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Abstract 

Internal thread-milling in large bores is 
becoming increasingly important alternative to 
tapping, especially in cases where the diameter 
and depth of threaded holes exceed the standard 
size of taps. Problems of choosing tools for thread 
milling on a CNC machining center are presented 
on a practical example according to the 
technological-economic constraints that arise in 
small batch production. The factors of choice of 
tools are featured in order to achieve satisfactory 
quality of threads with minimum tool costs. At the 
end, the obtained quality of machining is discussed 
as a result of of tool selection for thread-milling 
operation. 

 

 

1. INTRODUCTION 

Thread milling in large holes is necessary when 
you are machining large work pieces that cannot 
be rotated on the lathe because of the size or 
asymmetrical shape (thread is not in the axis of 
rotation which would lead to imbalance and low-
speed cutting), in the case of small batches for 
which are not worth ordering special taps or the 
power needed to drive large tap is greater than the 
power of the machine. The main prerequisite for 
thread milling is CNC machining center that has the 
possibility of moving the tool in helical path. 

In addition, the advantages of milling of large 
internal threads in relation to tapping are following: 

 Complete operation in one clamping 

 Threading of large diameters requires less 
power than threading by taps 

 No upper limits to bore diameter 

 Chips are short 

 Creating threads in blind holes is possible 
without the need for machining relief groove  

 Thread relief groove unnecessary 

 One holder used for both internal and external 
threads 

 Interchangeable inserts 

 One tool used for both right hand and left hand 
thread 

 Tooling inventory can be reduced to a minimum 
as small range of tooling covers a wide range of 
thread profiles 

 Suitable for machining of materials range from 
soft, non-ferrous alloys to heat-treated steels, or 
tough alloys such inconel and titanium, where 
tap breakage often occurs 

 Threads have a high surface finish 

 Allows for correction of tool diameter and length 

 Interrupted cuts easily machined 

 A better thread quality in soft materials where 
taps normally tear the material 

 Short machining time due to high cutting speed 
and rapid feed rates 

 Small cutting forces allow machining of parts 
with thin walls 

 Tolerance adjustments can be made using 
exact calculations 

 No danger of chip jamming - better chip 
evacuation due to small milling chips 

 Lower tool costs per work piece 

 The same cutter can be used for many 
diameters, as long as the pitch is the same 

 Ability to use the machine with less power 

 Efficient repair of large internal threads (in-situ) 
using portable CNC machines with helical 
interpolation, etc. 

 Enables dry machining 

 No reversal of the spindle required 
 

Successful selection of thread milling tools involves 
the definition of thread milling operation by taking 
into account all factors that affect the final quality of 
the thread, to achieve minimum processing costs. 
Manufacturers today provide software tools that 
allow step by step input in order to obtain a 
machining program for previously selected tool.  
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2. Defining the thread milling operation for 
Body Pump 

2.1. Work piece data 
 

Part name Pump body 

Number of 
work pieces 

3 

Material EN34CrNiMo6 
       Comparative Standards 
Germany: DIN / W.Nr. 34CrNiMo6 
United Kingdom: BS 817M40 
Sweden: SS 2541 
ISO: 36CrNiMo6 

Material 
condition 

Quenched and tempered to 
900N/mm2 

Thread type M56x4 depth of 65 mm, a total of 
8 threaded holes  
M110x4 depth of 120 mm, a total 
of 4 threaded holes  

 
2.2 Technological and economic limitations 
Since it is a small series, the cost of purchasing 
tools is divided into three work pieces, which 
means that the tool costs are very high per item. 
Favourable fact is that these threads have the 
same pitch, which means that it is possible to find a 
tool which could thread mill both M56x4 and 
M110x4. 
Tapping is possible for M56x4, but that would 
mean buying two tools: thread mill for M110x4 and 
thread tap for M56x4. However, the fact that both 
treads don’t have relief groove at the bottom was 
crucial for decision that the threads should be 
made by milling, and not by tapping. In addition it is 
assumed that the use of milling tools for future 
activities will result in lowering of initial tools costs 
per item. 
When the thread is particularly deep, a tap may 
shine. A long tap can machine threads effectively in 
a hole that goes a long way down. This is not the 
case with a thread mill. In thread milling, because 
the cutting forces are not balanced, the tool is 
prone to deflect. Beyond a certain depth, the 
deflection becomes too great to machine the thread 
well. In general, a thread mill is limited to a depth of 
about 2.5 times the diameter of the tool for metric 
and 1.5 times for metric fine threads. 

 
2.3 Technological limitations 

 Large difference in diameter and depth of 
threaded holes - the possibility of vibration when 
using a one tool for depth of 65 mm and depth 
of 120 mm 

 The tool must have sufficient stiffness - it is 
assumed cylindrical holder of sufficient length 
that can be adapted to the depth of the thread 
hole. In deep threading it is important to use a 

tool with a greater diameter and shorter 
overhang to reduce vibration of the tool. The 
use of longer, less rigid tool reduces the stability 
and has a bad impact on the overall 
performance of the tool. In the case of tools with 
cylindrical shank the length can be shortened by 
cutting the tool body. 

 Processing quality - it is necessary to reduce 
the load on the cutting edge. It is supposed to 
use a insert with a one cutting profile on the top 

 Processing quality - removal of the chips from 
the bore by cooling through the spindle assure a 
longer tool life, better removal of chips and a 
better surface quality of threads. 

 Processing quality – machining of quenched 
and tempered materials requires reduction of  
load on the cutting edge. It is necessary to use 
inserts with one cutting profile on the top.  

 Processing quality - using tangential helical arc 
at the entry and at the exit of thread gradually 
increases/decreases load on the cutting edge 
which reduces the potential for vibration and 
extends tool life. 

 Choice of the machine – thread milling requires 
CNC machining center with cooling through the 
spindle and the possibility of helical 
interpolation. 

 Processing time - it is necessary to work with 
high feed rate because helical path is long. 
Feed rate is the function of rotational velocity, 
feed per tooth per rotation and number of 
cutting edges (flutes). The use of a tool with 
more flutes is assumed. 

 
2.4 Tool selection 
Based on the request to use a one thread milling 
tool for thread M56x4 with the depth of 65 mm and 
M110x4 with the depth of 120 mm, a tool with a 
cylindrical shank and cooling through the spindle 
was selected. 
Based on the request to reduce the load on the 
cutting edge, tool with inserts having one cutting 
profile on the top was selected. 
Based on the request to reduce processing time by 
increasing the feed rate, tool with a minimum of 3 
flutes was selected. 
 
The characteristics of the chosen tool are: 
Manufacturer: VARDEX 
Mill: TM3SC-28C35-144-3A   (L1max=144 mm, L2=4 
mm) 
Insert: 3AIDT60 TM (L=16 mm, r=0,08 mm),  
Carbide – VTX (for general purpose and steel)  
The range of pitch: 2.0-4.0 mm; 12-6 tpi 
Number of flutes: 3 
 
 
 



June, 16-18, 2011 Biograd, Croatia       CIM2011 
 
                                                                                                                 
 

 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Selected tool 

 
 

2.5 Machine selection 
According to the dimensions of the work piece , the 
need for cooling through the spindle and the ability 
to move the tool in helical path, horizontal 
machining center HAAS EC-1600 has been chosen 
with the following characteristics: 
- X travel 1626 mm 
- Y travel 1016 mm 
- Z travel 813 mm 
- Power 22 kW 
- Max. spindle feed 6000 (rpm) 
- Max. torque 610 Nm at 500 (rpm) 
- Synchronized thread cutting 
 
2.6 Thread milling operation 
The thread milling operation consists of circular 
rotation of the tool around its own axis together 
with an orbiting motion along the bore or workpiece 
circumference. During one such orbit, the tool will 
shift vertically one pitch length. These movements 
combined with the insert geometry create the 
required thread form. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Helical toolpath 

 
 
 
 
 
 
 
 
 
2.6.1 Milling method 
Conventional milling method is chosen. Milling from 
the top to the bottom of the thread is used for hard 
materials. The equations define the relationship 
between feed rates at the cutting edge and at the 
tool center line. 
 

 
        Figure 3 Milling method 
 
There are two acceptable ways of approaching the 
workpiece with the tool to initiate production of the 
thread:  

 Tangential Arc Approach  

 Radial Approach. 

2.6.2 Tangential Arc Approach 
With this method, the tool enters and exits the 
workpiece smoothly. No marks are left on the 
workpiece and there is no vibration, even with 
harder materials. Although it requires slightly more 
complex programming than the radial approach, 
this is the method recommended for machining the 
highest quality threads. 
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Figure 4 Tangential Arc Approach 
 
1-2: Rapid approach 
2-3: Tool entry along tangential arc, with 

simultaneous feed along z-axis 
3-4: Helical movement during one full orbit (360°) 
4-5: Tool exit along tangential arc, with continuing 

feed along z-axis 
5-6: Rapid return 
 
 
2.6.3 Radial approach 

Figure 5 Radial Approach 
 
1-2: Radial entry 
2-3: Helical movement during one full orbit (360°) 
3-4: Radial exit 
 
2.6.4 Selection of cutting regime 
Cutting speed: 100 m/min 
Feed per tooth: 0,26 mm/rev 
Path type: continuous 
Passes radial: 2 
First pass of profile height: 85% 
Second pass of profile height: 15% 
Cutting time: 29 min 54 sec 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
Figure 6 Thread milling operation on CNC 
machining center 

 

Figure 7 Thread M56x4 with the depth of 65 mm 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 Thread M110x4 with the depth of 120 mm 
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3. PROGRAM CODE 

 
% 
O70014(NAVOJ M56X4-65MM) 
N10 (PROMJER GLODALA - FI 35.25) 
N20 T10 M6 
N30 G90 G00 G54 X0. Y0. 
N40 G43 H10 Z100. M3 S632 
N50 Z0. 
N60 G91 G00 X0. Y0. 
N70 G42 D10 X5.599 Y22.309 
N80 G91 G02 X22.309 Y-22.309 Z-0.444 R22.309 F44. 
N90 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N100 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N110 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N120 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N130 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N140 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N150 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N160 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N170 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N180 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N190 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N200 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N210 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N220 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N230 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N240 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N250 G91 G02 X0 Y0 Z-4.000 I-27.908 J0 F146. 
N260 G91 G02 X-22.309 Y-22.309 Z-0.444 R22.309 
N270 G00 G40 X-5.599 Y22.309 
N280 G90 G00 X0 Y0  
N290 Z-0.1 
N300 G91 X0. Y0.  
N310 G42 D10 X5.713 Y22.561 
N320 G91 G02 X22.561 Y-22.561 Z-0.454 R22.561 F45. 
N330 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N340 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N350 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N360 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N370 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N380 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N390 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N400 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N410 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N420 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N430 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N440 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N450 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N460 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N470 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N480 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N490 G91 G02 X0 Y0 Z-4.000 I-28.274 J0 F149. 
N500 G91 G02 X-22.561 Y-22.561 Z-0.454 R22.561 
N510 G00 G40 X-5.713 Y22.561 Z0 
N520 G90 G00 Z200.000 
N530 M5 
N540 M30 
% 

 
 

4. CONCLUSION 

Thread milling example that was used to represent 
the factors of choice of tools for large internal 
threads was done in production with very good 
results. Quality of machining on the thread M56x4 
was satisfactory. During the thread milling of 
M110x4 with the depth of 120 mm, vibrations 
appeared but the quality of thread was not 
compromised except the visual trace of tool 
vibration. Purchasing of only one tool for thread 
cutting, consciously depart from the rules set by the 
manufacturer that the mill diameter must be 70% of 
the tread’s diameter. Since inserts cover the range 
of pitch from 2-4 mm, generated program for pitch 
4mm with two passes was not sufficient to finish 
threading. During the thread milling of the first 
thread there was an excessive vibration when mill 
started tangential entry into the material. It turned 
out necessary to mill a thread in 4 passages which 
increased the time of operation. For a series of 3 
pieces it was not a big problem. However, in the 
case of larger series, it would be necessary to 
obtain and thread mill for M110x4 with the depth of 
120 mm and generate machine code in three 
passes that would be enough for good thread 
quality 
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