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ExperimentNo:01

1. AIM-SwitchingCharacteristicsofTransistor.

2. APPARATUSREQUIRED:

SL.No. | Apparatus Specification Quantity
1 |CRO 0-20MHz(Dual 1No.
Channel)
2 | FunctionGenerator 1Hz-1MHz 1No.
3 | Resistor 1KQ-100KQ 1No.each
4 | Transistor BC 107 1No.
5 D.CPowerSupply 0-30V 1No.
6 | Connectingwires - Asrequired
7 Breadboard - 1No.
Theory:

TheTransistorcanact asaswitch. Tooperate thetransistoras aswitch, it has tobe
operatedinsaturationregionforONstateandtobeoperatedincutoffregion  for OFF
state.

Power BJT has3 terminals — collector, baseand emitter.It isacurrentcontrolled device. It
is the base current that controls the device
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Power Metal Oxide Semiconductor Field Effect Transistor (MOSFET) has 3
terminals — Drain, Source and Gate. It isa voltage controlled device. It is the gate
voltage that controls the device.




MOSFET: N-Channel MOSFET: P-Channel
Enhancement Type Enhancement Type

u u

MOSFET: N-Channel MOSFET: P-Channel
Depletion Type Depletion Type

Insulated Gate Bipolar Transistor (IGBT) has 3 terminals — Collector, Emitter
and Gate. It is also a voltage controlled device. It is the gate voltage that controls
the device.
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Procedure:

1. Connectthecircuitasshownintheabovefigure.
2. ApplytheSquarewave of4Vp-patfrequencyoflKHz.
3. ObservethewaveformsatCollectorandBaseofthetransistorandplotit.

CONCLUSION:

Hence,weverifiedtheaboveexperiment.




ExperimentNo:02

1. AIM:StudyofV-IcharacteristicsofSCR

2. APPARATUSREQUIRED:

SI.No | Apparatus Specification Quantity

1 SCRK:it 1

2 Voltmeter 0-50vDC 1

3 Ammeter 0-500mADC 1

4 Ammeter 0-25mADC 1

5 Resister 100omh 1

6 Patchcards - Asperrequired

3. THEORY:
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An elementary circuit diagram for obtaining static V-1 characteristics of a thyristor
Is shown in Fig. (a). The anode and cathode are connected to main source through
the load. The gate and cathode are fed from a source Es which provides positive
gate current from gate to cathode.
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Fig.(b)ShowsstaticV-Icharacteristics ofathyristor.Here Vais theanode voltage
across thyristor terminals A, K and la is the anode current. Typical SCR V-I
characteristicshown in Fig. (b) reveals that a thyristor has three basic modes of
operation; namely, reverse blocking mode, forward blocking (off-state) mode and
forward conduction (on-state) mode. These three modes of operation are now
discussed below:

Reverse Blocking Mode: When cathode is made positive with respect to anode
with switch S open, Fig. (a), thyristor is reverse biased. Junctions J1 J3 are seen to
be reverse biased whereas junction J2 is forward biased. The device behaves as if
two diodes are connected in series with reverse voltage applied across them. A
small leakage current of the order of a few mill amperes (or a few microamperes
depending upon the SCR rating) flows. This is reverse blocking mode, called the
off-state, of the thyristor. If the reverse voltage is increased, then at a critical
breakdown level, called reverse break-down voltage VBR, an avalanche occurs at
JlandJ3andthereversecurrent increases rap-idly. Alargecurrentassociated with VBR
gives rise to more losses in the SCR. This may lead to thyristor damage asthe
junction temperature may exceed its permissible temperature rise. It should,
therefore, be ensured that maximum working reverse voltage across a thyristordoes
not exceed VBR. When reverse voltage applied across a thyristor is less than VBR,
the device offers high impedance in the reverse direction. The SCR in the reverse
blocking mode may therefore be treated as an open switch.

Note that V-l characteristic after avalanche breakdown during reverse blocking
mode is applicable only when load resistance is zero, Fig.(b). In case load
resistance is present, a large anode current associated withavalanche breakdown at
VBR would cause substantial voltage drop across load and as a result, V-I
characteristic in third quadrant would bend to the right of vertical line drawn at
VBR.

Forward Blocking Mode: When anode is positive with respect to the cathode,
with gate circuit open, thyristor is said to be forward biased. It is seen from this
figure that junctions J1, J3 are forward biased but junction J2 is reverse biased. In
this mode, a small current, called forward leakage current, flows. In case the
forward voltage is increased, then the reverse biased junction J2 will have an
avalanche breakdown at a voltage called forward break over voltage VB0. When
forward voltage is less than VBO, SCR offers high impedance. Therefore, a

thyristor can be treated as an open switch even in the forward blockingmode.
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4. CIRCUITDIAGRAM:

5. PROCEDURE:
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) g
>

VVVVY

A\

Connectionsaremadeasshowninthecircuit diagram.

The value of gate current IG, is set to convenient value by adjustingVGG.
By varying the anode cathode voltage VAA gradually in step by step,
notedownthecor-respondingvaluesofVAKandlA.NotedownVAKandl Aat

the instant of firingofSCRand after firing (byreducing the voltmeter ranges
and ammeter ranges) then increase the supply voltage VAA. Note down
corresponding values of VAK and I1A.

ThepointatwhichSCRfires,givesthe valueofbreakovervoltageVBO. A

graph of VAK V/S IA is to be plotted.

Theonstateresistance canbecalculated fromthe graphbyusingaformula. The
gate supply voltage VGG is to be switched off.

Observe the ammeter reading by reducing the anode cathode supply voltage
VAA .The point at which ammeter reading suddenly goes to zero gives the
value of holding current IH

Stepsno.2,3,4,5,6,7,8arerepeatedforanother valueofgatecurrentIG.

10




6. OBSERVATION:

Forforwardbias

SI.No Voltage(V) Current(mA)

Forreversebias

SI.No Voltage(V) Current(nA)

7. CONCLUSION:

TheV-Icharacteristics ofsiliconcontrolled rectifierisplottedonthe graphwhich is
true according to theory.
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ExperimentNo:03

1. AIM:StudyofV-Icharacteristicsof TRIAC
2. APPARATUSREQUIRED:

SI.No | Apparatus Specification Quantity
1 TRIACKIT 1
2 Voltmeter 0-50vDC 1
3 Ammeter 0-50mADC 1
4 Ammeter 0-25mADC 1
5 Resister 100omh 2
6 Patchcards - Asperrequired
3. THEORY:
1
VBR
I
|

V-Icharacteristicsof TRIAC
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Typical V-I characteristics of a triacare shown in figure. The triac has on and off
state characteristics similar to SCR but now the characteristic is applicable to both
positiveand negativevoltages. This isexpected becausetriacconsists oftwo SCRs
connected in parallel but opposite in directions.

MT2 is positive with respect to MTX in the first quadrant and it is negative in the
third quad rant. As already said in previous blog posts, the gate triggering may
occur in any of the following four modes.

Quadrant | operation: VMT2, positive; VG1 positive
Quadrant 11 operation: VMT21 positive; VGI negative
Quadrantllloperation:VMT21negative;VGInegative
QuadrantlVoperation:VMT21negative;VG1positive

WhereVMT21andVGlarethevoltages ofterminalMT2and gatewithrespectto
terminal MT1.

Thedevice, whenstarts conductionpermits averyheavyamount ofcurrent to flow
through it. This large inrush of current must be restricted by employing external
resistance; otherwise the device may get damaged.

The gate is the control terminal of the device. By applying proper signal to thegate,
the firing angle of the device can be controlled. The circuits used in the gate for
triggering the device are called the gate-triggering circuits. The gate-triggering
circuits for the triac are almost same like those used for SCRs. These triggering
circuits usually generate trigger pulses for firing the device. The trigger pulse
should be of sufficient magnitude and duration so that firing of the device is
assured. Usually, duration of 35 us is sufficient for sustaining the firing of the
device.

Atypicaltriachasthefollowingvoltage/currentvalues:
» Instantaneouson-statevoltage—1.5Volts
» On-state current — 25 Amperes
» Holdingcurrent,IH-75MilliAmperes

» Averagetriggeringcurrent,IG-5MilliAmperes
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4. CIRCUITDIAGRAM:
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5. PROCEDURE:

. Connectionsaremadeasperthecircuitdiagram.

. Adjustthevalueoflgtozeroorsomeminimumvalue.

. Byvaryingthe voltage (Vmume2)fromO- 10v, notedownthecorresponding
values of current ( I1).

. Nowapplythegatevoltage gradually,untilSCRfires,thennotedownthe
values of lgand also the values of Vmtimt2 angll.

. IncreaseVntosomevalueandnotedownV miimezandl 1.

. Reduce the gate voltage to zero; observe ammeter reading by reducing Vi
which gives the values of Iy(Holding current) at the point at which, current
suddenly drops to zero.

. Repeat the above process 2,3,4,5,6 for different values of break over
voltages.

8. PlotthegraphofVmumi2V's l1

6. OBSERVATION:

Forforwardbias

SI.No

Voltage(V)

Current(mA)
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Forreversebias

SI.No Voltage(V) Current(pnA)

7. CONCLUSION:

TheV-Icharacteristics of TRIACisplotted onthegraphwhichistrueaccordingto theory.
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ExperimentNo:04

1. AIM:StudyofV-IcharacteristicsofDIAC

2. APPARATUSREQUIRED:

SI.No | Apparatus Specification Quantity

1 DIAC KIT 1

2 Voltmeter 0-50vDC 1

3 Ammeter 0-50mADC 1

4 Ammeter 0-25mADC 1

5 Resister 100omh 2

6 Patchcards - Asperrequired

3. THEORY:

A diac is an important member of the thyristor family and is usually employed for
trigger-ing triacs. A diac is a two-electrode bidirectional avalanche diode whichcan
be switched from off-state to the on-state for either polarity of the applied voltage.
This is just like a triacwithout gate terminal, as shown in figure. Its equivalent
circuit is a pair of inverted four layer diodes. Two schematic symbols are shown in
figure. Again the terminal designations are arbitrary since the diac, like triac, is
also a bilateral device. The switching from off-state to on-state is achieved by
simply exceeding the avalanche break down voltage in eitherdirection.

1I0mA F

'w’ozm

-1

OFF-STATE
FOR NEGATIVE
HALF

— lgo = 0.2 mA

- 10 mA

V-I Characteristic of a Diac
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Volt-ampere characteristic of a diac is shown in figure. It resembles the English
letter Z because of the symmetrical switching characteristics for either polarity of
the applied volt-age.

The diac acts like an open-circuit until it‘s switching or break over voltage is

exceeded. At that point the diac conducts until its current reduces toward zero
(below the level of the holding current of the device). The diac, because of its
peculiar construction, does notswitchsharplyinto a low voltage condition at a low
current level like the SCR or triac. In-stead, once it goes into conduction, the diac
maintains an almost continuous negative resistance characteristic, that is, voltage
decreases with the increase in current. This means that, unlike the SCR and the
triac, the diac cannot be expected to maintain a low (on) voltage drop until its
current falls below a holding current level.

4. CIRCUITDIAGRAM:
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5. PROCEDURE:

1. Connectthemillimeter,DIAC,Voltmetertothecircuit.

2. Switchonthepowersupply.

3. Increasethesupplyvoltage insteps;notethecorrespondingcurrentsand
voltages for each step.

4. PlotthegraphofVIcharacteristics.

5. ReversetheterminalofDIAC. Increasethesupplyvoltageinsteps;notethe
corresponding currents and voltages for each step.

6. PlotthegraphofVIcharacteristics.




6. OBSERVATION:

Forforwardbias

SI.No Voltage(V) Current(mA)

Forreversebias

SI.No Voltage(V) Current(nA)

7. CONCLUSION:

TheV-Icharacteristics ofDIAC isplottedonthegraphwhichistrueaccordingto theory.
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EXPERIMENTNO-5

1. AIMOFTHEEXPERIMENT:
Studyofdrivecircuit forSCR&TRIACusingDIAC.

2. APPARATUSREQUIRED:

SL.No. NameoftheEquipment Quantity
1 DrivecircuitforSCRandTRIACusing 1
DIAC kit
2 Lamp(50V) 1
3 CRO 1
3. THEORY:

SCR‘s and Triacs, we saw that in ON-OFF switching applications, these devices
couldbetriggeredbysimplecircuitsproducingsteadystategatecurrentsas shown.

When switch, S1 is open no gate current flows and the lamp is —OFFIl. When
switchS1 isclosed, gatecurrentlgflowsandtheSCRconducts onthepositivehalf cycles
only as it is operating in quadrant 1.

We remember also that once gated —ONIl,the SCR willonly switch —OFFI again
when its supply voltage falls to values such that its Anode current, lais less than
the value of its holding current, 1.

4. CIRCUITDIAGRAM:

< =
T Larmpy
/\/“ = SCR -
. ee - N
. =
:—__ Vo
O
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5. PROCEDURE:

1. Maketheconnectionasperthecircuitdiagram.

2. Connectthelampatloadterminal.
3. Switch ON the mains supply, vary the firing angle potentiometer andObserve
the variation in lamp brightness and also note down the voltage(AC volts)

variation across the lamp using multimeter.
4. Writedownthesereadingsintable.

5. Observethewaveform.

6. OBSERVATION:

SL. InputVoltage ACin Firinganglein OutputvoltageDC
NO. volts degrees in Volts

7. CONCLUSION:
DrivecircuitforSCRandTRIACusingDIAC isstudied.
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EXPERIMENTNO-6

1. AIMOFTHEEXPERIMENT:
Studyofdrivecircuit forSCR&TRIACusingUJT.

2. APPARATUSREQUIRED:

SL.No. NameoftheEquipment Range Quantity
1 DrivecircuitforSCRand 1
TRIAC using UJT kit
2 Resistiveload 25watt 1
3 CRO 1
3. THEORY:

UJT Triggering circuit: A unit junction transistor (UJT) is an electronic
semiconductor device that has only one junction. The UJT has three terminals: an
emitter (E) and two bases (B1 and B2). The baseis formed bylightlydoped n-type
bar ofsilicon. Two ohmic contacts B1 and B2 are attached at its ends. The emitter
is of p-type and it is heavily doped. The resistance between B1 and B2, when the
emitter is open-circuited is called inter base resistance.

Initially the capacitor charges through R whose voltageis applied totheemitter of
UJT.WhenthecapacitorvoltagereachespeakpointvoltageofUJT. The UJT will switch
to ON condition. Now the capacitor discharges through the output resistance. Thus
the pulse is generated in the circuit.

4. CIRCUITDIAGRAM:




5. PROCEDURE:

Theconnectionsaremadeasperthecircuitdiagramgivenabove.

TheRLoad mustbe60Wbulb.
WhentheloadisRheostat,thenitmustbeinmaximumposition.
TurnontheSW2 andobservethewaveformacrossbetweenG1&K1
TurnONSW1andobservethewaveformacrosstheRload.
MeasuretheX-axistime intervalofONtimeofLoadVoltageand OFF Time
of Load Voltage.

7. AdjustthevalueofFiringangleandnote downtheloadvoltage.

8. Repeatthestep6b.

9. RepeattheexperimentfordifferentvaluesofaandnotedownVo.

o ok wnh e

6. OBSERVATION:

SL.NO. FiringAngle LoadVoltage

7. CONCLUSION:

UJTtriggeringcircuitusingSCRandTRIACisconstructedandfoundthe load voltage
for various firing angles.
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ExperimentNo:07

1. AIM:Tostudyphasecontrolledbridgerectifierusingresistiveload.

2. APPARATUSREQUIRED:

SI.No | Apparatus Specification Quantity

1 SinglePhaseFully 1
Controlled Bridge
Rectifier module

2 CROwithprobes 20MHz 1

3 Resistiveload 500Q,1KQ 2

4 MultiMeter - 1

5 Ammeter (0-1A,MC) 1

6 RPS,DualChannel 0-30V 1

7 Transformer230/0-30V 230/00-30V 1

8 Connectingwire - Asrequired

3. THEORY:

One important application of an SCR is the controlled half wave
rectification. The AC supply to be rectified is supplied at the anode. Let the peak
inverse voltage appearing across secondary is less than the reverse breakdown
voltageoftheSCR.  ThisensuresthatSCRwillnotbreakdownduring negative half
cycles of AC supply. The circuit action can be explained as follows:.

I.  During the negative half cycles of AC voltage appearing across secondary,
the SCR doesn‘t conduct irrespective of the gate voltage. In this condition
anode is negative w.r.t cathode and also PI1V is less than reverse breakdown
voltage.

ii.  The SCR will conduct during positive half cycles provided proper gate
current is made to flow. The larger the gate current, the lesser the supply
voltage at which SCR is turned ON.

The SCR half-wave rectifier can be compared with the ordinary half-waverectifier.
The ordinary half-wave rectifier will conduct full positive half-cycle whereas SCR
half-wave rectifier can be made to conduct full or part of a positive half-cycle
adjusting the gate current. Therefore, an SCR can control power fed to the load and
hence the name controlled rectifier.
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The SCR full wave rectifier, in all respects resembles the
ordinary center tap circuit except that the two diodes have been replaced by two
SCR‘s. The gates of both SCR‘s get their supply from the two gates controls. One
SCR conducts duringthepositive halfcycle and the other during the negative half-
cycle. Thus, full wave rectified output is obtained across the load. During the
positive half-cycle of AC across secondary, the upper end of secondary is positive
and lower end negative. SCR1 will conduct. During the negative half-cycle of AC
input the upper end of secondary becomes and the lower end positive. Now SCR2
will conduct it may be noted that current through the load is in the same direction
on both half-cycles of input AC. The advantage of this circuit over ordinary full-
wave rectifier circuit is that by adjusting the gate currents, the conduction angleand
so the output voltage can be changed.

4. CIRCUITDIAGRAM:
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(Controlledbridgerectifierusingresistiveload)
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5. PROCEDURE:

ForHalfWave Rectifier

1. Connect the circuit as shown in Fig. (1) by connecting the dotted line
through patch cords.

2. To observe the change in phase angle connect CRO across voltmeter points.
Connect load resistance (RL) in circuit by connecting dotted line though
patch cord. Also connect voltmeter, milli ammeter& AC voltmeter in the
circuit through patch cords.

3. SettheloadResistanceRLto1 KQandswitchONtheinstrumentaswell as
CRO.

4. Now setthe VR;Potentiometer to get complete half wave rectified signalon
CRO. Note down Average DC Voltage, DC Current & AC Ripples.
Calculate the value of Ripple factor by using formula.

RippleFactor=ACRipples(Voltage)/DCVoltage

(Standard value of Ripple Factor = 1.21)
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5. Now change the firing angle of SCR by varying potentiometer VR; and
every time note down the observations of Average DC voltage, Current &
AC Ripples. Also note down Firing Angle fromCRO.

6. Also note down the observations of Voltage, Current & AC Ripples by
varying the Load Resistances (RL).

ForFullWaveRectifier

1. Connect the circuit as shown in Fig.(2) by connecting the dotted lines
through patch cords.

2. To observe the change in phase angle connect CRO across voltmeter
points. Connect load resistance (RL) in the circuit by connecting dotted
line through patch cord. Also connect voltmeter, milli ammeter& AC
voltmeter in the circuit through patch cords.

3. SettheloadResistanceRLto1 KQandswitchONtheinstrumentas
wellasCRO.

4. NowsetVR1&VR Potentiometertogetcompletefullwaverectified
signal on CRO. Note down average DC voltage, DC current & AC
ripples. Calculate the value of Ripple factor by using formula:

RippleFactor=ACRipples(Voltage)/DCVoltage
(Standard value of Ripple Factor = 0.48)

5. Now change the firing angle of SCR by varying potentiometer VR1&
VR2and every time note down the observations of Average DC voltage,
Current & AC Ripples. Also note down firing angle fromCRO.

6. Also note down the observations of Voltage, Current & AC supplies by
varying the load resistance (RL).

ForFullyControlledBridgeRectifier

1. Connect the circuit as shown in Fig. (3) by connecting the dotted line
through patch cords.

2. To observe the change inphase angle connect CRO across voltmeter points.
Connect load Resistance (RL) in the circuit by connecting dotted line
through patch cord. Also connect Voltmeter, millimeter& AC Voltmeter in
the circuit through patch cords.

3. SettheLoadResistance(RL)to1 KQandswitchONtheinstrumentaswell
asCRO.
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4. Now set the VR1, VR, VR3, VR, Potentiometers to get complete full wave
rectified (Through Bridge circuit) signal on CRO. Note down average DC
voltage, DC current&AC ripples.Calculatethe valueofRipple factorusing
formula:

Ripple Factor = AC Ripples (Voltage) / DC Voltage
(Standard value of ripple factor = 0.48)

5. NowchangethefiringangleofSCRbyvaryingpotentiometerVR1 VR,
VR3& VR, every time note down the observations of Average DC voltage,
Current & AC Ripples. Also note down Firing Angle fromCRO.

6. AlsonotedowntheobservationsofVVoltage, Current&ACRipplesby varying the
Load Resistances (RL).

6. OBSERVATION:

ForHalfWaveRectifier
Firing DCvoltage | DC Load Ripple Ripple
Angle current Resistance | (AC Factor=
voltage) AC
volts/DC
volts
ForFullwaveRectifier
Firing DC voltage DC Load Ripple Ripple
Angle current Resistance (AC Factor=
voltage) AC
volts/DC
volts
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ForBridgeRectifier

Firing DC voltage DC Load Ripple Ripple
Angle current Resistance (AC Factor=
voltage) AC
volts/DC
volts

7. CONCLUSION:

Fromtheaboveexperimentwestudiedthephasecontrolledbridgerectifier using
resistive load.
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ExperimentNo:08

1. AIM:Tostudyseriesinverter.

2. APPARATUSREQUIRED:

SI.No | Apparatus Specification Quantity

1 SeriesInverterModule 1

2 CRO 30MHz 1

3 Capacitor 2

4 Inductor 1

5 Connectingwire - Asperrequired
6 Patchcards - Asperrequired

3. THEORY:

The commutating components L and C are connected in series with the load
therefore this inverter is called as SERIES INVERTER. The value ofcommutating
componentsisselectedsuchthatthecircuitbecomesunderdamped.The anode current
itself becomes zero in this inverter resulting the SCR turns off automatically
therefore this inverter is also called as self commutated or load commutated
inverter.

4. CIRCUITDIAGRAM:

L @
Q1 +
/N D1 !___Q C1 —— (C2)
. [10v
Vde ——— Lm TORD 1
+
Q2 C1 —— (C2)
/N D2 a@
. .
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MODELGRAPH

5. PROCEDURE:

> Tobeginwithswitchonthepowersupplytothe firingcircuitcheck that
trigger pulses by varying thefrequency.

» Connectionsare madeasshowninthecircuitdiagram.

» Nowconnecttriggeroutputs fromthe firingcircuitstogateand cathode
of SCRs T1 &T2.

» ConnectDC inputfroma30v/2Aregulated powersupplyand switch
on the input DCsupply.

» Nowapplytriggerpulses toSCRsandobservevoltagewaveform across
theload.
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» MeasureVms&frequencyofo/pvoltagewaveform.

6. OBSERVATION:

SI.No | Amplitude inVolt T (ms) Torr(Ms)
ON

7. CONCLUSION:

Thustheoperationofaseriesinverterisstudied.
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ExperimentNo:09

1. AIM:Studyofvoltagesourcelnverter.
2. APPARATUSREQUIRED:

SL. NO. EQUIPMENT Specification QUANTITY
REQUIRED
1 inverterkit 1
2 CRO 1
3. THEORY:

Inverters are static power converters that produce an AC output waveform from a
DC powersupply. Theyare applied in adjustable AC speed drives, Uninterruptible
Power Supplies (UPS), shunt active power filter, etc. For sinusoidal AC outputs,
the magnitude, frequency, and phase should be controllable. If a DC input is a
voltage source, then the inverter is called a VVoltage Source Inverter (VSI).

Accordingtoanumberofphases,invertersareclassifiedintotwo types
1. SinglePhaseVoltageSourcelnverter
2. ThreePhaseVoltageSourcelnverter

4. CIRCUITDIAGRAM:(SinglePhaseVoltageSourcelnverter)

Pube
Generator | |
NOT
& r I
Q o >
Logical >
Series RLC Branch GBT — Operator
Scope
w E
~

+ L Seres RLC Brancha
1( OC Voitage Sowoce

— ] L

Seres RLC Branch2 % - ! [ -&7 5']
— |- v

1 Vcitage Meas rement By

Series RLC Brancht

e et o

0

2
-&J;:z.c-
dn T oje—
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lin—»

Lot 2} g
l—co a‘Ia—b b‘|b—§ C.ICT
T M F e

(ThreePhaseVoltageSourcelnverter)

5. PROCEDURE:

1

2. ONIENO TG RO S UL byvaryingfrequencypotentiometerandby
operating ON/OFF switch.

Thenconnect inputDCsupplytothepowercircuit.Connecttriggeroutputs to
Gate and Cathode of SCR.

w

62

6

only.

. OBRIRIGIREBY R Mot tREC rossload.Outputvoltageissquarewave

Varythe load,varythe frequencyandobservewaveforms.
6. CONCLUSION:

Henceweverifiedtheaboveexperiment.
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ExperimentNo:10

1. AIM:ToperformthespeedcontrolofDCmotorusingChopper.
2. APPARATUSREQUIRED:

SL.No | Apparatus Specification Quantity

1 Powerelectronickit 1

2 Servomotor 1

3 DSO 1

4 Connectinglead Asperrequired
3. THEORY:

Circuit diagram is shown in fig. (1) and it consist of RC network which
control the speed of motor. There are two method of Triggering to SCR using RC
network. They are explained below and we are using RC half wave circuit to
control the speed of motor .SCR is here acting as an half wave rectifier and allows
onlyhalfcycle ofac signalto the armature. This is an method of voltage controlof
armature by using SCR whose firing angle is varied and accordingly voltage of
armature is varied.

RCFIRINGCIRCUITS:

The limited range of firing angle control by resistance firing circuit can be
overcome by RC firing circuit .There are several variations of RC trigger circuits.
Here only two of them are presented.

()RCHalfwaveTrigger Circuit

By varying the value of R [firing angle can be controlled from 0-180.In
negative half cycle ,capacitor ¢ charges through resistance with lower platepositive
to the peak supply voltage Vn at wt = -90°.after wt= -90°sources voltage
Vsdecreasesfrom—Vmtozero.DuringthisperiodcapacitorvoltageVcecmayfall
from-Vnatwt=-90%0somelowervalueatwt=0°.Now,astheSCRanode
voltage passes through zero and becomes positive, C begins to charge through
variable resistance R from the initial voltage. When capacitor charges to positive
voltage equal to gate trigger voltage VSCR is fired and after this capacitor holds
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toasmallpositive voltage.DiodeD1isusedtopreventthebreakdownofcathode to gate
junction the negative halfcycle. Firing angle a cannot layto zero or 180°.

TheSCRwilltriggerwhenV¢ =Vgt+Vg,whereVy isthevoltagedrop
acrossdiode D1. At the instant oftriggering, if Vcis assumed constant, the current
lg¢ must be supplied by voltage source through R, D1 and gate to cathode circuit.
Hence the maximum value of R is given by

VsZ R Igt+V

c

Or Vs > RI+V +V
gt gt d

Or R < Vs—Var—Vq
- dt

4. CIRCUITDIAGRAM:

[ chopper
fixed
DC DC motor

fixed
DC

0

cho’s}per

0 chopper
OFF
0 Ton Toff
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5. PROCEDURE:

1. Connect motorunitwithmainunitthroughpatchcordsasperthecktdiagram.

2. Connect the main lead of instrument in the mains plug. Keep —SET SPEED”
potentiometer at minimum position initially i.e. fullyanticlockwise and switch ON

the instrument.

3. Verythespeedofmotorusing—SETSEEDIpotentiometerslowly.Notedown
the readingonthe current meter atequal intervalofvoltage inthe observationtable

given in the procedure.

4. Connect the CRO across the SCR using attenuation lead and observe
differentwave form at different firing angle.

sv
waveform
at -

Pulses
at ‘E°

case 1

wavefornm

10 Ms—-33

applied to - le——— P _average
DC motor _ * X value
Bt F T < <<~ O = b - <= - e
case 1
10 Mms +
pulses at
E (case 2)
& 8 ms —
wawveform : '
applied to ; .
DC m:lor N « /,_\4" /’_\\.‘ /_\. /,_\ avorage
at = 3
case 2 v \f v \/ \- value

(TimingDiagramofOutputWaveformsfromtheChopperCircuit)

6. CONCLUSION:

Henceweprovedtheexperimentandtracedthewaveform.

37




ExperimentNo:11

1. AIM:Tostudysingle-phaseCyclo-converter.
2. APPARATUSREQUIRED:

SL.No | Apparatus Specification Quantity
1 Cycloconverterpower 1
ckt.with firing ckt.

2 Transformer 230V(150V-15V) 1

3 Rheostat 100Q/2A 1

4 Multimeter 1

5 CRO 30MHz 1

5 Connectingwire - Asperrequired
6 Patchcards - Asperrequired

3. THEORY:

A cycloconverter converts input power at one frequency to output power at a
different frequencywithonestageconversion.Cycloconverter isusedinspeed Control
of high power AC drives, induction heating etc.

The circuit shown is for obtaining single phase frequency divided output from a
singlephase AC input.One groupofSCR‘s producespositivepolarityload voltage and
other group produces negative halfcycle oftheoutput. SCR‘s T1 andT3 ofthe
positive group are gated together depending on the polarity of the input, only oneof
them will conduct, when upper AC terminal is positive with respect too, SCR
T1will conduct and when upper AC terminal is negative, SCR T3willconduct thus
in both half cycles of input, the load voltage polarity will be positive by changing
firing angle, the duration of conducting of each SCR (and there by the magnitudeof
the output voltage) can be varied.

For the sake of simplicity it is assumed that the load is positive. Then each SCR
will have a conduction angle of (m —a) and turn off by natural commutation at the
end of every half cycle of the input. At the end of each half period of the output,the
firing pulses to the SCR‘sof the positive group will be stopped and SCR*‘s T2 and
T4 of the negative group will be fired.
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4. CIRCUITDIAGRAM:

€l o T Al

——e s

230v

230y 70

IS

] et

A2 T2 G2 2

MOTOR LOAD

230v

|

N
CRO [

a3 T3 c3
i
LR

G3
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g RN LN LN LN N

/pcr pulse (half-cycle of v, )
V, LN A=
% NN % o
: SeAAAS

(c) ] ] X 5 ’ [

4 Vo =% - fi s rﬂ a varying for
(d) 1 ,

different pulses

5. PROCEDURE:

VVVYVYVVVYVVYVYYVYY

Theconnectionsare madeasshowninthecircuitofsinglephase Cycloconverter
with Motor Load with divided by 2 frequency.
Thegatecathodeterminalsofthethyristors areconnectedtothe Respective
points on the firing module.

Checkalltheconnections andconfirmconnections madearecorrect Before
switching on the equipment.

SwitchONunit.

TheoutputwaveformsareseenonaCRO.

Thefiringangleisvariedand ACoutputvoltageacrosstheloadisnoted. A graph
of Vacverses load voltage is plotted.
Repeattheaboveprocedurefordividedbyfourfrequencies.
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6. OBSERVATION:

Frequencydividedby?2

SI.No Firingangleo(degrees) | Load voltage in volts RPM
usingACvoltmeterin
volts

1 180°

2 150°

3 120°

4 90°

5 60"

6 30°

7 0o

7. CONCLUSION:

Thustheoperationofasingle-phaseCyclo-converteris studied.




PLC LAB

L earnthebasicsandhardwarecomponentsofPLC

The basic elements of a PLC include input modules or points, a Central Processing Unit
(CPU), output modules or points, and a programming device. The type of input modules
or points used by a PLC depends upon the types of input devices used. Some input
modules or points respond to digital inputs, also called discrete inputs, which are eitheron

or off. Other modules or inputs respond to analogsignals.

PLCHardwarecomponents

Alright, now that we‘ve got that out of the way, let‘s lookat what we mean bythe

termPLCHardware. TheHardwarecomponentsofaPLCincludethefollowing:

Processor, Power Supply, Input/output Modules, and a Programming Device.

Let‘slookateachpieceothardware,ormoduleoneatatime.
1) PowerSupply

ThePowerSupplyisconnectedtoAC mainsforthesupplyvoltage.

Power Supply Processor

Input Module

I = Jnnu]

mE
=l
LU s

=)

Programming Device

BEN

Output Module

R=EALPARS

TheoutputofthePowersupplyisaDCvoltageusedtopoweralloftheothermodules

associated with the PLC.

ThePowersupplyDOESNOT providepowerforfielddevices.

2) Input/outputmodules




Theinput/output modulesareconnectedtodigitaloranalogfielddevices.




Inputfielddevicesincludeswitches,encoders,andtransmittersforexample. Typical
output field devices are relays, lamps, and proportional valves.

Il|puL uutput
Modules Modules

[]_]l ” quu]luuu]lunu]'unn]

Input field devices Output field devices

3) Processor

TheProcessorconsistsoftheCPU(centralprocessingunit)and memory.

Theprocessorsectionmakesdecisionsneeded toobserveandoperatethefielddevices
connected to the Input/output modules.

Processor
' © |nun||nun||nnn||unu|
( ) ) ( ) {

CPU
A
v

Memory

R=E=NALPANARS




The decisions are based upon a user-created programsaved in the memory. The memory
also stores data representing the condition of all input field devices and contains the data
telling the output field devices what to do.

‘IT&T: ~1
4
v
—— . " = . - Name Address Value
Stop Start Overload * Motor Coil
e tos o2 o Sto 10.0 True
— P ] P .
= Motor Coll * Start 10.1 False
Qo0.0
1 Overload I(B= TgﬂE
Motor Coil QO0.0 False

4) ProgrammingDevice
The Programming Device in today‘s industrial applications is usually a laptop ora

desktop computer that facilitates the creation of decision-making programs destined for
the PLC.

(b) UnderstandconfigurationofPL Csystem

Configuration is used to group all resources of the PLC system together. It alsoprovides
means for data exchange between them. A resource is the processing facility, able to

execute IEC programs. It is defined in order to assign task to the physical resources of a
PLC system.

(C) StudyvariousbuildingblocksofPLC

LS
Input —o o— = Central i |
— —
Sensing = ’é‘g [— Processing 9_.-§ s Output
Devices___ % 1 ©€ = Unit S= —O< Devices

Programming
Device

PLC Block Diagram




PowerSupplyModule

This module is used to provide the required power to the whole PLC system. It converts
theavailable ACpowertoDCpowerwhichis requiredbytheCPUand /0O module. PLC
generally works on a 24V DC supply. Few PLC uses an isolated power supply.

CPUModuleandMemory

CPU module has a central processor, ROM & RAM memory. ROM memory includes an
operating system, drivers, and application programs. RAM memory is used to store
programs and data. CPU is the brain of PLC with an octal or hexagonal microprocessor.
Beinga microprocessor-basedCPU, it replacestimers, relays, andcounters.Twotypesof
processors as a single bit or word processor can be incorporated with a PLC. One bit
processor is used to perform logic functions. Whereas word processors are used for
processing text, numerical data, controlling, and recording data.

CPU reads the input data from sensors, processes it, and finally sends the command to
controlling devices. DC power source, as mentioned in the previous discussion isrequired
voltage signals. CPU also contains other electrical parts to connect cables used by other
units.

InputandOutputModule

Input devices can be either start and stop pushbuttons, switches, etc and output devices
can be an electric heater, valves, relays, etc. 1/0O module helps to interface input and
outputdeviceswitha microprocessor. TheinputmoduleofPLCisexplainedinthebelow figure.

L1 —
AC Input

Signal
L2

TheoutputmoduleofPLCworkssimilarlytotheinputmodulebut  inthereverseprocess. It
interfaces the output load and processor. So here the first section would be logicsession
and the power section comes next. The workingof the output module isshown in the
below figure




7

—_—p
Input status indicator | ~\

—P -@- Ly
To Processor jrmmmbmn——— - Electronic | 220 VAC
(voc) | Logic | i lsolator. i | "syitch
— . —3 3
\ S \ J
— e
Logic Section Power Section
PLCOutputModule

DeterminetheNo.ofdigitall/O&Analog 1/O

Basically,PLCinputsandoutputsareclassifiedasfollows:

» Digital Input — DI Digital

» Output — DO Analogue

« Input— Al

» Analogueoutput-AO
Apartfromthis,therearevariousotherl/Otypeswhicharenotdiscussedinthis article.Difference
between DI, DO, Al and AO

Digitallnput- DI

|‘|A;,'ul 1

PL(

Input 1
LOQgIC 1




Digital inputs are binary inputs (0 or 1) that are applied to the PLC. Binary inputs are
basically voltages, varying from 5V to 230V depending upon the type of card used. In
simple words, any push-button, switches or sensors produces digital inputs to a PLC.
Digitalinputsareused tocheck thestatusof anydevices whetherit iSONor OFF. For an Input
module of 24Vdc, 0Vdc acts as OFF state (Binary 0) and 24Vdc acts as ON state (Binary
1).

DigitalOutput

24Vdc

DIGITAL
OUTPUT

)

>: LAMP

GND

Digital outputs are binary outputs (0 or 1) from the PLC. It is a processed control output
from the PLC to the field. It is used to ON or OFF any piece of field equipment. DO is
likea contact of arelaywhen the preprogrammedconditions are satisfiedthe contactsare
closed. DO can be used to operate solenoid valves, relays, indicating lamps or as a
command to any other devices.

Analoglnput-Al

PRESSURE
TRANSMITTER

AnaloginputisacontinuousinputfromthefieldtothePLC. Unlike digitalsignals, isnot a
constant voltage signal. It can vary depending on the field conditions. The commonly




used analogue signals are 4-20mA signal and 0-10Vdc Signal. Depending on the field
conditions the input signal can vary between 4-20mA or 0-10Vdc. For Example, if you
are monitoring a pressure of water flowing through a pipe using a pressure transmitter of
range 0-10 Bar, the transmitter will give a signal between 0 and 10V proportional to the
pressure in the pipe.

AnalogOutput

Analogue output is a continuous output from PLC to the field devices. For example, if
you have a variable frequency drive and you want to give a speed reference signal to it
you can use analogue output. Otherwise, if you are measuring the pressure usinganalogue
input as explained above and you would like to displayit on an analogue meter you can
use an analogue output of PLC.




ExecutethedifferentLadderDiagrams




Executel_adderdiagramsfordifferentl ogicalGates Aim:

Study of various logic Execution in ladder diagram.
Equipment

1) ComputerwithSIMATICsoftware.
2 SiemensS7-1200PLC.

3) LEDs.

4) Switches.

5 Connectingwires.
Theory: The majority of PLC manufacturers use the ladder logic diagram

programming language to program their programmable logic controllers (PLCs).
Some manufacturers prefer using logic gate circuits or Boolean expressions to
programtheir PLCs. Therefore, it is beneficial to know how to convert one type of
PLC programming language to the other. In this practical, you will learn how to
create logic gate circuits from ladder logic diagrams and vice versa. You will
review the functions associated withthe combinational logic gates. These gates are
theNOT,AND,OR, NAND, NOR,XOR,and XNOR gates.Youwilllearnhowto create
PLC ladder logic diagrams that emulate the functions of these gates.

1. NOT GATE

Inelectronics, NOTGATEisalsocalledan_Inverter‘or_Buffer*.
Working:NOTgateworksasinversion.Ittakesoneinputand givesoneoutput. When the
input is high then the output is low and vice-versa.

LogicGateTruthTableforNOTGate:

Input Output
(11) (Q1)
0 1




NOTGateinPLC programming:

In the case of PLC ladder, there will be a push button to provide input. When (11)is
pressed thenthe coil (Q1) is on. And when Input (I1) is released then coil( Q1 is
off.

SymbolicRepresentation.

DipsLab.com

NOT Gate represent in PLC
2. ANDGATE

Working:InANDGate, whenbothinputs(I1 andl2)arehighthentheoutput (Q1)
will be high. For all other inputs, output (Q1) will be thelow.

LogicGateTruthTableforANDGate:

Input Input Output
(11) (12) (Q1)

0 0 0

0 1 0

1 0 0

1 1 1

ANDGateinPLC programming:
UsingLadderdiagramprogramming,we areconnectingtwoswitches(l1and 12) as

input and coil/lamp (Q1) as output.




In the case of both switches (11 and 12) are closed, the lamp (Q1) will glow. In
another case, if any of the switches (I1 or 12) are open then lamp (Q1) will not
glow.

SymbolicRepresentationas,

DipsLab.com
a |

B2 1 X — Q1 o ‘
i wm mm ‘ ﬁ( )_J
/ ) |

12 i N ‘

AND Gate represent in PLC
3. ORGATE

Working: If both inputs are low in the OR gate, then the output will be low. Forall
other cases, the output will be high.

LogicGateTruthTableforORGate:

Input Input Output
(11) (12) (Q1)
0 0 0
0 1 1
1 0 1
1 1 1

ORGateinPLCprogramming:
Incasebothoranyoneinputs(l1 andl2)areclosedthencoil(Q1)willon.




SymbolicRepresentationas,

OR Gate represent in PLC

In the above circuit diagram, switch (I11) is pressed then the coil (Q1) will be
energized. After releasing switch (11), the energizing coil (Q1) is providing supply
to switch (12). Then switch (12) will become automatically activated.

4. NANDGATE
NANDgate isoperatedasanANDgateandfollowedbytheinverter.

Working:INNANDGate,theoutputwillbelowwhenbothinputsarehigh. For all other
cases, the output will be high.

LogicGateTruthTableforNANDGate:

Input Input Output
(11) (12) Q1)
0 0 1
0 1 1
1 0 1
1 1 0

NANDGateinPLC programming:
Ifbothswitches (I1and 12)oranyoneswitch(l1 orl2)areclosed, the lamp willbe glow.
In the case, both switches are open then the lamp will not be glow.




SymbolicRepresentationas,

DipsLab.com
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NAND Gate represent in PLC

5. NORGATE
NORGateisoperatedORGatefollowedbytheNOT Gate.

Whenbothinputsarelowthentheoutputwillbehigh.Otherwise,the lowoutput will
occur if both inputs are high.

LogicGateTruthTableforNORGate:

Input Input Output
(11) (12) (Q1)
0 0 1
0 1 0
1 0 0
1 1 0

NORGate inPLC programming:
TheCoil(Q1)willbeactivated ifbothinputsareclosed. Coil(Q1)willbe deactivated if
anyone or Bothe the inputs are open.

13




SymbolicRepresentationas,

NOR Gate represent in PLC

6. EX-ORGATE

Working:Ifbothinputsarehighorlow,theoutputwillobecome low. Forany other
input condition, the output will be high.

LogicGateTruthTableforEX-ORGate:

Input Input Output
(11) (12) (Q1)

0 0 0
0 1 1
1 0 1
1 1 0

EX-ORGateinPLCprogramming:
Inthe functionofEX-ORGate, thelampwillbeonifoneswitchis closedand another

switch is opened.

14




SymbolicRepresentationas,
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EX-OR Gate represent in PLC
7. EX-NORGATE

Working:Whenbothinputs(l11 andl2)arehighor lowthentheoutputwillhigh. If
anyone input is high or low then the output will become low.

LogicGateTruthTableforEX-NORGate:

Input Input Output
(11) (12) Q1)

0 0 1

0 1 0

1 0 0

1 1 1

EX_NORgateinPLC programming:

The functionofEX-NORGate, thelamp (Q1)willbeon ifbothswitches(l1and 12) are
open or closed. The lamp (Q1) will not be on ifanyone switches (I1) is activated
and another switch (12) is deactivated.
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SymbolicRepresentationas,
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EX-NOR Gate represent in PLC

Procedure:

o Connecttwoswitchestothedigitalinput module. e

Connect one LED to the digital outputmodule.

Writedownthe ladderdiagramto implement AND-logic function
using SIMATIC Manager software.
DownloadtheprogramtothePLC.
Repeatstepslthrough4toimplementOR-logicfunction.
Repeatstepslthrough4toimplement ParalleINOT-logicfunction.

Conclusion:

ThisisallaboutdifferentlogicgatesusingPLCladderprogramming.Aswell as PLC
programming rules and programming instructions are also important for writing the
program.

Executel_adderdiagramsusingtimers&counters

AlM:Todifferentiatethe usageofthetimerandcounterinLadderDiagram.
Equipment

16




1) ComputerwithSIMATICsoftware.
2) SiemensS7-1200PLC.

3) LEDs.

4) Switches.

5 Connectingwires

THEORY

TIMERS

On-Delay Timer The On-Delay Timer (TON) instruction counts time when the
enabling input is ON.Whenthe current value (Txxx) is greater thanor equalto the
present time (PT), the timer bit is ON. The On-Delaytimer current value is cleared
when the enabling input is OFF. This timer continues counting after the Preset is
reached, and it stops counting at the maximum value of 32767.

T96
et [N TON

1000 - PT 1 ms

The timer shown in figure will delay for 1000*1ms= 1000ms = 1 second then it
will be activated ON. Here when you activate the input 10.0, the timer T37 starts
delaying time, until it reaches 1000ms, then T37 bit turns ON, hence Q0.0 will be
ON. As a result Q0.0 will be activated after 1 second activatinglO0.0.

Ladderlogicdiagramforon-delaytimer.the timing
diagram
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0.0 | | |

urrent=i0
T37[currar)

T37(hit)

10(100m=)="1=
P

@00

Off-DelayTimer

Metyvork 1
nan T57
—| | N TON
-1 04PT 100 ms
Metwark 2
137 Q0.9
L

The Off-Delay Timer (TOF) is used to delay turning an output OFF for a
fixed period of time after the input turns OFF. When the enabling input turns
ON, the timer bit turns ON immediately, and the current value is set to 0.When
the input turns OFF, the timer counts until the elapsed time reaches the
presettime. Whenthe preset is reached, the timer bit turns OFFand the current
value stops counting. If the input is OFF for a time shorter than the presetvalue,
the timer bit remains ON. The TOF instruction must see an ON to OFF

transition to begin counting.

197

100

PT

TOF

10 ms
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(Ladderlogicdiagramforoff-delaytimer.Thetimingdiagram)

MNetwwork 1
I0 5 P =
—l I I TOF
o:ixi=PT  10ms
Network 2
133 a0.s

i - W R
: 100010 2004 D
s i § Sl
currert=200 -....;....-....%---....g :
T33 ? : // : ./I_//_
fcurrert) -
Ta3 (bit) -| |__l L.
@on
COUNTER
CountUpCounter

TheCountUp(CTU)instructioncountsupfromthecurrentvalueeachtime
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the count-up input CU makes the transition from off to on. When the current
value (Cxxx) is greater than or equal to the Preset Value (PV), the counter bit
(Cxxx) turns on. The counter is reset when the Reset (R) input turns on, or
when the Reset instruction is executed. The counter stops counting when it
reaches the maximum value (32,767).

Counterranges:Cxxx=C0throughC255

CountDownCounter

The Count Down (CTD) instruction counts down from the current value of
thatcountereachtimethecountdowninput CD makes thetransitionfromoffto on.
When the current value Cxxx is equal to zero, the counter bit (Cxxx) turns on.
The counter resets the counter bit (Cxxx) and loads the current value with the
preset value (PV) when the load input (LD) turns on. The Down Counter stops
counting when it reaches zero, and the counter bit Cxxx turns on.

Counterranges:Cxxx=C0throughC255

<1 (bity : = -
[=TaYa] L I 1
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PROCEDURE:

1. TurnthePCON.

2. TurnthePLCON.

3. StartV4.0STEP7MicroWINSP5.

4. SelectView>>Ladder.

5. FormBitLogicdouble,clickthenormallyopencontact.

6. Click on the red question marks, and rename the normally open contactor with
a physical input name, 10.0- 10.7 or 11.0-11.5, let us sayl0.0.

7. Now from the Bit Logic, double click the output, and name it with a physical
output name, Q0.0-Q0.7 or Q1.0-Q1.1, let us say QO0.0, the result rung will be

as shown in the next figure.
8
SelectPLC>>CompileAll;makesurethatthe"TotalErrors*iszero.

9
SelectPLC>>STOPtoplacethePLCinthestopmode.

1
1 : :
.~ JodownlpadtheladderdiagramtothePLC ¢ ow, (showntothe
RO o AR Bt e A

g ewinaowroraownloa

2. Now the PLC is ready for use performing the function of the ladder diagram
that you havedrawn.

Conclusion:
This is all about different timer and counter using PLC ladder programming.As

well as PLC programming rules and programming instructions are also
important for writing the program.
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ExecutetheLadderDiagrams withmodelapplications (i)DOLstarter
(if)Star- Delta starter

AlM:ExecutetheLadderDiagramswithmodelapplications(i)DOLstarter
(if)Star- Delta starter

THEORY
StarDeltaMotorStarter
The followingfigureshowsthewindingconnections instarand deltaconfiguration one

by one.

Ul

U2

U1l L1
V1 V1
4\”1—/m\—- W2
L3 ' W1 W2

STAR CONNECTION DELTA CONNECTION

InstrumentationTools.com

Itcanbeseenthatinstarconnection,oneendofallthreewindings areshortedto make star

point while other end of each winding is connected to power supply.
Indeltaconfiguration,thewindingsareconnectedsuchthattomakeacloseloop.

Theconnectionofeachwindingisshowninabove figure. Inactualmotorthethree phase
connections are provided in the following order as shown

STAR CONNECTION

DELTA CONNECTION
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Soinorderto makewindingconnectioninstaranddeltastyle inpracticalmotor, the
connection is shown above.

L1
L2
L3

[ N\ [ e e e W BN e oo

Main Star Delta
Contactor Contactor Contactor

Three Phase Motor

InstrumentationTools.com

Main contractor is used to supply power to the windings. It must be turned on all
thetime. Initiallythestar contactor isclosed whiledelta contactor is openlt makes the
motor windings in star configuration.

The contactors are controlled by using PLC. The following sectionof PLCtutorial
will explain the ladder programming for star delta motorstarter.

PROCEDURE

PLCprogramforstardelta motorstarter:

_ 2av < T T T
<o 1 3 5
1 N A\ - ma
2 4 6
|13 11
START £ sToP E —
14 12
PE | w1 v1 u1
L
o ©o o o ©o © ©o o M 1 By 12
X0 X1 X2 X3 X4 X5 XB X7 it wm @ - DELTA?\ \
2 B 6
PLC M —1
vz | U2 w2
YO Y1 Y2 Y3 Y4 Y5 YB Y7
o (o] o o (o] <o o o
1 3 5
o ot STAR¥ 3\
STAR DELTA MAIN 2 a 6
AZ A2
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PLCLadderLogic

STAR-DELTA MOTOR STARTER LADDER LOGIC

Main

Overload

Start Stop Relay Contactor
I1 12 I3 Q1

A ———

Main Contactor

Q1
| |
1
Start to Delta Star
Main Contactor Delta Time Contactor Contactor
Q1 T001 T1 Q3 Q2
| | L LY ( \
11 1l 1l J
Start to
Delta Time
T001 T1
gl
Rem=off _J. T
05:00 S
Start to Star Delta
Main Contactor  Delta Time Contactor Contactor
Q1 T001 T1 Q2 Q3

| | H—)—

InstrumentationTools.com
RunglMaincontactor:

The main contactor depends upon the normally open input start push button (I1),
normally closed stop button (12) and normally closed overload relay.

It means that Main contactor willonlybe energized ifstart button ispressed, while
stop is not pressed and overload relay is not activated. A normally open input
named (Q1) is added in parallel to the start button I1.

By doing so, a push button is created which means that once motor is started, itwill
be kept started even if start button is released
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Rung2Starcontactor:

Star contactordepends upon maincontactor, normallyclose contacts of timer (T1),
and normally close contacts of output delta contactor (Q3).

So star contactor willonlybe energized if main contactor is ON, time output is not
activated and delta contactor is not energized.

TimerT1:

Timer T1 measuresthetimeafterwhichthe windingconnectionofstardeltastarter is to
be changed. It will start counting time after main contractor is energized.

Rung3Deltacontactor:

Delta contactor willbe energized when main contactor (Q1) is energized, timer T1
Is activated and star contactor (Q3) is de-energized.

AlsoseeProgrammingofpushbuttonandotherrequirementsforsimplemotor starter is
explained in PLC Tutorial: Motor starter

DOLStarterLadderDiagram
The ladder diagram of the dol starter.dol (Direct-On-Line) starter is used to startthe
motor by applying full line voltage to the motor. Dol starter is used for the motors
having rating up to the O5HP. Figure shows the control diagram of the dol starter.

NO Push
Button
OLR
mcB NC Push
1" AN 1 I A s L @
phase —0 | 0 —{)  (— Contactor

Neutral

i__

"NO"
contact
contactor

DOL (Direct-On-Line) Starter Control Dlagram
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PROCEDURE

STARTpushbuttonforstartingofthestarter

STOP push button to stop the circuit
CONTACTORforholding

xl

When START push button is pressed contactor will be ON and it starts until the

STOP push button is not pressed. When

we have pressed the start push button the

contactor NO behind the start push button holds the circuit. STOP push button is
pressed the CONTACTOR will be OFF untill START button is not pressed again.

We can also made this program using |
starter using latching.

atching here is the ladder diagram of dol

xl

CONCLUSION:
This is all about the Ladder Diagrams
(if)Star- Delta starter.

.................................................

with model applications (i) DOL starter

...................................................
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Executel_ adderdiagramswithmodelapplications(i)Staircaselighting
(i) Traffic light controller

AlIM :ExecuteLadderdiagramswithmodelapplicationsStaircaselighting.

Equipment:
10.0&10.1:Inputtoggleswitches.

Q0.0: Output signaling device.

THEORY;

This ladderlogicofstair-casewiringworks onthe X-OR logici.e.Yis(A.B")+ (A" B)
Supposeinitiallyonlyl0.0 is pressedandl0.1remainsopenphysicallyasshown then the
upper branch of rung 1 goes TRUE and Q0.0 gets energized.

Now, if 10.0 is also pressed then it will make its interlock N-C contact 10.1 to go
open and as a result Q0.0 de-energizes .

Again, if switch 10.0 is pressed it will also make its interlock contact 10.0 inparallel
branch to go again N-C, which in turn makes the parallel branch logic true and
Q0.0 again energizes but if the 10.1 input is also pressed again the logic goes
FALSE and Q0.0 again de-energizes. This is the basic concept of an X-OR logic
gate.

xl
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PROCEDURE:

For this application, we used S7-1200 PLC and TIA portal software for
programming.

In above program, we have added two NO contacts of SW 1 (10.1) and SW 2
(10.2) in series and NC contacts of SW1 (10.1) and SW2 (10.2) in parallel of
this series SW1 & SW2 NO Contacts.

If the status of the bottom switch (SW1) and status of the top switch (SW2)are
same then lamp will be ON. And if either status of the bottom or top switch is
different from other then lamp (Q0.0) will beOFF.

When lamp (QO0.0) is OFF then user can ON the lamp by changing status of
any switch. Also user can turn OFF the lamp by changing the status of one of
the two switches.

Listofinputs/outputs
Digital Inputs

SW1:10.1
SW2:10.2
DigitalOutputs

Lamp:QO0.0

PLCLadderdiagramfortwowaysswitchlogic

xl
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RuntimeTestCases

]

CONCLUSION:

TheabovePLC Logicprovided forbasicideaaboutapplicationofPLC forStair case
lighting Two Way Switch Logic.
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AIM:PLCProgramtoControlTrafficLights

Equipment:

1) ComputerwithSIMATICsoftware.
2 SiemensS7-1200PLC.

3) LEDs.

4) Switches.

5 Connectingwires

THEORY:

We most often come across four way traffic jam in our city. This PLC
ladder logic gives the solution to control city traffic usingprogrammable
logic control.

4AWayT rafficLightControl

xl
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ListoflnputsandOutputs

|%.I"IO

10
11

12

Address

1:0/0

1:0/1

B3.0

0:0/0

0:0/1

0:0/2

0:0/3

0:0/4

0:0/5

0:0/6

O:0/7

0:0/8

Name

Start

Stop

Memory

EastGreen

NorthRed

WestRed

SouthYellow

EastYellow

NorthYellow

NorthGreen

East Red

WestYellow

Input/Output

Input

Input

Memory

Output

Output

Output

Output

Output

Output

Output

Output

Output
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QB 0:0/9 WestGreen Output
14 0:0/10 SouthYellow Output

15 0:0/11 SouthGreen Output

SequenceofOperation

Belowtabularcolumn givestheStepsorsequenceofoutputstoturnONthetraffic system
lamps (RED, GREEN, YELLOW)

T
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PLCLadderLogic

xl

RuntimeTestCases
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PROCEDURE

« RUNGOO00 again here is for Master Start and Stop the process.

« File; #N7:0 and File length is 10, hence output sequence is varied
from N7:0 to N7:10 with each input.

» Destination is set to O:2 hence witheachtransition, N7:0 to N7:10
are moved to O:2 with masking.

» 0:2/0 to O:2/5 are used as the output address to Traffic Lights and
hence Mask has value 003Fh which means data flow of
N7:0/0...N7:10/0 to N7:0/5...N7:10/5 is passed and the remaining
N7:0/6...N7:10/6 to N7:0/15...N7:10/15 are blocked.

« Control parameters are assigned to register R6:0.

« Sequence of traffic lights to be operated are stored in the registers
from N7:0 to N7:10 as following

« Time base is set to 4secs, hence after every 4secs, output sequence is
changed to its next register pattern outputs which is then
transferred to O:2 and O:2/0 to O:2/5 are energized accordingly.

« As we can see, from N7:1 to N7:4 have the same bit pattern. So,
these bits are set to 1 for 4 cycles that is 16secs. These bits areused
for South-North Green light and East-West Red light.

« Similarly the entire sequence is followed.

» When Stopl:1/lispressed,Position isreset to 0 andall the outputs are
de- energized.

Conclusion:

The above explained 4 ways traffic light control using PLC is for
example only. It may vary from real time. We can use this example
programto understand the workingoftimers and Interlocking function in
PLC.
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