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Abstract : The National Highway Traffic Safety Administration enacted the FMVSS201u in 1998. The regulation content
shall be defined as the HIC(d) value of less than 1,000 in the event of a traffic accident, and shall be lower than the passenger
injury AIS grade 3. In this study, the Taguchi method and CAE were performed on the upper part of the B pillar, the most
vulnerable part of the FMVSS201U compliance test, to optimize space. The noise factor was used as the FMH launch speed
to respond to changes in speed, while the control factor was optimized in four places where FMH directly hit. Furthermore,
component stiffness was adjusted to further improve HIC(d) performance and satisfy government regulations.

Key words : FMVSS201UFMVSS201UR ), HIC(d)(™ 2] =& AFall %] -417)), Optimization(Z] 2 3}), Taguchi method(tH-
A 719H), CAE(ZFE ©]-& 338h), LS-DYNA(3-8} 4~ Z E ¢ ©), Head lining(3]] =2}0]d), Countermeasure( &2 - th-3-2)
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(FMVSS : Federal Motor Vehicle Safety Standards) vt 718 0 MRS Bw Aebslel wisted v
sfolo Geh. e, 9 ASEE A A)F W ogqpe) BT FEADANSL SAETE AL A $UL
whel B WeKB Pillan A e) S ZOAT T Qe e BT ERL e SbiHc) -
Aolu] 1 o] obAl A Sha s 9jahe] 7t & obxlgx  Head Injury Criterion(dummy), ©18} “HIC(d)")ll 4 F-&
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A oIt} ol WSS 549 mel7} Slejelo] 1
o FEdel Y W= 4w Bl FMVSS 2. FMVSS201U 'i7t & Algldd
201U®(Federal Motor Vehicle Safety Standards 201 Upper 2.1 FMVSS201U ¥+
roof) HirSHol A& g ako &2 -g-git st A= WEARIL A 5 2R ol A S w7t T
AUl AT 3 SU= JEF o] B35 ZAY] ol o] F-3Foll Fdla] Azt A& o= AL odelr] 9
oAl o] HAstL 48 F5E8 T A= ¥ st WS 2 0-E P (NHTSA @ National Highway
Zro] o=tk Bg 7} & g A] F-2F Bl &jA)| g Traffic Safety Administration)°l] 4] 19981 FMVSS201U
7= lste] 9] W7t A7k o] S S HtE A she] Alalskar 9l
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S AIEAtA e wEl Al A2 A A SFar A -fu] e
2 X3 (FMH : Free Motion Headform, ©]|3} “FMH”)& 24
km/h WA 19 km/he] 52 A5 SE5AA A o] F
Fol TEAIZT olu 7145 % ks FA3sIe] HIC(d)ak
< Ahbekar 1,000 k= FAISEIL ATk 2] (1)el]A4] HIC
kAR 3 2 (@)l tidste] HIC(d) ks AF=3hh a2
FMH2| FA] A - A A9 35 715 A oA i
A7FEEE A gholm 2] (2)¢)F 2ol F-gtth 4] (3)
NA 1, - 4, HICEES] H = AXFE &= 36 mseco] 3} ¢
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HIC(d) = 0.75446 x HIC + 166.4

2.2 FMVSS201U AIE 4

Al A ZF Al Aol FMHS] 3/72] 4AHE
& AAZ $ FMHE DARshE oA =2 Al o] € )
Target pointi= 2] A5 -3 -l e} 20~50
o] 3to] MA =M FAlstAl= At 3704, BE e} 471
4, CZ e} 2704, DEEF 270 4, 32 E |5 (Front Header)
2704, 2ot (Rear Header) 1704, Alo]=lY(Side
Rail) 5~77 4>, ¢35 E(UR zone : Upper Roof Zone,
©]3} “UR Zone”)< ¢19]9] 91X|& A E gt Fig. 1914
w7k o 2 FA]E Y o] UR Zoneo]th.
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Fig. 1 Location of the target points of FMVSS 201U
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Table 1 Approach angle limits of Upper roof zone

Impact zone
Upper roof Any 0to 50

Horizontal angle Vertical angle
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Fig. 2 Forehead impact zone
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Fig. 5 Cross section of B-Pillar

Table 2 Design variables and levels

Variables Level 1 Level 2 Level 3
A 19.34 25.34 31.34
B 35.87 42.87 49.87
C 5.74 8.74 11.74
D 24.51 30.51 36.51
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Table 3 L9(3*) orthogonal array

Control factors Noise factor

Ne A B C D N1 N2 N3
1 1 1 1 1 237 | 24 | 243
2 1 2 2 2 237 | 24 | 243
3 1 3 3 3 237 | 24 | 243
4 2 1 2 3 237 | 24 | 243
5 2 2 3 1 237 | 24 | 243
6 2 3 1 2 237 | 24 | 243
7 3 1 3 2 237 | 24 | 243
8 3 2 1 3 237 | 24 | 243
9 3 3 2 1 237 | 24 | 243

Table 4 Design variables

1_AIBICIDI 2 AIB2C2D2 3 A1B3C3D3
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Table 5 Experimental data

Control factors Noise factor S/N
No . Mean
A|B|C|D| NI N2 N3 ratio
1 (1| 1|1 ]1]1,18 1,257 1,256 | -61.82 | 1,234
2 1| 2]2]2]1,175|1,223 | 1,235 | -61.66 | 1,211
301313131129 1,178 1,154 | -61.24 | 1,154
4 (2|1 |2]|3]1073]1,091] 1,120 | -60.78 | 1,095
5121213 (1]1201]1,235]1,270| -61.83 | 1,235
6 |23 | 1]2]1,144|1,195]1,225| -61.49 | 1,188
713113 (2]1,109]|1,1321,143| -61.04 | 1,128
8 31213 ]1,045]|1,075] 1,083 | -60.56 | 1,068
9 |33 ]2]1]1,143| 1,181 | 1,191 | -61.37 | 1,172
Table 6 Response table for control factors
Content | Level A B C D
1 -61.57 -61.22 -61.29 -61.68
S/N
. 2 -61.37 -61.35 -61.27 -61.40
ratio
3 -60.99 -61.37 -61.37 -60.86
1 1199.55 | 1152.22 | 1163.22 | 1213.66
Mean 2 1172.66 | 1171.33 | 1159.11 | 1175.66
3 1122.44 | 1171.11 | 117233 | 1105.33
SN
BG4 —_————
“BC.3 Al A2 A3 B1 B2 B3 Cl C2 C3 D1 D2 D3
-6C.3 -
“B1.0 G ®
e /)" a /
-61.4 v =9 7
-61.3 7
-51.3
MEAN
1,240
1,220
1200 |« hN
1180 |
11160 h e - h
1,140 >&\ -~/ \
1,120 ) &
1,100 &)
1,080
1,060
1040 P
Al A2 A3 Bl B2 B3 Cl C2 C3 D1 D2 D3
Fig. 6 Response graphs for control factors
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Fig. 7 Cross section of optimal control factors

Table 7 Response table of optimal control factors

Control factors Noise factor S/N
. Mean

Al B| C| D| N1 N2 N3 ratio
3] 1| 2| 3] 1,062 1,052 | 1,090 | -60.57 | 1,068
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4. HICME 27t 744
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& WA Zetrs 711 s uldel daslitt
HIC(d)#k= A1 737 18 A 3521 214 gk 73 d o] 44
Hojo ahn, 7] 2dS 98l FF 3, A, BB
A

2
A%, AH 58 27

qsio] 571N AABLID 3
7§43 495 A%E wigo nEge] Az
& Fo HIC@@S 2% & 9 PFE e F71)
A& AW, FMHA AP H 02 25 28 0
AREoz ARAIYCH, A : FAFE WA
(Countermeasure)] 744, B : LEFEH(Pillar trim)2] 7

A, C: A& o)W A7) 7}o] =(CAB Ramp bracket)2] 7+
Kotk Alojelaps 2520 52 A ekglom, AlojelAt
<] /-2 Table 8ol LFERH AT

Table 8 Design variables and levels

Variables Level 1
A
B
Decrease stiffness by deleting some ribes
e —
Decrease stiffness by deleting some ribes
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042 - HEZ - 0|5

TS L4Q2°) A0l A xS} o] = RIAE a1e e
kS Table 901l FERAIQITE. o] = Q1A= 37 <]
3t A9} BYE Ao w, 27N 23.7 kmh, A5
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0.82 dBYHF 7§ A 818t HIC(d) 3k 1,05291 4] 969.2%
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Table 9 L4(2%) orthogonal array and result

Control factors Noise factor
No S/N Mean
A|l B| C N1 N2 N3
1 1 2 1 9184 1,031 | 1,072 | -60.07 | 1,007
1 1 2 1953.5| 954 | 1,018 | -59.78 975
1 1 1939.3]969.2 (1,003 | -59.74 971

21 2 9796 |1,026 | 1,035 | -60.11 | 1,014

AW N

Table 10 Response table for control factors

Content Level A B C
S/N 1 -59.93 -59.76 -59.91
ratio 2 -59.93 -60.09 -59.95
1 991.15 972.83 988.81
Mean
2 992.01 1010.33 994.35
SIN
-39.5 : : : ‘ ‘ ‘ ‘ ‘
g LAL A2 Bl B2 clL ¢
-39.7 @
-59.8
-59.0 o~ -\ Fau
-30.0 M \ i
-30.1 \
~50.2
MEAN
1,020
1,010 o
1,000 /
990 @——‘ / G/
280 /
270 @
260
950 . . .
Al A2 Bl B2 o

Fig. 9 Response graphs for control factors
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