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ABSTRACT

COMPARISON OF CONSTRUCTIONAL ASPECTS OF DIFFERENT
RAILWAY POINT MACHINES

Ovaleée, Or-un
Master ofSdence Department of Mechanical Engineering
Supervisor: Asso®rof.Dr. ErginT © n ¢ k
CoSupervisor: Prof . Dr . Eres S°y

January 201224 pages

In the last years, railway systems are becoming more popular all over the world,
especially in the European Uniomurkey has also started to develop completely
domesticproducts and systems for the railway trains, signaling and infrastructure.
Point machines are one of tkatical safety devicedor the railway signaling and
infrastructureThey play an important role in the safe running of rail servidegace,

they hae to bequick for the throwing anceliablefor the locking of point blades.

This study containgesearch laout modern point machines commercially available

the market andnvestigationson some of these machines used Taykish State
Railways(TCDD) the major authority running the infrastructure in TurkBye 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 firgbstep is
performresarch aboutmodern point machines and their operational characteristics.
The second step is tlietailedinvestigation of four different point machines that are
currently used at the railways operated by TCDD in TurRéne final step is about
comparison bmainly constructional aspeab$ these investigateploint machines for



the purpose of preparing background and guidelines for the development of a novel
and domestic point machine.

Keywords:Point machinegailway, electremechanical, electrbydraulic, electre
pneumatic.
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CHAPTER 1

INTRODUCTION

Point machines are used éoperate the railway turnouts and consideredrasial
devices inthe railway industry since the failure of these machines results in delays,
rise of operating costs and, most importantly, train accidents. Therefore they are
becaning more importantor the safe and efficient running of trains, especiallyhwit

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 develdpmesticproducts and systems for thailway
business. Developing completely domestic point machiwkgh 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 compson of constructional aspects of different railway point
machines to prepare background and to acquire guidelines for the development of a
novel and domestic point machinghis study includes the investigations of four
different point machines which aresed by TCDD. In the first partmodern point
machines commercially available in the market and 8pacificationsare researched

to get the information about their operational and constructional characteristics. In the
second partfour different pointnachineswhich are used by TCDBt the railwaysn

Turkey, are investigated interms of constructional aspectdn the final part



constructional andperational aspects of thegeint machines are compartdbring

out their advantages and disadvantagésive to each other

In the first stepthe history of point machinesre reviewed to learn the historical
developmenand principal functions of them. After that research on different types of
modern point machines available in the market is condumtié the number of point

machines included in this study is limited to twelve.

In the second stepletailedinvestigatiors of four different point machinelorrowed

from TCDD are performedThe brand names or models of point machines are not
given in ths study n order to avoid making advertisement or smearing the brand
names For this reason thegre entitled by the letters like point machine A, point
machine B and so on. These machiaesexamined in terms of mainyonstructional
aspects such asmsng materials, power packs, electric motors, power transmissions,
driving mechanisms, throwing times, strokes and forces, locking mechanisms,
electrical contacts and manual operations within the scotfeso$tudy Position and

force analyzes are performbyg custom developeMatlab codes

As afinal step constructional aspects afsearched anidivestigated point machines
are comparedn addition to investigations, the experience of TCDD staffp are
working more than 20 years on the maintenancesagmthlization servicegre also
valuable for the comparison of the machinBsased on the investigations and
experience of TCDD staff, dyantages and disadvantages of the machines are

presented.

At the end, in accordance with the aim of this sttiay tackground obtained from the
research and investigations is summarized guidelinesfor the development of a

novel and domestic point machiaee introduced



CHAPTER 2

LITERATURE REVIEW

2.1 POINT MACHINES

Railway points or switches are thendamental parts of the railway infrastructure in
such a way that they allow raiéhicles to be guideérom one track to anotheRailway

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

straight or the diverging tradligurel).

Figure 1 Photograph of a railway point (switch) at Arifiye train station in Turkey,
12.09.2017.



These railwaypoints 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 ad threeway turnout(Figure?2).

(a) (b)

==

d)
(e) (f)

Figure 2 Schematic repsentation of simpléurnout (a) single crossover (b), double

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

[1]

Regardless of the type of turnguat point operating device namggint machinealso
known agoint motor switchmachineor switch motoy moves the point rails from one

orientation to another by



U manual (hand) operation
1 in-situ
1 remote

U electremechanical

U electrehydraulic

U and rarely electrpneumaticactuated mechanisms.

As shown inFigure 3, a point machine basically aligns the points with one of the
possible routeand secures them at that positidhey argoositioned at the beginning

of the turnouts.

Stock rails Closure rails
A /
: [ 4 '..’J
/ / Yawi - ~
|' .'l
[/ f
| / l’ S —_
I
.'II ”_..--
“ \
Point
blades

Point machine

(@)

Stock rails Closure rails

|’IIrI -ral 7 -'l’ ———
Point
blades \_
Point machine
(b)

Figure 3 Schematic representation opaint allowing the trairto straight track (a)
and to diverging track (Ijpdopted fronf1])



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. Detectingand proving the position of thmint blades.

2.2 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 manuadlyd locally They are known gsoint lever ground

throw or switch standn the literature, and usually mounted on a pair of Islegper

which extend from the underneath of point raissshown irFigure4. 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 apghoea train to see the

postion of the point rails.

Figure 4 Photograph of an old switch stand with a reflector target of2jop



There are different designs wfanual point levers as shownkigure5. Main aim is

to move the points into intended position and to provepibsstion of the rails.

eccentric

=l

parallel throw

= -—

harp high

Figure 5 Schematic views of different switch stand desi@is

Switch stands usually convert a rotary motion about a horizontal or vertical axis to a
linear motion by means of an operating rod. The earliebsanplest 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°180gle and it is held on the desired
position by the weight of the handithoughit may also be latched in that position.
The high switch stand operates througt? 80gle 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 \saraeccording 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 usety/fifshey are sufficiently

far away from the trackFigure6) [3].



Figure 6 Some examples of different switch stands with different he{ghts

The eccentric switch stands were used on the London and Birmingham Railways in
18306s. I n the next years, they were exporte
to France. They give definite stroke equivalent to twice of tleecentricity. The

eccentric igotated through 18@bout vertical axiby the help of a handle. Racor type

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

rotated through 18Mbout horizontal axis parallel to the track. Thus the vertical axis

rotates through 9ariven 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 preventampering with the switch, the latches can alspd®diocked as shown in

Figure?.



Figure 7 An example of racor type point lever apadlocked latch in a positids]

Prior to widespread availability of electricity, a decentralized netwotkiirol points
which are known as signal boxes are constructed near the tracks to control the turnouts

remotely, at distances up to about 300 meters.



Figure 8 Bardon Hillsignal box inLeicestershireEnglandis aMidland Railway
signal box dating from 18996]

Points were operated by the system of rod landrsas shown inFigure 9. These

levers were also used to control railway signals to keep the train movements over the
points under control. Signap 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 dispatbtast signal boxes were
designed as raised frothe 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®r i c k|l ayer 6 s Ar mé&Eigure@[77]London

10

as


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

(b)

Figure 9 Photograph of a mechanical lever frame insidestgeal box(a)[8] and

point arrangement bowith wirerope(b)at Sabuncup a3la2006i9% Tur ke
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As time goesnumber of turnouts increased with the number of tracksdasin of

track layoutgestricted 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 didtaatcine turnouts can be
operated emotely. This brings the need of some kind of power operation for point
machinesThe required means of power operation inclu@eteo-mechanicelectre

hydraulic ancelectrepneumatic.

With the practical development of the electric power, eventuallglpunechanical
systems were combined with the developing electpoalercontrol systemsin the
transition period to modern point machines, electric power was firstly used to operate
these machine3hus frst examples of the modern point machihag begunto come

out.

At a later time electrepneumatic anatlectrehydraulic powered mechanisms were

developed to set th@oints at the desired position.

Electropneumatic poweregboint machinesare not preferred in the modern times,
although they are &, powerful and have capability of moving the points in snow and
ice. Themain source of power is fed from air reservoir with pipes and valves. One

of the disadvantages of the pneumatic powered point machities they are not as
compacttompared tather type of point machines. Secondly, compressors and other
pneumatic equipment have relatively higher initial costs and require more
maintenance. In addition to aif these, the time spent for maintaining the compressor

and other pneumatequipments also another probleifrigure10).

12



Figure 10 An electrepneumatic point machine fitted to 225A points, north of
Bletchey Station in England, Z02012.[10]

Nowadays, the electmmechanicabndelectrehydraulic powered point machines are
being used frequently. They hanechanical transmissiar hydraulic power packs
driven by electric mote as an operationaljgver to move the mechanics. All types of
modern point machineaso include electrical contacts to detect complete switching
and locking. If these switches fail to day one othesefunctions which means that
switching of the poirg 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 machinesay beoperated by some kind of manual handle to

achieve their function.

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

summarized irFigurell.
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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 improwveéth the developing technology such that they
completely control the rail vehicles. There are several kinds of signaling systems
operated in different countried aver the world. Centralized Trafficahtrol (CTC)

is one of the railway signaling systeiasd it isused 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 centraled office. Railway signals generategl CTC can be illustrated

as block signals, maneuver sighaéntering and exiting signals. Point machines are
one of themportant device®f railway signaling and operated through CTC by the
central command from the control center. Operation commands favititengachines

are first transmittedvith low current valueso run the relays in the relay pas&hich

are constructed near the point machirnBsen the relays allow operating the point
machines. Operation energy passes through the relays is supplie@ tldfarent
sourcesmain power gd, catenary and batterBattery is used in the absendex@in

power grid and catenary.

Over the years, lots of different train control and protection systems have been
developed depending on national requirememgerating rules and different
standards. However development of independent signaling systems leads to
difficulties for the cross$order operations, especially in the European network.
ThereforeEuropean Train Control SystefETCS) is promoted by the Eurean
Commissionin 1989to establish common rules for the free movement of the rail
vehicles in all countries. Development of international rail traffic, increased
competitiveness, better intarorking of rail services, reduced costs and improving the
quality of rail transport are aimed by unifying thaultiple signaling systems. ETCS
supplies all necessary information like speed limitstantaneous position and
oncoming turnouts to the driver through the cab display for the safe driving by using
the equipment such as eurobalise antenna and &Skadio 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 suppliethy the system, emergency brake is activated automat[ddlly

15



Although the development of signaling systems from CTC to ETCS brings many
advantage in terms of railway traffic control and train protection, the methiod o
operation of point machines not changednuch Programmable logic controllers
(PLC) and micrecontrollers have been started to use in addition to relays for
processing obperationcommandsThenthe point machines are energizedthe 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 ssfld method
especially at the railway points of relatively slow vehicles like trams. In this manner,

driver of the tram can operate the point mackipevireless communication.

16



2.3 MARKET RESEARCH

In the railway transportation market, there are a numbeiffefent types and brands
of point machines all over the world. These point machmeag be classified in
different categoriesSome example categorizations are as follows:

According to usage area:

- Light rail vehicle(LRV) rails
- Standard rails

- Masstransit rails

- High speed rails

According to type of power:

- Electromechanical
- Electrohydraulic

- Electropneumatic (rare)
According to direction of traffic:

- Trailable the machinesllow the railway vehicles to pass through the
pointsin a trailing directioreven if they are not actually arranged for that
route

- Nontrailable 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 attemptet results in damage to the point machine amrdtthin

could also be derailed.
According to installation positio(Figure12):

- Right
- Left

- Central

17



Figure 12 Installation positions of the point machines: right (a), left (b) and central
(©[12
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These categorizations can be increased but the main idasicgllyto move the rail
points lock them atthe desired position and proteat paition of the point blades

with the help of some kind of detection.

In this section, @me of the contemporagoint machinegommercially availablén

the marketnd their specifidgons were examined.

2.3.1 SIEMENS POINT MACHINES

Siemens Mobility Divisionhas rail solutions including automation and signaling
producs. Point machines are also designed and prodbgeSiemens as part of the

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

2.3.1.1 S 700 K POINT MACHINE

Si e me 8 tyge oftpdint machindlustrated inFigure 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 tyesl gauges

Figure 13 Siemens 00 K type of point machinjl3]
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As indicated in the product catalogue, this machine can be used economically both in
short and longdistance rail traffic by rail operators all around the wollée-cycle
costs of the prduct are kept low thanks to long maintenance intervals and short out of

service period§l3].

According to Siemens the mean time between failures (W)T& the machine is
around 550000 hours.

This point machine has various versions, and custemecific options ardhe

following:

Trailable or norrailable

- Right or lefthand mounting

- With or without point detectors
- Various motor types

- Variablethrowing stroke

- Variable throwing force

- Variable throwing time

As it is mentioned bgiemens, all components of the machine are placed in-a@ast
housing and hot galvanized shs&tel cover with a key lockedhe parts that need to
be checked are lated such that they are easily accessibtettie inspectiorand
maintenance activitiesThis point machine provides the degree oftgetion IP54
compatible with EN60529(see Appendix

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 motioradjustable
transnission clutch limits the throwing force of the machine. A notched clistch

designed as an optional trailing clutch enabling the points to be trailed. The throwing

20



bar is connected to the point blades and vl 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 forsfié detection of the blade end
positions. They are connedtéo the point bladethrough the detector rods and detect
the end position of the point blades continuoughe motor is switched off by control

contacts once the drposition has been detected.

Siemensclaims that more than 30000 point machines diype S 700 Karein use

worldwide.

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

Table 1 Technical @ta ofSiemensS 700 Kpoint machine[13]

400 V AC, 50/60 Hz3~ 110 V DC to 136 V DC

Motor
(others on request)
Throwing force 5500 N
Retention force 7000 N
Max. permitting restoring
1400 N
force of point blades
Trailing resistance 9000 + 500 N
Throwing stroke 150 mm, 220 mnfothers on request)

o For 150 mmstroke 5 s
Throwing time
For 220 mmrstroke 6 s

Rated current 2 A*
Starting current 8 A*
Weight Approximately120 kg

Degree of protection IP54as per B 60529
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Temperature range -30°C to +70C
*for400V,3~AC/50Hz and a core resistangdg

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

880
534
501 .;J"}u Jﬂ: 290
68,5 - | |
@16 22
I . F 4
21 [ -
75 |~ B D
¥ 7 ;306
@25 | |+ > -

265 140 430

Figure 14 Some important dimensions of S 700rkmm [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 usedlooth 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 stre(fgtjure 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.

Siemensclaims 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 profil€his application and the point machine can

be examied inFigurel6.

The mean time between failures (MTBF) of the Switchguard Surelock is 39 months
and the mean time to repair (MTTR) is 15 minutes atedtin 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 15Siemens Switchguar8urelock point machinfl 4]

23



The drive, lock and detection rods can be adjusted in order to provide required
movement for an easy installation in eaetlividual application. The machine does

not need electrical clutches since its motor has mechanical snubbing and also allows
constant brushwvear detection. Vandadroof and lockable plug coupler system is used

for all cable connections.

Figure 16 Switchguard Surelock point machine mounted between thettzals

wooden wedges protect the machine from a derailed Wiiegl)

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

1 To switch the points required positions on demand
1 To lock the points mechanically at the end positions

i To detect the closed and locked positions of the points
Siemens alsexplains the secondary functions of the machine as follows:

1 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 resistamc

24



1 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 sttméstalpine
asserts tat 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 @rmary andother countriesThen they offered the Unistar point machine
series having a modular design with their acquired knowledge from international
experienceSome of the point machinexluding two different types of Unistar series

are presenteith detailbelow.

2.3.2.1 AH950POINT MACHINE

AH950 is a compact, electfoydraulic type of point machindt offers to switch the
point rails independent from type and gauge of the rail with an external lock. It can be

used for bth urban and main linedffic.

Voestalpine describes the internal structure of the machine such that it contains an
electrehydraulic point operating unit, a detection module for tracking the final

positions of the point blades, connections to an external lock and an integlocki
system(Figurel7).
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Trailing Unit

Detection-
system

Electro-Hydraulic
Point Machine

Detector Rods

Figure 17 Voestalpine AH950 main parfs5]

Trailable and nottrailableversions of this product aevailable It can be used with
different supply voltages according to the requirements from the rail operators. This
point machineis available asprotection degree of IP54 and resists temperature
variations(Figure18).

Voestalpine clairadadvantagesare

Compatible with variougterlocking 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

=A =42 =4 =4 4 -4 =9

Modular system configurath and change of hydraulic systemste
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1 Maximum safety, reliability and availability under harsh environmental

conditions

Figure 18 Voestalpine AH950 installed on the rail lifiE5]

2.3.2.2 UNISTARCSV 24 RFOINT MACHINE

The Unistar CSV24 is one of the electdoydraulic point machines designed and
produced for grooved rail and flat bottom rail turnouts by Voestalfjine.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 Bdsthe certification of SIL4 (Safety
Integrity Level of 4). The machine idaimed to baised in more than 40 countries and
exceeding 3000 application®ne major difference diJnistar CSV 24from many

other point machines & 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 steand detector bar with end position conta@stails of this

point machine is presentedfingure19. The maintenance on the machine is reduced
to theminimum 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.

Monoblock
Hydraulic

Prism Lock

Detector Bar with Motor

End Position Contacts

Detector Rods

Lever Recess

Cable Entry

Type Label

Rod Bearings

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

Voestalpine states that ultfiat design of the point machine enables to use it for the
rails which are low profile light rail vehicles operate trem. This low height

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

Unistar CSV 24which can be seen Figure20, 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 alypes of fastening elements are made up of hot dip

galvanized steel to ensure a durable corrosion protection
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(a) (b)

Figure 20 Unistar CSV 24 point machirembedded track, 1000 mm track ga(ae
andopen track, 1435 mm track gau@dme [16]

The hydraulic drive mechanism provides a constant pressure throughout the entire
throw time and operates at very low noise level as stated bgtAlpme. Various

supply voltagesre 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 constructionaighée
Mono-block hydraulic drive unitvithout any pipes

Easy mounting and dismounting

Visible locking parts

SIL 4 certified

Easy access to end position contact

= 4 -4 4 -4 -—a -8 -

Trailable
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Table 2 Techncal data of Unistar CSV 24 pointanhine[16]

Safety Integrity Class

SIL4

Installation

Track center or beside the tracks

Turnout type

Grooved and flat bottom rail turnout

Track gauge

Staring with 900 mm

Throwing stroke

38 to 120 mm, adjustable without part replacems

Throwing time

0.5to 1.5 seconds

Throwing force

Adjustable up to 6000 N

Holding force

Adjustable up to 9000 N

Motor voltage

24V to 750V AC and DC, typical 11& DC, 230
V AC, 400V AC, 750V DC

Locking system

Internal prism lock, trailable or nemailable

Protection class

IP 67

2.3.2.3 UNISTARHR POINT MACHINE

Voestalpine Signaling introduced the Unistar HR heavy rail series of point machine in
2008. It is put forward that Unistar HR exceedanyrailway specificationsuch as
German Railways and mAerican Railway Engineering andaintenanceof-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 hlaaioft conventional rails,
it may berequired to use more than one point machine at the points of high speed
railways. This can be aahied by eitheusing more than one point machine or more

than one drive unit operated from a central power unit. Obviously throwing stbkes
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the machinesor drive unitsare differentfrom each othem any casesince they are
installedin a distributednanneralong the pointdf 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 timkke if the point is arranged

by usingmore than onelrive 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 unitsinstalled at the points of high speed rail lines are locked at the end of

operations.

Voestalpineoffers Unistar HR which is suitable for such a use and the maishspét

into two individual units which are motor unit and DLD (dril@cking,and detection

unit. The motor unit with hydraulic drive has a capability of operating multiple DLD
units nstalled 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 settingsfoend position. All individual unit boxes are watand dustight certified
according to protection class of IP.&ne DLD unit and its motor unit can be seen in
Figure2l.

Motor unit

DLD unit

Connecting rods

Figure 21 Unistar HR contains two individual unit$7

31



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 gatented 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 adddnal end position detection modul®nistar ELR 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 haing 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 ELRFkigiise22).

Figure 22 Unistar ELP modules installed between DLD mod{ile§

Voestalpine offers a compact version of Unistar HR in conventional design
illustrated inFigure23. 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 campetiti
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.

Hydraulic Unit

Manual Throw
Setting and Locking Unit

Figure 23 Compact version of Unistar HR.7]

Voestalpine offers two different drive systems to meet customer requirements; one is
electrehydraulic and other one is electmeechanic. At théeginning of the design
phase of Unistar HR, integration of both drive systems was taken into consideration
and main components such as housing, locking devide datector system are
remaineddenticalwhich can be seen Figure24. As indicated by the producer, the
electremechanic drive is integrated into the DLD unit and this makes it the most
compact point machinelalver the world.
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electro-hydraulic drive

electro-mechanic drive

Figure 24 Electrahydraulic and electrmechanic drive systenji&7]

The comparison of these two drive systems is gihednle3 below.

Table 3 Comparison of electrbydraulic ancelectremechanic drive§l7]

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 controld

- Each DLD unitin a
turnout has its own motor
- Manud 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,
othervoltages 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 withraoneblock
hydraulic unit installed beside the track drives all DLD units. Technicabdataistar

HR ispresentedn Table4.

Table 4 Technical data of Unistar HR pointathine[17]

Safety Integrity Class SIL 4 according to DIN 50126, 50128 and 5017
MTBF > 500000 lurs
MTTR < 20 minutes

Environmental conditiong -40 to +80°C, humidity up to 95%, solar radiatig
for the operation tested with 1120 W/f

Protection class IP 67

Weight: electrenydraulic | DLD unit approx. 80 kg, motor unit approx. 50

Weight: electremechanic| DLD unit with integrated motor approx. 85 kg

Throwing time 17 5 seconds

Throwing force Adjustable up to 17000 N

Throwing stroke 60 to 163 mm, adjustable

Motor voltage 247 750 V AC or DC

Locking system Internal prism lock, trailable or netnailable
- Concrete or hollow steel sleeper,

Fixation to track - 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:

1 All components are mounted at one level in the box and there is no hidden parts
and this provides decreased inspection times
1 More than one DLD unit cabhe powered by just one moidock 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

= =/ =4 =4

In case of metro and tunnel applications, the motdroam also be installed at
the tunnel wall

MTTR values are minimized

=

1 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 compg covers signaling systems and it offers

a wide range of safety products including point machines for different applications like
conventional tracks, urban transport systems,-bgred and heavy load transport
order to improve safety on the railSame of the point machines designed and

produced by Vossloare listedoelow.

2.3.3.1 EASYDRIVEI POINT MACHINE

Easydrivei point machine is the first of its kind at Vossldrhe aim of this electro
hydraulic point machine is to operate the switch pasafely 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 rail§Figure25). 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 installedeny narrow spacesrThis 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
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Figure 25 Schematic view of Easydrivianstallation[18]

Vossloh can propose both trailable and-trailable versions of Easydev according

to requirements afailway operators. Trailable versions can be operated without any
damage when theomt is trailed accidentally or by any reason. The producer claims
themachine needs a very low maintenance and it provadegh level ofreliability.
Level of safety of the machine is measured as SIL4.

The components of the point machine and external hydraulic unit is tabialJizle

5, separately antheycanalsobe seen ifrigure26 andFigure27.

Table 5 The list of components of the point machine and external hydrauli§l@hit

Components of the point maching Components of the hydraulic unit

1 A hydraulic jack 1 A hydraulic unit

1 Two operating rods 1 An information screen
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I Two detection rods 1 A secured access to the manual opera
1 Atrailing cartridge 1 An emergency hand pump
1 Clamping detection modules | Fast plug connectors
1 Position detectiomodules 1 A main connector
1 Fast plug connectors 1 Easydrivei electrical connector
1 A protection cover 1 A hydraulic hand pump lever
Fast plug connectors
Hydraulic jack
Trailing cartridge
Operating rod

Clamping
detection module

Detection rod

Position detection modules

Figure 26 Inside view and componentsBasydrivei point maching 18]
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Hydraulic hand Secured access
pump lever to the manual operation

Information screen

Main connector

Easydrive-i
electrical connector

Fast plug connectors

Figure 27 External hydraulic unit of Easydriviepoint machine and its components
[18]

The external hydraulic unit generates pressure to move the jack and hereby the point
IS operatedwith the operating rod. The machine locks the point blades at the end

positions andctivates the position detection modules.

The technical specifications of Easydrivare presented by the company in its leaflet

and can be found ihable6.

Table 6 Technical specifications of Easydriv@oint maching 18]

Length 535 mm

Width 620 mm (off rods)

Height 145 mm

Weight 95 kg

Stroke 100 to 160 mm, adjustabbm 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 electremechanical point machine model MCEMO9L1 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 traks including conventional lines, metros, service lines, high speed
lines and heavy haul networks.

Figure 28 Vossloh MCEM91 type of point machif&9]

Vosslohclaims that this product is usedmore than 30 countrie$CDD is also one

of the users of this point machine in the high speed lines between Ankara and Konya
(Figure29). They are also installed in conventional train direetween Mersin and
Toprakkalg19].
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Figure 29 Multiple drive integrated into high speed line turnout in Turkesyj

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 duéo its rotary motion at the exit of the machine. The adjustable
driving am sweep at an angle of 60 degrees during the throwing operation and it is
locked at the end positions. Vossloh indicates that an additional internakaritig

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

stock.

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

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

1 Aninternal torque limiter device
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A gear lox

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

=4 =2 4 4 -4 -4 -2

A locked cover

The machine is adoptable tany type 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 macHhih€]

Throwing stroke 100 to 260 mm, adjustable
Maximum load during drive 4000 to 10400 N
Switching time 3.5 10 4.8 seconds

Weight <100 kg

MTBF Over 30 years

MTTR 0,61 hours
Protectionindex IP55 or IP67 (optional)

2.3.3.3 MCEM91TPOINT MACHINE

The MCEMBO91T 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 artdhiling detection device (optional). The application and
installation flexibility as well as drive, locking and detection principlesaestlythe
sameas the MCEM91 point machine. This trailable version is also in use on the

conventional line between &isin and Toprakkale in Turkey.
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Figure 30 Vossloh MCEMOT type point machine which tsailable version of
MCEM91[2Q]

Required trailing force can be adjusted in the factory as stated by Vossloh. In case of
trailing occurs on the switch point, the machine needsiaualdrive to reconcile the

internal mechanism with the driving arm.

Some of the technical characteristics of this version are sligiffiéyentandpresented
in Table8.

Table 8 Technical characteristics of MCEM9L1T point macHigé)

Throwing stroke 115 to 260 mm, adjustable
Maximum load during drive 4000 to 9000 N
9250 N for stroke of 220 mm

Trailing force 10700 N for stroke of 160 mr,
Maximum trailing speed 50 km/h
Switching time 3.5t0 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 havipgint machinesas one of the rail signaling

equipment.

2.3.4.1 L710HPOINT MACHINE

The L710H electrédnydraulic 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 dmthdgs 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 comsliti@fore
overhaul. An internal lock is installed in the point machine and a hand crank is

provided for manual operatigfigure31).
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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 availabléor 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 conditios is indicated as another benefit of the product. Moreover

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

(b)
Figure 31 General view (a) and inside (b) of the L71pbint maching21]

customer requirements.

Finally technical features of L710H point machine can be summanzeable9.

Table 9 Technical features of L710H point machij&opted fronj21])

Power supply

380/220 V AC with 700V
Other AC or DC power supply can be provided on reque

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 righ and lefthand
Trailability Can be configured as trailable or railable
Protection class IP 67

o Suitable for all common electrical interfaces likevide, 7-
Electrical interface

wire, etc.

2.3.4.2 FIELDTRAC 6343 L826H POINT MACHINE

FieldTrac 6343 L86H is a new generation electngdraulic 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 cosdpiar 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 ehaight

or left-hand turnouts is possible twino need to change anytgionit (Figure32).

Figure 32 Inside view of the FieldTrac 6343 L826H point macHi2#

46



The design of FieldTrac 6343 L826H allows some major parts of the machine to be
pre-assembled. This contributes to decrease installation tirthe ggroduction plant

and offers low maintenance costs with increased avéitijahi 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 ttirowing disc at an
allowed constant angle and this is repeated for every operation of the machine. In this
manner, the throwing time is not affectey the strokeand remains constant. Thales
asserts that this diminishes the required force and heneethreduring 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 ised system consisting of an

oil container, a reversible radial piston pump, check valves, adjustable relie§ valv

and two hydraulic cylinders.

Technical parameters of the FieldTrac 6343 L826H shardthbalesis presenteth
Tablel0.

Table 10 Technical parameters of FieldTrac 6343 L826H point madiZge

Power supply 400 V, 3phase, 50 Hz

Power input Approximately 700 W
Throwing force | Adjustable between 2000 N and 7000 N, depends on the ¢
Adjustable between 7000 N aBA00 N for trailable version

Retaining force . . .
Approximately 30 kN for noitrailable 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

Alstomd wackside signaling equipment Inding 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 PSAPOINT MACHINE

P80 is arelectremechanical point machine thiatapplicable 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-trailable versions. Therefore the
machne 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 machi@which ispresentedn Figure33.
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Figure 33 Alstom P80 point machine and inside view df28]

There are two independent rods to operate the blades and two independent rods for the
detection of blade end positions. Alstom claims to makeimat pf achieving higher

level of safety by performing double lock for both open and closed point blaé6s.

point machine, in order to extend the lifetime, cuts off motor power automatically
when it encounters an obstacle during operatigoratides a hand crank for manual
operations in case of maintenance or unexpected sitaalibe trailable version of

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

operator intervention after trailing occyfsgure34).
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Figure 34 The photograph of P80 point machine installed near the 23tk

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 devicside 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 TurkeyE s k i -B a h & k e Bhe macHine is @nfigured for the use of in
Turkey according to requirements of TCDD and this configuration is called a§.P80

Technical features of P8Dare provided by Alstorare presenteith Table11.

Table 11 Technical features of P8Dthat is configured for use in Turké®3]

Right: DTR2000004015
Left: DTR2000004018
3x380VAC

3x220V AC
1.5Aat380V AC

26 Aat220V AC

Product Number

Operating voltage

Current drawing during operatior
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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 -40°C to +70C
Humidity 0 to 100%
Weight 240 kg
Size 913 x 565 x 334 mm (length
width x heigh)

2.3.5.2 HY-DRIVE POINT MACHINE

Hy-Drive is an electrdydraulic point machineffered by Alstom and mainly used in
turnouts with morehanone drive. Alstom asserts that this is a cost effective solution
for multi-point turnouts and therefore suitable for use on high speed Asestated

by the company, the lifetime of the machine is about 30 years or 1 million operations.
Alstom also stas 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 poweraatka 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 he turnouts requiring multiple driweghich can be examed inFigure35.
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 turradt

Alstom claims that HyDrive point machine&an meemanycustomer configuration
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 maehas stated by Alstom.

Technical parameters of Hyrive point machine are shared by Alstom anelsented
in Table12.

Table 12 Technical parameters of Hyrive point maching24]

Pump power supply 144V DC, 230 V DC, 230 V AC 5Bz
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 | -40°Cto +70C

Protection class IP 54 compliance with EN60529
EN 50129, EN50126, EN5012%3-2, EN 501251,
IEC 600068, EN50155, EN61373, NF F 16101-102

*depending on power supply and length of turnout

Compliance to standards

2.4 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, he patents retrieved directly related with the point machanestheir

sub functionsare researched to learn the contributions made by authors, researchers,
experts and companidsis easy to say that the patents about the point machines have
been started to retrieveefore 198s. However as the patent collection worldwide is
growing rapdly, retrieval of these precious sources has become complex and
exhaustive. In the scope of this thesis stugtyne ofthe patents retrievedirectly
related with the point machines and their sub functemesincludedand the list of
these ptents is preented in Appendix Brhere are many patents retrieved in different
countries and the languages are also differ€herefore all patents could not be
studied in detail but the general information is obtained from their abstracts. As a
consequence of theagent 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 theailing feature of the machines and examining the end

positions of the point blades.

2.5 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 Basm Union analsoin

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 bettethese challenges and to
achieve a more competitive, safer and ressafficient transport systefi25].

Turkey has also become aware of this ghiftn road to rail in transportation sector to
increase raildéds share in the freight and
development activities in railway systems therefore have been started helping the
railway sector to be domestic in majority doglay a broader role in transport market.

The first studies have been focused on the trains itself to introduce quieter, more
reliable, more comfortable, energfficient and most importantly completely

domestic railway systems. These efforts have foauidinnovative and competitive

solutions at a lower cost.

Introduction of better trains to the transport market requires a reliable rail network
including signaling and infrastructure equipmelnt.addition to the development
studies orrail vehicles atthe same time similar efforts halleen started tonprove
signaling andinfrastructure in Turkey. Research andvelepment studies have
focused m the fields which are thought as the part of critical technology. For example
traction systems including theaction motors, traction invereand convert® are
considered as the brain ofal vehicle the studies therefore have been focused firstly
on these equipment. Similarly trarontrol and management system is another

important issue for railway engeers n 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, paaftimes

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

an important role in safend efficientrunning of trains.

Procurement of these important deviaeS urkeyis responsibility of Turkish State
Railways, in shd TCDD, by a majority.Significant number of these point machines
were imported from other countries by TCDD until today. With teeent
technological improvement on the railway systems in Turkey, it is considered that
developing completely domestic pbimachinesis an important target in the near
future. These point machines are thought as one of the critical components of the

railway signaling andnfrastructure.

The notivation 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.
Thentheir constructioal and operational characteristics are compared for the purpose
of preparing background and guidelines for the developmeatrafvel and domestic

point machine.
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CHAPTER 3

INVESTIGATIONS OF DIFFERENT RAILWAY POINT MACHINES

This chapter covers detailed studies and analysis on different types of point machines
currently usedat the railways operated by TCDD in Turkey. These studies basically
consist of kinematicand simple forceanalysis of driving mechanisms, locking
mechanisms and detection methdldse investigations also include the constructional
details of these point machines such casing materialsmotors, power packs,
operational voltages, power transmissions, drivireghanismdpcking mechanisms,

electrical contactghrowingtimes, strokes and forces.

Although there are numerous point machwvéh different brands and types currently
used at the railways in Turkethis thesis study contains foofrthem. In ordeto avoid
making advertisement or smearing the brand sanme investigated point machines

are entitled by the letters like point machine A, point machine Bsarmh.

3.1 INVESTIGATIONS ON POINT MACHINE A

The point machine A ismaelectrehydraulic point nachineincluding a hydraulic
power pack, driving mechanism, locking mechanism, terminal block and co/tihcts.
these components are installed m@ded aluminum casing. Additionally there is one

driving rod having rectangular cross sectiormove the pint and twodetector bars
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having circular cross sections to supervise the correct position of the point blades
individually. Generalnsideview of point machine A is shown Figure36.

Figure 36 Photograph of inside view of point machine A

The hydraulic power pack contains 4Base electric motawhich has the power of

700 W. The motor can be operated wilvoltage 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 degreef IP 54.

The compact hydraulic block consistf a reversible radial piston pump, an oil tank,
check valves and adjustable relief valves. The electric motor is connected to this
hydraulic block with dlexible coupling and thus it drives the pumpgeneate the
pressureTwo hydraulic cylindes areinstalledon acastaluminum structurevhich is
fastened on the casimg move the throwing disc. These cylinders are connected to the
exit of hydraulic blockby the aluminum pipes having an external diametd:0 mm.

The radial piston pump pressurized the hydraulic fluid with a flow rate of */esm
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up to 110 bars to move the assigned cylinéiggure 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 analyzddtail. First of all, kinematic
structure of movingparts are observed andkanematic model related to driving
mechanism is obtaine®imensions of the parts amdnstantistances between parts
are measured on the mechanism with the help of a tape measlia caliperThis
model is representex$ a simple sket@ndparametriacdimensions are shown Figure

38. All of this kind of schematica the content of this studyre drawn by the author.
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Figure 38 Representative model of driving mechanism

In Figure38, dimension d1 represents the distance between center of rotating disc and
center ofcylinder standing between hydraulic cylinders. Dimensi@nshows the
distance between center of rotating disc eedter oflower cylinder generating the
motion of driving rod.This dimension can be adjusted to move the lower cylinder on

a radial direction of the rotating disthe nearest distance between 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 distapesveentwo beds of
driving rod from the inner sides of casiigyrepresented as d6 and the diameter of

hydraulic cylinders is shown as

All dimensions and distances, except d2, showRigure 38 are constant. d2 is the
only variable dimension on the mechanism and it is used to adjuktdmengstroke

of the machine. There is a scale on the rotating disc corresponding the retsted s
values to adjust. The scaling numbers on the rotating disc which are changing in

between 80 and 26fre presentenh Figure39.
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Figure 39 Photograph of scaling numbers on the rotating disc to adjust the stroke

The numerical valuesf these representative dimensions and distaaeemeasured
asd1=50 mm, d3=134 mm, d43 mm, d5=153 mm, d6=455 mm amnd= 4 5 . Then

only variable dimensionl2 can changgom 60to 195mm.

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

The link number 1 shown iRigure40 represents the ground, nametyplded casing

and other partsvhich arefixed 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 othd#re friction between piston and its cylinder is
neglectedTherefore itis assumed that they show the property just like a single link
and both of them are numbered as 2. Lin&n8 link 4showthe rotaing disc and

driving rod, respectively.

The kinematic joint types between these links are describEdjure41. 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 oft j@irprismatic 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 observed betwedmk 2 and link 3, indicated

by CS23. There is also one cylinder in slot tgp&inematic joint between link 3 and

link 4 and it is described as CS34.
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Figure 41 Kinematic joint types between the links

Describing the kinematic links, their dimensions and joints between themext
step is defining the variable dimensions and angles which are changing during the
movement of driving rodFigure 42 shows an arhiary position of the driving

mechanisnwhile it is in motion.
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Figure 42 An arbitrary position of the driving mechanism

Variable dimension sl iRigure42 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 shownHses@mension shown

by s3 represents the vertical distance between the center of rotating disc and the center
of lower cylinder generating the motion of driving r@&milar tos2,s4 shows the
horizontal distance between these two cenfEne only angur variable is indicated

asd 13 and i aoflink3withtthelorizantabpkisThese dimensions are shown

with arrows since they are directional quantit@isectional identification is important

to analyze the mechanism.

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

are presented.

Since thadriving mechanisnmovesin a planar spagéegree of freedom of the space
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o (3-1

As shown inFigure40, number of links:

a T (3-2)
As shown inFigure4l, tatal number of kinematic joints:
Qv (3-3)

Degre of freedom of the mechanism is calculated by usingy¢heral degree of

freedomequation

O _a Qp 0 (3-4)

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

in slot. Therefordotal degrees of freedom of each jamfound as

"Q cap  pap  CoL X (3-5)
Degree of feedom is numerically found by usimgjuatios (3-1), (3-2), (3-3) and
(3-5):
O o1 LV p X P (3-6)
Number of independent loops is calculated by using the following formula:
6 Qap (37
And it is numerically calculatebly usingequationg3-2), (3-3) and(3-7):
0 v 1T p ¢ (3-8)
This means that two independent loops canfdrened to analyze the driving

mechanism. These loops can be seelfrigure 43 and written invector form in
equation(3-9) and(3-10).
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Figure 43 Representative schematic model showing the independent loop closures

0B 0B 08 (39
0D 0 OO (3-10

Vector guations(3-9) and(3-10) can berepresented by complexumbers and may
besplit intotheir real andmaginaryparts to start the kinematic analysis. Alternatively
and more easilysimilar trianglesACB and AED may also be usetb solve the

unknown variables this analysis.

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

are drawn one by onEigure44 presentshe free body diagram of link 2 representing

the hydrauliccylinder. F 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 pointThe 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®. The dimension between these reaction forces are measured

and describedsad7 for the parametrization.

—F32
Fi —lp

l

Fy12

Fy12

Figure 44 Free body diagram of link 2

Figure45 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 hk 3. Reaction force of main structure on the link 3 is presented
as k13.
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Figure 45 Free body diagram of link 3

Finally the forces on the driving rod are identifiedFigure 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 Fhese forces createmoment on the link 4 and

this moment is balanced with the reaction forces created leg o forces of equal
magnitude are placed at tresaction points in opposite direction and shown,a4 to

create a couple moment to courbatance the momemteated because F34 angl F

are notcollinear
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Figure 46 Free body diagram of link 4

After describing the links, joints, constant and variable dimensimop closure
equationsand free body diagrams of the kinematic link$/latlab code presented in

Appendix C1is written toperform a position and static force analysis

Speed of the pressurized hydraulic cylinddedinedwithii's 2 _dot 0 is f oun
mm/s Operation time of the machirsppears as about 5 secongskinowing the

distance between hydraulic cylinders and the diameter of cylinder standing between
hydraulic cylindersThe throwing time is directly related with the speed of electric

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

the throwing time of the machine is also constantiandt affected by the stroke.

On the other handhte st r oke of itsheadmachiemde bfys 4cthan
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-igare47 shows the output

position of the driving rodh operation time of 5 secondbhe motion of the driving
mechanism shows a symmetric manner with respec¢heovertical axis andhe
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variable dimensions oRigure42 are describeby takingthe vertical positioras the
starting point of the motion. Because of these readenplotpresented ifrigure47

shows the whole period of operation of the mechanigmdan-2.5 and 2.5 seconds.

Output position over time

150 | T

Minimum stroke
Maximum stroke

100

50

Output position [mm]

-100

time [s]

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 curvesdicategheratio ofhow many timeshedistance taken bgriving

rod is increasewith respecto theinput motion of hydraulic cylinder§ o illustrate,

the slope for the minimum stroke value of the machine is found as 1.2. Siniilegly,
found as 3.9 for the mamum value of stroke. This means thatitie¥ease rate of gain

obtained from this driving mechanism in terms of throwing distaheages between
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1.2 and 3.9. On the other hankere will bea reduction in théhrowing force at the

same ratios as a resoftconservation of energy.

150 Input position vs Output position

d2=195 mm
d2=60 mm

100

Output position [mm]
s

T

-100

_1 50 1 1 1 1 | | |
-40 -30 -20 -10 0 10 20 30 40

Input position [mm]

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

The force applied by the pressurized floml the hydraulic cylinder ndi c atéed by
is found about 17.5 kNsSince it depends on the piston area and applied pressure by

the pump, input force does not change. Toise istransferred tdhe driving rodby

the help of rotatingdisc The out put throwing force dep
link 3. Throwingforce s i nversely proportional wi t h
examplethe maximunthrowing force appears as abd4t58kN for the minimum d2

dimension equaling 66hm and the minimum throwing force is found as about 4.49

kN for the maximum d2 equaling 39nm.Therate of change dbrcecanbeobtaired

by dividing the input force by the throwing force. Although the applied input force is
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constant, the ratio odhange of forces calculated between 1.2 and 3.9 dodhe
changing throwing force.

There aresomefrictional 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 smallcompared to operational forces of the machine. For example, the
frictional force at theectangulafinear bearing between the drig rod and the casing

of the machine is measured by using a force measurement device. This measurement
is repeated ten timas order to be surthat the measurements are coher€éigure49

shows gohotograph takeduringonemeasuremeniThe 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 observediatpleadingmotion of driving rod.

Figure 49 Forcemeasurement at the linear bearing
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As described at the beginning of this chapteereé are twadetector 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 ofrtbarpoint 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 onetlod end positionsaand the engagement occurs
with the stock rajla locking mechanisns 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 presadted

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

the point bladesndependently The locking mechanism does not work if one the
detector rods, in fact the point blades, is not in the desirgtigoo It works only when

both of the point blades are in the desired tpmsi

The locking mechanism of the machine is designeddikpringpreloaded foubar
parallelogramnmechanism and two of them are used to lock the point blades at each
end positionsFigure50 shows the schematic view of these two fbar mechanisms

that are placed opposite each other and two detector rod$iese two locking
mechanisms are independent from each other and tieepctivated at each end

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

Figure51shows theinlocked position dbcking mechanism together with the rotating
disc driven by the hydraulic cylinder$he rotating disc shown as link number 3
continuously in contact with theceension of revolute joint between link 6 and link 7.
Therefore it pushes the link 6 downward and compsese spring shown bycolor

red while the machinis throwing the point bladef®epending on the motion of point
blades, he two detector rods indited 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 shotxigume52. There
are two circular openings merged into each other on the liikia@neter of these
openings are 40 mm and the two detector rods having 35 mm diameter can easily move

in these openings while the machisa¢hrowing the point blades.

Figure 52 Two detector rods passing through link 6 whilertiechine is operating
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Each detector rod has two narrow sections whose diameters are 20 mm to activate the
preloaded locking mech&sm. When the machine complei&s 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 tbar lbocking mechanism under the
preload of compressed spring is activatedure53 shows the locked position of the

mechanism at the one of end positiofishe machine.
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(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 shownFigure 53, the motion of the point
bladesconnected to detector rodse restricted byhe link 6 and this position of the
link 6 is conserved by the spring which is in compression even at that poAitibie.

same time the rotating disc reagainst the bushing placed at the extension of revolute
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joint R67. In this manner the motion dfet 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 1@ also required to be adjustéthe 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 othese ringsThese rings can be installed between the parts having
narrow sections or at the end of the rdd. illustrate, Figure 54 presents the pr
assembled combinatiaf a detector roduch that 5 mm, 10 mm and 60 mm rings are
installed between the notched parts and the remaining ainegsistalled at the back

side.

Notched part-2

10mm ring \ R
40mm ring e

20mm ring

60mm ring
5mm ring

Notched part-1
Fixing rod

Figure 54 The detector rod adjusted for the 115 mmotion 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 notch&dtpart
complete the detector rod assembly. The o ndistamc® 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 cormdpto the point blade motion of 40 mm.

If the rings having lengths offam, 10mm and 6Gnm as shown ifrigure54 are used
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between the notched parthjs means that the detector rod is adjusted ferpibint
blade motion of 115 mm.

Control distance

< >
[ »

| !

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

point blade motions

Tablel3presents the rings that must be selected for the required motion of point blades
and shows the corresponding control distances.

Table 13 Required ringdor the need of point blade motion

Point

blade . . Control

motion Rings to be installed between the notched parts distance

(mm)

(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 mmring, 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 mng 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-th@rmechanism, 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 bye help of its inclined edg&he unlocking disc at

the locked position of the machine is shown as the black pBigime56.

Figure 56 Unlocking and rotating discs at the locked position of the machine

1

80




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, thegocki
four-bar mechanism is completely pushed down and the machine is unlécect

57 shows the time just the machine is unlocked. After that tireeutilocking 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 backlastabout7 degrees between them. This
provides the unlocking disc to rotate ab@udegrees independent from the rotating
disc to unlock thenechanism 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 twoelectrical 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 unlockedl'he contact switches are normally closed while the machine is

in operation. Whernt comes to one of its end positions and locked by the-lianr
mechanism, the upper arm described by link 5 pushes up the switch and the contact is
broken. Asa result of this, a signal is sent to the control center stating that the machine
is locked Figure58 shows the closed and open positions of one of the contact switches
depending otocked or unlocked position of the machine.
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(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 byausamglle.
When the machine is needed to operate manually in the case of a faulbtrefor
reasos, the electric motor is driven bgtating its shaft at the back side with the help

of acrank In that case, the supply energy is cut off in order to ope¢he machine
safely.Figure59 presents the photograph of energy-afitswitches and the manual

operation shaft of the motor.

There is no kind of protocol to check th@ntactproblens of these switches caused by
oxidation, wire break oarching. Normallya 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 pralbtermthe
operation. The problem can be related with the electric motor, locking mechanism,
contact switches or any other component inside the machine. This requs#s in

examination on the point machine to understand the reason of fault.
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Energy cut-off switch

Push-up pin

Compressed
spring

Inclined surface

Energy cut-off part Manual operation shaft

(b)
Figure 59 Three energy cuff switches (a) and energy eotf mechanism (b)
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Its mission is similar to link 5 of the locking febar 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 insettesl shaft

of the motor, the handis touchingthe inclined surface of the ergy cut off part and

it is forced to compress the spring by rotaiingpward. When the insertion of manual
handle to the motor shaft is completéide energy cubdff part pishes up the three
switches to open themin this way, the supply energy is cut off and the manual

operation of the machine is secured.

3.2 INVESTIGATIONS ON POINT MACHINE B

The point machine B is an electmeechanical point machineontaining an electric
motor, gearbox, driving mechanism, locking mechanism, terminal block and contacts.
All these components except the electric motor are mounteckiststeel casing. The
electric motor has its own molded steel casing and this aircalsing is screwesh

the side of the main body of the machiMain casing is covered with a hot dip
galvanized steel plat®oreover there is a rectangular bar to drive the point blades and
there are two additional rectangular bars haviigtively smaller cross sections to
inspect the correct positions of the point bladespectively.Figure 60 shows the
general view of point machine Bxtensionpart that is seen near the electric motor
casing inFigure60 is used to enclose the extensions of the driving and control rods

when the point bladeseapulled 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.sealant material is used on the mating
surfaces of these enclosures to prevent leakage. Only a small part of théromotor

the front side falls within the main body of the machine. The motor is operated with
the voltage of 110 \DC and themaximumcurrert drawnby the moobr is 6.2 A under

this voltage.

A gearbox is installedt the motorshaftand itchangeghe direction of shaft motion

by 90 degrees. The electric motor is connected to this gearbox with a flexible coupling.
In this manner shaft motiorf the motor is transferred to the gearbox by compensating
axial and angulamisalignmentsThe gearbox ratio is found to be dthere is a pinion

gear at the output shaft of the gearbox and the nuailteath of this pinion is 16.
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