .00

Caster Gair: 368

Toedn Gain: - 03"
Carber Gaim:/ﬁ/

Suspension Data

—

/~  Rear Suspension

Semi Trailing Arm Rear is an
example file supplied with
program for you to evaluate.

Top view of Semi Trailing
Arm suspension

Program needs location of
the 2 “hinge” points for both
arms.

Location Type |F\l Height [7']

it Out <) [RtDepth @) Lt Out <) [LtHeight [v)  [LtDepth ) ~
Outer Attachment of Frame, in | Input 22 103 15 22 10.3 il
|nner Attachrment of Frame. in Input 8 9 13 8 9 13
Upper Spring Pad. in Input 18 16 2 18 16 2
Lawer Spring Pad, in Input 18 E5 2 18 ES 2
I Inner Shock Maont in Ik n 17 4 n 1R 4
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Fig A6.17 5 Link Independent Rear Suspension

2 links typically go toward

vehicle centerline to control

camber and locate tire laterally.

5 Link

Tie rod link typically goes toward
vehicle centerline to control toe in.

To front
of vehicle

2 links typically go forward
to control caster and locate
tire fore and aft.

The 5 Link style of
independent rear suspension
has 5 links with ball joints on
each end. One end of each
link attaches to the frame
and the other attaches to the
wheel spindle. This type of
suspension provides lots of
flexibility for designing in
desired tuning
characteristics. However, it
can produce “bind” in not
done correctly. The program
will estimate the amount of
bind, so you can watch for
this.

The C4 Corvette, 1984-92
used this type of suspension.

= Suspension Analyzer v2.4 Performance Trends [ 5 Link Rear ]

File Edit BeEly=N Reports Yehicle Specs  Adjust  Optimize  Zoom  Animate  Preferences  Help

5 Link Rear is an example
file supplied with program
for you to evaluate.

Side view of 5 Link
suspension.

Front Suspenszion

Front View] Side View] Top Yiew \| No View ] [ Dynarmic I:l. l:l.
Wiew This iz a view from the right side [right side of screen is front of car).
Gain based on 1" Dive.
—
Toedn Gain; - 20" Roll Center HE 3.79 Tum Radiug: Mone Roll Center Right; .00 Toedn Gain: - 20"
Camber Gain: .00 Caster Gain: -.68 Caster Gain: - 68 Camber Gain: .00

Suszpension Data

Location Type Rt Dut (<] RtHeight [¥] _ [RtDepth @) [Lt Dut (<] [LtHeight () [LtDepthl  Lal

Upper Ball Joint, Front, in Input [clc) 18 -1 25,029 18 1

Upper Ball Joirt, Rear, in Input [clc) | 26.039 17 3.7 25.039 17 3.7 Prog_ram needs
|Upper Frame Fivat, Front, in Input 23 17 21 23 17 2 location of each
Upper Frame Pivat, Rear, in Input a5 175 -4 1 175 -4 end Of the 5 links
Lower Ball Joint, Front, in Input [clz] | 25.5 E.535 984 255 BE.535 584 ’
Lower Bal Jairt, Fear, in Input [cle] |25.5 £.693 1,969 55 6523 1,969 or 10 ?(7 YandZ
Lawer Frame Pivot, Front, in Input 23 7874 20 23 Ta74 20 coordinates fOI" the
Lawer Frame Pivat, Rear, in Input 9 7.52 -2 9 7h2 -2 : H

Tie Rod on Frame Input g 11.654 -3 g 11.654 -3 Ieft and rlght side.
Tie Rod on Spindle, in Input 25.472 10.906 -3 25.472 10.906 -3 | |
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Fig A6.18 ‘Decoupled’ Live Axle (bird cage) Live Rear Axle

The Decoupled Live Axle is
rather complex, but provides
lots of flexibility for suspension
tuning. The “bird cage” is the
term for the brackets for the
control arm links. What's
unique about these “bird cage”

_ brackets is the axle housing is
Decoupled Control arm bracket is free to rotate on the free to rotate within the
np: " axle housing,via bearings. This bracket and
Bird Cage hearinglicicallod mrabird cager. bracket. Therefore, the control

arms do not affect anti squat.
Anti-squat is completely
controlled by the torque beam.

Due to its complexity, typically
only circle track race cars use
\ this type of suspension.

Lower arm can go
back (as shown
here) or forward.

/" € . Driveshaft typically goes
along side torque beam.

Torque Beam attachment to frame

To front via spring, damper, or other means.
of vehicle

Bird Cage Rear w
Brackets is an example

File Edit Graphs Reports Wehicle Specs  Adjust  Optimize Zoom  Animate  Preferences Help 4 Link f||e Supp“ed Wlth program
Front View| Side View | Top View | NoView | [ Dyname = =] for you to evaluate.
iew This iz a view from the nght side [right side of screen iz front of car).

Gain baged on 1" Dive.

ﬁ Side view of Decoupled
Bird Cage Rear

—
Front Suspension

Toe-ln Gain 01" Roll Certer He: 9.57 Turn Radius: Mone Fioll Center Left: 1.78 Toe-ln Gain: -07" - =
Anti-Squat, Static 225.3%  Dpn 225.3% Anti-Sguat, Static 225.3%  Dpn 225.3% H

e, 2 i e e al ,— | Program needs location
Suspension Data f th 2 t I f
Location Tope  [REOU[) [RtHeight [1] _ [RtDepth 2] [LtOut[x] [LtHeight[v]  [Aeptiiz) |~ or the £ control arms 1or
Upper Link Frame Mount, in Input [clc) |14.5 175 15 14. 18 9 each S|de and the
Upper Link Axle Mount, in Input [cle] (17, 185 0 19. 18 1] . ?
Torque Beam Mount on Frame,  |Input 2299 14 44 a o o |Ocat|0n Of the tOFq ue
Lower Link Frame Mount, in Input [cle) |20 9 24 20. 10 23
Laower Link Axle Mount, in Input [clc] |18 g 1 18. 9. 1 beam 3
Fan Hard Ear [Frame = Rt Side], |Input 18 3 -7 17 10 -7
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Fig A 6.19 Four Link Features

Hole i1
Hole #2
Hole #3
Hole #4

Miasurements

# Hyles m' Hole Used |1 «

Inches  Inches

Ahead  Above

of dxle  Ground Decimal

Equivalents:

3 ites 1/8=.125

20 155 1/4=25
3/8=.378

20.5 145 147 =
B/f = 25
3/4=75
7/8 =875

Right Side Upper Link Frame Mount Bracket Locations

File Edit

T

Graphs

P R D T

Reports

[T )

wehicle Specs

Click This screen
q Ic tonl i lets you enter
; nput (clc) several hole
orr? | locations for
parucular each bracket.
mount to
choose
which side’s
brackets you
want to edit.
Screen to
right will be
i Roll Center HE: .00 Tum Radiug: Mone Fi
displayed. S
TuspTTSTOTT GO
Location Type \ Rt Ot () Rt Height [v]
Upper Link Frame Mount, in Input [“'\‘ —— : '_l
|Upper Link Axle Mount, in Inpu | Edft Right _Slde Brackete
Lower Link Frame Mount, in Input [ Edit LEFt_S'de Bracksts
Lawer Link Axle Mount, in Input[  (Close This Menu
Wi atts Link Mountz on Frame, in |Input (clc) |18 12

4n

Adjusk

Front View1 Side View ] Top Yiew ] Ho Yiew ] [ Dynamic

Opkimize  Zoom Animake  Preferences

Generate Several Holes

OK/Exit | He|p| l:ance|| Plinl|

Maove &ll existing holes Thiz ruch

Up Downl Folwaldl Backl

Note

First pick the # of

enter the measun

from the center o
| center of each h

center of each h

These buttons let
you move all holes
a certain amount

[~ Copy Holes to Left Side Bracket

hale iz currently

of “This much”.

= Suspension Analyzer v2.4 [ 4 Link Rear, w Watts Link and Bracket Holes ]

Help 4 Link

& [ &

In Side View, click on 4 Link
to display “Right Side
Brackets” features shown

Click on a bracket hole, and instant
center or pick a Hole # from the 4 bracket
lists to check a particular combination.

Toe-In Gain; 00"

Roll Center Ht, 9.00

Anti-Squat, Static 821%  Dyn 82.1%

aght zide of zcreen iz front of car).

Turn Radius; None

Roll Center Right: .00
Anti-5g

Toedn Gain; 00"
7Static 64.0%  Dyn B4.0%

Right Side Brackets
Haole #

[ o Framme— |4 -
i -
3 -
2 -
IC Z [ahead of a«le); 1097
ICY [abowe ground]:=12.7

Ak Squat =821 %

|- Lead Change: 030
Turn Radiugz = 9707 ft [Rt)

Upper Axle
Lower Frame

Laower Axle

| Table
Cloge [keep changes]

/ Cloze [abandon changes) |

Help

Suspenszion Data

TSP Ir TSR 5t Height [v) _JRfDenth Click her [LtHefbht Y] Lt Depth [2) ~
Anti-Squat and Roll Steer characteristics |75 19 t I(<: ere 18 19
of the combo you chose are shown here. |25 u O Keepyour | 43 o
. I ! 24 changes. 10 2
| 256 4-link Combinations (sorted by Anti-Squat) Click here to
Back (abandon changes)  Back (keep combo highlighted)  Print Sark Table By... Help prOd uce table of all
Top Axle |Bottom Top Frame |Bottom Instant Instant Percent Lead Turn - combinations shown
Bracket Axle Bracket Frame Center Center nti-5quat |Forward. |Radius to left
Hole Bracket Hole Bracket Length, Height, inches Left, feet i
Hole Hole inches inches
3 4 1 1 -994.4 -37.3 26.5 025 11411 .
3 3 3 1 1858 70 27 59 4929 Click here to !'arjk all combos by
1 2 3 1 98.2 3.8 27.2 122 2382 the characteristic you are most
1 2 1 2 1995 80 284 051 -B678 interested in.
4 3 4 1 168.6 FAL 29.4 063 -4643
3 3 3 3 1072 1 on ana nEd REd173 L]
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Fig A 6.20 Virtual Scales

Suspension Analyzer v2.4 Corner ird Cage Rear w Brackets ]
Back Back (keep changes) Print  Help
= = Left Fight
V| rtual Jacking T Tire Change T Move Weight
Sca|eS _‘ Left Front Right Front Static  Mew
Threads/Inch Threads/Inch Height AS7E AS7E Rear % Height
turned on e 5621 5621 Lek i
. . Turns Down Tumns Down D % 5 3 5 eft % 04
by Cllcklng S o 5327 5157 Cross |
A Static Weight Stalic Weight IE' -
on AdJUSt = - Lbs Lbs
’ Spring Rate Spring Rate I:I 500 535
then Corner Left Rear Right Rear G14.4 520.6
We|g hts Threads/Inch Threads/Inch
Turns Down D Tumns Down D %
q q Static Weight Static Weight
E Suspension Analyzer ¥2.4 Performance Trends [ Bird Cape Rear, i Sl LA EI
Spring Rati ing Rat
File Edt Graphs Reports Yehice Specs MEUIIES Optmize Zoom Animate Prel prng e :l EnoCee :I
Front Vie"} Side Vie“} Top Vie“} thanige Left Upper fim Help Definition: Enter the number of tiyns from where you started, Height Height
or click on the Up/Down button to toggle the reading up or down 1 oo oo
View This is a view fron Change Richt Upper frm i turn. Where you started is the screw pojjtion which produced th 23 T
Static Corner Weights shown here. : :
Ride Height ™ ™
_ — 645 435
Left Wiheel/Tire Offset Important: The estimates made in this screen\are baseg/on several
Right wheelTre Offset assumplions, two of the most impotant being the chagesis is 6306 4434
o peifectly stiff and the tires are perfectly <tiff.
Rear e Cross weight is adjusted
by turning on Jacking

Suspension Analyzer v2.4 Corner Jacking Screen, [ Bird Cage Rean w Brackets |
Back Back (keep changes) Print  Help

= = Left Right
Jacking Tire Change Move Weight
Heigh Static  Mew Heigh
Tire to Change Right Front - DED'? ! 4876 4576 Rear% D‘E‘? t
0E.21  DEZT LeftZ

What to Change Circumference - e 5327 5390 Cross =

Lbs Lbs

Current Tire New Tire 600 535
Circumference 745 Circumference 5931 541.9

7 |

Height Height
0 o0
Help Definition: Enter the numbes of thieads per inch for the -1 - Cross weight changes by

jacking screw on this corner of the car.

e 47 N I L changing tire size.
E51.9 428.1

Important: The estimates made in this screen are based on several
assumptions. two of the most important being the chassis is
perfectly stiff and the tires are perfectly stiff.

= Suspension Analyzer v2.4 Corner Jacking Screen [ Bind Cage Rear w Brackets |
Back Back (keep changes) Print Help

Left Right
Jacking | TieChange | MWove Weight
Cumnrent Vehicle Weight [2215. il;;g :J;lgg Fear %
New Vehicle Weight 2215. 56.21 G366 LeftX

5327 5131 Cross

Weight Change  |Move Weig v| Weight to Move Lbs Lbs
600 535

Cumrent Location New Location 5634 \ 5313

ﬁ;"ﬁ‘l‘i’,ﬁ'ﬂ"" [ahead | ﬁr;ﬁi?ﬂ:}nd Ahead — | All weights and Weight

D e E percentages can change by

, : @ moving, adding or removing
Left/Right of Left = Left/Right of Right ~ . .
Cenaiing opcitns ’ weight from the car at a particular
Distancs Brsnie ] location. Program also shows

) - : Lts Lbs new CG location and location of

n: Pick whether the weight is ahead or behind the £45 435 . .

ity ne connecling the center of the left and night rear 552 4952 We'ght added and We'ght
removed (or how weight was

moved).
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w| Yehicle Specs

Back (ok) File Help

Fig A 6.21 Watts Link Features

Now the Watts

Link pivot can be
either on the axle
housing or on the

[

Vehicle Specs

Fm/’nl Suspenzion

frame.

General Specs

Suspenszion Type

|3 Link. top link Right side Live Axle

[~

Lateral Locating Linkage

|Watts Link, center link attaches to Frame/ j

Panhard Bar. frame attachment on Left spde

Panhard Bar, frame attachment on Hightﬁde
Watts Link, center link attaches to Axle

Data L

Susp. Travel Sensor Yes -

Ride Height Measurements
Lt Side. From Centerline
Lt Side. Behind Wheel Center

Rt Side. From Centerline

L

W, Watts Link

Enough Dimensions ?

Specs for Center Pivolt

Distance Behind Axle
Height Above Ground

Center Pivol to Arm Pivot

Specs for Arms

Arm Length

Springs |C0il Over [outboard) j
RollBar  [Wone |
Symetric Chassis (Lt same as BY) [y, «

Enter just a few inputs, then click
on the “Use Calc Value” button in
the lower left when there is a
“Yes” in the “Enough Dimensions
?” box. Program will create a
typical Watts Link as shown
below. From here you may want
to fine tune the inputs some more.

MNote:

Top Arm Goes

Check Figure 46.5 in Appendis B for a picture of
these various inputs.

Usze Calc Value | Help | Cancel | Print ‘

1

-
N

I

File Edit Graphs Reports Wehicle Specs

Front View} Side View] Top Yiew ]

Adjust

[_1E

Mo Yiew ] [ Dynaric

[ 1S

= Suspension Analyzer v2.4 Performance Trends [ watts pivot on frame |

Optimize Zoom  Animate  Preferences Help 4 Link

Wiew

Gain based on 1" Dive.

Thiz iz a view from the front of car [right side of zcreen iz actually left zide of car]

/

L ]

k

Toen Gain -.01" Foll Center HE: 12,50
Anti-Squat, Static BE.4%  Dyn BE.4%

Turmn Radiuz: None

oll Center Right: .00

Tiod

Anti-Squat, Static 23, 23

Suzpension Data

/

All 3 rows of Watts Link inputs
have been filled, and a
workable Watts Link has been
drawn.

The Watts Link Wizard is the
fastest way to avoid errors
from a combination of binding
measurements. This can
occur when you have
switched from a panhard bar
to a Watts Link, or made some
other significant change in the
Vehicle Specs screen.

Lacation Type Rt Out [4] [RtHeight[¥)/ [RtDepth@ Lt Out ) [LtHeight [v] Lt Depth 2] ~
|Jpper Link Frame Maunt, in Input [cle) |0 2075 18

|Jpper Link Axle Maunt, in Imput [cle) (0 24 -3

Lower Link Frame Mount, in Input [clc] [24 B.25 28 24 ] 28

Lower Link Axle Mount, in Input [clz) |25 A .o 25 A .o

Wi atts Link Mountz ondele, in |Inpat [clc) |22 145 -8. 22 05 -8

W attz Link Pivot Bar on Frame, Ianh\(\c:Ic:] ] 145 -8. ] 05 -8.

W' atts Link Pivat Bar Fivol, in Irput [y |0 1245 2 0 1245 -8

Click on “Input (clc)” for any of the Watts Link
rows and the “Watts Link” screen in the upper right
corner will appear.
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Fig A 6.22 New Spring Mounts

| Yehicle Specs

Backiok) File Help

3

Yehicle Specs

Front Suzpension

Rear Suspension

General Specs

Suszpension Type

|Decoupled Live Axle [Bird Cage']

Lateral Locating Linkage

|W’atts Link, center link attaches to Frame

Include Driveshaft U Joints

Springs Attach To | Aue Housing

Lowwer A

Upper Armmn
'Bird Cage' Bracket

Springs
Roll Bar

Cail Over

|None

Symetric Chassis (Lt same as Bt) |1y,

-

Data Logger Senspfs

Suzp. Travel
RidgrHeight Measurements

t Side. From Centerline

Lt Side, Behind Wheel Center

At Side. From Centerline

You can now locate the
spring on the upper arm for 4
link (including bird cage) type
rear suspensions. Also, if
Bird Cage, you can also
select to mount on the Bird
Cage bracket itself, the most
common method for Bird
Cage suspensions.

Il

At Side, Behind Wheel Center

Help

Click on the down arrow key to choose where the
springs ahd shocks are attached [both are assumed
to attache to the same suspension component). p x=

Fig A 6.23 Highlighting Cell from Clicking on Layout Drawing
= Suspension Analyzer v2.4 Performance Trends [ watts pivot on frame ]
File Edit Graphs Reports  Wehicle Specs  Adjust  Optimize  Zoom  Animake  Preferences  Help
Front View] Side View] Top View ] No View ] W Dynamic l:l. l:l. I:I.
Wig This iz a view from the front of car [right }ide of screen iz actually left side of car).
Gain bazed on 1" Dive. . .
Click on a point on the
suspension layout
drawing with your
mouse...
G_‘———________-
* * |
- Front Suspension
t\' Fear Suspenzion
Toedn Gain: 00" Fioll Center HE: 3.24 Turn Radius: Mo Fioll Center Left: 8.30 Toedn Gain: .24" and the
Camber Gain: -1.20  Caster Gain: .05 Caster Gain: 13 Camber Gain: -1.58
- measurements for
Sugpension Data \ / . .
Location Type  [REOWX] [RtHeidht [v] _ [RtDepth ) |LEOut 4] [LtHeight (] /Lt Depth 2 that point will be
Upper Bal Jaint, in Input (cle] [22.812 18625 75 2285 1925 375 highlighted in the grid
Upper Frame Fivat, Front, in Input 14812 16.062 -4.25 1515 15,562 4,437
Upper Frame Fivot, Rear. in Input 14.562 15812 6.343 15.0625 18125 B as Shown here'
Lawer Ball Jaint. in Input [cle] |25.5 ] 1] 2RT2 0
Lower Frame Pivat, Front, in |npt .04 E125 437 10125 hE75 23
Lower Frame Pivat, Rear, in Inpt 8128 B 20,75 10125 5875 20937
Tie Rod on Rack, in Input 8.15 EE11 10,1875 5.487 -4.562
Note: This features works best if the
suspension is drawn at static ride
height (Dynamics is turned Off).
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Fig A 6.24 New View Options on Main Screen

= Suspension Analyzer ¥2.4  Performance Trends [ watts pivot on frame ]
Adjust

File Edit Aaraphs Reports  Wehicl
Froi ieww Side View

le Specs

Optimize  Zoom  Animate  Preferences  Help

Top View | No View | [ Dynamic

[ 8

8

&8

w Draw Layout Standard Size

Side Yiew Shows Right Side

Maore View Options

Draw Layout Bigger Size
Draw Layout Biggest Siz/
w Side View Shows Both Left and Right Side
Side View Shows Left Side Only

s based on 1" Dive.

i

Jji This ir 2 wiaw fram tha frant of - 31 [right side of screen is actually left side of car).
w Don't Draw Extension Lines on Fronk Yiew

Draw Extension Lines on Frant View

L]

Click on the View button for access to
several commonly used Preference
settings. Note: You can also change
these settings in the Preferences menu.

only

;

L
Close This Menu * Front Suspension
L — Rear Suspenzion
Toe-n Gain: 00" Foll Center HE: 3.29 Tum Radius: None Roll Certer Left 830 Toedn Gain: .24"
Camber Gair: -1.20 Caster Gain: .05 Caster Gairc .13 Camber Gain: -1.58
Suspension Data
Lacation Type  [RAEOWDE [RtHeight [¥]  [RtDepth @ [LtOut (<) [LtHeight (1) [LtDepth i2) ~
Upper Ball Joint, in Input [clc) [22.812 18.625 75 22.85 19.25 375 E|
Upper Frame Piwat, Front, in Input 14.812 16.062 -4.25 1515 15.562 -4.437
Upper Frame Pivat, Rear, in Input 14.562 15.812 6.343 15.0625 15.125 3]
Lawer Ball Joint, in Input [cle) |25.5 7.25 0 25712 0
Lawer Frame Piwat, Frant, in Input 8.04 6.125 437 10125 5.875 23
Lawer Frame Pivat, Rear, in Input 2125 B 20,75 10125 B.875 20,937
Tie Rod on Rack, in Input 815 E.E11 -4.25 10.1878 5487 -4 RE2
Tie Rod on Spindle, in Input 25 757 -5.406 245 8.454 4625
S pring Mount an Frame Input 16.625 25 1.59375 18.937 245 8
S pring Mount on Lawer Arm, in,  (Input 22.78 8.25 125 22812 s 187
Upper Sensor Mount, in Input 16.625 25 1.69375 18.937 245 8
Lower Sensor Mount, in Input 22.78 8.25 125 22.812 Il 187
[ ———————————
Roll Bar on Arms, i Input 221 [tk 1312 22937 fills) -1.312
Spring Length, in Output  |17.91 17.45
S pring &ngle: from Front Oulpat 2018 12.84
S pring Angle friom Side Output h.01 206
Spring Ratedwheel Rate Input [cle) {350 188.1 35 146.6
Mtn. R atio Sprng/Shek/RB ar Output 733 a7 JB52 B55 v

] Suspension Analyzen ¥2.4 Performance Trends [ watts pivot on frame ]

Select to “Draw Layout Biggest
Size” and the screen will be
redrawn as shown below.

File Edit Graphs Reparts Wehicl

le Specs

Adjust

Optimize  Zoom  Animate  Preferences  Help

Front View| Side View | Top View | HoView | [~ Dynamic

8

8

18

Layout drawn to
Biggest Size.

R This is a view from the front of car [right side of screen is actually left side of car).
Gain based on 1" Dive
[ ]
L J
Tog-n Gain: .00 Foll Center HE: 3.23 Tum Radius: None Foll Center Left: 830 Toen Gain: .24"
Camber Gair: -1.20 Caster Gair: .05 Caster Gain: 13 Carnber Gain: -1.58
Suspension Data
Location Type Rt Out ] RtHeight [¥]  |RtDepth (2] [[Lt Dut [<] [LtHeight 1] [LtDepth[2) ~
Upper Ball Joint, in Irput [clc) 18.625 fitg) 2285 19.25 .37
Lipper Frame Pivot, Front, in Input 14812 16.062 425 1515 15,662 -4.437
Lipper Frame Pivot, Rear, in Input 14,562 15.812 6343 16.0625 15125 E
Lower Ball Joint. in Input [clo) |25.5 7.25 a 25712 6.625 o
Lower Frame Pivot, Front, in Input 8.04 E125 437 10.125 5.875 23
Lower Frame Pivot, Rear, in Input 8.125 B 2075 10,125 5.875 20,937
Tie Rod on Rack, in Input 9.15 EE11 -4.25 101875 5.467 -4.562
E L o 507 £ anc M E 0 4Ed 4c0E M

Front Suspension
Rear Suspension
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Fig A 6.25 Ball Joint Wizard

Front View| Side View | Top View | HoView | [ ICREEIBSTIERTZITY

This is the center of the ball
joint’s rotation, the numbers
the program needs.

Wiew This is a view from the Front of car [right s Dionc = tionie=sEonbla Hol el o These
Gain bazed| Ball Joint Location |22.44 [0.3497] are the
Measured Location El/ measure
Specs -ments
Side Right - you
Ball Joint Type |\ 727 K7263/1003) entered
9|ICk on Stud Points up = into this
Input (clc) screen.
to open the ]
i *
Ba" Joint M easurement Point Stud Tip -
Wizard Length to Measurement Point
shown to Fiall Center Ht: 3.29 TunRad |
. Cazter Gair.05 I 2 Flange Angle -
the right. idevi
g Angle from Front Side Wiew Bottom
Location Ty[!;e Rt Out (<] An - =
o | gle from Side -2 HNote:
Upper Ball Jaint, in Input [clc] . - Pick a side on which to base these calculations,
Upper Frame Pivot, Front, in Input 14.812 Stud Tip X Left or Right.
Upper Frame .F'iv.ot, Rear, in Input 14862 Stud Tip ¥ 202
Laower Ball Jaint, in Input [clc] |25.5
Lower Frame Pivat, Front, in Iriput 4.04 Stud Tip £ E
Lower Frame Pivat, Bear, in Input 2125
Tie Fod on Rack, in Input 815 ; ) e
Tt anen Input 25 Usze Calc Yalue | Help | Cancel | Print | Front Yiew |

= Ball Joint Location E|
Distance from Meas. Point to Ball Joint: 1.45 Top
Ball Joint Location
Measured Location
Specs
Side Right v
Ball Joint Type ’W - -
Stud Points Up -
[Flange ]
[ ?
Measurement Point ,m
Length to Measurement Point
Angles to Use ’W‘
Angle from Front Side View Bottom
Angle from Side MNote:
. Pick a zide on which to baze theze calculations,
Stud Tip X Left or Right.
Stud Tip Y
Stud TipZ

Same screen as above, but after
clicking on “Side View” button.
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Fig A 6.26 Jacking Component

C.G. Position Left/Right

= Preferences

File Edit Graphs Reports ‘ehicle Specs  Adjust  Optimize Zoom  Animate  Preferenc

Teft side of car).
(1 ( Main Screen T Printing & Graphing 0K
[ Definitions | File Options
iCaiculations 1 Emailing h -
Cancel ] -
| -
3 Link Convergence Limit, % 030 - | - =
I
3 Link Max Calc. Atempts a0 = Ef:;h ] - | - -
Colors - 1 =
Leaf Spiings Add o Roll Sliffness 0% - |
oy ] =y T - ~| Right Jacking
etic Inputs Mo - Restant | :
Enter Toe In As D Showing
: Pegees = | || Shoming M Component
Show Jacking Component at LG Ve - b ef 220 ToslnBai 24" =
Gair: .13 Camber Gain: -1.58 -
i Help - '
. 21 Le0utx) Lt Heigh e T R
Turn Oniin — 2285 1925 b= o - .
About L=
Preferences. Updating . [l Wl
Left Jacking | —~ : 7 SR L
- -t ==
Component = : : i
= T B 1 ] 1
| 245 £.454 v {:: : v
- v 18.937 245

= Suspension Analyzer ¥2.4 Performance Trends [ watts pivot on frame ]

es

Gain based on 1" Dive.

L e ——

1
Turn Radius: 304 f Lt
Turn Taoe [ 00"

Roll Center HE: 316
Caster Gain: .05

Toe-n Gain: 00"
Carber Gair: -1.20

Front View] Side View] Top View ] No View \| B¢ Dynamic  Dive B ol . Steef.
e This iz a view from the front of car (right side of screen is actugly left side of car).

Roll Center Left: 7.58

Caster Gain: .12

Animate-0Ff

Continuousl |
Farward | Back |
Faster | Slower |

Time 2.800

Eng RPM: BE23
Diztance: 425

Front Suspension

Rear Suspenszion

Toeln Gair: . 24"
Camber Gair: -1.58

Suspengion Data

oif | Options | Help | - - -
- zﬁmon_ Static and Dynamic Jacking
\ = Component shown here in results.
@k}\ _— T ]
,// _——1|| Program is in Animate mode
/
Location Type Rt Static: |F|t Dynami;/ |F|t Change ||Lt5tatic |Lt Dynd feature allows you to WatCh the
Enti Dive, % Dutput |7 13 B 77 7.9 Roll Center and Roll Axis change
Jacking Component, in Output 292 286 -06 91 3ER dynamica”y and also draws the
Upper &rm Len TruedFmtsRr, in | Dutput 8568 978 10.36 8.66 9.80 CG C t ’ f G it [ i
Lower &m Len True/Fmt/Rr, in |[Qutput |21.25 10.3 27.09 0 ( 9” ero _raV| y) ocation
Spindle Length, in Dutput__|23.04 4 2802 -3 dynamically. This feature was
Tie Hoc.lfSteer?ng Arm Length ,_in Output 94.00 0 14.62 475 used in this illustration ONLY
Frant Yiew Swing Arm Length, in | Dutput 540 4319 5.1 |7 384 . . h CG
Side View Swing Am Length, in |Output |0 19303 19303 0 454.9 beca_use it Qrew in the o
location to illustrate the definition
Total Roll Stiffness, ftlbs/deg | Output 14148 H
Front Roll Couple/FLLD, % Output 7E11 4313 some Of the Jacklnq (Eomponent'
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Fig A 6.27 New Graph Features

. =i Suspension Analyzer v2.4 [ Shock Sensors Front and Rear, |

Data To Graph (graph bype)

Back File BEEnES View Graph Type Add Suspension  Help

I 3 3 1 R A R

Classic Font
Size

Standard Y axis layout, with Roll (or
Dive or Steer) on X axis.

______________________________

-----------------

______________________________

T r Camber Vs RU" degrees shock sensars/front

- Back Color L T- IO P . pe s . Camber Lt

! W Axis is Dive/Roll | i i i i

0 Legend {graph line labels) 4 v Classic View (smaller)

:'! Reeturn to Defaults Larger Yiew

! ! ! ' Largest Yiew ! ]

------------------------------ 1448

e et et 4---T28
20 15 10 &

FAAB- |- ememe
L R .
Graph has been turned on its side, so the
e I R T— “Roll” axis in this case is the vertical axis and
| Camber is on the X axis.

b
]

Ret‘rn to Defaults

Camber vs Roll degrees (on
' Camber Lt

9' '| """" Fpe===== b B ‘ i hl
Classic Yiew {smaller) E : E

Larger YWiew
v Largest View

----------

____________________________

_________

...............................

T 14 2 Y

.......

Click on Restore
to Defaults to
switch most
settings back to
“factory” settings.

...........

Roll

......

- amn-

Larger Labels in
the Graph Legend
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Fig A 6.28 Preference for Neutral Line for Anti-Squat and Anti-Dive
( S— [ File Dptions ok Neutral Line for Anti-Dive.
( Calculations [ Emailing Side View Instant Centers
Main Screen | Printing & Graphing which lie on .th|s line exhibit
Cancel 100% anti-dive. Instant
Draw Front Yiew Extension Lines Yex v Centers below this exhibit
: - o Loy
Main Screen Yiew |Fr0m Front ﬂ Set B8 Suspension Analyzer v2.4 P less than 100% antl-d.lve and
Dynamic Aow Buttons [Moves 50 inches ~] g;?gg Fle Edt Graghs Reports wehides| al© typ'_Cal-_ Ne'zjtra| Line
Refresh Calcs after Neutral Line Front View| Side View] Top Vi ShOWn in Slde view Only.
Main Screen show Frontsidl  Preference under Lstart iew This is a view from the right side [right side of screen
Main S tab owing Gain based on 1" Dive.
Layout Shows "Gains' [change ain screen tab. p Tips
Show Front wihieelbaze Change [Tes =]
Draw Susperygion Layout... Std Size - Help
Side Yiew Shows.. | Show Left and Right ] o N
Don't Ask
Rear Azl |Dlawn Centered Between Tires j ';1,,“‘8
&llow Evftering Rear Lead ez - Updating
Allow Hon-Typical Megative Measurements
Show Neutral Line for Anti-Squatitnti-Dive . ]
= Toedn Gair: 00" Roll Center H: 2.29 Turn Radius: Mone Roll
|| Camber Gair: -1.20 Caster Gair: .05
Suspension Data
[Lacation [Type  [REOutf2] [RtHeightrr]  [Rtl

[ Main Screen T Printing & ﬁlayﬁl(ng
[ Definitions | File Optjpfis
Calculations T f
Email Info |Use Specs Below j
SMTP |smtp_hostcenllic.com |
Port Number
Use Secure Socket Layer Na -

Password Enter/Edit P\ |

[1].4
Cancel

Set
Graph
Colors

Restart
1Esld

Accounts, etc.

“From:* Email Address

|kevm@petlolmancetlends com

Path to M5 Paint \WINDDWS\SYSTE Fmé

Help Tips

Help error

Enter the Email Specs used by your email service. For
Email Info, you can choose from several Default
providers which will fill in SMTP, Port Number and Use
Secure Socket Layer, or use “Use Specs Below” to enter
most anything you want. Note: The Default specs may
not always work for those providers and things change.

To find these settings, you may have to go into your
email program and click on things like Properties, Mail

To get these settings correct may require some trial and

on't Ask
About
pdating | |

Click here to enter your email password. Note that it is
NOT stored in an encrypted form

Enter the email address you want emails sent from the
Suspension Analyzer to be marked as “From”.

Click on the Find button to find the path to the Windows Accessory “MSPaint.exe”. This path is
only used if you want to send a graph in the faster, smaller file size of 16 bit color.
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Fig A 6.30 Emailing from Main Screen

[~ VAR s | At Main Screen, click on File and 2 Email options are listed. Email
aG Edt Graphs Reports ehicle spege Adist Opiimize Zeom | Gspension File will email the saved version of the file you are

e (start ne suspension) i [Bmeme | currently working on. This file is really only useful to some who
Open {from all saved suspensions) Chrl+0 m a|SO owns the SUSpenSIOH Analyzer

Save Chrl+s don 1" Div '

Save As Ctrl+a

Import Suspension Fie N Email Main Screen... will send a picture of the Main Screen with
Open from Floppy Drive (44 Diive) | suspension layout drawing. If there are some calculations of

save ta Floppy Drive (A:fDrive) \ particular interest you want to show, scroll down to those

Backup Suspension File calculations in the grid before sending this email.

Restore From & Backyp »

Print Main Screen with Suspension Layout 3 e j,

Print Main Screen/fata Only ?

Print Blank WorlSheet b

Windows Printfr Setup L ) Suspension Analyzer,

Ermnail Suspedision File 5 None

Email Main Screen with Suspension Layout as PDF At the next screen, simply click on 'Save’ to use the "3-D Suspension Analyzer,PDF' file name For Acrobat Distiller,
Unlack Program Options il@

Exit Program Chrl+ ::gggg

This info screen only appears if you are sending the
Layout as a PDF file. As it says, in the next screen to
lower left, simply click on the “Save” button to proceed.

For both “Email to:” and “CC to:”, click on the drop down to choose from emails you have
already used, or type in a new email address. You do NOT have to choose a “CC to:”
address. In that case, leave it blank.

Save PDF File As @@ m. Email To:

Savel |(B} Deskion =l o B Type in email addresz or pick from lizt below
Y 4 My Computer Email to: |tech@perfnrmancetrends.com ﬂ
uﬁ ‘JMV Mebwaork Places Th fl :;3 D
My Recent |75 advantia Oneclick v2 € 1le name "o- T b -
DOCUMENs o= oot Visual B, pef Suspension o |kewn@perfurmancetrend&u:om j
7:‘_ 4 Shorteut to Printers and Haxes Analyzer pdf" Sh0u|d
Desktop already be filled in and it Message to Send
should be directed to Gary,
jg save it to the deSktOp' Thiz shows the anti-dive for the new suzpension,
My Computer You should only have to
l'] click on the “Save” button
-
by Metwork
Flaces
Send
File name: | nalyzer. j Save | Candal
Save as lype: |F'DF files [*.FDF] j Cancel

_

Enter a message for the email recipient.

Then click on Send. NOTE: It may take

3-D Suspension Analyzer §| 1-2 minutes to send, especially a 256
— color graph on a large screen.

Message sent

— | If everything worked well, you will get this message. Otherwise, you
will get an error message.
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Fig A 6.31 Emailing from Report Screen and Graph Screen

From Report Screen, click on Print to bring up Print Report Options screen [

Std Conds:  Camber, Caster,

i ] Toeln:  Track:
=h| comments | | Fiigh 8575 377 0
=l Lsft B 17 0

L0 Report Dptions
-2.500 =
2.000 [® Include
1,500 % iInglude Dther Specs!
.000 [X Include Test Comment
._5‘,00 X Reguest Report Compfient
jgﬂﬂ % Email a¢ PDF File
1.000
1.500 [ Larger Fonts [print size)
2.000 . g
2500 Print Report Using These Specs |
3.000
Tip
Dive Close See page 79 in manual for more n deg
infi. ol =0
-3.000
-2.500 -2.454 047
-2.000 -1.926 -.030
-1.500 -1.416 _.016
-1.000 -.925 -.006
-.500 -.453 -0m

. & Suspension Analyzer ¥2.4 [ Shock Sensors Front and Rear 1

Back NaleW Format View Graph Type Add Suspension Help

Fioll Center: Repart Conditions:

Ht 3.29 Haold Steer =.000

Left: 8.30

e Check this new “Email as PDF File” option (and any other options
12 you want for this printed report), then click on Print Report Using
11 These Specs to send. The process is very similar to the emailing
14 PDF file shown in previous Figure A 6.30.

1.6]

1.6

11 What we are basically doing is finding a PDF printer type on your
18 computer, printing the report as a PDF file, and then attaching it to
zof an email, all in 1 step.

Caster Caster Camber Camber

Lt. Roll =0 RAt. Roll =0 Lt. Roll =D Rt Roll =0

1.269 3.560 6.774 675

1.345 3.602 6.191 414

1.419 3.642 5677 -097

1.492 3.679 4.930 -.275

1.563 3712 4.252 -.699

1.633 3744 3.542 -1.174

Options for emailing graphs under “File”

Add Test ta Graph

elel=] 2l le] =] ]ruviee]set scaed

Print Color {solid ines) C
Print Black & White (dashed lines)

er vs Roll degr

2es

shock sensors
Carmber Lt

Windows Print Options / --------- [ B K

Email 256 Color Graph 7 & | 4 4 4

Email 16 Color Graph _\—-'—‘——-__i______é

Exit T i +
------------------ TS A
20 15 10 5 & 10
,,,,,,,,,,,,,,,,,, 3 S A
S [ oyt L-2:460

If you selected to do, the
smaller, faster 16 color graph,
the program explains that
MSPaint.exe will start up. You
must wait while the Suspension
Analyzer directs MSPaint.exe

| to save the graph in the 16
color format.

Roll

3-D Suspension Analyzer,

Please wait while the Engine Analyzer Pro starts up Microsoft Paint (tm) ko create your 16 color graphics File.

‘while Paint is running, do not use your mouse ot keyboard,

format.

\§ HGraph.mp - Paint

Wait while MSPaint.exe is directed
to save the file in the 16 color

Fle Edt fiew Image Colors Help

& Suspension Analyzer ¥2.4 [ Shock Sensors Front and Rear |

o 5 5 5 I
T EE R EE

& Email To:

Type in email address or pick from list below

Email to: |tech@perf0lmancetrends.com

=
[~

CC ta: |

Meszsage to Send

Gary,

Graph of Camber vg Roll

@A Back File Format Wiew Graph Type Add Suspension Help

2 Q 2 I I T = 3 R |
iy Front Lt & Rt Camber vs Roll degree

™A ‘ .

N ?

O Z

oo

For Help, click Help Topics on the Help Menu,

Choose or enter the email address(es)
and the message, then click on the
Send key. Also see previous Fig A

Send
Cancel
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Fronk Wiew| Side View | Top ¥Wiew | Mo View | [ Dynamic

File Eilt Graphs Reports  Wehicle Specs  Adjust  Optimize Zoom  Animate  Prefersnces [Nal=e

C 1=

Wi

This is a view from the front of car [right side of screen is actually left

Ganbaszedon 1 Dipve

Edit options let you correct
mistakes if you did not understand
how the program wanted the
dimensions measured.

Toe-ln Gain: 00"
Camber Gain: -1.20

Foll Center HE: 3.259
Caster Gain: .05

Fig A 6.32 Help Definition Picture Describing X, Y and Z Dimensions

= Suspension Analyzer ¥2.4 Performance Trends [ Shock Sensors Front and Rear ]

Help on Main Screen F1
Introduckion bo Basic Windows Zommands

aAbout Suspension Analyzer

List Definitions For Main Spfeen InputfOutput

Show Pickure of X, ¥ and 2 Measurements

Display Readme. doc File

Display User's Manual

“Full wehicle” Yersion Features »
V2.0 Supplement (v2.0's added Features)

Request Remote Assistance

Click on Help,
then Show
Picture of X, Y
and Z
Measurements.

Suspension Data

Location

Upper Ball Joint. in

Upper Frame Fivat, Front, in

Upper Frame Pivot, Rear, in

Lower B all Joint. in

Lower Frame Pivat. Front, fn

Lower Frame Fivot. Rear, in

Help Definition

The location of the Frant Frame Fivot for the lower £ Am or Wishbane, On some suspensions, this may be the Forward strut (sometimes called ‘Drag Strut’)
which locates the main lower arm {like some Masterbuit (tm) chassis or stock Fords), p 21

Performance Trends on the Web
= Other Performance Trends Producks
_____ - R oToTT gll | Front Suspension |
= e Fear Susnension L
Turn Radius: Mone Fioll Ce . i . i
=21 Or, click on any name in the first column and you will
Type ) Renegev) Ity Tirst be presented with a definition of that input as
ot [ 18.625 75
Inge | 14.812 16.062 425 | shown to the lower left.
HApLE 14562 15.212 E.242
Input [cle) (255 V.25 [u] 25712 6.625 [u]
Ihput 9.04 6125 437 10125 5.875 .23 ‘ |
Input 8125 5] 5.875 20937

Standard definition screen

See X, Y and 7 Dimensions? X

Do you want to see a picture showing what the %, ¥ and 2 dimensions are and haow they are measured?

_® |

. Definition of X, ¥ and Z Measurements

measured out from
Centerline

Negative (-)
Z Direction
for Front

Positive (+)
Z Direction

is 'Depth’
toward center
of car, toward
driver.

Note: This is
a different
direction for
the Front vs
the Rear.

Positive X direction is

Negative (-]A

Z Direction
for Rear

Cloze Print

Front Axle Line
is zero (0) Z

Car Centerline, can

be several different
things, center of
g~ tire patches, center

\

of driveline, etc.
Just be consistent
to use the same
centerline for all
X" measurements

___7/_ _________

________ %--- TP

N Rear Axle Line
is zero (0) Z

|

Positive Y direction

B e e e

is up from Ground

Alzo check Example 4.1 in book [Chapter 4] for more help on
measuring your suspension.

The first time you get a
definition for each time you
start the program, you will be
asked if you want a picture of
the X, Y and Z dimensions
and how they are measured.

Screen showing how the X,
Y and Z dimensions are
measured.

NOTE: If you find you have
made a mistake in how you
measured a suspension,
there is probably an Edit
option (click on Edit at top,
left corner of main screen)
that will let you correct it.
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Appendix 8 New Features inv2.4 B

Version 2.4B adds several features, which we have grouped into these categories:

New Suspension Types or Options

The program now allows for solid front axles and for several ways of locating them. Also included are calculations showing the
drive shaft angle or U joint angle changes with suspension movement. Fig 6.33.

The program has 2 new steering options:
1. One is where the steering is a steering box, there is no center link. Instead the tie rod on the spindle from one side is
tied directly to the steering box arm. Then the tie rod from the other spindle is effectively tied to spindle that the
steering link is attached to. This is the steering of some Jeep solid axle front suspensions. Fig 6.34.
2. The second is where the steering is a steering box, but the tie rods do not attach to the center link. Instead they attach
to arms on the steering box and idler arm on arms on opposite side of the center link arms. This is the steering of some
Alfa Romeo suspensions. Fig 6.35.

You can now use a panhard bar or a watts link with leaf springs as the Lateral Locator. Fig 6.36.

The program has new inputs in Vehicle Specs for:
1. Front, rear or all wheel drive, and what percent of the power is being delivered through the front drive tires. Fig 6.37.
2. The program has a new input in Vehicle Specs for inputs or inboard or outboard brakes at either the front or rear
suspension. Fig 6.37.
3. Unsprung weight is now an input for front and rear and is used to determine natural frequencies and some handling
characteristics. Prior to this, the program assumed a certain percent of the vehicle’s weight was unsprung. Fig 6.37.

There is a Calculation Utility “Clc” screen for entering in inputs for the King Pins for solid axle front suspensions. Fig 6.38.

The program now allows you to specify what the opposite end of the car is doing. This lets you apply "pitch" to the car to see
what happens to the calculations. Fig 6.39.

You can now enter specs for bump springs for the front and/or the rear suspension. (This feature is not available for push or pull
rod type suspensions.) There is also a Clc screen to calculate these specs, which can be handy if you are working with “stacked”
springs. Fig 6.40.

The program now calculates and displays new outputs, like Bump Spring Force and Dynamic (after dive and roll are applied)
Roll Stiffness, Roll Couple, Front and Rear Lateral Load Transfer, and Natural Frequencies. This is very handy to watch what
happens once the Bump Springs are encountered with suspension movement. Fig 6.40.

There are new inputs for Ride Height. You can then watch Ride Height change when you apply Bump and Roll and the new
Pitch input to the suspension. When you do a top view of the suspension, the location where the Ride Height measurements are

made are drawn as small boxes. These measurement locations are located in the Vehicle Specs screen, as they always have
been. Fig 6.41.

New Graph, Report or Print Features

If you have swapped graph axes, like camber on the horizontal axes and movement on the vertical axes, and use the cursor, it is
horizontal. Fig 6.46.

You can now include a picture file with the suspension which will be drawn on the main screen if there is room, and included in
printouts of reports or graphs as you direct. Fig 6.47 and 6.49.
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The program has new print options for graphs and reports of including the suspension picture file (if any). Fig 6.48.

You can now include the data table with a graph. Fig 6.49.

The printed Graph comments have new options and are described under File, then Printed Comments in the Graph Screen. Fig
6.49.

You can now graph the Jacking Component, Bump Spring Force, and Ride Height. Fig 6.47.

The Data Type you have picked to graph is now displayed under the list. Since the list is long and only the first picked data type
is graphed, many times a type could be picked that you did not see in the list. Fig 6.47.

Other New Program Features

The program now reads some types of Bill Mitchell’s WinGeo (.gem) files, like double a arm and MacPhearson strut. Fig 6.43.
There have been several updates to Emailing Preferences to work better with modern changes to emailing protocols. Fig 6.44.
File Comments are now shown on the main screen if there is enough room. Fig 6.33.

Zoom options for the drawing on the main screen are now included under the "View" menu button options.

The program now draws the CG in side view. Fig 6.39.

'"The program now remembers some inputs you have entered in the "Clc" calculation utility screens, like for spring rate, roll

'bar rate, and the new Unsprung Weight, and more. These are saved with the file, so in the future you will know where, say, the

roll bar rate came from. Fig 6.45.

The program now remembers the size and position of the main screen when you restart the program. This way, when you
reopen the program, it should revert right back to the same position or size you last arranged.

The “Advanced” button for Save As now uses current folder as the default folder.

The program now better draws extension lines when the lines extend WAY OFF the drawing screen so as to look more realistic.
The program now marks invalid solid front suspensions as "na" in the Vehicle Specs screen.

The Company Logo graphic now appears on the main screen. Fig 6.33.

The program now has substituted “Bump Springs” for "Symmetric Chassis" in the Vehicle Specs screen. This Symmetric
Chassis feature was never activated in earlier versions.

Program now more reliably saves and reads its configuration info so the config file is less likely to get corrupted.

If the Registered Name or Registered Code becomes corrupted, the program now allows an easy fix by contacting Performance
Trends.
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Figure A 6.33 New Solid Axle Front Suspension Options

= Yehicle Specs g|
Back{ok) File Help

Rear Suspension Solid Axle Options for Front
Suspension, some of which are
listed in figure below.

Yehicle Specs T Front Suspension

General Specs ata Logger Sensors

Susp. Travel Sensor Mane -

|4 Link. Live &xle [with lateral locator) ﬂ Steer Sensor |N0ne ﬂ

Suspension Type

Lateral Locating Linkage Ride Height Measurements

|F'anhard Bar, frame attachment on Left side ﬂ Lt Side, From Centerline IEI w| Vehicle Specs

Include Driveshaft U Joints Lt Side, Behind Wheel Center [0 | Back (k)  File  Help

Springs Attach To |L0werArm j Rt Side, From Centerline
. . . Yehicle Specs T Front Susp
Steering |Steering Bow; rod attaches to right spindleﬂ Rt Side. Behind Wheel Center D
Springs |E0i| and Shock [outboard] j Help General Specs
Click’on the down arrow key to select whether ta Suzpenszion Type
HolllBar |YES j include the location of the diveshatt U joints as I 2

Roll Bar Rate. Ibfin inputs an the Main Screen. These are used far pinian 4 Link Live Axle [with lateral locator] j

angle changes, transmission yoke movement,

Include Bump Spring Mo driveshaft angles, and other calculations. p 133
Inboard Brakes Yes w
% Front Drive Traction |4U°/° Al vaheel dive d’ This Setting determines
; if front or all wheel drive. na
nsninoReihiils ontora eel drive Solid [Live] dde w Leal Springs
b
2| ha

= Suspension Analyzer v2.4 Performance Trends [ Jeep Wrangler w Lift ] Q@EI

File Edit Graphs Reports ‘Aehicle Specs  Adjust  Optimize Zoom  Animate  Preferences  Help

Front View] Side View] Top View W No Yiew ] [ Dynamic Dive. Fal El. Steer. r I:l.

Wiew This is a view frain the rear of car [right side of screen is actualigiright side of car). Ficture
Actual Dynaric Toe. Camber, Caster displaved here g {LIGZ ‘G@(Z (@)
1| Sees gleeea
a
King pin.
\ Front Suspension
1
Toe In, deg: 825 Foll Center HE: 13.21 Tumn Fadius: 63 ft At Fioll Center Fin - | H H H .
ArtiGauat, Static ZAE.0%  Dyn -249.9% Turn Tos In: 00" AntiSouat, Static 248.0%  Dyn -250.0% Differential drawn if front or all wheel drive
Suspension Dalﬁ
Location / Type  |LtOut[<) LtHeight[v] _ |LtDepthz] _ [RtOut[<) [RtHeight [r) Rt Depth [2) ~| Comments/Notes
King Pin Top, in/ Input [cle) 23 58 24 64 23 58 ery approximate measurements of 2008
Fan Hard Bar [Frame = LtSidsl in |Irput 16 ek -4 18 16 4 éﬁepf Wfﬁﬂﬁ'ﬁflﬁ‘ubmn with
Uzzerl Lk e e, i Input [12.0 21186 24 120 24186 24 CIEUELEHL
Upper Link Axle Maount, in |nput 9.5 pal 0 95 el 1]
King Fin Battom, in Input (clc) |26 12 0 2B 12
Lower Link Frame Mount, in Input 13 22 32 13 22 32
1 runar L ink Aula bt in Tk G 12 2 1RR 12 2
Total Roll Stiffness, ft-bs/deg Output 1446.3 14468 some Oversteer  Moderate |
Overstesr
Front Roll Couple/FLLD, % Oulput  (53.11 59.11 56.56 54.84 Comments now on
Rear Roll Couple/RLLD, % i Output  [40.89 40.89 44.44 4518 main screen.
Roll Axis ta CG Moment Arm, in Clutput 256 1.84
Level Ground Roll Rate, deg/G Clutput 0.45 0.32
Front Matual Freq, cps Clutput 1.01 1.01 1.00 1.00
Rear Matural Freq, cps Clutput 1.06 1.06 1.08 1.06
Finion &ngle, deg Input 2.00 318 1.18
Finion U Joint Angle, deg Input 3.00 -0 -360
Trang U Joint Angle, deg Input 5.00 375 -1.25
Driveshaft Length, in Input 37.00 frivisl .25 . N .
Driveshaft and U joint angle info for front or
all wheel drive now in new location at

bottom of the report.
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= Suspension Analyzer ¥2.4 Performance Trends [ Jeep Wrangler w Lift ]

Figure A 6.34 New Steering System Option, “Steering Box, rod attaches to right spindle”

Front Vieww Side View] Top Yiew ] Mo View ] [ Dymamic

] Suspension Analyzer v2.4. Performance Trends [ Jeep Wrangler w Lift ]
File Edit Graphs Reports ‘ehicle Specs  Adjust

Optimize  Zoom  Animate  Preferences  Help

Dive. HoIIEl. Steer. r I:l.

File Edt Graphs Reports Wehicle Specs  Adjust  Optimize Zoom  Animate  Preferences  Help 2 new
Front View] Side View] Top View ] Mo View ] P Dynamic Dive_. Rall El . Steer|. . r Steerl ng
Wiew This is a view fraln the rear of car [right side of screen is actualliright side of car). Ficture &, Vehicle Specs opt|0ns,
Actual Dynamic Toe, Camber, Caster dizplayed here Back(ck) File  Help th|S one
° ° Yehicle S’Lecs common
.. . on Jeeps
d General Specs
Suspension Typ,
[ 4 Link Live £ule (gholed iinks) ~|
Front Suspension = =
Include Driveghaft U Joints Mo -
Rear Suzpenzion —
ToeIn. deg: -1.83 Fioll Center Ht: 19.21 Tum Radiuz 295t Lt Fioll Center Right: .20 Toeln. deq: 1.72 Springs Attach To Lower Arm -
Anti-Souat, Static -248.0%  Dyn -249.9% Tum Toe In: 00" Anti-Sguat, Static -248.0%  Dyn -250.0% 5 —
. Steering |F|ﬁck and Piriion ~|
Suspension Data =
= = = Springs | Pfck and Firion
L acation Tupe Lt Out €] [t Height o] [t Depth @) Rt Ot ) [RtHeight (1] [Rt Depth 7] Iy §fesiing Bos rads attach to centarink
Tie Fod on Spindle, in Input 26 17 5 255 17 5 Roll Bar
Steering S wivel Axiz Upper, in Input [cle) (10 26 -21 Roll Bar Rt
Steering Swivel Axis Lower, in Input [cle] 10 18 -18 L arlisie
Center Link Pivats, in Ihput 10 21 -9 Include Bump Spring

View

This it a top yiew [top of screen iz front of car).
Actual Dyndmic Toe, CaTnber, Caster displayed here T

Toe In, deg -1.83 Fioll Center Ht: 19.21
Anti-Squat, Static -248.0%  Dyn -249.9%

Turn Radius: 295 ft Lt ol Center Right: .20 Toe In. deg 1.72
Turn Toe In: 00" L AntiSquat, Static -248.0%  Dyn -250.0%

Ficture

Front Suspension
Riear Suspension
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Figure A 6.35 New Steering System Option, “Steering Box: Rods attach to rotating arms”

= Vehicle Specs g]
Back {ok)  File  Help
Yehicle Specs T Front Suspension T Rear Suspension
General Specs Data Logger Sensors
Suspension Type Susp. Travel Sensor Naone -
Dauble & Arm [wishbone) j Steer Sensor |N0ne j

Ride Height Measurements

Lt Side. From Centerline 10.25

Lt Side. Behind Wheel Center 1 ThlS Steering SyS’[em iS
Rt Side. From Centerlipe common on Alfa Romeo
Steering Steering Box; rods attach rotating arms j Rt Side, Betifid Wheel Center D

Springs | Hack and Finion
Steering Box: rads attach to centerlink, Help
2 A Click on the down armow key to select the type of

GOIIN:ETRN -tecring Bow: rods attach rotating ams | : aav, : ;
steering. Your choice will determing what inputs are
Roll Bar Rate. Ib/in required to describe the steering geometry at the kain
S
Inboard Brakes -

% Front Drive Traction -
Unsprung Weight. Ibs l:l

“iew This is a top view [top of screen is front of car]. .
Gain baged on 1V‘ CE nter Llnk
,-T\

\ —_—

Typical Center Link Postion

Toe n, deg: .00 Foll Center Ht: 2.72 Turn Radius: Mone Rall Center Right; .00 Toe In, deg: .00
Camber; .00 Cazter: .49 Cazter. .49 Camber; .00
Wi This is a top view [top of screen is front of car).

Gain based an 1" Dive,

/]‘\

e / *
Toeln, deg: 21.15 Rall Center Ht, 2.72 Tum Radius: 14 ft Bt Fall Center Rightt™ Toe In, deg; -33.31
Camber; .40 Caster: .49 Tun Toe In: 00" Caster: .49 Camber: 1.69
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Figure A 6.36 Leaf Springs now allow for Lateral Locators, Panhard Bar or Watts Link

w| Vehicle Specs E|
Backiok) File Help P Choose this new “Leaf Spring (with
Yehicle Specs T Front Suspension X Rear Suspension |atera| |Ocat0r)” Optlon fOI" the “Lateral
Locating Linkage” options to appear.
General Specs D Logder Sensors

Suspension Type Sus)

¢ Travel Sensor Mohe -

| Solid/Live Axle Leaf Springs [with lateral locator)

Lateral Locating Linkage Ride Height Measurements

[\wiatts Link, center link attaches to Ale _v| | | Lt Side. From Centerline l:l
Panhard Bar, frame attachment on Right side 7
o Lt Side. Ahead of Wheel Center I:I
Rt Side. From Centerline
Watts Link, center link attaches to Frame l:l
Rt Side. Ahead of Wheel Center I:I B Suspension Analyeer v2 4 Performance Trends [ 1968 Mustang w panhard nsetric |
[l [t Graphe Beoorts Yehide Spacs Adust Optmoe oot Anenste Preferences Heb
Help Frant View| Side View | 1 1 Mo view | B Omame Sou[i | A [ W
Roll Bar N J Click. on the down armow key to select the method of Ve | Thia o & view Tiom Bhe 1ight side [Rght 133a of scinen = oA of Gaif
OHE h holding the suspension from shifting side to side G baed on 1" Dive
[laterally). p133 T

Inboard Brakes Mo = =
—
Unsprung Weight. Ibs -~ =
300 Fol Contm HE 8.00 - _?u-.nm: Hore: Pic Centes Rlighe. 00 Toe In. deg. 00

Aetrioust Sie 25715 Dan 1325%

= Suspension Analyzer ¥2.4, Performance Trends [ 1968 Mustang w panhard metric |

File Edit Graphs Reports  Wehicle Specs  Adjust  Opbimize  Zoom Animate  Preferences  Help

Front View] Side ‘Jiew] Top ‘h"iew] Mo Yiew ] [ Dynaric Squat. Rol . [ l:l.

Wiew This is a view from the rear of car [right side of screen is actually right side of car]. Picture
Gain bazed on 1" Dive. File

7 —
‘\ e

— Rear Suspension |
Toe n, deq: .00 Fioll Center HE: 8.00 Turn Radius: Naone Fall Center Right: .00 TaeIn, deq: .00
Anti-Squat, Static 26713 Dyn 192.9% Anti-Sguat, Static 267.1%  Dyn1592.9%
Suzpenszion Data
Location Type Lt Static: |Lt Dynarnic: |Ll Change ||F|t Static |F|t Dynamic |F|t Change -
Senzor Length, in Output 0o oo 0o o0 oo o0
Spring Rate/\wheel R ate Input [elc] [274.934 2750 141.3 274934 2780 1412
ktn R atio SpragdShck ABar Output 1.000 k=1 1.000 BEE
Track, in InpLt 30.00 2995 -05 30,00 30.05 05
Tire Circurnfersnce, in Input [clc] (32,5 I a 024 i} 0
Tread Width. in Input [elc] (8. I a 2. i} 0
Camber waolw Stagger, deg Inpiit 00 .00 00 .00 .00 .00
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Figure A 6.37 More Inputs for Vehicle Specs

_ Bump Springs as
& Vehicle Specs described in Fig 6.40.
Back (ok)  File  Help

Vehicle Specs T Front Suspension T / Rear Suspension

General Specs Data Logger/Sensors Inboard vs Outboard
Suspension Type Susp. Trayel Sen% Moke - brakes will affect Anti-
| 4 Link Live &ale [with lateral locator] ~| Rd| Dive calculations.
Lateral Locating Linkage easurements
|F'anhard Bar, frame attachment on Left side j de. Frgm Centerline 25 o . .
e e T — ] % Front Drive Traction
nclude Driveshal oints - el Center . [

Tes will affect Anti-Lift
Springs Attach To |L-:-wer At j i nterline calculations.
Steering |Steering Box; rod attaches to right spindlej ide, Behind Wheel Center D
Springs | Cojl and Shock [outboard) | lelp —
Roll Bar |\IJES I|_ck oprthe down arrow key to specity if pou are

uzing/A bump spring or burp rubber, which will
chafige the spring rate at a certain zpring travel,

Roll Bar Rate. Ib/in

Include Bump Spring

Unsprung weight will
affect Natural Frequency
and some handling
calculations. Click on the
“Calc” button to calculate
from other inputs.

Inboard Brakes

Unsprung Weight, Ibs

Figure 6.38 Calculation “Clc” Utility to Calculate King Pin Settings from Angles
w. King Pin fAxis X
LtOut €] LtHeight Lt Depth @)

Top

Upper Pin  [25.03 | [19.90 [[1.25 |
Lower Pin 26 | iz [0 | Chooge a side, then
enter inputs to see the

Specs king pin angle being
Side M drawn. The large “dot” is
Specify Top or Bottom Bottom i Outside showing the “Specify Top

or Bottom” end of the
king pin. Click on the
“View” buttons at the
bottom to see the king
pin from different angles.
King Pin Length is not
very critical, as it is
mostly used for the

. out from centerline
Y. height above ground
Z. depth into car

King Pin Length, inches

King Pin Angle [from Front],

== e d B
k||

Caster Angle, deg

Front View Battom drawing. The critical
Note: thing for the calculations
Pick a $i_de on which to baze theze calculations, are the angles you have
Left or Right.
entered.
Use Calc Yalue ‘ Help | Cancel ‘ Print ‘ Front View Side YView Top Yiew
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Figure A 6.39 Applying Pitch to Suspension Movement

Check here
to turn on
= Suspension Analyzer v2.4 Performance Trends [ Shock Sensors Front and Rear, | this option.
File Edit Graphs Reports  Yehicle Specs  Adjust

Optimize  Zoom  Animate  Preferences  Help

Front View| Side View | TopView | NoView | P Dynamic  Dive[d [ Rol[0 @ Ste0 |@ « Rear Squat B

Wiew 1 _pI Picture
Zoom |n Gain bazed on 1" Dive. :

Zoom Out Then choose

Zewarn O movement for

<= AN th

: r end of th
CGis drawn othe e“d_o” e
car vs “Dive” on
______________________________________________________________ . e front end.
j Front Suspension |
Rear Suzpenzion |

Toe In, deg: .00 Fiall Center HE: 3.29 Turn Radius: Mone Fall Center Left: 8.30 Toe|n, deg: .00

Camnber: 2.80 Cagter: 1.70 Caster: 3.77 Camber: -1.70

Suspension Data

Location Type Lt Static |Lt Diynanic |Lt Change ||Ht Static |F|t Diynanic |F|t Change -
Caster, deg Cutput 1.70 1.70 .oa 377 crr 0o

Caster Trail. in Output .20 .20 .00 .48 48 0o

Toe In. deg Input .ao .00 .00 .00 .00 .00

Toeln, in Clutput .00 .00 .00 .00 .00 .00

Ildm=l Arlirrman Tmm ln Aem Mk b n nn nn nn n nn

E Suspension Analyzer ¥2.4 Performance Trends [ Shock Sensors Front and Rear |

File Edit Graphs Reports Wehicle Specs  Adjust  Optimize  Zoom Animate  Preferences

Help

Front ‘Jiew] Side View ] Top Yiew ] No View ] P Dynamic  Dive EI B Fo EI B SteerEI = v Rear Squat =

Yiew [ || - Picture

Zoom In Gain based on 1" Dive. - File

Zoom Ddut .

Zoom Off CG is lower Note how drawing
s o is updated with 3”

rear squat.
A
B et ittt j Front Suspension |
Rear Suzpension |

Toe In, deg: .08 Roll Center HE: 3.29 Turn Radiug: 8264 ft Rt Rall Center Left: 8.32 Toen, deg: - 05
Camber: 2.80 Caster: 3.29 Turm Toe In: 00" Caster: 536 Camber: -1.70
Suspension Data
Location Tope Lt Static: |Lt Diynarnic |Lt Change ||F|t Static |Ht Dynamic |F|t Charige .
Caster, deg Cutput 1,70 329 1.59 377 5.36 1.59
Caszter Trall, in COutput 20 A7 a7 Ag 85 a7
Toe In, deg Input juij .08 .08 00 -5 -05
Toe In, in COutput .00 02 02 on -0 -0
ldazl Acl e Taa e dan Ml sbe ik nn ne ne nn e CNE

Note how calculations have been changed
(significant caster change), with no motion on

the front suspension, but only movement on the
rear suspension.
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= Suspension Analyzer ¥2.4 Performance Trends [ 934 Howe |

Figure 6.40 New Inputs of Bump Springs

If you are using Bump Springs, heavier black
coils are drawn on the top of the springs.

File Edit Graphs Reports Vehicle Specs  Adjust Optimize Zoom Animate  Preferefices  Help
Front View] Side View ] Top View ] No View ] P Dypdmic  Dive Foll EI El StEEIEI B r l:l.
M This is a view from the rear of car [right gfde of screen is actually right side of car). Ficture
Actual Dynamic Toe Zamber, Caster displayed here
Sleed gretee
G
& e
TR
. Front Suzpension
S STanes Rear Suspension
Toe In, deg: -.24 Fioll Center Ht: 2.90 Tum Radius: Mone Fioll Center Left: 3.00 Toe |, deg: -.29
Carnber: -1.33 Caster 1.43 Turn Toe |r; 00" Caster: 3.56 Carnber: -4.50
Suspension Data —— i i
Location Type Lt Out <) [LtHeight [v)  [LtDepth @) JBp@Gt (KN [FtHeight(r)  [RtDepth E) ~ 9 Bum p S.pl’l ng mpu_ts go
here, with the spring
Upper Spring Pad, in Input 17.982 15125 15125 1.732 H T
Lower Spring Pad, in Input 18.457 1.076 rate (Ib/In) fl I‘§t, and
Upper Shock Mourt, in Input__|13.064 531 Clearance (distance
Lower Shock Mourt, in Irput 23 2 H :
Burnp Spring Rate, Clearance Input (clc) | 1000 S suspension Sprlng
Burnp Spring Force, |bs Olutput mUSt Compl‘eSS befOI'e
Fioll Bar on Arms, in Irput 2336 kil encountering the
bump spring) coming
second. In the case
Instant Center Height, in Output 513 -2.55 ShOWﬂ, 1 000 Ib/'n are
Instant Center !_eft, .|n Output 527 1417 the rates and . 5 and 6
Roll Center Height, in Output 329 .
Fiall Center Left Output|5.30 inches are the
Raoll Stiffness, ftbs/deg Clutput 10766
Anti Dive, % Output |77 2.8 Clearances'
Jacking Compaonent, in Output 39 1.3
Upper &im Len True/Fint/Rr, in Output 866 10,36 .
Lawer Aim Len True/Ft/Rr, in Output  |15.61 7O The force be| ng
Spindle Length, in Output 12,95 .
Tie Rod/Steering Amm Length | in Output 1462 prOduced JUSt by the
Front View Swing A Length, in Output /7 132 Bump Spr| ng s in |bs .
Side Yiew Swing Am Length, in Output 455.8 36163
Total Roll Stiffness, ft-bs/deg Clutput 14433 2746.0 130270 Meutral | I
Front Roll Couple/FLLD, % Olutput 7459 9664 1208 BE.89 475 RO” Stlffness Increases
Fear Fiol Couple/RLLD, % Dutput | 25.41 1336 12,05 4311 475 from 1077 to 2379 as
Rall Axiz to CG Mament Am, in Olutput 892 811 -8 .
Level Ground Rall Rate, degdG Olutput 132 0E2 -70 the Bu m p Sprl ngs are
Frart Natural Freq, cps Dutput_ |151 297 1.35 355 1.73 encountered, in this
Rear Matural Freq, cps Clutput 118 119 .01 1.46 .00 .
case of 2” of dive.
\ i

The change in many other handling ratings are
shown here, with the static rating at static ride
height shown first, then the new rating at the
new dynamic condition (in this case 2" dive),
and then the amount of change. For example,
the FLLD% changed from 52.14% to 56.89%
with 2” of dive, a 4.75% change. But the
“rating” is still considered “Neutral” for both.
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Backiok) File Help

Figure 6.41 New Inputs of Ride Height

X

VYehicle Specs

General Specs

Suszpension Type

Front Suspension T

Rear Suspension

Chapter 4 Examples

Data Logger Sensors

1T | In Vehicle specs, the
location where Ride

Suzp. Travel Sensor  |ye. -

Drouble & Arm [wishbone)

n

Steer Sensor |Yes, calibration=rack./link mo_+/

Height is measured can
be entered here.

Ride Height Measurements

Lt Side. From Centerline
Lt Side. Behind Wheel Center

Rt Side. From Centerline

Steering |F|ac:k and Finion

Rt Side, Behind Wheel Center

—
=]

Springs

| Coil Dver [outboard)

Roll Bar |Yes
Roll Bar Rate. Ibfin
Include Bump Spring

Inboard Brakes

Hel

EntePthe weight of the unsprung components on this
end of the car, left and right side combined. Thiz
helps determine natural frequencies and some
handling characteristics.

Unsprung Weight. Ibs

% Front Drive Traction |D°/o Bear wheel drive ﬂ

Front View] Side View] Top ¥

= Suspension Analyzer v2.4 Performance Trends [ Shock Sensors Front and Rear ]

File Edt Graphs Reports Yehicle Spgos  Afjust  Optimize

In “Top View”, the location where Ride Height is measured (as entered
in the screen shown above) is shown by a light red and light blue box.

oom  Animate  Preferences  Help

iew

SJoure Jihge

Front Suspension
Fiear Suspension

Toeln, deg: -13 Fioll Center HE: 2,88 Turm Radius: Mone Fioll Center Left: 4.97 Toe In, deg: -.06

Camber. 1.02 Caster: 1.70 Turn Toe [n: 00" Caster: 3.83 Camber: -2.45

Suspension Data

Location Type Lt Static: [Lt Dypnamic Lt Change Rt Static [Rt Dynamic |Rt Change ~)| Comments/Notes

Spring Angle from Side Output 206 207 . 5.01 540 et} Same File as 'Lefthander 2002 file except diff
Spring Rale/wheel Rate Input (clc] |345 146.6 350 188.1 g902128ﬂ:ﬂd&ﬁ;eﬁgfgiipﬁpﬁjﬁz :;'th el
Mtn.Ratio Spina/Shek/RBar Clutput B52 BE5 733 07 Shack sensors are mounted on shock {cail o
Ride Height, in Input 4 3863 -3 35 187 163

Track, in Input 320 3251 .m 3250 3265 18

Tire Circumference, in Input [cle] (34 8575

Tread Width in Inrnib [l 1110 10

You will enter the Static Ride Height (typically the clearance between the
ground and the vehicle’s frame) in the first column. Then the new
Dynamic Ride Height (clearance) is displayed in the second column, with
the difference in the third. In this case, the Left side Ride Height changed
from 4 to 3.63 with 1” of dive and 2 deg of roll, a change of -.37 inches.
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w| Front Suspension Graph Settings

Dutput

Graph Type Pick Data from List v
Side Left and Right j
Settings

Primary Type
Starting From
Going To
Step Size

Secondary Type

Rall -

-
]

Starting From
Going To
Step Size
Hold Steer At

Figure 6.42 New Data Type Options for Graphs and Reports

Three new Data Type options for graphs and reports
appear on the bottom of this list.

&| Suspension Analyzer ¥2.4 [ Shock Sensars Front and Rear |
Bk Fle Fomat View GephType AddSispersion Hep

Sping Ang. 5ide
Sprng Mtn RAtio
Shock Mtn Fatio
RollBar Mty Rto
Sensor Min Rato
Front Swing Arm. in
Side Swing Arm, in
Axle Side Angle
Rear fxle Lead. in
Bindyhg Error, in

Teview:
[rata: Bump Spring Force, |b

5 Conditions for Roll fat:
21,1 2

Hold Steer A0

[21 Data Points fof 13 Graph Lines is
the Maximumn pozgible. |

The first chosen Data Type is
shown here, which is the Data
Type which will be graphed.

A

25 2 R A

Front Lt & Rt Bump Spring Force,Ib vs Dive, in

1608

]
shock sensors front and re
Lt, Roll=: 62
Ri, Roll= 1242
Lt, Roll=( 791
Lt, Roll=-" 1148
Ri, Roll=- 465
Lt, Roll=-; 1501
Ri, Roll=- 73
10 15 10 2¢ 30 Dive 20

News (start new suspension)

Open (from all saved suspensions)
Save
Save As

Open from Floppy Drive (A, Drive)
Save to Floppy Drive  (A:Y Drive)

w| Open Suspension File

3 Suspensions in Library

IRCE Shart Track Front. GEM
MacDemoz.gem

Figure 6.43 New Option of Importing Bill

= Suspension Analyzer ¥v2.4 Performance Trends [ Shock Sensors Front and Rear ]
58 Edit Graphs Reports Vehicle Specs  Adjust  Optimize Zoom  Animate  Preferences Help

Mitchell Win Geo Files

Chrl+h [ Dynamic l:l . l:l . r
Chrl+0 de of screen is actually right side of car). Picture
Ctrl+s ber, Caster displayed here M
Chrl+a

Import from an Earlier Suspension Anakyzer Program

Import ‘Lost' Vista Files

Import from Another Program {(Circle Track, Bill Mitchell, etc) ‘

Chosen File: CoilDemo.GEM

Preview: [Mitchel File)

You can click on “Open” or
“Import” to bring up the Open
Suspension File screen
shown below. Then locate
and click on the Bill Mitchell
file, typically with a .GEM file
extension.

Selective Open

[ Yes

Thig COILDEMO file iz an example of a double A-Amm -
suzpenzion with a coilover

springsshock unit connected to the lower A-arm.

The droplink from the swavbar iz alzo attached to the upper
A,-armm.

[Fom ]
[Fom
Find |
Help |

Open | Advanced |

Cancel | Delete |

bitchel

old-roll

v
Folders

Lonnie ~ | Tip Click on a
Lydecker different Folder

I cPhearson name to display all

the suzpensions
zaved under that
Folder Mame:

If the Suspension Analyzer
recognizes the file as Bill
Mitchell, it will be displayed
here as “Mitchell File”.
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Figure 6.44 New Preference Settings for Emailing Results

w| Preferences @

s — . — | Click on Emailing tab in Preferences screen.
[ Main Screen T Printing & Graphing 4_
[ Definitions 1 File Dpti d
Calculations T Emailing
Cancel
Email Infa |Default Huotrnail j
Use Specs Below
Default GMai Eoh
Drefault Live Mail
Default A0L Colors

D efault ' ahoo
i otmail

= = Restart
Pazzword Enter/Edit Py Showing

Help Tips . . .
e e SN Cl|ck_ on Help button for more information on these
tgross123@hotmail. com | Help Emalllng preferences'
Don't Ask
POF Prirter | | _Find U.::ijg:‘il:ng
Send Test Email ‘ Emailing Help ‘

. . “« »” e
Figure 6.45 Program Now Remembers Inputs Used for Calculation “Clc” Utility Screens
Lacation | ype LU A |LUMEIgNE 1) |LOUEPIn L) [HEOuE|A) |HUAEIN (Y] |
Upper Ball Jaint, in Inputt [elc] |22.85 19.25 = = 2 ) i =
| pper Frame Pivat, Front, in Input 1515 15.562 u. Calc Bump Spring Rate, Ibfin g] Ml = Calc Bump Spring Rate, lbfin g]
Upper Frame Fivot, Rear, in Input 15.0625 15.125 = . E — —
Lower BallJoirt, in Input [elc) (25,712 £.625 Calc Bump Spring Rate. Ib/in p | Calc Bump Spring Rate. Ib/in
Lowwer Frame Pivot, Front, in Input 10125 5.875 ¢
Lawwer Frame Pivat, Rear, in Input 10125 R875 Inputs 2 Inputs
Tie Bod on Rack, in Inpuit 101875 5487 Spring Locati l—_| - Spring Locati
Tie Rod an Spindle. in Input  |24.5 8.454 punglios auon - | pring Location  [FIRFTETT
Type of Spring Type of Spring Stacked Spring
Spring Mount on Frame Input 18.937 245 Spring Rate. Ibfin 1 Spring Rate. Ib/in
Spring Mount on Lower Arm, in, in Input 22812 75 Clearance. in . Clearance. in
U pper Sersor Maunt, in Input 18937 245 = 1 =
Lower Senzar Mount, in Imput 22812 78 N 2nd S5pning Rate. Ib/in
Bump Spring Rate, Clearance Input [lc] | ]
Bump Spring Force, lbs Dutpuli ] Mote: Mote:
Foll Bar an Ams, in Irpt ’ 22937 55 Click on Loczation to chooge which [zide wou are Click on Location to chooge which side you are
calculating the Bump Spring for. Choose a calculating the Burnp Spring for. Choosg a
- - different Tpe of Bump Spring, thef enter in different Type of Bump Spring, then entgr in
SPf!nQ Length, in DUtPHh 17.45 zpring ratefz), and then enter the Jlearance spring rate(z], and then enter the Clearapce
Spring Angle from Front Dutpllt 1284 [distance the suspension spring cpmpr - * * mpregses at
Spring Angle from Side Dutpl,;t 208 fide height before encountering the Buny Once yOU p|Ck a “Locationn L Bl .
Spring Rate/wheel Rate Inpu [clc] |2 Wh th is first ctulate tl":a:ef' the i ts for the last ti lﬂflatef_fmm}';'fe
Min Riatio Spmg/Shek /RBar Dutfut r: en the screen Is 1irs S | he inputs for the last ime  patfist it
opened, it may be blank, this screen was used for
Inpht 4 . . . . . . . .
Click here to bring [ Tmea |z €SPecially if something can ﬂ c this file will be filled in. If :
up a “Clc” screen, | lreuillsl be calculated for either the P | =" you open a different file, prcel | Prin
in this case for a left or right side, as is the these inputs could be
Bump Spring. case here. different or blank.
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Back File NgednEy View Graph Tvpe

Line Style

Edit Printed Commg

Back Color
w i Axis is Dive/Foll

Legend {graph line labels)

Return ko Defaults

CoooCoooooog

Data To Graph {graph typé

ts and Data Cutput

Figure A 6.46 Horizontal Cursors

= Suspension Analyzer v2.4 [ Shock sensors Front and Rea

0Ad Suspension  Help

If you have chosen “Y Axis is Dive/Roll”, the graph may look
more like a typical “bump steer” graph like you are used to.

133 0 3 R

If you are doing “Y
Axis is Dive/Roll”
type of graph and
click on a graph line,
the cursor is now
drawn horizontally.

* g vs Dive, in (on Y axis)
, 728

545
/ |

Toeln d¢

ERLEREET E¥ B

The values at the
horizontal cursor
are displayed here.

'
'
'
'
'
'
a

ooooooa

shock sensors front af

Figure A 6.47 Picture Files

Front Vieww Side Vieu] Top View W Mo View ] [™ Dynamic

E = Suspension Analyzer v2.4 Performance Trends [ Jeep Wrangler w Lift ]

&

: File Edit Graphs Reports Wehicle Specs Adjust Optimize Zoom Animate Preferences Help

e ~C@ ¢ &

View

This is a view f

the rear of car [right side of screen is actuall

Actual Dynamic Toe, Camber. Caster displayed here

pght side of car].
e S S8 SEw
Open New Pickyre File
W Turn Picture OFf
Frink Picture

L] \ = Hl |
Open a File
Loak, jr: | \_ 2 Suspension Pictures - =k ER-
N @‘_]BMW—ESE;—MS-Rear—SuspensiUn—.ﬂmalyzer.jpg
Lﬁ @'_]CirclefTrack—ant—End.jpg
by Fecent ] 1een wirangler.jpa
D ocuments
?_ga
Desklop
-
z,’
bw Computer
-
by M etwark,
Flaces
File name: || - Open I
Files of tvpe: |AII Files [*.jpag) - Cancel
[ Open as read-only

Click on the Picture File
button for these options. Click
on the Open option for the
standard “Open a File” screen
shown below. There you can
browse to any place on your
computer to pick a picture file.

NOTE: The only thing saved
in the suspension file is the
location and name of the
picture file, not the actual file.
So, if you copy a suspension
file to a different computer
and the picture file is not also
copied and placed in the
same folder on the new
computer, it will not appear on
the new computer.
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Figure 6.48 New Options for Printing Graphs and Reports

In the Graph screen, click on Format, then “Edit Printed
Comments and Data Output” for the options screen shown below.

) - Data To Graph (araph type) «[]«*] =l la]rad
Line Style c/ . .
| EdtPrnced Conments and Dats oot n deg vs Dive, In,,,, jeep wrangler w lift
i i BackColor A : : : ;
{ ¥ Aisis DivefRol 0 i 0 i i Lt, Roll= 2
4 N Legend (graph line labels) > H | i | :
i [ Return to Defaults

Ri, Roll= 1
Lt, Roll= 0

=, Printed Graph Comments @

1 Graph Data Sets [comments available for each Data Set)

o1 This screen contains many options for
o _ / customizing and adding information to
Graph Title fjeep wrangler w lft / | your printed graphs. See Fig 6.49.

Test Summary ezt Comment
Test Summaries are created by the Very approximate measurements of
program and include Camber, Caster, 2008

etc. They can not be changed by Jeep Wrangler Rubicon with
the user. 6" aftermarket hift

‘Test Comment' changes are only jér the printed graph and are not zaved to the file.

Include on Graph
Test Summaries
Test Comments
Graph Commen
Data Table
Suspension Picture:

[0 Small Picture (if portrait orientation)

les to Use Graph Comment [1 comment on graph)

@ Std Titles
C1 Al Titles

See Titles |

Jeep wrangler left and right toe in vs
dive and roll

EREREREE

oK Help ‘

i, Print Reports Options E|

Report Options
[ Include Suspension Measurements
[ iInclude Yehicle [or other] Specs:

w. Front Lt & Rt Toeln deg, Caster, Cambervs Dive, i [ Include Tezt Comments
Back BRI Report Types  File  Help(FL) [ Request Report Comment
—  Print Results Cerl4+P mber: Caster.  Toe . .
é Print Blank ‘Worksheet 817 a [ Email as PDF File
817 i
Windaws Printer Sefup [ Larger Fonts [print size)
F{ragram Printer Setup

X Include Suspension Picture
[ Small Picture [if portrait onentation]

Dive \ Toeln deg Lt Toeln
L Print Report Uzing These Specs

2.000 — | Inthe Report screen, click on 4l

1.500 Print then Program Printer !

1.000 Setup for the screen shown on (it Tip

.500 the right, Which contains N 7 Close See page 73 in manual for more
-00o several options for customizing (B infa.

_;SEE,. printed reports. Ef
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Figure 6.49 New Options on a Graph Printout

This Graph Printed:
341 pm 04-30-17
Page: 1

Gfwese_lyge  Suspension Analyzer v2.4 B Your name / company name can
Fons .:E'S . Susp: Jeep Wrangler w Lift  go here. See Preferences.
Ly Calculated Results Performance Trends (C) 2016,

R e

Suspension picture file
included on the graph printout.

Front Lt & Rt Toeln deg vs Dive, in
_____________________________ O — = - o e m i memmm e e

jeep wrangler w lift
Lt. Rell=2

k
;

Rt, Rall=1
Lt Rall=0

Lt Rall=-1
Rt, Roll=1
Lt Roll=-2
Rt, Roll=-2

Sy S

Dive:

|| Jeep wrangler left and nght tos in vs dive and roll

ymﬁ@ﬂw Suspension Analyzer v2.4 B Your name / company name can
@’m Susp: Jeep Wrangler w Lift  go here. See Preferences.
- Calculated Results Performance Trends (C) 2016

3:54 pm 04-30-17
Page: 2

This Graph Printed:

Graph Comment

Suspension Summary and Comments for: jeep wrangler w lift

Std Conds: Camber: Caster: Toe In: Track: Graph Conditions
Right: -2 8.17 .0 32 Hold Steer = .000
Left: 2 BT 0 32

Test Summary

Very approximate measurements of 2008 8" aftermarket lift

Jeep Wrangler Rubicon with

—

Dive -3.000
Lt, Roll= 2

-2.000 -1.000 000 1.000 2000 3.000
-10.609 -5.109 -.644 2925 5678 7663 8911

Rt, Roll=2 10.591 5203 768 -2.827 -5648 -7731 -9.102

Lt, Roll= 1 -13.030 -7.159 -2.391 1443 4440 6657 B8.129

Rt, Roll=1 13.056 7.269 2501 -1388 -4477 -6811 -8417

Lt, Roll= 0 -15.455 -9.188 -4.105 .000 3244 5694 7.392 /
Rt, Roll=0 15499 9294 4185 000 -3.357 -5940 -7.782

Lt, Roll=-1 -17.881 11199 -5788 -1.404 2090 4774 6.697

Rt, Roll=-1 17927 11280 5822 1338 -2288 -5120 -7.196

Lt, Roll=-2 -20.345 -13.194 -7439 -2771 976 3.806 6.045

Rt, Roll=-2 20345 13232 7413 2626 -1.268 -4348 -6657

Test Comment

Data Table
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Appendix 9 New Featuresinv2.4 C

Version 2.4C adds several features, which include:

New Suspension Types or Options

Roll Center for Double A Arm and McPhearson Strut suspensions are now calculate using the Force Based Roll Center
methodology. This method is more accurate and realistic. You will no longer see roll centers being calculated, say, 50 or 1000
inches beyond the track of the car, which made very little sense. There is a Preference Setting which lets you revert back to the
old “Kinematic” method of calculating Roll Center, which was what we did before this new v2.4C. Figs A 6.50 and A 6.51.

De Dion rear suspension is now one of the Rear Suspension Types you can choose from. The De Dion is somewhat of a hybrid.
It is like a independent rear suspension in that the differential or transaxle is mounted to the chasses, eliminating unsprung
weight. But for suspension geometry, it is like a solid axle (live axle). There is a beam that solidly connects the wheel spindles
on right and left. Fig A 6.52.

You can now specify a Jacob’s Ladder as a possible “lateral locator” for solid axle suspensions. Fig A 6.53.

Now if you specify either end of the car as having traction (driving tires) and the suspension type is independent, fields open up
for you to enter the location of the center’s of the CV or U joints. The program will calculate the length of the half shafts
connecting these 2 joints. Then when you have the suspension go through motion, the program will calculate how much the
length changes. Note: You can not choose to use Push or Pull Rod suspension types to be able to specify CV joints. Figs A
6.54 and A 6.55.

New History Log Feature

We have added a “History Log” to the ways of opening a file. The History remembers the last 100 files you have been working
with. The number of files saved is selectable in the Preferences menu. This can be a very handy to be able to go back and see
what files you have been working with. Fig A 6.56.

Click on File, then Open from History Log at the Main Screen to obtain the History Log shown below in Figure 3.37. This
screen shows a summary of the results for the last 100 tests you have worked with (started new, opened, graphed, etc.) When
you work with a new test, it is added to the top of the History Log, and (if the Log is full) the last run drops off the bottom of the
list. The History Log is an alternate way to Open tests which have been saved to the Test Library. The advantage of the History
Log is it lists the tests you most recently worked with at the top, making them easier to find. Fig A 6.56.

Suspension File and Path Click on Suspension File and Path and you are asked if you want to retrieve the file which
produced these results. Fig A 6.56.

Graph? Choose to Graph certain files by clicking on the “Graph ?” column to insert a Yes there. Click on an existing “Yes”
to remove it. Files marked Yes to Graph will be graphed when you click on the “Graph Tests Marked 'Yes' ”. The first file
(usually the current file you are working with) is always graphed even with no Yes marked. The number of files actually
graphed is limited by available space, usually a limit of about 40 graph lines total. Figs A 6.56 and A 6.57.

Std Graph Title Click on “Std Graph Title” to change the Standard Title for this file. The program will default to the file
name, but you can change it to most anything you want. (You can also specify 'Alternate’ titles and legend names by clicking on
'Format' at the top of the Graph Screen, then “Edit Printed Comments and Data Output”.) Figs A 6.56 and A 6.57.

Save? Choose to Save certain Files to the History Log by clicking on the Save column to insert a Yes there. Files marked
Yes to Save move to the bottom of the History Log as more runs are made, but will not fall off the History Log. NOTE: If a file
falls off the History Log, it is not deleted. You just have to open it via File, then Open, or add to a graph via Add Suspension.
Fig A 6.57.
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Front Suspension / Rear Suspension These columns show the type of suspension for each end of the vehicle.
History Log Commands
Graph Tests marked ‘Yes’ Click this to close the History Log and graph all files with a Yes in the “Graph ?” column.

Graph Current Test Only Click this to close the History Log and graph only the first test in the History Log, which is
the file you are working with on the main screen.

Clear (erase History Log) Click this to erase all files out of the History log except those with a Yes in the “Save?”
column or the current file in the top row.

Print You can print the History Log on a printer by clicking on the 'Print' menu command. Note that the printed History Log
will be most readable when the Page Orientation is in Landscape setting.

Note that just the Test File Name stays in the History Log. Should you delete the file using the Open (from all saved
tests) command, the test file will be deleted but the name will stay in the History Log. When you try to open it or
graph if from the History Log, you will get note saying the file can not be found.

New Spring and Shock Calculations

The program now has screens for entering Shock Dyno data. Click on Vehicle Specs, then Shock Data for this screen. If you
have Performance Trends’ Shock Dyno software, there is a “Send” feature to automatically send shock dyno data to your
computer’s “clip board”. Then in the Suspension Analyzer’s Shock Dyno screen, click on the “Load from Shock Dyno”

command and you can paste the shock dyno data into this screen. Figs A 6.58 and A 6.59 and A 6.60.

The program now displays the spring, bump spring and anti-roll bar forces as the suspension goes through dive, roll, steer and
pitch. In addition, there is a new Shock Velocity input field, where you can enter a shock velocity. If you have also entered
Shock Data, it will also calculate the shock force for this velocity. NOTE: When the shock is compressing, this is considered a
negative velocity (shock getting smaller), and when the shock is extending this is considered a positive velocity. Other
company’s software may consider these velocities differently. Fig A 6.61.

If you run a screen animation, the Animate screen now has a Segment Time input. This time along with the motion for that
segment lets the program calculate a shock velocity. For example, if the Segment is for 2” of Dive and the Segment Time is 1
second, then vehicle’s dive velocity will be 2”’/second. Depending on the shock’s motion ratio, that could be, say, 1.5”/second.
Everything being the same, if you had entered a Time Segment of 0.2 seconds, the velocity would be 7.5”/second. Fig A 6.62.

If you have imported Data Logger data to the Suspension Analyzer and do an Animation, the program will calculate the Shock
Velocity from the Data Logger data. It will be displayed in the Shock Velocity field, and below it will be the Shock Force for
that velocity, based on the Shock Dyno data you have entered. NOTE: The most accurate Shock Velocity and Force data is
calculated when the program has calculated the shock’s position both previous and after the current position. Therefore, until
the program has gone through a complete lap of your Data Logger data, the shock data is a less accurate estimate based on the
current shock position and the previous shock position (not the next shock position). Data Logger Version Only. Figs A 6.62
and A 6.63.

The program will also change the Handling Rating based on the Shock Force resulting from the Shock Velocity data entered.
Because the Shock Absorber features are involved and can produce unexpected results if you are not aware of what you are

doing, there is a Preference setting to turn them On and Off. The default is the Shock Absorber inputs are turned Off. Turn
them On in Preferences. Figs A 6.51 and A 6.58.
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New Ball Joint Bind Feature (Data Logger Version Only)

The advanced Data Logger version of the program now lets you enter the Ball Joint Angle. This is the angle between ball joint
stud position and position of ball joint stud when perfectly centered, perfectly vertical with respect to the ball joint. The
program will then calculate the angle change of the ball joint stud as the suspension goes through motion. You can also enter a
Max Ball Joint Angle. If the program calculates that the Ball Joint Angle exceeds the Max Ball Joint Angle, it will report this
condition as Ball Joint Bind. It will also calculate Ball Joint Bind which is the amount the Ball Joint Angle has exceeded the
Max Ball Joint Angle. Fig A 6.68 and A 6.71.

There is a Calculation screen utility to help you determine the Ball Joint Angle at ride height. The program knows the Spindle
Angle from the ball joint locations. It asks you to enter the Ball Joint Flange Angle, which is the angle of the ball joint body
with respect to horizontal. This can be found by placing an inclinometer (angle finder) on any flat part of the ball joint. Fig A
6.68 and A 6.69.

You can Graph or Report either Ball Joint Angle or Ball Joint Bind Angle. Ball Joint Bind Angle will be zero until the Ball
Joint Angle exceeds Max Ball Joint Angle. Then this angle will be the angle amount Ball Joint Angle has exceeded Max Ball
Joint Angle. If Max Ball Joint Angle is 25 degrees and Ball Joint Angle is 28 degrees, Ball Joint Bind Angle will be 3 degrees.
Fig A 6.70 and A 6.71.

Other New Program Features

Under the “View” list of options, a new choice of Watch Rows has been added. Here you can specify from 0 to 6 rows of
calculated data for you to “watch”. These rows are listed directly below the suspension drawing so they will always appear in
the same place. This way you do not have to scroll through results for the data you are interested in. You can choose to have
different rows “watched” on the front and rear suspension screens. Fig A 6.64.

We have added more options and accuracy to the Anti-Roll Bar Rate Calculator utility. Figs A 6.65 and A 6.66. These
include:

e Taking the flex of the bars connected to the suspension members on the end of the Anti-Roll Bars into account. This
detail can significantly soften up the bar’s overall spring rate.

e Adding a feature to estimate a “blade” or “sword” anti-roll bar. This type of bar has a connector link that is very thin.
The flex on this connector link will significantly soften up the bar. However, this connector link can be turned so it
becomes less flexible, significantly raising the bar’s overall spring rate.

When opening files, there is a new option for “List by Access Date”, in addition to the original “List by File Name” which lists

the files alphabetically. List by Access Date is a chronological list, where the files you most recently worked with are listed at
the top, with the date you last opened them. Figs A 6.67.
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Figure A

File Edit

6.50 New Force Based Roll Centers

= suspension Analyzer, v2.4C Performance Trends [ Shock Sensors Front and Rear ]

Graphs Reports  YWehicle Specs  Adjusk  Optimize  Zoom  Animate  Preferences  Help

Front "'."iew] Side ".F'iew] Top View ] No View ] I% Dynamic Di‘*"EEI. Ral . StEIE’.

Wi

Toedn

Camber Gair: -1.20 Caster Gain: .05 Caster Gain: .13 Camber Gain: -1.53

Thiz iz a view from the front of car [right zide of screen iz actually left zide of car].
Gains: bazed on 1" Dive,

F.B. indicates “Force Based”
Roll Center Calculations

_____

A e P,
Gar: 00" F.B. Roll Center H: 2.83 Lz _B. Roll Center Left: 376 Toe-ln Gain: 21"

as much

File Edit

Front View| Side View | Top View | Mo View | B Dynamic  Dive[D | FRol [3 | Ste=l |

Force Base Roll Centers
typically do not move around

with Dive and Roll

- suspensinpsidiyzer v Performance Trends [ Shock Sensors Front and Rear ]

Graphs Reports  Wehicle Specs  Adjust  Opkimize  Zoom Animake  Preferences  Help

Wi

Thiz iz a view from the front of car [nght side of screen iz actually left zside of car].
Gaing: bazed on 1 "' Dive.

K. indicates Kinematic

_____
.....

R T L L

k. Roll Center Left: 1221 Toedn Gain: 21"
Caster Gan: .13 Camber Gain: -1.58

Toe-n Gain: 00" k.. Roll Center HE: 2,85
Camber Gain: -1.20 Caster Gain: .05
L 1 | I

Kinematic Roll Center moves left as

suspension goes through -3 degrees of roll.

186




(C) Performance Trends Inc 2017 Suspension Analyzer Chapter 4 Examples

Figure A 6.51 New Preferences: Force Based Roll Centers and Shock Data Analysis

. Preferences @

[ Main Screen T Printing & Graphing 0K
[ Dehimtions T File Oplionsz
Calculations 1 Emailing
Cancel
3 Link Corvergence Limit, % 0.50 -
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Enter Toe In Az Degrees j Help Yips
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( Main Screen T Printing & Graphing 0K
[ Del ns T File Options
T Emailing
Cancel
3 Link Convergence Limit, % 0.50 -
3 Link kMax Calc. Attempt -
ink M ax Calc. Attempts 5 Set
Leaf Springs Add to Roll Stiffness mE - Graph
Colors

M etric: [rputs Mo

If you pick Force Based,
you must specify how much

Enter Toe In &z Degrees IS '

: traction is coming from the
Showe J acking Component at CG e outside tire in a turn. 70%
Allows [nputs for Spring Top and Bottom on e - isa gOOd assumption for

tcPhearson Strut Coilovers . .
most situations.

Carrect for Unusually High Toe |ND ﬂ Don't Ask
Chanage Ermar About
Updating
Tun Radiis | From curb to curb [adds track width] |/ — New Preference to all Shock Data to be
entered and analyzed.
Rall Center |F0rce Bazed [recommended) Restore
Defaults

Roll Center, Traction from Right Tire 70% [default]

Allovs Shock Data Velocity Inputs
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Figure A 6.52 Di Dion Rear Suspension

Di Dion Solid "live" axle bends around
transaxle and solidly attaches
both wheel spindles to each other.

/ Differential or
y 4 transaxle mounted
‘{_‘.;:ff" solid to chassis, like
V4 independent suspension
V4
To front
of vehicle
= VYehicle Specs EI
Back {ok)  File  Help
Yehicle Specs T Front Suspension T Rear Suspension
General Specs Data Logger Sensorz
Suspension Type Suszp. Travel Sensor Hore j
|De Dion with Ladder Bars j De Dion choice
IHS W I_.u:uwer H &rm [T Bird,. Lincaln, ete] Y
Solid [Live] Axle w Leaf Springs Rjde Height Measurements

Taorque Armn Live Axle w Lawer Contral Arms
Torque Tube Live Axle

Decoupled Live Axle ['Bird Cage']

Trailing ArmndSemi Trailing Arm Independant
Solid/Live Axle Leaf Springs [with lateral locatar

Lt Side. From Centerline

Lt Side. Ahead of Wheel Center D

Rt Side. From Centerline

Rt Side. Ahead of Wheel Center D

Springs | Coail Over [outboard)

j Help

j Click. u:un_the dovan arrow key to sn_alect the type of
suzpenzion ko analvze. Your choice here will

determine what inputz are available at the Main

Screen. p 127

Roll Bar | Mare

Include Bump Spring Mo =

Inboard Brakes Mo vl
|| Calc |

Unsprung Weight. lbs |245
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Figure A 6.53 Jacob’s Ladder

&, Yehicle Specs g|
Back {ok) File  Help
Yehicle Specs T Rear Suspension ]
General Specs Data Logger Sensors
Suspension Type Susp. Travel Sensor Mone -
| 3 Link. top link Right side Live &l |
Lateral Locating Linkage Ride Height Measurements Jacob’s Ladder
|Watls Link, center link. attaches to Axle j Lt Side. From Centerling choices
Panhard Bar, frame attachment on Right side Lt Side, Ahead af Wheel Center
Panhard Bar, frame attachment on Left side
Woatts Link, center link attaches to Axle Rt Side-From Centerline
‘Watts Link, center link attaches ta Frame T TS
Jacobs Ladder on Right Rt Side. Ahead ol eel Center _:E-
hock [outboard) - Help
Roll Bar N Click an the down arow key to select the method of
Ene h halding the suspension fram shifting side to side
[laterally). p133

Include Bump Spring Mo -

Inboard Brakes -
Unszprung Weight, Ibs l:l

Jacob’s Ladder in drawing

File Edit Graphs Reports ehicle Specs  Adjust  Opkimize  Zoom  Animate  Preferences Aelp 4 Link

Front \»"ievq Side View1 Top View 1 Ho Yiew 1 [ Dynaric l:l. I:l. r l:ll

Wiew This is a view from the front of car [right side of screen is actually left side of car). Ficture
Gainz bazed on 1" Dive. File:
I“ Q\ 1f
L
— Rear Suspension |
Toe-ln Gain: 00" Roll Center Ht: 18.00 i Fadius: None Roll Center Left: 2000 Toe-ln Gain: 00"
Anti-Sguat, Static -37%  Dpn-31% Anti-Squat, Static B.3% DB 3%
Suspension Data / Jacob’s Ladder (special
Fall Center Height, in Output [18.00 version of Watts Link) inputs
Rall Stiffress, ft-lbs/deq Output 5156 - . .
Location Type RtO [RtHeight [v)  [RtDepth ] [ILt Out () [LtHeight [v] Lt Depth () ~
Upper Link Frame Mount, in Input 20,37 206
Upper Link Axle Mount, in Input 1 21.82 -1
Lowser Link, Frame Mount, in |t 24.436 7.56 265 21.564 748 26,63
Lower Link Axle Mount, in Toey”  |25.936 8.375 0 23064 ] 0
Wwatts Link Mounts on Frame, in Myt [clc] |20 24 4 20 B 3
"W atts Link Pivat Bar on Axle, in Input [clc] (-8 20 3 10 10 3
"W atts Link Pivat Bar Pivat, in Input [clc] [-20 18 2
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Figure A 6.54 Independent Suspension Half Shaft Motion

RT 5ide. From Centerline

= Yehicle Specs g]
Back (ok)  File  Help
Yehicle Specs T Front Suzpension T Rear Suspenszion
General Specs Data Logger Senzors
Cuspenzion Type Cusp. Travel Sensor |Yes ﬂ
Double & Amn (wishbone) ﬂ Steer Senzor |Yes, calibration=rack Alink m,:,j
Height Measurements
Independent |: -
ide. From Centerline
suspension
type ide, Behind Wheel Center

Steering |Fia|:k and Pinion - Rt Side, Behind Wheel Center

Help

Click on the down arrow key to choose if the vehicle
iz rear n:nr_fr-:nnt wheel drive, or all whe_el drive. |f all
Roll Bar Rate. Ibfin |2|]|] || Calc | F?QriﬁLdErlﬁshtcmizse hiow ruch tractive force comes

=l
Springz | Coil Ower [outboard) ﬂ
=l

Roll Bar |Yes

Include Bump Spring

Inboard Brakes

* Front Drive Traction

Unsprung Weight. lbs

1003 Front whesl drive
20% All wheel drive

M Allhbaal Ariva \

Your choice here determines if the traction
is coming from the front or rear suspension
(front or rear wheel drive). If you pick
something other than 0% or 100%, the
program assumes all wheel drive, that
there are half shafts on both suspensions,
if they are independent.
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Figure A 6.55 Independent Suspension Half Shaft Motion, cont

= Suspension Analyzer ¥2.4C Performance Trends [ 2001 Corvette |

File Edit wGraphs FReporks  Wehicle Specs  Adjust  Optimize  Zoom Animate  Preferences  Help

Front ‘Jiew] Side ‘Jiew1 Top View ] Mo View ] ¥ Dynanic Dive. Rol . Steer. [ I:I.

iew Thiz iz a view from the front of car [nght side of screen iz actually left side of car]. | - Picture
o Gains baged on 1 " Dive. Half shafts File

5
] Front Suzpension |
—_— » * Rear Suspension |
oe-ln Gain: - 10" K. Roll Center HE: - 26 Tum Radivs: 1333 ft At K. Roll Center Left: 1,19 Toedn Gain: - 10"
Camber Gair: - 24 Caszter Gain: (83 Turn Toe In: 00" Cazter Gain: (83 Camber Gain: -.24
Suspension Data
Location Type Rit Out [] RtHeight [¥)  [RtDepth @ [[Lt Out <] [LtHeight [¥) Lt Depth ) ~
Upper Ball Jaint, in Input [clc) 19 1.3125 2725 19 1.3125
Upper Frame Fivat, Front, in Input 19 20 -378 19 20 -37h
Upper Frame Fivat, Rear, in Input 19 18.625 B 19 18.625 5
Lower Ball Jaint, in Input [clc) |29.5 £.375 - Ba7h 295 E.375 -BATS
Lawwer Frame Fivat, Front, in Input 135 7.375 B 135 7370 ]
L-DWE[ Frame F'ivot_, Fiear, in Input 135 9 CV Joint Locations |
Tie Rod on Rack, in Input 16 12 Ri Rl
Tie Rod on Spindle, in Input 29,5625 10.75 B.25 295625 10,75 -5.25
| S
Spring Mount on Frame Input 28 0 24 28 i}
Spring Mount an Lower A, in, in Input a 0 24 g i
LY Joint on Transaxle Input 10 13 2 10 13 2
Y Jaint on Spindle Input 7 |2 125 1.5 26 125 15
Rall Bar on &mms, in Input 24 9 -Fh 24 9 75
Spring Length, in Output  |20.00 17.37 -2.63 2000 18.74 -1.26
Spring Angle from Front Cutput oo -3.45 -3.45 .00 162 1.62
Spring Angle from Side Output oo .39 .39 0o a7 a7
Spring Rate wheel Rate Input [chc] (390 168.4 290 1684
Mtn.F atio SprigsShok/RBar Cutput BEY BRR BE7 EE5
Ride Height, in Input 387 -3.87 213 213 w
Roll Az to CGE Moment Ao, in Output 14 ) Half shaft motion
Lewvel Ground Roll R ate, dea/G Cutput 27 1.14 —
Front Matural Freq. cps Dutpuj/ 1.55 1.52 -03 1.55 1.55 .00
Fiear Matural Freq, cps DLyp/ut 1.64 2.00 3B 1.64 24 Nr
Half Shaft Length, in , Output  |16.02 16,82 =20 16,02 15.99 -03
-
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Figure A 6.56 History Log Features Opening History Log from Main Screen to view

recent history and open recently used files.

E Suspension Analyzer ¥2.4C [ shock sensors frox
Edit Adjust i

Graphs Reports  Vehicle Specs

Click on File Name and Path here to open this file.

Mew (start new suspension)

Open {from all saved suspensions)
Cpen from History Lag
Save

Save Az

Click here to put a Yes
in this column to keep

this particular file in the
History Log.

. Test History

Close Hiskory Log  Clear {erasg Histery Print  Help

Suzpension File ahd Path \ Graph? [Std Graph Title [Save? JFront Suspension [[Fear Suspension A
W2 dchshock sensars frop&ﬁar it cail oveN Ves shock sengors front Double A Arm [(wishbone] 3 Link, top link Right side Live
heramplesh 2001 rarlgeffl:-:fl torsion bar \ Ter 2007 ranger 4x4 Double & A [wizhbone) Solid [Live] Axle w Leaf Springs
Yexamplesilimited fate madel \ Tez lirnited late model Teg Double & A [wizhbone) home

Yexamplesh 1999 ford mustang. bt \ Tez 1993 ford mustang.tet Yes M acPherzon Strut 4 Link Live Aule [angled linksz)
hmy-testshahock senzors front and rear from Iaptob\ zhock senzors frant Double & A [wizhbone) 3 Link, top link Right side Live
Yexampleshshock senzors front and rear \ zhock senzors frant Double & A [wizhbone] 3 Link, top link Right side Live
hmy-testshahock senzors front and rear zhock senzors frant Double & A [wizhbone] 3 Link, top link Right side Live
...ad-datahmy-tests\78 mustang i 78 mustang ii Double A Arm [wishbone] Double A Arm [(wishbone)
...od-datahexamples 2001 carvette 2001 corvette Double A Arm [wishbone] Double A A [(wishbong) -
ALK >

Click on Suzpengion Title [Tzt Column) to Open th\it Suzpengion. Click and zlide button right for more Hiztary info,

Click here to erase all files out of the History Log
Open Suspension ? except those marked Yes to “Save?” and the
current file in the first row.

9, Open this File 7

c:wb93\projectsalsuspanzr3d-datal examplesifimited late model

In Graph screen, click here
to access the History Log.

i, Suspension Analyzer v2.4C [ shock sensors front rear, not coil o

Back File Format Yiew Graph Type Remowve Suspension  History Log  Help

e [ells] (<> ]a]wl

Click to put a Yes here and this file will be
included in the graph. If you pick more than 6,
only the first 6 files will be graphed.

Graph Tests Marked "fes' Grap{Current Test Only  Clearferase) History  Print Help

Suspe}rs@n File atd Path Graph? /|Std Graph Tite |Save? ||Fn:unt Suzpension |||F|ear Suzpension A
'\.2.40'\S|’|DEK\SEHSDIS front rear not coil over Tez zhock senzors front Double & Arm [wizhbone] 3 Link, top link. Right zide Live
'\e:-:amples'\EDE\ll\anger Aud borsion bar Tez 2007 ranger 4x4 Double & A [wizhbone] Solid [Live] Axle w Leaf Springs

P N ron Dancbbong) ey

emampleshlimited Ia's\model lirmited late mod

“examplesh1339 ford mmlqng.t:-:t 1393 ford mustang. bl Click here to Change the title for this file as
Wy-testshshock sensors froﬁl\qnd rear from laptop shock senzors front it will appear on the graph See Fig A6.57
Lexampleshshock zensors front Q‘erear shisgh senzors front . B
Smy-testshshock sensors front and reaN shock epsors front Domdeleddhme Losiialele el e

.. 3d-databmy-testsh 7 rmustang i i Click here to graph only the current file, the | 8
3] first file in the History Log. >

Click in 'Graph?' column to select DN{SE'ECl tests for graphing. Slidetoomror T T T e T TSIy T,

Click here to graph all tests marked Yes, up to 6 test maximum.
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Figure A 6.57 History Log Features for Graph Screen

Back File Format ‘iew Graph Type Remove Suspension  History Log  Help

BT[] [+ PelE e

Front Lt & Rt Camber vs Roll degrees

S e ST = et shock sensors front rear ri

Lt, Dive= 2 -.552
Rt, Dive=: -4.073

Rt, Dive=( -1.035
Lt, Dive=-Z 4.936

2001 ranger 4x4 forsion b
Lt, Dive=2 -1.970 ‘
Rt, Dive= ¢ 1675
Lt, Dive= 0 -2.176
Rt, Dive= ( 2.025
This is the Std Graph Title, as Lt, Dive=-2 -2.975
shown in Fig A 6.56. Rt Dive=-: 1.854 |

| 5 e — mn_ed late model ——

40 30

R —
If there are more lines in the legend (labels) than can | —— =2 -6924713
appear on the screen, buttons will appear here to let f ) ’D_""e_ X s
"""""""""""""""" you scroll them up or down so you can see them alll. ‘ e
] : : | ‘ § l T ——— L1, Dive=-Z 3. |
b S e e S T R, HR,OIIi\ie=-: 2.0g _mdre A
= Suspension Analyzer ¥2.4C [ shock sensors front rear not coil over, ] E|
Back File Format ‘iew Graph Type Remove Suspension  History Log  Help
[e]es o] [el=]a]w] [sefe]x]]ruvien]se scoed | ‘
Front Lt & Rt Camber vs Roll degrees REE S
e e e P BOG- oo R SRRTTEPEIH —— 2001 range orsion b
; ; | . 3 Lt, Dive=2
: : : A button can also appear here if the labels | —— .
— : 5 .| have extended off the top of the graph | Ri, Dive=2
: c s ) Lt, Dive=0
: : : ‘ ; = : Rt, Dive=0
Lt, Dive=-2
Rt, Dive=-2

limited late model
Lt, Dive=2
Rt, Dive= 2
Li, Dive=0

Li, Dive=-2
Rt, Dive=-2

1999 ford mustang.txt —

Rt, Dive= 2
Lt, Dive=0
Rt, Dive=0
Lt Niye=-2

Roll. more /1

Ri, wive=-2
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Figure A 6.58 Copying Shock Data from Performance Trends’ Shock Dyno Software

If you have an appropriate Shock Dyno Plus version, you can click on the ‘Send’ option and be presented with
the 4 corners of the car. For each corner you can select which shock or coil over’s data to send, or choose
“None” for that particular corner. You may have to open other Shock Dyno files, do the Send and select different
corners of the car for sending shock data for different shocks.

—

Click on Send _ ‘
Test Conditions & Caiculated Results Choose which shock to send to each
[Sboke: 2007 | Compresaion: 2007 105 L Assign Shocks i —| corner of the car in the DataMite program, |-
PURNRE NUTRY [PANAaE S0 & 1N Right Front 1 +| | |orchocse “None". Here we showing
[omgnax iAW [ROG CI%8 VRUEN Left Front 5 < | [sending Shock #1 from the file currently
] . .

° ';“" ‘F‘m"z; it 0‘2”"":‘“”‘*‘ | o - < [{displayed on the main screen to the front 2 -
e i W | | |shocksand Shock #2 to the rear 2 shacks.
!3';::; S __| Because these shocks are coil gvers, the L
o Ty Notes: il i i

(~ Elinais Gas Farce e e e Bom B o o v program will include the spring data.

Port  Velocly Face A posiions for exportng |—vs VCIUGIY, TIT7 5S¢0

1 m_m‘ .................... AR s i e R T
2 10000 143 Export Dat | Help | Cancel| Print

3 lasw 1895 ——— *I — ] [

0 lam0 s ' v

5 a0 1798 : : :

6 |sow w1 | TS b O e Click OK after reading message about this

7 7500 1706 ks . . A

g laow 6 N data bring copied to the computer’s clipboard.
G 1615 ;

U e vam | R T B — N —l D— ——

L & AN

e TT

[ Main Screen T Printing & Graphing
[ Defintions T File Options
T Emailing |
3 Link Convergence Limit, % 050 - ‘
Tl inl hdao Cale Atarmnbs - 1

Rall Center

Rall Center, Tra

Force Bazed [recommended)

ction from Right Tire

Al Shock, Data Welocity [nputs

AT

As shown in the picture, the Export Data will copy this data to the computer’s clipboard. This is the same
process as doing a Windows Ctrl-C or a Copy process. Therefore, do not do a copy or paste command before
you go to your Suspension Analyzer program to import this data.

w. Preferences E]

(114

You must turn on this
Preference before you can do

any Shock Data Analysis in
the Suspension Analyzer

Restore
Defaults
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Figure A 6.59 Shock Data Screen

Click Vehicle Specs

Click Shock Data

£

Front View} Side Yiew ] Top Yiew 1

||

Mo View ] [ Dynamic

[ 18 [ ]8

[ 1H

-

|

[

Vehicle Specs T Front Suzpension {

&, Shock Specs
Ok (back) File Load from Shock Dyvno Edi

Help

f+ Hight Front

! AN

i Left Front

" HRight Rear

Labels/Comments

Edit options let you copy
data from one Shock
Absorber position to a
different one.

i Left Rear

Click .here for Comment From Shock Dyno: #1 - Dixon Oh[EERETIR
d |- showing data for
e different shocks.
ae-ln L n g
Camber G Shack Adjustment [4 clicks
Al | S
Suspens Shock Dyno Graph
Ride Heid || L} | General information, which
Track. in .
Front Fiol R [ may be imported from
1 [ Performance Trends Shock
Lacation Dyno program or that you
Upper B may entgr for your own
Upper Frd information. L ] I
Upper Fre L 1
Lower B2 /7 el
|Lower Fra Typical graph slopes from upper n \
Lawer Fig left down to lower right. That is 405 n
1!8 2”3 x g‘a_c because negative velocity is the B
i | shock compressing, but that
: produces a positive force. Velocity Force Velocity Force
t'ppe' gp'!”g Ea 4750 8.2 000 345
ower Spring Pa
45 3063 280 £33
Upper Shock kg )mj
Lower Shook Md | HelP L2500 255.0 00 -103.4
Upper Sensar M Enter a comment to describe thiz shock or spring 2800 17649 1.500 M7
Lower Sensor M Manually enter data from a -1.500 120.0 2,500 2636
Bump Spring Fat shock dyno graph, or |mport =500 181 3500 -301.9
Rall Bar on&msd | Shock Dyno program. Clear | Pint | Sort

/

Spring Length, in

2 [ = ' I BRG] ]

If you enter data out of order, say at -5"/sec, then 2”/sec, then -1"/sec, the
graph will look strange. Click this Sort button and the program will rearrange
you data starting with lowest velocity first going up to highest velocity.

_/
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Figure A 6.60 Importing Shock Data from Performance Trends’ Shock Dyno Software

ui, Shock Specs E|
OF (back) File Load from Shock Dyno  Edit Help

f+ Right Front Left Front " Right Rear " Left Rear

Labels/Comments
- Caomment From Shock Dono: #1 - Dixon Dbt RaiiE
Click here
and this new
. R —— == Performance
frame will t Shock Dyno Data ,
appear with A Trends
the shock Riight Frant — Shock Dyno
€ shoc Sping Rate: 56252
data loaded Spring Free Length: 2.35 7
f th Adjuztment: _ I
rom the File Hame: #1 - Dikon Ohiins's 2007 ahling track shock service
clipboard DataPoirt 1 -4.750  318.2 m
P DataPoint 2 -4.500 3063 i
displayed. DataPaint 3 -3500 2550
Data Point 4 2500 1764 iy ' |l-
DataPoit 5 1500 120.0 - 1
< » 7 ! :.'

Data above was organized, then placed in Import Cancel ]
clipboard by the Shock Dyno program Q La

Click the Import button to import the proper data to |
the proper Shock Absorber positions, Right Front, —
Left Front, etc. This will be as you directed inthe  — &5 e
Shock Dyno software. T ~Em T
- B0 181 3600 EE]
-.250 -11.9 4750 4026
Clear Print Sort

3-D Suspension Analyzer

Mo shock dyno data found in clip board For importing.

You must have the correct version of Performance Trends Shock Dyno software and click the ‘Send' option at the top of the Shock Dyvno's main screen to copy data to the computer's clip board,
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Figure A 6.61 Spring and Shock Force Data, manual inputs
= Suspension Analyzer ¥2.4C [ shock sensors front rearn not coil over |
File Edit Graphs Reports Aehicle Specs  Adjusk  Optimize Zoom Animate  Preferences  Help
Front View] Side View] Top Yiew ] Mo Yiew ] % Dynamic Dive. Rall . Steer. I Fiear Squat EI.
iew This is a view from the front of car [right side of screen is actually left side of car]. Picture
Gainz bazed an 1" Dive.
C
¥
\_\\ -
,e b Front Suspension |
*
Rear Suspension |
Toeln Gain: 00" F.B. Roll Center HE: 1,94 Tumn Radius: 115 ft Lt F.B. Roll Center Right: .40 Toen Gain: 21"
Camber Gaire 1,20 Caster Gain: .05 Turn Toe I 00" Cagter Gaire 13 Camber Gair: -1.52
Susgpension Data
R eElE, i g 210 210 147 147 Comments/Notes
Track, in Input 3250 3283 13 3250 32E5 15 Same File as 'Lefthanc
Front Roll Couple/FLLD, % Dulput |70.88 74.29 241 4369 51.47 1.78 2002 Lefthander Perir
Some meazurements &
Shock senzars are mo
Loczation Type Rt Static |Ht Dynamic |Ht Change ||Lt Static |Lt [iymamic |Lt Change ~ Has shock data import
King Pin Angle, deg Output [13.30 1572 242 1277 16.03 331
Scrub Radius, in Output (525 519 -10 5.29 5.20 -09
Spindle Angle, deg Olutput 11.60 15,57
Instant Center Height, in Olutput 428 191 237 513 255 -2.58
Instant Center Left, in Olutput 20,65 390 16,75 ha7 L= -4.62
F.B. Rall Center Height, in Output |36 194 -1.22
F.B. Foll Center Right Output 13 .40 27
Roll Stiffness. ftlbs/deg Output [107E.2 1285.2 204.0
Ak Dive, & Output |7 16 23 T 121 4.4
.lacking Component, in Clutpuit 2E1 1E8 93 4.43 253 -1.90
Upper &rm Len True/Fint/Rr, in Output 855 978 10.36 866 920 10.45
Lower Arm Len True/Fint/Rr, in Olutput 17.50 17.50 27.09 15,61 15.61 2B.11
Spindle Length, in Olutput 11.71 1295
Tie Rod/Steerng Arm Length | in Olutput 16.94 546 14.62 475
Fromt Yizgw Swing Arm Length, in Olutput 540 8.2 -15.8 387 M3 -38
Side Wiew Swing frm Length, in Output (15066 133730 118664 4558 5207 E4.9
Total Roll Shffnesz, ft-lbs/deg Output 1518.2 17300 211.80 some Dverstesr Meutral
Front Roll Couple/FLLD, & Output  [70.58 7429 a4 45,69 51.47 1.78
Rear Rall Couple/RLLD, % Output (2512 257 34 5031 4853 -1.78
Roall &xis ta CG Moment Ami, in Output 299 9.43 44
Level Ground Roll Rate, deg/G Clutpuit 033 085 -08
Front Matural Freq, cps Output 207 348 1.41 1.83 1.84 .m
Rear Matural Freq, cps Olutput 1.EE 1E3 -03 1.72 1.75 .03
Spring Force, lbs Output (5799 12131 E39.2 E52.3 9771 3248
Bump Spring Force, |bs Output [0 578.5 A78.5 ] 0 ]
Swap Bar Force, bz Output A 1616 1616 A -161.6 1616
Total Spring Force, s Output (5739 15851 13782 E52.3 8185 163.2
Shock Welocity, indzec Input 1
Shock Force, lbs Clutpuit / 148.45 .00 -J57.50 oo
You can manually T =
\
enter a shock \
velocity here. A
negative velocity
means the shock is
compressing. The resultant shock force is displayed here.
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Figure A 6.62 Spring and Shock Force Data, Simple Animation

= Animate

Inputs

First Motion |Dive

1.

Ending Position

Second Motion

Ii

Ending Position

Third Motion [Steer

Ending Fosition

Fourth Motion |Dive

M

Ending Poszition

— | New input in the Animate screen of “Time between blocks,

e e e ok otoniy o sec”. This is used to calculate a Shock Velocity in this
Time between blocks. sec Simple Animation mode. For example, the Animation starts
at 0 Dive, 0 Roll and 0 Steer. In this screen, the Ending
Position for the first block is 3. With a “Time between blocks,

sec”, of 0.5 seconds, this means the vehicle will dive 3” in 0.0
| seconds. This info along with the motion ratio of the shock
will determine the resulting shock velocity.

Head from File

D ata Source Usze Inputs Above

L¢]

Do Both Endz at Same Time Ho -

Note:

Thiz screen directs the suspenzion to move. The
starting and ending poszition iz always 0 Dive, Roll
and Steer."

Ammate | Clear | Help | Cancel | Print |

= Suspension Analyzer v2.4C [ shock sensors front rear, not coil over |
File Edit Graphs Reports Yehicle Specs  Adjust  Optimize Zoom  Animate  Preferences Help

Front View| Side View | Top View | NoView | P Dynamic Dive[1.60|& Foll [0 |& Ste=r[on |& W RearSaust ||

Vlew This iz a view from the front of car [right side of screen is actually left side of car). Animate-0Ff

G bazed or FILIOL:
ains bas " Dive. anti 5
Farward C

U Faster Sloveer
i i [ Sfep

Front Suspension
Rear Suspension

Toe-ln Gain: 00" F.B. Roll Center HE: 204 Tun Radius: 772ft At F.B. Aol Center Right: 13 Toe-n Gain: 21"

Camber Gair: -1.20  Caster Gain .05 Turn Toe [r 00" Caster Gaire 13 Camber Gair: -1.58

Suszpension Data

[Fide Height, in lopul | .60 60 .60 .60 [ ] Comments/Notes

== T [ = = S = T

Front Matural Freq, cps Output 2 o7 357 1.50 1.83 1.82 -

Fiear Matural Freq, cps Output 1.66 1.63 -03 172 1.75 .03

| lculat hock
Spring Force, |bs Output 5799 988.3 408.4 ERZ23 1003.6 Ca Cu_a ed S oc
Bump Spring Farce, bs Output_|.0 1183 1163 a a Velocity and the

Sway Bar Force, b Output 0 16.7 16.7 .0 -16.7
Total Spring Force, lbs Output 5799 1219 420 ERZ23 9329
Shock Velocity, in/sec Input .og -2.37 .00 -2.23
Shock Force, Ibs Output .an 169.62 0o 161.34

resultant Shock
Force for this
Simple Animation.
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File Edit Graphs Reports ‘Yehicle Specs  adjust

Front \»"iew] Side View] Top Yiew ] Ho Yiew ] P Dynamic

Optimize  Zoom  Animate  Prefe

Figure A 6.63 Spring and Shock Force Data, Animation from Data Logger File

Dive, Roll and Steer from
data logger sensors.

E Suspension Analyzer v2.4C [ shock sensors front rear. not coil over |

Help

Dive. FIDII. Steel.

ENCes

*iey

Gainz based on 1" Dive.

This is a view from the front of car [right side of screen is actually left side of car).

1

G—-—-__—_—._—_—____—_____________s‘

Data logger time, which
determines the shock velocity.

Toedn Gain: .00
Camber Gain: -1.20

F.B. Roll Center HE: 2.00 Tumn Radios: 124 ft Lt

LS —
F.E. Roll Center Right: .31 Toe-ln Gain: 21"

r [ &
Animate-0Ff
Continwous |
Forward |
Faster | Slower |

|Step 47
[Time [4.600_ |
Eng RPM: 5423
Distance, 65

Front Suspension |

Rear Suspension |

Caster Gain: .05 Turn Toe In: 00" Caster Gain: 13 Camber Gain: -1.58
Suspension Data
oif Options | Help | Eemmc
Shock Movement View from Same Fi
Fiear 2002 Le
Some m
Shock =
\L\j,} -t:g Has zho
j I
Brake Thrattle ||Fed=Rear Elue=Front 0 MPH 110
Ride Heiaht. i ot | -55 -5 =12 =12 I
[ v g g s e - o e o
Spring Force, lbs Output 57349 a7 177.2 G523 G445 7.8
Bump Spring Force, |bs Output 0 0 .0 .0 0 .0
Sway Bar Force, Ibs Output 0 102.3 102.3 0 1023 1023
Total Spring Force, bz Olutput h73.49 859.4 2785 BhZ.3 422 -1101
Shaock Velocity, infsec Inpt 0o BB 0o 67
Shock Force, lbs Output qun] 1100 qun] 12207
/ -

Shock Force calculated from
the Shock Velocity determined
by the program and the
corresponding force from the
Shock Dyno data tables.

not the next time step.

Shock Velocity calculated from the change in
shock length data and the time between data
points. This velocity is most accurate once the
program has displayed all time steps. That way
the program knows both the shock length before
and after the time step being displayed. Until that
time, the program only knows the shock length for
the current time step and the last time step, and
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Figure A 6.64 Watch Rows to Watch Data of Particular Interest

@ . Number of Priority Rows |

File W: i —

File fl#= Suspension Analyzer v2.4C Performance Trer Number of Priority Rows D

ﬂ File Edit Graphs Reports  Wehicle Specs  Adjust  Optimizi

[ | Front View| Side View | TopView | NoView | | | I Priority Dptions

~ T T hin T sinmn fram Pho fromb of nar (Tight MHurmnber of Pricrity B ows m vl

= | + Don't Draw Extension Lines on Fronk Yiew . Fow ] - - -

Draw Extension Lines on Fronk Yiew o |35 Ride Height. in j

- Row 2 - i

- v Draw Layout Skandard Size o |35 Track, in j

g Draw Layout Bigger Size Row3 |65 ~ Front Roll Couple/FLLD, %2 |
Draw Layout Biggest Size | J

v Side Yiew Shows Both Left and Right Side | J

Side Wiew Shows Left Side Only

- Side: View Shows Right Side Only | =

: Zoom InfZoom O Choose Notes:

= Watch Rows oles: .

- Wakch Rows This feature allows you pick from 1 to B rows of

j aukput from the data table to dizplay at the top of

- More Yiew Options the table.

i Toe n Rac

- Car w ‘Mo Drawing' Message - On

- Sus ‘Mo Drawing' Message - QFf [

- Lot rose This Menu t [ Keep Settings | Help | Cancel | Print |

) I-II:'F"‘-" —— == N ——

. |Ipper Frame Pivat, Front, in | Fipat 14812

m I lmrmer Frame Pivnt Brar ik ltmnik 14 RR?

= Suspension Analyzer v2.4C Performance Trends [ Shock Sensors Front and Rear ] g@g|

File Edit Graphs Reports Vehicle Specs  Adjust  Optimize Zoom  Animate  Preferences  Help

Front View] Side View ] Top View ] Ho View ] P Dynamic  Dive El . Ral El. StEE'D . r |:| .

(A Thisg is a view from the front of car [right side of screen is actually left side of car). Picture

Gains based on 1" Dive. M @ao[l/-l

Watch Rows section

G—‘_________

-

Front Suspension
Rear Suspension
Toe-ln Gair 00" K. Roll Center HE: 2,28 Turn Radius: Mone K. Roll #nter Left: 830 Tos-n Gain 21"

Camber Gain: -1.20 Caster Gain: .05 ster Gain: 13 Camber Gain: -1.58
Suspension Data
Fiide Height, in Tnput 00 00 o o Comments/Notes
Track, in Input_|32.50 3250 il 3250 32.50 .00 S ame File a5 Lefthander 2002 fle except
Front Rl Couple/FLLD), % Dutput [74.59 74.75 17 5213 52.25 12 different name ta highlight paint file DOES have
shock senzors.
2002 Lefthander Perimeter Chassie with 3 Link
Location Type Rt Out (<] Rt Height (Y] [RtDepth @] [t Dut <] [LtHeight [v]  [LtDepth @] A [Rear unring Rebax Series setup for 1/2 mile
Upper Ball Joint, in Input [elc) 18625 75 2285 13.25 375 gwdlum banked asphalt track.
Upper Frame Pivet, Front, in Input 14.812 16.062 4,25 15.15 15.562 -4.437 SﬁL”:k“z:ss‘;'grgf:‘fnD‘"Litaeﬂpﬂ'ﬂ"';ﬂsz {eoi
Upper Frame Pivat, Rear, in Input 14.562 15812 E.343 15.0625 15125 E over)] mounting points. T his may not akways be
Lawer Ball Jaint, in Input [clc] [25.5 725 0 25712 E.625 1] thB case, and the program can handle that
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Figure A 6.65 More Detailed and Accurate Anti-Roll Bar Calculation Utility

=, Calc Roll Bar Rate gl
Calc Roll Bar Rate

Active Bar Length

Inputs |( ).I
Bar Type  |Hollow Bar. 1 Blade End ~ |

Bar Dutside | Solid Bar, Straight Ends  ~
Hollow Bar. Straight End Blade
Bar Inside DY Solid Bar, Angled Ends Section
Hollow Bar, Angled Ends Arm

Solid Bar. Splined Ends Length Blade

Length

Blade Width A <

Active Bar L

Arm Length,|

EBlade Lengt

Blade Thickness I:I

Blade Width @ Blade Lengthl(—)
Arm Material Steel j Blade at 90 deg Blade at |
Blade Angle D Cﬂ 0 deg

Note: Blade Thickness

designed to bwist, which usually has a3
A Eis g of s par fum Lang Several new choices which account for flex in the arms, and
iztance from the bar mounts on the frame back

to where the bar mounts on the suspension. The the new “blade” option which has adjustable flex.
‘Blade’ option azsumes the blade iz just 1 arm and
the arm on the other end has the stiffness of the
blade at itz stiffest condition, at 90 deq.

Use Calc Yalue | Help | Cancel | Print | / DraW'”g he|pS eXplaIn |nputs.

i, Calc Roll Bar Rate

Calc Roll Bar Rate

Active Bar Length

2|

Inputs |(
Bar Type | Hollow Bar. Splined End -

L

Bar Outzide Diameter. in
Bar Inzide Diameter. in

Active Bar Length, in
Arm Length on Angle

# Arm Length

Arm Width
Average Arm Height

Note: T

Active Bar Length is the lenght of the bar that is
dezigned to bwizst, which usually has a smaller
than the rest of the bar. Arm Length is the
distance from the bar mountz on the frame back
ta where the bar mauntz an the suszpenzion,

Arm Length. in

Arm Length on Angle. in
Average Arm Height, in
Average Arm Width, in

JB000

Arm Material Steel

Usze Calc Value | Help ‘ Cancel ‘ Print ‘
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Figure A 6.66 Blade Anti-Roll Bar

Closeup of blade, shown at approximately 0 degrees.

photos courtesy elephantracing.com

Blade on bar
shown at

approximately >
80 degrees. , Q

Figure A 6.67 List Files by Access Date

il Open Suspension File

80 Suspensions in Library Choszen File:

00472020 =~ aternod], 255 s

/02/2020 _RMO00T Inwindale test

TTAFL2019 i ev.dat

1162019 viken.dat

10/25/2019 850109 Access Date shown here, with most recently

05/07/2013 Ellis Straight Texas Motor Speedwa accessed files at the top of this list.
0E/28/219 Test for PT.dat

03/02/2017 Rusk Chevelle RT AFx< 1.2 TA. dal
0441042017 Stock Alfa 107AIFa 101 alfa steering
03/ 3/2016  davel|with rear suzp).dat
06/15/2015 Stock Alfa 1074l 101
0218/2015 GRT-123 kevin
12/30/2014  Cambo-5tudy- v 3-Dec-25-2014 Aat
11/23/2014  Formula Gloria.dat
03/28/2014  August-13-2014 4-Link Bu
08/20/2014 201 2-14 F4 Suzpengiond Aat

(" List by File Mame (w0 List by .%ess Date

—— | Click here for new list option.

Tip: Single click on a Suspenzion name b ‘choose it faor
pozzible Opening ar Deleting, & ‘preview’ of that Suzpenszion
ezt.da will be giver in thiz frame. Double chck on a Suzpenzsion

hl name to immediately Open it without a presiew.

Selective Open

zhkd slag lzidal; Tip: Click on a

Wi 24C different Falder

| J 4 Link, Rear name to display all
& Link, the suszpenzions

| J Basho saved under that
Added Examples Folder M arne

Open | Find | Advanced | Albaugh
andrews
Cancel | Help | Delete | | [antiift v
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Figure A 6.68 Ball Joint Angle Movement

This is the Current Spindle
Angle, which may not match
the Spindle Angle used for the
Calculation. These may not
match if you have changed ball
joint locations on the main
screen since you last used this
screen. In most cases you will

Wiew ] [ Dynamic \I:Il

-

18 =18

car [right side of screen ig d
Gains bazed on 1 " Dive.

 left side of car).

tual Picture

change the Spindle Angle used
for the Calculation to match ok KettB.dhnule. oeg
Current Spindle Angle. Calc Right B.J. Angle, deg
Left Meazurements
Spindl'é Angie for Calc., deg : :
Toedr Gairc .02*  FB. FolCenterHt 204 TumPad | Inside Dutside
éﬁel Gair: .30 Caster Gain: .00 Ride Height B.J. Flange Angle. deg
Suszpension Data tax B.J. Angle Ci"nange, deg
[&inti Dive, % [Output [0 i
Right Measurements i
Location Type Rt Static
Total Boll Stiffness, fi-lbsideg Output 0g48.2 l:l
Enter the Max e S pindle &r@le for Calc.. deg
utpul ;
Ball Joint Angle Output  |7.50 Ride Height B.J. Flangegle Front Wiew Battom
g Dutput  |20.23 Max B.J. Angle Change, deg
Level Ground Roll Rate, deg/G Output 0.a7
Front Matural Freq, cps Cutput 2.45 Mote: !:lil:k ima_ge_ For more
Rear Natural Freg, cps Dutput  |1.43 See diagram and procedure in Section 2.7.4 in ? info on finding the Ball
manual, page 75. : Joint angles
Spring Force, lbs Output arn.7
Bump Spring Force, lbs Output 0 ‘Jse Calc Values | Help | Cancel ‘ Print ‘
Sway Bar Force, Ibs Cutput 0 \
Total Spring Force, lbs Output a7e.7 \
Shock Yelocity. indsec Input
Shock Force, lbs Output 0o .00
Upper BallJoint Angls, deg Inpu fclc] 4z - | |
Lower Ball Joint Angle, deg Inpu\[clc] 157 57
1 1 b

\

Click here or here for help shown on
next screen.

Click here to load the “Calc Left/Right B.J. Angle, deg”
numbers at the top back onto the main screen’s table.

Ball Joint Angles show up at the bottom of the table. You can enter
the Ride Height Ball Joint Angles directly, shown here as 7.3 and
4.3 degrees on the Upper, 15.7 and 5.7 on the Lower. Or you can
click on the “Input (clc)” field to open up the Calculation Utility
shown above. In this screen, the ball joint picture is updated as you
change angles to show you how your inputs are affecting the “Calc
Left/Right B.J. Angle, deg” numbers at the top.
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Figure A 6.69 Ball Joint Angle Movement Help Screen

Ball Joint Angle Negative Upper BJ Flange Angle

The Ball Joint Angle is the angle
between the stud angle when it is
perfectly vertical (perfectly -
centered in the ball joint) and the S —
actual angle at ride height, or as
the suspension moves. If this
angle moves too much, it will
reach the end of its possible

- 0 Flange Angle

movement and cause bind and Upper Ball
damage. -

: _g : Joint Angle Upper BJ Flange angle you
This input screen lets you simply would measure (shown as
measure the angle of the ball jmnt I I« a positive angle)

o zi..'v-a_,‘-;
R R

l\ Spindle Angle (calculated by

|
Lower Bal program from other inputs)

Joint Angle

"

Lower BJ Flange angle you
would measure (shown as
a positive angle)

—
— —
S

(.

h‘

0 Flange Angle
Negative Lower BJ Flange Angle

*flange”, or anything that is horizontal on the ball joint. This can be measured with an inclinometer
(angle finder) and entered into this utility screen. The program knows the spindle angle from the ball
joint positions you have entered on the main screen.

We tried to make it so most flange angles you would measure would be positive. Upper ball joint
angles which angle down toward the center of the vehicle are called positive angles. Lower ball
joint angles which angle up toward the center of the vehicle are called positive angles. If the flange
was perfectly level, this would be a 0 flange angle. Note that the flange angle is not necessarily the
same as the angle of the A Arm.

The Max Ball Joint Angle is measured by moving the ball joint stud to its max tilted position and
measuring that angle from when the stud was perfectly vertical. In the picture above marked “Max
Ball Joint Angle”, this angle is about 30 degrees.
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Figure A 6.70 Ball Joint Angle Movement Results

E Suspension Analyzer ¥2.4C  Performance Trends [ 1268 mustang w panhard bar, |

File Edit Graphs Reports  Wehicle Specs Adjust  Opkimize Zoom Animate  Preferences  Help

Front View1 Side ‘Jiew] Top YView 1 Mo View ] X Dynamic DiVEEI. Rioll . SteerEI. I I:I.

Wiew Thiz iz a view from the front of car [right side of screen is actually left zide of car). Picture
GFains bazed on 1" Dive. 1

‘Pnssible Ball Joint Bind. ‘
\

6‘—-._____\ /ff—ﬁ?

e e Bind called out here.
M -
'

-

Front Suzspension |

————— —

Rear Suspenzsion |
Tge-ln Fan: 02" F.B. Roll Center HE: -1.97 Tum Radilz: None F.B. Rall Center Right: .00 Toedn Gain: .Dg”

er Gain: .30 Caster Gain: .00 Caster Gain: .00 Camber Gaift .

Suspension Data
[&nti Dive, [Ouwput [0 4 4 0 0 0 | ]
Location Type Rt Static |FH Dynarnic |FH Change ||Lt Static |Lt Dynamic |Lt Change ~
Tatal Roll Stiffress, i-be/deq DOutput ha48 2 58331 -15.10 HA

Asterisks show Max Ball
Front Roll Couple/FLLD, % Output (9210 92.02 Joint Ang|e Exceeded.
Fear Roll Couple/RLLD, % Dutput 790 7.82
Rall Az bo CG Moment Arm, in Cutput 2029 19.30
Level Ground Roll Rate, deg/G Dutput 087 0.83
Frant Matural Freg, cpz Cutput 245 244 244 -m
Fear Matural Freq, cps Dutput 1.48 1.49 1.48 .00
I —
Spring Farce, |bs Dutput am.y 0.3 ) . 21856
Bump Spring Force, s Output a |
Sway Bar Force, |bs Dutput 0 .0 .
Tatal Spring Forze, |bs Output arey 30313 21556
Shock Yelocity, infzec |nput
Shock Force, bz Output .00 .00 . \
|Jpper Ball Jaint Angle, deg Input [clc) 7.3 298¢+ : . 220
Lower Ball Joint Angle, deg Input [clz) (8.7 -6 -13.3 a7 -4 B -13.3
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Figure A 6.71 Ball Joint Angle Movement Graph

= Front Suspension Graph Settings

O utput Rear Axle Lead. -~
Graph Type |F'ick O ata from List j _?‘_:::1'::‘% I'E:r.;f::p‘;':‘ent in

Sids CeitlanclElislt j E:.l.::pHSe;ﬂlr:tg ;—E::nn::e, I

Settings iz::nl:?oll:lol;c;? Flll:::n:e [[=]

Primary Type Dlive ril - Ib

Startinmg From

Going To

Step Size L:':i:e?:_.“ Joint Bind., de
Secondary Type Mone j D ata: Upper Ball Jaint Angle, deg

Hold Roll At O
Hold Steer &t 0

[21 Data Points for 13 Graph Lines is
the b4 aximum possible. ]

Hold Roll At
Hold Steer At

Make Graph Help | Cancel | FPrint |

Second graph was
done by selecting this
“Bind” option.

= Suspension Analyzer ¥2.4C [ 19268 mustang w panhard bar ]

Back File Format “iew Graph Type Add Test Add Suspension History Log  Single Test  Help

(e eli=] [el= ] [s<lo| )] Fuvien]se seas

Front Lt & Rt Upper BJ Angle deg vs Dive, in

1968 mustang w panha
Upper BJ Angle.deg Lt

Dive

Back File

Format

Wiews Graph Type Add Test  Add Suspension  History Log  Single Test  Help

[Epes[=l=] [=]=[=]=] [>el=IE]] e ]setscoes

Front Lt & Rt Upper B.J Blnd deg vs Dive, In

Graphing Bind.

1968 mustang w panhal

Upper BJ Bind,deg Lt

Dive
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Index

4 wheel drive, 167
5 Link Independent, 147

Ackerman, 1, 18, 25, 26, 38, 65, 73, 101
Ackrmn Error, deg, 26, 65, 73

Active Bar Length, 57

Adjust Options, 6, 43

Adjust Ride Height, 45, 46

Adobe PDF, 148

Alfa Romeo steering, 167

All wheel drive, 167

Alternate Location, 34

Angle, 23, 25, 26, 65,72, 117, 118, 125, 133, 185
Animate, 6, 30, 49, 141, 144, 184

Anti Dive, %, 27, 66, 73

Anti-Dive %, 99

Aspect Ratio, 53

Assumptions, 7, 3, 113

Backspacing, 46

Backup, 123, 133, 139

Ball Joint, 147, 185

Ball Joint Angle, 185

Ball Joint Bind, 185

Ball Joint Wizard, 147
Ballast, 147

Bellcrank Axis Front, 22, 23
Bill Mitchell files, 168
Bind, 185

Bird Cage, 147

Blade Anti-Roll Bar, 185
Brake, 142, 144

Brakes, inboard, 133, 167
Brakes, outboard, 167
Bump spring force, 167, 168
Bump springs, 167, 168

C.G, 51,52

Calc utility, remember inputs, 168

Calculation Menu, 6, 9, 10, 21, 51, 54, 56, 91

Calculation Menus, 6, 9, 51

Calculation utility, remember inputs, 168

Camber, 1, 2, 12, 13, 16, 24, 26, 33, 43, 45, 47, 65, 72, 92,
99, 101, 108, 113, 115, 116, 118, 133, 136, 139

Camber Gain, 1, 2, 12, 16, 24, 33,99, 113, 115, 116, 118,
133, 139

Caster Trail, 24, 25, 65,72, 117, 118

Center Car based on Tire Tracks, 41

Center Link Pivots, 22

Centerline, 19, 39, 92

Centimeters, 133

CQG, Center of Gravity, 37, 92, 128, 148, 168

Change, 7, 20, 29, 45, 101, 116

Chassis #, 37, 38
Circumference, 35, 45, 53

Clc button, 51, 56

Clc buttons, 51

Clc utility, remember inputs, 168
Coil Springs, 54

Comments, 33, 59, 60, 94, 168
Company Logo picture file, 168
Cross Weight, 147

Cursor, 74, 76, 104

Customer, 12, 35, 37, 38, 60
CV Joints, 183

Data Logger, 22, 133, 139, 141, 142, 143, 184, 185

Data Logger Option, 133, 141

Data Logger Version, 184, 185

Data table, graph, 168

DataMite, 141, 142, 144

De Dion, 183

Decoupled Live Axle, 147

Depth, 18, 20, 34, 93, 128

Dive, 1, 7, 8, 13, 16, 18, 23, 24, 27, 33, 37, 38, 48, 49, 50,
63, 64, 65, 66, 70, 71, 72,73, 76, 92, 101, 102, 103, 104,
110, 113, 116, 117, 118, 148, 184

Double A Arm, 126, 127, 128, 133, 183

Dynamic, 6, 7, 8, 13, 16, 18, 20, 23, 24, 66, 73, 101, 102,
167

Edit, 6,7, 19, 29, 41, 42, 43, 93, 133, 183
Emailing, 61, 142, 148, 168

Ending Position, 50

Engine RPM, 142, 144

English, 133

Extension Lines, 1, 35

File, 2,7, 12, 13, 20, 28, 29, 34, 44, 45, 48, 59, 60, 67, 80,
81, 82, 83, 89, 90, 94, 96, 99, 105, 121, 123, 124, 128,
133, 139, 141, 142, 146, 147, 148, 168, 183, 184, 185

File, company logo picture, 168

File, picture, 167, 168

Files, Bill Mitchell, 168

Find, 47, 93, 133, 135

Find Optimum Settings, 47

First Motion, 49

FLLD% (front lateral load distribution, handling), 47, 115,
133

Folder, 12, 35, 60, 95, 99, 121, 124

Force Based Roll Center, 183

Format, 148, 183

Freeform, 133

Friction Circle, 144

Front axles, solid, 167

Front Lateral Load Distribution, 115, 133, 134, 135

Front Suspension, 19, 56, 126, 128, 184

Front wheel drive, 167
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Going To, 64, 65,71, 72

Graph, 7, 8, 12, 30, 35, 36, 67, 69, 70, 71, 72, 73, 74, 76,
77,103, 104, 105, 109, 110, 125, 127, 144, 148, 167,
168, 183, 184, 185

Graph axes, horizontal, 167

Graph cursor, horizontal, 167

Graph Legend, 148

Graph Type, 70, 109

Graph, data table, 168

Graph, printed comments, 168, 183

Graph, Restore Defaults, 148

Graph?, 183

Graphs, 6, 13, 30, 69, 70, 72, 73, 74, 99, 103, 105

Gs, 133

Height, 18, 19, 20, 34, 37, 45, 51, 52,92, 99, 136, 138, 167
Height of C.G., 37, 51, 92

Height of C.G., inches, 37

Help, 2,3,5,7,8,9, 30, 36, 51, 60, 125, 133, 148

History Log, 69, 78, 183, 184

Hold At, 65, 72

Hollow, 54, 56, 57

Horizontal graph axes, 167

Horizontal graph cursor, 167

Ideal Ackrmn Toe In, deg, 25

Import, 1, 133, 139, 145, 146, 147
Import Dimensions, 139, 145
Inclinometer, 185

Include Suspension Comments, 80
Increment, 63, 70

Installation, 6, 4

Instant Center, 1, 13, 19, 26, 27, 35, 66, 73, 148
Instant Center Height, 26

Instant Center Left, 26

Instant Centers, 1, 13, 19, 27, 35, 66, 73

Jacking Component, 148, 168
Jacking on Spring, 45
Jacking Screws, 45, 147, 148
Jacob’s Ladder, 183

Jeep steering, 167

JPG, 148

KG, 133

Kinematic Roll Center, 183

King Pin, 13, 19, 24, 26, 65, 72, 117, 118, 167
King Pin Angle, 13, 19, 24, 26, 65, 72

King Pin Angle, deg, 26

Lateral Locator, 133, 137, 167, 183
Layout, 35, 99

Leaf Springs, 54, 55, 133, 138, 167
Length, 13, 23, 27, 57

Letter Tire Size, 53

Lever Arm Length, 56

library, 12, 82, 104, 123

210

Suspension Analyzer
. ___________________________________________________________________________________________________________________________________________|

Chapter 4 Examples

Library, 81, 82, 83, 121, 183
List by Access Date, 185

List by File Name, 185

Location, 54, 136

Logger, 184

Lower Arm Len True/Frnt/Rr, 27
Lower Arm Length, 27

Lower Ball Joint, 21

Lower Frame Pivot, 19, 21
Lower Frame Pivot, Front, 21
Lower Frame Pivot, Rear, 21
Lower Sensor Mount, 22

Lower Shock Mount, 22

Lower Spring Pad, 22

Lt Side, Behind Wheel Center, 39

Main Menu, 28, 43

Max Ball Joint Angle, 185
McPhearson, 20, 31, 127, 128, 183
Metric, 53, 133, 134

Milliken, 119, 134, 135

Motion Ratio, 24, 33, 113

Move Points, 41

Network, 34

Neutral Line, 148

New Track, 46

Number of Active Coils, 55

Offset, 43, 46

Open, 7, 12, 13, 28, 34, 59, 81, 82, 84, 99, 123, 128, 183,
184

Open, List by Access Date, 185

Open, List by File Name, 185

optimize, 108, 110

optimum, 1, 3, 30, 47, 48, 108, 115, 116

Other Specs, 6, 7, 9, 12, 13, 14, 18, 20, 29, 30, 37, 45, 51,
56,59, 79, 89, 90, 92, 94, 95

Out, 18, 19, 20, 34, 89, 93, 107, 116, 136

Output, 6, 61, 63, 70, 79, 99, 125, 183

P Metric, 53

PDF, 148

PERFTRNS.PTI, 83, 121, 123, 124

Picture file, 167, 168

Pitch, 167, 184

Preferences, 6, 7, 12, 15, 16, 18, 24, 25, 28, 30, 33, 34, 44,
60, 65, 73, 80, 95, 99, 113, 147, 168, 183, 184

Primary Type, 64, 65, 71, 72

print, 1, 20, 29, 79, 80, 89, 91, 96, 99, 121, 168, 184

Print, 20, 29, 79, 80, 89, 90, 99, 121, 148, 167, 184

Printed comments, graph, 168, 183

Printer, 6, 29, 35, 61, 74,79, 80

printer orientation, 133

printing, 29, 74, 80, 89

Pushrod Mount on Arm, 23

Pushrod Mount on Bellcrank, 23
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Radius, 18, 25, 52, 54, 65,73, 117, 118

Rating Type, 53

Readme.doc, 2

README.DOC, 2

Rear Lateral Load Distribution, 133

Rear wheel drive, 167

Registered, 3, 5, 168

Registered Owner, 3, 5

Request Report Comment, 80

Restore, 133, 139, 148

Restore Defaults, 148

Ride height, 1, 39, 41, 43, 44, 45, 108, 138, 167, 168, 185

Ride Height, 1, 39, 43, 44, 45, 167, 168

Rim Offset, 46

Rim Width, 46

rocker arm, 133

Roll, 1,7, 8,12, 13, 16, 18, 19, 20, 23, 24, 26, 27, 29, 30,
33, 34, 35, 37, 38, 48, 49, 50, 56, 57, 59, 63, 64, 65, 66,
70,71, 72,73, 82, 84, 89, 92, 99, 100, 101, 102, 103,
105, 108, 109, 110, 113, 115, 116, 117, 128, 133, 134,
135, 136, 138, 147, 148, 167, 168, 183, 184, 185

Roll Bar, 13, 20, 23, 30, 37, 38, 56, 57, 59, 89, 185

Roll Bar Rate, Ib/in, 38

Roll Center, 1, 12, 13, 18, 19, 26, 27, 34, 35, 48, 66, 70, 73,
82,84,99,109, 110, 113,115,116, 117, 135, 136, 148,
183

Roll Center Height, 18, 26, 27, 66, 70, 73, 110, 136, 148

Roll Center Left, 18, 27, 66, 70, 73, 99

Roll Center Motion, 70, 109, 110

Roll Stiffness, 1, 27, 128, 167

Roll Stiffness, ft-lbs/deg, 27, 128

Rolling Radius, 53, 54

Rt Side, Behind Wheel Center, 39

Rt Side, From Centerline, 39

Safe, 3, 46, 47, 108, 139

Safety, 4, 3, 47, 108

Save, 1, 7, 28, 34, 44, 45, 48, 82, 83, 84, 90, 95, 96, 168,
183, 184

Save As, 28, 44, 45, 48, 84, 90, 95, 96, 168

Scrub Radius, 24, 26, 117, 118

Secondary Type, 64, 65, 71, 72, 105

Semi Trailing Arm, 147

Sensor, 22, 24, 38, 39, 125, 133

Settings, 63, 70, 71, 102

Setup, 29, 74, 133

SETUP, 4

Shim, 1, 44, 47, 48, 107

Shim Adjustment, 44, 48

Shock Absorber, 184

Shock Data, 184

Shock Dyno, 184

Shock Force, 184

Shock Velocity, 184

Side, 7, 15, 16, 19, 39, 41, 53, 57, 58, 63, 70, 72, 99, 116,
125, 146, 147

Solid front axles, 167

Spindle Angle, 26, 185

Spindle Angle, deg, 26

Spindle Drop, 1

Spindle Length, 27

Spring, 1, 8, 13, 18, 20, 23, 24, 51, 54, 55, 133, 138, 140,
184

Spring Angle from Front, 23

Spring Angle from Side, 23

Spring Length, 13, 23, 55

Spring Rate, 8, 18, 20, 24, 51, 54

Spring Rate/Wheel Rate, 24

Spring Width, 55

Springs, 38, 89, 92, 126, 140

Springs, bump, 167

Starting From, 64, 65, 71, 72

Static, 7, 16, 18, 20, 23, 24, 33, 66, 73, 99, 100, 102, 107,
115,116

Static Camber, 116

Std Graph Title, 183

Steer, 1,2, 7, 8, 13, 16, 18, 23, 24, 33, 48, 49, 50, 63, 64,
65,70, 71,72, 100, 101, 102, 103, 110, 136

Steering, 7, 18, 20, 21, 22, 26, 38, 39, 41, 43, 47, 48, 57,
58,59, 89, 90, 91, 92, 141, 142, 144

Steering Arm Length, 58

Steering Arm Points To, 57

Steering Arm Side Angle, 58

Steering Arm Top Angle, 58

Steering Sensor, 22, 39, 89

Steering Swivel Axis, 21, 90, 91

Steering Swivel Axis Lower, 21

Steering Swivel Axis Upper, 21

Steering, Alfa Romeo, 167

Steering, Jeep, 167

Step Size, 64, 65,71, 72

Susp. Travel Sensor, 38, 89

Suspension, 1,4,6,7,1,2,3,4,5,6,7,10, 11, 12, 13, 15,
16, 17, 18, 19, 20, 25, 27, 28, 29, 30, 33, 34, 35, 37, 38,
41,43,44, 45,47, 48, 49, 50, 51, 53, 54, 57, 59, 60, 61,
63, 64, 65, 66, 67, 70, 71, 72, 73, 79, 80, 81, 82, 83, 84,
89, 90, 94, 95, 96, 99, 100, 101, 104, 105, 107, 108, 109,
110, 113, 115, 116, 117, 118, 119, 121, 123, 124, 125,
126, 127, 128, 130, 133, 135, 138, 139, 141, 142, 143,
144, 145, 146, 147, 148, 167, 168, 183, 184, 185

Suspension Layout, 6, 13, 15, 16, 17, 35, 49, 99, 101, 146

Suspension Library, 6, 12, 28, 73, 81, 82, 121, 123, 124

Swivel Axis Front Angle, 58

Swivel Axis Side Angle, 58

Symmetric Chassis, 38, 168

Tech Help, 3, 5

Throttle, 142, 144

Tie Rod Length, 27

Tie Rod on Rack, 21

Tie Rod on Spindle, 21

Time Segment, 184

Tire Circumference, 24, 44, 45, 46, 51, 53, 92
Tire Radius, 52

Tire Scrub, 24, 66, 73

211
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Titles, 67, 74, 183

Toe In, deg, 8, 25, 26, 65, 72,73

Toe In, in, 25, 35, 65, 73

Toe In, inches, 25, 35, 65, 73

Torque Arm, 147

Torque Tube, 147

Torsion Bar, 54, 56, 133

Torsion Bar Diameter, 56

Torsion Bar Length, 56

Torsion Bars, 54, 56

Track Map, 133, 142, 144

Trailing Arm, 147

transmission, 133

Transmission, 138

Transmission Angle, 133, 138

Tread, 24, 53, 92

Tread Width, 24, 53, 92

Ttread, 24

Type, 2, 5, 8, 18, 20, 21, 38, 51, 53, 54, 56, 59, 63, 64, 65,
70,71, 72, 168

U Joints, 183

Unsprung weight, 167, 183
Upper Arm Len True/Fmt/Rr, 27
Upper Arm Length, 27

Upper Ball Joint, 20

Upper Frame Pivot, 20, 21

212

Upper Frame Pivot, Front, 20
Upper Frame Pivot, Rear, 21
Upper Sensor Mount, 22
Upper Shock Mount, 22
Upper Spring Pad, 22

Virtual Scales, 147
Vista, 2, 147

Watch Rows, 185

Watts Link Wizard, 147

Watts Linkage, 133

Wheel Rate, 1, 24

Wheel Rim Diameter, 54

Wheel Spacer Width, 46

Wheel/Tire, 43, 46

Wheelbase, 26, 38, 51, 52

Wheelbase, inches, 38

Windows, 1, 3, 1, 2, 28, 29, 34, 35, 74, 83, 84, 121, 122,
123, 124, 147

Windows 7, 2, 147

Worksheet, 20, 29, 89, 90, 92, 93

X, Y and Z Measurements (definition), 146, 148

Zoom, 133, 138, 147, 168



