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w Ways to start @ motor pirect On Line Start (DOL)

Advantages:

v' Lowest costs for breakers and auxiliaries;
simple installation, hence low capital costs.

v' Develop maximum starting torque.

v' System conditions permitting, direct-on-line
starting should therefore always be preferred.

Disadvantages:

X Starting current is about 4 to 7 times the motor
rated current, depending on motor power
rating and speed.

X Voltage drop when motor is switched on.
Lower the line power and/or the higher the
multiple of the motor rated current, the larger
will be voltage drop.
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M Ways to start @ motor pirect online Start (DOL)

Current

v

rlrated rlSyn n
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- DOL-Torque causes stress to the motor and to the load

- increasing maintenance costs
- shorter maintenance periods

- DOL-current causes stress to the motor and to the line
- take effect to the dimensioning of the line

- take effect to the dimensioning of the switchgears
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Advantages:
Starting Methods v'Starting current is reduced to approx. 33%
Direct On Line of the values encountered if the motor
was started across the line.
Part winding
Reactor Start L1 L2 L3
Rotor Resistance 7797 D'Sad antag .
Inverter Startin ? ‘ | vV :
Soft Startj ? L ] X Torque (e<V?) is also reduced to 1/3.
Technical Lo s | ms
Comparison L ] . /.. (/
Engineering 2[4 e 2L “1°°
FAQS F1 I I Remark:

Mainly use in low voltage motor.
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Ways to start @ motor star-neita starting

current at A

Current at N A -Start

n Syn
rated

- torque-peek causes stress to the motor and to the load

- increasing maintenance costs
- shorter maintenance periods

- current peek causes stress to the motor and to the line
- take effect to the dimensioning of the line
- take effect to the dimensioning of the switchgears
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Starting Methods

_ _ Some squirrel cage motors have two or more stator
Direct On Line

windings which are connected in parallel during

Star-Delta . . ] \ ]
normal operation. During starting, only one winding
Reactor Start IS connected.
Rotor Resistance
Inverter Starting This increases stator impedence and reduces starting
Soft Starter . . : :
T current. Such a starting scheme is called part winding
Comparison starting.
Engineering
FAQs
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— Starting by Reactor or Auto-Transformer

When the current is linearly
reduced, the torque is reduced
according to a

square law

Switching sequence:

1) Breaker S, is closed, the motor starts via the
reactor.

2) After starting, the reactor coll is by-passed by
breaker S,.

Basic of Low Voltage Soft Starter
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w Compared to conventional solutions

Starting by Reactor or Auto-Transformer

s0 \

S2

al
T a2
a3

S1

Starting current (line side) and starting
torque
decrease in the same ratio.

Switching sequence:

T 1) The motor starts via the starting transformer with
breakers
S, and S, closed. Bypass breaker S, is open.

l @ 2) Breaker S1 is only opened after the motor has

accelerated, and then bypass breaker S, is closed.

The costs involved are significant which makes it more expensive than reactor starting.

Basic of Low Voltage Soft Starter
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= ! Advantages:
— + Circuit break e Important feature is that the starting torque
StarDelta N EII‘C.UI reaker , breaker and torque-to-current ratio are high. Itis,
Part winding ngineering tosts therefore, suitable for applications
Reactor Start + Mounting/installation

requiring starting with heavy load and
starting with high inertia load.

: + [
Rotor Resistance SeIfVICG/

: maintenance costs
Inverter Starting

10

Soft Starter While maximum torque is independent of
Technical + Series resistors rot0|_r resistance v_alue, speed at which
Comparison L maximum torque is produced can be
S 4 controlled by changing the value of
Engineering L external resistors.
FAQs T
E
Disadvantages:
Rl MICS Co, Ltd X Higher maintenance of slip ring motor is
RamKhamHaeigligi requ ired.
Sapansoong,

Sapansoong,
Bangkok 10240

Tel. : (+66) 0 2728-2902
Fax : (+66) 0 2728-1779

Basic of Low Voltage Soft Starter Page : 10/25



w Ways to start @ motor inverter starting
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Starting Methods Line . and Expensive way

Direct On Line Q
Star-Delta

Part winding & & C ::j]] —l< x _< X _< X

Reactor Start -1

Rotor Resistance

Inverter starting — <+ Opto-coupler

Soft Starter

Technical Parametr unit controller
Comparison

Engineering

FAQs U »
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w Ways to start @ motor inverter starting

Breakdown or Maximum Torque

Rated Torque

100

Basic of Low Voltage Soft Starter
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80

100
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Power electronics in 1, 2 or 3 controlled phases

Reduction of the voltage via phase-angle-control

Basic of Low Voltage Soft Starter
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— System comparison, LV SST to reactor starting e
Starting Methods
Direct On Line
Star-Delta T o
Part winding + Supply panel + 2x Circuit Breakers Circuit-
: (option) breaker
fmem e L5
Rotor Resistance  Line contactor | 4 C\I,ivsl.t:hoﬁilf-elgf(l)dr e P + Engineering costs
Inverter Starting ! ; + Mounting/
Soft Starter ! 5 : installation
Comparison : .+ LV Soft starter _ \
e ; : + Starting reactor
Engineering I . I
FAQS ._ ------------
Squirrel-cage Squirrel-cage
iInduction motor induction motor
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M Compared to conventional solutions
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B System comparison, Soft Starter to transformer starting B

Starting Methods
Direct On Line

Star-Delt 9
s 1™+ supply panel N
R (option) + 3x Circuit Breakers Circuit-
Tine contacior| > . + Engineering costs \ breaker
Rotor Resistance - with off-load + Mountina/
Inverter Starting disconnector : 9
installation
Soft Starter and fuses Bypass
Technical ' ]
'+ Soft Starter + Starting
Engineering |
FAQs transformer g'm“k't'
: Squirrel-cage R
Squirrel-cage ) . M
. ) Induction 3~
Induction motor
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w Compared to conventional solutions
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— The current and torque characteristics ——
Starting Methods
Direct On Line 6 Rl
Star-Delta 5 25
Part winding P .
Reactor tartmg Starting . e = 1
Rotor Resistance transformer . |
Inverter Starting ° N 1 BER LD
Technical ! ! S R I T i
Comparison T e e o ,l nin O e e o7 s
Comparison High current peaks
Engineering 5 P X can still be
FAQs 5 . identified for
. , st?rtlng
. . tran rmers.
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M Compared to conventional solutions
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- System comparison, MV SST squirrel-cage induction motor -

with slipring rotor motor with starter
Starting Methods

Direct On Line
Star-Delta
Part winding T \

Reactor Start + Circuit Breaker \ Circuit
] + Supply panel (option) + Engineering costs breaker

Inverter Starting F i cantactar | k with off-load i ] _
Soft Starter + Mounting/installation

i Line contactor .
| i disconnector and fuses :
Comparison SEu=Wiees ! maintenance costs
|

Engineering l \ :
FAQs| ! .+ Soft Starter + Series resistors
1

Slipring rotor motor

Squirrel-cage induction
motor
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Compared with conventional starting
M Equipment Slipring motor with starter
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- Squirrel-cage induction motor Slipring rotor -

Starting Methods

Direct On Line

St D Softstarter L1L21L3 L1L2 L3 Starter

Part winding Option: i
Reactor Start Supply panel :
Rotor Resist with disconnector ;
otor Resistance and fuses .
Inverter Starting
Soft Starter

Technical
Comparison

|
Engineering :

must be
a circuit-breaker!

L ov o v o v o

FAQs
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— Squirrel-cage induction motor
1 Softstarter
Moo M, Mg Motor
e 'toad

nSy n—

Soft starter reduces the starting

torque

Ma

My

=0,251t01

Basic of Low Voltage Soft Starter

Slipring motor —

1 Series resistors Rt

The starting torque is adjusted by
matching the starting resistance to the
rotor resistance.

Ma _ i Mg
M 0,25 bis M, (approx.2,5-3,5)
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Compared with conventional starting
M Equipment Slipring motor with starter
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e Squirrel-cage induction motor Slipring motor -
Starting Methods Softstarter Series resistors
Direct On Line | ~ V | _ M
Star-Delta start start start
Cart winding Mgtart ~ Vstan
Reactor Start _ _
Starting torque 25% M, Starting torque 25% M,
Inverter Starting N
Soft Starter M I\/?

I
DOL600% lboL600%

Technical
Comparison V,
: : supply
Engineering — Vit = —
FAQs 2

e | IboL
start = =—

2 Mpg pmr——" "V 7 "\ Load
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Different loads
have

Different load-characteristics.
To know this different characteristics Is very

Basic of Low Voltage Soft Starter
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Example:

Pumps, ventilators

Square-law load torque:
7 3 M
(Torque)

Basic of Low Voltage Soft Starter

w Load characteristics

Example:

Constant load torque:

M 3
(Torque)

Motor

ith open valve

With closed valve
(Upper range value
about 50 % compared
to open valve)

Hoists, conveyor- belts

Motor

M Load
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Example:
Mills, crushers

Load torque inversely

proportional to rotational speed:

M
(Torque)

ﬁ% Load characteristics

M

Motor

_IM Load

1
I\/II oad /Ii

Basic of Low Voltage Soft Starter

v

Example:
Rotary irons, calenders

Load torque with linear rise:

MA
(Torque)

Motor

JM Load

v
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Problems faced
by customers using conventional starters
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> 35% - over current (surge)

Starting Methods

Direct On Line > 20% - under current
Star-Delta
Part winding > 40% - water hammering

Reactor Start
Rotor Resistance

nverter Stariing Starting time too long - O/L
Soft Starter

Technica Mechanical breakage - Belts

Comparison

Stopping time too long

Cost of inverters too high
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