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Pitch of bolt 1.76mm
“itesoe on the interdaos

Tablel Dimensions of different length L

Pitch of nutis (1.75+ & ymm
, Fiteh ap % Axial fe Prevailing (T /) x 10®

9%, 1 s X

AV A A AN AN AN N N AN difference P & foree torque
7 % 5 4 3 2 1 a1 T2 3 (p:pitch) F kN Nm/m

a gm 7, Nm
Bet 1 0.06 3.02 4.93 2.47
Fig.1 Anti-loosening theory for different pitches 2 0.11 6. 04 9.87 2.45
3 0.17 9. 06 14. 80 2.46
Bottom of clgmped plate 4 0.23 12. 08 19.74 2.49
completely fixed 5 0.29 15. 10 24. 67 2.48

Contact surface

Bolt head subjected to
axial displacement

Fig. 2 Axi-symmetric finite element model

AR PACILEEM L, Babo@ENEORE. K1
WZRTEICE L ~3RCINTIE, 2 LBHIEE OEfhmE
&R AT A 720, ERICBWTE 1R U ILRED
IEHEROEMNTES. v V8 2066Pa, BT V0.3
THY, SEMEICBSTOEBRENT0.15 35, 2
ERERICHB L8R ET V5 R, R UERRICE
&5 2 HBROBERSEMHE, BT T A ClaksEm o R L
b~y REIOEEBEL, Rb b~y FENCEH EREIZEAL
BEZ2L. BEORLE - Ty FEBRY, PyFELOE
BERARBICHEANS D, RULRALOZ V752130 &%
ETH.

3. BHIEDTHRIZOWT
B o FEL 0~bum & LT, R UEHEEOEL RS
FRB. KV IWRT LS g Ly PER L 20 2
ED, Ty FOFDMTTHBELT IV RY o F bvs T3,
BERNL FOFDAT L 2RO BR(L) #RBTHIEE
HICFMETES. 7205 FRMBITIC X » TR 1 D% 3~6 14
IZET DRV M F*2ROF (D IZHW5.

d, . ,.d, d, .
. -—?:—F tan p +7F tanﬂ+7/1wF (1)
7,  ZBEILEOFTT b (T U Y 7 kA7) [N
d, : FRROEETE [m]=0. 01086m
F KT 36 RUBIZA T R0 M [N]
p’ R UEOEEA [°l=(arctan0. 3) °
B hlUo)—FfFA [°]=0.051°
d, * FEEOERE [m]=0
U, * TR O EEEARH-0. 15
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FHEFEEFER(D EFATIHFETCA—S—ay Ty
h DERAIEOTNR O ZR T - 120, BIRERE TR O -8#
ERANCRALT, ROV LY 7 M7 IERER
IEE—HL TR, BECGTMEcCE 2 L 2R L.
A== V w MFy N OFELS LSRR ORI ERRIC I,
TVARY T VT8 13.5Nm OBACR RSS2k
BIEDHEERD Y, BbE LV KEMZSRE NAS3350 125
DUz CRRARE R CHREL B E LN LIURE
FONQAYICE
RIEEyFEa ¢R(L) TRDEZTIRY T L7 %
Y. EoFERKEL RS E, TURY T My B
T 5.

4. BREICT AISITEPERSIRIZ OV T
4.1.  CD+¥ o FEOFRREORIEFEMRIC W T
Bhav¥yFEH/T5Fy e CD RV b AR

KE, L% ICD+Y vy F2E] OERKELRESZ2ICT5. ¥
Y FERDHDLAN D - F v MEREEROREO BRI %
B, B MRRBEICBT ARV FVALREORSEF R
FHES SRS L ORSEP R K 2R CERT 5.

K = Otmax 2
o

n

Z I T, 0 tmax (IR PREORRER AL (K 3@),
o (TR M E RN PR CRENEEA=72.25mm?2) T
BRlL-fEchs (K3b) .

5y FZE a=2um OFHITHRL M E F=8kN 125
12kN ¥ TELEE & 20FRCIZAEL S K, OS5 LR
9. FBORN OBEITIE, BAEFHRE K 3 KE
BFPF—ETHD. —F, VoFERDHH &, B0tk

A Net aoss section

Len o
=0l g

o+, Maxirmum tangential stress at

the root of bolt thread
(a)Definition of 6.« (b)Definition of o,
Fig. 3 Definition of X,
BEERITSHRE
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Nut

A e L N
3 ? (3 3 Ed 3 2 H - w2 <3
Bolt

(a) F=5kN when a=2um

i
i Nut
;'\/‘:%Mg’ i gz'}g/‘}%/‘fb( i/ﬁ%%ﬁg,—w?rﬁ:?;www(
Bolt HF=large

(b) FZ20kN when a=2um
Fig.4 Contact condition of threads

> TERCIWUOBEMRENELT 510, SHEPRETE
MCEDD., H4@,0) ICFBA/PENEEE PRIV E X
DOERP U ILOEREESZRT. F=5kN O & 5 Z2f5 DM BRss
BT, K 40 RERREL KB L TE-1 R LD
HEHETHD. MOMTHAFRREL 2B LE-1 RO
FHEML, SIS B, —5, (F S15kN TIX) & 1
RURECECLEIIGT F Oo#NE L bicEy35. F
DEBITREL /20T F220KN (2725 &, R UILoEAbkeE
HE 40) ORICBEOFRAL FERLL YIRS, koTE 1
NUBREICAETCARARAEF OfEME L bizk&{ARs.
EyFEL Oun 2°5 4pn FCELE® 5 L&, BT hE
F=10kN DIFEIT-DWT, IESEPREK, & R PR EARE
FBEOBFREFE 2, M6 ITTT. ERHNL Uy FEOBES
R T DITHENE Vo F 5, MR LEESEXR 7
RY. E2 LVEDMT AN F=10kN D L &, BEDOFR/L
OFFERTHE L RURETR O R VIS/EDRE 468 28
FEEL TS, CDHE Yy FEOFBETIIES AV ERT
{¥yFEa=0pm, luym OHEICE 1 RUBETENLS
NETTHE. LML, BERESRY Yy FEo=0pm Ti
K=4.22 720 98%IEHTE, Vv FEa=lun TIX K,=3.54
LD 2UARERENTND. B FENRE - LENT 5 &,
ISHETRXE SIEREN, VyFEa=2um DBE, &l
ERIE-3NURETELK=3.34 T28.6%F TEHINS.

Table2 Stress concentration factor K, when F=10kN
(for different pitches + CD bolts) boldface : maximum value

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

-3 3.33 3.34 3.34 338 3.42 3.97

-2 3.03 3.02 3.00 2.99 3.01 3.07

'
—

3.15 3.05 2.96 2.31 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 Jout KU.) Ptog RUSY |\ Eo]

0.3 1.41 2.48 3.61 4.70 0.26
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Root number

Fig.5 Stress concentration factor K for different bolt axial force in
Fig. 2 (for different pitches + CD bolts, a=2pm)

| 1 ! ! .

it

3 -2 -1 1 2 3 4

Root number

Fig. 6 Stress concentration factor K; when F=10kN
(for different pitches + CD bolts)

EyFEa® 3um ETRELTBEE1RCIUREDIGHE
PRKRELRD. ZOBE, o=2um PEEEEZOND.
ZIUTR 7 55 bBRABNERISITIEY Y F2& 0~1um
TR LOnE, VoFE 2um Throh& iz b,

4.2. Y uFEOHROFERBEL OB
BbYoFeEaT 57y NOREEY, D%, vyFE
DL OFEFER L BT B, CD+HE v FEDRFEEN Y v F 5=
DOHOFFFEE LD ENIETISTEF B T E i e
3. EoFEE Oum 5 4um FTELIETD L, O
75 F % F=10kN DBE-EITOWT, HETREK, &RV b
DR UBEESOEFREER 3, K8ITRT. T, V¥vTFE
LINSIOBWRERR 9 1TRT. R3S LYV FEOHLOREEK
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THRE vy FZEe=2um O & XIEHEPIIRLEMIN TS,
SSEAFITE3 RURETEL, K=3.93 T 16.0%EHTET
W3, CDHE v FEOFRBECIIREY v F 251X o =2um T
Ki=3.34 £ 72V, By FEDIHFFHEERLID b 12.6%% &R T
ETWA. CD AV MEEE S Z LIk W EEkASAciEm
HENHBBND. HE-3 RURETRE JEHTE TS,

5. EEMTEICKH BISEPEERRIC OV T
5.1. CD+E v FEOFEEOIS HFEEEfghRIZ N T
BIEI CRED E y F2 o ZHRYR A MRF F=10kN {2200

Tskpi-. L, EEORL FOMEIISBERICL > T
AELDZENREN. ZOK I REREY TIIh UAEICHE
SNAIGHREPFIRE L 5 DT, AFFFE TRV M8

o (MPa)

a (um)

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 | o=0Opm
no. | (normal) | e=lum | e=2pum | ¢=3pm | ¢=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 4.02 535
7 0.63 1.78 2.66 3.84 5.03
8 0.26 1.67 2.44 3.58 4.72

930

EETIBEOR UAEICAE LS SHEES OB O L
OREOREZLRDINEERTE.

9, v MHAE 10 1R X D 12 P=10+1.0kN D#EFH
TET S L& ERTS. RULUDIEHOEIIRANORN
F10# 1 R L 9kN—10kN—11kN & 2B H O VR L TR
RAENFNUETIRRIT & 250T, 22T 2 [ EUED
EERT. ZOLxOY vy FEIKTEIERUAEDLS
EOSIEEEIGTT) +(6RE) S LTRACE L. £4
XV IBEOMREETE, EFREICHET 3 ENISIHERE
FBLALREITAET, FOMHEE 124MPa Thb. FE2~E 8
AU LIS HIREIIEEA N &V, CDHE y FEORERT
I3 FE o =0um THRAE/RIFIL 55MPa TH5. By F
Z o =1pm CHERIG/HRIEIE 58MPa & 721, ik
I TWVBRIEEIE AR Y v TFEZERITHAZ L TR T

6 T T T T T T T T T T T

Kt
w

3 2 -11 2 3 4
Root number

Fig. 8 Stress concentration factor K; when F=10kN
(for different pitches)

800 L T T T
- - No.2

No.1

Fig. 9 Relationship between stress concentration and pitch difference
(F=10kN for different pitches)
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TW3. —F, EvyFEa=2um TIEE 1 A URETERG
FHENE 51MPa WAL, BHEOFEL Y 23.9% /K TE T
W5, ¥yFEa=3um 25 L, F 1 RUAVETENEH
IEIB 58MPa ML, IERRIIREL 2Y, Fok BT
TRV, K11, B4E2LETxEEY Y FE, yiy
SRR E LCEOEE, T TRAELOTHS. K11
LY COHE y FEOHEEEOHE, WIEBRERL/IELT
XBAFEOY vy FET o=2um TH5B. 2D L X DISHIREE

12

—_
<

Bolt axial force F(kN)
(o]

0123456 78 910111213
Time(s)

Fig. 10 Relationship of force and time

Table4 Variation of stress amplitude at each thread
6=0,£0, under F=10+1.0kN(for different pitches + CD bolts )

boldface : maximum value

Root a normal
1no. Opm Ipm 2pm 3um 4uym || 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 +1 +1 +2

Vol.42, No.4, July 2011.

51MPa TH Y, BE ORFEEIZ LT 23.9%5 /IRIE 5-{KR
TEBHI LTS,

5.2. B yTFEOLOREREEL DR

KIZ, By TFEDOHLRORFERE LETSH. By FEDHRD
RIS OV TR MK 10 1Z7RF X 5 12 F=10:1.0kN
DOFFHTENT B & & DOUSTN=(FEIST) +(RE) 2% 5
WWEEDE., Z2THES #hECYy FELIGTREO SR
PR 121077, K12 L0y FEOLDGE, NHEES
BLNELTEBRBEOY vy FETa=2um THSE. Tk

70

60
50 &
a0t

30

o (MPa)

20 ¢

10t

a(um

Fig. 11 Relationship between stress amplitude and pitch difference
(F=10x1.0kN for different pitches + CD bolts )

TableS Variation of stress amplitude at each thread
0=0,£0, under F=104:1.0kN(for different pitches )

boldface : maximum value

Root x
no. Oum Tpm 2um 3pm 4um
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
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o (MPa)

Fig. 12 Relationship between stress amplitude and pitch difference
(F=10£1.0kN for different pitches)
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EliZa=2um TH 5. 2721, CD+E v FEOHEVEHEED
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6. HHARIRRE L RAIREORE

Vo FENGNE, F1LACREDMNER BN TE S
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13 LVEREE v TFED o=2um D& X F=9kN ({ifEZLE
BIO&/ME) THE | ACMOROEmBEREL TS, L
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WAV, Ko T F=1IKN R THEBHESE | R UILAA#ET 5
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EAMER TE 5. BIL, A4 Mt F=Fuin~Fmax O CE
b4 5 L&, FFun DA & F=Fuax OEBEOEARKENRR
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Ty PRV MYy FEERETHFECELT, BiC
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(b)F=10kN
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H

AN e A
a ¥ s 8% 4 32

Bok

(c)F=11kN
[J:different contact surface
(% Contact surface)
Fig. 13 Contact surface for o=2um
(F=10+1.0kN for different pitches + CD bolts )
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