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Abstract : This study makes a relative comparison of a vehicle seatbelt anchorage strength test and a quasi-static analysis by

using an LS-Dyna, and attempts to propose a method to reduce the error rate of the FEA(Finite Element Analysis) results by
using statistical techniques effectively. This study selects 7 main factors that affect the result of the FEA, and evaluates the
relative importance of potential causes by applying the AHP(Analytic Hierarchy Process) technique to improve the reliability
of the result of the FEA and the optimization to reduce the error rate in the FEA through the design of the experiments.
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Fig. 1 Test model of seatbelt anchorage strength

Fig. 2 FEA model of seatbelt anchorage strength
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[ : Initial Position

Fig. 3 T-coordinate displacement of seatbelt anchorage
strength
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Table 1 Potential cause main effects analysis results

Critical X's

crays [Potential Cause]
01 |Chain Length
02 |Chain Properties Critical X's
[Main Cause]
03 |Initial Position of Shoulder Block
01 |Chain Length
04 |Lap Block
Boundary Condition of UPR 02 |Boundary Condition of UPR
(5 [ Anchorage
06 | Coeffcient of Friction of UPR
Anchorage [:> 03 |Lap Block
07 |1-d Webbing Loading C
el btk el it 04 |Coefficient of Friction of Buckle
it 08 [1-d Webbing Un-Loading Curve -
05 |Coefficient of Friction of UPR
09 |Coefficient of Friction of Buckle Anchorage
10 |Coefficient of Friction of Webbing 06 |Coefficient of Friction of Webbing
11_|Damping Coefficient 07 |Initial Position of Shoulder Block

12 |Loading Curve Slope

13 |Coefficient of Friction of D-Ring

14 [Coefficient of Friction of Retractor
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Table 2 Potential cause relative importance evaluation

applied AHP method
Boundary Coefficient of | Coefficient of | Coefficient of | initial Position | | yeight
No. Main Cause Chain Length Condition of Lap Block Friction of Friction of UPR Friction of of Shoulder 191 Rank.
UPR Anchorage Buckle ‘Anchorage ‘Webbing Block
1 Chain Length 1 0.50 0.1 020 017 0.25 0.50 3.09 7
]
2 Condition of 2 2l 0.20 033 0.25 0.50 2 629 5
3 Lap Block 9 5 1l 3 2 4 6 35.84 1
Coefficient of
4 Friction of 5 3 033 1 05 & 4 15.70 3
Buckle
Coefficient of
5 | Friction of UPR 6 4 0.50 2 1 4 5 24 2
‘Anchorage
Coefficient of
6 Friction of 4 2 025 050 025 1 3 9.82 4
ko
T of Shoulder 2 050 017 025 0.20 033 £l 441 6
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Fig. 4 P1 factor information
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Table 3 Potential cause variable and level selection

Level
Critical X's
Ne Correlation Fact
[Correlation Factors] #01 #0?
Lap Block Not
P1 | (A Constrained of Degree of applied i
Freedom in H-Direction) Applied
Coefficient of Friction
2 of UPR Anchorage g 2
P3 Chain Length 5,000mm 2,500mm
Coefficient of Friction
s of Buckle 00 02
Ps Boundary Condition Partially All
of UPR Anchorage Applied Applied
Coefficient of Friction
Pe of Webbing o1 03
P7 Initial Position Forward Upward
of Shoulder Block Applied Applied

Table 4 L12 model FEA results of seatbelt anchorage

strength
12 P P2 P3 P4 P5 P6 7 (Dlspmﬁ‘iﬁ‘i’;mm
Case 01 1 1 1 1 1 i 1 35.34mm
Case 02 1 1 1 1 1 2 2 3417mm
Case 03 1 1 2 2 2 | 1 57.09mm
Case 04 1 2 1 2 2 1 2 5491mm
Case 05 1 2 2 1 2 2 1 51.99mm
Case 06 1 2 2 2 1 2 2 3211mm
Case 07 2 1 2 2 1 1 2 3862mm
Case 08 2 1 2 1 2 2 2 74.93mm
Case 09 2 1 1 2 2 2 1 69.19mm
Case 10 2 2 2 1 1 i 1 33.14mm
Case 11 2 2 1 2 1 2 1 35.46mm
Case 12 2 2 1 1 2 1 2 75.29mm
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6 L12 model FEA results of seatbelt anchorage strength
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Table 5 Main effects of seatbelt anchorage strength

Item P1 P2 P3 P4 PS P6 P7
| #01 4427 5156 5073 5081 3481 4907 47.04
e | #02 5444 4715 4798 47.90 6390 4964 5167
Delta 1017 441 275 291 29.09 057 463
Rank 2 4 6 5 1 7 3
P1 P2 P3 P4

. O

s

/@ :i

11 Boundary Conditon of UPR
2l
3 Inkis Poiton of Shoulder

) Cocticiont of Friction of UPR
Anchorage

Table 6 Potential cause main effects analysis results

Level
No. Critical X's Selection
[Correlation Factors] #01 #02 Results
Lap Block ied Not #02
P1
& adom v | | Applied | Selected
. ‘Not
o2 | Coefficient of Friction | | e
of UPR Anchorage
(1or2)
Not
P3 Chain Length 5,000mm | 2,500mm Selected
(or2)
e Not
pa | Coefficient of Friction | 3 o |
(o2
ps Boundary Condition Partially All #02
of UPR Anchorage | Applied | Applied | Selection
3 L Not
s (Cosfhiaeat of frictog | IGH 03 | Selected
e (ord)
N
p7| Initial Posiion | Forward | Upward | IO
of Shoulder Block | Applied [ Applied | (7 o 3

2 A=

No. Vital Few X's
o Coefficient of Friction
of UPR Anchorage

X2 Chain Length

Coefficient of Friction
x3

uckle
P Coefficient of Friction
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= Initial Position

of Shoulder Block
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Table 7 Main factor level subdivision for primary optimization

[0 vital Few X's

o Level
No. Critical X's
[Correlation Factors] | 401 ‘ #02 ‘ #03
Lap Block
P1 | constrained of Degree. Not Applied
of Fraedom in H-Dirction)
Coefficient of Friction
P2 | "of UpR Anchorage | 0 Ly | L3
P3| Chain Length 2500mm
p4 | Cosfficient of Friction | g9 i W
Boundary Condition ;
5 All Applied
of UPR Anchorage s
Coefficient of Friction
P61 of Webbing 03
Initial Position :
7| of Shoulder Block Unerdappled

L9 [Pl [P2|P3|Pa|P5|Ps|P7
Case 01 | 2 | 1 2 1 22| 2
Case02| 2 [ 1 [2|2|2|2]2
Case03| 2 [ 1 [2|3|2|2]2
Case04 | 2 [ 22| 1|2]|2]2
Case05| 2 [ 22| 2|2|2]2
Case 06 | 2 & e 3 2 2 -
Case 07 | 2 3 2 1 2 2 2
Case 08 | 2 - 2 2 2 2 2
Case 09 [ 2 3 2 3 2 2 2
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Table 8 L9 matrix model FEA results

FEA Results -
19 Pl P2 P3 P4 P5 P6 7 (isplacement of i
T-Coordinate) k)

Case 01 2 1 2 1 2 2 2 +11.84%
Case 02 2 1 2 2 2 2 2 71.84mm +7.22%
Case 03 2 1 2 3 2 2 2 7231mm +7.93%
Case 04 2 2 2 1 2 2 2 71.83mm +721%
Case 05 2 2 2 2 2 2 2 +064% ]
Case 06 2 2 2 3 2 2 2 +084%
Case 07 2 3 2 1 2 2 2 +230%
Case 08 2 3 2 2 2 2 2 63.03mm -5.93%
Case 09 2 3 2 3 2 2 2 | 63.49mm | -5.24%

[- Emor Rate 1 0~3%  [RBB Eror Rate : 3~5% Eror Rate : 5~10%  [JBBON Emor Rate © 10%~ }
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C Note.
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Fig. 7 L9 matrix model FEA results
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The Final Results
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Fig. 9 Secondary optimization FEA results on 100 msec
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