-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Kyushu Institute of Technology of Academic Repository

gbobodobooobodooodn

*s NN TR ASSMEME) R R

' Kyutacar

Fyushu Institute of Technology Academic Hepository

Effect of Pitch Difference on Anti-loosening Performance and

Title Fatigue Strength for High Strength Bolts and Nuts
Chen, Xin; NODA, Nao-Aki; AKAISHI, Yu-Ichiro; SANO,
Author(s) Yoshikazu; TAKASE, Yasushi

Issue Date | 2013-06-16

URL http://hdl.handle.net/10228/5826

Rights

Kyushu Institute of Technology Academic Repository


https://core.ac.uk/display/59263635?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

13th International Conference on Fracture
June 16-21, 2013, Beijing, China

Effect of Pitch Difference on Anti-loosening Perfor mance and Fatigue Strength
for High Strength Bolts and Nuts

Xin Chen'", Nao-Aki NODA?!, Yu-IchiroAKAISHI!
Yoshikazu SANO? and Yasushi TAK ASE?

! Department of Mechanical Engineering, Kyushu togti of Technology, Fukuoka 804-8550, Japan
* Corresponding author: xin96995@126.com

Abstract A slight pitch difference is considered betwelka bolt and nut in this study. Here, the pitch of
nut isa um larger than the pitch of bolt. In the first platiee distance, of nut screwed onto bolt without
any prevailing torque, is experimentally and aneity obtained for each level of Then, the relationship
between axial force and prevailing torque durirghtiéning process is tested. According to the obthin
torque-axial force relationship, for four differdetels ofa, the loosening experiment based on NAS3350
(National Aerospace Standard) is performed, and ltlosening and dropping status of the nuts are
investigated. Considering both the anti-loosenihtjty and the clamping ability of the nut, the deble
range ofa is discussed. After that, according to the loasgnéxperiment results, three levels wofare
selected to make a further study about the effetteopitch difference on the fatigue life of bdlte fatigue
experiment is performed and the S-N curves ardrwdaFinally, the finite element method is usedntake

a simulation of the fatigue experiment and the n&egss and stress amplitude at each thread boftbwit

are analyzed.

Keywords Bolted Joint, Pitch Difference, Anti-looseningrféemance, Fatigue Life

1. Introduction

The bolts and nuts are important joining elememgassembled easily for maintenance and widely
used because of low cost. To ensure the structfetysthe anti-loosening performance and high
fatigue strength have been always requested, ardftie, several special nuts were invented in
order to prevent self-loosening [1-3]. The previaxperimental results showed that the fatigue
strength may be improved under suitable pitch ezxisting between bolt and nut [4]. The tapered
bolt named CD bolt proposed by Nishida, indicatéghér fatigue strength experimentally and

being widely used in structures [5].

The authors previously analyzed the anti-looseeiifect and stress reduction effect for the bolt and
nut having slightly pitch difference by applyingettinite element method [6-7]. However, the
previous studies are limited to theoretical invgaions. Therefore, the effect of pitch differemce
anti-loosening performance has not been experirthgverified yet, and an experimental analysis
for the effect of pitch difference on the fatigife is also necessary.

In this paper, the M16 (JIS) bolt and nuts are eygd and designed with a slight pitch difference.
The standard M16 bolt and nut usually have the saitch of 200@m. Here, we assume that the
nut pitch is equal or slightly larger than the bpitich, and we will consider four types of pitch
difference, that isp=0, oa=dsmal, 0=0middle 8Nd a=0jaige The clearance between bolt and nut is
assumed as a common dimension of d@5At the first place, the position where the privg
torque appears will be discussed towards four rdiffe levels of pitch difference. Then, the
relationship between axial force and prevailingqtm will be experimentally obtained. To
investigate the effect of pitch difference on theti-boosening performance, the loosening
experiment will be performed by using the four girewf bolt joint specimens. Considering the
clamping force and loosening status of bolts artd during the loosening experiment, the desirable
pitch difference will be discussed. Next, accordingthe loosening experiment results, then the
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fatigue experiment will be performed to obtain 84\ curves. After that, the finite element method
will be applied to simulate the fatigue experimeartd then the endurance limit diagrams will be
discussed.

2. Relationship between prevailing torque and axial force

For the normal bolt and nut, the nut can be scresved the bolt without torque until touching the
clamped member. When a slightly pitch differencis introduced on each nut pitch, the height of
the nut increases accordingly, and therefore, duhe screwing process, the contact status witl als
changes between the bolt threads and nut thretadan Ibe imagined that the nut threads may get
stuck in the bolt threads if the pitch differences large enough, and in that case, a prevailing
torque is necessary to continue screwing the nuthéorequested position. Figure 1 shows a
schematic illustration of a screwing status appearatil which the nut becomes immovable
without any prevailing torque. Actually, as the miscrewed onto the bolt, the pitch differencd wil
be accumulated between the bolt threads. Fin&léy/two ends threads of nut contact with the bolt
threads at the same time as shown in Figure 1.r&tieally, when a pitch difference is added on
each nut pitch, the distanéewhich nut be screwed onto bolt without any torguem) be obtained
by formula (2).

L )

P 2tand tand

whered is the distance where the prevailing torque ayeds the pitch difference is the thread
number of nutg is the thread angl®, is the pitch of boltC, andC, are the clearance between bolt
and nut (see Figure 1). To clarify the mechanisour fsets specimens of bolts and nuts with
different levels of a are investigated. The four levels aof has a relationship of
0=0<0smai<omiddie<tiarge Wherea=0 represents the normal bolt and nut. As seengar€ 2 (a), the
thread length of bolt is of 42mm and the heightaifis 16mm. The clamped plate, shown in Figure
2 (b), has a width of 34.5mm. It is known that with clamped plate, the normal ndtQ) can be
screwed onto the blot untdl equals 42mm. However, with increasing the pitctiecBnce, the
fitting distanced without any prevailing torque will decrease. Tleéationship betweef and the
pitch difference are investigated. Table 1 shovesrtteasured value of fitting distanédor four
levels ofa.

Clearance e
Cy=125um ¢

Figure 1. Schematic illustration for bolt and nutieh have slight pitch difference
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Table 1. Fitting distanc&without any prevailing torque

Pitch differencex 5 o) p:f | S m—
(um) (mm) L N\ s
0 2 | L
Osmall 255%<42 L ;42]776?,_ \: \ 7 255 !
Omiddle 16<6<25.5 50 60
Olarge 5<16 (a) Without clamped plate (b)) With clamped plate

Figure 2. Fitting status [mm]

When a=asma, the nut can be screwed to the requested poditioclamped plate25.5mm)
without any prevailing torque. For the cases o&midde and o=oage @ prevailing torque is
necessary to carry the nut touching the clampete.pla

Next, we will focus on the relationship betweenadforce and prevailing torque of the bolt in the
tightening process. Figure 3 shows the experimignvakained torque-axial relationship of the bolt
during the tightening process until the nut reacties position in Figure 2(b). Whether the
prevailing torque is needed or not, for all thespube final tightening torque is set as the same
value of 70 Nm. For the normal bolt and nut, the axial forcedmwes just after the torque is
applied on the nut. At the point of torque equals NFm, the axial force, in other words, the
clamping force of the bolt, reaches 24 kN. The aafse=osma has the same torque-axial force
relationship witha=0. Whena increases tamiggies @ prevailing torque of 40 -hh is needed before
the nut becomes contacting with the clamped plateler the same tightening torque of 70mi\

the axial force of bolt is reduced by 4 kN compawegth the normal case. Whewrajage the

prevailing torque increases accordingly, on theottand, the axial force decreased significantly to
8 kN.
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Figure 3. Relationship between torque and axialefor
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3. Effect of pitch difference on anti-loosening perfor mance

Based on the torque-axial force relationship oletiabove, the loosening experiment is performed
to investigate pitch difference effect on the dotisening performance. The same specimens are
used in the torque-axial force and loosening expents fora=0, a=tsmal, 0=0middle 8Nd 0=0arge

Two specimens are investigated together for thedonimg experiment. The experimental device is
impact-vibration testing machine based on NAS335@tibnal Aerospace Standard) whose
vibration frequency is 1,800 cycles per minute, aimtation acceleration is 20G. If the vibration
cycles are over 30000, we may judge the anti-laoggperformance is enough. The specimens are
fixed on the experimental device under the samgumiof 70 Nm before the vibration starts. The
experiment device is shown in Figure 4. When thaogestarts vibrating, a counter connected with
the experiment device shows the cycles of vibratidable 2 shows the cycles of vibrations when
dropping happens and when loosening happens.

X
Impact stroke \w\ :

19mm j E_,/ Nut

N

Bolt Ny = g Mark line
N NN
V/WL%K/ ] & \\\\
7 . . A
%Vlbratlon stroke N

11mm

Figure 4. Loosening experiméde&vice based on NAS3350

For a=0 ando=asma, the nuts drops when the vibration number is geEdD0 cycles. Foti=omiddie,

the nuts does not drop before 30,000 cycles ofatitm, but the loosening is observed for one
specimen. Moreover, the axial force decreases tkN2(h this case. Fot=ajarge Neither dropping
nor loosening happens, however, the clamping ghofithe bolt and nut decreases significantly to
F=8 kN, which is not acceptable for actual appiaratit is found that, on the one hand, wheis

Table 2. Experimental result for anti-loosenfregformance

Pitch Sample Nut | Cycles for |Cyclesfor star{ Prevailing |Axial force
differencea P drop| dropping loosening | torque (N-m (kN)
0 No.1 751 - 0 24
No.2 876 -
No.3 ves 813 -
' 0 24
Gsmall No.4 1528 ]
No.5 30000 21000
Omiddle 30 20
No.6 NG 30000 30000
No.7 30000 30000 67
Ojarge 8
No.8 30000 30000 57
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too small, the expected anti-loosening performara®ot be realized. On the other hand, winén

too large, the clamping ability will decrease sfgaintly because large deformation takes place on
the bolt thread. Therefore, considering both the-lansening ability and the clamping ability,
a=dmiddie C&N be selected as the most suitable pitch diftere

From the loosening experiment results we can sag #éhproper pitch difference has a positive
effect on the anti-loosening performance of boll ant. Next, we will focus on the effect of pitch
difference on fatigue strength of bolt, considerthgee types of pitch difference af0, a=osmar
ando=omiddle

4. Effect of pitch difference on fatigue strength of bolt

4.1. Fatigue experiment

The M16 (JIS) blots and nuts, strength grade 8@&,employed in the fatigue experiment. The
specimens are subjected to a mean force of 30 kide$he cross sectional area #f the bolt is
141 mnd, the corresponding mean stress of the specime2s3idviPa. For normal M16 bolt, it is
known that the fatigue strength is about 50 MPaeH#he stress amplitude is ranged from 50 MPa
to 160 MPa in this experiment. The 392kN (40tordéy\® Fatigue Testing Machine is used with
cycling frequency 8Hz. The assembly drawing isstitated in Figure 5 and the experimental device
is shown in Figure 6. Three groups of bolt joineg@mens ofa=0, 0=0smai aNd 0=0mjggle are
investigated.

F=(3028.5)kN—(30+22.6)kN

Nut M16
100 /_
[ — »
— 95 ) Washer
© 1 I A @ 17x95x15t
2 2.5, i
v = = N
16 2 o=y S |
ETIN nail ef &
/ | f L/ @
7T ™
——————— $22($25) L | e
T | :]— = 3| -
L B | -
—-.— ,1— $22($25 2 I &
AR 23
.
kM;K Washer
% @ 19x95x15t
» < i
~.__ BoltM16x30

Figure 5. Schematic illustration of fatigue expeint [mm]
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Figure 6. Fatigue experimentl device
4.2. SN curves

The S-N curves with fatigue limit at N>210° are obtained as shown in Figure 7. It is found tha
the fatigue lives are different clearly depending tbe three levels of pitch difference. Table 3
shows the comparison between the fatigue life nbzedh by the results ai=0. When the stress
amplitude is above 80 MPa, the fatigue life dstismai is about 1.4 times larger and the fatigue life
for a=omigqielS about 1.2 times larger than the one of the nbbolh and nut of=0.

180
170

0 =0< 0 smal< & middle N

160 HA®  a=0
150 A\ /
E 140 \ L Q= A small
130 N\
& 120 \ /= O middie
T 110
=
= 100
o
IS 90
<
o 80
7]
o 70
&
50
40
30
10* 10° 10° 10’

Fatigue life, cycles

Figure 7. S-N curves

Table 3. Comparison between the fatigue lifedfe), a=0sma aNda=0imiggie (M€AN Stress,=213MPa)

Pitch Stress amplitude, (MPa)
differencea 160 130 100 80 70
0 1 1 1 1 1
Osmall 1.49 1.60 1.53 1.61 1.21
Omiddle 1.26 1.22 1.20 1.21 1.02
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However, near the fatigue limit, the fatigue lifetbree group specimens is not very different, and
the fatigue limit remains the same value of 60 Nt#i*dhree cases of pitch difference.

4.3. Investigation of thefractured specimens

Figure 8 shows the examples of fractured specirfersl30MPa) For the normal bolts and nuts, it
is confirmed that the fracture is always happenatafirst thread bottom as shown in Figure 8(a).
For the specimens ef=asmay, the fracture position is between the No.1 thraad No.3 thread of
bolt. It should be noted that the fracture surfdeege the different characteristic compared with th

(b) o=0sman  (fatigue life 242,810 cycles)

(C)o=amage (fatigue life 184,770 cycles)

Figure 8. Fractured specimeng=(30MPa)
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case ol=0. For the specimens afoniqqie the fracture position of bolt and the fractureface are
nearly same with the case®fasma

4.4. FEM analysis

For the normal bolt and nut, it is known that thegest stress concentration appears at the No.1
thread of bolt. However, whanis introduced, the contact status between boltraritds changed,
and therefore, the stress distribution along thié thoeads should be reconsidered. To analyze the
stress status of the bolt threads, the finite etdmmodels are created by using FEM code
MSC.Marc/Mentat 2007. Three models have the diffeqgtch difference of=0, a=asma and
a=amiddle iN according with the experiment. As shown in FeQ, the axisymmetric model of bolt
and nut is created. The fixed component is assuasea cylindrical clamped plate with an inner
diameter 17.5mm, outer diameter 50mm and thickBBssm. The Young’s modulus is 206GPa and
the Poisson’s ratio is 0.3 for all the materialsifolt, nut and clamped plate. In the experimédrg, t
bolt axial force F=(30+8.5)kN-(30£22.6)kN was studied. In the analysis, the bgial force F=30
+14.1kN is considered as an example. The assumelitasepFa=14.1kN is corresponding to the
stress amplitudes;=100 MPa at the minimum section of the bolt. Thaset calculation is
performed as the first step, but the results shawthe stress is over the yield stress800 MPa of
the material SCM435 for the wide region. Then, ¢hestic-plastic calculation is performed again.
Based on the mean stress and the stress amplitwela root of bolt thread, the endurance limit
diagrams are obtained as shown in Figure 10 tor&igl The fatigue limiby of the material
SCMA435 is 420 MPa. The mean stregsand stress amplituds are explained as following:
o010 O\~ O i
O-m: max mln, O-a min (2)
2 2

whereomax is the maximum stress of each thread bottom uthgemaximum load of F=30+14.1KN
andomin is the maximum stress of each thread bottom utideminimum load of F=30-14.1KN.
The endurance limit diagrams show the dangerowe téheach bolt thread. From Figure 10, we can
see that the No.l1 thread bottom has the high staesglitude and mean stress, which is
corresponding to the fracture position in the ekpent as shown in the section 4.3. In Figure 11,
when a pitch difference aismaiis introduced, the stress amplitude decreasesealthl thread
bottom. On the other hand, plastic deformation kagpmainly at the bottoms of No.7 and No.8
threads. However, the difference among the sttesigssat each thread is not very large compared

; Clamped plate

&

/ Nut

/ - |

/] 1 e I AP T R P S /Bolt
F=30£14.1kN (] Aaaa & Nk

Figure 9. Axisymmetric finite element model
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Figure 10. Endurance limit diagram torO
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to the normal bolt. For the case @fomiggle as Figure 12 shows, because of the large pitch
difference, it is seen that the mean stress vdbrasost threads is over the yield stress the radter

Conclusions

In this study, a slightly pitch difference is deség between bolt and nut. Four different levels of
pitch differencen=0, a=0smal t=0middie aNdo=ajarge are experimentally considered. The relationship
between prevailing torque and axial force for eaabe ofo. has been analyzed as the first step.
Next, the loosening experiment and the fatigue expnt have been performed successively to
study the anti-loosening performance and the fatigwength of bolt. Finally, by using the finite
element method, the effect of pitch difference lom $tress status of the bolt thread bottom has been
numerically analyzed. The conclusions can be sutmzedhas follows:

(1) Itis found thati=amiggie iS the most desirable pitch difference to realtiath the anti-loosening
and clamping abilities.

(2) Itis found thab=asman iS the most desirable pitch difference to extdrelfatigue life of the
bolt and nut. Compared with the normal bolt and, tiaé fatigue life foro=osmar can be
extended by about 1.4 times and the fatigue lifeafarmiggecan be extend ed by about 1.2
times.

(3) According to the FEM analysis, it is foundtthize stress amplitude at the No.1 thread bottom
decreases significantly fe=asma, and due to the large plastic deformation at Nod No.8
thread bottoms, the stress amplitude here is althetame as other thread bottoms.
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