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ABSTRACT

Mechanical transfer switch has been utilized forcadies to
mitigate outage due to failure in electricity supgh this paper,
we introduce novel method of transfer switch triaosi

mechanism. Traditional transfer switch uses 2 adata in

interlocking mechanism, in that when main contaecfsfirst

contactor is at close position, the second contastdocked at
open position and so with conditions reversed. Ppheposed
transfer switch uses variable reluctance steppintpnto drive
contacts transition mechanism. The developed stgppbtor has
6 poles at the stator and 4 teeth at the rotor.hWhis

construction, the stepping motor will have 30-degd step
angle. The rotor of the stepping motor then diyedtlives the
cam operated switch which has 2 groups of contatisre the
first group connects the load to the grid netwankl he second
group connects the load to the generating settdir rotates 30-
degree counter clockwise from the neutral posittbe, load will

be connected to the grid network. If rotor rotaB&-degree
clockwise from neutral position, the load will benoiected to the
generating set. By operating the control switchesstepping
motor control circuitry correctly, the proposedniséer switch is
capable to make transition between 2 sources ofriiy safely.

Moreover a grip handle mounted onto the rotor sladifiws

manual operation of transition mechanism.

KEY WORDS: transfer switch, cam operated switch, variable
reluctance stepping motor

NOMENCLATURE

SA Step Angle or Step Length
Ng Numbers of Stator Poles
Ng Numbers of Rotor Teeth

1.0 INTRODUCTION

Transfer switch plays important role in ensurinigatge electrical
supply to the load. High reliability installatiomequire reliable
grid network and installed back up power sourcéhggenerating
set. When grid network fails to supply electricitiye load will be
fed by secondary supply through changing contaositipn of
transfer switch. When grid network returns to it/mal states,
transfer switch will retransfer electricity supply main supply
position, so the load is fed by grid network.

Mechanical type of transfer switches are the mostr e
practised transfer switch in electrical installadofor decades.
The choice is due to its easy maintenance and lost c
equipment. However, it has weakness as it takeg toansfer
time [1]. Other type of transfer switch is statrartsfer switch
which is based on thyristors circuit [2,3]. Statiansfer switch
offers faster transfer time ensuring high reliapilof electrical
supply to the load, however it has weakness duehigh
conducting losses of thyristors. An attempt to comalihe use of
mechanical and static type of transfer switch wesppsed by
Bing Tian to form hybrid transfer switch, where tgtaransfer
switch is used during transition period and meaotaniransfer
switch is used at steady condition [4].

Basically a transfer switch, either mechanical tatis type,
composes of 2 groups of interlocked contacts, serwiiist group
of contacts is at close position, the second grafupontacts is
locked at open position, and if second group otacs is at close
position, the first one is locked at open positibhere are 2 types
of transfer switches, manual transfer switches antbmatic
transfer switches. The difference between them dieontacts
transition mechanism where in automatic transfetcbWATS), it
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is controlled by a dedicated controller which coaotusly

monitors the state of grid supply and the statgesferating set
supply and perform transition between them at aecbtime [5].

For manual transfer switch, the transition betwiensources of
electricity is done manually using a handle geared the

apparatus.

Mechanical type of ATS usually uses 2 contactoracisator
of transition process where both of them are opdrain
interlocking mechanism [6]. The controller unit®TS might use
discrete components such as electromagnet relaysraers [7],
or might use a microcontroller [8,9], or might ys®grammable
logic controller [10].

ATS installed in a high reliable electrical systerast be able
to be operated in either manual operation or auicnaperation
[11]. This requirement will not be satisfied bytheir contactor
based nor thyristor based ATS due to technicalcdities for
manual operation. Thus other mechanism that caforperboth
automatic and manual operation becomes a challgndga.

In this paper we propose novel method of contaetsstition
of ATS where the transition mechanism is estabtishg a cam
operated switch that directly driven by a variab&uctance
stepping motor. Automatic mode of operation iseished by
stepping motor control circuitry whereas manual eoid
performed using a grip handle attached to the rshaft of the
motor.

2.0 DESIGN OF VARIABLE RELUCTANCE
STEPPING MOTOR

Stepping motor is electric motor that converts tdigpulses into
rotation of its rotor. One digital current pulsed feo its stator
winding will cause its rotor to rotate along premtatined angle.
This angle is named step length [12] or step aifgB}. One
digital current pulse to stator winding will cauke rotor to rotate
along one step angle. In order to rotate in a ceteplne
revolution (360 degrees), several current pulsestrbe fed to
stator windings. Hence stepping motor rotates épstvith same
step.

Stepping motor has served as actuator element iny ma

control system applications such as in printer [t#§c drive and
CNC machines [15]. Application of stepping motor doive

valves is described in [16,17]. Based on its ojregaprinciple,

Krause classified stepping motors into 2 types.yTére variable
reluctance types and permanent magnet types. Miff@rence
between them lies on an existent of permanent niagrexial of
rotor shaft [12].

Contacts transition mechanism of transfer switchthwi
variable reluctance stepping motor drive is exm@dineferring to
figure 1. This apparatus is basically a cam opdrateitch with
two groups of contacts. The cam is directly drii®nstepping
motor. The cam has 3 positions, i.e. posifioor neutral position,
position| and positionll . If the cam is at positioh, electrical
supply to the load is maintained by the grid netwdfrthe cam is
at positionll, the load is supplied by the genset. Transiti@mfr
position| to positionll or from positionll to positionl passes
through position0. Cam motion from positio® to position| is
30 degree counter clockwise rotation, whereas itsiam from

position 0 to positionll is 30 degree clockwise rotation. Those

patterns of cam motion can be precisely trackedstepping

motor drive, in this case a stepping motor withd&@ree of step
angle.

Load

movable contact fixed contact

cam

stepping motor
shaft

Grid network Genset
Figure 1: Contacts transition mechanism of neve typtransfer
switch.

Variable reluctance stepping motor with 30 degréestep
angle has been chosen to drive the cam. Basic raatieh of
stepping motor is determined using following equafil 3],

— |NS_NR|

SA = Z=Mrl 3600 1)

NgXNg

whereSAis step angle (in degred)s is numbers of stator poles
andNg is numbers of rotor teeth. From equation (1), 8@rde of
step angle can be obtained by choosiig= 6 andNg = 4. The
construction of variable reluctance stepping masoshown in
figure 2, while figure 3 shows wiring diagram oF isstator
windings.

Magnetic axis of
phase B winding

Magnetic axis of
phase A winding
(reference axis)

Magnetic axis of
phase C winding

Figure 2: Construction of variable reluctance pbeg motor for
driving cam switch.
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Figure 3: Wiring diagram of stator windings of iednle
reluctance stepping motor.

Referring to figure 2 and figure 3, pha&ewinding consists
of al-al’winding anda2-a2’ winding in series connection, phase
B winding consists obl-b1’ winding andb2-b2’ winding in
series connection, and phas2 winding consists ofcl-cl’
winding andc2-c2’ winding in series connection. To drive the
rotor counter clockwise, phagewinding is energized by closing
switch S1, opening switch S2 and opening switch &3d
followed by energizing phas® winding by closing switch S2,
opening switch S1 and opening switch S3. The n&ft & to
energize phas€ winding by closing switch S3, opening switch
S1 and opening switch S2. The process then corstimuenergize
phaseA again, followed by energizing phaBe energizing phase
C and so on. Counter clockwise rotor motion simwalatath
MATLAB/Simulink is shown in figure 4 [18].
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225 ! ! ‘ !

2
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Figure 4: Rotor motion of variable reluctance pteg motor
with energizing in sequence, phase A — phase Basgpl. Step
angle is 0,524 radian or 30 degrees.

To drive the rotor clockwise, phagewinding is energized by
closing switch S1, opening switch S2 and openinigcws3, and
then followed by energizing pha& winding by closing switch
S3, opening switch S2 and opening switch S1. Fatigvetep is
to energize phas® winding by closing switch S2, opening
switch S1 and opening switch S3.The process thetimes by
energizing in sequence phage — phaseC — phaseB. The
simulated clockwise rotor motion under MATLAB/Sirmk
environment is shown in figure 5 [18].
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Figure 5: Rotor motion of variable reluctance pteg motor
with energizing in sequence, phase A — phase GaseB. Step
angle is 0,524 radian or 30 degrees.

Figure 6: Variable reluctance stepping motor diyedrives the
cam, there are 3 positions (posit@rpositionl and positioril ).

The cam that directly driven by variable reluctastepping
motor is ilustrated in figure 6. To drive the campositionO,
phaseA winding is energized, while phas® and phaseC
windings is deenergized. To drive the cam from wsiO to
position| or cam rotates 30 degree counter clockwise, pBase
winding is energized, while phage and phaseC windings is
deenergized. To drive cam to rotate from positioa positionll ,
firstly phase A winding is energized and then followed by
energizing phas€ winding.
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3.0 RESULT AND DISCUSSIONS

The components that assemble the proposed trassfesh are
shown in figure 7 to figure 14. The stator and ratores are
made of thin laminated silicon steel sheets. Thatenial was
used as material for the distribution transformectwe. The
sheets then scissored in such way to obtain ssarotor core
sheets (figure 8 and figure 9). The stator shertsstacked to
form stator core (figure 10), so as the rotor shee¢ stacked to
form rotor core. The windings are then installedstattor poles
(figure 12). Each winding consists of 700 turn®df mm copper
wire. The rotor core is then installed onto thefsha form
complete rotor part of the stepping motor (figudg.IThe rotor
part is then installed to stator part to form a ptete variable
reluctance stepping motor (figure 13). The cam @dwits then
mounted onto the motor shaft to form an apparainstfon as a
transfer switch (figure 14).

10 mm

20 mm

Figure 7: Design of stator core’s sheet.

Figure 8: Stator core pattern ready for being scesh

Figure 9: Design of rotor core’s sheet (left), Hoessored rotor
core’s sheet (right)

Figure 10: Stator core without windings

Figure 11: The rotor of variable reluctance stegpimotor

Figure 12: The Stator of variable reluctance stegpnotor
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PB3 PB2§ PB1

Figure 14: Variable reluctance stepping motor diyedrives the
cam switch

The variable reluctance stepping motor is driveriByolt dc
voltage. This level of voltage is chosen in ordebé able to drive
the stepping motor using a 12-volt battery.

The transfer switch then undergoes functional teshg
circuit shown in figure 15. The 12-volt dc voltagemes from the
rectifier unit. A 2-ohm resistor is used to limia®r currents. To
control phase winding energizing, one pushbuttontcbwis
placed at each phase winding path. To measure nuoement,
an angle measurement device is placed betweenirsgepmtor
and cam switch. The test result is presented ile thbFigure 16
shows the proposed transfer switch complete wih1i2-volt
power supply.

PB2
iy Ly U
5o PB3
ohm
yve O_I_c by (‘U'\ b," b, /‘U-\ by’
Power EBI_I
220 VAC| Supply e ) )\ '
12 Vde
S

Figure 15: Transfer switch functional test ciralisgram

Figure 16: Transfer switch with its power supply aontrol
switches

Table 1: Result of transfer switch functional test

Rotor .
(p'?ﬁﬁl) (&2.20) (Eol?s:.%l) move- nﬁvr&‘irk Genset
ment
0 1 0 0 Break Break
1 0 0 3§ | Break | Make
0 1 0 0 Break Break
0 0 1 +38 | Make | Break

From table 1, when pushbutton switch PB2 is at eclos
position (1), PB1 is at open position (0) and PB3at open
position (0), the cam rotates to position 0, soltae will not be
connected to either grid network or genset. Whefh RBat close
position (1), PB2 is at open position (0) and PB3at open
position (0), the cam rotates 30 degree clockwi3@ legree) or
the cam rotates to position Il. Under this conditithe load is
connected to genset supply. When PB2 is at closéi@o (1),
PB1 is at open position (0) and PB3 is at opentijposi0), the
cam returns to position 0. When PB3 is at closétipos(1), PB1
is at open position and PB2 is at open positioa.cdim rotates 30
degree counter clockwise (+30 degree) or the camate® to
position |. Under this condition, the load is cooteel to grid
network. Hence by pushing in sequence PB2 and ERtirical
supply for the load will be transfered from grietwork to genset.
Also pushing in sequence PB2 and PB3 will transfectrical
supply from genset to grid network. The test repuodisented in
table 1 shows that by operating the control swiata@rectly, the
proposed transfer switch is capable to performsitEm between
2 sources of electricity safely.

4.0 CONCLUSION

A new type of transfer switch that uses variableiateance
stepping motor as actuator element has been Bi&.stepping
motor has 6 stator poles and 4 rotor teeth. Bydbisstruction the
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stepping motor will have 30-degree of step anglbe Tam

operated switch connecting load to either grid oekwor genset
is then mounted onto the stepping motor shaft tmfa complete
set of transfer switch. The functional test apptiedhe proposed
transfer switch results that by operating its canfswitches
correctly this apparatus is capable to make ttiansbetween 2
sources of electricity safely. Further work to make unit that
able to control stepping motor movement based fomrimation of

state of supply of the electricity sources is reepliso the
proposed transfer switch will have capability tokearansition

between the electricity sources in automatic mddwgperation.

17.
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