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A Study on the Relationship between Tightening Torque and Axial Force of Bolts at
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Abstract

In this study, the relationship between tightening torque and axial force of bolt at the tower top flange
was investigated through a laboratory test with flange section models and a 750 kW wind turbine which had
experienced the damages of bolt at the tower top flange. Tightening torques and axial forces of bolt in these
tests were measured directly by using torque wrenches and strain gauges inserted in the bolts. Existence of
lubricant had a great influence on the axial force of bolt, while types of torque wrench had a small impact on
those. The expected axial force of bolt was obtained by torque wrenches and the variation was around 10%.
A method for quantitatively evaluating decrease in axial force of bolt was proposed by measuring rotation of
bolt. The damaged bolts in the wind turbine were also investigated and the axial forces at the damaged bolts
were completely lost, while those at the loosed bolts were more than 30% of the initial value. It was found
that the axial force of bolt decreased by about 20% after 500 hours from the exchange of bolts. This

indicates that retightening is necessary for wind turbine tower bolts.
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Table 1 Lubricants used in the tests

. Condition
Test object — -
Laboratory test Existing equipment
Lubrication on
Paste type. spra .
threads and type. sp . Y bype Paste type lubricant
and no lubricant
washers
Lubrication on . -
. Lubricant remaininng . -
internal . .. Lubricant remaininng
and nothing remaining
threads

Table 2 Torque wrenches used in the tests

Case
- Applied
Laboratory Te.st.at PP ],c Remark
fest existing  |torque wrench
equipment
1o 1~3-3 1 Single ended |Referred to as standard
wrench wrench
a1 ) Power Applied at bolt exchange
wrench 4x  |by WTG contractor
4-2 3 Hydraulic Used in construction
wrench
Power Applied at bolt exchange
4 .
wrench 9x_ |by maintenace company
‘.'11—4'-—”5" —

a) Single ended wrench

¢) Hydraulic wrench

b) Power wrench(4x)

Fig. 1 Photos of torque wrenches
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Fig. 2 Overview of the strain gauge inserted bolt in a

flange section model
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Table 3 Axial force of bolt and friction coefficient at each test case

Ratio of axial force of bolt
Lubricant on Lubricant on Toraue wrench against reference axial force
thread/washer internal thread 4 (%, upper row)
Torque coefficient (lower row) Evaluated
Case L .
) Friction coefficient
Mo Paste Spray | Nothing Single | Power Hydraulic Measurements
Paste | Spray . . . - ended | wrench Average -
lubricant |remained [remained |remained wrench (Min, ~ Max)
wrench 4x
1 o o o 104 102~105 0.0786
g 0.128 0.126~0.132 '
13 o o o 106 101~110 0.0775
- 0.127 0.122~0.132 '
89 84~95
1-3 @] (@] Q 0.0948
0.151 0.142~0,159
104 102~ 108
2-1 O O O 0.0784
0.128 0.123~0.131
2.2 o o o 93 85~102 0,0902
g 0.144 0.132~0.158 R
3 o o o 90 77~102 0.0946
; 0.151 0.132~0.174 '
3-2 O @] O o0 53063 0.1475
- ( ( 1475
0.224 0.205~0.251
106 98~112
4-1 (@] O O 0.0777
0,127 0.119~0,137
109 109
4.2 O O O 0.0744
0.123 0.123

*Reference axial force: 265 kN
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Fig. 3 Relationship between tightening torque and axial force of bolt
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Table 4 Axial force of bolt at existing wind turbine

Ratio of axial force of bolt
against reference value (%, upper row)
Case Torque coefficient(Lower row)
Average Min. ~Max.
1 106 101~109
0.126 0.123~0.132
2 95 90~99
0.141 0.135~0.148
3 93 93
0.143 0.143
4 102 100~105
0.131 0.128~0.134
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Table 5 Specifications of bolt used for calculation of friction

coefficient
Item Symbol Value
Nominal diameter of bolt d 24 mm
Pitch diameter d, 21.688 mm
Half angle of thread o 30°
Lead angle B 2.433°
Effective diameter of washer dy 41.6 mm
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Table 6 Parameters for calculation of axial force of bolt

Item Data

Bolt type/pitch F10T-M24/3.0 mm

Reference axial load, strain 268 kN, 2923 p

Length of threads 116 mm

Elongation of threads part 116%2923x107(-6)=0.34 (mm)

Rotation angle at axial force of 268 kN | 360=0.34/3.0=41(°)

Diameter of washer 42 mm

Calculated circumferential value of

washer at axial force of 268 kN 424113605 15 (mm)
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Table 7 Relationship between bolt looseness and existing
axial force ratio

Bolt | Looseness | Existing axial Damaged conditi
No. (mm) force ratio(%) amaged condition
9 — — Crack on thread part

14 6 60 No damage
15 6 60 No damage
16 10 33 No damage
17 30 0 Crack beneath bolt
head
18 — — Breakage at thread part
Breakage beneath bolt
19 — —
head
20 45 0 Crack beneath bolt
head
Breakage beneath bolt
21 — —
head
22 25 0 Crack on thread part
23 7 53 No damage
24 7 53 No damage
25 7 53 No damage
26 4 73 No damage

Table 8 Existing axial force ratio after 500hours from

exchange of bolts
Rotation at retightening
Bolt ) Existing
No | Rotor looked | Rotor looked axla! force Remark
to east to west ratio(%)
direction direction
18 0 0
19 0 0
20 0 0
Vibrometer
21 3 0 80 mounted at east
direction
22 2 0 87
23 3 0 80
24 0 0 -
25 0 0
Vibrometer
36 0 0 mounted at south
direction
Vibrometer
51 0 4 73 mounted at west
direction
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