i 20114591
BRHEyTFEFETHTy FERUIIES 2R L
AV hORERIT X DAV FIRER RIZ-DOUWT
BB 5 ORYHE MIEY e R0 miE R EE 0
Stress Reduction Effect of Tapering Thread Bolts and Nuts
Which Have Slightly Different Pitches

Yang Xiao Quan Wan Nao-Aki Noda Yu-Ichiro Akaishi Yasushi Takase Shin-Ichi Nishida

Previously several methods were proposed to reduce the stress concentration through improving bolts and nuts profile. Among those
methods, (1)Tapering thread bolt (CD bolt) were proposed for stress reduction and (2) Special nuts were designed to have slightly different
pitches. In this paper, a kind of nut is designed with providing slightly different pitches between the CD bolt and nut, so that the prevailing
torque is appearing in order to obtain the anti-loosening and stress reduction effects. It is found that the maximum static stress concentration
can be decreased by 28.6 %, and the maximum stress amplitude can be decreased by 23.9 % compared with the cases of standard bolts

and nuts.
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Fig.1 Anti-loosening theory for different pitches
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axial displacement

Fig. 2 Axi-symmetric finite element model
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Table1 Dimensions of different length L

Pitch Prevailing
. ap % Axial force (T /o) X 108
difference torque
(p:pitch) FkN Nm/m
a um T, Nm
1 0.06 3. 02 4.93 2. 47
2 0.11 6. 04 9.87 2.45
3 0.17 9. 06 14. 80 2. 46
4 0.23 12. 08 19.74 2. 49
5 0.29 15. 10 24.67 2.48
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Fig.4 Contact condition of threads
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Table2 Stress concentration factor K, when F=10kN
(for different pitches + CD bolts) boldface : maximum value

Root normal
no. o=0pm | o=1pym | o=2pm | a=3pm | a=4pm || bolt-nut

-3 3.33 3.34 3.34 3.38 3.42 3.97

-2 3.03 3.02 3.00 2.99 3.01 3.07

1
—

3.15 3.05 2.96 231 1.86 3.15

4.22 3.54 3.01 4.04 4.92 4.68

2.79 3.01 3.14 3.94 5.51 3.03

2.02 2.53 3.17 3.74 4.06 2.27

1.5 2.20 3.04 3.98 4.54 1.71

1.07 1.95 2.93 4.14 5.08 1.25

0.74 1.76 2.85 4.08 5.34 0.89

0.51 1.66 2.74 3.90 5.07 0.63

(= BN [o)) R/ Bon EORY | O] o

0.3 1.41 2.48 3.61 4.70 0.26
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Fig.5 Stress concentration factor K; for different bolt axial force in
Fig.2 (for different pitches + CD bolts, a=2pm)
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Fig. 6 Stress concentration factor K; when F=10kN
(for different pitches + CD bolts)
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Fig. 7 Relationship between stress concentration and pitch difference
(F=10kN for different pitches + CD bolts )

Table3 Stress concentration factor K; when F=10kN
(for different pitches)
boldface : maximum value

Root | a=0pm
no. | (normal) | a=lpym | a=2pm | o=3pm | o=4um
-3 3.97 3.97 3.93 3.98 4.04
-2 | 3.07 3.06 3.05 3.04 3.04
-1 3.15 3.05 2.95 2.06 1.47
1 4.68 3.68 3.00 4.44 5.49
2 3.03 2.99 3.14 3.95 5.40
3 2.27 2.56 3.17 3.78 4.72
4 1.71 227 3.04 4.06 4.78
5 1.25 2.04 2.93 4.16 5.32
6 0.89 1.89 2.84 4.02 5.35
7 0.63 1.78 2.66 3.84 5.03
8 0.26 1.67 2.44 3.58 4.72
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Fig. 8 Stress concentration factor K; when F=10kN
(for different pitches)
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Fig. 9 Relationship between stress concentration and pitch difference
(F=10kN for different pitches)
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Fig. 10 Relationship of force and time

Table4 Variation of stress amplitude at each thread
0=0,,=0, under F=10+1.0kN(for different pitches + CD bolts )

boldface : maximum value

Root a normal
no. Opm lpum 2um 3um 4um | bolt-nut

462 461 462 467 472 536
3 +46 +46 +46 +45 +45 +54

421 417 415 414 415 425
-2 +42 +42 +42 +41 +40 +42

438 423 402 314 232 436
-1 +44 +44 +51 +58 +52 +44

553 488 433 564 666 611
1 +55 +58 +26 +28 +20 +67

372 408 448 547 744 286
2 +37 +35 +48 +0 +9 +28

261 336 439 523 605 195
3 +26 +23 +25 +19 +53 +19

183 288 421 545 642 140
4 +18 +16 +13 +25 +25 +14

122 251 401 567 706 96

5 +12 +12 +8 +7 +29 +9
77 222 378 547 723 62
6 +8 +6 +6 +3 +1 +6
48 196 344 498 655 38
7 +5 +4 +4 +2 +£2 +4
28 141 261 384 507 17
8 +3 +2 +] +1 +] +2
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Fig. 11 Relationship between stress amplitude and pitch difference
(F=10+1.0kN for different pitches + CD bolts )

Table5 Variation of stress amplitude at each thread
0=0,£0, under F=10+1.0kN(for different pitches )

boldface : maximum value

Root a

no. Oum Tum 2um 3pm 4pum
536 537 539 546 553
-3 +54 +54 +53 +52 +52
425 432 422 421 421
-2 +42 +42 +42 +42 +42
436 422 397 270 139
-1 +44 +44 +54 +66 +66
611 504 434 607 740
1 +67 +62 +22 +19 +22
286 381 449 550 746
2 +28 +28 +47 +1 +2

195 319 438 528 654
3 +19 +19 +23 +19 +12
140 280 420 556 663
4 +14 +14 +12 +22 +24
96 248 400 570 732

5 +9 +10 +8 +5 +13

62 220 377 547 722
6 +6 +6 +5 +2 +3

38 190 337 492 649
7 +4 +4 +4 +2 +2

17 137 258 381 505
8 +2 +2 +1] +1 +1
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Fig. 12 Relationship between stress amplitude and pitch difference
(F=10£1.0kN for different pitches)
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Fig. 13 Contact surface for o=2pum
(F=10£1.0kN for different pitches + CD bolts )
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