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Fatigue strength for bolts and nuts having slight pitch difference
considering incomplete threads of nut
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Abstract

The high strength bolts and nuts are widely used in engineering structures. To investigate the pitch difference on the fatigue
strength of bolt, a slight pitch difference is considered between the bolt and nut. Here, the pitch of the nut is & um larger than
the pitch of the bolt. The fatigue experiment is conducted with varying pitch difference. The results show that the fatigue life is
extended to about 1.5 times of the one of normal bolt and nut by introducing the suitable pitch difference under the high stress
amplitude. According to the detailed observation on the fractured specimens, it is found that the fractured positions and the
crack distributions vary depending on the pitch difference. To clarify the improvement mechanism of the fatigue strength, the
finite element method is applied to calculate the stress amplitude and mean stress at each bottom of bolt threads. It is found that
the finite element analytical model considering the incomplete nut threads is useful for predicting the crack initiation under
different pitch difference introduced.

Key words :  Strength, Material testing, Stress concentration, Fatigue, Screw, Finite element method, Contact problem

1. #

RUARREAIL, AR, BEEENE SRR CHEERIA E L LTWD2, B )7 im, MR
IRIZEREZ T 2 BHRIIREOR UERIZE WIS AMET L, R UEROIR S B RIBIIK T2 Z EAFRETH 5.
AV N OREMECEFEMEA AT 5720, THETIZE K DR TOIL TV D NZE DL  IIFEACET 5
DTHD (h— Ry TS, 2002) (Rfh, 2005) (Ffh, 2008).

FREE A _EIZBE L CiadRLr MR A 2L S TR URIED IS IFEFNCIE B L7-AF%E (6, 1986) (CFEH, FEF,
2005) (ZJEfth, 1990) (Nishida, etal., 1997) (¥fth, 2011) (AJE4ih, 2008) (Noda, etal., 2011) =°, MEDiE
UVMT L DI IREEIC R IE A K OFZE R ST\ S (A, BRIF, 1966) (Yakushev, 1964) (GLiL, 1975).
AV hETFy My TFREZHETHHA60, RUILDIGTTER~DOEBIZOWTOIIX I NE TIZ L 2 S,
Vo FEEME LT, RV bFy MRIOSEMIREEZZE 2 5 Z LIZ X » TEBRENR ETE 5 LWV ) FERNME
NTW5 G B ARG EE, 2005). LavL, TNENOR UAEICAET 2I0IZER LT, KNI IHREO
vy FEICEAECEFEFRICIFR L2 Ol 7. BRIy FEEZRIT T, Ersom Lz e Lz

No0.15-00240 [DOI: 10.1299/transjsme.15-00240]

MOER, 7xu—, JUNTERY: KR THZN B Lg% (T804-8550 4@ WAL LN i P AR ALK AT 1-1)

2 BB, JUNTEAS T

B JUM TIERS: RERE TR

E-mail of corresponding author: noda@mech.kyutech.ac.jp




R (AT > MRS, 2006) (B2AF, 1989) 1372 SN TWANRTDRFITHREN TR, FH SIL5EDOHF
TTE Y FEERT D Z LKV HREMMRN LT D2 EERFEOAM LUV THLMNZ L (FRafth, 2013).
T2, BAIED EEVIEHREEZRD IO OREE v T 2T ONT S BREIT o720, JHTREICE L CIIf#hT
FEG L EBRER L OER o LTV 2 ey (BFHEf, 2015).

AW TIE, v MRACICM/NE y T2 T, ARG & RED R 5 — SO Z [FIRFC @ 5
TENRTETC, LOLIRMIBICIREETE ARV b Ty MfEEROBRR 2 &R EIEE LT D, KT,
TOOBERED 5 BIESREOBBEA IR L, v FEORE XA~ ARTICH LN T A &
HHIET 5. 22T, AR TIIK 11277 T M16 DRV k& Ty MYy FEE 5 2 TR IR Z 5810z, ok
B L AAIRESRIEMNTIC LD, o FEORTRE LIEA D= XL EZ DHBEEZALNCTS. 22T, ik
JIHRIE L~V % 5 RS & L, 2x108 9% F7BRIE 2 SR OJE 57 iR R 2R 2 R TX 5 X H 12T 5. AT, T
FORUEHOEERY OFELEE LI LOET VAR L FEM T 2479. 2 LT, B LW R & Al
WZBIT DR BRAE RO W E & LS5 L &b, WHRBRA OXREBRELED-EREITV, ARdey
F a2 T DR MREREIROIE M LD A D = X LEASNIT S, X 2 1TARFZETHWZ M16 - kDl
HEHET, M6 LLEDT > MIiXMiima CEICHEIY &b 2 EnAN b« -y MINCTEERR Loz, —
B CTHDH.ZOX I ZEWDICEY Ty FlEEOLQ CILARL MU INZEmM L 72nWZ SICER LTHTET L
BRRETD.

Bolt pitch
=2000pm

Fig. 1 Schematic diagram of bolt joint. The standard M16 bolt and Fig.2 Incomplete threads at nut ends by cut away.
nut have the same pitch dimension as 2000 um. Herein, the
nut pitch is (2000+0a) um, and o is named as pitch difference.
The clearance between bolt and nut has a standard dimension
as 125 pm.
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SCM435(Bolt) Table 1 JIS Standard of bolt and nut.
bl Strength | Yield strength | Tensile strength
. rade MPa MPa
- N g (MPa) (MPa)
% S45C(Nut) Bolt 8.8 660 830
5 oo | Nut 8 — —
400 Table 2 Material properties of bolt and nut.
: Elastic . ) Yield Tensile
1 modulus Polg‘t?g S | strength | strength
ol (GPa) (MPa) | (MPa)
Q 0.005 001 0015 002 0025 003 0035 004
Strain ¢ nggﬁ§5 206 0.3 800 | 1200
Fig. 3 Stress strain relation for SCM435 and S45C.
S45C
(Nut) 206 0.3 530 980
Table 3 Prevailing torque.
Prevailing torque (N-m)
0 0
Olmiddle 0
Ollaege 30
Fig. 4 Contact status between bolt and nut due to pitch
difference (State of prevailing torque begining). Table 4 Experimental conditions.
F1 Load (kN) Stress (MPa)* Stress ratio R
el Mean | Load | Mean | Stress o o
" i n| Washer . . R = _Mean -amp
— i load | amplitude | stress | amplitude Grmean + Tamp
EE A _:.j; g; Omean Oamp
T ¥ = 30 226 213 160 0.14
» o 622925 3 .8
- — 1 30 183 213 130 0.24
—— =1
e e 30 141 | 213 | 100 036
T S il 30 113 213 80 0.45
o Bolt M16 x 140
g 30 9.9 213 70 0.50
| 30 8.5 213 60 0.56
F

Fig. 5 Construction of bolt and nut joints used for fatigue
experiment. Here, external load F is applied to the bolt directly.
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X A= T:Area at minimum cross section of bolt (=141mne)

F :Axial force
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FERICH 2 278, I ORTIZER 2> TS, ThbbEyFEe=0 (K7@) DOABIITTFHTHLDITHL

180 : :

160 | Wis ] Table 5 Enhancement ratio of the fatigue life.
= =()
% ae | o< “ ] Pitch Stress amplitude Gamp (MPa)
: Do, 7 difference | 160 | 130 | 100 | 80 70
© 12 F \ ]
S \ a=0 1 1 1 1 1
= 100 s =0l
s %r v Tl 0= Clmicdle 149 | 160 | 153 | 161 | 121
g w0l o ] 0=owe | 126 | 122 | 120 | 121 | 102
=] 0
“? oF a0 o™ Cparge O (60)
40 L 1 "
10° 10° 10° 10

Number of cycles N
Fig. 6 S-N curves. The fatigue life for o=omie IS about 1.5
times of the standard bolt-nut (¢=0). Independent of o,
the fatigue limit at N=2x10° stress cycles is 60 MPa.
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(@) a=0 (b) 0= omigale
Fig. 7 Fractured specimens for stress amplitude 6amp=100MPa. For a=0, it is confirmed that the fracture always occurs at No.1
thread. For the specimens of o=omile aNd 0=0uarge, the fracture takes place nearby No.1 thread, and the fracture surfaces
show noticeably different characteristics.
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Fig. 8 Crack configuration observed from the surface and at the

longitudinal section A-A of the bolt when 6amy=100MPa. For
0=0, the initial crack may occur at thread No.2, and final
fracture happens at No.1 thread. FOr o=cmidgie 8N0 0=0ljarge, the
initial crack may start at No.5 thread or No.6 thread,
extending toward thread No.1 and finally fracture happen
nearby thread No.1.
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Fig. 9 Crack configuration observed from the surface and
at the longitudinal section A-A of the bolt when
Gamp=60MPa.
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Thread load F, E F. F/>F, F/<F, E < FE

F
L=
Bolt head

i

(@) Crack initiationdue to F,  (b) Crack opening and propagation (c) New crack initiation due to F”
causing R’ >F/
Fig. 10 Crack initiation and extension mechanism due to thread load, (8) — (b) — (c).
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(b) Stress distribution at No.6 thread

(d) Stress distribution at No.8 thread

Fig. 13 Stress distribution at a bolt thread when o=omiddie, Gamp=100MPa, F=30+14.1kN. The comparison of the stress variations o, csand

the equivalent von-Mises stress aeqat thread No.5 is shown in (a). Herein, the stress variation o, is taken into account. (b), (c) and (d)
present the stress o, at No.6 to No.8 thread when F=30£14.1kN, and the position of the maximum stress amplitude is marked.
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each threads when camp=100MPa. At each bolt thread
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Fig. 15 Endurance limit diagram when 6anp=100MPa. The maximum

stress amplitude and the mean stress are discussed by plotting
the results in Fig. 13 in comparison with Soderberg line
representing the endurance limit for plain specimen.
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Fig. 19 Incomplete thread model B. Fig. 20 AXi- symmetrlc - finite element model B conS|der|ng

incomplete threads at both ends of nut.
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