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Abstract

In this study, the bolt torque calculation method for space industry was compared and verified
experimentally. Currently, NASA, European Aerospace Agency, and US National Defense Standards are
proposing standards for bolt torque estimation. However, these standards vary slightly and require a high level
of comprehension. To address these challenges, we selected typical equations among the widely-used bolt
torque calculation methodologies, and the predicted values were verified via clamping force test. In addition,
we examined the changes in clamping force associated with handling and refastening.
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Fig. 2 Torque by thread friction[3]
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Fig. 3 Torque by under head friction[3]
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Fig. 4 Torque for bolt axial load[3]
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Table 1 Thread friction coefficient[3]

Condition of the part

Condition of the bolt clamped by the bolt

head or nut Zinc plated | Self finish
Zinc Un-Lubricated 0.16 to 0.22 | 0.12 to 0.20
plated ||\ ricated 0.10 to 0.18 | 0.10 to 0.18
finish
Self Un-Lubricated 0.10 to 0.18 | 0.10 to 0.18
finish Lubricated 0.10 to 0.18 | 0.10 to 0.18

Table 2 Under head friction coefficient[3]

Internal threads

External Threads

Zinc plated Self finish
Zinc Un-Lubricated 0.12 to 0.22 | 0.12 to 0.20
plated Lubricated 0.10 to 0.18 | 0.10 to 0.18
Self Un-Lubricated | 0.12 to 0.18 | 0.10 to 0.16
finish Lubricated 0.10 to 0.18 | 0.08 to 0.16
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Table 3 Torque Coefficient AT9]
Un-Lubricated | Lubricated
Un-plated steel 0.20 0.17
fastener
Zinc-plated fastener 0.17 0.15
Cadmium-plated 0.15 0.12
fastener
Stainless steel fastener 0.30 0.20
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Fig. 5 Bolt Torque Measurement System in
KTL

Table 4 Maximum torque of the bolt[5]

Bolt Size M5 M6 M8 M10
Maximum
5.7 9.7 21.0 50.0
Torque (Nm)
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Table 5 K and friction coefficient of the bolt

M5 Mé6
ms | Gfter e | @fter e Mo
cleani cleani
ning) ning)

K 0.100 0.100 0.087 0.087 0.108 0.118

Ho 0.050 0.060 0.033 0.030 0.052 0.078

My 0.073 0.067 0.077 0.070 0.092 0.078

) 0.091 0.092 0.088 0.082 0.102 0.108

) -9.0 -8.0 1.1 -5.0 -5.6 -8.5
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Fig. 10 Experimental value and theoretical value of
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Fig. 11 Experimental value and theoretical value of
clamping force of M6 bolt after cleaning
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Table 6 K and friction coefficient of M8 and M10 bolt
(a) M8
N 13] 23]
“ [EFHn ] K o mo [ FEAGN ][ OK o i
1 22.4 0.12 0.06 0.11 14.5 0.18 0.09 0.19
2 22.2 0.12 0.06 0.10 11.0 0.24 0.11 0.27
3 26.4 0.10 0.05 0.07 18.8 0.14 0.06 0.14
4 27.8 0.09 0.05 0.07 17.0 0.15 0.07 0.16
5 23.4 0.11 0.04 0.11 15.6 0.17 0.07 0.19
(b) M10
N 13 23]
M TN K o h %3 (kN) K 1y i
1 44.2 0.11 0.08 0.07 30.9 0.16 0.11 0.13
2 41.5 0.12 0.07 0.09 24.7 0.20 0.12 0.19
3 42.6 0.12 0.08 0.07 29.0 0.17 0.10 0.16
4 43.1 0.12 0.08 0.08 28.9 0.17 0.10 0.16
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