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Executive Summary SIEMENS
[ ue r
genuily for bfe

Chassis design is a complex, and often iterative process, aimed at
maintaining the suspension deflection angles within acceptable limits,
satisfying structural requirements, and reducing material cost.

Although simulation has long played a key role in validating designs, its
usage to discover new, higher performing, innovative designs has been
limited until now.

This presentation highlights how modern Process Automation,
Simulation and Design Space Exploration can be used in a managed
environment to consistently deliver high performance, low-cost designs.

Design of a wheel suspension assembly, including structural and multi-
body dynamics considerations of a lower control arm component, is used to
show how HEEDS MDO, deployed together with Simcenter 3D, Motion
and Structural solutions, can enable engineers to discover better
designs, faster!

Page 11 2017.MM.DD Siemens PLM Software



Case Study: Vehicle Suspension Assembly SIEMENS

The Challenge (Objectives):

Minimize Mass (Lower Control Arm)

+ =0

Requirements (Constraints):

Motion:

i
—» i«— Camber Angle

-0.5° = Maximum Camber Angle < 0.5° -

-0.5° < Maximum Caster Angle < 0.5°

Structural:

Maximum Displacement < 0.5 mm
Factor of Safety =2 1.5

Design Variables:

11 LCA Shape Parameters
20 LCA & UCA Linkage Hardpoints

Il/\g,el/\uc\'y for ufa

Simcenter 3D Model

Upper Control Arm (UCA)

Wheel /

/ Upper Damper

Lower Damper

Tie Rod
Push Rod

Chassis Point

Lower Control Arm
(LCA)

Operational Conditions/Driving Scenarios?....

Page 12 2017.MM.DD
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Case Study: Vehicle Suspension Assembly

Steering

28 1Real

275

Length(mm)
N 1] N
[+2] [+2] ~
o (5)] (=]

N
o
o
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244
0

Time(s)
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Drifting

3000 Real

2000

1000

Force(N)
o

-1000

-2000

-3000
0

Time(s)

Braking

SIEMENS
Ihg,a\uffy-for&‘fa

Force(N)

20007
1500

1000

a
[=]
9\0

-500
-1000

-1500

-2000
0

Time(s)
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Case Study: Vehicle Suspension Assembly

Process Automation:

Unrestricted © Siemens AG 2017
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/NX CAD PortaI\
o

e

Updates CAD assembly

(Control Arm Geometry,
Qard Point Locationsu

(Simcenter 3D\

Portal

Updates Motion model,
executes solver,
results/animations

\ extracted )

-

HEEDS MDO
W

Automates the CAD

generation, Motion/FE pre-

processing, solving and

post-processing
. /

( Simcenter 3D\

Portal
&

Updates FE model,
executes solver,

~

(esults/images extrac@

SIEMENS

Ihg,ev\uf(y for uft
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Process Automation
NX CAD Portal

SIEMENS
Ib\g,eb\uf(y-for&}[t

A parametric CAD model was built in the Simcenter Modeling module
HEEDS drives the parametric Simcenter CAD model via the Expression Table in Simcenter

2 W

NX CAD g HEEDS g

Expressions

Parametric CAD

Unrestricted © Siemens AG 2017
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AS_Height1

AS _Lower Bend ...
AS_Rear_Inner_R...
AS_Rear Outer R...
AS_rib_spacing

Height1

Lower Bend Offset
Rear_Inner_Radius
Rear_Outer Radius
Rib_spacing

=
_ o Input Type Name Value ~

T Name Formula § (Value  Units Dimensionality Type

24 AS_Arm_Extension 62 62 mm + Length Number Expression AS Arm Extension Arm Extension

25 20 20 mm ~ Length Number ) )

26 150 150  mm - Length Number AS_Arm_width Arm_width

27 150 150 mm ~ Length Number . . .

o) e e ~ Iiength = AS_back_inner_ra... Back_inner_radius

D 5 5 mm ™ Length Number AS_back_outer ra... Back outer radius

30 200 200 mm ~ Length Number

31 AS_Height1 40 40 mm ~ Length Number AS_Cutout_inset Cutout_inset

B2l AS_Lower_Bend_Offset 74.6 74.6 mm ~ Length Number ) )

33 AS_Rear_Inner_Radius 127 127 mm ~ Length Number AS_Flange_width  Flange_width

34 AS_Rear_Outer_Radius 382 382 mm - Length Number .

35 ASrib.spacing 20 0 m « Length Number AS _Front_Inner ... Front Inner Radius

HEEDS NX CAD Input Portal

Updated Assembly

Siemens PLM Software



Process Automation
Simcenter 3D Portal

g.

g_

Motion Navigator
Graph Window 1 ? - O X Name Status
- M= loin
Toolbar v
Force:LCA__SPH__Knuckle T O Cp e e o
7O0[Redl ' [ [LCA__SPH__Knuckle->FX,Force(abs)|Steering| B Lower_damper_SPH_LCA
0 D% Push_rod_TRANS_ Chassis
D@ Tie rod_SPH_ Knuckle
B 7 @#-Tie rod_SPH_ Push rod
-100 @@ UCA_SPH_ Knuckle
- - 4 @& Upper_damper_SPH_Chassis.
Z 200 26 Wheel_FIX_Knuckle
; [ | < >
£ 300 XY Result View
L Name Status
Force
-400} [T o
I 1 L& )
-530 Lo I T T I Ui
0 2 4 6 8 10 FZ
Time(s) Torque Magnitude
Page 1 of 1 ™
Y
X component of force during steering at Knuckle-
LCA spherical joint
; ; =
Portal: 2 Simcenter 3D (input and output) ~ Change @
. =5 - Y . . [~ . . .
[# Execution = Files € Simcenter 3D Portal % Dependencies | Visualization ~ “¢ Comments
Select additional solutions to run (optional):  CAD export format: None <

[v]Solutions

MotionSolutions-Steering
MotionSolutions-Lateral_force
MotionSolutions-Longitudinal_force

Save modified CAD and Simulation models for each design
Create visualization files from all Simcenter Layout States

Enter the file names of Simcenter macros to execute after each design (optional):

|animatic>n.macro

HEEDS

SIEMENS

Tag

Ihg,ev\uf(y for uft

H

Qutput Type

CAE_Expressions
M otionSolutions

Longitudinal_force

Elements
System
Body
Translational
Cylindrical
TSDA

SPHER..OINT2
SPHER..OINT3
SPHER..OINT4
SPHER..OINT5
SPHER...OINT6

Bracket

NCBF

Expression

Component ~
fx1
fy1
fz1
1
ty1

fz2

2

ty2

tz2

roll

rolld

rolldd v

Filter: All M
Step ID (1-1001): () All
(®) Specify:
_12-1001
AL y

OTag v + Update

Unrestricted © Siemens AG 2017
Page 16

2017.MM.DD

HEEDS Simcenter 3D Output Portal

Siemens PLM Software



Design Exploration

¢» CAD Modeling €% Motion Simulation

~Baseine - Predicted

SIEMENS
Ihg%uf(y-for&}‘t

€Y FE Pre/Post-Processing & Solving

300

HEEDS' intelligent search
algorithm SHERPA

* Hybrid & adaptive functionality
* No model fitting or surrogates

Unrestricted © Siemens AG 2017
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Design Exploration SIEMENS
Ihg,ehuf(y-foruft

¢» CAD Modeling € Motion Simulation ¢ FE Pre/Post-Processing &Solving

2,
1
1°l
i .
» 2‘3 -
§
estep L ey L
\ + Feasible = | le - Best Design - Baseline
A Directed g NG, o
oy . § 4 l.-. '.--..""'.-.' P -..' : '
Modifications ] ‘ A
35
3 - -

"-BestDeggn

300

IJ

o k) HEEDS Design Exploration
Unrestricted © Siemens AG 2017
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Design Exploration — Mass (Lower Control Arm)

Objective History Plot

SIEMENS
Ihg,eb\uf(y-for&‘fa

» Feasible = Infeasible « Best Design = Baseline

106.6)
97.74]

88.86

708 o mil ] " m -]
© saagp.m .. - -
N..
XO . 17.81
| R
< MPal | m
O .
_II
1))
(,) -]
cd -]
2 ] .l * -]
] Design ID: 1 (Infeasible) " “u, ) '.. - " - *
3 5- Mass=4.52 kg m
] Factor of Safety=2.34 - = . . - o
Max Displacement=0.2 mm = . E ., R . o
Max Camber Angle=-0.81° L &, 00 =" -, * " -.'h e %e e, .= *
| Max Caster Angle=-2.70° o A e St
3 T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Design ID

Unrestricted © Siemens AG 2017
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Design Exploration — Mass (Lower Control Arm)

Objective History Plot

g

Mass LCA k

SIEMENS
Ib\g,eb\uf(y-for&}[t

» Feasible = Infeasible

- Best Design = Baseline

A\

- 98.08 = .
= 8991 i =

81.75)
73.58)
65.41
57.24)
= 49.07
4091
32.74|

24.57|
l 16.40
I 823
0.07

[MPa]

Unrestricted © Siemens AG 2017
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Page 20

| | Design ID: 2 (Feasible) . ", ma = . - - .
354 Mass=3.93 kg(13% ) :
"~ | | Factor of Safety=2.54(8.5% 4) " . . . S

Max Displacement=0.3 mm(50% %) : . . . = s, ©, e .
Max Camber Angle= 0.06°(92.6%+) oL s e = - e’ * ¢ "o e L.

|| Max Caster Angle= -0.42°(84.5% ) " *e son e SN Wae

0 50 100 150 200 250 300 350 400

Design 1D

Siemens PLM Software



Design Exploration — Mass (Lower Control Arm)

Objective History Plot

SIEMENS
Ihg,eb\uf(y-for&‘fa

» Feasible = Infeasible « Best Design = Baseline

[gm 10489
|

= 96.12
87.38
78.65
69.92
61.18

= 52.45
4372

34.98

>
xI IB?.a m ¥
< I\MF’:05 = 7] =
O .
_II
n
n . .
) _ .
2 m B ° m
|| | Design ID: 139(Feasible) ) ", ma - . - .
3 51 | Mass=3.70 kg(17.4%¢v ) m
"~ || Factor of Safety=2.38(1.7%% ) " = . . = K
Max Displacement=0.27 mm(35% %) . . ° s, ¢ . o
Max Camber Angle= 0.082°(90%j,) | S L e .24 R T AL PP
1 | Max Caster Angle=-0.3°(89%v ) h_........__..,_ Gl
3 T T T T T T T T T T T T T T T T T T T T T T T - ; - : ; . - ;
0 50 100 150 200 250 300 350 400
Design ID

Unrestricted © Siemens AG 2017
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Design Exploration — Mass (Lower Control Arm) SIEMENS
Objective History Plot lngenuity for Lfe

| - Feasible = Infeasible - Best Design = Baseline |

l 131.49 = - : -
= 12052 : m L] = L m
109.57 m -
98.63 :
8768

76.74

i 65.79

5485

a 4380

3296

U) . 2201

x I 11.07

I 012

< [MPa]

— |
0
%

1 | Design ID: 164 (Feasible)
3 5| | Mass=3.18 kg(29.6%y ) 5
"~ || Factor of Safety=1.9(18.8%+v ) : = = . ° o I o
Max Displacement=0.35 mm(75% %) _ . * " o, ® . o
Max Camber Angle= 0.29°(64.2%y) ~a(] o2 " .. ., .° » -.'h oo L e .. -
1 | Max Caster Angle= 0.46°(83%¢) : : = e % Bl
0 50 100 150 200 250 300 350 400

Design ID

All percentages marked are with respect to the baseline values and considers absolute values only .. < 6| M Software

Unrestricted © Siemens AG 2017
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Design Exploration — Mass (Lower Control Arm) SIEMENS

Objective History Plot Ingenuity for Ufe
| - Feasible = Infeasible - Best Design = Baseline |
v e aeta T
o ilfﬁii ]
g . -
I o1 " "
< MPe] .. ....................................................
U L] 7]
_|I
8)) | Design ID:-355 (Feasible) |
) Mass=3.14 kg(30.5% ¥ )
> Factor of Safety=1.83(21.8% { )
Max Displacement=0.36 mm(80%? ) Y. .
Max Camber Angle= 0.27°(66.7%%V) "
Max Caster Angle= 0.33°(87.8%+) ................ ..................... D :
. . . .. o. o | * L] .o
_ | . .. =, . -_ e e
0 50 100 150 200 250 300 350 400
Design 1D

Unrestricted © Siemens AG 2017 ) ) ]
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Scalable Computation SIEMENS

lug,ev\uiw‘y-for&'{a
CAD Update Simulation Execution (Motion) Simulation Execution (FEA)
N .Sirr\;\(/:_er;ter 3LL) t g Simcenter 3D g Simcenter 3D
Indows Laptop * Windows Laptop * Windows Laptop
« 1cores/job + 1cores/job « 3 / job
— _ j | cores / jo >
1 concurrent jobs - * 1 concurrent jobs » 2 concurrent jobs

HEEDS MDO
w - Windows Laptop
* 1 core

400 Designs Evaluated
* 15 hrs of wall time
+ ~2.25 mins per design

Design Exploration

Unrestricted © Siemens AG 2017
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Study_1: *2. Constraint Violations

Constraint Analysis

400

I Max_Camber_Degrees [0 Max_Caster_Degrees [ Max_Displacement [ Factor_of_Safety

350

300

250

217

Study_1: Relation2D_Max_Caster_Degrees_25

SIEMENS

Ihg,ev\uf(y for uft

# Constraint Violations
N
(=]
o

150

100

50

Max_Camber_Degrees, Max_Caster_Degrees, Max_Displacement_mm, Factor_of_Safety

| | ® Mass_LCA_kgvs. Max_Caster_Degrees @ Mass_LCA_kg vs. Max_Caster_Degrees ® Mass_LCA_kg vs. Max_Caster_Degrees © Best Design ‘
1
® Correlation = -0.58
4| ™ Correlation = -0.08
1 o
L]
T =
1}
- L]
0 ) gl
/ L L L o [
| . & '
»*
[ 2 ) 2 .o .
d °® * YT
2 7 . L
2 ® L
=
3 i
ﬂl -
£ o Constraints
L
: | L
() "
- L
— o ™
e oo o
o ® | ] R
L : 0
.. L]
bom & o .
* 4
4 " B
L] =
* =
7 L] L]
-1
T T T T
3 32 34 36 38 4
Mass_LCA_kg

Page 25
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Assess Design Trends — Parallel Plot: Geometric Variables

(Objective)
5.45

Constraints
0.55

/

3.84

1.61

1&/ 22

SIEMENS
Ib\g,eb\uf(y-for&}[t

68

Design Variables

A

\ | lhI’QQLP{

C&i@ Siemens AG 2017

.25 0.12 2.4
©

5 & %
© ® (i
S 7 ©
3 &)

Ll

o1

Angle

o
0o
ol

Max Caster

Angle

\
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Arm Width

Arm Extension

if i

\s

'\
‘ i) 'ﬂ‘. ¥

LA R
9 design variables hit the range limit for the best design.

AT

A1

!"1.__ ] i ; §
L\ ATV RN

N —
f Y/

y g ;

— Feasible Designs |
| 1 Infeasible Designs
/| - Baseline

Best Design

Back Quter
Radius

Back Inner

135

Radius

Cutout Inset

o
O |#

e

s 9 =
o

s =
- o
S =
T ks

LL

Rib Thickness & | ﬁh

Rib Spacing 8|, /

Web Thickness :

)
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Assess Design Trends — Parallel Plot: LCA Hard Point Variables

Si

EMENS

Ib\g,eb\uffy for uft

/ Objective) /™ Constraints Design Variables \
5.45 3.84 0.55 1.61 1.83 -175.5 39 -9 22 -2.2 -261 22 -2.2 -112.3 -271.4 16
P AN = > == |
\ . 4 4 /5 N ._ \
5\ - ] . _ A ] 4 X \\
R ,’f - T e /i v *~'é_ 5 "’ — Feasible Designs
\ 4 . . 3y 9, T . |} Infeasible Designs|
R ] j ~ P 7 : ) W L TN ; T [~ Baseline
L / /J:“"’ ‘,’,Z'-,--' N >( ' | Wi “ \ f Best Design
N ’/'4:,/ 5 ,,7" r'- \ ' g ; ; \) 4 N ‘ £ v by 4 X y -
N \ \ ' \ | i~ X .’f ; \ AW / o
W ) ¢ .'1. | s \ Y # . ";" l’:?f w“
/ ; 4 \‘4,*._,2 1) o ’;’ Al
| / \Q | 7 : 2 A
1 \Y ) Y/ 7ia /s ; \| 2 j RN
e . f - .r" o I- b / K 3
A ]f'l ‘f." - Y
A1 1.25 0.12 -2.45 -5.85 -214.5 -47.7 -11 18 -44.7 -319 18 -44.7 -137.2 -331.7 -16
) > x = =0 = > N s > N X > N x > -
a P S € = O -= | | | | | ! ! | | I
g £ S 282 g2| = = o o x n - L Z z £
@ = c n X
= 0 § § < §< g < = = = = <§(| <§E| z| ::ﬂ <
S <
= 2 x &8 S S S S O S O O 3 S O
S 2 S = - — — - ~ - —
3 @)
LL
NG lnrpQLr{CxcL@D Siemens AG 2017 J k /
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Design Exploration — Baseline & Best Design Comparison

SIEMENS

Ib\g,eb\uffy for Uft

Force profiles comparison at Knuckle-LCA joint

Unrestricted © Siemens AG 2017
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Study_1: SteerfForceX Study_1: SteerforceY Study_1: SteerfForce?

| — Baseline — Best Design ‘ | — Baseline — Best Design ‘ | — Baseline — Best Design ‘
100 3 1,500 1,800
N - 1,400 3 s N -1,900
z E \“‘ /r// u>_;1.3nn ] P4 N 200 E \/ \/
E 1200 E \ /
& 200 3 e E d e & 2100 3 /
=] \\\\‘_ _//" LI ~_ | E \ /
=300 = E| = 2,200 o
@ E \ / & 1 000 3 @ E \ /
& <00 3 2 1T || & 2303
[ E '\ vd @ gpp 3 [ E /
-500 ; -.__,,/ 800 - -2,400 ;
E| E e E|
-500 - - - - - 700 - - = - - -2.500
0 2 4 6 3 10 0 2 4 [ 8 10 0 2 4 [ 8 10
time_step time_step time_step

Study_1: DriftForceX Study_1: DriftForceY Study_1: DriftForce?

| — Baseline — Best Design ‘ | — Baseline — Best Design ‘ | — Baseline — Best Design ‘
40 4 1,600 1,850
3] E A
3J 4 3] — I —
R 1,400 N n
= 3™ ['a 1 / - -1,800
120 ] ] ]
& S 1200 5 1
i = B //\ \ 1,950
< £ 1,000 4} o 4
2 o4 2 ] o s
s = ] \ 7 = 2,000
103 0 \\/ 1 — T — |
E E I
EiLs
-20 - T T - T 800 - -2.050 T
[} 2 4 ] 8 10 0 2 4 6 8 10 [} z 4 6 8 10
time_step time_step time_step
Study_1: BrakeForceX Study_1: BrakeForceY Study_1: BrakeForceZ
| = Baseline = Best Design ‘ | = Baseline — Best Design ‘ | = Baseline =—— Best Design ‘

2000 3 5,000 1,600
o 150 % S ‘ u>_; o 3 ‘%\ & 470 E N
5 / \\ z 7y ] T N
= 3 /! 1 2,000 NG 3 E gl \
£ L b / & 1,000 3 o
R z\ d L 7 ooo T~ . /
£ E \ ~ b £ 2,000

21000 / ] e ] _
S s g \M/ 2,000 . A 2100 4

4000 - - : - - 2200

I_LCA

Longitudina
Longitud

0 4 4 & 8 10 0 2 4 6 8 10 0 2 4 6 8 10
time_step time_step time_step

Maximum force magnitudes at Knuckle-LCA joint occur during the Braking event

oftware




Design Exploration — Baseline & Best Design Comparison Sl

Wheel angle profiles comparison

Study_1: SteerCamberAngle Study_1: SteerCasterAngle Study_1: SteerToeAngle

| = Baseline = Best Design | | = Baseline = Best Design ‘ ‘ = Baseline = Best Design |
044 ’_'g-\ 0s E 25
L e Ny Rt g o] A g2 S
E’ o= 1 T s ] £ L 4 .
202 3 \\\ // S gl ] / \
RV ™~ e ﬁ 15 Em E // ™~
e S E ™
%DB \\\ // ;I SE EIEE_/
a_]:.-'u.a_, T— £—2.5; EUE
- T . - . - . T 1
0 4 10
Maximum wheel angles.occur during Steering event
Study_1: DriftCamberA Study_1: DriftCasterAngle Study_1: DriftToeAngle
= Baseline — Best Design | | = Baseline = Best Design ‘ | = Baseline = Best Design |
" 0.07 5 05 E 0.005 4
> E AT g ;3 @ E /’\
5008 / \ A s '3 //\ \
%‘U'Us ] 3,70'5 E E-u.uus ] // B L
éu.u 1 // \\‘ Y ¢ oo 32> //// \
E 515 = El /
8.0 03 ] \ ,/ \ 2' E T_gl.n 015 \\\ .
T s N g 3 N
LEMZ ] - - = ; = ooz ]
0.01 = T T T T -3 T T T T T 1 -0.025 T T T T T
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
time_step time_step time_step
| — Baseline — Best Design | | — Baseline — Best Design ‘ | — Baseline — Best Design |
0 0.044 05 5 @ 017
g E N 2 3 g ] /\
£ 0.042 3 e ‘\ g 04 £ oos PN
& 004 2 E @ 7 N
o E / |-0.5 3 =) E \
200383 g 4 2 o
Fomd S 8.0 5 N e
o E >< >< =154 Z 005 o~
g 0034 o ~ g E H ] \\/,7
S o032 — 5 27 £ .1 /
S 0033 T -..___H_/..f/ E’zs g a 3 ~
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0 2z 4 6 8 10 0 2 4 & 2 10 ] e 4 6 8 10
time_step time_step time_step
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Assess Design Trends — 3D Relation Plot: Identifying Design Alternatives

m (03
Best Design

[ 1Baseline

Feasible designs with caster and camber
angles within a tolerance of + 0.3° away
from the best design.

Unrestricted © Siemens AG 2017
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SIEMENS

Assess Design Trends — 3D Relation Plot: Identifying Design Alternatives
lhg,ev\uify-forufg
m(2
m(3
Best Design
4 5|[1Baseline
4.4
4.3
4.2
41 5
,'4 g))
.39 —
38 O
%jé = Feasible designs with caster and camber
32 = |angles within a tolerance of + 0.2° from the
gg best design.

S Feasible designs with tighter tolerance and LCA mass
considerably less than the baseline (slightly higher than
best design but lower camber/caster angles).
Note: best design had a camber angle of 0.27" and a
caster angle of 0.33"

0.5

Siemens PLM Software
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Assess Design Trends — Plot Views: Identifying Design Alternatives

SIEMENS
Ihg,eb\uf(y-for&}[t

Study_1: Relation2D_67

06
w 04 Max Camber-Angle <-0.5° o °
. 1 n /_j N
5 02 S — ee o
w -
o g Al K o
LI L) =)
_g e } = Feasible designs with: caster and camber g
E | <£ angles within the tolerance of £ 0.2° and|
8|_g_4 ' % LCA mass close ta the best design *g
s LCAMRX & S
S 06 Max Camber 2 LCAMRY | X s

08 | 'ﬁ LCA_ MR _Z =

=3 : LCA_MF_X : :
3 —25 2 Linked Feature: Mount Holes (in red circles) LC\A_M F_Y —05 O 05
LCA_MF_Z

Study_1: Parallel_02_LCA_shape_variables

- 0.2

Best Design — Baseline

= 0.2 - Best Design = Baseline

- 0.2

Best Design — Baseline

Rib_thickness

Rib_spacing
Height1 r

Web_thickness

Flange_width

Arm_width
Front_Inner_Radius

Arm_Extension

Cutout_inset

- - Back_outer_radius
Back_inner_radius - -

LCA_KN_X
- LCA_KN_Y

Very similar control arm
2017.vm.DD  Shape

Large difference in LCA_ MR _X &
LCA_MF_Y from best design

Similar UCA hard points

@& 02
+ Best Design
E Baseline

Minimum parameter value at
center

Maximum parameter value at
boundary

Siemens PLM Software




Results Versus Objectives

Demonstrated CAD-embedded automated workflow to
simplify virtual prototype construction

CAD: Simcenter 3D (automatically vary 3D geometry)
Motion: Simcenter 3D (prepare model / perform motion simulation)

FEA: Simcenter 3D (prepare model / perform structural analysis)

Demonstrated that scalable computation hardware
and software can be effectively used to accelerate
virtual prototype testing

400 designs successfully evaluated in 15 hours

Proved that intelligent search can help engineers to
discover better designs, faster

Discovered a non-intuitive design that reduced the mass of lower
control arm power by 30% in under 400 evaluations

Identified critical design variables and relationships between design
variables and the various performance requirements
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Discover Better Designs, Faster! SIEMENS

HEEDS Ib\g,eb\uf(y-for&‘fa
Multidisciplinary Design Exploration Platform
)
. felssles
» Accelerate design process with automated bl B sl 28
workflow 2 <) LN
: : D5 =
- Explore early & often with a streamlined process
* Increase product knowledge with multi-variant
an aIyS I S Baseline Model: Script_s:
- Discover better designs faster with automated I /.
intelligent search 4 N
. omcmer, | ofsmicior | o | | o,
« Assess design robustness i : — .
_ _ | HEEDS :
* In PLM context, configurations are stored, —— I — L [Somtiom
Mfasm:ed_ suspension | 1 Output of suspenzion . - iuspensrmp_amem
managed and can be reused L e Y
 Easy to use—no need to be an optimization Objectves: Consraints:
specialist =
o Easy to deploy across organizations Suspension Auto-Correlation reduced time from months to under 1 week

“HEEDS drastically reduces correlation time.” — Erik Wendeberg, Chalmers
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