(C) Performance Trends Inc 2000 Suspension Analyzer Appendices

Appendix X 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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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

Fig A 6.14A Picking New Rear Suspension Types from Vehicle Specs Screen
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Fig A 6.14 Torque Tube Live Rear Axle
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Figure 17.39 Torque tube rear axle.

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
Firebirds, 1982-92.

Picture courtesy “Race Car
Vehicle Dynamics” by Milliken &
Milliken.

= Suspension Analyzer v2.4 Performance Trends [ Torgue Tube ]
File Edit Graphs Reports WYehide Specs  Adjust  Optimize  Zoom  Animate  Preferences  Help

[ 18 [ 1=

Wiew

Gain based on 1" Dive.

This iz a view from the right side [right side of screen is front of car).

Torque Tube is an example
file supplied with program for
you to evaluate.

Side view of Torque Tube
suspension.

Rear Suspension

Program only needs
location of the single ball

Toe-n Gain: .00 Roll Center HE: 12,50 Turn Radius: Mone Roll Center Righe-TI0 Toe-n Gain: .00 joint
Anti-Squat, Static 168.8%  Dpn 168.8% Antpedlat, Static 168.8%  Dyn 168.8% :
Suspension Data

Location Type Rt Out [¥] [RtHeight[r)  [RtDepth@) Lt Out (<] [LtHeightfr)  [LtDepth @) ~

Torque Tube on Frame, in Input 1 13 52

' atts Link Mounts on Frame, in |Input [clc] |20 13 -8 20 12 -8

Snrine Maunt an Frame Innit 24 il FAR 24 4 AR
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Fig A6.15 Torque Arm Live Rear Axle
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Figure 17.41 Torque arm rear axle suspension.

The Torque Arm is similar to the
Torque Tube rear axle. The
“ball joint” at the transmission is
now replaced with a slider joint.
Two lower control arms have
been added 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.
All accelerating and decelerating
torque is transferred through the
lower control arms.

This suspension was used in the
4th generation Camaros and
Firebirds, 1993-2002.

Picture courtesy “Race Car
Vehicle Dynamics” by Milliken &
Milliken.

E Suspension Analyzer v2.4 Performance Trends [ Torgue Arm ]
File Edit Graphs Reports Yehicle Specs  Adjust  Optimize Zoom  Animate  Preferences Help

Torque Arm is an example
file supplied with program
for you to evaluate.

Front View] Side View] Top View ] Mo View ] [ Dynamic l:l . l:l.
Wigw This iz a view from the right side [right side of screen is front of car). S|de VieW of
Gain baged on 1" Dive.
Torque Arm
suspension.
Program needs
location of the
Torque Arm and
Rear Suspension | lower ContrOI
Toedn Gain; 00" Foll Center H 12,50 Tumn Radius: None Fioll Center Right; .00 Toe-n Gah; 00" arms
Anti-Squat, Static 139.1%  Dyn 1397% Anti-Squat, Static 139.1% _Hyn139.1% -
Suspension Data
Location Type Rt Out ) [RtHeight(v]  [RtDepth @ [Butfx] [LtHeight ¥l [LtDepth @] ~
Torgue Amm on Frame, in | nput 1 13 52
Lower Link Frame Mount, in Input 24 9 28 24 3 28
Lower Link Axle Mount, in Input 25 7 0 28 0
Pan Hard Bar [Frame = Rt Side], |Input 20 13 -8 20 12 -8
e —
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Fig A 6.16 Trail Arm / Semi Trailing Arm Independent Rear Suspension
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Figure 17.25 Semi-trailing arm 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.

Picture courtesy “Race Car Vehicle
Dynamics” by Milliken & Milliken.

= 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 =] =]

Wi [} »
Zoom In Gain based on 1" Dive.
Zoom Out
Zoom Off

' 7

N

-

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 Gair: -
Camber G- 53

Suspension Data

—

(" Rear Suspension |

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 it Out <) [RtHsight[r)  [RtDepth @] [LtOut (A [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

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.

Picture courtesy “Race Car
Vehicle Dynamics” by
Milliken & Milliken.

Figure 17.33 SLA suspensions—five-link Mercedes type.

5 Link Rear is an example

file supplied with program
= Suspension Analyzer v2.4 Performance Trends [ 5 Link Rear ] for you to evaluate.

File Edit NeEly=8 Reports Vehicle Specs  Adjust  Optimize Zoom  Animate  Preferences  Help

Front View] Side View] Top View ] HNo Yiew ] [ Dynamic I:I. l:l.

Wiew This is a view rom the right side [right side of screen is front of car). . . i
Gain based on 1" Dive. Side view of 5 Link

suspension.

—

Frant Suspenzion
Toeln Gain: - 20" Foll Center HE: 3.79 Turn Radius: Mone Roll Center Right: .00 Toedln Gain: - 20"
Camber Gain: .00 Caszter Gain: - 58 Caster Gair: - 68 Carmber Gain: .00
Suspension Data
Location Type Rt Out %) RtHeight ] [RtDepth @) [LtOut[2) [LtHeightv]  [LtDepthz) Ll
Upper Ball Joint, Front, in Input [clc) 18 -1 25.039 18 |
Upper Ball Joint, Rear, in Input [clz] |25.033 17 37 25.039 37 PrOg !"a m needs
Upper Frame Fivat, Front, in Input 23 17 21 21 location of each
Upper Frame Pivat, Rear, in Input a8 175 -4 ] 1758 -4 end Of the 5 links
Lawer Ball Joint, Front, in Input [clz] (255 E.535 984 255 E.535 984 !
Lower Ball Jaint, Rear, in Input [clc) |26.5 B.693 1963 55 £.693 1,363 or10X, YandZ
Lower Frame Fivet, Frork,in_ [Input |23 7.974 20 3 7.a74 20 coordinates for the
Lower Frame Pivat, Rear, in Iput | 7.52 -2 9 7h2 -2 : H
Tie Rod on Frame Input a 11.654 -3 g 11.654 -3 Ieﬂ and rlght side.
Tie Rod an Spindle, in Input 25472 10.908 -3 25472 10.906 -3 | |
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Suspension Geometry - Section 17.7

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

659

free to rotate within the
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.

Picture courtesy “Race Car
Vehicle Dynamics” by Milliken
& Milliken.
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Figure 17.42 Decoupled rear axle suspension,
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File Edit Graphs Reparts Vehicle Specs  Adjust  Optimize Zoom  Animate  Preferences Help 4 Link

[ 18 [ 18

Front View] Side View] Top View ] No View ] [ Dynamis

= Suspension Analyzer v2.4 Performance Trends [ Bird Cage Rear w Brackets |

Bird Cage Rear w
Brackets is an example
file supplied with program
for you to evaluate.

“iew This is a view from the right side [right side of screen is front of car).
Gain bazed on 1" Dive.
ﬁ Side view of Decoupled
= Bird Cage Rear
—>
Frant Suspensian

Toe-n Gain: 01" Roll Center HE: 9567 Tum Radius: Mone Fioll Center Left: 1.72 Toe-ln Gain: - 07"
Anti-Squat, Static 225.3%  Dyn 225.3% Anti-Squat, Static 225.3%  Dyn 225.3% Prog ram needs |Ocat|0n
Suspension Data 4
Leseffa Tope  |ROWH] [FtHoght[v] FtDephZ]  |LLOwt] DHeghtt] _ [LAephd] |~ of the 2 control arms for
Upper Link Frame Mount.in___|Input [clc) [14.5 175 13 14, 18 q each side, and the
LIpper Link Axle Mount, in Input [clz] |17 185 0 19 18 1] | . f h
Torgue Beam Mount on Frame,  |Input 2.299 14 44 a i} 1] Ocat|0n o) t e torq ue
Lawer Link Frame Mount, in Input [clc] |20 9 24 20. 10 23 beam )
Lower Link Axle Mount, in Input [che] (18, 8 1 18 9 1
Fan Hard Bar [Frame = Rt Side], (Input 18 3 -7 17 10 -7
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Fig A 6.19 Four Link Features

. Right Side Upper Link Frame Mount Bracket Locations
CI|Ck on Thls screen MEazurements
Iets you enter # Hxles Hole Used
“Input (clc)” 4 1~
f Several h0|e Inches  Inches
. Ahead  Ab
ora locations for ity vl o
particular each bracket. Hole 1 B
mount to Holclizglj195 165  [Oreeees
ChOOSG Hole #3 |20 15.5 1/4 =25 C%)
38 =375
which side’s nole 4 25 IS B s O
brackets you /il
want to edit.
Screen to
right will be
disp|ayed_ Roll Center HE 900 Turn Radiuzs: None R OK/Exit | Help | Cancel | Print |
Dyn 82.1% Mave all existing holes This much
Up Downl Folwaldl Backl
TR T \
Location Type \ Rt Olut [3) Rt Height [ T
Upper Link Frame Maunt, in Inpuit ["'\‘ FEr Fistpiime®e| 1 hese buttons let
Upper Link Axle Mount, in Inpt [ Edit Right Side Bracksts el i s you move all holes
- e Edit Left Side Brackets fonitelcetodd
Li Link. Fi hount, Input ter of each h .
Lower ik Avte Hown, i I:E:t{ Close This Menu Generate Several Holes | EZFS? of Ziﬁr?h a certain amount
2 I~ Copy Holes to Left Side Bracket i « H ”
wiatts Link Mounts on Frame, in |Input [clc) |18 12 Ony Toles To TeT oide Tracke eestE ) of “This much”.
I O B TIO  S S F T (PSPPI I an

In Side View, click on 4 Link
to display “Right Side
Brackets” features shown

= Suspension Analyzer v2.4 [ 4 Link Rear w Watts Link and Bracket Holes ]
File Edit Graphs Reports wehicle Specs  Adjust  Optimize  Zoom  Animake  Preferences  Help 4 Link

Front View] Side View] Top View] Ho View ] [ Dyniamic I:I. I:I.

ight side of screen is front of car). Right Side Brackets
Click on a bracket hole, and instant B Hole #
. -
center or pick a Hole # from the 4 bracket HpperFrame 1

lists to check a particular combination.

|Jpper Axle 1 -
Lowwer Frame B -
Lower Al B -

IC £ [ahead of axle]: 108.7
I [above ground):=12.7
Anh Sguat=821%

|- Lead Change:; .030
Turn Radius = -5707 £ [RE)

Hep | Table

Toeln Gain: 00" Roll Center HE: 9.00 Turm Radiug: Hone Foll Center Right: .00 Toe-ln Gain; 00" ;. Clase [keep changes)
Anti-Squat, Static B2.1%  Dyn 82.1% Anti-Squat Static 64.0%  Dyn B4.0% / Cloze [abandon changes) |

Suzpenszion Data

TP Ir T Gt Height [¥) _JRfDepth Click her [LtHeffht Y] [Lt Depth @) ~
Anti-Squat and Roll Steer characteristics |75 19 t 'I((: ere 18 13
of the combo you chose are shown here. |25 0 O Keepyour | 1z 0
. I b 24 changes. 10 2
| 2756 4-link Combinations (sorted by Anti-Squat) Click here to
Back (abandon changes)  Back (keep combo highlighted)  Print  Sork 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 D025 11411 .
3 3 3 1 1858 70 26,7 5 4929 Click here to !'ar_1k all combos by
1 2 3 1 9g.2 3.8 27.2 122 -2382 the characteristic you are most
1 2 1 2 199.5 8.0 28.4 051 -5678 interested in.
4 3 4 1 168.6 7.0 29.4 .063 -4643
3 3 3 3 4073 1 on an a nEd Rd12 L]
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Fig A 6.20 Virtual Scales

Suspension Analyzer v2.4 Corne| ing Screen [ Bird 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 oo ) 8 (e oo
. . Turns Down Tumns Down D % 5 3 5 eft % 04
by clicking M— — 5327 51,57 Cross :
| Static Weight Stalic Weight IE' -
on Adjust , - Lbs Les
I 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 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
Corer e 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
56.21 5E21 Left%
What to Change Circumference - e 5327 5390 Cross =
Lbs Lbs
Current Tire New Tire 600 535
Circumference 745 Circumlerence 5931 541.9
Height Height
oo .o .
Help Definition: Enter the number of threads per inch for the -1 -t Cross We|ght ch anges by
jacking screw on this corner of the car. i i . ; .
3 3
s |/ g | [orenonotiresie
651.9 4281
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 [ Bird Cage Rear w Brackets |
Back Back (keep changes) Print  Help

Left Right
Jacking | TieChange |  Move Weight
Cunrent Yehicle Weight [2215. i;a;g ?ETVG:‘S Fear %
New Vehicle Weight 2215. 56.21 5366 Leftx

5327 5131 Cross

Weight Change ,Wl Weight to Move Lbs - Lbs
600 535

Current Location New Location 534 \ 533 . .

Ahoad/Bohind  FIFEYM -]  Ahead/Bohind  [ahcad -] — | 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
Distance s @ location. Program also shows

— - : Lts Lbs new CG location and location of

Help DBIInIlII]nZV Pick Wh&l!l&l the weight is ahead or beh]nd the £45 435 . .

::P?;.:I:I],E [or a line connecting the center of the left and right rear 552 5.2 We'g ht added and We'g ht
removed (or how weight was

moved).
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= 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 T

Fm/'nl Suzpension

frame.

General Specs

Suspension Type

|3 Link. top link Right side Live Axle

Lateral Locating Linkage

|

|W'atts Link, center link attaches to Frame/ j

Panhard Bar, frame attachment on Righ

b gide:

Panhard Bar, frame attachment on Left spde
Watts Link, center link attaches to Aule

Data Lok

Susp. Travel Sensor e -

Ride Height Measurements
Lt Side. From Centerline
Lt Side. Behind Wheel Center

Rt Side. From Centerline

L

L T

Enough Dimensions ?

Specs for Center Pivot

Distance Behind Axle

1N

Height Above Ground 12.5

Center Pivol to Arm Pivot

I

Specs for Arms
Armm Length

Top Arm Goes

Springs | Coil Owver [outboard]

Roll Bar | Nete

Symetric Chassis [Lt same as Bt} [yo «

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.

MHote:

Check Figure AB.5 in Appendix B for a picture of
thesze various inputs.

Usze Calc Value | Help ‘ Cancel | Print |

File Edit Graphs Reparts Vehicle Specs

= Suspension Analyzer v2.4 Performance Trends [ watis pivot on frame |

Adjust  Optimize Zoom  Animate  Preferences

Help 4 Link

Gain based on 1" Dive.

Front View| Side View | Top View | HoView | [ Dynamic 18 18
Wiew Thiz iz a view from the front of car [right zide of screen is actually left zide of car] |

All 3 rows of Watts Link inputs
_ | have beenfilled, and a
workable Watts Link has been
drawn.

The Watts Link Wizard is the

[

g.

| | 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
Tc'e_-ln Gain: -.D_1" Foll Center HE: 12,50 Turn Fladius: Hone oll Center_Flight: jun] _ Tog other significant Change in the
Anbi-Squat, Static BB 4% Dpn BE.4% Anbi-5guat, Static 28,23 Vehicle S

enicle obecs screen.

Suspension Data ,/
Lacation Type Rt Dut €] [RtHeight [¥)/ [RtDepth @ [LtOut ) [LtHeight [v] Lt Depth ) ~
Upper Link. Frame Maunt, in Input [cle] |0 2075 18
Upper Link Asle Mount, in Input [cle) [0 24 -3
Lower Link Frame Maount, in Input [clz] |24 B.25 28 24 ] 28
Lowser Link Asxle Mount, in Input [cle] |26 A .o 25 A .o
"' atts Link Mountz on Axle, in - |Input [clc) |22 145 -8. 22 0.5 -8
wiattz Link Pivot Bar on Frame, IanMIc] i 145 -8. i 105 -8.
'St Link Pivat Bar Pivat, in IripLit [CN i} 1245 -8 i} 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

Back okl File  Help

3

Yehicle Specs T Front Suspension T Rear Suspension

General Specs Data Logger Senspfs

Suszpension Type Suzp. Travel

| Decoupled Live Axle ['Bird Cage'

Lateral Locating Linkage Ridg7Height Measurements

|Watts Lirk, center link. attaches to Frame t Side. From Centerline

Include Driveshaft U Joints Lt Side, Behind Wheel Center

Springs Attach To | Aue Housing Rt Side. From Centerline

Laower Armi

At Side, Behind Wheel Center

Anle Hausing
Springs Coail Dver| W pRer Am
i ' Hel
i saeif iae ek Cliu:kpc-n the down arow key to choose where the
Roll Bar |None j

Symetric Chassis (Lt same as Bt] [nyp «

]
]
]
[ ]

springs and shocks are attached [both are assumed
to attache to the zame suspenzion component). p s

You can now locate the
spring on the upper arm for 4

d 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.

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  Animate  Preferences  Help

18 ~[ 18

Front View] Side View] Top Yiew ] Ho Yiew ] W Dpnamic

18

Wie This is a view from the front of car [right }ide of screen is actually left side of car].
Gain baged on 1" Dive. . .
Click on a point on the
suspension layout
drawing with your
mouse...
— .
L] *
L] ; Front Suzpension |
L_——’ Rear Suspension
Toeln Gain: 00" Fioll Center He: 3.29 Turk Fadius: Mol Roll Center Left: 8.30 Toeln Gair: 24" and the
Camber Gain: 1,200 Caster Gain: .05 Caster Gair: 13 Camber Gain: -1.58
: measurements for

Suspension Data \| 4 . .

Lacation Type  [RLOWE) [FtHeidhi[r]  [FtDepth@)  [LLOu () [LtHeight [v) _/ Lt Depth (2] that point will be

Upper Ball Joint, in Input [clc) (22812 18.625 75 22685 19.25 375 h|gh||ghted in the gnd

Upper Frame Pivot, Frant, in Input 14.812 16.062 -4.25 1515 15562 -4.437

Upper Frame Pivaot, Rear, in Ipit 14.562 15812 E.343 15.0625 15125 E as ShOWn here'

Lower Ball Joint, in Input [clc] |25.5 7.25 0 28712 5 0

Lover Frame Pivot, Front, in Input 8.04 6125 437 10125 RE7TH 23

Lawer Frame Pivat, Rear, in Input 8125 B 20075 10125 RE7R 20937

Tie Rod on Rack, in Input 815 BB -4.25 10,1875 5487 -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 ]

File  Edit Adjust  Optimize Zoom  Animate  Preferences Help

[ 8 = ]8

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 Front Yiew  §ain based on 1" Dive.

raphs Yehicle Specs

iew| Side View

Reports

&8

Top View | No View | [ Dynamic

w Draw Layout Standard Size

i

Click on the View button for access to
several commonly used Preference
settings. Note: You can also change
these settings in the Preferences menu.

Draw Layout Bigger Size
Draw Layout Biggest Siz/
w Side View Shows Both Left and Right Side

Side View Shows Left Side Only
Side Yiew Shows Right Side Only

Maore View Options

Draw Extension Lines on Frant View

Select to “Draw Layout Biggest
Size” and the screen will be
redrawn as shown below.

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 -4.437
Upper Frame Pivat, Rear, in Input 14.562 15.812 6.343 15.0625 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 23
Lawer Frame Pivat, Rear, in Input 2125 B 20,75 10125 20,937
Tie Rod on Rack, in Input 815 E.E11 -4.25 10,1875 -4 RE2
Tie Rod on Spindle, in Input 25 757 -5.406 245 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 B85 v

74 start

] Suspension Analyzen ¥2.4 Performance Trends [ watts pivot on frame ]

& ) s 1

File Edit Graphs Repaorts Vehicle Specs  Adjust Optimize Zoom Animate Preferences  Help
Front View] Side View ] Top View ] No View W [ Dynamic l:l. l:l B l:l B
R This is a view from the front of car [right side of screen is actually left side of car). LaYOUt d rawn to
Gain based on 1" Dive H H
Biggest Size.
Front Suspension
Rear Suspension
[ ]
®
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
P e Gl B [ o 507 £ anc M E 0 4Ed 4c0E M
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Fig A 6.25 Ball Joint Wizard

Front View| Side View | Top View | HoView | [ ICGEIEGTIRIIE

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 Dot stion e sE ot Ll el it These
Gain bazed| Ball Joint Location [19.794[0.349 ] are the
Measured Location / measure
Specs -ments
Side Right - you
Ball Joint Type ¢ 727 K7263/1003) ~ entered
“C||Ck on Stud Points Up - into this
Input (clc) screen.
to open the ]
i *
\?Va” Jc()jlnt M easurement Point Stud Tip -
1zar -
Length to Measurement Point ilm
shown to Fiall Center Ht 3.29 TunRad | i
: Cazter Gair.05 s Flange Angle -
the right. ide Vi
g Angle from Front Side View Battom
Location Ty[!;e Rt Out <] Anale from Side i
t 2 Mote:
Upper Ball Jaint. in Input [clc] 4 : ; i i
= Fick a side on which to baze these calculations,
Upper Frame Pivot, Front, in Input 14812 Stud Tip X Left or Right.
Upper Frame Pivat, Rear. in Input 14862 Stud Tip ¥ 202
Laower Ball Jaint, in Input [clz] |25.5
Lower Frame Pivat, Front, in Irput g.04 Stud Tip 2
Lower Frame Pivat, Bear, in Input 2128
Tie Rod on Rack, in Input 8158 = =
TeEanen ik a5 Use Calc Value | Help | Cancel | Print | Front Yiew

wi| Ball Joint Location

Distance from Meas. Point to Ball Joint: 1.45

Ball Joint Location Tep
Measured Location El
Specs
Side Right =]
Ball Joint Type IW _— -
Stud Points Up -

[Flange =]

[ ] ”

Measurement Point ’m
Length to Measurement Point
Angles to Use ’W‘

Angle from Front Side Yiew Bottom
Angle from Side HNote:
_ Pick a zide on which to baze theze calculations,
Stud Tip X Left ar Riight.
Stud Tip ¥
Stud Tip 2

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

left side of car).
(1 ( Main Screen T Printing & Graphing 0K
[ Definitions | File Options
T T Emailing | .
Cancel ] -
\ -
3 Link Convergence Limit, % 030 - | - =
|
3 Link Max Calc. Atempts a0 = Ef:;h ] - | - -
Colors - 1 =
Leaf Springs Add to Roll Stiffress 0% - - !
= [ : H
| —<
et npuls M = renent | E - Right Jacking
Enter Toe In As D Showing
: egees - i) 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 Onin — 2285 1925 b= o - .
About L=
Preferences. Updating . il Wiy
Left Jacking | ——\ : =R
- -- ==
Component - ] !
H T = | 1 |
| 245 0.454 v {:: : v
18.937 245

= Suspension Analyzer ¥2.4 Performance Trends [ watts pivot on frame ]

File Edit Graphs Reports vehicle Specs  Adjust
Front View] Side View] Top View] No View \| P Dynamic Di"’e. ol . Stee'.

Wig Thiz iz a view from the front of car [right zide of zcreen iz actually left zide of car]. Animate-0
Gain based on 1" Dive.

Optimize  Zoom  Animate  Preferences

Continuous | |
Forward | Back |
Frant Rol
Rear Rol Faster | Slower |
Dreflectiol [Step

Time 2.800

Eng RPM: BE23
Diztance: 425

Front Suspension |

&

. 1 Rear Suspenszion |
Toe-n Gain: 00" Roll Center HE: 316 Turn Radius: 304 f Lt Roll Center Left: 7.58 Toeln Gair: . 24"

Camber Gair: 1,200 Caster Gaire .05 Turn Taoe [ 00" Caster Gaire 13 Camber Gaine -1.58
Suspengion Data
oif | Options | Help | - - -
M Zﬁocﬁ Mavemert v hior|  Static and Dynamlc Jacklng
@\ = Component shown here in results.
&F// | _——|| Program is in Animate mode
B e Thm’ﬂé’ Red=Rear Ene=F|| USiNg a data logger file. This
7 “Full Vehicle w Data Logger”
Location Type Rt Static: |F|tDynami;/ |F|tChange ||Lt5tatic |Lt Dynd feature allows you to WatCh the
Erti Dive, % Outpt |7 13 B 77 79 Roll Center and Roll Axis change
Jacking Component, in : Output 292 286 -06 a9 365 dynamica”y, and a|30 draws the
Upper &rm Len TruedFmtsRr, in | Dutput 8568 978 10.36 8.66 9.80 CG C t fG it [ i
Lower Arm Len True/Frt/Rr, in_[Output [21.25 10.3 2709 0 ( énter of Gravi y) location
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 Aim Length, in_|Oulput__|.0 13303 19303 0 a5 | because it drew 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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