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Abstract – A safety belt retractor frame will undergo 
various loads and it consists of various parts in it, which is to 
be fastened to the vehicle body. Frame which carries the 
passenger load through a safety belt retractor includes a rear 
wall and 2 side faces. The rear wall is used to fasten the frame 
to the weight in body. The fastening section is formed 
integrally with the rear wall. The rear wall has a hole through 
which fastening the frame to the body in weight is done. By 
using rear wall and Body in weight opening, the whole frame 
is assembled. The frames are fastened through weld, screw, or 
riveted joint. The fitting is the additional operation which is to 
be done so it is expensive process.  The objective of the paper is 
to calculate the forces acting on the various teeth of the frame 
with respect to the clock position by considering the loads and 
the constraints in the frame, theoretically. To study the tooth 
strength of the frame the calculations are performed and the 
respective graphs are plotted. 
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1. INTRODUCTION  
 
A seat belt is a safety device in vehicle, designed to secure 
the driver or the passenger in the vehicle against sudden 
danger that may result during a collision. A seat belt also 
reduces the causes of death or serious injury in traffic 
accidents by reducing the secondary impact forces with 
interior strike hazards, by keeping the passenger positioned 
correctly for maximum effectiveness of the airbag and 
preventing the passenger being ejected from the vehicle in a 
crash or vehicle roll over. While in the motion of the vehicle 
the passenger and the driver will move in the same speed as 
the car, when the driver applies a sudden brake the 
passenger and the driver will be acting same force as the car, 
at that movement the seat belt applies opposite force to 
constraint the passenger and driver in the position so that to 
avoid the contact with the interior of the car or falling out of 
the car. Seatbelts are called the Primary Restraint Systems 
for their main role in the driver or passenger safety.   

 
1.1 Seat belt retractor frame 
 
The frame in the figure 1 is the housing for the entire 
mechanism and it is the final load transmitting component. 
The frame for a seat belt retractor system including a rear 
wall and a fastening section, two side faces which provides 
for at least one of attaching the frame to a section of a 

component which is fixed to a vehicle and pre-positioning the 
frame on the section, usually the fastening section being 
formed integrally with the rear wall and to place the 
pretentioners and locking mechanism. 

 

 
Fig -1: Seat belt retractor frame 

 

1.2 Loads in the frame 
 

 Pull/push  
 Cassette spring Locking  
 Frame attachment  
 Crash loading 

 

 
Fig -2: Loads acting in the Retractor frame 

 
The load distribution in the structure of frame is divided 

into different parts of the frame with respect to figure 2. 
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When there is an accident the sudden load of the driver or the 
passenger will act on the belt of the retractor, which will be 
the load of the occupent, the load is then transferred to the 
parts of the retreactor to the body in weight. To avoid the 
sudden movement there is a mechanism in one side of the 
frame which will exert a force, and in other side there is a 
force limiter which will also exert force, which is to 
pressurize the belt and the force will also act in the frame 
fixation.   
 

Pull/push 
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Spindle 
 
 

Spring one end 
 
 

Spring another end 
 
 

Spring cover 
 
 

Frame 
 
 
Crash locking 
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2. Geometric Properties 
 
In this paper the force transmitted from belt to the frame 
and then to the body of vehicle is analysed by considering 
different teeth positions. The different teeth contact result in 
different clock positions and deformation, also in this paper 
we find difference in force transmission and the minimum 
and maximum force transmission path. If the force 
transmission is more then the deformation in that position 
will be more. If the applied load is distributed uniformly 
throughout the area of the frame then the reaction force at 

the fixed position of the frame will decrease, which will 
increase the strength of the frame. 
 

 
Fig -3: Retractor frame with clock position 

 

2.1 Calculation of force transmitted through 
different teeth 

 
Fig -4: Retractor frame side view 

 
Where,   R               Radius from frame to centre of spindle 
 F               Maximum force Applied 
 r   Radius of spindle 
                Fs   Force at spindle 
                Ft   Force transmitted on both sides of frame 

 
Maximum force Applied, F = 12kN 
Torque, T = 389400Nmm 
Force at spindle, Fs = 19004.39N 
Force transmitted on both sides of frame Ft, = 9500N 
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Fig -5: Load link of retractor frame 

 
Fig -6: Free body diagram of links 

At 11.40, 
From CAD model we can find the length of links F12, F32 and 
Ft by polygonal law, 
Length of link F12 = 19.25mm 
Length of link F32 = 31.40mm 
Length of link Ft = 24.81mm 
 
Taking moment about, O 
ΣMO1= (Length of Ft*Ft)+(Length of F32*F32)=0  
F32 = -7506.23N 
From the free body diagram, 
F32=-F12=-F34=-F23 
F34=F41=-F14 
Therefore F41 = 7506.23N 
 
Similarly by considering different teeth positions and its link 
lengths from CAD file we can get different values of F41 which 
is the force transmitted to the WIB. 
 
 
 
 
 
 
 

Table -1: Teeth position and various force transmitted 

Clock position Force F41(N) 

12:20 8735.19 

13:00 9447.16 

13:40 9168.90 

14:20 6642.04 

15:00 5000.00 

15:40 6755.03 

16:20 9157.70 

17:00 9447.15 

17:40 8741.05 

18:20 7514.12 

19:00 5904.25 

19:40 4065.27 

20:20 2101.21 

21:00 2000.00 

21:40 2101.27 

22:20 4064.87 

23:00 5903.91 

11:40 7506.23 

 

 
 

Chart -1: Force transmitted versus teeth position graph 

 
The figure 3  shows the different teeth positions with respect 
to clock positions.  
 
The figure 4 is the side view of retractor frame and it 
specifies the distance and the force direction. 
 
The figure 5 shows the different links in the frame. The link 1 
and link 4 are fixed and the links 2 and 3 are varied for 
different teeth position and its length are different in each 
case. 
 
The figure 6 shows the free body diagram of the forces acting 
on the frame at 11:40 position. 
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The table 1 shows the force transmitted from the applied 
direction to the frame fixed position and its clock position. 
 
The chart 1 shows Force transmitted versus teeth position 
with respect to clock position. 
 

3. Results and Discussion: 
 
The different teeth position will transmit different forces 
depending on the link length. If the transmitted force is 
more, the stress acting on that position will be more, the 
frame will fail at that position at lower value of stress. The 
position at which the failure of frame takes place with higher 
value of withstanding stress will be having higher strength. 
 

4. Conclusions 
• In this paper the basics of seat belt retractor and its 

functional parts are discussed. 

• Performance analysis of seat belt retractor frame is 
performed in this paper by considering constant 
load in different teeth with respect to clock position. 

 

REFERENCES 
 

1. Yoshioka, Hirokazu, Keji, Takashi, Osada, sesaki, 
Seatbelt Retractor And Seat Belt Device Provided 
There with frame, 2013. 

2. Robert C. Pfeiffer, Sterling Heights, Mich, Seat Belt 
Retractor Structure, 1983 

3. Erwin Fauser, Schwaebisch Gmuend(DE), 2009. 

4. Ming Liang LI, Da-Sen Bl, Jun Ke HAO, Automotive 
Sheet Metal SAPH440 and Q235 Formability of 
Comparative Study, ICMSA 2015. 

5.  Chang Hyun Baek, Jeong Wan Lee, Seock Hyun Kim 
and Insu Paek, Development of an Emergency 
Locking Unit for a Belt-In-Seat (BIS) System Using a 
MEMS Acceleration Sensor, 2010. 

6. James E. Brancheau, Practical Aspects of Finite 
Element Simulation, 5th edition, Altair engineering, 
2019.  

7. Seiffert, U. and Wech, L. Automotive Safety 
Handbook. Chapter: Occupant Protection, p. 151–
182. Society of Automotive Engineers (SAE), 
Warrendale, PA, USA, 2nd edition, 2007. 

8. Huston, R.L. A review of the effectiveness of seat 
belt systems: design and safety considerations. 
International Journal of Crashworthiness, 6(2), p. 
243–251, 2001. 

9. Haland, Y. The evolution of the three point seat belt 
from yesterday to tomorrow. Autoliv Research, 
2002.  

10. [10] Hassan, A.; Morris, A.; Welsh, R. Some 
Characteristics of side impact crashes involving 
modern passenger vehicles. 

11. [11] Farmer, C.M.; Wells, J.K.; Werner J.V. 
Relationship of head restraint positioning to    
driver neck injury in rear-end crashes. In 
Proceedings of Compendium of the Whiplash 
Associated Disorders World Congress, Vancouver, 
BC, Canada, February 7–11, 1999. 

12. [12] Welcher, J.B.; Szabo, T.J. The relationship 
between seat properties and human subject 
kinematics in rear impact tests. In Proceedings of 
Compendium of the Whiplash associated Disorders 
World Congress, Vancouver, BC, Canada, February 
7–11, 1999. 

13. [13] Song, D.; Uriot, J.; Trosseille, P.; Mack, C.; 
Tarriere, C.; Got, C.; Domont, A. Modeling and 
analysis of interactions between occupant, seatback 
and headrest in rear impact. In Proceedings of 
International Conference on the Biomechanics of 
Impact (IRCOBI), Dublin, Ireland, September 11–13, 
1996. 

14. [14] Frame for a safety belt retractor, Erwin Fauser. 

15. [15] Belt retractor frame, KR101756256B1. 

 

 

 


