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Abstract : This study presents the development of a new aluminum seat frame for the commercial bus. Back moment
and seat belt anchorage analysis of the conventional steel seat frame was conducted as a base model. Effective
aluminum section dimensions for aluminum pipe were calculated from equivalent stiffness and equivalent weight study.
Back moment and seat belt anchorage strength with the developed aluminum seat frame were compared to those of the
base model. Additionally, to pass the fatigue test, shape modification of side frame assembly was conducted. From this
study we could reduce the weight of seat frame more than 5 kg. And the current analysis model and procedure can
provide useful informations in designing a new commercial car seat and can reduce the overall design cost and time.
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Fig. 1 Seat assembly for commercial bus

Table 1 Seat testing status'®'"

Load Requirements Regulation
Back .
Moment 38 kgi-m No failure FMVSS 202
Seat Belt .

Anchorage 300 kos No failure FMVSS 210
. More than 60,000 N
Fatigue 38 kgi-m oycle No regulation

6.8 kgq <80 G’
Head Rest 24.1 koh during 3msec FMVSS 201
| Chest G’ < 60
Fronta 30 mph HIC < 1000 | FMVSS 208
Impact
Femer < 10 kN
No failure at
Luggage g‘g! locking ECE R17
mechanism
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Fig. 2 F.E. model of steel seat frame
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Table 2 Material property for steel seat frame

Young's Strain at Tensile
Materiel Modulus Y'e'("’di":ss break Stress

{GPa) (%) (MPa)
STKM11A 200 175 30-35 290
SS41 176 245 17 400
SPCC 210 195 26 400
SUS 304

2
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Fig. 3 Initial configuration of back moment test
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Fig. 4 Maximum deflection and equivalent stress distri-
bution
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Fig. 5 Pulling wire and lab body block model

Fig. 6 Loading condition for seat-belt anchorage test
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Fig. 7 Load curve for seat-belt anchorage test
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Table 3 Steel seat frame stiffness

Maximum displacement of .
seat frame occurs at Magnitude
Seat belt anchorage Center of front main cross
A N " 15.17
simulation pipe(P3)
Back moment simulation Upper right (P2} 58.32
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Fig. 10 Equivalent stress distribution
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Table 4 Material property for Al-6061-T6

Young’s Yield Tensile N
Modulus Strength Strength Elongation
(@Pa) | (MPa) (MPa) %)
AB061-T6 69 272 294 15
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o714, E : Young's modulus of steel
I : Section modulus of steel
E . Young's modulus of aluminum
I, : Section modulus of aluminum

d, : outer diameter, d; : inner diameter
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Fig. 11 Design region for circular aluminum
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Table 5 Weight reduction of aluminum seat frame

PART NAME Ste(eklgs)eat Alumi?;gr;l Seat Redmﬂg:t(kg)
Back Frame Part 13.30 9.90 -3.4
Main Frame Part 4.94 2.44 -2.5
Others 10.76 9.98 -0.78
Total 29.00 22.32 —6.68
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(b) Aluminum seat frame

Fig. 12 Design of side frame
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Fig. 22 Seat belt anchorage test set-up with developed
aluminum seat frame

Fig. 23 Deformed shape at 100% seat belt anchorage load
condition

TOTTT

N

G A R L R B U

mQX ®06MHGCwW
[ ]

-----

;
el b e el e b el e e b
u a o »

I
-
3

40
Time (sec)

Fig. 24 Force applied seat belt anchorage test

AL HAER vt 58& 3R 5 kel
(Fig. 22). Fig. 2304 A|EME A2 %] A|F 3
o] 2] At 30sec F-2ol| A H o 5152 600kgf =

A A ES FHE o] 2 F 02X, A E
Aol oz Bk wf 37} LAYsHA] o
S ¢ 5 3tk B3 Fig 249] P-ARPAHES
600kef7}4] 3l57tA qlo] P o8 Z7lsh
S S AE Yo Fag sgato] B

WSS AFT & o

1=

Ao o o
PR b

it

}=

A

Of

e TEDE A4S
e .08, AAES Adelo] 24 S Brkshe
o g L AAE A Y Eotel et e
2EL AU

D el A8 L U 4A AE 2 S L
Lol PR BAS) A8 V1% 2dRA §
Fox w9y 9 TR FYSHA A=
WE YAYA Aol Bl FRPEHNL
I E-E R DR EEREE I

15.17mm LA 3LS) o v H o sloll A shzo] it
A3HA] ekkth i Rl E s A8 Aol ¥
g2 5832mm FAELon] Frole) HIE
LAY BEA] gFgket

2) B WA S S Wl Alo]l= Q]
Q] #lol|l A B3 A o]3fe] o] A SH T
wehr] 2R D F R 2SS B EY #2E
AQrstA or, ojuf ¥hE yjFtsi Ao A H3E A
ol de] o} o ZE

3) Alol= Q] Bl 5 A 8519 & o, Al EW
E QAR A e gdR-o] o ¥=
5.708mmz & 9 xjo) A ZA A E Z ¢
8.5ImmE th A FAE 7] Wl FEAdF
71ES HEADS & S ) o)d FHF Al
E =g F-A=22.5%g .5 7] A E Z
A=} njwste] of 6.41kge] FAZATE UL,
FHA]I Skg o)) AHSHE olF 4 ATk

JEME JA=A] siAoe] o $HL &

7 AAEE FEE oA TS o, e

A #lo| A= FH o & o] 272MPaZ A= L1
B} #20)| A= 183MPaE Al4k= 9t}

5) AAFS A & B FAE © A EME

BAHA 3HFS FPsAh HEY T A=

>
Hom

4)

)

il

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 3, 2004 99



1)

2)

3)

4)

5)

25 - olaE - ALY

150,0003] o]/4o] & B om, A|EME of
AZ A APl A= 3 8FF Q) 600kgt7HA] shek
o] A5}A] tet

References

J. Y. Jung, B. J. Kim, S. J. Heo, S. K. Lee, H. S.
Kim, C. H. Jung, “Optimal Design and
Analysis of Automotive Light Weight Seat in
Consideration of Safety,” Spring Conference of
KSAE, pp.722-727, 2002.

H. G. Kim, G. H. Choe, B. H. Lee, Y. T. Cho,
D. J. Lee, “A Study on the Lightweight Design
of a Seat Frame in Automotive Vehicle,” Trans-
action of the KSME, Vol.8, No.1, 1999.

M. Saito, S. Iwatsuki, K. Yasunaga, K. Andoh,
“Development of Aluminum Body for the Most
Fuel Effecient Vehicle,” JSAE Review 21,
pp.511-516, 2000.

H. Y. Lee, J. Y. Lim, H. T. Boom, “The Finite
Element Analysis of Car Seat Frame According
to The FMVSS Strength Test,” Transactions of
KSAE, Vol.7, No.6, pp.341-247, 1999.

0. K. Lim, I. S. Lee, H. C. Roh, J. M. Choi,
“Optimum Design of Automobile Seat Upper

100 R SRBte)=28 M2 X3S, 2004

6)

7)

8)

9)
10)
11)

12)

- sl

Arm Using Finite Elements,” Transaction of
Computational Structural Engineering Institute,
Vol.14,No.2, pp.135-141, 2001.

H. Y. Kim, S. K. Lee, J. J. Kim, K. S. Lee,
“Optimum Design and Impact Characteristics
for Automobile Seat,” The Ninth International
Pacific Conference on Automotive Engin-
eering, November 16-21, pp.25-30, 1997.

B. K. Chun, J. H. Choi, K. H. Park, “Deve-
lopment of Rear Impact Analysis Technique for
Construction Lightweight Seat System with
High Strength,” SAE 96380103, 1996.

Y. Sugiyama, N. Niikura, “Strength Analysis of
a Seat Slide using PAM-CRASH,” PUCA94,
pp.107-112, 1994,

S. J. Hopper, D. R. Ellis, “Aviation Safety and
Crashworthy Seat Design,” NATO/ASI, 1996.
“Seating System Test,” FMVSS No.207,
NHTSA USA, 2003.

“Seat Belt Assembly Anchorage Test,” FMVSS
No.210, NHTSA USA, 2003.

S. C. Bergsma, M. E. Kassner, X. Li, M. A.
Wall, “Strengthnening in the New Aluminum
Allow AA6069,” Material Science and Engin-
eering A254, pp.112-118, 1998.



