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Introduction 

Welcome to another course in the STEP 2000 series, 

Siemens Technical Education Program, designed to prepare 

our distributors to sell Siemens Energy & Automation prod­

ucts more effectively. This course covers Basics o f  AC Drives 

and related products. 

Upon completion of Basics o f  AC Drives you should be able 

to: 

• Explain the concept of force, inertia, speed, and torque 

• Explain the difference between work and power 

• Describe the construction of a squirrel cage AC motor 

• Identify the nameplate information of an AC motor 

necessary for application to an AC Drive 

• Describe the operation of a three-phase rotating mag­

netic field 

• Calculate synchronous speed, slip, and rotor speed 

• Describe the relationship between V/Hz, torque, and 

current 

• Describe the basic construction and operation of a PWM 

type AC drive 

• Describe features and operation of the Siemens 

MicroMaster 

• Describe the characteristics of constant torque, constant 

horsepower, and variable torque applications 
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This knowledge wil l  help you better understa nd customer 
appl ications. In  addition, you wil l  be able to describe products 
to customers and determine important differences between 
products. You should complete Basics of Electricity before 
attempting Basics of AC Drives. An understanding of many of 
the concepts covered in  Basics of Electricity is req uired for 
Basics of AC Drives. 

If you are an employee of a Siemens Energy & Automation 
authorized distributor, fi l l  out the final  exam tea r-out card and 
mai l  in the card. We wi l l  mai l  you a certificate of completion if 
you score a passing grade. Good luck with your  efforts . 

S IMOVERT is a registered trademark of Siemens AG. 

National E lectrical Man ufacturers Association is located at 
2 1 0 1  L. Street, N.W., Washington, D.C. 20037 . The abbrevia­
tion "N EMA'' is understood to mean National E lectrical 
Man ufacturers Association.  
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Force and Motion 

I n  many commercial, industria l, and uti l ity appl ications 
electric motors are used to transform electrical energy into 
mechanical energy. Those electric motors may be part of a 
pump or fan, or they may be connected to some other form 
of mechanical equipment such as a conveyor or mixer. I n  
many of these appl ications the speed of the system i s  deter­
mined primari ly by its mechanical design and loading.  For an 
increasing number of these appl ications, however, it is neces­
sary to control the speed of the system by control l ing the 
speed of the motor. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



AC drives The speed of the motor can be control led by using some 
type of electronic drive equipment, referred to as variable or 
adjustable speed drives. Variable speed drives used to con­
trol DC motors are cal led DC drives. Variable speed drives, 
l i ke the Siemens MicroMaster, used to control AC motors are 
cal led AC drives. The term inverter is a lso used to describe 
an AC variable speed drive. The inverter is only one part of 
an  AC drive, however, it is common practice to refer to an AC 
drive as an  inverter. 

SIMOVERT 
r-.::=:--

-

PDDD 
b b 0 lf�t � )';i,�,!�,f'\tNG ��'�" "'-

ElECn.oc OISC>t.\R(JETI:;"'EROoJsV0!_1_...ES 

� �s���iF��TOAE� 
ENTWJUFJ15..,��>1ERSPA...._,NG 

-

MicroMaster 

Before d iscussing AC drives it is necessary to understand 
some of the basic terminology associated with drive opera­
tion.  Many of these terms are famil iar to us in  some other 
context. Later in  the course we wil l  see how these terms 
apply to AC drives. 
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F orce 

Net force 

T orque 

6 

In  simple terms, a force_ is a push or a pu l l .  Force may be 
caused by electromagnetism, gravity, or a combination of 
physica l means.  

Net force is the vector sum of a l l  forces that act on an  object, 
inc luding friction and gravity. When forces are appl ied in the 
same d irection they are added . For example, if two 1 0  pound 
forces were appl ied in  the same d irection the net force would 
be 20 pounds. 

10 LB 

Object : 
10 LB 

Net Force = 20 LB 

If 1 0  pounds of force were appl ied in one di rection and 20 
pounds of force appl ied in the opposite d irection, the net 
force would be 10 pounds and the object would move in  the 
d irection of the greater force. 

10 LB 20 LB 
Object 

Net Force = 1 0 LB 

If 10 pounds of force were appl ied equal ly in both di rections, 
the net force would be zero and the object would not move. 

10 LB 10 LB 
.. Object 

Net Force= 0 LB 

Torque is a twisting or turning force that causes an  object to 
rotate. For example, a force appl ied to the end of a lever 
causes a turn ing effect or torque at the pivot point. 

Torque � o..- Rad
_
ius 

---+ \ 1 (Lever Distance 

+ 
Force 
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Inertia 

Torque (T) is the product of force and radius ( lever distance) 
and is typical ly measured in lb-feet. 

Torque = Force x Radius 

It can be seen that i ncreasing force or i ncreasing the radius 
increases torque. For example, if 1 0  pounds of force were 
appl ied to a lever 1 foot long there would be 1 0  lb-feet of 
torque.  Increasing the force to 20 pounds, or the lever to two 
feet would increase the torque to 20 lb-feet. 

Force 
10 Lbs. 

l 

Mechanical systems are subject to the law of inertia . The law 
of inertia states that an  object wi l l  tend to remain in its current 
state of rest or motion un less acted upon by an external 
force. A soccer bal l, for example, remains at rest unti l  a player 
appl ies a force by kicking the ba l l .  The ba l l  wi l l  remain in  
motion unti l another force, such as friction or the goal net, 
stops it. 
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Friction 

Speed 

8 

Because friction removes energy from a mechanica l  system, 
a continual  force must be a ppl ied to keep an object i n  
motion.  The law of inertia i s  sti l l  val id, however, since the 
force appl ied is needed only to compensate for the energy 
lost. In the fol lowing i l lustration, a motor runs a conveyor. A 
large amount of force is a pplied to overcome inertia and start 
the system .  Once the system is i n  motion only the energy 
requ i red to compensate for various losses need be appl ied to 
keep the conveyor in motion.  These losses include : 

• Friction within motor and conveyor bearings 
• Wind losses in  the motor and conveyor 
• Friction between conveyor belt and rol lers 

Bearings 

Package 

Rollers 

Motor 

An object i n  motion travels a d istance in  a g iven t ime. Speed 
is the ratio of the d istance traveled and the time it takes to 
travel the d istance. 

Speed = Dis�ance Time 
A car, for exam ple, may travel 60 mi les in  one hour. The 
speed of the car is 60 mi les per hour (MPH) .  

60 MPH 
= 60 Miles 

1 Hour 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Spee d of a r otating object 

Accelerati on 

Speed a lso a ppl ies to a rotating object, such as the tire of a 
car or the shaft of a motor. The speed of a rotating object is a 
measurement of how long it takes a g iven point on the rotat­
ing object to make one complete revolution from its starting 
point. Speed of a rotating object is genera l ly g iven in  revolu­
tions per minute { RPM).  An object that makes ten complete 
revolutions in one minute has a speed of 1 0  RPM. 

Starting Point 

Pivot Point 0 ---t----

An object can change speed. This change in  speed is cal led 
acceleration . Acceleration only occurs when there is a 
change in  the force acting upon the object. A car increases 
speed from 30 MPH to 60 MPH. There has been a change in 
speed of 30 MPH. An object can a lso change from a h igher 
to a lower speed . This is known as deceleration {negative 
acceleration) .  

� MPH 

-� 0 D 

Acceleration and deceleration a lso apply to rotating objects. 
A rotating object, for exam ple, can accelerate from 1 0  RPM to 
20 RPM, or decelerate from 20 RPM to 1 0  RPM. 

10  RPM 20 RPM 20 RPM 10 RPM 

Acceleration Deceleration 
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Review 1 

1 0  

2. An obie¢t h�s 20 pounds offarce applied in one 
direction and 6 pounds of forte applied in the oppo­
site direction i The netforce is pounds. 

3. A twisting or turning force that causes an object to 
rotate is known as 

-----

4. If 40 pounds of force were appUed to a lever 2 feet 
long, the torque would be lb-feet. 

5. The law of states t�at an object will 
tend to .remain in its current state of rest or motion 
unless acted upon by an external force. 

6. is the ratio of distance traveled and 
time. 

7. The speeci of a rotating object is gEmerally given in 
---��--- per����-

8. only Occur$ \l)lnen there is a change in 
an objecfs state .. ofmotiQr'l�····

· ·. 
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W ork 

P ower 

Energy 

Whenever a force of any kind causes motion, work is accom­
pl ished . For example, work is accomplished when a conveyor 
belt moves a package from point A to point B. 

@ 
Point A 

Work is general ly expressed in  foot-pounds and is defined by 
the product of the net force ( F) appl ied and the d istance (d) 
moved. If twice the force is appl ied, twice the work is done. If 
an  object moves twice the d istance, twice the work is done. 

W= F x d 

Power is the rate of doing work, or work divided by time.  

Fo rce x Distance 
Powe r = -------

Time 

Wo rk 
Powe r= -­

Time 
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H orsep ower 

12 

I n  other words, power is the amount of work it  takes to move 
the package from point A to point 8, d ivided by the t ime. 

Point A 

Power can be expressed in  foot-pounds per second, but is 
often expressed in  horsepower ( HP) . Th is un it was defined in  
the 1 8th century by James Watt. Watt sold steam engines 
and was asked how many horses one steam engine would 
replace. He had horses wal k  around a wheel that would l ift a 
weight. He found that each horse would average about 550 
foot-pounds of work per second.  One horsepower is equiva­
lent to 550 foot-pounds per second or 33,000 foot-pounds 
per minute. 
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The fol lowing form ula can be used to calcu late horsepower 
when torque ( in  lb-ft) and speed are known. An increase of 
torque, speed, or both wil l  cause an increase in  horsepower. 

HP = Tx RPM 
5250 
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P ower in a DC circuit 

14 

Electrical Energy 

I n  an  electrical circu it, voltage appl ied to a conductor wil l  
cause electrons to flow. Voltage is the force and electron 
flow is the motion.  

\\II 

Electron Flow = Motion 

I Battery I 
Voltage = Force 

The rate at which work is done is cal led power and is 
represented by the symbol "P". Power is measu red in  watts 
represented by the sym bol "W". The watt is defined as the 
rate wo rk is done in a circuit when 1 amp flows with 1 volt 
applied.  

Power consu med in  a resistor depends on the amount of 
current that passes through the resistor for a g iven voltage. 
This is expressed as voltage (E) t imes current (1) . 

P = E x /  

o r  

P= EI 
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Power in an AC circuit 

I n  the fol lowing simple DC circuit power can be calcu lated. 

1=2 amps 

+ 
R=60 

1 2  volts 

P = EI 
P = 12 volts x 2 amps 
P = 24 watts 

Resistance is not the on ly circu it property that effects power 
in an AC circuit. Power consumed by a resistor is d issipated 
in heat and not returned to the source. This power is used to 
do useful work and is cal led true power. True power is the 
rate at which energy is used and is measu red in  watts (W) . 
Current in  an  AC circuit rises to peak va lues and d imin ishes to 
zero many times a second.  The energy stored in the magnetic 
field of an inductor or plates of a capacitor is returned to the 
source when current changes d irection . This power is not 
consumed and is cal led reactive power. Reactive power is 
measured in  volt-amps reactive (VAR) . Power in an AC circuit 
is the vector sum of true power and reactive power. Th is is 
cal led apparent power. Apparent power is measured in  volt­
amps (VA) . 

.... 
Q) � 
&. 
Q) 
> 
·� ctJ 
Q) 

a: 

' 
8 

/ 

True Power (W) 
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Power factor 

Horsepower an d kilowatts 

1 6  

The formu la for apparent power is : 

P= EI 

True power is calcu lated from a trigonomic function, the 
cosine of the phase angle (cos e as shown on the previous 
page) .  The formula for true power is :  

p = El cos 8 

Power factor is the ratio of true power to apparent power, or 
a measurement of how much power is consumed and how 
much  power is returned to the source. Power factor is equal 
to the cosine of the phase angle.  

PF = cos e 

I n  a purely resistive circu it where current and voltage are in  
phase, there is no ang le  of d isplacement between current 
and voltage. The cosine of a zero deg ree angle is one.  The 
power factor is one. This means that al l energy del ivered by 
the source is consumed by the circu it and d issipated in the 
form of heat. 

AC drives and motors manufactured in the Un ited States are 
genera lly rated in  horsepower (HP) .  Equipment manufactured 
in Europe is genera l ly rated in ki lowatts (KW) . Horsepower 
can be converted to ki lowatts with the fol lowing formula: 

KW = .746 x HP 

For example, a 25 HP motor is equivalent to 1 8.65 KW. 

18. 65 KW = .746 x 25 HP 

Kilowatts can be converted to horsepower with the fol lowing 
formu la :  

HP = 1 .341 x KW 
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Single-phase power 

Three-phase power 

The power formula for a single-phase system is: 

KW
= 

V x l x PF 
1000 

The power formula for three-phase power is :  

KW 
= 

Vx l x PF x  1 .732 
1000 

Power is considered sing le-phase when it is operated by one 
voltage source. Sing le-phase power is used for smal l  electri­
cal demands such as found in the home. Single-phase power 
can a lso be found in some l ight duty commercial and indus­
trial  appl ications. 

+ Direction 

0 
Time------. 

- Direction 

Three-phase power is produced by three voltage sources. 
Three-phase power is a continuous series of th ree overlap­
ping AC voltages. Each voltage wave represents a phase and 
is offset by 1 20 electrica l degrees. Three-phase power is used 
where a large quantity of electrical power is required, such as 
commercial and industrial  appl ications. 

+ 
Phase A Phase 8 Phase C 

I I I 
:-1 20°-! : : 
I 240°-1 I 
1------- 3600-l 
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Review 2 

18 

1. is accomplished whenever force 
causes motion. 

2. is the rate of doing work. 

3. In an electrical circuit the force required to cause 
electron flow is called 

-----

4. Power used to do work is called power. 
-----

5. True power is measured in -----and appar­
ent power is measured in 

-----

6. The ratio of true power to apparent power is known 
as 

________ ---------

7. 18 KW is equivalent to ______ HP. 
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AC Motor Construction 

AC induction motors are com monly used in  industria l  appl ica­
tions. The fol lowing motor d iscussion wi l l  center around 
three-phase, 460 VAC, asynchronous, induction motors. An 
asynchronous motor is a type of motor where the speed of 
the rotor is other than the speed of the rotating magnetic 
fie ld.  This type of motor is i l lustrated. E lectromagnetic stator 
windings are mou nted in a housing. Power connections, 
attached to the stator windings, are brought out to be 
attached to a three-phase power supply. On th ree-phase, 
dua l-voltage motors n ine leads are suppl ied for power con­
nections. Th ree power connection leads are shown in  the 
fol lowing i l lustration for simplicity. A rotor is mounted on a 
shaft and supported by bearings.  On self-cooled motors, l ike 
the one shown, a fan is mounted on the shaft to force cool ing 
a i r  over the motor. 

Stator Windings 

Power Connections 
1 9  www . 
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NEM A design The National E lectrica l Manufacturers Association ( N E MA) 
has established sta nda rds for motor construction and perfor­
mance. The nameplate on page 20 is for a motor designed to 
NEMA B specifications. NEMA B motors are commonly used 
with AC drives. 

Efficiency AC motor efficiency is expressed as a percentage. It is an  
ind ication of how much  input electrica l energy i s  converted 
to output mechanica l  energy. The nominal  efficiency of this 
motor is 93.0%. 

Kil owatts an d p ower factor Motor manufacturers may also use ki lowatts (KW) instead of 
horsepower and power factor (Cos. 0) instead of efficiency. 
For exam ple, a motor may be rated at 1 8  KW, 460 Volts, 30.5 
Amps with a power factor of 0.83. To properly setup an  AC 
drive it may be necessary to convert KW to horsepower and 
calculate efficiency. 

22 

To convert KW to HP use the fol lowing equation : 

HP = 1.34 1  x KW 

HP= 24 

Efficiency can be calcu lated with the fol lowing form ula : 

3-Phase Efficiency= 
746 x HP 

1. 732 x V x l x PF 

3-Phase Efficiency = 
746 x 24 

1 .732 X 460 X 30 .5 X .83 

3-Phase Efficiency = 88. 7% 
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Magnetic field 

Developing A Rotating Magnetic Field 

A rotating magnetic field must be developed in the stator of 
an  AC motor in  order to produce mechanical rotation of the 
rotor. Wire is coiled into loops and p laced in s lots in  the 
motor housing.  These loops of wire are referred to as the 
stator windings . The fol lowing drawing i l lustrates a three­
p hase stator. Phase windings (A, 8, and C) are placed 1 20° 
apart. I n  this examp le, a second set of three-phase windings 
is insta l led. The number of poles is determined by how many 
times a phase winding appears .  In  this examp le, each phase 
winding appears two times.  This is a two-pole stator. If  each 
phase winding appeared four  times it would be a four-pole 
stator. 

2-Pole Stator Winding 

When AC voltage is appl ied to the stator, current flows 
through the windings .  The magnetic field developed in a 
phase winding depends on the d i rection of current flow 
through that winding.  The fol lowing chart is used here for 
explanation on ly. It ass umes that a positive current flow in 
the A1, 81 and C1 windings res ult i n  a north pole. 

Winding Current Flow Direction 
Positive Negative 

A1 North South 
A2 South North 
81 North South 
82 South North 
C1 North South 
C2 South North 
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24 

It is eas ier to visua l ize a magnetic field if a time is p icked 
when no current is flowing through one p hase. In the fol low­
ing i l lustration, for example, a time has been selected d u ring 
which p hase A has no current flow, p hase B has current flow 
in a negative d i rection and phase C has current flow in a 
positive d i rection.  Based on the above chart, 81 and C2 are 
south poles and 82 and C1 are north poles .  Magnetic l ines of 
flux leave the 82 north pole and enter the nearest south pole, 
C2. Magnetic l ines of flux a lso leave the C1 north pole and 
enter the nearest south pole,  81 . A magnetic field resu lts 
ind icated by the arrow. 

Resultant Magnetic Field 

Magnetic Lines OF Flux 

I 
I Current Flow In A Positive Direction 
I 

::6_ i � Current Flow At Zero 
I 
1 Current Flow In A Negative Direction 

B ��--------------------�---------

i"-.� 
I 

Start 

The a mount of flux l ines (<P) the magnetic fie ld produces is 
proportional to the voltage (E) d ivided by the frequency (F) .  
I ncreas ing the supply voltage increases the flux of the 
magnetic fie ld .  Decreasing the frequency increases the flux. 

E <I>=� F 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Synchronous spee d 

If the field is evaluated at 60° intervals from the starting point, 
at point 1, it can be seen that the field wi l l  rotate 60°. At point 
1 p hase C has no current flow, p hase A has current flow i n  a 
pos itive d i rection and phase 8 has current flow in  a negative 
d i rection. Following the same logic as used for the starting 
point, windings A 1 and 82 are north poles and windings A2 
and 81 are south poles .  At the end of s ix such interva ls the 
magnetic field wi l l  have rotated one fu l l  revolution or 360°. 

B26C2 B2�C2 B2&.�C2 B26C2 

C1�81 C1�81 C1�81 C1�81 
A2 ��1 A2 �A1 :2 .A1 A2 82 

·
x

· 
·. -.� \ C2 , 82 

S .-:-:-:-:-:<� C2 , 82 
_.7_:_.

· 
-�� C2 , 

· · · · \) I ..,_____..:..:.� I .. · 
· :":V I 

· : .·. · :_. I 
· 

·

_

·::: · I ·-: ·
· : : :  I C1 ·. ·. ·. S 81 I C1 S · .... : 81 I C1 ::: 81 I 

I I N I 

c 

A 

8 

Start 

A2 I A2 I A2 I 
I I I 

.--...._ 1 I I 

2 3 4 5 6 

The speed of the rotating magnetic field is referred to as 
synchronous speed (Ns). Synchronous speed is equa l to 1 20 
t imes the frequency (F) ,  d ivided by the number of poles (P) .  

Ns = 
120F 

p 

If the applied frequency of the two-pole stator used in  the 
previous example is 60 hertz, synchronous speed is 3600 
RPM. 

Ns = 
120 x 60 

2 

Ns = 3600 RPM 
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Review 3 

26 

1. Given an AC motor with the following: a nameplate 
Amps of 1 0/5, and Volts of 230/460, the full load 
amps at 460 Volts is Amps . 

2. A motor which is permitted to exceed the rated 
horsepower by 15% has a service factor of 

3. A motor with a rating of 37 KW would have an 
equivalent horsepower rating of HP. 

4. Stator windings in a three-phase, two-pole motor are 
placed degrees apart. 

5. The synchronous speed of a four-pole stator with 60 
Hertz applied is RPM. 

The synchronous speed of a four .. pole stator with 5.0 
Hertz applied is RPM. 

6. An increase of stator voltage in a 3-phase AC motor 
will caU:se the magnetic linel,&f ffux to .;,.;.' ....;..;.,;.----......;..;.,;. .......... 

7. An• Increase of stator: fre(IU,et;u:v. ,in a 3-phase.AC 
lllQtqr liViiJ C;it.JSe �he ffi89flfAtO, Un� of :�U::K, to ' 
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R otor c onstructi on 

Rotor Construction 

The most common type of rotor is the "squ irrel cage" rotor. 
The construction of the squirrel cage rotor is reminiscent of 
rotating exercise wheels found in cages of pet rodents .  The 
rotor consists of a stack of steel laminations with evenly 
spaced conductor bars around the circu mference. The 
conductor bars are mechanica l ly and electrica l ly connected 
with end rings . A s l ight skewing of the bars helps to reduce 
audible hum.  The rotor and shaft are an integra l  part. 

Steel Laminations 

/ 

Conductor Bars 

End Ring 

27 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



30 

Electrical Components Of A Motor 

The fol lowing d iagram rep resents a s impl ified equiva lent 
circuit of an  AC motor. An understand ing of this diagram is 
important in the understanding of how an AC motor is 
applied to an AC drive . 

Vs L ine voltage appl ied to stator power leads 
Rs Stator resistance 
Ls Stator leakage inductance 
Is Stator current 
E Air gap or magnetizing voltage 
LM Magnetizing inductance 
IM Magnetizing current 
RR Rotor resistance (varies with temperature) 
LR Rotor leakage inductance 
lw Working or torque producing current 

Line 
Voltage 

(Vs) 

• 

Rs Ls 

Stator Circuit 
r-�=�) 

Air Gap Between 
Rotor And Stator 
Where Flux (<I>) Is 

Developed 
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Line v oltage 

Magnetizing current 

W orking current 

Stator current 

Voltage (Vs) is appl ied to the stator power leads from the AC 
power supply. Voltage drops occur due to stator resistance 
(Rs) . The resu lta nt voltage (E) represents force (cemf) avai l ­
able to produce magnetizing flux and torque.  

Magnetizing current ( IM) is responsible for producing 
magnetic l ines of f lux which magnetical ly l ink with the rotor 
circuit. Magnetiz ing current is typica l ly about 30% of rated 
cu rrent. Magnetiz ing current, l ike flux (<I>), is proportional  to 
voltage (E) and frequency (F) .  

E 
IM = 

2nFLM 

The current that flows in  the rotor circuit and produces torque 
is referred to as working current ( lw) . Working current is a 
function of the load . An increase in  load causes the rotor 
circuit to work harder increas ing working current ( lw) . A 
decrease in  load decreases the work the rotor circuit does 
decreasing working current ( lw) . 

Stator current ( Is) is the current that flows in the stator circuit. 
Stator current can be measu red on the supply line and is a lso 
referred to as l ine current. A clamp-on ammeter, for example, 
is frequently used to measure stator current. The ful l - load 
ampere rating on the nameplate of a motor refers to stator 
current at rated voltage, frequency and load. It is the maxi­
mum current the motor can carry without damage. Stator 
current is the vector sum of working current ( lw) and magne­
tizing current ( IM) .  Typical ly magnetizing current ( IM) remains 
constant. Working current ( lw) wil l  vary with the appl ied load 
which causes a corresponding change in  stator current ( Is) . 

Is= J I�+ I'll 
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De finitions 

NEM A Classi fications 

32 

N EMA Rotor Characteristics 

The National  E lectrica l Manufacturers Association (NEMA) 
class ifies motors according to locked rotor torque and 
current, pu l l  up torque, breakdown torque and percent s l ip .  
I n  addition, ful l- load torque and current m ust be considered 
when evaluating an appl ication. 

Note: Most NEMA terms and concepts apply to motors 
operated from 60 Hz power l ines,  not variable speed d rive 
operation .  

Locked rotor torque is a lso referred to as starting torque. 
This torque is developed when the rotor is held at rest with 
rated voltage and frequency appl ied . This condition occurs 
each time a motor is started. When rated voltage and 
frequency a re appl ied to the stator there is a brief amount of 
t ime before the rotor turns . 

Locked rotor current is a lso referred to as starting current. 
This is the current taken from the supply l ine at rated voltage 
and frequency with the rotor at rest. 

Pull up torque is the torque developed during acceleration 
from start to the point breakdown torque occurs .  

Breakdown torque is the maximum torque a motor develops 
at rated voltage and speed without an  abrupt loss of speed . 

Full-load torque is the torque developed when the motor is 
operating with rated voltage, frequency and load .  

Full-load current is the current taken from the supply l ine at 
rated voltage, frequency and load.  

Three-phase AC motors are class ified by N E MA as N E MA A, 
8, C and D. N EMA specifies certain  operating characteristics 
for motors when started by applying rated voltage and fre­
q uency (across the l ine starting) .  A NEMA 8 motor, for ex­
ample, typ ical ly requi res 600% starting current and 150% 
starting torque. These considerations do not apply to motors 
started with an  AC drive. N E MA 8 design motors are the 
most common and most su itable for use on AC d rives . www . 
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NEM AB 
spee d/t orque curve 

T orque 

A graph simi lar to the one i l lustrated be low is used to show 
the re lationship between motor speed and torque of a NEMA 
8 motor. Whe n rated voltage and freque ncy are appl ied  to the 
motor, synchronous speed goes to 100% immediate ly. The 
rotor must pe rform a certa in  amount of work to ove rcome 
the mechan ical ine rtia of itse lf and the connected load.  
Typica l ly a N E MA 8 motor wi l l  deve lop 150% torque to 
start the rotor and load .  As the rotor acce le rates the re lative 
d iffe re nce in  speed betwee n synchronous speed and rotor 
speed decreases until the rotor reaches its operating speed .  
The operating speed of a NEMA 8 motor with rated voltage, 
freque ncy and load is a pproximate ly 97% (3% sl ip) of 
synchronous speed .  The amount of s l ip and torque is a fu nc­
tion of load. With an increase in  load the re is a corresponding 
increase in  sl ip and torque . With a decrease in  load the re is a 
corresponding decrease in  sl ip and torque. 
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I 
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Torque (T) is equal  to certa in mechanica l  constants of the 
motor (k) times flux (<P) times working curre nt ( lw) . An 
increase in flux or an increase in load wi l l  cause an increase 
in  torq ue . 

T = k<Piw 
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Starting current 

Review 4 

34 

Whe n  a motor is started, it must pe rform work to ove rcome 
the ine rtia of the rotor and attached load.  The starting curre nt 
measured on the incoming l ine ( Is )  is typical ly 600% of fu l l ­
load curre nt whe n rated voltage and freque ncy is fi rst appl ied 
to a NEMA 8 motor. Stator curre nt decreases to its rated  
value as the rotor comes up to speed .  The fol lowing gra ph 
appl ies to "across the l ine"  ope ration, not variable speed 
drive ope ration.  

'::!2. 
700 

0 
en 600 Q. 
E 

500 <( 
"0 
co 400 0 

_J 
' 

::I 300 
LL ..... 
0 200 +-' 
0 
� 100 

......... � 
."\ 

1\ 
\ 
' 

Time 

1. The�-------...,.-...;, ....,....:.___,_.........,_ is the most common 

type of rotor in AC motors. 

2. The diff�rence in stator sp�ed .and rotor speed is 
known as 

�---� 

3. A two-pole motor operating on 60 Hz power at 3460 
RPM has % sl ip . 

4. An increase in load will cause an in 
working current {lw) and slip. 

-----
5. Current that actually produces torque . to turn the 

rotor is �nown as current. 

6. Stator curr�mt is the vector sum of ____ _ 

cu rrent and 
___ .........,_ 

7. Starting .torque of J�.NEMA B motor is approximately 
____ . ............. % offul.l l oad torque, and starting 
current is approximately · 

% of fun load 
current. 
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Volts per hertz 

Voltage And Frequency 

Up to this point, the operation of an AC motor with rated 
voltage and frequency appl ied has been examined. Many 
appl ications require the speed of an  AC motor to vary. The 
easiest way to vary the speed of an AC induction motor is to 
use an  AC drive to vary the applied frequency. Operating a 
motor at other than the rated frequency has an effect on 
motor current and torque. 

A ratio exists between voltage and frequency. This ratio is 
referred to as volts per hertz (V/Hz) . A typical AC motor 
manufactured for use in the Un ited States is rated for 460 
VAC and 60 Hz. The ratio is 7.67 volts per hertz. Not every 
motor has a 7.67 V/Hz ratio. A 230 Volt, 60 Hz motor, for 
exam ple, has a 3.8 V/Hz ratio. 

460 
60 

= 7.67 V/Hz 
230 
60 

= 3.8 V/Hz 

Flux (<1>), magnetizing current ( IM), and torque are a l l  depen­
dent on this ratio. Increasing frequency ( F) without i ncreasing 
voltage ( E), for example, wil l  cause a correspond ing increase 
in speed. Flux, however, wi l l  decrease causing motor torque 
to decrease. Magnetizing current (IM) wi l l  a lso decrease. A 
decrease in  magnetiz ing current wil l  cause a correspond ing 
decrease in  stator or l ine ( Is )  current. These decreases are a l l  
related and greatly affect the motor's a bi l ity to handle a g iven 
load.  

E 
<1>""-

F 

T = k<l>lw 

E 
IM = 

2rtFLM 
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Re duce d v oltage an d 
frequency starting 

38 

A N EMA 8 motor that is started by connecting it to the power 
supply at fu l l  voltage and fu l l  frequency wi l l  develop approxi­
mately 1 50% starting torque and 600% starting current. AC 
drives start at reduced voltage and frequency. The motor wil l  
start with approximately 1 50% torque and 1 50% current at 
red uced frequency and voltage. The torq ue/speed curve 
sh ifts to the right as frequency and voltage are increased. 
The dotted l ines on the torque/speed curve i l lustrated below 
represent the portion of the curve not used by the drive. The 
drive starts and accelerates the motor smooth ly as frequency 
and voltage are gradual ly increased to the desired speed. An 
AC drive, properly sized to a motor, is capable of del ivering 
1 50% torque at any speed up to speed corresponding to the 
incoming l ine voltage. The only l imitations on starting torque 
are peak d rive current and peak motor torque, whichever is 
less. 

225 ����������� 

200b-��������r-� 

75H-++,_�-r-&-44-��� 

50H-+4,_�-r-+-4��a-r; 

25H-+1,_-H-r-+-4-r�H-� 

a ����������� 
0 1 0 20 30 40 50 60 70 80 90 1 00 

% Synchronous Speed 

2 1 0 20 30 40 50 60 

Frequency - Hz 

Some appl ications require hig her than 1 50% starting torque. 
A conveyor, for exam ple, may require 200% rated torque for 
starting. If a motor is capable of 200% torq ue at 200% cur­
rent, and the drive is capable of 200% current, then 200% 
motor torque is possible. Typical ly drives are capable of 
producing 1 50% of drive nameplate rated current for one ( 1 )  
minute. A drive with a larger current rating would be re­
qu ired. It is appropriate to supply a drive with a higher con­
tinuous horsepower rating than the motor when high peak 
torque is requ ired . 
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Selecting a m otor AC drives ofte n have more capabi l ity than the motor. Drives 
can run at higher  freque ncies than may be suitable for an 
appl ication.  In  add ition, d rives can run at  low speeds. Se lf­
cooled motors may not deve lop e nough a i r  flow for cool ing at 
reduced speeds and fu l l  load . Conside ration must be given to 
the motor. 

The fol lowing graph ind icates the speed and torque ra nge of 
a sam ple motor. Each motor must be eva luated according to 
its own capabi l ity. The sam ple motor can be ope rated con­
tinuously at 1 00% torque up to 60 Hz. Above 60 Hz the V/Hz 
ratio decreases and the motor cannot deve lop 1 00% torque . 
This motor can be ope rated continuously at 50% torque at 
1 20 Hz. The motor is a lso capable of ope rating above rated 
torque inte rmitte ntly. The motor can deve lop as much as 
1 50% * torque for starting, acce lerating or load transients, if 
the drive can supply the cu rre nt. At 1 20 Hz the motor can 
deve lop 70% torque inte rmittently. 

.... 
Q) � 
0 
Q. 

150 

� 100 
.... 
0 

I 
.... 

0 
Q) 
::::l 
� 50 
� 
<f?. 

Intermittent 
Torque Range 

30 60 

Frequency 

90 120 

The sample motor described above is capable of operating at 
1 00% rated torque continuously at low freque ncies. Many 
motors are nat capable of ope rating continuously at 1 00% 
continuous torque at low freque ncies. Each motor must be 
eva luated before se lecting it for use on an  AC drive .  

* Torque may be h igher  than 1 50% if the d rive is capable 
of h igher  curre nt. 
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40 

Basic AC Drives 

AC d rives, inve rters, and adjustable freque ncy d rives are a l l  
terms that are used to refe r to equ ipme nt designed to control 
the speed of an AC motor. The term SIMOVERT is used by 
Sie me ns to ide ntify a Siemens MOtor i nVERTer (AC d rive). 
AC drives, l i ke the Sie me ns MicroMaste r, rece ive AC powe r  { 
and convert it to an  adj ustable freque ncy, adj ustable voltage 
output for control l ing motor operation.  A typical inverte r  
rece ives 480 VAC, three-phase, 60 H z  input powe r  a n d  pro-
vides powe r  to the motor which can be ste plessly adjusted 
through the speed range . The three common inve rter types 
are the variable voltage inve rte r (VVI), curre nt source inve rte r 
(CSI), and pulse width modulation (PWM).  Al l AC drives 
conve rt AC to DC, and the n  through various switch ing tech-
niques invert the DC i nto a variable voltage, variable fre-
quency output. 

I 
I 

SIMOVERT 

PDDD 
b b to 

MicroMaster 
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Variable v oltage 
inverter (WI) 

The variable voltage inverter (VVI) uses an SCR conve rter 
bridge to conve rt the incoming AC voltage into DC. The SCRs 
provide a means of control l ing the va lue of the rectified DC 
voltage from 0 to approximate ly 600 VDC. The L 1 choke and 
C 1  capacitor(s) make up the DC l ink  section and smooth the 
conve rted DC voltage . The inverte r section consists of six 
switch ing devices.  Various devices can be used such as 
thyristors, b ipolar transistors, MOSFETS, and IGBTs. The 
fol lowing sche matic shows an  inverte r that uti l izes bipolar 
transistors. Control logic (not shown) uses a microprocessor 
to switch the transistors on and off providing a variable volt­
age and freque ncy to the motor. 

Converter DC Link Inverter 

L1 

Transistor 

L1  

L2  C1 

L3 
30 Motor 

This type of switch ing is ofte n refe rred  to as six-ste p  because 
it takes six 60° steps to complete one 360° cycle . Although 
the motor prefe rs a smooth sine wave, a six-ste p output can 
be satisfactorily used.  The main disadvantage is torque pulsa­
tion which occurs each time a switching device, such as a 
bipolar transistor, is switched .  The pulsations can be notice­
able at  low speeds as speed variations in  the motor. These 
speed variations are sometimes refe rred to as cogging.  The 
non-sinusoidal curre nt waveform causes extra heating in  the 
motor requiring a motor derating.  

D D D C 0 0 0 Voltage 

Current 

41 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Current sour ce 
inverter (CSI} 

42 

The current source inverter (CSI ) uses an SCR input to pro­
duce a variable voltage DC l ink. The inverte r section a lso uses 
SCRs for switch ing the output to the motor. The curre nt 
source inve rter controls the curre nt in  the motor. The motor 
must be carefu l ly matched to the drive .  

Converter DC Link Inverter 

L1 

A� A 5;-- A � �,_ , ,_ �,_ � 

L1 -

L2 

L3 
30 Mot or 

A� J � A  � ·� � � �,_ 

Curre nt spikes, caused by switching, can be seen i n  the out­
put. At low speeds curre nt pulses can causes the motor to 
cog. 

Voltage 

Current 
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Pulse wi dth m o dulati on 

Converter an d DC link 

Pulse width modulation {PWM) drives, l ike the Siemens 
MicroMaste r, provide a more sin usodial curre nt output to 
control freque ncy and vo ltage suppl ied to an  AC motor. 
PWM drives are more efficie nt and typica l ly provide h igher  
leve ls of pe rformance .  A basic PWM drive consists of a 
conve rte r, DC l ink, control logic and an inverte r. 

Converter DC Link Inverter 

L1 

L1  
-� 

L2 C1 C) 
0 ...J 

L3 0 ... +-' 
c: 30 Motor 0 

u 

The conve rter section consists of a fixed diode bridge recti­
fie r which converts the three-phase power  supply to a DC 
voltage . The L 1 choke and C1 capacitor{s) smooth the con­
verted DC voltage . The rectified DC va lue is approximate ly 
1 .35 times the l ine-to-l ine value of the supply voltage . The 
rectified DC va lue is approximate ly 650 VDC for a 480 VAC 
supply. 

Converter 

L 1 _L_-'r-+-----',.----,-____. 

30, 480 VAC 
L2 -----T-+---T----f--t-� 

Supply 

DC Link 

L1 (+) � 

C1 650 VDC 
�

�

�
-

-

----

-
-

�
-

-

-( _-
�) � 
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Contr ol l ogic an d inverter 

IGBTs 

44 

Output voltage and freque ncy to the motor are control led  by 
the control log ic and inve rte r section.  The inverte r section 
consists of six switching devices .  Various devices can be 
used such as thyristors, bipolar transistors, MOSFETS and 
IGBTs. The fol lowing sche matic shows an  inve rte r  that util izes 
IGBTs. The control logic uses a microprocessor to switch the 
IGBTs on and off providing a variable voltage and freque ncy 
to the motor. 

� (+) 

650 VDC 
(.) 
·a, 
0 ..J 
0 .... .... 
c: 
0 

u 

Inverter 

��(_-_l ________ +--4---

30 Motor 

IGBTs ( insu lated  gate bipolar transistor), l ike those used in the 
Sie me ns MicroMaster, provide a h igh switch ing speed neces­
sary for PWM inve rte r ope ration.  IGBTs are capable of switch .. 
ing on and off severa l  thousand times a second. An IGBT can 
turn on in  less than 400 nanoseconds and off i n  approxi­
mate ly 500 nanoseconds. An IGBT consists of a gate, collec­
tor and an  e mitte r. When a positive voltage (typica l ly + 1 5  
VDC) is a ppl ied  to the gate the IGBT wil l  turn on.  This is simi­
lar to closing a switch .  Curre nt wil l  flow betwee n the col lector 
and emitter. An IGBT is turned off by re moving the positive 
voltage from the gate .  During the off state the IGBT gate 
voltage is normal ly he ld at a smal l  negative voltage 
(- 1 5  VDC) to preve nt the device from turn ing on.  

Collector 

�]veE 
Gate (+)� 

Emitter 
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Using switching devices to 

devel op a basic AC output 
I n  the fol lowing example, one phase of a three-phase output 
is used to show how an AC voltage can be deve loped .  
Switches replace the IGBTs. A voltage that a lternates be­
tween positive and negative is deve loped by ope ning and 
closing switches in  a specific seque nce. For exam ple, during 
steps one and two A+ and 8- are closed .  The output voltage 
betwee n A and B is positive .  During ste p three A+ and B+ 
are closed. The d ifference of pote ntia l from A to B is ze ro. 
The output voltage is ze ro. During ste p four  A- and B+ are 
closed. The output voltage from A to B is negative .  The 
voltage is depende nt on the va lue of the DC voltage and the 
freque ncy is de pende nt on the speed of the switching.  An AC 
sine wave has bee n added to the output (A-B) to show how 
AC is simu lated. 

A 

(+) 0 i i i t � A+ 

l 
B+ 

1 
C+ 

DC Voltage 
From 

Converter 

(-) 0 
� J A- J 8- J C-

Steps 
1 2 3 : 4 : 5 : 6 : 7 

8 
8 9 

+ :-60o_: - � ·· · . d. • 
- � 

� :�--�----
-
-�- ------��- ====�����---�-�4-- - --------�_-

_
_ 
-_ _  -_ _  � 

_
_ -

_
-__ �_

, 

+ ;- 1----...;----� ------ -· 
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Generating a P WM output 

46 

The re are severa l  PWM modulation techn iques. It is beyond 
the scope of th is  book to describe the m a l l  in  deta i l .  The 
fol lowing text and i l l ustrations describe a typical pulse width 
modulation method . An IGBT (or othe r type switching device! ) 
can be switched on connecting the motor to the positive 
value of DC voltage (650 VDC from the conve rte r) .  Curre nt 
flows in the motor. The IGBT is switched on for a short period 
of time, a l lowing only a small amount of curre nt to bui ld up in 
the motor and the n  switched off. The IGBT is switched on and 
left on for progressive ly longer  pe riods of time, a l lowing 
curre nt to bui ld up to higher  leve ls unti l  curre nt i n  the motor 
reaches a pea k. The IGBT is the n switched on for progres­
sive ly shorte r periods of time, decreasing curre nt bui ld u p  in  
the motor. The negative half of the sine wave is generated by 
switch ing an  IGBT connected to the negative value of the 
conve rted DC voltage . 

Current Increases 

Current Decreases 
Hysteresis Band 

Sine Wave Reference 

IGBT Turned On"'; ;/ IGBT Turned Off 

:�nnnnnnnmr 
IGBT On IGBT On 

Progressively Longer Progressively Shorter 
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P WM v oltage an d current 
wavef or ms 

The more sin usoidal cu rre nt output produced by the PWM 
reduces the torque pu lsations, low speed motor cogging, 
and motor losses noticeable when using a six-step output. 

Voltage 

.�. Current 

The voltage and freque ncy is control led  e lectronical ly by 
circuitry with in the AC drive .  The fixed DC voltage (650 VDC) 
is modu lated or c l ippe d  with this method to provide a vari­
able voltage and freque ncy. At low output freque ncies a low 
output voltage is required .  The switching devices are turned 
on for shorte r pe riods of time . Voltage and curre nt bui ld up in  
the motor is low. At h igh output freque ncies a h igh voltage is  
required .  The switch ing devices are turned on for longer  
pe riods of time .  Voltage and curre nt bui ld up in  the motor 
increases.  

-

l 
650 VDC 

1 
Shorter "On" Duration, Lower Voltage 

l 
650 VDC 

1 
Longer "On" Duration, Higher Voltage 
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Review 5 

48 

�::,'' ,, ', ' ' ' ' 
' 

: 

3. A motor operated Within a speed range that aUows. a 
constant volts per hertz ratio it) said to be constant 

a. horsepower b. torque 

4. If torque decreases proportional to speed (RPM) 
increasing, then is· constant. 

5. Siemens uses the term -----to identify a 
Siemens inverter (AC drive). 

6. On a PWM drive with a 480 VAC supply, the approxi­
mate voltage after being converted to DC is 
____ voc. 

7. IGBTs are capable of being switched several 
a second. 

-----

times a. 
c. thousand times 

b. 
d. 

hundred times 
million times 

8. A PWM output, like that used on the Siemens 
MicroMaster is preferred to a six-step output 
because-----

a. PWM provides a more sinusoidal output 
b. Cogging is more noticeable on a six-step 
c. The non-sinusoidal waveform of a six-ste p 

Increa�es motor heat · 

d. a, b, andc 

9. To obtain a lowervoltag� and ff'equency output .on a 
PWM invef-ter, control cir<;,uitry wftl swtt.ch IGBTs qn 
for · ··· ... �ri�of·�m�� ' · ·  
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Siemens MicroMaster 

Siemens offe rs a broad range of AC d rives. At the low e n d  of 
the horse powe r range is the S ie mens M icroMaster. For infor­
mation on other AC drive products contact your  Sie me ns 
represe ntative .  The Sie mens MicroMaste r is an  adj ustable 
freque ncy AC drive that uses a bui lt- in  microprocessor to 
control the ope ration of the d rive .  A keypad a l lows the mode 
of ope ration to be adj usted for practical ly any appl ication 
requireme nt. The MicroMaster is avai lable from % HP to 3 HP 
for 230 VAC motors, and 2 HP to 7% HP for 460 VAC motors. 

SIMOVERT 

MicroMaster 
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Encl osure 

Ambient te mperature 

Elevati on 

Distance between 

drive an d m otor 

230 V olt m o dels 

380 - 500 V olt m o dels 

50 

The National E lectrical Manufactu rers Association (NEMA) has• 
specified standards for equ ipme nt e nclosures. The MicroMaste r 
is suppl ied in  a NEMA 1 e nclosure .  This is a ge ne ra l purpose, 
indoor e nclosure. Othe r e nclosures, such as NEMA 1 2, ca n be 
provided.  NEMA 1 2  is an  ind ustria l, dusttight and d riptig ht 
e nclosure inte nded for indoor use .  Contact your Sie mens sales 
re prese ntative for more information.  

The MicroMaste r is  rated for ope ration in  an  ambie nt tem pe ra· 
ture of 0 to 40° C with the cover  on, or 0 to 50° C with the cover 
off. 

The MicroMaste r is rated for ope ration be low 3300 feet. At 
h ighe r  e levations the air  is th inner, conseque ntly the d rive can't 
d issipate heat as effective ly. Above 3300 feet the drive m ust be 
derated.  

Distance from the drive to the motor m ust a lso be take n  into 
consideration.  All  motor cables have l ine-to- l ine and l ine-to­
ground capacitance .  The longer  the cable, the greater  the 
capacitance .  Some types of cables, shie lded cable for 
example, have greater  capacitance .  Spikes occur on the 
output of a l l  PWM drives because of the charging curre nt of 
the cable capacita nce .  Higher  voltage (460 VAC) and h ighe r  
capacitance ( long cables) result in  h ighe r  curre nt spikes. 
Voltage spikes caused by long cable le ngths can pote ntia l ly 
shorten the l ife of the inverte r and the motor. The maximum 
distance betwee n a motor and the MicroMaste r i s  50  mete rs 
( 1 64 feet) . If sh ie lded cable is used, the maximum distance is 
25 mete rs (82 feet) . Whe n  conside ring an  appl ication whe re 
distance may be a problem, contact your local Sie me ns 
re prese ntative .  

I nput voltage is single-phase 208 to 230 VAC. In  addition there 
is a - 1 0%/+ 1 5% ( 1 87 VAC to 264 VAC) tolerance for voltage 
fluxuations. The acce ptable input freque ncy ranges from 47 Hz 
to 63 Hz. The output voltage is 0 to 200/230 VAC, three-phase .  
The maximum va lue depe nds o n  the input voltage . 

Input voltage is three -phase 380 to 500 VAC. I n  addition the re 
is a - 1 0% (342 VAC) to + 1 0% (550 VAC) tole rance for voltage 
fluxuations. The acce ptable input freque ncy ranges from 47 Hz: 
to 63 Hz. The output voltage is 0 to 400/500 VAC, three-phase .  
The maximum va lue depe nds on the input voltage . 
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Output frequency 

Catal og nu mbers 

Output freque ncy is adjustable from 0 to 650 Hz. Consider­
ation must be give n  to the motor and appl ication, which may 
not be capable of operating at 650 Hz. The 6SE30 is capable 
of be ing set to a min imum and maximum speed appropriate 
for the application.  If the min imum speed required is 1 0 Hz, 
and the maximum speed required is 60 Hz, the n the 6SE30 
can be programmed for a speed range of 1 0  to 60 Hz. 

The fol lowing cata log numbers reflect mode ls avai lable at the 
time th is book was printed.  A MicroMaste r may also be 
refe rred  to by its mode l series, 6SE30. 

230 VAC 

HP  KW Rated Model Number 
Current 

% .25 1 .6 6SE3011-5BAOO 
V2 .37 2.3 6SE30 1 2-0BAOO 
% .55 3.3 6SE30 1 2-6BAOO 
1 .75 3.9 6SE301 3-4BAOO 

1 %  1.1 5.5 6SE30 14-BBCOO 
2 1.5 7.1 6SE301 6-4BCOO 
3 2.2 10.4 6SE301 8-8BCOO 

380 - 500 VAC 

HP  KW Rated Model Number 
Current 

2 1 .5 4.0 6SE3014-0DCOO 
3 2.2 5.9 6SE3015-8DCOO 
5 3.0 7.7 6SE3017-7DCOO 

4.0 1 0.2 6SE3021-0DCOO 
7.5 5.5 1 3.2 6SE3021 -3DCOO 
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Interi or of a Micr oMaster 

52 

The fol lowing drawing i l lustrates a MicroMaste r with the 
cover  re moved.  A 4-dig it, 7-segme nt display is se lectable to 
ind icate output freque ncy, freque ncy setpoint, motor curre nt, 
DC-I ink  voltage or motor torque . I n  addition, the display wi l l  
show the va lue of any paramete r. Paramete rs can be 
accessed and adj usted using the up and down parameter  
buttons. The "P" key toggles betwee n a paramete r  number  
and a parameter  va lue .  Anothe r LED ind icates if the d rive is 
running the motor in  the reverse direction.  SW 100 is a switch 
that lets an operator se lect cu rre nt or voltage as a speed 
refe re nce source .  Control wiring, such as speed refere nce, is 
connected to the control te rminals.  Power wiring, such as the 
AC supply, is connected to the power  terminals. 

Reverse Indicator 

Control Wiring 

Power Wiring 

Display 

Set Parameter 
Number/Value 

"P" Key 

sw 1 00 

Power Terminals 
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Parameter 

Parameterizati on panel 

A parameter is a varia ble that is g ive n a constant va lue .  For 
example, ramp up time is paramete r number  P002.  Ram p  up 
time can be set for any va lue from 0 to 650 seconds. Whe n 
setting up the drive a va lue of 1 0  seconds might be se lected. 
When given a start command it would take 1 0  seconds for 
the drive to ramp up to fu l l  speed.  Parameter  adjustme nt on 
the MicroMaste r is simple .  Standard appl ications require no 
special settings, howeve r, paramete rs can be easi ly modified 
for special appl ications. 

Programming is done on the MicroMaste r paramerterization 
pane l  using three push buttons and a 4-digit LED display. 
Paramete rs, such as ramp times, min imum and maximum 
freque ncies, and modes of ope ration are easily set. The "P" 
key toggles the display betwee n a parameter  number  and the 
va lue of the parameter. The up and down push buttons scrol l  
through paramete rs and are used to set a paramete r  va lue .  In 
the eve nt of a fa i lure the inve rter switches off and a fau lt 
code appears in  the display. 

I P I O I OI OI 
O i  
0 �  

The MicroMaste r has various paramete rs for proper  drive 
and motor operation .  It is beyond the scope of this book to 
describe in deta i l  eve ry paramete r  available .  Some of the key 
parameters are described in  the fol lowing text. 
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Ramp functi on 

Anal og inputs 

54 

A feature of AC dr ives is the abi l ity to increase or decrease 
the voltage and freque ncy to a motor gradual ly. This acce ler­
ates the motor smoothly with less stress on the motor and 
connected load.  Parameters P002, P003 and P004 are used to 
set a ramp function.  Acce leration and dece le ration are sepa­
rate ly programmable from 0 to 650 seconds. Acce leration, 
for example, could be set for 1 0  seconds and decele ration 
could be set for 60 seconds. Smooth ing is a feature of the 
MicroMaster that can be added to the acce leration/dece lera­
tion curve . This feature smooths the transition betwee n start­
ing and fin ish ing a ramp.  Min imum and maximum speed are 
set by parameters P01 2 and P0 1 3. 

> (.) 
c: 
CD 
:::J 
0'" 
CD ... 

LL 

Without Smoothing With Smoothing 

Paramete r  P006 is used to se lect e ither an  analog or d ig ital 
refe rence, or fixed freque ncy. Terminals one ( 1 )  through four 
(4) are used to provide an ana log refe rence that controls the 
speed of the motor from 0 to 1 00%.  Te rminal  one ( 1 )  is a + 1 0  
VDC power supply that is inte rnal to the dr ive .  Terminal  two 
(2) is the return path, or ground, for the 1 0  Volt supply. An 
adjustable resistor can be connected between termina ls one 
and two. Terminal  three (3) is the positive ( + )  analog input to 
the drive .  A positive voltage wil l  control the speed of the 
motor i n  the forward d i rection.  The wiper arm of the adjust­
able resistor is connected to termina l  three . Termina l  four (4) 
is a negative (-) analog input. A negative voltage wi l l  control  
the speed of the motor in  the reve rse d irection.  The dr ive can 
also be programmed to accept 0 to 20 rnA, or 4 to 20 rnA 
speed refere nce signal .  These signals are typical ly suppl ied  to 
the dr ive by other equipment such as a programmable log ic 
control ler (PLC) .  Note that a jumpe r  has bee n connected 
between terminals two and four. An analog in put cannot be 
left floating (open ) .  If an  analog in put wi l l  not be used it must 
be connected to termin i  two (0 Volts) . 

P10+ OV AIN+ AIN-

.--- Jumper 
�--+--� 
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Ther mistor 

Digital inputs 

Some motors have a bui lt in  thermistor. If a motor becomes 
overheated the the rmistor acts to inte rrupt the powe r  supply 
to the motor. A the rm istor can be connected to terminals five 
(5) and six (6) .  If the motor gets to a preset te mperature as 
measured by the the rmistor, the MicroMaste r will interrupt 
power  to the motor. The motor wil l  coast to a stop.  The 
d isplay wil l  ind icate a fa ult has occurred .  Parameter  P087 wi l l  
te l l  the drive if a the rmistor is  used .  

PTCA PTCB 

An input that is eithe r "high" or "low" is referred to as a 
dig ita l input. The MicroMaste r has five digita l inputs (D IN) .  A 
switch or a contact is connected betwee n + 1 5  VDC (P1 5+ )  
a n d  a digita l input (D IN 1 - DIN5) .  Digital inputs are control led 
by parameters P05 1 through P052 and can be programmed 
for various functions. Digita l  input 1 (D IN 1 ), for example, may 
be used to start and stop the drive .  Whe n the switch betwee n 
P1 5+ is ope n  the drive is stopped.  Whe n the switch between 
P1 5+ is closed the drive suppl ies powe r  to the motor. Other 
inputs can be used for forward/reverse, preset speeds, jog­
ging or other functions. 

P15+ DIN 1 DIN2 DIN3 DIN4 DIN5 
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Relay outputs 

Serial inte rface 

Current li mit an d 

motor overload 

56 

There are two program mable re lay outputs for i ndication of 
system status. These are control led  by para mete rs P06 1 and 
P062.  One output (te rminals 1 6, 1 7, 1 8) can be used for one 
normally closed (NC) or one normal ly ope n  ( NO) output. The 
other output (terminals 19, 20) can be used for a normal ly 
ope n  output. The re lays can be programmed to ind icate 
various conditions such as the drive is runn ing, a fai lure has 
occurred, conve rte r freque ncy is at 0 or conve rte r freque ncy 
is at min imum.  

t*T 1  r 1  
RL 1A RL1 B RL 1C RL28 RL2C 

I I I I I 

1 6 17 1 8 1 9 20 

The MicroMaster has an RS485 se rial inte rface that a l lows 
comm unication with compute rs (PCs) or programmable logic 
control le rs ( PLCs) . The bus address is e ntered with paramete r  
P091 . Othe r paramete rs necessary for proper  RS485 ope ra­
tion are P092-P094. Up to 3 1  MicroMaster AC d rives can be 
interconnected for control of mu lti-drive appl ications. The 
standard RS485 protocol is cal led USS protocol and is pro­
grammable up to 19.2 K baud.  Sie mens PROFIBUS protocol 
is a lso avai lable .  It is programmable up to 1 .5 M baud .  Con­
tact your  Siemens Sales Represe ntative for information on 
USS and PROFIB US protocol. 

A 8 PE 

RS485 

A MicroMaste r is capable of de l ive ring up to 1 50% of drive 
rated curre nt for one minute .  The MicroMaster a lso has so­
phisticated and usefu l speed/time/curre nt depende nt over­
load functions to protect the motor. The monitoring and 
protection functions include a drive ove rcurre nt fau lt, a motor 
ove rload fau lt, a calcu lated motor ove rte m pe rature warn ing, 
and a measured motor ove rte mpe rature fau lt ( requires a 
device i nside the motor). 
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L ow spee d an d 
starting b o ost 

M o des o f  operati on 

Flu x current c ontr ol (F CC) 

Low speed boost can be adj usted h igh for appl ications re­
qu iring h igh torque at low speeds. Low speed boost can be 
adj usted low for smooth, cool, and qu iet ope ration at low 
speed .  An additional starting boost is avai lable for appl ica­
tions requ iring h igh starting torque . 

There are three modes of operation, se lected by paramete r  
P077. The MicroMaster can ope rate uti l iz ing a standard V/Hz 
curve . Using a 460 VAC, 60 Hz motor as an  example, con­
stant volts per he rtz is supplie d  to the motor at any freq uency 
betwee n 0 and 60 Hz. This is the simplest type of control and 
is suitable for genera l purpose appl ications. 

A second mode of ope ration is referred  to as a quadratic 
voltage/freque ncy curve . This mode provides a V/Hz curve 
that matches the torque requ i re me nts of simple fan and 
pump appl ications.  

Q) 
Cl 

460 

.C9 230 
� 

0 

Quadratic Voltage/Frequency Mode 

30 60 90 
Frequency 

The third mode of ope ration, flux current control ( FCC), is the 
most complex. Stator curre nt ( Is) is made up of active and 
reactive curre nt. The reactive curre nt compone nt of stator 
curre nt produces the rotating magnetic fie ld .  The active 
curre nt produces work. Motor name plate data is e nte red into 
the MicroMaster. The MicroMaste r estimates motor magnetic 
flux based on the measured reactive stator curre nt and the 
e nte red name plate data . Proprietary internal  compute r  a lgo­
rithms attempt to keep the estimated magnetic flux constant. 
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Single-quadrant operation 

58 

If the motor name plate information has been correctly en­
te red and the d rive prope rly set up, the flux curre nt control 
mode wi l l  usual ly provide bette r dynamic performance than 
simple V/Hz control .  Flux curre nt control a utomatica l ly adapts 
the drive output to the load.  The motor is a lways operated at 
optimum efficie ncy. Speed remains re l iably constant eve n  
unde r varying load conditions. 

+-' 
c 

�� 
Active Current 

Is = J /AI + lvl 

I n  the speed-torque chart the re are four  quadra nts accord ing 
to direction of rotation and d i rection of torque . A single­
quadrant drive ope rates only i n  quadrants I or I l l  (shaded 
area) .  Quad rant I is forward motoring or driving (CW) . Quad­
rant I l l  is reve rse motoring or d riving (CCW). Reverse motor­
ing is achieved by reve rsing the d i rection of the rotating 
magnetic fie l d .  Motor torque is developed in the positive 
d i rection to d rive the connected load at a desired  speed (N ) .  
This is s imi lar  to d riving a car  forward on a flat surface from 
standsti l l  to a desired  speed .  It takes more forward or motor­
ing torque to acce le rate the car from zero to the desired  
speed .  Once the car  has  reached the desired speed your foot 
can be let off the acce lerator a l ittle . Whe n  the car comes to 
an  inc l ine a l ittle more gas, controlled by the acce le rator, 
maintains speed.  

N 

CW Rotation CW Rotation 

T(?iJ �T 
Braking I I  Driving T = Torque -T T N = Speed Driving Ill IV Braking 

(0J T {0J T 

CCW Rotation CCW Rotation 

-N 
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DC In jecti on braking 

F our -quadrant operati on 

To stop an AC motor in  single -quadrpnt ope ration voltage 
and frequency can simply be re moved and the motor 
a l lowed to coast to a stop.  This is simi lar  to putting a car in  
ne utra l, turning off the ignition and a l lowing the car to coast 
to a stop. Anothe r way is to use a control led dece leration. 
Voltage and freque ncy are reduced gradual ly until the motor 
is at stop. This would be simi lar to slowly re moving your foot 
from the acce lerator of a car. The amount of time required to 
stop a motor de pe nds on the inertia of the motor and con­
nected load.  The more ine rtia the longer  it wil l  take to stop. 

The MicroMaste r offe rs a th ird method of stopping in  single­
quadrant operation.  DC injection braking is standard in  the 
Siemens MicroMaste r. This braking mode stops the rotating 
magnetic fie ld and applies DC voltage to the motor windings, 
he lping stop the motor. Up to 250% of the motor's rated 
curre nt can be appl ied .  This is simi lar to removing your foot 
from the acce lerator and applying the bra kes to bring the car 
to a stop quickly. 

The dynamics of certa in  loads may require four-quadrant 
operation.  Whe n  equipped with an  optional braking resistor 
the Siemens MicroMaste r is capable of four-quadrant ope ra­
tion . Torque wi l l  a lways act to cause the rotor to run towards 
synchronous speed .  If the synchronous speed is sudde n ly 
reduced, negative torque is deve loped in  the motor. The 
motor acts l i ke a ge nerator by converting mechanical powe r  
from the shaft into e lectrical powe r  which i s  returned to the 
AC drive .  This is simi lar to driving a car downhi l l .  The car's 
eng ine wi l l  act as a bra ke .  B raking occurs in  quadrants I I  and 
IV. 

N 

CW Rotation CW Rotation 

T(� (�)T 
Braking I I  Driving T = Torque -T T N = Speed Driving I l l  IV Braking 

(Ci)T  (C�T 

CCW Rotation CCW Rotation 
-N 
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62 

Applications 

Whe n applying an  AC d rive and motor to an  appl ication it is 
necessary to know the horsepowe r, torque, and speed 
characte ristics of the load. The fol lowing chart shows 
characteristics of various loads. 

1 
T � N T = Constant T � N  T � N2 

HP = Constant HP � N HP � N2 HP � N3 

~ 
T 

/ ~ 
/ 

/ 
HP / 

/ 
/ 

!. 

/ "' / 
/ 

p 
p 

/ 

N N N N 

Winders Hoisting gear Calenders with Pumps 
Facing lathes Belt conveyors viscous friction Fans 
Rotary cutting Process machines Eddy-current Centrifuges 
machines involving forming brakes 

Rolling mills 
Planers 

Loads ge ne ra l ly fa l l  i nto one of three categor ies :  

Constant torq ue 

Variable torque 

Constant horsepower  

The load i s  esse ntia l ly the same 
throughout the speed range .  Hoist­
ing gear and be lt conveyors are 
examples.  

The load increases as speed 
increases. Pum ps and fans are 

examples. 

The load decreases as speed 
increases. Winders and rotary 
cutting machines are exa m ples.  
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Constant Torque Applications 

A constant torque load implies that the torq ue req uired to 
keep the load run n ing is the same throughout the speed 
range.  It must be remem bered that constant torque refers to 
the motor's abi l ity to mainta in constant flux (<I>) .  Torque pro­
duced will vary with the required load. One example of a 
constant torq ue load is a conveyor simi lar to the one shown 
below. Conveyors can be found in a l l  sorts of appl ications 
and environments, and can take many styles and shapes. 
Although the particular conveyor pictured below may require 
a larger drive than avai lable in  the MicoMaster l ine, there are 
many opportun ities to apply MicroMasters to smal ler con­
veyor appl ications. In addition, Siemens manufacturers other 
AC drives capable of handl ing larger systems. 
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Deter mining motor spee d 

64 

Conveyors are made up of belts to support the load, various 
pul leys to support the belt, mainta in  tension, and change belt 
d i rection, and id lers to support the belt and load.  

I 

�-----� AC Drive l 

The speed and horsepower of an  appl ication must be known 
when selecting a motor and drive. G iven the velocity i n  feet 
per minute (FPM) of the conveyor belt, the d iameter i n  i nches 
of the driven pul ley, and the gear ratio (G) between the motor 
and driven pul ley, the speed of the motor can be determined.  
The fol lowing formula is used to calcu late conveyor speed . 

Motor RPM= 

Conveyor Velocity (FPM) x G 

x 
(Diameter in Inches ) 

1t 
12 

If, for example, the maximum desired speed of a conveyor is 
750 FPM, the driven pul ley is 1 8" in  diameter, and the gear 
ratio between the motor and driven pul ley is 4: 1,  the maxi­
mum speed of the motor is 638.3 RPM. It would be d ifficult 
to find a motor that wou ld operate at exactly this speed. An 
AC d rive can be used with an eig ht-pole motor (900 RPM).  
This would a l low the conveyor to be operated at any speed 
between zero and the desired maximum speed of 750 FPM. 

750 x 4  

Motor RPM= ( 18 ) 3. 14 x � 

Motor RPM = 637 RPM 
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H orsep ower 

Another advantage to using AC drives on a conveyor is the 
abi l ity to run d ifferent sections of the conveyor at different 
speeds. A bottle machine, for example, may have bottles 
bunched close together for fi l l ing and then spread out for 
labeling.  Two motors and two drives would be required. One 
motor would run the fil l ing section at a g iven speed and a 
second motor would run the label ing section sl ightly faster 
spreading the bottles out. 

AC Drive t-----1 AC Drive �------J 

Calculating motor horsepower is complicated with many 
variables, which is beyond the scope of this course. Some­
one with knowledge of, and experience with conveyor opera­
tion would be required to accurately calcu late the required 
horsepower. The horsepower required to drive a conveyor is 
the effective tension (Te) times the velocity (V) of the belt in 
feet per minute, d ivided by 33,000. 

Te x V 
HP = 

33,000 

Effective tension (Te) is determined by severa l forces : 

• 

• 

• 

• 

Gravitational weight of the load 

Length and weight of belt 

Friction of materia l on the conveyor 

Friction of a l l  drive components and accessories 

- pu l ley inertia 

- belt/chain weight 

- motor inertia 

- friction of plows 

- friction of idlers 
• Acceleration force when new materia l is added to 

conveyor 
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Torque/ HP and speed 

66 

If the effective tension of a conveyor were calcu lated to be 
2000 pounds and the maximum speed is 750 FPM, then the 
required horsepower is 45.5. 

HP = 
2000 X 750 

33,000 

HP = 45.5 

Starting torque of a conveyor can be 1 .5 to 2 times fu l l  load 
torque. A motor capable of driving a fu l ly loaded conveyor 
may not be able to start and accelerate the conveyor up to 
speed. AC drives can typica l ly supply 1 .5 t imes fu l l  load 
torque for starting. An engineer may need to choose a larger 
motor and d rive in  order to start and accelerate the conveyor. 

The speed on a conveyor is increased by increasing the AC 
d rive frequency (F) to the motor. Torque (T) is affected by flux 
(<I>) and working current ( lw) . The drive wil l  maintain  constant 
flux by keeping the voltage and frequency ratio constant. To 
do this the drive increases voltage and frequency in  propor­
tion .  During acceleration working current wi l l  increase, how­
ever, causing a corresponding increase in torque. Once at its 
new speed the working current and torque wil l  be the same 
as its old speed. The conveyor cannot be operated above the 
rated frequency of the motor (60 Hz) because the d rive wi l l  
no longer be  able to provide constant flux. As a result, the 
motor wi l l  be u nable to supply rated torque. Horsepower 
(HP) is affected by torque and speed. There wil l  be a corre­
sponding increase in horsepower as speed (RPM) increases. 

T = k<l>lw 
1 00% 1--------r 

a.. 
::c Ci> 
::::J 50% 0" ... 

� 
/ 

/ 
/ 

/ 

/ 
/ 

/ 

/ 
/ 

/ 

/ 
/ T x  RPM / HP = 

5250 / 
/ 

/ 

50% 

Speed 
1 00% 

Ns = 
1 20F 

p 
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Variable Torque Applications 

A variable torque load im pl ies that torque and horsepower 
increase with an increase in speed. Fans and pumps are 
examples of variable torque.  A pump used on a chi l led water 
system is shown below. 
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Variable t orque pu mps 

Calculating h orsep ower 

Hydraulic head 

68 

There are several types of pumps. The most com mon pump 
is  the end-suction centrifugal  pump i l lustrated below. There 
are variations of the centrifugal pump. Turbine and propeller 
pumps are examples. Th is section deals with variable torque 
loads. The faster a centrifugal pump turns, the more fluid it 
pumps and the more torque it requires. It should be noted 
that not a l l  pumps are variable torque. Reciprocating pumps 
are constant torque. 

Ca lcu lating horsepower for a pump application is an involved 
process that requires someone with a thorough knowledge 
of the appl ication and pumps. The fol lowing information is 
for i l lustration on ly. There are three related horsepower 
calcu lations involved in pump appl ications:  l iquid, mechani­
cal and electrica l .  

Hydraul ic head is the d ifference in hydrau l ic pressure 
between two points, which actual ly includes elevation, 
pressure and velocity. An increase in pump speed would 
cause increases in  pressure and velocity which increases 
the hydrau l ic head . 
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Liqui d h orsep ower 

Mechanical h orsep ower 

Electrical h orsep ower 

Liquid horsepower is the hydrau l ic power transferred to the 
pumped l iquid .  The fol lowing form ula can be used to calcu­
late l iquid energy. 

Liquid Energy in ft-lb = Total Head x (Gallons x Weight) 

Water weighs 8.34 pounds per gal lon.  If 50 gal lons of water 
per minute were required to be moved through 1 00 feet of 
head the energy requ i red would be 4 1 ,700 ft- lb/minute. 

100 feet x (50 gallons x 8.34) = 4 1, 700 ft-lb/minute 

If the pumps speed were increased so that 1 00 gal lons of 
water were being pumped through 1 00 feet of head the 
energy would be 83,400 ft- lb/minute. Twice the energy would 
be required. The hydrau l ic head would, in  actua l ity, a lso 
increase. 

100 feet x (100 gallons x 8.34) = 83,400 ft-lb/minute 

The common method of expression is horsepower. One 
horsepower is equal to 33,000 ft- lb/minute. 

Therefore, 4 1 ,700 ft- lb/m inute is 1 .26 HP and 83,400 ft-lb/ 
minute is 2.53 H P.  

41, 700 
= 1 .26 HP 

33,000 
83,400 

= 2. 53 HP 
33,000 

Mechan ical horsepower is the horsepower input to the pump 
and is  equal  to the l iquid horsepower divided by the pump's 
efficiency. If the l iquid horsepower is 2 .53 and the pump is 
75% efficient the brake horsepower is 3.4 HP.  

�-;: = 1. 7 HP �·:: = 3.4 HP 

Electrical horsepower is the horsepower required to run the 
motor driving the pump and is equal to the mechanical  
horsepower d ivided by the motor's efficiency. If  the motor is 
90% efficient the electrica l horsepower is 3.78 HP. It can be 
seen that with an  increase of pump speed there is a corre­
sponding increase in electrical horsepower . 

. 19� = 1 .9 HP �9� = 3.8 HP 
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T orque/ H P  an d spee d 

Fans 

70 

The speed on a pump is increased by increasing the AC drive 
frequency (F) to the motor. Torque (T) is affected by flux (<I>) 
and working current ( lw) . The drive wi l l  mainta in appropriate 
flux by adjusting the voltage and frequency ratio dependent 
on speed. During acceleration, working current wi l l  increase 
causing a corresponding i ncrease in torque. In this appl ica­
tion, torque increases in  proportion to the speed squared . 
This is due to the increase in  hydraul ic  head as the pump 
works harder to pump more flu id .  Horsepower increases in  
proportion to the speed cubed due to an increase of torque 
and speed. The pump cannot be operated above the rated 
frequency of the motor (60 Hz) because the drive wi l l  no 
longer be able to provide constant flux. As a resu lt, the mo­
tor wi l l  be unable to supply rated torque. The load's torque 
requ irements increase while the motor's abi l ity to supply 
torque decreases. 

1 00% 
a.. 
I Q) 
::l 50% C" 
.... 

� 

I 
I 

I T = k<l>lw 1 

T "'  N2 !. 

\ HP = 
T x  RPM 

/ / / 
/ 

� � 5250 
;� HP , N3 

/ / 

50% 
Speed 

1 00% 
Ns = 

1 20F 
p 

This same principal appl ies to fan appl ications. The horse­
power of a fan is determined by d ivid ing the product of a ir  
flow ( in  cubic feet per minute) and pressure by the product 
of the constant 6356 and fan efficiency. Increasing the speed 
of the fan increases air flow and pressure, requiring the 
motor to work harder ( lw increases). Torque and horsepower 
increase . 

HP = 
Flow x Pressure 

6356 X Fan Efficiency 
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Re lat ionship o f  spee d ,  

to rque , an d ho rsepowe r 

Constant Horsepower Applications 

Constant horsepower appl ications require a constant force 
as radius changes. A lathe, for example, starts out with a 
certa in diameter object. As the object is cut and shaped the 
diameter is reduced. The cutting force must remain constant. 
Another example of a constant horsepower appl ication is a 
winder where radius increases as material  is added to a rol l  
and decreases as  materia l is  removed . 

Appl ications, such as lathes, that are driven in  a continuous 
circu lar motion are sometimes referred to as spindle drives. 
Horsepower wil l  remain constant in a spindle drive applica­
tion.  The surface speed in feet per min ute (FPM) is equal to 
2n times the radius ( in feet) of the material times the speed in  
RPM. Surface speed wi l l  remain constant as the material  is  
shaped and the radius reduced. Torque is equal  to force 
times radius. Horsepower is equal  to torque times speed. 

Torque 
And 
Speed 

Constant Force 

Surface Speed (FPM) = 2n x Radius x Speed (RPM) 

Torque = Force x Radius 

HP = Torque x Speed 
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Review 7 

74 

1 .  An -��licCition, such as a OOn\'e)IQr, where t�i� 
re�i.t� essentially the same throughout the;s 
rang• is referred to as torque. 

2. Operating a motor above base frequency cau�s the 
motor's ability to produce torque to -----

a. increase b. decrease 

3. ).\ variable �� � � � �� � � � � ��
� � load implies that torqu(:l and 

f\Ot�ower increa&e with an incre$se in speed. 

4� ���� ��":cJ PUmp$ .,., examples of �--�.,._ 
"• �torq� •ppl,i<;,.tion�-�.. · 

,. �'���' ,,;, ' * ,, + \;�' * ' ; : ',>* * h 

· .
. , �  ���:nt· ;i .· . . i· .. 

, /. 
·•· · . .• . i·'•·.'· .· application implies that 

,· t�q�e ·�r.ase$:-<spted increases. · 
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Review 1 

Review 2 

Review 3 

Review 4 

Review 5 

Review S 

Review 7 

Review Answers 

1 )  force; 2) 1 5; 3) torque; 4) 80; 5) inertia ;  6) Speed; 
7) revolutions per minute; 8) Acceleration 

1 )  Work; 2) Power; 3) voltage; 4) true; 5) watts, volt-amps; 
6) power factor; 7) 24 

1 )  5; 2) 1 . 1 5; 3) 49.6; 4) 1 20; 5) 1 800, 1 500; 6) increase; 
7) decrease 

1 )  squi rrel cage; 2) s l ip;  3) 4 .2%; 4) increase; 5) working;  
6) lw, IM ;  7) 1 50%, 600% 

1 )  7 .67; 2) increase, increase; 3) b;  4) horsepower; 
5) SIMOVERT; 6) 650; 7) c; 8) d; 9) a 

1 )  "P"; 2) 1 00; 3) bra ki ng resistor; 4) 5; 5) 3 1 ; 
6) flux current control; 7) 3; 8) injection 

1 )  constant; 2) b;  3) torque; 4) variable; 5) horsepower; 6) 
constant torque, constant horsepower, variable torque 
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Questi ons 

76 

Final Exam 

The final  exam is intended to be a learn ing tool .  The book 
may be used during the exam.  A tear-out answer sheet is 
provided. If the tear-out answer sheet is m issing, another 
may be obtained by contacting the tra in ing department at 
(404) 740-306 1 .  After completing the test, mail the answer 
sheet in for grading.  A grade of 70% or better is passing. 
Upon successfu l completion of the test a certificate wil l  be 
issued. Those receiving a score of less than 70% wil l  be 
provided a second test. 

1 .  is a twisting or turn ing force that causes an  
object to rotate. 

a .  
b .  

Torque 
Friction 

c .  
d .  

I nertia 
Acceleration 

2 .  I f  50  pounds of force were appl ied to a lever 3 feet long, 
the torque would be lb-ft. 

a .  
b .  

1 6.7 
53 

c .  
d .  

3.  The rate of doing work is cal led 

a .  
b .  

i nertia 
speed 

c. 
d .  

47 
1 50 

-----

power 
energy 

4 .  A motor with a rating of 60 KW wou ld have an  equiva-
lent rating of HP. 

a .  
b .  

45 
80 

c .  
d .  

65 
1 20 

5 .  Magnetic l ines of flux (<I>) in  an  AC motor are 
proportional to 

-----

a .  voltage divided by frequency 
b.  frequency divided by frequency 
c .  rotor speed divided by synchronous speed 
d .  synchronous speed d ivided by rotor speed 
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6. A four-pole motor operating at 50 Hz has a synchronous 
speed of RPM. 

a. 
b .  

1 500 
3000 

c .  
d .  

1 800 
3600 

7 .  A motor with a synchronous speed of 900 RPM and a 
rotor speed of 850 RPM has % sl ip.  

a .  
b .  

3 
9.4 

c .  
d .  

5 .5 
20 

8 .  The most common and most suitable N EMA design 
motors for use on AC drives is NEMA 

9. 

a .  
b .  

A 
8 

c.  
d .  

c 
D 

-----

_____ torque is a lso referred to as starting 
torque. 

a. 
b. 

Pu l l  up 
Acce lerating 

c. 
d. 

Breakdown 
Locked rotor 

1 0 . A N EMA 8 motor that is started by con necting it to the 
power supply at rated voltage and frequency has a 
typical starting cu rrent of % .  

a .  
b .  

1 00 
1 50 

c .  
d .  

200 
600 

1 1 .  The temperature rise of a motor with Class F insu lation 
is o C with a 1 0° C hot spot. 

a .  
b .  

60 
1 05 

c .  
d .  

80 
1 25 

1 2 . The volts per hertz ratio of a 460 VAC, 60 Hz motor is 
_____ V/Hz. 

a .  
b .  

3 .8 
7.67 

c .  
d .  

5. 1 
9 .2 

1 3 . A motor operated with in a speed range that a l lows a 
constant volts per hertz ratio is said to be 

-----

a .  
b .  

constant hp  
variable torque 

c. 
d .  

constant torque 
variable flux 
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1 4. The section of an AC drive that controls output voltage 
and frequency to an AC motor is the -----

a .  
b .  

converter 
DC l ink  

c .  
d .  

inverter 
L 1 choke 

1 5. The typical DC l ink  voltage of an AC drive con nected to 
480 VAC is VDC. 

a .  
b .  

460 
650 

c .  
d .  

600 
1 200 

1 6 . The cata log number for a 3 HP, 230 VAC Siemens 
MicroMaster is 

a.  
b. 

-----

6SE30 1 1 -58AOO c .  
6SE30 1 5-8DCOO d .  

6SE301 4-0DCOO 
6SE30 1 8-8BCOO 

1 7 . A MicroMaster is capable of del ivering up to 
% of drive rated current for one minute . 

-----

a .  
b .  

1 50% 
250% 

c.  
d .  

200% 
300% 

1 8. To get four-quadrant operation with a Siemens 
MicroMaster an optional must be used . 

a .  D C  injection brake 
b. converter bridge 
c. braking resistor 
d .  4-digit LED display 

1 9. A centrifugal pump is a _____ appl ication.  

a .  consta nt torque 
b. constant flux 
c. constant HP 
d .  variable torque 

20. If a conveyor has an effective tension (T E) of 1 000 
pounds, and a maximum speed of 1 00 FPM, the 
required horsepower is HP. 

a .  
b .  

3 
25 

c. 
d .  

1 0  
45 
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Notes 
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SI EMENS 

AC Form u l a s  

Ns =  1 20F 
p 

HP = 
T x RPM 

5250 

PF = PT 
PA 

-u 
0 (/) 
-I )> Gl m 
� 

"TI OJ ::0 (/) c -I n 
r CJ) )> (/) -(/) r r OJ m "'tJ 
:5: z ;!:: 
r m 
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0 
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m 
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(/) 
m 

-u CJ) m CJ) ::0 :5: ::::::j :::0 z 
0 m ..., 

"1J -" 
C1l m r 
)> -< r -u 
I � )> ::0 m 
::j )> !> -
Gl r )> 

T = k<I>Iw 

E 
2nFLM 

I s = 
KW = .746 x HP HP = 1 .341  x KW 

% Sl i p  = NsNsNR X 1 00% 

v X I X PF X 1 .732 = 
1 000 

3-Phase KW 

7 46 X H P  

E = k<I>N 

E <1> ::::: --
F 

3-Phase Am ps = 

3-Phase Eff 
1 .  732 X v X Eff X PF 

7 46 x H P  = 

3-Phase PF = 

1 .732 X V  X I X PF 
746 X HP 
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