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Abstract : The sub-frame of passenger car begins to be used widely for the safety of passengers.
Conventional design of the sub-frame comprises 22parts, and it requires quite complicated production
processes. In this papers, the sub-frame is designed with TWB(Tailor Welded Blanks) to improve stiffness,
to reduce weight and to simplify the manufacturing process. To design the proper structure, structural
analysis and crash analysis are executed about the conventional design and TWB applied design. A prototype
TWB applied sub-frame is manufactured using mash-seam welded TB(Tailored Blanks). Comparing with the
conventional sub-frame, the TWB applied sub-frame has 30% weight reduction and 17% increasement of

structural stiffness in average.
Keywords : Finite Element Analysis(-f 3 82 3]4}), Sub-frame, TWB(Tailor Welded Blank), Passenger car
(%83}), Moment of inertia(ZAJ23} W E)
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Table 1. Structural analysis model

Fig. 1. Basic Diagram in TWB (Body Side Panel)
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Fig. 2. Sub-frame of passenger car

No. 1 Thickness No. 2 Thickness Left Right
(mm) (mm) Thickness (mm) Thickness (mm) No.2 Shape
1on-TWB 2.3 2.0 23 2.3 Arch
Thickness 23 2.0 23 23 Flat
23 14 23 23 Arch
23 1.6 23 2.3 Arch
TWB
Thickness 23 2.0 2.0 2.0 Arch
2.3 2.0 26 2.6 Arch
23 20 3.0 3.0 Arch
st oteiobM st x|, MISH H2%, 20004 23
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Table 2. No. of Element and Node

No. of | No. of | Thick.
node element | (mm)
U-plate 1015 979
Right 23
B-plate 790 726
U-plate 999 936
Left 23
B-plate 739 679
U-plate 688 620
No.1 23
B-plate 623 551
U-plate 879 595
No.2 B-plate 174 168 2.0
Bracket (2EA) 90 72
U-plate (2EA) 1137 1247
Reinf., 2.6
B-plate (2EA) 1294 1294
U-plate (2EA) 298 126
Center
Member B-plate (2EA) 240 258 2.0
Bush (2EA) 112 289
G-point Bracket (2EA) 432 382 2.6
Total 9710 8819
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Table 3. Material properties

YS TS K
(MPa) | (MPs) | (MPa)

SAPH38-P | 276.91 | 501.84 | 629.60 | 0.184 | 1.030 | 0.29

SAPH41-P | 31527 | 51893 | 669.07 | 0.165 | 1.168 | 0.29
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Joumal of the KIS, Vol. 15, No. 2, 2000



Tailor Welded Blanksf§ 0|88t &RA8 Sub-frame2| HAD|Y A+

Table 4. Force Boundary Conditions

Brake Curve Bump Bﬁlog;:“

FR-body <639.6 -58.2 -134.0 -334.6

x RR-body -220.1 -7.8 -49.7 -119.1
FR-body | -1191.1 594.6 -660.5 -952.1

i RR-body 977.0 3.8 185.7 4945
FR-body 87.1 2779 279.2 141.1

2 RR-body 80.7 0.5 398 106.2

AL 7 7927A¢ MADIMOE ©| 4% A&
o4 AE ol gt AT FARFAF Aoy
3% 22 AHgshath

Fig. 2014 Holi #32EFR-body), $33
ERR-body)ol &= Y] AAAAH fAMG 27
o AAZAL BRI Asted A 2488 A}
gatel A FAZFUR HF2 FH3a
I, ZAA_AEQ wHo] sub-frameo] 7HA &
2 sqr. ¥ $94E QLo §3
B AAY FEF QuAEe] ws 253

L

(a) Cross-section of No, 2 pan

No2 Gieioxt RO E 5
3EH7 ¢ i
E i
E 2E+07 + !
< %
£ 26407 !
o !
E 1EW7 | |
s :
5 BE405 - :
£ ;
t
OEHID it ;

) 20 R B 10 20 20

e e

e

(b) Moment of inertia
Fig. 4. Moment of inertia at No. 2

Al obMBlX|, M15A 2%, 200044

HiAE Era g Jers FRHAA 7
ALALE o83ty UHAY &4 ARE 2o
stack?

2AE3re] A F AR BEFE FYINF T
EHEE F8 97 glong HAA ol 1y
stefop &t wrebA No. 2 BAl9) AL AA
8l7) 3t 7]E Bl AL Hrista, ol
o] &3t Al mdg MASY] st Z e
Aol @i 231 RAEE AAslgon, 1 Ax
€ Fig. 59 Yehliddch o] ZAa Adlg 9d 2
2t RHEE vy 1 Pert fdEA EA3)
A gorog A AXE HFE FHE n
o 2743 7S s FRH;HAE FPIA

No. 2 R &9 o w& Fzxsy ZAAE
Table 58} Table 64 el #4127} Flat
o] K7t Arch o] BAr} oF 3 % FE
ZAdo] HAENeH 4a7tA e sF ZAAA

Table 5. Resuits of flat type sub-frame

Belgian

Brake | Curve | Bump Road

Displacement (mm) 0.497 0.196 0213 | 0328

von-Mises

(kgf/nd) 352 12.5 13.6 228

Table 6. Results of archt type sub-frame

Belgian

Brake | Curve | Bump Road

Displacement (mm) 0.519 0.210 0214 0.338

von-Mises (kgf/mt) | 35.8 12.8 13.6 22.7

Moment of Inettia
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Moment of inertia(mm4)

Distance(mm)
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Fig. 5. Moment of inertia each part
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Fig. 6. Displacement distribution (2.6mm)
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Fig. 7. von-Mises stress distrioution (2.6mm)
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Table 7. No. 2 analysis result of t=1.4mm

Belgian

Brake | Curve | Bump Road

Displacement (mm) 0635} 03031 0303] 0418

von-Mises (kgf/mf) 38.7 28.6 254 272

Table 8. No. 2 analysis result of t=1.6mm

Belgian

Brake | Curve | Bump Road

Displacement (mm) 0.635 | 0.303 | 0.303 0.418

von-Mises (kgf/md) 40.7 273 28.7 30.2

Table 9. Weight reduction of No. 2

' Arch | Flat Arch | Arch
Qm) | 2ma) | (1.6om) | (1.4mm)

Weight(kgf) 098 | 132 079 | 069

Weight Reduction (%) | 0 4 F7H 194 29.6

Joumal of the KIiS, Vol. 15, No. 2, 2000
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Table 10. Results of right and left parts thickness 2.0 mm

Belgian

Brake | Curve | Bump Road

Displacement (mm) 0608 | 0282 0306 | 0404

von-Mises (kgf/mt) 42.6 25.0 249 269

Table 11. Results of right and left paris thickness 2.6 mm

Belgian
Road

Brake | Curve | Bump

Displacement {mm) 0791 | 0413 | 0438 | 0.532

von-Mises (kgf/md) 46.8 36.5 372 359

Table 12. Results of right and left parts thickness 3.0 mm

Belgian

Brake | Curve | Bump Road

Displacement (mm) 0.530 | 0232 0258} 0.351

von-Mises (kgf/md) 40.3 204 20.1 255
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Tabie 13. Weight reduction of left & right member

Non
TWB 3.0 mm| 2.6 mm {t=2.0 mm
Left 4.615 3.559 3.085 2373
Weight .
(kef) Right | 4.539 3.308 2.867 2.206
Total | 9.154 6.867 5952 4.579
Left - 22.88 33.15 48.58
Weight :
Reduction (%) Right - 27.12 36.83 51.40
Total - 2498 34.98 49.97
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FMVSS No. 208

(a) Front Crash

C
{b) Front Crash of Sub-frame Part
Fig. 8. Front Crash Model
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Fig. 9. Results of Front Crash Simulation
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Fig. 11. Resuits of offset Crash Simulation

Table 14. Results of Crash Simulation

Thickness Barrier Force
(mm) (KN)
Non TWB 92
2.0 233
AAFE
2.6 258
3.0 251
Non TWB 49
2.0 115
Offset 3%
2.6 118
3.0 129

MM A X|, HI15A M2, 2000
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