Electric Motor Sof

Soft starting the prime mover of industry
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NEMA
Standards

MG1- Motors and Generators

Part 30 Application Considerations For
Constant Speed Motors Used On A
Sinusoidal Bus With Harmonic Content
And General Purpose Motors Used With
Adjustable—Voltage Or Adjustable—
Frequency Controls Or Both provides
information for NEMA Design A and B
motors that are covered in MG1 Part 12
Test and Performance—AC and DC
Motors, when used with adjustable
voltage or frequency controls, as
indicated in the Scope of Part 30. It also
defines terms, performance
considerations, and sets limits for which
these general-purpose motors are
suitable for operation.

Internal

* Part 31 Definite-Purpose
Inverter-Fed Motors
defines a definite-purpose
motor specifically
designed for operation
with adjustable frequency
controls. Part 31 gives the
minimum performance
standards that apply to
this type of motor.



Terminology

drive: The equipment used for
converting available electrical
power into mechanical power
suitable for the operation of a
machine. A drive is a
combination of a power control,
motor, and any motor-mounted
auxiliary devices.

5.2.1.6 Voltage

AC motors are rated by NEMA standards
to operate at 100 percent output torque
when the voltage applied to the motor
terminals is within £10 percent of the
rated voltage. Although some control
designs may operate when the supply
voltage is beyond these limits, their
output voltage may vary more than 10
percent under these conditions and could
result in damage to the motor.



Motor
AC or DC Motor

Electric Motors

Alternate Current Motors Direct Current Motors
(ACM) (DCM)

* The ACM'’s are simplier in structure

and more economic Synchronous Induction Externally Self-Exited

) (Asynchronous Excited

* @Generate more power comparing

with a DC motor that has the same

Weight- Mono Phase Three Phase Series Compound Schunt

* Maintenance of AC-motor is easier.

* AC-Motor speed control is harder




Stator

W WA

Partiallv Assembled Motor

Motor
Main parts -
Enclosure

* The Enclosure

...protects the internal parts from water
and other environmental elements.
The degree of protection depends upon
the type of enclosure

...consists of a frame and two end
brackets (or bearing housings).

The stator is mounted inside the frame.

The rotor fits inside the stator with a
slight
air gap separating it from the stator.

There is no direct physical connection
between the rotor and the stator.



Motor
Main parts -
Stator

*  The Stator

... is the stationary part of the motor’s
electromagnetic circuit.

... core is made up of many thin metal sheets,
called laminations.

Laminations are used to reduce energy loses
that would result if a solid core were used.
Stator laminations are stacked together
forming a hollow cylinder.

Coils of insulated wire are inserted into slots
of the stator core.

Stator Windings Parsally Comploted Stator Windings Completed

When motor is in operation

the stator windings are connected
directly to the power source.

Each grouping of coils, together with
the steel core it surrounds, becomes
an electromagnet




Motor
Main parts - Rotor

* The Rotor

...is the rotating part of the motor’s
electromagnetic circuit.

...Is not supplied with electrical power
Electrical current in rotor flows because of
the electromagnetic induction.

There two common type of constructions for
rotor
used in an induction motor

.) Squirrel cage rotor
.) Wound Rotor

Inte



Electrical motor

Motor winding

3 phase motor has
independent coils for
each phase.

Shift phase of 120° in
each line.

Internal connection as
e U1V1,WI1 (start)
e U2V2,W2 (end)

Current : | (A)

y

A

120° 240°

\ A
[ [ |

T/2

Temps : t (s)

-

W

2 U2 V2 \
—0
0 M
J




Electrical motor

Magnet Field
Magnet Field
” [\ Current
* Magnet fields are created
by current flowing through
wires.
Magnet Field
* In each direction that Current |
current is applied creates -

the direction of magnet
field.

[\

* The easiest way to know
the right direction is the
“right hand rule”.

~ Current

Internal



Electrical motor
Delta A / Star Y connections

Ul V1 w1 U2 V2 W2

Delta Connection Terminal Connections
o L3
* Delta connection A
V2
* Lower voltage b we w2
e High starting Torque " Vi Wi
) . W2 vi
* Insulation level is high | | |
L1 Ul u2 L2 | | |
L1 L2 L3
e Star ConnectionY
. Star Connection i i
« Higher voltage Terminal Connections
 Less starting current . w2 w2 vz
u1 © © ©
e Less insulation level o s va 0 " ”
W1 a V1 | | |
L1 L2 L3

L3 L2

Internal



Motor

General information
Motor Poles 2 4 6 8 10 12 14

e Motor torque Synchronous
speed 3600 1800 1200 900 720 600 514
The torque is zero at synchronous speed Slip Speed

(FLS) 3450 1750 1165 790 670 575 485
The pullout torque can’t be exceeded.

(is 2 to 3 times the rated full-load torque)

Starting torque Pull-out torque

300 (Break away) (Breakdown)
c
S Accelerating torque
3
o
> Pull-up torque
S
'_

100 —

-~ /\
d - T
L% Full load
—
= torque
0 —

0 100

Speed (percent)

Internal



Motor

General information

Motor torque

NEMA Design Letter

Special torque characteristics could be
needed
for a certain application

Full load starting hoist require different
characteristic than fan or pump

Most standard motors for general-purpose
applications meet or exceed the values
specified for Design B motors

Inte

Percent Full-Load Torque

280

240

200

160

120

100
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Full-load torque

20
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Motor Control

Load Analytics

* Voltage, Torque, Power characteristics with speed drives
U/F = Constant - T = Constant - UetP=Cste > T= f(1/F)

A Constant Torque Area i Constant Power Area (field weakening)
Torque
Rated torque
Voltage
Supply voltage  J----c oo
Rated power Al ; IR 1 \ Power
Torque

capability
P=T " decreases
= w .

[ J ‘//////// like 1/F

w = 2nF
[ T=Plw |

Motor rated
frequency

Frequency
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Motor Control

. .
. Conveyors Archimede screw

* Hoisting

e Winders

* Fans * Machine tool

 Centrifugal pumps




Analyzing the load characteristic

= Squared torque - Power rise cubed with speed

= T= f(n?
= P = f(n?

=  Typical applications:
% P = f (n)° Centrifugal pumps, Fans,
_/ . Blowers Ventilators ...

T

Page 16

Internal



Analyzing the load characteristic

Constant torque - Power rise linear with speed

T =const.

J

constant
= P =1f(n)

f(n)

=  Typical applications:
Conveyor, Hoist, Compressor,
screw pump, piston pump ...

Speed

Page 17

Internal



Analyzing the load characteristic

= Constant Power - Torque drops with speed

T
P

A

P =const.

J
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Speed

f(1/n)

constant

v -
1

Typical applications:

Winder, Reel and Winches ...

Internal




Motor Control

Q4 5:g)p<o

Braking ——

g.—-—"‘\h '-_g‘"-.

\

Normal
reverse

A

®) @)
N

Q3

F<0
P>0
v-:o)




Starting DOL Direct On Line

AC3 type for inductive motor loads
Short circuit and overload protection obligatory

Page 20

3 phase
induction motor
400V / 690V

\4: Mains
contactor
M



DOL — Direct On Line

| [%] T[%]
A A
so0-~ 400 :
= Starting torque ~ 2XT,
= Pull up torque ~1,5xT,
BO0- 300 = Pull out torque
(brake down) ~ 3xT,
= Nominaltorque = T,

OxT

n

4004 200
L\// = No load torque

Inrush current  ~ 7x|

200~ 100

Nominal current = |

No load current  ~ 0,3xl,

i
0 a0 100 speed [%]
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DOL — Direct On Line

Very simple
Very compact
Less investment

No energy savings - no speed control
Power factor correction necessary

High starting current leads to voltage drop and thermal
stress on the motor windings

High mechanical stress (torque stroke) during start and reversal

Confidential Property of Schneider Electric | Page 22



Star - Delta starting

=  AC3 type for inductive motor loads

=  Mains and Delta contactors Inom / V3

= Star contactor Inom/ 3

=  Short circuit and overload protection obligatory

Page 23

Internal

3 phase
induction motor

\4: Mains
contactor
C
11
M ]
Star

Delta




Star - Delta starting

%] TI[%]
A A
S004 400
o
T T —I""lh., ,f. ‘-
J f “
GO0 300 '-e.‘;" !
A i
N
N, \ )
A004 200 H‘x ,..-*"" '\!l
I R ‘
______ _ _
— — —
200 100 -—-.—.; "f--. \'%
-~
™ - _— o o = T ‘i
0 a0 100
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speed [%]

= T=f(V?)
V (Y) / V(D) = 230/400 =1/+3
(1/V3)2=1/3 D T=1/3T

" 1=f(V)
1st V=V /3, > 113
2d D>Y > I3
|=1/(N3*V3) > 1=1/31



Star - Delta starting

] T [%]
A A
a0~ 400
BO00— 300
400~ 200 1
2004 100
_#

0 a0 100

Star tDeIta
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»
speed [%] %]

start in Star connection till
reduced motor torque is as high as
load torque

afterwards motor get switched
In Delta connection with full
voltage, current and torque



Star - Delta starting

Robust and simple

Starting current is reduced to 33% compared to DOL
Compact design

Less investment

No energy savings - no speed control
Power factor correction necessary
Peak current and torque during switching from Star to Delta

High mechanical stress during start and reversal




Basics on Soft Start

Fixed frequency and voltage
supply Start command

* Take the motor to its rated speed as smoothly as possible: l l l

* 0=>Nominal Speed

\ 4

. Control t
*  Take the motor to stop as smoothly as possible: ontrol par

Thyristor
* Nominal Speed => 0 Bridge

Current
feedback

. Limit current inrushes

* Optimise power distribution
* Limit torque jerking i ;

* Optimise machine structure

Fixed frequency
Variable voltage

w
e

Internal



Basics on Soft Start

Input 'mH'ﬂga

Typical soft start firing angle sequence

Firing |
|_angle |

| Th}rrislur conduction

Time

Output Voltage




Basics on Soft Start

Output Voltage

*  6-thyristor three-phase installation on resistive and inductive load

Imat YgradAsB

Input Voltage

Th, Y Th'y X ThY Th',

Current and voltage waveform example during a soft start

Internal



Basics on Soft Start

* Looking inside of Soft Start with 1, 2 or 3 phases control

ATSOIN1 ATSO1IN2 ATS 22 / ATS48



Basics on Soft Start
Internal
Shunting

Bypass

Input Voltage

Output Voltage

nnnnnn

Full Voltage
Bypass

AV,




RVSS — Soft Start

-\
i----- B
l== === 1>>
\4: Mains
contactor

= Reduction of the starting torque to

protect mechanical parts RVSS \—: Bypass

= 1, 2 and 3 phase system contactor

=  Multiple application functions

= Reduce Starting current until 3x ||
3 phase

= Variable voltage ramp (no speed ramp) induction motor M

Page 32

Internal



RVSS Soft Start

%] 71%]
A A

go0— 400

" T=f(V?)
5004 300

1LV D YT,
400+ 200 \

" 1=f(V)

200 100 BV D> Yl

»
0 a0 100 speed [%] %]

Confidential Property of Schneider Electric | Page 33
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ATS — Soft Start

|[%]  T[%]
A A
gO00- 400
I A
B . /7 \
GO0+ 300 !l = Motor Torque

400+ 200

= Motor Current
(with active current limitation)

200 100

»
0 a0 100 speed [%] %]

Page 34

Internal



Across-the-Line Starter

1700A initial ramp current

Soft Start

Across-the-Line Starter

Inrush
Current
Comparison

(300HP)




RVSS Soft Start

Smooth torque reduces mechanical stress
Smooth starting current due to adjustable

voltage ramp with current limiting function

Speed reversion via contactors

No energy savings — no speed control
Power factor correction necessary
No linear speed ramps

Page 36




Variable Speed Drive

I

\4: Mains

contactor

VSD

= Variable motor speed

= Change voltage and the frequency

= |ntegrated motor protection
3 phase

= Alot of application functions induction motor

Page 37



Motor Control

» Different types of laws can be used depending on the applications and the load type

Simple algorithm without speed loop regulation and slip compensation |~

Different types depending on applications and load types — >

Full flux vector control algorithm with speed loop regulation

\ o
For heavy duty and dynamic applications . Magnet field

Open or closed loop motor control are available Current

Rotation

nnnnnnn



Motor Control

T/Tn 4 Manual IR Compensation
200 %
Slip
100%
F(Hz)
5 10 Fn

Confidential Property of Schneider Electric |

Internal

T/Tn Automatic IR Compensation
200 % < -
Slip Compensation
100% —
F(Hz)
3 Fn



ATV — Variable Speed Drive

Speed can be adapted to actual needs

Reduced speed leads to lower energy consumption
Smooth torque reduces mechanical stress

No high starting current at all

cos phil >0,98 -> no PF correction necessary

Higher initial costs
Drive size larger than other solutions

Non sinusoidal mains current could make harmonic mitigation
necessary

Confidential Property of Schneider Electric | Page 40



Comparison

Inrush current
on motor

Inrush current
on mains

Voltage drop
during start

Harmonic
distortion

Cos phi (full load)

Reactive current

PF correction

7 x|

nom

7 x|

nom

®6

~ 0,85

30% at nominal
load
500% at start

necessary

Page 41

2,3 X1 om

2,3x1

©

~ 0,85

30% at nominal
load
150% at start

necessary

2,8-4x1 m

2,8-4xl

©

~ 0,85

30% at nominal load
200% at start

necessary

0,4x1.,m

0,05x1

© O

~40% THDi standard
~15% with passive
filter

~2% with AFE

~ 0,99

1% at nominal load
1% at start

Not necessary



Comparison

Speed control fix speed fix speed fix speed variable speed

linear voltage ramp  According application

Starting torque ~2XTom N%ta;g )I(nTY Start voltage ~40% needs
’ nom ~0,32x T, ~0,2-1,5xT .,
brake down torque torque peak Y->D  smooth torque curve smooth torque curve
Max. torque
3XT om 2,5xT . 2XT om 1,5xT .,
Mechanical stress ® 6 ® © © ©
: li ) . 2 : : : :
Start time gon near, appr non linear, appr. 6s non linear, appr. 15s linear adjustable
ramp time setting no no Voltage ramp Speed ramp
Footprint ©© © & ®
CAPEX © O © @ @
Energy
consumption ® ® ® ©©

(OPEX)



VFD basic knowledge

Pre charging

Q00
S <cC

device
EEE T | na
L1 O—=«
L2 O & —
L3 O . ¢
X KK
*Diode DC -Ti_nk IGBT
rectifier converter

Confidential Property of Schneider Electric | Page 43



VFD basic knowledge

L1 o
L2 O —I >|— =— —‘
L3 ©

000
S<cC

> m

| t
|m PR 1 o~
T\ﬂ >t

EARAN

*As non linear load, VSD’s input current Output voltage is Pulse Width Modulate
is not sinusoidal which lead to sinusoidal currents with
THDi ~ 40% slightly current ripples

Page 44



Behavior ASM on VSD

Torque / Speed characteristic in all quadrants

LO

d ol
800 400

T, =
T~ ] =

T - Starting Torque
\ / " Tpy - Pull Up Torque
N

2 s
Ts
/ /
400 200!\‘// / u TPO - Pull Out Torque

6001 300

\ o - = T, - Nominal Torque
2004 100
T,

|,

- |0
» speed [%]
0 50 100 150
" | - Inrush Current
-100
el = |, - Nominal Current

200 //\ " |,-No Load Current

DA

/

'4°°F | | T

start motor | generator counter current braking
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100%

Boost *

>

50 100 frequency

| |
o 3
I \

constant torque range field weakening range

Basic V/f curve of a VSD

speed accuracy and dynamic behavior of
the motor depends on VSD control
algorithm (FVC, SVCU ...)

Page 46

frequency

Torque / Speed behavior of motor in VSD operation
in field weakening (constant power range) the behavior

of torque and slip changes !



Behavior ACM on VSD

braking units

*The diode rectifier bridge works like a valve and do not allow a reverse flowing current,
therefore the braking energy must be fed to an additional braking devices in case of dynamic braking (hoist,
downhill conveyor, test stand ...)

I RS

Build in braking unit with
external braking resistor
e.g. ATV340

External braking unit with braking resistor
e.g. ATV930 >160kW

Page 47

Internal



Behavior ACM on VSD

regenerative braking

*Braking resistors are turning electric energy to heat losses, a high efficient braking system can feed the braking
energy back to mains - recuperative systems.

= IR = =M =

BU*‘}_(‘BU-
' Active Frond End solution, which acts
O— additional as Low harmonic drive as well

external recuperative braking unit
e.g. ATVR

Page 48

Internal



MV VED

Free Key  Captive Keys

—
Keys for doors opening

DL onjfoff JF1 Status
command = besci

~

0
oM S

=

A 423

Voltage & Current Measurement

Transformer

Inverter
( 4 module per phase)

Fibre Optic

Voltage & Current Measurement

Master Controller

_————= PLC

—_— HMI

ATV6000




Synchronous Transfer

4160 V, 60 Hz Bus

/ | |

| | |
/ / /
AED with E BP1 E BP2 E BP3 é BP4 ﬁ BP5

Sync Control 1 T

Option

k
—— AFD Bus

l




Synchronous Transfer

4160 V, 60 Hz Bus

AED with Hep1 O BP2 [IBP3 [BP4 [] BPS

Sync Control

Option

# AFD Bus




Synchronous Transfer

4160 V, 60 Hz Bus

AFD with ﬁBPl 0 BpP2 [ BP3 [ BP4 [] BP5

Sync Control

Option

4{ AFD Bus

Qj:/ll gl\/lz (5;3 (5;4 (5;5
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