
 

 
 
 

 

 
 

 

 

 
Fig.1 The number of tire coming off accidents of large 

 Vehicles 
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Fig.2 Double-tire construction rear axle  

Fig.3 An out view of experimental apparatus 

Fig.4 Inner nuts and outer nuts tightened by oil pressure 
wrench 

 

Fig.5 Ultrasonic sensors and end-faces of wheel bolts 

Fig.6 Relationship between load and elongation 
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Inner wheel              Inner nut 
 

Fig.7 Contact surface of a wheel and a nut 

a Proper assembling   b Wrong assembling 
 
Fig.8  Longitudinal sections of assembled wheels and nuts 
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Fig.9 Relationship between axial force and tightening 
 torque (Inner nuts for aluminum wheel are used) 

Fig.10 Relationship between axial force and tightening 
 torque (Inner nuts for aluminum wheel are used) 

 

(a) Engine oil  

 

(a) Engine oil  

 

(c)Molybdenum disulfide  (c)Molybdenum disulfide  

 

 

(b) No lubrication  

 

(b) No lubrication  
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Fig.11 Relationship between axial force and tightening  
torque (Inner nuts for aluminum wheel are used) 

Fig.12 Relationship between axial force and tightening 
 torque (Inner nuts for steel wheel are used) 

(c)Molybdenum disulfide  

(b) No lubrication  

(a) Engine oil  

(c)Molybdenum disulfide  

 

 

(a) Engine oil  

 

(b) No lubrication  
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Fig.13 Generated gap between an inner wheel and an  
outer wheel 

Table 1(a)  Measured gap under lubrication by engine oil 
(mm) 

Table 1(b)  Measured gap under no lubrication      (mm)                                                    

Table 1(c)  Measured gap under lubrication by  
molybdenum disulfide                       (mm) 

Fig.14 Line contact mark generated on the contact 
surface of an inner nut 

 

No. Measurement state 1-2 2-3 3-4 4-5 5-6 6-1 Ave.
After tightening 1.60 1.55 1.45 1.50 1.65 1.65 1.57

Before tightening 1.80 1.85 1.85 1.75 1.90 1.85 1.83
After tightening 1.60 1.55 1.45 1.50 1.65 1.60 1.56

Before tightening 1.80 1.85 1.85 1.75 1.90 1.85 1.83
After tightening 1.60 1.55 1.40 1.50 1.65 1.60 1.55

Before tightening 1.80 1.80 1.80 1.75 1.90 1.90 1.83
After tightening 1.60 1.55 1.43 1.50 1.65 1.62 1.56

Before tightening 1.80 1.83 1.83 1.75 1.90 1.87 1.83

1st

2nd

3rd

Ave.

No. Measurement state 1-2 2-3 3-4 4-5 5-6 6-1 Ave.
After tightening 1.75 1.60 1.60 1.60 1.75 1.75 1.68

Before tightening 1.80 1.85 1.80 1.80 2.00 1.95 1.87
After tightening 1.75 1.75 1.70 1.70 1.85 1.80 1.76

Before tightening 1.80 1.90 1.90 1.85 1.95 1.90 1.88
After tightening 1.70 1.75 1.70 1.75 1.85 1.75 1.75

Before tightening 1.80 1.95 2.00 1.85 1.95 1.85 1.90
After tightening 1.73 1.70 1.67 1.68 1.82 1.77 1.73

Before tightening 1.80 1.90 1.90 1.83 1.97 1.90 1.88

1st

2nd

3rd

Ave.

No. Measurement state 1-2 2-3 3-4 4-5 5-6 6-1 Ave.
After tightening 1.60 1.55 1.40 1.45 1.60 1.50 1.52

Before tightening 1.75 1.85 1.85 1.75 1.80 1.75 1.79
After tightening 1.60 1.55 1.40 1.45 1.55 1.55 1.52

Before tightening 1.70 1.90 1.90 1.75 1.75 1.70 1.78
After tightening 1.60 1.55 1.40 1.45 1.60 1.55 1.53

Before tightening 1.75 1.85 1.90 1.75 1.85 1.75 1.81
After tightening 1.60 1.55 1.40 1.45 1.58 1.53 1.52

Before tightening 1.73 1.87 1.88 1.75 1.80 1.73 1.79

1st

2nd

3rd

Ave.
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