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Summary. The increase of machining efficiency, the improvement of cutting tools service characteristics 

and optimization of machining modes are the important tasks of mechanical engineering. Special-form mills for 

wheel milling machines KZh20 are used at locomotive depots for restoration of the wheelset working profile 

without rolling off the locomotive. Special-form mill is a cutting tool in which the cutting edge is not parallel to 

the rotation axis and is a set of curves and straight lines, and the profile of the wheel working surface is formed 

by rotating the cutting edge relatively to the tool axis. The tool life is due to the operating conditions of the 

locomotive wheels resulting in premature wear with the occurrence of sliders, weld-on deposits and other defects 

that require special modes of wheelset milling. The most characteristic defects of special-form mills for KZh20 

machine tool are defined. According to the impact on the service life of special-form mills, there are two main 

groups of defects related to the manufacturing quality and tool setting, as well as machining modes. 

Key words: special-form mills, KZh20 wheel milling machine, cutting elements, failures of special-form 

mills, reliability, service life. 
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Statement of the problem. The process of milling of the wheelset working surface is 

carried out by special-form mills on KZh20 machine tools under of intermittent cutting 

conditions. 

The experience of special-form mills operation for KZh20 machine tools indicates that 

defects of cutting elements are not the main reason of loss of working capacity of form milling 

cutters. 

The development of science and technology puts forward new increased requirements 

for investigations in order to determine the defects of special-form mills for KZh20 machine 

tools, which affect the service life, tool costs and increase the cost of wheelsets restoration 

process. 

Analysis of available investigations results. Milling for the rotating bodies machining 

was used for the first time in 1938. This method is based on the kinematic scheme, combining 

uniform rotation of the workpiece and the tool around their axes with different angular 

velocities [1]. In all cases, the mill performs the working motion which determines the cutting 

speed, and the feed motion is transmitted to the workpiece or to the workpiece and the tool. 

Since 1945, to restore the working profile of the rolling stock wheels, several designs of 

special-form mills were proposed at different times. Such mills, despite the complexity in 

manufacturing, adjustment and repair, were used in wheels machining without rolling off the 

locomotive. 

In 1960, the developments of form mills were carried out at Rostov Institute of Railway 

Transport Engineers (RIRTE) (Figure 1) and All-Union Scientific-Research Instrumental 

Institute (AUSRII) (Figure 2). 

The mill disks 1 (Figure 1) are assembled on the mandrel in such a way that the knives 

cutting edges 2 are arranged in the spiral with 30° angle. Knives 2 in disks are located at 10° 
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angle, paired ones are inclined in one direction, and nonpaired – in the other. The front angle 

of the mill is -5°, and the rear one is set to 6°. Mill cutters are equipped with plates made of 

hard alloy T5K10. 

AUSRII form mill (Figure 2), used on wheel milling machines of KZh20 model for the 

restoration the wheelset working profile without rolling off the locomotive, consists of 10 plates 

(knives). 

 

  

 

Figure 1. RIRTE experimental mill 

 

Figure 2. AUSRII mill design 

 

12 cutters with 12 mm diameter and 12.5 mm height are installed in each plate, and mills 

with 16 mm cutting elements diameter are proposed as well. The form mill is equipped with 

hard-alloy cutting elements of T14K8 grade. In AUSRII cutter, the front angle is minus 8°, the 

rear one is 8°, the plates (knives) inclination angle and the spiral angle of the cutting surface is 

15°. The mill diameter corresponding to tread circular rolling is 210 mm. Each knife has 12 

cylindrical cutters, center-to-center spacing is 18 mm. In the following years, the engineer 

Yu. L. Borovyi (AUSRII) was working on the mill design. 

On January 1, 1988, the combined AURIIRT rolling surface profile for wheelset tread 

machining was introduced in the railway network and, consequently, in mining and 

metallurgical industry. For this purpose, the mill of a new design was developed in the branch 

of PCB CT MPS (Torzhok). There are the following well-known designs: the mill of combined 

profile for wheelset machining passport I582.00.00-PS, I583.00.00-PS, mills for wheels tread 

turning by the profile of I707-I716 types, specifications TC 32 TsT 2222-95, the mill for the 

restoration of wheel profile of the railway transport rolling stock (patent of Ukraine No25091, 

IPC B 23. From 5/11. 5/14 published 25.12.98,) interlocking form mill (patent of Ukraine 

No25406, IPC B23. C5/00 published 25.12. 98 p) [2, 3]. 

The best design and technical solutions became the basis for the design of a special 

interlocking form mill, and were used while designing of a new SMI locomotive mills. 

The special interlocking form mill of SMI design (Figure 3) is used at present for 

reconstructive maintenance of the working surface profile of wheelset without rolling off the 

locomotive on wheel milling machines of KZh20 model and their modifications at locomotive 

depots of main and industrial rail transport of Ukraine and a number of CIS countries. The form 

mill is equipped with hard-alloy cutting elements of T14K8 grade. In SMI mill the front angle 

is minus 8°, the rear is 8°, the angle of tool holders (knives) inclination is 15°. The mill diameter 

corresponds to the tread circular rolling circle, 210 mm. Each cylinder holder is fitted with 13 

cylindrical cutters, center-to-center spacing is 14 mm [4]. 

Special interlocking form mills consist of the cutter housing 1 (Figure 3), in the grooves 

of which cutter holders 2 are installed. The cutter holders fastening is carried out by screws 3 

and wedge-shaped blocks 4, the end of the tool holder on the flange side must be tightened to 

base ring 5 with by screw 8. The tool holders are installed in the grooves of the housing in a 
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strictly defined order and should be marked according to the grooves numbers. The left (base) 

ring 5 and the right one 6 are attached to the housing by screws 7. 

The cutting elements of special interlocking form mills are carbide cylindrical cutting 

elements 9 [5, 6], which are inserted into the holes of the tool holders and are fastened in them 

by screws 10 and nuts 13. Compensating washers 12 with different thickness are installed under 

the cutting elements. Due to them the required accuracy of cylindrical cutting elements 

arrangement during adjustment of special interlocking form mills on the necessary working 

surface profile of the wheels of rail transport is reached. According to the design the left and 

the right special form mills are similar. 

 

  

Figure 3. Special form mill of design SMI 
 

Figure 4. Mill of «Simmons-Stanray» on TN-84C 

machine tool 

 

The «Simmons-Stanray» company [7] defines the advantage of milling as that one 

which has the best characteristics of cutting dynamics, in the mills (Figure 4) produced by this 

company from 115 to 185 cutting surfaces are used, when turning – one cutting surface. During 

milling, the locomotive wheel only rotates, while cutting for turning is provided by the wheel 

rotation. The quality of the working surface of the profile is 0.25 mm. The form mill consists 

of 16 knives of the form profile installed with the inclination in the mill housing. 184 carbide 

cutting elements are installed in the cylindrical slots of the knives. Knives fastening in the 

housimg is carried out by wedges, screws and face covers, and fastening of cutters in knives – 

by screws through internal openings. In one of end faces of the mill openings for console 

fastening of the tool to machine spindle are provided. 

The advantages of the form mill of Simmons Machine Tool Corporation, USA are as 

follows: smoothness of cutting, good shaving crushing, increased total life service of cutting 

edges due to the possibility of cutters rotation and reinstallation. 

The disadvantages of the mill are in the fact that its knives fail relatively quickly due to 

the intensive wear of the surface between the mill cutters. 

The objective of the paper is to investigate and determine the main defects of special 

form cutters for KZh20 machine tools and the reasons affecting their occurrence. 

Presentation of the main material. The important task of mechanical engineering is to 

increase machining productivity, improve the cutting tools performance and optimize the 

cutting modes. 

Most of the working profile of the wheels is restored without rolling off the locomotive 

during TO-3, TO-4, TR-1, TR-2. At present, wheel milling machines KZh20 [8, 9] (Figure 5) 

of various modifications are used at various locomotive depots for the restoration of the working 

profile of wheelset without rolling off the locomotive. 
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According to «Ukrzaliznytsia» report, the rolling stock consists of [10]: locomotives – 

250 units, including: electric locomotives – 1469 units; diesel locomotives – 429 units; railcar 

rolling stock, including: diesel trains – 282 units; rail buses – 17 units; electric trains – 

1391 units; Hyundai high-speed electric trains – 10 units; «Tarpan» high-speed electric trains – 

2 units; interregional locomotive trains – 2 units (5 passenger cars). 

The rolling stock of Ukrzaliznytsia [11] is more than ¾ worn out. According to the rolling 

stock renewal program it is planned to purchase until 2021: locomotives – 262 units; railcar 

rolling stock – 46 units. 

The most obsolete traction rolling stock requires more than 40-60% additional repair 

costs. 

PJSC «Ukrzaliznytsia» includes the following regional branches: 1. «Odessa 

Zaiznytsia» – 7 locomotive depots; 2. «Lviv Zaiznytsia» – 8 locomotive depots; 

3. «Prydniprovska Zaiznytsia» – 6 locomotive depots; 4. «Pivdenna Zaiznytsia» – 10 locomotive 

depots; 5. «Pivdenno-Zakhidna Zaiznytsia» – 9 locomotive depots; 6. «Donetsk Zaiznytsia» 

5 locomotive depots, 2 electric multiple unit depot. 

At locomotive depots KZh20 machine tools are installed, for example in Dnipropetrovsk 

locomotive depot – 1 machine tool, and at locomotive depots Nyzhniodnipropetrovsk – 

Knot and Kryvyi Rih 2 machine tools for each. 

Wheel milling machines KZh20 (Figure 5) [12] and their modifications are installed at 

metallurgical enterprises. 

According to MK «Zaporizhstal» – 82 locomotives are included to the railway industry 

[13]. There are 2 KZh20 machines installed in the locomotive repair shop. 

According to PJSC «ArcelorMittal Kryvyi Rih» [14], the total number of locomotives is 199 units 

servicing GOK steel production of, 2 KZh20 machine tools are also installed. 

 

 

 

Figure 5. Motor car on the wheel milling machine KJ20 

 

Machine tools of this type appeared in the early 50's in the United States, later in the 

USSR [15]. European countries use wheel lathes, and in the United States wheel milling 

machines are used. 
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Form mill (Figure 6) is a cutting tool in which the cutting edge is not parallel to the axis 

of rotation and is a set of curves and straight lines, and the profile of the working surface of the 

wheel is formed by rotating the cutting edge relatively to the tool axis. 

 

 

 

Figure 6. Form mill for KZh20 machine tool 

 

Mills are intended for machining (profile restoration) of wheelsets [16–18] without 

rolling off the electric locomotives and diesel locomotives on wheel milling machines. The 

mills work in a set of two pieces – right and left, while machining both wheels of the wheelset. 

The process of eliminating the defects has the following sequence. The combined form 

mill is established on KZh20 wheel milling machine which is in the trench under rails and gives 

free passage of the locomotive over the machine. The locomotive is mounted on the machine 

in the position of milling with a shunting winch, the wheel pair rests on the four drive rollers of 

the machine. Two central heads of the KZh20 wheel milling machine center the wheelset on 

the central sockets of the wheelset axis. Form mills are alternately brought to each wheel of the 

wheelset and are established for restoration of the rolling surface profile. Cutting of mills is 

made gradually on the site of 350–400 mm circle. The process of complete restoration is carried 

out in one revolution of the wheelset under the locomotive. The size of the feed and the depth 

of the cut are selected depending on the state of the profile of the wheelset. The recommended 

cutting modes are indicated in the passport of the wheel milling machine tool. After each 

wheelset machining it is necessary to test the condition of cutting elements. In order to increase 

the service life of the cup cutters, they should be rotated along the axis, and cylindrical cutters 

with chipping or extreme wear should be replaced before the next wheelset machining. 

All the above listed designs of form mills are identical, knives in the case of the mill are 

fixed by face covers, wedges and screws and differ in the form of the received working profile. 

The cutters are installed with one end having a cone in the spindle of the machine, and 

the other end having a cylindrical shank – in the support element of the machine. 

Mills consist of 10 knives with the form profile, each having 12 cutters with center-to 

center spacing cutter diameter plus 1.8 mm are established on the average. 

Since the working profile of the wheelset, as a rule, have sliders, it is recommended to 

process them at a constant cutting speed 60–80 m/min. even in cases where there are no slides. 

Application of this cutting speed protects shaped mills from excessive wear and chips 

of hard-alloy cylindrical cutting elements. The cutting speed of 60–80 m/min is achieved by 

installing replaceable gears, which provide 93–120 rpm. spindle per minute. The value of the 

minute feed is selected in the range of 100–150 mm/min 
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Less values of feeds by 25–30% are to be applied during machining of wheelsets of 

shunting locomotives and in those cases when depth of cutting exceeds 5 mm. Before 

machining it is necessary to check compliance of tabular and actual circular giving. 

Cutting of mills is necessary for carrying out short pulses. If the amount of wheelset is 

up to 4 mm, the incision must be made at a length of 300 mm, more than 4 mm at a length of 

400 mm. If the cut length is short, the drive rollers may slip. 

These mills are used not only for mainline transport, but also in the locomotive facilities 

of industrial transport. In this case, the service life of such tool on industrial transport is usually 

significantly shorter. This is due to more difficult operating conditions of locomotive wheels, 

which, in turn, results in premature wear with the occurrence of sliders, welds and other defects 

that require special modes of milling wheelsets. For example, under the conditions of mining 

and metallurgical complex operation, the service life of interlocking cutters is 3–6 months. Then 

repair with replacement of hard-alloy cutters and painstaking work on adjustment of the mill 

on the corresponding working profile of the wheel surface is required. 

The disadvantage of these cutter designs is that due to the relatively large lengths of the 

cutting edges and, consequently, the cutting perimeters, in the system «machine – device – 

tool – part» (MDTP) there are vibrations that dramatically reduce the service life of the tool and 

machining productivity. Cutting elements (Figure 7, a), which are destroyed or have chips are 

usually replaced. Knives (Figure 7, b) fail due to abrasion of the outer surface. 

 

  

a) b) 

 

Figure 7. Defects obtained during the operation of special form mills: 

a) cutting elements; b) worn surface of the tool holder 

 

Wear of the surface of the tool holder, due to abrasion of the outer surface results in 

greater disclosure of the cutting elements. 

The importance of the problem of extending the service life of milling cutters is beyond 

doubt. One of the main reasons is the quality of threaded parts. 

Despite the widespread use and long-term practice of using threaded joints, the problem 

of the impact on their strength of manufacturing technology and the basic parameters of the 

thread remains unresolved. Making high-precision threads is rather complex and time-

consuming operation, which requires a large cost of thread-forming and measuring tools, and 

is accompanied by a large percentage of dimensional defects. 

Threaded elements (Figure 8, a), with M4 thread diameter, fastening the cutting 

elements in the body of the cutter holder (knife) can be stretched and torn. 

Bolts with a thread with M8 diameter are bent, the head of the bolt with internal hexagon 

collapses, and wedge-shaped crackers wear out (Figure 8, b). For example, in (Figure 8, c) 

overload of the thread of M12 bolts due to the lack of crackers and M8 bolts results in crumpling 

of M12 thread and even the rupture of the bolts securing the toolholders in the housing, (Figure 

8, d) shows the fragment of the body of the cutter , in which there are no wedge-shaped crackers. 
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a) b) 

 
 

c) d) 

 

Figure 8. Threaded elements 

 

The mechanism of defects occurrence is a set of mechanical, thermophysical and 

chemical phenomena and is associated with the formation of wear particles and microcracks in 

places of intense plastic deformation that occur during operation. 

Permissible stresses [ ]
p

  under the action of the constant load on the threaded 

connection are chosen depending on the yield strength 
T

  of the screw material (bolt) [19]: 

 

[ ] T

p
S


   (1) 

 

where S is the stock ratio, which is 1.5 ... 2.5. The stress state of a cutting tool can now be 

successfully modeled using the finite element method. 

Under cyclic loads, in contrast to static ones, the strength of threaded connections 

depends not only on the weakest point – the cut part of the bolt, but also on the design of other 

elements of the threaded connection. The strength of threaded joints, other things being equal, 

depends on the concentration of stresses arising from their deformation, the nature of the 

distribution of forces between the turns of the thread on the length of screwing and contact 

stresses arising from the influence of turns of the thread on the turns of the bolt. 

The above listed defects (Figure 8) result in weakening of apertures for cutting elements, 

together with opening of cutting elements. It can lead to turning out (Figure 9, a) of cutting 

elements or a rupture of a jumper between cutting elements (Figure 9, b). 
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a) b) 

 

Figure 9. Defects of the tool holder 

 

Errors of the operator of KZh20 machine tool result in sealing (Figure 10) of the cutter. 

At such defects it is necessary to replace the cutter holder, and it is possible and all cutter holders 

of the form mill. 

 

  

 

Figure 10. Tool holder with sealed cutters 
 

Figure 11. Tool holder with manufacturing defect 

 

It is also necessary to determine the defects in the manufacture of tool holders (knives) 

(Figure 11). Due to the deep milling of the socket under the cylindrical cutting element, a larger 

thickness of the compensating washer is required to perform the profile, while the cutting 

element protrudes beyond the body of the tool holder up to 3–4 mm. Such protruding cutting 

element can be turned. The connection is also loosened by installing two compensating washers 

instead of one. 

The defects can be divided into two main groups. The first group consists of factors 

related to the manufacture and preparation (adjustment) of the tool for work. The second group 

consists of factors directly related to the milling process. 

The most significant factors of the first group are: quality of formation of linear and 

angular parameters of nests for cutting elements in cutter holders (knives) of shaped mills, 

roughness of surfaces, accuracy of assembly, accuracy and rigidity of technological system, 

quality of tool material. Their impact can be reduced by improving the quality of production at 

all stages of tool preparation. 

The second group of defects is determined by the modes in the process. Their analysis 

is the basis for selecting the optimal operating parameters that meet the requirements of 

accuracy and quality of milling, productivity and reliability of the tool. 

The factors that mostly affect the cutter include the resistance to cutting. The 

temperature factor and centrifugal forces are of secondary importance, as the cutters operate at 

low cutting speeds (up to 80 m/min). 
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Numerous works are devoted to the determination of cutting forces. Chip thickness 
during milling – the value is variable and depends on the angular position of the cutter holder 
on the contact arc. The influence of cutting speed, geometric parameters of tool holders, 
physical and mechanical properties of tool and machined materials, type and location of cutting 
edges and other factors have been studied in [20, 21, 22]. 

According to the results of the analysis, the authors believe that the reduction of these 
defects formation can be achieved by the increase of cutting elements number [22], which 
simultaneously reduces the load on each cutting element. 

For the design of processes of tooling of details the method of eventual elements is most 
often used. Articles [23, 24] sanctified to the numeral design of process of tooling of different 
details with the use of this method. 

Conclusions. The most characteristic defects of special form mills are determined. 
According to their influence on the service life of the cutter, two groups of destructions are 
distinguished. The first group consists of damage and chipping or destruction of the cutting 
edge of the cutting elements, which can be eliminated by replacing the cylindrical cutting 
elements. 

The second group consists of cracks in the cutter holder (knives) and its complete 
destruction. The destruction is taken out of operation by special shaped cutters, which 
characterize the features of the load when restoring the reinforced areas of the working surface 
of the wheelsets. 

These defects are the result of a wide range of causes that are closely related. Among 
them, there are two main groups of factors: related to the manufacture and preparation of the 
tool for work and related to the process. The impact of defects of the first group can be 
significantly reduced by improving the production culture at all stages of tool manufacturing. 
The second group of defects is determined by the processing modes. Thus, the task for further 
investigation of the working capacity of special form mills for KZh20 machine tools is 
important. 
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Резюме. Важливим завданням машинобудування є підвищення продуктивності оброблення, покращення 

експлуатаційних властивостей різального інструменту та оптимізація режимів різання. В 

локомотивних депо для відновлення робочого профілю колісних пар без викочування з-під локомотива 

використовуються спеціальні фасонні фрези для колесофрезерних верстатів КЖ20. Спеціальна фасонна 

фреза є різальним інструментом, у якого різальна кромка не паралельна осі обертання і є сукупністю 

кривих і прямих ліній, а профіль робочої поверхні колеса утворюється в результаті обертання різальної 

кромки відносно осі інструментуаСтійкість інструмента зумовлено умовами експлуатації 

локомотивних коліс, що, призводить до передчасного зносу з появою повзунів, наварів та інших дефектів, 

які вимагають особливих режимів фрезерної обробки колісних пар. Визначено найхарактерніші дефекти 

спеціальних фасонних фрез до верстата КЖ20. За впливом на ресурс роботи спеціальних фасонних фрез 

виділено дві основні групи дефектів, що пов’язані з якістю виготовлення й підготовкою інструмента до 

роботи, а також з режимами оброблення. 

Ключові слова: спеціальні фасонні фрези, колесофрезерний верстат КЖ20, різальні елементи, відмови 

спеціальних фасонних фрез, надійність, стійкість. 
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