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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -
Part 34: AC adjustable speed rolling mill motors

FOREWORD

2020

e International Electrotechnical Commission (IEC) is a worldwide organization for standardizationcom
national electrotechnical committees (IEC National Committees). The object of IEC is to promote(ihtern
operation on all questions concerning standardization in the electrical and electronic fields. To this e
hddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R4
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

prgparation is entrusted to technical committees; any IEC National Committee interested in|the subject deg
m3y participate in this preparatory work. International, governmental and non-governmentaljorganizations |
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizat

St

2) Th
co
int

3) IE

hindardization (ISO) in accordance with conditions determined by agreement between the two organizat

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
hsensus of opinion on the relevant subjects since each technical committee has representation fr
erested IEC National Committees.

C Publications have the form of recommendations for international\usé and are accepted by IEC N

Coammittees in that sense. While all reasonable efforts are made tolensure that the technical content

Pu
mi

blications is accurate, IEC cannot be held responsible for the-way in which they are used or fi
sinterpretation by any end user.

order to promote international uniformity, IEC Nationall €Committees undertake to apply IEC Publig

transparently to the maximum extent possible in their national and regional publications. Any divergence be

4) In
an
5) IE

as
se

6) All

IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

C itself does not provide any attestation of conformity. Independent certification bodies provide conf
Eessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification.bodies.

users should ensure that they have the latest edition of this publication.

7) N( liability shall attach to IEC or its direetors, employees, servants or agents including individual exper]
mgmbers of its technical committees and”lEC National Committees for any personal injury, property dam
other damage of any nature whatseoever, whether direct or indirect, or for costs (including legal fee

ex

benses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publid

8) Atfention is drawn to the Normative references cited in this publication. Use of the referenced publicat
indispensable for the corrett application of this publication.

9) Atfention is drawn to thé possibility that some of the elements of this IEC Publication may be the subject of

rights. IEC shall not behield responsible for identifying any or all such patent rights.
The main task of lEC technical committees is to prepare International Standards. In excep
circumstances;a technical committee may propose the publication of a Technical Specifig
when

brising
htional
d and
ports,
Their
It with
aising
on for
ons.

htional
bm all

htional
bf IEC
r any

ations
tween
latter.

ormity
br any

s and
hge or
5) and
ations.

ons is

patent

ional
ation

o therequired support cannot be obtained for the publication of an International Stan

d

dard,

espite repeated efiorts, or

e the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 60034-34, which is a Technical Specification, has been prepared by IEC technical
committee 2: Rotating machinery.
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The text of this Technical Specification is based on the following documents:

Draft TS Report on voting
2/1995/DTS 2/2017/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list| of all parts in the IEC 60034 series, published under the general title Rotating eledtrical

macHhines, can be found on the IEC website.

The ¢ommittee has decided that the contents of this document will remain unchanged unfil the

stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to

the specific document. At this date, the document will be

e rgconfirmed,

e wjthdrawn,

e regplaced by a revised edition, or

e amended.
IMPORTANT - The 'colour inside’ logo on the\cover page of this publication indicItes
thaf it contains colours which are considered'to be useful for the correct understanding
of ils contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

2020

Rolling mill DC motors have 100 years of successful history. These metal rolling mill motors

have been manufactured based on specific U.S.A. National Electric Manufacturers Associ
(NEMA) standards.

ation

However, the control technology development, owing to progress in semiconductor device
technology and micro-processor application technology, has made it practical to use AC

adjustable speed rolling mill motors, both induction and synchronous motor types.

otors. Therefore, for application of AC adjustable speed rolling mill motors the purc
and ¢quipment supplier need a common understanding. This document incorporatesva
techrjical aspects of experience with DC mill motors and AC motor application experience

oduces the field weakening control concept and overload operation, as applied t
table speed rolling mill motors, and uses this information to specify(factory test vol
used.

It int
adjus
to be

us types of overload capacity conditions and overloads are ‘defined. The possible §
btor insulation life due to operating the motor beyond its design capability is discuss

Vario
onm

irements for confirmation of motor under specified variable speed operational cond
troduced.

Requ
are in

Rollin
class|

g loads are defined for several application. conditions. These supplement the
ifications in IEC 60034-1 with specific cases:

rious
S.

b AC
ages

pffect
Bd.

tions

duty
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ROTATING ELECTRICAL MACHINES -

Part 34: AC adjustable speed rolling mill motors

1 Scope

This part of IEC 60034 is applicable to AC adjustable speed rolling mill motors and identifies
specific requirements for AC adjustable speed rolling mill motors, where those perfornfance

chargcteristics are different from those for conventional AC motors.

2 Normative references

The fpllowing documents are referred to in the text in such a way that some& . or-all of their content

consiitutes requirements of this document. For dated references, only the-edition cited ap

For

amendments) applies.
IEC 60034-1:2017, Rotating electrical machines — Part 1: Rating and performance

IEC 60034-2 (all parts), Rotating electrical machines

indated references, the latest edition of the referenced document (including

blies.
any

IEC 60034-7:1992, Rotating electrical machines: — Part 7: Classification of typgs of

cons

IEC §0034-7:1992/AMD1:2000

IEC 60417, Graphical symbols for useZon equipment — 12-month subscription to reg

upda

ructions and mounting arrangements (IM Code)

ted online database comprising all graphical symbols published in IEC 60417

Ularly

IEC §1800-4:2002, Adjustable cSpeed electrical power drive systems — Part 4: General

requi
exce

3 1
For p

ISO {

addrqzsses:

rements — Rating specifications for a.c. power drive systems above 1 000 V a.c. an
pding 35 kV

erms and definitions
urposes-afithis document, the following terms and definitions apply.

nd IEC maintain terminological databases for use in standardization at the follg

d not

wing

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

3.1.1
AC a

Terms and definitions

djustable speed rolling mill motor

motor which is applied to metal rolling mill applications

Note 1

to entry: AC motors for rolling mills have the following specific features:

a) high short time overload capability;

b) strong mechanical construction to withstand shock load torque and vibration.


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=a4b8cb42f7e0ba528306bc961ba1058b
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3.1.2
acceleration and deceleration torque
motor output torque available to accelerate or decelerate the driven load to a different speed

3.1.3
base frequency
frequency at rated output of the AC adjustable speed motor

Note 1 to entry: The motor base frequency is the transition point from the constant torque region to the reduced
torque region when field weakening control is used.

Note 2-to nnfry- Base frnqunnr\y is-measutred-in-hertz (H7)

3.1.4
base|speed
specified motor rotational speed at which the motor is capable of continuously delivering rated
torqule and rated output

Note 1 to entry: Base speed is the transition point between constant torque and field weakening operation.

[SOURCE: IEC 61800-4:2002, 3.4.4, modified — introduction of rated-output condition.]

3.1.5
continuous overload capability
capability for long time overload operation where thermal equilibrium is reached

3.1.6
couplled
condjtion where the motor is attached to the driven-equipment by means of a mechanical dgvice
or coppling

3.1.7
cut-gff output
mechanical protection level basedCon motor output which, when exceeded, results |n an
immgdiate trip of the motor

3.1.8
cut-gff torque
mechanical protection fevel based on motor torque which, when exceeded, results |[n an
immgdiate trip of thé motor

3.1.9
endshhield bearing type motor
motol whickrhas bearings mounted to the motor frame

3.1.1
field weakening range
speed range from base to top where motor flux is reduced from the value for rated torque

Note 1 to entry: |IEC 61800-4:2002, 3.4.5 uses a similar term: "field weakening operation".

3.1.11
frequently applied overload output
output greater than rated which is frequently applied as part of normal rolling operation

3.1.12
frequently applied overload torque
torque greater than rated which is frequently applied as part of normal rolling operation
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Note 1 to entry: This is a limit torque for normal rolling process which may be frequently applied provided the RMS

value

3.1.1

for load current does not exceed 1,0 p.u.

3

impact speed drop
phenomenon where rolling speed drops transiently due to a sudden load change due to material

impact on the mechanical equipment (see Figure 1)
il 10 %
AVy
Ty
>
AV, xT,
Wimpact_drop :#(%S)
Wherne
Wimpaft_drop is the impact speed drop;
AV is the maximum speed drop (%);
Ty is the period of speed drop (s).
3.1.14
journal

part of the shaft where the load surface is in contact with the bearing sleeve

[SOURCE: IEC 60050-411:1996, 411-43-06, modified — relation with bearing sleeve is ad

3.1.1
maxi
maxi

5
mum safe operating speed
mum motor rotational speed which does not lead to mechanical deformatior]

deterjioration in continuous aperation

Note 1 to entry: The definition ‘of maximum safe operating speed is modified from that in IEC TS 60034-25
18.6

3.1.16

overspeed

motof rotational speed which exceeds motor maximum safe speed

ded.]

nor

2014,

[SOURECE:IEC 60034-1:2017, 9.7, modified: changed to noun phrase and meaning of the s1peed

Hod 1

is ad

3.1.1

Sacavpy |

7

pedestal bearing type motor

moto

3.1.1

r which has separate bearing pedestal stands

8

radial load for bearing
mechanical load applied to the bearings in a radial direction

3.1.1

9

rated current

moto

r current when delivering rated output power
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3.1.20
rated <motor> frequency
specified frequency corresponding to rated output of the motor

Note 1 to entry: Rated frequency is expressed in hertz (Hz).

3.1.21
rated output
output in mechanical power which is available at the shaft

Note 1 to entry: Rated output is expressed in watts (W) or kilowatts (kW).

Note 4 to entry: It is the practice in some countries for the mechanical power available at the shafts of motors to be
expregsed in horsepower (1 h.p. is equivalent to 745,7 W; 1 ch (cheval or metric horsepower) is equivalent to 786 W).

[SOURCE: IEC 60034-1:2017, 3.3, modified — “mechanical” and “available at the'shaft”, |have
been|added.]

3.1.2p
rated power factor
motof power factor when delivering rated output

rated speed
specified rotational speed of the motor used to define the rated output power

Note 1 to entry: The definition of rated speed in 3.49 of IEC 61800<2:2015 does not consider rated output pdwer in
the fie]d weakening range. The definition in IEC 61800-2 correspofids‘to term 3.1.4 of this document.

3.1.23
rated torque
motof torque at rated output and rated rotational speed

[SOURCE: IEC 60050-411:1996, 411-48-05, modified — definition simplified, considering the
defin|tion of 3.1.21: “rated output”.]

3.1.24
rating
set of rated values and operating conditions

[SOURCE: IEC 60034-1:2017, 3.2]

3.1.25
reversing operation
operation_where normal motor rotation and opposite to normal motor rotation are rep¢ated
alternatively during load cycle

3.1.26

rolling torque

load torque

motor output torque for metal rolling or other connected load requirements

3.1.27
shock load
mechanical impact load applied from an external source

3.1.28
short time overload capability
capability for short time overload operation where thermal equilibrium is not reached
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3.1.29
sleeve bearing

beari

ng where the load surface supporting the journal is cylindrical

[SOURCE: IEC 60050-411:1996, 411-42-07, modified — structure and shape are described.]

3.1.30

stall

operation

operation generating torque while the motor is not rotating

Note 1
slip rin

3.1.3
term
line-t

3.1.3

thrust load

mech

3.1.3
top f
maxi

o en : pecia are snouid g
gs of a synchronous motor.

1
nal voltage
D-line voltage at the motor terminals

7

anical load applied to the bearings in an axial direction

3
requency
mum design operational frequency of the AC adjustable'speed rolling mill motor

Note 1 to entry: Top frequency is expressed in hertz (Hz).

3.1.3

top gpeed

specified highest motor rotational speed at which continuously rated output is available
3.1.3p

torsipnal vibration

vibration caused by transient torque in the multi-mass spring system consisting of the motor,
shafts, couplings, gears and driven equipment

3.2 | Terms and definitions for adjustable speed control and rolling operation
3.21

automatic field weakening control

meth
consf

3.2.2

bd which eontrols flux current inversely with speed to maintain the induction vg
ant frommotor base speed to top speed

complete drive module

Itage

CDM

drive module consisting of, but not limited to, the basic drive module, which includes the electric
power converter and related control, and extensions such as protection devices, transformers
and auxiliaries, but excluding the motor and sensors which are mechanically coupled to the
motor shaft

Note 1

to entry: Basic drive module (BDM) is defined in 3.4 for and Figure 2 of IEC 61800-2:2015.

[SOURCE: IEC 61800-2:2015, 3.8, modified — “the electric power converter and related control”
is added]

3.2.3

current control
control of motor current
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3.24
flux component current
component of current which is in quadrature with the motor’s inductive voltage

3.25
overload current
motor current that exceeds motor design value

3.2.6
speed control
control of motor rotation speed

[SOURCE: IEC 61800-4:2002, Annex B]

3.2.7
torque control
contrpl of motor torque

3.2.8
torqye <component> current
component of current which is the same phase as the motor’s,ifductive voltage and produces
motol torque

3.2.9
unity power factor control
methpd which controls converter input power factor té 1,0

3.2.1p
vector control
methpd which independently controls motoer flux and torque producing currents

3.3 | Terms and definitions for adjustable speed drive system

3.3.1
AC power drive system
power drive system for_ adjustable speed AC motor, which is defined in IEC 61800-2 for
equigment below 1 000s\M(low voltage) and IEC 61800-4 for equipment above 1 000 V |(high
voltage)

Note 1to entry: PBS ean include all equipment and control including the transformer, converter, motor and ayxiliary
systems.

[SOURCE: 1EC 61800-2:2015, Clause 1, IEC 61800-4:2002, Clause 1.]

3.3.2
converter

unit which changes the form of main electrical power to the form supplied to the motor(s) by
changing one or more of the voltage, current, and/or frequency

Note 1 to entry: The converter comprises electronic commutating devices and their associated commutation circuits.
It is controlled by transistors or thyristors or any other power switching semiconductor devices.

Note 2 to entry: The converter can be line-commutated or self-commutated and can consist, for example, of one or
more rectifiers.

[SOURCE: IEC 61800-2:2015, 3.9, modified — Reference to Figure 1 has been deleted.]
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3.3.3

functional earthing

FE

grounding of electrical power system and equipment not for personal safety

Note 1

3.3.4

to entry: The definition of functional earthing is modified from that in IEC 60050-195:1998, 195-1-13.

harmonics
multiples of converter input power frequency included in converter output voltage and current

3.3.5
prot
PE
grouf

Note 1

3.3.6

ctive earthing

ding of electrical power system and equipment for personal safety

to entry: The definition of protective earthing is modified from that in IEC 60050-195:1998, 195-1-11.

puls
PW

conv
varia

[sou

width modulation control

control

prter control method creating constant voltage pulse trains of various widths simu
ble frequency AC voltages

RCE: IEC 60050-551:1998, 551-16-30, modified/—definition is limited to the

simulating sinusoidal waveform.]

3.3.7
rated
outpy

3.4

3.4.1
over
prote

3.4.2

inverter voltage
t fundamental wave RMS voltage which(defines inverter rated capacity

Terms and definitions for monitoring and protection sequence

current protection
ction against motor current exceeding design limits

overspeed protection

prote

3.4.3
over)
prote

ction against.metor speed exceeding design limits

yoltage-protection
ction.against motor voltage exceeding design limits

3.5

3.5.1
base

Terms and definitions for motor installation and site trial operation

common supporting structure for all motor components

Note 1

3.5.2

to entry: Motor components include the stator and bearings.

shaft centring
installation adjustment to fit the motor shaft to the motor rotation shaft centre

3.5.3
sole
steel

plate
plate for the purpose of ensuring a level motor installation

ating

case
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trial operation
initial motor no-load operation uncoupled and coupled to the driven equipment

3.6
3.6.1

Terms and definitions for test

factory test
test conducted at the manufacturer’s location

3.6.2

full |
load

[SOU

3.6.3

insulation resistance test

meas

Note 1
neces
for low

[SOU

3.6.4
no-Iig
state
cond

[sou

3.6.5
no-lg
perfo

3.6.6
no-ld
test t

[SOU
cond

bad
Wwhich causes a machine to operate at its rating, and which may be called “rateddoaq

RCE: IEC 60034-1:2017, 3.6]

urement to judge motor insulation condition using an insulation resistance tester

to entry: An insulation resistance tester is usually used for measurement of insulation resistancg
bary to select applying voltage which is suitable for rated voltage and e¢ondition of the machine. 250 V or
voltage circuit and 1 000V for high voltage circuit are used for the.insulation resistance test.

RCE: IEC 60034-27-4:2018, IEV 411-53-48]

ad <operation>
of a machine rotating with zero outputopower (but under otherwise normal opef
tions)

RCE: IEC 60034-1:2017, 3.5]

ad saturation curve <of:synchronous motors>

ad test
p determine-machine characteristics under no load conditions

RCE: NEC 60050-411:1996, 411-53-57, modified: simplified by referring to no
tions and purpose of the test is added.]

3.6.7

site operation test
test conducted at the purchaser’s location

3.6.8

thermal equivalent time constant
time constant, replacing several individual time constants, which determines approximately the
temperature course in a winding after a step-wise current change

[SOU

RCE: IEC 60034-1:2017, 3.26]

2020

L tis
500 V

ating

rmance curves of field_current versus induced voltage when the synchronous motor
operates as a generator at rated speed with the armature winding open-circuited

load
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3.6.9
visual inspection
inspection with the naked eye to determine if the motor is matched with the specification or if
there is damage or a defect

3.6.10

withstand voltage test
test to confirm, by applying a stipulated voltage, that the strength of the insulation between
energized parts and earth or between energized parts conforms to manufacturer’s standards

Note 1 to entry: The definition of withstand voltage test is modified from that in IEC 60034-1:2017, 9.2.

4

For d
system voltage. For adjustable speed AC motors, terminal voltage is determined by con
output voltage. However, in order to determine the rated terminal voltage, the)specific AC motor
operd
"flux"

Exan
Figun
main
elect
grady
curre|
prody

Comj
abov
moto

For A

1

W
S4

erminal voltage determination

onstant speed AC motors, terminal voltage is determined by the connected'power s

tional characteristics need to be taken into account. Specifically, thévrelationship bet
and "current" is required.

ples of the specific AC motor operational characteristicS jare shown in Figure 1

flux is adjusted to be inversely proportional to speed in order to keep the m
omotive force (EMF) constant. In the field weakening'range, the motor terminal voltd
ally increased with increasing speed, in order to«coampensate voltage drop with incrg

ce constant output power from base speed to.top speed.

paring Figure 1 and Figure 2 demonstrates that the voltage increase for induction m
b base speed is greater, however the terminal voltage can be kept constant in synchrg

C adjustable speed rollingmill motors:
ithstand voltage E is determined by the maximum effective AC output voltage @
emiconductor converter.

ne voltage required at the maximum overload condition determines the maximum ter
bltage required by both induction and synchronous motors, typically in the field weak
nge.

p speed in the field weakening range.

Lpply
erter

ween

and

e 2. In the field weakening range, which corresponds to.6peration above base speed, the

ptor’s
ge is
ased

ht and frequency. Adjusting the main flux in this' way ensures that the motor operates to

otors
nous

rs. Furthermore, the terminal voltage for AC adjustable speed rolling mill motors codld be
furtheér increased due to the overload tarques identified in Annex A and Annex B.

f the

minal
bning

br induction motors the base speed terminal voltage is lower than the terminal voltage at
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= A
v, oo

N_inv

N_top

N_base |

=Y

nbase top
IEC

no load

rated load

overload

motor terminal voltage at base speed and rated load

motor terminal voltage at top speed and rated load
rated inverter voltage
base speed

top speed

Figure 1 — Example of induction motor terminal voltage versus speed

= A C

UN_inv 1

N_top |

N_base,

X

ey

O w >

S

N_base

<

N_top

=

_inv

Mpase

ntop

nbase top
IEC

no load

rated load

overload

motor terminal voltage at base speed and rated load

motor terminal voltage at top speed and rated load
rated inverter voltage
base speed

top speed

Figure 2 — Example of synchronous motor terminal voltage versus speed
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NOTE Motor torque versus speed requirements, including overload requirements, determine motor physical body
size. Induction motors designed based on Figure 1 will be physically smaller than one designed without terminal
voltage increase as shown in Figure 2.

5 Duty type and temperature class

5.1

General

In Clause 5 the selection of duty type S9 and S1 for specific applications is reviewed. In the
case of DC metal rolling mill motors, duty type S9 was the dominate case. More recently new
applications have evolved which may be regarded as duty type S1.

The goncept of winding temperature deviation, A6, in one rolling cycle is provided as a-gu
election of Class B or Class F temperature rise when the motor has Class E linsulation.
Refer to 5.5 and Annex C.

the s

In the event the motor is operated in a manner that causes the motor temperature to ex
the temperature class, motor life will be decreased according to the following discussion.

In the case where 115 % continuous operation is defined as a requirement, the motor sh
designed for 115 % of its rated power continuously, without exceeding the temperature risg
insulation class, according to the design criteria in IEC 60034-1. For continuous overload
capability, refer to Clause 6.

of the

One method to achieve normal motor life is to design thetmotor to operate one temperatur
down from the applied insulation system class; fof) example, a Class F insulation sy
designed to operate with a Class B temperature-tise for the specified operational cond
Refer to 5.5.

The 1

NOTE| For DC rolling mill stand motors, insulation Class F with Class B rise was specified in NEMA MG-1 [6]1
as Hof Strip Mill (abbreviation “HSM” is ‘used hereinafter) rougher and plate mill main motors. It was sometime
appliefl to Art-2 motors such as HSMfinishing and TCM stand motors.

5.2

The fijrst step in determining winding temperature deviation in one rolling cycle is identifyin
rolling operation pattérn based on Annex B. Specific parameters for estimating the wi
tempgrature deviation in one rolling cycle include:

Selection of rolling operation pattern

tgrque current and rotational speed when the material enters the roll bite;

time  in_seconds after the material enters the roll bite and before the mill accelerates

dein

ceed

all be
limit

B rise
stem
ition.

25 % for 2 h is a legacy DC rating andshall not be applied to AC motors. In this casle the
rolling mill actual duty cycle shall be determined and the motor sized accordingly.

, such
s also

g the
hding

to a

higher speed,;

torque current and rotational speed at operational speed;
time in seconds for accelerating the mill to operational speed;

time in seconds in the field weakening range.

The selected rolling operation pattern is used to calculate the estimated winding temperature
deviation.

1

Numbers in square brackets refer to the Bibliography.
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5.3 Evaluation of winding temperature deviation during one rolling cycle

Short-time high overload capability is a feature of rolling mill motors for duty type S9. The
precise overload capability versus rotational speed is discussed in Annex A. However, the
winding temperature rise deviation is not specified.

The overload torque and overload output power capabilities require increased winding currents,
which impact the transient winding temperature rise. If the overload currents are maintained for
a time close to the winding temperature rise time constant (the thermal equivalent time constant),
then significant transient temperature changes may occur which causes a significant
temperature deviation in one rolling cycle.

The pllowable super-temperature, which is temperature difference between the max{mum
tempgrature and the average temperature value in one rolling cycle, is 25 K under,the 100 %
rated RMS load unless otherwise specified. The winding temperature deviationyin.'6ne rplling
cyclel shall be estimated in accordance with Annex C using either the simplified method
(Clayse C.2) or the precise method (Clause C.3).

5.4 | Duty type S1 or S9 selection

The duty type is determined by the mechanical equipment supplief for new installations. \Vhen
upgrading from DC to AC systems, consideration should be diven to the application ag the
operational cycle may have changed with time.

The foncept of "negligible thermal impact" is introduced for the case where the winding
tempgrature deviation in one rolling cycle A9 is less/than 1 K. If the winding temperjture
devidtion in one rolling cycle at rated load is estimated to be of negligible thermal impagt, S1
can he applied. In all other cases S9 shall be applied.

NOTE| The relative thermal life shortening for the 1°K\super-temperature case is less than 10 % and used ps the
"1 K" for S1/S9 selection criteria, as is explained intlable 1.

In this|estimation, the relative thermal life index\expression is:

TL = 1/(2“‘”"')
where
Ao is the super-temperature in one rolling cycle at rated load;
k is the temperature.rise in kelvins, which leads to a shortening of the thermal life expectancy of the instilation

system by 50:%.Here, the k value is assumed to be 10 K.

Table 1 -(Thermal life shortening due to the super-temperature in one rolling cycle

The super- Relative insulation Relative thermal TL Thermal lif]
temperature in one aging speed life expectancy TL shorteninJe
rolling cycle
K p.u. p.u. % %
2%k 1/ 2%
10 2,000 0,500 50,0 50,0
5 1,414 0,707 70,7 29,3
2,5 1,189 0,841 84,1 15,9
2 1,149 0,871 87,1 12,9
1 1,072 0,933 93,3 6,7
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5.5 Class B rise or Class F rise selection

The assignment of the duty type S9 does not automatically imply that Class F insulation with
Class Brise is required. The flowchart in Figure 3 also considers winding temperature deviation
in one rolling cycle and the shock load conditions applied to the motor as the selection criteria.

Selection of
operational
type
* A ¢ = (super-temperature)

- (average temperature
value in ane rnlling r‘yr‘lp\

Estimation of
temperature deviation in
one rolling cycle

Temperature
deviation

Duty type S1,
F with F rise

(Negligible)

(Recognized)

Small shock
A/d=10K

Duty type S9
F with F rise

Large shock
A 4=25K

Duty type S9
E/with B rise

Duty type S9
Temperature rise
specified IEC

NOTE| Temperature rise can be the same,‘but mechanical design should be different in case of Class F inst{ilation
with Class F rise.

Figure 3 — Selection of motor temperature rise based on the temperature
deviation in one rolling cycle and shock load conditions

5.6 | Overload current duration time limit based on winding temperature deviation jin
one rollingicycle for RMS current of 100 %

Overload current duration time limits based on Annex D, are plotted in Figure 4 for winding
temperaturedeviations of 10 K, 5 K and 2,5 K. The winding temperature deviation is calculated
between the maximum and mean values in one rolling cycle with the condition that the [RMS
currejpt over the operational duty cycle is 100 %.

The operational cycle used is that of a hot strip mill finishing stand.
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lo (8)

250

200

150

100

50

Key
oL overload current duration limit in seconds for 2;5.K, 5 K, and 10 K deviation
I square waveform approximated overload current as a percentage

2,5 K deviation  allowable winding temperature deviation,of 2,5 K in one rolling cycle

5 K degviation allowable winding temperature deviation of 5 K in one rolling cycle
10 K deviation allowable winding temperature déviation of 10 K in one rolling cycle
Figure 4 — Example of-overload current duration time limit based

on winding temperature deviation between maximum and mean,
in one(rolling cycle RMS current of 100 %

NOTE| Figure 4 is based on a,thermal equivalent time constant of 20 min.
6 Continuous overioad capability

6.1 General

Continuous-overload capability is required in emergency or unusual situations and therefpre is
infrequently required. In the case where continuous overload capability operation is applied,
temperature can be beyond the specified temperature rise defined in IEC 60034-1. For example,
in the case that insulation 155 (F) with temperature 130 (B) rise is specified, winding
temperature rise can be allowed up to the class 155 (F) rise under 115 % continuous operation.

Duty type S10 is used only to determine motor insulation life reduction. The relative thermal life
index (7L) value may be estimated by the motor manufacturer upon request. Such exceptional
cases include:

a) in case of special material which is rarely rolled — continuous overload operation with an
RMS value of motor load greater than 100 %;

b) in case of hot strip mills or tandem cold mills where motor failure is considered in advance —
the continuous overload operation is evaluated for the remaining operational motors based
on the repair time for the failed motor.

The continuous overload capability shall not be applied without any specific requirements.
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The continuous overload capability shall not be applied to reserve margins for thermal stress in
winding insulation due to winding temperature deviation in one rolling operation cycle, and to
reserve margins for mechanical stress in winding insulation due to the mechanical rolling shock
and due to the frequent accelerations and decelerations.

In these cases, thermal margins are reserved by the application of duty type S9 mill motors
where the thermal class for the winding temperature rise is one rank down compared with the
thermal class for the insulation system, as is described in 5.4.

The following three types are specified for the continuous overload capability.

ype 1:

T
When the continuous overload output is required in the actual service operation land the
duration hours as a percentage of annual service operation hours are consjdered {o be
negligible or less than 0,5 %, based on agreement between the supplier and\purchasgr. In
this case the relative thermal life index (TL) value can be estimated as TL.=1,0.

Fopr this case, the following shall be included in the motor documentation:
Overload 115 % continuous, At: < 0,5 %, TL value: 1,0.
o Type 2:

When the continuous overload duration hours as a percentage of annual service operation
hours is estimated as 10 %, the TL value is estimated as:

TL: 0,60 for 115 % overload.

according to the simplified TL value estimation method in 6.2.

n

br this case, the following shall be included inxthe motor documentation:
Overload 115 % continuous, At: 10 %, TL'wvalue: 0,60 for 115 % overload.

A|TL value of 0,6 means that the expected'thermal insulation life of this motor, operating at
tHe nominated duty, is 60 % of the expected life of the same motor operating without any
continuous overload exposure. Likewise, a TL value of 0,25 means that the expected th¢grmal
insulation life of this motor, operating at the nominated duty, is 25 % of the expected life of
tHe same motor operating without'any continuous overload exposure.

e Type 3:

When the continuous overload output duration hours as a percentage of annual sgrvice
operation hours is estimated as more than 0,5 % and other than 10 %, the purchaser|shall
determine the Ar yalue as a percentage of annual service operation hours. The supplier
shall evaluate the) 7L value according to the 7L value calculation methods of eithdr the
simplified method in 6.2 or the precise method in 6.3.

In any type (of ‘continuous overload output application, the motor shall accommodatg¢ the
overlpad eltput mechanically without a decrease in life expectancy. The use of the motor yinder
the apave-eonditions requires that the converter is capable of matching the continuous ovefrload
outpyt requirements.

IEC 60034-1 defines the duty type S10 which allows for multiple overload output periods.
However, in 6.2 it is recommended that the load variation be simplified to only two stages of
discrete constant loads: 100 % constant load and one more than 100 % constant load. This
allows the 7L value to be calculated using the simplified method.

6.2 Relative thermal life index of TL value estimation by simplified method

The precise method specified in 6.3 is accurate but is considered to be too complicated to apply
in actual practice. In addition, the required parameter values may not be available at mill motor
rating planning stage. Therefore, the simplified method is introduced using the 10 K halves
insulation life law.
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For example, in the case of 115 % overload duty with A#:10 % and 100 % continuous load with
A#:90 %, let the winding temperature rise at 100 % continuous load be 100 K. The winding

tem

perature rise at 115 %-continuous is then 132 K (100 K x (1,15)2).

Rounding 132 K down to 130 K for simplification, 130 K is greater than 100 K by 30 K. It results
in eight times (23 = 8) reduction in insulation life using the 10 K halves insulation life law where
30/10 = 3.

Let

for aftotal of 0,8 + 0,9 = 1,7.

Thergfore, the TL value = 1/1,7 = 0,59, or a relative thermal life of 59 % compared to contin
duty type S1 for a machine designed to operate at 100 K temperature rise:

6.3

If thg continuous overload capability relative thermal life value(7TL is to be determined b
precise method, the following procedure is to be followed in advance of the TL value calcul

a)

b)

c)

d)

Figure 5 is an example of discrete-constant loads with 115 % continuous overload.

Key

N v v v v
w

At for 115 %-continuous be 10 %, and A¢ for 100 % load be 90 %. Then

Deterioration for 115 % operation: 8 x Ar =8 x 0,1 = 0,8

Dleterioration for 100 % operation: 1 x Ar=1 % 0,9 =0,9

Relative thermal life estimation by precise method

efine the load repetition cycle (in hours or in days)“for which the continuous ove
Ltput operation is required.

ycle, where for at least one step of the diserete constant loads one overload o

D

o}

At least four steps of discrete constant loads shall be assigned within the load repe
c

operation shall be assigned.

F

br the load repetition cycle, load values of P4, Py, P3, P4, and their duration time of
t, t4, shall be assumed.

Arcording to Annex D, calculate the relative thermal life index of TL value.

uous

y the
ation.

rload

tition
utput

(1, 12,

~ A
Py
i I o
r,
Py
- T -
IEC

load t time in long hours
115 % overload 1 115 % continuous overload period
rated load i, rated load period
50 % load 1y 50 % load period
75 % load ty 75 % load period

long hour load cycle

Figure 5 — Example of discrete constant loads with 115 % continuous overload
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If the estimated relative thermal life index of TL value is less than the expected value, the motor
rating shall be increased or the temperature rise limit shall be decreased to meet the expected

value

6.4

Relative thermal life index of TL value determination by precise method

Refer to IEC 60034-1.

7 Mechanical requirements

7.1

Rollin
desig
upon

7.2

Allow
maxi
purch

NOTE
torquel

Aroun
transni
and Jg
Asar

the frg
Manuf

7.3

Allow
than
the s

7.4

The 4

to defermine(the tangential load. The stator shall also be able to withstand the tangentia

trans

—General

g mill motors shall satisfy the mechanical requirements established by the_tollin
ner. The supplier and purchaser in consultation with the designer shall discuss-and
the requirements.

vibration

able torque applied to the motor shaft shall be twice that of the frequently apg
mum torque. Larger torques may be requested and agreed dpon between the supplie
aser.

In this document, mechanical fatigue life strength for the miotor’shaft of almost 400 % to 500 % o
is specified.

I the 1970s, United States and Japan experienced\main shaft break accidents and the other
pan, together with motor manufacturers, investigated‘both field measurements and torsional analysis [
esult of the investigation, the conclusion of "allowable torque applied to the motor shaft shall be twice

quently applied maximum torque" was introdueed firstly to the JEM 1157 Standard: 2002, [2] of Japan E
pcturers Association of JEMA, secondly to JEC 2140 Standard: 2016, of I.E.E. of Japan [3].

Vibration transmitted through the motor base

able vibration acceleration-values transmitted through the motor foundation shall bg
0,8 m/s2. Larger allowable vibration values may be requested and agreed upon bet
Lpplier and purchaser.

Tangential forces applied to rotor and stator

peed anddorque time chart shall be specified by the purchaser for the motor manufaq

mitted by electromagnetic force from the rotor to the stator.

mill
gree

Mechanical strength for shaft and other transmission parts considering torsignal

plied
r and

rated

forque

ission parts break accidents in blooming mills and platé\mills. Therefore, the iron and steel associationg of US

1.

hat of
lectric

less
ween

turer
load

7.5

7.5.1

L Thrust load

General

Unless specified, the thrust load applied to the motor from the connected load shall be smaller
than that of the motor itself. The thrust load shall be specified by the purchaser in accordance
with 7.5.2 to 7.5.4.

7.5.2

Frequently applied thrust load

The frequently applied thrust load is a thrust load which is frequently applied in normal service
operation. The continuously applied thrust load shall be also defined as the frequently applied
thrust load.
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7.5.3 Occasionally applied maximum thrust load

The occasionally applied maximum thrust load is a thrust load which is occasionally applied in
normal service operation for a short duration. The lubrication oil film for bearings needs to be
maintained during this time.

7.5.4 Emergency maximum thrust load

The emergency maximum thrust load is a thrust load which is applied when the motor shall be
stopped immediately, such as in the case of a broken roll or spindle shaft.

7.6 [RadialToad for bearings

The radial load for bearings from the driven equipment shall not be normally applied tp the
motof. However, one second coupling weight load shall be taken into account for mator dgsign.

In cages where the motor shaft is directly connected to the load without the benefit of an oytside
support bearing, the radial load for bearings shall be assigned based uponagreement betveen
the sppplier and purchaser.

7.7 | Overspeed
Refer to IEC 60034-1.

An oyerspeed test is optional. If the test is required, the'test duration shall be 2 min.

NOTE| For very low speed motors, overspeed caused by sudden load change at tail off is more than 1,2 times of
the maximum speed. Agreement for special overspeed may.be 'made between the purchaser and the supplier

7.8 Stator coil end fixation

In vigw of the vibration from the foundation due to overload torques and shock loading, the coil
end of the stator coil shall be firmly fixed. The structure of series and/or parallel connection of
the cpils shall be able to withstand.repetitive shocks.

7.9 | Stator shift construction for maintenance inspection

Statdr shift structure is the structure which enables shifting the stator in the axial directign for
rotor|maintenance. If this structure is requested by the purchaser, the supplier will ensufe its
delivery.

7.10 | Mountingcode application

Gengrally; this motor shall follow the mounting code specified in IEC 60034-7. Howevelr, for
special{cases, the requirements in Annex G are recommended in addition to the ex|sting
IEC 60034-7:1992 requirements_if applicable

8 Withstand voltage capability

8.1 Rotor bars or damper bars and short-circuit rings

According to the operation pattern of rolling mill drives specified in Annex C, rotor bar currents
alternate between no load and heavy load. For damper bars in synchronous motors, high
currents take effect due to the impact of material roll bite. As a result, not only mechanical
shocks but also thermal expansion and contraction are impacting on the rotor bars.

Rotor bars for induction motors and damper bars for synchronous motors along with the slip
ring circuit shall be able to withstand repetitive mechanical shocks and mechanical stress due
to the heat cycle.
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8.2 General

Clause 4 and Clause 5 discuss the terminal voltage increases due to the differences between
induction and synchronous motors under steady state and short-time overload operations.
These changes cannot be ignored for AC adjustable speed rolling mill motor design and testing.
Therefore, the withstand voltage capability and withstand voltage test voltage shall be applied
for the worst-case conditions which correspond to top speed, minimum field and frequently
applied overload torque or overload output power conditions.

Motor insulation electrical stresses shall be in accordance with Clause7 of
IEC TS 60034-25:2014.

8.3 | Withstand voltage test

The test shall be done in accordance with IEC 60034-1. The motor voltage shall be considered
to be[the maximum effective AC converter output voltage. The test results shall-be included in
the factory test record.

8.4 | Withstand voltage capability
8.4.1 General

The Insulation system design of power converter driven maoters shall consider the following
itemq specified in 8.4.2 and 8.4.3.

8.4.2 Ground insulation

Additjonal DC surge voltages will be applied to, the* motor by the converter output voltage as
shown in Figure 6 and Figure 7. Therefore, insulation design for converter driven motors|shall
consider the additional voltages.

The qutput of pulse width modulated (P\WM) converters, applying PWM control; contains higher-
orderl harmonics that may affect motor insulation life. It is recommended that the motor
manyfacturer obtain the expected harmonic spectrum from the converter manufacturer.

In adfition, leakage current through ground insulation will be increased due to the fast risg time
of thg PWM converter output voltage (dv/d¢). Therefore, the insulation design for the motor|shall
also gonsider this factor;
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8.4.3

Turn-to-turn insulation

PWM converter driven motors are subjected to a much higher dv/d¢ than that of a sinusoidal
voltage. Therefore, a far higher turn-to-turn voltage is applied to the motor. For these motors
not only ground insulation, but also turn-to-turn insulation considering dv/d¢ is required.

9 Factory tests and recommended site operation tests

9.1
9.1.1

For
test
effec
recor

For t
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conv

For the site operation test, no-load speed characteristics espegially in the field weakening 1

shou
Anne
9.6.

NOTE
install

9.1.2

NOTE

The A
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ther

In ve
vectdg
conv

General

_General scope for the tests

otors following this document, ratings and performances should be verified by both,f3
nd site operation tests according to IEC 60034-2. Additionally, to account(for sp
s of the specific complete drive module (CDM) several site operation testg
nmended.

he factory test, ratings and inherent performance of induction moters or synchrdg
s shall be verified. The motor is not driven by the specific CDM, but is driven
bntional factory test power source.

d be verified in accordance with 9.5 and the torque%speed characteristic, specifi
he motor should be driven by the specific CDM.

The site operation test specified in Clause 9 can be applied in the motor factory if the specific CDM
bd and operated in the motor factory.

Requirements of the site operation test where vector control is applied

The term vector control refers to both fieldsoriented control and direct torque control [4].

\C adjustable speed rolling mill_main motors are driven by phasor vector control, in
ain flux vector and the torgue component current vector are independently controll
tational quadrature axisyas’is explained in Annex E and in Annex F.

ctor control the angle between the main flux vector and the torque component cu
r is kept at a right*angle of 90°. Far different operational characteristics from tho
pntional AC motors driven at fixed voltage and frequency can be achieved.

bperation.Characteristics where orthogonal constraint control between flux vectol
e current-vector is applied are specified in Clause 4 and in Annex A. In terms of to

ctory
ecific
are

nous
by a

ange
ed in

x A, should be estimated based on the acceleration ‘and deceleration tests, specified in

an be

vhich
ed in

rrent
se of

and
rque-
re to
f the

Therefore, it should be confirmed that the deviations are within the allowable limits, in both no-
load and on-load tests.

a) N

o-load test

For the motor and its drive system coupled test, speed reference is to be given first to the
speed control regulator. Then the torque current reference is to be given as a result of speed
control function to the current control regulator. Finally, the terminal voltage reference is
given as a result of current control regulators.

The terminal voltage reference is never given first but is based on the results of the
speed/current control functions. Therefore, the results of the site no-load test will
necessarily have deviations from the assumed values. With a properly tuned CDM the
deviations result from motor characteristic deviations.
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The terminal voltage deviations from the terminal voltage characteristics versus rotational
speed, as specified in Figure 1 and Figure 2, should be precisely checked versus the motor

w
b) O

ithstand voltage capabilities.
n-load test

For the AC adjustable speed rolling mill main motors, acceleration and deceleration
load/torque tests are to be applied instead of the real load.

In this case, the ramp speed reference, where the speed acceleration rate of dn/d¢ is
constant, is given to the control system. The torque current, field current for the synchronous
motors, and the terminal voltage references are derived in the control system.

T

herefore. some deviations on the torque component current. field current for synchr

nous

m
S

T
tq

9.2

In thi
perfol
acco

For t
inher|
for th

specified in Clause 4 and base frequency shall be @pplied for the base speed with the

powe

specified in Clause 4 and top frequency shall be*applied for the top speed with the rated p

facto

For r

otor and terminal voltage are to be expected due to motor characteristic deviatio
hould be confirmed if those deviations are within allowable limits.

rque capability or overload output power capability versus speed as specified in Ann

Factory test

rmance related test items shall be verified by the motor manufacturer's factory te
dance with the existing standards in the IEC 60034 series.

ne factory test, the rating related test items and induction ‘machine/synchronous ma
ent performance related test items shall be verified not only for the base speed buf
e top speed, where Uy pase Of “motor terminal yoltage at base speed and rated
r factor condition and where Uy, of “motor terminal voltage at top speed and rated

r condition.

atings related test items, temperature rise by the temperature rise test shall satisf]

criter|

with

of "effciency determination”.

For g
exanm
facto

The ]

For j

the r]vechanical output power ratings) are within the specified input conditions, in accorg

a specified in Clause 8 of IEC 60034-1:2017. The measured motor losses shall a

he existing IEC 60034-2 series, in which the "losses determination” is specified in {

erformance related \test items for induction motors, the secondary resistance of R
[y test.

R, value(Can be useful as an initial control system setup.

efformance related test items for synchronous motors, the synchronous reactan

he acceleration and deceleration test results also allow for the estimation of the ovel(reload

ns. It

X A.

5 document, rating related test items and induction machine/synchfonous machine inherent

st, in

Chine

also
load”
rated
load”
ower

y the
ssure
ance
erms

b, for

ple, is examined'by the locked rotor test at several frequencies at the motor manufactdirer’s

ce X

valu

d the

three

S, for nvnmpln, are examined hy both the no-load saturation characteristic results g

-phase short circuited current characteristic results.

The X values can be useful as an initial control system setup.

The above tests shall be applied to both base speed and top speed.

9.3
9.3.1

Preparation before trial operation at site

General

In 9.3.2 to 9.3.9, a number of checks are recommended to facilitate commissioning. Neither the
sequence nor the number of checks is mandatory.
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9.3.2 Calibration of feedback signals for the converter

All feedback signals required by the converter for motor control should be verified and calibrated
to the extent possible. These include items such as speed sensors, speed limit switches and
resistance temperature detectors.

9.3.3 Insulation resistance tests for motor

Insulation resistance tests should be made for the assembled motor with the motor uncoupled
from the driven equipment. Evaluation of the test results should include comparison with those
from the factory test, considering the site temperature and humidity conditions compared to the

factopyr-eenditions-

9.3.4 Insulation resistance tests for bearings

Insulfition resistance tests for bearings should be made for the assembled motor. The
resulfs should be compared against the factory standard. The tests and any{éctification
should be performed until the factory standard is met.

9.3.5 Performance test for bearing lubrication oil supply unit

Forced or flood lubrication oil system for motor bearings tests are to be done after the ¢
installation work has been completed, including flushing of .thé pipes, the lubrication oi
been|filled and the oil pump unit has been installed. The performance test includes:

9.3.6 Confirmation of lubrication oil.surface level for bearings

For motors with forced lubrication oil systems, confirmation of the lubrication oil surface
for sleeve bearings should be made with the motor at zero speed and with the pumg
operating.

For
at th

9.3.7 Performance test for cooling systems

After|checkingthat the cooling air ducts and cooling water piping (if any) are properly assen
and installed, the performance test for cooling systems is done. These include the follg
checks:

confirmation of no oil leakage anywhere around the-piping;
confirmation of no abnormal sounds or abnormal*vibration at the pump unit;

confirmation of smooth and sufficient flow of the lubrication oil by visual inspection at t
sight gauge near the bearing housing.

otors with self-lubrication oil systems, confirmation should be made with the motor ru

test
work

iping
| has

he oil

level
unit

hning

slowest expected:operating speed. This is a visual inspection of all bearings at the oil
site dauge on the bearing housing.

hbled
wing

confirmation of no cooling air flow leakage and/or confirmation of no cooling water leakage;

confirmation of no abnormal sounds or abnormal vibration at the cooling equipment,

including cooling fans, cooling fan drive motors and cooling water pumps (if any);

confirmation of proper input electric power to the cooling equipment.

9.3.8 Confirmation of alarm issue levels for motor protection

For direct torque drive in phasor vector control, the terminal voltage, the torque component
current and the motor speed are determined as a result of the direct torque drive. Therefore, it
should be confirmed that the alarm levels of the overvoltage protection, the overcurrent
protection and the overspeed protection, are set to the proper values.
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When alarms are installed with specific protective devices, such as stator temperature detectors,
bearing temperature detectors, it should be confirmed that the alarm levels are set to the proper
value.

9.3.9 Synchronous motor pole position confirmation test

This test is a real time determination of rotor pole position for adjustable speed synchronous
motors. The rotating pole position is the relative position between the rotor pole and the
equivalent three-phase stator windings. The purpose of the test is to determine pole position
and rotational direction for use by the converter control.

In principle, pole position is estimated by the zero-crossing point of electromotive force induced
by miagnetic flux distribution. However, this method requires generator operation wherg the
subjgct motor is driven by another motor. For the site trial operation where another driving motor
is not available, the method is based on the pole position at which motor torque bécomes| zero
causing no rotational movement by adding positive and negative DC current’ pulses to|each
phasg winding as described in Annex F.

9.4 | Site uncoupled trial operation
9.4.1 General

The following procedures in 9.4.2 and 9.4.3, are recommendéd to be undertaken to confirm
proper operation of the drive system.

9.4.2 Rotational speed build-up test

For this test the motor should be started with veryslow speed, typically 2 % of top speed. [Then
the motor speed should be increased step by step, starting with 10 % of the top speed, where
the following inspections should be applied at\each speed step, including the very low spged:

. bnfirmation of no abnormal sound.around the motor;

. bnfirmation of no abnormal vibration anywhere on the motor, including the motor beafings;

pnfirmation of no abnormal axial movement (end play) of the motor shaft;

pnfirmation of no abnormal inlet and outlet cooling air temperature for motors so equipped;

c
c
c

e confirmation of no abnormal*temperature in association with the bearings and windings;
c
confirmation of notmal lubrication oil flow by visual inspection at the oil sight gauges;
c

pbnfirmation by the converter speed feedback signal that the speed sensor is prgperly
aligned. Continue until the speed feedback signal has been properly aligned fof the
converterffrequirements.

For nevetsing mill motors, where the reversing operations are applied during rolling, the
inspgctions described above should be applied for forward and reverse rotation.

9.4.3 Bearing temperature rise test

After the motor has completed the rotational speed build-up test, the bearing temperature rise
test should be done. Healthy lubrication oil flow during the test should be confirmed and the
bearing temperature rise test continued until the temperature has stabilized.

9.5 Site no-load characteristic test
9.5.1 Induction motor no-load characteristics test

In advance of this test, the factory no-load flux current values for the complete speed range
should be loaded into the converter control. Then motor terminal voltages should be measured
for each step of speed reference values at the converter.
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The test of terminal voltage at base speed includes the following.

e The speed reference signal value is for base speed.

e Flux current 1,4, calculated from the excitation current value from the factory test record, is
applied as a starting value.

If the measured terminal voltage differs from the rated value, adjustment of flux current 1,4
should be made such that the measured terminal value equals the rated value. Then the
terminal voltages and supply frequencies should be confirmed for several steps of speed
reference values between zero speed and base speed.

The Jest of terminal voltage between base speed and top speed is done after the zergto|base
speed tests. The terminal voltages and supply frequencies should be measured forisgveral
stepq of speed reference values between base speed and top speed.

A slow acceleration from base speed to top speed and back to base speed should confirrrnlnthat
the terminal voltage can maintain the design value. This test confirms\both proper motor
assembly and the motor design.

9.5.2 Synchronous motor no-load characteristics test

In advance of this test, the factory no-load field current valués for the complete speed rlange
should be loaded into the converter control. Then motor terminal voltages should be measured
for each step of speed reference values at the converter:

The test of terminal voltage at base speed includes_the following.

e The speed reference signal value is for base speed.

e Fleld current I;y 50 from the no-load saturation curve for the rated terminal voltage|from
the base speed factory test record is-applied as a starting value.

If the|measured terminal voltage differs from the rated value, adjustment of field current /rq 55¢

should be such that the measured terminal value equals the rated value. Then the terminal
voltages and supply frequenciés should be confirmed for several steps of speed refefence
valugs between zero speed and base speed.

The test of terminal voltage between base speed and top speed is done after the zero to|base
speefl tests. Adjustment of I;; should be applied such that the terminal voltage may majntain
the design value forseveral equally divided points of speed between base speed and top speed.
The fq value for'base speed is known as Ixy p,56 and Iy for top speed is It g,

A slolw accéleration from base speed to top speed and back to base speed should confirm that
the terminal voltage can maintain the design value. This test confirms both proper r:I;wotor
assembly and the motor design.

9.5.3 No-load characteristics test record

It is recommended that the test results be recorded.

9.6 Site acceleration and deceleration test

A rapid acceleration, during which no part of the motor or converter control is saturated, from
base speed to top speed and back to base speed should confirm that the terminal voltage can
maintain the required value. This test confirms both the motor design and the converter control
capability. The converter input speed reference is linearly ramped from zero speed to top speed,
typically over a 10 s time period. Linear motor acceleration should be confirmed, where constant
acceleration and deceleration torque are obtained.
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It should be noted that these tests will typically be done uncoupled and repeated when the
motor is coupled to the driven load. In any case, the acceleration time should be such that the

maximum rotor peripheral acceleration does not exceed 9,8 m/s2.

It is recommended that the test results be recorded.

10 Grounding

10.1

General

Moddrn power converier output waveforms are not perfect sinusoids buf include vdrious
harmpnic components of the fundamental frequency. These harmonics can introduce unwanted
curregnts in magnetic structures. To avoid damage to motor bearings and instrumentation, as

well
the d
Figun

10.2

Refe
requi

10.3

The
and t
and t

The {
symb

10.4

There¢ are various sensors, such:as speed sensors, mounted on the motor. When sensor si

are i
the p
The 1

s to protect personnel safety, it is important to properly earth the various compone
Five system. Basic and special grounding requirements are covered in Clause 10. Re
e 8 for an overview of the major components.

Protection against bearing currents

to IEC 61800-4 for medium voltage inverter for mechanical system integr
Fements.

Protective earthing (PE)

A\C power drive system consists of an AC adjustable speed rolling mill motor, cony

he other components.

T
ol '\%“[IEC 60417-5019:2006], or clearly indicated in the instruction manual.

Functional earthing (FE)

ansmitted to the converter control, the sensor shield cable should not be connecteq
rotective earthing. Inithis case, the shield cables are connected with the functional ear
hield should be grounded at the receiving terminals.

ts of
fer to

ation

erter

ransformer. Therefore, a grounding bus protective earthing is required between the motor

rotective earthing conductor shall be indicated with the characters "PE", labelled with the

gnals
with
thing.
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Figure 8 — Example of protective earthing and functional earthing

rotective earthing may be categorized and separated for-high voltage, low voltage, co
according to the suppliers’ standards. Rules for grounding systems are not specifi
ocument but they shall comply with the local installation standards, including thos
nnel protection.

Rating plate

ating plate shall show the information stipulated in IEC 60034-1, plus the value d
bad torque capability, as a percentage, and the motor classification Art-1 or Art
ed in Annex A and specified innAnnex B for various applications.

plling mill motors not specified in Annex B, it is recommended that the overload tq
bility value and the classification of Art-1 or Art-2 of the motor supplied be marked o
plate.

ond rating plate may also be supplied that includes the required information.

The additional marking requirements in this Clause 11 are based on the existing requirements in IEC 6

IEC
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f the
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rque
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Annex A
(normative)

Short-time overload capability

General

2020

In Annex A, the AC adjustable speed rolling mill motors are classified as Art-1 or Art-2 motors,

The

Art-

entary overload capab|l|ty

1 motors are typically specified for hot reversing mill stand motors, where the reve

in accordance with thelr short- t|me overload capablhty reqwrements The overload capabllltles

AN as

gdlassification of Art-1 and Art-2 motors is referred to as motor classification in this’"document.

rsing

operation is applied during rolling, such as plate mills and hot strip_tills (HSM) rougher

app
ove
thic

Art-
mill

lications where the momently applied overload torque is typicallymore than 200 %.
rl
khess in one pass.

2| motors are typically specified for continuous rolling mill’motors, such as HSM fini
gnd tandem cold mill (TCM) applications where overload output power may be requirg

acceleration, deceleration and impact loads from the<rolling operation. Overload torq

bas

torqule.

The

idally not allowed, except for acceleration during-rolling and except for transient tors

Clausge 5, considering both the winding temperature deviation in one rolling cycle and the s

load/

manyfacturer and purchaser according{¢’ Annex B.

The

verload capability values specified in Table A.1 and Table A.2 are default values u

othenwise specified. The valuestmay be modified in accordance with the process requiren
or higtorical experience as agreed upon by the purchaser and supplier.

A.2

The

Frequently applied Art-1 short-time overload capability specification

Art-1 motonis®a motor which accelerates and decelerates rapidly, typically within 2 g

s. In addition{ithas very large short-time overload torque and overload output power, ofter
frequent metor rotation reversing, and rapid load variations. The Art-1 motor is classified 3
following'three types.

a)

This

bad torque and overload output power are required for the large reduction of rolled material

5hing
bd for
ue is
ional

Ehort-time overload capability requirements shall determine the duty type as defingd in

hock

vibration conditions applied to the mator. The capability shall be harmonized betweeln the

nless
hents

or 3
with
s the

€ Type-A motor maximum output torque 1S reduced above base speed according to the

legacy DC NEMA MG.1.23 [6] as shown in Figure A.1.

b) The Type-B motor maximum output torque is not reduced above base speed as shown in

Figure A.2.

c) The Type-S motor is a motor other than Type-A or Type-B.

The Art-1 motor is generally applied in reversing operations; however, it can also be applied to

non-

reversing operation with rapid load variations.

For Type-A motor and Type-B motor, the allowable overload output power duration interval shall
be up to 60 s, unless otherwise specified.
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Figure A.1 — Art-1 short-time overload capability of Type-A motors
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Table A.1 — Art-1 short-time overload capability of Type-A motors

All values are expressed as percentages

. Frequently
Rotational Cut-off Frequgntly applied Torque for Output
speed on the Cut-off applied power for
. output overload rated torque
basis of torque overload rated torque
power output current
base speed torque current
power
0 275 0 225 0 100 0
50 275 140 225 120 100 50
100 275 275 225 225 100 100
150 172,1 258 140,8 211 66,7 100
200 120,7 241 98,8 198 50 100
250 89,8 225 73,5 184 40 100]
300 69,3 208 56,7 170 33,3 100]
S A
= 300 :
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~ )
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il 5, W R
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/
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—
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Vi
0 >
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IEC
Key
n rotational speed on the basis of base speed
T.o torque applied to the motor
P, output power of the motor
A cut-off torque
B frequently applied maximum torque
C rated torque
(1) cut-off output
(2) frequently applied maximum output
(3) rated output

Figure A.2 — Art-1 short-time overload capability of Type-B motors
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Table A.2 — Art-1 short-time overload capability of Type-B motors

— 39 —

All values are expressed as percentages

. Frequently
Rotational Cut-off Frequ&_ently applied Torque for Output
speed on the Cut-off applied power for
. output overload rated torque
basis of torque overload rated torque
power output current
base speed torque current
power
0 275 0 225 0 100 0
50 275 140 225 120 100 50
100 275 275 225 225 100 100
150 183 275 150 225 66,6 100
200 137,5 275 112,5 225 50 100
250 110 275 90 225 40 100]
300 91,6 275 75 225 33,3 100]

A3

The A
than
s. TH
infreq

The
whos
dece
only

The A
a) T
Ig

b) T
a

c) T

For T]
be up

Frequently applied Art-2 short-time overload capability specification

the Art-1 motor. Typical acceleration and deceleration times are in the range of 10 s
e short-time overload capability is also generally tess and the motor reverses
uently.

A\rt-2 motor is generally applied in a coordinated process involving several rolling s
e relative speeds closely track during “acceleration, steady state operation
eration, with strip or bar tension regulated between adjacent rolling stands. Theré
bverload output power is specified instead of overload torque capability.

A\rt-2 motor is classified as the foltowing three types.
he Type-A motor maximum~output power is reduced above base speed according t
gacy DC NEMA MG.1.23\as shown in Figure A.3 and Table A.3.

he Type-B motor maximum output power is maintained above base speed. The Figur
nd Table A.4 case is\a default one for AC motors unless otherwise specified.

he Type-S motor,is a special custom output reduction pattern for above base speed.

ype-A motorand Type-B motor, the allowable overload output power duration interval
to 60 s; unless otherwise specified.

A\rt-2 motor is a motor whose acceleration and decelerationtimes are generally much longer

to 20
only

ands
and
tfore,

o the

shall



https://iecnorm.com/api/?name=a4b8cb42f7e0ba528306bc961ba1058b

—-40 - IEC TS 60034-34:2020 © IEC 2020

S A
a° 250
0
200 ~
—
ym. (2)
/ E—
—
150 / —
100 / S
/.
/
/
50
0 >
0 50 100 150 200 250 300
n (%)
IEC
Key
n rotational speed on the basis of base speed
P, |output power of the motor
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(2) frequently applied maximum output
(3) rated output

Figure A.3 — Art-2 short-time overload capability of Type-A motors

Table A.3 — Art-2/short-time overload capability of Type-A motors

All values are expressed as percenlages

Rotational speed on Frequently applied Output power for rated
the basis of base Cut-off output power q y app put p i
overload output power torque current
speed
0 0 0 0
50 100 85 50
100 200 175 100
150 200 167,5 100
200 200 160 100
250 187,5 150 100
300 175 140 100
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Key
n rotational speed on the basis of base speed
P, |output power of the motor
(1) cut-off output
(2) frequently applied maximum output
(3) rated output
Figure A.4 — Art-2 short-time overload capability of Type-B motors
Table A.4 — Art-2)short-time overload capability of Type-B motors
All values are expressed as percenlages
R:,I" :t;:;nsails ?;ebeads: § Cut-off output power ov':e';'?g:grgtll);pauptp;ijveer omp;;t_gs:’g; rf:)ernl;at pd
speed
0 0 0 0
50 100 85 50
100 200 175 100
150 200 175 100
200 200 175 100
250 200 175 100
300 200 175 100
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Annex B
(normative)

Rolling operation pattern designation

General

2020

In Annex B, seven types of rolling operation patterns are defined based on actual application in
representative rolling facilities. The purchaser shall designate one of these rolling operation

patte
and t
shall

Inca
oper4

NOTE
in Ann|

B.2

The n
operd
may
strip

In thi

a) H
d
th

b) R
c) B

in
d O

he duty type as defined in Clause 5. Values for speed and load variations and time iftg
be specified.

ses where the continuous overload capability as defined in Clause 6 is specified, the r
tion patterns in Annex B shall also be referenced.

Even though other rolling operation patterns can be assumed, they follow theformat of the seven p3
lex B.

Rolling operation pattern for hot reversing rolling

olling operation pattern for hot reversing rolling is shows:in Figure B.1,where the reve
tion is applied during rolling, typically involving a<single stand although multiple s
be involved. This rolling operation pattern may apply to plate mills, roughing stands
mills, structure mills and bar mills.

5 operation pattern:

eavy loads, light loads and no-load rolling cycles are repeated in alternate motor rota
rections, within a time which is farshorter than the thermal equivalent time constg
e mill motors.

polling interval for one pass can’be quite short but with high motor overload torques.

pth rolling speed and period are generally increased, as the number of rolling pasg
creased, and applied "duty with non-periodic load and speed variations".

verload torque operation at less than base speed is often scheduled.

pecified so that-the capability can withstand the overload torque from the mill stand.

ns-as-applving-forthe supplier to determine the motor classification-as-defined-in-Annex A
rrJ ~J rr

rvals

blling

tterns

rsing
ands
bf hot

ional
nt of

es is

requently applied~Art-1 short-time overload capability, specified in Clause A.2, shall be
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Figure B.1 — Typical rolling operation pattern for hot reversing rolling

B.3 | Rolling operation pattern for hot continuous rolling of sheet strip

The rolling operation pattern for hot continuous rolling of sheet strip is the operation pattern,
wherge hot sheet materials are rolled in a single pass, and where the mill motor rotation dire
is only in one direction. The pattern is shown in Figure B.2.

In this operational pattern:

a)
b)
c)

d)

Light load condition without rolling and heavy load condition with rolling are reps
alternately.

Rolling speed is generally accelerated to the field weakening region during heavy
conditions.

Instantaneous-hieavy overload torque is required to minimize impact speed drop whe
rqlled material enters the mill stand.

Rplling<interval for each rolled material is normally in between 60 s and 120 s, wh
shorter than the thermal equivalent time constant of the mill motors. However, as the p

ction

pated

load

n the

ch is
eriod
hould

of light load condition without rolling is normally short, this rolling operation pattern s

be regarded as the continuous Toad from the view point of the thermal condition.

Frequently applied Art-2 short-time overload capability, specified in Clause A.3, shall be

specified so that the capability can withstand the overload power from the mill stand.
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Figure B.2 — Typical rolling operation for hot continuous'rolling of sheet strip

Rolling operation pattern for continuous caster directly connected hot
continuous rolling mills

olling operation pattern for continuous caster directly connected hot continuous r
is the operational pattern where the rolled materials are continuously rolled for a long
vithout the light load condition occurring while waiting for the next material. In this
ill motor rotation direction is only in ong direction. The pattern is shown in Figure B.

5 operational pattern:

he period of heavy load condition is normally the same as the thermal equivalent
bnstant of the mill motors, because the rolled materials are welded for each other.

nd motor speed acceleration and deceleration basically does not exist, except for
cceleration and deCeleration to adjust rolling tension.

he rated torqué for the mill motor shall be more than the rolling torque.

pecified so<that the capability can withstand the overload power from the mill stand.

2020

blling
time
case
3.

time

otor load is constant within its rated condition as the rolling schedule cannot be chgnged

5light

requently applied Art-2 short-time overload capability, specified in Clause A.3, shall be
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Figure B.3 — Typical rolling operation pattern for continuous caster
connected hot continuous rolling for sheet strip

B.5 | Rolling operation pattern for hot continuous-rolling for wire and rod m

The nolling operation pattern for hot rolling for wire and rod mills is an operational pattern vy
the rgplled material is rolled in a single pass, and where the mill motor rotation direction ig
in ong direction. The pattern is shown in Figure, B.4.

This folling operation pattern is applied to-rougher mills, intermediate mills and finishing
of the wire and rod rolling mills.

In this operation pattern:

a)

b)
c)

d)

e)

Light load condition without rolling and heavy load condition with rolling are gen
¢peated alternately.

—

Cpntinuous operation-at field weakening region is often applied during rolling.

3

entering the_rell*bite.

rqugher-mills or intermediate mills.

Thelrolling interval is approximately between 90 s and 180 s, which is shorter tha

ills
here

only

mills

trally

stantaneous overload torque is required to recover from impact speed drop due to material

Short-timg™overload output power for the finishing mills is relatively larger than that for

n the

thermal equivalent time constant of the mill motors. However the light load operatio

time

waiting for the next rolled material is normally short, therefore this rolling operation pattern

should be regarded as the continuous load from the view point of thermal conditions.

Continuous overload torque or overload output power of around five minutes. Overload is
caused by reduced temperature of rolling materials and shall be considered due to the rolling

interval typically being fairly long.

Compared with hot continuous rolling of sheet strip:

1)
2)

3)

The rolling interval for each material is longer.
Short-time overload torque at the material roll bite is generally smaller, and especial

ly for

rougher mills. Short-time overload torque is smaller than for wire and rod finishing and

intermediate mills.

The acceleration and deceleration during rolling is not applied frequently.
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2020

4) Frequently applied Art-2 short-time overload capability, specified in Clause A.3, shall be

specified so that the capability can withstand the overload power from the mill stand.
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Figure B.4 — Typical rolling operation pattern for hot
continuous rolling for wire and(rod mills

B.6 | Rolling operation pattern for cold reversing rolling mills

The rolling operation pattern for cold reversing rolling mills is the operational pattern v
multiple passes with reversing operations are used. This pattern is shown in Figure B.5.

In this operation pattern:

a)

b)
c)

d)

The rolling interval for each pass’is comparatively long, between 180 s and 600 s. How
the operation stop intervalfor reversing the mill motor rotation direction is normally s
Therefore, this rolling operation pattern should be regarded as continuous load fron
ew point of thermal condition.

v
The acceleration and deceleration during rolling is frequently applied, and this opef
causes short-time overload output power conditions.

Ap the numbgr:of rolling passes is increased, the rolling load is decreased and the r
speed and-the rolling interval are increased.
F
s

pecified so that the capability will withstand the overload power from the mill stand.

here

ever,
hort.
n the

ation

blling

requently applied Art-2 short-time overload capability, specified in Clause A.3, shall be
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Figure B.5 — Typical rolling operation pattern for cold reversing rolling mills

Rolling operation pattern for cold continuous rolling

operational pattern for cold continuous rolling is the operation pattern where cold
material is rolled continuously in a.single pass through tandem rolling mills, and wher
hotor rotation direction is only in one direction. The pattern is shown in Figure B.6.

5 operation pattern:

cad of the next material.

cceleration and-deceleration during rolling material is frequently applied, causing {
me overload eutput power conditions.

fall operationis an operation pattern, where the strip tension between the rolling stan
aintained and where the motor rotation speed is zero.

A
ti
c) S
m
F
s

pecified so that the capability can withstand the overload power from the mill stand.

sheet
e the

olling load continues for-a long time when the tail-end of rolled material is welded with the

hort-

ds is

requently applied Art-2 short-time overload capability, specified in Clause A.3, shall be

NOTE

In case of DC motors, the stall operation is severely restricted to avoid commutator profile distortion or brush
seizure. On the other hand, in case of AC motors the restriction is generally less severe. However, slip ring profile
distortion for synchronous motor, local heating in the motor windings and power converter semiconductor device
limitations give restrictions.
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Figure B.6 — Typical rolling operation pattern for cold continuous rolling

B.8 | Operation pattern for coilers and reels

This |operation pattern for coilers and reels is an operational/pattern where the sheet|strip
material is coiled. The term coiler refers to hot rolling millssand the term reels refers tqg cold
rolling processes. The pattern is shown in Figure B.7.

In Figure B.7, the coiler is rotating at standby speed and after the sheet strip is wound onlce or
twice| the rotation speed of motor is accelerated such that the winding speed and mill speed are
synchronized. The motor rotation is stopped after the coil winding is completed.

The motor typically has a wide field weakening range with constant power over the speed range.
Freqliently applied Art-2 short-time _overload capability, specified in Clause A.3, shdll be
specified so that the capability can withstand the overload power from the coiler or reel.
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Figure B.7 — Typical rolling operation pattern for coilers and reels
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Annex C
(informative)

Determination of winding temperature deviation in one rolling cycle

rrent

I unit

step
nt T.

order

C.1  General
Simplified and precise methods for determining motor winding temperature cycles are included
in Annex C.
C.2 | Simplified method for estimation of the winding temperature deviation
between maximum and mean values in one rolling cycle
The winding temperature rise is caused by copper loss, namely /2Rt loss, due te‘the total cu
flows|in the motor windings.
The gynchronous motor approximate losses can be represented in terms of square of pe
motol torque current of /2, and the temperature rise waveform“¢an be obtained by a
respgnse for the first order delay system with the winding thermal equivalent time constg
Refer to IEC 60034-1 for determining T for duty cycle S9.
Figure C.1 shows the winding temperature rise waveform as a step response of the first
delay system with the winding temperature rise time,constant of T.
<A
T
P
b ot et
/
/
t /
— /
/
A
/
/,
\i A6
- _

Key
AO wi

t sh

ding temperature deviation

brt<time overload duration time

Time
IEC

T wi

ding thermal equivalent time constant

6 temperature rise (K)

Figure C.1 — Winding temperature rise as a step response for the first order delay

system with the winding thermal equivalent time constant of T

Here, the temperature rise is a steady state value (hereinafter called the "final value"), for the
rated condition, and the temperature rise of the final value for the specific short-time overload

condition is proportional to the square of the overload motor torque current value.

The temperature rise waveform is generally an exponential saturation curve, as is shown in

Figur

e C.1.
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However, the temperature rise A§ associated with a short-time overload, in which the time
period of the overload is far less than the thermal equivalent time constant T, can be
approximated as a straight line. The line starts at the time the overload starts and finishes at a
point determined by the final value for the temperature rise and the time corresponding to short-
time overload duration.

The winding temperature deviation is defined as in formula (C.1):

A0 = (Oginar) * t/T

(C.1)

wher
Ofinal
I iy
T is
Figun

The 4

maxi
given

K) of final value is 72 multiplied by the winding temperature rise limit for the motor-(
the overload motor torque current (p.u.);
the short-time overload duration time (s);
the thermal equivalent time constant (s).

e C.1 also shows the relation of the above expression.

uper-temperature 6 which corresponds to the winding temperature difference bet

sup’

by formula (C.1).Then,

ween

mum and mean in one rolling cycle, is to be a half of the winding temperature deviation Ag

1
Osup =7 OB (C.2)
NOTE|1 In this case, Af calculated by formula (C.1).and Hsup calculated by formula (C.2) are shown in Table C.1,
where|load duration time of 60 s and no-load duration-time of 243,8 s are assumed for satisfying the condifion of
RMS # 1,0.
The fesult of formula (C.1) can be _confirmed by numerical integration. The result for the
transjent temperature behaviour analysis is as shown in Figure C.2, for the case of repqtitive
225 % overload current application for which RMS = 1,0.
Table C.1 — Calculation‘example for repetitive 225 % overload current with RMS ={1,0
Quantity. Symbol Value Unit
Current 1 2,25 per unit
Squdre of current 2 5,06 per unit
Load| duration-time T,, 60 second (9)
No Iqad\duration time T4 243,8 second (9)
RMS 1,0 per unit
Temperature rise at rated load 0 80 kelvin (K)
Final value 405 kelvin (K)
Winding temperature rise Time constant 20 minute (min)
T, 1,00 minute (min)
Ao 20,3 kelvin (K)
Temperature deviation
Osup 10,1 kelvin (K)
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Figure C.2 — Numerical calculation result for-the condition in Table C.1

2 The equivalent rectangular waveform approximation fer the original rolling torque current wavef
bary in advance of the application of formula (C.1).

Figune C.3 shows the principle for the approximation, where the approximated rectan

wave|
equa
wave|

C.3

to that for the original, for the overload current region for the original torque cu
fform in one rolling cycle.

5 A Excess current region
o
= | |
S 15 | |
=)
o 1 rs\\-——--- _741 __________ - - -
Pt equivalent
0.5 square wave form
0 | | | | 1 1 1 1 | |

|
|
|
. >
0 50 100V Time (s)

IEC

brm is

gular

fform is to be selected so that the /2:.for the approximated rectangular waveform can be

rrent

Figure C.3 — Equivalent rectangular current waveform introduction

Precise method for estimation of the winding temperature deviation
between maximum and mean in one rolling cycle

For the precise method, the winding temperature deviation is calculated directly by the actual
(real or scheduled) rolling load current waveform, as is shown in Figure C.4 for the finishing mill

moto

r for a hot strip mill (HSM) [7], [8].

If the actual rolling load current I (p.u.) is normalized by the rated current, then the current
square /2 (p.u.) represents the /2R-loss for the specific motor.
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The winding temperature response can be regarded as first order delay of the I?R-loss deviation

based on the actual rolling load current waveform.

Therefore, the winding temperature response in one rolling cycle can be estimated simply by

employing a first order delay and using numerical integration.

The temperature response from the above response analysis is to be in per unit.

Then the actual winding temperature deviation result can be obtained by multiplying the rated
temperature rise, which is the winding temperature rise at the rated current operation for the

duty type sS4

The nated temperature rise for class B should be 80 K, at the plant planning stage.

The [differential equation for the first order delay system is generally described as in

formyla (C.3):

T%+x=u(t)

wherge
T is the winding temperature rise time constant (s);
X is the normalized winding temperature (p.u.);

u(t) |is the normalized current square /2 (p.u.);
t is time (s).

Trangposing formula (C.3), formula (C.4) is‘ebtained:

dx _u(@)-x
dr T

Formfula (C.4) is a gradient of.solution from the present step to the next step.

Therg¢fore, total output $olution for x against the input variable u(z) can be solved by ste

step |ntegration, using the recursion formula in formula (C.5):

Uy —4x;

dx;
X‘j+1 :XJ- +hE=xj +h

where

(C.4)

p-by-

(C.5)

h is time step of integration (s).
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Figure C.4 — Torque, speed,\and current deviation in one rolling

cycle for hot’strip mill finishing motor

e C.5 shows an example solution for the winding temperature deviation in one rolling ¢
st the rolling load currentfwaveform shown in Figure C.4, by applying step-by

ration by using the recursjon formula of formula (C.5).

5 analysis, the waiting time for the next rolled material between 110 s and 160 s is §

he current RMS-(root mean square) value can be just 1,0 p.u.

P variation for the Figure C.5 case, are also shown.

IEC

ycle,
-step

et so

ation
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Figure C.5 — An example of winding temperature deviation estimation
in one rolling cycle by the precise\méthod
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Table C.2 — An example of winding temperature deviation estimation
in one rolling cycle by the precise method

Time Current 2 tZ\r’ri\rr‘)(.ﬁ:i‘sge t:\r’riir[;t.ﬁrri‘sge Remarks
s p.u. p.u. K
0 0,882 0,779 0,985 78,81 Load on
5 0,882 0,779 0,984 78,74
10 0,882 0,779 0,983 78,67
15 0,912 0,831 0,983 78,61 Acceleration start
20 0,912 0,831 0,982 78,56
25 0,912 0,831 0,981 78,51
30 0,956 0,914 0,981 78,48
35 1,000 1,000 0,981 78,48
40 1,074 1,152 0,982 78,53
45 1,118 1,249 0,983 78,62
50 1,176 1,384 0,984 78,75
55 1,235 1,526 0,987 78,92
60 1,294 1,675 0,989 79,14
65 1,368 1,870 0,993 79,43
70 1,441 2,077 0,997 79,78
75 1,515 2,294 1,003 80,21
80 1,588 2,522 1,009 80,70
85 1,662 2,761 1,016 81,28 Maximum current
90 1,588 2,522 1,022 81,77
95 1,588 2,522 1,028 82,26
100 1,588 2,522 1,034 82,74 Maximum temperature
105 0,588 0¢346 1,031 82,51 Load off
110 0,588 0,346 1,029 82,28
115 0,0 0,0 1,024 81,94 Declaration finish
120 0,0 0,0 1,020 81,60
125 0,0 0,0 1,016 81,26
130 0,0 0,0 1,012 80,92
135 0,0 0,0 1,007 80,58
140 0,0 0,0 1,003 80,25
H45 n’n n’n n,ooo 70‘01
150 0,0 0,0 0,995 79,58
155 0,0 0,0 0,991 79,25
160 0,0 0,0 0,986 78,92
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Annex D
(informative)

Evaluation of reduced insulation life

Rolling mill motors experience overload torque and overload output power operation repeatedly
during their useful insulation life expectancy of around 20 years. This high short-time overload
torque and overload output power operation exposes the motor to increased mechanical
vibration and shock impacts. The ultimate purpose of this document is to ensure long motor life
under these severe operational conditions.

TherJa is a 25 K difference between the 105 K for thermal class 155 (F) temperature riseL and

the §
IEC €

operated at thermal class 130 (B) temperature rise is decreased by approximately one six
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5 K difference is made up of one 5 K and two 10 K parts (10 K + 100K* 5 K = 25 K)
ding to the 10 K halves insulation life law, the thermal life will be:

d another way, the thermal insulation life of the thermal class 155 (F) insulated ma
ted at thermal class 130 (B) temperature riseqwould be six times the expected thg
htion life of a thermal class 130 (B) insulatedimachine operated at thermal class 13

e other hand, if the thermal insulation“life for AC adjustable speed rolling mill mot
dered to be principally affected by mechanical factors, such as vibration and shock |
it can be concluded that the additional one sixth insulation life margin from red
brature rise may partially compensate for insulation degradation resulting from
anical factors.

anical insulation deterioration is caused by the shear stress between insulation layer

heat expansion raté.difference between copper and steel. The repetitive bending strg
bd by rapid current’\Changes where the stator coil end turns exit the stator iron cor
considered to contribute to the mechanical insulation deterioration.

ore lengthdor AC mill duty motors is not generally restricted by the product of output p
and rotational speed (r/min) as was the case for DC mill duty motors. Therefore, con
ce fornAC mill duty motors is to apply them in a single motor configuration rather
b|e coupled motors. This means that heat cycle deterioration is generally more signi

0 K for thermal class 130 (B) temperature rise by resistance method as specified in
0034-1. The insulation thermal deterioration for thermal class 155 (F) insulated maghine

th.

and,

Chine
ermal
0 (B)

DrS is
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> are
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for A

C. ndjllefnhln elr_\nnrl rnlling mill motors than with their DC Pnlmfnrpnrfe

The mechanical insulation degradation due to the repetitive bending stress in the region
between the stator core and the bracing ring is also important for the insulation life analysis for
the AC adjustable speed rolling mill motors. Figure D.1 shows an example of stator coil
insulation surface cracks caused by repetitive mechanical stress [9].
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Figure D.1 — Example of stator coil insulation surface crack
caused by repetitive mechanical stress

In high response AC adjustable speed drive systems, sudden changes‘in motor torque cyrrent
can riesult in the electromagnetic forces exciting vibration modesdn-the stator coil end furns.
The stator coil end turn bracing is therefore a potential mechanical weak point that requires
considerable additional attention during the machine design.



https://iecnorm.com/api/?name=a4b8cb42f7e0ba528306bc961ba1058b

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	3.1 Terms and definitions
	3.2 Terms and definitions for adjustable speed control and rolling operation
	3.3 Terms and definitions for adjustable speed drive system
	3.4 Terms and definitions for monitoring and protection sequence
	3.5 Terms and definitions for motor installation and site trial operation
	3.6 Terms and definitions for test

	4 Terminal voltage determination
	5 Duty type and temperature class
	5.1 General
	5.2 Selection of rolling operation pattern
	5.3 Evaluation of winding temperature deviation during one rolling cycle
	5.4 Duty type S1 or S9 selection
	5.5 Class B rise or Class F rise selection
	5.6 Overload current duration time limit based on winding temperature deviation in one rolling cycle for RMS current of 100 %

	6 Continuous overload capability
	6.1 General 
	6.2 Relative thermal life index of TL value estimation by simplified method
	6.3 Relative thermal life estimation by precise method
	6.4 Relative thermal life index of TL value determination by precise method

	7 Mechanical requirements
	7.1 General
	7.2 Mechanical strength for shaft and other transmission parts considering torsional vibration
	7.3 Vibration transmitted through the motor base
	7.4 Tangential forces applied to rotor and stator
	7.5 Thrust load
	7.5.1 General
	7.5.2 Frequently applied thrust load
	7.5.3 Occasionally applied maximum thrust load
	7.5.4 Emergency maximum thrust load

	7.6 Radial load for bearings
	7.7 Overspeed
	7.8 Stator coil end fixation
	7.9 Stator shift construction for maintenance inspection
	7.10 Mounting code application

	8 Withstand voltage capability
	8.1 Rotor bars or damper bars and short-circuit rings
	8.2 General
	8.3 Withstand voltage test 
	8.4 Withstand voltage capability
	8.4.1 General
	8.4.2 Ground insulation
	8.4.3 Turn-to-turn insulation


	9 Factory tests and recommended site operation tests
	9.1 General
	9.1.1 General scope for the tests
	9.1.2 Requirements of the site operation test where vector control is applied

	9.2 Factory test
	9.3 Preparation before trial operation at site
	9.3.1 General
	9.3.2 Calibration of feedback signals for the converter
	9.3.3 Insulation resistance tests for motor
	9.3.4 Insulation resistance tests for bearings
	9.3.5 Performance test for bearing lubrication oil supply unit
	9.3.6 Confirmation of lubrication oil surface level for bearings
	9.3.7 Performance test for cooling systems
	9.3.8 Confirmation of alarm issue levels for motor protection
	9.3.9 Synchronous motor pole position confirmation test

	9.4 Site uncoupled trial operation
	9.4.1 General
	9.4.2 Rotational speed build-up test
	9.4.3 Bearing temperature rise test

	9.5 Site no-load characteristic test
	9.5.1 Induction motor no-load characteristics test
	9.5.2 Synchronous motor no-load characteristics test
	9.5.3 No-load characteristics test record

	9.6 Site acceleration and deceleration test

	10 Grounding
	10.1 General
	10.2 Protection against bearing currents
	10.3 Protective earthing (PE)
	10.4 Functional earthing (FE)

	11 Rating plate
	Annex A (normative)Short-time overload capability
	A.1 General
	A.2 Frequently applied Art-1 short-time overload capability specification
	A.3 Frequently applied Art-2 short-time overload capability specification

	Annex B (normative)Rolling operation pattern designation
	B.1 General
	B.2 Rolling operation pattern for hot reversing rolling
	B.3 Rolling operation pattern for hot continuous rolling of sheet strip
	B.4 Rolling operation pattern for continuous caster directly connected hot continuous rolling mills
	B.5 Rolling operation pattern for hot continuous rolling for wire and rod mills
	B.6 Rolling operation pattern for cold reversing rolling mills
	B.7 Rolling operation pattern for cold continuous rolling
	B.8 Operation pattern for coilers and reels

	Annex C (informative)Determination of winding temperature deviation in one rolling cycle
	C.1 General
	C.2 Simplified method for estimation of the winding temperature deviation between maximum and mean values in one rolling cycle
	C.3 Precise method for estimation of the winding temperature deviation between maximum and mean in one rolling cycle

	Annex D (informative)Evaluation of reduced insulation life
	Annex E (informative)Control system configuration for the assumed adjustablespeed rolling mill induction motors
	E.1 Induction motor model and controller configuration
	E.2 Significance of acceleration and deceleration tests

	Annex F (informative)Control system configuration for the assumed adjustablespeed rolling mill synchronous motors
	F.1 Control device configuration and synchronous machine model
	F.2 Significance of acceleration and deceleration tests
	F.3 Magnetic pole position confirmation test

	Annex G (informative)Mounting code application for the rolling mill motor special cases
	G.1 General
	G.2 IM code application for the twin-drive rolling mill configuration
	G.2.1 General
	G.2.2 IM code application for common base configuration

	G.3 IM code application for sub-base insertion under the motor base for lifting-up motor shaft centre
	G.4 Coupling supply for cylindrical shaft extension

	Bibliography
	Figures
	Figure 1 – Example of induction motor terminal voltage versus speed
	Figure 2 – Example of synchronous motor terminal voltage versus speed
	Figure 3 – Selection of motor temperature rise based on the temperaturedeviation in one rolling cycle and shock load conditions
	Figure 4 – Example of overload current duration time limit based on winding temperature deviation between maximum and mean,in one rolling cycle RMS current of 100 %
	Figure 5 – Example of discrete constant loads with 115 % continuous overload
	Figure 6 – 2-level inverter configuration, waveform and switching surge voltage
	Figure 7 – 3-level inverter configuration, waveform and switching surge voltage
	Figure 8 – Example of protective earthing and functional earthing
	Figure A.1 – Art-1 short-time overload capability of Type-A motors
	Figure A.2 – Art-1 short-time overload capability of Type-B motors
	Figure A.3 – Art-2 short-time overload capability of Type-A motors
	Figure A.4 – Art-2 short-time overload capability of Type-B motors
	Figure B.1 – Typical rolling operation pattern for hot reversing rolling
	Figure B.2 – Typical rolling operation for hot continuous rolling of sheet strip
	Figure B.3 – Typical rolling operation pattern for continuous casterconnected hot continuous rolling for sheet strip
	Figure B.4 – Typical rolling operation pattern for hot continuous rolling for wire and rod mills
	Figure B.5 – Typical rolling operation pattern for cold reversing rolling mills
	Figure B.6 – Typical rolling operation pattern for cold continuous rolling
	Figure B.7 – Typical rolling operation pattern for coilers and reels
	Figure C.1 – Winding temperature rise as a step response for the first order delay system with the winding thermal equivalent time constant of T
	Figure C.2 – Numerical calculation result for the condition in Table C.1
	Figure C.3 – Equivalent rectangular current waveform introduction
	Figure C.4 – Torque, speed, and current deviation in one rollingcycle for hot strip mill finishing motor
	Figure C.5 – An example of winding temperature deviation estimationin one rolling cycle by the precise method
	Figure D.1 – Example of stator coil insulation surface crackcaused by repetitive mechanical stress
	Figure E.1 – Example configuration of induction motor (IM) control system
	Figure F.1 – Principle of armature reaction compensation
	Figure F.2 – Example configuration of synchronous motor (SM) control system
	Figure F.3 – Armature current and field current waveform example for the adjustable speed rolling mill synchronous motor for reversing rotational direction mill
	Figure G.1 – IM code application for bottom forward twin driveconfiguration with common motor bases
	Figure G.2 – IM code application for sub-base insertion underthe motor base for increasing motor shaft centre

	Tables
	Table 1 – Thermal life shortening due to the super-temperature in one rolling cycle
	Table A.1 – Art-1 short-time overload capability of Type-A motors
	Table A.2 – Art-1 short-time overload capability of Type-B motors
	Table A.3 – Art-2 short-time overload capability of Type-A motors
	Table A.4 – Art-2 short-time overload capability of Type-B motors
	Table C.1 – Calculation example for repetitive 225 % overload current with RMS = 1,0
	Table C.2 – An example of winding temperature deviation estimationin one rolling cycle by the precise method




