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1. Introduction 

According to statistics, bolt connections account 

for more than 60% of the connection methods of modern 

manufacturing equipment and precision instruments. There-

fore, threaded connections directly affect the reliability and 

service life of equipment operation [1], but bolts on high-

end equipment in China are almost required 100% imported. 

How to improve the reliability and service life of threaded 

connections is the current research focus of domestic schol-

ars, to meet the strength requirements of threaded connec-

tions on high-end mechanical equipment, more and more 

scholars pay attention to the thread forming process and 

forming method, they propose to use cold extrusion forming 

process to improve the fatigue resistance of internal threads, 

that is, the plastic deformation of the metal is used to fill the 

thread groove of the extrusion tap with the metal to form the 

thread profile, in the process of processing, the surface of 

the internal thread forms a cold work-hardened layer under 

pressure, which increases the hardness and strength of the 

metal. 

The tooth height rate is a necessary condition to en-

sure the thread strength, and the tooth height rate of more 

than 60% can ensure the thread connection strength. When 

using the cold extrusion process to process internal threads, 

the most important factor affecting the tooth height rate is 

the diameter of the prefabricated bottom hole of the work-

piece. Due to the plastic difference of various metals, the 

diameter of the prefabricated bottom hole of the workpiece 

is different. MIAO Hong et al. [2-3] conducted internal 

thread cold extrusion tests on Q460 high-strength steel and 

analyzed the low-cycle fatigue performance of cold-ex-

truded internal threads. The strengthening mechanism of 

cold-extrusion internal threads is discussed from the aspects 

of mechanical properties, surface structure and residual 

stress. The results show that under low stress cycles, the 

yield stress of the thread increases and the crack growth rate 

decreases, and the fatigue life increases with the decrease of 

the surface grain diameter. And based on genetic algorithm, 

the process parameters of cold extrusion of internal thread 

are optimized, which effectively reduces the extrusion 

torque. Liang Yuxuan et al. [4-5] analyzed the change law 

of vibration signal during cold extrusion of internal threads 

with different bottom hole diameters based on vibration tap-

ping technology, explain the influence of the size of the bot-

tom hole diameter on the processing quality of the cold ex-

trusion internal thread from the perspective of the vibration 

signal, that is, the larger the diameter of the bottom hole, the 

smaller the amplitude and vibration frequency, and the total 

energy of the vibration signal decreases; Peter Monka et al. 

[6] studied the influence of the structural parameters of the 

tap on the service life of the tap from the perspective of tap 

failure, and developed a vibration diagnosis system to mon-

itor the stability of the machining process. The results show 

that the durability of the tool is affected by the helix angle 

and tapping speed. Yongyi Li [7] et al. optimized the pro-

cess parameters of internal thread cold extrusion, and deter-

mined the optimal value of the bottom hole diameter, extru-

sion speed and lubricating fluid; Jien-Jong Chen et al. [8-9] 

studied the load distribution on the thread profile of the bolt 

and the internal thread based on the finite element method, 

established an axisymmetric mechanical model and a finite 

element model, and compared the load distribution of the 

two models. Guillaume Fromentin [10] studied the geomet-

ric characteristics and mechanical properties of cold-ex-

truded internal threads, and the results showed that the sur-

face quality, machining accuracy and load-bearing capacity 

of extruded internal threads relative to cutting threads are 

improved. Igor Cézar Pereira et al. [11-14] analyzed the in-

fluence of the thread length, the extrusion speed and the di-

ameter of the bottom hole of the workpiece on the thread 

forming process in extrusion tapping, and determined the 

position of the maximum torque on the tap during the extru-

sion process and the best extrusion speed and bottom hole 

diameter. The above-mentioned documents have conducted 

different degrees of research on the effect of the bottom hole 

diameter in the cold extrusion forming process of the inter-

nal thread, but there is no targeted study on the relationship 

between the tooth height rate and the bottom hole diameter. 

The tooth height rate of the internal thread is closely related 

to the connection strength, and the bottom hole diameter is 

a factor that can be controlled in advance during the machin-

ing process. The establishment of the relationship between 

the two is helpful to the smooth implementation of the in-

ternal thread cold extrusion process. 

This article takes aluminum alloy T6061-T6 and 

40Cr as the research object, and reproduces the extrusion 

forming process of M8×1.25 mm internal thread, the inter-

nal thread profile of different prefabricated bottom hole di-

ameters was obtained through numerical simulation, and the 

theoretical formula of bottom hole diameter and tooth height 

rate was obtained by the polynomial fitting method. The re-

liability of the formula is verified by experiments, which can 

be discussed and referenced by experts and scholars in the 

industry, and it also provides a basis for selecting the diam-

eter of the prefabricated bottom hole for internal thread ex-

trusion. 
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2. The influence of the bottom hole diameter of the work-

piece on the internal thread profile 

In the internal thread cold extrusion net forming 

process, the diameter of the bottom hole of the workpiece is 

an extremely important parameter, and the amount of metal 

involved in the plastic deformation is mainly determined by 

the diameter of the bottom hole. The appropriateness of the 

bottom hole diameter directly affects the forming effect of 

the internal thread and determines whether the extrusion 

process can be successfully completed. As shown in Fig. 1 

(in the Fig. 1, H is the theoretical tooth height, ha is the ac-

tual tooth height), the larger the diameter of the bottom hole, 

the less metal involved in the extrusion deformation, the 

lower the tooth height rate, and the lower the thread connec-

tion strength; If the diameter of the bottom hole is too small, 

the metal of the workpiece will fill the thread groove of the 

extrusion tap during the extrusion process, and the tap will 

be stuck or even broken. Therefore, in the internal thread 

cold extrusion process, the optimal value of the diameter of 

the prefabricated bottom hole of the workpiece must be con-

sidered to ensure that the profile height of the internal thread 

after extrusion is within the specified tolerance range. 

 

Fig. 1 Influence of base hole diameter on thread profile 

The tooth height rate refers to the rate of the actual 

thread height to the theoretical tooth height. It is the main 

indicator for judging the saturation of the internal thread. 

Many literature studies have shown that the relationship be-

tween the tooth height rate and the thread strength conforms 

to the law shown in Fig. 2 [15]. When the tooth height rate 

is 60%, the thread strength is 95%; when the tooth height 

rate reaches 80%, the thread strength reaches 100%. Con-

tinue to increase the tooth height rate will not increase the 

thread connection strength, but will lead to a sharp increase 

in the extrusion torque, Reduce tool life. Therefore, during 

thread processing, keeping the tooth height rate between 

60% and 80% not only meets the connection strength but 

also reduces the difficulty and cost of processing. In the pro-

cess of threading, it is not easy to directly control the tooth 

height rate, but the bottom hole diameter can be controlled. 

As long as the relationship between the tooth height rate and 

the bottom hole diameter is found, the best bottom hole di-

ameter range can be determined, so as to obtain the connec-

tion strength internal thread. 

3. Establishment of finite element model and analysis of 

numerical simulation results 

3.1. Establishing the geometric model of extrusion tap 

The traditional extrusion tap is a single-head, that 

is, the extrusion ridge is ground from a spiral line as the pro-

cessing track. The single-head extrusion tap has a small lead 

and a large extrusion torque during processing. In this paper, 

the geometric model of the double-headed non-standard ex-

trusion tap is established, and the cross-sectional profile 

curve of the extrusion tap is obtained based on the envelope 

method, that is, the movement track of the grinding wheel 

on the thread grinder relative to the extrusion tap blank, as 

shown in Fig. 3, a. Refer to the design standards for the ge-

ometric parameters of the single-head extrusion taps speci-

fied in the national standards, and obtain the geometric pa-

rameters of the working area of the double-headed six-sided 

extrusion taps, that is, the extrusion cone angle is 6°, the cal-

ibration cone inverted cone angle is 0.085°, and the major 

diameter of the tap is d=8 mm, and the amount of shovel 

back is calculated according to K=0.02d. The established 

geometric model of the extrusion tap is shown in Fig. 3, b. 

 

Fig. 2 Relation between tooth height rate and thread con-

nection strength 

 

a 

 
b 

Fig. 3 Geometric model of tap: a) Six-sided extrusion tap 

section profile; b) Extrusion tap structure 

3.2. Establishment of finite element model 

The internal thread extrusion process belongs to 

the elastoplastic deformation and volume forming process. 

The finite element solution process involves material non-

linearity, geometric nonlinearity, and contact nonlinearity, 

which can be solved by rigid-plastic finite element theory. 
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Based on the DEFORM-3D software platform to 

establish the finite element model of the internal thread cold 

extrusion. The outer contour of the workpiece is a cylinder 

with a radius of R=15 mm and a thickness of 10 mm. The 

material is set to aluminum alloy T6061-T6 and 40Cr re-

spectively. The flow stress-strain curve is shown in Fig. 4. 

The workpiece is divided by tetrahedral mesh, and the mesh 

around the bottom hole is refined to limit the displacement 

of the workpiece surface in X, Y, and Z directions to prevent 

the workpiece from moving during the simulation process. 

The extrusion tap is set as a rigid body and will not be de-

formed during processing. According to the relationship be-

tween the lead and the speed, the downward feed speed of 

the extrusion tap is set to 0.625 mm/s, the speed is π rad/s, 

and the friction coefficient is set to 0.08. The finite element 

model is shown in Fig. 5. 

 

Fig. 4 Stress - Strain curve 

 

M8×1.25 mm internal thread has a large diameter 

of 8 mm and a pitch of 1.25 mm. Normal tapping in a cutting 

manner requires a bottom hole with a diameter of 6.8 mm, 

but extrusion is different from cutting. It uses the plastic 

flow of metal to fill the thread groove of the extrusion tap 

and finally forms the thread profile. If the diameter of the 

bottom hole is too small, the metal will not flow smoothly, 

the extrusion torque and temperature will rise sharply, 

which will seriously affect the service life of the extrusion 

tap, and even cause the extrusion tap to jam or break, in-

crease production costs and reduce processing efficiency. If 

the diameter of the bottom hole is too large, the internal 

thread forming will be incomplete, and even the workpiece 

will be scrapped. In this paper, through a series of simulated 

extrusion tests, it is finally determined to start with the bot-

tom hole diameter of 7.30 mm with an interval of 0.03 mm. 

Establish 6 groups of finite element models with different 

bottom hole diameters, divide the mesh, and simulate the 

extrusion process. The detailed parameters of the mesh are 

shown in Table 1. Take the formed thread profile and extru-

sion torque as the target to judge the extrusion effect. 

 

Fig. 5 Finite element model of cold extrusion for internal 

thread 

Table 1 

Grid details parameters 

Diameter of bottom 

hole 
Number of grids Size ratio Number of nodes Number of elements Number of surface polyhedrons 

7.30 mm 100000 4 21947 111166 12436 

7.33 mm 100000 4 20253 100985 12434 

7.36 mm 100000 4 20238 100895 12444 

7.39 mm 100000 4 20219 100730 12440 

7.42 mm 100000 4 21839 110440 12452 

7.45 mm 100000 4 22519 114402 12484 

3.3. Numerical simulation analysis 

The cold extrusion of the internal thread starts, the 

guide cone first contacts the inner wall of the bottom hole, 

and the thread marks are extruded on the inner wall of the 

workpiece. With the downward feeding of the extrusion 

cone, the depth of the extrusion ridge cut into the workpiece 

gradually increases, and the amount of metal involved in the 

deformation of the workpiece increases, forming an internal 

thread profile. The extrusion tap continues to feed, and the 

correction cone corrects the internal thread profile to gradu-

ally form a complete and full internal thread. After the in-

ternal thread is corrected by 4 to 5 corrective tapered teeth, 

the internal thread is completely formed, forming a clearer 

thread profile. The complete extrusion process is shown in 

Fig. 6. 

The changing trend of the torque carried by the tap 

during the extrusion process is shown in Fig. 7. When the 

guide cone is introduced into the bottom hole of the work-

piece, the extrusion torque rises sharply. When the guide 

cones all enter the bottom hole of the workpiece, the extru-

sion cone starts to work. As the extrusion cone deepens, the 

contact area between the tap and the workpiece increases, 

and the extrusion torque rises slightly. After the extrusion 

cone completely enters the bottom hole of the workpiece, 

the correction cone part starts to work. Due to the inverted 

cone angle, the contact area between the tap and the work-

piece gradually decreases, and the extrusion torque begins 

to decrease until the extrusion is completed, and the extru-

sion torque drops to zero. 
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Fig. 6 Numerical simulation of cold extrusion for internal 

thread 

 

Fig. 7 Torque variation during extrusion 

3.4. Simulation results 

After the extrusion, the tooth shape extrusion effect 

with different bottom hole diameters is obtained as shown 

in Fig. 8. It can be clearly seen from the Fig. 8 that when the 

diameter of the bottom hole is 7.30~7.33 mm, the tooth 

shape is relatively complete, the outline is clear, and the ex-

trusion effect is better; When the diameter of the bottom 

hole gradually increased to 7.45 mm, the extruded internal 

thread profile was incomplete, the crest was missing, the 

tooth height rate was significantly reduced to less than half, 

and the extrusion effect was poor. 

To establish the relationship between the extrusion 

effect and the diameter of the bottom hole, the tooth height 

of the simulated internal thread was measured, and the cor-

responding tooth height rates for different bottom hole di-

ameters were calculated as shown in Table 2. 

 

a 

 

b 

Fig. 8 Simulation results of internal thread profile: a) Alu-

minum alloy T6061-T6; b) 40Cr 

Table 2 

Simulation results of bottom hole diameter and tooth height rate 

Diameter of bottom hole x, mm 7.3 7.33 7.36 7.39 7.42 7.45 

Aluminum alloy T6061-T6 's tooth height rate y1 91.45% 84.99% 79.4 5% 67.44% 51.73% 37.88% 

40Cr 's tooth height rate y2  84.8% 80.3% 74.1% 66.9% 49.6% 44.2% 

3.5. Test data processing 

Polynomial fitting to discrete points has been 

proven to be an effective method of experimental data pro-

cessing [16]. According to Taylor's theorem, any continuous 

function can be decomposed into a polynomial as in equa-

tion (1). In curve fitting, a nonlinear function is often con-

verted into a linear polynomial for fitting. This paper pro-

poses a polynomial method to fit the above-mentioned ex- 

perimental data, that is: 
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The order of the fitting polynomial can be selected ac-

cording to the characteristics of the actual experimental 

data. As the order increases, the fitting curve will become 

unsmooth. During the fitting, the data were fitted according 

to the 2, 3, and 4 orders respectively. After considering the 

fitting accuracy, the result of the cubic polynomial fitting 

was selected as the final result. After fitting in MATLAB, 

the cubic polynomial function between the bottom hole di-

ameter and the tooth height rate of the two materials is 

shown in Eqs. (2) and (3). 
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After the data is fitted, the mean square error MSE 

is used to measure the polynomial fitting result, according 

to formula (4): 
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The mean square error MSE of the above y1 and y2 

fitting curves are 3.46 and 1.568. The smaller the value of 

MSE, it indicates that the prediction model has better accu-

racy in describing the experimental data, the prediction 

model after data fitting in this paper can accurately reflect 

the relationship between the bottom hole diameter and the 

tooth height rate. 

Fig. 9 shows the tooth height rate curve after 

MATLAB fitting. Comprehensive analysis of the conclu-

sion of Fig. 2 shows that when the diameter of the bottom 

hole of the workpiece is 7.30 mm, the tooth height rate of 

the internal thread of the two materials is more than 85%, 

and the thread connection strength is 100%; When the di-

ameter of the bottom hole is expanded to 7.42 mm, the tooth 

height rate is less than 60%, and the thread strength drops to 

less than 90%, which will cause hidden dangers to the reli-

ability and service life of the equipment. According to the 

conclusion of the aforementioned literature, when the tooth 

height rate is 60% to 80%, the connection strength can be 

guaranteed and the extrusion can be smooth. Therefore, on 

the fitting curve, find out that the diameter of the bottom 

hole corresponding to the two positions of 60% and 80% is 

between 7.3 mm-7.4 mm, which is the ideal bottom hole di-

ameter range. In the actual extrusion of internal threads, the 

prefabricated holes can be made in this range, and then the 

profile size of the extrusion profile can be further improved 

by optimizing the process parameters. 

 

Fig. 9 Simulated tooth height rate fitting curve 

4. Extrusion test research 

4.1. Specimen preparation 

A test piece with a thickness of 10 mm was cut 

from a 30mm diameter aluminum alloy T6061-T6 and 40Cr 

bar. Using a combination of standard twist drills and special 

reamer fine reaming, 12 test pieces with different bottom 

hole diameters of 7.30~7.45 mm were prepared, as shown 

in Fig. 10, a. The above-mentioned non-standard double-

end cylindrical arrangement six-sided extrusion taps are 

processed on a thread grinder as shown in Fig. 10b. 

 

a 

 

b 

Fig. 10 Test preparation: a) The specimen; b) Double-

headed cylindrical extruding taps with six edges 

4.2. Test and results 

Use a certain domestic tapping machine for tap-

ping. After each test piece was tapped, it was cut along the 

axis on a Posittec wire cutting machine to obtain the axial 

cross-sections of the extruded internal threads of the two 

materials. Use 10% dilute hydrochloric acid to remove sur-

face impurities, and use the JVC-300T automatic video 

measuring instrument to zoom in. You can see that the 

thread profile is full and the pitch is uniform, indicating a 

good finish. The cross-sectional shape of the two threads is 

shown in Fig. 11. 

 

a 

 

b 

Fig. 11 Test results. a) Aluminum alloy T6061-T6; b) 40Cr 

From Fig. 11, it can be seen that when the diameter 

of the bottom hole is 7.30 mm, the internal thread profile is 

very full. As the bottom hole expands to 7.39 mm, it can be 

seen that there is a tiny U-shaped gap at the top of the tooth. 

When the diameter of the prefabricated bottom hole is en-

larged to more than 7.42 mm, the crest of the internal thread 

has a larger gap. The test results are basically consistent with 

the conclusions obtained by the previous numerical simula-

tions. 
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4.3. Comparison of fitted curves 

In order to verify whether the fitting relationship of 

the tooth height rate obtained above is reliable, the tooth 

height rate result obtained by the experiment is compared 

with this. Measure the tooth height of each extruded speci-

men and calculate the corresponding tooth height rate. The 

comparative analysis of test data and simulation data is 

shown in Table 3. The relationship between tooth height rate 

and the bottom hole diameter is shown in Fig. 12. In the 

Fig. 12, when the tooth height rate is 60%-80%, the diame-

ter of the bottom hole corresponds to the diameter range. It 

can be seen that the diameter ranges of aluminum alloy 

T6061-T6 and 40Cr obtained through the experiment is be-

tween 7.336 mm-7.396 mm and 7.339 mm-7.405 mm, and 

the diameter obtained by simulation is between 7.347-

7.403mm and 7.336 mm-7.40 mm. The errors of aluminum 

alloy T6061-T6 and 40Cr are within 0.007 mm~0.011 mm 

and 0.003 mm~0.005 mm, respectively. 

In Fig. 12, when the diameter of the bottom hole is 

7.30 mm, the actual tooth height rate of aluminum alloy 

T6061-T6 and 40Cr measured by the test reaches 88.31% 

and 84.8%. With the expansion of the bottom hole to 7.39 

mm, the actual tooth height rate decreased to 65.13% and 

66.9%. When the diameter of the bottom hole is enlarged to 

7.42 mm, the actual tooth height rate of aluminum alloy 

T6061-T6 and 40Cr are both lower than 60%. It can be seen 

that the numerical simulation results of the tooth height rate 

are consistent with the test results, indicating that the rela-

tionship between the bottom hole diameter and the tooth 

height rate obtained by the numerical simulation is correct 

and reliable, and can be used to guide actual processing. At 

the same time, it is proved that numerical simulation can be 

used to replace part of the tests when the internal thread is 

extruded, which provides a method and basis for the subse-

quent work. 

 
 

a b 

Fig. 12 Comparison of simulated and experimental dental rates: a) Aluminum alloy T6061-T6; b) 40Cr 

Table 3 

Statistical results of bottom hole diameter and tooth height rate 

Diameter of bottom hole: mm 7.3 7.33 7.36 7.39 7.42 7.45 

Simulated tooth height rate 
Aluminum alloy T6061-T6 91.45% 84.99% 79.45% 67.44% 51.73% 37.88% 

40Cr 86.3% 82.1% 74.6% 68.7% 49.3% 46.5% 

Test tooth high rate 
Aluminum alloy T6061-T6 88.31% 81.52% 76.09% 65.13% 50.27% 43.34% 

40Cr 84.8% 80.3% 74.1% 66.9% 49.6% 44.2% 

5. Conclusion 

Aiming at the problem that the diameter of the pre-

fabricated bottom hole of the workpiece is difficult to deter-

mine in the internal thread cold extrusion process, a method 

for constructing the relationship between the diameter of the 

prefabricated bottom hole of the workpiece and the tooth 

height rate based on polynomial fitting is proposed. The the-

oretical formula for calculating the diameter of the bottom 

hole and the tooth height rate is obtained. As long as the 

diameter of the bottom hole is selected appropriately, the 

extruded thread profile can reach a certain height to ensure 

reliable connection. 
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H. Hou, X. Chen, Y. Zhao, Y. He, Ch. Wang  

THE INFLUENCE OF THE BOTTOM HOLE OF COLD 

EXTRUDING INTERNAL THREAD ON THREAD 

QUALITY 

S u m m a r y 

The diameter of the threaded bottom hole deter-

mines whether the extrusion can proceed smoothly and the 

fullness of the tooth shape after extrusion. The tooth height 

rate is an important indicator of the strength of the threaded 

connection. In order to establish the relationship between 

the diameter of the bottom hole and the tooth height rate of 

the extruded internal thread, this article takes the aluminum 

alloy T6061-T6 and 40Cr internal thread with a size of 

M8×1.25 mm as an example, and uses a method of combin-

ing numerical simulation and process test. Obtained the 

change law of internal thread profile and tooth height rate 

after extrusion of workpieces with different bottom hole di-

ameters of two materials. Using MATLAB to fit the numer-

ical simulation results of the two materials, the relationship 

between the internal thread tooth height rate and the diame-

ter of the prefabricated bottom hole of the workpiece was 

obtained. The reliability of the numerical simulation results 

and the feasibility of the fitting formula are verified through 

experiments. The results show that the diameter of the pre-

fabricated bottom hole of the workpiece is controlled within 

7.33~7.39 mm when the M8×1.25 mm internal thread is 

processed by the cold extrusion process. The high rate of the 

internal thread after extrusion meets the requirements of 

thread connection strength, and the internal thread has high 

forming quality and good surface quality. 
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