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= The following licenses are required to create this
DMU Kinematic simulation:

Digital Mockup Kinematics
Mechanical Part Design
Generative Shape Design
Assembly Design
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= To create this DMU Kinematic simulation, we
must begin with several known parameters.

= Knhown:

= All suspension “hard points”.
= Pivot points and lines
= Angles of axes and planes
= Min/Max Command values
= Shock down/up (-50mm, 48mm)
= Steering left/right (-55mm, 55mm)

BND TechSource https://bndtechsource.wixsite.com/home



BND TechSource

Vehicle Suspension Hardpoints

Front Suspension

Configuration: GM C5 Corvette Independent Front Suspension
Scrub (Pivot) Radius = 10.0 mm
Steering (Kingpin) Inclination Angle (SAl) = 8.8 deg
Caster Angle = 6.5 deg +0.4 deg +/- 0.5 deg
Mechanical (or caster) trail = 35.5 mm
Toe Angle = +0.04 deg +/- 0.10 deg
Camber Angle = -0.2 deg +/- 0.5 deg

Ball Joint Pivot Points relative to Suspension Analysis Axis
Upper (Double wishbone, Multi-link, Trailing Arm, etc.) = (X, y, 2)

X Y Z

Upper Ball Joint = mm

-17.51 | 663.90 | 468.99

Lower (Double wishbone, Multi-link, Trailing Arm, etc.) = (X, y, 2)

Lower Ball Joint =

X Y Z

mm
16.11 | 709.94 | 171.58

Lower only (MacPherson strut) = (X, y, 2)

n/a

Upper Strut Attachment/Pivot Point (MacPherson strut) = (X, y, 2) n/a

BND TechSource

https://bndtechsource.wixsite.com/home




BND TechSource

Control Arm Chassis Attachment Points relative to Suspension Analysis Axis

Forward Upper (Double wishbone, Multi-link, Trailing Arm, etc.) = (X, y, 2)

X Y Z
UCA Fwd Mnt = mm
125.23 | 408.97 | 490.14

Rearward Upper (Double wishbone, Multi-link, Trailing Arm, etc.) = (X, y, 2)

X Y Z
UCA Rwd Mnt = mm
-158.38 | 394.43 | 431.36

Forward Lower (Double wishbone, Multi-link, Trailing Arm, etc.) = (X, Y, 2)

X Y Z
LCA Fwd Mnt = mm
161.41 | 330.47 | 171.45

Rearward Lower (Double wishbone, Multi-link, Trailing Arm, etc.) = (x, Yy, 2)

X Y z
LCA Rwd Mnt = mm
-223.59 | 330.47 | 171.79
Fwd Lower only (MacPherson strut) = (%, y, 2) n/a
Rwd Lower only (MacPherson strut) = (X, y, 2) n/a
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Knuckle/Brakes/Steering

(i.e. hub dia/thickness, pilot dia, hub face to knuckle, stud size/circle dia, etc.)

Hub Dimensions:
See CAD Data

Brake Rotor Dimensions:
Rotor Thickness = 32.0 mm
Rotor Diameter = 325.0 mm
Inner Face of Hub to Inner Rotor Surface = 38.0 mm
Inner Hub Diameter = 190.0 mm
Outer Hub Diameter = 217.0 mm
Center Hole Diameter = 79.0 mm
Brake Caliper to Wheel (min clearance) = 6.5 mm
Steering Rack Centerline relative to Susp Analysis Axis = (X, Y, 2)
Steering Rack X Y Z
Centerline = 12411 | wa |27378|
Tie Rod Pivot Point (inboard) relative to Susp Analysis Axis = (X, y, 2)
Tie Rod Pivot Pt X Y Z
(inboard) = 12411 | 37000 | 27378 |
Tie Rod Pivot Point (outboard) relative to Susp Analysis Axis = (X, Y, 2)
Tie Rod Pivot Pt X Y Z
(outboard) = 120.10 | 724.65 | 28452 |
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Springs/Shock Absorbers

(i.e. Wire dia., OD, Active coils, Inactive coils, Free length, Ground ends, etc.)

Spring Dimensions:
See CAD Data

Spring Rate = 87.5 N/mm
Shock Absorber Adjustable Damping (see chart)
Shock Absorber Type: Strange - Double Adjustable Coil-over - S5004
Extension Length = 351.50 mm
Compressed Length = 254.00 mm
Stroke Length (without bump stop) = 98.04 mm
Bump Stop (length) = 14.30 mm
Shock Mounting Pivot Points relative to Susp Analysis Axis = (X, Y, 2)
X Y z
Shock Upper Pivot Point = mm
-16.98 | 495.07 | 464.33
X Y z
Shock Lower Pivot Point = mm
12.43 | 646.20 | 204.22
Spring and Shock Installation Angle = 65.1 deg

Spring and Shock Absorber Motion Ratio @ Ride Ht =

0.759 unit/unit
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ARB (anti-roll bar)

ARB (anti-roll bar) Dimensions:

Virtual torqgue arm (A): 226.1 mm
Length of center (B): 812.8 mm
Physical torque arm (C): 274.3 mm
OD in millimeters: (D) 30.0 mm
ID in millimeters: (if hollow) 21.0 mm
ARB (anti-roll bar) Spring Rate = 95.2 N/mm

ARB (anti-roll bar) Motion Ratio @ Ride Ht =

0.639 unit/unit

ARB Bushing Rates (per deflection at loads)

Design Results

Tire Envelope =

See CAD Data

Tool Clearance =

See CAD Data

Routing Clearance (i.e. hoses, brake lines, fuel lines, electrical, etc.) =

See CAD Data

Roll Center Height relative to Susp Analysis Axis = 13.28 mm
Anti-dive Instant Center relative to Susp Analysis Axis = (X, Y, 2)
X Y Z

Anti-dive Instant Center = mm

-1405.9 n/a 172.84
Bushing Rates (charted from Suspension Analysis Software)
Wheel Rate (including ARB) = 89.25 N/mm
Ride Rate (including ARB) = 65.88 N/mm
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Step 1: Understand the
suspension system
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= Begin with the completed Front Suspension
Assembly.

= This will help to understand all the pivot and links
within the system.
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5) The Lower Control
Arm will pivot
(rotate) on this axis

1) The frame and all its
immoveable attached parts
would be the Fixed part
in this simulation

2) The Upper Control
Arm will pivot
(rotate) on this axis

3) The Knuckle will
pivot (rotate)on a
upper ball joint

7) The Upper Shock
| will pivot (rotate)
on a upper ball joint

8) The Upper & Lower
Shock will s/ide (with
command) along
their center axes

6) The Lower Shock
will pivot (rotate)
on a lower ball joint

4) The Knuckle will
pivot (rotate)on a
lower ball joint
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10) The Tie Rod end point
will pivot (rotate) and

slide (with command)
on this axis

12) The ARB End Link
Body will pivot
(rotate) on this point

13) The ARB LH
will pivot (rotate)
on this Axis

9) The Tie Rod will
pivot (rotate)on a
ball joint

11) The ARB End Link
Lwr will pivot (rotate)
on this point
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= Understand which joints need commands.

= Min/Max Command values

Shock down/up (-50mm, 48mm)

Steering left/right (-55mm, 55mm)
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Step 2: Create a kinematic
skeleton structure
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= Create a skeleton product and all parts required for
the kinematic simulation.

j;. Susp_Kin Skeleton
=t ‘ Frt Susp_Kin_sK_Fixed Fart (Frt Susp_Kin_5K_Fixed Part)

" Frt Susp_Kin_sK_Upper Control Arm_LH (Frt Susp_Kin_SK_Upper Control Arm_LH)
"*'.gﬁ Frt Susp_Kin_sK_Steering Knuckle_LH (Frt Susp_Kin_SK_Steering Knuckle_LH)

J -""-n_:! Frt Susp_Kin_sK_Lower Control Arm_LH (Frt Susp_Kin_SK_Lower Control Arm_LH)

‘-%E Frt susp_Kin_SK_Lower Shock_LH (Frt Susp_Kin_SK_Lower Shock_LH]) Pay attention to the
naming convention, as it

will be helpful during the
+ ‘ﬁﬁ Frt Susp_Kin_SK_Tie Rod_LH (Frt Susp_Kin_SK_Tie Rod_LH) Joint creation process.

J‘-':'r" Frt Susp_Kin_SK_Upper Shock_LH (Frt Susp_Kin_SK_Upper Shock_LH)

£ 3= ﬁﬁ Frt Susp_Kin_SK_Steering Rack Inner (Frt Susp_Kin_SK_Steering Rack Inner)
'-15 Frt Susp_Kin_SK_ARB_LH (Frt Susp_Kin_SK_ARE_LH)

=" ‘ Frt Susp_Kin_SK_ARB_End Link Body_LH (Frt Susp_Kin_SK_ARE_End Link Body_LH)
(et ‘ Frt Susp_Kin_SK_ARE_End Link Lwr_LH (Frt Susp_Kin_SK_ARE_End Link Lwr_LH])

Applications
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= Create all points, lines, & planes inside each part
within the kinematic structure.

~

Pay attention to the
naming convention as
well as color applied to
the elements, as it will

be helpful during the
Joint creation process. )

n_SK_Upper Control Arm_LH)

https://bndtechsource.wixsite.com/home
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Step 3: Create the kinematic

Joints

https://bndtechsource.wixsite.com/home



BND TechSource

s Create the Fixed Part and name the Mechanism.

rt Susp_Kin Skeleton

S e B 1,

—

F;

L
I

BND TechSource

5) Pick the
Fixed Part

1) Pick
the Fixed
part icon

B_End Link Body_LH)

3) Give the New
Mechanism a name

Mechanism Creatiol

2) Pick New
Mechanism

Mechanism: i ew Mechanism I
& Cancel l
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= Create a Revolute Joint between the Fixed part and
the Upper Control Arm.

2) Or Pick
Line 1 08 © ¢ %@ & ¢ % 5) pick Plane 2 [
from tree geometry

2) Pick Line 1
geometry

4) Or Pick
Plane 1
from tree

3) Pick Line 2
geometry

4) Pick Plane 1
geometry

enter Plane

3) Or Pick =5 5) Or Pick

B

6) Pick OK

anism: IMechanism.Frt_Susp
Plane 2
from tree

Line 2
from tree

name: | Revolute.1
Current selection:
Line 1: |Frt Susp_Kin_SK_Fixed Part/Fixed_UCA Pivot Line Line 2: ]Frt Susp_Kin_SK_Upper Control Arm_LH/UCA Pivot Line
Plane 1: [Frt Susp_Kin_SK_Fixed Part/Fixed_UCA Pivot Line Kin Plane  Plane 2: [Frt Susp_Kin_SK_Upper Control Arm_LH/UCA Pivot Line Kin Plai@

Plane 3: |- Plane 4: |-

BND TechSource https://bndtechsource.wixsite.com/home
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= Create a Spherical Joint between the Upper Control
Arm and the Knuckle.

IAmLH;m

;“None l]§ \.S

EHAuto L]

1) Pick the
Spherical icon

2) Or Pick
Point 1
from tree

2) Pick Point 1
geometry

uckle_LH (Frt Susp_Kin_SK_Steering Knuckle_LH) \
Knuckle_LH 3) pick POint 2
~ geometry

4) Pick OK

3) Or Pick [=%

H Joint Creation: Spherical
Point 2 2

from tree t Caster Angle Plane (6.5) Mechanism: IMechanism.Frt_Susp ZI New Mechanism I

A |
CA Spindle Pivot Point Joint name|Bpherical.2
Current selection:
Point 1: | Frt Susp_Kin_SK_Upper Control Arm_LH/UCA Spindle Pivot Point Point 2: |Frt Susp_Kin_SK_Steering Knuck‘e_LH/KnuckIe_UC\ Spindle Pivot Point

@ 0K l & Cancel I
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= Create a Spherical Joint between the Knuckle and the
Lower Control Arm.

AR ERSPEARL &%

|-J Auto JlAuto JlAuto JlAmJl—wianne J§ b3

 Knuckle_Frt Caster Angle Plane (6.5)

1) Pick the
Spherical icon

2) Or Pick 4
POint 1 L rm_LH (Frt Susp_Kin_SK_Lower Control Arm_LH)
from tree in_S wier Control Arm_LH

2) Pick Point 1
geometry

3) Or Pick |
Point 2
from tree

geometry
Joint Creation: Spherical

MeCha"ism:IMechanism.Frt_Susp j [ 4) p|CK OKJchanism l

B SN N
Joint name:| bphencalj
Current selection:

Point 1: | Frt Susp_Kin_SK_Steering Knuckle_LH/Knuckle_LCA Spindle Pivot Point Peint 2: |Frt Susp_Kin_SK_Lower Control Arm_Llee Pivot Point

t Line Kin Plane

0K l - Carlcell

Link_Body

BND TechSource https://bndtechsource.wixsite.com/home
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s Create a Revolute Joint between the Lower Control
Arm and the Fixed part.

3) Or Pick
Line 2
from tree

@T

1) Pick the
Revolute icon

5) Or Pick
Plane 2 enter Plane
from tree  Fixed ARE _

2) Pick Line 1
geometry

3) Pick Line 2
geometry

-

4) Pick Plane 1
geometry

O

5) Pick Plane 2
geometry

6) Pick OK

Mechanism: |Mechani§m.Frt_5usp ﬂ
gint name: | Revolute.4 \
o Current selection:
2) Or Pick 4) Or Pick Line 1: [Frt Susp_Kin_SK_Lower Control Arm_LH/LCA Pivot Line Line 2: [Frt Susp_Kin_SK_Fixed Part/Fixed_LCA Pivot Line
. Plane 1: /| 7 i Plane 2: d /Fi i
Llne 1 Plane 1 ane |Fr‘: Susp_Kin_SK_Lower Control Arm_LH/LCA Pivot Line Kin PlarFlane |Frt Susp_Kin_SK_Fixed Part/Fixed_LCA Pivot Line Kin Plane ull Offset
Plane 3: |- Plane 4: |- s
from tree from tree ' ' e
[] Angle driven
@' oK
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= To avoid binding in the mechanism, we will create a
Universal Joint between the LCA and the Shock Lower.

SHAEL &%

Y R R g

1) Pick the
U-Joint icon

i 53
1 p?

2) Or Pick M
Spinl [
from tree

2) Pick Spin 1
geometry

Mechanism: |Mechani5m.Frt_5usp

=

Joint name:| U Joint.5

Current selection:
Spin 1:{Frt Susp_Kin_SK_Lower Control Arm_LH/LCA_Lower Shock Mnt CL  Spin Z [Frt Susp_Kin_SK_Lower Shack_LH/L hock_CL
Cross-pin axis direction

1 from tree

O Normal to spin 1 ® Normal to spin 2

O Any:
@ \ OK I JCnncelI

ower Shock_CL
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= Create a Spherical Joint between the Knuckle and the
Lower Control Arm.

AR ERSPEARL &%

|-J Auto JlAuto JlAuto JlAmJl—wianne J§ b3

 Knuckle_Frt Caster Angle Plane (6.5)

1) Pick the
Spherical icon

2) Or Pick 4
POint 1 L rm_LH (Frt Susp_Kin_SK_Lower Control Arm_LH)
from tree in_S wier Control Arm_LH

2) Pick Point 1
geometry

3) Or Pick |
Point 2
from tree

geometry
Joint Creation: Spherical

MeCha"ism:IMechanism.Frt_Susp j [ 4) p|CK OKJchanism l

B SN N
Joint name:| bphencalj
Current selection:

Point 1: | Frt Susp_Kin_SK_Steering Knuckle_LH/Knuckle_LCA Spindle Pivot Point Peint 2: |Frt Susp_Kin_SK_Lower Control Arm_Llee Pivot Point

t Line Kin Plane

0K l - Carlcell

Link_Body
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s Create a Prismatic Joint between the Lower Shock CL
and the Upper Shock CL and make it Length driven.
HEAH - ERESBERSL &% D

2P ¢

[ 2) or Pick
Line 1
from tree

1) Pick the
Prismatic icon

2) Pick Line 1
geometry

3) Pick Line 2
geometry

4) Or Pick |RE. . i

Plane 1 5) Pick Plane 2
from tree geometry v

4) Pick Plane 1
geometry

3) Or Pick 7) Pick OK
3) Or PiCk plane 2 echanism: |Mechani5m.Frt_Susp j New Mechanism I
L|ne 2 from tree oint ”ﬂm€!| Prismatic.6 I\ /
Current selection:
from tree Line 1:[Frt Susp_Kin_SK_Lower Shock L H/Lower Shock_CL Line 2{Frt Susp_Kin_SK_Upper Shock_LH/Upper Shock_CL |
et Shock_Mnt Ctr Pt Plane 1: IFrt Susp_Kin_SK_Lower Shock_LH/Lower Shock_Plane thru Upr & Lwr Shock Mnts Plane 2: |Frt Susp_Kin_SK_Upper Shock_LH/Upper Shock_Plane thru U! Lwr Shock Mnts

" Upper Shuck_cL 4 Length drive
T —_— "ﬁ 6) Pick Length driven | 9 ok | Scmes
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= Create a Spherical Joint between the upper Shock
mounting point and the Fixed part mounting point.

1) Pick the
Spherical icon s

3) Or Pick
Point 2
from tree &8

[ 4)pickok |

Mechanism: IMechanism.Fn_Susp j

2) Or Pick S
POlnt 1 vetrical Set.1 Joint name:| Spherical.7
from tree

\

Current selection:
Point 1: | Frt Susp_Kin_SK_Upper Shock_LH/Upper Shock_Mnt Ctr Pt Point 2: [Frt Susp_Kin_SK_Fixed Part/Fixed_W Shock Mnt Ctr Pt

- Upper Shock_Mnt Ctr Pt : @ 0K | @ Cancell
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= Use Analyze + Mechanism Analysis to understand
there is still one degree of freedom open.

EJ stat  ENOVIAVSVPM File  Edit Tools [FENIETN Window  Help

3 | |

View Insert

Fix Line
ring Rack Center Plane
LH Rot Line
Plane

n_LH (Frt Kin_SK_Upper Control Arm_LH)

General Properties

B Mechanism name: Mechanism.Frt_Susp

g Mechanism can be simulated:

The one degree of freedom still open is
due to the Knuckle not being controlled.

Number of joints:
Number of commands:

Deg of dom w

We will control the Knuckle to the Fixed
ia the Tie R ing Rack.
\part via the Tie Rod and Steering Rac ) —

Joint | Command ‘ Type | Part 1 [ Geometry 1 | Part 2 ‘ Geometry 2 | Part3|
Revolute.1 Revolute  Frt Susp_Kin_SK_Fixed Part Fixed_UCA Pivot Line Frt Susp_Kin_SK_Upper Control Arm_LH UCA Pivot Line

Joints visualisation: () o, @ Off

Spherical.2 Spherical  Frt Susp_Kin_SK_Upper Control Arm_LH UCA Spindle Pivot Point Frt Susp_Kin_SK_Steering Knuckle_LH Knuckle_UCA Spindle Pivot Point
Spherical.3 Spherical Frt Susp_Kin_SK_Steering Knuckle_LH Knuckle_LCA Spindle Pivot Point  Frt Susp_Kin_SK_Lower Control Arm_LH LCA Spindle Pivet Point
Revolute.d Revolute  Frt Susp_Kin_SK_Lower Control Arm_LH LCA Pivot Line Frt Susp_Kin_SK_Fixed Part Fixed_LCA Pivot Line

U Joint.3 U Joint Frt Susp_Kin_SK_Lower Control Arm_LH LCA_Lower Shock Mnt CL Frt Susp_Kin_SK_Lower Shock_LH Lower Shock_CL

Prismatic.6 Command.1 Prismatic Frt Susp_Kin_SK_Lower Shock_LH Lower Shock_CL Frt Susp_Kin_SK_Upper Shock_LH Upper Shock_CL

Spherical.7 Spherical Frt Susp_Kin_SK_Upper Shock_LH Upper Shock_Mnt Ctr Pt Frt Susp_Kin_SK_Fixed Part Fixed_Upper Shock Mnt Ctr Pt

Mechanism dressup information:
Part 1 Part 2 Part 3
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= Create a Spherical Joint between the Knuckle spindle
point and the Tie Rod spindle point.

2DeS(PALLLERSBDAR L

|-j[Auto leuto leuto jlﬁ-u‘jl—'«-ﬂjll\lone jﬁg‘\

A ‘ P@; Geometrical Set.1
- 99 i
t e C er Angle
- [

1) Pick the
Spherical icon

2) Or Pick
Point 1
from tree

Control Arm_LH)

2) Pick Point 1
geometry

3) Pick Point 2
geometry

Joint Creation: Spherica > x
l 4) Pick OK
Mechanism: |Mechanism.Frt_Susp j ) anism I

Joint name:l Spherical.8

3) Or Pick
Point 2
from tree

= Current selection:
" Tie Rod_End Pivot Pt Point 1: |Frt Susp_Kin_SK_Steering Knuckle_LH/Knuckle_Tie Rod End Pivot Pt Point 2: [Frt Susp_Kin_SK_Tie Rod_LH/Tie Rod_EnN

@ O l ‘Cancell

N Tie Rod_Rack Pt
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= To avoid binding in the mechanism, we will create a
Universal Joint between the Tie Rod and the Steering

Rack Inner.

|-J|Auto JlAuto leu‘to JlAmJl Jll\lne J§ A

Rod_LH (Frt Susp_Kin_SK_Tie Rod_LH)

3) Pick Spin 2
geometry

0

2) Pick Spin 1
geometry !

Joint Creation: U Joint

4

1) Pick the
U-Joint icon

1g Rack Inner)

nner

?

o

3) or Pick Mechanism: |Mechani5m.Frt_5usp j New Mechanism I
Spln 2 Joint name:”] Joint.0
Current selection:
from tree I Spin 1:[Frt Susp_Kin_SK_Tie Rod_LH/Tie Rod_CL in2: aRzck Inner/Rack Line

Cross-pin axis direction

(O Normal to spin 1 ® Normal to spin 2

O Any:

@ 0K I ‘Cnnccll
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= Create a Prismatic Joint between the Steering Rack Line

and the Fixed Rack Line and make it Length driven.

3) Or Pick _
Line 2
from tree

4) Pick Plane 1 ()
geometry

1) Pick the
Prismatic icon

’_ © Fixed_Rack Line

— & Fied Steering Rack Center Plane

5) Or Pick
Plane 2 §
from tree

2) Pick Line 1
geometry

3) Pick Line 2
geometry

Information

5) Pick Plane 2
geometry

‘0 The mechanism can be simulated
y
_—

Joint Creation: Prismatic

& 4) Or Pick
Plane 1
from tree

Mechanism: |Mechanism.Frt_5usp

2) Or Pick
Line 1
from tree

Joint name:| Prismatic.10
Current selection:
Line 1:[Frt Susp_Kin_SK_Steering Rack Inner/Rack Line Line 2Frt Susp_Kin_SK_Fixed Part/Fixed_Rack Line \ I
Plane 1: IFrt Susp_Kin_SK_Steering Rack Inner/Steering Rack Center Plane Plane 2: IFrt Susp_Kin_SK_Fixed Part/Fixed_Steering Rav(:enter Plane

N diLength driven ?[ ] i ]
~ Rack Line
t' Steering Rack Centet Plane \ 6) PICk Length drlven ) K l & Cancel I
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s Edit the Command values for the driven commands.

= Min/Max Command values

Shock down/up (-50mm, 48mm)

Steering left/right (-55mm, 55mm)
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s Edit the Command values for the driven commands.

ARB_End Link B

1) Double-Pick the
Prismatic Command for
the Lower to Upper Shock

Shock_LH,Frt Su
hock_LH,Frt s

er Shock_LH,Frt S

ing Rack Inner]

d Part)

Comrand.1 (Prismatic.6,Length)

%8 Command.2 [Prismatic.10,Length)

Joint Edition; Prismatic.6 (Prismatic) ? X

Joint name: | Prismatic.6 J l 3) Edit the Upper Limit

e 1: | Frt Susp_Kin_SK_Lower Shock_LH/1Plane 2:|Frt Susp_Kin_S
4 Length driven
Qits

E ; J
4) Pick OK @ 0K | @ Cancel
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s Edit the Command values for the driven commands.

hanism.Frt_Su

evolute.1 [Frt S Kin SK Fixed Part Frt Su . Upper Control Arm_LH)
1) DOUbIe'P|Ck the .ontrol &rm_LH,Frt Susp_Kir eeting Knuckle_LH)

Prlsmatic Command for ) Knuckle_LH,Frt S weer Control Arm_LH]
the Steerlng Rack to the ontral Arm_LH,Frt Susp_ ced Part)

Fixed Part trol Ar
- nt name: | Prismatic.10 . ..
I A | Prismatic ol 3) Edit the Upper Limit
LinE1:|F"_ Susp_Kin_SK_Steering Rack Inne  Line 2:|F"_ Susp_Kin_SK
gl |F‘_ Susp_Kin_SK_Steering Rack Inne Plane 2: | Frt Susp_Kin_S art/Fixed_S

L Inner

_Fixed Part)

|—55mm

| erng : S | ) E : | Smm E
incidence.54 [Frk Su ering Rack Inner,Fr Ki xed Part)
~ [ 4) Pick OK i @ 0K | @ cancel|

“ACoincidence.55 [Frt Su eting Rack Inner,Fr K xed Part)
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= If 48mm is not upwards and -50mm not downwards:

 ARBENd Link B

ARE_End Link Bo

1) Double-Pick the
Prismatic Command for
the Lower to Upper Shock

Joint name: IPrismati(.G
oincidence,50 (Frt S c| :
Joint geometry:
ncidence.51 [Frt 5 Kin_SK BE  Line 13| Frt Susp_Kin_SK_Lower Shock_LH/L Line 2{Frt Susp_Kin_SK_Upper Shack_LH/1
Plane 1: |F"_ Susp_Kin_SK_Lower Shock_LH, | Plane 2: |F"_ Susp_Kin_SK_Upper Shock_LH/1

4 Length driven

Joint Limits

U Joint.9 (Frt Su __Tie Rod_LH,Frt Susp -

5

oo 23
A 130 SLORTES

t IfSOmm E = Upy |48mm E

ering Rack Inne .
ncidence.54 (Frt i teering Ra . [ 3) ple OK %‘ OK I 9 C’““'l

BND TechSource https://bndtechsource.wixsite.com/home




BND TechSource

= Run Simulation with Commands.

1) Pick the

Simulation with
Commands icon

2) Adjust the
settings

inematic

Mechanism: | pecha

Command.1 -50 m _]
Command2 -55 | ISS.OOOO @_‘
[ Activate sensors [ Plot vectors

3) Pick Reset Reset Anausis..l More> > I

4) Pick Close - Close_|

BND TechSource
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= 10 finish the simulation, add the ARB into the
mechanism.

2) Add a Universal joint
between the ARB Link
Body and the ARB_LH

Y, | [ G-
1) Add a Spherical
joint between the LCA
and the ARB Link Body

BND TechSource https://bndtechsource.wixsite.com/home
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= Create a Spherical Joint between the LCA ARB Link
Body point and the ARB Link Body point.

2R WAL ERSBERL % &

|- jli\ulo |

| Auto ﬂ | Auto j | Amj | ;-_nJlNgng j $ ‘S
cal Set.1 e -

1) Pick the
| Spherical icon

2) Or Pick
Point 1
from tree

ot Line Kin Plane

ZA_ARB_Link_Body._Pivot_Pt

2) Pick Point 1
geometry

eering Rack Inner)

H (Frt Susp_Kin_SK_ARB_End Link Body_LH)

RB_End Link dy_LH

| 4) Pick OK
Mechanism: IMechanism.Frt_Susp j A
Joint name:| Spherical.11 \\\\

Current selection:
Point 1: | Frt Susp_Kin_SK_Lower Control Arm_LH/LCA_ARB_Link_Body_Pivot Pt Point 2: |Frt Susp_Kin_SK_ARB_End Link Budy_LHx’wk Body_Pivot_Pt

L. ARB_End Link Body_Pivot_Pt . @ ¥K | 'JCance||

3) Or Pick
Point 2
from tree
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= To avoid binding in the mechanism, we will create a
Universal Joint between the ARB LH Spin Axis 1 and
the ARB Link Spin Axis 2.

DAW). &% &

teering Rack Inner)

1) Pick the
U-Joint icon

2) Pick Spin 1
geometry

2) Or Pick
Spin 1
from tree

REB_End Link Body_LH]

Joint Creation: U Joint

Mechanism: |Mechanism.Frt_5usp j New Mechanism I

3) Or Pick
Spin 2
from tree

Joint name:”j Joint.12
Current selection:
Spin 1=|Frt Susp_Kin_SK_ARB_LH/ARB_LH U-Joint Spin Axis 1 Spin : |Frt Susp_Kin_SK_ARB_End Link Body_LH/ARB End Link Body_Spin Axis 2
Cross-pin axis direction

5 “ O Nermal to spin 1 @ Normal to spin 2 o
g e | 4) Pick OK |
y:
- ARBEnd Link Body_Spin Axis 2 S 0K l & Cancel I
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s Create a Revolute Joint between the ARB LH Rot line
and the Fixed part Rot line.
|Auto

Auto jlﬂuto @v
3) Or Pick RN
Line 2

from tree

j | Au‘lj | —'--.HJlNune j ﬁ \_S

1) Pick the
Revolute icon

': Fixed_ARB_LH Rot L

' Fixed_LH ARB Rot Kin Plane =

4) Pick Plane
geometry

5) Or Pick
Plane 2
from tree

3) Pick Line 2

geometry 2) Pick Line 1

geometry

5) Pick Plane 2
geometry

6) Pick OK
=]

Mechanism: |Mechanism.Frt_Susp

Joint name: | Revolute. 13

Current selection:
Line 1: [Frt Susp_Kin_SK_ARB_LH/ARB_LH Rot Line Line 2: |Frt Susp_Kin_SK_Fixed Part/Fixed_ARB_LH Rot Line\
Plane 1: [Frt Susp_Kin_SK_Fixed Part/Fixed_LH ARB Rot Kin Plane Plane 2:|Frt Susp_Kin_SK_ARB_LH/ARB_LH Rot Kin Plane \ @ Null Offset

2) Or Pick
Line 1
from tree

4) Or Pick
Plane 1
from tree

Plane }:|. Planinl:l. O Centered

o [J Angle driven
- ARB_LH Rot Line

“ ARB_LH Rot Kin Plane
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Step 4: Link the Kinematic

Skeleton to the Main parts

assembly via Mechanism
Dressup
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= Copy the skeleton product and paste it into the
suspension parts assembly.

) CATIA V5 - [Frt Susp_Kin Skeleton.CATProduct]
b Start ENOVIAVS5VPM File Edit View |[nset  Tools Analyze  Window  Help

[ fie ][ <] ot <] <[5 e % 8 BRDEE DAL L EISVARNS. %

N Center graph b Start ENOVIAVS5VPM File Edit View |nset  Tools Analyze  Window  Help

@BdumeOn | I LHNowmz”NoLm(]lx L” ] _»“None E]§ \_\ @ ﬁ 9 @ é
Hide/Show space —
: [?_5_1‘ Properties Alt+Enter = ; — Center graph
s Open Sub-Tree t Wheel / - 3
: - 2 Front Brake Re Beframe On

Hide/Show space

(T el | ey 5 Properties A Enter

s @ Paste Ctri+V
Paste Special...

Ert Susp_Kin Skeleton object

Copy Instance
Components

Representations

Eront Suspension Assy (LH-Static) object
Selection Mode

Copy Instance

Components

Representations

Sejection Mode
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= Link the parts to the kinematic skeleton using
Mechanism Dressup.

EJ stet  ENOVIAVSVPM File Edit View Inset JTools  Analyze Window  Help
\[’ [ rovsmm | oo | s | v | s | roowm—

i
¥ Dressup:

s Mechanism:
A Link: [7] Graphic selection ¥
B. @ Available products O All products . v
B | Available products Products attached to the link | 2) Ple NEW
Dressup
. J

1) Pick the
Mechanism
Dressup icon

New Dressup ?
S.QIEss UP: | Mechanism.Frt_Susp ( Front Suspension Assy;]

BND TechSource
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= Step A: Choose Frt Susp_Kin_SK_Upper Control
Arm_LH from the drop-down list.

Start  ENOVIAVSVPM File  Edit  View |nset Tools  Analyze  Window  Help

- X
pres | rverwnmmes | rversmmmen | growss | rowms | rrmm— 3 V= W'» 2 9), A 2 PR —
Mechanism Dressup

Dressup:

Mechanism:

Dressup.1
Mechanism.Frt_Susp ( Frt Susp_Kin Skeleton.4 )
Link: [] Graphic selection |Front Suspension Assy (LH-Static)\Frt Susp_Kin Skeleton.4\Frt Susp_Kin_SK_Fixed Part

5 (LH-Static)\Frt Susp_Kin Skeleton.4\Frt Susp_Kin_SK_Fixed Part
@ Available products Assy (LH-Static)\Frt Susp_Kin Skeleton.4\Frt Susp. Kin_SK_Upper Control Arm_LH
p Assy (LH-Static)\Frt Susp_Kin Skeleton.4\Frt Susp_Kin_SK_Steering |
Front Suspension Assy (LH Front Suspension Assy (LH-Static)\Frt Susp_Kin Skeleton.4\Frt Susp_Kin_SK_Lower Control Arm_LH
Front S ion Assy (L Front Suggeﬂsion Assy (LH-Static)\Frt Sus_&'(in Skel A\Frt Suge_Kin_SK_Lowev Shock_LH

P 7

Front Suspension Assy (LH-Static)\Front Wheel Assy\Lug Nuts.1
Front Suspension Assy (LH-Static)\Front Wheel Assy\Wheel-Center Cap

Front Suspension Assy (LH-Static)\Frt Susp Fixed Components\Frt LCA Frame Mtg\Washer (0.5 in).2 = 1) Frt Susp_Ki n_SK_U pper
Front Suspension Assy (LH-Static)\Frt Susp Fixed Components\Frt LCA Frame Mtg\Washer (0.5 in).4 <= co ntr0| Al'm LH from the d ro p_

Front Suspension Assy (LH-Static)\Frt Susp Fixed Components\Frt LCA Frame Mtg\Nut-Hex Hd (.5 in).1

Front Suspension Assy (LH-Static)\Frt Susp Fixed Components\Frt LCA Frame Mtg\Nut-Hex Hd (.5 in).3 .
Front Suspension Assy (LH-Static)\Frt Susp Fixed Components\Frt LCA Frame Mtg\Frt LCA Adj Washer down llst
Front Suspension Assy (LH-Static)\Frt Susp Fixed Components\Frt LCA Frame Mtg\Frt LCA Adj Washer.1

Frant Sucnancinn Accv (1 H-Static\Frt Suen Fived Camnanante\Frt | CA Frama Mia\Frt | CA Adi Wacher 2

Availabl "

= Dressup.1

=
@ Mechanism.Frt_Susp [ Frt Susp_Kin Ske
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= Step B: Choose the parts from the available products list
and pick the arrow to the right to attach them to the link.

n Start ENOVIAV5VPM File Edit View |Inset  Tools Analyze  Window  Help

| Y ] | P Ha. U s, lce & G 5B L{ t > @5 N =0T =4
Mechanism Dressup N\ ? X
N
T — 1) Choose the parts from the
g% Dressup: L] New Dressup ]
IR Mechanism: available products list
J._ N Link: (7] Graphic selection _/Upper Control Arm_LH l] 3
-L‘: @ Available products / O All products k'
'l-ﬂ Available products - Products attached to the link 3
L) P
l_ L | Front Suspension Assy (LH-Static)\Frt Susp mponents\Symmetry of Frt Shock Upper Mtg.1 @
M | Front Suspension Assy (LH-Static)\Frt Susp Fi 'omponents\Symmetry of Frt Shock Upr Swivel Bushing.1
l M Yy Y g &
> ‘5 Il Front Suspension Assy (LH-Static)\Front UCA AV.y.1\Frt UCA Spindle Assy\Frt CA Spindle ) N H
.]._ : Front Suspension Assy (LH-Static)\Front UCA Assy.1\Frt UCA Spindle Assy\Washer (0.5 in).1 2 PICk the arrow to the rlght to ﬁ
<[l Front Suspension Assy (LH-Static)\Front UCA Assy.1\Frt UCA Spindle Assy\Castle Nut (0.5 in).1 H
J“ Front Suspension Assy (LH-Static)\Front UCA Assy.1\Frt UCA Spindle Assy\Cotter Pin.1 <= attaCh them to the Iln k
1_ ;: Front Suspension Assy (LH-Static)\Front UCA Assy.1\Front Upper Control Arm
J_ _fl| Front Suspension Assy (LH-Static)\Front UCA Assy.1\Bushing-Frt UCA @v
I_- s Wl Front Suspension Assy (LH-Static)\Front UCA Assy.1\Bushing-Control Arm.1 Y
s Nl Front Suspension Assy (LH-Static)\Front UCA Assy.1\Frt UCA Spindle As: M, |
l_ RY | Front Sucnencinn Accy (I H-Static)\ Frant Stasrinn Knickle Acad Frt Wikunnd A Caliner Accu 1\Fet Wihwn %
), =
L.« | @ OK I & Cancel | a’
),
1
[

';_“ Tubular Frame (Rear Exhaust) (Tubular Frame (Rear Exhaust).1)

= Repeat Steps A & B until all the links on the drop-down
list have been attached to the available products.
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Step 5: Create and Save a
Kinematic Simulation
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= At this point we can run a simulation and see that all
parts are now moving according to the kinematic
mechanism.

1) Pick the Simulation icon

0

ECAUD EE HOSA
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+
Create a simulation which can be stored and run
automatically.
&
&
o
’-ﬂ‘é
Edit Simulation @'_.
Name:| Simulation.3 a
I P
: MEERRE LR
P - (A o o 119l
« , - L [J Animate viewpoint @
1) Pick "Automatic Insert" Siet | o | Lnves | Ssio | ol
q\fa:gmﬂséw, = 'i-'
2) Pick the command T —
value arrows to toggle _ —preeseamnl |
through the kinematic 3) Pick OK EdR smnsors ol

movement. ——2_ok | 9 cance]

J
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Run the Simulation.

Kinematics Simulation - Dressup.1

] Command.2.1 -55

[ Check joint limits

[] Keep position on exit

1) Double-click on
the simulation
stored in the tree

2) Pick on the play arrow
to run the simulation
automatically

3) Pick OK

https://bndtechsource.wixsite.com/home

Name Simulation.3

[] Animate viewpoint
_nsent | _Modity | Delete | skip |
] Automatic insert

Interference Distance

o ~|[ost -]
Edit M I Edit simulation m l

Edit sensors 1

= OK | OCan(dl
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= Conclusion:

This i1s an example of how to create a CATIA DMU
Kinematic simulation for a front independent
suspension.

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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