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ABSTRACT 

 

 

COMPARISON OF CONSTRUCTIONAL ASPECTS OF DIFFERENT 

RAILWAY POINT MACHINES  

 

Ovalē, Or­un 

Master of Science, Department of Mechanical Engineering 

Supervisor: Assoc. Prof. Dr. Ergin Tºn¿k 

Co-Supervisor: Prof. Dr. Eres Sºylemez 

 

January 2019, 224 pages 

 

In the last years, railway systems are becoming more popular all over the world, 

especially in the European Union. Turkey has also started to develop completely 

domestic products and systems for the railway trains, signaling and infrastructure. 

Point machines are one of the critical safety devices for the railway signaling and 

infrastructure. They play an important role in the safe running of rail services. Hence, 

they have to be quick for the throwing and reliable for the locking of point blades. 

 

This study contains research about modern point machines commercially available in 

the market and investigations on some of these machines used by Turkish State 

Railways (TCDD) the major authority running the infrastructure in Turkey. The main 

objective of this study is to compare different railway point machines in terms of their 

constructional aspects. This assessment includes three main steps. The first step is to 

perform research about modern point machines and their operational characteristics. 

The second step is the detailed investigation of four different point machines that are 

currently used at the railways operated by TCDD in Turkey. The final step is about 

comparison of mainly constructional aspects of these investigated point machines for 
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the purpose of preparing background and guidelines for the development of a novel 

and domestic point machine. 

 

Keywords: Point machines, railway, electro-mechanical, electro-hydraulic, electro-

pneumatic. 
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¥Z 

 

 

FARKLI DEMĶRYOLU MAKAS MOTORLARININ YAPISAL Y¥NDEN 

KARķILAķTIRILMASI 

 

Ovalē, Or­un 

Y¿ksek Lisans, Makina M¿hendisliĵi Bºl¿m¿ 

Tez Danēĸmanē: Do­. Dr. Ergin Tºn¿k 

Ortak Tez Danēĸmanē: Prof. Dr. Eres Sºylemez 

 

Ocak 2019, 224 sayfa 

 

Raylē sistemler son yēllarda Avrupa Birliĵi baĸta olmak ¿zere b¿t¿n d¿nyada gittik­e 

pop¿ler olmaktadēr. T¿rkiye de raylē taĸēmacēlēk alanēnda ulusal tasarēm ve ¿retim 

demiryolu ara­larē, sinyalizasyonu ve altyapēlarē i­in ¿r¿n ve sistemler geliĸtirmeye 

baĸlamēĸtēr. Makas motorlarē, demiryolu sinyalizasyonu ve altyapē sistemleri i­in 

g¿venlik a­ēsēndan kritik cihazlardan biridir. Bu cihazlar raylē ulaĸēm sistemlerinin 

g¿venli olarak s¿rd¿r¿lmesi konusunda ºnemli rol oynamaktadēr. Bu nedenle 

makaslarēn konumlandērēlmasē sērasēnda hēzlē, kilitlenmesi a­ēsēndan da g¿venilir 

olmalarē gerekmektedir. 

 

Bu ­alēĸma, piyasada mevcut, ­aĵdaĸ makas motorlarēnēn araĸtērēlmasēnē ve T¿rkiye 

Cumhuriyeti Devlet Demiryollarē (TCDD) tarafēndan kullanēlan dºrt farklē makas 

motorunun incelenmesini kapsamaktadēr. ¢alēĸmanēn esas amacē farklē makas 

motorlarēnēn yapēsal ºzelliklerinin karĸēlaĸtērēlmasēdēr. ¢alēĸma temelde ¿­ ana 

adēmdan oluĸmaktadēr. Birinci adēm, ­aĵdaĸ makas motorlarēnēn ve iĸlevsel 

ºzelliklerinin araĸtērēlmasēdēr. Ķkinci adēm, TCDD tarafēndan hali hazērda T¿rkiyeôdeki 

demiryollarēnda kullanēmē devam eden dºrt farklē makas motorunun incelenmesidir. 
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Son adēm ise ºzg¿n ve yerli bir makas motoru geliĸtirilebilmesi i­in gerekli altyapē ve 

prensiplerin ortaya ­ēkarēlmasē i­in, makas motorlarēnēn yapēsal ºzelliklerinin 

karĸēlaĸtērēlmasēdēr. 

 

Anahtar kelimeler: Makas motorlarē, demiryolu, elektro-mekanik, elektro-hidrolik, 

elektro-pnºmatik 
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CHAPTER 1 

 

 

1 INTRODUCTION  

 

 

 

Point machines are used to operate the railway turnouts and considered as crucial 

devices in the railway industry since the failure of these machines results in delays, 

rise of operating costs and, most importantly, train accidents. Therefore they are 

becoming more important for the safe and efficient running of trains, especially with 

the use of high speed trains in the last decades. 

 

Turkey has also become aware of the importance of rail transportation and has been 

started to research and develop domestic products and systems for the railway 

business. Developing completely domestic point machines, which are considered as 

the key component of the railway signaling and infrastructure, is an important target 

in the near future. 

 

The aim of this study is comparison of constructional aspects of different railway point 

machines to prepare background and to acquire guidelines for the development of a 

novel and domestic point machine. This study includes the investigations of four 

different point machines which are used by TCDD. In the first part, modern point 

machines commercially available in the market and their specifications are researched 

to get the information about their operational and constructional characteristics. In the 

second part, four different point machines, which are used by TCDD at the railways in 

Turkey, are investigated in terms of constructional aspects. In the final part, 



 

 

2 

 

constructional and operational aspects of these point machines are compared to bring 

out their advantages and disadvantages relative to each other. 

 

In the first step, the history of point machines are reviewed to learn the historical 

development and principal functions of them. After that research on different types of 

modern point machines available in the market is conducted but the number of point 

machines included in this study is limited to twelve. 

 

In the second step, detailed investigations of four different point machines borrowed 

from TCDD are performed. The brand names or models of point machines are not 

given in this study in order to avoid making advertisement or smearing the brand 

names. For this reason they are entitled by the letters like point machine A, point 

machine B and so on. These machines are examined in terms of mainly constructional 

aspects such as casing materials, power packs, electric motors, power transmissions, 

driving mechanisms, throwing times, strokes and forces, locking mechanisms, 

electrical contacts and manual operations within the scope of this study. Position and 

force analyzes are performed by custom developed Matlab codes. 

 

As a final step, constructional aspects of researched and investigated point machines 

are compared. In addition to investigations, the experience of TCDD staff, who are 

working more than 20 years on the maintenance and signalization services, are also 

valuable for the comparison of the machines. Based on the investigations and 

experience of TCDD staff, advantages and disadvantages of the machines are 

presented. 

 

At the end, in accordance with the aim of this study, the background obtained from the 

research and investigations is summarized and guidelines for the development of a 

novel and domestic point machine are introduced. 
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CHAPTER 2 

 

 

2 LITERATURE REVIEW  

 

 

 

 POINT MACHINES  

 

Railway points or switches are the fundamental parts of the railway infrastructure in 

such a way that they allow rail vehicles to be guided from one track to another. Railway 

points are simply the movable rails which give a lead the wheels towards either the 

straight or the diverging track (Figure 1). 

 

 

Figure 1 Photograph of a railway point (switch) at Arifiye train station in Turkey, 

12.09.2017. 
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These railway points are placed at the track turnouts that enable one track to cross 

another track and there are several types of turnouts such that simple turnout, single 

crossover, double crossover, double slip switch (English connection), equilateral 

(WYe) turnout and three-way turnout (Figure 2). 

 

Figure 2 Schematic representation of simple turnout (a), single crossover (b), double 

crossover (c), double slip switch (d), equilateral turnout (e) and three-way turnout (f) 

[1] 

 

Regardless of the type of turnout, a point operating device namely point machine, also 

known as point motor, switch machine or switch motor; moves the point rails from one 

orientation to another by 

 
 

(a) (b) 

  

(c) (d) 

  

(e) (f) 
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ü manual (hand) operation 

¶ in-situ 

¶ remote 

ü electro-mechanical 

ü electro-hydraulic  

ü and rarely electro-pneumatic actuated mechanisms.  

 

As shown in Figure 3, a point machine basically aligns the points with one of the 

possible routes and secures them at that position. They are positioned at the beginning 

of the turnouts. 

 

 

(a) 

 

(b) 

Figure 3 Schematic representation of a point allowing the train to straight track (a) 

and to diverging track (b) (adopted from [1]) 
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The point machine principally performs the following three main functions: 

1. Moving the point blades 

2. Locking the point blades at the desired position 

3. Detecting and proving the position of the point blades. 

 

 HISTORY OF POINT MACHINES  

 

In the earliest times, railway points at the turnouts were operated to guide the trains by 

means of a simple lever manually and locally. They are known as point lever, ground 

throw or switch stand in the literature, and usually mounted on a pair of long sleeper 

which extend from the underneath of point rails as shown in Figure 4. The two point 

rails are connected together with a rigid throw bar and the throw bar extends to the 

point lever on the side of the track. They have also usually some sort of targets like 

reflector or lamp on them allowing the switchman or approaching train to see the 

position of the point rails. 

 

 

Figure 4 Photograph of an old switch stand with a reflector target on top [2] 
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There are different designs of manual point levers as shown in Figure 5. Main aim is 

to move the points into intended position and to prove this position of the rails. 

 

 

Figure 5 Schematic views of different switch stand designs [3] 

 

Switch stands usually convert a rotary motion about a horizontal or vertical axis to a 

linear motion by means of an operating rod. The earliest and simplest type is the harp 

switch stand and it has a pin on the lever to hold it in the desired position. Parallel 

throw type switch stand operates through 180o angle and it is held on the desired 

position by the weight of the handle although it may also be latched in that position. 

The high switch stand operates through 90o angle about a vertical axis and the 

operating handle folds down into a notch to lock the mechanism at the adjusted 

position. The height of this type of switch stands varies according to design 

requirements. Low profile switch stands are used at locations where there is not 

sufficient clearance for tall switch stands. It also depends on the distance of the switch 

stand from the track. High profile switch stands are used freely if they are sufficiently 

far away from the track (Figure 6) [3]. 
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Figure 6 Some examples of different switch stands with different heights [4] 

 

The eccentric switch stands were used on the London and Birmingham Railways in 

1830ôs. In the next years, they were exported to early railways in Europe, extensively 

to France. They give a definite stroke equivalent to twice of the eccentricity. The 

eccentric is rotated through 180o about vertical axis by the help of a handle. Racor type 

switch stands are the most commonly used low profile switch stand. The handle is 

rotated through 180o about horizontal axis parallel to the track. Thus the vertical axis 

rotates through 90o driven by bevel gears. The operating lever is held by latching on 

each side and a foot pedal is used to release these latches. As an additional protection 

to prevent tampering with the switch, the latches can also be padlocked as shown in 

Figure 7. 
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Figure 7 An example of racor type point lever and padlocked latch in a position [5] 

 

Prior to widespread availability of electricity, a decentralized network of control points 

which are known as signal boxes are constructed near the tracks to control the turnouts 

remotely, at distances up to about 300 meters. 
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Figure 8 Bardon Hill signal box in Leicestershire, England is a Midland Railway 

signal box dating from 1899. [6] 

 

Points were operated by the system of rod and levers as shown in Figure 9. These 

levers were also used to control railway signals to keep the train movements over the 

points under control. Signaling control provides an interface between the human signal 

operator and the trackside signaling equipment. The signal box provides a dry, climate 

controlled place for the elaborate systems and also dispatchers. Most signal boxes were 

designed as raised from the track level and this allows the dispatcher to have a good 

view of the railway. The first signal box was used by the London and Croydon Railway 

in 1843 to control the junction to Bricklayerôs Arms in London as seen in Figure 8 [7]. 

  

https://en.0wikipedia.org/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvQmFyZG9uX0hpbGw
https://en.0wikipedia.org/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvTGVpY2VzdGVyc2hpcmU
https://en.0wikipedia.org/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvRW5nbGFuZA
https://en.0wikipedia.org/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvTWlkbGFuZF9SYWlsd2F5
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(a) 

 

(b) 

Figure 9 Photograph of a mechanical lever frame inside the signal box (a) [8] and 

point arrangement box with wire rope (b) at Sabuncupēnar in Turkey, 18.11.2006. [9] 
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As time goes, number of turnouts increased with the number of tracks and design of 

track layouts restricted the mechanical operation of turnouts. This also requires more 

signal boxes to control the increased number of turnouts. On the other hand, railway 

administrations have always a desire to increase the distance that the turnouts can be 

operated remotely. This brings the need of some kind of power operation for point 

machines. The required means of power operation include electro-mechanic, electro-

hydraulic and electro-pneumatic. 

 

With the practical development of the electric power, eventually purely mechanical 

systems were combined with the developing electrical power control systems. In the 

transition period to modern point machines, electric power was firstly used to operate 

these machines. Thus first examples of the modern point machines have begun to come 

out. 

 

At a later time, electro-pneumatic and electro-hydraulic powered mechanisms were 

developed to set the points at the desired position. 

 

Electro-pneumatic powered point machines are not preferred in the modern times, 

although they are fast, powerful and have capability of moving the points in snow and 

ice. The main source of power is fed from an air reservoir with pipes and valves. One 

of the disadvantages of the pneumatic powered point machines is that they are not as 

compact compared to other type of point machines. Secondly, compressors and other 

pneumatic equipment have relatively higher initial costs and require more 

maintenance. In addition to all of these, the time spent for maintaining the compressor 

and other pneumatic equipment is also another problem (Figure 10). 
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Figure 10 An electro-pneumatic point machine fitted to 225A points, north of 

Bletchey Station in England, 27.09.2012. [10] 

 

Nowadays, the electro-mechanical and electro-hydraulic powered point machines are 

being used frequently. They have mechanical transmission or hydraulic power packs 

driven by electric motors as an operational power to move the mechanics. All types of 

modern point machines also include electrical contacts to detect complete switching 

and locking. If these switches fail to do any one of these functions, which means that 

switching of the points are not completed or points are not locked at the desired 

position, a governing signal is kept as color red. In the case of emergency or power 

failure, recent point machines may be operated by some kind of manual handle to 

achieve their function. 

 

Considering the leading technology, basic structure of a modern point machine can be 

summarized in Figure 11. 
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With the increasing traffic on the rail lines, signaling systems are developed to operate 

and control the railway traffic in a safe, efficient and economic manner. These 

signaling systems have been improved with the developing technology such that they 

completely control the rail vehicles. There are several kinds of signaling systems 

operated in different countries all over the world. Centralized Traffic Control (CTC) 

is one of the railway signaling systems and it is used by TCDD in Turkey. It is a rail 

traffic control system that the running of rail vehicles are managed with the electrical 

signals from a centralized office. Railway signals generated by CTC can be illustrated 

as block signals, maneuver signals, entering and exiting signals. Point machines are 

one of the important devices of railway signaling and operated through CTC by the 

central command from the control center. Operation commands for the point machines 

are first transmitted with low current values to run the relays in the relay panels which 

are constructed near the point machines. Then the relays allow operating the point 

machines. Operation energy passes through the relays is supplied from 3 different 

sources: main power grid, catenary and battery. Battery is used in the absence of main 

power grid and catenary. 

 

Over the years, lots of different train control and protection systems have been 

developed depending on national requirements, operating rules and different 

standards. However development of independent signaling systems leads to 

difficulties for the cross-border operations, especially in the European network. 

Therefore European Train Control System (ETCS) is promoted by the European 

Commission in 1989 to establish common rules for the free movement of the rail 

vehicles in all countries. Development of international rail traffic, increased 

competitiveness, better inter-working of rail services, reduced costs and improving the 

quality of rail transport are aimed by unifying the multiple signaling systems. ETCS 

supplies all necessary information like speed limits, instantaneous position and 

oncoming turnouts to the driver through the cab display for the safe driving by using 

the equipment such as eurobalise antenna and GSM-R radio modules installed on 

board and track side. ETCS, in fact, works as an automatic train control system. For 

example, if the train speed exceeds the maximum limit allowed despite the informative 

signals supplied by the system, emergency brake is activated automatically [11]. 



 

 

16 

 

 

Although the development of signaling systems from CTC to ETCS brings many 

advantages in terms of railway traffic control and train protection, the method of 

operation of point machines is not changed much. Programmable logic controllers 

(PLC) and micro-controllers have been started to use in addition to relays for 

processing of operation commands. Then the point machines are energized as the part 

of interlocking to drive the point machines. 

 

In a recent development, some point machines have been started to be operated by 

wireless communication at short distances. This is considered as a useful method 

especially at the railway points of relatively slow vehicles like trams. In this manner, 

driver of the tram can operate the point machine by wireless communication. 
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 MARKET RESEARCH  

 

In the railway transportation market, there are a number of different types and brands 

of point machines all over the world. These point machines may be classified in 

different categories. Some example categorizations are as follows: 

According to usage area: 

- Light rail vehicle (LRV) rails 

- Standard rails 

- Mass transit rails 

- High speed rails 

According to type of power: 

- Electro-mechanical 

- Electro-hydraulic 

- Electro-pneumatic (rare) 

According to direction of traffic: 

- Trailable: the machines allow the railway vehicles to pass through the 

points in a trailing direction even if they are not actually arranged for that 

route. 

- Non-trailable: the machines do not allow the railway vehicles attempting 

to pass through the trailing points that are set incorrectly. In the case of this 

passing is attempted, it results in damage to the point machine and the train 

could also be derailed. 

According to installation position (Figure 12): 

- Right 

- Left 

- Central 
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(a)  

 

(b) 

 

(c) 

Figure 12 Installation positions of the point machines: right (a), left (b) and central 

(c) [12] 
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These categorizations can be increased but the main idea is basically to move the rail 

points, lock them at the desired position and prove that position of the point blades 

with the help of some kind of detection. 

 

In this section, some of the contemporary point machines commercially available in 

the market and their specifications were examined. 

 

2.3.1 SIEMENS POINT MACHINES  

 

Siemens Mobility Division has rail solutions including automation and signaling 

products. Point machines are also designed and produced by Siemens as part of the 

signaling products. Some of the products and their specifications are given below. 

 

2.3.1.1 S 700 K POINT MACHINE  

 

Siemensô this type of point machine illustrated in Figure 13 was designed for points 

with external locking and it is suitable for use in mass transit, mainline transport and 

also high speed lines with points of all types and gauges. 

 

 

Figure 13 Siemens S 700 K type of point machine [13] 
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As indicated in the product catalogue, this machine can be used economically both in 

short- and long-distance rail traffic by rail operators all around the world. Life-cycle 

costs of the product are kept low thanks to long maintenance intervals and short out of 

service periods [13]. 

 

According to Siemens the mean time between failures (MTBF) of the machine is 

around 550000 hours. 

 

This point machine has various versions, and customer-specific options are the 

following: 

- Trailable or non-trailable 

- Right or left-hand mounting 

- With or without point detectors 

- Various motor types 

- Variable throwing stroke 

- Variable throwing force 

- Variable throwing time 

 

As it is mentioned by Siemens, all components of the machine are placed in a cast-iron 

housing and hot galvanized sheet-steel cover with a key locked. The parts that need to 

be checked are located such that they are easily accessible for the inspection and 

maintenance activities. This point machine provides the degree of protection IP54 

compatible with EN 60529 (see Appendix D). 

 

Siemens explains the working principle of the machine as follows. The ball spindle 

drive takes the power from the motor through the agency of transmission gearing and 

converts the rotary movement of the motor into a longitudinal motion. An adjustable 

transmission clutch limits the throwing force of the machine. A notched clutch is 

designed as an optional trailing clutch enabling the points to be trailed. The throwing 
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bar is connected to the point blades and held with a defined force by the trailing clutch 

in the end positions. The trailing clutch is set free when the retention force is exceeded 

during the trailing of the trailable point machine. 

 

The point machine has also detector slides for fail-safe detection of the blade end 

positions. They are connected to the point blades through the detector rods and detect 

the end position of the point blades continuously. The motor is switched off by control 

contacts once the end position has been detected. 

 

Siemens claims that, more than 30 000 point machines of type S 700 K are in use 

worldwide. 

 

Table 1 shows the technical data of S 700 K type of point machine. 

 

Table 1 Technical data of Siemens S 700 K point machine [13] 

Motor 
400 V AC, 50/60 Hz, 3~; 110 V DC to 136 V DC 

(others on request) 

Throwing force 5500 N 

Retention force 7000 N 

Max. permitting restoring 

force of point blades  
1400 N 

Trailing resistance 9000 + 500 N 

Throwing stroke 150 mm, 220 mm (others on request) 

Throwing time 
For 150 mm stroke, 5 s 

For 220 mm stroke, 6 s 

Rated current 2 A*  

Starting current 8 A*  

Weight Approximately 120 kg 

Degree of protection IP54 as per EN 60529 
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Temperature range -30oC to +70oC 

*for 400 V, 3~ AC / 50 Hz and a core resistance of 45 Ý 

 

Some important dimensions of S 700 K are presented in Figure 15 as in mm. 

 

 

Figure 14 Some important dimensions of S 700 K in mm [13] 

 

2.3.1.2 SWITCHGUARD  SURELOCK  POINT MACHINE  

 

Switchguard Surelock is another type of point machine designed and manufactured by 

Siemens. It can be used on both metro and mainline infrastructure. Siemens claims that 

this point drive system is designed upon a proven technology and modular construction 

principles are followed by emphasizing its simplicity and strength (Figure 15). 
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Electric motor, drive system, detection adjustments, escape and control modules are 

located in a cast iron base. A molded glass reinforced cover is installed on top of the 

iron base.  

 

Siemens claims that this flood proof point machine is suitable for both metros and 

mainlines with all switch types. It can be mounted between the rails for metro 

applications by courtesy of its low profile. This application and the point machine can 

be examined in Figure 16. 

 

The mean time between failures (MTBF) of the Switchguard Surelock is 39 months 

and the mean time to repair (MTTR) is 15 minutes as stated in the leaflet of product. 

Four independently replaceable modules namely motor, drive assembly, escapement 

and control are contained in its enclosure. Total weight of the machine is 170 kg. 

 

 

Figure 15 Siemens Switchguard Surelock point machine [14] 
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The drive, lock and detection rods can be adjusted in order to provide required 

movement for an easy installation in each individual application. The machine does 

not need electrical clutches since its motor has mechanical snubbing and also allows 

constant brush-wear detection. Vandal-proof and lockable plug coupler system is used 

for all cable connections.  

 

 

Figure 16 Switchguard Surelock point machine mounted between the rails (the 

wooden wedges protect the machine from a derailed wheel) [14] 

 

Siemens points out that the primary functions of Switchguard Surelock are: 

¶ To switch the points required positions on demand 

¶ To lock the points mechanically at the end positions  

¶ To detect the closed and locked positions of the points 

Siemens also explains the secondary functions of the machine as follows: 

¶ Provide a safe method for hand operation during maintenance or in case of 

power failure 

¶ Provide overload protection in the drive module 

¶ Prevent ingress of moisture and dust 

¶ Provide flood resistance 
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¶ Provide interfaces for condition monitoring system 

 

2.3.2 VOESTALPINE  POINT MACHINES  

 

The company Voestalpine has a signaling group offering point operation, locking, 

monitoring technologies and also diagnostic systems for rolling stock. Voestalpine 

asserts that they offer innovative solutions to provide safe and efficient rail transport. 

Their first products were used on tramway lines in Berlin. Later on Voestalpine 

extended the product range to cover other railway applications as well as tramway 

networks in Germany and other countries. Then they offered the Unistar point machine 

series having a modular design with their acquired knowledge from international 

experience. Some of the point machines including two different types of Unistar series 

are presented in detail below. 

 

2.3.2.1 AH950 POINT MACHINE  

 

AH950 is a compact, electro-hydraulic type of point machine. It offers to switch the 

point rails independent from type and gauge of the rail with an external lock. It can be 

used for both urban and main line traffic. 

 

Voestalpine describes the internal structure of the machine such that it contains an 

electro-hydraulic point operating unit, a detection module for tracking the final 

positions of the point blades, connections to an external lock and an interlocking 

system (Figure 17). 
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Figure 17 Voestalpine AH950 main parts [15] 

 

Trailable and non-trailable versions of this product are available. It can be used with 

different supply voltages according to the requirements from the rail operators. This 

point machine is available as protection degree of IP54 and resists temperature 

variations (Figure 18). 

 

Voestalpine claimed advantages are:  

¶ Compatible with various interlocking systems 

¶ Compatible with any type of turnouts and different locking systems 

¶ Reduced maintenance requirements 

¶ Low life-cycle costs 

¶ Easy installation and handling 

¶ No wear and tear thanks to hydraulic power transmission 

¶ Modular system configuration and change of hydraulic system on-site 



 

 

27 

 

¶ Maximum safety, reliability and availability under harsh environmental 

conditions 

 

 

Figure 18 Voestalpine AH950 installed on the rail line [15] 

 

2.3.2.2 UNISTAR CSV 24 POINT MACHINE  

 

The Unistar CSV 24 is one of the electro-hydraulic point machines designed and 

produced for grooved rail and flat bottom rail turnouts by Voestalpine. The company 

emphasizes the availability of this point machine in terms of extremely shortened 

inspection and maintenance time and also lowest maintenance demands. 

 

Voestalpine indicates that Unistar CSV 24 has the certification of SIL4 (Safety 

Integrity Level of 4). The machine is claimed to be used in more than 40 countries and 

exceeding 3000 applications. One major difference of Unistar CSV 24 from many 

other point machines is a stainless steel housing and it provides good and permanent 

water resistance because of the special sealing system. The housing contains a mono-

block hydraulic system integrated with operating cylinder, motor, prism lock made of 
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high-grade special steel and detector bar with end position contacts. Details of this 

point machine is presented in Figure 19. The maintenance on the machine is reduced 

to the minimum and made significantly easy due to its fully modular structure as stated 

by Voestalpine. The MTTR value of the point machine is equivalent to 15 minutes 

only. 

 

 

Figure 19 Modular design structure of the Unistar CSV 24 [16] 

 

Voestalpine states that ultra-flat design of the point machine enables to use it for the 

rails which are low profile light rail vehicles operate on them. This low height 

architecture allows it to be also used into existing earth boxes without any earthwork. 

 

Unistar CSV 24, which can be seen in Figure 20, is applicable for grooved rail as well 

as flat bottom rail turnouts of all sizes and types due to its infinitely adjustable tongue 

throw. Different fixing methods for the installation of the machine are available for 

various applications and all types of fastening elements are made up of hot dip 

galvanized steel to ensure a durable corrosion protection. 
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Figure 20 Unistar CSV 24 point machine embedded track, 1000 mm track gauge (a) 

and open track, 1435 mm track gauge (b) [16] 

 

The hydraulic drive mechanism provides a constant pressure throughout the entire 

throw time and operates at very low noise level as stated by Voestalpine. Various 

supply voltages are available.  

 

Voestalpine asserts that the system benefits provided by Unistar CSV 24 are listed 

below: 

¶ Water and sand proof with the protection degree of IP 67 

¶ Extremely low profile having only 180 mm constructional height 

¶ Mono-block hydraulic drive unit without any pipes 

¶ Easy mounting and dismounting 

¶ Visible locking parts 

¶ SIL 4 certified 

¶ Easy access to end position contact 

¶ Trailable 
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Table 2 Technical data of Unistar CSV 24 point machine [16] 

Safety Integrity Class SIL 4 

Installation Track center or beside the tracks 

Turnout type Grooved and flat bottom rail turnout 

Track gauge Starting with 900 mm 

Throwing stroke 38 to 120 mm, adjustable without part replacements 

Throwing time 0.5 to 1.5 seconds 

Throwing force Adjustable up to 6000 N 

Holding force Adjustable up to 9000 N  

Motor voltage 
24 V to 750 V AC and DC, typical 110 V DC, 230 

V AC, 400 V AC, 750 V DC 

For 220 mm stroke, 6 s Locking system Internal prism lock, trailable or non-trailable 

Protection class IP 67 

 

2.3.2.3 UNISTAR HR POINT MACHINE  

 

Voestalpine Signaling introduced the Unistar HR heavy rail series of point machine in 

2008. It is put forward that Unistar HR exceeds many railway specifications such as 

German Railways and American Railway Engineering and Maintenance-of-Way 

Association (AREMA). 

 

As stated by Voestalpine, these machines are currently in service more than 35 

countries for mainline, high speed track, heavy haul, metro and light rail applications 

even under harsh environmental conditions. The design of Unistar HR has a 

certification of SIL 4 to prove perfectly reliable operation. 

 

Since the points on the high speed rail lines are longer than that of conventional rails, 

it may be required to use more than one point machine at the points of high speed 

railways. This can be achieved by either using more than one point machine or more 

than one drive unit operated from a central power unit. Obviously throwing strokes of 
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the machines or drive units are different from each other in any case since they are 

installed in a distributed manner along the points. If a point is operated with multiple 

point machine configuration, all machines are driven with a central control command 

and they all complete their operations at the same time. Unlike if the point is arranged 

by using more than one drive unit, all drive units are operated by the central power 

unit which takes the command signal from the control center. All point machines or 

drive units installed at the points of high speed rail lines are locked at the end of 

operations. 

 

Voestalpine offers Unistar HR which is suitable for such a use and the machine is split 

into two individual units which are motor unit and DLD (drive, locking, and detection) 

unit. The motor unit with hydraulic drive has a capability of operating multiple DLD 

units installed in a turnout, and identical DLD units are applied in the case of 

distributed drives in a turnout. The DLD unit is mostly installed in the center of the 

rails and the motor unit right next to the track. The locking device is always integrated 

within the DLD unit and the unit has an adjustable switch point opening for the 

operation of different kind of applications. The connection rods are designed to 

compensate for thermal expansion and contraction of the point rails without affecting 

the settings of end position. All individual unit boxes are water- and dust-tight certified 

according to protection class of IP 67. One DLD unit and its motor unit can be seen in 

Figure 21. 

 

 

Figure 21 Unistar HR contains two individual units [17] 
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There are several methods for the fixation of Unistar HR to the track as indicated by 

Voestalpine. First one is the installation of the units on top of concrete or steel sleepers. 

There is a patented installation method of Voestalpine on top of concrete sleepers and 

this avoids introducing the steel sleepers that cause a different behavior on the ballast. 

The second method is the stock rail fixation between two sleepers. A supporting frame 

is fixed to the stock rails and point machine modules are mounted on this specially 

designed supporting frame that keeps the gauge. Another fixation method is to use 

brackets for simple installation on slab track between adjacent sleepers. 

 

There is an additional end position detection module, Unistar ELP, offered by 

Voestalpine and it is used between multiple DLD units in a long turnouts or at the tips 

of the point blades. It has two detector rods to track the open and closed positions of 

the points. The housing of the ELP unit has almost the same design as the DLD and 

this reduces the number of different parts in the system because same fixation 

components and connection rods are used for both DLD and ELP units (Figure 22). 

 

 

Figure 22 Unistar ELP modules installed between DLD modules [17] 

 

Voestalpine offers a compact version of Unistar HR in conventional design as 

illustrated in Figure 23. Motor unit and DLD unit are put together in one enclosure box 
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and they are identical with the ones used in the Unistar HR. Installation of Unistar HR 

compact is more conventional outside the track and this alternative is price competitive 

as stated by the company. Installation of the machine can be either left or right hand 

without any change on it. It can be manually operated by the help of manual hydraulic 

pump. 

 

 

Figure 23 Compact version of Unistar HR [17] 

 

Voestalpine offers two different drive systems to meet customer requirements; one is 

electro-hydraulic and other one is electro-mechanic. At the beginning of the design 

phase of Unistar HR, integration of both drive systems was taken into consideration 

and main components such as housing, locking device and detector system are 

remained identical which can be seen in Figure 24. As indicated by the producer, the 

electro-mechanic drive is integrated into the DLD unit and this makes it the most 

compact point machine all over the world. 
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Figure 24 Electro-hydraulic and electro-mechanic drive systems [17] 

 

The comparison of these two drive systems is given Table 3 below. 

 

Table 3 Comparison of electro-hydraulic and electro-mechanic drives [17] 

 Unistar HR Unistar HR EM  

Motor location In a separate module Integrated in DLD unit 

Driving force Up to 17000 N Up to 11000 N 

Manual operation 
Quick pumping action 

Alternative: cranking 
Cranking 

Multiple drives 

- One motor unit operates all 

DLD units distributed in a 

turnout 

- Manual operation at a single 

point 

- Only one interface to the 

interlocking  

- No need to separate controls  

- Each DLD unit in a 

turnout has its own motor 

- Manual operation at each 

individual motor unit 

- Up to 3 units require one 

interface to the interlocking 

- Distributed local 

controllers 

Interlocking 

integration 

Any motor voltage possible 

and readily available 

110V DC, 230V AC and 

400C AC are available, 

other voltages are on 

request  
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Voestalpine emphasizes the advantages of the compact modules of Unistar HR 

allowing for unrestricted arrangement in the track. Both points and crossings can be 

driven with one standardized DLD unit. A central power module with one mono-block 

hydraulic unit installed beside the track drives all DLD units. Technical data of Unistar 

HR is presented in Table 4.     

 

Table 4 Technical data of Unistar HR point machine [17] 

Safety Integrity Class SIL 4 according to DIN 50126, 50128 and 50129 

MTBF > 500000 hours  

MTTR < 20 minutes 

Environmental conditions 

for the operation 

-40 to +80 oC, humidity up to 95%, solar radiation 

tested with 1120 W/m2 

Protection class IP 67 

Weight: electro-hydraulic DLD unit approx. 80 kg, motor unit approx. 50 kg 

Weight: electro-mechanic DLD unit with integrated motor approx. 85 kg 

Throwing time 1 ï 5 seconds 

Throwing force Adjustable up to 17000 N 

Throwing stroke 60 to 163 mm, adjustable  

Motor voltage 24 ï 750 V AC or DC 

Locking system Internal prism lock, trailable or non-trailable 

Fixation to track 

- Concrete or hollow steel sleeper, 

- Stock rail fixation, 

- Sleeper fixation 

Turnout type All type of turnouts 

 

Finally, Voestalpine Signaling declares the benefits of Unistar HR point machine in 

brief as follows: 

¶ All components are mounted at one level in the box and there is no hidden parts 

and this provides decreased inspection times 

¶ More than one DLD unit can be powered by just one mono-block hydraulic 

unit 
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¶ Units are waterproof with the protection degree of IP67 

¶ It can be used for all types of turnouts 

¶ Unit weights are low and no need for lifting equipment 

¶ In case of metro and tunnel applications, the motor unit can also be installed at 

the tunnel wall 

¶ MTTR values are minimized 

¶ Switching times are fairly low 

 

2.3.3 VOSSLOH POINT MACHINES  

 

Vossloh is a company providing different range of products in the rail infrastructure 

industry. The product portfolio of the company covers signaling systems and it offers 

a wide range of safety products including point machines for different applications like 

conventional tracks, urban transport systems, high-speed and heavy load transport in 

order to improve safety on the rails. Some of the point machines designed and 

produced by Vossloh are listed below. 

 

2.3.3.1 EASYDRIVE-I  POINT MACHINE  

 

Easydrive-i point machine is the first of its kind at Vossloh. The aim of this electro-

hydraulic point machine is to operate the switch points safely and to ensure the end 

positions of the point blades as stated by the company. 

 

The machine is directly installed on the concrete or wooden bearers or on the slab track 

between the rails (Figure 25). It has two individual units to be installed at the turnout 

switch points. The external hydraulic unit is installed next to the track but it does not 

need any specific area, since it can be installed in very narrow spaces. This also 

provides the maintenance staff to work on it safely near the track while operating the 
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machine manually. The external hydraulic unit can also be mounted on the wall 

especially in the tunnel applications. 

 

 

Figure 25 Schematic view of Easydrive-i installation [18] 

 

Vossloh can propose both trailable and non-trailable versions of Easydrive-i according 

to requirements of railway operators. Trailable versions can be operated without any 

damage when the point is trailed accidentally or by any reason. The producer claims 

the machine needs a very low maintenance and it provides a high level of reliability. 

Level of safety of the machine is measured as SIL4. 

 

The components of the point machine and external hydraulic unit is tabulated in Table 

5, separately and they can also be seen in Figure 26 and Figure 27.  

 

Table 5 The list of components of the point machine and external hydraulic unit [18] 

Components of the point machine Components of the hydraulic unit 

¶ A hydraulic jack 

¶ Two operating rods 

¶ A hydraulic unit 

¶ An information screen 
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¶ Two detection rods 

¶ A trailing cartridge 

¶ Clamping detection modules 

¶ Position detection modules 

¶ Fast plug connectors 

¶ A protection cover 

¶ A secured access to the manual operation 

¶ An emergency hand pump 

¶ Fast plug connectors 

¶ A main connector 

¶ Easydrive-i electrical connector 

¶ A hydraulic hand pump lever 

 

 

Figure 26 Inside view and components of Easydrive-i point machine [18] 
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Figure 27 External hydraulic unit of Easydrive-i point machine and its components 

[18] 

 

The external hydraulic unit generates pressure to move the jack and hereby the point 

is operated with the operating rod. The machine locks the point blades at the end 

positions and activates the position detection modules. 

 

The technical specifications of Easydrive-i are presented by the company in its leaflet 

and can be found in Table 6.  

 

Table 6 Technical specifications of Easydrive-i point machine [18] 

Length 535 mm 

Width 620 mm (off rods) 

Height 145 mm 

Weight 95 kg 

Stroke 100 to 160 mm, adjustable on site 

Operating force 4000 N 

Operating time < 2.5 seconds 
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Protection rating IP 67 

Safety integrity level SIL4 

 

2.3.3.2 MCEM91 POINT MACHINE  

 

The electro-mechanical point machine model MCEM91 is designed and produced by 

Vossloh and it provides the point operation, its locking and detection at the end 

positions. The company states that this point machine is suitable to operate the points 

of all types of tracks including conventional lines, metros, service lines, high speed 

lines and heavy haul networks.  

 

 

Figure 28 Vossloh MCEM91 type of point machine [19] 

 

Vossloh claims that this product is used in more than 30 countries. TCDD is also one 

of the users of this point machine in the high speed lines between Ankara and Konya 

(Figure 29). They are also installed in conventional train lines between Mersin and 

Toprakkale [19]. 
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Figure 29 Multiple drive integrated into high speed line turnout in Turkey [19] 

 

Drive function of the machine is achieved with a single driving rod connected to 

adjustable arm on the machine. Throwing stroke of the machine can be adjusted by the 

driving arm length due to its rotary motion at the exit of the machine. The adjustable 

driving arm sweeps at an angle of 60 degrees during the throwing operation and it is 

locked at the end positions. Vossloh indicates that an additional internal anti-veering 

device is positioned in the machine to resist vibration effects caused by passing rolling 

stock. 

 

The company Vossloh defines the components of the machine as follows: 

¶ An electric motor according to required voltage, can be AC or DC 

¶ An internal torque limiter device 
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¶ A gear box 

¶ A locking mechanism at the end positions 

¶ An adjustable driving arm connected to driving arm head 

¶ A switch equipped with power and control contacts 

¶ A manual emergency drive lever 

¶ An electrical water proof connector, offered as optional 

¶ A locked cover 

 

The machine is adoptable to many types of tracks and compatible with different 

bearers including concrete or metallic bearers and concrete slab track. Technical 

characteristics of this point machine given by Vossloh can be seen in the following 

table below. 

 

Table 7 Technical characteristics of MCEM91 point machine [19] 

Throwing stroke 100 to 260 mm, adjustable 

Maximum load during drive 4000 to 10400 N 

Switching time 3.5 to 4.8 seconds 

Weight < 100 kg 

MTBF Over 30 years 

MTTR 0,61 hours 

Protection index IP55 or IP67 (optional)  

 

2.3.3.3 MCEM91T POINT MACHINE  

 

The MCEM91T is the trailable version of the MCEM91 point machine and it is 

equipped with a trailing disc allowing point trailing. It includes additional components 

such as a trailing disc and trailing detection device (optional). The application and 

installation flexibility as well as drive, locking and detection principles are exactly the 

same as the MCEM91 point machine. This trailable version is also in use on the 

conventional line between Mersin and Toprakkale in Turkey. 
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Figure 30 Vossloh MCEM91T type point machine which is trailable version of 

MCEM91 [20] 

 

Required trailing force can be adjusted in the factory as stated by Vossloh. In case of 

trailing occurs on the switch point, the machine needs a manual drive to reconcile the 

internal mechanism with the driving arm.  

 

Some of the technical characteristics of this version are slightly different and presented 

in Table 8.  

 

Table 8 Technical characteristics of MCEM91T point machine [20] 

Throwing stroke 115 to 260 mm, adjustable 

Maximum load during drive 4000 to 9000 N 

Trailing force 

9250 N for stroke of 220 mm 

10700 N for stroke of 160 mm 

Maximum trailing speed 50 km/h 

Switching time 3.5 to 4.8 seconds 
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Weight 130 kg 

MTBF Over 30 years 

MTTR 0,67 hours 

Protection index IP55 or IP67 (optional)  

 

2.3.4 THALES POINT MACHINES  

 

Thales is a group company having point machines as one of the rail signaling 

equipment. 

 

2.3.4.1 L710H POINT MACHINE  

 

The L710H electro-hydraulic point machine is designed and manufactured with the 

experience of Thales in Arnstadt, Germany. Thales states that this design with 

protection class of IP67 allows nearly wear free operation and it brings very long life 

time for the product. Thales also highlights the field proven operation of the machine 

even in harsh environment conditions like strong water, humidity and sand. It can 

perform more than one million movements in those extreme conditions before 

overhaul. An internal lock is installed in the point machine and a hand crank is 

provided for manual operation (Figure 31). 
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(a) (b) 

Figure 31 General view (a) and inside (b) of the L710H point machine [21] 

 

As claimed by Thales, there are several advantages and benefits of the L710H point 

machine. First one is the availability of the product for every point type and gauge. It 

is also available for every AC electrical interface with the interlocking. Optionally DC 

electrical interface can also be realized. Another advantage is that it does not need 

maintenance between overhauls. Operation capability of the machine in harsh 

environmental conditions is indicated as another benefit of the product. Moreover 

technical parameters of the machine can be adjusted and customized according to 

customer requirements.  

 

Finally technical features of L710H point machine can be summarized in Table 9. 

 

Table 9 Technical features of L710H point machine (adopted from [21]) 

Power supply 
380/220 V AC with 700 W 

Other AC or DC power supply can be provided on request  

Throwing force Adjustable up to 6000 N 

Retaining force Adjustable up to 9000 N 

Throwing time Can be customized, typically < 6 seconds 

Stroke Can be customized for any type of point and gauge 

Application type Can be applicable for every point type 
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Lock type Internal point lock is included 

Life time More than 1 million throwing before overhaul 

Installation Suitable for both right- and left-hand  

Trailability Can be configured as trailable or non-trailable 

Protection class IP 67 

Electrical interface 
Suitable for all common electrical interfaces like 4-wire, 7-

wire, etc. 

 

2.3.4.2 FIELDTRAC 6343 L826H POINT MACHINE  

 

FieldTrac 6343 L826H is a new generation electro-hydraulic point machine of Thales. 

Integration of the machine in the sleeper and individual blade control instead of control 

rods are the main alterations of this latest version compared to previous products of 

Thales. It is claimed that the machine works with high efficiency and needs no 

maintenance. Another advantage is that the installation of this machine on right-hand 

or left-hand turnouts is possible with no need to change anything on it (Figure 32). 

 

 

Figure 32 Inside view of the FieldTrac 6343 L826H point machine [22] 
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The design of FieldTrac 6343 L826H allows some major parts of the machine to be 

pre-assembled. This contributes to decrease installation time at the production plant 

and offers low maintenance costs with increased availability at the field of operation. 

 

An enclosed dustproof electric motor is used to drive the pump generating pressure for 

the movement of specified cylinder. The cylinder rotates the throwing disc at an 

allowed constant angle and this is repeated for every operation of the machine. In this 

manner, the throwing time is not affected by the stroke and remains constant. Thales 

asserts that this diminishes the required force and hence the wear during the operation. 

The throwing disc is connected to the operating rod that moves the point blades. Two 

detector bars are used to check the correct positions of the point tongues at the end of 

the movement. The hydraulic part of the machine is a closed system consisting of an 

oil container, a reversible radial piston pump, check valves, adjustable relief valves 

and two hydraulic cylinders. 

 

Technical parameters of the FieldTrac 6343 L826H shared by Thales is presented in 

Table 10. 

 

Table 10 Technical parameters of FieldTrac 6343 L826H point machine [22] 

Power supply 400 V, 3-phase, 50 Hz 

Power input Approximately 700 W 

Throwing force Adjustable between 2000 N and 7000 N, depends on the stroke 

Retaining force 
Adjustable between 7000 N and 9000 N for trailable version 

Approximately 30 kN for non-trailable version 

Throwing time Approximately 5 seconds, independent from the stroke 

Stroke Adjustable between 80 mm and 260 mm 
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2.3.5 ALSTOM POINT MACHINES  

 

Alstomôs trackside signaling equipment including point machines is the major part of 

an overall rail system for reliable and continuous operation. Alstom has alternative 

point machines for different applications. Two different kinds are presented below. 

 

2.3.5.1 P80 POINT MACHINE  

 

P80 is an electro-mechanical point machine that is applicable for main lines, freight 

lines and metros with single switch and double slip switches. Right hand and left hand 

installations are possible for both trailable and non-trailable versions. Therefore the 

machine is declared as highly configurable and can be adapted to many different 

customer applications. In addition to this, as stated by Alstom, water resistant 

construction and a wide range of operating temperature maximizes the flexibility of 

P80 point machine which is presented in Figure 33. 
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Figure 33 Alstom P80 point machine and inside view of it [23] 

 

There are two independent rods to operate the blades and two independent rods for the 

detection of blade end positions. Alstom claims to make a point of achieving higher 

level of safety by performing double lock for both open and closed point blades. P80 

point machine, in order to extend the lifetime, cuts off motor power automatically 

when it encounters an obstacle during operation. It provides a hand crank for manual 

operations in case of maintenance or unexpected situations. The trailable version of 

the machine has also capability of restoring to normal operating conditions without 

operator intervention after trailing occurs (Figure 34). 

 



 

 

50 

 

 

Figure 34 The photograph of P80 point machine installed near the track [23] 

 

Another benefit of the machine for customers, indicated by Alstom, is that the machine 

does not need periodic maintenance and internal adjustment. This is achieved by a 

spring loaded device inside the machine instead of a traditional clutch system. An 

internal locking device which is certified up to 180 km/h is also contained in its casing. 

 

Number of installed P80 point machine is more than 17000 over 30 years worldwide 

including Turkey, Eskiĸehir-Balēkesir line. The machine is configured for the use of in 

Turkey according to requirements of TCDD and this configuration is called as P80-T. 

Technical features of P80-T are provided by Alstom are presented in Table 11. 

 

Table 11 Technical features of P80-T that is configured for use in Turkey [23] 

Product Number 
Right: DTR2000004015 

Left: DTR2000004018 

Operating voltage 
3 x 380 V AC 

3 x 220 V AC 

Current drawing during operation 
1.5 A at 380 V AC 

2.6 A at 220 V AC 
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Operating time 5 seconds 

Throwing stroke 150 mm, fixed 

Throwing force >= 550 kg 

Trailing force 770 to 950 kg 

Allowed train speed 180 km/h 

Locking type Internal 

Operating temperature -40oC to +70oC 

Humidity 0 to 100% 

Weight 240 kg 

Size 
913 x 565 x 334 mm (length x 

width x height) 

 

2.3.5.2 HY-DRIVE  POINT MACHINE  

 

Hy-Drive is an electro-hydraulic point machine offered by Alstom and mainly used in 

turnouts with more than one drive. Alstom asserts that this is a cost effective solution 

for multi-point turnouts and therefore suitable for use on high speed lines. As stated 

by the company, the lifetime of the machine is about 30 years or 1 million operations. 

Alstom also states the point machine is certified for trains travelling on direct branch 

at a speed of up to 305 km/h.  

 

Hy-Drive point machine is a fully modular system consisting of two locking and 

detection units installed at the tip of turnout, an external power pack and a number of 

hydraulic back drives. The number of hydraulic drive units depends on geometry of 

the turnout. This is the main reason why this solution is considered as a cost effective 

solution for the turnouts requiring multiple drive which can be examined in Figure 35. 

Moreover this kind of modular solution allows easy installation, replacement and 

check of all units. 
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Figure 35 Hy-Drive point machine solution installed on a multiple drive turnout [24] 

 

Alstom claims that Hy-Drive point machine can meet many customer configurations 

and performance requirements because it offers different options for the operation 

stroke and cylinder dimensions. 

 

The machine is commercially in service since 1994 and more than 900 turnouts mainly 

in Italy and United Kingdom are equipped with this machine as stated by Alstom. 

 

Technical parameters of Hy-Drive point machine are shared by Alstom and presented 

in Table 12. 

 

Table 12 Technical parameters of Hy-Drive point machine [24] 

Pump power supply 144 V DC, 230 V DC, 230 V AC 50 Hz 

Switching time 4 to 10 seconds *  

Throwing force Up to 10000 N, adjustable 

Trailing force 40000 N 

Tip opening 115 mm 
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Back drive stroke Factory configurable between 36 and 110 mm 

MTTR < 20 minutes 

Reliability 30 years / 1 million operations 

Operating temperature -40o C to +70o C 

Protection class IP 54 compliance with EN60529 

Compliance to standards 
EN 50129, EN 50126, EN 50121-3-2, EN 50125-1, 

IEC 600068, EN 50155, EN 61373, NF F 16-101-102 

*depending on power supply and length of turnout 

 

 PATENT REVIEW  

 

Patents are critical intellectual property rights for any competitive business. They 

conserve valuable assessments if retrieved, analyzed and utilized appropriately. 

Therefore patent research is an important step of a literature review to demonstrate 

continued progress throughout the history and is an indicator for future development 

of new products.  

 

In this study, the patents retrieved directly related with the point machines and their 

sub functions are researched to learn the contributions made by authors, researchers, 

experts and companies. It is easy to say that the patents about the point machines have 

been started to retrieve before 1950s. However as the patent collection worldwide is 

growing rapidly, retrieval of these precious sources has become complex and 

exhaustive. In the scope of this thesis study, some of the patents retrieved directly 

related with the point machines and their sub functions are included and the list of 

these patents is presented in Appendix B. There are many patents retrieved in different 

countries and the languages are also different. Therefore all patents could not be 

studied in detail but the general information is obtained from their abstracts. As a 

consequence of the patent research, it is not difficult to express that the inventions 

mainly focus on operating mechanisms for the railway points, locking the switch 

blades and complete systems for the operation of railway points. Besides, there are 
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some inventions about the trailing feature of the machines and examining the end 

positions of the point blades. 

 

 MOTIVATION OF STUDY  

 

In the last decades, especially in the last few years, rail systems are becoming more 

and more popular all over the world, particularly in the European Union and also in 

Turkey. Rising traffic demand, congestion, noise, risk of life safety, field use, energy 

consumption and climate change are some of the major issues that all humanity are 

facing. This calls for the railway sector to get the better of these challenges and to 

achieve a more competitive, safer and resource-efficient transport system [25]. 

 

Turkey has also become aware of this shift from road to rail in transportation sector to 

increase railôs share in the freight and passenger transport market. Research and 

development activities in railway systems therefore have been started helping the 

railway sector to be domestic in majority and to play a broader role in transport market. 

The first studies have been focused on the trains itself to introduce quieter, more 

reliable, more comfortable, energy-efficient and most importantly completely 

domestic railway systems. These efforts have found out innovative and competitive 

solutions at a lower cost. 

 

Introduction of better trains to the transport market requires a reliable rail network 

including signaling and infrastructure equipment. In addition to the development 

studies on rail vehicles, at the same time similar efforts have been started to improve 

signaling and infrastructure in Turkey. Research and development studies have 

focused in the fields which are thought as the part of critical technology. For example 

traction systems including the traction motors, traction inverters and convertors are 

considered as the brain of a rail vehicle, the studies therefore have been focused firstly 

on these equipment. Similarly train control and management system is another 

important issue for railway engineers in Turkey at the signaling side. 
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It is known that turnouts are one of the most critical elements of rail construction as 

they lead the railway traffic. The only movable part of the rail track is the turnouts and 

this makes them an important part of rail network. Depending on this, point machines 

are the crucial devices for quick operation and locking of switches, and thus they play 

an important role in safe and efficient running of trains. 

 

Procurement of these important devices in Turkey is responsibility of Turkish State 

Railways, in short TCDD, by a majority. Significant number of these point machines 

were imported from other countries by TCDD until today. With the recent 

technological improvement on the railway systems in Turkey, it is considered that 

developing completely domestic point machines is an important target in the near 

future. These point machines are thought as one of the critical components of the 

railway signaling and infrastructure. 

 

The motivation of this study is to perform research about modern point machines 

which already exist in the market and includes detailed investigations on some of them. 

Then their constructional and operational characteristics are compared for the purpose 

of preparing background and guidelines for the development of a novel and domestic 

point machine. 
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CHAPTER 3 

 

 

3 INVESTIGATIONS OF DIFFERENT RAILWAY POINT MACHINES  

 

 

 

This chapter covers detailed studies and analysis on different types of point machines 

currently used at the railways operated by TCDD in Turkey. These studies basically 

consist of kinematic and simple force analysis of driving mechanisms, locking 

mechanisms and detection methods. The investigations also include the constructional 

details of these point machines such as casing materials, motors, power packs, 

operational voltages, power transmissions, driving mechanisms, locking mechanisms, 

electrical contacts, throwing times, strokes and forces. 

 

Although there are numerous point machines with different brands and types currently 

used at the railways in Turkey, this thesis study contains four of them. In order to avoid 

making advertisement or smearing the brand names, the investigated point machines 

are entitled by the letters like point machine A, point machine B and so on. 

 

 INVESTIGATIONS ON POINT MACHINE A  

 

The point machine A is an electro-hydraulic point machine including a hydraulic 

power pack, driving mechanism, locking mechanism, terminal block and contacts. All 

these components are installed in a molded aluminum casing. Additionally there is one 

driving rod having rectangular cross section to move the point and two detector bars 
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having circular cross sections to supervise the correct position of the point blades 

individually. General inside view of point machine A is shown in Figure 36. 

 

 

Figure 36 Photograph of inside view of point machine A 

 

The hydraulic power pack contains a 3-phase electric motor which has the power of 

700 W. The motor can be operated with a voltage of 380 V or 220 V. The current 

drawn by the motor is 2.3 A under the potential of 380 V and 4.0 A under 220 V. 

Rotational speed of the motor is 930 rev/min. It has a dustproof enclosure with the 

protection degree of IP 54. 

 

The compact hydraulic block consists of a reversible radial piston pump, an oil tank, 

check valves and adjustable relief valves. The electric motor is connected to this 

hydraulic block with a flexible coupling and thus it drives the pump to generate the 

pressure. Two hydraulic cylinders are installed on a cast aluminum structure which is 

fastened on the casing to move the throwing disc. These cylinders are connected to the 

exit of hydraulic block by the aluminum pipes having an external diameter of 10 mm. 

The radial piston pump pressurized the hydraulic fluid with a flow rate of 1.5 cm3/rev 



 

 

59 

 

up to 110 bars to move the assigned cylinder. Figure 37 shows the photograph of 

hydraulic power pack including electric motor and compact hydraulic block. 

 

 

Figure 37 Photograph of hydraulic power pack driven by electric motor 

 

Driving mechanism of the machine has been analyzed in detail. First of all, kinematic 

structure of moving parts are observed and a kinematic model related to driving 

mechanism is obtained. Dimensions of the parts and constant distances between parts 

are measured on the mechanism with the help of a tape measure and a caliper. This 

model is represented as a simple sketch and parametric dimensions are shown in Figure 

38. All of this kind of schematics in the content of this study are drawn by the author. 
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Figure 38 Representative model of driving mechanism 

 

In Figure 38, dimension d1 represents the distance between center of rotating disc and 

center of cylinder standing between hydraulic cylinders. Dimension d2 shows the 

distance between center of rotating disc and center of lower cylinder generating the 

motion of driving rod. This dimension can be adjusted to move the lower cylinder on 

a radial direction of the rotating disc. The nearest distance between two piston bodies 

is represented by d3. Vertical distance between the center of rotating disc and hydraulic 

cylinders is shown as d4. Similarly, d5 indicates the vertical distance between center 

of rotating disc and center of driving rod. Finally the distance between two beds of 

driving rod from the inner sides of casing is represented as d6 and the diameter of 

hydraulic cylinders is shown as ū. 

 

All dimensions and distances, except d2, shown in Figure 38 are constant. d2 is the 

only variable dimension on the mechanism and it is used to adjust the throwing stroke 

of the machine. There is a scale on the rotating disc corresponding the related stroke 

values to adjust. The scaling numbers on the rotating disc which are changing in 

between 80 and 260 are presented in Figure 39. 
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Figure 39 Photograph of scaling numbers on the rotating disc to adjust the stroke 

 

The numerical values of these representative dimensions and distances are measured 

as d1=50 mm, d3=134 mm, d4=43 mm, d5=153 mm, d6=455 mm and ū=45 mm. The 

only variable dimension d2 can change from 60 to 195 mm. 

 

The mechanical parts of the driving mechanism are numbered and these numbers 

represent the links of the mechanism one by one. The link numbers are shown in Figure 

40. 
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Figure 40 Representative schematic model showing the links of driving mechanism 

 

The link number 1 shown in Figure 40 represents the ground, namely molded casing 

and other parts which are fixed on it. The link shown by 2 represents the hydraulic 

pistons. Although they are two separate cylinders, they move together in synchronous 

and no one do work against each other if the friction between piston and its cylinder is 

neglected. Therefore it is assumed that they show the property just like a single link 

and both of them are numbered as 2. Link 3 and link 4 show the rotating disc and 

driving rod, respectively. 

 

The kinematic joint types between these links are described in Figure 41. There are 

three types of joints in this driving mechanism. First one is the revolute joint between 

link 1 and link 3, which is shown as R13. Second type of joint is prismatic joint 

between link 1 and link 2. There is also another prismatic joint between link 1 and link 

4. These are represented as P12 and P41 respectively. The last type of kinematic joint 

is cylinder in slot and this joint type is observed between link 2 and link 3, indicated 

by CS23. There is also one cylinder in slot type of kinematic joint between link 3 and 

link 4 and it is described as CS34. 



 

 

63 

 

 

Figure 41 Kinematic joint types between the links 

 

Describing the kinematic links, their dimensions and joints between them, the next 

step is defining the variable dimensions and angles which are changing during the 

movement of driving rod. Figure 42 shows an arbitrary position of the driving 

mechanism while it is in motion. 

 



 

 

64 

 

 

Figure 42 An arbitrary position of the driving mechanism 

 

Variable dimension s1 in Figure 42 shows the vertical distance between the center of 

rotating disc and the center of cylinder standing between hydraulic cylinders. 

Horizontal distance between these two centers are shown as s2. The dimension shown 

by s3 represents the vertical distance between the center of rotating disc and the center 

of lower cylinder generating the motion of driving rod. Similar to s2, s4 shows the 

horizontal distance between these two centers. The only angular variable is indicated 

as ɗ13 and it is the angle of link 3 with the horizontal axis. These dimensions are shown 

with arrows since they are directional quantities. Directional identification is important 

to analyze the mechanism. 

 

Before going into details of kinematic analysis, some basic parameters and equations 

are presented. 

 

Since the driving mechanism moves in a planar space, degree of freedom of the space: 
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 ‗ σ (3-1) 

As shown in Figure 40, number of links: 

 ὰ τ (3-2) 

As shown in Figure 41, total number of kinematic joints: 

 Ὦ υ (3-3) 

Degree of freedom of the mechanism is calculated by using the general degree of 

freedom equation: 

 

Ὂ  ‗ὰ Ὦ ρ  Ὢ (3-4) 

Where degrees of freedom equal 1 for revolute and prismatic joints, and 2 for cylinder 

in slot. Therefore total degrees of freedom of each joint is found as: 

 

Ὢ ςὼρ ρὼρ ςὼς χ (3-5) 

Degree of freedom is numerically found by using equations (3-1), (3-2), (3-3) and 

(3-5): 

 Ὂ  στ υ ρ χ ρ (3-6) 

Number of independent loops is calculated by using the following formula: 

 ὒ  Ὦ ὰ ρ (3-7) 

And it is numerically calculated by using equations (3-2), (3-3) and (3-7): 

 ὒ  υ τ ρ ς  (3-8) 

This means that two independent loops can be formed to analyze the driving 

mechanism. These loops can be seen in Figure 43 and written in vector form in 

equation (3-9) and (3-10). 
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Figure 43 Representative schematic model showing the independent loop closures  

 

 ὃὄᴆ ὃὅᴆ ὅὄᴆ  (3-9) 

 ὃὈᴆ ὃὉᴆ ὉὈᴆ (3-10) 

 

Vector equations (3-9) and (3-10) can be represented by complex numbers and may 

be split into their real and imaginary parts to start the kinematic analysis. Alternatively 

and more easily, similar triangles ACB and AED may also be used to solve the 

unknown variables in this analysis. 

 

In order to do force analysis on driving mechanism, free body diagrams of the links 

are drawn one by one. Figure 44 presents the free body diagram of link 2 representing 

the hydraulic cylinder. Fi represents the input force on the hydraulic cylinder applied 

by the hydraulic fluid and F32 shows the reaction force of the link 3 on the link 2 at 

an arbitrary point. The moment created by the input and its reaction force is balanced 

with the reaction forces of hydraulic piston on the cylinder and this moment can be 

represented by two forces having equal magnitudes but opposite directions. These 
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forces are shown as Fy12. The dimension between these reaction forces are measured 

and described as d7 for the parametrization. 

 

 

Figure 44 Free body diagram of link 2 

 

Figure 45 presents the free body diagram of link 3 and applied forces on this link. F23 

represents the reaction force of link 2 on the link 3. Similarly F43 shows the reaction 

force of link 4 on the link 3. Reaction force of main structure on the link 3 is presented 

as Fx13. 
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Figure 45 Free body diagram of link 3 

 

Finally the forces on the driving rod are identified in Figure 46. Reaction force of 

rotating disc on the driving rod is shown as F34 and the reaction force of point blades 

on the driving rod is represented as Fo. These forces create a moment on the link 4 and 

this moment is balanced with the reaction forces created by slides. Two forces of equal 

magnitude are placed at the reaction points in opposite direction and shown as Fy14 to 

create a couple moment to counter-balance the moment created because F34 and Fo 

are not collinear. 
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Figure 46 Free body diagram of link 4 

 

After describing the links, joints, constant and variable dimensions, loop closure 

equations and free body diagrams of the kinematic links; a Matlab code presented in 

Appendix C.1 is written to perform a position and static force analysis. 

 

Speed of the pressurized hydraulic cylinders defined with ñs2_dotò is found as 14.6 

mm/s. Operation time of the machine appears as about 5 seconds by knowing the 

distance between hydraulic cylinders and the diameter of cylinder standing between 

hydraulic cylinders. The throwing time is directly related with the speed of electric 

motor, flow rate of the pump and piston diameter. Since these parameters are constant, 

the throwing time of the machine is also constant and is not affected by the stroke. 

 

On the other hand, the stroke of the machine ñs4ò is adjusted by changing the ñd2ò 

dimension. The stroke of the machine can be adjusted in between 87 mm and 285 mm. 

For example the minimum stroke is found when d2 is equals to 60 mm and the 

maximum stroke appears when d2 is adjusted as 195 mm. Figure 47 shows the output 

position of the driving rod in operation time of 5 seconds. The motion of the driving 

mechanism shows a symmetric manner with respect to the vertical axis and the 
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variable dimensions on Figure 42 are described by taking the vertical position as the 

starting point of the motion. Because of these reasons the plot presented in Figure 47 

shows the whole period of operation of the mechanism between -2.5 and 2.5 seconds. 

 

 

Figure 47 Maximum and minimum throwing strokes of Point Machine A 

 

Figure 48 presents the output position of driving rod with respect to input position 

applied by the hydraulic cylinders for the maximum and minimum stroke values. The 

slope of the curves indicates the ratio of how many times the distance taken by driving 

rod is increased with respect to the input motion of hydraulic cylinders. To illustrate, 

the slope for the minimum stroke value of the machine is found as 1.2. Similarly, it is 

found as 3.9 for the maximum value of stroke. This means that the increase rate of gain 

obtained from this driving mechanism in terms of throwing distance changes between 
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1.2 and 3.9. On the other hand, there will be a reduction in the throwing force at the 

same ratios as a result of conservation of energy. 

 

 

Figure 48 Output position of driving rod with respect to input position 

 

The force applied by the pressurized fluid on the hydraulic cylinder indicated by ñFiò 

is found about 17.5 kN. Since it depends on the piston area and applied pressure by 

the pump, input force does not change. This force is transferred to the driving rod by 

the help of rotating disc. The output throwing force depends on the dimension ñd2ò of 

link 3. Throwing force is inversely proportional with adjustable dimension ñd2ò. For 

example, the maximum throwing force appears as about 14.58 kN for the minimum d2 

dimension equaling 60 mm and the minimum throwing force is found as about 4.49 

kN for the maximum d2 equaling 195 mm. The rate of change of force can be obtained 

by dividing the input force by the throwing force. Although the applied input force is 
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constant, the ratio of change of force is calculated between 1.2 and 3.9 due to the 

changing throwing force. 

 

There are some frictional forces at the joints and mechanical contacts while the 

mechanism is in motion. Since there are radial bearings or bushings at the revolute 

joints and low frictional linear bearings at the prismatic joints, these force are 

negligibly small compared to operational forces of the machine. For example, the 

frictional force at the rectangular linear bearing between the driving rod and the casing 

of the machine is measured by using a force measurement device. This measurement 

is repeated ten times in order to be sure that the measurements are coherent. Figure 49 

shows a photograph taken during one measurement. The frictional force at the linear 

bearing was measured as 40 N at average while it is moving. The maximum force is 

measured as 70 N at average and it is observed at the impending motion of driving rod. 

 

 

Figure 49 Force measurement at the linear bearing 
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As described at the beginning of this chapter, there are two detector bars having 

circular cross sections to control the correct position of the point blades one by one. 

One of them is mechanically connected to tip of the near point blade and the other one 

is connected to tip of the distant point blade by the help of a mechanical linkage. When 

the blades of the point come to one of the end positions and the engagement occurs 

with the stock rail, a locking mechanism is activated automatically at these positions. 

Indeed the locking mechanism locks the two detector rods which are mechanically 

connected to point blades. In this way the motion of the point blades is prevented and 

the point is locked. The reason why there are two detector rods is to control both of 

the point blades independently. The locking mechanism does not work if one the 

detector rods, in fact the point blades, is not in the desired position. It works only when 

both of the point blades are in the desired position. 

 

The locking mechanism of the machine is designed like a spring-preloaded four-bar 

parallelogram mechanism and two of them are used to lock the point blades at each 

end positions. Figure 50 shows the schematic view of these two four-bar mechanisms 

that are placed opposite to each other and two detector rods. These two locking 

mechanisms are independent from each other and they are activated at each end 

position of the blades separately. 
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Figure 50 Schematic representation of locking mechanism 

 

Figure 51 shows the unlocked position of locking mechanism together with the rotating 

disc driven by the hydraulic cylinders. The rotating disc shown as link number 3 

continuously in contact with the extension of revolute joint between link 6 and link 7. 

Therefore it pushes the link 6 downward and compresses the springs shown by color 

red while the machine is throwing the point blades. Depending on the motion of point 

blades, the two detector rods indicated by numbers 8 and 9 slide into the linear bearings 

at two ends since they are connected to the tips of the point blades. 
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Figure 51 Schematic representation of locking mechanism together with rotating 

disc 

 

Additionally these two detector rods pass through the link 6 shown in Figure 52. There 

are two circular openings merged into each other on the link 6. Diameter of these 

openings are 40 mm and the two detector rods having 35 mm diameter can easily move 

in these openings while the machine is throwing the point blades. 

 

 

Figure 52 Two detector rods passing through link 6 while the machine is operating 
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Each detector rod has two narrow sections whose diameters are 20 mm to activate the 

preloaded locking mechanism. When the machine completes its operation, meaning 

that the point blades come to one of its end positions, the contact between the rotating 

disc and revolute joint R67 is removed. At the same time the narrow sections of the 

detector rods align with the link 6. Hereby, the four-bar locking mechanism under the 

preload of compressed spring is activated. Figure 53 shows the locked position of the 

mechanism at the one of end positions of the machine. 
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(a) 

 

(b) 

Figure 53 Schematic representation of locked position of the machine (a) and the 

position of detector rods passing through the link 6 (b) 

 

At the locked position of the machine shown in Figure 53, the motion of the point 

blades connected to detector rods are restricted by the link 6 and this position of the 

link 6 is conserved by the spring which is in compression even at that position. At the 

same time the rotating disc rests against the bushing placed at the extension of revolute 
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joint R67. In this manner the motion of the rotating disc, indeed the motion of the 

driving rod, is also restricted. 

 

The distance between the narrow sections on the detector rods need to be adjusted 

depending on the throwing distance of the machine. When the stroke is adjusted, these 

distances are also required to be adjusted. The detector rods can be adjusted in steps 

of 5 mm. There are 5 rings having different lengths of 5, 10, 20, 40 and 60 mm. It is 

possible to adjust the distance between the narrow sections by using different 

combinations of these rings. These rings can be installed between the parts having 

narrow sections or at the end of the rod. To illustrate, Figure 54 presents the pre-

assembled combination of a detector rod such that 5 mm, 10 mm and 60 mm rings are 

installed between the notched parts and the remaining rings are installed at the back 

side. 

 

 

Figure 54 The detector rod adjusted for the 115 mm motion of point blades 

 

Depending on the required motion of the point blades, suitable rings are chosen and 

installed between the notched parts. Fixing rod is screwed into the notched part-2 to 

complete the detector rod assembly. The ñcontrol distanceò shown in Figure 55 

corresponds to a specific motion of point blades. If none of the adjustment rings are 

used between the notched parts, this corresponds to the point blade motion of 40 mm. 

If the rings having lengths of 5 mm, 10 mm and 60 mm as shown in Figure 54 are used 
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between the notched parts, this means that the detector rod is adjusted for the point 

blade motion of 115 mm. 

 

 

Figure 55 The control distance on the detector rod for the adjustment of different 

point blade motions 

 

Table 13 presents the rings that must be selected for the required motion of point blades 

and shows the corresponding control distances. 

 

Table 13 Required rings for the need of point blade motion 

Point 

blade 

motion 

(mm) 

Rings to be installed between the notched parts 

Control 

distance 

(mm) 

40 - 80 

45 5 mm ring 85 

50 10 mm ring 90 

55 5 mm ring, 10 mm ring 95 

60 20 mm ring 100 

65 5 mm ring, 20 mm ring 105 

70 10 mm ring, 20 mm ring 110 

75 5 mm ring, 10 mm ring, 20 mm ring 115 

80 40 mm ring 120 

85 5 mm ring, 40 mm ring 125 

90 10 mm ring, 40 mm ring 130 

95 5 mm ring, 10 mm ring, 40 mm ring 135 

100 60 mm ring 140 

105 5 mm ring, 60 mm ring 145 

110 10 mm ring, 60 mm ring 150 

115 5 mm ring, 10 mm ring, 60 mm ring 155 
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120 20 mm ring, 60 mm ring 160 

125 5 mm ring, 20 mm ring, 60 mm ring 165 

130 10 mm ring, 20 mm ring, 60 mm ring 170 

135 5 mm ring, 10 mm ring, 20 mm ring, 60 mm ring 175 

140 40 mm ring, 60 mm ring 180 

145 5 mm ring, 40 mm ring, 60 mm ring 185 

150 10 mm ring, 40 mm ring, 60 mm ring 190 

155 5 mm ring, 10 mm ring, 40 mm ring, 60 mm ring 195 

160 20 mm ring, 40 mm ring, 60 mm ring 200 

165 5 mm ring, 20 mm ring, 40 mm ring, 60 mm ring 205 

170 10 mm ring, 20 mm ring, 40 mm ring, 60 mm 210 

175 5 mm ring, 10 mm ring, 20 mm ring, 40 mm ring, 60 mm ring 215 

 

When it is needed to change the position of the point, the point machine is operated 

towards the opposite side. In order to unlock the locking four-bar mechanism, an 

unlocking disc rotating around the same center with the rotating disc is used. When 

the hydraulic cylinders are operated in reverse direction, the unlocking disc is first 

rotated to push down the link 6 by the help of its inclined edge. The unlocking disc at 

the locked position of the machine is shown as the black part in Figure 56. 

 

 

Figure 56 Unlocking and rotating discs at the locked position of the machine  
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When it is forced to rotate by the hydraulic cylinders, the inclined edge slides on the 

bushing at the revolute joint R67 and it pushes down the link 6 by compressing the 

spring. When it comes to end of the inclined surface of the unlocking disc, the locking 

four-bar mechanism is completely pushed down and the machine is unlocked. Figure 

57 shows the time just the machine is unlocked. After that time the unlocking disc 

rotates together with the rotating disc, hence the driving rod and the detector rods move 

towards the opposite side. 

 

 

Figure 57 Unlocking and rotating discs at the just unlocked position of the machine 

 

Normally, the rotating disc and the unlocking disc rotates around the same center 

together however there is a small backlash of about 7 degrees between them. This 

provides the unlocking disc to rotate about 7 degrees independent from the rotating 

disc to unlock the mechanism while the rotating disc stands as it is at that small time 

interval. When the mechanism is unlocked, then they rotate together. This guarantees 

that the motion of the driving rod is restricted while the mechanism is unlocking. 

 

There are two electrical contact switches installed in the casing near the locking 

mechanism. These switches are used to inform the control center whether the machine 
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is locked or unlocked. The contact switches are normally closed while the machine is 

in operation. When it comes to one of its end positions and locked by the four-bar 

mechanism, the upper arm described by link 5 pushes up the switch and the contact is 

broken. As a result of this, a signal is sent to the control center stating that the machine 

is locked. Figure 58 shows the closed and open positions of one of the contact switches 

depending on locked or unlocked position of the machine. 
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(a) 

 

(b) 

Figure 58 Closed (a) and open (b) positions of the contact switches 
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There are also three similar contact switches mounted on the electric motor to cut off 

the supply energy in the case of manual operation of the machine by using a handle. 

When the machine is needed to operate manually in the case of a fault or for other 

reasons, the electric motor is driven by rotating its shaft at the back side with the help 

of a crank. In that case, the supply energy is cut off in order to operate the machine 

safely. Figure 59 presents the photograph of energy cut-off switches and the manual 

operation shaft of the motor. 

 

There is no kind of protocol to check the contact problems of these switches caused by 

oxidation, wire break or arching. Normally a governing signal is generated to inform 

the control center when the throwing of the machine is completed. If the governing 

signal is not received although the operation command is sent to the point machine, 

this is an indicator for the dispatcher to understand that there is a problem about the 

operation. The problem can be related with the electric motor, locking mechanism, 

contact switches or any other component inside the machine. This requires in-situ 

examination on the point machine to understand the reason of fault. 
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(a) 

 

(b) 

Figure 59 Three energy cut-off switches (a) and energy cut-off mechanism (b) 
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Its mission is similar to link 5 of the locking four-bar mechanism. It is mounted on a 

fixed part on the motor with a revolute joint and the other end of it is under 

compression of a linear spring. While the manual handle is being inserted to the shaft 

of the motor, the handle is touching the inclined surface of the energy cut off part and 

it is forced to compress the spring by rotating it upwards. When the insertion of manual 

handle to the motor shaft is completed, the energy cut-off part pushes up the three 

switches to open them. In this way, the supply energy is cut off and the manual 

operation of the machine is secured. 

 

 INVESTIGATIONS ON POINT MACHINE B  

 

The point machine B is an electro-mechanical point machine containing an electric 

motor, gearbox, driving mechanism, locking mechanism, terminal block and contacts. 

All these components except the electric motor are mounted in a cast steel casing. The 

electric motor has its own molded steel casing and this circular casing is screwed on 

the side of the main body of the machine. Main casing is covered with a hot dip 

galvanized steel plate. Moreover there is a rectangular bar to drive the point blades and 

there are two additional rectangular bars having relatively smaller cross sections to 

inspect the correct positions of the point blades respectively. Figure 60 shows the 

general view of point machine B. Extension part that is seen near the electric motor 

casing in Figure 60 is used to enclose the extensions of the driving and control rods 

when the point blades are pulled towards the point machine. 
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Figure 60 Photograph of inside view of point machine B 

 

The electric motor is enclosed by a circular molded steel casing and it is installed from 

the side of the main casing horizontally. A sealant material is used on the mating 

surfaces of these enclosures to prevent leakage. Only a small part of the motor from 

the front side falls within the main body of the machine. The motor is operated with 

the voltage of 110 V DC and the maximum current drawn by the motor is 6.2 A under 

this voltage. 

 

A gearbox is installed at the motor shaft and it changes the direction of shaft motion 

by 90 degrees. The electric motor is connected to this gearbox with a flexible coupling. 

In this manner shaft motion of the motor is transferred to the gearbox by compensating 

axial and angular misalignments. The gearbox ratio is found to be 26. There is a pinion 

gear at the output shaft of the gearbox and the number of tooth of this pinion is 16. 




















































































































































































































































































