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D&Y (73kwh, 450km)

« B 458k
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CV (EVe)
(77.4kwh, 500km)
# ME 30001 A B8

- B 480k

« 2P1925

JW(GVE0)/JKIGVT0)
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« B 480kg
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2.1 7= mt= 7|&E

= F12 Al==0f o AL E 7] f{5HA O] &
Toray 73002 =-d%|E O| &5t Ath=

Xt: M g2k AL (Mpa) = 1820 Mpa
Xc: 7 & Yd=ZE (Mpa) = 1470 Mpa
Yt A 2o QI E (Mpa) = 76 Mpa
Y : A 2ok =T (Mpa) = 95 Mpa
F12 : -3.6*107-6

/\ ALTAIR

ONLY FORWARD

TECH UNIVERSITY OF KOREA

jg SH OO

COMPOSITE PROPERTIES

PROPERTY ENGLISH METRIC METHOD

Tensile Strength* 264 ksi 1,820MPa  ASTM D-3039
Tensile Modulus*® 20 Msi 140 GPa ASTM D-3039
Tensile Strain 1.26% ASTM D-3039
Compressive Strength® 213 ksi 1,470 MPa SACMA S5EM 1R-94
Flexural Strength* 260 ksi 1,790 MPa ASTM D-790
Flexural Modulus* 18 Msi 123 GPa ASTM D-790

ILSS 14 ksi 94.1 MPa SACMA SRM 8R-94
In Plain Shear Strength 14 ksi 95 MPa ASTM D-3518

90° Tensile Strength 11 ksi 76 MPa ASTM D-3039
*Normalized to 60% fiber volume. Cured with #2500 epoxy at 130 °C.

Fio= —k

1
XtXcYtYc

1 1
Flo= —= |———
2\ XtXcYtYc

A

[k 278 QX HE 4 ]
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2.2 PCOMPP T/

= O|H FHOME HE AL, 28 ZE10|9| F7H, &ieF S= /E™HC
PCOMPPE O| &5} &LLCt

= T3002| 4% Uni directionO| Ot &%10]7|0 Homogenized Weave
Edit Matenials ©oioii oot

WD E1 E2 MU12 G1E G1Z G2Z RHO
Ma T8 1 140000,0 123000,0 0,25 5800,0 5500.0 RE00.0 0001536

&1 A2 TREF Ht He *ft Y 3

1378.0 950.0 an,0 1250 45,0
GE F12 STRM
-3,6e-05

[ Zluo|Yd MAT8 7tE 9| ]

-~ & Laminates (1)
- & laminate] 1

= plvl I [l Homogenized Weave 1 0.0 0,72 T300 set]
& plve 2 Homogenized Weave & 0.0 0, 727300 set]
E= ply3 3 Homogenized Weave 3 0.0 072 7300  set]
&= plyd 4 [l Homogenized Weave d 0.0 0,72 T300 set]
E= plyb E [ Homogenized Weave 5 0.0 072 7300  set]

-~ & Shapes (1)

st ] 1

| B Bropertes (1 5 —|_PcomppH) Laminate’32]

:Wﬁatenals (1

g !& T300 1

[ Composite 2| ]
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= 200WhO|| 2&3t= 2.75 ~ 4.2V 75Ah L2 X|Q| AIO|=E ZAtet Z4F 12mm F7H,125mm =, 365mm Z0| &2 & = AJSL L}
x

= Ofof et |z HiE 2| WS F-Joto] TASHSL L

r

Battery module

Lower cover

Cooling channel

Protection cover

[BiCH Of0| 245 HHE{2| ] [HHE{2] 25 maal
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The distribution of force took place through RBE3 elements in the area covering the width
of the beam and the length of 100 mm. The fixing points for the front and rear rotation are
shown in the figures (Figures 13-15). Load value: 1962 N (200 kg) and 2550.6 N (260 kg).
These loads corresponded to the weight of the weights used during the test on the actual
object. In all analysis configurations, both the method of attachment and the application
and distribution of force have been defined in the same way.

v ol ER/

Fig. 9. Intermediate frame attached to the vehicle frame

v HN 23

FRY| «|RR

FOe « | RO

Fig. 7. Scheme of measurement points, where FL - Front Left, FO - Front Center, FR - Front Right, RL - Rear Left,
RO - Rear Center, RR - Rear Right

v £ EQIE

A A LTA I R Fig. 12. Location of load application - right rear

v S}= Ql7} EOIE
ONLY FORWARD

Fig. 13. Mounting location - front

v 1@ ZQE
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Fig. 11. Location of load application - left front

[Ea =2 A

v 7.2T = 10 layer of carbon Fiber

Mesh type Shell
Mesh Size 5mm
DOF 1, 2, 3,
" SPC DOF 1,2, 3, 4,5, 6
-Y 1962N
S Load
-Y 2250.6N

= FHE2l t 240] 0.72mm O|7|0] T 10712| LayerE 7ITICH=
7992 7.2T9| ZF LIO| == HEjO| =S MM

2}
*  Midmesh& = o §| Pshell, PCOMPPZ property ‘32|

/\ ALTAIR
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3.2 & 20|55 Lower Cover

= Load Type 2702 TIAlSIH E4 2t= AlLtoh Z1F 40900Nm/degree 2H 22 =TS}
Lower Cover0 CHet A1} 2rS H| WSt X} SO}
= EM ZE AL =4 ke = AM / Ao

= T FR ROS Ve Y E &0H0] ALhet 21t 2675 kgO| ==& ALY,

-

rir

jg SH OO

O] E£&|UCH, O 2 7|E2E Carbon
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Contour Plot
Displacement(Y)
Analysis system

4.693E-01
l 3.650E-01

2.607E-01
— 1.564E-01

= 5.214E02
— -5.214E-02

-1.564E-01
-2.607E-01
-3.650E-01

-4.693E-01

Contour Plot
Displacement(Y)
Analysis system

5.383E-01
Il 4.187E-01
2.991E-01

— 1.794E-01
— 5.081E-02
Y« I&- -5.981E-02

-1.794E-01
-2.991E-01
-4.187E-01
-5.383E-01
No Result
v

Max = 5.383E-01
Grids 56573 @?"
Min =-5.383E-01 al

Grids 56579 =
z

Mo Result
Max = 4.603E-01 | <52
74 3
Grids 56573 NG
Min = -4.693E-01 []

Grids 56579

[1962N result] [2250.6N result]

ALTAIR

ONLY FORWARD

AL 6061

7t2 2| [m] 1.0588 1.0588

Q| Za}t [mm] 0.469 0.5383
FX M| [m] 0.000938 | 0.0010766

Force [N] 1962 2250.6

Torque 2077.37 2382.94
HIE3Z [rad] 0.000886 | 0.001017
EM Zd K (rad) 2344899.0 | 2343537.8
Nm/degree2 et 0.017453 | 0.017453
EM Zd K (Nm/degree)| 40926.2 | 40902.5

[EM 27 ALt 24
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3.3 Carbon Lower Cover Original

= 7|&F PCOMPP ZHO|A & 25 0 DegreeE 7|22 2
i 0, 45, -45, 90E 2 & 0|83t g3}

O:IAL_l |:|-.

AN H

Xl

—

A oA

= Structural Mass: 15215.3g 5&: 17.44 kg => AL 6061 7|& 34.8% &
= EM 489 2 Hi 47533.1Nm/degreeZ2 =& E| UL}

& laminate! 1
&= plvl 1l Homogenized Weave 1 nna 072 T30 getl
&= plve 2 Homogenized Weave ? 45,0 072 T30 set
&= ply3 3 Homogenized Weave 3 80,0 072 73D setl
&= plyd 4[] Homogenized Weave 4 45,0 072 T3 setl
&= plyh 5[ Homogenized Weave 5 45,0 072 T3 getl

L}, Original 3141 0|=0f OptimizeE Zl&s}7| ¢

g RBULA
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[Laminate T+]

[Laminate Tt At

Contour Plot
Displacement(Y)
Analysis system
4.038E-01
[ 3141E0
2243E01
— 1.346E-01
= 4.487E-02
= -44B7E-02

-1.346E-01
-2.243E-01
314101

-4.038E-01
No Result

Grids 56573
Min =-4.038E-01
Grids 56579

Max = 4.0386-01 "

=

0ig

Contour Plot
Displacement(¥)
Analysis system
4.632E-01
[ 3.603E-01
2.573e-01
— 1.544E-01
= 5.147E-02
= -5.147E-02

-1.544E-01
-2.573e-01
-3.603E-01

-4.632E-01
No Result

Max = 4.632E-01 v

Grids 56573
Min = -4.632E-01
Grids 56579

[1962N result]

/\ ALTAIR
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[2250.6N result]

Carbon Fiber (0, 45, 90, -45, 45)
7t2 AH2| [m] 1.0588 1.0588
2| Z3} [mm] 0.40382 0.4632
T2 HQ| [m] 0.00080764 | 0.0009264
Force [N] 1962 2250.6
Torque 2077.37 2382.94
H| £ &2 [rad] 0.000763 | 0.000875
EM Z/4 K (rad) 2723385.6 | 2723502.3
Nm/degree2 2t 0.017453 | 0.017453
EM Zd K (Nm/degree)| 47532.1 | 47534.1

[EM Zd8 AL 2
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3.4 Carbon Lower Cover_free Size Optimize

=  Free SizeQ| Z% Ct21 &2 7|FE2E OptimizeE £
= ResponseE 2f Hd L EOf COfs] MESHY 3T EO
2 Lower & Upper BoundZ2 H7s10] ZIlistRALCt

= Design Variable2| A2 Min = 1lLayer, Max = 10LayersZ &7

rE oot

2E 0.5mm HESZ +Y, -y 42

IR eryorn
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5

Entity Editor - Optimization Response [iiifiiiii:

COORD:

MName Value
Solver Keyword:  |DRESP1 DISP
Marne: staticDi
1D 2
Include: [Main Model] v
Response Type: |static displacement v
Immrtu: PROP_TOTAL v
IList Of Modes: © Modes (2)
Region Identmer: - M
: dof? -

v—I

Mame

Solver Keyword:
Marne:

I0:

Include:
Response:

List of Loadsteps:
~ Lower Options

Lower Bound:
Upper Options

.

Upper Bound:
PROB:
Metadata

Lower Options:

Upper Options:

Walue

DCOMSTR

2rnrmtdan

1

[Fain Model]
I () staticDi
G 1 Loadsteps

Lawer bound
05

Upper bound
0.5

Entity Editor - Design Variable :::i:

Name

Solver Keyward:

Marme:

ID:

Include:

Canfig:

Parameters
Mindim:
Stress Constraint:

Fatigue Constraint:

Composites
Minimum Laminate Thickness:

Maximum Laminate Thickness:

TAPE:
Pattern Grouping

Pattern Type:

Pattern Repetition
Main/Second:
Zone Based

Group Definition:
Select Element Group:
PLYTHK:
PLYPCT:
PLYMAN:
BALANCE:
~ Balance Constraints Options:

~ DSIZE_NUMBER_OF_BALANCE = |1

BANGLET:
BANGLEZ:

CONST:

PLYPDRP:

Create

Entity Type:
» List Of Laminates:
Metadata

DIInIiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin X
Value
DSIZE STACK
freeSize
1
[Main Model] “
free size v
none v
072
=[7z
none v
none v
Manual v
& 0 Sets [
BYANG o]
45,0
-45,0
STACK o]
& | Laminates Iy

/\ ALTAIR
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17



3.4 Carbon Lower Cover_free Size Optimize

-t
S

lteration=2 value=1651.8

= Free Size9| 0|22 A2 Structural Mass:2651.79g2 2 7|& 15215.3g0A 82.6% M= S e i
2e+04 ;
ol 4% HO2 Y EIYOD| Ol HIFEOE AN Al MTNOl FLS 303Kg2 2 oI |
1e+041 '
ESEI :
= L|C}. 8e+03
= O|F EM Z/dof CHsl ALtet A1t Ol Original Z21t0AM 65.7% B 243t A7t &k 6es03. ;
Q-IAEI-[%E 7|%_S] 4e+03 ;
785837 j
Iten
' oy Ly T A ! |
[AE1 21
L 4
& Laminates (1} C b F.b F S. .
* @ laminate] 'H arbon Fiber (Free Sizing)
EPLYEI00 N0 Unidiectonal 1 00 oovef T sertio
EPLYS 1200 12000 Unidirectionzl 2 00 00020584 TH0  serioon 7t2 2| [m] 1.0588 1.0588
EPLYSI300  1300[0 Unidirectionsl 3 00 0095209\ TI0  seti3n S
EPLYS_00 1000 Unidirectional 4 00 04757693| TA00  setld0n H2| Z1} [mm] 1.05 1.205
EPLYS2000 20000 Unidrectonsl 5 | 450 00514313|Ta0  set2io0
EPLYS2200 200 Unidirectionsl 6 5.0 0.0202617| TI00  set2200 _Jl‘_I_l ﬁ.ﬂ [m] 0.0021 0.00241
EPLYS 200 230 [ Unidirectional 7 | 450 0002343\ TA0  seto3on
EPLYS2M0 200 [ Unidirectionsl & | 45,0 05719673 T30 set2e00
EPLvS3I00 3100 [ Unidrectonsl 9 | 900 00713123 T setdion Force [N] 1962 22506
EPLYS00 200 [ Unidrectonsl 10 | 900 00002554 T setd2o
EPLYS300 3000 Unidrectional 11 0.0 0.0E24| TA0  ser3ann Torque 207737 2382.94
EPLYS300  M00[] Unidrectonal 12 | 900 0463663\ T30 setldo =
EPLYSA00 1000 Unidirectonsl 13 |50 00514313) T30 settio0 H| S & Z} [rad] 0.001983 0.002276
PG00 400 [ Unidirectionsl 14 |-45.0 0020617\ T300  sen200
E PS40 43000 Unidiectional 15 | -45.0 000432343 T30 sen30 EX Z/d K (rad) 1047389.3 | 1046911.3
EPLYS 400 4400 [ Unidirectional 16 |50 05719678| TA00  setddon =
& PLYS 5100 5100 [@ Unidirectional 17 0.0 0071637 TI00  sets100 Nm/degreeE ﬁg._l' 0.017453 0.017453
EPLYE R0 B0 Unidirectionsl 18 00 00120361 TA0  sets200
EFLYSEN S0 Unidiectonal 19 00 oossoos| a0 sewano | [ EE4H ZHA K (Nm/degree)| 18280.4 18272.1
EPLYSE00 5000 Unidirectionsl 20 00 0473602 T30 sersdon
. . MN Z+AM AL ZF
[Free Size2| laminate 21} [Ed &g ALk 44

o= Zetrer

TECH UNIVERSITY OF KOREA
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3.4 Carbon Lower Cover_

ize Optimize

25 ALE

X2 OptimizeE

-t
S

o= Zetrer
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ZIZSL7| 218 Hypermesh?| Size

EI—I-
=

)g{

SE
Ab 7

—

Z=O 2 Optimize S+7| fIsHA|

Free_SizeO| A OptimizeE! Ply2
st =

= %2

= [ = e o Lo
=  Free SizeQ| B2 FH A7t MZ7F £7tstt 202 2ASHA EEE|7| 20| HZE 0| 7ts3t
. . = - [ P L a = ]
Optimize® XB3}0] X 7hs SHE MBSt HHES DA
[ o L o = = SH=
= Ol M= 7kt 242 Holshk= TMANUF 2t2 7|E SRl 0722 A = TIEsIRIC
—_ . . - [ =)
= O|% Design Valuedt & Altair0f| A K| A[St= ZFO| =0 [}2} Fstosz2| Upper Bound#is 0.722] Hi+2
I Free_Size Optimize > Size Optimize
e T By >
% PLVS:BUU 13000 0 PLY TMAN U F: 0.72
B PLYS_1400 1400 [ 0 PLY
g PLYS_2100 2100 :‘ 0 PLY
e UIELY \  Mame 1D Include  Config
% EtCE:S?EES;‘EEE e .E[ fetosz 1100 0 size/shape
% Etti:iéﬁﬂiiﬁﬁ% e .E[ fstosz. 1 1200 0 size/shape
5 mheaming oy I fstosz,2 1300 0 size/shape
% '.3332353333335 0 hLY Fain ply: B <] & fetosz3 1400 0 size/shape
FrYSTUITCD OIELY, , ) - fstosz, 4 2100 0 size/shape
E FLys ?23% 0 LY List of base surfaces: u % fstosz, b 2200 0 size/shape
PLY5_5300 5300 0 PLY '
B rrsmsnE oAy User Comments: Do Mot Export I fstosz.B 2300 0 size/shape
e R . > THAMLF: 072 % Istnsz,; g?gg gsize,/fs:lape
TR stosz, size/shape
I V FRODUCT: LM T detoc- Q2900 0 cizalehans
T Mo of rows: 1 T fstosz, 10 3300 0 size/shape
Thilaess o i iion T fstosz, 11 3400 0 size/shape
Nl — L fstosz 12 4100 0 size/shape
BT i nspestied> Ll fstosz, 13 4200 0 size/shape
L T A0 fstosz, 14 4300 0 size/shape
';'”‘V”T? uﬂimrecﬂmgm - .E[ fstosz, 15 4400 0 size/shape
Mooy i *E fstosz, 16 5100 0 size/shape
teer omments: Do Mol B L fstosz, 17 5200 0 siza/shape
: A fstosz, 18 5300 0 size/shape
o i S L i size/shape

Metadata

/\ ALTAIR

v Ply TMANUF 2t =78

Marne:

1D

Include:
Config:

Mowe Lirnit:
Ddvwal Id:
Shape |d:
Initial Yalue:
Lower Bound:
Upper Bound:
RAMD:
RAMNP:
Metadata

Solver Keyword:

DESYAR
fstosz, 10
3300

[Main Model]
size/shape

01,0905214
]
072

B2 <Unspe
B <Unspe

Design Value %t Upper Bound &7
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3.4 Carbon Lower Cover_Size Optimize - e

= [} Optimizell &% Iteration 2FEHO| A SE0| SO E= BIH, Size Optimizel] B [eeosfm e
=

F A8 =XIR| plyE T d-d oF7|0| SE0| 23|2] S7tots Bt EE AL

L B e

= Element Thicknesses Z1tE Sl & = UXO0| Max 4fQ 7.2= 0.722] 10 Hi=, Min  secosd oo e
_|

=) A . x o v Iteration ZISWO| w2ty 2H 7} ZHE
g2 0729 6bi+2 Optimize 47 ol T2} SH2H WHES & = ANCE

Iter

Iteration %13 Z 1}

Contour Plot Contour Plot
Element Thicknesses(Thickness) Element Thicknesses(Thickness Change)
4.907E+02
6.880E+00 4.364E+02
6.560E+00 3.822EH)2
— 6.240E+00 3.280E+02
— 5.920E+00 2.738E+D2
— 5.600E+00 2.196E+H02
5.280E+00 1.654E+02
4.960E+00 1.112E+02
4.640E+00 5.694E+01
I 2.721E+00
o Resu s No Result Y
Max = 7.200E+00 =
2D 19015 “?;\ ;1[)3:89:190?E+02 @?"
Min = 4.320E+00 alﬂ Min = 2.721E+00 alﬂ
2D 18955 ~ 2 2D51190 .
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3.4 Carbon Lower Cover_Size Optimize

= Size OptimizeQ| Z1tZ = ZE &l Structural MassE 9933.013g0] =& %0 Original 7|& 34.71% &A% A7t EEEJOH,
MM SHOE ALMSHH Ol = 11.39Kg2 2 I EICE

= 0|2 LaminateZ1t Lot Free Size2| Laminate?| = A M2 &4 ADt0|AM 072 FHZ Fe[7F & AS & + ARACL

© et = @ laminate ' E X
EPLYS_I00 100 Unidirectional 1 oo oomse)Tan  settion B PLYS_1101 1101 @ Unidirectional 1 n.a 0,72 300 setll00
EPLvs_i200 12000 Unidirectional 2 00| nor20sa4f Ta00 setizon & PLYS_2101 2101 [ Unidirectional ) 45 1 072 T30 set100
€& PLYS_1300 1300 [ Unidirectional 3 00f oomEe2iaf Ta00  setiaon - e ' '
EPLYS 10 100 [ Unidiectional 4 oo| o47maE| A sendo0 = PLYS 2401 2401 [ Unidirectional 3 45,0 0,72 300 setZ400
PV 20 21000 Unidirectional 5 50| 00514313 TI00 setz100 = PLYS_4101 101 [ Unidirectional 4 -45.1] 072 T300 setdion
EPLYS_ 2200 2200 [ Unidirectional B 45.0| 00202617 T30 setzz00 e
& PLYS.2300 2300 [ Unidirectional 7 45,0 0.00432343f T200 set2300 E= PLYS 401 4401 [ Unidirectional 5 -45.0 072 300 =etddl - - —
E PLYS.2400 2400 [@ Unidirectional 8 450) 05719678 TI00  set2d00 - . X Carbon Fiber Size Optlmlze
& PLYs30 300 @ Unidirectional 9 son| 007323 TA00  set3ton v Size Optimize Laminate 21t 5 =
& PLvsaz0 @00 @ Unidirectional 10 90.0| 0.0102554) T300  set3z0n
EPLYS 3300 3300 [ Unidirectional 11 90.0| 0.0905214) T300  set3a00 I-E 7-| I [m] 1.0588 1.0588
EPLYs 0 M0 [ Unidirectional 12 90,0 | 0.45a56EEE] TI00  set3400 o] Z47
& PLYS 400 4100 Unidirectional 13 -45.0) 00514313| T300  sete100 [C)iosr;tlginl‘:tm Hel Zat [mm] 0.6366 0.7302
EPLYS4200 4200 [ Unidirectional 14 -450| 00202617 T300  setdz0n : A o
€ PLYS4300 4300 [ Unidirectional 15 -450|000432343| T300  setd300 Analysis system Tx—l ﬁ'l’l [m] 0.0012732 | 0.0014604
€ PLYS 4400 4400 [ Unidirectional 16 -450] 0E719678) T300  setd40n 366E-
EPLYS SO0 EI00[ Unidirectional 17 00| 00711637 T300  sets100 222?;:(:1 Force [N] 1962 2250.6
€& PLys 520 5200 [ Unidirectional 18 00) 00120361 T300  set5z00 SNE
&= FLYS_5300 5300 [ Unidirectional 19 00| 00954006) T300  set5300 3.537E-01 Torque 2077.37 2382.94
& PLYSS00 500 [ Unidirectional 20 00| 04792612 T300  setsan — 2122E0 =25t
» ) . - = | IRp——. HIE&Z [rad] 0.001202 | 0.001379
Free_Size Optimize Laminate Z1} 0730
| oo ENM Z4 K (rad) | 17275493 | 17276455
I 3597E01 Nm/degree2 Hg | 0017453 | 0017453
-4.951E-01
6366E.01 EM Zd K (Nm/degree)| 301514 30153.1
Mo Result
Max = 6.366E-01 AVERAGE 30152.3
Grids 56573
Min =-6.366E-01 [EM Zd A4 2
Grids 56579
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Q
R
Ral
|.
F9l

Free Size, Size Optimize A2 Shaped} HE &et0f it OptimizeZt LA E AIHE HIE2E HE

A0 St ptlmlzeé AHEHe =z ZIWSHSULCE
= T 4o 47t 2|0 2 = HiX|TF 7hsSteE 2 SHY2H, TopS 2l 8% 0 degree= 117, NO 11 270X =
optimizeE £/ StRALCt

v 2M1.0 degree 1%

Entity Editor - Design Variable x| |Stacking sequence for STACK 1 | v A" 4o w2t Top 50|
Mame Value - 0 degreeﬂ ﬂxginl.
Solver Keywaord: DSHUFFLESTALCK,
Mame: freeSize S ldegees
0: 1 0.0 degrees
Include: [Main Model] v =50 o
Config: composite shuffle v
Property Type: STACK v R v I = Shuffle ZAn I'
+ List Of Laminates: 1 Laminates [ M7 1AM ole > [PlyE Ud7} Ol Homogenlzed Weave2
Pty Cotregelnt L7 v |=|-|_2. LS HAT ZigH gl A} st SUSH Al EEE)
First Ply Orientation: 50 Stacking sequence for STACK 1
Second Ply Orientation: -45,0
Paiting Option: Blank - Iteration O Iteration 1 lteration 2 lteration 3 Legend
+ MAXSUCC: ‘:]S;Lg':
~ Successive Plies Options: Specify Mumber v
= DSHUFFLE_MUMBER _OF _M&XSUCT =
Data: MANGLE, .. i
CORE:
- [COVER:
VEEP: 1 DSHUFFLE_NUMBER_OF_MA}(SUCC= 000000Q00D0A00000G003000000]
- NUMBER_OF _WaNG = 1 MAMNGLE MSUCC WEUCC
YANG: 0.0 1 0o 251
Metadata P | 2 LI} 22
3 =450 2s
4 90,0 23
> v Top 3 4 0@ M

4 =
ALTAI R 241, 0 degree 17 —
gd2. 4= 073 glg
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3.4 Carbon Lower Cover_Shuffle Optimize

» Sequence Z|H3E TGt 27tX| S M0 2t torsion StiffnessE =419t A1} Top LayerOf| CHS 780t sijM oF 2/t o 2 ZEE E0
q p Lay

ﬁ

3
g

= S}X|2t Shuffle Optimize H2 EM Torsion Stiffness?7t EZE |0, 7|E2| Laminate CHE X Z &hA0] OfH Yt BtAloZ H

L =
S5t top Layer2 11733t ME x| &t HA o= X RIMSHRAULCE,

Unidirectional - Top Fixed sequence Carbon Fiber Size Optimize
: Carbon Fiber Shuffle Optimize 7t2 A2l [m] 10588 | 10588
& laminate] 'a 712 Azl [m] 10588 | 10588 B9 23t (mm] 06366 | 07302
& plvl | B Unidirectional 1 0.0 fl. 72 T30 Hel Z3f [mm)] 06412 X +% #9] [m] 00012732 | 00014604
&= plz 2l Unidirectional 2 45,0 0,72 1400 +3 #el [m] 00012824 | #VALUE! Force [N] 1962 22506
&= ply3 3@ Unidirectional 3 -450 0.72 7300 > Force N] 1962 | 22506 Torque 207737 | 238294
& plvd 4 @ Unidirectional 4 45,0 0.72 1400 Torque 207737 | 23829 HIEZZ [rad] 0001202 | 0001379
=0 b [, Onidirectional 5 50 0.fc 1300 HIEEZ [rad] 0001211 | #VALUE! EM ZA K (rad) | 17275493 | 17276455
. e . M ZHM | H s}
v £|Z Optimize 2t ¥ Laminate EM 2 K (rad) | 17151558 | #VALUE! Nm/degree2 #13 | 0017453 | 0017453
Nm/degreeZ #3F | 0017453 | 0017453 301514 || 30153.1
Contour Plot EM Zd K (Nm/degree]| 29935.1 ; AVERAGE 30152.3
Displacement(Y) o . . . . .
An;ysissystem [Shuffle Optimize Z1H [Size Optimize Z1}]
6.412E-01
[ 4.987E-01 » Shuffle Z1t O|MECH O &2 X7} 2=E.
3.562E-01
— 2137E-01 Stacking sequence for STACK 2
= 7.125E-02
8 _7125E-02 Iteration 0 eration 1 Iteration 2 Heration 3 Iteration 4 Legend
-2137E-01 ::?g::
-3562E-01
-4.987E-01
-6.412E-01
Mo Result
Max = 6.412E-01
Grids 56573
Min =-6.412E-01
Grids 56579
[Shuffle Optimize X ZI& ZA1h
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3.4 Carbon Lower Cover_Shuffle Optimize

= O|™ Shuffling SiA) ZADt0]| CHSHA R RIS ZOHE HHENO 2 Shuffle OptimizeS 21 Zot O ZANtECH & O Y2 A0 Z&5(A7|0f &
SHORL Free Size®| ZIJt 71 £ Y US LIEFYS & 2 UUCH
»  EM ZE(Nm/degree): Size Optimize[30151.4], Shuffle Optimize1[29935.1], Shuffle Optimize2[29823.5]
Contour Plot
Displacement(Y)
Analysis system
Stacking sequence for STACK 2 6.436E-01
Iteration 0 Iteration 1 Iteration 2 Iteration 3 Iteration 4 Legend [ :22:2:2:
‘:]5;”""‘“’5 — 2145601
— 7151E-02
> — -7151E-02
— -2.145E-01
-3.575E-01
-5.005E-01
-6.436E-01
Mo Result
Max = 6.436E-01
Grids 56573
Min =-6.436E-01
ﬁ larninate? 5 I:' L 2 Grids 56579
E= PLYs1 O Lln!d!rect!cunal 1 0.0 072 T300  setllO0 Unidirectional - Top Fixed sequence v T Shuffle OptimizeS ZI#3t A1} 7| =8
E= PLYSZ 2 [ Unidirectional Z 5.0 072 T300  set2100 - — LIO E A ZFA] = x| =
e Carbon Fiber Shuffle Optimize ChE &2 EM 290 =550 £F
E= PLYS_3 3] Unidirectional 3 -45.0 072 T30 setd100 Optimize ZT}= Size Optimize Z1HE HHY
&= PLYS 4 ¢[00 Unidirectional 4 0 | 072 TI0 setzion | 7t2 42| [m] 10588 | 1.0588 prmize =41 P =h=e=c
& PLYS.S 5[ Unidirectional & -45,1) 072 T300  setd100.1 Hel Zat [mm] 0.6412 06436 | ¥ 7I&: 29935.1Nm/degree
£ PLYS R [0 Unidirectional & 0.0 0,72 T300  setl100.1 % A2 [m] 0.0012824 | 0.0012872 | v XY ZIgH: 29823.5Nm/degree
B PLYS_Y 7T Unidirectional 7 45,0 072 T300  set24001 > Force [N] 1962 1962
E= PLYS 8 8 [ Unidirectional 8 -45,0 072 TI00  setdd4001 Torque 207737 207737
E PLY%_9 g . Unidirectional 9 4k.0 0,72 Taoo set2400 HI%%’Z’- [rad] 0.001211 0.001216
E= PLY5_10 10 @ Unidirectional 10 -45.0 072 T300  setdddn EM 2 K (rad) 17151558 | 17087599
ALTAI R Nm/degreeE H2t 0.017453 | 0.017453
EM 744 K (Nm/degree)] 29935.1 298235 24
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4.2 7t2 Original Shuffling Optimize
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Ls o=z
-Ji TECH UMIVE
H Oriqi AR ASIH X Al
4.1 7"._ Orlglnal El‘ Rl =EO0H 1o 2o
= O|7 Free Size, Size Optimize O|= Shuffles 21 IR 2Lt Z4d ¢t SO0 Rel0|gt &5 =57 A=A710f Z[a3te
Mo ACf Y| Y MY IS FETE MU M7 Jhst LW Mo WY
» Laminate?t HE 7|22 & 7|0 5712 & => 57H2] A%}
— _ L MY HE | Pyt (M Ply2 [Py3 (& Ply4 | Ply5 (StEh
» ZZ0| 7HE £ U= L B 47 0|2 45F
= Olof 2t L16(4%)018 7Hs => TH| 10242(0)A] 16812 M FA s ——— - L F L = ©
2 0° 45° 90° -45° 45°
3 0° 90° -45° 45° 90°
4 0° 45° 45° 90° 45°
82 ()| =81 | *E2 | ¥E3 | FEH4 5 45° 0° 45° %0° 45°
Layer 1 0° -45° 45° 90° 6 45° 45° 45° 0° 90°
Layer 2 0° -45° 45° 90° PTp—— 7 45° 90° 90° 45° 0°
[=] % 2 ) o o o )
Layer3 | ©° -45° 45° 90° . 8 45 45 0 45 45
> S S S 9 90° 0° 45° -45° 90°
Layer 4 0 -45 45 90 = o= pr = 50° =
Layer 5 Oo _450 450 900 11 90° 90° -45° 45° 45°
12 90° -45° 90° 0° 45°
13 -45° 0° 90° 45° -45°
14 -45° 45° 45° 90° 0°
15 -45° 90° 0° -45° 45°
16 -45° -45° -45° 0° 90°
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X AlIS
HE 2%

3

4.1 7k Original CHR| 4

=XME 0, 90, -45, 45, 90 B 1} 90, 0, 45, -45, 90

2 52964.7Nm/degree2 ==K ULt

bS el
S

ol
10

K
o|n
o0
<

Ol
gl

—t

10
.@

Zt M
oo

of HIZE

o E
= o

70

':ﬂ
7} 2 Shuffle Optimize 7|52 S5l i

-

00
10

—te

XS
—I—E

Ct
o

=
T

Deformation

0.4845
0.4038
0.3624
0.4038
0.4038
0.404

0.3625
0.5194
0.3624
0.3646
0.4075
0.3627
0.4039
0.4038
0.4039
0.4042

Ply5 (StEh

OO

45°

90°
-45°

45°

90°
OO

-45°
90°
OO

45°

-45°

-45°

Oc

45°

90°

Ply4
OO

-45°
45°

90°
90°
OO

-45°

45°

-45°
90°
45°

Oo

45°

90°
-45°

Oo

)

00
Klo

Ply3 (

OO

90°
-45°

45°

-45°

45°

90°
00
45°

OO
-45°

90°
90°
45°

OO
-45°

OO

45°

90°
-45°

Oo

45°

90°
-45°

OO

45°

90°
-45°

Oo

45°

90°
-45°

OO

OO

Oo

Oo

45°

45°

45°

45°

90°
90°
90°
90°
-45°

-45°

-45°

-45°

10

11

12
13
14
15
16
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imize

B
N
U
——
'
O
-
=3
=)
D
2
-
C
ey
-
5.
Q
O
O
Q e~

- JbSH CIYS T8 Sof HB0| Yol 4 U=

2= = T XN 2510 Shuffle Optimize & TlAet 21t O CHW 2 EOM T

L

— =
EIX] X SIS E oA O =2 2780| EE5k= M5 HHE =52 = UA/ULCL

Carbon Fiber
7t2 2| [m] 1.0588 || 1.0588
Q| 23} [mm] 0.3624 || 0.3609
Z& Y [m] 0.000725}| 0.000722
45.0 degrees
P Force [N] 1962 1962
Torque 2077.37|| 2077.37
HIE&Z [rad] 0.000685]| 0.000682
IO EA S
ENM 2’ K(rad)  [3034651.4[30472638 i?gfgeo?gt'gge oy BhoT o =2t
Nm/degree2 #2  [0.017453]] 0.017453 T EFT oo et v
EM ZMd K (Nm/degree)| 52964.7|| 53184.8
CF ] Altair

A

Contour Plot
Displacement(Y)
Analysis system
3.609E-01
l 2.807E-01
2.005E-01
— 1.203E-01

— 4010602
& so010E02
-1203E-01
-2.005E-01
2.807E-01 N .
—3‘609E—0|1 v’ [Iteration 4H2o| X = HiEH Torsion of] A1 ZIsH 21
Mo Result

Max = 3.609E-01

Grids 56573
Min =-3.609E-01
Grids 56579

Force: 1962N
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O Z2HMENME 7t2 SNl dE=tet 24 &S 82 02 7HA| X Hst HE S HUYSLC
o total Weightresult

A
+  Free Size Optimize= S 2 2 82%7X| 37

Y & UKD, 102 40| Bo| Bt ZITF LIEES .

L|c}. 25
+  Size Optimize= &KX =7t 7t5¢0 =222 FHE = LA =2, 9 35%2| T Haet &7 7Lt ¢ W 2 17.44 17.44

HEOl 24 gEIL JHsHA L — 5 11.39
+  Shuffling OptimizeS S3ll & =AM E CiYoHA HIHEBHAM L8 X0[S 2AYSLH L L2 oAM= 718 = v

HO} O L2 ZIbE LISHK|DH MAIM O 2 E Size Optimize ZT7F 718 28 B3 M52 20| A5 M7 2 5 I

0

BN S LICH AL 6061 Original Optimize Original
ZEXNOoR, MAgg nefsto] 2t Ply o W4t Optimizes M#SHX| 20, Shuffle OptimizeZHS TSI fesult Shuflle
2 If ofo|Y 57| B 22 34.8% U, Torsion Stiffness2| AL 30.2% ™= F7t7t 7158t
A2 2ol s I total Torsion Stiffness result

60000.0
53274.2

'g 500000 47533.1
Homogenized Weave 7| & 3 409143
E 40000.0
Original Optimize result|Original Shuffle Z 29935.5
— .
type AL 6061 HW HW HW § 30000.0
) ) Force 1962 N 40926.2 475321 29935.1 53184.8 200000
Torsion stiffness 5
Force 2250.6 N | 40902.5 475341 29935.8 53363.5 B 100000
[Nm/degree] S
Average 40914.3 47533.1 29935.5 53274.2 .
WEight [kg] 26.75 17.44 11.39 17.44 AL 6061 Original Optimize result Original Shuffle
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Li, S., Sitnikova, E., Liang, Y., & Kaddour, A.-S. (2020). The Tsai-Wu Failure Criterion Rationalised in the Context of UD
Composites. Faculty of Engineering, University of Nottingham, UK; QinetiQ, UK.

Podkowski, K., Matczuk, A., Stasiak, A., & Pawlak, M., "Testing of the torsional stiffness of the passenger car frame and its
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