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= The following licenses are required to create

perform this simulation:
= Digital Mockup Kinematics

= Mechanical Part Design
= Assembly Design
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= The Steering Knuckle in an SLA (Short/Long Arm)
Independent Front Suspension has three pivot
point attachments. These are at the Upper
Control Arm, the Lower Control Arm, and the Tie
Rod end.

= Bump/Roll Steer (change in toe) occurs due to
the Tie Rod pivot at the Knuckle swinging through
a different arc than the Control Arms.

= The baseline for this arc can be optimized using
CATIA DMU Kinematics.
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= Certain parameters were set in this particular design.
= Track: Front/Rear = 1490/1510mm
= Wheelbase = 2489.2mm

= Tire Size:
= Front = P245/45ZR-17
(Static Rolling Radius = 302mm)
« Rear = P275/40ZR-18
(Static Rolling Radius = 314mm)

= Wheel Size:
= Front=17 x 8.5 in, Offset = 56mm
= Rear =18 x 9.5 in, Offset = 63mm
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= Parameters (cont'd).
= Scrub Radius = +10mm
= Steering Axis Inclination = 8.8
= Caster Angle = 6.5
= SLA Ratio =1.43:1
= Brake Rotor Offset (Hub face to Rear Rotor face) = 38mm
= Ackermann Steering = 82.5%
= Shock Extension/Compression = 48.7/36.1mm

= All of these parameters affect the three pivot points on
the Steering Knuckle.
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= In design position, the Toe and Camber Angles
measure zero degrees.

The intersection of the
Caster & SAI planes result
in the Steering Axis.

ASS

Camber Angle
Measure line in
the Knuckle part.

Caster plane in the Knuckle part.
Normal to the global XZ plane.

l mmand.1 (Prismatic.3,Length) : ‘ P ‘ 1‘ 3 '_ ( | TOe Ang Ie .
=#=Fix Part { Frt Susp Fixed Components ) 2 ! ; i j Mea sure ||ne N
t the Knuckle part.

Steering Axis Inclination (SAI)
plane in the Knuckle part.
Normal to the global YZ plane.

Toe & Camber
Measure plane in
the Fixed part.
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= To optimize the Toe Angle delta as the
suspension moves through jounce and
rebound, the Tie Rod pivot arc must first be
determined.

= The method shown in this example is an
expedient way to get the optimized plane to
swing the Tie Rod pivot arc.
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= Step 1: In the Fixed Part, create a temporary plane
through the Steering Axis and the Tie Rod pivot point.

ivot Line Kin Plane

eering Rack CL

B Rot Line f ¢ o
: il
ARB Rot Kin Plane gy Plane Definition

pindle Pivot Point Plane t;pe: Through point and line v M
ing Axi Point: [Tie Rod End Pivot Pt
Temporary plane ==

in the Fixed part.

Line: |Steering Axis

& Cancel | preview |
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= Step 2: Use the temporary plane as the controlling
surface in a Point-Surface joint to complete the
suspension Kinematic.
I | e | | s e P

d End Point (Trace-Tie Rod End Point)

RALSCREA L L - RSPAERL |

4

&

ssy-Lower Front Shocl

7 e

L
v
>

ront Upper Control Arm

2 CANY BE
AOSH

.7 (Front Steering Knuckle Assy

7

Joint Creation: Point Surface

Controlling plane
in the Fixed part.

Mechanism: |Front Susp_LH

L] New Mechanism |

Jaint name: | Point Surface.8
Current selection:
Surface 1: |Frt Susp Fixed ComporPoint 1: [Front Steering Knuckle

@ OK I éCanceII b
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= Step 2: The completed Kinematic.

. I Constraints
plications
==Mechanisms

[ I'IY'

Front Susp_LH, DOF=0

[

if_zg Revolute.1 (Frt Susp Fixed ¢ Components, Fror‘lt Lower Control Arm Assy)
T ..

=}
S

¢

a Cyllndrlcal 2 (Front Lower Conftrol Arm Assy Front Shock Assy-Lower)
» T .

L(

i Prismatic.3 (Front Shock Assy-Lower Front Shock ;lssy-Upper‘ .
. Information

Spherlcal 4 (Front Shock Assy-Upper Frt Susp Fixed Compone
~S]mN -
2 Revolute.5 (Frt Susp Fixed Components Front Upper Control \l) The mechanism can be simulated
e
Sphencal & (Front Upper Control Arm Assy Front Steering Kf‘IL,
T Spherical. 7 {(Front Steering Knuickle Assy Front Lower Control

f Point Surface.8 {(Front Steering Knuckle Assy Frt Susp Fixed Components)e \_/ -

S~Commands

}_
Y~ 7+ 239

Command. 1 (Prismatic. 3,Length)
S S
" =Fix Part { Frt Susp Fixed Components )

—Laws

—Speeds-Accelerations
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= Step 3: Run the Kinematic to full jounce position.

straints

lications” #

Selection | Instantaneous Values ] History |

Sensor [ Value Unit l
" Front Suspension Assy (Chassis Axis)iToe Angle Measurela,.. 0.192023 Degree
*Front Suspension Assy (Chassis Axis)\Camber Angle Measur... 0.0131141 Degree

nents)

To view the values, the
measures must first be
chosen in the Selection tab.

Mechanism: IFront Susp_LH
Command.1 -36.1

a7 [+e7000 [ .|

Activate sensors [ Plot vectors

Reset l Analysis... I <<less l

Displa - Simulation
@ O @ Immediate O On request

Detect Clashes Check Limits | R I 5 | | : | ] | 3 |
@ automatic O Interferences | @ Off O on O Stop - ,—_l

B B B e o — Pick Activate
— _cise | Sensors.

Close l

#

& CABREe

@
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= Step 4a: Adjust the Knuckle to Optimized position.

BND TechSource

Components)

In the Fixed Part, create
planes through the now
moved Steering Axis (Knuckle

Part) normal to the global XZ
and YZ planes (Fixed Part).
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= Step 4b: Adjust the Camber to Optimized position using
Snap.

&P
In Assembly, Snap the SAI
Plane (Knuckle Part) to the ¥,
SAI Adjustment Plane (Fixed | L

L
a

Part).

Center graph

Reframe On

Slank Product (Tire eSS Ale+Enter
e Rod End Poir

After Snap, apply Force
Measure Update on the Toe &
Camber Angular Measures

& «

A
|
|
I
I
|
I
|
1
|

Notice the Camber |.
reduction, and the
' k Toe increase.

DerTe

D
- Toe Angle Measure object » Definition. .
il Force Measure Update I

amber Angle MeasLire
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= Step 4c: Adjust the Toe to Optimized position using
Snap.

- /4
Next, Snap the Caster Plane ‘

(Knuckle Part) to the Caster ; i |
Adjustment Plane (Fixed Part).

>~ M Steerin

: Reframe On
pRiall =] HidejShow
roduct (Tir E&[" Properties Alt+Enter
Rod End Poi E Open Sub-Tree
Za|  After Snap, apply Force
Measure Update on the Toe &

Camber Angular Measures

A

Center graph R, v Ay 7 l
' I

1

|

|

[

1

|

Delete

ster Angle Me ¢ N0t|ce the Camber
S | T troevessueobies: (LI . .
Toe Angle Meastie: | 1 increase, and the

mber Angle Measure i Toe red U Ct' On .
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= Step 4d: Adjust the Toe to Optimized position using
Compass on the Steering Axis. This method could be
used in lieu of steps 4a — 4c.

Steps 4a - 4¢c were to
show the relationship
between Camber & Toe.

N

Parameters for Compass Manipulation

Coordinates

ez Reference |Absolute L]
- SAL Adj Plane-JoLince -
Apply I Paosition Angle
Kin Geom Along X 267 3430 | -11.742deq 2]
- . [ Along Y 719.757mm E 8.14e-004deg E
Along 2 106.97mm 138.085des |2
Increments
o Translation increment Rotation increment
or Swivel Bushing) ] [oom B |
9/ Omm & 9 0deg @ Bbd,
¥ sa‘ Front Steering Knckle Assy (Front Steering Knuickle Assy) Along¥  Tomm & 4 | ¢ Ode
I ! Along W Tomm E & I ﬁ} 0.004deq % B\,
Measures

Distance | 0rm rava I Angle IW &%
Close I
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= Step 4e: In the Fixed Part, create a point at the now
moved Tie Rod pivot.

N Front Suspension Assy (Chassis AXis)
"’%3‘ Tubular Frame (Tubular Frame. 1)
* Front Wheel Assy (Front \Wheel Assy)
ont Brake Rotor {(Front Brake Rotor)
' "%‘ Frt Susp Fixed Components (Frt Susp Fixed Components)
'%& Frt Susp Fixed Part (Frt Susp Fixed Part)
iﬁ‘ rt Susp Fi>:ed Par :

o .
&% )~ Axis Systems

— ﬁz PartBody

+- @u Isolated External References

%} Geometrical Set 1 )z

— & Toe & Camber Measure Plane.
'/'\

— = Temp Controling Plane: et

[— = Caster Adj Plane-Jounce

= - SAT Adj Plane-Jounce

" Tie Rod Pivot Point-Jounce)
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= Step 5: Return the Kinematic to design position. In the
Fixed Part, create a point at the now moved Tie Rod pivot.

5% Front Wheel Assy (Front Wheel Assy)

o Front Brake Rotor (Front Brake Rotor)
"‘t" Frt Susp Fixed Components (Frt Susp Fixed Components)
‘3’5 Frt Susp Fixed Part (Frt Susp ‘F.I;ekd Part)

2 l‘Frt: Susp Fixed Part

&3 )= axis Systems

—‘ﬁ PartBody
l\:ﬁ Isolated External References
83 Geometrical Set.1 L
— 4 Toe & Camber Measure Plane ) Y
— = Temp Controling Plane
aster Adj Plane-Jounce
Al Adj Plane-Jounce

7 Tie Rod Pivot Point-JoLnce

% Tie Rod Pivot Point-Design Pos
—_—
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= Step 6: Run the Kinematic to full rebound position.

N Frt Susp Fixed Components (Frt Susp Fixed Components)
b "”ﬁ Frt Susp Fixed Part (Frt Susp Fixed Part)

o
s

Selection | Instantaneous Values | History l

Sensor I Value I Unit: I
“Front Suspension Assy {Chassis Axis)iToe Angle Measurela... 4.15265 Degree
*Front Suspension Assy {Chassis Axis)\Camber Angle Measur... 0.237913

Kinematics Simulation - Front Susp_LH

[3

To view the values, the
measures mUSt firSt be i Activate sensors [ Plot vectors
chosen in the Selection tab. peset | soshis.. |

Mechanism: |Front Susp_LH

Displa simulation
= : O 4 | @ Immediate O On request

Detect Clashes Check Limits | | | = | | y |
@ automatic O Interferences | @ OFF O on O stop . o :

B B 8 2 e — Pick Activate
Sensors.

|

|

Command.1 -36.1 h— 48.7 -36.1000 E ‘

<<less |

Close I
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ji.‘_ Front Suspension Assy (Chassis Axis)

" *ﬁ’ Tubular Frame (Tubular Frame. 1)

ront Wheel Assy (Front Wheel Assy)
{ Front Brake Rotor (Front Brake Rotor)
J"-%‘ Frt Susp Fixed Components (Frt Susp Fixed Components)
"%ﬁ Frt Susp Fixed Part {(Frt Susp Fixed Part)

1‘?'?‘ rt Susp Fixed Par

vz plane

- zx plane

& - Axis Systems
—ﬁf PartBody

- -m'} Isolated External References

- .-...’:‘ Geometrical Set. 1 IIz

[~ < Toe & Camber Measure Plane.

[~ & Temp Controling Plane‘/;::\y
[~ 7 Tie Rod Pivot Point-Jounce

= - Tie Rod Pivot Point-Design Pos

< 7 Tie Rod Pivot Point-Rebound

e —
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= Step 8: Return the Kinematic to design position. In the
Fixed Part, create a plane through the three Tie Rod
Pivot points.

ber MeasLire Plane ) [ L\

S
X/ /_\\_}I/

Plane Definition

Plane type: | Through three points v m

Point 1: ]Tie Rod Pivot Point-Jounce

Point 2: }Tie Rod Pivot Point-Design Pos

Paint 3: |Tie Rod Pivot Point-Rebound

& cancel | preview | ?
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= Step 9: Replace the Temporary Controlling Plane in
the Kinematic with the Optimized Controlling plane.

Fix Part { Frt Susp F

tLa'-. Joint Creation: Point Surface

erations Mechanism: lFront Susp_LH 3_'J New Mechanism |

Joint name: | Paint Surface.s
Current selection:
Surface 1: |Frt Susp Fixed ComporPoint 1: |Front Steering Knuckle

@ ok | @ cancel
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= Step 9: The completed Kinematic.

BND TechSource

onstraints

ront Lower Control Arm
o

Prismatic.3 (Front Shock A
Spherical.4 (Front Shock Assy-Upper Frt Sus
2 Revolute.5 (Frt Susp Fix

Spherical.7 (Front Steering Kn u_u\\le AS
: e
solr= — = : = S
+- Point Surface.8 (Front Steering Knuckle Frt Susp Fixed Components)
et B

ommands

FL Part { Frt Susp Fixed Components )

Laws

pe
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= Step 10a: Create a Kinematic Simulation (for the Trace).

Shock Assy-Lower)

y-Upper)

.::c_w..r:r|pu:?r|er|ts) 7 < Sl mu |at|0n [\\\ |

=] ont Steer 3 ; . @P

N = b b Z
nt Surface.8 (Fro ring Ki : : : y g &
Jommands !

“#~Fix Part ( Frt Fdit Simulation

Hame: | Simulation. 1

]
SERB LN
D||40.00 ]1 L]

[] Animate viewpoint

Insert ] Modify ] Delete I SkiE I

[[] Automatic insert

| Toe Angle v

Camber Angle Mea

=Simulation o aranes Distance %
Bl cimulation. 1 [of | [on ~] Kinematics Simulation - Front Susp_LH @@ '&'

Edit analysis | Edit simulation objects | Command.1 -36.1 r— 48.7 m I

Edit sensors [[] check joint limits

& Cancel I Reset ] keep position on exit

N )
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= Step 10b: Compile the Kinematic Simulation (for the Trace).

=Joints

. 5 ]
ront Lower Control Arm : &

.3 (Front \ ) é J .Com pl!e
4 (Front Shock Assy-Upper Frt S : Sl m LI Iat| O n

indrical.2 (Front Lower Control Arm A ont Assy-Lower)

b=
A
PI!
Mo
J,-._ :
L

Point Surface.8 (Fr
=#=Commands
S#=Fix Part ( Frt

Laws

~ Compile Simulation

4 Generate a replay
Name:|Replay. 1

L [[] Generate an animation file J 5 l
o= wuw| Toe Angle Measure | |
= wuw| Camber Angl z Definition

Simulation name:]Simulation.l _VJ
Time step: [1 |

&
4

2 &

[] animate viewpoint
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= Step 10c: Create a Kinematic Trace of the Optimized Arc
for the Tie Rod Pivot Points.

ARB End Link Assy (ARB End Link A

T
t-Roll Bar)-LH Assy (ARB (Ant-

|
W

Caster Angle Measure
oe Angle Measure
nber Angle Iv
=Simulation

=33 Simulation, 1

BND TechSource
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Object to trace out: lRepI ay.1 = I
Elements to trace out:
Reference product:  [Trace-Tie Rod End Point

Mumber of steps: 41
Trace Destination

O Mew part @ Reference product
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= Step 1la: Use the Kinematic Trace of the Optimized Arc to
determine the optimized Steering Rack attachment point.

28490 BoAS B AVUL . Lo 2B 0 LR

Create a circle
through the three

Sy @ L\
"—% Geometrical Set. 1 N Z . I : T Circle type : IThree points - 2'
nts 1 p—

Poirt 1: [Point. 1 Circle Limitations .

Paint 2: |Point.24 M EI

Point 3: |Point.41
[~ Optional

‘D Geometry on support

‘Support: ]No selection

[ axis Computation

Axis Direction: 1o s

|° OK I & Cancel | Preview |
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Step 11b: Use the Optimized Arc to determine the
optimized Steering Rack attachment point.

. I -
+ Point.25 ] ] A W

< Point.26

- Point.27

< Point.28

P " - Create a point at
o ol the arc center.
< Point.31 £
< Point.32
- Point.33
- Point.34
- Point.35
- Point.36
= Point.37
- Point.38
< Point.39
= Point.40
p— In this case the
e | Steering Rack needs
1| to be moved rearward.

T T T T B T S S S S e S R S

Point.42]
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= Step 12: Reposition the Steering Rack to the Optimized Arc
Center Point and complete the Kinematic with the proper
Tie Rod joints in place of the Point-Surface joint.

BND TechSource
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= Step 12: Run the Kinematic with Sensors Activated

BND TechSource

and Output the data into an Excel Spreadsheet.

—_—
—_—
——
—— .

O Toe Angle (Degree)

B Camber Angle (Degree)

N~ o —
l\_%_r\ gggg

© B o

Camber Angle (Degree)

™
) 8 o 4
5 4 ; Qo N~ Toe Angle (De

© =) : y ™ gle (Degree)
o) 9] o [ee] < N
™ — . [ ™

N <t ™ ~ Yol

~ > o} @

- : -
® &

g —

Jounce/Rebound (mm) A T
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BND TechSource

s Conclusion:

This is an example of how to use CATIA DMU
Kinematics to create Front Suspension Baseline
Optimization of Bump/Roll Steer.

We hope this will help those who need this type of
simulation.

As always, we are open to any discussions this may
bring.

Please subscribe to our YouTube channel! l‘
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