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= The following licenses are required to create this
Swept Volume simulation:

= Digital Mockup Kinematics
= Mechanical Part Design
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To create the correct tire clearance envelope,
there needs to be an understanding of basic
suspension geometry.

This example will touch upon areas such as
Ackermann Steering, Front/Rear Steer,
Jounce/Rebound, Clearance Zones and
Turning Radius.

The result will be a swept volume 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
(Tire Radius = 326.15mm)
« Rear = P275/40ZR-18
(Tire Radius = 338.60mm)

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
= Ackermann Steering = 83.2%
= Shock Extension/Compression = 50 mm / 48mm

= All of these parameters affect Tire Clearance
Envelope.
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= Ackermann Steering Principle.

Ackermann Steer Angles
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Ackermann Steering System
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= Rear Steer is used with Recirculating Ball
Steering Geatr.

PSA (Projected Steering Axis)
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Rear Steer Suspension
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s Front Steer is used with Rack & Pinion
Steering Gear.

PSA (Projected Steering Axis)
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Front Steer Suspension
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= Ackermann angles set up the Tie Rod Ends.
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= 100% Ackermann angles and the resultant
Turning Angles.

100% Ackermann will
converge at the same
point along the rear
axle centerline.

Curb-to-curb
turning radius
set at 17.78 ft.
(5.42 m).
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= Ackermann angles and the resultant Turning
Angles.

&

Notice the divergence
from the true center of
the Turning Radius.

Curb-to-curb
turning radius
set at 17.78 ft.

of the inner tire as the

This will cause scrubbing

vehicle makes the turn.

~

/

(5.42 m).

Center of
turning radius
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Ackermann for one particular steering angle. Example: Turning radius curb-to-curb = 5.36m

% Ackerman = [Angle Inside Wheel (d,) - Angle Outside Wheel (d,)]/100% Ackerman Angle (d.)
Where the 100% Ackerman Angle (dy) is:

tan'1[WEl,n’[[W B/tan{Angle outside wheel)) - Front Track]) - Angle of outside wheel =

{da) =tan ' {L/((L/tan(d.) - t) - (d.)

+
100% Actual
o o ) ) ) ) . Ackermann Curb-to- )
To avoid tire scrub when a vehicle is turning draw perpendicular lines from all four tires. If the perpendiculars d,) (i) (i) dy) Curb-to- él’ b Skidpad
from the front tires intersect along the lines drawn from the unsteered rear tires then you have classic deg deg deg deg ﬁcke:fnann Curb Turl:1ring Radius
CAD SIM | CAD SIM | @100% | @100% Lurg_iﬂg Radius (mj)
adius
(m) (m)
28.40 3213 38.64 10.24 83.2% 5.36 6.30 542
27.33 77 36.81 948 83.6% 555 6.48 5.61
26.27 2942 35.01 8.74 84.0% 575 §.68 5.81
2521 28.09 3325 8.03 84.5% 5.97 §.90 6.03
2415 26.78 31.50 7.35 85.0% 6.21 714 6.27
23.10 25.49 29.80 6.70 85.5% 6.47 7.40 6.53
2205 24 21 2813 6.08 86.1% 6.76 7.69 6.81
= 21.00 22.95 26.49 5.49 86.6% 7.07 8.00 713
o 19.95 2170 24 88 493 87 2% 742 8.35] 748
E 18.91 2047 23.31 4.40 87.8% 7.81 8.74 7.86
3 17.87 19.25 21.78 3.9 88 4% g.24 9.17| 8.20
.‘% 16.82 18.04] 2026 344 89.1% 873 9. 65 B8.78
a 15.78 16.85 18.79 3.01 89.7% 9.28 10.21 9,33
a 1474 15.66 17 .34 260 90.3% 9.91 10.84 9497
o 13.70 14.49 15.93 223 90.9% 10.64 11.57] 10.69
E 12 66 13.32 14 55 1.89 91 6% 11.48 12.42] 11.55
.,E_ 11.62 1217 13.20 1.58 92 2% 12.49 13.43] 12.55
B 10.58 11.03 11.88 1.30 092.8% 13.69 14.63] 13.76
g 953 9.39 1057 1.04 93 5% 15.16 16.11 15 24
8.49 8.76 9.31 0.82 94 1% 17.00 17.96 17.09
744 764 8.06 062 94 8% 19.36 2034 19 46
6.39 6.53 6.85 0.45 95.4% 2251 23.51 2264
5.33 5.42 5.64 0.3 96.1% 26.91 27.96 27.09
428 432 448 0.20 96.5% 33.50 34 B4 3376
3.22 3.23 3.33 011 96.9% 44 48 45,79 44,92
214 214 218 0.05 97 9% 66.78 68.18 67.31
1.06 1.06 1.07 0.01 99.1% 134.48 135.91 135.04
0.00 0.00 0.00 0.00 100.0%

idy) =tan'(2489.2/((2489.2 /tan(28.4)) - 1490)) - (28.4) = 10.24deg

% Ackerman = [d; cap sim/di @100%]*100
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= % Ackermann Steering vs. Turning Radius.

% Ackermann Steering

100.0%

vs. Turning Radius
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Curb-to-Curb Turning Radius (m)

s 100% Ackermann Turning Radius = Actual Turning Radius

0.00

% Ackermann
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s Less than 100% Ackermann is a normal

compromise in today’s passenger vehicles.

Due to packaging
constraints, 100%
Ackermann is not
always achievable.
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= The jounce (full compression up) and rebound
(full extension down) must be determined.
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= To achieve the maximum steering angles and
jounce/rebound distances, the CATIA kinematics
must be at the following settings:

Rebound

Shock Height ~ -50 0.0000 =4

Steering Rack Length -55 0.0000 s

[[] Check joint limits

(] Keep position on exit
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= Measure the jounce (full compression up) and
rebound (full extension down).
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= The worst condition is at full jounce and full
turning angles.
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= Another parameter is the clearance zone required
around the tire.

Ge clearance zone set on
this one-off sports car is
12 mm.

A mass produced vehicle
would need to consider

additional clearance due
to suspension compliance,
manufacturing tolerance,

@e chains, etc.
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= Step 1: Create a Rigid Joint for the Tire Clearance Zone

product in the current Kinematic Mechanism.
2B ¢P

I- '“50% leuto L”Auto j]Autjl»’«urleone = \.S

"%‘ Front LCA A
'%‘ Fron

'%‘ Front UCA A

'%‘ Steering Rack

flacys
ASSY (AR

\RB End y D ;
0l Bar)-LH AS . L / 2]

-3 Tre Blark Product (Tre Blank Frodiict) -\ N Mechanism: [Front Susp_LH | _Hew Mecharism |
i 2 S o Joint name:[Rigid. 19
Current selection:
Part 1: |Tire Blank Product Part 2: |Front Steering Knuckle &

lechanism ' : @ OK I OCanceII
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= Step 2: Create a Simulation in DMU Kinematics.

BND TechSource

[Name:| Swept Volume-Tire Eny |

i
AR ALRLCALR
D 116,00 |1 Z]

[ animate viewpoint

Insert ] modify | Delete | skip |

4 Automatic insert

—Interference —Distance
OFff I (| B =l

Edit analysis | Edit simulation objects

Edit sensors

- @ oK I @ Cancel |

Kinematics Simulation - Front Susp_LH

21

Shock ExtfComp -48.7

h—‘i

-48.7000

.

Steering Rack  -60

ir

8.7
0

[ check joint limits

© Reset |

60.0000

= .
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= Step 3: Compile the Simulation in DMU Kinematics.

Compile Simulation i

Generate a replay

Mame :| Replay. 1

[ Generate an animation file IVF%.'\.“ Codec 'I ‘Setup]

— Definition

Filename .. ]

Simulation name:! Swept Volume-Tire Env

Time step: 1

=]
=

[J animate viewpoint

@ ok | @cancel] |
- i
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= Step 4: Generate the Swept Volume in DMU
Kinematics.

e
i
I§

"%‘ Fr Susp Fix mponents (Frt xed Components)
T

4;;‘Tubular Frame (Tubular Frame. 1)
Front Wheel Assy (Front Wheel A
ﬁﬁﬁ Front Brake Rotor (Front Brake Rotor)

B

7

-%‘ Front Steering Knuckle Assy (Front Steerin

. "mﬁs‘ Front LCA {Front Lower Control Arm
a

r— Definition
Selection Tire Env [~
Product(s) to sweep| 1 product

Reference product |

I3 Filter Positions '3 Silhouette [] Use level of details

Filtering precision | 0.2mm Filtered (%) |44

—Result simplification

[ apply wrapping [ &pply Simplification [ Spatial Split
o . —Wrapping
"‘:’gg;‘ ARB (Anti-Roll Bar)-LH Assy (AR Grain I 20mm Offset ratio 0,10

5

. _._%‘ Tire Blark Product (Tre Simplification %
. Accuracy l 10mm l = 1]
& MNumber of triangles @
ﬁ'litial : [407068 Result : l

Save ] Preview ] Close ]
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= Step 5: Add the Swept Volume into the Product.
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s Conclusion:

This i1s an example of how to use CATIA DMU
Kinematics to create Trace Elements.

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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