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Abstract— Threaded fasteners have been popularly components which were later engineered to apply to

utilized for temporary joining of machine elements due to  different fields of applications [3].
the feature that they provide high clamping force and torque

using a simple tool. However, they have the problem of The use of metallic screws as fasteners began in
loosening under vibrating conditions which leads to loss of Europe in the late 15century. The screw was used in
clamping force, and finally failure of the system. In the furniture but did not become a common wood working
present experimental work, anti-loosening ability of various  fastener until efficient machineries were developed for its
fastening elements, such as conventional nut, nylock nut, flat productive manufacture near the end df £8ntury [5]. In
washer, spring washer, inside and outside serrated washer, 1770, an Englishman, Jesse Ramsden (1735-1800),
are tested with conventional 5/8 BSW High Tension Steel invented the first satisfactory screw cutting lathe. The
(HTS) and Stainless Steel (SS) bolts. The concept of hybrid British engineer Henry Maudslay patented a screw cutting
double nut using a conventional nut and one nylock nut at |gthe in 1797. A similar device was patented by David
the outside, and adhesive bonded nut with conventional 8/8  \wjilkinson in the US in 1798. In 1908 square drive screw
BSW (both HTS and SS) bolt is also tested to obtain enough \yare invented by P.L. Robertson i’n Canada that was
resistance to loosening. On the basis of the experimental o, nqiqered a standard machine tool in North America. In
results, hybrid double nut and adhesive bonded nut can be the early 1930, head screw was invented by Henry F.
recommended for both HTS and SS 5/8BSW bolts to apply Phillios. A team of researchers lead by Euiil investigated in
under vibration conditions, as they resist loss of clamping HIpS. y Fujilinvestig '

: detail the performance of threaded fasteners under
force effectively. . e -

vibratory condition related to loosening tendency. They

Keywords—bolt; nut; washer; BSW fasteners; loosening: invented ‘'step lock bolt’ [3] showing good anti-loosening
anti-looseners, accelerated test, vibration. characteristics.

Prevention of loosening of threaded fasteners under
vibratory condition is a challenging task to engineers, and
Invention of threaded fasteners is a great innovation iengineers all over world have tried to develop some anti-
the progress of human civilization. These are used fabosening fasteners with new ideas.
temporary joining of machine elements for manufacturing
assembly, servicing, repair and replacement, etc. due %)x

their opera_tional simp!icity a_nd their ability to provide loosening tendency. He proposed causes of loosening as
high clamping force with a simple tool. HOwWever, SCréWyeq ction in axial tensile force of bolt and plastic
fasteners have an inherent limitation of loosening “ndeélongation of the bolt thread.

vibration [1] [2].

. INTRODUCTION

K. Hongo conducted [2] some experiments on variable
ial loading of threaded fasteners with respective to their

i . Gerhard H. Junker described [6] the theory of self
Screw fasteners were first used for lifting water atioosening of preloaded bolted joint subjected to vibratory
Hanging Garden of Babylon promoted by the King ofcondition, and introduced a testing machine for evaluating
Assyria in K3 century B.C. The screw was later describedocking properties. According to him, the theory of
by the Greek mathematician Archytas of Tarentum (428mechanism of self loosening of nut and bolt is based on the
350 B.C.). Archimedes applied the principles of threadecffect of friction between interacting solid bodies and
fasteners and developed a screw pump which was used fdirection of external force, and movement.

Irrigation [3.] [4]. By 1493, people started applying SCTeW  paland [7] tested various types of threaded fasteners for
to press olives in ancient Greece. Leonardo da Vinci g, loading, and gave the rule of loosening

credited for innovating and introducing usage of differenty i, metically, and by measuring the tangential strain on
screw threads by making different sketches of threadeghe syrface of the nut. He came to a conclusion that a
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loaded nut widens elastically in a radial direction at thdasteners, and prevailing torque nuts in particular, with
area near the bearing surfaces and contracts in upper partespective to mechanisms of loosening and arresting it.

. oo et al. [23] proposed a relationship to explain
Another group lead by Fujii tested the effectiveness O?glosening of bolts of plate heat exchangers, and through
screw threads, spring washers, serrated washers, nyl

inserted nuts, metal inserted nut, cover ring nut, doubl A, suggested minimum number of bolts required related
y ! 9 ' fo the force applied to suppress its loosening. Dinger and

?_Utsj[ and ti:‘tccenr:rlc néjtsj[hoi f?xv SIzes }O lresll(st IOos‘en'?.Q’riedrich [22] recently numerically assessed contact
est results showed that the popularly Known amtlteyesses, and tried to find out their effect on fastener
Ioosen!ng fasteners did not possess much resistance | sening. Basava and Hess [24] studied experimentally
loosening [8]. the loss of clamping force in a bolted joint under axial
Sase et al. [8] and Fuijii and Sase [3] proposed a newibration condition, and explored its reasons behind the
shape of screw fasteners, manufactured it and evaluated #8me.
performance in their decade long project. This shape was
named “Step-Lock Bolt” (SLB) that had eight steps with
zero lead angle at the circumference of the thread withiﬁ

one revolution of it. The efficacy in preventing the features, scope for finding out threaded fasteners with

initiation and progress of loosening was examined by, nonce anti-loosening characteristics still exists. Lot of
applying a force cyclically at right angles to the centre Imgz
3

Although lot of works were done by different research
roups worldwide to understand the reasons of loosening,
nd to develop fasteners with anti-loosening or locking

of a bolt. The SLB was found to have loosened the lea orks were done by Bhattacharya et al. [13] to explore

) 2 ; osening tendency of M10, M16, 3/8SW and 5/8
among various combinations of conventional bolt and sog SW  fasteners  with  different  bolt-nut-washer

called anti tl)gos_enmg fmrj]ts davallab][e.SL1'Bhey dalso found s mbinations applying repetitive loads at 3 Hz. However,

gzrstﬁg'béomer:%ﬁ%ﬁ; of ?{]enesfj‘a 0[3] 8] [g]n Innuatnglt\r/llgr%e present work is done at 5 Hz frequency of repetitive
K P P d H 10 ; tall .b d th loading. Anti-loosening characteristics of hybrid double

work, Fai an ess [10] experimentally observe $ut and adhesive bonded nut (with araldite adhesive) fitted

tendency of loosening of fasteners under dynamic shegly, 3,8 gSwy holt is explored, and compared with some
loads, and proposed few strategies to avoid the loosenin ther threaded fasteners availa’ble

Croccolo et al. [11] carried out experiments and validate
experimental results through finite element analysis 1. LOOSENINGMECHANISM AND ITS PREVENTION

relating the coefficient of friction in bolted joints to the .
preloading force and tightening torque requirement to Two or more parts fastened using threaded fasteners are

avoid failures of aluminium components of a motor bike. held together by the tensile force generated by the
elongated bolt and by compression generated on to the

Saha et al. [12] developed a set up to test loosening @hjects being tightened. These forces (tensile on bolt and
threaded fasteners. The testing machine was developgdmpression on object fastened) are called pretension
following a device used by Fujii and Sase [3]. AStoce Spontaneous decrease in pretension force indicates

loosening in screws occurs only when repetitive forces arerew loosening, as reported by Bhattacharya et al. [13].

applied at right angle to the longitudinal axis of bolt, theLoosening mainly occurs in threaded fasteners either

testing machine was designed with this conS|der<';1t|on\éli,[hOut relative rotation between bolt and nut or by

Using the same testing rig, Bhattacharya et al. [13] mad elative rotation of the bolt and nut. These are described in

detailed experimental investigation on the Iooseningi1 .
tendency of different combinations of fastening elementd€tail by Hongo [2], Fujii and Sase [3] and Bhattacharya

(bolts, nuts and washers) with different clamping forcest al- [13].

under repeated oscillatory motion. With the same set up, | gosening can be minimized by change of thread

Mahato and Das [4], Panja and Das [14] and Samanta et @ksign, or by use of various locking nuts as stated in the
[15] [16] carried out experiments on antl—loosenmgfouowing_

characteristics of various threaded fasteners.

Different groups through out the world worked on A. Prevention of Loosening by Change in Thread Design

loosening nature of threaded fasteners. Izumi et al. [17] Loosening caused by relative rotation can be
[18], Sanclemente and Hess [19], Cheatham et al. [Zonumm_lzed by.redugmg lead angle and_ flank angle, and
Eccles et al. [21], Dinger and Friedrich [22] carried outreéducing relative sI|p_ betwegn the b_earlng surface of nut
experimental or analytical studies on the looseningnd fastened material by introducing a taper, etc. as
behaviour of different threaded objects. Three dimensiondletailed by Fujii and Sase [3] and Bhattacharya et al. [13].
finite element analysis (FEA) was performe(_JI by Izumi etg  prevention of Loosening by Use of Various Locking

al. [17] to understand the effect of friction and the  \is

loosening tendency between fastening elements. Later on, ) _

Izumi et al. [18] performed similar analysis using double A Variety of locking fasteners are used nowadays by
nut and spring washer and validated the FEA results witf@jor companies. Through the efforts of the American
that of the experimental findings. Sanclemente and Hed¥ational Standards Subcommittee B18:20 on locking
[19] did loosening tests of threaded fasteners under cycli@steners, three basic categories of locking fasteners have
transverse loads, while Cheatham et al. [20] performebieen established. They are free spinning, friction locking
tests and finite element analysis of secondary lockingnd chemical locking [9] [25].

features in threaded inserts, Eccles et al. [21] made a

detailed overview and analysis of anti-loosening threaded
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‘Step lock bolt’ has been reported by Sase and others In this work, adhesive is used in one set of
[8] to show anti-loosening property by putting ‘step parts’experiments. Adhesive bonded nut is locking of chemical
having no lead angle at certain positions on to the bolt. I6ategory which fills the gap between the male and female
aero-tight nut, a torque prevailing nut of all metalthreads and bond them together; epoxy based high strength
construction, the nut is slotted in two places which, afterAraldite’ adhesive (grade: Mechanik) is used in this case.
the nut has been tapped, are bent slightly inwards anbhickness of adhesive is not more than 1mm, as the gap
downwards. Nylock nuts are also used to increase frictiofVailable between nut and bolt threads are less than 1 mm.
between nut and bolt threads thereby reducing loosenin’¢ @dhesive covered joint is kept for 24 hours within

endeny 3 (3], Vo ot tocmaies acussal 025 SeC1e. The aralc 1o 5 sandard cpy
above hayg been proposed and are being used in dlﬁcereIf‘r’\/t. Ltd. While loosening the nut, application of somewhat
threaded joints [25].

high torque is found to be sufficient, and this does not

lIl.  DETAILS OF EXPERIMENTATION damage the fastening element.
A. Experimental Setup TABLE 1. DETAILS OF CLAMPING CONDITIONS FORS/8"BSW x 8”
- . . HTS CONVENTIONAL BOLT
An indigenously developed Test Rig, as reported in
Bhattacharya et al. [13], is used with some modifications Sl Nut used Washer | Initial Clamping force
for carrying out experiments to judge anti-loosening ability] NO- used fC'ampt'”g a.flfe{. 1100t°
of threaded fasteners. There are a load cell and a load orce (ton)  oscillations (ton)
indicator (compression type, Make— Sushma, Bengalury; | Conventional e 190
India, Model SLC-302) to observe clamping force. The nut - -
testing rig provides a repeated oscillatory motion tg 5 | Conventional Flat 1264 1191
achieve vibration of fixed frequency and amplitude for nut_ washer ' '
desired number of oscillations. Rotational speed of the cam 3 | Conventional SP"QQ 1.276 1.234
shaft is measured with a tachometer, and it comes to be nut "I‘f‘ssl‘ dzr
300 RPM and motor speec_i is 1480 RPM. In this way, the , | Conventional | . o0l 1 566 1229
rocking plate strikes 300 times a minute on the clamped nut washer
plate with an amplitude of 0.2 mm. Conventional | ©utside
_ 5 o serrated | 1.267 1.232
washer
6 Nylock nut 1.267 1.246
7 | Hwbrid double) 1.276 1.264
Adhesive
bonded nut 1.269 L1257

Hybrid Double Nut is used in another set of
experiments. It is a combination of one conventional nut
Testing . . .
Block = and one nylock nut. In this case, first a conventional nut
: and then a nylock nut are used for clamping.

Fig. 1.  Pictorial view of the test rig.

The rocking plate transmits vibration to the plate
clamped to a fixed structure using the nut and bolt
assembly under test. Setup of the testing device is shown
in Fig.1. The vibration provided is of repeated hammering
in nature. Due to this vibration, fasteners begin to loosen,
decreasing the corresponding clamping force. All the tests
are repeated once, and average readings are used for data
presentation and analysis.

B. Details of Fasteners Tested

Different available known-to-be anti-loosening
fasteners have been used for loosening tests. The clamping
conditions and number of oscillations allowed for the
experiments are shown in Table 1 and Table 2.
Photographic view of a nylock nut is shown in Fig. 2, and
Fig. 3(a-d) depicts the photograph of different washers
tested such as flat, spring, inside and outside washers.

Fig. 2.  Photographic view of a nylock nut
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Fig. 3. Photographs of washers used [Top from left: flat, spring washerHTS bolt. Higher friction between nut and bolt along with

bottom from left: outside serrated and inside serrated washer] the pre-loaded force and torque existing additionally

between two nuts may have promoted the anti-loosening
IV. RESULTS ANDDISCUSSIONS characteristics of this hybrid double nut.

Fig. 4 shows the tendency of loosening clamping force
with the increase in the number of oscillations of different ——A— Conv. Nut ——¥— Outside Serrated Washer
kinds of high tension steel (HTS) fastening elements a < S : N e
detailed in Table 1. From this plot, it is observed that — & Inside Serrated Washer —3—— Adhesive Bonded Conv. Nut
initially up to about 1000 oscillations the rate of loosening | ,4;
is quite high. After certain number of oscillations, the loss L
of clamping force becomes less. In most of the test case 1280 |—
other than that of conventional fasteners with or without
flat washers, rate of loosening reduces significantly afte 7%
few thousand of oscillations. The plot shows that the use ¢
spring washer, or inside or outside, serrated washer ce
reduce the loss of clamping force to a noticeable exten = 1250
However, flat washer does not at all give any effect tc3
arrest loosening under vibration, and shows similar 5 "4
loosening tendency as that of a conventional threade g ,., N
fasteners. Spring and serrated washers are expected &
impart some anti-loosening tendency as they tend to inde1Z 1.220
on the bearing surface of the nut or the clamped plate
However, this is experienced not to show the desirec !21°
performance. The same was also experienced by Fujii ar
Sase [3].

1.260

1.200

1.190

TABLE Il DETAILS OF CLAMPING CONDITIONS FORS/8"BSW C | . | . | | | | |
X 8" SSCONVENTIONAL BOLT 1180 0 2000 4000 6000 8000 10000
SI.| Nutused | Washer| Initial Clamping force No. of oscillations
No. used clamping after 11000 Fig. 4. Comparison of loosening for 5/8” BSW HTS bolt with different
force (ton) | oscillations (ton) nut and washer under vibration.
| Conventionall 1.273 1.212
C - | =] —— Conv. Nut —W—— Out Serrated Washer
2 onventional at 1.275 1.222 —@— Flat Steel Washer ——H— Nylock Nut
nUt_ Wagher —=—— Spring Washer ——%—— Hybrid Double Nut
3 Conventional| Spring 1.272 1.229 ———— Inside Serrated Washer —————Adhesive Bonded Conv. Nut
nut washer ) ) 1290
Conventional Inside ‘
4 serrated 1.271 1.233 A
nut 1.280
washer |
. Outside 12708
5 Con‘fuqt'ona' serrated | 1.269 1.234 ‘
washer 1.260
6 Nylock nut --- 1.277 1.249 _
T £ 1250
yor £
7 double nut 1.275 1.259 § 1240
Adhesive <
8 | bonded nut 1282 1.268 E 1.230
g
5 1220

A nylock nut has a nylon ring inside the nut to raise
friction between threads. It is seen that use of nylock nu 1210
gives some resistance to loosening for the HTS bolt
Adhesive bonded nut is found to have comparatively goot
anti-loosening fasteners under vibration with that of nylock 1190 —
nut. Adhesive bonded nut is locking of chemical categorie: r
which fill the gaps between the male and female thread "% 2000 2000 000 5000 10000
and bond them together. In this way, it tries to resist No. of oscillations
rotation Of. the nuf[ relatlv.e. to the bolt, and hence, Cause}'—%g. 5. Comparison of loosening for 8/8SW SS bolt with different
good anti-loosening ability of the threaded fastener, s and washers under vibration
Hybrid double nut shows quite high ability to resist
loosening under vibration. Dual effect of double nut and  Similar to HTS bolts, plots shown in Fig. 5 depict
friction raising nylock nut may be the main reason behinghnitial high rate of loosening in most of the tests, followed
the anti-loosening characteristics of the hybrid double nuby slow loosening rate after certain number of oscillations
having one simple nut and one nylock nut fitted on theor 5/8° BSW stainless steel (SS) bolts. From these

1.200 —
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experimental plots, it is seen that flat washer does not givél
remarkable effect to arrest loosening under vibration, and
shows almost similar loosening tendency as that of
conventional threaded fasteners. Use of spring washer,
inside, or outside, serrated washer shows only marginal
improvement of anti-loosening nature of these. Hybrid
double nut and adhesive bonded nut are found to bmg
comparatively good anti-loosening fasteners under
vibration, followed by nylock nut. In this test on stainless
steel (SS) bolt, adhesive bonded nut shows minimum loss
of clamping force under vibration. High strength bonding[s]
between the nut and bolt with the application of adhesive is
likely to be raising the resistance against relative rotation
between nut and bolt. In this way, good anti-looseningg)
ability of adhesive bonded threaded fasteners can be
obtained.

For both HTS and SS bolt materials, hybrid double nuP]
and adhesive bonded conventional nut render large
resistance to loosening under vibration, and hence, theg®
techniques can be recommended for applying in temporary

joining of components using threaded fasteners. -
V. CONCLUSIONS

From the experimental results and discussions madgg,
with different combinations of fastening elements,
following conclusions may be drawn.

1. It is found that flat washer do not prevent Ioosening[n]
considerably in contrast to the common perception.
Even the use of spring washer, inside serrated washer,
or outside serrated washer, gives marginal antifl2]
loosening characteristics for both high tension bolt
(HTS) and stainless steel (SS)'5BSW bolts tested.

2. Nylock nut shows good anti-loosening ability and lesg13]
possibility to loosen for both HTS and SS'5BSW
bolts in vibrating environment. The nylock nut
provides an extra friction grip on the bolt thread to

A . [14]
resist loosening.

3. Hybrid double nut using one inside conventional nut
and one nylock nut on the outside is found to prever;[rm]
the loosening quite effectively compared to a singl
nylock nut. Use of the adhesive bonded nut also
provides enough resistance to loosening in comparison
with the nylock nut, and it shows similar locking [16]
characteristics as that of hybrid double nut for both
HTS and SS bolts, and hence may be recommended.
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