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Abstract: Many types of locking nut are commercializing in the various industries where has heavy vibration.
Because nut's loosing causes a serious accident. But the most locking nuts are too expensive as the complicate
manufacturing process. In this study, we design the new type of locking nut, "Curved-Nut" that is relatively
simple making process. We study a relation between the elastic energy and the nut loosing mechanism. So it
is analysed, the elastic energy of Curved-Nut comparing with the locking test. The Curved-Nut was
manufactured on the commercial nut using a milling tool with horizontal cutting, one or two time under the
nut. As the result, the more elastic energy the more prevent the loosing of the nut. We verified the
performance of the loosing nut using the vibration testing equipment (NAS3350).
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(a) Hardlock Nut
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(b) Hyperload Nut
(JAPAN)

(c) Lanfranco

Nut (FRANCE)

Fig. 1 Conventional locking nuts
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Fig. 2 Basic Curved-Nut structure (Single Curve)

R,Curved Radius
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Fig. 3 Single Curved-Nut design(M16)
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u Table 1 Material property of AISI 1045 steel for
. Z/'; ‘ z i % % ) Curved-Nut modeling
% 7 é | Density Modulus of elasticity
s s ! 7850 kg/m’ 2.05x10' N/m?
! P ’ Poisson Ratio Yield Strength
0.29 530Mpa
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Fig. 6 Setting of curved nut on the fixed edge base
for modeling (SolidWorks)
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ASFA T No.di= RI29F R24.89% A7} o where, F = initial tension or preload
No. 55 WHAl& R24.80%= A3} F5U3sH R9.96C T = torque
2 AASYE Curved-Nut A2 7]E9] Ml16 d = diameter

UE A End 2R (=EH)ETTE AHEste] 3 K = torque coefficient(0.2 for dry surface)
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Table 2 Simulation result for the elastic energy of
Curved-Nut for different types

0.34503(N - m)
Single Curve No.l

0.42377(N - m)
Single Curve No.2

1.81390(N - m)
Single Curve No.3

0.37188(N - m)
Double Curve No.4

0.34989(N - m)
Double Curve No.5
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Table 3 Geometry of nut and bolt clamping jig for
NAS3350, and the testing condition

Long hole width A 31.8 (mm)
Long hole width B 50.7 (mm)
Washer-tube internal dia 16.3 (mm)
iner-tube external dia 31.5 (mm)
Washer external dia 43.2 (mm)
Washer thickness 5.4 (mm)
Washer unit weight 58.4 (g)
Frequency 1800(c.p.m)
Angular frequency 188.4(rad/s)
Vibration amplitude 1.9(cm)
Vibration velocity 34.4(cm/s)

L

Washer

=)

hole width A

N

o
<

4

}

Fig. 7 Vibration mode of nut with clamping jig for
NAS3350 forced direction of vertical axis
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Table 4 Result of vibration performance test, Un-
locking times

Single Curve No.1 Single Curve No.2

Torque Time Torque Time
70N - m 00:19 70N - m 00:20

100N - m 00:55 100N - m 02:42

120N - m 09:15 120N - m 07:26

150N - m 17:00 150N - m 17:00
Single Curve No.3 Double curve No.4
Torque Time Torque Time
70N - m 00:44 70N - m 00:19

100N - m 16:16 100N - m 00:49

120N - m 16:44 120N - m 14:39

150N -m 17:00 150N - m 17:00
Double curve No.5

Torque Time

70N - m 00:18

100N - m 01:32

120N - m 09:59

150N - m 17:00

__Clamping jig

Curved-Nut

Fig. 8 Vibration testing machine NAS3350 for
locking Curved-Nut

AA¥ &% EAES 70, 100, 120, 150N-m= o}
ol AlFaleitt. zk mdl 3 24w e A FHES &)
gom 7 B3 7 6wl AFL Fale] YET}
8 NS 7ESY ES E3 NS F
Fo 2 AEsle] 71589t} Table 49 X5 E
A%E el A8A7 WAt 7
A No3 Edlo] A E70] 2A 714 ol
YA AnE YeEdh

=]
5. 23 24

=

m
Lo
o
rlo
°

Eg} BE| YAapibAlel ] mf

A % 4 A 203

Local interference

Fig. 9 Local interference with the base of No.3
Curved-Nut (section-view)
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Fig. 10 Friction energy analysis of locking for
conventional nut and Curved-Nut
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