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= [he 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.

= [he baseline for this arc can be optimized
using CATIA DMU Kinematics.
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= Certain parameters were set in this particular
design.

=« [rack: Front/Rear = 1490/1510mm
= Wheelbase = 2489.2mm

= [ire 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

Prepared by: Bill Harbin —Technical Director 11-Oct-14




BND TechSource

= 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.

Camber Angle
Measure line in
the Knuckle part.

T B o S5 aYld

B Caster plane in the Knuckle part. :
LEeTl Normal to the global XZ plane.

& (Front Upper Control Arm A on

Toe Angle
Measure line in
the Knuckle part.

nmand. 1 (Prismatic.3,Length)

art { Frt Susp Fixed Components )

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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= [0 optimize the Toe Angle delta as the
suspension moves through jounce and
rebound, the Tie Rod pivot arc must first
be determined.

= [he 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.

Nt Cir Pt
t Line

ne Kin Plane

ng Rack Center Plane

B Rot Line
.
ARB Rot Kin Plane ; on b
A Spindle Pivot Point Plane type: | Through point and line v EJ
Steering & Point: [Tie Rod End Pivot Pt
Temporary plane

L

in the Fixed part_ Line: |Steering Axis

3 Cancel | preview |
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tep 2: Use the temporary plane as the controlling
surface in a Point-Surface joint to complete the

suspension Kinematic.
Il-_llAuto Iuto _HAuto _Ilﬂu'_ll lene =t & RAOALEECREHL X - DPER & =
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¥ Spherical. 7 (Front Steering Knuckle Assy Front Lower Control Arm Assy)
~Commands
s Command. 1 (Prismatic. 3 Length)

{
( Frt Susp Fixed Components )
=

£

TR Joint Creation: Point Surface

\ccelerations Co ntro' I i ng p I ane Mechanism: |Front Susp_LH Ll New Mechanism I %
i n the Fixed pa rt. Joint name: | Point Surface.d 3&‘

Current selection:
Surface 1! [Frt Susp Fixed ComporPoint 1: [Front Steering Knuckle

@ oK I OCanceII

1
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s Step 2: The completed Kinematic.

1] Constraints
plications

==Mechanisms

™
igg Revolute. 1 (Frt Susp Fixed € Components, Fr ont Lower Control Arm Assy)
AT ..

\

s a Cylrndrlcal (Front Lower Control Arm Aosy Front Shock Assy-Lower)
| B Su Ny

% Prismatic.3 (Front Shock Assy-Lower Front Shock Assy- Upper\ N
7 T Information

et

Spher ical.4 {Front Shock Assy-Upper Fr Susp Fixed Compone
\"‘

5 Revolute.S (Frt Susp Fixed Components,Front Upper Control \1/ The mechanism can be simulated
—_——

%r%r%%

*%: Spherical.& (Front Upper Control Arm Assy Front Steering Knu

4y

T Spherical. 7 (Front Steering Knuckle Assy Front Lower Control
e f i

+ Point Surface.8 (Front Steering Knuckle Assy Frt Susp Fixed Components)é \___/, b

S~Commands
f

l_

Y

:,’ ¢2 Command.1 (Prismatic. 3 Length)
L. LS
*=Fix Part { Frt Susp Fixed Components )

—Laws

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

&

Es

Selection Instantaneous Values I History |

& CABR S e
ﬁ &

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

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

.

Mechanism: lFront Susp_LH
Command.1 -36.1

=l
A =N

4 Activate sensors [ Plot vectors

Reset I Analysis... l <<less l

2 &

Display Options Simulation @
o O @ Immediate O On request @

Detect Clashes Check Limits I | v l 14 | 7 | 9 | S | % | @,
@ automatic O Interferences | @ OFf O on O stop - ,—_j

- Outputs H H
E @l @I GraEhics I Options l File ... I PICk ACtIvate 177
o Sensors. Y -
- r =1
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= Step 4a: Adjust the Knuckle to Optimized position.

ixed Comp

:N In the Fixed Part, create planes
through the now moved
Steering Axis (Knuckle Part)
normal to the global XZ and YZ

planes (Fixed Part).

- CAL Adj Plane-Jounce

!
E '% Kin Geom
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s Step 4b: Adjust the Camber to Optimized position using
Snap

In Assembly, Snap the SAI
Plane (Knuckle Part) to the SAI
Adjustment PIane (leed Part)

; %‘ Steering R.
" mq:;‘ Tie Rod

Center graph

Reframe On

:.A.I'IU»'RC'" E;ar)-LH Hide{Show
S {ole BOMBNE= 21" Properties Alt+Enter

race-Tie Rod End Po Open Sub-Tree ‘E;: @
straints x 7
L P After Snap, apply Force 7

Measure Update on the Toe &

Camber Angular Measures hpy Notice the Camber

reduction, and the
Toe increase.

. Toe Angle Measure object 4 Definition. ..

= Force Measure Update
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= Step 4c: Adjust the Toe to Optimized position using
Snap

(o : - -
= g™ Front LCA A i wer Control Arm A

Next, Snap the Caster Plane
(Knuckle Part) to the Caster

Center graph

Reframe On

 Tire Blank Product (Tir S Alt+Enter

=M1 2ce-Tie Rod End Poll E el

¥ cu Chrl+x

£° After Snap, apply Force

~ | Measure Update on the Toe &
Camber Angular Measures

@y Notice the Camber

=
er Angle -
] oo veocie [ increase, and the
: E i :
i | J Toe reduction.

ber Angle Measurel - |
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s 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 - 4c were to
show the relationship
between Camber & Toe.

TR d>

amber Measure Plane

Controling Plane Parameters for Compass Manipulation

Adj Plane-Jounce Coordinates
Reference IAbsqute L]
Apply | Position Angle

Geom W Aok [EEEEE 2 -.742deg  [2]
=il Fr 4 ) Along¥  [719757mm [ 8.14e-004deq [2]

'I"-‘”a‘ Frt UCA Pivot Mtg A Frt UCA P Aoy AlonaZ  [10g.97mm =] 138.085deg |2

Adj Plane-Jounce

Increments

T "g‘ Frt Shock Upper M

&P | Translation increment Rotation increment

AongU fomm ] 8¢ [odes ] Bl&
Along ¥ & ¢ 0Ode
Along W [Elmrn—-@ & | 9 m QQ Q()

Measures

Distance f[omm /I/I ange J[odes A%
Close l
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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)
"%‘ Tubular Frame (Tubular Frame. 1)
o

s

Front Wheel Assy (Front Wheel Assy)

:. Front Brake Rotor (Front Brake Rotor)
¢ Frt Susp Fixed Components (Frt Susp Fixed Components)
'ﬁ’;ﬁ Frt Susp Fixed Part (Frt Susp Fixed Part)

= ﬁ}‘ FreSUsp Fixed Parh , _

xy plane

N ;
B3 ) axis Systems

— ﬁ PartBody

&g %, Isolated External References

Q.,‘ Geometrical Set. 1 )z

— & Toe & Camber Measure Plane.
/\-\
— = Temp Controling Plane: o

[— & Caster Adj Plane-Jounce

[T SAL Adj Plane-Jounce

3 Tie Rod Pivot Point-Jounce]

e
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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.

Front Wheel Assy (Front Wheel Assy)
Front Brake Rotor (Front Brake Rotor)

&% Frt Susp Fixed Components (Frt Susp Fixed Components)
'y

i ~
=N Fri Susp Fixed Part (Frt Susp Fixed Part)

= I‘Frt Susp Fixed Part

/Z plane
Zizx plane
» ,,-Jf Axis Systems
—‘ﬁ‘ PartBody
S % Isolated External References
Ly Geometrical Set.1 L
[— 4 Toe & Camber Measure Plane Y
— & Temp Controling Plane
Caster Adj Plane-Jounce
SAI Adj Plane-Jounce

— - Tie Rod Pivot Point-Jounce

=~ Tie Rod Pivot Point-Design Pos|
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= Step 6: Run the Kinematic to full rebound position.

Front Wheel Assy (Front Wh

Front Brake Rotor (Front Brake R

l‘-"‘ Frt Susp Fixed Components (Frt Susp Fixed Components)

f“‘;ﬁ Frt Susp Fixed Part (Frt Susp Fixed Part)

o 0T T S L ROPRO Iy 8

*Front Suspension Assy {Chassis Axis)\Camber Angle Measur... 0.237913

Selection | Instantaneous Yalues | History |
Sensor [ Yalue Unit:
*Front Suspension Assy (Chassis Axis)\Toe Angle Measurel\A... 4.15265 Degree

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

Display Options
@

Detect Clashes Check Limits

@ automatic O Interferences | @ OFF O on O stop
& @J j@ Outputs
Graphics ... I Options | File .

Pick Activate
Sensors.

Cloj

%

&/

ot

LI
:aﬁ’ 1*

R s

Kinematics Simulation - Front Susp_|LH

& CABME ®a

Mechanism: |Front Susp_LH

Command.1 -36.1 J‘— 48.7

[ Plat vectors

Analysis. .. I

<<less l

'J Activate sensors

Reset |

Simulation

&

@ Immediate O On request

? &

% 8 @

Close I ;
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o Step /. Repeat Steps 4d & 4e in rebound position.

Front Suspension Assy (Chassis Axis)
‘_ Tubular Frame {Tubular Frame. 1)
- Front Wheel Assy (Front Wheel Assy)
‘:Fronf Brake Rotor {(Front Brake Rotor)
%‘ Frt Susp Fixed Components {(Frt Susp Fixed Components)

i

":“ Frt Susp Fixed Parr {Frt Susp Fixed Part)

Xy plane
¥z plane
< zx plane
+ AXis Systems
—'ﬁf PartBody

“-Q Isolated External References

‘L@w f

[ < Toe & Camber Measure Plane.
[~ = Temp Controling Planef/;::\y
[~ = Tie Rod Pivot Point-JoLince

[~ 3 Tie Rod Pivot Point-Design Pos

| Tie Rod Pivat Poirit-Rebound
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= Step 8: Return the Kinematic to design position. In the
Fixed Part, create a plane through the three Tie Rod
Plvot pomts

xternal References

Plane Definition

- Tie Rod Pivot Point-Design Pos
= Plane typs [Thvouah thres parts ] 9|

* Tie Rod Pivot Point-Rebound

Point 1: lTie Rod Pivot Point-Jounce

Point 2: lTie Rod Pivot Point-Design Pos

Point 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.

£

Commands

i
Q.

o

SLISP Fix
ts,Front Upper Con

P

5 'Fl X Part (Frt Susg omponents )

Joint Creation: Point Surface

Mechanism: IF'°“t Susp_LH L] New Mechanism |

Joint name: | Paint Surface.8
Current selection:
Surface 1: |Frt Susp Fixed ComporPoint 1: |Front Steering Knuckle

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

Prismatic.3 (Front Shock Assy-Lower Front Shock A
Spherical.4 (Front Shock

= Revolute.5 (Frt Susp

OK I

Arm Assy Front Steering Knu
ront Lower Control Arm Assy)
v, Frt Susp Fixed Components)
imands

ix Part { Frt Susp Fixed Components )

eds-Accelerations
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= Step 10a: Create a Kinematic Simulation (for the Trace).

(4

!

atic.3 (Front Shock | > Assy-Upper)
al.4 (Front Shock Assy xed Components) : < Simulation
T, y

ntrol Arm

&/

4

& (Front Uppe

\

herical. 7 (Front S

B (Fron

Hame: | Simulation. 1

» o8 @

& CAUN ©E

i)
MO <> M
aster Angle Measl Q‘l‘w.oo |1 =

L [] animate viewpoint

B

== | TOE Ar‘ugle MeasLire
Insert | Modfy | Delete I Skip I

[C] Automatic insert

| Camber Angle Mea

“Simulation Interference Distance
mulation. 1 Jor ~llon
Edit analysis | Edit simulation objects | Command.1 -36.1 — 8.7 m I

Edit sensors [C] check joint limits

& Cancel I Reset [J keep position on exit

L] Kinematics Simulation - Front Susp_LH @@

% i @
g &
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= Step 10b: Compile the Kinematic Simulation (for the Trace).

Compile
Simulation

al.6 (Front U 0 ) ckle ;

Spherical. 7 (Front Steering Knuickle Assy wer Confrol Arm
S ‘2%

"=Commands
y . Ny
“Fix Part ( Frt xed Compo 5 ) 3 o it / )
/1547
Laws " 3 : ; b it £

celerations Compile Simulation

d Generate a replay
Mame:|Replay. 1

e [[] Generate an animation file |71/ « | =8 |
* ) ToE Angle Measure
] | =il
=) Camber Angle Measure Definition
|Simulation “ame:lSimulation.l LI
| Time step: 1 |

Caster Angle Measure

&

s=Simulation

oy

mulation. 1

[J animate yiewpoint

l

& Cancel I
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= Step 10c: Create a Kinematic Trace of the Optimized Arc
for the Tie Rod Pivot Points.

Control Arm A

== wun| Camber Angle i B 7
. : Object to trace out: IRe lay.1 =
=Simulation sid
Elements to trace out: [T S
=2 SimLlation, 1 Reference product:  [Trace-Tie Rod End Point %
Number of steps: [41 B

@
Ti Destinati
race Destination @
&

/O New part @ Reference product
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= Step 11a: Use the Kinematic Trace of the Optimized Arc to
determine the optimized Steering Rack attachment point.

:é&ggaoi@ﬂ@\ ) BRAUS - o 2RS 0 L @éﬂ =

Create a circle
| through the three Tie
Rod Pivot points.

Circle Definition

Circle type : IThree points 'l |

Point 1: [Pont.1 - Circle Limitations ——

Point 2: |Point.24 ‘ | @ lo |
Point 3: |Point.41 ‘Start I @

Optional

——— \End

O Geometry on support

Support: INo selection

[] axis Computation

Axis Direction: |10 selection

|° OK I & Cancel | preview |

Prepared by: Bill Harbin —Technical Director 11-Oct-14




BND TechSource

s Step 11b: Use the Optimized Arc to determine the
optimized Steering Rack attachment point.

el

< Point.25
- Point.26
< Point.27
< Point. 28
< Point.29
“ Point.30
< Point.31
7 Point.32
- Point.33
- Point.34
- Point.35
- Point.36
< Point.37
< Point.38
- Point.39
= Point.40

¢ Point.41

1] N m

Create a point at
the arc center.

In this case the
Steering Rack needs to
be moved rearward.
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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.
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= Step 12: Run the Kinematic with Sensors Activated
and Output the data into an Excel Spreadsheet.

=
—
<<
—_

O Toe Angle (Degree)
@ Camber Angle (Degree)

Camber Angle (Degree)

Toe Angle (Degree)

8.39444

2.74886
2.91307

<
—

8.59043
14.2822
19.9874
25.705

Jounce/Rebound (mm)

31.4338
37.1726
42.9201
48.6751
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