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Laboratory work №1

static characteristics And OPERATING MODES of the ELECTRIC DRIVE with the electric motor of a direct current of independent excitation


[image: image2.wmf]1.1. The purpose of work

Researches of electromechanical 
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 characteristics at various operating modes and ways of regulation of speed of the electric drive with the engine of a direct current of independent excitation.

1.2. A stand construction

The laboratory stand will consist of the instrument block and the electromechanical unit on the basis of two identical mechanically connected engines of a direct current of independent excitation. 

The unit and the block are connected among themselves by two power cables and one measuring. 

Specifications researched (М1) and loading (М2) motor of independent excitation ( MIE on fig. 1.1):
type D-200;

Pn=200 W; 
Un=27 V;
In=10A;
nn=2750(10 % of rev/min;

Mn=0.69Nanometer;
ηn=63%;
operating mode S1. 
Resistance of a winding of anchor MIE at 
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, Ra=0.127  Ohm,
Resistance of a winding of anchor MIE at 
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Ra=[1+0.004(75-20)Ra(20˚)=1.22Ra(20˚),
where 0,004 – temperature factor of resistance of copper.

Resistance of a winding of excitation MIE at 
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, Re=12.4 Ohm.
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 1.3. Translation of designations of elements of the equipment and 

the basic electric circuit on the obverse panel 

the instrument block (fig. 1.1)

	POWER
	Energy

	SUPPLY VOLTAGE
	Voltage of a feed

	CURRENT SOURCE
	Source of a current

	ARMATURE CURRENT
	Current of an anchor

	EXCITING CURRENT
	Current of excitation

	STEP VOLTAGE
	The step-by-step switch of a voltage

	POWER SUPPLY
	Energy source

	TEST MOTOR
	The researched motor

	BRAKE MOTOR
	The loading motor

	TACHOMETER
	Tachometer

	SPEED, rad/s
	Speed, radian / s

	HAND CONTROL
	Manual management

	PHOTOELECTRIC TRANSDUSER
	The photo-electric converter

	CMPT
	Computer

	ON
	It is included

	OFF
	It is switched off

	SEPARATELY EXCITED MOTOR

STUDY 
	The engine with independent excitation


1.4. Operating modes, static characteristics of motors 

direct current of independent excitation

Analytical expression electromechanical 
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and mechanical 
[image: image9.wmf](

)

M

f

=

w

 characteristics MIE:
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where the sign "+" corresponds to a mode of recuperative braking, and a sign “(” To modes impellent, plugging and dynamic braking; U ( Voltage of a feed of the motor; I ( current of an anchor of the motor; R( ( the resistance of an anchor circuit consisting generally from resistance of additional resistor Rd and an anchor Ra=Rwa+Rap+Riw; Rwa, Rap, Riw ( resistance accordingly windings of an anchor, additional poles and indemnification windings; M ( the electromagnetic moment of the motor; кФ ( accordingly constructive factor and a magnetic stream of the motor; With ( factor of communication of the motor;  
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( speed of ideal idling; 
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 at change of loading from zero up to a preset value. indemnification
Possible operating modes of the electric motor:

· impellent mode (the characteristic 1-2, fig. 1.2.);

· mode of generating braking (the characteristic 2-3);

· mode of plugging at preservation of polarity of a having voltage and presence of active loading (the characteristic 1-4);

· mode of dynamic braking with independent excitation (the characteristic 0-5).

[image: image16.png]



Fig. 1.2. Electromechanical and mechanical characteristics

the electric drive with The motor of a direct current of independent excitation
Speed of rotation in the electric drive with MIE independent excitation adjust change of having voltage U, inclusion in an anchor circuit of additional resistance Rм, change of a magnetic stream of F.Na fig. 1.3, the natural characteristic and artificial characteristics are shown at the specified ways of regulation. 
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Fig. 1.3. Natural and artificial electromechanical and

mechanical characteristics the electric drive with The motor of a direct current of independent excitation
:

1 (  natural (U=Un;Ф=Фn:Rм=0);

2 ( artificial (Rм(0);

3 ( artificial (U <Un);

4 ( artificial (Ф < Фn )

1.5. The basic electric circuit of the stand

The basic electric circuit of the stand is resulted on fig. 1.1.

From a three-phase network 380V with a zero wire the voltage moves on three-polar automatic device QF1 (established on left lateral the panels of the instrument block) which is the general switching and protective device. Transformed in constant, with the help of the semi-conductor rectifier, the voltage is adjusted in steps by switch S1 (in position 3 switches a voltage as much as possible and equally 27V).
The voltage 27V moves on a circuit of anchors of researched and loading motors inclusion of switches accordingly S2 and S3, under a current of a circuit are switched by automatic devices QF2 and QF3. Currents in power circuits of motors are measured by ammeters PA1 and РА2, and in circuits of excitation – RAZ and РА4. 
Changing in steps additional resistance Rd1 are included in circuits of anchors of researched and loading motors and Rd2 with the help of switches R1 and R2. Values of resistance are determined on expression R=0,5N (Ohm), where N – number of position of switches R1 and R2. 
The loading motor revers change of polarity of a voltage on its winding of excitation EW2 with the help of switch S4. The current of excitation of the researched motor is adjusted by potentiometer R3, loading – R4. 
Measurement of speed of rotation is made by a digital tachometer.

For sizes of researched motor M1 the index 1, for loading motor M2 – an index 2 is accepted.
Concordant or counter inclusion of motors M1 and М2 it is installed on change of speed of rotation of preliminary included motor: if after start-up of other motor speed has increased – motors are included according to if speed has decreased – engines are included passer. 
1.6. The program of experiments 

The order of an experimental research of the electric drive:

· check of serviceability of the stand;

· definition of factor of communication 
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 of researched motor M1;

· removal of characteristics of the electric drive by change of a voltage of feed U of the motor;
· removal of characteristics of the electric drive by introduction of additional resistance Rd in an anchor circuit of the motor;
· removal of characteristics of the electric drive by change of magnetic stream Ф of a winding of excitation of the motor;
· research of a mode recuperative braking;
· research of a mode of plugging;
· research of a mode of dynamic braking.

At carrying out of experiments it is necessary to observe the following basic requirements:

· before start-up of motors or a reverser of loading motor (М2) switches of resistance R1 and R2 should be in position "10"; 
· current of excitation Ie2 of the loading machine before start-up or a reverser to establish maximal;
· switch S2 (S3) and automatic device QF2 (QF3) to close in sequence: the switch - automatic device and to disconnect: the automatic device - switch;
· to not suppose it is long currents of anchors of machines more 1,5In;
· having finished work, switching devices to switch off, switches of resistance R1 and R2 to put in position "10".
1.7. Check of serviceability of the stand

For this purpose it is necessary:

· to transfer all switches on the right section of the obverse panel in the bottom position, and the switch on the left section of the obverse panel in position « HAND CONTROL »;
· to enter additional resistance, having put their switches R1 and R2 into position "10";

· to include network automatic device QF1 on the left lateral panel instrument break thus indicator " POWER " should light up; 
· switch S1 to put in position "1".
To check up serviceability of researched motor M1:

· to expose potentiometer R3 on ammeter RA3 the maximal current of excitation;

· to include S2, and then QF2; thus motor M1 should rotate and on indicator " SPEED " the indication of speed will appear;
· to transfer switch S1 in position "2", and then "3", (thus speed should increase);
· moving the switch of additional resistance R1 up to "0" and back before position "10" to be convinced, that speed of rotation is adjusted; 
· to reduce potentiometer R3 a current of excitation up to Ie=1Amp and to be convinced, that speed has increased;
· to disconnect all over again QF2 and then S2, to expose S1 in position "1", R1 – in position "10", R3 – in extreme right position. 
To check up serviceability of loading motor M2:
· to expose potentiometer R4 on ammeter RA4 the maximal current of excitation;

· to include S3, and then QF3; thus motor M2 should rotate and on indicator " SPEED " the indication of speed will appear;
· to transfer switch S1 in position "2", and then "3", (thus speed should increase);
· moving the switch of additional resistance R2 up to "0" and back before position "10" to be convinced, that speed of rotation is adjusted; 
· to reduce potentiometer R4 a current of excitation up to Ie2=2A and to be convinced, that speed has increased;
· to disconnect all over again QF3, and then S3, to expose S1 in position "1", R2 – in position "10", R4 – in extreme right position.
1.8. Definition of factor of communication C1 researched 

motor M1

It is known, that speed of ideal idling of the motor of a direct current can be determined, how 
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At a constant stream factor of communication of the motor кФ=С=const. At a variable stream кФ gets properties of variable factor that takes place in the given work. 
The mode of ideal idling of motor M1 at which the current of an anchor is equal to zero, is created by rotation of motor M1 agrees with included loading motor M2.
Sequence of carrying out of experience:

· to put switch S1 in position "3";
· to start engine M1 on item 1.7 and to remove switch R1 in position "0";
· to expose switch R2 in position "10", to establish potentiometer R4 the maximal current of excitation Ie2 ;
· on the indicator of speed to fix its value, and then to make start-up of motor M2 by inclusion S3 and then – QF3; thus there should be a coordinated rotation of motors M1 and М2 (see item 1.5.);
· if the unmatched rotation of electric machines M1 is observed and М2 it is necessary to change position of switch S4;
· to achieve switching R2 of a current of an anchor of researched motor I1=0, if necessary readjusting to make potentiometer R4;
· values of speed and voltage of anchor М1 to bring in table 1.1;
· changing potentiometer R3 a current of excitation Ie1 and creating motor M2 a mode of ideal idling М1 to bring indications in table 1.1;
· upon termination of experience all switches to put in a starting position.
Table 1 1.1

	Ie1
	A
	Ie1max
	1,3
	1,2
	1,1
	1,0
	0,75
	0,5
	Notes

	ω01
	s-1
	
	
	
	
	
	
	
	

	U1
	V
	
	
	
	
	
	
	
	

	C1
	Vs
	
	
	
	
	
	
	
	


Example of calculation: Ie1max
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According to table 1.1 to construct characteristic
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1.9. Removal of characteristics (regulation of speed of rotation) motor M1 change of a voltage of the power supply 

Characteristics 
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 remove at R1=0 and various voltage of a feed of the engine, installed by switch S1: U1=Umin (position S1 = "1"), U1=Umid (S1 = "2"), U1=Umax (S1 = "3").

For this purpose at the chosen position of switch S1:
· to prepare engine M2 for work in a mode of dynamic braking (to expose with help R4 current Ie1=Ie2max, R2 – in position "10" to include QF3, switch S3 – in the bottom position);
· to start motor M1 (R1 – in position "10", Ie1=Ie1max to include S2 and QF2), having established at the end of start-up R1 = "0";
· with the help of switch S4 to establish counter rotation of the researched and loading machine (see item 1.5.);
· changing resistance R2 and if it is necessary R4 to fill in table 1.2;
· at other voltage of a feed experiences are spent similarly;

· upon termination of experience all switches to put in a starting position.I1 M1
Table 1.2

	ω1
	s-1
	
	
	
	
	
	Notes

	I1
	A
	
	
	
	
	
	U1=... V;
Ie1=Ie1max ;
 R1= 0 Ohm;

	M1
	Nanometer


	
	
	
	
	
	


Example of calculation:
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1.10. Removal of characteristics (regulation of speed of rotation) motor M1 introduction of additional resistance in 

circuit of an anchor (rheostatic regulation)

Characteristics 
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 remove at a voltage of power supply U1=Umax and various additional resistance in a circuit of motor M1: R1=2.5 Ohm and R1=4,5 Ohm.

For this purpose at position "3" switches S1:
· to prepare motor M2 for work in a mode of dynamic braking (to expose with help R4 current Ie2=Ie2max, R2 – in position "10" to include QF3, switch S3 – in the bottom position);
· to include motor M1 (R1-in position "9",Ie1=Ie1max to include S2 and QF2);
· switch S4 in position of the previous experience;
· changing resistance R2 and if it is necessary R4 to fill in the table similar to table 1.2.;
· at other additional resistance Rd experiences are spent in the same way;
· upon termination of experience all switches to put in a starting position.

1.11. Removal of characteristics (regulation of speed of rotation) motor M1 easing of a magnetic stream

Characteristics 
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 remove at R1=0 and a voltage of the power supply U1=Umax, but at Ie1=1A and Ie1=0.5 A.  

For this purpose at position "3" switches S1:
· to prepare motor M2 for work in a mode of dynamic braking (to expose with help R4 current Ie2=Ie2max, R2 – in position "10" to include QF3, switch S3 – in the bottom position);
· to start motor M1 (R1 – in position "10", Ie1=1A to include S2 and QF2), having established at the end of start-up R1 = "0"
· switch S4 in position of the previous experience;
· changing resistance R2 and if it is necessary R4 to fill in the table similar to table 1.2.;
· at the other current of excitation  Ie1 experience is spent similarly;
· upon termination of experience all switches to put in a starting position.

1.12. A mode of recuperative braking

Recuperative braking of the motor probably, if ω>ω0. At the stand this mode to motor M1 creates according to with it the included loading motor M2 at which the magnetic stream is weakened. 

Experiences are spent at R1=0 Ohm and R1=3 Ohm.
For this purpose at position "3" switches S1:
· to include motor M1 (Ie1=Ie1max, R1 – in position "10" to include S2 and QF2), having established at the end of start-up – "0";
· to execute start-up of motor M2 (Ie2=Ie2max, R2 ( in position "10" to include S3 and QF3); thus there should be a coordinated inclusion of motors M1 and М2 (see item 1.5);

· to put switch R2 in position "0";
· reducing a current of excitation Ie2 potentiometer R4 to transfer motor M1 in a recuperative mode, at which I1<0 (currents I1 and I2 should not exceed 15 А);
· to write down values ω1 and I1 at different currents of excitation Ie2 in the table similar to table 1.2;
· at R1=3 Ohm experience is spent in the same way;
· upon termination of experience all switches to put in a starting position.

1.13. A mode of plugging
The mode pluggimg for motor M1 comes at (ω1>ω0 (at (ω1=ω0 – a mode of latching of motor M1, and at (ω1<ω0 ( impellent mode).

Experiences are spent at R1=1.5 Ohm and R1=4.5 Ohm.
For this purpose at position "3" switches S1:
· to include motor M1 (Ie1=Ie1max, R1 – in position "10" to include S2 and QF2 to transfer R1 in position "3");
· to execute start-up of motor M2 (Ie2=Ie2max, R2 – in position "10" to include S3 and QF3); thus there should be a counter rotation of motors M1 and М2 (look at 1.5);
· to turn potentiometer R4 in extreme left (against the stop) position, thus to transfer tested machine M1 in an impellent mode;
· turning potentiometer R4 to the right to write down a number of values ω1 and I1 in an impellent mode (ω1> 0), at latching (ω1=0) and at plugging (ω1<0); after Ie2 will achieve Ie2max, the further loading to carry out changing R2;
· given to bring in table 1.3;

· at R1=4.5 Ohm experience is spent similarly;
· upon termination of experience all switches to put in a starting position.

	
	
	Impellent

mode
	Stop
	Plugging
	Notes

	ｷω1

	s-1
	
	
	
	
	0
	
	
	
	
	Ie1=Ie1max ;
R1=1.5 Ohm;


	I1
	A
	
	
	
	
	
	
	
	
	
	

	M1
	Nanometer
	
	
	
	
	
	
	
	
	
	


Table 1.3

Example of calculations:

U=Umax;
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Attention! As the gauge of speed not feel sign, transition of motor M1 from an impellent mode in a mode plugging to observe by a principle “ it was braked – has stopped – it was dispersed ”
1.14. A mode of dynamic braking

In this mode the anchor of motor M1 is disconnected from the power supply and becomes isolated on resistance R1, motor M2 works.

Experiences are spent at R1=2 Ohm and R1=4.5 Ohm.
For this purpose at position "3" switches S1:
· to prepare motor M1 for dynamic braking, (Ie1=Ie1max, R1 – in position "9"; S2 it is switched - off, QF2 it is included);
· to make start-up of motor M2, (Ie2=Ie2max, R2 for position "10"; to include S3 and QF3);
· changing resistance R2 and if it is necessary R4 to fill in the table similar to table 1.2;
· at R1=4,5 Ohm experience is spent in the same way;
· upon termination of experience all switches to put in a starting position.

1.15. The contents of the report

1. The purpose of work.

2. The basic electric circuit with brief explanatories.

3. Tables of the skilled data and characteristics: 
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 for all experiences on one schedule, for 
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 all experiences on the other schedule.
4. Comparative estimation of rigidity of characteristics 
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 at various ways of regulation of speed. Factor of static rigidity of characteristics of the given motor:
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5. Settlement (on nameplate data) characteristics 
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 in an impellent mode of tested machine M1 at:
U1=Un – the natural characteristic;
Rd=R1=2.5 Ohm – the rheostatic characteristic;
Ie1=1A – the characteristic at easing a stream.
6. Settlement characteristics to compare with corresponding skilled.

7. Parameters of regulation of speed of rotation М1;

8. Brief conclusions.


[image: image35.wmf]1.16. Control questions
[image: image36.wmf]
1.16.1. Than speed of ideal idling differs from speed of idling?

1.16.2. Why electromechanical and mechanical characteristics of the motor of a direct current of independent excitation have an inclination?

1.16.3. What characteristics 
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 the researched motor refer to natural?
1.16.4. How to transfer the motor of a direct current of independent excitation from an impellent mode in brake modes: recuperation, plugging, dynamic braking?

1.16.5. What power transformations are made in the researched motor at brake modes: recuperation, plugging, dynamic braking?

1.16.6. In one axes of coordinates represent characteristics 
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 natural and at regulation of speed of rotation by additional resistance in a circuit of an anchor, a voltage on an anchor, easing of a magnetic stream. Give the explanatory represented.
1.16.7. Than discrepancy of characteristics 
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 speaks at regulation of speed by easing of a magnetic stream while at other ways of regulation these characteristics coincide?
1.16.8. Why at braking plugging it is necessary to enter into a circuit of an anchor the big additional resistance (the greater, than at start-up of the motor)?

1.16.9. Why even quickly it is necessary to limit a current of an anchor in size no more (2(2,5)Iн?
The literature
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Laboratory work №2

static characteristics And OPERATING MODES 

The ELECTRIC DRIVE with the electric motor of a direct current of consecutive excitation

2.1. the purpose of work

Research of electromechanical 
[image: image43.wmf](

)

I

f

=

w
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 characteristics at various operating modes and ways of regulation of speed of the electric drive with the engine of a direct current of consecutive excitation.

2.2. a stand construction

The laboratory stand will consist of the instrument block and two mechanically connected motors of a direct current – researched with parallel excitation (MPE) and loading with independent excitation (MIE). Motors are connected to the instrument block two power cables and one measuring.

Specifications of the researched motor of consecutive excitation (MPE,on fig. 2.1, М1):
type MBP-3А;

Pn=160 w;
In=11 A;
nn=7800(5 % of rev/min;

Мn =0,196 Nanometer;
Un=27 V;
(n=54 %;
operating mode S1.
Specifications of the loading engine of independent excitation (MIE,on fig. 2.1, М2):
type D-200;

Pn=200 w; 
Un=27 v;
In=10 A;
nn=2750(10 % of rev/min;

Mn=0.69Nanometer;
ηn=63%;
operating mode S1. 
Resistance of a winding of anchor MIE at 20( With Ra=0.127 Ohm
Resistance of a winding of excitation at 20( With Re=12.4 Ohm
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2.3. Translation of designations of elements of the equipment and 

the basic electric circuit on the obverse panel of the instrument block (fig. 2.1)

	POWER
	Energy

	SERIES MOTOR
	The motor with consecutive excitation

	SEPARATELY EXCITED MOTOR
	The motor with independent excitation

	ARMATURE VOLTAGE
	Voltage of an anchor

	SUPPLY VOLTAGE
	Voltage of a feed

	CURRENT SOURCE
	Source of a current

	ARMATURE CURRENT
	Current of an anchor

	EXCITING CURRENT
	Current of excitation

	STEP VOLTAGE
	The step-by-step switch of a voltage

	POWER SUPPLY
	Energy source

	TACHOMETER
	Tachometer

	SPEED, rad/s
	Speed, radian / s

	HAND CONTROL
	Manual management

	PHOTOELECTRIC TRANSDUSER
	The photo-electric converter

	CMPT
	Computer

	ON
	It is included

	OFF
	It is switched off


2.4. Operating modes, static characteristics of the electric drive with the motor of a direct current of consecutive excitation
As magnetic stream MPE does not remain to constants at change of loading on a shaft of the motor characteristics 
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are non-linear. Speed of ideal idling MPE
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that causes inadmissibility of work MPE idling, excepting motors of low power.

For MPE all operating modes motors are possible except for recuperative braking:

· impellent mode (characteristics 1-2, 3-4, fig. 2.2);

· the mode revers is made by change of polarity of a voltage on an anchor or a winding of excitation in motionless conditon in 

· the given work a reverser carried out by the second way (characteristics 1-2, 3-4);
· the mode of plugging is carried out by change of polarity of a voltage on an anchor or a winding of excitation of the rotating motor or at preservation of polarity of voltage plugging active loading (for example, other motors) in the given work plugging creates the loading motor (characteristics 5-3, 1-6);

· mode of dynamic braking with independent excitation (characteristics 7-0,8-0) or with self-excitation (characteristics 9-0, 10-0); in the given work the last is accepted.
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Fig. 2.2. Electromechanical and mechanical characteristics of the electric drive with  the motor of a direct current of parallel excitation 
Speed of rotation adjust change of having voltage U, inclusion of consecutive additional resistance Rd, change of a magnetic stream of  F.on fig. 2.3 the natural characteristic and artificial characteristics are resulted at the specified ways of regulation:
[image: image49.png]



Fig. 2.3. Natural and artificial electromechanical and 

mechanical characteristics the motor of a direct current of parallel excitation:

1 - natural (Un, Rm=0, F=Fn);
2 - artificial (U <Un);
3 - artificial (Rd(0);
4 - artificial (Ф> Фn);
5 - artificial (Ф <Фn)
2.5. The basic electric circuit of the stand

The basic electric circuit of the stand is resulted on fig. 2.1.

The voltage of a three-phase network 380V moves on the semi-conductor rectifier the three-polar automatic device QF1 established on the left lateral panel of the instrument block. Straightened voltage U1 is adjusted in steps by switch S1 (in position "3" switches a voltage maximal), Up(27 CENTURY.

Voltage Up moves on a circuit of anchors MPE and MIE with the help of switches accordingly S2 and S4, anchor circuits of motors are switched by automatic devices QF2 and QF3; and currents are measured by ammeters PA1, РА2.
The additional resistance entered into anchor circuits MPE  and MIE, it is possible to determine: R1=0,3N (Ohm), R2=0.5N (Ohm), where N – number of position of switches R1 and R2.
Speed of unit (the motor of a direct current of parallel excitation) is measured by a tachometer with use of a photopulse principle.

Motors M1 and М2 revers changing a sign on their magnetic stream with the help of switches S3 and S5 accordingly.
Concordant or counter inclusion of motors M1 and М2 it is installed on change of speed of rotation of preliminary included motor: if after start-up of other motor speed has increased – motors are included according to if speed has decreased – motors are included meetimg.

2.6. Measurement of the electromagnetic moment of the motor 

consecutive excitation

For sizes of the researched motor the index "1", for sizes of the loading motor – an index "2" is accepted.

Electromagnetic moment MPE on skilled datas
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where М2 – the electromagnetic moment of loading motor ; (M - the moment of losses of unit (MIE+ MPE) ; (+) – impellent mode MPE; (–) – brake mode MPE.
Electromagnetic moment MIE:
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where С2=К2Ф2 – factor of communication MIE; I2 – a current of anchor MIE.
The moment of losses of unit (MIE+ MPE) pays off similarly:
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where I20 – a current of anchor MIE, rotating disconnected MPE (idling).
Experimental definition of factor C2 – look at 2.9.
2.7. The program of experiments

The order of an experimental research of the electric drive:

· check of serviceability of the stand;

· definition of factor of communication С2load of motor M2;
· definition of the moment of losses (M of unit ;
· removal of characteristics of the electric drive by change of a voltage of feed U of the motor;
· removal of characteristics of the electric drive by introduction of additional resistance  Rd in an anchor circuit of the motor;
· research of a mode of plugging;
· research of a mode of dynamic braking with self-excitation.

At carrying out of experiments it is necessary to observe the following basic requirements:

· before start-up or a reverser of motors switches of resistance R1 and R2 should be in position "10";
· current of excitation of loading machine Ie2 before start-up or a reverser to establish maximal;
· switch S2 (S3) and automatic device QF2 (QF3) to close in sequence: the switch – the automatic device and to disconnect: the automatic device – the switch;
· to not suppose it is long currents of anchors of machines more 1.5In;
· having finished work, switching devices to switch off, switches of resistance R1 and R2 to put in position "10".
2.8. Check of serviceability of the stand

For this purpose necessary
· to transfer all switches on the right section of the obverse panel in bottom possition and the switch on the left section of the obverse panel – in position « HAND CONTROL »;

· to enter additional resistance having put their switches R1 and R2 into position "10";

· to include network automatic device QF1 on the left lateral panel instrument brake thus indicator " POWER " should light up;
· switch S1 to put in position "1".
To check up serviceability of researched motor (MPE):

· to include S2 and then QF2; thus motor M1 should rotate and on indicator " SPEED " will appear indications of speed; 

· moving the switch of additional resistance R1 up to "0" and back before position "10"  to prove that speed of rotation of the ьщещк is adjusted; 
· to transfer switch S1 in position "2", and then "3" (thus speed should increase);
· to switch off all over again QF2 and then S2, to expose S1 in position "1", R1 – in position "10".
To check up serviceability of loading motor (MIE): 

· to expose potentiometer R3 on ammeter RAZ the maximal current of excitation;

· to include S4 and then QF3; thus motor M2 should rotate and on indicator " SPEED " the indication of speed will appear;
· to transfer switch S1 in position "2", and then "3" (thus speed should increase);
· moving the switch of additional resistance R2 up to "0" and back before position "10" to be convinced, that speed of rotation is adjusted;
· to reduce potentiometer R3 a current of excitation up to « 1 A » and to be convinced, that speed has increased;
· to switch off all over again QF3 and then S4, to expose S1 in position "1", R1 – in position "10", R3 – in extreme right position.
2.9. Definition of factor of communication С2 loading 

motor M2 

At a variable magnetic stream the constant of the machine addresses in variable factor of communication С2 which value depends on a current of excitation motor:
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where Е2, Ie2 – EMF rotations and a current of excitation of the loading machine; ω – angular speed of unit (MPE + MIE). 
For definition by practical consideration factor С2 it is necessary:
· having put switch S1 in position "3";
· to start motor M1 on item 2.8;
· to expose switch R2 in position "10", to establish potentiometer R4 the maximal current of excitation Ie2;

· on the indicator of speed to fix its value, and then to lead start-up of motor M2 by inclusion S4 and then - QF3; to transfer R2 in position "0" thus there should be a coordinated rotation of motors M1 and М2 (see item 2.5);
· to achieve switching R1 of a current of an anchor of loading motor I2=0 A, value of speed and EMF rotation М2 to bring in tab. 2.1;
· changing potentiometer R3 a current of excitation Ie2 and creating motor M1 a mode of idling М2 to bring indications in tab. 2.1;
· upon termination of experience all switches to put in a starting position.

Table 2.1

	Ie2
	A
	Ie2max
	1,3
	1,2
	1,1
	…
	0,2
	Notes

	Е2
	V
	
	
	
	
	
	
	

	ω2
	s-1
	
	
	
	
	
	
	

	C2
	Vs
	
	
	
	
	
	
	


Example of calculation:
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According to the table to construct characteristic 
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2.10. Definition of the moment of losses (M unit (MPE + MIE)
For this purpose it is necessary:

· at position "3" switches S1 to start motor M2 on item 2.8, having established at the end of start-up R2 – in position "0";
· changing a current of excitation Ie2 a potentiometer r3 to fill in table 2.2, in which I20 – a current of idling of anchor М2;
· upon termination of experience all switches to put in a starting position.

Table 2.2

	Ie2
	A
	Ie2max
	1,3
	1,2
	1,1
	...
	0,2
	Notes

	I20
	A
	
	
	
	
	
	
	

	(
	s-1
	
	
	
	
	
	
	

	С2
	Vs
	
	
	
	
	
	
	

	(M
	Nanometer
	
	
	
	
	
	
	


Example of calculation:
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According to the table to construct the characteristic of the moment of losses 
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2.11. Removal of characteristics (regulation of speed of rotation) motor M1 change of a voltage of the power supply
Characteristics 
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are removed at R1=0 and various voltage of a feed of the motor, installed by switch S1: U1=Umin (position S1 = "1"); U1=Umid (position S1 = "2"); U1=Umax (position S1 = "3").
For this purpose at the chosen position of switch S1:
· to prepare motor M2 for work in a mode of dynamic braking (to expose with help R3 current Ie2=Ie2max, R2 – in position "10" to include QF3, switch S4 – in the bottom position);
· to start motor M1 (R1 – in position "10" to include S2 and QF2) and to establish at the end of start-up R1 = "0";
· changing resistance R3 to fill in table 2.3;
· at other voltage of a feed experiences are spent similarly;

· upon termination of experience all switches to put in a starting position.

Table 2.3

	Ie2
	A
	
	
	
	
	
	Notes

	I1
	A
	
	
	
	
	
	U1 = … V;
R1 = 0 Ohm;
С2 Under the characteristic
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(M under the characteristic
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;


	I2
	A
	
	
	
	
	
	

	(
	s-1
	
	
	
	
	
	

	C2
	Vs
	
	
	
	
	
	

	M2
	Nanometer
	
	
	
	
	
	

	(M
	Nanometer
	
	
	
	
	
	

	M1
	Nanometer
	
	
	
	
	
	


Example of calculations:
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2.12. Removal of characteristics (regulation of speed of rotation) motor M1 introduction of additional resistance in a circuit of an anchor
Characteristics 
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are removed at a voltage of power supply U1=Umax and various additional resistance in a circuit of motor M1: R1=0,3 Ohm; 1,5 Ohm; 3,0 Ohm.
For this purpose at position "3" switches S1:
· to prepare motor M2 for work in a mode of dynamic braking (to expose with help R3 current Ie2=Ie2max, R2 – in position "10" to include QF3, switch S4 – in the bottom position);
· to start motor M1 (R1 – in position "10" to include S2 and QF2) and to establish R1 in position "1";
· changing resistance R3 to fill in the table similar to table 2.3;
· at other additional resistance Rd experiences are spent in the same way;
· upon termination of experience all switches to put in a starting position.

2.13. A mode of plugging
Motors M1 and М2 are included meeting and develop the moments of an opposite sign. At М1=М2 latching the unit takes place ((=0); at М1>(М2(– Impellent mode М1; if  М1<(М2( – A mode plugging М1.

Experiences are removed at R1=1,5 Ohm and 0,9 Ohm.
For this purpose at position "2" switches S1 (for restriction of currents):
· to include motors meeting so that in impellent mode М1 positive speed was established (((0);

· to start motor M1 (R1 – in position "10" to include S2 and QF2 to transfer R1 in position "5", on the indicator to fix value of speed);
· to make start-up of motor M2 (Ie2=Ie2max, R2 – in position "10" to include S4 and QF3); thus there should be a counter rotation of motors M1 and М2 (look at 2.5);
· to turn potentiometer R3 in extreme left position, thus to transfer tested machine M1 in an impellent mode;
· turning potentiometer R3 to the right to write down a number of ω1 and I1 in an impellent mode (ω1> 0), at latching (ω1=0) and at pluging (ω1<0); after Ie2 will achieve Ie2max, the further loading to carry out changing R2;
· given to bring in table 2.4;

· at R1=0,9  Ohm experience is spent similarly;
· upon termination of experience all switches to put in a starting position.

	
	Impellent mode
	Stop
	return inclusion


	Notes

	Ie2
	A
	
	
	
	
	
	
	
	U1=Umid;
R1=1,5 Ohm;
C2 Under the characteristic
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(M under the characteristic
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;


	I1
	A
	
	
	
	
	
	
	
	

	I2
	A
	
	
	
	
	
	
	
	

	(
	s-1
	
	
	
	0
	
	
	
	

	C2
	Vs
	
	
	
	
	
	
	
	

	M2
	Nanometer
	
	
	
	
	
	
	
	

	(M
	Nanometer
	
	
	
	
	
	
	
	

	M1
	Nanometer
	
	
	
	
	
	
	
	


Table 2.4

Example of calculations:
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+ ΔМ – an impellent mode and latching;
- ΔМ – latching and pluggimg.
2.14. A mode of dynamic braking with self-excitation

Tested motor M1 is switched - off from the power supply and close « on itself » or small additional resistance. Loading motor M2 rotates the switched - off motor in a direction, strengthening a residual magnetic stream of machine M1.

Experience is spent at R1=0 Ohm and 0,3 Ohm.
For this purpose at position "3" switches S1:
· to prepare motor M1 for self-excitation, (switch S2 – in the bottom position, R1 – in position "0");
· to make start-up of motor M2 on item 2.8. and to establish R2 in position "5";
· to close automatic device QF2 and to observe process of self-excitation М1 on occurrence of a throw of current  I1 in its circuit. At absence of self-excitation to change a direction of rotation М2 or М1;
· changing resistance R3 and R2 to fill in table 2.5;
· at R1=0,3 Ohm experience is spent in the same way;
· upon termination of experience all switches to put in a starting position.

Table 2.5

	Ie2
	A
	
	
	
	
	
	Notes

	I1
	A
	
	
	
	
	
	U1=Umax;
R1=0 Ohm;
C2 Under the characteristic
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(M under the characteristic
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	I2
	A
	
	
	
	
	
	

	(
	s-1
	
	
	
	
	
	

	C2
	Vs
	
	
	
	
	
	

	M2
	Nanometer
	
	
	
	
	
	

	(M
	Nanometer
	
	
	
	
	
	

	M1
	Nanometer
	
	
	
	
	
	


Example of calculations:
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2.15. The maintenance of the report

1. The purpose of work.

2. The basic electric circuit of the stand with brief explanatories.

3. Tables of the skilled data and characteristics 
[image: image74.wmf])

(

2

2

e

I

f

C

=

, 
[image: image75.wmf])

(

M

f

D

=

w

, 
[image: image76.wmf])

(

1

I

f

=

w

 for all experiences on one schedule; 
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 for all experiences on the other schedule.
4. Parameters of regulation of speed of rotation of motor M1;

5. Brief conclusions.

2.16. control questions

2.16.1. Than substantial growth of speed MPE is caused at small loadings?

2.16.2. than to explain nonlinearity of characteristics 
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 the motor with consecutive excitation?
2.16.3. Under what conditions of the characteristic of researched motor 
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 are considered natural?
2.16.4. How to realize various brake modes MPE?

2.16.5. Explain process of self-excitation MPE at dynamic braking. Why self-excitation stops at ω> 0?

2.16.6. Explain ways of regulation of speed of the researched motor, represent characteristics 
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2.16.7. How to measure the electromagnetic moment and the moment on shaft  in impellent and brake modes?

2.16.8. What features the motor of consecutive excitation in comparison with the motor of parallel excitation has?

2.16.9. How to execute a reverser of the motor of consecutive excitation?

2.16.10. Why the researched motor transfers loading to the moment, than the motor of parallel excitation better?
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Laboratory work №3

static characteristics And operating modes 

The ELECTRIC DRIVE With the asynchronous short-circuited motor 

3.1. The purpose of work

Research electromechanical 
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 and mechanical 
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 characteristics at various operating modes of the electric drive with the asynchronous short-circuited motor.

3.2. A stand construction

The laboratory stand will consist of the instrument block with the complete set of measuring devices grouped in the separate case (type К540) and the electromechanical unit including the researched asynchronous motor and the loading motor of a direct current.

The unit and the block are connected among themselves by two power cables and one measuring. Measuring complete set К540 and the instrument block are connected by a measuring cable.

Specifications of the researched asynchronous motor with a short-circuited rotor (AM with s.c. rotor, on the fig. 3.1, М1): 
type AIR-56А2U3; 
Рn=0,18 kW;
Un=380/220 V (Y/();

In =0,52/0,89 A (Y/();

nn=2730 Rev/min;
(n=68 %;
cos (n=0,78; 

operating mode S1;
R1=51,3Ohm;
X1=39,5Ohm;
R`2 = 45,7Оhm;
X`2 = 43,2Оhm;
Specifications of the loading engine of a direct current of independent excitation (MIE fig. 3.1, М2): type D-200;
Рn =0,2 Kw; Un =27 v; In=10 A; nn =2750 rev/min; Мn =0,69 Nanometer.
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3.3. Translation of designations of elements of the equipment and 

the basic electric circuit on the obverse panel 

the instrument block (fig. 3.1)

	POWER
	Energy

	SUPPLY VOLTAGE
	Voltage of a feed

	ARMATURE VOLTAGE
	Voltage of an anchor

	ARMATURE CURRENT
	Current of an anchor

	EXCITING CURRENT
	Current of excitation

	CURRENT SOURCE
	Source of a current

	AC MOTOR STUDY
	Researched AM

	TEST MOTOR
	The researched motor

	BRAKE MOTOR
	The brake motor

	СURRENT BRAKING
	Brake current

	TACHOMETER
	Tachometer

	SPEED, rad/s
	Speed, radian / s

	HAND CONTROL
	Manual management

	PHOTOELECTRIC TRANSDUСER
	The photo-electric converter

	CMPT
	Computer

	ON
	It is included

	OFF
	It is switched off


3.4. Operating modes and static characteristics of the electric drive with the asynchronous short-circuited motor
For the electric drive with the asynchronous, short-circuited motor at work in impellent and brake modes approximately characteristics can be designed, if the basic specifications of the engine and parameters of its windings are known. 

Calculations carry out, as a rule, on the basis of the G-shaped equivalent circuit of the asynchronous engine. 

AM in modes impellent, plugging and recuperative (generating) braking it is possible to determine mechanical characteristics under formula Klossa:
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where Мk – the maximal (critical) moment the AM;
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where U1 – a voltage of a phase статора; R1 – active resistance of a phase stator; 
[image: image87.wmf]2

1

`

X

X

X

k

+

=
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 X`2 – inductive resistance of a phase stator and resulted phases of a rotor); ω0 – angular synchronous speed of rotation; a sign "+" – an impellent mode and plugging; a sign "-" – recuperative braking; 
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 – sliding of the motor,
where ω, n – the current speeds of rotation of a rotor.

On fig. 3.2. mechanical characteristics the AM in various operating modes are resulted.
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Fig. 3.2. Mechanical characteristics of operating modes the AM
At sliding: 
s=1(0 - an impellent mode (I square);

s(1–mode of plugging (IV square);

s(0 - a mode of recuperative (generating) braking (II square);

s(1 - a mode of dynamic braking (II square).

Characteristic points of the mechanical characteristic in modes impellent, recuperative and plugging the following:

s=0, (=(0, M=0 – a point of ideal idling (synchronous speed of rotation);
s=1, (=0, M=Msc=MП – a point of short circuit;
s=skD, M=MkD, s=skD, M=MkG – points of an extremum;
s(((, ((
[image: image91.wmf]m

(, M(0 - limit the mechanical characteristic which the axis of speed is.

The mechanical characteristic at dynamic braking can be calculated the AM under the following formulas:
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 – critical speed (critical sliding) at dynamic braking; 
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- the maximal (critical) moment at dynamic braking; Ксх – the factor dependent on a way connection of a winding stator (Ксх=0,816 if the winding stator is connected Y (star), and Кsх=0,472 if the winding stator is connected ( (triangle);
 Id– size of a direct current; 
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 – inductive resistance magnetized a contour in an initial part of a curve of magnetization the AM; I0 – a current magnite circuits the AM; 
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 – critical speed at dynamic braking.
Expressions for calculation of electromechanical characteristics the AM (
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Current of a phase stator:
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 – the resulted current of a phase of a rotor.

Electromechanical characteristics in various operating modes the AM are represented on fig. 3.3.         
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Fig. 3.3. Electromechanical characteristics for various operating modes the AM
Characteristic points of the electromechanical characteristic:

s=0, (=(0, I`2=0 – a point of ideal idling (synchronous speed of rotation);
s=1, (=0, I`2 =Isc – a point of short circuit;
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 – a point of the maximal value of a current of the rotor, laying in the field of negative slidings; s(((, ((
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 – asimptote value of a current of a rotor at indefinitely big increase in sliding and speed.
Speed of rotation in the electric drive with the asynchronous motor is adjusted by change of frequency f and sizes U of a having voltage, number of pairs poles Рn, active resistance stator R1, active resistance of rotor R`2, inductive resistance статора X1 and rotor X`2.
On fig. 3.4. are shown mechanical natural and artificial characteristics at the above-stated ways of regulation:
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Fig. 3.4. Natural and artificial mechanical 

characteristics the AM:

1 - natural (U=Un, f=fn,R1, R` 2, x1, x`2, 2Pn=2);

2 - artificial (f <fn);
3 - artificial (U <Un);
4 - artificial (2PП=4)

5 - artificial (R1 = var; XК = var.);
6 - artificial (R`2 = var).
AM with a short-circuited rotor are most simple on a design and are reliable, have high technical parameters; so, for example, at asynchronous motors of common industrial application reloading ability 
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. The main lacks the AM with s.c. A rotor – excessive sensitivity a voltage of a feed (M(U12) and difficulty of regulation of speed of rotation. 
3.5. The basic electric circuit of the stand

On rice 3.1 the basic electric circuit of the stand is shown. Automatic device QF1 (it is established on the left lateral panel of the instrument block) submits a voltage 380 V on primary windings of the transformer.

To статору the AM through contacts of two contactors К1 and К2 is brought accordingly a linear voltage 380 V from a power line or 110 V from secondary windings of the transformer. Complete set К540 representing a set of devices is included in a circuit статора (ammeter A, voltmeter V, wattmeter W), measuring accordingly - a phase current, a voltage and active capacity. 
At dynamic braking in two phases stator from the rectifier the direct current of excitation If=0,6 or 0,8А acts. Also from the rectifier on anchor  MIE (М2) the voltage in steps adjustable by switch S1 moves. Additional resistance R3 is included in a circuit of an anchor. Values of resistance are determined on expression R=0,5(N (Ohm), where N – number of position of switch R3. 
Speed of rotation MIE can be adjusted in steps, changing a voltage of an anchor or additional resistance R3, and smoothly, adjusting a current of excitation MIE potentiometer R4. Revers MIE it is carried out on a circuit of excitation by switch S4.
Concordant or counter inclusion of motors M1 and M2 it is installed on change of speed of rotation of preliminary included motor if after start-up of other motor speed has increased – motors are included according to if speed has decreased motors included meeted. 

Assignment of the equipment established at the stand is resulted below.

3.5.1. Commutation-protective:

· QF1 – the automatic switch – submits (removes) a voltage on primary windings of the transformer, protects an electric equipment of the stand from currents s.c.;
· QF2 – the automatic switch in circuits of anchor MIE, includes (switches off) and protects from currents s.c. And an inadmissible overload the loading motor.
3.5.2. Switching:
· К1, К2 – comtaktors, carry out start-up and останов the AM at voltage 380 and 110 V;
· S1 – the switch, switches a feed of a circuit of anchor MIE by a two-level voltage;
· S2 – the switch, provides two-level switching a circuit of a direct current the AM at dynamic braking (0,6 and 0,8А);
· S3 – the switch of operating modes MIE (impellent and dynamic braking);
· S4 – the switch, revers a current in a winding of excitation MIE;
· S5 – the switch of circuits of coils contaktors К1, К2;
· S6 – push-button switch " Stop ";
· S7 – push-button switch " Start-up ";
· S8 – the switch of ways of management of the electric drive (manual, computer);
· S9 – the switch of limits of measurement of currents of anchor  MIE (10 A or 20 А);
· R3 – the switch of additional resistance in a circuit of anchor MIE.
3.5.3. Measuring:

· PV1 – the voltmeter, for fixing a voltage on anchor MIE; 
· PA1 – the ammeter, for measurement of a current stator the AM at dynamic braking;
· РА2 – the ammeter, for fixing a current of anchor MIE; 
· РА3 – the ammeter, for measurement of a current of excitation MIE;
· TACHOMETER – a digital tachometer with the photopulse converter.
The complete set measuring K 540 is intended for measurement of force of a current, a voltage and capacity in one, three - and four wire circuits of an alternating current at uniform and non-uniform loadings of phases (figures 3.1 and on the internal side of a cover of the complete set).
Final values of ranges of the measurements which have been built - in the complete set of the ammeter and the voltmeter are specified in table 3.1.

	the ammeter
	final values of force of a current and voltage
	A
	0,1
	0,25
	0,5
	1,0
	2,5
	5
	10
	25
	50

	the voltmeter
	
	V
	15
	30
	75
	150
	300
	450
	600
	
	





 table 3.1

Rated voltage of the wattmeter built - in the complete set, and also rated currents and final values of ranges of measurements of a wattmeter are specified to table 3.2.

Table 3.2.

	Rated current, A
	Final values of ranges of measurements of capacity, kw, at rated voltage

	
	15V
	30V
	75V
	150V
	300V
	450V
	600V

	0,1
	0,0015
	0,003
	0,0075
	0,015
	0,03
	0,045
	0,06

	0,25
	0,00375
	0,0075
	0,0188
	0,0375
	0,075
	0,1125
	0,15

	0,5
	0,0075
	0,015
	0,00375
	0,075
	0,5
	0,225
	0,3

	1,0
	0,015
	0,03
	0,075
	0,15
	0,3
	0,45
	0,6

	2,5
	0,0375
	0,075
	0,1875
	0,375
	0,75
	1,125
	1,5

	5
	0,075
	0,5
	0,375
	0,75
	1,5
	2,25
	3

	10
	0,15
	0,3
	0,75
	1,5
	3
	4,5
	6

	25
	0,375
	0,75
	1,875
	3,75
	7,5
	11,25
	15

	50
	0,75
	1,5
	3,75
	7,5
	15
	22,5
	30


The complete set are built - in: the ammeter and the voltmeter of electromagnetic system, a wattmeter fero-dinamic systems, phase- index.
For maintenance of measurements, both in three-wire, and in four-wire circuits of a three-phase current the circuit of parallel circuits of the complete set has artificial zero. Two branches are formed by special resistance, the third branch - parallel circuits of the voltmeter and a wattmeter.

The ammeter and consecutive circuit of a wattmeter are connected to a secondary winding of the built - in transformer of a current with rated current of a secondary winding 5А. The primary winding of the transformer with the help of switch SA1 (see the obverse panel of the complete set) is included in any phase. Switching from one phase in another occurs without break of circuits of phases, in intermediate position ' N " the switch entrance and target clips of the complete set of corresponding phases закорачиваются (" A("With" A(", etc.)

On the obverse panel of the complete set tables with the prices of divisions of devices on a current, a voltage and capacity on all ranges of measurements are placed.

3.6. The program of experiments

The order of an experimental research of the electric drive:

· check of serviceability of the stand and preparation for work of the complete set K 540;

· definition of factor of connection С2 of loading motor M2;
· definition of the moment of losses (M of the unit (AM +MIE);
· removal of characteristics 
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 change of a voltage of the power supply;
· removal of characteristics 
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in a mode of recuperative braking;
· removal of characteristics 
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at pluggimg;
· removal of the characteristic 
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 at dynamic braking.
3.7. Check of serviceability of the stand and preparation for work 

the complete set To 540

The switch on the left section of the obverse panel to establish in position " HAND CONTROL " 
3.7.1. Preparation for work of the complete set K 540

To establish the switch of rated currents XS1 in position "1А" (see the obverse panel of the complete set), switch SB1 in position " Uф(''-measurement of a voltage and capacity on the part of the generator or in position " Uф(" - measurement of a voltage and capacity on the part of loading, switches of polarity of wattmeter SB2 and rated voltage SB3 accordingly in position " + "and" 300 V ".
Before measurements it is necessary to establish the switch of phases SA1 in position of a phase in which it is necessary to make measurements.
At small rejections of indexes of devices to choose the necessary limit switching of ranges of measurements.

Attention! Watch at measurements indications of the ammeter and the voltmeter and do not overload them.
The valid value of a measured current (I) in amperes are calculated on expressions:


[image: image118.wmf]1

1

a

b

I

=

,

where bI – the price of division of the ammeter in А/div. (it is placed on the obverse panel of the complete set); (I - readout on a scale of the ammeter in divisions.
3.7.2. Start-up and останов the AM at having voltage U1l=Un=380V:

· automatic devices QF1 and QF2 to establish in the bottom positions, switches S1, S2 and S5 – in neutral, S3 – in bottom, S9 – in right;
· to include automatic device QF1 (indicator " POWER " should light up);
· in the measuring complete set to establish the switch of currents XS1 in position "1А", and the switch of voltage SB3 – in position "300V";
· switch S5 to establish in position « 3(380V »;
· pressing of push-button switch S7 to start the AM, thus ω=311(313 rev / s; 
· pressing of push-button switch S6 to switch off the AM.
3.7.3. Start-up and останов the AM at U1l =110 V:
· to establish S5 in position « 3(110 V » and to include the AM push-button switch S7, thus ω=286(300 radian / s;

· to switch off the AM push-button switch S6.
3.7.4. Inclusion in a circuit stator the AM of a source of a direct current:

· switching S2 in the right and left position to be convinced under indications of ammeter PA1, that in a circuit stator the current 0,6 And or 0,8 acts And.

3.7.5. Rheostatic start-up MIE:

· potentiometer R4 to establish a current of excitation MIE Ie2 = Ie2max (ammeter RAZ);

· switch R3 to put in position "10";
· to establish switch S3 in the top position, and S1 - in position "1";
· to include automatic device QF2 – there should be start-up MIE, a current of anchor I2 = (1,5(1,8 А) on ammeter RA2, ω(250(260 radian / s.

3.7.6. Regulation of speed MIE:

· to remove R3 in position "0", thus speed should increase up to (380 radian / s;

· potentiometer R4 to reduce a current of excitation up to 0,4А, thus speed should increase up to 700(800 radian / s;

· to switch S1 in position "2", thus speed should decrease up to 210(240 radian / s;

· to disconnect MIE automatic device QF2.
Upon termination of check capacity the stand all switches to put in a starting position 

3.8. Definition of factor of communication С2
loading motor M2

Sizes of the researched asynchronous motor have an index for parameters stator "1" and a rotor "2" with a stroke, and the loading motor of direct current (MIE) – an index "2".

The electromagnetic moment the AM:
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where М2 – electromagnetic moment MIE; (M - the moment of losses of unit (AM+MIE); a sign "+" – an impellent mode the AM; a sign "-" – a brake mode the AM.
Electromagnetic moment MIE:
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where С2 – factor of communication MIE; I2 – a current of anchor MIE.
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here Е2, ω – EMF the loading motor and speed of rotation of the unit.
For definition С2 it is necessary to rotate MIE on idling. The researched motor, supporting constants a current of excitation MIE, and measuring Е2 and ω:
· to establish a current (ammeter RAZ) of excitation MIE Ie2=1,4А=const;
· to switch off automatic device QF2;
· to make start-up the AM on item 3.7.2., at Un=380 In to measure ω( and E2( (Voltmeter RV1);
· to make start-up the AM on item 3.7.3., at U1l=110 V and to measure ω((, E2((;

· to stop the AM.
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3.9. Definition of the moment of losses (M of unit (AM+MIE)

The loading motor to rotate, adjusting the speed, the switched - off motor the AM and to write down a current of anchor I2 and speed of unit ω, in table 3.3. For this purpose it is necessary:

· to establish switch S9 in position "10А";
· to establish a current of excitation Ie2=1,4 And and to carry out rheostatic start-up MIE (look at 3.7.5.);
· changing additional resistance switch R3 in a circuit of anchor MIE from position "10" in position "0" and establishing various voltage of a feed of an anchor switch S1 to write down values of speeds of rotation ω and a current of anchor MIE  I2;
· upon termination of experience switches to put in a starting position.

Table 3.3

	ω
	s-1
	
	
	
	
	
	
	
	
	Notes

	I2
	A
	
	
	
	
	
	
	
	
	Ie2=1,4 A;


	(M
	Nanometer
	
	
	
	
	
	
	
	
	


Example of calculation:
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According to table 3.3 to construct the characteristic of the moment of losses 
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3.10. Removal of characteristics (regulation of speed of rotation) motor M1 change of avoltage of the power supply

Characteristics are removed at U1l=Un=380 V and U1l=110 V.

The order of performance of work at U1l=110 V:
· to establish switch S5 in position « 3(110 V », automatic device QF2 – in position "OFF", switch S3 – in position «(», S9 – in position "10А", R3 – in position "10";
· to establish a current of excitation MIE  Ie2=1,4 A;
· switches on the measuring complete set in a circuit stator AM SB3, XS1, SB1, SB2 to establish accordingly in position "75V", "1А", « Uф("," -»;

· to start the AM push-button switch S7;
· indications of devices at work the AM on idling. To write down in table 3.4;

· to include automatic device QF2 and to write down indications of devices in table 3. 4;
· to repeat measurements, gradually reducing resistance R3 and if it is necessary, R4 up to "0".
At U1l=380 V work is carried out similarly, but:
· switch S5 to establish in position « 3(380 V », and switch SB3 on the measuring complete set in a circuit stator the AM in position "300V";
· upon termination of experience switches to put in a starting position.

Table 3.4

	ｷ
	s-1
	
	
	
	
	
	
	
	
	Notes

	I1
	A
	
	
	
	
	
	
	
	
	U1l=110 V;
Ie2=1,4 A;
С2 =... Вс;
(M according to item 3.9

	I2
	A
	
	
	
	
	
	
	
	
	

	M2
	Nanometer
	
	
	
	
	
	
	
	
	

	(M
	Nanometer
	
	
	
	
	
	
	
	
	

	M1
	Nanometer
	
	
	
	
	
	
	
	
	


Example of calculations:
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On conditions of heating the AM and MIE is not supposed at U1l=380 V a current of anchor MIE from above 10 A, therefore characteristics the AM are removed only on a working site.
3.11. A mode of recuperative braking

Recuperative braking (generating mode) the AM is investigated, at U1l=380 V, and U1l=110 V.
At U1L=110 V:
· to establish switch S5 in position « 3(110 V », S3 – in position « 27 V », S9 – in position « 20 A », S1 – in position "1", switch R3 – in position "10", automatic device QF2 ( in position "OFF";
· to establish a current of excitation MIE Ie2=1,4 A;
· switches SB3, XS1, SB1, SB2 on the measuring complete set in a circuit stator the AM to establish in position accordingly "75V", "1А", « Uф("," - ».

· to start the AM push-button switch S7, to establish a direction of rotation and to switch off; 
· to start MIE, having included automatic device QF2, switch S4 to establish a direction of rotation concordant with rotation the AM;

· to include the AM, to write down indications of devices in the table similar to table 3.4;

· to repeat measurements, changing speed MIE potentiometer R3 and if it is necessary, R4 up to "0"; thus to receive the minimal current stator I1min (synchronous speed ω0 the AM) at which transition from an impellent mode in generating is made.
In a generating mode to change polarity of a wattmeter switch SB2.

The current of anchor MIE should be I2(10 A.

Upon termination of experience switches to put in a starting position.

To carry out calculations under formulas of table 3.4, taking into account, that:
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At U1L=Un=380 V experience it is spent similarly, but:
· switch S5 to establish in position « 3(380 V », and switch SB3 on the measuring complete set in a circuit статора the AM in position "300V";
· upon termination of experience switches to put in a starting position.

3.12. A mode of pluggimg
Characteristics are removed at voltage U1l=110 V, for what:

· to establish switch S5 in position « 3(110 V », S3 – in position « 27 V », S9 – in position « 10 A », S1 – in position "2", R3 – in position "3", automatic device QF2 – in position "OFF";
· to establish a current of excitation MIE Ie2=1,4 A;
· switches SB3, XS1, SB1, SB2 on the measuring complete set in a circuit stator the AM to establish accordingly "75V", "1А", « Uф("," - »;

· to start the AM push-button switch S7, to establish a direction of rotation, and to switch off;
· to start MIE, having included automatic device QF2; switch S4 to establish a direction of the rotation, opposite the AM;
· to include the AM, to write down indications of devices in the table similar to table 3.4;

· to repeat measurements changing speed MIE potentiometer R3 and if it is necessary, R4 and a voltage on an anchor (with the help of switch S1);
· to execute calculations under formulas of table 3.4., taking into account, that 
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· upon termination of experience switches to put in a starting position.

3.13. A mode of dynamic braking

The mode of dynamic braking is investigated at 2 values of a direct current in windings stator: 0,6 A and 0,8 A.

For this purpose:

· to establish switch S2 in the left position, S3 – in position "+27V", S1 – in position "2", S9 – in position "10А", R3 – in position "3", QF2 – in position "OFF";
· to establish a current of excitation MIE Ie2=1,4А; 
· to start MIE (on item 3.7.5.);

· to bring indications of devices in table 3.5;  

· changing speed MIE potentiometer R3 and a voltage on an anchor (with the help of switch S1) to repeat measurements in 6(8 points in a range of speeds 0(300 radian / s;

· upon termination of experience switches to put in a starting position;

· to repeat measurements at right position of switch S2;
· upon termination of experience switches to put in a starting position.

	Table 3.5

ω
	s-1
	
	
	
	
	
	
	Notes

	I2
	A
	
	
	
	
	
	
	I1 =.... А=const;
Ie2=1,4А;
(M-According to item 3.9

	(M
	Nanometer
	
	
	
	
	
	
	

	M2
	Nanometer
	
	
	
	
	
	
	

	M1
	Nanometer
	
	
	
	
	
	
	


Example of calculations:
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3.14. The contents of the report

1. The purpose of work.

2. The basic electric circuit of the stand with brief explanatories.

3. Tables of the skilled data and characteristics 
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 for all experiences on the other schedule including for experience of the moment of losses of the unit;
4. Parameters of regulation of speed rotation of motor M1;

5. Brief conclusions.

3.15. Control questions

3.15.1. Advantages and lacks the AM with a short-circuited rotor.

3.15.2. What is "sliding" the motor? Prove value of slidings in various modes.

3.15.3. Why at synchronous speed the current of a rotor is equal to zero, and the current stator is distinct from zero?

3.15.4. Why forms of characteristics 
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 the AM essentially differ?
3.15.5. How to cause various brake modes and a reverser the AM?

3.15.6. How experimentally to determine the electromagnetic moment the AM?

3.15.7. As in the experimental way to determine factor of connection С2=кФ of the loading engine and the moment of losses (M unit (AM+MIE)?
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Laboratory work №4

STATIC CHARACTERISTICS AND OPERATING MODES OF THE ELECTRIC DRIVE IN SYSTEM “ТHYRISTORIZED THE CONVERTER - THE MOTOR OF THE DIRECT CURRENT OF INDEPENDENT EXCITATION "

4.1. The purpose of work

Studying of a principle of work, research electromechanical 
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characteristics open and the closed systems thiristor the electric drive of a direct current.
4.2. A stand construction

The laboratory stand will consist of the instrument block with two complete sets thyristorized converters, the electromechanical unit consisting from two himoments of motors of a direct current of independent excitation, one of which researched М1, another – loading М2. Motors are connected c by the instrument block four cables: to two power and to two measuring. A feed of the stand is carried out from a three-phase network 380V, 50 Hz. The voltage on the stand moves with the help of automatic device QF located from the left lateral face of the instrument block.

Specifications of the electric drive of the stand.

Himoment the motor with excitation from constant magnets and built - in tahogenerator (MIE, on fig. 4.1, М1, М2):
type 1PI 12.11;

Pn = 0,49 kW;
Un = 53 V;
In = 12A;
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Мn = 4,7 Nanometer;
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operating mode S1, S2, S5.
Tahogenerator nм=4000 rev/min, a steepness of the characteristic 0,02 V / (rev/min).
Thyristorized the rectifier:

type 2REV16 ("Kemek"):

In = 20А;
Imax = 80 during ( 0,2s;

Ed. M = 140V
Uo( (10V ’

D=2000.

The power transformer: 

type Т1ЕВ;

Sn=1,7kVA ’
U1n=380V(10(15(;

U2n=105V; I1n=2.7A; I2n=9,8А; fn=50Hz (2(.

Connection of windings (/Y, Y.

4.3. Translation of designations of elements of the equipment and the basic electric circuit into the obverse panel of the instrument block (fig. 4.1.)

	POWER
	Energy

	ТHYRISTORIZED DC DRIVE
	Thyristorized a drive of a direct current

	TEST MOTOR
	The researched motor

	ARMATURE VOLTAGE
	Voltage of an anchor

	ARMATURECURRENT
	Current of an anchor

	BRAKE MOTOR
	The loading motor

	HAND CONTROL
	Manual management

	SPEED, rad/s
	Speed, radian / s

	REFERENCE VOLTAGE
	Basic voltage

	BRAKE MOTOR COTROL
	Management of the loading motor

	LOGIC UNIT
	The block of logic

	ON
	It is included

	OFF
	It is switched off

	CMPT
	Computer
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4.4. Static characteristics and operating modes of system thyristorized converter (TC) – the motor of a direct current of independent excitation (MIE)
Converting devices are necessary for a feed of electric motors of a direct current from networks of an alternating current. In modern technics(technical equipment) wide application have received controlled the gating (thyristorized) converters with which help transformation of energy of an alternating current to energy of a direct current and return transformation is carried out. Regulation of a voltage is carried out by change of duration of work of the gate (thyristor) in conducting part of the period, characterized by a corner of delay of opening  (, which is counted from a point of natural opening. Average value straightened EMF Ed in a mode of continuous currents is determined as follows:
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where Ed0 – the maximal size straightened EMF, corresponding to absence of delay of opening of gates ((=0), equal


[image: image140.wmf]m

E

m

m

E

m

E

B

B

d

π

sin

2

π

π

sin

π

2

ф

2

ф

0

=

=

 , 


 (4.2)

where mp – number of pulsations in the period: mp=m – for the three-phase zero circuit; mp=2m – for the three-phase bridge circuit; m – number of phases of the converter; E2p.max, E2p – peak and working value phase EMF a secondary winding of the transformer.
Average value of a voltage and current gate the converter are determined by its parameters and the circuit of connection. Therefore expression (4.1) for average value straightened EMF can be written down:
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where kcx – the factor dependent on the circuit thyristorized of the converter.
In practice basically circuits with a zero conclusion in which one half wave of an alternating current is used only, and bridge circuits in which both half waves of an alternating current are used are used. Accordingly, kcx the factor for these circuits will be:
kcx =2,34 – the three-phase bridge circuit; kcx=1,17 – the three-phase zero circuit.
At a feed of an anchor of the motor of a direct current from gate the converter the equivalent equivalent circuit of a circuit of the straightened current can be presented in the following kind:
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Fig. 4.2. An equivalent circuit of a circuit of the straightened current

According to law Kirghopha for the resulted circuit the following equation can be written down: 
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 (4.4)
where Rerc – equivalent active resistance of the converter:
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where RT and xT – accordingly active and inductive resistance of a phase of the transformer; Rst – active resistance of a smoothing throttle.
It agrees expressions (4.4) equations of electromechanical and mechanical characteristics of system thyristorized the converter – the motor look like: 
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where 
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The resulted equations are received in the assumption of a continuity of a current of anchor MPE. However, at reduction of loading the mode of faltering currents which deforms linearity of mechanical characteristics takes place. The given mode is caused by that the energy reserved in inductons anchor circuit MPE appears insufficiently for support of a current at negative voltage on the anode thyristor that results in increase in straightened voltage Ud, and, hence, to increase of angular speed of rotation MPE.
Electromechanical (mechanical) characteristics three-phase thyristorized not reversive bridge electric drive are resulted on fig. 4.3., the thick contour allocates a mode of a limit-continuous current to the left of which the mode of faltering currents takes place, and on the right – a mode of continuous currents. It is visible, that adjusting a corner of a delay of opening thiristors, it is possible to receive family of continuous currents of straight-line characteristics parallel in a mode.

The given drive supposes work in 1 and 4 square. The electric machine can work as in an impellent mode (a zone limited on fig. to 4.3 axes of coordinates and the characteristic), at (=0, and in brake modes: plugging, rezuperation, dynamic braking – the characteristic at (=(/2.

[image: image238.bmp]
Fig. 4.3. Electromechanical (mechanical) characteristics

 in system TC-MDC
Open systems of regulation of speed of rotation have found application only in rather cheap electric drives which are not demanding high accuracy of regulation. This type of drives with himoment motors is expedient for using in the closed systems of regulation. The greatest application in complete electric drives the principle of the subordinated regulation with two contours of regulation (has found a contour of a current and a contour of speed). The subordinated regulation is based that an external contour develops a signal of the task for an internal contour. The internal contour is a part of an external contour, and its parameters are taken into account by optimization of the last.

4.5. Himoments the motor of a direct current

At the stand are established himoments the motor of the inverted design: the winding of an anchor is placed in grooves stator, and constant magnets – on a rotor. The inverted design of the engine allows to improve conditions of cooling of the motor, to increase use of active materials, to increase efficiency. However thus the brush-collector unit becomes complicated: the collector is carried out motionless, and brush the unit and contact rings – rotate. 

The term "himoment" means, that reloading ability of the motor is essentially increased up to Mm / Mn=6(10 in comparison with usual motors at which it does not exceed 2(4. The big stock on the moment (it is equal on a current of an anchor) achieve due to an amplified design of brush-collector unit, absence of compulsory ventilation and application of the high-energy constant magnets providing high acceleration in transitive operating modes without dismagnetic of magnetic system, a uniform course at small speeds 0,1 … 1rev/minutes.

Acceleration of transients is achieved also by rather small moment of inertia himoments the motors not carrying a winding on a rotor and having the lengthened design at the reduced height of an axis of rotation.

The allowable current of an anchor (equally the moment) depends mainly on a resource of brush-collector unit and is established with the help of switching characteristics 
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4.6. Thyristorized the converter

Thyristorized the converter allows to adjust and stabilize speed of rotation of the motor in a range up to 2000.

At the stand two are established TC, one of which serves for a feed of researched motor (М1), another - loading motor (М2). Electric circuits of converters are similar, except for an opportunity of updating of circuits of a regulator of speed and a current and break of feedback on a current and speed in the circuit of the loading motor.
The converter will consist of reversive three-phase bridge which rectifier of group are connected fase to fase-in parallel and cope separately, the power (agreeing) transformer, a control system and protection of the electric drive (fig. 4.1).

For the electric drive the two-planimetric structure of the subordinated regulation with proportional – integrated PI - regulators of speed (RS) and current (SC), the adaptive device for optimization of parameters RS is accepted in the field of small deviations from a preset value of speed and the device dependent currentrestriction. 
The basic making parts of a function chart of the electric drive of the stand are below listed, their brief characteristic and interaction is given.

4.6.1. A power circuit of the electric drive

A feed of the electric drive is carried out from a network of a three-phase voltage (phase R,S,T). On the power transformer this voltage moves through the automatic device current protection QF. The transformer will economically expediently coordinate a voltage of a power line to the small straightened voltage, limits currents of short circuit in a circuit of the straightened current. Connection of a primary winding by a triangle (() weakens undesirable magnetic streams of zero sequence.

Controlled reversive thyristorized the converter contains two complete sets thyristors: to straighten VS1 … VS6 and the inverter VS7 … VS12. Thyristors both groups cope system pulse – phase management (SPPM), a way of management of groups – separate.
The straightened voltage moves on researched motor M1. The voltage on an anchor of the motor is supervised by voltmeter V1, and ammeter A1 and measuring shunt RS are included in a circuit of an anchor.
4.6.2. A control system of the electric drive

4.6.2.1. A regulator of speed, a regulator of a current

For management of speed and a current of the motor consistently included summing operational amplifiers of a direct current closed by feedback are established: a regulator of speed RS (on the basis of operational amplifier A8) and a regulator of current RC (on base OA А9).

The regulator of a current enters into an internal contour of a current, a regulator of speed – in an external contour of speed, thus the contour of a current copes target signal RS, that is the internal contour is subordinated to an external contour. At the same time parameters of an internal contour are taken into account by optimization of an external contour; thus, both contours are in interaction.

Both regulators have the big factor of amplification and are covered with a flexible negative feedback (chain RS), that is are proportional - integrated (PI - regulators); transfer functions of regulators:
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where КR – factor of amplification of a regulator 
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With the help of regulators compensate the big constants of time of the electric drive (electromechanical and electromagnetic), that promotes acceleration of transients. Applying optimum option of contours, for example, on a technical optimum, in system of the subordinated regulation receive favorable transients: reregulation (excess of adjustable size over its established value) no more than 4-10 %, time of transient about 0,04-0,1 with.

Limiting target signals of regulators, limit adjustable sizes; at the stand restriction of a voltage on output RS results in restriction of a current of an anchor in transitive modes. 

In system of the subordinated regulation probably separate regulation of variables, separate option of contours and correction of transients in each contour - all this essentially simplifies calculation and adjustment of the electric drive. 

At connection by crosspieces of jacks of M3 - М4 and М5-М6 it is realized proportional regulators of speed and a current (P - regulators).
Contacts ON become isolated at operation of protection, blocking RS and RC.
On first input RC with seter speeds (potentiometer R1) the specifying voltage proportional to established speed of rotation moves, switch S1 sets a direction of rotation. 
On second input RS the voltage of a negative feedback on speed from tahogenerator BR through adjusting chain acts (containing point 168), which reduces reregulation and changing transient, besides on second input RS the signal from an output of the device dependent currentrestriction (DDC), an anchor limiting a current in function of speed acts according to switching characteristic 
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The regulator of speed is adaptive (self-adapting), automatically increasing factor of amplification КRS and reducing a constant of time ТRS at a commensurability of voltage of the task of speed and a feedback on speed on small speeds of the established modes when the faltering currents worsening dynamic characteristics of a drive are most probable. Adaptive device (OA) of a regulator of speed corrects value КRS and ТRS, improving dynamics of a drive.
The target signal RS acting on input RC, is specifying for the last; on second input RC the signal of a negative feedback on a current of the anchor, removed with shunt RS in a circuit of an anchor of motor M1 and transmitted on input RC through differential amplifier A11 acts.
Target signal RC through amplifier A10 and the switch of characteristics SC (it is not shown on the obverse panel of the stand) acts on an input of zero - body SPPO as a negative voltage of management Um irrespective of a sign on target signal RC (т. 140).
4.6.2.2. System of pulse-phase management (SPPM) 

Purpose SPPM – formation of positive pulses for thyristorizedх power groups TC.

General for two groups of gates reversive TC SPPM it is executed by a vertical principle and each of which will consist of three identical channels of management, serially, depending on a half wave of a having voltage, forms managing pulses on тиристоры anodi or cathodic group of a corresponding phase [3].

Function chart SPPM is shown on fig. 4.1. Basic elements of channels SPPO:

· TV13 … TV15 – agreeing transformers (synchronize work SPPM with mains voltage);
· filters (entrance jacks – 131,134,137, the days off – 132,135,138);

· phase-shifting chains shift phase voltage on 32,4( (1,8 ms); 

· А1 … А6 – threshold elements (will transform synchronizing voltage in rectangular differentpolarity pulses); 
· generators of sawtooth (basic) voltage (which target jacks 133, 136, 139) form negative pulses of the sawtooth form with an allowing working zone about 173(;

· А7 (and functionally similar to it) – zero - bodies of shapers of duration of pulses (on an input of zero - body the basic voltage and the voltage of management acting from an output of the switch of characteristics, a jack 140 is compared); at equality of voltage polarity of a target voltage of zero - body which then is differentiated by the condenser changes, thus the positive pulse opens transistor VT24 of the shaper of duration of pulses;
· VT27 And VT28 (and functionally similar to them) – amplifiers of pulses; 
· VS1... VS12 – pulse transformers, in a secondary circuit of the corresponding pulse transformer the positive managing pulse by duration about 200mks for thyristor power group is formed.
4.6.2.3. The logic device (LO, on the obverse panel it is not shown)

LO operates power groups TC, carrying out the following functions:

· chooses the necessary complete set thyristors ТC, submitting a feed in primary windings of pulse transformers through transistors VT31, VT32 and sending managing commands to the switch of characteristics;
· provides switching thyristorized groups with a delay about 4 ms at a current of anchor I equal to zero.
To the logic device the information acts from RS, RC and the block of protection.

4.6.2.4. The block of protection

In a drive the following protection with indication by light-emitting diodes are stipulated: 

· СР – from breakage or wrong alternation of phases and at absence of a sawtooth voltage;

· OS – from excess of the maximal speed of rotation;

· OS – from excess of as much as possible allowable current of an anchor and breakage of a circuit of a feedback on a current;

· OL – from a long overload on a current;

· TG – from breakage of a feedback on speed;

· RD – a drive in serviceability, it is possible to submit a command for work.

At operation by what - or protection are blocked RS, RC and LO – submission of managing pulses on thyristors stops and the drive is instantly switched off, signal RD vanishes.
4.7. The program of experiments

The order of an experimental research of the electric drive:

· check of serviceability of the stand;

· definition of factor of connection С1 of researched motor M1;
· removal electromechanical 
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 and mechanical characteristics 
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 in разомкнутой to system of regulation;
· removal electromechanical 
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in the closed system of regulation.
4.8. Check of serviceability of the stand

For this purpose it is necessary:

· to expose switches S1 and S2 in average position;
· to open switches S3 and S4;
· potentiometers R1 and R2 to remove in extreme left positions;
· to put switch S5 in position « HAND CONTROL ».
Attention!

1. Switch S1 includes and switches off researched motor switch S2 - loading motor M2:

· average (neutral) position S1 and S2 – are switched - off М1 and М2;
· identical direction of inclusion S1 and S2 (to the left or to the right) – motors M1 and М2 are included fase to fase;
· different direction of inclusion S1 and S2 (to the left or to the right) – motors M1 and М2 are included according.
2. Do not suppose speed of rotation above 150 rad / s.

3. Indications of ammeters A1 and А2 should be no more 15А.

4. Rotation of handles of potentiometers R1 and R2 to make smoothly.
Check of serviceability of the researched electric drive:

· to include network automatic device QF on the left lateral panel of the instrument block, light indicator " POWER " lights up;
· to connect crosspieces of a jack of М1-m2 and М7-М8, feedback on speed and a current of an anchor thus are entered; jacks of M3 - М4 and М5-М6 to open;
· to include S3;
· to put S1 in the left position;
· turning potentiometer R1, it will be convinced, that the electromechanical unit rotates also its speed is adjusted;
· to switch S1 at a working drive to the right against the stop and to be convinced, that the tested motor is reversing;
· to establish S1 in average position, potentiometer R1 to transfer in extreme left position, to switch off S3.
Check of serviceability of the loading electric drive:

· to include S4;

· to expose S2 in the left position;
· turning potentiometer R2, it will be convinced, that the electromechanical unit rotates also its speed is adjusted;
· to switch S2 at a working drive to the right against the stop and to be convinced, that the loading motor is reversing;
· to establish S2 in average position, potentiometer R2 to put in extreme left position, to switch off S4.
4.9. Definition of factor of connection С1 researched 

motor M1

Carry out, rotating disconnected motor M1 the loading motor and measuring EMF and speed of the researched motor:
· switch S1 is established on the average position;
· to include S4 and to put switch S2 in the left position;
· turning potentiometer R2 to the right to count 3-4 values of speed ω and corresponding values EMF Е under indications of voltmeter V1;
· switch S2 to establish in average position, potentiometer R2 – in the left position, to switch off S4;
· to calculate value of factor of connection С1 as average arithmetic several attitudes E/ω.
4.10. Removal of characteristics 
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 the electric drive in open system

Characteristics are removed at a constant voltage of an anchor in three modes: impellent, recuperative braking and plugging.

For carrying out of experiences it is necessary: 

· to remove crosspieces of М1-M2 and М7-М8 and to put crosspieces of M3 - М4 and М5-М6 (the system with P-regulators of speed and a current has turned out open); – to include S3, to put switch S1 in the right position and potentiometer R1 to establish a voltage on an anchor of researched motor Ud=15 V on voltmeter V1;
· to include S4, switch S2 to put in the right position, having included it motor fase to fase (Look at 4.8.);
· turning potentiometer R2 to receive 7-8 readout of speed ω and a current of anchor I1 of motor M1 (ammeter A1) at work М1 in an impellent mode and plugging (the sign on speed has changed);
· the data of experience to bring in table 4.1;

· to remove potentiometer R2 in extreme left position; 
· to establish switch S2 in the left position, having included it motors it agrees (Look at 4.8.);
· turning potentiometer R2 to receive 5-6 values of speed ω and a current of anchor I1 of motor M1 (ammeter A1) – transition in a mode of the recuperative braking, received given to bring in the table of the same experience;
· in the same way to take off characteristics 
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 for the researched engine at Ud=5 V and Ud=25 V, having written down the data in the tables similar to table 4.1.
	Table 4.1

ω
	s-1
	
	
	
	
	
	
	
	
	The note

	I1
	A
	
	
	
	
	
	
	
	
	Ud =... V;


	M1
	Nanometer
	
	
	
	
	
	
	
	
	


Example of calculation:


[image: image161.wmf]1

1

1

I

С

М

=

.

After experience:

· to put switches S1 and S2 in average position;
· to open switches S3 and S4;
· to remove potentiometers R1 and R2 in extreme left position.
4.11. Removal of characteristics 
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 in the closed system (stabilization of speed of rotation)

Characteristics are removed at the lowered voltage of an anchor in two modes: impellent and recuperative braking, characteristics in addition can be removed at a return direction of rotation (reverser).

For this purpose:

· to remove crosspieces of M3 - М4 and М5-М6 and to put crosspieces of М1-M2 and М7-М8 (the closed system of regulation with negative feedback on speed and a current and PI-regulators of speed and a current is realized); 
· to include S3, to put switch S1 in the right position; 
· to establish potentiometer R1 a voltage on an anchor of researched motor Ud=20 V on voltmeter V1;
· to include S4, to put switch S2 in the right position, having included it motors fase to fase (Look at. 4.8);
· turning potentiometer R2 to receive 5-6 values of speed ω and a current anchors I1 (ammeter A1), at work М1 in an impellent mode (given to bring to the table similar to table 4.1);
· to remove potentiometer R2 in extreme left position;
· to establish switch S2 in the left position, having included it motors it agrees (look at. 4.8);
· turning potentiometer R2 to receive 5-6 values of speed ω and a current anchors I1 (ammeter A1), having transferred it from an impellent mode in a mode recuperation;
· received given to bring in the table of the same experience;

· in the same way to take off characteristics 
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 for the researched motor at Ud=30 V and Ud=40 V, having written down the data in the tables similar to table 4.1.
After experience: 

· to put switches S1 and S2 in average position;
· to open switch S3 and S4;
· to remove potentiometers R1 and R2 in extreme left position.
At a return direction of rotation (reverser) of characteristic 
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 are removed in the same order, as at a direct direction of rotation, but switches S1 and S2 to put in an opposite direction:
S1 – in the left position;
S2 – in the left position at work М1 in an impellent mode.
S2 – in the right position at work of the motor in a mode of recuperative braking.
To execute operations « After experience »;

4.12. the maintenance of the report

1. The purpose of work.

2. The block diagram of the stand with brief explanatories.

3. Tables of the skilled data and characteristics for разомкнутой and the closed systems: 
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 – for all experiences on one schedule;
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 – for all experiences on the other schedule.
4. Comparative estimation of errors of regulation of speed open and the closed systems.

5. To calculate ranges of regulation of speed in open and the closed systems.

4.13. Control questions.

4.13.1. Features of a design and specifications himoment motors.

4.13.2. Advantages and lacks himoment motors of the inverted design.

4.13.3. The basic advantages of the closed systems subordinated by regulation.

4.13.4. What represent regulators of speed and a current? 

4.13.5. Due to what optimum transients in the electric drive are achieved?

4.13.6. For what in the considered electric drive are applied the device dependent currentrestriction and the adaptive device in addition to a regulator of speed?

4.13.7. A principle of work CPPM.

4.13.8. How at the stand to realize modes of the tested motor: impellent, recuperative braking and plugging?

4.13.9. With the help of that at the stand include, switch off and adjust speed of rotation of researched and loading motors?

4.13.10. Why in the closed electric drive the range of regulation of speed of rotation essentially extends?

4.13.11. How at the stand the current of an anchor is limited?
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Laboratory work №5

DYNAMIC CHARACTERISTICS of the ELECTRIC DRIVE In system " thyristorized the converter – the MOTOR of a direct current INDEPENDENT excitation "

5.1. The purpose of work

Research of characteristics of transients of speed 
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 at various dynamic modes thyristor the electric drive of a direct current one of two possible variants.
5.2. A stand construction

The laboratory stand will consist of the instrument block with two complete sets thyrostorezed converters and the electromechanical unit consisting from two himoment of motors of a direct current, one of which researched М1, another – loading М2. Motors are connected to the instrument block four cables: to two power and to two measuring.

A feed of the stand is carried out from a three-phase network 380V, 50Hz. The voltage on the stand moves with the help of automatic device QF located from the left lateral face of the instrument block.
The additional devices necessary for carrying out of experiments:

· two-beam oscillograph with storing;

· PC such as IBM AT/XT.

In work the computer program "SMVS.EXE", realized on language "Pascal" is used.
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5.3. Translation of designations of elements of the equipment and 

the basic electric circuit on the obverse panel of the instrument block (fig. 5.1.)

	POWER
	Energy

	THYRISTORIZED DC DRIVE STUDY
	Thyristorized a drive of a direct current

	TEST MOTOR
	The researched motor

	ARMATURE VOLTAGE
	Voltage of an anchor

	ARMATURE CURRENT
	Current of an anchor

	BRAKE MOTOR
	The loading motor

	HAND CONTROL
	Manual management

	SPEED, rad/s
	Speed, radian / s

	REFERENCE VOLTAGE
	Basic voltage

	BRAKE MOTOR CONTROL
	Management of the loading motor

	LOGIC UNIT
	The block of logic

	ON
	It is included

	OFF
	It is switched off

	CMPT
	Computer


5.4. Dynamic characteristics and modes of system thyristorized converter (TC) – the motor of a direct current of independent excitation (MPE)

Thyristorized the electric drive represents complex dynamic system, which condition during each moment of time is determined by the current values its variable and enclosed to system external (managing and revolting) influences.

Change of external influences is caused in the electric drive with transients during which electromechanical parameters speed 
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 and current 
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 change in time from initial values to the established values set by new influences on system.

Transition from one condition to another can be made on the different trajectories distinguished by duration of transition, the maximal loadings of electric and mechanical parts of system, the losses of energy allocated in the motor during transition, consumption of energy for same time and other parameters. It is necessary to choose from set of possible trajectories optimum, causing the maximal speed, or a minimum of losses of energy and dynamic loadings, or a maximum of useful work, etc.

As thyristorized the converter is system nonlinear its changes is described by the nonlinear differential equations. The most effective and widely used method of calculation of transients with possible more full account non-linear and inertyality the electric drive is the decision of system of the equations with help PC. Thus there is an opportunity visually to observe influence of changes of the chosen parameters and operatively to investigate character of transients. 
5.5. The description of a function chart of the stand

The function chart of the stand (fig. 5.1) is represented in the bottom half of obverse panel of the instrument block.

A feed of the electric drive is carried out from a network of a three-phase voltage (phase R, S, Т). On the power transformer this voltage moves through automatic device QF. 
The controlled converter contains two complete sets thyristors: straightening VS1 … VS6 and inverting VS7 … VS12. The straightened voltage moves on researched motor M1. The voltage on anchor М1 is supervised by voltmeter V1, and ammeter A1 and measuring shunt RS is included in a circuit of an anchor.
The voltage removed from shunt RS, amplifies the differential amplifier collected on operational amplifier (OA) А11. The amplified signal acts on one of inputs of a regulator of the current, collected on ОA А9. I.e. the shunt carries out a role of the gauge of a current of anchor М1.
The second input of a regulator of a current is connected to an output of a regulator of the speed, collected on OA А8. On the first input of this regulator the signal with seter the speeds, representing potentiometer R1 moves. The direction of rotation of the motor is set by switch S1. 
On the second input of a regulator of speed the signal tahogenerator BR which is supervised by voltmeter V2, graduated  in acts padian / s. For additional correction of dynamic properties of a control system the signal tahogenerator moves on the second input of a regulator of speed through differentiating part. 
Both the regulator of a current, and a regulator of speed represent PI-regulators. However, the regulator of speed is an adaptive regulator: its factor of amplification КG and a constant of time τ change in function of speed of rotation of the motor, compensating nonlinearity of dependence of factor of transfer thyristorized the converter from a signal of management. Besides being seted for a contour of a current, the regulator of speed carries out also function nonlinear currentrestriction. Value of an allowable current on conditions of switching depends on speed of rotation of the engine according to a switching curve of the motor. This curve is modelled by the functional converter which output removed through a jack 170. 
The signal of management acts from an output of a regulator of a current in the circuit of phols-phase management CPPM (on one of inputs) of comparator A7 and functionally similar to it). Work CPPM is synchronized with mains voltage by means of agreeing transformers TV13 … TV15. CPPM will consist from:
· phase-shifting chains (entrance jacks 131, 134, 137, the days off - 132, 135, 138) which operate work of generators of a sawtooth voltage (which target jacks 133, 136, 139);

· circuits of formation of pulses (elements А7 and VT24, and also functionally similar to them);
· amplifiers of pulses (transistors VT27, VT28, and also functionally similar to them);
· pulse transformers VS1 … VS12 which secondary windings form the managing pulses unlocking thyristors. 
The block of logic includes circuits of protection and indications and as provides algorithm of separate management with groups thyristors.

Loading motor M2 copes the device of management of the motor (BRAKE MOTOR CONTROL) which inclusion is made by switch S4, and adjustment of speed is carried out by potentiometer R2. Potentiometer R2 charging a voltage + 15 In by means of switch S2. Change of a sign on a having voltage achieves a reverser of motor M2. The circuit of the device of management of the loading motor is similar to the circuit of management of researched motor M1 except for an opportunity of updating of circuits of regulators and break of feedback on a current and speed. 
Let's remind, that in the given work in the closed system the principle of the subordinated regulation is used. This principle provides regulation of each coordinate with the help of the separate regulator and a corresponding feedback. Thus, regulation of each coordinate occurs in the closed contour, and required characteristics of the electric drive in dynamics can be received due to a choice of circuits and parameters of a regulator of this coordinate and a circuit of its feedback. 

5.6. The program of experiments

The order of an experimental research of transients by the first variant (with use of an oscillograph with storing):

· check of serviceability of the stand;

· oscillographing characteristics 
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 in open system of the electric drive;

· oscillographing characteristics 
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in the closed system of the electric drive.

The order of an experimental research of transients by the second variant (with use of the computer program « SMVS. EXE »):
· check of serviceability of the stand;

· sketch of characteristics 
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 on the screen of a computer in the closed system of the electric drive.

5.7. Check of serviceability of the stand

For this purpose it is necessary: 

· to expose switches S1, S2 in average position; 
· to open switches S3, S4;
· potentiometers R1, R2 to remove in extreme left position;
· to put switch S5 in position « HAND CONTROL ».
Attention!

1. Switch S1 includes and switches off researched motor M1, switch S2 – loading motor M2: 

· average (neutral) position S1 and S2 – are switched - off М1 and М2;
· identical direction of inclusion S1 and S2 (to the left or to the right) – motors M1 and М2 are included fase to fase;
· different direction of inclusion S1 and S2 (to the left or to the right) – motors M1 and М2 are included according to.
2. Do not suppose speed of rotation above 150 radian / s.

3. Indications of ammeters A1 and А2 should be no more than 15 A.

4. Rotation of handles of potentiometers R1 and R2 to make smoothly.
Check of serviceability of the researched electric drive:

· to include network automatic device QF on the left lateral panel of the instrument block light indicator " POWER " lights up;

· to connect crosspieces of jack М1 - М2 and М7 - М8, thus having entered feedback on speed and on a current of an anchor; 
· jacks of M3 - М4 and М5-М6 to open;
· to include S3;
· to put S1 in the left position;
· turning potentiometer R1 to be convinced, that the electromechanical unit rotates also its speed is adjusted;
· to switch S1 at a working drive to the right against the stop and to be convinced, that the researched motor is reversing;

· to establish S1 in average position, potentiometer R1 to transfer in extreme left position, to switch off S3.
Check of serviceability of the loading electric drive:

· to include S4;

· to expose S2 in the left position;
· turning potentiometer R2 to be convinced, that the electromechanical unit rotates also its speed is adjusted;
· to switch S2 at a working drive to the right against the stop and to be convinced, that the loading motor is reversing;
· to establish S2 in average position, potentiometer R2 to put in extreme left position, to switch off S4.
5.8. Research of dynamic characteristics with the help 

oscillograph with storing.

5.8.1. Removal of oscillograms 
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 in open system
For this purpose:

· to remove crosspieces of М1-M2 and М7-М8;
· to establish crosspieces of M3 - М4 and М5-М6.
5.8.1.1. Start-up and stop without loading:

· the information ends of an oscillograph to include in jacks 168 (a signal of speed) and 161 (a signal of a current), the common ends to connect to jacks ┴;

· to include S3, to put switch S1 in the right position; 
· potentiometer R1 to establish a voltage on an anchor of researched motor Ud= 40V and to correct thus factor of strengthening of a signal on both channels of an oscillograph;
· switching S1 serially in right (start-up) and average (stop) position to sketch oscillograms of transients 
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· to establish Ud = 10V and to repeat actions on the previous point;
· to put S3, S1 and R1 in starting positions.
5.8.1.2. A reverser without loading:

· to close S3, to put switch S1 in the right position;

· potentiometer R1 to establish a voltage on an anchor of researched motor Ud=40V; 
· to switch at a working drive switch S1 in extreme left position (a reverser of the motor) and to sketch oscillograms 
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· to establish Ud=10V and to repeat actions on the previous point;
· to put S3, S1 and R1 in a starting position. 
5.8.1.3. Dump and increase loadings:

· to include S3, to put switch S1 in the right position; 

· potentiometer R1 to establish a voltage on an anchor of researched motor Ud = 40М;
· to include S4, to put switch S2 in the right position (motors are included fase to fase);
· with the help of potentiometer R2 to load the researched motor with current I1=10A (ammeter A1);
· switching off and switching S4 to sketch oscillograms 
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 at dump and increase loadings;
· to put S1 and S2 in average position; to open S3 and S4; to remove potentiometers R1 and R2 in extreme left positions. 
5.8.2. Removal of oscillograms 
[image: image188.wmf])

(

t

f

=

w

 and 
[image: image189.wmf])

(

t

f

I

=

 in the closed system

For this purpose:

· to remove crosspieces of M3 - М4 and М5-М6;
· to establish crosspieces of М1-M2 and М7-М8.
5.8.2.1. Start-up and stop without loading

To repeat procedures of item 5.8.1.1.

5.8.2.2. A reverser without loading

To repeat procedures of item 5.8.1.2.

5.8.2.3. Dump and наброс loadings

To repeat procedures of item 5.8.1.3.

5.9. Research of dynamic characteristics with the help of the computer program "SMVS.EXE" on PC such as IBM AT/XT
The program "SMVS.EXE" is realized in programming language PASCAL
The basic specifications of the program: 

· range of measurement of a signal of a current of an anchor, A <100;
· range of measurement of speed, Radian / s <150;
· range of measurement of time of transient, ms <500.
The information cable connecting the instrument block with a computer should be connected to a socket "CMPT".
5.9.1. Preparation of the stand for work and start of the program 

For this purpose:

· automatic device QF is switched off;
· switches S3 and S4 are open;
· switches S1 and S2 in neutral position;
· potentiometers R1 and R2 are removed in extreme left positions;
· switch S5 in position « HAND CONTROL »;
· crosspieces of M3 - М4 and М5-М6 are removed;
· crosspieces of М1-M2 and М7-М8 are established;
· to include a feed of the COMPUTER;

· to include a feed of the printer;

· work in "DOS environment if you are in "WINDOWS" it is necessary to go in a window "FAR", further – in a folder (file) "ТМР", 
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 in "SMVS", 
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 in « SMVS. EXE » is recommended;
· with the help of a key "ENTER" to go in a window "Dynamic characteristics";
· to expose initial maximal values of parameters: speed – 150 radian / s, a current – 100А, time – 150 мs.

The program is ready to work.

5.9.2. Assignment of keys and procedure of record transitive 

processes

In an operating time of the program the bottom line of the screen contains the information on assignment of keys of the keyboard. And during each moment of time those commands which designations are represented by the allocated (white) color operate only:

F1 - a key of return to the menu « the Choice of a mode »;
F2 - a key of a portrayal of a new coordinate grid;
F3 - a key of record;
F4 - a key of a seal of the schedule of transients on the printer;
F10 - a key of an exit in operational system.
Use key F1 when it is necessary to change value of a current, speeds and time for the schedule.
In the top line of the screen the help information – value of a current, speed and time for one division of a scale grid of the schedule settles down. Record of transients 
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 can be made by two ways.

The first – asynchronous. In this case record is made by pressing of key F3. The given way is not recommended at record of transients as the certain skill is required that during the necessary moment to press a key. 
The second – synchronous. For synchronization of record the program analyzes position of switches on the obverse panel of the stand.

For record of transients it is necessary to press a key "Blank" and after that the program waits for change of a condition of switch S1 on the obverse panel of the stand.

 Attention!

It is necessary, that the interval of time between pressing of a key "Blank" and switching S1 was minimal. It is caused by feature of work of the program.

5.9.3. Removal of characteristics of transients 
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 at start-up without loading in the closed system

Experience is spent for two values of voltage on an anchor of researched motor Ud = 35 V and Ud = 65 V.

For this purpose:

· to put crosspieces of М1-M2 and М7-М8;
· switches S1 and S2 – in neutral position;
· potentiometers R1 and R2 – in extreme left position;
· to include automatic device QF;
· to include S3;
· to close S1 in the left position;
· potentiometer R1 to establish on an anchor of tested motor Ud= 35V (on voltmeter V1);
· S1 To expose in average position;
· to press key F2;
· to press a key "Blank" and then quickly to transfer S1 in the left position (on the screen of a computer schedules of transients will appear);
· to close S1 in the right position;
· potentiometer R1 to establish on an anchor of tested motor Ud= 65V (on voltmeter V1);
· S1 To expose in average position;
· to press a key "Blank" and then quickly to transfer S1 in the right position.
Changing the maximal value of parameters I, ω and t (an output in a corresponding window with the help of a key "Esc"), achieve that schedules of transients borrowed all space of the screen of a computer.
For an investment of the received schedules in the laboratory report two ways of a conclusion of the information are possible:

· conclusion to the printer;

· record on a diskette.

If the printer use key F4 is connected. 
At absence of the printer take advantage of a diskette.

Attention!

With the help of the standard program check up a diskette on absence of viruses. 

Procedure of record of the information on a diskette:

· to press a key "ALT" + « Print Screen » (record of the information in the buffer);

· to press a key "ALT" + "TAB" (an exit from the program without loss of the current information);
· to place in "Paint" contents of the buffer and to keep the current information (in the program "Paint", in a command line to choose the menu "File", then « To keep as » to type the name of a file and to keep on « the Working table ». To turn all windows, to guide the cursor of the mouse on the kept file, to press the right button of the mouse, in the appeared contextual menu to choose "To send" – « the Disk 3,5 (А) »);
· to return to the current program "Smvs.exe".
5.9.4. Removal of characteristics of transients 
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at stop without loading in the closed system

Procedure of experiment same, as well as in item 5.9.3., only schedules of transients are drawn idling of the electric drive while translating working in a mode (with the help of switching S1 in neutral position) in a mode stop. 

5.9.5. Removal of characteristics of transients 
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at a reverser without loading in the closed system

Procedure of experiment same, as well as in item 5.9.3., only schedules of transients are drawn idling of the electric drive while translating working in a mode (with the help of switching S1 from one extreme position in another) from one direction of rotation of the electric motor in opposite.

5.10. The maintenance of the report

1. The purpose of work.

2. The block diagram of the stand with brief explanatories. 

By the first variant of experiments:

· Oscillograms of characteristics 
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 (at start-up and stop without loading, at a reverser without loading; at dump and increase loadings) in open and the closed systems.

By the second variant of experiments:

· The brief description of the program "SMVS.EXE".

· Schedules of transients 
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for two values Ud (at start-up, останове and a reverser) without loading in the closed system of the electric drive.

· Brief conclusions by both variants.

Processing of schedules and oscillograms for both variants. In all figures to determine:

· time of transient – t t; 
· the established initial and final values of speed and current – ωbeg., ωfin., Ibeg., Ifin.;
· the maximal value of a current during transient – Imax;
· reregulation a current and speed.

5.11. Control questions

5.12.1. Represent schedules of transients 
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in разомкнутой to system of the electric drive:

· at start-up;

· at braking (stop);

· at a reverser;

· at dump and increase loadings. 

5.12.2. Represent schedules of transients 
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in the closed system of the electric drive:

· at start-up;

· at braking (stop);

· at a reverser;

· at dump and incresae loadings. 

5.12.3. Name the reason of absence reregulation on the schedule of transient on speed.

5.12.4. Than pulsations of a current of an anchor of the motor in transitive modes are caused?

5.12.5. On what trajectory values of speed and a current change during transient?

5.12.6. Name ways of definition of time of transient.

5.12.7. How to determine an electromechanical constant of time of transient?

5.12.8. The constant of time depends on what parameters thyristored the electric drive?
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Laboratory work №6

STATIC CHARACTERISTICS AND REGULATION 

SPEEDS of ROTATION of the ELECTRIC DRIVE With the contactless MOTOR of a direct current

6.1. The purpose of work

Studying of a design, static characteristics and ways of regulation of speed of rotation of the contactless motor of a direct current in open and the closed control systems.

6.2. A stand construction

The laboratory stand will consist of the instrument block and the electromechanical unit on the basis of the contactless motor of a direct current with built - in synchronous tahogenerator and an electromagnetic brake with momenteter. The electromechanical unit incorporates to the instrument block three cables on the forward side of the stand.

The basic specifications of the contactless motor:

type BK424;

Рn=6 W
Un=27 V
In=0,44 A;
nn = (4000(10 %) rev/min;

Мn=0,0147 Nanometer;
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(n=51 %;
operating mode S1, S2, S3.
The electromechanical brake eats from a source of a direct current, is supplied by momenteter allowing, to measure rotating moment on a shaft of the motor on expression: М=KT(Z [Nanometer], where Кт=2,4(10-3 Nanometer / div - factor of recalculation on the moment; Z - number of divisions on limb of  momenteter.

6.3. Translation of designations of elements of the equipment and 

the basic electric circuit on the obverse panel of the instrument block (fig. 6.1.)

	POWER
	Energy

	ARMATURE VOLTAGE
	Voltage of an anchor

	CURRENT SOURCE
	Source of a current

	ARMATURE CURRENT
	Current of an anchor

	BRAKE
	Brake

	CONTROL VOLTAGE
	Managing voltage

	TEST MOTOR
	The researched motor

	BRAKE CONTROL
	Setter loadings

	DIGITAL TACHOMETER
	Digital tachometer

	SPEED, rad/s
	Speed, padian / s

	HG
	The gauge of the Hall

	TGW
	Measuring winding tahogenerator

	CMPT
	Computer

	COMPENSATOR
	The equaliser


6.4. A design and a principle of action of the motor
At the contactless motor of a direct current the brush-collector unit is absent, its role carries out the transistor switchboard controlled by gauges of angular position of a rotor. Due to this the contactless motor, keeping the basic characteristics of the collector motor, is more reliable in work, creates a smaller radio noise. 

The contactless motor will consist of three parts: actually the motor, gauges of angular position of a rotor and semi-conductor switchboard. Gauges of position are placed in special grooves on the centers of poles of a winding of an anchor, the switchboard is built - in the motor.

Stator the motor has implicitly-pole a design, on stator the winding of an anchor from four sections is placed: Н1-К1, К2-Н2, Н3-К3, К4-Н4 (fig. 6.1). Each section will consist of two coils connected consistently and placed on opposite poles of stator. Section Н1-К1 and Н3-К3 charging from the unipolar power supply from the beginning, and section К2-Н2 and К4-Н4 - from the end; it is necessary for creation of the unipolar electromagnetic moment of the motor at rotation of the rotor executed from magnet-firmly of a material with two poles.
At each moment of time one section of a winding of an anchor is flowed round by a current only, the others of section are disconnected (table 6.1). The magnetic stream created by section cooperates with a stream of a rotor due to what turn consistently on 90( is carried out. Management currentdistribution on section transistors on signals of gauges of angular position of a rotor – gauges EDS of the Hall (carry out fig. 6.1; fig. 6.2).

6.5. Gauges of angular position of a rotor

In the researched motor as gauges of angular position of a rotor two gauges EMF of the Hall are used. The gauge of the Hall is carried out on a silicon plate (fig. 6.2) or a glass (mica) film with renderув the semiconductor. To opposite end faces 1-1 are soldered current conclusions through which the gauge is connected to the power supply. 
At submission on current conclusions of a voltage of a feed on a silicon plate the current proceeds. At influence on the gauge of a magnetic field normal to a plane of a plate the component of an induction In causes on the verge of 2-2 cross-section electric field, EMF which (EMF the Hall) 
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where K – a constant of the Hall; I – size of a current; Н – a normal component of intensity of a magnetic field (perpendicular lines of a current in a plate); d – thickness of a plate.
If to change a direction of an induction or having current, sign EMF of the Hall varies.

In the engine two gauges are placed in special grooves in the hole of stator and shifted be relative each other on 90( (in table 6.1 and on rice 6.1 are designated G and HG). At rotation of a rotor (a constant magnet) gauges develop on outputs М5-М6 and М7-М8 voltage the size and which sign correspond to size and a sign on a magnetic induction of the field created by a rotor - inductor. These voltage are managers for transistors VT3, VT4, VT9, VT10.
Gauges G or HG operate switching of two sectionы windings of an anchor:
· gauge G switches section Н1-К1 and К2-Н2;
· gauge HG switches section Н3-К3 and К4-Н4.
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Fig. 6.2. The gauge of the Hall

For example, the negative potential of one of poles EMF of the Hall on gauge G causes unlocking transistor VT9 and inclusion of section Н1-К1 during same time positive potential of other pole EMF of the Hall transistor VT10 and section К2-Н2 locks is disconnected, that is section work strictly in an antiphase. Are similarly switched also section Н3-К3, К4-Н4.

Sign EMF of the Hall of each gauge depends on what pole of a rotor is under gauge S or N (table 6.1).
6.6. The transistor switchboard

The simplified electric circuit of the switchboard is resulted on the forward panel of the instrument block (fig. 6.1).

Each section of a winding of an anchor is switched by a transistor key:

section Н1-К1 - VT9, К2-Н2 - VT10, Н3-К3 - VT4 and К4-Н4 - VT3. The base of each transistor is connected to conclusions of gauges EMF of the Hall (jack М5, М6 and М7, М8). On current conclusions of gauges of the Hall the voltage of a feed +UP moves (jack М13), which is formed by the special circuit. If transistor VT1 is closed, transistors VT9, VT10, VT3 are closed, VT4 and UP = +26 V. If VT1 is open, the current through gauges of the Hall and voltage UP proceeds ( 5V. 

Diod bridges VD1 and VD2, resistor R11 and condenser S1 protect transistors from revoltage.
Table 6.1

	Position of a rotor
	Signal of the gauge of the Hall
	The transistor is open
	Transistors are closed
	The section is included
	Turn of a rotor
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	+М5,-М6
	VT4
	VT3, VT9,
VT10
	Н3-К3
	0(-90(
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	+М7,-М8
	VT10
	VT3, VT4,
VT9
	К2-Н2
	90(-180(
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	-М5, +М6
	VT3
	VT4, VT9, VT10
	К4-Н4
	180(-270(
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	-М7, +М8
	VT9
	VT3, VT4, VT10
	Н1-К1
	270(-360(


6.7. Measure regulation and stabilization of speed of rotation

Angular speed of rotation of the motor is measured digital tahogenerator, on which input through dividing transformer TV (fig. 6.1) moves the voltage proportional to speed, from the tachometric winding TGW located in grooves stator of a package together with a winding of an anchor.
At the stand speed of the motor is adjusted or change of a voltage of the power supply by potentiometer R1 or a three-section rheostat in a circuit of an anchor (jack М1 … М4, resistance of each section Ra=3,0 Ohm.).
Stabilization of speed of the motor in the closed control system is carried out by introduction in the circuit of a negative feedback on speed. For this purpose through the equaliser ("COMPENSATOR") on an input of transistor VT1 two voltage are compared on size: the voltage of management Um removed from potentiometer R3 and a voltage of a feedback on speed Ufb, brought from tachometric winding TGW of the motor through dividing transformer TV, diod rectifier VD3 and the filter of low frequencies EC. At Um> Ufb, transistor VT1 is open, the engine is included, and its speed increases until Ufb<Um; at Ufb> Um transistor VT1 is closed also the motor passes in a short-term mode free выбега then again Um> Ufb transistor VT1 opens, the motor is accelerated, etc. - average speed of the motor is stabilized at a level corresponding to size of managing voltage Um.
6.8. The program of experiments

The order of an experimental research:

· check of serviceability of the stand;

· static electromechanical 
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and mechanical 
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 characteristics at regulation of speed by change of a voltage of a feed of an anchor;
· static electromechanical 
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characteristics at regulation of speed by additional resistance;
· static electromechanical 
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characteristics in the closed control system;
· adjusting characteristic 
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in the closed control system.
6.9. Check works the stand

Attention! The current of an anchor should not exceed 500mА!
Thus it is necessary:

· to put switches S1 and S2 in the left position;
· to turn handles of potentiometers R2 and R3 in extreme left position, and potentiometer R1 in extreme right;
· to include the automatic device on the left lateral panel of the instrument block (thus light indicator " POWER " lights up);
· to turn to the right potentiometer R3 and  be convinced  that the motor rotates, to establish potentiometer Uope=0,75V (voltmeter PV2);
· to switch S3, the motor should change a direction of rotation;
· at Uope=5V to turn the handle of potentiometer R1 counter-clockwise and with the help of a tachometer to be convinced in that, that speed of the motor decreases, and then to turn potentiometer R1 in extreme right position;
· to turn the handle of potentiometer R2 clockwise and to be convinced that the brake reacts to increase in a current of excitation in its coil;
· to turn handles of potentiometers R2 and R3 in extreme left position;
· to put switches S1 and S2 in the left position; 
· handles of potentiometers and switches to establish in a starting position.

6.10. Regulation of speed of rotation of the motor by change of a voltage of the power supply

Attention! The current of an anchor should not exceed 500mА!
Experience is carried out at deduced of a circuit of an anchor resistance Rа.
It is necessary:
· to open a feedback on speed, having turned the handle of potentiometer R3 in extreme right position, thus speed of the motor maximal;
· to write down size of a voltage on an anchor of the motor on voltmeter PV1 (the handle of potentiometer R1 should be revolved in extreme right position);
· turning the handle of potentiometer R2 to increase loading of the motor and to write down 5-6 values speed of rotations: a current of an anchor and the moment on a shaft (in divisions Z on limb of momentometer) in table 6.2;
· to repeat experience, reducing a voltage on an anchor step by step on 4 In with the help of potentiometer R1, received given to write down in tables similar to table 6.2;
· to return handles of potentiometers in a starting position (look at 6.9).

Table 6.2

	ω
	s-1
	
	
	
	
	
	
	Notes

	I
	mА
	
	
	
	
	
	
	U =... V;

	Z
	div
	
	
	
	
	
	
	Radd=0;

	M
	Nanometer
	
	
	
	
	
	
	


Example of calculation:

М=2,4(10-3Z.
6.11. Removal of characteristics (regulation of speed of rotation) the motor introduction of additional resistance (rheostatic characteristics)

Experience is carried out at a full voltage of an anchor (the handle of potentiometer R1 in extreme right position). 

It is necessary:

· to disconnect additional resistors  Ra, having connected jacks М1 and М4 with the help of the special crosspiece;
· to open a feedback on speed, having turned the handle of potentiometer R3 in extreme right position, thus speed of the motor maximal;
· to increase loading of the motor, turning the handle of potentiometer R2 and to write down 5-6 values of speed, a current of an anchor and divisions limb of momentometer in the table similar to table 6.2;
· to repeat experience, entering consecutive additional resistance Rа in a circuit of an anchor by switching jacks М1... М4; given to bring in the tables similar to table 6.2;
· to return handles of potentiometers in a starting position (look at 6.9). 

6.12. Removal of characteristics (regulation of speed of rotation) in the closed control system (stabilization) of speed

In work the closed system with a negative feedback on speed is used.

For this purpose: 

· to set a voltage of management Um=2 V on voltmeter PV2, turning the handle of potentiometer R2 to the right and to write down 5-6 values of speed rotations, a current of an anchor and divisions limb of momentometer in the table similar to table 6.2;
· to repeat experience for values of managing voltage Um=3; 4; 5; 6V, having filled in the tables similar to table 6.2;
· to return handles of potentiometers in a starting position (look at 6.9).

6.13. The adjusting characteristic 
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) in the closed control system

Experience is carried out in a mode of idling of the motor (the handle of potentiometer R2 is revolved counter-clockwise against the stop).
It is necessary:

· to establish consistently managing voltage Um = 0; 1; 2 ... 6 V, turning the handle of potentiometer R3 on hour to pointer, for each value Um to write down indications of speed ω;
· given to bring in table 6.3.

Table 6.3

	Um
	V
	0
	1
	2
	3
	4
	6

	ω
	s-1
	
	
	
	
	
	


6.14. The maintenance of the report

1. The purpose of work.

2. The basic electric circuit of the electric drive.

3. Tables of the skilled data and characteristics 
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- for all experiences on one schedule and 
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for all experiences on the other schedule.
4. Adjusting characteristic 
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5. Parameters of regulation of speed of rotation of the motor.

6. Brief conclusions.

6.15. Control questions

6.15.1. A design and assignment of separate parts of the contactless motor of a direct current.

6.15.2. A principle of work of the tested motor.

6.15.3. Than one-polarity of pulses of the electromagnetic moment of the motor is provided?

6.15.4. To explain assignment of the transistor switchboard.

6.15.5. A principle of action of gauges EMF of the Hall.

6.15.6. To explain work of the electric drive in the closed system of stabilization of speed.

6.15.7. Whether probably dynamic braking of the given motor?

6.15.8. Under what conditions of characteristic 
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the tested motor can be natural?
The literature

1. Armenskij E.V., Falk G.B.electric of the micromachine. – M.: the Higher school, 1985. – 230 p.

2. Hroshev V.V.electric of the machine of systems of automatics. – L.: Energoatomizdat, 1985. – 364 p.

	
	The contents
	

	1.
	Laboratory work №1

Static characteristics and operating modes of the electric drive 

with the electric motor of a direct current independent  excitation… … …
	3              

	2.
	Laboratory work №2

Static characteristics and operating modes of the electric drive with the electric motor of a direct current of consecutive excitation … …. … … … 
	17

	3.
	Laboratory work №3

Static characteristics and operating modes of the electric drive with the asynchronous short-circuited emotor … … … … … … … … … … … …
	31

	4.
	Laboratory work №4

Static characteristics and operating modes of system " thyristorized the converter – the motor of the constant motor " … … … … … … …... … …
	50

	5.
	Laboratory work №5

Dynamic  characteristics  the electric drive of system " thyristor the converter – the motor of the constant motor " … … … … … … … ... … …
	67

	6.
	Laboratory work №6

Static characteristics and regulation speeds of rotation of the electric drive with the contactless motor of a direct current … … …. … … … … … … ...
	81


Laboratory practical work to performance of laboratory works at rates of the electric drive and an electric equipment for students of baccalaureate and engineering levels of all forms of training



 composers: 
            Jury Nikolaevich Dementyev






 sergey Mihajlovich Semenov

                                                    Sergey Jurevich Borovikiv

condition of a seal the edition
It is passed for printing 

Format 60х84/16. A paper offset.

Seal RISO. Cond. seal. p. 4,88. Stady.-edition.p. 4,42.

Circulation of 100 copies. The order 52. The price free.

Publishing house TPU. 634050, Tomsk,  Lenin st., 30.
















Fig. 6.1. The basic electric circuit of the stand





Fig. 5.1. A function chart тиристорного the electric drive.
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Fig. 4.1. A function chart тиристорного the electric drive.
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Fig. 3.1. The basic electric circuit of the stand
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