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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH/M.TECH .... SEMESTER
DIGITAL CONTROLLER LABORATORY
EXPERIMENT NO: 1

Aim:

Study of Brushless DC motor and
a) Draw its respective speed-torque characteristics
b) Study Hall sensor with real time waveform analysis
c¢) Speed control using PWM technique

Instruments required:-
e BLDC Motor Trainer-(MI-(EV-03/EV-12) )
e Patch cards.
e Power Cable.

speed-torque characteristics

Brushless Motor Characteristics:- BLDC Motor are widely used in various applications like variable speed
drives, vehicle , fan and many more. For selecting a type BLDC motor for a particular application it is very
important to study the characteristics of various BLDC motors. The characteristics give the performance
under various load conditions for recommending their field of applications.

In Brushless Motor, the stator and rotor positions in brushless motors are the opposite of their positions in DC
motors. For this reason, the fundamental speed-torque characteristics for brushless motors exhibit the same
sloping characteristics as brushed DC motors, as shown in Fig, and the motor rotates at a rotation speed that
matches the load torque. If the speed slows down, the torque generated by the motor increases, and a current
proportional to the torque flows. If a large current flows, the magnetic force of the permanent magnet is the
motor may decrease (demagnetization), and the windings may overheat and experience burnout. In addition,
the output element and converter on the drive circuit must be able to handle a large current, which causes the
drive circuit to be large and expensive.

If the speed increases, the torque generated by the motor decreases, and the load torque required for driving
decreases, making it unsuitable for use. Operating it at a higher speed increases the noise emitted by the
gearhead combined with the motor, and it also causes insufficient gearhead lubrication, which affects the life
span.

For the above reasons, with brushless motors, the drive circuit limits the maximum current that flows through
the motor and maximum rotation speed. Thus, the speed-torque characteristics printed in Oriental Motor's
product catalog are similar to Fig. 2.11.
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Figure: Speed-Torque Characteristics



Torque is nothing but a momentary force developed at the time of force is applied to the motor. The unit of
torque is N.m (Newton-meter). In other words, Torque T(N.m) is equal to the ratio between the electrical
power P(W) in watts to the acceleration.

The total power rating of the motor details can be found from the motor’s nameplate details. Absence of the
power details, the power is equal to the product of the voltage and current for DC motor and for AC motor,
the product of the voltage, current and power factor. The speed of the motor can be found by using Speed
measurement devices.

Hence motor torque T=P/ ®

Here omega o is equal to 2 x pi x N(rpm) / 60

For DC Motor torque Formula:
For Calculating, Torque for DC motor
T=VxI1/(2xpiX Ngpm / 60)
Npm) IS the speed of the motor
= Input DC Voltage
| = Input DC Current

Safety Precaution:

Please make sure your power cable is connected properly to the trainer.

Please make connections properly as mentioned.

Do not apply any external high voltage or current source by which trainer get damaged.
Do not touch motor pulley when motor is running condition.

Make sure the loading arrangement is on no load condition when motor will start.
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Procedure:

Follow the previous connection diagram.

After connecting the above connections, connect the mains AC plug ON and MCB switch ON for
supply.

In BLDC motor direction section toggle switch is in either R or F position.

We can control speed of BLDC Motor by PWM for getting speed-torque characteristics we will apply
a constant PWM signal to motor will run at a constant speed on no load condition.

Now note the Speed in RPM meter, also Voltage & Current read by DC Voltmeter and DC Ammeter.
After that apply the load by tight the load belt by rotate the dial on motor setup and take the reading
of both balance connected to load. (PWM knob is in fully clockwise)

Observation Readings:-

S. No. I/P Voltage I/P Current RPM Balance 1 Balance 2
(Amp) (ka) (kg)
1. 24 05A 1500 0 0
2.
3.
4.
5.
e Put on the given formula
Calculation:-

How to Calculate Torque from Applied Load

Torque= Force x Perpendicular Distance
= (mass x g) x Perpendicular Distance

Differential reading of Spring
o = Balance (W, ~W,) = mass

Radius of the pully (r)

/ = Perpendicular Distance

Gravitational Acceleration (g) = 9.8 N/m’

(&

Torque (T )=(W1-W2)xR x9.81Nm
W1 = Weight at Balance 1

W2 = Weight at Balance 2

R = Radius

R =2.9 cmor 0.029 Meter

G =981

Input Power (P; ) = VI Watts

V= input Voltage

I = Input Current



2nNT

Out Power (Pm) = s watt
N= Speed in RPM
T =Torque

Effi o = Output PowerX 100%

f1iency % = Input Power 0
Observation Table:
S. | Voltag | Curren | Spring Balance | Speed | Torqu Output Input Effiency
No e t Reading N e Power Power
\ A W1(kg)W2(kg) | (RPM T Pm(watts) | Pi (watts)
(volts) | (Amp) ) (Nm)
1
2
3
4
5
6
e After putting the Values in Table Plot the Graph Between N-T (Speed —Torque)

Hall sensor with real time waveform analysis:

First of all, Make sure all toggle fault switches are in OFF condition.

Connect the Power supply 24V DC/10Amp +Ve S1 (Red) to the DC Voltmeter +V1 (Red).
Connect the Power supply —Ve S2 (Black) to the DC Voltmeter -V1 (Black).

Connect the Power supply —Ve S2 (Black) to the Controller Input 24V —Ve S4 (Black).
Connect the DC Voltmeter +V1 (Red) to the DC Ammeter +Ve Al (Red).

Connect S3 +Ve terminal of Controller to the -Ve of DC Ammeter Al (Black).

Connect Speed to the Voltage (Blue Terminal).(Either connect Speed to the PWM terminal)
Connect BLDC Motor to the Hall Sensor section of Trainer H1 (Green), H2 (Yellow), H3
(Blue), H+ (Red) & H- (Black).

Now Connect the BLDC Motor to the section of BLDC Winding Connections M1 (Green), M2
(Yellow) & M3 (Blue) via patch cords.

Additionally connect the CRO +Ve probe to the Hall Sensor H1 & -Ve to the ground.

After connecting the above connections, connect the mains AC plug ON and MCB switch ON for
supply.

So in BLDC Motor Trainer Direction section toggle switch is in either R or F position.

As per above connections PWM & Voltage are provide the speed control.

Using of either PWM & Voltage knob vary BLDC Motor will run. And output waveform shown in
CRO.

Vary the voltage knob (clockwise or anticlockwise) speed of motor vary and output of CRO
waveform changes as per knob movement.

Also observe the Hall sensor responses on CRO using one by one H2 & H3 terminals.
According to the speed changes of BLDC Motor voltage is constant and current is varied.



e You can observe the speed control of bike using PWM & Voltage.
e Also motor is running as per PWM or Voltage knob movement and real time waveform shown on

CRO.
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Figure: Real Time waveform
Speed control using PWM technique:

Pulse Width Modulated Waveform

The use of pulse width modulation to control a motor has the advantage in that the power loss in the switching
transistor is small because the transistor is either fully “ON” or fully “OFF”. As a result the switching
transistor has a much reduced power dissipation giving it a linear type of control which results in better speed
stability.

Also the amplitude of the motor voltage remains constant so the motor is always at full strength. The result is
that the motor can be rotated much more slowly without it stalling.

The duty cycle describes the amount of time the signal is in a high (on) state as a percentage of the total time
of it takes to complete one cycle.
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Figure: PWM signal
Above fig. shows Pulse Width Modulation Waveforms with different duty cycles. The proportion of time that
the pulse is ‘ON’ or ‘High’ is called the Duty Cycle.
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The ‘average’ voltage can be controlled by varying the width of the positive pulse. By varying or
‘modulating’ the Time that the output is “ON” we can modify the average voltage. The average value depends
on the duty cycle. Smaller the “ON” time, lesser is the average value and similarly larger the “ON” time,
higher is the average value.

The frequency determines how fast the PWM completes a cycle, and therefore how fast it switches between
high and low states.

By varying a digital signal off and on at a fast-enough rates, and with a certain duty cycle, the output will
appear to behave like a constant voltage analog signal when providing power to devices that respond much
slower than the PWM frequency, such as audio speakers, electric motors, and solenoid actuators.

PWM is a good technique for controlling analog circuits of the motor drive with digitally.

The speed of the electric motor depends on the modulator voltage. Generate PWM frequency variation in
voltage, the faster the rotation of an electric motor. An analog circuit that requires a voltage source of more
than 5V or 12V can be controlled using the PWM principle. The use of this PWM can be used to control
motor rotation through changes in PWM duty cycle or PWM pulse width. When the duty cycle is 0%, the
motor will stop completely because there is no voltage difference. When the duty cycle is 50%, the motor will
rotate at half the speed of the maximum speed because the voltage is half the full voltage. When PWM is in
100% condition, the motor rotates with maximum speed because of the continuous output of PWM. Pulse
width modulation is a great method of controlling the amount of power delivered to a load without dissipating
any wasted power. To control the speed of a BLDC Motor. If you need to control it, then use Pulse Width
Modulation to do it.

Power Stage

Commutation

Hall Sensors

Figure: Speed controller
Speed control: - The commutation ensures the proper rotor rotation of the BLDC motor, while the motor
speed depends only on the amplitude of the applied voltage, which is adjusted using the PWM technique. The
required speed is controlled by a speed controller, which is implemented as a conventional proportional-
integral (P1) controller. See Figure. The difference between the actual and required speeds is input to the Pl
controller which then, based on this difference, controls the duty cycle of the PWM pulses corresponding to
the voltage amplitude required to maintain the desired speed.
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Figure: Connection diagram of BLDC Motor using PWM
Procedure:
e First of all, Make sure all toggle fault switches are in OFF condition.
e Connect the Power supply 24V DC/10Amp +Ve S1 (Red) to the DC Voltmeter +V1 (Red).
e Connect the Power supply —Ve S2 (Black) to the DC Voltmeter -V1 (Black).
e Connect the Power supply —Ve S2 (Black) to the Controller Input 24V —Ve S4 (Black).
e Connect the DC Voltmeter +V1 (Red) to the DC Ammeter +Ve Al (Red).
e Connect S3 +Ve terminal of Controller to the -Ve of DC Ammeter Al (Black).
e Connect Speed to the Voltage (Blue Terminal).(Either connect Speed to the PWM terminal)
e Connect BLDC Motor to the Hall Sensor section of Trainer H1 (Green), H2 (Yellow), H3 (Blue), H+
(Red) & H- (Black).
e Now Connect the BLDC Motor to the section of BLDC Winding Connections M1 (Green), M2
(Yellow) & M3 (Blue) via patch cords.
e Connect RPM Meter connections (Red, Blue & Black) to the RPM section.
e Additionally connect the CRO +Ve probe to the PWM (Blue) & -Ve to the ground.
e After connecting the above connections, connect the mains AC plug ON and MCB switch ON for
supply.
e Soin BLDC Motor Trainer Direction section toggle switch is in either R or F position.
e As per above connections PWM provide the speed control of the E-bike just like (low, medium &
high).
e Using of PWM knob vary BLDC Motor will run. And output waveform shown in CRO.
e Vary the PWM knob (clockwise or anticlockwise) speed of motor vary and output of CRO waveform
changes as per knob movement also you can observe PWM Signal, Voltage, current & duty cycle.
e Also abserve the RPM Meter readings. & PWM width is changes as per speed changes.



While moving the wheel or motor at output terminal of sensor generate signal which we can observe
on RPM meter.

Now here, all 3 meter is enabling to show the output values.

If you vary the PWM knob min. to max. Speed of Motor will increase and signal frequency will also
increase & PWM width is changes as per speed changes.

Note down the duty cycle from CRO and RPM meter value. Also make the table and take the reading,
vary the duty cycle and note down the value of RPM meter.
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Observation Table:

S. No. PWM signal(Duty Cycle )% Speed (RPM)

1

2
3
4

Safety Precaution:

Please make sure your power cable is connected properly to the trainer.

Please make connections properly as mentioned.

Do not apply any external high voltage or current source by which trainer get damaged.
Do not touch motor pulley when motor is running condition.

Make sure the loading arrangement is on no load condition when motor will start.




Rega sty fsmr
Alermar sirere IsE wefAh grur
NALFH/CHLF.... AT
GG CEG I RIU G
TITT HEAT: 1

38 ST AT AT I IETTA U
a) SHHI T IT-Cleh [IATATY FeATeAT
b) arEATas THT AT [T & AT 8ict T T 3T
c) UTSSe[UA cdeheileh 3T 3UATAT dleh aTfd fAIoT

ATdYh IYhIVT:

1. TSR AleX ToR-(MI-(EV-03/EV-12)

2. 9g &S

3. 9T shelel
TfY-AF AT ST
STTeld AT #, AT Alcy # T 3R Aex & Feufar SR Ay # 3 Fufa & faodia §1 39 Fror
J, ST Aed & T FHifew 1f3-2i RFATATT ster et A & TAA EolleT arel TAATAT3iT A g fia
AT §, o1 T # @ 9r §, 31X Avex ves gofe arfa o) gl § S ol <l @ A @l &1 afe arfa
ey g1 STl 8, oY AT GaRT 3cUeeT Eieh ¢ STl §, 3R ek o HATUT TRT Farfeed gicll g1 T
e T YIhT ool Al H HAl (FAgaehrenion) g1 Tl 8, 3R arsfsr amer IRA & Fehell & 3R
T3S T 3787 T Tehcll ©, b eATAT, 3189 Hiche T HT3CYC ded 3N HeAdcd Ueh T3 HE &l
H3TeleT 7 GeTH 81T TTMRT, ST 3189 T ShRUT IAdT & Fiehe a7 31T HEIT g1aT|
SrIE Aed & T 3R WX Fir Feufa Sy Aled 7 397 ufa & {uda &1 39 FRoT Y, 209 Ay
& fore Aifere a1fa-cies [AAVATT srer SRt Al o TATH Tollel aTell [AATATIT T TG T2V Il &, oTd O
# femar arm &, 3R Al v guie a1fd o g § S s o & A @ 5| afe aifd e gt A g, o
AT IR 3cUeet Ciéh §¢ STl &, 3R Eleh & FATTITAT TRT FaTfee gl ¢ TATY Fareh T Yeehld dof
AT A AT (FAgIehrehton) g1 Hehel &, 3R aTSTST SATET IRA &1 Tehell & HR TEAMST T 37787 T
Hehell §, 8 3TeTdT, 3159 Hithe W HT3CYE ded IR HeAdi Ueh T3 HIC I HeTolel H HETH gloll ALY,
S 318 T HIRUT SAdT & fehe g7 3 FGT 81|




V: Voltage Applied to Motor
V1<V2<V3
T3 |
[}
Er T2
L
T1
TL
0 Ns Ni N2 N3
Rotation Speed
IBERCIGEACACHEGIY

afe a1fd Jgct &, aF ACY GaRT 3cUee ik A @ ST 8, R 3efder & fIT 31aeas oS i & al
ST &, TS a@ I8 392T & fAT 3eqayged &) Sifal §1 38 3= 91fd W Il & AT & 9y Aol
RS ganT 3cafelda R 9¢ ST &, 3R I8 3radied fRes Eige 1 8 SRoT 9e7dT 7, S Shde shrel
I THTTST AT |

3RIFd HRON F, FAT HAleY & HTY, 3159 Tfche A & FALIHA H dga1 drell 3fhasd arr iR
JTRhel# AT MY T WA AT 1 $H FohR, IR Al & 3cuTe el F Fiod Fdlis-cih
fyare A 2.11 % AT |

Starting Torque

Rated Torque
Limited Duty Region

The Region Consisting of rotation
speed and torque combinations
that can be used for short periods
of time. Used to improve
responsiveness during acceleration
and declaration.

o
N
(]
N

Continuos Duty Region

The Region Consisting of rotation
speed and torque combinations
that can be used during Continuous
operation.

Torque [N.m]

80 1000 2000 3000 4000

Speed [r/min]
Figure: Speed-Torque Characteristics



eI 3R o 7ET dfesh AT W Tl oAl & HAY TAhTET Teh &110Th Tl §| Tleh T gohrs N.m (7L
#1eY) &1 @R 2sal A, e AN(TATH) aTe H faegd rfea di(3sey) 3R a0 & &ier o 377uTd & SRR g |
A1 TIaROT & Fef e I Al o AHCeIe TqaoT & U1$ ST Fehcll &1 ITaX FAaR0T & 37877 &, ek
BT Al & [T dlecot 3R e & 3cU1g & 1T g 3R T Al & foIT, diecsT, Hie 3R IR haex
& 3cUTG & SXeR &1 AT ATT STHIVI T ST leh FAeT T T T IdT oTINTAT ST HheT § |
sHfT AT TS T =T/

IET AT © 2 X pi x N(rpm) / 60 & ST &

SIY AR e Biden & fAT:
I0TAT & forw, ST Al & forw aien
T=VxI1/(2xpiX Ngpm / 60)
Npm) FICT HT AT &

V = eTqe S dlecst

| = geTqe ST e

&t AauTr:
o  FUATFRARTA H fh TTHT ITGR hefel ¢oIT F S A 3T T &
o FUAT AT HTHR &k ¥ FHederelel AT |
o FIS 3 I8 3TT A AT T Wid o FIINT THHY ¢oR &IfqaIEd 8 S|
o SI9 AT dTe] Feufel & g1 ot Hlet TEl &l o P |
o gAY HY o ST AleX dre] 1ol oY ST caear =it oits [&ufay H gl

€ 3
BLDC (Brushless DC) Motor Trainer MI-EV03




o TSl FoAFUT IR I TTolel hX.

o ST FHoerle SN & d1G, HTYfet & foT AeT Tt coret 3T 3R woee R 3ifeT Y|

o SUEIE AT feRIT 37egermaT & elarel FEae AT ol 3R AT v [Fufa A &

o §H TSI TAATATIHT &l UTed A o TIT NSeoUA GaRT ANTSTET HeX 1 1Ty &l T
X Hehdl §, §H AT T Ueh ol NSeeUA [R7eTer oTe] et it foe1T oits &t Feufa 7 feuw aifa
& el |

o 379 IRATH HeX # T3, AT ArecAT 3R ST TAIe ganrT ug 91T diecst AR e &l Al
ey

o SH% TG Al YTHT T of3T ST HY GATHT IS o I Hfl Y AlS oMU AR &1 F 53 gt
o T AfSer o | (Frseeu Ata T g A Saromad &= 7 8)

Tl HfET:-
.9 gTqe At FeTqC 4RI IRdteA, | oR1 @) | aR2 (@)
(TF9)
1.
2.
3.
4,
5,

o U IT Hieel 9T oy
TIEATAS AT 0T QAT & 1Y &t AT F7T ETIA

o HIY Ugel, GiATed Y o gaf efarel e o= ae Fafa #A g

o TISTeN 3MYfet 24V DC/L0Amp +Ve S1 (olTel) ST DC AlecHIET +V1 (eflel) & hatere |

o TSI 3T -Ve S2 (Tem) &I DC AleeHIe -V1 (FTell) H Tt HY |

e TTGaT HTATS -Ve S2 (Seleh) T helol SoTYC 24V -Ve S4 (sih) § Thotere |

e DC dlecHIeT +V1 (@Tel) & DC THTEX +Ve Al (olTel) ¥ Shaldc i |

o fATTH & S3 +Ve cfHAT FT DC THIET Al (FTlT) & -Ve T FAde |

o TS A AlecsT (Al cffeTel) § Fetere Y| (AT Al THTS Tl UIseo[UA AT & FHolere )

e BLDC HT &Y & H1 (81), H2 (Fe), H3 & BTct TR A2 T oteFe hi

o (sfral), TT+ (dlTel) R TT- (ShTe) |

e 319 BLDC HIeX i 47 &1 & ATEIH ¥ BLDC aATsEaT shatarlat M1 (831), M2 (e 31k M3
GIGIEXEAGEEGEACTY

o 3% 3fAREd CRO +Ve STa Fl gTel TR H1 3T -Ve &l FTHIA H Foiare |

o 3T FHoeRle SiNge & a1E, ITYfet & fT AeT Tt coret 3Tt 3R woel R 3ifet Y|

o I TS AT ¢ol¥ ST T H ElaTel ¥ad IT ar 3R IT U feafd J g1




o STV Felohle oh ITHR WISee A IR aleest aTfd 0T Feled i & |

o PWM 3R aleds wilg 7 & fohdll Teh T 3UZNT &idel & BLDC HeX Tolall | R 33eqe aiared
I3 A @ =T g

o diccol Ala (T3T I AT H IT ATATA) H TG olld Y, AlCL HI I Tgoldl @al & R AR
AT T HT3EYC =TS T MMt oh 3THR Seelcll BT o |

o UH-Ukh &l H2 3 H3 ATl sl 3UA1eT ¥ah CRO WX glel HaR Tifonanait a1 oft frdiator Y|

o TSI ALY T a1 IRacTeT & AR dleest FUR T § 3R e Hea g1 g

o 3T FISse[UA 3R dlecst HI 3UANRT ol ST i 1Tl [HIT0T & Hahvel § |

o 3 AT AT WSe[UH AT dlos aAld HaHe IR MR N fewre 1w areafds gqa adar

& HTAR TA G B
HMO1002 (HW 0x10180002; SW 05.457) 2022-05-02 06:20
DIGITAL AUTOMATION Auto-Trig /Complete®R0HDE&SCHWARZ
TB:1ms T:0s CH1: 298V FAL 500kSa
'i 1 SAVE/RECALL
, : n SCREENSHOTS
1 AL U 2%
]/ ! " il I ”|] b | [ STORAGE
‘ T 1 | Front USB ?8
| I FILE NAME
1 el ) , | scrcio g
FORMAT
BMP "
COLOR MODE
{ Inverted (all) ~*
| ‘ SAVE
I | iCF
r ‘ PRINT
“. m If | "FW 1\ =
Jil | | [T
[CH1: 2 v | CH2: 2V

R areafdes AT deRy

fseauH qFsile HT ITANT FI& i fAg=or:

AT 1 AT 4 & [0 Tou {45 AlSFRIIT & 30T § T§ HrIer T ¢ fob [afier gifoeer #
forsTelt 1 g1fey o g1l ¥ Fife giforee a1 & o e & ATl A1 0 ke & " §elT § | TROMATT®T
feaferT gifsreet  sgd HA ToSTell 3T Il ¢ oTad 38 Ueh T YR T I70T Heldr g oras
IRUTHEGET 98 ITfd RIRAT eIl ¢




$Hh 3lTdT HIX dlecsl 1 IMATH TR 6T § ST AT AT T I W & & | 801 IRUTH Ig
g1 & o #HYeX A1 e Toh Sget €R-EIR AT oI FehlT ¢ |

ST TTSTehel 38 FHY T U AT & ST [HoToT Teh Tsh T G el H o1 dTel el FHI o Fdred
& w9 7 grs (T Reufa A grar gl

Duty

JEEREREN

0%

25%

100%

[BERCIECCIE RO C]
3R T, fafdest 53¢ arsfonet & @Y Tod a5y AT aial &I QT & | Y &1 g 3He]urd
SIS JoF HTe] AT 3T §IdT §, TILT AISTehel el |

catrargii = 1000 » 100 AT CISA

Jod 4IiRTS
e ASTeher = _Ton
e T0n+T0ff
tnﬁ_qg = Ton + Toff

WIoifed ToH T SIS Y 3HelaT-3eTT ieh ‘3T dlecst I AT fahar ST Tehel §1 33eYe & 37"
glel & HHY T 3el31-37e1eT AT HAISel Fleh §H A dlecst sl HIAMTET X Tehd ¢ | I AT 3ZEX
asfhel W AR ar §1 "3 THT TSaar &3 g19m, 3ad A 3daT & & g9 3R "3 g#
=T SaTeT g1em, 3R AT 3= &F 38 gem|




>

W
|
mO»r»-Aro<

. 25% - 50% : 75% . 100%
: Duty Cycle : Duty Cycle :Duty Cycle : puty Cycle
| — e B s - -

.| Average Voltage
...... Re...

{ averag) voitage

»
s
-
-
g
~
L

Time (ms)
= digseua aier & forw e dleest &1 Rysieer=

3gfee I AR el & o dissoua fohder dolt & veh =wsh R <l 8, AR safaT g fohder aoit &
Fou AR e eufaat & e [faa gl

e f3foieer flaeter @1 Aot-uaiice &31 R 3R o A fRerd ST Arsfeher o AT 37e191-37e1T &eh, 3M3CYC
3eT 3TV T [Tl JeTel R AT Teh [l ool UaATaial f[@actel T oig sqagR e it
drgseuA e T Jeiell 7 Sga el 1 & wfafshar a0 €, S foh 3ifsar T, selfeeen AT 3R
HlelA1$s Tarqued|

SselUA AT 3159 & TadTella] Aiche &l F3foeel &7 @ AT it &l Ueh 1<) Aeholleh & |

faeg et AT T 917 AlgGeleT dlecst I fAeR ich g1 ateest & disseud 3gicd et e 3ciest
g9, Selferea AICY T GUTel 3T ool 81| Teh TaATeller Hidhe fordes forw 5V a1 12V & 31fes & dtecat
Gl T ITARIHAT BIell 8, 38 NSeo[u FAgIal T 3UANRT aleh AT fham ST JehelT §1 380 Nsso[uaent
39T NSo[UA IET ATSfehel AT NSeo[UA Todl wISTS H IRaceT & ATLIH F HeT U &l g3
o & fIT R ST HehaTT §1 519 38T ATsfehel 0% BIdT &, dl Alel G g ¥ ¢ g1 Srwah ifeh g
oSt 3R 18T g1 ST 3YET Aol 50% Il &, dl HeX ifeehce arfey shr 3mefl arfey & gl Fifen
dlecst ot aTedsT T 31TET & | STd Wsse[ua 100% Tl # giar &, ot Msse[Ua & R 3M3eye & HRUI
AT A MY & GAN &1 Tow AS1S AlFeRe fHdr 8t 3T 1 w6l e & s @ faaka
fSSTelt &1 AT i AT X &7 T ATER aier g1 dTarEidT AeX &1 a1fa & FafRa &= & o)
I JTIeRT S TAATIT FXel T 3MARTSRAT &, Al 38 el o [T T dISTS ASLRI 20T T 3TAT Y |




e B

(] P
BLDC (Brushless DC) Motor Trainer MI-EV03 M ”E"
C Am RPN Meteg (0457

Amrwter (0104}

AC Maim

= ASec s I 3T ieh dTUASIET AT HhT holerelel IRW



FY T, GiARed Y fos @elt clorer Biee [faw e fRafa # )

TarSTelT 3Mqfcl 24V DC/10Amp +Ve S1 (@Tef) T DC dlecHIe +V1 (@lTel) ¥ halere Y|

TISTelT 3MYfel -Ve S2 (hTelT) Y DC dlecHIeT V1 (Tell) H Fhatere Al |

qTaR HTTS -Ve S2 (Seleh) Y Shelolk eI 24V -Ve S4 (Seleh) ¥ Faiere Y|

DC dlecHTeX +V1 (|Tel) & DC THIET +Ve Al (elTel) & Hhalde Y|

o= & S3 +Ve TffAdel I DC THIEI Al (Flel) & -Ve T FHelae Y|

F18 &l oo (Arell iAo & Fatere Y| (T Al TS o NSeoTA iAol § Felare )
BLDC e &l o1 H1 (831), H2 (dYeln), H3 (i), H+ (aITet) 31R H- (FTelT) & gTel A8 AT J
FoAdFe P

319 BLDC HTeX i 4T &1 & ATEIH ¥ BLDC TS 39T dhataralal M1 (831), M2 (dYem) 31k M3
(ATeIT) o JFUA F Tolae |

RPM HIEX shalaralel (ITel, sitell 3R &Tell) Sl RPM A2l & shatdre Hi|
g% ATARFT CRO +Ve ST & PWM (ArelT) 3R -Ve Y AT38 H dhotare i |
ITNEF FoAaelel ATSe & 916, AT & forw AeT THY Toar 3ot 3R Torelielt Reaar 3171 Y|
37cT: TSI AT ol ST AaRI H elerel [&aa I1 ar 3R a1 v Feafa JA ¢

SO ShelohleT & HTHR NSee[UH $-aT5h ohl Tt 0T (fole=t, Fege 3R 3w Tele
gl
WISee[UA FAld & SETATS A SUSIAT Al el 3N IT3cYe cRaTeT RN & fegrar = g |
AT &1 a1fey drssoua aAte (Gs) i f2ar 7 71 arATac) H deercdt el § AR e i a1fy & 38R
IR T o 3M3eYe H T Seeld gial &, 31 Nese A [Faeter, alest, e AR 5gE s &t
Y FAaToT I FhA B |
HRATeH Frex g 1 o aror ¥ 3 PwM T <itsrs arfal aRadsT & 3eTar seerd B
AT T GATT THT T & H3CYE et R FA7eTel 3cdea g1aT & o g IRNTH #Hex |}
ECReCkd
319 7gT, Tl 3 e IM3CYE AT T & HarA § |
& 3T PWM #ATe weTcTH Feeld & | STTehald &l & flT Aled &7 a1l &g STt iR et
3gfed o 96 StTwelt AR f aRads & 37aR dissous i <isrs o seer Smeef|
3T 3R IRATH HeT 7T W hed Tsh I Ale Y | G & crforeht g8 3R fsar o,
HeicT Toh SGel AR ITRUITH HIe &l Aol Al Y |




HMO1002 (Hw Ox10180002; SW 05.457)

2022-05-02 06:15
DIGITAL AUTOMATION Auto-Trig./Run '@'HGHBE&SCHW“HZ
TB:2ms T:0s “HL: 259V F 24B.76kSa
SAVERECALL
SCREENSHOTS
+: 5130V . STORAGE
R Front USB TE
< G4 02U8 » -
FILE NAME
scrcor
FORMAT
BMP o
COLOR MODE
inverted (all) "*
Eopeloa tT4EERRSIY SAVE
L .
Ve ~700.07 mV Tam o
FPRINT
-
|CH1: 10 v | VAmMp: 5112V cnt ;3
RMS: 13.68V I 5.21ms t L 454.26 us tU:s.76ms
Vpp: S2.00¥ f: 160.97 Hz Dty+: 7.30% Dty-: 92.59%
T Rger arsd REara 3¢ arsfere -7.30%
RN
F.9. fssaua Reerer 338 afFa)v afa (3mdies)
1
2
3
4

&I Wiy

3Tdolleha] dTfolenl

o mgﬁ%ﬁﬁ%mwm&wﬁ%ﬁsﬁrgﬁ%l

o AU AR 8 & FadaleT F=TT |
o 1S ¥ STEd 3TT Aot AT Wid o 9N fFaY ¢k &7faared g S|
o SId A el U # g al Aley =&l & o1 gU|
o ARG FY & 59 AT aTe] 1M Y ST cgaeam A s Feufaq A g7




DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH/ M.TECH .... SEMESTER
DIGITAL CONTROLLER LABORATORY
EXPERIMENT NO: 2

Aim: To conduct an experimental study of the operating characteristics of a small stepper motor
and its controller. Further, to study the control of the motor through a microprocessor Kit.

Appratus required:

Stepper Motor Study unit
Microprocessor kit (8085)
DSO/ CRO
Patch cords

Theory:

Stepper motors are available in a variety of forms, which differ, in their working principles,
structures and number of phases. These are mentioned below-

Permanent Magnet Stepper Motor
Variable Reluctance Stepper Motor
Hybrid Stepper Motor

The construction and features of hybrid stepper motors are a combination of permanent
magnet and variable reluctance type stepper motors. These motors therefore have detent torque,
are capable of high stepping rates and high resolution or small step angle. The disadvantages
include somewhat large rotor inertia and problems of resonance at certain speeds.

The motor available with the study unit is a hybrid stepper motor having the following
characteristics:

« Step angle 1.8° = 5%, non-cumulative

« Steps per revolution 200

* Rotor Inertia 0.1 Kg-cm2

* Detent Torque 0.3 Kg-cm

« Holding Torque 2.0 Kg-cm in Mode-A, 2.8 Kg-cm in Mode-B
« Operating Voltage 12 volt DC

« Current per phase 0.5 amp.



Mode of Operation:

In stepper motor, if the basic step angle is seen to be 90° since only one phase is ON at any given time,
this is termed as mode-A operation. If two phases are ON at any given time, referred to as mode-B
operation, the rotor would execute the same basic step of 90° but lock in the direction of the resultant
field. This mode requires more power and develops larger holding torque. It is also possible to operate
the motor alternately in mode-A and mode-B operation and thus produce 45° shaft movements per step.
This is called mode-AB operation. To decrease the step angle further, the number of magnetic poles and
stator teeth must be increased.
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Driver System for Stepper Motors:

As discussed earlier, there are three modes viz. A, B and AB in which a stepper motor may be operated.
Mode-B has been chosen in the present experiment because of its simplicity and high torque. Further
the basic step angle of 1.8° produced in this mode is adequate for the experimental work. Fig. 1 shows
the scheme adopted for the driver system. The pulse sequence generates a sequence of pulses for the
four phases as shown in Table I.

Step | Phase 1 | Phase 3 | Phase 2 | Phase 4 A Counter
1 0 1 0 1 clockwiase
5 1 0 1 motion
3 1 0 1 0
4 0 1 1 0 Clockwiase

motion
5 0 1 0 1 v
Table 1

The clock frequency is adjustable in the range 10-400 Hz (approx.) and is used for a variable speed drive
in either direction. Provisions are also there for ‘manual’ stepping through push button, and for the
‘wobble’ state in which the shaft executes one step alternately in the clockwise and counterclockwise

directions.



The phase windings of the stepper motor usually have a large L/R ratio. The motor current therefore
cannot be switched ON and OFF instantaneously. Also for higher stepping rates, the current may not
rise to the rated value and thus the torque generated may be too small. Further, transient voltage
developed during switch OFF may damage the driver circuit. Various techniques have been used to
solve these problems and force a current step to the phase winding. In the present unit, a constant
current source with zener diode transient suppressor has been incorporated which is found to be
satisfactory.
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Fig. 2 Dynamic Response For Different Stepping Rates
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Dynamic Response:

In the ideal case, a stepper motor executes one basic step angle for each input pulse. However
due to the low damping factor inherent in the system, the response is somewhat oscillatory. The
nature of this damped oscillation further depends on a number of factors like motor load,
driving circuit and mode of operation. For a motor without external loading and operating from
a perfect constant-current source in mode-A, the transfer function may be represented in the
standard second order form as

2

G(S): Wn

S2+28 w,s + @’



A measurement of the peak overshoot and peak-time may be used to calculate the settling time and
thus evaluate the dynamic response under this condition. If the motor is operated in mode- B a
larger amount of damping is involved and the oscillations die out quickly. This is because torque
generated by oscillating components of the currents in the two phases oppose each other. The
transfer function in this case is of third order with a small value of settling time.

In the above it is assumed that the motion is essentially caused by single step i.e. after every
applied step the shaft comes to rest at the new position before the next pulse is applied. Necessary
feature of this operation is that the loaded motor can start or stop without losing step. The maximum
rate upto which this is possible is called the pull-in rate. If the stepping rate is increased beyond
pull-in rate, the motor does not stop at every step but may be still maintain synchronism. In this
range of operation, the motor will not stop instantaneously when the input pulses are discontinued.
This is known as the slew range. If the stepping rate is increased still further synchronism is lost at
pull-our rate. These ranges of operation are illustrated in Fig. 2. Fig. 3 shows the general nature of
the torque-speed curves of a typical stepper motor, the characteristics, however, depend on a large
number of factors external to the motor.

Experimental Work:

This experiment determines the basic operating principles and characteristics of a hybrid
stepper motor. No inertial or frictional loading should be applied to the motor.

Basic Step Angle Measurement:

e Keep switch S; to manual stepping (Fig. 1).

e Select clockwise (CW) rotation.

e Connect all phases to the corresponding drives.

e Press the manual stepping push-button in multiples of 10 pulses and note the change in
angular position from the dial. Observe the pulse sequence also and match it with that
in table 1.

e Calculate the average basic step angle.

e Repeat the above steps selecting counter-clockwise (CCW) rotation.

Speed and Direction Control:

e Keep switch S; to free run position.

e Set the pulse frequency to about 10 Hz, and measure its value accurately with a DSO/
CRO.

e Connect all phases to the corresponding driver.

e The motor starts rotating in the selected direction (CW or CCW). Measure the shaft
rotation speed with a stop watch and record it. Calculate steps per revolution.

e Repeat the above steps at other frequencies and find an average value of steps per
revolution.

e Repeat above with the direction of rotation reversed.

e With the motor running at a high speed, observe on the DSO/ CRO and trace the
waveforms of all phases. To ensure proper timing relationship, use TRIG signal for
external triggering. Change the direction of rotation and repeat.



Observe and record the maximum speed upto which the direction of rotation of the
motor can be switched between CW and CCW with success.

Low Frequency Resonance:

(a) Motor without load

Conduct this part near the lowest frequency to avoid excessive vibrations. Keep the friction
close to minimum so as to cause very small frictional loading.

Keep switch S; to ‘wobble’ position. (Fig. 1)

Connect phase 2 to driver 1 and phase 4 to driver 4.

Connect the DSO/ CRO (Y channel) through the terminals provided on the panel.
External triggering with TRIG signal will be found to be very convenient for proper
viewing.

The motor now wobbles in mode-A and its dynamic response is displayed on the DSO/
CRO screen. Verify the mode by single stepping. Trace the figure on a tracing paper
and from it calculate My, 9, t, tr, and ts (for £ 5% tolerance band). Calculate fmax from
above assuming that the motor must come to rest after each pulse.

Connect all phases to corresponding drivers. The motor now wobbles in mode-B.
Repeat the preceding step and compare the results.

Connect Phase 1 to driver 1 and Phase 4 to driver 4. The motor now wobbles in mode-
AB. Verify by single stepping. Repeat the preceding steps and compare the results.

(b) Loaded Motor

The general effect of applying inertial load to the motor is to delay the settling of the transient
response and to cause an increase in overshoot. This effect may be seen by loading the motor
with different inertial disks provided for the purpose and observing the motor response in
wobble mode.

Keep switch Si to ‘wobble’ position.

Connect phase 2 to driver 1 and phase 4 to driver 4.

Connect the DSO/ CRO (Y channel) through the terminals provided on the panel.
External triggering with TRIG signal will be found to be very convenient for proper
viewing.

Introduce frictional loading by turning the friction screw (on top of the motor unit)
clockwise. Adjust the amount of frictional loading so as to result in a slightly under
damped response (2 or 3 peaks noticeable).

Mount an inertial disk on the motor shaft and record the change in response (My, ty).

Repeat the above steps for different disks (or combinations) and tabulate the results.



Microprocessor Control:

In this part of the experimental work, the aim is to program the stepper motor motion according to a
requirement using the microprocessor interface.

Connect the interface cable to the main unit and switch ON power. A green LED on the panel will
glow indicating motor under microprocessor control. Display on the kit will show the usual ‘- UP85’
sign. Reset the kit if necessary.

Connect all phases to the corresponding drivers. None of the active-phase indicator- LED’s would
be glowing.

Before executing any application program, the system needs to be initialised. To do that, Press
“RESET” to get screen, something written.

Press “GO” command and write 4000 and press “FILL” key.
With key “C” (for clockwise) and “D” (for anticlockwise) to adjust the motor to a convenient scale
position.

After this adjustment, terminate the program by pressing the hex key E. The system will return to
monitor. Do not press RESET now otherwise initialisation done will be lost.

(The above steps are common to any program testing. Now load the application program in RAM
starting at address 2000h.)

For loading the program, press “REL Exmin” key to get blank on panel. Now write 2000 again.

Press “MBMC Next” key get 2000 _ _. Now load the complete program with pressing “NEXT” key,
write the address.

After last loading, press “RESET” key for ending of loaded program, now program is loaded.

To run the program, press “GO” write address i.e. 2000 and press “FILL” key. Now program will
run.
Sample Program |

To rotate the motor by 1.5 revolution in clockwise direction at 30 rpm.

Address  Code Label Mnemonic Comments

2000 31FF212 LXI1SP, 21FFH stack initialisation

2003 OEO01 MVI C,01 ;one revolution

2005 1600 MV1 D,00 ;clockwise direction

2007 1E1E MVI E,1E ;30rpm speed

2009 CD 4040 CALL FREERUN18 ;take one revolution

200C 01B400 LX1 B,00B4 ;180°for Yarevolution more
200F CDF040 CALL ANGLERUN18 ;rotate by 180°

2012 EF RST5 ;return to monitor

Note the angular position after executing this program and check that the motor made
1.5 revolution in clockwise direction from the starting position.



Sample Program I

To program the motor for making 10 cycles of to and fro motion with a span of 36° and a time

period of 1 second.
Address  Code

2000 31FF21
2003 012400
2006 1600
2008 1E18
200A 2EOA
200C CDF040
200F 16FF
2011 CDF040
2014 1600
2016 2D

2017 C20C20
201A EF

TYPICAL RESULTS:

Label

CYCLE:

e Step angle : 1.8° per step
e Steps per revolution : 200
e Low frequency dynamic response : From the waveform in the ‘wobble’ condition in

mode-A

Mp=66%; 6 = 0.131

Mnemonic Comments

LXI1SP, 21FFH ;stack initialisation
LXI1 B,0024H ;36° span

MVI1 D,00 ;start clockwise

MVI E,18 ;speed for 1 sec period
MVI L,0A ;counter for 10 cycles
CALL ANGLERUN18

MVI D,FF ;reverse direction
CALL ANGLERUN18

MVI D,00 ;reverse direction
DCR L ;decrement cycle count
NZ CYCLE ;if over

RST5 ;return to monitor

tp = 7 msec.; ts (from measurements) = 30 msec. approx.

Max. single stepping rate = 33 Hz

The above figures are for general information only since these depend heavily on external load
conditions like friction screw setting and inertia disk attached.

Resonance and instability : These occur in stepper motors at certain stepping speeds which
disturb the normal operation of the motor. Low frequency resonance occurs at the natural
resonance frequency and its subharmonics. In this motor unit, a strong resonance effect may be
observed around 90 Hz. In most practical applications, however, these resonances do not
restrict the performance of the stepping motor since the motor and load can be instantaneously
started and stopped at stepping rates well above the natural frequency.
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AT 1T |
Address  Code
2000 31FF212
2003 OEO01
2005 1600
2007 1E1E
2009 CD 4040
200C 01B400
200F CDF040
2012 EF

Mnemonic

LXISP, 21FFH

MVI C,01

MVI1 D,00

MVI E,1E

CALL FREERUN18
LXI B,00B4

CALL ANGLERUN18
RST5

stack initialisation

;one revolution

;clockwise direction
;30rpm speed

;take one revolution
:180°for Yarevolution more
;rotate by 180°

:return to monitor

G Wrane i s et & a1 ol Rufa W eart & 3R S o Jex o 3R e fufa & eferonacd ferr
# 1.5 TFhT AT ¢ AT sT611

AT WA 1

36° T 37T 3T 1 ors T THAAGTS & TTY 3179T 3R TS H1 1T & 10 Teh TAT o TolT HEL T G HAT|

Address
2000
2003
2006
2008
200A
200C
200F
2011
2014
2016
2017
201A

Code
31FF21
012400
1600
1E18
2EOA
CDF040
16FF
CDF040
1600

2D
C20C20
EF

CYCLE:

Mnemonic

LXI1SP, 21FFH

LX1 B,0024H
MV1 D,00
MVI E,18
MVI L,0A

MVI D,FF

CALL ANGLERUN18

MV1 D,00
DCRL

J NZ CYCLE
RST5

CALL ANGLERUN18

Comments

;stack initialisation
;36° span

;start clockwise

;speed for 1 sec period

;counter for 10 cycles

:reverse direction

:reverse direction
;decrement cycle count
:if over

:return to monitor
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH/ M.TECH .... SEMESTER
DIGITAL CONTROLLER LABORATORY

EXPERIMENT NO: 3

Aim: Write assembly language program to generate i) saw tooth wave, ii) triangular wave, iii) square
wave, iv) trapezoidal wave and iv) sine wave for CCS and implement with DSP TMS320F28335

Appratus Required:

DSP TMS320F28335 kit
Desktop Computer with CCS Software

Program:

Algorithm:

i) Saw tooth wave
start

k=0, out][ ]

for i=0to 16
begin

out[K]=0

increase k

for j=0to 48
Begin
out[K]=out[k-1]+1
increase k

end

end

stop

ii) Triangular wave:
out[n] — output values

out[0] = 0; k=1,
for (i=0;i<16;i++)
begin

for (j=0;i<7;j++)
out[K] = out[k-1]+1;

increase k

end

for (j=0;j<7;j++)
begin
out[K]=out[k-1]-1;
increase k

end

end

iii) Square wave:
Start

k=0, out[]

for i=0t0 16



begin

for j=0 to 32
begin
out[k]=6
increase k
end

for j=0to 32
begin
out[k]=0
increase k
end

end

stop

iv) Trapezoidal wave:
Start

k=0, out[0]=0

for i=1to 16
begin

forj=1t0 8

begin
out[k+1]=out[k]+1
increase k

end

for j=1to 32
begin
out[k+1]=out[k]
increase k

end

forj=1t0 8

begin
out[k+1]=out[k]-1
increase

end

end

stop

v) Sine wave:

Start

sine[n]- Array containing sine values
out[n]- output array
k=0;

fori=1to 16

begin

for j=0to 25

begin
out[K]=sine[K]
increment kK

end



end
stop

Inferences:

1. Format for defining multiple loops

2. Format and use of unconditional & conditional branch instructions

3. The buffer size needed to display wave forms

4. The relation between buffer size and amplitude of the waveform

5. The relation between machine cycle frequency and frequency of the wave



Rega srffraifieh Remer
Al e T wleaifadT aeurer
f.2H/UHLF... FRATI
HE GG EC IR RIUIGH
TN HEAT: 3
38?F: CCSHFeR WX i) A ¥ A9, ii) Fepofr aa, i) 997 49, iv) ¢iieifssa aa 3R iv) &
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TeaReH:

i) | I T
start

k=0, out] ]
for i=0to 16
begin
out[K]=0
increase k

for j=0to 48
Begin
out[K]=out[k-1]+1
increase k
end

end

stop

ii) TETIER T
out[n] — output values
out[0] = 0; k=1,

for (i=0;i<16;i++)
begin

for (j=0;i<7;j++)
out[K] = out[k-1]+1;

increase k

end

for (j=0;j<7;j++)
begin
out[K]=out[k-1]-1;
increase k

end

end



iii) FATHR T
Start

k=0, out[]
for i=0t0 16
begin

for j=0to 32
begin
out[k]=6
increase k
end

for j=0to 32
begin
out[k]=0
increase k
end

end

stop

iv) SUTSISST a3
Start

k=0, out[0]=0

for i=11t0 16
begin

forj=1t0 8

begin
out[k+1]=out[k]+1
increase k

end

for j=1to 32
begin
out[k+1]=out[k]
increase k

end

forj=1t0 8

begin
out[k+1]=out[k]-1
increase

end

end

stop

V) ST aleT:

Start

sine[n]- Array containing sine values
out[n]- output array

k=0;

for i=11to 16

begin

for j=0 to 25



begin
out[k]=sine[k]
increment k
end

end

stop

sy
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH/ M.TECH .... SEMESTER
DIGITAL CONTROLLER LABORATORY

EXPERIMENT NO: 4

AlIM:-

To study the performance characteristics of a d.c. motor angular position control
system using a PID controller as well as through MATLAB.

INSTRUMENTS REQUIRED:-

DC Position Control Kit

Motor Unit (12-24 V, 40 RPM, 1.48 kg-cm 2.8
Computer Aided Measurement Module

DSO/ CRO

System with MATLAB Software

Remark: Angular position of the motor shaft is sensed by a special 360° rotation potentiometer
attached to the motor unit. A calibrated disk mounted on the potentiometer indicates its angular
position in degrees. In addition to this, a small tachogenerator attached to the motor shaft
produces a voltage proportional to its speed which is used for feedback.

THEORY:-

Second order system is used here for experimental work. The reason for this is that a
large number of higher order practical control systems may be approximated as a second
order system while neglecting less dominant modes, nonlinearities like dead zone, saturation,
hysteresis etc., assuming these to have little effect on the performance. Also second order
systems lend themselves to a simple and accurate mathematical analysis.

L R

LOWAD
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E(s) s(sT+1)

Fig. 2 : Transfer function of D.C. Motor
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FIG. 3 : Simplified block diagram
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Fig.4 : Normalized step response of the second order syste

() Delay time, tg, is defined as the time needed for the response to reach 50% of the final
value.

(i) Rise time, t;, is the time taken for the response to reach 100% of the final value for the
first time. This is given by

= w—d,where B =

g =B Ja-¢%)
r €



(i) Peak time, tp, is the time taken for the response to reach the first peak of the overshoot
and is given by
b = T

g Wy (1 - 62)

(iv) Maximum overshoot, My, is defined by
M. = C(tp) — c(e0)

X1009
. ") 00%

(v) Settling time, t;, is the time required by the system response to reach and stay within a
prescribed tolerance band which is usually taken as +2% or £5%. An approximate
calculation based on the envelops of the response for a low damping ratio system yields

ts (£5% tolerance band) =3/{wn
ts (£2% tolerance band)= 4/{wn

Another important characteristic of a closed loop system is the steady state error, ess.

For unity feedback systems e is defined as

ess = e(t) = {T(t) - C(t)}

A simpler way to calculate steady state error without actually computing the time
response is available in the complex frequency domain. Application of the final value
theorem of Laplace Transform to unity feedback system gives,

SR(s)

€ss = e(t) = SE(S) = TG(S)

Steady state error may be obtained for various inputs (step, ramp, parabolic) and
systems of various type numbers (number of poles at origin). To facilitate the calculations,
error coefficients are defined as

Position error coefficient, K, = 1lim G(s)
s—0

Velocity error coefficient, K, = lim sG(s)

s—0

Acceleration error coefficient, K, = lim s?G(s)

s—0

Remark-1. The position control system has a second order transfer function in the standard form.
2. The system should not have any steady state error for step input.

3. The transient response of the system is affected by the value of KA. A higher value



of KA should result in larger overshoot.
Tachogenerator feedback

It may be intuitively obvious that availability of a single adjustable parameter Ka in
the position control system is likely to meet only one of the performance characteristics. In
most cases however one is interested in at least two specifications simultaneously e.g. steady
state error and the damping factor or peak overshoot. In an electromechanical system this is
conveniently achieved through tachogenerator feedback.

Considering the tachogenerator feedback path also active in Fig. 3, the closed loop
transfer function is obtained as

C(s) K,G(s) _ KoK /T
R(s) 1+KG(s)(A+Kps) 24 (1+ KK Kp) (%) + (K,K)/T




It is easily seen that the steady state error to unit ramp is given by
ess = 1/KaKn, and the damping ratio by

¢ = (1+KaKnKp)/2\(TKAKD)

Remark- Thus the specification of ess and may be met simultaneously by a proper
choice of KA and KD.

System Imperfections

All practical systems are imperfect to some extent. As a result of this, the actual
system response differs from the ideal response of Fig. 4, which is valid for a second order
linear system. Some of the contributing factors relevant to the present set-up are:

(a) Saturation of armature current - necessary to protect the driver from high currents when
the motor starts or reverses its direction. This implies limiting the maximum control effort
for large errors leading to a slower response.

(b) Amplifier saturation - has effects similar to above although the saturation is now a circuit
limitation.

(c) Dead zone - caused by a minimum voltage below which the motor would not start due to
the friction of the brushes and bearings. As a result of this the steady state error may be
larger than expected.

(d) Nonlinear tachogenerator and motor characteristics - due to manufacturing
inaccuracies.

(e) System order - may be actually more than two, due to load characteristics, delays and
filters used.

PID — Controller

The three sections may be individually connected by inserting the appropriate plugs on the
front panel and the parameters, viz., Kp, Ki and Kd may vary in the range as under, using the
potentiometers on the front panel.

Kp, Proportional Gain, varies from 0 to22.
Ki, Integral Gain, varies from 0 to 10
Kd, Derivative Gain, varies from 0 to 2.5

To make our study very simple we only discuss how the PID gains affect the transient
response rather than their actual values. The potentiometers on the panel are therefore
calibrated from O to 10 and are used as such irrespective of the actual parameter values. For
the sake of simplicity potentiometer settings will be referred to as P, | and D.



Experimental Work

The experiments suggested below enable to study the performance of the closed loop
system with PID control and closed loop system with combined proportional and
techogenerator feedback. Idea of dead zone and its effect on steady state error is also
introduced. A special provision has been made in the set-up to store and display a response of
the system - a need which occurs quite frequently. The operation of this waveform
capture/display provision is described first.

Waveform Capture/Display

This card is designed to automatically store the response of the system in a RAM
whenever a step input is given. The stored response is then displayed on the CRO. Steps for
its operation are as given below:

(a) Power ON the system and/or press the RESET switch - unit goes into DISPLAY the axes
and shows the RAM contents (zero at present).

(b) Press the MODE switch - the unit becomes ready to capture the step response.

(c) Applying step input now starts the storage. At the end of the capture cycle, the mode
automatically shifts to DISPLAY and the response waveform is seen on the CRO.

(d) Storage of a new response or pressing the RESET switch erases the current waveform.

(e) The time scale of the display may be calibrated by feeding the X-output (sawtooth) of the
unit to the Y-input of the CRO and determining its time period and amplitude.

Closed loop study

Position control through CONTINUOUS command

e Ensure that the step command switch is OFF.

e Connect the P-section only using the plug provided.

e Starting from one end, move the COMMAND potentiometer in small steps and
observe the rotation of the response potentiometer.

e Record and plot 0r, Vg, 6o and V, for a few values of K.

e Calculate ABg and A6y (taking initial readings as nominal values) and plot. Also
calculate the errors (A6r-ABp), (AVR-AV)) at each step. Justify the presence of errors
and their variation with K.

e Now connect both P and I-sections. Set K to 30% and repeat all the above steps.
Compare your results.

Position control through STEP command

Effect of Proportional Gain

e Ensure that the tachogenerator feedback switch on the MOTOR UNIT is set to
NEGATIVE.

e Connect the P-section only using the plug provided.

e Adjust the reference potentiometer to get Vg=0.



e SetPto2.
e Connect the CRO, calibrate the time scale, and switch to CAPTURE mode.
e Apply STEP input. Wait till storage is complete and the response is displayed. Trace
the waveform from CRO/ DSO.
e Compute M, ¢, tp, tr and the steady state error.
e Repeat for P=34,....
e Now set P =6, and choose various values of tachogenerator gain, Kp=0.1, 0.2......... and
repeat the above observations.
e Tabulate the results as shown in the next section and discuss :
o variation of maximum overshoot, rise time and steady state error with forward
gain.
o effect of tachogenerator feedback on maximum overshoot, rise time and
stability.
o effect of dead zone and saturation on step response.
e Compare your results with theoretical predictions assuming a second order system.
e A set of observations with POSITIVE tachogenerator feedback may also be taken in
the same manner as above.

Effect of Integral and Derivative Gains

e Connect both P, and I-sections using the plugs

e Setavalue of P that gives small or no overshoot in the response.

e Now increase | to improve steady state performance. Note the increase in overshoot.

e Connect D-section as well and adjust D to get the best step response with no steady
state error and little or no overshoot. Note down the PID parameters

TYPICAL RESULTS

Typical results obtained on a similar unit are next given for guidance. The reading and
result have all been obtained using the waveform capture and other built-in facilities of the
unit. However, a set of step response recordings obtained through CRO.

(a) Manual operation of the position control

Kp = 0, Tachogenerator channel disabled

P=51=0,D=0

S. NO. P M p tp tr C €ss ®n
% msec msec volt rad/sec




The measured values of Vg have negative signs which have not been inverted in the internal
circuitry for technical reasons. These may however be read as positive and calculation
should be made with positive values

(b) Calibration of X-output

In the DISPLAY mode with X-output connected to the Y-input of CRO/DSO, a sawtooth
waveform is seen. On measurement,

Amplitude of sawtooth = 5.6 volts.

Time duration of the main linear part = 39 msec.

X-output scale factor is thus 6.96 msec/volt

The X-output waveform above consists of axis display part and waveform display
part. The latter is identified by a much longer time duration which has been measured above.

(c) Step response of the position control without tachogenerator feedback

(Effect of varying P-Gain on the transient response: P-Control)
Set1=0, D=0 (PID parameters)

Set Kp=0 (Tachogenerator gain)
V=2.5V (internally set)

S. NO. P M p tp tr g €ss ®n
% msec msec volt rad/sec

(Effect of introducing I-Gain on transient response: PI-Control)
Set P =2, D =0 (PID Parameters)

Set Kp=0 (tachogenerator gain)

V=2.5V (internally set)



S. NO I Mp tp tr Q €ss ®n
% msec msec volt rad/sec
(Effect of introducing D-Gain on transient response: PID-Control)
Set P =2, 1 =2 (PID Parameters)
Set Kp=0 (tachogenerator gain)
V=2.5V (internally set)
S. NO KD Mp tp tr C €ss ®n
% msec msec volt rad/sec

Fig. 5 : Typical step response of the position control system




(c) Step response of the position control with tachogenerator feedback

(Effect of introducing Tacho Gain on transient response: Velocity Feedback)

SetP=6,1=0.D =0 (PID Parameters)
V=2.5 volts (internally set)

S. NO KD Mp' tp tr C €ss ®n
% msec msec volt rad/se
c

Referring to Fig. 5,
ess=Vs-Vo, where Vs and Vo may be measured by DVM
. Vepak — Vo(00)

P Vo ()

tp, tr may be obtained from CRO/DSO

x 100 %

€ may be calculated from M, using the standard relation
M, = exp (—ne/\/ 1- 62))

oy is calculated from the expression of ¢, = {n/wn,/(l - 62)}

The closed loop and open loop transfer functions of the system may now be written as,
Closed loop :

2
wn

s2 + 2ew,s + w?




open loop (excluding Ka) :

1 s
K, s(s + 2ewy,)

Remark: 1. The open loop transfer function (excluding KA) comes out to be different for
different readings - the system is not actually a second order function.
2. The peaks of the response curves are flattened - the motor has dead zone.
3. The peak overshoot does not increase significantly with KA - motor armature
currents is restricted.
p, tp, £ and ess may be obtained as outlined in (c) above.
Remark: 1. The tachogenerator feedback is seen to reduce and increase Mp . Relative
stability is improved.
2. There is an increase in tr and tp. The system becomes slower.

3. The steady state error remains unchanged.

NOTE: Under certain operating conditions, the motor may start continuous uncontrolled
rotation. This is due to a very small gap (approx. 5°) in the response potentiometer which is
easily overshooted by the motor, due to its inertia. In such a situation normal operation may
be restored by decreasing the gain or by changing the position of the command potentiometer.

The results of steady state error may not always be correct, especially for small errors.
This may be due to the shaft friction which stops the motor near steady state but not
necessarily exactly at steady state. With 1-Control active, even a small steady state error
would be integrated slowly till it is large enough to push the motor in the other direction. This
process can continue periodically for any length of time.

Computer Interfaced Experiments (MATLAB)

Installation Steps

Ensure to have MATLAB 2015b version or later installed on the computer. Install the FT232
driver provided with the hardware setup onto the computer, then click on the setup file



provided and the computer will install all the required libraries into the default toolbox folder
of MATLAB.

Experimental Procedure

The object of this experiment is to operate the hardware with the help of MATLAB
commands and see the results on the computer screen. In addition provisions are there to
store the results in an excel file for further analysis. As a first step all hardware connections
on the front panel, except the computer link, needs to be removed. Further the TECH-CAMM
needs to be connected to the DC Position Control unit at the back panel as well as the PC
through USB while identifying the COM port used. Then power both units and open
MATLAB. On the top line of window click ‘Add ONs’, then ‘Manage Add ONs’ and finally
‘open folder’ on DCS

300 [

Ref. Volt:200 volt
Kp:0.5; Ki:0.001; Kd:0.5

250 -

200

Angle in Degrees

150 [~

100 —

50 -

Time in seconds

Fig. A Default Response

Initially the motor will rotate continuously until program initiating command is given.
() Initiate the Program by typing,

x=Techno_DCP(‘COM...")

(b) Operate the unit with default setting



This part would give the user a sample of typical response that is to be expected with
MATLAB based PID control. The various setting are:

(i)

(if)
(iii)
(iv)

Starting angle set to 100 degrees

Target angle set to 200 degrees

PID parameters, P = 0.5, 1 =0.001 and D = 0.5
Maximum response time set to 10 seconds

All the above settings may be changed by the user any time. Following command will now
operate the motor.

x.start_resp()

Wait till a “busy’ is displayed on the left hand corner of the window after which the step
response as shown in Fig.A will be seen on the screen. A table on the main screen will
show the various parameters of the response.

(c) Operate the unit with user settings

Any of the following commands may be given by the user to alter the step response
properties before giving the above command viz., x.start.resp() once again.

(i)

To change the starting and final angle of the response,

x.set_start(...) and  x.set_ref(...)

The angles are in degrees. Do not choose values too close to 0 or 360 to avoid the motor
jumping over the potentiometer end point and start rotating continuously.

(i)

To change the PID and tachogenerator gains,

x.set_P(...) typically in the range 0.2 to 0.6
x.set_I(...) typically in the range 0 to 0.05
x.set_D(...) typically in the range 0 to 1.5

x.set_tacho(...) typically in the range 0 to -2



The above ranges correspond to the hardware parameters and reasonable system performance.
Users may explore settings outside the above range also.

(iif)  To change the maximum time for which the response is to be viewed,
x.set_max_time(...) The value is to be entered in seconds

(iv)  To export the data of all the responses that have been obtained one may use
the following command while choosing an appropriate destination folder.

x.export_data(...)

In case during experiment, due to any reason , a particular response needs to be removed, it
can be done by the command,

x.delete_latest()

alternately however the particular row may be removed from the excel file.

(v) After performing the experiment this command will ensure closing all open
COM ports and refresh the system for further use.

x.close()
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Fig. 5 : Typical step response of the position control system
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()  gfafhar & 3RS 3R 37T FIOT HT Sgol & [T,

x.set_start(...) and  x.set_ref(...)
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(i)  dI3ME3Y 3R ThIoIeILex AT T deolel & [T,

x.set_P(...) HH IR WIS, 0.2100.6
x.set_I(...) HTH AR LS, 0to 0.05
x.set_D(...) HHIR WL, 0to 1.5
x.set_tacho(...) A AR WIS, 0to -2
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(iii)y  9faferar ¢@et & forv 31T de THT dga & forT,

x.set_max_time(...) The value is to be entered in seconds

(iv) oo gt Gfafshansil & Ser @l Aol el o TelT hig 3ugerd i
PIes Gold AL (=1l &l ShATS T ST & Fehell ¢ |

x.export_data(...)

gfe oter & e, Rt sor &, fondlY fadw gfafehar s gerer &Y 3maTshar &, aY I8
TS ST T ST Tehel &,

X.delete latest()
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH/ M.TECH .... SEMESTER
DIGITAL CONTROLLER LABORATORY

EXPERIMENT NO: 5

Aim: To study MATLAB based robotic arm Kit.
Appratus required:

Robotic arm kit
Desktop computer with MATLAB Software

Theory: A robotic arm refers to a mechanical and programmable arm with comparable functions (e.g.,
grasping, and placing objects) to a human arm. They're usually motor-driven consisting of a collection of
joints, articulations, and manipulators, and are employed to accomplish heavy and/or repetitive processes
quickly and consistently. They are particularly valuable in the industries of industrial production,
manufacturing, machining, and assembly.In this experiment, the robotic arm kit (prototype model) is used
to understand the basic operation of arm using MATLAB. There are total 06 Nos. of motor fitted to
operate the arm. The speed and position of the motors can be changed as per requirement using command.

Robotic arm kit



Procedure:

Verify the connection ( com port) if not, then connect it
Open MATLAB in desktop computer

Enter the program given below

Run this program

Select the motor to give command for angle and speed.
Press the action button to run the motors.

o kr~wbdpE

4 gui_1

Motor-1 w 0

Action

Gui window to operate the motors

MATLAB Program:

function varargout = gui_1(varargin)

gui_Singleton = 1;

gui_State = struct('gui_Name', mfilename, ...
'gui_Singleton', gui_Singleton, ...
'gui_OpeningFcn', @gui_1 OpeningFcn, ...
'gui_OutputFen', @gui_1 OutputFcn, ...
'gui_LayoutFcen', [], ...
'gui_Callback', []);

if nargin && ischar(varargin{1})

gui_State.gui_Callback = str2func(varargin{1});
end
if nargout

[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});



else
gui_mainfcn(gui_State, varargin{:});
end
function gui_1_OpeningFcn(hObject, eventdata, handles, varargin)

handles.output = hObject;

guidata(hObject, handles);

function varargout = gui_1_OutputFcn(hObject, eventdata, handles)

varargout{1} = handles.output;

function position_Callback(hObject, eventdata, handles)

function position_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor’), get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white");

end

function speed_Callback(hObiject, eventdata, handles)

function speed_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor"), get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white");

end

function select_Callback(hObiject, eventdata, handles)

function select_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor"), get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white");

end

function action_Callback(hObject, eventdata, handles)

x = get(handles.select,'value’)

y = get(handles.position,'string’)

z = get(handles.speed,'string’)



s = serial(COM12''baudrate’,115200);
if isempty(str2double(y))==0 && isempty(str2double(z))==0
[{ num2str(x) ',y ','z '}]
fopen(s);
fprintf(s,['{’ num2str(x) 'y ', z'}1);
fclose(s);

end
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1. FoFeAe (FIA GIE) TS L TG G, F 57 FhaAdC Y
2. SERCIT HYX A MATLAB el
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4 guit
Motor-1 v 0 0
Action
HAlTH F FdIfeld el & fav GUI fds
MATLAB WRITH:

function varargout = gui_1(varargin)

gui_Singleton = 1;

gui_State = struct('gui_Name', mfilename, ...
'gui_Singleton’, gui_Singleton, ...
'gui_OpeningFcn', @gui_1 OpeningFcn, ...
'gui_OutputFen', @gui_1 OutputFcn, ...
'gui_LayoutFcen', [], ...
'gui_Callback', []);

if nargin && ischar(varargin{1})

gui_State.gui_Callback = str2func(varargin{1});



end
if nargout
[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end
function gui_1_OpeningFcn(hObject, eventdata, handles, varargin)

handles.output = hObject;

guidata(hObject, handles);

function varargout = gui_1_OutputFcn(hObject, eventdata, handles)

varargout{1} = handles.output;

function position_Callback(hObject, eventdata, handles)

function position_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor"), get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white");

end

function speed_Callback(hObiject, eventdata, handles)

function speed_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor"), get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white");

end

function select_Callback(hObiject, eventdata, handles)

function select_CreateFcn(hObiject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor"), get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white");

end

function action_Callback(hObject, eventdata, handles)



x = get(handles.select,'value')
y = get(handles.position,'string')
z = get(handles.speed,'string’)
s = serial(COM12','baudrate’,115200);
if isempty(str2double(y))==0 && isempty(str2double(z))==0
[{ num2str(x) ','y "'z '}]
fopen(s);
fprintf(s,['{ num2str(x) 'y ",z '}D;
fclose(s);

end



DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH/ M.TECH .... SEMESTER
DIGITAL CONTROLLER LABORATORY
EXPERIMENT NO: 6
Aim: To study Open CV software-based image processing and object detection Kit.

Appratus required:
Image Processing Kit
Open CV Software
Aurdino Board

TFT Display

Theory:

Image processing is any form of signal processing for which the input is an image, such as a
photograph; the output of image processing may be either an image or a set of characteristics or
parameters related to the image (i.e. colours). Most image processing techniques involve treating
the image as a two-dimensional signal and applying standard signal processing techniques to it.

In this experimental kit, following equipment fixed-
RGB camera

Proximity Sensor

Aurdino Board

Conveyer belt

AT/ BE/MAE [ 22 _-:._

RGB camera: RGB cameras are designed specifically to capture visible light. These cameras
use a Color Array Filter (CFA) with the standard Bayer BGGR pattern, which is sensitive to the


https://www.sciencedirect.com/topics/engineering/image-processing
https://www.sciencedirect.com/topics/computer-science/image-processing-technique
https://www.sciencedirect.com/topics/computer-science/signal-processing

primary colors of visible light: red, green, and blue. The Bayer filter array is arranged in a
mosaic over the camera sensor’s pixels, with each pixel dedicated to capturing a specific color.
The main purpose of an RGB camera is to capture images that will identify the colour of object
so that the object can be select or reject based on colour.

Proximity Sensor: A proximity sensor is a device that can detect or sense the approach or
presence of nearby objects and for this it does not need physical contact. Here this sensor is used
to sense the object near to the junction so that motors can get signal to pass or reject the object.

Arduino Board: It is an open-source platform used as a microcontroller or as a programmable
circuit board that runs with software (for ex. open CV) which is used to write code to the
physical board. Here Open CV software is used to write the code for image processing.

Procedure:

1. Write the image processing (object detection with colour) program in Aurdino Board
using Open CV Software.

Save and Run the program (for example- only Red coloured object can be pass)

3. Keep any colourful object which are mentioned in program, below the RGB Camera
fitted on Kit.

Object will be detected by camera and automatically goes to proximity sensor location.
The object can be pass or reject as per the program.

N

ok~


https://www.sciencedirect.com/topics/engineering/proximity-sensor
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
B.TECH/ M.TECH .... SEMESTER
DIGITAL CONTROLLER LABORATORY

EXPERIMENT NO: 7

Aim: Programmable Logic Controller (PLC) based ladder network creation on Siemens PLC(S7-
1200) for conveyor control application.

Appratus required:

PLC trainer kit

Conveyer control module

Desktop computer with TIA Siemens Software

Specifications:
e Make: Siemens PLC S7-1200 (1214C DC/DC/DC)
e Memory
=  Work Memory: 25 KB
» Load Memory: 1IMB
= Retentive Memory: 2 kB
e Onboard Digital 10: Input-14, Output-10
e Onboard Analog Input- 02
e Memory Area
e Process Image Input-I
e Process Image Output-Q
e Bit Memory- M
Creating Project
e Double click the desktop icon to start STEP Basic (TIA portal V11)
e After STEP 7 Basic opens, click “create new project” in the start portal.

Totally Integrated Automation
PORTAL

@ Installed software

@ Help




T4 Siemens - Project316 ]

Totally Integrated Automation

PORTAL

First steps

Open existing project Project: "Project316" was opened successfully. Please select the next step:
Create new project

Pproj I$
Migrate project

Close project

y b Configure a device
Welcome Tour

Qj@ Write PLC program
First steps

I ‘ Configure an HMI screen

Installed software

Help

User interface language

Open the project view

» Project view Opened project: C\Users\lab2\Desktop\PLC Sample Program\Project316\Project316

e Click on ‘configure a device’, add a new device’
e Select ‘unspecified CPU’ and select CPU and click add button.

T4 Siemens - Project316

Totally Integrated Automation

Add new device

Devices & @ Show all devices ~[mFC Device:  [wm
networks m « [ SIMATIC 57-1200
@ Add new device ~[@cPu
s » [l CPU 1211C ACIDCRly f 1 w
» [l CPU 1211CDUDCIDC

» [l CPU 1211C DUDCIRIY

o Unspecified CPU 1200
» L@ CPU 1212C ACIDCRly

D » ’—\ICF‘U‘IQT 2C DCDCDC
» [l CPU 1212C DU/DCIRIY Orderno:  |BEST 2X0CH000M0000
HMI » [l CPU 1214C ACIDCIRly :
= L Version V2.0 n
» [l cPU 1214C DODCIDC
@ Configure networks » [ cPu 1214C DCIDCIRY Description:

~ [l Unspecified CPU 1200
Unspecified CPU 1200

» Project view Opened project: C:\Users\lab2\Desktop\PLC Sample Program\Project316\Project316

The screen shown below will be available



T4 Siemens - Project316

Project  Edit  View Insert Online Options Tools Window Help Tl et Arieten
3 T |l seve project (&)1 N 52 (2 X )¢ @i G G MG W R sooniine oF Gooitine | fp I I8 % 1] PORTAL
Project316>PLC_1 = X
E Topology view @ Network view ||—|]1‘ Device view ‘ Options 22}
EQOOQ gt [pc -] = @ % [100% - =]k
=
~ | Catalog 3
~ ] Project316 B 5
B Add new device $7-1200 rack - g
& Devices & networks [ Filter g
=
+ [ PLC_1 [Unspecified CP... » mi cPU ]
» [gf common data i ] »E.signa\hnm
» [5]) Documentation settings The device s not specified. » ;. Communicatiens boards @]
» [i@ Languages & resources — » (D °
[ . L 4 Pleaseusethe Ha e catalog to specify the CPU, » (i D -3
» Jg Online access - @DQ =
» (i SIMATIC Card Reader — or detect the configuration of the connected device. » [@ DD ]
—— »mA e
<] [T ] &l » (@A @
- ~ e » (g AllsQ
| Device overview » [l Communications modules
-
(<] i » ¥ Module St |laddress | Qaddress | Type Order no. Firmwa )
- ‘ Details view > PLC1 1 Unspecified CPU 1200 6ES7 2 2 V2o 3
Name - (]
-3
i Add new device <] il 5
Devices & networks |§Pmperties H:ﬂ. Info 1) H '] Diagnostics ‘ z
2
e | General (i) H Cross-references H Compile ‘

Commen data
Documentation settings
Languages & resources

! Path Description Errors  wamnings  Time

&/ &l B I

[ > | > |Information

| . MR Frcijc i Frojects 16 created.
—

e C(Click ‘detect’ to detect the CPU. Turn ON PLC trainer and click ‘Refresh’ if CPU is not
readable

Add new device
Devices & networks &7 Startscanning... Q
4o Scanning for accessible devices on the selected network.

PLC_1
General i round sccessible device plc_1 [192.168.1.5] =l

men: Project316
Project Edit View Insert Dnhn‘e Options  Tools  Window  Help Tl e et A e
f (% seveproject S M IR & Goonline ¥ Gooffline : B~ M MR 3 —| (1] PORTAL
Project31
EEl
. =
EOO it [Fc =]k
Type of the FGIPC interface: | B_PNIE [~ £
b
+ [ Froject316 PGIPCinterface: | Wl intel(R) 82579LM Gigabit...|» | :l =
B Add new device q 8
gy Devices & networks E
» [ PLC_1 [y ified CP... =
B PLG1 [Unspecific Accessible devices in target subnet:
+ 5§ Common data
» [5] Documentation settings Device Device type Type Address MAC address fians boards o]
+ [ Lenguages & resources ple_1 57-1200 PNIlE 192.168.15 00-1C-06-08-84A7 °
» [igf Online access = =
]
» [ SIMATIC Card Reader z
=
< @
| Device lions modules =
3
<] i > 2 Mol )
3
hd ‘ Details view - =
= | Befesh | &
. 3 Onl 5
g
7
]

B

Commaon data =
Documentation settings
Languages & resources

£y

! |Path

a

Concel

[ [ »| > | Information

e C(Click ‘detect’ button to load the CPU as shown below



T4 Siemens - Project316 —_m X

Project Edit View Insert Online Options Tools Window Help Totally Integrated Automation

G (il saveproject 3 X 2 H X D@ [ MG E R Y coonline ¥ coofiine o [A R 2 o ] PORTAL
Project316=PLC_1 - EX
Devices |E Topology view Hﬁﬂ-n Network view ‘mi Device view ‘ Options (EE)
EHOQ = | dr [P - ,;J;j @, & [100% - = g
r =
- | Catalog z
~ [ ] Projectz1s =[[zeorcr> ] H
B Add new device §7-1200 rack g
2, Devices & networks @i“‘?’ 3
» [ PLC_1 [CPU 1214C DCI... » il CPU =
» [§4 Common data » ;!lsignalbnard
» [5] Documentation settings » r{| Communications boards o]
» [ Languages & resources » r{| DI °
» (i Online access 4 n'uDQ B
» [ SIMATIC Card Reader » (@ DiiDQ s
» (WA E
<] i » [ AQ b
- - fer » [ aiaQ =
J WA T + [l Communications modules B3
&
<] i > 2 Module St |laddress | Qaddress | Type Order no. Firmwa o
=
v | Details view 703 - 5
102 | |
101 Ll
Narne 3
B edd new device <] L ) 5
iy Devices & netwarks ‘g Properties Hl\.‘. Info & ‘lﬂ Diagnostics E
iy “
‘u_, e | General yH Cross-references H Compile ‘
4§ Commondata -

Documentation settings
I FPath Description Errors | Warnings  Time

Languages & resources

[ [»|* |Information

| B Card resderfwriter will be creat
— =

e Configure device
e Select the CPU
e Go to the property tab
e Select Ethernet Address (Defalut 192.168.0.1 subnet 255.255.2555.0)

Project3

Froject  Edit  View Insert Online  Options Teols  Window  Help Totally Integrated Automation

f HH sveprojet & ¥ =2 X D [ DM ER Y coonline Fooofiine g AR ¥ 1 PORTAL

Devices Options '%‘
oo e i
~ | Favorites g

. s 3
~[@Pc 1[cui21ac (A 5
I Device configura_ —HF == = S g —HF —0— @ = 2 =

& Online & diagno... | w Block title:  “Msin Program Sweep (Cycle)”

=t Program blacks Comment ®

¢ ~dd new block =

& Mein [0B1] >  Network 1: ... é

» [ Technological ob... Comment

» g} External source fi | |

» [ PLC tags | &

» [ PLC data types 5

» [l Watch and force _ 3
Program info ]
Textlists L

< ] =
5

~ | Details view 3
HS

]

Name A
100% - [ AT
gl Properties  |*i} Info (13| %] Diagnostics

General y" Cross-references H Compile " Syntax ‘

1 |Path Description Errors  Wamings | Time ~ | Basic instructions

Name Description ver

2 | Extended instructions

> |TEChI’]D|Dgy

i
||,-h PLC_1 |:ll-Main (oB1)
—

e Expand the device “PLC 1" and choose “program block”, “Main [OB1]”



Create a simple network using “Ladder Programming

e To enable the latching circuit, use a normally open contact. Normally open contact provides
power flow (current) when the switch is turned on.

e Click the normally open contact in the “Favorite to insert the contact ono the network.

G g BEOBE 6P = &

|

| I N . |

—HF =0 = 3 -

+ Block title: “Main Program Sweep (Cycle)”

e Click the coil to insert a coil onto the network
» dNetwork 1:

Comment

e Click the “save project” buton on the toolbar to save your work.

e Now create “tags” that associate the instructions of the user program with the inputs and
outputs of the user program.
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e Download the project and click load button to load the project to the CPU
e Click “Finish” button.
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9 Status and actions after downloading to device
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Select the network and click “START CPU” button.——
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Ladder network creation for conveyor control application:
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Procedure:
1 Write the ladder program for conveyer control

2 Connect cables properly on panel
3 Load program on PLC
4 Run the Program.
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Create new project

Project name:

Open existing project
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Migrate project
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Installed software

Help
User interface language

P Project view
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First steps
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e Click the coil to insert a coil onto the network
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Do’s and Don’ts/ Y T o HY

* Do not install any software on any lab computer. Only lab operators and technical support personnel are

authorized to carry out these tasks/ TR #ff dd FTgX W HIg #ff AFCAI FEioT o HY| hdol o
ST 3N Tholtehl FETAT HHART &1 $oT BT Pl Fel & AT TR B

» Do not touch any exposed wires or sockets/ TR&T 8T oI TR AT Hiche H o PU

« Look away from the screen once in a while to give your eyes a rest/ 39=ir 3@l &I 3R ol & oI
Fell-sll R @ T ¢

* Do not attempt to open any machines, and do not touch the backs of machines when they are switched
on/ Tl o HMT &1 To & TAE o Y, TUT ST 7 =Te] g1 dAl 38 WSl BEd & 71 ol
« Turn off the machine you were using, when you are done using it/ ST& 379 o #efer &1 39T F

® X 3GHT 3YAT AT g ST o 39 §¢ T &

* Do not access external devices without scanning them for computer viruses/ W IR & ol Tohet
PU 91 Sgd 3Uaul a% qgu J §aTU

» Always maintain an extra copy of all your important data/ 3791 Hfl Hgcaqul 3er i T HfaRea ufa
EHLAT §TT |

« Keep the laboratory and work area clean and uncluttered/ JIRTRIT 3R FT &7 Fr I%6 iR
Hegafeyd & W

* Prohibit unauthorized individuals from entering the laboratory/ S&RITelT # AR Al & TAAT
W UF I

« Do not use pen drive in the laboratory. Use internet to transfer the files/ STeTeeT & YeT 33T T
39T o HY| BISAl Hl ARG FA & fIT geelT &I 3UINT HY|




