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OZET

PUNCH TAP, DI FRE_ZESi VE OVALAMA KILAVUZ Y(")NT_EMLERi
ILE ACILMIS DISLERIN YORULMA DAYANIMI VE DIS
MUKAVEMETLERININ DENEYSEL KARSILASTIRILMASI

CAGRI KACMAZ

Yiiksek Lisans, Makina Mihendisligi Bolumii
Tez Danigmani: Dr. Ogr. Uyesi Mehmet Okan GORTAN
Haziran 2018

Yeni geligtirilen “Punch Tap” prosesi ile deliklere i¢ digler, konvansiyonel dis frezesi
ve ovalama (ezme) kilavuzu proseslerinin ¢alisma prensiplerinin kombinasyonu
seklinde aciimaktadir. Bu durum iki konvansiyonel prosesin avantajlarini
birlestirmekte ve imalat surelerinin %75 oraninda kisaltmaktadir. Ancak “Punch
Tap” prosesi kullanilmasi halinde, vidali baglantilar icin énemli olan iki 6zellik,

mekanik ve yorulma dayaniminin nasil oldugu bilinmemektedir.

Ovalayarak dis agma ve dis frezeleme yontemlerinin kombinasyonu olan “Punch
Tap” prosesinde agilan diglerde dis ylzeyinde yarim sonsuz sembolline benzer bir
sekil olugsmaktadir. Dig yuzeyinde olugan bu durumun dis mukavemeti Uzerine etkisi

su ana kadar bilinmemektedir.

Bu nedenlerle tezde aliminyum 6061-0 alasiminda, konvansiyonel yontemler olan
dis frezeleme ve ovalama (ezme) kilavuzu yardimi ile acilan diglerin yorulma
dayanimi ve dis mukavemetlerinin yeni teknoloji olan Punch Tap ile agilan digler ile

deneysel olarak karsilastiriimasi yapilmistir.

Yapilan ¢alismalarda kullanilan aliminyum alasimi 6061-0 olup, her G¢ yontem ile
acllan digler cekme testine ve yorulma testlerine tabi tutulmustur. Fakat gekme ve
yorulma deneyleri i¢in piyasada ki civatalar mukavemet olarak vyeterli
gelmeyeceginden, soguk is takim geligi olan 1.2379 malzemesinden civata Uretimi

gerceklestiriimistir.



Yapilan calismada imalat yontemi kaynakli farkliigin dis mukavemeti tGizerine etkisi
arastiriimis olup, konvansiyonel yontemler ile arasindaki mukavemet ve yorulma

farkhliklarr arastiriimistir.

Anahtar Kelimeler: dis frezesi, ovalama kilavuzu, punch tap, mekanik mukavemet,

yorulma dayanimi, aliminyum alagimlari



ABSTRACT

EXPERIMENTAL COMPARISON OF MECHANICAL AND FATIGUE
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Master of Sciences, Department of Mechanical Engineering
Thesis Supervisor: Asst. Prof. Dr. Ing. Mehmet Okan Goértan
June 2018

“‘Punch Tap” is a combination of conventional thread mill and cold forming tap
processes for female threads. This method is shortening production times up to 75%
in an efficient way while combining advantages of both conventional method of
thread milling and cold form tapping. However, there are lack of knowledge about

mechanical and fatigue strength of the threads which are produced by “Punch Tap”.

On the threads produced by Punch Tap, there is a scratch on the thread surface,
called as helical grove because of the machining process. There was no research

about the scratch on the thread surfaces. Effect of that scratch is still unknown.

In this thesis; there will be comparison of mechanical and fatigue strengths of
threads produced by thread milling, cold form tapping and the new technology of

Punch Tapping on Aluminum Alloy 6061-0.

Aluminum alloy 6061-0 is subjected to tests of mechanical strength and fatigue
strength test for all threads produced with thread milling, cold form tapping and
punch tapping. Since most common screws are not so suitable for fatigue and
mechanical strength test, screw from cold working steel of 1.2379 was produced by

Hacettepe University Mechanical workshop.



In this master thesis effect of scratch has been investigated. Mechanical strength
and fatigue strength of the threads which is produced by Punch Tap has been

compared and investigated with the thread milling and cold form tapping threads.

Key words: thread mill, cold forming tap, punch tap, mechanical strength, fatigue

strength, aluminum alloy
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1 INTRODUCTION

1.1 Introduction

As a connection element in mechanical engineering; bolts and internal threads are
common in the industry. These connections are generally loaded with dynamic
loads. There are some standards about the behavior of bolts under dynamic loading.

[11-[3]. However, there are few researches about internal threads.

It is easy to measure or collect data on the external threads about dynamic loads
and fatigue capability of the external threads [2]. Grierson, Anita E.; Vaningen-Dunn,
Caroline investigated on the bolts loading for the defense industry and obtained the
bolts failure at different loadings [4]. J.E. Field (1984) investigated the fatigue
strengths of the internal threads regarding to different kind of materials with same
internal thread size and they had found that production method effects fatigue
strength of the threads [5].

However, internal threads are used more often than external threads in many
designs. In many designs which has been done in the light of information of bolt’s
loading capacity, may lead to fatigue problems of deformations on the internally
threaded connections. In many cases engineers can design a machine using this
external thread load capacity. This is going to lead unexpected problems on the
design. Fatigue based problems are common in especially internally threaded
connections. In this master thesis fatigue characteristics of the internal thread will

be investigated.



2 STATE OF THE ART

21 Cold Forming Tap

Cold form tapping technology is quite new when it is compared with the thread
cutting technology. Due to literature first patent published in 1998 [6] . Cold forming

process is basically shaping process with plastic deformation on metal.

Figure 1 Cold Forming Tap [10]

Because of cold forming process there are no chips produced on production. That
leads several advantages. Forming process increases the quality of thread because

there are forming instead of cutting. That means, material flows instead of cutting

[7].

Figure 2 Difference Between Sharp Edge and Formed Edge of Thread [10]



Another effect is the lack of from sharp edges. At the sharp edges, notch effect is
possible. However, at cold forming process material flow leads into more stable and
strong teeth compared with cutting threads [8]. The cold forming of threads,
according to DIN 8583-5, belongs to the pressure forming process [9]. The internal
thread is produced by the impression of a helical sequence of thread teeth into the

formerly prepared thread hole, the desired profile is formed by pressure.

The lead portion of a cold forming tap is made as a lead taper, in which the helical
thread line is continuously increasing in diameter. In the cold forming process, the
workpiece material flows from the thread crests along the thread flanks into the area
of the minor thread diameter. This creates smooth flank surfaces and the minor

diameter is, the typical space pocket [10].

The cylindrical guiding part of the cold forming tap makes the surface of the
produced thread even smoother and serves to firmly guide the tool axially.
Depending on the workpiece material, the essential advantages of cold forming
include excellent surface quality but also increased static and dynamic strength of
the thread.

Figure 3 Thread Produced by Cold Forming Tap [10]



2.2 Thread Milling Cutter

Thread milling cutter is basically an end mill which is able to produce threads with

the thread form of the product.

The tap operation requires same diameter with demanded size of the thread. The

main difference from tapping and thread milling operation is that tapping operation

is continuous cutting but thread milling operation is interrupted cutting.

For the thread milling operation basically 3 axis capable CNC machine is required

because tool need motion in helical and circular direction [11].

Figure 4 Thread Milling Cutter [10]

For the mass production, thread milling cutter serves with several advantages.

Short production times due to tapping process

High degree of process safety

Combination of different machining jobs with one tool

Usable thread depth down to the very bottom of the hole

No chip problem, because only short milling chips are produced during
process

Thread production independent of thread size and tolerance

Suitable for thin-walled workpieces



2.3 Punch Tap

Punch tap is an invention from Emuge-Franken GMBH in Germany. The Emuge

Punch Tap technology combines tapping, cold forming of threads and thread milling.

Figure 5 Punch Tap [12]

A comparison between the tool path of the Emuge Punch Tap with the tool path
conventional taps or cold forming taps shows that the path of the Punch Tap
approximately 15 times shorter for M6 thread with 13 mm thread depth. The result

is a significant time saving up to 75% in a threading cycle.

PunchTap

Punch (Einfahren) Gewindeformen Herausfahren
Punch (Plunge) Thread-forming Retraction

\\ /

()

o

Schritt 1 - Step 1 Schritt 2 - Step 2 Schritt 3 - Step 3

Herkommliche Gewindebohrer oder Gewindeformer
Conventional taps or cold-forming taps
= € 3

T
c'o‘o,)

R

Einfahren = Gewinden Herausfahren
Entering workpiece = Threading operation Retraction

Figure 6 lllustration for Punch Tap and Conventional Threading [12]



Since, punch tap is combination of thread milling and cold form tapping operation

there are some similarities and differences at the thread surface.

Thread strength is comparable with the cold forming tap since the material is formed
[12]. Continuous fibre structure is seen at the thread surface compared to cutting
threads. However, there are helical grove on the thread surface on the Punch Tap
[13].

On the Figure 6 process PT 1.0 has been shown. During punch tapping process
there are pull out and compressive forces produced on the CNC machine spindle.
To reduce this forces PT 1.5 and PT 2.0 had been improved by Emuge Franken
GMBH.

Gewindebohren Gewindefrasen Gewindeformen Helikales Gewindeformen
Tapping Thread milling Cold-forming of thread Helical thread-forming

Punch Tap

A A A

Figure 7 Comparison of Cut, Cold formed & Punch Tap Threads [12]

2.4 Literature Review

There are several researches about tapping and thread milling. Irfan Ay and Kerem
Demircioglu (2005) investigated on cutting tap thread production and cold formed
tapping production processes. They had researched on advantages of cold formed
threads compared to cut threads. They had found that because of cold forming
process is no chipping process; tool life is better than cut taps. Also they had found

that cold formed threads are stronger than cut taps [10].



Kamil Feratoglu (2015) investigated the tensile strengths of the threads which were
produced thread cutting with tap. On that research, several pull out tests made on
threads with different scenarios. The effect of thread length, thread size and

thickness of nut had been investigated [14].

Also, Agus Santosa Sudjono, Lydia F. Tjong and Yohannes (2008) investigated the
tension strength of thread connections due to depth of thread penetration. Due to
their research thread depth has an influence on the thread’s tension strength. They
claim that thread depth must be at least 90% of the nominal thread diameter to get
maximum tension strength from the thread itself. Also they found that, maximum

load of the thread is not linear regarding to thread depth [15].

Alessandra Olinda de Carvalho, Lincoln Cardoso Brandao, Tulio Hallak Panzera
and Carlos Henrique Lauro (2012) worked on cold form tapping. They investigated
effects of pre hole diameter, cutting speed and tool coating on the microstructure of

thread and also torque and force diagrams [16].

There are not so many studies on mechanical strength comparison of the thread
forms like cut thread and cold formed thread. However, Peter Kopton, Dietmar
Hechtle, Dirk Biermann, Yang Liu, lvan lovkov had worked on the punch tap working
mechanism, torque & force diagrams. The strength comparison also had been done
in this research and they showed that punch tap thread has similar mechanical

strength value with cold forming tap [12].



3 AIM AND SCOPE OF THESIS

Punch Tap is a new technology. Because of the helical grove on the thread surface

on the Punch Tap process; there is no consensus about thread strength.
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Figure 8 Punch Tap Thread with Helical
Grove

In this master thesis threads machined by Punch Tap will be compared with the
threads machined by cold forming tap and thread milling cutter. There will be
mechanical strength measurements and also fatigue strength measurements on the
samples of Aluminum alloy 6061-0. In this thesis effect of helical grove on Punch
tap on a thread surface will be investigated with mechanical strength and fatigue

strength measurements.



4 SAMPLE PRODUCTION AND TEST MECHANISM

4.1 Production of Samples

Three types of samples were produced for this master thesis; namely thread milled,
cold formed and punch tapped internal threads. All these thread samples were
produced in Emuge Franken GmBH in Nuremberg Lauf an der Pegnitz, facilities.

Detailed information about samples were already specified below.

4.1.1 Cold Formed Thread

Cold formed thread was produced in Brother TC-22A CNC tapping center. Tap and
pre-hole diameter from Emuge Franken GMBH had been used to machine the

Aluminum 6061-0 samples.

Figure 9Brother TC-22A Tapping Center
for Cold Forming Tap Sample



Because of the forming process pre-hole diameter of cold forming tap is calculated

differently. Calculation formula is [2];

. I . . 65xP(mm)
Cold Forming Drill Size = Tap Nominal Diameter(mm) — (W)
For M6 size Pre-Hole diameter calculated as;
M6 Cold Forming Drill Size = 6 (65x1) 5,6
old Forming Drill Size = 14706) = > mm

Produced samples had been machined by 6HX tolerance cold forming tap. Gauge
control had been done on the sample threads. Also working conditions of the drill

and tap had been specified below.

Drill Working Conditions
o Vc= 240 m/min
o f=0,22 mm/rev
e Tap Working Conditions
o Vc=20 m/min
o f=1 mm/rev
e Hole Depth: 18 mm
e Thread Depth: 12 mm

e Production Time: 8 s
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4.1.2 Thread Milling Samples

There are several methods to produce a thread. Tapping is one of oldest method in
the machining. Basically, tapping operation requires certain nominal diameter for
the required thread size. Because of the tapping operation is helical-circular motion
there is continuous cutting on the tapping operation [11]. Cutting forces on the
tapping operation can be calculated theoretically and these values would be reliable

with practical values.

Although, thread milling cutters are used as thread tool in the market there are
several differences compared to tap. As a first difference, thread milling operation
requires interrupted cutting. Because of this interrupted cutting action; there are
various cutting forces on the thread milling machining. That leads easy machining
for large dimensions [17]. Thread milling cutter is working as helical interpolation
and machines the pre-drilled hole to desired thread size. Since the thread milling
needs interrupted cutting; required cutting force and machine power can be reduced
with this method.

Thread milling samples machined in Deckel Maho DMC 835V Vertical CNC machine

in Emuge Franken GMBH Lauf an Der Pegnitz facilities on Aluminum 6061-0. Also

hole and thread specifications are listed below.

11



Figure 10 Deckel Maho DMC 835V CNC
Machine for Thread Milling Cutters

Although tapping operation can be done by hand, thread milling operation needs

thread milling NC cycle and at least 3 axis Synchronized CNC machine. NC cycle

to produces test samples located below in Figure 11

CNC internal thread milling (climb milling, on the contour, incremental, acc. Heidenhain)

1 TOOL CALL 1 2 S 6635
2 L X ... Y ...

3 L 1Z- 14,000 RO

4 L Y 0,5 F 265
5 L IX 2,50 RL

6 cC IX- 2,50 IY 0

7 CP IPA 90 1z 0,25
8 CcC IX 0 Y- 3

9 CcP IPA 360 1z 1,00
10 cC IX 0 Y- 2,50
11 CP IPA 90 1Z 0,25
12 L X ... Y ...

13 L Z 2 F MAX

Machining time t,, :

6,0 sec.

Z 2

F MAX

(contour)

DR+

DR+

DR+
RO M 111

RO F MAX M3

M 110

[F 26] ¥ (172 centre point)

[F 53] ¥ (centre point)

F MAX

Figure 11 Thread Milling NC Cycle due to Heidenhein Programming
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4.1.3 Punch Tap Samples

Since punch tap is a combination of cold forming tapping and thread milling; process

needs to have special requirements. Working mechanism of punch tap is shown in

Figure 12.
Punch Tap
Punch (Einfahren) Gewindeformen Herausfahren
Punch (Plunge) Thread-forming Retraction
Schritt 1 - Step 1 Schritt 2 - Step 2 Schritt 3 - Step 3

Figure 12 Working Mechanism of Punch Tap[13]

There is special NC cycle needed for the Punch Tapping operation. NC cycle
already specified below in Figure 13.

13



DP903.Slave03: CU_I_3.3:1(1):
201507 4 BICO: Interconnections to inactive objects present. 2.

NC/MPF/PUNCH_TEST —
654 G99 G64 GOB X8 Y8 2509 onery
T="PT_6"y

ney

1 Drilling

1 Reaming

; ]
1

Cycle845(188, 8, 2, , 15, 8.25,31.5, 1, 188, 15, 688, 1, 6, 1111, 1883, 1601111) Deep hole

1 drilling

: ]
Cycle845(100, 0, 2, , 15,8.25,31.5, 1, 180, 15, 600, 1, 6, 1111, 1002, 1801111) ]

n3ey

Boring

Drilling

Figure 13 Punch Tap NC Cycle for Siemens Controller

Punch Tap samples machined in Deckel Maho DMC 835V Vertical CNC machine in
Emuge Franken GMBH Lauf an Der Pegnitz facilities on Aluminum 6061-0. Also

hole and thread specifications listed below.
e Hole Depth:18 mm

e Thread Depth: 12 mm

e Production time: 0,7 s

14



4.2 Production of Screw for Pull Out & Fatigue Test

There are several types of bolts, screws and other fasteners in the industry. They

are marked on the head with the class and their grades. These markings belong to

the ASM and SAE standards [2].

Investigating the Figure 14; it is obvious that, screws in the industry is not available
for the mechanical strength measurements of the threads produced. Because of
that factor; screws had been produced from X155CrVMo12-1 cold working steel.

This cold working steel is known as 1.2379 in the industry. Screws hardened to 55-

58 HRC after production.

Figure 14 Grade Identification Marks and Mechanical Properties of

Bolts and Screws [13]

15

[/ \ [A A [/ \
\ Y AN J AN J
A B C < D " E > F
NO MARK
[/ \ [/ \ [/ \
\N / \§ 4 Q /
G H 1 J & K < L
Nhlll,”.\llrc’nglh Material
Size (107 psh) &
Identifier Grade (in) Proof Tensile Yield Treatment
SAE Grade | Y0 1% 33 60 36 1
ASTM A307 Yito 14 33 60 36 3
A ACEA 55 74 57
SAE Grade 2 - 1
%o 1% 33 60 36
SAE Grade 4 Yito 1Y% 65 115 100 2,a
SAE Grade 5 Yol 85 120 92
B ASTM A449 1%to 1Y% 74 105 81 2b
ASTM A449 %103 55 90 58
C SAE Grade 5.2 ACH! 85 120 92 4,b
ol 85 120 92
D ASTM A325, Type | 2b
1%t 1% 74 105 81
Yol 85 120 92
E ASTM A325, Type 2 4,b
1%t 1% 74 105 81
Yol 85 120 92
F ASTM A325, Type 3 5.b
1%t 1% 74 105 81
Yto2} 105 125 109
G ASTM A354, Grade BC 5b
2% 04 95 115 99
H SAE Grade 7 ACRES 105 133 15 7.b
SAE Grade 8 Yito 144 120 150 130 7,b
1
ASTM A354, Grade BD Yito 1% 120 150 130 6.b
J SAE Grade 8.2 Yol 120 150 130 4,b
K ASTM A490, Type | 6.b
Yo 14 120 150 130
L ASTM A490, Type 3 5,b




Screws had been produced in the Hacettepe University Mechanical Engineering

workshop. Produced screw is shown in Figure 15

N

>

Figure 15 Screw Made from
1.2379 Cold Working Steel

4.3 Tensile Test for Mechanical Strength Measurements

Mechanical Strength measurements had been done in the Hacettepe University

Mechanical Engineering laboratories.

G

PRODUCED SCREW ON 1.2379

>

TEST SPECIMEN ON 6061 TO

Figure 16 Test Setup Design for Tensile Test
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Main criteria in these measurements is determination of the differences all of three
different threads. Although thread sizes are the same, machining methodologies are
different on the samples. All of the samples machined to M6-6H tolerance and also

screw had been made with the size of M6-6g tolerance.

There are several researches on the threads which are machined by thread milling
cutter or cold forming tap [11], [15]. However, there is no study on the threads which
are machined by punch tap. In this master thesis, effects of helical grove on the
punch tapping thread surface will be investigated and compared with the threads
from thread milling cutter and cold forming tap. First step of this comparison is going

to be mechanical strength measurements on the thread surfaces.

Test machine was supplied by BESMAK Laboratory machines. It has 300 mm piston
stroke which is controlled by two stage dynamic servo valve with high flow rate and
high step response. Test machine also work with 4 Hz frequency. However, during
fatigue tests some concentricity problems were detected. To solve this problem
special bearing for the piston strokes had been designed and produced in Hacettepe

workshop.

Figure 17 Test Setup for Mechanical Strength Measurement
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5 EXPERIMENTAL RESULTS

5.1 Tensile Test with Aluminum 6061-0
First test had been done on the 6061-0 grade aluminum alloy to determine yield and
tensile strength of the test material. This test will guide us to determine real strength

of the threads compared to material itself.

Due to test, tensile strength of Aluminum 6061-0 found as 149,4 MPa. Results are

shown on the graph.

160

140

Stress [MPa]
= =
N H (o)) 0] o N
o o o o o o

o

0 5 10 15 20 25 30

Displacement [mm]

Figure 18 Tensile Test Result of Aluminum 6061-0 Grade
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5.2 Tensile Test with Three Types of Threads
Tensile test had been done for three types of threads. Mechanical strength values

from the pull-out forces found below;

9000

= Thread Milling Load [N]
8000
7000 = Cold Forming Tap Load [N]

6000 = Punch-Tap Load [N]

5000

4000

Force [N]

3000
2000

1000

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Displacement [mm]

Figure 19 Pull-Out Test for Three Types of Threads

Thread Milling Thread: 7219,52 N
Cold Forming Thread: 7964,30 N
Punch Tap Thread: 7367,54 N
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Tensile test gave the results in the unit of Force [N]. to calculate tensile pressure as

a MPa calculation specified below.

R=6mm

r=3mm

A =3,141592 % 32

A = 28,275 mm?

From this calculation stress values calculated below;

® Ocold Forming=281,823 MPa

®  Opunch Tap=260,706 MPa

®  OThread Milling=255,468 MPa

20



Also, tensile strength comparison of tread milling, cold forming and punch tapping

threads are shown in Figure 20.

300

@ Thread Milling Stress [Mpa]

250 T e,
h Cold Forming Tap Stress [Mpa]

\ Punch-Tap Stress [Mpa]
150 \

y

0 0.2 0.4 0.6 0.8 1 1.2 14

Displacement (mm)

N
o
o

Applied Stress (MPa)

[y
o
o

~

Figure 20 Tensile Strength Comparison of Three Types of Threads
5.3 Fatigue Test for Three Types of Threads

Fatigue test results are shown with S-N Curve in Figure 21. As expected cold
forming tap has highest fatigue strength value because of the cold forming process.
Continuous fibre structure on the cold forming process eliminate the notch effect
which is coming from sharp edges on the thread cutting process. That explains

clearly why cold formed thread has highest fatigue strength values.

Although punch tapping process is cold forming process, punch tapped thread is
weaker than cold formed tap and thread milled thread in the fatigue strength
comparison. It seems that, helical grove on the thread surface effects strength of
the thread strength. Helical grove on the punch tapped thread surface may reduce
the contact surface between screw and the thread and this could be the reason of
the weakness of the thread instead of there is continuous fibre structure at the punch

tapped thread.

21
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On the other hand, punch tapping process could be the reason for the unexpected
low life cycle of the punch tapped thread. On the PT 2.0 process over forming is
possible. Over forming may be the main reason to reduce fatigue strength of the

punch tapped thread.

245

—@— Thread Milling Cutter
240
—@— Cold Forming Tap

235 Punch Tap
‘©
[a W
2
— 230
(%]
(O]
=]
(V]
Q 225
o
Q
<

220

215

210

1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07

Cycle number

Figure 21 S-N Curve of Three Different Thread Type
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6 CONCLUSION AND DISCUSSION

Due to plastic deformation during cold form threading process; mechanical strength
values are higher than other two thread types. Continuous fibre structure on the cold
form tapping and punch tapping leads more strength values for the internal threads

compared to cutting threads.

On the other hand, thread milling cutters create sharp edges and these sharp edges
may generate notch effect at the internal thread. Differences of thread milling cutter
and cold forming tap is seen in microscope picture from the samples. Material
structure and continuous fibre of the material is already shown in Figure 22. As an
additional information; punch tap thread and cold forming thread has same material

structure.

Idea behind the cold forming tap and punch tap is basically producing of internal
thread via forming of the material. Due to forming process, expected internal thread

strength and fatigue strength of those internal threads are higher than cutting thread.

Processes cold forming tapping and punch tapping are providing high tensile
strength on the internal threads as expected. However, on the fatigue strength
thread milled internal thread unexpectedly has higher life cycle than punch tap.

There could be some reasons for this unexpected result.

In Figure 23 three samples are investigated under optical microscope. Effects of
cutting and rolling are shown clearly from material flow in Figure 22. However, punch
tapping thread sample is looking like over formed. Over forming is one of the main

reasons of reduction life cycle.
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Figure 22 Microspoce Picture of the Threads 1- Cold Form, 2-Punch Tap 3-
Thread Mill

On the thread forming process pre-drill diameter is simply larger than pre-hole
diameter in thread cutting process. This is because of the forming philosophy. Under
auspices of forming process, material is swelling to demanded tolerance minor

diameter.

Although major and minor diameter of over formed threads are in between the
tolerance values, over forming basically effects the strength of the threads because
of the reduced contact surface with the screw. Also, perfect formed internal thread
and over formed internal thread comparison is shown in Figure 23. This effect could
be the explanation of lowest life cycle of punch tapped thread. Major diameters of

the internal threads also shown in Figure 24.
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Thread
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Figure 24 Major Diameters of Three Different M6-6H Internal Threads
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As a conclusion, mechanical and fatigue strength of the internal thread had been
investigated in this master thesis. As expected cold forming process leads more
mechanical strength and load capability for internal threads. Due to forming process
strain hardening had seen on the internal threads. First reason of the higher
mechanical and fatigue strength of the threads is strain hardening effect according

to machining process.

Second reason is that forming process eliminate the notch effect on the sharp edges
from the cutting process on the internal thread machining. Because of its mechanical
strength of cold formed and punch tapped internal thread is higher than thread milled

internal thread.

On the other hand, although punch tap is mainly a forming process; dynamic load
carrying capability is lower than cut tap in the fatigue strength measurements. It may
have several reasons. First, owing to optical microscope investigations, over
forming was shown on the punch tapped threads. Over forming is mainly a failure
for internal thread machining process and reduces the load capacity of the internal
thread. Secondly, there is a helical grove on the punch tap surface. This helical
grove may reduce the contact point between bolt and internal thread and may cause

the reduction of load capacity of the internal thread.

All in all, question marks about helical grove on the punch tap surface had been
answered on a limited stage. However, since punch tap is a living project, there will
be more test on the different internal threads with the improvement on punch tapping

process.
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