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NAFEMSE R IGIEEE

> - A — , [ simsolid
AVAVAeAeAe NAFEMS Benchmark | Description Quantity Target Solution B ults Discrepancy
Ae""""' 1 Pressure component Von Mises stress 534MPa 532MPa <1%
2 Coil spring Spring rate 20.8N/mm 20.76M/mm | <1%
3 Skew plate Maximum principal stress | 0.82MPa 0.82MPa <1%
4 Plate with hole Maximum principal stress | 314MPa 325.7MPa 3.7%
Minimum principal stress -114MPa -117.9MPa 4.2%
5 U-shaped notch Maximum principal stress | 48.2MPa 47 .6MPa 1.2%
‘THE INTERNATIONAL MAGAZINE FOR ENGINEERING DESIGNERS & ANALYSTS FROM NAFEMS Mode 1 0.42HZ 0.42HZ <l|}-’ﬂ
Mode 2 1.02Hz 1.02Hz <1%
6 Cantilevered plate Mode 3 2.58Hz 2.56Hz <1%
Mode 4 3.29Hz 3.27Hz <1%
Mode 5 3.75Hz 3.72Hz =1%
5 Cantilever under pure Sxx 221MPa 221.7MPa <1%
bending Uz 0.0247m 0.0247m <1%
8 Cantilever realistic Suw 356.5MPa 366.5MPa | 2.8%
support

A summary of results for all benchmarks(NAFEMS)

Check for Other Media Testimonials:

The Electromagnetics Issue

/\ ALTAIR


https://www.digitalengineering247.com/article/altair-simsolid-walkthrough/simulate
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https://www.develop3d.com/reviews/review-altair-simsolid-simulation-CAD-design-engineering
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1 Pressure component Von Mises stress 534MPa 532MPa <1%
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Figure 12: Target Solution - Maximum principal stress
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5 U-shaped notch Maximum principal stress | 48.2MPa 47.6MPa 1.2% A ALTA| R
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“To us, Altair SimSolid means efficiency. While the software quickly
provides accurate simulation and optimization in one step it does not
require any expert knowledge. No expertise in analysis is necessary
and especially no meshing is required. Also, SimSolid helps our designer
to shape chassis components with confidence based on the SimSolid

simulation.”

Anthony Reullier

Digital simulation specialist and CAE leader at Renault
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LHPE SimSolidXRItEH &

s 30.17Hz
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Contour Plot

Displacement(Mag)

Analysis system
1.701E+01

[ 1.512E+01
1.323E+01

= 1134+

SASIE+DD
TSGIE+00
S.6TIE+DD

ATBIE+DD

1.BME+00
— 5.585E-04
n

Max = 1.701E+01

Node 33286

Ripdwd
MBS
THERHS

Mode#7,Frequency= 3.017e+01Hz

. 6/\BF, HyperMeshrgijihiE
s RIFEARANAMmM, RIFEEE108792
: 20534

s 30.59Hz

Design study 1 | Modal 1

i.\’
RIISIER.: ToRItE
REK: 5O
ITERHR: 3058

/\ ALTAIR



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

FBICRSE: REFRFENIERED

Project Analysis Settings  Help

.@E ) S : S : o 5 vkl "o % ?

42 2\ ALTAIR



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Altair EERBINIEHIRESI L3t

IR ER RS T
70 NGRS
HyperMesh + Optistruct

1.1 million 2" Order Tetras
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SimSolid | Traditional FEA

Model preparation 5 minutes 5 hours

KFRESIRSITXILL

*ﬁﬂﬁ)ﬂ

70 NEERG
HyperMesh + Optistruct

1.1 million 2nd Order Tetras

Model solve

TOTAL TIME

14 minutes

19 minutes

30 minutes
5.5 hours

34.031Hz  33.749Hz 0.84%
2 39.853Hz  41.992 Hz -5.09%
3 57.900 Hz  59.439Hz -2.59%
4 65.152 Hz 63.811 Hz 2.10%
B 80.082 Hz 80.317 Hz -0.29%
6 81.066 Hz 81.729 Hz -0.81%
7 95.578 Hz 95.598 Hz -0.02%
8 102.22 Hz 103.20 Hz -0.95%
9 110.02 Hz 117.88 Hz -6.67%



KEERER- LRIt

Displacement
Nagnitude
[mn]

ax__1.4025e+00
—hepews
[, os18e+00
9.3498.-01
8.1811e-01
7.0123e-01
5.8436e—01
4.6749e-01
3.5062e—01
2.3374e-01
1.1687e—01
in 2 2326e—07

SimSolid Max Disp ~ 1.40 mm

5 solution passes
Adapt to feature, Adapt to thin solids,

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Optistruct Max Disp ~ 1.41 mm

1.067E+00
9.333E-01
— 8.000E-01
— 6.667E-01
= 5.333E-01
4.000E-01
2.667E-01
1.333E-01
0.000E+00

I 1.200E+00

Max = 1.413E+00
Min = 0.000E+00

1.1 million 2" Order Tetras

J\ ALTAIR
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SimSolid Major Principal Stress Optistruct Major Principal Stress

1: Model
Subgase 3 (sa_surf): Static Analysis : Frame 25

5 solution passes 1.1 million 2"d Order Tetras
Adapt to feature, Adapt to thin solids,
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15.021+
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LURESS mme<’ LB e| 8REEM|  Cycles< HREHE
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EWTIENRAS R : HIIEiRRYEHEERIE S
SimSolide 105 ¢ 5E AL HIENEAIRATE R RIBE D4
TEMIELS. BeIelEEm

BT HENNE
— > OB®E

max 8.3065e-1 [mm]

B oEs

ax 3.4999e+2 [MPa]

@ﬂ?*ﬁiﬁ.ﬁ; min 2.7341e-7 sl in 4.1706e-1 [MPa]

HIERTI

e 2
2% : DL510 , EARAZ/1425MPa ;
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S wheel2019 - Altair SimSolid 2019.0.0 - o x

Project Analysis Settings About

@ k Jaic) ==
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| Project tree

[
s
pY
Koh
(‘)‘*
)
wn
 — |
17 2]
2
v

W RRA i ?

v & Project: wheel2019 b
[ Units: SI e o
% Default material: Aluminum e — >
# Project solution settings L B legend X %):w\mg*éé}t
v 4 Design study 1, BASELINE wa
> §8 Assembly Von Mises v S
@ Connections Stress [MPa] ;ﬁﬁﬂﬂ Eé%’l‘gz
v s Stuctural 1 -
1 Settings i _J Hax 5.3199e+2
v W Loads&Constraints 1 N A N
#4 Immovable 1 Z,é | ;&E}J%Z1q
£ ¥ { 3.8838e 2
% R |
+ 2 4 ~
2 o SHREA
7 - 2.0221e+2
- B 2AANTORFIFEARTAR
[ 27758 0y
o — e "
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e e § o
| Image
| Deforned shape
§ 7
UI"
= | Animation
Bocknark browser 8 x
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= Design study 1 | Structural 1
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TG BRIGR RS

SimSolid

5B 65 Rt e

Ao T = W e e

BB ARG RS R

366hz

BMEHAEHALSR:

456hz

PAREE . 498hz
SimSolid & RERIL XK

BB AEMEHAGR:
243hz

B BEAESFEGES
306hz

SeasaE . 354hz
SimSolid A AR ERIELR

46 R TR R SimSolid

R 1

Pipe: Hit 5 B 1.0 3

Hanger: E#$ 12, 34 \

Ll BEK ) )
pipe mesh: PUTH K !
(R (8105) fE connection:5
Hanger mesh: 75 % W THERME: 68
SR (1642)
weld mesh: 7504
g (96)
Bt TAERfE): 1000 B

HER 2

Pipe: HiE 60, B2/& 1.0

Hanger: Hi#F 12,88 1.5

Support: Hit 12, % 1.5 — 7

Ll BEK Pipe mesh: Pk} | €3 connection:5
I (15291) - Distributed mass
Hanger mesh: Qi & | Wi THERFM: 20
K& (3205) »
Weld mesh: 754k
AR (144)
Mass: ACELET (1)
Hiit TIERd A 1200 ¥
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FEIFSERE: FRMAShERTTHEZESSIimSolid ZRfEfRELLYd

15 Camalha S5 Salla, RF Barkass AL U Pewn G.FRP. Juss

fons. According to Lin [9],
tse metiods Gl imo the following cavgories. Mgl rprasemaon medods (Smootied paracie

mathods (Moving least square methods, Poin interpolation methods, Parition of unit methods, Letst squares
‘methods, Finite element methods), differential representation methods (Finite difference method, Finite point
methods.

Mmmmmmmmhmmmmnmmm
interesting and umgue aspects.
‘The simmlations of this paper spplying the meshfiee mefhod were performed in the commercial soffware
ol [10], wich ype o method s ok sl i th s
stractural,

this program, the
problem

o r globally the problem
mmmmmmmmm[am bol) and the existing
contacts on assemblies
3 Simulations

In this section, thres typical are preseated
with the sumerical methods relared previously with the experimenta] dara obiained from the bench tests. These
. . modal

amalysis.

adhesives
md balrs. Ty condinons are shown with (DO, benz 1,2 and 3 e
‘wamslations in the X, ¥ 22d.Z directions, respectively, a1 4, 5 and 6 the rorations in the szme directions with all

31 Linearstatic analysis

Figwre 2 displays a
A

Fig. 3 Minstrares.
E=205000 MPa and & Poisson's raiov=10.3.

A DOF:1,2,3,4,5,6
A DOF:1,2.5.6 (at all cutoff sections)

Figure 2. Car body of a pickup vehicle Figure 3. Car body boundary conditions = e
Table 1. Results of the stiffness analysis
Point Experimental OptiStruct SimSolid
k [N/mm] k[N'mm] %error k[N/mm] % error
1 375.5 351.3 -6.4 393.7 +4.8
2 379.8 363.2 -4.4 387.1 +1.9 A A LTAI R
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EISSEQR: ERMASrBRITAESSimSolid ToRif

duy

ARSI

SREELXT

SIMSQ! 1N

i

Force Fx, [N]

i

10 20 30 40 50 60 70

. s 1,2,3,4,5,6
Displacement [mm]|
o 1,2,3,4,6
As it can be observed from the graphic. SimSolid matches well using loads up to 160 N although the o md ..m.,,fi; W
implementation presented in the current version of the software (version 2020) works only for problems with small ? Save hs Rert Close
strain, i.e. 4.0 % of plastic strain. The problem had a plastic strain around 10.0 %, thus it was not possible to
analyze the comparison between the numerical results. On the other hand. the OptiStruct model presented a ElEéf’fEtt;é{ﬁMﬁ?é

behaviour very close to that obtained in the experimental test. The FEM model was able to adequately reproduce
the linear state of the structure as it can be seen in the linear branch and represented the softening branch
satisfactorily. The maximum load was 6.5 % below that found in the experimental test. which is a small error

/\ ALTAIR
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FIESISEAT: ERMRSTEIRITAZSS mSolid KRS

duy

AR

16.7 Hz 165 Hx

16.3 Hz

Mode Experimental OptiStruct SimSolid
[Hz] [Hz] % error [Hz] % error
First 16.3 16.7 +2.5 16.8 +3.1

In linear static analysis, according to Tab. I, the results of both softwares/methods are considered
satisfactory, since the difference in comparison to the experimental test was within the acceptable range. In the
nonlinear analysis, the FEM model reproduced the force-displacement curve of the experimental test almost
completely (Fig. 6), only the maximum load was 6.5 % lower. Finally, in the natural frequency analysis, the
numerical models were able to reproduce the first mode of the experimental test and also very accurate frequency
values were found, as it can be seen in Tab. 3.

In general, the models analyzed with both softwares reproduced the tests well, presenting results similar to

those obtained experimentally.
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KINISERINBIRAR: BESHINTRIREEIES

SimSolid15minPIGIE6 MEFME T =
DINiEAFN T F=AVERAL

7 FE1-247.50 -

- -"
F%2-241.59 L'? & l'!, -
N 4

T em B

AZ/mm A/mm  HIEKN*mm/°
4.48E-02 4.55E-02 245.52
4.52E-02 4.44E-02 247.50
5.18E-02  4.00E-02 241.59

467602  4.80E-02 234.12
FZE4  5.84E02 4.15E-02 222.04
J723-234.12 FEES  479E-02 4.77E-02 231.82
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A AR R B R AT . FETFSimSolid 22 B[] 12017
(FEZEIE

< 4 Connections
4 j81 Regular connections
@] Connection 1, bonded
8l connection 2, bonded
@] Connection 3, bonded
8l connection 4, bonded

@] Connection 5, bonded
8l connection 6, bonded
@] Connection 7. bonded
@l connection 8, bonded
@] Connection 9, bonded
@l Connection 10, bonded
@] Connection 11, bonded
=@l Connection 12, bonded
B8] connection 13, bonded
al

ark browser

SimSolidi&H OptiStructt&EY

J\ ALTAIR
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A AR R B R AT . FETFSimSolid -2 B[] /12017
SRE SR

SimSolid Error 58% OptiStruct

Max Von Mises 13.47 Max Von Mises 13.47
MPa MPa
in 1.0873¢-05 [MP 1.3467e+01 [MP. Figend (] Contour Plot
in . e [MPa] ax 1. e [MPa] Element Stresses (2D & 3D)(vonMises, Max)
Von Nises Analysis system
Stress [NPal Simple Average
| Mux  1.3467¢101 1.425E+01 - - ot ¥ _
LOTHetOL [ 1.966E+01 i 2 14.246
B 1.108E+01
= £ 85334400
[ vt — B5.498E+00
T 0020400
£.08024400 [ 7156400
B 5 TS0 6.332E+00
41748000
— 4749E+00
= £ 283%e 00 3166E00
1 3
_—
13457400 1.583E+00
| Min 1.00T3e 05 2.397E-04
o @ [
Taage Max = 1425E+01
l[l] | Grids 76444
Teferasiishare Mll:j= 2.397E-04
Grids 205704
& =y
e |
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>
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A AR R B R AT . FETFSimSolid -2 B[] /12017
NIER TSR

SimSolid Error 43% OptiStruct

Max Displacement 1.633 mm Max Displacement 1.703 mm

in 5.3912e-06 [mm] ax 1.6327e+00 [mm] Contour Plot
Displacement({Mag)

‘m Analysis system
= s 1.703E+00
Dizplacement

agnitude [anl l 1.313E400
I : 1.324E+00
Hax  1.6327100
— 1.135E+00
149884400
- 9.459E-01
_— 7.567E-01
- 5.676E-01
== 3784801
-_ 1.892E-01
= 0.000E+00
== '] No Resul
1 X06e-01
| Win 5.3012e-06 Max = 1.703E+00
Grids 213073
= ﬂ Min = 0.000E+00
Insge !
.m . Grids 76191
Deforaed shape
§ &y
-y U
Amination

iteaiEmin | 2
= 4.3% mic Max. Value = 1.703 ALTAIR

SimSolid 1.633

=
=
Opti 1.703 =
1.65 =
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Error <4.5%
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SimSolid 27.4 Hz OptiStruct 2' SimSolid 34.2 Hz OptiStruct 35.3 Hz
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A AR R B R AT . FETFSimSolid 22 B[] /125717

SimSolid Error 121% OptiStruct

Max Displacement 3.526 mm Max Displacement 3.101 mm

Contour Plot

ax 3.5255e+00 [mm] in 5.6539¢-05 [mm] Displacement{Mag)
Analysis system
o) v
i | l 27565400
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 Magnitude [an] 2.412E+00 3
[Wax 3.5255e%00 2067E+00 - Dynamic Max. Value =
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@ Mo Result
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| Animation Ly
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Error 4.4%

OptiStruct
-.Max, Displacement 1.775mm

Dusplacement(Z)
Systems ud = 2

1.777€+00
[l S53E+00
1.329€+0
= 1.104E+00
8 B00E-01
= 6 857E-01

o4 JUED
20mem
-1 716E-02
-2 415E-01

Max = 1 777E+00
Grids 14442
Min = -2 415E01
Grids 13390

N
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SimSolid

Max Displacement 1.696mm

min 3.0481e-8 [mm]

g lmam

Hax 1. 6969%0

1.21270%0
e 1313e%0
9 8988a-1
‘8 4BATe1

'-1 070601

6. 656501
e 242401

2 828701
_—
==

HEin 3.0401e6

1.6969e+0 [mm)]
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OptiStruct Error 5.9%

Max Displacement 2.102mm

Contour Plot
Displacement(Z)
Systems id =2

2.105E+00
[1.5405«30
1.576E+00
—1.311E+00

1.047E400
7.821E01

—5.175E-01
2.530E-01
-1.152E-02
-2.760E-01

Max = 2.105E+00
Grids 14441

Min = -2.760E-01
Grids 13389
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SimSolid

no_ribs | stiffness

Max Displacement 2.227mm

Displacement

agnitude

[mm

Nax 2227940

[ 2- 04220

o |- 856640
1.6709e+0
1.4853e+0
1.299e+0
1.1139e+0
9.2829e-1

ax 2.2279e+0 [mm]
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) Untitled - Altair SimSolid 2019.3.0

Project Analysis Settings About
& Import from cloud

E |@yort from file Ctrl+1

& Open project Ctrl+O
Close project Ctrl+W
Save project Ctrl+S

Save project as ...

& View original STL model

1: demo_stifness.ssp

2: demo_stifness finished.ssp
3: demo_stifness.ssp

4: twist beam.ssp

5:
6:
7.
8:

dp2.ssp

: dpl.ssp
: B_stifness.ssp
: SA-Test-Rig-FilletWelds.ssp

Exit Ctrl+Q
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SIMSOLID

’ Legend

Project: FRN|_BRK L
M Units: SI
% Default material: Steel
<7 Design study 1, BASELINE
v §8 Assembly

§ M16, Nylon 6

Hajor Principal
Stress [NPal

Hax 2.2294e+01

1.6392e+01

]
€ Connections ] e 0z
— 1. 4327401
s Structural 1 o Lzt
8 solution settings: Cu... é ngeﬁé
= . . 1296
~7 Settings _ 6. 06406400
v b Loads&Constraints 3. 8983400
4 Immovable 1 - 1.9327e+00
o Remote load 1 — ToizEmd
p 2. 1986400
wn Remote load 2 |
—4. 2642e+00
%° Result |

—4. 2642400

[Min -7.2151e+00
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Image
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Sabic RURESRNIESIRSSTRILL

Automotive Front-end Module - stiffness prediciton

Front-end module

Load case OptiStruct - 2d modelling SimSolid - adapt for stress ~ SimSolid — passes 6 Deformation Shape
(normalized deformation) (normalized deformation) (normalized deformation) P

Bending of vertical members

LC1: Lock force—1N 1 0.743 0.721
bottom area

(Max. deflection)
Bending of vertical members

LC1: Lock force—1N
(lock point deflection) ! 0.832 0.831 bottom area
LC2: Radiator force -1 N 1 0.789 Bending of lower beam

(Max. point deflection)

LC2: Radiator force—1N ] 0.836 Bending of lower beam

(radiator center)

SimSolid model shows higher stiff by ca. 20% than OptiStruct 2d mesh model.
Slightly predicted difference between advanced solution settings in SimSolid.
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Sabic RURESRNIESIRSSTRILL

Automotive Front-end Module - frequency prediction

SimSolid OptiStruct Remove mass

Mode Shape Gap % Shape difference Ga
(Hz) (Hz) P P P P

%

1 23.4 Bending of vertical members bottom 23.07 Bending of vertical members bottom 1.4% Similar .
area area -0.2%

5 36.4 Bendlng vertllcal member, lower beam 354 Bending vert\cal.mem.ber, .Iower beam 5.8% Similar .
moves in y direction moves in y direction 1.2%

) . Bending vertical member, upper
3 431 Bending vertical membe.r, upper beam 40.6 beam moves/rotates along y 6.2% Similar

moves/rotates along vy direction : . o
direction 4.6%

a 45.0 Bending vertical in lower area, lower 451 Bending vertical in lower area, lower 1.8% Similar .
beam rotates along z. beam rotates along z. 0.2%

5 491 Bottom beam bending 46.7 Bottom beam bending 5.1% Similar 3.5%

. 0
6 60.5 Upper beam bending 57.2 Upper beam bending 5.8%  Similar 4.9%

Notes:

«  OptiStruct model 3.2% more heavy. It is expected frequency in SimSolid is 1.6% higher than in OptiStruct.
This is corrected for in the last column

Both frequencies and shapes are close each other.
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RBISH#
e e e e e
C

EB GLASS | 2520 72000 0.22

2 a PRI | STEEL | 7850 210000 0.3

e o

SO BE ALUM | 2780 73000 0.33

o N

PBT-
B S CF30 1310 9000 0.437

5 'Jﬁjhﬁ STEEL | 7850 210000 0.3
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