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/| Topology Optimum Design

[DATA] Case 123456, = BRSNS (B, ITER= 22 (0BI=2.649e+003), [UNIT]

EMER.SY
RELATIVE DEMSITY , Mone

~+1.00000e+000
o
~+9.17500e-001
6. 1%
—+i3,35000e-001
e
— ~+7.52500e-001
e B
sl +6, 700002-001
6.
— ~+5.87500e-001
B, 5%
= ~+5.05000e-001
6.2 %

—  +4,22500e-001
5, B

- 3400002800
5.5%
42575006
= A
o <1, 750008-001
B L%




Topology Optimum Design

SRR 30% 2L 70% SL=7

P ——— T
5 329 BS3 £
EMERGY
RELATIVE DEMSITY , Nore

“+1.00000e+000
12.1%
+9,17500e-001
g%
4+, 35000e-001
9.3%
~+7.52500e-001
3%a

“+6,70000e-001
L=l
—45.&7500e-001
| 7.9%
+5,05000e-001

g 1%

~+4, Z2500e-001
3.0%:
+3.40000e-001
3.4%:
+2.57500e-001
£
+1,75000=-001
9.3%
9, 25000e-002
14, 0%
“+1.00000e-002

[DATA ] Case 56, T EHEF A (D2 ITER= 17 (0B)=2.307e+003), [UMIT] M, mm
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Optimum Design

HEEH 20 2%
B2 H O A i -
HHp$08 | ES]EG EES T HH 2t | ELEE | £Her3 | AR EHo
g o
rollcage 14 14 20 14 14 14 14
Reinforced 13 12 20 12 12 12 12
I AL EER)
SHzh HEHE (%) 0 -4.6 -4.6 -4.6 -4.6 -13
== A Z|CHE S (%) 33 40 40 40 40 58
SEEr 4 7e+006 4.5e+006 4.5e+006 4.5e+006 4.5e+006 | 4.1e+006
» 17|
*
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rollcage
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Size Optimum Design

EE

| awE Ry

rollcage

Feinforced
SHEk-

=

13,955
=y

T3

5,98531e+006
27,7798

2:EnfE1hns
+2.000-+007
+15002+007
+1,0002+007
+4,4732 4005

1.7142827
1.51428e7

— 1.3142527

ik

ol 11142327

L2

[
I 21429128

T.14291e8

5142916

125 145

rollcags

155 185 175 185

135

1.71428e7
1.51425e7

— 1.3142327

ik

ol 11142827

ik

K
Oir 9.14291e5

T.14291e8

5142918

12.25

1425 1825
Reinforced

1225




Size Optimum Design

CIM1 13,955 | mim
I 10,6 | mm
Rollcage
= & M8
Ol ft 1 rollcage
Reinforced
F O 13,1025
H=STE
2RI b, 38531 e+006
ot H 2FE A -1 27,7798
HZX E
CIM1 13,1025 | mm

LM 11.6 | mm



————l]

NODAL DISP
TOTAL , mm
45.74765e-002
3.9%
{5 26868e-002
o

~+4, 7897 1e-002

1 +3.83177e-002
OI"IO

L 3.35279e-002

. .-3
—42,30485e-002
0%

0%
1 +1.91588=p00,
4.3%

Reinforced Frame

NCDAL DISP
TOTAL , mm
—4,77084e-002
1.3%
1 4.37327e-002
v o0

+3.97570e-002

18.6% 21.5%
— —+4,31074e-002 — —+3,57813e-002
13.2% 11.8%

1 +3.18056e-002
OI"IO

L 2 78709a-002

N 4.7 N 4,59
— 2573026002 — 2385426002
0. o=

—+1,98765-002
3%

3%
1 +l1.590z8=p00,
4.9%

~ +1,43691e ~ +1,19271e
4T | 7%
[DaTA ] weight, 8 Xl (), [UNIT] M, mm ﬁ _+9.57341e-003 i“ é‘;r?.gsme-nus
= 5E = e s 3
1 Fi 00000 0.0000 1 Fx 0.0000 0.0000
2 F 00000 0.0000 2 F 0.0000 0.0000
3 FZ -345 8603 3458603 3 FZ -453.0707 453.0707

_ 345.8603 N

— __ 453.0707 N
9.806 m/s?

~ 9.806 m/s2

= 35.27 kg

= 46.20 kg



Reinforced Frame

( Torsional Stiffness )

e |11 mm
(5] 458 gif e : 5] A68 936 L :
NODAL DISP NODAL DISP
RZ, [rad] Rz, [rad]
—+2.24926e-003 o o 4421154003
13.9% 0%
——6.21195e-003 21—°+1 .54514=-003
—-1.467326-002 —-1,12126e-003
10,2% 26, 2%
- -2.31344e-002 — -3.78766e-003
17.3% 8.3%
I -3.15956e-002 - -6.45406e-003
B% £.3%
I -4.00568e-002 - -9.12046e-003
| 7 3% - |61%
E; —-4,85180e-002 E; ———-1,17869e-002
. OO . 0
5. 60793e-602 —-1,44533e-802
4.2% 4.6%
-6.54405e-§02y | - -1.71197e-§02
5.0% 4,9%
—-7.39017:- ——1,97861e-
=t b |37 ®
[ DT ] torsion, 2 BESM (B, [UNIT] M, mm = _,-5.23629e-002 [DATA ] Torsion, B BEGH (B, [UNIT] M, mm T 2'0;2-245256-002
. o ' {=]

4000N X 300mm

T
Z = =127 X 106 N

9~ 0.0941394 rad 7 % 10° Nmpigiq
T
9

4000N X 300mm
0.024737 rad

ot
=
|l

48.5 x 10° Nmm/rad



einforced Frame

( Bending Stiffness )

8] 241 481 -

Yo
----+1.522?2e-c|c|1
Noer,
"+1.31?Ule-DDI
=

945862-002 98556-002
076 71e-003 756e-003
e z

- e-g02 f 002

-a.oedriefoz 1 ; . oz

[ DATA ] Bending, 1 -0.261215 ~1.72451=-001

-0.16515 «=
7.0%

S 12eeee-001
.73,

[DATA ] Bending, 2 FEY (B, [UNIT] K, mm

F (780N + 700N)

= — = — . X 3
K= 5= 026122mm 267 %107 N/mm

H

F (780N + 700N)

S _ _ 3
5 K_6 0165187 8.96 X 10° N/mm




Reinforced Frame

( Modal Analysis )

—————— ]

5] 437 G574

[DaTs] 2E, BEES|Y (E=), MODE 1 (FREQ=2.2351e+001), [UNIT] M, mm

M 2238 Hz

HODAL DISP

TOTAL , mm
—+1.71355e-+001
8.2%

i)
—+1,11242e+001
7.0%

-~ +1.0112%+001
3.3%

-~ +9.10162e+000
3T

. (=]
—+8.09033e+000
2.9%
—+7.07903e+000
3.3%
= —+6, 067 74e-+000

3%
- +5, 056458000

. -]

—+4. 0451 6ef-0
2,5%

—+3.03387e+

o

. o
—+2.02258e+000

o

bt

[DaTA ] modal, 22504 (2=, MODE 1 (FREQ=35452e+001), [UNIT] M, mm

2 35.45 Hz

MNODAL DISP
TOTAL | rari
—+1.13119%+001
4.8%
—+1,03693e4+001
2.8%
—49.42660e+000
2.8%
-~ +8,48394e+000
2.8%
——47.54128=4+000
4.3%
— +6,59862e+000
5.6%
——45,655%6e4+000
3.1%

—+4,71330e-K000
2.8%

—+3.77064ef0
3.8%

—+2.82798e+ 3
12.0%
~+1.88532e+000
29,75

o




{ Z3t bl @

Weight 35k-gZ7 46@20 31.0 %
Torsional 12.7 x 10° 48.5 x 10° 0
Stiffness Nmm/rad Nmm/rad 282 %
Bending 5.67 X 103 8.96 x 103 0
Stiffness N/mm N/mm >3.0 %
1t Modal 22.38 35.4 582 9

Frequency Hz Hz






