
International Journal of Advanced Scientific and Technical Research                      Issue 5 volume 3, May-June 2015 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 97 
 

Thread profile and wear properties of flank lock type 

precision locknut while suffering from preload  
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ABSTRACT 

 

This study investigated the thread profile and wear property of flack lock type 

precision locknut suffering from preload while the threaded fastener was assembled in a 

horizontal type.  The variations of thread profile and surface roughness during the test can 

be obtained by using some specific instruments.  The study took M40×1.5P flan lock type 

precision locknut as sample for the test.  A torque-axial force tightening and loosening 

test machine is used to explore the effects of different ways of preload on the structure 

and performance of flank lock type precision locknut.  The way of preloading can be 

continuous or segmented.  If the sampled locknut is loosened during the loosening test, 

the locknut is not dismantled but continuous to preload. Then, the method of preload is 

referred as continuous preload.  If the locknut is dismantled completely after the loosening 

test, then, it is re-assembled back again to go on the next preload procedure. The way of 

preloading is called as segmented preload.  The relationship of tightening and loosening 

torque/axial force can be observed from the types of preload. Experimental results show 

that the way of segmented preload gets a better preloading performance than continuous 

preload does. For an anti-loosening performance, it is also found that a segmented preload 

is better than the result of a continuous preload.  However, a segmented preload method 

can cause a serious destruction on the locknut’s structure. 

 

Key words:Flanklock type precision locknut, friction coefficient, anti-loosening ratio 
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INTRODUCTION 

In the recent years, with the supply of raw materials and manufacturing techniques gradually 

improved, a variety of locknuts are created and continuing to innovate and improve. These 

locknuts are applied on the more sophisticated industrial machinery, and instrument. 

Precision locknut is one of the important components in the precision industry. Precision 

locknut (anti-loose nuts) usually is fitted together with bearings. For example, it is used to 

lock the rotating lead screw and spindle, and some other workshop tools, which are required 

solid locking in rotating machinery. It can effectively improve the flexibility of lead screw 

and shaft assembly.  Threaded fastener is simple to assembly.  And, it also can extend the life 

of a component, which is also related to the precision and quality of products. 

A test guide from ISO 2320 [1] shows that an official test to an effective torque type steel 

locknuts should be preceded after the five times of tightening-loosening procedures.  The 

performance of an effective torque type steel locknut is reducing with the increase of the 

number of repeated use.  Therefore, users should consider the impact of the performance 

decline before the nut be reused again. The clamping force and tightening force of fastener 

and its related parts under the external torque conditions can be found in ISO 16047 [2].  

Since the 1960s, there are many researchers have been noticed the properties of threaded 

fasteners to improve the performance of machine system. The findings of the studies [3-4] 

showed the characteristics of the anti-loosening locknut. Tstsui [5] showed that the amount 

control of bearing preload for the spindle system of machine tools has a great influence on the 

machining precision and fatigue life. Hagiu and Gafitanu [6] showed how to utilize the 

theoretical and experimental methods to explore the effect on bearing life by the change of 

preload. The result presented that the preload value must be controlled within an appropriate 

range to prolong bearing life.  

Reid and Hiser[7]observed that the axial force of the bolt and the resulting preload is an 

important key to determining the slip phenomena of couplings. Eccles et al.[8]presentedthat 

the study used zinc plated threaded fasteners to carry out repeated tightening-and-loosening 

experiment. It was to investigate the change of friction coefficient with repeated tightening 

state at the fixed experimental conditions.  It was found that the friction coefficient of the 

locknut is getting increase as the number of tightening-and-loosening increases. The friction 

coefficients of the thread surface and the seat surface in the first four experiments showed an 

increasing in the case.  However, it became gradually stabilized after the fifth experiment.  

The axial force has the highest value occur in the first tightening. The study provided an 

insight into the variation in the torque-tension relationship for threaded fasteners.  

Liu et al.[9] investigated the fatigue properties of bolts and threaded fasteners. The results 

indicated that the fatigue life of fasteners will be shortened with the locking force increasing. 

Past studies mostly focused on the investigation of tightening torque, axial force of threaded 

fasteners, but wear properties. However, Moorthyand Shaw[10] showed the micro-pitting 

incurred on a coated gear in detail. The research indicates that these micro-pitting are caused 
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by stresses which induced from the contact with other objects and lubricants.  The research 

also stated the formation of voids.  

Chen et al.[11]presented that different assembly cannot affect the variation of the axial force 

of locknut. Chen and Sun [12]further showed that a significant wear was generated on the 

surface of flank lock type precision locknut after the dynamic test.  It was also found that the 

axial force and the anti-loosening ratio existed a tendency that the higher the anti-loosening 

ratio is, the less the axial force decline. Chen et al. [13]claimed that the thread surface 

characteristics of flank lock type precision locknut can be affected under different dynamic 

state. The study simulated the loosening states of the assembly of locknuts in a ball screw or a 

precision machine tool spindle, while subjected to dynamic conditions in the case. Chen and 

Sun [14]investigated that the thread surface roughness has been changed for different 

tightening speed.  The experiment found that some of variations occurred in the values of Ra, 

Rz and Rmax. The variation of Rmax is the most among them.  However, it represented no 

significant variation in the thread angle and thread pitch. Chen and Sun [15] showed a 

complete profile of thread surface morphology of clasp lock type precision locknut in 

dynamic states to understand the wear properties of threaded fasteners.  

This study further investigates that the thread profile and wear property of flack lock type 

precision locknut suffering from preload while the threaded fastener was assembled in a 

horizontal type. This information can provide designers to improve the quality of locknut in 

the future. 

 

THE THEORY OF MECHANICS FOR THREADED FASTENERS 

The theory of threaded fasteners can be found in the book, Design of Machine Elements 

bySpotts [16], and the book, Mechanical Engineering Design by Shigley and Mischke [17], in 

details. For the applications of locknut without regard to radial locking by a set screw, the 

tightening torque TF can be ex-pressed as the following: 

TF=KFdm(1) 

Where K in equation (1) is the torque coefficient in the tightening condition, F is the axial 

force in the tightening condition, and dm is the pitch diameter. 

The loosening torque of locknut, TL can be written as: 

TL=K'Fdm(2) 

Where F in equation (2) is the axial force in the tightening condition;dm is the pitch diameter. 

K' is the torque coefficient in loosening condition.  The two coefficients can be expressed as 

the following: 

K=
1

2
 

 tan β+μ sec α 

 1-μ tan β sec α 
+

dwμw

dm
 (3) 
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K'=
1

2
 
 -tan β+μ sec α 

 1+μ tan β sec α 
+

dwμw

dm
 (4) 

The thread surface friction coefficient of precision locknut, μ
S
, is expressed as: 

μ
S
=

2T-Fdm tan β

Fdm sec α+2T tan β sec α
(5) 

 

Where μ
S
 in equation (5) is the thread surface friction coefficient; F is the axial force in the 

tightening condition;dm is the pitch diameter of thread;βis the lead angle；α is the half of 

thread angle. 

The contact surface friction coefficient of precision locknut, μ
w

, can be written as: 

μ
w

=
dm

dw
 

2T

Fdm
-

tan β+μ sec α

1-μ tan β sec α
 (6) 

Where μ
w

 is the contact surface friction coefficient in equation (6); F is the axial force in the 

tightening condition;dm is the pitch diameter of thread; μ is the friction coefficient of contact 

surface; β is lead angle; α is the half of thread angle; dw  is the mean diameter of effective 

friction surfaces on the contact surface.The anti-loosening ratio Tris defined as follows: 

F

L
r

T

T
T  (7) 

Where TL is loosening torque; TF is tightening torque.Anti-loosening ratio represents the ratio 

of a tightening torque and loosening torque. If the case of anti-loosening ratio tends to 1, the 

better the anti-loosening ability of the unlocking set screws is.However, it is not the case 

when the set screw is in locking. The ratio is likely greater than 1. 

EQUIPMENT, SAMPLES AND METHODS  

 

Equipment 

1. Roundness instrument 

In this study, the roundness was measured by Japanese Mitutoyo
1
 roundness instrument, a 

model RA-120P.  The instrument can measure a roundness parameter for precision 

mechanical parts; the maximum detection diameter is 280 mm; maximum work-piece 

diameter is 440 mm; maximum work-piece weight is 20 kg; the maximum height is 280 

mm; the maximum measuring depth is 100 mm; and the stylus measuring range is ± 

1000μm; its rotation speed is 6 rpm. The samples were hold in the measuring end table, 

and then moved the probe, which was stopped on the position of measurement.  After the 

horizontal coordinate of the platform was calibrated, the measurement can be started.  

                                                 
1Mitutoyo Corporation is a Japanese multinational corporation specializing in measuring 

instruments and metrological technology in Kanagawa, Japan. 
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When measuring, the platform will rotate in the center to turn twice.  In this way, the 

probe would contact with the sample and detect the flatness of seat surface of the 

precision locknut at the position. 

2. Surface roughness tester 

In this experiment, the surface roughness tester is a portable type, named as Mitutoyo SJ-

210 type.  The specification of the instrument is as the following: the measurement range 

is the vertical direction (Z) 100μm, the transverse direction (X) 17.5mm; minimum range/ 

resolution is 25μm/0.002μm.; the radius of the stylus tip is 2μm; the measurement speeds 

are 0.25, 0.5, and 0.75 mm/s; the return speed is 1 mm/s;  the measuring force is 0.75mN.  

The principle of surface roughness testing is to use a stylus to contact and move on the 

work surface to collect the resulting vertical displacement signal, an analog signal, by the 

detection device.  The data is amplified, sampled and digitalized by data processor and 

converted into the required information.  The information will be output as digital signal, 

including parameters and graphs. The surface roughness has been standardized by 

international associations.  The most common method to represent is the center line 

average roughness, Ra (arithmetic mean roughness value, ISO/DIS 4287/1), defined as the 

arithmetic average deviation values of the distance from the center line along the entire 

sample length. There are many different roughness parameters in use, but Ra is by far the 

most common though.  Roughness is often closely related to the friction and wear 

properties of a surface. 

3. Torque and axial force test for precision locknut 

For precision locknut torque–axial force testing machine, the main function is to measure 

the tightening torque, the loosening torque and axial force of precision locknut in vertical 

assembly.  The suitable size of nuts: the maximum nominal diameter can be detected in 

M50.  Torque sensor: the maximum torque can be 2000 N-m, maximum motor speed is up 

to 23.75Hz (It was set to 6 rpm for the safety during the experiment). Axial force sensor: 

the maximum axial force can be measured up to 98000 N. 

 

Samples 

 

1. The jig 

This experiment simulated the standard bolt used in the precision threaded fasteners such 

as ball screw, precision spindle system.  The bolt is made of chromium molybdenum alloy 

steel, SCM21, with hardness HRC55~58, the precision of the external thread comply to 

standard ISO 967-3, tolerance class 4H in precision grinding. 

2. Flank lock type precision locknut 

The samples used in this experiment were precision locknuts, produced by Hsiang Kai Fu 

Co., Ltd. (NIKKI)
2
.  The locknut body is made of chrome molybdenum alloy steel SCM 

440, a hardness of HRC 28~32. The internal thread precision is based on ISO 965-3 with a 

tolerance class of 5H.  The set screw is classified as hexagon set screw, made of chrome 

molybdenum alloy steel SCM 435, a hardness of HRC 45~53, and in accordance with ISO 

4026 specification.  The size of set screw body is to assembly with the different sizes of 

nut.  The copper material of precision locknut is brass C3604 which meets the 

                                                 
2Hsiang Kai Fu Co., Ltd. (NIKKI) is a professional manufacturer of precision locknuts for 

bearings and precision machine components in Taichung, Taiwan. 
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requirements of the environment protection, and complies with the European RoHS 

standard.The flank lock type precision locknut, M40x1.5P, was used in this experiment, 

where M40 denotes the external metric thread size is 40 mm.  The thread pitch is 

1.5mm.The dimension of the precision locknut is as shown in Fig 1, where D is the 

maximum outside diameter of the locknut, and D=58 mm; d is the peripheral diameter of 

locknut on the contact surface, where d=52 mm; h is locknut thickness, where h=22 mm;g 

is the groove width of the locknut when force applied, where g=6 mm; t is the groove 

depth of the locknut when force applied, where t=2.5 mm. The set screws of the locknut 

intersect with the thread diameter a flank angle 30° which drives the locking brass 

perfectly stuck on the thread flank of shaft. The set screw is a type of M8. 

 
Fig 1: Schematics of flank lock type precision locknut 

 

Method 

The operation for precision locknut torque-axial force testing is stated as the following.  Set 

the experiment rating of the torque or axial force.  Then, one can start up the torque generator 

that produces torque to the position of the bolt and the nut assembly via a dedicated locking 

sleeve.  Stop the tightening torque when the rated torque value is reached.  The axis force 

sensor senses the force and sends the reading to the control panel. Conversely, the loosening 

measurement procedure is as described above.  The friction coefficient can be obtained by 

using the thrust bearing to conduct the experiment (the contact friction tends to be zero at this 

time) to obtain the values of torque and axial force.  Then, the friction coefficient of a thread 

surface can be calculated.  The following step is to utilize the ball bearing to carry out the 

experiment to get the relationship between the torque and the axial force.  The result is 

substituted into the equation of the threaded surface friction coefficient to calculate the 

friction coefficient of the end surface. The experiment procedure is as showed in Fig 2. 

The experiment was divided into three sections. One is the nut will not be not completely 

removed after the preload is released; Second is the preload is continuously applied; Third is 

the nut will be completely dismantled and then re-assemble up, then the preload will be 

applied by segments. 
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Prepare flank lock type precision 

locknut

Use scouring oil to clean the 

locknut and standard bolt

Apply lubricant 

according to the 

design of experiment

Tighten the locknut to preload

Apply axial torque

Test tightening and 

loosening torque

Analyze data by 

Statistics

C.O.V < 10 %

Results

Yes

Re-prepare the 
new sample

No

 

Fig 2: Experiment procedure (Note: C.O.V: Coefficient of Variance） 

RESULTS AND DISCUSSIONS 

 

It can be observed through Fig 3, Fig 4, Table 1 and Table 2 that the thread surface friction 

coefficient has the relatively higher value than the others in the first experiment.Then,the 

value slowly tends to be lower.  Compared to these values, it was found that the first three 

values showed they fluctuatedat the beginningand then gradually stabilized after the fourth 

experiment. In addition,if the preload is applied to the locknut by using the segmented preload 

method, its surface friction coefficient of the thread will decline less than the preload is 

applied by the continuous preload method. 
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Fig 3: Thread surface friction coefficient for five-time preload in a complete loosening state 

(The segmented preload method) 
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Fig 4: Thread surface friction coefficient of locknut for five-time preload in an incompletely 

loosening state (The continuous preload method) 

 

Table1. Thread surface friction coefficient for five-time preload in a completely loosening state  

(The segmented preload method) 
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1st 0.276 0.275 0.247 0.266 6.258

2nd 0.255 0.305 0.243 0.268 12.145

3rd 0.222 0.251 0.273 0.249 10.371

4th 0.245 0.255 0.266 0.255 4.005

5th 0.236 0.263 0.230 0.243 7.118

C.O.V (%)sample1 sample2 sample3 mean

 
 

Table2. Thread surface friction coefficient for five-time preload in an incompletely loosening 

state (The continuous preload method) 

 

1st 0.302 0.248 0.295 0.282 10.525

2nd 0.227 0.222 0.280 0.243 13.225

3rd 0.222 0.201 0.243 0.222 9.523

4th 0.212 0.196 0.229 0.212 7.694

5th 0.219 0.200 0.216 0.211 4.850

C.O.V (%)sample1 sample2 sample3 mean

 
 

From Fig 5, Fig 6 and Table 3 and Table 4, it can be found that the contact surface friction 

coefficient value fluctuated in the first three experiments;and then it came to stabilize after 

that. In addition,if the preload is applied by segments (the segmented preload method), this 

will result into its contact surface friction coefficient decrease. However, this decreasing is 

less than the results shown by the continuous preload method. 
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Fig 5: Contact surface friction coefficient for five-time preload in a completely loosening state  

(The segmented preload method) 
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Fig 6: Contact surface friction coefficients of locknut for five times preload in an incomplete 

loosening state (The continuous preload method) 

 

Table3. Contact surface friction coefficient for five-time preload in a completely loosening state  

(The segmented preload method) 

1st 0.061 0.070 0.106 0.079 30.292

2nd 0.120 0.037 0.081 0.079 52.859

3rd 0.073 0.065 0.075 0.071 7.081

4th 0.081 0.072 0.067 0.073 9.306

5th 0.065 0.073 0.075 0.071 7.118

C.O.V (%)sample1 sample2 sample3 mean

 
 

 

Table4. Contact surface friction coefficient for five-time preload in an incompletely loosening 

state (The continuous preload method) 

 

1st 0.096 0.086 0.127 0.103 20.709

2nd 0.098 0.090 0.112 0.100 10.940

3rd 0.097 0.096 0.080 0.091 10.609

4th 0.078 0.080 0.076 0.078 2.272

5th 0.072 0.075 0.080 0.076 5.159

C.O.V (%)sample1 sample2 sample3 mean

 
 

 

From Fig 7, Fig 8, Table 5 and Table 6, it can be known that the overall anti-loosening ratio 

will be decreasing with the time of the preload increasing.  And, if the preload is applied by 

segments, this will result into its overall anti-loosening ratio decreases. However, this 

decrease of anti-loosening ratio is less than the results shown by a continuous preload. 
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Fig 7: Anti-loosening ratio of locknut for five-time preload in a complete loosening state 

(The segmented preload method) 
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Fig 8: Anti-loosening ratio of locknut for five-time preload in an incomplete loosening state  

(The continuous preload method) 

 

 

Table5.Anti-loosening ratio of locknut for five-time preload in a complete loosening state  

(The segmented preload method) 

 

1st 0.978 1.012 0.966 0.985 2.441

2nd 1.032 0.945 0.949 0.976 5.048

3rd 1.026 0.946 0.954 0.975 4.542

4th 0.973 0.950 0.979 0.967 1.629

5th 0.975 0.951 0.969 0.965 1.299

C.O.V (%)sample1 sample2 sample3 mean

 
 

 

Table6. Anti-loosening ratio of locknut for five-time preload in an incomplete loosening state  

(The continuous preload method) 
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1st 0.950 1.023 0.939 0.970 4.686

2nd 0.942 0.972 0.972 0.962 1.827

3rd 0.946 0.959 0.932 0.946 1.401

4th 0.901 0.990 0.931 0.941 4.793

5th 0.935 0.978 0.901 0.938 4.078

C.O.V(%)sample1 sample2 sample3 mean

 
 

 

The torque-axial force testing was conducted by using M40x1.5P flank lock type locknut. 

Comparing Table 7to Table 8, it can be found that the surface roughness of the anterior thread 

tends to increase. Comparing different type of preloading, it was found that the change of the 

surface roughness was different. The surface roughness of locknut in segmented preload type 

will tend to increase greatly than in the continuous preload type. 

 

Table7. Anterior thread surface roughness for five-time preload in a completely loosening state  

(The segmented preload method) 

 

 before  after before after before after

thread 1 0.034 0.119 0.188 0.589 0.536 1.092

thread 2 0.059 0.087 0.335 0.413 0.491 0.744

thread 3 0.058 0.112 0.284 0.598 0.343 0.908

thread 4 0.068 0.209 0.332 0.990 0.644 3.570

thread 5 0.054 0.088 0.290 0.455 0.795 0.565

thread 6 0.052 0.156 0.284 0.714 0.524 1.779

thread 7 0.054 0.120 0.300 0.700 0.501 1.709

thread 8 0.057 0.069 0.292 0.405 0.564 0.502

thread 9 0.056 0.081 0.323 0.446 0.650 0.592

thread 10 0.072 0.137 0.458 0.833 1.137 1.703

thread 11 0.080 0.575 0.379 2.883 0.635 3.481

thread 12 0.059 0.159 0.315 0.821 0.620 1.513

 anterior thread surface roughness (um)

Ra Rz Rmax

 
 

Table 8. Anterior thread surface roughness for five-time preload in an incompletely loosening 

state (The continuous preload method) 

 

before after before after before after

thread 1 0.065 0.087 0.505 0.491 0.710 1.003

thread 2 0.156 0.089 0.787 0.437 0.508 2.254

thread 3 0.096 0.077 0.384 0.421 0.590 0.635

thread 4 0.152 0.082 0.257 0.440 0.519 0.376

thread 5 0.045 0.093 0.780 0.590 0.877 2.109

thread 6 0.069 0.145 0.220 0.612 1.412 0.358

thread 7 0.039 0.082 0.349 0.443 0.621 0.600

thread 8 0.055 0.078 0.283 0.425 0.603 0.812

thread 9 0.053 0.076 0.301 0.470 0.624 0.448

thread 10 0.057 0.081 0.287 0.515 0.646 0.478

thread 11 0.067 0.820 0.379 0.385 0.710 0.621

avearge 0.078 0.155 0.412 0.475 0.711 0.881

anterior thread surface roughness(um)

Ra Rz Rmax
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The torque-axial force testing was conducted by using M40x1.5P flank lock type locknut. 

Comparing Table 9 to Table 10, the surface roughness of the posterior thread has a tendency 

to increase when the preload is applied by continuous preload or segmented preload.  But, this 

tendency appeared greater increase in the magnitude of surface roughness while the 

segmented preload was applied. 
 
 

Table 9. Posterior thread surface friction coefficient for five-time preload in a complete 

loosening state (The segmented preload method) 

 

before after before after before after

thread 1 0.353 0.562 1.996 2.463 2.619 3.298

thread 2 0.312 0.564 2.110 2.645 2.805 4.133

thread 3 0.353 0.591 2.329 2.737 3.324 3.713

thread 4 0.308 0.463 1.955 2.551 2.731 3.565

thread 5 0.346 0.607 2.034 2.774 2.714 3.633

thread 6 0.349 0.515 1.976 2.782 2.636 4.169

thread 7 0.316 0.565 1.963 2.878 2.917 4.063

thread 8 0.319 0.578 1.803 2.930 2.702 3.953

thread 9 0.318 0.562 1.887 2.651 2.668 4.122

thread 10 0.252 0.591 1.569 3.119 2.636 3.929

average 0.323 0.560 1.962 2.753 2.775 3.858

 posterior thread surface roughness (um)
Ra Rz Rmax

 
 

 

Table 10. Posterior thread surface friction coefficient for five-time preload in an incomplete 

loosening state (The continuous preload method) 

 

before after before after before after

thread 1 0.320 0.469 1.795 2.545 2.493 4.355

thread 2 0.314 0.486 1.668 2.258 2.709 2.908

thread 3 0.285 0.524 1.392 2.573 2.514 3.317

thread 4 0.288 0.628 1.498 2.316 2.478 3.599

thread 5 0.340 0.419 1.817 1.984 3.019 2.371

thread 6 0.380 0.459 1.966 2.066 2.941 2.540

thread 7 0.378 0.493 1.954 2.014 2.595 2.517

thread 8 0.363 0.480 2.084 1.884 2.600 2.782

thread 9 0.335 0.403 1.752 2.381 3.055 2.666

thread 10 0.370 0.526 2.170 2.620 3.065 3.673

thread 11 0.399 0.436 2.004 1.879 2.460 2.350

average 0.343 0.484 1.827 2.229 2.721 3.007

posterior surface surface roughness (um)

Ra Rz Rmax

 
 
 

From Table 11 and Table 12, it is shown that the locknut’s pitches have no significant 

difference, all close to 1.5mm, before and after the experiment. 
 

 

Table 11. A variation of locknut’s pitch in a completely loosening condition 

(The segmented preload method) 
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measurement point

before after before after before after

thread 1-2 1.500 1.502 1.499 1.497 1.501 1.498

thread 2-3 1.499 1.502 1.499 1.501 1.499 1.497

thread 3-4 1.501 1.499 1.501 1.501 1.501 1.502

thread 4-5 1.503 1.503 1.497 1.498 1.499 1.499

thread 5-6 1.495 1.495 1.502 1.503 1.499 1.499

hread 6-7 1.500 1.499 1.495 1.497 1.500 1.504

thread 7-8 1.500 1.501 1.507 1.498 1.500 1.500

thread 8-9 1.499 1.497 1.500 1.500 1.500 1.499

thread 9-10 1.502 1.499 1.500 1.499 1.501 1.498

thread 10-11 1.498 1.498 1.500 1.499 1.502 1.500

average 1.500 1.500 1.500 1.499 1.500 1.500

pitch (mm)

point 1 point 2 point 3

 
 

Table12. A variation of locknut’s pitch in an incompletely loosening condition 

(The continuous preload method) 

 

 measurement point

before after before after before after

thread 1-2 1.498 1.493 1.501 1.497 1.500 1.504

thread 2-3 1.500 1.508 1.498 1.496 1.500 1.499

thread 3-4 1.499 1.498 1.501 1.501 1.499 1.499

thread 4-5 1.504 1.493 1.500 1.502 1.501 1.502

thread 5-6 1.493 1.501 1.501 1.499 1.501 1.499

hread 6-7 1.501 1.501 1.498 1.498 1.500 1.503

thread 7-8 1.501 1.501 1.500 1.500 1.500 1.495

thread 8-9 1.500 1.496 1.501 1.500 1.500 1.502

thread 9-10 1.498 1.501 1.500 1.500 1.500 1.498

thread 10-11 1.500 1.498 1.498 1.498

average 1.499 1.499 1.500 1.499 1.500 1.500

pitch(mm)

point 1 point 2 point 3

 
 

From Table 13 and Table 14, the crest angle of each thread has a tendency to expand after the 

test. This tendency showed no difference for which way to apply the preload. 
 

Table13. Crest angle of each thread in completely loose condition 

(The segmented preload method) 

 

before after before after before after

thread 1 59.745 60.542 59.162 60.335 59.793 59.991

thread 2 59.811 60.277 59.190 59.998 59.778 60.052

thread 3 59.829 60.678 59.212 60.096 59.917 60.322

thread 4 59.923 60.227 59.232 60.225 59.846 60.145

thread 5 60.148 60.536 59.246 59.969 59.752 60.119

thread 6 59.557 59.987 59.406 60.139 59.763 60.547

thread 7 59.665 60.014 59.076 59.964 59.781 59.981

thread 8 59.692 60.048 59.865 59.940 59.715 60.032

thread 9 59.630 59.719 59.186 59.984 59.731 59.991

thread 10 59.870 59.908 59.172 60.167 59.964 60.395

thread 11 59.640 59.972 59.328 60.082 60.610 60.179

average 59.774 60.173 59.280 60.082 59.877 60.159

point 1 point 2 point 3

crest angle (degree)
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Table14. Crest angle of each thread in an incompletely loosening condition 

(The continuous preload method) 

 

before after before after before after

thread 1 60.043 60.249 59.569 60.189 59.714 60.344

thread 2 59.734 59.889 59.801 59.913 59.666 60.796

thread 3 59.768 60.788 59.598 59.886 59.697 60.061

thread 4 59.745 60.332 59.686 60.190 59.635 59.940

thread 5 60.175 59.490 59.010 60.134 59.659 60.075

thread 6 60.090 59.803 60.007 59.965 59.762 60.022

thread 7 60.271 59.879 59.725 59.922 59.714 60.364

thread 8 60.019 59.815 59.670 59.936 59.651 59.876

thread 9 59.739 59.669 59.751 59.870 59.697 60.327

thread 10 59.812 60.075 59.755 59.801 59.717 60.036

thread 11 59.831 60.276 59.755 59.981 59.642 60.030

average 59.930 60.024 59.666 59.981 59.687 60.170

crest angle (degree)

point 1  point 2 point 3

 
 

Fig 9 shows the surface roughness of the locknut’s threads. Let Ra be the mean of surface 

roughness measuring from the center line.  Rz is denoted as the average of surface roughness 

by taking ten points to measure.  Rmax is the maximum surface roughness. The schematics 

presentedthe variations occurred in the values of Ra, Rz and Rmax for each thread. The 

profile of a locknut is also illustrated in Fig 10 for reader’s reference.  

 

 
Fig 9: Schematics of thread surface roughness for a locknut 
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Fig 10: Schematics of a locknut profile 

 

CONCLUSIONS 

This study investigated the thread profile and wear property of flack lock type precision 

locknut suffering from preload while the threaded fastener was assembled in a horizontal type.  

The variations of thread profile and surface roughness during the test can be obtained by using 

some specific instruments.  The torque-axial force testing was conducted by using M40x1.5P 

flank lock type precision locknut. A torque-axial force tightening and loosening test machine 

is used to explore the effects of different ways of preload on the structure and performance of 

flank lock type precision locknut.  The way of preloading can be continuous or segmented.  If 

the sampled locknut is loosened during the loosening test, the locknut is not dismantled but 

continuous to preload. Then, the method of preload is referred as continuous preload.  If the 

locknut is dismantled completely after the loosening test, then, it is re-assembled back again 

to go on the next preload procedure. The way of preloading is called as segmented preload.  

The relationship of tightening and loosening torque/axial force can be observed from the types 

of preload.  

When the preloading effect is concerned, in the case where the condition of the locknut is 

completely removed, the numerical relationship between the axial force and the torque of the 

locknut, the thread surface friction coefficient and the contact surface friction coefficient are 

shown better tendency in stabilization during the test.  It was the case compared to the 

situation of which the nut is not completely disassembled.   

Experimental results show that the way of segmented preload gets a better preloading 

performance than continuous preload does. For an anti-loosening performance, it is also found 

that a segmented preload is better than the result of a continuous preload.  However, a 

segmented preload method can cause a serious destruction on the locknut’s structure. This 

experiment result is precious to the designer of threaded precision fasteners to further improve 

the product design and applications. 
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