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Abstract 
The main purpose of this research is to study the analysis of the screw thread machining process for micro-type circular 
rods. During the analysis, the SUS304 stainless steel micro-type circular rod is used to analyze the micro thread machining 
process for the circular rod that will be fabricated according to varied outer diameters (Ø1.9mm, Ø1.94mm and Ø2mm), 
varied pitches (0.25mm and 0.4mm), and specific friction factors (0.1, 0.2, 0.3, 0.5 and 0.7). Through the micro material 
parameters with scale factors being corrected, the finite element analysis is conducted in order to learn about the effect of 
pitches and friction factors on the screw threads of the micro-type circular rod during the machining process. During the 
research, the finite element analysis was also conducted through the use of full integration rule and by coupling the shape 
function, as being inferred from the 3D tetrahedral element with 4 corner nodes, in the stiffness matrix. This research 
focuses on the simulation of comprehensive forming resume data, stress/strain distribution and thread shape distribution 
relating to the thread machining process for the micro-type circular rod. In the meantime, the micro-type circular rod 
screw thread machining die is also designed for carrying out the micro-type thread machining experiment for the SUS304 
micro-type circular rod. The outcome is also compared with the simulation result to verify the reliability of the aforesaid 
analysis method. During the research, the difference between traditional material parameters and that of the corrected 
micro dimensions is also analyzed with the result provided below: The simulation result of the corrected material 
parameters indicated that the maximum principal stress tends to grow along with the enlarging of the pitch, but there isn’t 
a visible difference between the maximum principal strain and the material parameters being used before and after the 
modification. When the friction factors are changing during the micro-type circular rod screw thread machining process, 
its torsional, stress, and strain force tends to grow along with the increase of friction factors.  
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1. Introduction 
With the miniaturization trend progressing in the 

manufacturing realm, the demand for micro-type parts is 
becoming bigger. When the 80’s in the 20th century 
emerged, the traditional plasticity machining process was 
applied in the micro-forming techniques required for 
manufacturing a massive amount of micro-forming metal 
components. Nowadays, such a new-rising technique has 
been widely used in the miniaturization tide for 
manufacturing cell phones and medical, mechanical, and 
digital products. As the micro-forming technique is 
featuring on faster manufacturing speed and lower cost 
advantages, it is especially suitable for a massive amount 
of production. It is, therefore, a very important technique 
for the subtle type of manufacturing. Its technical cores 
shall mainly include the materials, die, inspection/testing 
and environment. With the evolution of time over the past 
years, slimmer, shorter, lighter and more compact 
products have now become the mainstream, and the 
fasteners required for these devices are also changing 
along with the tide. By using the thread-forming 
fasteners, it not only eliminates the tedious striking and 

tapping steps but also saves the expensive built-in 
mounting pieces that will be required before and after the 
forming process. 

The historical literature prepared for the metal 
forming indicated that the 3D finite element analysis 
theory was employed by Makinouchi and Kawka[1] in 
1994 to study the design using the finite element to 
simulate the stampling die. During the research, the value 
simulation analysis was conducted to estimate the issues 
that may result in the defects during the metal stampling 
process to replace the traditional “trial and error” method, 
hoping to reduce the error probability and increase the 
production speed for the product. In 2002, Engel[2] et.al. 
proposed the Sub-millimeter machining process 
upholding that the size of two parts being produced 
during the metal forming will be smaller than 1mm. It is 
called the Micro Metal Forming theory. Because the 
micro forming process will be affected by the 
dimensional effect, apart from reducing the forming load, 
it will also affect relevant phenomena such as the surface 
coarseness of the component, the friction force during the 
forming process, the flow stress of the material and the 



bouncing effect, etc. In 2010, Peng et.al. [3] studied the 
evolution of friction behavior from micro dimensions to 
macro dimensions and then proposed an innovative 
uniform friction model based on the hypothetic 
open/close lubricant bag theory. By using the newly 
developed friction model, they conducted the Finite 
Element (FE) Simulation in order to analyze the friction 
dimensional effect during the ring compression process 
and the result indicated that the radial friction force is 
totally different from the inner diameter and outer 
diameter as far as the changing is concerned; therefore, 
its tendency is exactly consistent with the experiment 
result. In 2013, Ryoichi Chiba [4] proposed a 
probabilistic method that can be used to estimate the 
reliability regarding the forming limit of the anisotropic 
metal plate provided with uncertain material properties in 
order to study the influence of uncertain material 
properties on the forming limit curve and the resulting 
strength. 

The literature prepared for the screw thread forming 
analysis explained the influence of the machining 
parameters being selected by Joseph P. Domblesky and 
Feng Feng [5] in 2002 on the material flowing and the 
thread profile of the large-diameter blank during the 
external thread rolling process. During the research, they 
discovered that the Plane Strain Model provide 
reasonable proximity during the thread rolling process. It 
has changed the influence to the effective strain and the 
thread height that will be posed by the thread type, 
friction coefficient flow stress and blank diameter. The 
FM software being used is called “DEFORM” software. 
In the meantime, U. Engel and R. Eckstein[6] studied the 
miniaturization-related issues to develop the fundamental 
research initiated solutions and display the result of 
micro-forming progress. In 2004, Z. Pater, A. Gontarz 
and W. Weroñski[7] proposed the research and execution 
method that can be completed within the frame of the 
thread rolling techniques being newly developed for the 
concrete tie securing screws. Concerning this, the thread 
rolling method comprises the thread forming for two 
pieces of wedge-shaped parts that are provided with a 
special groove required for executing the thread forming. 
Further, they also proposed the result of theoretical and 
experimental research related to the forming of new 
screws. The practical screw forming process comprises 
the screw head flash forging and the thread rolling. The 
innovative machining method being proposed also 
includes the flash-free forging and thread forming as well 
as the use of the cross-wedge rolling technique in dual-
type configuration [8]. In 2006, Kao et. al.[9] studied the 
research on the integrated CAD/CAE/CAM system that 
will be used to form the geometrical structure for the 
thread-rolling die. During the research, they selected an 
industrial proven case to verify the integrated 
CAD/CAE/CAM process. The result revealed a very 
inspiring finding that it had demonstrated the feasibility 
of using such a system in industrial applications. In 2011, 

Kai-Neng Hwang [10] studied the influence of 
magnesium alloy LZ91 mini screw tapper and thread 
milling process related parameters on the forging force 
and the metal flowing type; in the meantime, they also 
conducted the formability analysis and the process 
parameter analysis by using DEFORM-2D software to 
simulate mini-size screw tapper and the thread rolling 
techniques. In 2014, Yung-Chin Li[11] studied the effect 
of micro thread tapping on a thin stainless steel plate 
(SUS304) in order to analyze the thread tapping quality 
according to the thread tapping torque and the post-
rolling area size. By comparison, the Taguchi Method can 
be used to study the parameters of a certain quality and it 
cannot solve the issues resulting from multi-quality 
parameters. For this reason, the Grey Relational Theory 
is based on obtaining the optimal parameters for multi-
quality processes in order to achieve the ultimate effect 
for the micro-thread tapping tool. 

Aiming at the sudden breaking problem of the 
threads when tapping the mini-diameter internal threads 
of the titanium alloy, Swapnil Pawar and Suhas S. 
Joshi[12] proposed a comprehensive experiment in 2016 
to study the tapping mechanism and performance of the 
Axial Vibrating Auxiliary Tapping (AVAT) and Axial 
Torsional Vibrating Auxiliary Tapping (ATVAT) that will 
be applied to the titanium alloy. They discovered that 
without affecting the thread mass, the AVAT and ATVAT 
can reduce the tapping torque, axial force, and 
temperature that traditional tapping cannot achieve (CT). 
The micro-structure of the tapping surface reveals that 
the area affected by the ATVAT and the AVAT type of 
tapping method is less than that by the CT method. 
Aiming to the problem where the development of 
traditional tapping tool is usually composed by the 
expensive investigation and experiment, a method was 
proposed by Ekrem Oezkaya and Dirk Biermann[13] in 
2017 upholding that such method can be used during the 
design stage to estimate the relative torque so as to save 
the resources, energy and cost. Based on the referential 
simulation model that accords with the experiment result, 
the lengthy calculation time issue can be solved through 
the appropriate segmentation method. As such, total load 
circulation can be concluded through a corresponding 
mathematical model and discontinued torsional curve.  

In this article, the metric system thread is based to 
set up the micro-type circular rod screw thread machining 
process. The area that is mostly affected by the process 
parameters is the tooth root of the micro-type circular 
road threads and where the thinnest thickness exists. 
Therefore, it is very important to the screw die design. 
During the research, the thread machining process is 
analyzed for the micro-type circular rod with different 
pitches. In the meantime, the simulation analysis is also 
conducted according to the circular rods presenting 
varied diameter and thickness as well as varied friction 
factors. The factory will use the result to use as a 



reference for a die design to minimize unnecessary “trial-
and-error” procedures during the operation process in 
order that a reliable analysis mode will be available to 
improve the productivity and to fortify the 
competitiveness.  

 

2. Analysis Method 

2.1 Simulation Analysis 

The metallic plate selected for this research is made 
of SUS304 stainless steel. In this regard, the stainless 
steel belongs to the BBC crystalized structure provided 
with special chemical and physical characteristics and it 
is one of the corrosion-resistant alloy materials normally 
used by the industrial and medical industries. The article 
will be focusing on the elastoplastic deformation with the 
following hypothesis provided in the meantime: 
1. The screw die and lower die are assumed as the rigid 

body. 

2. Assuming that all materials are presenting 

homogeneous properties. 

3. The elasticity and plasticity strain rate is considered 

for the strain rate of the material. 

4. The temperature influence and the existence of 

internal stress will not be considered during the 

forming process. 

5. The materials shall be treated according to the 

yielding conditions proposed by von Mises, and the 

plastic flow rule proposed by Prandtl-Reuss shall be 

followed after the plasticity deformation. 

 

In this article, the simulation is conducted with the 

DEFORM-3D finite element analysis software by 

considering the screw die as the rigid body and the micro-

type circular rod as the plastic body and all materials are 

assumed as under homogeneous and isotropic conditions. 

Indicated in Fig. 1 is the action method of the screw die 

and the micro-type circular rod. The screw die tends to 

engage with the circular rod's surface during the circular 

rod thread machining process, and the nodes that are 

contacting or detaching from the screw die must be 

clearly defined. The node shall be divided into contact 

nodes and free nodes. The node not contacting the die 

will be defined as free node for which the all area space 

coordinate (X, Y or Z) shall be used. The node contacting 

the die will be defined with a local coordinate (ξ, η, ζ) 
according to the right-hand rule at that time. 

By employing the formula composed by the Update 
Lagrangian Formulation (ULF) Theory relating to the 
finite deformation and the scale factor modified 
materials, one will be able to infer the governing equation 
that will be suitable for the machining process for all 
types of metals step by step.  

 

Fig. 1 Action Method of Screw Die and Micro-type 
Circular Rod 

When executing the thread tapping simulation with 
DEFORM-3D, the number of grids will affect the outline 
of the tapping. The more the number of grids, the longer 
time will be required for analytical computation and the 
data to be stored for analytical computation will also 
become enormous. To achieve a more efficient 
simulation of thread tapping, normally, the number of the 
grids will be set at 60000 for carrying out the simulation. 
Indicated in Table 1 are the simulation parameters.  

Table 1 Simulation Parameters 

Material SUS304 

Dimensions of material 

(mm) 
6 

Friction Factor (m) 0.1, 0.2, 0.3, 0.5, 0.7 

Pitch (mm) 0.25, 0.4 

Number of Grid 60000 

 

In the meantime, the “plastic flow rule” proposed by 
Prandtl-Reuss and the yielding conditions proposed by 
Hill are also selected. Regarding yielding condition 
judgment, the yielding conditions proposed by von Mises 
are especially used with Hill's proposed. The yielding 
conditions proposed by von Mises are used in the 
isotropic materials and those proposed by Hill are used in 
introducing the anisotropic parameters with anisotropic 
materials considered accordingly. In the meantime, the 
finite element deformation theory and the ULF concept 
are also combined for creating an increment type of 
elastoplastic deformation finite element analysis mode. 
Further, the shape function inferred from the tetrahedral 
element with 4 corner nodes is also employed for 
coupling to the stiffness matrix in order to form the Finite 
Element Analysis Mode. Furthermore, the Full 
Integration Rule calculation method is also employed to 
infer the stiffness matrix relating to the tetrahedral 
element with 4 corner nodes. When dealing with the 
friction issue between the screw die and the blank, the 
modified Coulomb Friction Law is selected. In this 
respect, the modified Coulomb Friction Law can be used 
to deal with the friction of the contacting face that is 
under a discontinued sliding-sticking condition in order 



to maintain the linear increment computation. In the 
meantime, the dimensional effect resulting from 
miniaturization is also considered in order to modify the 
traditional material model with the scale factor 
modification formula for the convenience of studying the 
computer-aided works. In this way, the software shall be 
able to display the forming diagram and the stress/strain 
distribution diagram. It can also display the relationship 
between the torque and the stroke according to the 
change resulting from the pitches, friction factors and 
circular rod diameter, and displaying the distribution 
status of max. principal stress and max. principal strain.  

2.2 Scale factor relating to dimensional effect 

As affected by the dimensional effect, significant 
errors were found between Finite Element Analysis and 
actual product during the micro-forming process that the 
traditional material model cannot be used. For this 
reason, a new material model should be developed by 
considering the dimensional effect. In this Plan, the 
SUS304 is used to carry out the Tensile Strength Test to 
study the influence of dimensional effect on the micro-
type circular rod. In the meantime, a new micro 
elastoplastic material model is also developed to compare 
its difference with the traditional material model. 
Therefore, the stress-strain formula between the circular 
rod and the traditional macro-based material is modified 
here by the proportional method without considering the 
material's dimensional effect. As such, the Swift material 
model is adopted as follows: 
 σ̅ = 𝐾(𝜀𝑜 + 𝜀�̅�)𝑛                          (1) 

where, σ and ε represent true stress and true strain 
respectively; whereas, K and n represent the material 
constant. 

In this research, the circular rod diameter “d” is used 
as the scale factor for modification. According to the true 
stress and the true strain diagram obtained from the 
tensile strength test, the traditional material model should 
be used if the circular rod diameter is over 2.2.mm; 
whereas, the modified material model should be used if 
the circular rod diameter is less than 2.2.mm. When using 
the diameter of a micro-type circular rod as the 
modifying factor, because the circular rod diameter being 
selected for this research is 2mm, the traditional material 
model is modified by proportional methods according to 
the stress-strain formula established for calculating 
traditional materials in Eq.(2), as provided below: 𝜎(𝑑, 𝜀) = 𝑓𝑀𝑒𝑔𝑑(𝜀0 + 𝜀𝑝)𝑛(ℎ𝑒𝑖𝑑−1)             (2) 

Where, “f, g, h and I” represent the proportional 
values being modified, and “d” refers to the circular rod 
diameter. In the research conducted by F. Liu, the result 
indicated that the modifying value [14] contained in the 
aforesaid formula can be effectively resolved with the 
least square method, as per the structure in Eq. (3). Based 
on the stress-strain relationship obtained in the previous 
tensile strength test, the values are selected from 10 data 
pointss for each individual diameter to carry out the 

calculation. Therefore, the formula is revised as that 
indicated in Eq. (4). 
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To calculate the optimal value for “f (f, g, h, i)”, the 
Levenberg-Marquart Method is used in this research in 
order to search such value. Such a method is established 
by combining the advantages of Newton Law and the 
Steepest-descent Method. As the search direction 
selected for the early-stage iteration process is closer to 
the gradient direction, it is approximate to the Steepest-
descent Method; whereas, the later-stage iteration is 
approximate to the direction provided by the Newton 
Law. With the aforesaid method, minimal value is 
therefore acquired for “f, g, h and I” respectively, as per 
Table 2. 

Table 2. Proportional Value for Modification 
Formula 

f g h i 
0.7364 0.3165 1.0112 -0.01032 

 
By substituting the proportional values in Eq.(2), the 

modified formula is provided in Eq.(5)as below:  
 𝜎(𝑑, 𝜀) = 0.7364𝑀𝑒0.3165𝑑(𝜀0 +𝜀𝑝)𝑛(1.0112𝑒−0.01032𝑑−1)              (5) 
Because this article is using the material model with 

the diameter of a circular rod is set at 2mm for carrying 
out the modification of proportional value, the “M, n” 
values in Eq. (5) should be substituted by using the data 
obtained from the circular rod with the diameter being set 
at 2mm in which, “M” value represents the “K” value in 
such parameter and the values obtained for the stainless 
steel are 1819Mpa and 0.576 respectively. As such, 
indicated in Eq. (6) is the final material model for which 
the diameter has been modified. 𝜎 = 1340𝑒(0.3165𝑑)(0.077 + 𝜀𝑝)0.5824𝑒(−0.01032𝑑)−1       
           (6) 

 

2.3 Tensile Strength Test 

In this experiment, the stainless steel micro-type 
circular rod is made of SUS304 and the material 
parameters are indicated in Table 3. In the meantime, its 
values are the parameters obtained after modifying the 
scale factors: 

 
  



Table 3. Mechanical Properties and Material Parameters 
for SUS304 Stainless Steel 

Material E(GPa) ν y(MPa) 

SUS304 207 0.3 316 

K(MPa) n ε0 K(MPa) 

2518.5 0.576 0.077 2518.5 

 
Where, E: Elastic Coefficient; v: Posson’s Ratio; σy: 
Yielding Stress 

 
During the experiment, the Tensile Strength Test has 

been conducted for the 2.0mm micro-type circular rod 
with the Micro-computer Tension Tester and the load 
range is below 200kg. Because the chuck of this machine 
cannot clamp the micro-type circular rod securely, 
another set of chuck is added in the testing machine 
together with another two sets of hand-held chucks to 
clamp the micro-type circular rod in position. The tensile 
strength test is a kind of convenient testing method being 
widely used. Lots of basic mechanical properties can be 
acquired when the material is subjecting to strengthening 
axial load during the test. During the test, the stress-strain 
curve is observed in order to analyze the properties 
relating to the material, such as the level of tensile 
strength and the elasticity limit, etc. In view that the 
length and the diameter of the tested material (i.e. micro-
type circular rod) are too small that it cannot be held in 
position easily and the size of the Test Piece is also 
beyond the specifications established for the Standard 
Test Piece, therefore markings are made at 10mm from 
both ends of the micro-type circular rod for using the 
stretching positions. By doing so, the chucks required for 
the machining are secured to the upper and lower chuck 
positions of the stretching machine by the screw 
fastening method and then lock the micro-type circular 
rod in position with the hand-held chuck. As a next step, 
the machine stretching speed is set at 2mm/mm for 
carrying out 3 rounds of tensile strength test for the 
micro-type circular rod for obtaining the desired 
stretching value, respectively, whichever is the greatest. 
After that, such value is translated to the stress-strain 
diagram in order to proceed with the analysis. 

Based on Eqs. (7) and (8), the engineering stress (s) 
and the engineering strain (e) obtained from the Tensile 
Strength Test are then translated to true stress (σ) and true 
strain (ε) respectively.  

(1 )
F

s e
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 = = +
 

        (7) 

ln( ) ln(1 )
o

L
e

L
 = = +

        (8) 
Where 𝑆 = 𝐹/𝐴𝑜  (engineering stress),𝑒 = ∆𝐿/𝐿𝑜 

(engineering strain) 
The relationship between true stress and true strain 

can be described with the Eq.(1) for which the K and n 
values are obtained according to the least root-mean-
square method. The result indicated that the plastic flow 
stress would present visible change along with the 
fluctuation of micro-type circular rod diameter. The 
bigger the micro-type circular rod diameter, the higher 
the material’s plastic flow stress. This is mainly due to 
the shrinking of the Test Piece diameter that has reduced 
the crystal grains on the cross-sectional profile of the Test 
Piece. The Tensile Strength Test proves that a significant 
dimensional effect will exist when judged from the 
micro-scale point of view.  

 

2.4 Analytical steps 

    The analysis procedure includes 9 steps shown in 
Fig. 2 and as following: 
1. Conduct the Tensile Strength Test to study the impact 

of the dimensional effect. 
2. Conduct the Elastoplastic Deformation FE Analysis 

and use the DEFORM analysis program. 
3. Design the 3D model for the die and the blank. 
4. Conduct the Finite Element Simulation Analysis and 

check if any defect is presented during the forming 
process. If any defect exists, then the product and the 
die required for the forming must be designed again. 

5. Start fabricating the die and the blank in order to 
obtain a physical product. 

6. Start the test after the die and the blank are properly 
fabricated. 

7. Secure the data during the experimental process and 
then use the optical microscope to measure till 
obtaining final outline dimensions. 

8. Compare the experiment result and the value analysis 
result. Check if the results of both are identical and 
then analyze the error level. 

9. Compare the experiment and the simulation results in 
order to confirm if the theory used for this research is 
correct. 

Fig 2. Research Step Flow Chart 



3. Experiment Verification and Analysis 

3.1 Torque comparison for test and simulation 

Indicated in Figs. 3 and 4 are the torque comparative 
diagrams relating to the experiment and the simulation. 
To determine the friction factors that should be set for the 
simulation, assume that the friction factors are set as 0.2 
and 0.3 for carrying out the comparative verification with 
the experiment values. As indicated in the figure, when 
setting the friction factor at 0.3 (i.e. m=0.3), the torsional 
curve resolved from the simulation is closer to the 
experiment curve trend. Therefore, the friction factor of 
m=0.3 is selected for the value simulation analysis 
described in this article in order to analyze the screw 
thread forming process for micro-type circular rods. 

 

3.2 Tooth shape comparison for the experiment and 
the simulation 

To justify the accuracy between the experiment and 
the simulation being conducted during the research, the 
optical microscope is used to measure the difference in 
tooth angle and tooth height of the product to study the 
difference of the models being used during the 
experiment the simulation. Indicated in Fig. 5 is the 
comparison of tooth shape required for the experiment 
and the simulation. As indicated in the figure, the tooth 
angle measured for the simulated M2x0.25 is 60.431° 
and that measured during the test is 60.552°, presenting 
0.2% of error. The height difference for the simulated 
tooth is 0.06mm and that measured during the test is 
0.065mm, presenting 7.629% of error. The tooth angle 
measured for the simulated M2x04 is 60.987° and that 
measured during the test is 60.421°, presenting 0.937% 
of error. The height difference measured for the simulated 
tooth is 0.039mm and that measured during the test is 
0.036mm, presenting 8.333% of error.  

 

4. Result and Discussions 

4.1 Forming process 

During the simulation process, the pitch fluctuation 
values are 0.25mm and 0.4mm respectively; the 
fluctuation values of the friction factors are 0.1, 0.2, 0.3, 
0.5 and 0.7 respectively; and the fluctuation value of the 
circular rod diameters are 1.9mm, 1.94mm and 2mm 
respectively. Indicated in Fig. 6 is the die and blank 
position layout for the screw die, and indicated in Fig. 7 
is the 5-stage geometric forming diagram relating to the 
micro-type circular rod screw thread forming. 

 

4.2 Comparison of torque 

Indicated from Fig. 8 to Fig. 10 are the relationship 

between the screw die torque and the pitch stroke before 

and after the scale factor is modified. From these figures, 

the screw die torque will increase rapidly soon as 

contacting the micro-type circular rod. The screw die 

torque begins to increase soon as the screw die pushes 

against the parts during the downward rotating process. 

The results indicate that the torque of the screw die 

increases along with the enlarging of the pitch.  

Indicated in Fig. 11 to Fig. 16 is the relationship 
between the friction factors and the stroke of screw die 
torque. The aforesaid figures indicated that when the 
friction factors are changed during the screw thread 
machining process for the micro-type circular rod, the 
torque of the screw die will increase along with the 
soaring of the friction factors. 

 

4.3 Difference of stress and strain 

Figs. 17 and 18 explain the relationship between the 
pitch and the maximum principal stress in which, the 
maximum principal stress is presented in the micro-type 
circular rod thread forming area and such stress is 
expressed by MPa as the measuring unit. As indicated in 
the figures, the max. principal stress tends to grow along 
with the enlarging of the pitch. Indicated in Fig. 17 is the 
0.25mm pitch that will be used to execute the thread 
tapping for the circular rods with the outer diameter being 
set as Ø1.9mm, Ø1.94mm and Ø2mm, respectively. 
When the diameter of the modified circular rod becomes 
1.9mm, the max. principal stress is shown as 22,800 
MPa; when the diameter of the circular rod becomes 
1.94mm, the max. principal stress is shown as 23,100 
MPa; and when the diameter of the circular rod becomes 
2mm, the max. principal stress is shown as 30,100 MPa. 
Indicated in Fig. 18 is the 0.4mm pitch that will be used 
to execute the thread tapping for the circular rods with 
the outer diameter being set as Ø1.9mm, Ø1.94mm and 
Ø2mm, respectively. When the diameter of the modified 
circular rod becomes 1.9mm, the max. principal stress is 
shown as 21,000 MPa; when the diameter of the modified 
circular rod becomes 1.94mm, the max. principal stress 
is shown as 22,900 MPa; and when the diameter of the 
modified circular rod becomes 2mm, the max. principal 
stress is shown as 30,220 MPa. 

Fig. 19 to Fig. 21 explain the relationship between 
the friction factor and the max. principal stress in which 
the max. principal stress is presented in the micro-type 
circular rod thread forming area and such stress is 
expressed by MPa as the measuring unit. As indicated in 
the aforesaid figures, the max. principal stress tends to 
grow along with the increase of friction factors.  

Figs. 22 and 23 explain the relationship between the 
pitch and the maximum principal strain in which, the 
max. principal strain is presented in the micro-type 
circular rod thread forming area and such strain is 
expressed by “mm/mm” as the measuring unit. As 
indicated in the figures, the max. principal strain tends to 
grow along with the enlarging of the pitch. Indicated in 



Fig. 22 is the 0.25mm pitch that will be used to execute 
the thread tapping for the circular rods with the outer 
diameter being set as Ø1.9mm, Ø1.94mm and Ø2mm, 
respectively. When the diameter of the modified circular 
rod becomes 1.9mm, the max. principal strain is shown 
as 0.672; when the diameter of the circular rod becomes 
1.94mm, the max. principal strain is shown as 0.725; and 
when the diameter of the circular rod becomes 2mm, the 
max. principal strain is shown as 0.964. Indicated in Fig. 
23 is the 0.4mm pitch that will be used to execute the 
thread tapping for the circular rods with the outer 
diameter being set as Ø1.9mm, Ø1.94mm and Ø2mm 
respectively. When the diameter of the modified circular 
rod becomes 1.9mm, the max. principal strain is shown 
as 0.861; when the diameter of the modified circular rod 
becomes 1.94mm, the max. principal strain increases as 
0.972; and when the diameter of the modified circular rod 
becomes 2mm, the max. principal strain changes to 1.45. 

Fig. 24 to Fig. 26 explain the relationship between 
the friction factor and the max. principal strain. As 
indicated in the aforesaid figures, the max. principal 
strain tends to grow along with the increase of friction 
factors. 

 

5. Conclusions 
This article uses the SUS304 stainless steel circular 

rod as the testing material, with the die fabricated and the 
thread tapping mechanism designed to complete the 
experiment for the entire process. For this purpose, two 
kinds of pitches are selected to compare the influence of 
diameter and friction factor to the product during the 
analysis process conducted for three pieces of circular 
rods being fabricated into different dimensions. Further, 
the optical microscope is also used to observe the tooth 
shape supported with the finite element analysis so that 
the screw thread forming process could be accurately 
analyzed for the micro-type circular rods. Through the 
finite element simulation and the comparison of 
traditional and micro-type before and after the 
modification indicated that the max. principal stress tends 
to grow along with the increase of the pitch. However, 
the visible difference has not been observed in the max. 
principal stress before and after the modification. 
Meanwhile, the torsional value of the screw thread 
machining required for the circular rod tends to grow 
along with the enlarging of the rod's outer diameter. As 
the friction factors are changing during the micro-type 
circular rod screw thread machining process, the torque 
and the stress and the strain of the screw die will grow 
along with the increase of friction factors.  
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Fig. 3. Torque Comparative Relationship 

Diagram for Experiment and Simulation (M2x0.25) 
 

 
Fig. 4. Torque Comparative Relationship 

Diagram for Experiment and Simulation (M2x0.4) 
 



 
Fig. 5. Thread Shape Comparative Relationship 
Diagram for Experiment and Simulation 

 

 
Fig. 6. Screw Die and Blank Position Schematic 

 

 
Fig. 7. Geometric Forming Diagram 

 

 

Fig. 8. Relationship between Torque and Pitch Stroke 
(for Ø1.9mm) 



 
   Fig. 9. Relationship between Torque and Pitch 

Stroke (for Ø1.94mm) 
 

 
    Fig. 10. Relationship between Torque and Pitch 

Stroke (for Ø2mm) 

 
  Fig.11. Relationship between Friction Factor and 

Torque Stroke (for M2x0.25) 
 

 
Fig. 12. Relationship between Friction Factor and 

Torque Stroke (for M2x0.25) 



 
Fig. 13. Relationship between Friction Factor and 

Torque Stroke (for M2x0.25) 
 

 
 Fig. 14. Relationship between Friction Factor and 

Torque Stroke (for M2x0.4) 

 

Fig. 15. Relationship between Friction Factor and 
Torque Stroke (for M2x0.4) 

 

 

Fig. 16. Relationship between Friction Factor and 
Torque Stroke (for M2x0.4) 

 
 
 
 



 
Fig. 17. Relationship between Pitch and Max. Principal 

Stress (for M2x0.25) 
 

 
Fig. 18. Relationship between Pitch and Max. Principal 

Stress (for M2x0.4) 
 

 

Fig. 19. Relationship between Friction Factor and Max. 
Principal Stress (for Ø1.9mm) 

 
 

 
Fig. 20. Relationship between Friction Factor and Max. 

Principal Stress (for Ø1.94mm) 
 

 

Fig. 21. Relationship between Friction Factor and Max. 
Principal Stress (for Ø2mm) 

 
 
 
 



 
 
Fig. 22. Relationship between Pitch and Max. Principal 

Stress (for M2x0.25) 
 

 
Fig. 23. Relationship between Pitch and Max. Principal 

Stress (for M2x0.4) 
 

 
Fig. 24. Relationship between Friction Factor and Max. 

Principal Stress (for Ø1.9mm) 
 

 
Fig. 25. Relationship between Friction Factor and Max. 

Principal Stress (for Ø1.94mm) 
 

 
Fig. 26. Relationship between Friction Factor and Max. 

Principal Stress (for Ø2mm) 



Figures

Figure 1

Action Method of Screw Die and Micro-type Circular Rod

Figure 2

Research Step Flow Chart



Figure 3

Torque Comparative Relationship Diagram for Experiment and Simulation (M2x0.25)

Figure 4

Torque Comparative Relationship Diagram for Experiment and Simulation (M2x0.4)

Figure 5

Thread Shape Comparative Relationship Diagram for Experiment and Simulation



Figure 6

Screw Die and Blank Position Schematic

Figure 7



Geometric Forming Diagram

Figure 8

Relationship between Torque and Pitch Stroke (for Ø1.9mm)

Figure 9

Relationship between Torque and Pitch Stroke (for Ø1.94mm)



Figure 10

Relationship between Torque and Pitch Stroke (for Ø2mm)

Figure 11

Relationship between Friction Factor and Torque Stroke (for M2x0.25)



Figure 12

Relationship between Friction Factor and Torque Stroke (for M2x0.25)

Figure 13

Relationship between Friction Factor and Torque Stroke (for M2x0.25)



Figure 14

Relationship between Friction Factor and Torque Stroke (for M2x0.4)

Figure 15

Relationship between Friction Factor and Torque Stroke (for M2x0.4)



Figure 16

Relationship between Friction Factor and Torque Stroke (for M2x0.4)

Figure 17

Relationship between Pitch and Max. Principal Stress (for M2x0.25)

Figure 18



Relationship between Pitch and Max. Principal Stress (for M2x0.4)

Figure 19

Relationship between Friction Factor and Max. Principal Stress (for Ø1.9mm)

Figure 20

Relationship between Friction Factor and Max. Principal Stress (for Ø1.94mm)



Figure 21

Relationship between Friction Factor and Max. Principal Stress (for Ø2mm)

Figure 22

Relationship between Pitch and Max. Principal Stress (for M2x0.25)

Figure 23

Relationship between Pitch and Max. Principal Stress (for M2x0.4)



Figure 24

Relationship between Friction Factor and Max. Principal Stress (for Ø1.9mm)

Figure 25

Relationship between Friction Factor and Max. Principal Stress (for Ø1.94mm)



Figure 26

Relationship between Friction Factor and Max. Principal Stress (for Ø2mm)


