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Abstract: The role of a seat belt in a vehicle is to protect the driver from injury when a crash occurs. However
when a large crash occurs, the driver slips forward and receives a strong impact. To prevent this situation,
improvement of seat belts is essential. In this study, the new concept of a dynamic locking tongue (DLT) for seat
belts is developed. The DLT device is used to reduce the impact to the driver’s chest by tightening the webbing, so
the driver is protected from severe injury in a large crash. First, a finite element model of the DLT device is
created using SAMCEF and structural analysis is conducted with boundary conditions similar to those found in
experiments. Then, the stress in the DLT device can be calculated. Second, the shape of the DLT device is
optimized using the response surface analysis method in order to minimize the stress and weight. The validity of the
optimization of the DLT device is verified using structural analysis.
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Table 1 The inertia force about the crash velocity

e &% I
10 km/h(2.8m/s) 198 N 2.9¢g
20 km/h(5.6m/s) 397 N 5.7g
30 km/h(8.3m/s) 595 N 8.5¢g
40 km/h(11.1m/s) 794 N 11.3¢g
50 km/h(13.9m/s) 992 N 14.2g
60 km/h(16.7m/s) 1190 N 17.0g
70 km/h(19.4m/s) 1389 N 19.8g
80 km/h(22.2m/s) 1587 N 22.7g
90 km/h(25.0m/s) 1786 N 25.5g
100 km/h(27.8m/s) 1984 N 28.4g
110 km/h(30.5m/s) 2182 N 31.2¢g
Tongue
wL Locl:bar

I 1T 1T i | ] 5=

r‘ —5
Webbing
Fig. 1 The basic structure of the DLT device
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Table 2 Comparison with general and developed
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Table 3 Material of the Tongue and Lock bar

DLT material

Properties Unit Values
Density kg/m3 7830

Young’s Modulus N/mm” 210E+05
Yield Strength MPa 1280
Failure Strength MPa 1400
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Fig. 5 Result of the tensile performance test
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Table 4 Mesh information about Tongue and Lock bar

Model Type Nodes Elements
Tongue Hexagonal 6114 3940
Lock bar | Hexagonal 4951 4242

Stress (MPa)

Time (sec)
Fig. 7 Result of the structural analysis
I

Unit :Pa -

b 712.7205e6

- 641.4722e6
570.223%9e6
498 975626
427.7273eb
| 356.479e6

285230726

213.9824e6

| 142734186
71.4858326
L. 237.530683

Fig. 8 Stress distribution of the Tongue and Lock bar




FEMZ ©]-&3%F Dynamic Locking Tongue(DLT)S] 7%= 4 2 & 243} 703

o &do] JsHEA A4 A3}, Hd SH2>
712.72 MPa°|® FA&= 0.088 kgo = UERRLTE
A HAMES] FAE HE 0.06 kg
Jrmolth. ol wEg A bW ET}

A REA <l
~ 0.08 kg *%
Aol sl o] A=A k7] k7] 917kl
th ey AEE DLTEA = 0.08 kghlth A
AA RPAME w =g Al oA AAE AN

ol MAE $el7k gt
4. DLT ZtA| g4 =M 35t

4.1 =8 2

B AT s AdAIR 7|23 ke &
21 ™ (Response surface analysis method)< ©]-§
of DLTAA S ABFES} TAS HLs}7]
3 pLrgA e HA d4s AAsY 2
TolAE DLTEA A A2 dA9 sdd
Juoiete] ol stell DLTHEA ¥4 AA 84
T sasttha wdEs Wt g vpe] A7) <l

= 2 do o (g

N

N

Zyzy 470 370 2 AA WMo FEHe A
SFSIt}. Fig. 9+ A7 ¥4, Table 5& A7 W
2= DLT

2 1o

e G noEth we
O] &

RSN

AN FAHPLO A4 AnE ol g3l

1

ox L x4 ot 1o
o &
fo
> oX
—_ 2
N/
)
g
N,
O fo

X
td
oo
o
B
=<
5

L
=<
@

il

nJ?L'lNH

/\1 ()oﬂ}ﬂ EJA 7L /\474] ]:ﬂ Eo uL]yuLL:_ 37]%
a>b>c>d= a® b9 c9 %k% A K
o Atst wA7F Srkeke Wi dE gl
Brst A AAT o e aga A

Gl 5 wke] ZF A7 WEse] s a7=
a>b>cE a9 6—7}/\]71L }2 ule] A
3} F=A7F FbekeE whE be} o2 S7MIE AGF
3} A7 gAast Aow oakd)

Yr = 1.3035 + 0.0414a + 0.0337b )

+ 0.0231c — 0.0225d + 0.0271a’
+ 0.0056b° + 0.0208¢> + 0.0360d
— 0.0136ab — 0.0092bc — 0.0326¢d
+ 0.3890ac + 0.0163bd — 0.0534ad

Table 5 Design variables and values at each level

Level
Tongue
-1 0 1
a (mm) 40 50 60
b (mm) 75 80 85
¢ (mm) 9 10.5 12
d (mm) 21 22.5 24
Level
Lock bar
-1 0 1
a (mm) 3 4 5
b (mm) 8 10 12
¢ (mm) 5 7 8

(b) Lock bar

Fig. 9 Design variables of the Tongue and Lock bar
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Table 6 ANOVA table for the Tongue and Lock bar

i

Rs

Tongue
Factor S ) \% FO |F(0.01)
Resgression
o 0.1931 4 0.0483 |25.5276| 4.18
Variation
Residual
. 0.0378 | 20 |0.0019
Variation

sum 0.2309 24

Lock bar
Factor S ) \% FO |F(0.01)
Resgression
o 0.6585 3 0.2195 |27.0527| 5.42
Variation
Residual
o 0.0893 11 0.0081
Variation

sum 0.7478 14

Ys = 1.2938 + 0.1589a (3)
0.1277b — 0.0896¢

0.0840a> — 0.1121b

0.0512¢* + 0.0303ab
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+ 0.0239bc + 0.0273ac
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Table 7 Results of the design optimization

Component Current Optimum
a 50 40
Tongue b 80 75
(mm) ¢ 10.5 10.43
d 22.5 22.15
Lock a 4 3
bar b 10 8.724
(mm) c 7 6.362
649.6865
Stress (MPa) 712.7205
(8.844% | )
Mass (kg) 0.088 0.076
(13.636% |, )

Uit :iPa | - |

1 - 549 686526
584.7178e6

519.7492e6

454.7805e6
38981196
32484326

259874666

| 194.905%e6

129937386

64 8686526

4

2.024788e-3

Fig. 10 Stress distribution of the optimum design of
the Tongue and Lock bar
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