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Exp No 1:- Speed Control of 3-¢ Induction Motor using V/f Method

AIM:-

e Study of V/ f control method of 3- ¢ induction motor.

e To measure speed, terminal voltage and line current at various frequency.

e To plot speed vs. torque characteristics.

INSTRUMENTS REQUIRED:-
SLNo. | Name of Instruments Type Range Quantity
01 DC Motor-Alternator Set - - 1
02 3 ¢ Induction Motor - - 1
03 3 ¢ Autotransformer - 15A,0-400V 1
04 Ammeter MI 0-20A 2
05 Voltmeter MI 0-400V 2
06 Wattmeter - 0-10/20A,0-200/400V | 2
07 Tachometer Digital | 0-2000rpm 1
08 Frequency Meter - - 1

ADDITIONAL INSTRUMENTS REQUIRED FOR ELECTRICAL LOADING:-

SL.No. | Name of Instruments Type Range Quantity

09 Ammeter MC 0-30A 1

10 Voltmeter MC 0-300V 1

11 Lamp load - - 1
THEORY:-

Frequency control:

For a three phase induction m/c

Ns = 120f
P
Nr =(1-s)Ns
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Rotor speed can be changed by changing either slip (s) or synchronous speed (Ns).By frequency control
Ns is changed and changes the rotor speed.
The three basic method by which variable frequency supply can be obtained are.
e Variable frequency motor alternator set.
¢ DC link inverter.

¢ Cycloconverter.

Voltage control:-
TasV?
For the constant torque.
sV? = constant

sol1/V?

The speed can therefore varied by stator voltage variation. A continues control of speed of induction

motor can be obtained by step adjustment of stator voltage if its rotor resistance is high.

Constant- V/f:
E=4.44 K ¢ f Tph.
E=V (neglecting stator impedance drop)
V/f=4.44 K Tph ¢
To maintain ¢ constant, voltage must be applied or must be changed proportionally as frequency is
changed & also maximum torque is maintained constant. Otherwise core will get saturated & excessive core -
loss will occur & magnetizing current will also increased.
V/f is maintained constant below base frequency (50Hz) for a change in frequency above 50 Hz.
Voltage is maintained and at rated values of frequency is increased @ will decrease and maximum torque will

also clean ease.

A 4

Prime I 3¢ Alternator 3¢ induction Mechanical
Mover

motor g Output

Motor Generator set Variable frequency supply

BLOCK DIAGRAM OF V/F CONTROL OF 3@ INDUCTION MOTOR
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OBSERVATION TABLE:-

SLNo. Vi V2 I/P current | Frequency Rotor Wi W2 Torque
(Volt) (Volt) (Amp.) (Hz) Speed (Watts) | (watts) | (N-m)
(rpm)
340 5.0 1350 240 180 --
1. 290 6.2 1300 400 100 9.26
360 260 7.8 45 1260 480 -70 12.35
230 8.8 1240 520 -100 15.44
380 5.6 1425 320 240 --
2. 380 330 6.4 47.5 1375 440 60 6.174
270 8.4 1340 520 -60 12.35
3. 390 360 4.8 49.5 1460 280 180 12.85
SPEED-TORQUE CHARACTERISTICS:-
(SAMPLE GRAPH)
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PROCEDURE:-

1. Connect the circuit as shown in figure.

2. Ensure that the internal resistance in field of dc motor is practically zero.
3. Ensure that internal resistance in field of Alternator is maximum.

4. Switch on the DC supply to the motor and start it by starter adjusting that starter slowly till the = motor
builds up its speed.

5. Adjust the speed of the motor to rated Speed of the alternator by rheostat provided in field circuit of motor.
6. Switch on the DC supply to the field circuit of alternator.

7. Adjust the field current of alternator by rheostat provided in the field circuit so that the voltmeter reads the
rated voltage. The induction motor is not yet supplied with this voltage.

8. With the help of a autotransformer supply the above voltage to the induction motor (rated values). Perform
the load test, keeping terminal voltage constant.

9. Decrease the motors speed thereby decreasing the alternator speed which gives reduced frequency because
of alternator, make ratio v/f constant by varying the field circuit of alternator. Under these conditions
perform the load test.

10. In the case of electrical loading keep the terminal voltage of dc generator at rated value, by varying the
field.

11. Repeat the procedure for different loads keeping v/f ratio constant.

12. Carefully cut off supply to induction motor through auto transformer , simultaneously taking care of
alternator terminal voltage doesn’t shoot up i.e. keep the field current decreasing. Cut off the supplied to
DC motor and alternator.

PRECAUTIONS:-

1. Resistance in field of dc motor should be minimum.
2. Resistance in field of Alternator should be maximum.
3. Output voltage of 3 Phase variac is set at zero position.

4. For electrical loading the resistance in the dc separately excited generator should be minimum.

RESULT:-

Studied the speed control of 3 Phase induction motors using v/f control and measured speed, terminal

voltage and line current at various frequency and plotted the speed vs. torque characteristics.
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Exp No 2:- Speed Control of 3-¢ Induction Motor using Kramer Control

AIM:-
e To study speed control of 3-¢ induction motors using Kramer control.

e Plot the speed of the motor vs. field current of DC Motor.

INSTRUMENTS REQUIRED:-
SLNo. | Name of Instruments Type Range Quantity
01 3¢ uncontrolled Rectifier 20A.400V 1
02 Ammeter MI 0-20A 1
03 Voltmeter MI 0-400V 1
04 3 ¢ Autotransformer 15A,0-400V 1
05 Ammeter MC 0-10A 1
06 Ammeter MC 0-2A 1
07 Voltmeter MC 0-300V 1
08 Rheostat Single Tube 45Q, 5A 1
09 Rheostat Single Tube 290Q, 1.7A 1
10 Tachometer Digital 0-2000rpm 1

THEORY:-

This system of speed control of 3 Phase .M. which investigated by Mr. Kramer who had used role
converter of converting the slip power of phase wound rates induction motor into DC which then fed to a DC
M/C since the solid state rectifiers are much cheaper, efficient and highly reliable these can replace the rotary
converter earlier used by Kramer.

The main induction Motor whose speed is to be controlled mechanically coupled to DC M/C is
connected to output terminal of 3-phase full wave uncontrolled rectifier. Earlier electrical power of Slip
frequency available of ratio slip rings of 3-phase induction motor is fed as an input to 3-¢ controlled rectifier
which converts the 3-phase slip power to DC.As a result the DC M/c receiving power from solid state
converter act as a motor and adds the slip over to the main induction motor. Shaft there by resulting in constant
power drive.
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In order to discuss, concept of speed control using above scheme. It is assumed that shaft load torque is
constant & [.M. is running at noted space control field current of DC motor is increase which result into the
increased back emf developed by the motor.

Thus the motor armature current drawn from the rectifier decreases.

Armature current, la=V—Eyp
Ra
As aresult, current drawn by the rectifier the rotor of main induction motor decreases which results into

the reduced torque developed by main motor.

Thus for constant load torque speed of induction motor shaft decreasing and thus the slip increases
causing an increased rotor emf. And current till electrical torque by I.M becomes equal to load torque wide
range of speed below rated speed of .M. can be obtained by increasing field current DC motor.

OBSERVATION TABLE:-

SL.No. Applied Stator Armature Armature Field Speed
voltage(V) | current (A) Voltage(v) current (A) | Current (A) (rpm)

1 405 6.2 0 1.5 0 1433
2 405 6.2 10 2.0 0.04 1460
3 405 6.2 16 2.5 0.05 1468
4 405 6.2 22 3.9 0.10 1472
5 405 6.2 30 5.0 0.12 1476
6 415 6.2 0 1.2 0 1300
7 415 6.2 16 1.2 0.08 1255
8 415 6.2 23 1.0 0.10 1220
9 415 6.2 31 0.9 0.15 1185
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PROCEDURE:-

1. Connect the circuit as per the diagram.

2. Adjust the position of Rheostat R, so as to include maximum resistance in armature circuit of DC motor.
3. Ensure that output voltage of 3 Phase variac is set at zero position.

4. Ensure that the field circuit of DC motor is not energized.

5. Adjust the position of Rheostat R» so that field current will be minimum when field is energized.

6. Switch on 3 Phase supply to start Induction motor.

7. Apply reduced voltage to start Induction motor and then slowly increase the applied voltage to rated
Voltage of Induction motor.

8. Cut out the complete resistance of Rheostat from armature circuit of DC motor.

9. Note down the speed of Induction motor which would be normal speed.

10. Switch on DC supply to field circuit of DC motor ensuring polarity.

11. Let the field current of DC motor to a particular value & observe the speed of Induction motor which
would be below the normal speed of motor.

12. Repeat step 11 for different value of field current at different speeds.

13. Switch off DC supply to disconnected field circuit.

PRECAUTIONS:-

1. Position of Rheostat Rishouldbe maximum resistance in armature circuit of DC motor.
2. Output voltage of 3 Phase variac is set at zero position.
3. The field circuit of DC motor is not energized.

4. Position of Rheostat R> should be minimum when field is energized

RESULT:-

Studied the speed control of 3-Phase induction motors using Kramer control and plotted the speed of

the motor vs. field current of DC Motor.
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Exp No 3:- Speed Control of 3-¢ Induction Motor using AC Voltage Controller

AIM:-
To study the AC voltage controller and the speed control of a 3-¢ Induction Motor by Stator voltage
control Method and to plot graph of output Voltage vs. Firing angle for R-load and Motor-load.

INSTRUMENTS REQUIRED:-
1) Three phase VOLTAGE REGULATOR kit [POWERCON]
2) C.R.O. Dual Trace (Unearthed CRO)

3) Three phase induction motor

4) Connection cords etc

THEORY:-

DC drives are extensively used in the industry for variable speed application. But as cage type
induction motors are introduced, which are better machines (AC) than DC machines with improved
ruggedness, low cost, smaller size & higher efficiency. No major maintenance is needed due to absence of
commutators and brushes for AC machines. Speed of the AC machines can be varied by varying the stator
voltage and frequency of supply voltage. To develop torque in AC machine the rotating magnetic field
produced in air gap by three phase supply reacts with rotor. Thus torque in induction motor is created by stator
induction effect. The various methods of speed control of an Induction Motor are as stated below:

1. Stator voltage control.

2. Variable voltage, variable frequency control

3. Variable current, variable frequency control

4. Slip power regulation

Besides all three methods, voltage control method is simple. The circuit used for this method is shown
in figure 1 and its associated waveforms of output voltage (phase to phase, line to line) along with firing angle
are shown in figure 2. In stator voltage, controller two thyristors are connected in anti-parallel configuration in
each phase. The operation of the circuit with the inductive load is as follow: It is known that for firing angle.
The individual load current per phase is sinusoidal and lags behind the corresponding phase voltage by‘pi 2°.
The effective control takes place for p1/2 alpha 5 p1/6. For complete control, the trigger pulse width should be
‘pi-alpha’ and not less than pi/3. The control action can be divided into two parts:

1. For pi/2 < alpha < 2pi/3
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2. For pi/2 < alpha < 5pi/6

For p1/2 < alpha < 2p1/3, either two or all the three phases conduct at any instant. The load voltage will
assume wither the phase-voltage curve or half the line voltage depending upon the value of ‘alpha’. The load
voltage waveform of phase A is shown in fig. 2. Due to the purely inductive load, the current per phase per
half-cycle flows from ‘alpha’ to ‘2 (pi-alpha), hence the duration of current per phase per half-cycle is 2 (pi-
alpha). SCR1 of phase R is triggered at ‘alpha’ and since both the phases Y and B are already in conduction,
the load voltage follows the curve of ER. This continues up to the instant 1 when conduction in phase B
reduces to zero. The current from phase R flows to phase Y only and load voltage assumes the curve of E
(RY)/2. This will continue up to instant2 when SC-6 of phase B is triggered.

Now the current will flow from phase R to both phase Y and phase B. Hence the load voltage will
assume the curve of EA. At the instant 3 the current in phase Y reduces to zero and current flows from phase R
to B. This will continue up to instant 4 at which SCR-2 is triggered and current flows in all the three phases.
Therefore the load voltage takes up the curve of EA in the negative half. This continues up to the instant 5
when current is phase ‘R’ reduces to zero. The phase R current remains zero until SCR-4 is triggered to allow
current in the negative direction. If this is done at the instant 6, the current flows in all the three phases and the
load voltage assumes the phase-voltage waveform. This continues upto the instant 7 when the current in phase
B becomes zero and current flows from phase Y to R only. The load voltage takes up the waveform of E(R-
Y)/2. This state will continue till the instant 8 when SCR-3 is triggered an all the three phases conduct. The
load voltage follows the curve of ER.

At the instant 9, the phase Y stops conduction and current flows from phase B to R. The load voltage
takes up the curve E(R-B)/2 and continues up to the instant 10 when SCR-5 pf phase 6 is triggered. At this
state, all the three phases conduct and the load voltage follows the curve of EA.

This continues till the instant 11, when conduction in phase R reduces to zero and current flows from
phase B to phase Y only. During this period, since the current in phase B is zero, the load voltage of that phase
is also zero. This continues upto the instant 12 when SCR-1 of the phase R is triggered and the whole cycle
repeats. The waveform of the load current is the integration value of the load voltage, and since the voltage is

composed of segments of sinusoids, the load current segments will also be sinusoids.

AC VOLTAGE CONTROLLER CIRCUITS:

AC voltage controllers (ac line voltage controllers) are employed to vary the RMS value of the
alternating voltage applied to a load circuit by introducing Thyristors between the load and a constant voltage
ac source. The RMS value of alternating voltage applied to a load circuit is controlled by controlling the
triggering angle of the Thyristors in the ac voltage controller circuits. In brief, an ac voltage controller is a type

Drives Lab, MANIT Bhopal/EED/S)



4

of thyristor power converter which is used to convert a fixed voltage, fixed frequency ac input supply to obtain
a variable voltage ac output. The RMS value of the ac output voltage and the ac power flow to the load is

controlled by varying (adjusting) the trigger angle ‘o.’.

Vo(HVls
AC \arable AC
\bltage RVISO/P \bltage
Controller
fs

There are two different types of thyristor control used in practice to control the ac power flow. These
are the two ac output voltage control techniques.

e  On-Off control

e Phase control
ON- OFF CONTROL

In On-Off control technique Thyristors are used as switches to connect the load circuit to the ac supply
(source) for a few cycles of the input ac supply and then to disconnect it for few input cycles. The Thyristors
thus act as a high speed contactor (or high speed ac switch).

PHASE CONTROL

In phase control the Thyristors are used as switches to connect the load circuit to the input ac supply,
for a part of every input cycle. That is the ac supply voltage is chopped using Thyristors during a part of each
input cycle. The thyristor switch is turned on for a part of every half cycle, so that input supply voltage appears
across the load and then turned off during the remaining part of input half cycle to disconnect the ac supply
from the load. By controlling the phase angle or the trigger angle ‘o’ (delay angle), the output RMS voltage
across the load can be controlled.

The trigger delay angle ‘o’ is defined as the phase angle (the value of ot) at which the thyristor turns
on and the load current begins to flow. Thyristor ac voltage controllers use ac line commutation or ac phase
commutation. Thyristors in ac voltage controllers are line commutated (phase commutated) since the input
supply is ac. When the input ac voltage reverses and becomes negative during the negative half cycle the
current flowing through the conducting thyristor decreases and falls to zero. Thus the ON thyristor naturally
turns off, when the device current falls to zero. Phase control Thyristors which are relatively inexpensive,
converter grade Thyristors which are slower than fast switching inverter grade Thyristors are normally used.
For applications upto 400Hz, if Triacs are available to meet the voltage and current ratings of a particular

application, Triacs are more commonly used.
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Due to ac line commutation or natural commutation, there is no need of extra commutation circuitry or
components and the circuits for ac voltage controllers are very simple. Due to the nature of the output
waveforms, the analysis, derivations of expressions for performance parameters are not simple, especially for
the phase controlled ac voltage controllers with RL load. But however most of the practical loads are of the RL

type and hence RL load should be considered in the analysis and design of ac voltage controller circuits.

TYPE OF AC VOLTAGE CONTROLLERS:

The ac voltage controllers are classified into two types based on the type of input ac supply applied to
the circuit.
e Single Phase AC Controllers.
e Three Phase AC Controllers.
Single phase ac controllers operate with single phase ac supply voltage of 230V RMS at 50Hz in our
country. Three phase ac controllers operate with 3 phase ac supply of 400V RMS at 5S0Hz supply frequency.

SINGLE PHASE FULL WAVE AC VOLTAGE CONTROLLER (AC REGULATOR) WITH R LOAD:

Single phase full wave ac voltage controller circuit using two SCRs or a single triac is generally used in
most of the ac control applications. The ac power flow to the load can be controlled in both the half cycles by
varying the trigger angle ‘a’. The RMS value of load voltage can be varied by varying the trigger angle‘a’. The
input supply current is alternating in the case of a full wave ac voltage controller and due to the symmetrical
nature of the input supply current waveform there is no dc component of input supply current i.e., the average
value of the input supply current is zero. A single phase full wave ac voltage controller with a resistive load is
shown in the figure below. It is possible to control the ac power flow to the load in both the half cycles by
adjusting the trigger angle ‘a’. Hence the full wave ac voltage controller is also referred to as to a bi-directional

controller.

o—>—+9 r

G ig T, + .
- o
™~

Vg Vo R

Single phase full wave ac voltage controller
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The thyristor 7; is forward biased during the positive half cycle of the input supply voltage. The
thyristor 7] is triggered at a delay angle of ‘o’ (0 <asrw radians) . Considering the ON thyristor 7, as an ideal
closed switch the input supply voltage appears across the load resistor R, and the output voltage v, =v,
during wt =a to mradians. The load current flows through the ON thyristor 7; and through the load resistor

R, in the downward direction during the conduction time of 7} from @¢=«a to xradians.

Atwt = 7, when the input voltage falls to zero the thyristor current (which is flowing through the load

resistor R, ) falls to zero and hence 7, naturally turns off. No current flows in the circuit during wf=r
to(zz +a). The thyristor 7, is forward biased during the negative cycle of input supply and when thyristor 7,
is triggered at a delay angle(;z+a), the output voltage follows the negative half cycle of input from
ot = (72 +a) to27 . When 7, is ON, the load current flows in the reverse direction (upward direction) through
T, during ot = (7r+a) to 2z radians. The time interval (spacing) between the gate trigger pulses of 7, and

T, is kept at 7 radians or 180°. At et = 27 the input supply voltage falls to zero and hence the load current also

falls to zero and thyristor 7, turn off naturally.

y VS
V[~ 7
|
|
] l
: T | 297
| |
' |
| |
L Vo : |
|
Vi [F— i, I
|
. | I 2@ -
0 | | = wt
T
E—
a |
|
g1 A | |
| |
I-I Gate pulse of T, I-I
0 I > wt
£24 Gate pulse of T,
1T+o:—!-—"|
0 > wi

Waveforms of single phase full wave ac voltage controller
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PERFORMANCE PARAMETERS OF SINGLE PHASE FULL WAVE AC VOLTAGE
CONTROLLER WITH R LOAD:-

| sin 2a v, .
* RMS Output Voltage V., = 3\/;[@ —a)+ 5 } ; 5 =V, = RMS input supply voltage.
1 2L pis vatue of load
* Loy = " value of load current.
L
o [, =1 orms) — RMS value of input supply current.

e QOutput load power

F = [é(RMs) xR,
e Input Power Factor
2
P 1 xR, I xR
pr—_to _ o(rus) "% To(rus) "
VexIg VSX]O(RMS) Vs

SINGLE PHASE FULL WAVE AC VOLTAGE CONTROLLER WITH RL LOAD:-

In practice most of the loads are of RL type. For example if we consider a single phase full wave ac
voltage controller controlling the speed of a single phase ac induction motor, the load which is the induction
motor winding is an RL type of load, where R represents the motor winding resistance and L represents the
motor winding inductance.

A single phase full wave ac voltage controller circuit (bidirectional controller) with an RL load using
two thyristors T1 and T (Tiand T»are two SCRs) connected in parallel is shown in the figure below. In place of
two thyristors a single Triac can be used to implement a full wave ac controller, if a suitable Traic is available

for the desired RMS load current and the RMS output voltage ratings.
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Single phase full wave ac voltage controller with RL load

The thyristor T is forward biased during the positive half cycle of input supply. Let us assume that T
is triggered at®! =& by applying a suitable gate trigger pulse to Tiduring the positive half cycle of input
supply. The output voltage across the load follows the input supply voltage when T; is ON. The load current i,
lows through the thyristor Tiand through the load in the downward direction. This load current pulse flowing
through T can be considered as the positive current pulse. Due to the inductance in the load, the load current i,
flowing through Ti would not fall to zero at, ot=n when the input supply voltage starts to become negative.
The thyristor T will continue to conduct the load current until all the inductive energy stored in the load
inductor L is completely utilized and the load current through T falls to zero at ot=p, where J is referred to as
the Extinction angle, (the value of wt) at which the load current falls to zero. The extinction angle B is
measured from the point of the beginning of the positive half cycle of input supply to the point where the load
current falls to zero.

The thyristor T conducts from wt= a to B. The conduction angle of T is 6=B-a, which depends on the
delay angle o and the load impedance angle o. The waveforms of the input supply voltage, the gate trigger
pulses of T1 andT», the thyristor current, the load current and the load voltage waveforms appear as shown in

the figure below.
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Input supply voltage & Thyristor current waveforms

B is the extinction angle which depends upon the load inductance value.
Vg 4
\

m

>

/b \_/(ZTH(I)) ot

Output voltage and output current waveforms for a single phase full wave ac voltage controller
with RL load for & = ¢

Waveforms of single phase full wave ac voltage controller with RL load for o>@. Discontinuous load
current operation occurs for o>@ and < (n+a); i.e. (B-a) <m, conduction angle < m.
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1
Yy A

0 = wl

V11

B m+a

i

Waveforms of Input supply voltage, Load Current, Load Voltage and Thyristor Voltage across T

The RMS value of the output voltage and the load current may be varied by varying the trigger angle.
This circuit, AC RMS voltage controller can be used to regulate the RMS voltage across the terminals of an ac
motor (induction motor). It can be used to control the temperature of a furnace by varying the RMS output
voltage. For very large load inductance ‘L’ the SCR may fail to commutate, after it is triggered and the load
voltage will be a full sine wave (similar to the applied input supply voltage and the output control will be lost)
as long as the gating signals are applied to the thyristors TlandT2. The load current waveform will appear as a
full continuous sine wave and the load current waveform lags behind the output sine wave by the load power
factor angle ¢.
PERFORMANCE PARAMETERS OF 1-PHASE FULL WAVE AC VOLTAGE CONTROLLER
WITH R-L LOAD:-
The Expression for the QOutput (Load) Current

The expression for the output (load) current which flows through the thyristor, during of =« to § is

given by
A , )
o =iy == sin (@t —¢)—sin(a —¢)e® ; Fora<wt<p
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Where,

V. = \/EVS = Maximum or peak value of input ac supply voltage.

Z =R+ (a)L)2 = Load impedance.
[ @wL )
¢ =tan (?j = Load impedance angle (load power factor angle).

a = Thyristor trigger angle = Delay angle.

f = Extinction angle of thyristor, (value of ot ) at which the thyristor (load) current falls to zero.

p is calculated by solving the equation

R

sin(B—¢)=sin(a—¢) g

Thyristor Conduction Angle & =(S-a)

Maximum thyristor conduction angle & =(8—«) =7 radians = 180° for ¢ < ¢.

RMS Output Voltage

v, 1 sin2a sin2pf
VO(RMS)_\/E\/;|:('B_a)+ B - ) :l

THREE-PHASE AC REGULATORS:

11

There are many types of circuits used for the three-phase ac regulators (ac to ac voltage converters),

unlike single-phase ones. The three-phase loads (balanced) are connected in star or delta. Two thyristors

connected back to back, or a Traic, is used for each phase in most of the circuits as described. Two circuits are

first taken up, both with balanced resistive (R) load.

The circuit of a three-phase, three-wire ac regulator (termed as ac to ac voltage converter) with

balanced_resistive (star-connected) load is shown in Fig. It may be noted that the resistance connected in all

three phases are equal. Two thyristors connected back to back are used per phase, thus needing a total of six

thyristors. Please note the numbering scheme, which is same as that used in a three-phase full-wave bridge

converter or inverter, described in module 2 or 5. The thyristors are fired in sequence (Fig.), starting from 1 in

ascending order, with the angle between the triggering of thyristors 1 & 2 being (one-sixth of the time period
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(°607) of a complete cycle). The line frequency is 50 Hz, with T =1/f=20 ms. The thyristors are fired or
triggered after a delay of o from the natural commutation point. The natural commutation point is the starting
of a cycle with period, (60°=T/6) of output voltage waveform, if six thyristors are replaced by diodes. Note that
the output voltage is similar to phase-controlled waveform for a converter, with the difference that it is an ac
waveform in this case. The current flow is bidirectional, with the current in one direction in the positive half,
and then, in other (opposite) direction in the negative half. So, two thyristors connected back to back are
needed in each phase. The turning off of a thyristor occurs, if its current falls to zero. To turn the thyristor on,
the anode voltage must be higher that the cathode voltage, and also, a triggering signal must be applied at its

gate.

Three-phase, three-wire ac regulator
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(a) For o = 60°

(b} For a=120"

Waveforms for three-phase three-wire ac regulator

The waveforms of the input voltages, the conduction angles of thyristors and the output voltage of one
phase, for firing delay angles (a) of (a) 60° and (b) 120° are shown in above Fig. For 0°<0<60°, immediately
before triggering of thyristor 1, two thyristors (5 & 6) conduct. Once thyristor 1 is triggered, three thyristors (1,
5 & 6) conduct. As stated earlier, a thyristor turns off, when the current through it goes to zero. The conditions

alternate between two and three conducting thyristors.
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At any time only two thyristors conduct for 60°<a<90°.Although two thyristors conduct at any time for
90°<a<150°, there are periods, when no thyristors are on. For o >150° there is no period for which two

thyristors are on, and the output voltage becomes zero at a=150°. The range of delay angle is 0°<a<150°.

ABOUT THE CIRCUIT:

The control circuit consists of the total control circuitry required for firing the thyristors.
It has following major blocks:

1) Power supply soft starter and chopper

2) Synchronizing transformers.

3) Pulse generating circuit.

4) Pulse gating circuit.

5) Pulse amplifying & isolation pulse transformers.

6) POWER CARD

1) POWER SUPPLY, SOFT STARTER AND CHOPPER CIRCUIT CARD:

The power supply circuit provides the regulated DC power [+/- 12V] using IC 7812 & 7912 to the other
control circuits & +18 V DC unregulated for the pulse amplifier circuit. The soft starter circuit consists of an
integrating amplifier [IC 358]. The DC voltage from SPEED POT is applied to this circuit. Which slowly
charges & discharges the capacitor with a predetermined rate set by the presets P1 & P2 (ACCELERATION &
DECELERATION). The slowly changing voltage is applied to the comparators on the control card for
generating the firing angle. The chopper circuit [IC 555] gives a continuous pulse train of 10 kHz (approx) to

the firing circuitry.

2) SYNCHRONISING TRANSFORMERS:

There are three transformers of center-tapped secondary [6 — 0 — 6]. The primaries are connected to the
three phase supply 440V [NEUTRAL CONNECTED] through a relay which energizes with ‘power on’.
Transformer secondary voltages are available in phase and 180 degree out of phase for all the three phases
[R+ R- Y+ Y- B+ B-]. These secondary outputs are the SYNCHRONIZING SIGNALS because they
synchronize the SCR GATE PULSES with mains supply.

3) PULSE GENERATING CIRCUIT:
In this circuit the secondary voltages are compared with DC voltages (varied by pot) which give a
square wave output as a gate pulse. The secondary voltages are applied in a sequence R+ B- Y+ B+ Y- in
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which the SCRs come into action one after another [1 6 2 4 3 5 for LAGGING & 1 53 4 2 6 for LEADING
sequence]. The square wave pulses are differentiated, rectified and applied to the monoshots for Generating
fixed duration pulses for all firing angle positions. They are then chopped by the continuous pulse train so as to
make a bunch of pulses for triggering instead of a single wide pulse. This reduces the gate dissipation & re-
triggers the SCRs which are necessary for highly inductive loads. Thus we are ready with a bunch of pulses for
each half cycle of the 3 phase supply [R+ B- etc].
4) PULSE GATING CIRCUIT:

Using diode OR GATEs the pulses of each half are coupled to the next half to form a pair of two
bunches. This pair makes two SCRs conduct at a time because first bunch of a pair for conducting SCR 1is
common for outgoing SCR & the second is common for incoming SCR. The numbers of SCR for incoming &

outgoing group are exactly opposite for positive [lagging] & negative [leading] sequences of the 3 phase

supply.

5) PULSE AMPLIFYING CIRCUIT:
Pulses available from gating circuit are at low voltage level; to trigger the thyristors gate signal must
have sufficient amplitude [2 to 12 volts for diff. Types of SCRs]. So these pulses are amplified to the thyristors

through pulse transformers. Pulse transformers are used to isolate control circuit from power circuit.
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TEST POINT

TP WRBT XXX DESCRIPTION WAVEFORM
TP1 WRT GND Potiip DC

TP2 WRT GND Soft start DC
TP3WRT GND Synchronizing signal sine wave

TPa WHT GND

Dty cycle

squUare wave

TP5 WHRT GND

Mono-shot pulse

Mono-shot pulse

TPe WRT GND

BC 547 (Emitter)

Pulse chopper o'p

TP7 WRT GND

Collector of R+

Gate Pulses

TP WRT GND

Collector of ¥+

Gate Pulses

TP WRT GND

Collector of B+

Gate Pulses

TP10 WRT GND

Collector of %'-

Gatae Pulsas

TP11 WRT GND

Coaollector of B-

Gate Pulses

TP12 WRT GND Collector of R- Gate Pulses
TP13 R ph. ifp Sine Wave
TP 14 Y ph.ifp Sine Wave
TP 15 B ph.ip Sine Wave
TP16 Meutral -
TP A7 R-ph o/p -
TPig Y¥-ph o/p _
TP 19 B- pho/p _

16
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OBSEVATION TABLE:
FOR R-LOAD:-
Pot position/a OUTPUT VOLTAGE (V)
2 100
4 200
6 290
8 350
10 400
FOR MOTOR LOAD:
Pot position o/p voltage(V) o/p current(A) Speed(rpm)
2 130 0.4 1472
2.5 150 0.5 1478
3 280 0.6 1485
4 380 1 1490
5 400 1.2 1490
PROCEDURE:
FOR R LOAD:

1. Please refer front panel for circuit.

. Keep rocker switch to OFF position.

. Connect 3 pin input supply to the unit in proper R-Y-B-N sequence.

. Keep the alpha / speed pot at minimum position.

. Connect three 40/60 w lamps on back panel holder.

. Switch on the 3 phase supply (neon glows). Switch on the rocker switch. (Rocker glows).

~N N B~ W

. Press start button, this will connect three phase supply to the scrs .
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8. Vary pot slowly & observe load lamps glow slowly.

9. Observe all control test points on CRO as per the test point chart given.

10. Observe the converter output between any one phases and n point.

11. Vary the alpha / speed and see the change in arm voltage using 1:10 probe.

12. Vary the pot slowly and note down the output voltage on true R.M.S volt meter.
13. Fill up the observation table.

14. Switch off the supply to the converter unit.

15. Plot graph of output Voltage vs. Firing angle.

NOTE: Any change in phase sequence will cause malfunctioning of circuit. Check all the three phases are

present or not. If not, then don’t switch on the supply. Check the phase voltages with voltmeter and assure that

each phase voltage is above 200 VAC.

FOR MOTOR LOAD:
1) Connect 4-pin john’s plug of 3ph Induction Motor to the unit tightly.
2) Switch on the mains by rocker switch.
3) Rocker switch glows.
4) Press start button, output LED glows.
5) Wait for motor response increase the ALPHA / SPEED pot clockwise and observe the motor speed,
motor starts running slowly by soft start action.
6) Fill corresponding readings in observation table.
7) Observe output voltage waveform between any two phases and observe the output waveforms.
8) Plot graph of speed vs. o/p voltage.

NOTE: While connecting the motor, remove the 3 lamps which are connected side panel of unit for resistive
load, as motor is in delta mode, and lamps are in star mode, hence, Hunting will occur, to avoid hunting,
remove the 3 lamps.

RESULT:
Studied the AC voltage controller and the speed control of a 3-¢ Induction Motor by stator voltage
control Method and plotted the graph of output Voltage vs. Firing angle for R-load and Motor-load.
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TP WRT XXX DESCRIPTION WAVEFORM
TP1 WRT GND Pot ifp DC

TP2 WRT GND Soft start DC

TP3 WRT GND Synchronizing signal sine wave

TP4 WRT GND

Duty cycle

sdUare wave

TP5 WRT GND

Mono-shot pulse

Maono-shot pulse

TPe WRT GND

BC 547 (Emittar)

Pulse chopper ofp

TP7 WRT GND

Collectar of R+

Gate Pulses

TP8 WRT GND

Collector of ¥+

Gate Pulses

TP9 WRT GND

Collector of B+

Gate Pulses

TP10 WRT GND

Collector of ¥-

Gate Pulses

TP11 WRT GND

Collector of B-

Gate Pulsas

TP12 WRT GND Collector of R- Gate Pulses
TP13 R ph. i/p Sine Wave
TP 14 Y ph.iip Sine Wave
TP 15 B ph.i/p Sine Wave
TP16 MNeutral -
TP 17 R-ph ofp -
TPi8 Y-ph ofp -
TP 19 B- pho'p -
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Exp No 4:- Speed control of PWM Inverter fed 3-phase Induction Motor Drive

AIM:-
e To study the Speed control of 3- ¢ Induction Motor by using IGBT based PWM Inverter.
e To get the different waveforms and harmonic spectrum of voltage and current.
INSTRUMENT REQUIRED:-
e IGBT Based Panel

e 3-Phase Induction Motor 50 Hz,1.05A,1380 RPM,0.37KW,415V star-connected,0.74p.f

SI.No | INSTRUMENTS TYPE | RANGE QUANTITY

1. 3-Phase Induction Motor | Sq.Cage | 415V,1.05A | 1

2 PWM Inverter Set 3-Phase | 0-230V 1

3. A.C. Supply - 230V 1

4 Power Quality Analyser | Digital - 1
THEORY:-

Voltage control:-
TasV?
For the constant torque.
sV? = constant

sol/V?

The speed can therefore varied by stator voltage variation. A continues control of speed of induction
motor can be obtained by step adjustment of stator voltage if its rotor resistance is high.
Frequency control:

For a three phase induction m/c

Ns = 120f
P
Nr =(1-s) Ns

Rotor speed can be changed by changing either slip (s) or synchronous speed (Ns).By frequency control
Ns is changed and changes the rotor speed.
The three basic method by which variable frequency supply can be obtained are.
e Variable frequency motor alternator set.
¢ DC link inverter.

¢ Cycloconverter.
Drives Lab, MANIT Bhopal/EED/S)



Constant- V/f:
E=4.44 K ¢ f Tph.
E=V (neglecting stator impedance drop)
V/f=4.44 K Tph ¢
The expression shows that under rated voltage and frequency operation, the flux will be rated. In the
case supply frequency is reduced with V constant, the air gap flux increases and the magnetic circuit gets
saturated. The motor parameters will change leading to inaccurate speed-torque characteristics. Further at low
frequencies, reactance will be low leading to high motor current, more losses and reduced efficiency.
With constant voltage, if the supply frequency is increased, the synchronous speed and therefore motor
speed rises. But, with increase in the frequencies, flux and torque also get reduced. With constant voltage and
increased frequency operation, air gap flux gets reduced; therefore, during this control the induction motor is

working in field-weakening mode.

2 A 2 A
[4B) Q Wa<W3<W2<W1
Q. () .
n2.5 Wy
3 | w ) A
> 2 2 | ¥ Max.Torque
o w
2 )
1 W1
- |
Torque Torque
Speed-torque characteristics with frequency Speed-torque characteristics with V/F control

control with constant supply voltage
To maintain @ constant, voltage must be applied or must be changed proportionally as frequency is

changed & also maximum torque is maintained constant. The speed of Induction motor is controlled by
varying its supply frequency keeping v/f ratio constant. An IGBT based PWM inverter is used as a variable
voltage variable frequency drive .Variable voltage variable frequency AC is directly obtained from field
voltage DC when the IGBT based inverter is controlled by pulse width modulation .A 230 V 1-Phase ac supply
is given to the full wave bridge rectifier to get DC output. This DC output is filtered at first and supplied to the
IGBT based PWM inverter the output voltage of this type of inverter is a number of pulses of varying period in
any cycle .The ON and OFF periods are controlled in each cycle by different modulation techniques.

(1) Multiple Pulse

(1) Single Pulse Modulation

(i)  Sinusoidal Pulse
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TOSHBA VEnC1-2007P

TOSHBA VFnC1-2007P Industrial Inverter is rated for 0.75KW, 200V three-phase inductive motors

drives.

Monitor key

—

Switches among
operation, setting and

status monitor modes.

PRG lamp

Lights when the inverter
is in parameter setting
mode.

| Up/down key

{ Enter key

Reads and writes
frequency and parameter
data.

RUN lamp

I

Input main circuit
terminal block

Used to connect a power
source.

Blinks while the inverter is in
operation.

"IN NN NN NN NN NI NNEEEEEEE,

M‘\"lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

TOSHIBA

[ RUN key ]

Pressing this key while
the RUN key lamp is
lighted starts operations.

STOP key

Every pressing of this key
while the RUN key lamp is
lit will cause a slowdown

L stop.

g Frequency adjusting R
knob (potentiometer)

Allows you to adjust the

ﬂ‘ N"i IHURREPTERE

A DANGER

Refer the manual bafore nstallation
and operation
Disconnect all powar and wait a1

VFnC1-2002P

DC main circuit
terminal block

DC reactor or a DC bus

{Terminais for connecting a

lpast 10 minutes balone Senicing

3PH-200V-0 2kW

-I-IIIIIIIIIIII-IIIIU‘ 4 EEEEIEEEEIEEEEsmEEEE

operation frequency when
the inverter is placed in a
mode in which the
potentiometer can be used to
\enter operation commands. )

Output main circuit
terminal block

*
=
Ll
l

Used to connect a motor. J
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BASIC OPERATIONS

1. Start and stop using the operation panel keys

Use the RUN and STOP keys on the operation panel to start and stop the motor.

: Motor starts
: Motor stops (slowdown stop)

2. Setting the frequency
a. Setting the frequency using the potentiometer on the inverter main unit

Set the frequency with the notches on the potentiometer.

Move clockwise through the higher notches for the higher frequencies.

Q Since the potentiometer has hysteresis, it settings may change to some
i degree after the power is turned off and turned back on.

b. Setting the frequency using the operation panel

Set the frequency from the operation panel.

Key operated LED display Operation
Displays the operation frequency.
oo (When standard monitor display selection & 7 (=0 is setto 0

[operation frequency])

Set the operation frequency.

g3
g3

OIVIE
Press the ENTER key to save the operation frequency setting.

@ 54. F [ and the frequency are displayed alternately.

® @] -

Press the ENTER key after changing the operation frequency, otherwise it will not be saved, although it

[
22
)

o
™

Pressing the /A key orthe W key will change the operation
frequency even during operation.

[0u
[39u

is displayed.
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MONITORING THE OPERATION STATUS

Status monitor mode
In this mode, we can monitor the operation status of the inverter. To display the operation status during

normal operation:

Press the key twice.

Setting procedure (eg. operation at 60Hz)

ltem Key LED Communication .
. . Description
displayed | operated display Na.
The operation frequency is displayed (during operation).
Note 1 640.0 (When the standard monitor display selection parameter
1 {1 is set at 0 [operation frequency])
Parameter
setting @ AUH The first basic parameter "History (A 4/ H)" is displayed.
mode
Directipn of @ - FEDA The direction of rotation is displayed.
rotation (F :forward run, ~ :reverse run)
Operation
frequency @ F80.0 FEO2 The operation frequency command value is displayed.
command
Note 2 Load @ rogo FE0A The. |nverte_r output current (load current) is displayed. (Default
current setting : unit %)
Input - The inverter input (DC) voltage is displayed.
FED4
Note 3 voltage @ J 160 (Default setting: unit %)
Qutput The inverter output voltage is displayed. (Default setting:
Note 3 P ® =N FEO5 _ P g played. ( g
voltage unit %)
Torgue N )
current c 80 FE20 The torque current at the occurrence of a trip is displayed in %.
Pl feedback ® 4 50 FE22 The. Pl feedback value at the occurrence of a trip Is displayed.
(Unit: frequency)
Inverter
L 84 FEZ27 The inverter load factor is displayed in %.
load factor
Qutput ; . )
H G0 FE30 The inverter output power is displayed in %
power
Operation
P @ abl.l FEOOD The operation frequency is displayed.
frequency
CPU1 . -
. o 4 FEOS The version of the CPU1 is displayed.
version
CcrU2 i .
. @ wed | FET73 The version of the CPUZ2 is displayed.
version
Memo _ -
versiof @ wElD | FEOQ9 The version of the memory mounted is displayed.

Drives Lab, MANIT Bhopal/EED/S)



Noted4 | Past trip 1 gL 3 & FE10 Past trip 1 (displayed alternately at 0.5-sec. intervals)

Mote 4 | Pasttrip2 aH a0 FET1 Past trip 2 (displayed alternately at 0_5-sec. intervals)

Noted | past trip 3 FE12 Past trip 3 (displayed alternately at 0_5-sec. intervals)

Note 4 | Pasttrip 4 nEtrr &Y FE13 Past trip 4 (displayed alternately at 0 5-sec. intervals)

Cumulative . . o
The cumulative operation time is displayed.

® OO

Note 5 ti o.0 1 FE14
o Gpgra on R (0.01 corresponds to 1 hours.)
time
Default
display 60.0 The operation frequency is displayed (during operation).
mode

Note 1: Press the @ or @ key to change items displayed in the status monitor mode.
Note 2: With the current unit selection parameter or voltage unit selection parameter, you can choose between
percentage and ampere (A) for current or between percentage and volt (V) for voltage, respectively.

Note 3: The input (DC) voltage displayed is 1/ Sqrt (2) times as large as the rectified d.c. input voltage.

Note 4: nErris displayed to show the absence of error.

Note 5: The cumulative operation time increments only when the machine is in operation.

BLOCK DIAGRAM

230v,50Hz, 1phaze AC Z§ ‘J: §Z ;i’\/ o
=]

. - +

APhase IM

Rectifier Filter Inverter

CIRCUIT DIAGRAM

S E LIS -« SRS < 3

% c Zﬁ 230% 50Hz, 1phase AC

D—”::ES L HKES T6 D—H;ES ® Re-:tiﬂer_ e

Inwerter side
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OBSERVATION TABLE:-

SL.No Vs Is Is fs Vuv Vuv fo Speed
V) (A) THD (%) | (Hz) V) THD (%) | (Hz) (rpm)

1. 223 0.2475 196 49.5 224 20.5 50 1498

2. 225 0.2242 204 49.7 214 30.7 40 1180

3. 224 0.2125 208 49.8 146 12 30 900

4. 224 0.2 212 49.9 103.5 10 20 610

5. 225 0.1725 222 50 69 7 10 310

PROCEDURE:-

(1) Study the front Panel of IGBT based PWM inverter.

(11) Connect the circuit.

(11)  Connect 230V Ac supply to 230 V AC input terminal in the drive.
(iv)  Keep the speed potentiometer at minimum speed.

(v) Switch on the MCB and drive display will show.

(vi)  Press own switch and vary the speed potentiometer.

(vil)  Note down the readings of ammeter and voltmeters.

(viii)  Get the waveforms and harmonic spectrum by using Power Quality analyser.
RESULT:-

Studied the Speed control of 3- ¢ Induction Motor by using IGBT based PWM Inverter and obtained

the different waveforms and harmonic spectrum of voltage and current.
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dIfRAET VFnC1s-2007P
TOSHIBA VFnC1s-2007P 3T $=a¢R 0.75KW, 200V <TH-TRUT IR HIeY 3184 & fod Ye far T g

——

Monitor key 1 RUN lamp

L J

Switches among

2 < terminal block
operation, setting and

Blinks while the inverter is in
operation.

status monitor modes. Used to connect a power
source.

[ Input main circuit ] {

s "NNEREENERERE SENSEENINEREEREERE,

I

PRG lamp - RUN key
s
s 2 = &E e Pressing this key while
nghtswhen the inverter m’\’-l--l-----ll-ll-l--n----u---ll-n / the RUN key lampis

is in parameter setting

mode. TOSHIBA

lighted starts operations.

{ Up/down key

STOP key

Every pressing of this key
while the RUN key lamp is
lit will cause a slowdown

L stop. J

| Enter key

Reads and writes
frequency and parameter

P! Frequency adjusting R

Geka. y knob (potentiometer)
e — Aliows you to adjust the
operation frequency when
the inverter is placed in a
mode in which the
potentiometer can be used to
\enter operation commands. )
DANGER
Refer the manual bafore instaliation
VFnC1-2002P  Heter o mar :
Disconnect all powar and wait a1

DC main circuit 3PH.200V-0.2kW feast 10 minutes before senicing
PP O OO PP PR T T OT LD IL DT Output main circuitw

‘ terminal block N
» P terminal block
{Termlnals for connecting a | ,

DC reactor or a DC bus _. VIT2 WIT3 Used to connect a motor. J
ANNEEENEEENENEERENEES ANNENENEENENENEEEREREE®
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Move clockwise through the higher notches for the higher frequencies.

Q Since the potentiometer has hysteresis, it settings may change to some
i degree after the power is turned off and turned back on.

b. STIRTA UTE BT START HRP SATFRI Ve HRAT
TIRA Td § Mgy e .

Key operated LED display Operation
Displays the operation frequency.
0. (When standard monitor display selection 7 0= issetto 0

[operation frequency])

Set the operation frequency.

£3
g3

® @] s
Press the ENTER key to save the operation frequency setting.

@ 54, F { and the frequency are displayed alternately.

CIVIE

TR 3T FGe & §1G ENTER Foft a1y, 3T I8 Hgoll el ST, gTaiid I8 UaiRid

[
[
L

T
]

Pressing the A key orthe % key will change the operation
frequency even during operation.

[u
[u

B




gfvara- fRfa ot AR
fRufa wifex v
UM H g0 3a¢R ! Tarad U &1 TR R Iahd € | I Tarad & SR Sarad fRufd
TeRid a1 & o

Setting procedure (eg. operation at 60Hz)

ltem Key LED Communication .
, , Description
displayed | operated display Mo.
The operation frequency is displayed (during operation).
Note 1 ad.d (When the standard monitor display selection parameter
7 14 is set at 0 [operation frequency])
Parameter
setting AUH The first basic parameter "History (R 4/ H)" is displayed.
mode
Dlrecnpn of @ - FEOA The direction of rotation is displayed.
rotation (F :forward run, ~ :reverse run)
Operation
frequency @ F&0.0 FEO2 The aperation frequency command value is displayed.
command
Load The inverter output current (load current) is displayed. (Default
Mote 2 @ C 80 EE03 : - p ( ) play (
current setting : unit %)
Input - The inverter input {DC) voltage is displayed.
{ FEO4 . .
Note.3 voltage @ 9 iy (Default setting: unit %)
Note 3 QOutput @ Pion EEOS Th_e inverter output voltage is displayed. (Default setting:
voltage unit %)
Torgue . N ,
current c 84 FE20 The torque current at the occurrence of a trip is displayed in %.
The PI feedback value at the occurrence of a trip is displayed.
Pl feedback @ d 50 FE22 . - P ey
(Unit: frequency)
Invert
nverer L BO FE27 The inverter load factor is displayed in %.
load factor
Qutput . - .
H 80 FE30 The inverter output power is displayed in %.
power
Operation
0 @ a&ld.0 FEOO The operation frequency is displayed.
frequency
CPU1 . -
. u M FEOS The version of the CPU1 is displayed.
version
CPU2 . -
. @ wed | FE73 The version of the CPUZ2 is displayed.
version
Memo . o
versio? @ wed | FEO9 The version of the memory mounted is displayed.




Note 4 | Past trip 1 @ gl 34 & FE10 Past trip 1 (displayed alternately at 0 5-sec. intervals)
Mote 4 | Pasttrip 2 @ OH & FET1 Past trip 2 (displayed alternately at 0.5-sec. intervals)
Note4 | past trip 3 @ grf 3 &3 FE12 Past trip 3 (displayed alternately at 0.5-sec. intervals)
Note 4 | Pasttrip 4 @ nErr &4 FE13 Past trip 4 (displayed alternately at 0_5-sec. intervals)
C lati
Note 5 oupn;tjafi-!:]e Lo FE14 The cumulative operation time is displayed.
i (0.01 corresponds to 1 hours.)
time
Default
display @ £0.0 The operation frequency is displayed (during operation).
mode
e 1. fyfq AfAeR e § uelRid gy gga & gaTd|
ﬂﬂEz:aE&rH‘s’aﬁrs‘atHﬁwﬂama‘réagaﬂé & 1Y, 3T HH: YA 3R THRR @ &
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3[AAIDB dIfeIehT:-

SI.No Vs Is Is fs Vuv Vuv fo Speed
(V) (A) THD (%) (Hz) (V) THD (%) (Hz) (rpm)
1. 223 0.2475 196 495 224 20.5 50 1498
2. 225 0.2242 204 49.7 214 30.7 40 1180
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1. INTRODUCTION

1.1 OPERATOR CONTROL PANELS

The simple operator control panel is mounted in the converter door and consists of a 5-digit, 7-
segment display with three status display LEDs and three parameterization keys below. All
adjustments and settings that need to be undertaken for the purpose of start-up can be made on the
simple control panel.

Pkey:-

Switches over between parameter number (parameter mode), parameter value (value mode)
and index number (index mode) on indexed parameters.

Acknowledges active fault messages.

P and RAISE keys to switch a fault message and alarm to the background.

P and LOWER key to switch a fault message and alarm from the background back to the
foreground display on the

UP key (A):-

Selects a higher parameter number in parameter mode. When the highest number is displayed,
the key can be pressed again to return to the other end of the number range (i.e. the highest
number is thus adjacent to the lowest number).

Increases the selected and displayed parameter value in value mode.

Increases the index in index mode (for indexed parameters)

Accelerates an adjustment process activated with the DOWN key (if both keys arepressed at
the same time).

DOWN key (V):-

Selects a lower parameter number in parameter mode. When the lowest number is displayed,
the key can be pressed again to return to the other end of the number range (i.e. the lowest
number is thus adjacent to the highest number).

Decreases the selected and displayed parameter value in value mode.

Decreases the index in index mode (for indexed parameters)



= Accelerates an adjustment process activated with the UP key (if both keys are pressed at the
same time).

1.2 LED displays

Run green LED

LED illuminated ——> in “Torque direction active” state (MI, MIIL, and MO).
Ready yellow LED

LED illuminated ———> in “Ready” state

Fault red LED

LED illuminated —> in “Fault signal present”

LED flashing —> analarms active

MO ———> No torque direction active
Ml 5 Torque direction | active (M)

MIlT ——> Torque direction Il active (MII)



2. PARAMETERIZATION PROCEDURE

Parameterization is the process of changing setting values (parameters) via the operator panel,
activating converter functions or displaying measured values. Parameters for the basic converter are
called P, r, U or n parameters. Parameters for an optional supplementary board are called H, d, L or ¢
parameters. The basic unit parameters are displayed first on the PMU, followed by the technology
board parameters (if such a board is installed). Depending on how parameter P052 is set, only some
parameter numbers are displayed.Selection of display parameters based on the value

If set to O displays only parameters that are not set to original factory settings
If set to 1 displays only parameters for simple applications

If set to 3 displays all parameters used
2.1 PARAMETER TYPES:

Display parameters are used to display current quantities such as the main setpoint, armature
voltage, set point/actual value difference of speed controller, etc. The values of display parameters are
read-only values and cannot be changed.

Setting parameters are used to display and change quantities such as the rated motor current, thermal
motor time constant, speed controller P gain, etc.

Indexed parameters are used to both display and change several parameter values which are all
assigned to the same parameter number.

2.1.1Parameterization on simple operator control panel

After the electronics supply voltage has been switched on, the PMU is either in the operational
display state and indicating the current operating status of the SIMOREG 6RA70 (e.g. 07.0), or in the
fault/alarm display state and indicating a fault or alarm (e.g. F021).

1. To reach the parameter number level from the operational display state (e.g. 07.0), press the P key
and then the <Up> or <Down> key to select individual parameter numbers.

2. To reach the parameter index level (for indexed parameters) from the parameter number level, press
P and then the <Up> or <Down> key to select individual indices. If you press P when a non-indexed
parameter is displayed, you go directly to the parameter value level.

3. To reach the parameter value level from the parameter index level (for indexed parameters), press P.

4. On the parameter value level, you can change the setting of a parameter value by pressing the <Up>
or <Down> key.

NOTE:-
Parameters can be altered only if the following conditions are fulfilled:

e The appropriate access authorization is set in key parameter P051, e.g. “40”



e The converter is the correct operational state. Parameters with characteristic “offline” cannot
be changed when the converter is in the “Run” (online) state. To change parameters with this
characteristic, switch the converter to the >01.0 status (“Ready”).

e The values of display parameters can never be changed (read only)

5. Manual shifting

If the 5 existing digits on the 7-segment display are not sufficient to display a parameter value, the
display first shows just 5 digits (see Fig. 2). To indicate that digits are concealed to the right or left of
this “window”, the right-hand or left-hand digit flashes. By pressing the <P> + <Down> or <P> +
<Up> key, you can shift the window over the remaining digits of the parameter value. As an
orientation guide, the position of the right-hand digit within the overall parameter value is displayed
briefly during manual shifting.

Example:- Parameter value “208.173*

"208.17" is displayed when the parameter is selected. When the P and LOWER keys are pressed, "1"
appears briefly followed by “08.173%, i.e. the right-hand digit 3 is the 1% position in the parameter
value. When the P and RAISE keys are pressed, "2" appears briefly followed by “208.17%, i.e.the

right-hand digit 7 is the 2" position in the parameter value.

2
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FIG.2. Shifting the PMU display for parameter values with more than 5 digits

6. Press the P key to return to the parameter number level from the parameter value level. Tables 1
and 2 show an overview of displays which may appear on the PMU:

Parameter number Index Parameter value
e.g e.qg. €. g.
¢ R mnmn nmnn
g . Basic unit TUUL or NTUUL 'mimEl C]FII‘IE]
pan'“"'al d000 non | P Ud =
Technology Uuy or LUUU
5 z M | 1 1M |
Setting Basic unit F‘US | or uuS i | BD = _EJGB
MmN | MM =
parameters Technology H Uy E or LUU E

TABLE 1:Display of visualization and setting parameters on the PMU



Actual value | Parameter value Alarm Fault
not (currently)
possible

Display -c200 o 0ce | FOOB

TABLE 2:Status displays on the PMU

2.2 RESET TO DEFAULT VALUE AND ADJUST OFFSET

Restoring parameters values to defaults (works settings) and performing an internal converter offset
adjustment. The "Restore factory setting™ function must be executed after every software update if the
converter software has been updated from version 1.0 or 1.1. With converter SW version 1.2 and later,
it is no longer necessary to execute "Restore factory settings™ after a software update because the
parameter settings prior to the update remain valid.The “Restore to default” function can be executed
if a defined basic setting is to be established, e.g. in order to carry out a complete new start-up
operation.

NOTE:-

When the “Restore to default” function is activated, all parameters set for a specific installation are
overwritten (deleted). We therefore recommend that all old settings be read out beforehand with Drive
Monitorand stored on a PC or programmer.“Restore to default” must be followed by a completely new
start-up operation or else the converter will not be “ready” with respect to safety.

2.2.1 Execution of function:-
1. Set parameter P0O51 = 21

2. Transfer parameter values to the non-volatile memory. The parameter values are stored in non-
volatile storage (EEPROM) so that they will still be available when the converter is switched off. This
operation takes at least 5 s (but may also last several minutes). The number of the parameter currently
being processed is displayed on the PMU during the process. The electronics power supply must
remain connected while this operation is in progress.

3. Offset adjustments Parameter P825.ii is set (takes approx. 10 s).The offset adjustment can also be
activated as an individual function by means of parameter P051 = 22.



3. WORKING
3.1 START UP PROCEDURE

1. Access authorization
PO51 ... Key parameter

0 Parameter cannot be changed
40 Parameter can be changed

P052 . . . Selection of parameters to be displayed

0 Only parameters that are not set to default are visible
3 All parameters are visible
2. Adjustment of converter rated currents

The rated converter armature DC current must be adapted by the setting in parameter P076.001
(in %) or parameter PO67, if:

Max. armature current

Rated armature current

The rated converter field DC current must be adjusted by the setting in parameter P076.002 (in
%)if:

Max. field current

Rated converter field DC current <05

3. Adjustment to actual converter supply voltage
P078.001 . . . Supply voltage for armature circuit (in volts)

P078.002 . . . Supply voltage for field circuit (in volts)

4. Input of motor data
The motor data as given on the motor rating plate must be entered in parameters P100, P101,
P102, P114.
P100 ... Rated armature current (in amps)
P101 ... Rated armature voltage (in volts)
P102 ... Rated field current (in amps)
P114 ... Thermal time constant of motor (in minutes)
5. Actual speed sensing data

5.1 operation with analog tacho
P083 = 1: The actual speed is supplied from the “Main actual value” channel (K0013)
(terminals XT.103, XT.104)
P741 Tacho voltage at maximum speed (- 270,00V to +270,00V)

5.2 operation with pulse encoder



P083 = 2: The actual speed is supplied by the pulse encoder (K0040)
P140 Selecting a pulse encoder type (pulse encoder types see below)
0 No encoder/"Speed sensing with pulse encoder" function not selected

1 Pulse encoder type 1
2 Pulse encoder type 1a
3 Pulse encoder type 2

4 Pulse encoder type 3

Pulse encoder typel

Encoder with two pulse tracks mutually displaced by 90° (with/without zero marker)

Trace 1
X173 28,29
Track 2
X173 30,31

2o marker I I Heidenhan ROD
X173 32,33 Teldix Rotaswitch Sene 26

Pulse encoder type 1a

Encoder with two pulse tracks mutually displaced by 90° (with/without zero marker). Zero marker is
converted internally to a signal in the same way as on encoder type 1.

Track 1
X173 28,29
Track

X173 30, 1

Zero marker
X173 32,33 I' 2t ! Habner OGIDN, POGION

] = [ Teldix Rotaswitch Sene 25
' Honeywel HOM Senes
intemal zera markes, | I

Pulse encoder type 2

Encoder with one pulse track per direction of rotation (with/without zero marker).

CW rotation CCW rotation

Track 1 I
X173 28,29

Track 2

X173 30,31

Zero marker

X173 32,33




Pulse encoder type 3

Encoder with one pulse track and one output for direction of rotation (with/without zero marker).

CW ratation CCW ratation
Track 1
X173 28,28 n Pulse autput n I I rl
Trdck 2 Rat. direction I
X173 30,31

Zero marker n n
X173 32,33 Zero marker

P141  Number of pulses of pulse encoder (in pulses/rev)
P142 Matching to pulse encoder signal voltage
0 Pulse encoder outputs 5 V signals
1 Pulse encoder outputs 15V signals
P143  Setting the maximum speed for pulse encoder operation (in pulses/rev). The speed set in this

parameter corresponds to an actual speed (K0040) of 100%. Matching of internal operating
points to signal voltage of incoming pulse encoder signals.

5.3 operation without tacho(EMF control)

P083 = 3: The actual speed is supplied from the “Actual EMF” channel (K0287), but
weighted with P.

P115 EMF at maximum speed (1.00 to 140.00% of rated converter supply voltage
(r078.001))

5.4 freely wired actual value
P083 = 4: The actual value input is defined with P609.

P609 Number of connector to which actual speed controller value is connected.

6. Field data
6.1 field control

P082 = 0: Internal field is not used (e.g. with permanent-field motors)

P082=1:The field is switched together with the line contactor (field pulses are
enabled/disabled when line contactor closes/opens)

P082 = 2: Automatic connection of standstill field set via P257 after a delay parameterized
via P258, after operating status o7 or higher has been reached



P082 = 3: Field current permanently connected
6.2 field weakening

P081 = 0: No field weakening as a function of speed or EMF

P081 = 1: Field weakening operation as a function of internal EMF control so that, in the

field weakening range, i.e. at speeds above rated motor speed (= “threshold speed”), the
motor EMF is maintained constantly at set point EMFset (K289) = P101 — P100 * P110.

. Selection of basic technological functions
7.1 current limits

P171 Motor current limit in torque direction | (in% of P100)
P172 Motor current limit in torque direction 11 (in% of P100)

7.2 torque limits

P180 Torque limit 1 in torque direction I (in % of rated motor torque)
P181 Torque limit 1 in torque direction Il (in % of rated motor torque)

7.3 ramp function generator

P303 Acceleration time 1 (in seconds)
P304 Deceleration time 1 (in seconds)
P305 Initial rounding 1 (in seconds)
P306 Final rounding 1 (in seconds)

. execution of optimization runs
8.1 the drive must be in operating state 07.0 or 07.1(enter shutdown
8.2 select one of the following optimization runs in key parameter PO51.:
P051 = 25 Optimization run for precontrol and current controller for armature and field.
P051 = 26 Speed controller optimization run can be preceded by selection of the degree of
dynamic response of the speed control loop with P236, where lower values produce a
softer controller setting.
PO51 = 27 Optimization run for field weakening.
P051 = 28 Optimization run for compensation of friction moment and moment of inertia.
8.3 the SIMOREG convereter switches to operating state 07.4 for several seconds and then to
07.1 and waits for the input of SWITCH-ON and OPERATING ENABLE.
Enter the commands SWITCH-ON and OPERATING ENABLE.
The flashing of the decimal point in the operational status display on the PMU (simple
operator control panel) indicates that an optimization run will be performed after the
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switch-on command. If the switch-on command is not given within 30 s, this waiting
status is terminated and fault
message F052 displayed.

8.4 As soon as the converter reaches operating status < 01.0(RUN), the optimization run is
executed.An activity display appears on the PMU, consisting of two 2-digit numbers,
separated by a bar that moves up and down. These two numbers indicate (for SIEMENS
personnel) the currentstatus of the optimization run.

P051 = 25 Optimization run for precontrol and current controller for armature and field
(process lasts approximately 40s). The current controller optimization run may be executed
without a mechanical load coupled to the motor; it may be necessary to lock the rotor. The
following parameters are set automatically: P110, P111, P112, P155, P156, P255, P256, P826.

NOTE:

Permanently field motors (and motors with an extremely high remanence) must be
mechanically locked during this optimization run.

P051 = 26 Speed controller optimization run (process lasts approximately 6s). P228. The
following parameters are set automatically: P225, P226 and P228.

NOTE:

The speed controller optimization run takes only the filtering of the actual speedcontroller
value parameterized in P200 into account and, if P083=1, filtering of themain actual value
parameterized in P745.When P200 < 20ms, P225 (gain) is limited to a value of 30.00.The
speed controller optimization run sets P228 (speed setpoint filter) to thesame value as P226
(speed controller integration time) (for the purpose ofachieving an optimum control response to
abrupt setpoint changes).

If field weakening is selected (P081 = 1), if closed-loop torque control (P170=1) or torque
limiting (P169=1) is selected or if a variable field current setpoint is applied.

P051 = 27 Optimization run for field weakening (process lasts approx. 1min) . The following
parameters are set automatically: P117 to P139, P275 and P276.

NOTE:

In order to determine the magnetization characteristic, the field current setpoint is reduced
during the optimization run from 100% of the motor rated field current as set in P102 down to
a minimum of 8%. The field current setpoint is limited to a minimum according to P103 by
parameterizing P103 to values < 50% of P102 for the duration of the run. This might be
necessary in the case of uncompensated motors with a very high armature reaction.

The magnetizing characteristic is approximated linearly to 0, starting from the measuring point,
at a minimum field current setpoint. To execute this optimization run, the minimum field
current (P103) must be parameterized to less than 50% of the rated motor field current (P102).
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P051 = 28 Optimization run for compensation of friction moment and moment of inertia (if
desired) (process lasts approx. 40s). The following parameters are set automatically: P520 to
P530, P540.0n completion of this run, the friction and inertia moment compensation function
must be activated manually by setting P223=1. When the operating mode is switched from
current control to torque control with P170, the optimization run for friction and inertia
moment compensation must be repeated.

NOTE :

The speed controller may not be parameterized as a pure P controller or as a controller with
droop when this optimization run is executed.

8.5 At the end of the optimization run, PO51 is displayed on the operator panel and the drive
switches to operating state 07.2.

3.2 MANUAL OPTIMIZATION (if required)

3.2.1 Manual setting of armature resistance R,(p110) & armature inductance
L.(P111)

e Setting of armature circuit parameters according to motor list

Disadvantage: The data is very inaccurate and/or the actual values deviate significantly. The
feeder resistances are not taken into account in the armature circuit resistance. Additional smoothing
reactors and feeder resistances are not taken into account in the armature circuit inductance.

¢ Rough estimation of armature circuit parameters from motor and supply
data
Armature circuit resistance P110

Rated armature voltage[V](P101)
10 = Rated motor armature current[A](P100)

Ra(Q) =

The basis for this formula is that 10% of the rated armature voltage drops across
armaturecircuit resistor R, at rated armature current.

Armature circuit inductance P111

1.4 = Rated converter supply voltage of armature power sec. [V](P071)
Rated motor armature current[A](P100)

La(mH) =

The basis for this formula is the empirical value: The transition from discontinuous to
continuous current is at approx. 30% of the rated motor armature current.

12



e Calculation of armature circuit parameters based on current/voltage
measurement

Select current-controlled operation: P084=2

Set parameter P153=0 (precontrol deactivated)

The field must be switched off by setting P082=0and, in the case of excessively high
residual flux, the rotor of the DC motor locked so that it cannot rotate.

Set the overspeed protection threshold P354=5%

Enter a main setpoint of 0

If ’ENABLE OPERATION” is applied and the “SWITCH ON” command entered, an
armature current of approximately 0% now flows.

e Calculation of armature circuit resistance P110 from measured armature
current andarmature voltage values

Increase the main setpoint (displayed at r001) slowly until the actual armature current
value (r019 in % of rated converter armature current) reaches approximately 70% of
the rated motor armature current.

Read out r019 (actual armature current value) and convert to amps (using P100).

Read out r038 (actual armature voltage in volts).

Calculate the armature circuit resistance:

ro38

Ra(Q)) =
a) r019(converted to amps)

Set the armature circuit resistance in parameter P110

e Calculation of armature circuit inductance P111 from measured armature
current attransition from discontinuous to continuous current

Make an oscilloscope trace of the armature current (e.g. at terminal 12) Increase the
main setpoint (displayed at r001) slowly starting from 0 until the armature current
reaches the transition from discontinuous to continuous current.

Measure armature current at transition (at standstill EMF=0) ILG, EMF=0or read out
the value of r019 and convert to amps using P100.

Measure the phase-to-phase voltage of the armature power section Usupply or read
out the value of r015.

Calculate the armature circuit inductance using the following formula:

0.4 * Usupply[V]

La(mH) =
a(mH) = T MF = O[A]

Set the armature circuit inductance in parameter P111.

13



3.2.2 Manual setting of field circuit resistance R{P112)

¢ Rough estimation of field circuit resistance RF(P112) from motor rated field

data

Rated motor field voltage
Rated motor field current(P102)

e Adapt the field circuit resistance RF(P112) using a field current
setpoint/actual valuecomparison

Set parameter P112=0 to produce a 180° field precontrol output, and thus an actual
field current value =0

Set parameter P082=3 to ensure that the field remains permanently energized, even
when the line contactor has dropped out

Set parameters P254=0 and P264=0,i.e. only field precontrol active and field current
controller disabled

Set parameter P102 to the rated field current

Increase parameter P112 until the actual field current (r035 converted to amps be
means of r073.002) is equal to the required setpoint (P102).

Reset parameter P082 to the plant operating value.

14



4, TECHNICAL DATA

30A to 125A converters, 3AC 400V/575V,1Q

Order no. 6RA70..-6S22
18-6D |25-6D |28-6D |31-6D |25-6G |31-6G
Rated supply voltage \Y/ 3AC 400 (+15% / -20%) 3AC 575
(+10% / -20%)
Rated input armatre current A 25 [ 50 [ 75 104 |50 | 104

Rated supply voltage V 2 AC 380(-25%) to 460(+15%) ; 1,=1A or
Electronics power supply 1AC 190(-25%) to 230(+15%) ; 1,=2A or
(-35% for 1min)

Rated supply voltage field \Y 2 AC 400(+15% /-20%)

2AC 460(+10%)

Rated frequency Hz | Converters self adapt to the frequency of the available supply
voltage in the range of 45Hz to 65Hz (armature and field are
independent)

Rated DC voltage Vv 485 | 690

Rated DC current A 30 [ 60 [ 90 [125 |60 | 125

Over load capabilty Max. 150% of rated DC current

Rated output Kw 14.5 29 44 61 41 86

Power loss at radted DC current W | 163 240 347 400 265 454

Rated DC voltage field \/ Max.325/375

Rated DC field current A |5 \ 10

Operational ambient temp °C 0 to 45 at | a4, Self cooled

Storage and transport temp °c -25t0 70

Installation altitude above sea level

< 1000m at rated DC current

Control stability

An = 0.006% of rated motor speed, va;id for pulde encoder
operation and digital set point

An = 0.1% of rated motor speed, valid for analog tacho or
analog set point

Environmental class 3k3
DIN IEC 721-3-3
Degree of protect. DIN 40050 IPO0
IEC 144
Weights Kg | 11 | 14 [ 14 | 16 | 14 | 16
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15A to 125 A converters, 3AC 400V/575V,4Q

Order no. 6RA70..-6.V62
13-6D | 18-6D | 25-6D | 28-6D | 31-6D | 25-6G | 31-6G
Rated supply voltage V 3AC 400 (+15% / -20%) 3AC 575
(+10%0 [/ -
20%)
Rated input armatre current A 13 [25 [50 [75 104 [50 [104

Rated supply voltage \/
Electronics power supply

2 AC 380(-25%) to 460(+15%) ; I,=1A or
1AC 190(-25%) to 230(+15%) ; 1,=2A or
(-35% for 1min)

Rated supply voltage field \

2 AC 400(+15% /-20%)
2AC 460(+10%)

Rated frequency Hz | Converters self adapt to the frequency of the available supply
voltage in the range of 45 to 65Hz (armature and field are
independent)

Rated DC voltage \Y 420 600

Rated DC current A 15 [30 [60 [90 J125 |60 125

Over load capabilty Max. 150% of rated DC current

Rated output Kw | 6.3 126 |25 38 |525 |36 75

Power loss at radted DC current W | 117 163 | 240 312 | 400 265 4550

Rated DC voltage field \Y/ Max.325/375

Rated DC field current A | 3 |5 \ 10

Operational ambient temp °C 0 to 45 at l a4, Self cooled

Storage and transport temp °c -2510 70

Installation altitude above sea level

< 1000m at rated DC current

Control stability

An = 0.006% of rated motor speed, va;id for pulde encoder
operation and digital set point

An = 0.1% of rated motor speed, valid for analog tacho or
analog set point

Environmental class 3k3
DIN IEC 721-3-3
Degree of protect. DIN 40050 IPOO
IEC 144
Weights Kg | 11 11 (14 J14 J16  [14 | 16
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APPENDIX
EMC:

EMC stands for "electromagnetic compatibility" and defines the capability of a piece of equipment
to operate satisfactory in an electromagnetic environment without itself causing electromagnetic
disturbances that would adversely affect other items of equipment in its vicinity. Thus, different items
of equipment must not adversely affect one another.

EMC is dependent on two characteristics of the equipment/units involved, i.e. radiated noise and
noise immunity. Items of electrical equipment can either be fault sources (transmitters) and/or noise
receivers. Electromagnetic compatibility exists if the fault sources do not adversely affect the function
of the noise receivers. An item of equipment can be both a fault source and a fault receiver. For
example, the power section of a converter must be regarded as a fault source and the control section as
a noise receiver.

LIMIT VALUES

Electrical drives are governed by Product Standard EN 61800-3. According to this standard, it is
not necessary to implement all EMC measures for industrial supply networks. Instead, a solution
adapted specifically to the relevant environment can be applied. Accordingly, it may be more
economical to increase the interference immunity of a sensitive device rather than implementing noise
suppression measures for the converter. Thus, solutions are selected depending on their cost-
effectiveness.

SIMOREG CONVERTERS IN INDUSTRIAL APPLICATIONS

SIMOREG DC Master Converters are designed for industrial applications (industrial low-voltage
supply system, i.e. a system that does not supply domestic households).Noise immunity defines the
behaviour of a piece of equipment when subjected to electromagnetic disturbance. The Product
Standard regulates the requirements and assessment criteria for the behaviour of equipment in
industrial environments.

In an industrial environment, equipment must have a high level of noise immunity whereas lower
demands are placed on noise radiation. SIMOREG DC Master converters are components of an
electrical drive system in the same way as contactors and switches. Properly qualified personnel must
integrate them into a drive system. Limit values can only be maintained if these components are
installed and mounted in the correct way. In order to limit the radiated noise according to limit value
"Al", the appropriate radio interference suppression filter and a commutating reactor are required in
addition to the converter itself. Without an RI suppression filter, the noise radiated by SIMOREG DC

Master Converters exceeds limit value "Al" as defined by EN55011.
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NOTE

% If the drive forms part of a complete installation, it does not initially have to fulfill any
requirements regarding radiated noise. However, EMC legislation requires the installation as a
whole to be electromagnetically compatible with its environment.

s If all control components in the installation (e.g. PLCs) have noise immunity for industrial
environments, it is not necessary for each drive to meet limit value "A1" in its own right.

Generally non-grounded supply systems are used in a number of industrial sectors in order to
increase plant availability and also in the event of a ground fault, no fault current flows so that the
plant can still produce. When RI suppression filters are installed, however, a ground fault does cause a
fault current to flow, resulting in shutdown of the drives and, in some cases, destruction of the
suppression filter. For this reason, the Product Standard does not define limit values for these supply
systems. From the economic viewpoint, Rl suppression should, if required, be implemented on the
grounded primary side of the supply transformer.

EMC PLANNING

If two units are not electromagnetically compatible, you can either reduce the noise radiated by
the noise source, or increase the noise immunity of the noise receiver. Noise sources are generally
power electronics units with high power consumption. To reduce the radiated noise from these units,
complex, costly filters are required. Noise receivers are predominantly control equipment and sensors
including evaluation circuitry. Increasing the noise immunity of less powerful equipment is generally
easier and cheaper. In industrial environments, the EMC of the equipment used must be based on a
well-balanced mixture of noise radiation and noise immunity. The most cost-effective RI suppression
measure is the physical separation of noise sources and noise receivers, assuming that it has already
been taken into account when designing the machine/plant. The first step is to define whether each
unit is a potential noise source (noise radiator or noise receiver). Fig.1. shows an example component
layout in a control cabinet.

RULES FOR PROPER EMC INSTALLATION

Rule 1: All the metal components in the cabinet must be conductively connected over a large surface
area with one another (not paint on paint!). Serrated or contact washers must be used where necessary.
The cabinet door should be connected to the cabinet through the shortest possible grounding straps

Rule 2: Contactors, relays, solenoid valves, electromechanical hour’s counters, etc. in the cabinet,
and, if applicable, in adjacent cabinets, must be provided with quenching elements, for example, RC
elements, varistors, and diodes. These devices must be connected directly at the coil.

Rule 3: Signal cables should enter the cabinet at only one level wherever possible.

Rule 4: Unshielded cables in the same circuit (incoming and outgoing conductors) must be twisted
where possible, or the area between them kept as small as possible in order to prevent unnecessary
coupling effects.
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Rule 5: Connect spare conductors to the cabinet ground at both ends to obtain an additional shielding
effect.

Rule 6: Avoid any unnecessary cable lengths in order to reduce coupling capacitances and
inductances.

Rule 7: Crosstalk can generally be reduced if the cables are installed close to the cabinet chassis
ground. For this reason, wiring should not be routed freely in the cabinet, but as close as possible to
the cabinet frame and mounting panels. This applies equally to spare cables.

Rule 8: Signal and power cables must be routed separately from one another (to prevent noise from
being coupled in). A minimum 20 cm clearance should be maintained. If the encoder cables and motor
cables cannot be routed separately, then the encoder cable must be decoupled by means of a metal
partition or installation in a metal pipe or duct. The partition or metal duct must be grounded at several
points.

Rule 9: The shields of digital signal cables must be connected to ground at both ends (source and
destination). If there is poor potential bonding between the shield connections, an additional potential
bonding cable of at least 10 mm?2 must be connected in parallel to the shield to reduce the shield
current. Generally speaking, the shields can be connected to the cabinet housing at several points. The
shields may also be connected at several locations outside the cabinet. Foil-type shields should be
avoided. Their shielding effect is poorer by a factor of 5 as compared to braided shields.

Rule 10: The shields of analog signal cables may be connected to ground at both ends, if the potential
bonding is good. Potential bonding can be assumed to be good if all metal parts are well connected
and all the electronic components involved are supplied from the same source. The single-ended shield
connection prevents low-frequency, capacitive noise from being coupled in(e.g. 50 Hz hum). The
shield connection should then be made in the cabinet. In this case, the shield may be connected by
means of a sheath wire.

Rule 11: The RI suppression filter must always be mounted close to the suspected noise source. The
filter must be mounted over the largest possible area with the cabinet housing, mounting plate, etc.
Incoming and outgoing cables must be routed separately.

Rule 12: To ensure adherence to limit value class Al, the use of RI suppression filters is obligatory.
Additional loads must be connected on the line side of the filter. The control system used and the other
wiring in the cubicle determine whether an additional line filter needs to be installed.

Rule 13: A commutating reactor must be installed in the field circuit for controlled field supplies.
Rule 14: A commutating reactor must be installed in the converter armature circuit.

Rule 15: Unshielded motor cables may be used in SIMOREG drive systems. The line supply cable
must be routed at a distance of at least 20 cm from the motor cables (field, armature). Use a metal
partition if necessary.

The cabinet design illustrated in Fig.1.is intended to make the user aware of EMC-critical components.
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