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Development of Operating Mechanism of a Pretensioner using Internal Gear Pairs
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The pretensioner is used to retract the belt webbing and tighten up any slack in the event of a
crash. The retracting force of the pretensioner helps move the passenger into the optimum crash
position in his or her seal. In this paper, the new concept of an operating mechanism of the
pretensioning system is presented. The internal gear design program is developed using
MATLAB. Two kinds of numerical analysis model are created. The first one, the rigid body
dynamic model, is used [o estimate the performance of several gear pairs. The initial
performance of the new operating mechanism is analyzed and the best combination of the gear
pairs is selected. The second one, the structural dynamic model, is used to calculate the
deformation of the gear teeth. To decrease the deformation and interference of the teeth, the
shape of the gear pairs is changed.
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Fig. 1 Internal spur gears created using MATLAB
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Fig. 3 Rigid body dynamic model of the pretensioner
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Fig. 4 Analysis result of the rigid body dynamic model

Table 1 Combination of gear pairs and analysis result

Case | NI | N2 | G | D(mm) |Result( )
] 20 | 8 | 062 | 8388 243
2 | 20| 9 | 058 815 186
3 [ 21| 8 |o062]| 963 222
4 | 22| 8 |062] 1038 | 202
23 | 8 | 062]| 1113 195
23 | 9 | o062 1040 235

Aatich old e AVe A9l ATt F 7]ofol
5 FEEUL, ol ¢ Alge oy ¢ Ase
74z} 125 9+ 1, 37 & 557 AF(Coefficient
of the tip radius)= 0.3 &2 A A3+ Th Table 1 o A
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Fig. 5 Structural dynamic model

Table 2 Structural dynamic analysis result

Case R (mm) A {mm) Result(®)
0.3 0 Interference
0.3 1.5 142
1 0.5 0 152
0.5 1.5 131
0.5 2 Trouble
0.3 0 Interference
6 0.5 0 132
0.5 1.5 Trouble
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Fig. 6(a) Analyqls result of the structural dynamxc model 1

Fig. 7 Analysis result after modification

2EN e WA T olWyR ZAs of
Imm A% F7bstoich 2ol HAE & ol
gd7iele) A¥e AFFo] AT 2o EUS

%OL/‘\ oh:}

4. HE

B dAFodAE Y 719 g o] &3tq] mol2
B9 ZeldMye A2e FE AAUESES A
3133tk MATLAB £ ol£3td QlEd 7ol 24
zg3WL ML, CAE HA 71&S o] &3
o AAge] A%l EH%SH Btk B A9
8L oLy A

1) MATLAB & o] -&3}¢
233 AL,

2) Ty A §98 2dg A
71618 B8 He 82 Hrlste Hole 548
M 71olE Ay

AEE 7]of dA =

71ol Agel My e @]%6}9&3}.

H EE 2 G WAL Fo sl NS
FAHGL, Hgol A Dojubx) FEF o
H4e ALKt

FF a2 d dALE g eE AAEL A
Ae ANES dAsta, ZAnag T3 F

REF -TL% AAYE

£ Q7E @guolele] el IF 4E
ATZ Ba) o]$o) o, oo VA ol
7 AERY T

1. Min, S. K, Lee, J. K. and Kim, B. S., “Development
of Pre-Crash Safety System using Motorized Seat
Belt,” Proc. Korean Society of Automotive Engineers
Fall Conference, pp. 1219-1224, 2004.

2. Park, J. S., Kuk, M. G, Kim, D. H. and Tak, T. O,
“Evaluation of Motorized Retractor Locking

Mechanism Based on Predetermined Collision

Scenarios,” Proc. Korean Society of Mechanical

Engineers Spring Conference, pp. 212-217, 2007.



B3HLBUSIN A 27 A 32 pp. 8004 Yorch 2070 1 %2

3. Lee, Y. B, Ryu, W. H. and Hyun, L. A, “Leveraging
the Development of the High-Power Pretensioner
using CAE and Evaluate the Influences to Injuries,”
MSC Korea User’s Conference, 2007.

4, Park, C.S., Park, T. W, Jung, S. P., Cheong, K. Y. and
Hong, Y. S., “Study on the Dynamic Analysis of a
High-Power Pretensioner Considering the Clutch
Effect,” Proc. Korean Society for Precision
Engineering Spring Conference, pp. 223-224, 2008.

5. Jung, C. K., Ahn, H. D, Kim, H. Y. and Woo, §. W.,
“Structural Analysis of Seatbelt System,” Proc.
Korean Society of Automotive Engineers Fall
Conference, pp. 1523-1528, 1999.

6. Lee, Y. M, Na, B. C,, Kim, J. Y, Park, S. U,, Seo, J.
H. and Cho, Y. S., “A Numerical and Experimental
Study on the Modification of Pretensioner to Improve
Performance of Seat Belt System,” Proc. Korean
Society of Automotive Engineers Fall Conference,
p. 441, 2008.

7. Jung, S. P. and Park, T. W, “A Study on the
Development of the Gear Profile Design Program,”
Journal of the Korean Society for Precision
Engineering, Vol. 26, No. 8, pp. 104-111, 2009.

8. Colbourne, J. R., “The Geometry of Involute Gears,”
Springer-Verlag, 1987.

9. Dudiey, D. W, “Handbook of Practical Gear Design,”
CRC Presss, 1984,

10. Maitra, G. N., “Handbook of Gear Design,” McGraw-
Hill, 1985.



