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BOOKLET 5

ELECTRICAL EQUIPMENT

SUMMARY

FOREWCRO

FOWER SUPPLY

-

Characteristics of power supply system

. Voltage
. Voltage drop

Cut-out and séfety cevices between sucply system ‘
and supply lines |
Supply systems

. Conductor bars, cable resls i

. Safety conductor and current collectors ({earth) |
. Arrangement o i
. Minimum gaps

. Flexible suoply cables
. Calculation of conducter bars

. Calculation of the minimum cross section in relaticn?to

the current intensity and the thermal capacity of thé line

. Calculation of the cross-section in relation to the !

acdmissible voltage drep

INSTALLATION OF CABLES AND CONDUCTORS

-

Selection of c¢ables and conductors
Calculation af cross-section of cornductors
Instaliation zonditions

-

Safeguarding motars

Motors used in continuous duty or short time duty
(S1 - S2 as per lEZ Zal:

. Motors used in intermittent duty (S3 - S8 duty as

per 1T 341)

Safeguarding wiring

Safeguarding against absence or inversion of phase
Action of safety devices )

Protection against the =ffects of lightning

END LIMIT SWITCHES

Limit switches

. Hoist mechanism
. Oerricking mechanism {main jis, asuxillary j}ib,

bricge crane bocm)
Cross travel, long travel anc aistributicn mechanism

. Slewing mechanism

Load and load moment limiters
Technical operation ccnditions
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'CONTROLS
~- Components

. Relays and contactors
. Resistor units

- Enclosures of housings and cabinets
. Housings and cabinets
- Type of controls

. Isolation
. Performance of control systems
. Control circuit

- Type of control

. Energisation

. Cab control

. Floor control

. Radio control
. Myltiple control

- Control of mechaniéal brakes S

.. Brake connected directly to the motor
. Brake connected separately from the motor
s Auxiliary brake —

ENVIRONVENT

0il drips
Ambient temperature
Humidity
Degree of protection

SELECTION OF MOTORS

General
Determining the required power, the maximum torgque
and the mean equivalent torque of motors

. Lifting motors

.« Mechanical data
. Thermal calculation of the motor

. Motors for horizontal motions

.. Motors for horizontal motions without vertical
displacement of the centre of gravity

.. With vertical displacement of the centre of gravity

.« Slewing motions

. Angther method to calculate motors for any motion

Types of motors

. OC mators
. AC motor;

.. Slip-ring rotor mators
.. Squirrel-cage rotor motors
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- Degree of protection (as per IEC 34-5)

. Indoor applications

. Outdoor applications

. Particular applications
. Explosive environments

LOAD LIFTING MEANS

- Current supply
- Lifting magnets

. Windings
. Duty
. Perfgrmance
. Safety factor
. Stand~-by supply
- Grabé
i
. Orives
. Degrée of protection
“"~"Load turning equipment
. Design ’
. Pawer supply to turning parts
- Degree of protection

7

CHECKS] AND MAINTENANCE

- Maintenance
- Checks

. Regular checks

. Simple checks
.. Comprehensive checks

. Checks before commissioning

AUXILIARY ELECTRICAL EQUIPMENT
- Lighting

. Cabin
. Working area lighting

. Access and machinery cabinet lighting

. Emergency lighting
- Heating and air-conditioning

. Machinery cabinets
. Cabin

- Auxiliary circuit

LIST OF SYMBOLS AND NOTATICNS
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5.1. FOREWORD

The electrical equipment for lifting appliances should. conform to the applicablev‘
CENELEC standards. In the event of there being no applicable CEMELEC standard the
- following recommendations apply.

5.2. - | POWER SUPPLY
5.2.1. CHARACTERISTICS OF POWER SUPPLY SYSTEM
5.2.1.1.  VOLTAGE

This documeﬁt>deals with low-voltage alternafing current standardized power supply
systems (< 100G V).

5.2.1.2.  VOLTAGE DROP

3
Voltage variation at the connection point of the supply line to the system should not
exceed » 5 % of its rated value, under normal operating conditions. o }

5.2.2. CUT—-0UT AND SAFETY DEVICES BETWEEN
i SUPPLY/§YSTEM AND SUPPLY LINES
i ,

- The power%supply system should be switched off by switches conmected to supply
(live cut-out) ; these devices should be rated for the fault level of the supply.
Fused switches or circuit breakers can equally be used for this function.

- Sector connection switches should be made available at easily accessible points
within the lifting equipment area or should be remote-controlled. It is necessary
for quick access to them to be possible.

For portal cranmes with enclosed conductor systems, or trailing cables, main isola-
ting switches need not be fitted on the cranes. Also the requirement for gquick
access can be dispensed with if the crane can be de-energised from quay level.

- In the case of multiple supply to one contact line, each supply should be fitted 3
with a switch (or contactor) commecting the supply : all of these supply connection ™
switches should be released simultanecusly when even a single switch is operated.

- Re-connection of a supply system with multiple supply should only be possible from
a single point. Supply connection switches along with their release points (control
devices) should be marked as such. For example : supply commection switch for
hoisting appliance no. ... :

- Supply connection switches and control equipment for re-conmection should be
equipped with safequards against any errors of unauthorized tripping.

5.2.3.  SUPPLY SYSTEMS

5.2.3.1. CONDUCTOR BARS - CABLE REELS

S5-4
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5.2.3.1.1.

5.2.3.1.2.

- 5.2.3.1.3.

5.2.3.2.

y P Lo 8L e ; T P ARTT NI % Cais
CA T R R e e B : . v R ;f Wopagh w0

Safety conductor and current collectors (eérth)

For supplies powered by contact lines or collectors, an easily identifiable conductor
bar or collector ring should be provided for the safety circuit ; the safety
protective conductor should not be used as an active conductor. ~

Hoisting appliances shculd be connected to the safety conductor via slidimg collector

shoes.

Runners, rollers or any other roller systems must not be used as connectians for the -

safety conductar.

The current pick-ups for the safety conductors should be designed in such a way that
they cannot be Interchanged with the pick-ups for active conductors.

’

Arrangement
i

Conductor bars should be arranged or insulated with covering in such a way that no
accidental centact is possible. For example : when gaining access to, or walking on,
the gangways or platforms of the lifting equipment.

i ‘ ;

The conductors should bé;éofarranged“that lifting tackle does not make contact with -

them even in the event-of swinging of the load.

Minimum gaps

i

The minimum gap between live parts, and between live and earth parts should be

S

- guaranteed to be at least 10 mm at the conductor bars in the case of positive

Quidance between the conductor bars and the current pick-up. For eguipment which is
built and checked In the works and for operational voltages less than or equal to
500 V, a gap of 6 mm is sufficient.

If guidance is not of the DOSlthe type, the gap should be so selected that there is
a minimum gap of 10 mm. .

FLEXIBLE SUPPLY CABLES

Flexible supply cables should be arranged and should move in such a way trat «ear and
tear is avoided. Winding drums should be designed in such a way that t~e irrer dia-
meter of the drum is at least 10 times the outer diameter of the cable f2r cables up
to 21.5 mm diameter and at least 12.5 times the outer diameter ¢f "~e :iagle for
cables whose outer diameter is greater than 21.5 mm,

In the case of festoon-cable trolleys for cables of outer diameter ¢ *: % -m, the
inner curvature diameter should be at least 6.3 times the outer cls~eter of the
cable. For cables with outer diameters greater than 8 mm, this shouls =« 2% .2ast 8
times the outer diameter. For cables with an outer diameter greater *~# ...5 mm,

_this should be at least 10 times the outer diameter,

In the case of flat cables, the thickness of the cable corresponds t2 *~e :©.wwter aof

- c1rcular cables.

The constant tractive force acting on the conductor should be as iow is assible.
With non-reinforced, symmetrical cable, this should be a maximum of 2T ~ » ioplied
to the total copper section of the whole of the conductors.
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Where the cable is moved at high speed or is of considerable weight, all necessary
steps must be taken to prevent the cables from being excessively stressed.

The cable winders should wind up the cable automatically.

5.2.3.3. CALCULATION OF CONDUCTOR BARS

Cross-sections of the conductor bars are determined :

- as a function of the maximum thermal intensity admissible,
= as a function of the maximum voltage drop admissible.

e

These two conditions each provide a minimum cross-section, the larger being the one to
be selected.

iz.#B.l. Calculation of the minimum cross-section in relation to the current
intensity and the thermal capacity of the line

The minimum cross-sections in relation to the intensities are stated in the manufac-
turer's catalogue.

- When calculating ‘the cross-section ‘in relation to the rated. thermal intensity- Iy«
adnissible for the conductor bar which supplies several hoisting appliances,  the
actual simultaneous operation of the drive motors must be taken intc account. In the
absence of this information, see table T7.5.2.3.3.1.

3 ~
i Table 7.5.2.3.3.1.
_ For all lifting appliances as a whole (Iy)
tst motor 2nd motor 3rd motor 4th motor
Number of hoisting | most powerful
appliances on one motor Motors in decreasing order of power (1)
main contact line (1)
1 X X
2 X X X )
3 X X X
4 X X X X
5 X X X X

Two hoisting
appliances wor- X X X i <
king together ’ i

(1) For drive by n motors in parallel, consider : Iy =n x Iy

Int= Nominal current for one motor.

5-6
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5.2.3.3.2.

Calculation of the cross-section in relation to the édmissible
voltage drop

When calculating the voltage drop, the most unfavourable position of the hoisting ao-
pliance in relation to the supply point must be ccnsidered.

when calculating the admissible voltage drop on & supply line used by several

hoisting appliances, the start-up and rated current intensities of the motors opera-
ting simultaneously must be taken into account. In the absence of precise details,
refer to table T.5.2.3.3.2. ‘

Table T7.5.2.3.3.2.

i

For all the hoisting appliances as a whole
i
Number of appliances 1scmotor 2nd motor iramotor yen motor
on one main contact i _ :
line. o In Do In o v oI
1 X X
2 X { — X X
3 X i X
4 X X X
5 X X X X
2 appliances working X X X X
together

For squirrel-cage rotor motors' Ip (start-up current intensity), refer toc the manu-
facturer's catalogue.

For slip-ring rotor{motors, considef Iy to be approx. equal to 2 x Iy.
For drive by n motors in parallel, consider : n x Igcr n x Iy

The motors should be arranged in the table in accordance with their start-up current
intensity (Ip). '

P
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5.3.

5.3.1.

5.3.2.

Calculation of three-phase section

o (1)
s ) /3. 8. T - cos g ()
du - x v
S = Cross-section in mm?
Z = Effective length of the line in m

Ll

Itot = Sum of Iy and Iy currents according in ampére

Au = Admissible voltage drop in volts

K = Electric conductivity in ff—ﬁl__z
. * m

cos @ = Power factor

i
H
{
;
1
i

INSTALLATION OF CABLES AND CONDUCTORS .

SELECTION OF CABLES AND CONDUCTORS

—
g

The cables and conductors must ihave the characteristics described in the CENELEC pub-

lications HD 21, HD 22, HD 35%iand HD 360 or at least the equivalent.

Flexible cable for the cablihg of hoisting appliances including cables for reels
should preferably be selected from the H 07 RN-F Ug/U-450/750 or H 07 VV-F U,/U-450/750
or H Q7 RN-H series. '

Rigid conductors fitted to the lifting apparatus should preferably be selected from
tha H 07 VV-U or H 07 VV-R or H 07 RN-U or H 07 RN-R series.

Bare wires and conductors can only be used for internal wiring cabinets and special
electric enclosed spaces.

For circuits with rateg voltage of less than 250 V between conductors or between con-
ductor and earth, cables with a rated voltage Ue/U = 300/500 V may be used.

CALCULATION OF CROSS—SECTION OF CONDUCTORS

The cross-section of the conductors should be determined by taking into account the
mechanical strength required and the electrical load to be carried.

for regular service, the voltage drop must be considered.

(1)

Take inductive reactance into account for very lomg lines.
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The cross-section of the conductors should be determined by taking into account :

- the thermal capacity of the conductors in accordance with table T.5.3.2. for

example

Table T7.5.3.2.

Cross sscticnael Permissible Current for Insulated Conductors ot
area - Ambient Temperature 40°C for s Outy Factor of :
2 100 X 60 % 40 X

" A A A
1,5 18 18 20
2,5 2 26 30
4 34 34 40
é 44 44 50

10 31 61 75

16 82 87 105

25 108 120 145

35 135 145 175

.50 : 168 180 - 210

70 207 240 270

95 250 270 330

120 292 310 380

150 335 350 430

- Calculation of the voitage drop

Ay =
by =
{

Minimum admissible cross sectional area of copper conductors:

- 1,5 mm

Conductors with solid cores are not accepted.

5.3.3.

v3 £ 1 (rcos ¢+ xsin @)
voltage drop

length »

starting current of the moter
resistahce per length unit

reactance per length unit.

2

INSTALLATION CONDITIONS

for multi strand conductors,
- 0,78 mm? for flexible conductors with shielding,
- 0,25 mm® for flexible conductors between electronic components.

Type of protection for connection and distribution equfpmengs must ze suitable for

surrounding congitions, minimum degree of protection being at leas-

5-9
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5.4,

S.4.1.

S.4.1.1.

5.4.1.2.

5.4.2,

The connections and linking terminals should be placed in cabinets or boxes.

Conrnection terminals whose accidental connection could be dangerous‘should be clearly
separated unless their design precludes this risk.

In order to ensure -continual mechanical protection, the protective covering of the
cables and conductors should enter housings through packing glands or such similar
devices.

The wires or conductors belonging to electrical circuits with different rated vol-
tages may be arranged within a single enclosure or may form part of the same cable
‘provided that these wires or conductors are insulated against the highest rared voi-
“tage. ’ ’ - .

fConductors having single insulation can only be installed in conduits or trumking
iwhose ends are fitted with adequate protection.

i
i Non-sheathed conductors and cables which are fixed to parts of the frameworx should
ibe protected, if necessary, against any mechanical wear and tear.

1

ELECTRICAL PRGTECTIVE AND SAFETY EQUIPMENT

SAEEGUARDING MOTORS

i MOTORS USED IN CONTINUOUS DUTY OR SHORT TIME DUTY (Sl - S2 AS PER

* IEC 3a1)

' In this case, for example, protection may be afforded :

- either by suitably arranged thermal sensors within the motor,

- or by inverse time magnetic relay or timed thermal relay placed in each of the
supply phases.

MOTORS USED IN INTERMITTENT DUTY (S3 - S8 DUTY AS PER IEC 341)

when the duty cycle, time and load are known and the motor is rated accoraingly,
safeguarding against overloads is not necessary.

SAFEGUARDING WIRING

The cross-section of a conductor should be determined according to tre curre~t inten-
sity to which it is subject during both normal running of the motcr s~z starting-up
or electrical braking. '

whether the load is protected or not, all wires should be safeguarzec .I3imst any
overcurrent, which could tesult from a short-circuit or faulty imsulszti -,

The protective device shall be rated for the appropriate short-cirzo.s .-.-. 3ntici-
pated.




5.4.3.

5.4.4.

5.4.5.

5.5.

5.5.1.

5.5.1.1.

5.5.1.2.

R LA

SAFEGUARDING AGAINST ABSENCE OR.INVERSION. OF PHASES

When starting, the correct phase rotation must be ensured. If the absence of phases
may occasion a danger, the appropriate safety measures must be taken,

ACTION OF SAFETY DEVICES

When several motors drive the same motion, the action of a safety device should stop
all of the motors for this movement.

After a safety device has been activated, it should only be possible for the equlp-
ment to be started up again manually.

PROTECTION AGAINST THE EFFECTS OF LIGHTNING
i .
For very tall pieces of hoisting equipment which are erected in particularly exposed
locations, the effects of lightning must be cdnsidered
1. on pieces of vulnerable structure (for example : jib support cable)
2. on anti-friction bearings or rumners whlch form a link between large parts of the
frame (for example : slewing ring, -travel runner).

When this 1s necessary, safeguarding agaln§t the effects of lightning should be
carried out following IEC TC 81.

For the safety of personnel, it is recommendéd that the runner rails for the lifting
equipment are earthed. :

END LIMIT SWITCHES

LIMIT SWITCHES

The motorized motions of hoisting apparatus described in paragraphs 5.5.1.1. to
5.5.1.4., should be eguipped at the minimum with a 1limit switch with automatic
cut-out which safely prevents the end positions from being over-run. It acts only as
a safety limit and not as a drive element. When the limit switches operate electrical
circuits they shall satifsfy for each mechanism the following conditions.

HOIST MECHANISM

- Hoisting motion over hoist position,

.- Lowering motion over lower position for rope appliances if, with the hook on the

ground, there is less than 2 turns of rope remaining on the drum.

DERRICKING MECHANISM (MAIN JI8, AUXILIARY JIB, BRIDGE CRANE BOOM)

- Derricking motion (highest acmissible position)

- Lowering motion (lowest admissible position} ; in certain cases, this furction
may be carried out by a moment limiter.

S-11




5.5.1.3.

5.5.1.4.

5.5.2.

5.5.3.

CROSS TRAVEL, LONG TRAVEL AND DISTRIBUTION MECHANISM

If the travel or cross motion is driven from a fixed control point, oy means of
remote control or radio control, these movements must be autcmatically limited.

In the case of a crane equiped with trolley travel on a jib with the excepticn 5f wall
cranes, the trolley's movement must be safety limited as soon as the end positions

are reached. These limit switches are not necessary for friction Zrive, if the

trolley travel speed is less than or equal to 0.4 m/s and if the working load is less
than 1000 kg.

SLEWING MECHANISM

If the use of equipment outside an authorized zone presents any risks, it should be
equipped with a limit switch. i

LOAD AND LOQAD MOMENT, LIMITERS

If the lifting appliance is fitted with a load or load moment limiter and if designed
for electrical operation, they shall satisfy the following technical conditions.

TECHNICAL OPERATION CONDITIONS

The positioning or operational limit switch should nelther stop masses in motlon nor
present extreme stress to part or all of the h01$t1ng equipment.

A limit switch should bring about the arrest of motion by opening the electric
circuit and keeping it open as long as safety conditions are not restored.

A limit switch should be equipped with a safety device.

These safety devices should be :

- either with a positively acting mechanism and driven with the least number of
intermediary parts possible.

- or quick-break contacts (blade contacts, micro-switches). In this case the circuit
in which the contact is inserted should be protected against short circuits in
order to ensure that the contacts do not weld together.

- or by static systems (electronics) e.g. : proximity switches.
If it is unavoidable to by-pass a safety device, this operation should only te able to

be effected with the aid of a device which, when no lenger actuated, automatically
re-inserts the safety device. :

" After operation of anm automatic limiter, movement in the opposite direction must
.always remain possible.
£

Housings for limiters installed in dry places must conform to safety factor P 43 at
least. Housings for limiters installed in humid places or out of doors shoula conform
to safety factor IP 55 at least.

e



5.6.

5.6.1.

5.6.1.1.

5.6.1.2.

5.6.2.

5.6.2.1.

Ambient temperatures should not affect operation of the limiter.

Temperature ranges are :

- indoor : Q9 Cto + 40°C
- outdoor : - 30° C to - 40° C

CONTROLS

COMPONENTS

RELAYS AND CONTACTORS

Relay% and contactors must comply with the requirements of IEC 158-1 and IEC 158-1A,
especially section 4.3.6. with regard to the category of use.

In cése the crane will be used at an altitude in excess of 1000 m, this shall be
considered by selecting the contactors and relays.

Reversing contactors should be of the electrically or mechanically interlocking type.

The lifting appliance can only be energised when all the control devices are in the
of f position. This off positicn can be determined either by a checking circuit or by
using a spring return.

| —

:

RESISTOR UNITS

Resistor units, which are installed outside of electrical appliance rooms, should be
accommodated in suitable, protected housings, as a minimum of IP 10 for indoor use
and IP 13 for outdoor use as defined in IEC las4,

Liquid resistors shall not be used.

The temperature limit is determined by the resistor material. When designing the
resistor units, the equivalent torgue, cyclic duration factor and switching rate
have to be considered.

ENCLOSURE OFAHDUSINGS AND CABINETS
Switching devices, switchgear and panels housing electrical equipment may te enclosed
as follows :

- in cabinets or housings,

- in special enclosed spaces,

- in the supporting structure (principally the crane girder) of t=e noisting
appliance.

HOUSINGS AND CABINETS

If separate hausings ard cabinets are used, they should be robust ang ~a.e ~inimum
degrees of protecticn of 12 43 for indoor operation and IP 55 for outcocr zcteration.

Housings and cabinets srculd be provided with doors or a cover.




5.6.3.

5.6.3.1.

5.6.3.2.

5.6.3.3.

5.6.4,

5.6.4.1.

If the doors carry electrical equipment, the doors, or the electrical equipment,
should be earthed by a separate conductor.

The doors or covers should be lockable when clased.

There should be a clear space of at least 400 mm in front of housings and cabinets ;
the floor should be free of obstacles and be sufficiently strong. B

TYPE OF CONTROL

ISOLATION

The lifting éppliance should be provided with an isolator which can be locked in the
open position. When several appliances are on the same supply, it is necessary to
install a loﬁkable isolator on each appliance.

3
i

o
PERFORMANCE OF CONTROL SYSTEMS..

The control system should be so designed that loads of up to 120 % of the nominal
load of the hoisting appliance may be moved safely.

Lifting of aifull load at O. 95 of rated voltage should not result in lowering of the
lpad, whatever the position of ‘the control lever.

Lowering of@a full load should not be possible at more than 120 % of the nominal
speed, whatever the position of the control lever, unless permitted by the control
scheme. :

For travelling and slewing units, starting and braking should be progressive in both
directions.

CONTROL CIRCUIT

If the control circuit is fed by a transformer (or transformer with rectifier), the
secondary voltage should not exceed 250 V. Safety bas to be ensured against incor-
rect motion caused by insulation failure either in connecting the common polarity to
the equipotential connection of the mass, or by an equivalent measure, as for example

an insylation monitoring device.

This pole shall not be interrupted by any switch, contact or fuse. Suitable measures
should be taken to protect the other pole against overloads or short-circuits.

If the contral circuit is not fed by a transformer, equivalent safety measures should
be taken.

TYPE QOF CONTROL
ENERGISATION
The lifting appliance can only be energised when all the control devices are in the

off position. This off position can be determined either by a checking circuit or by
using a spring return.

5-14




5.6.4.2.

5.6.4.3,

S5.6.4.4,

5.6.4.5.

R T AR X o

CAB CONTROL

- The controls should be so arranged .that the operator has an adequate view of the
crane's working area. '

- The control for hoisting appliances should preferably be arranged on the right-
hand side of the operator’'s seat.

- As an emergency cut-out for all motions, a red-push button switch should be loca-
ted in an easily accessible position on the control unit. Thls push-button switch
should be of the mechanically unlocking type.

FLOQR CONTROL

Push-buttons or other switching devices, which automatically return to their "off"
position as soon as they are released, should be provided for the control of all
motions by pendant control units. In addition to the controllers, a device for
opening and closing the main contactor must be provided (as described in 5.6.4.2.).

H
i

Except in the case of the direct-on-lime control of motors, -the voltage in oendant

control units should not exceed 250 V.

Housings of pendant control units should preferably be of fully insulating material
or of material with protective insulation. Metal parts accessible from the outside,
which pass through the insulation; should be separately earthed

an
The surface of the housing must be a vivid colour. For iindoor operation, the degree
of protection should be IP 43 at least, and for outdocr operation IP 55 at least,
as per IEC 144,

Pendant control units should be suspended with a strain felief arrangement.

RADIO CONTROL
For the radic control of a crane, safety should be assured .:

- The system used should be of the "fail-safe" type, and the receiver should only
respond to the one code of the transmitter corresponding to each haoisting
appliance. C

- In addition to the controllers for all motions, a device for switcrirg the main
contactor on and of f should be provided.

- Motions should be controlled by push-buttons or switches which are -rovized with
an automatic spring return to the "off" position. Contrel levers sroui: te provided
either with a mechanical device for locking in the "off" pesitizr zr with a
deadman's handle circuit.

The transmitter must have a minimum protection class IP 43 for irccer ..e =g [P 55

_ for outdoor use.

MULTIPLE CONTROL

When duplicate controls are reguired for the hoisting appliance, orly :re ::irtrol is
to be in operation at a~y one time (e.g. : cab-control or floor contrzl .




5.6.5.

5.6.5.1.

5.6.5.2.

5.6.5.3.

5.7.

5.7.1.

5.7.2.

CONTROL OF MECHANICAL BRAKES

BRAKE»CONNECTED’DIRECTLY‘TU THE HOTOR

The brake circuit should be protected by a device which switches off the motor and
brake in the event of a malfunction..

If the conductor to the brake is € 5 m, this protection of brake is no longer neces-
sary. '

BRAKE CONKECTED SEPARATELY FROM THE MOTOR

Precautions should be taken so that it is not possible for any uncontrolled movements
to occur before the brake operation is completed during starting and stopping.

where there is electrical braking, the mechanical brake should'be applied only after
electrical braking. j

Except for transitory conditions the brake must not be applied when the motor is ener-
gised.

é
i

AUXILIARY BRAKE

Cranes which require particular safety, e.g. in steel works or with dangerous or
melted loads, should be provided with ‘an auxiliary brake.

§
. i :
Under normal operating conditiGgé, the auxiliary brake should always be applied on
stopping, after the motion has been brought to a halt by theémain brake. It must be
possible to adjust this delay. %

In the event of an emergency stop, the auxiliary brake should be applied immediately.

ENVIRONMENT

OIL DRIPS

i 14 c . .
No part of any lubricating or hydraulic system or other equipment containing oil
shall be run or installed in such a position as to be ‘able to cause oil drips onto
the electrical eguipment unless the egquipment is protected from camage from this
cause.

AMBIENT TEMPERATURE

All electrical equipment shall be suitable for operating continuousiy i~ an ambient
temperature of - 20° to + 40° C. when the electrical equipment s .~s*a..<2 in en-

. closed spaces (or crane girders), means shall be provided for enscri~g 2-at t~e permis-

sible temperatures for the proper functioning of the electrical ea..o~~rt are main-
tained.

However, if lower or higher ambient temperatures are envisages, "~ _ser shall
specify the temperature he requires the crame to work in and uncer t=es» 2nditionms
the equipment may either be designed for the specified temperature zr a.c-r-atively,
heating or cooling may be provided.
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5.7.3.

5.7.4.

5.8.

5.8.1.

5.8.2.

5.8.2.1.

WETCREN

5.8.2.1.1. -

_ LIFTING MOTORS

HUMIDITY

All electrical equipment shall be suitable for use in atmospberes with an average
relative humidity of up to 80 %. If the humidity is expected to exceed this level,
special precautions should be taken which may include the prgvision of anti-condensa-
tion heaters and the varnisning of vulnerable parts.

These details shall be by agreement between the purchaser and the manufacturer.

DEGREE OF PROTECTIGN

The minimum degree of protection has been specified in other chapters in this docu-
ment for specific items of imstallation. In the event that a higher or complementary
degree of protection against dust is required by a particular installation environ-
ment, it should be agreed between the purchaser and manufacturer.

SELECTION OF MOTORS

GENERAL

—
Criteria for motor selection (definitions according to IEC 34l) :

~ required power,

- maximum torque,

- cyclic duration factor,

- starting class,

- type of control (electrical braking),
- speed regulation, .

- type of power feed,

- degree of protection,

- ambient temperature,

- altitude.

DETERMINING THE REQUIRED POWER, THE MAXIMUM TORQUE
AND THE MEAN EQUIVALENT TORQUE OF MOTORS

™

Mechanical data

For a lifting motar, the maximum needed power (Papma,) 1n kW is determined according
to the following formula :

L -3 i
P\nax = 10
where @
L = maximum permissible lifting fcrce in N
vV = lifting speed im =/s
n = coefficient of efficiasncy for the mechanism
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From this can be obtalned the maximum rated torque required for lifting the load :

_ Prmay + 9 550

MNmax n
where :
Minax = maximum'torque in Nm
Pamax = Maximum rated power required in kw .
n = motor speed in rpm

In order to be able to develop the necessary torgue for acceleration, for lifting the
test load or for compensating for variations in the mains voltage and freguency, the
torgue developed by the motor must satisfy the following minimum condition :

i
i

For! squirrel cage mators :

Mnin

i
: > 1,6
; Mamax ’
Where Mnin = the min. torgue of the motor during starting. : fmﬁ‘
For the slip ring motors :
Jjﬁéi. > 1,9

{ Mnmax
| -

kH

Where Mp., is the max. torque of the motor.

For the DC-motors inm Ward-Leonard and thyristor-controlled drives :

Mmax_ > 1,8
Mnmax

Safety is assured if the braking torgue of the motor Me :

2
M Y 2 Mynay o T

5.8.2.1.2. Thermal calculation of the motor
Mean equivalent torque

In order to carry out the thermal calculation, the mean equivalent torque must be de-
termined as a function of the hoisting appliance's load spectrum, by the formula :

2 2 2
Miag = \[ML_f1 M2t ¢ My t3
ty + tp + 3

where

tl, t, and t3 are the periods during which the different torque values are pro-
duced : periods of rest are not taken into account.



Using the mean equivalent torque, the mean equivalent power is determined by the for-
mula : . - :

P _"fned~n
. med = T57553

The motor thus determined can be selected for the following types of duty :

~ S3 duty, on condition that the mean equivalent power has been evaluated taking into
account the moment of imertia of the masses driven.

~ S4 or S5 duty, taking into account the real starting times or starting and braking
(electrical braking) times.

The mean power should be corrected as a function of altitude (figure 5.8.2.1.2.a.)
and cooling medium temperature (Figure—s.a.z.l.z.b.)} For particular applications
(steel works, foundries) degrees of protection should e selected accordingly.

i

i
H

i

ky 1,2

- | ]\ -

0,8

0,8 : N
0,7 1 : 0.7 1N

1000 2000 3000 4000 40 S0 60 70
- {m ) ' — t (°C}
Figure 5.8.2.1.2.a. Figure 5.8.2.1.2.b.
Ky ¢ Correction factor Ky @ Cerrection factor for
for altitude cooling medium temperature

In the event of electrical braking, additional heating (dependent on the type of
electrical braking) must be taken into account.

In the event of electronic power control, the type of power control the speed range,
and the cooling system must be taken into account.

Cyclic Duration Factor

For S3, S4 and S5 types of duty, the Cyclic Duration Factor is giver oy *=e ‘zllowing

formula : ;

£0 - operating time : x 100 %
operating time + icle time

This formula is only aopplicable provided the duration of the cycle dces ~:t exceed
10 minutes.




I G

Starting class

The starting class is defined by the following general formula :

where

de = the
di = the
f = the
gad T =
The values

The motor power for duties S4 and S5 must be » the mean power speéified for a parti-

c = d¢ ;qdi + rf

number of complete starts per hour
number of impulses or incomplete starts

number of electrical braking operations

the coefficients set by the motor manufacturer and depehding upon the type

of motor, the kind of electrical braking adopted, etc.
usually taken for the starting classes are :

150, 300 and 600

cular cyclic duration factor and starting class.

In gereral, the cyclic duration factor and starting class can be found in the

following table :

Table 7.5.8.2.1.2.a.

i

i
:
i
:

L
-

Group Hoisting motions -
Starting class Cyclic duration factor

" 0 15 %

M2 120 0 %

M3 150 )5 %

Ma 180 30 %

M3 240 40 %

M6 300 59 %

M7 360 o %

M8 » 360 0 %

For drive units with a oumber of speeds ,(e.g. polechanging motors or =microspeed
units, etc.), the figures from the above table apply to the sum of cyclic auration

factors and starting classes for the various speeds.
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5.8.2.2. 1

5.8.2.2.1.

i

By way of example, theAfollowing ratios are recommended for a 2-speed system :

Table T.5.8.2.1.2.b.

low speed high speed
Starting class ' 2/3 1/3
Cyclic duration factor 1/3 2/3

MOTORS FOR HORIZOMTAL MOTIONS

Motors for horizontal motions without vertical displacement of the
centre of gravity

In order to select travel motors correctly, all the necessary torque (or power)
values must be considered, taking into account the starting time, the number of
starting cycles per hour and the cyclic duration factor. The torque of the travel
motors is limited by the adhesion of the driven travel wheels on their tracks.

T

Mechanical data
Determining the maximum torgque necessary

The maximum torque necessary is determined from the loadings specified

- Case I - for cranes not exposed to wind
- Case II - for cranes exposed to wind.

The sum of forces (W) necessary to maintain the travel speed must take into account :
- the travel resistance resulting from the deadweight load and operating conditions
such as
. deformation of the running surfaces,
. friction on the travel wheels on straight sections and in curves,
. actual wind force,
. gradients in the track,

. the traction of cable winders.

.- the acceleration torque Mp

© In addition to the torque necessary to maintain speed, the travel motaors must
deliver the acceleration torque (M) necessary for running up to speed.
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For the acceleratiom values, see table T.2.2.3.1.1. (see booklet 2).

The mean acceleration torque of the motor can be calculated by the following
formula : ’

(@ [Zmy +m ]+ W v.é0

ed 2T - n - N
where : -
a = acceleration in m/s?
m_ - = mass of useful load in kg
W = total travel resistance in N :
v = travel speed in m/s é
n =‘motor speed in rpm
n = overall effiéiency of mechanism ;
Imy = sum of the masses, in kg, excluding the working load. 3

The inertia of the motors referred to linear'moticn, is evaluated using the formula :

1 - n .
Mfmot = S1z -0 M T T n

where : .

Jv = moment of inertia of motor and brake in kgm2

n = motor speed in rpm
v = travel speed in m/s
N = overall efficiency of mechanism

Thermal calculation
Determining the mean equivalent torque

For the thermal calculation of the motor, the mean equivalent torque must be deter- 9
mined as a function of the appliance's load spectrum : e

If the working cycles of the driven mechanism are sufficiently known, or if the user
and the manufacturer of the cranme agree on the use of a given cycle approximating to
the worst case situation, Mypeq is calculated using the following expression :

2 2 2
Mamed =\j“1 Ly + Mp" Ly + M”15
tl + tz + t}

where tj, t,, ts are the operating times for the various torque values including the

- mean starting and braking (electrical braking) torque values.

The motor should be selected so that its rated torque in S3 duty for the cuty factor
considered is'greater tnan or equal to the mean eguivalent torque.
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5.8.2.2.2.

5.8.2.2.3.

5.8.2.3.

In general, cyclic duration factors and starting classes are to be chosen in table
T.5.8.2.2.1. below :

Table T.5.8.2.2.1.

Horizontal motions
Group
Starting class Cyclic duration factor
M1 &0 10 %
M2 50 15 %
M3 ; 120 20 %
ma 150 25 %
ws 180 30 %
Mg 240 40 %
M7 300 50 %
M8 > 360 60 %
~

With vertiéal displacement of the centre of gravity

The foregoing:considerations relating to horizontal motion without vertical cisplace-
ment of the centre of gravity are applicable by inserting the values corresponding to
the elevation of the centre of gravity of moving masses in the formula giving the
maximum torque and the mean equivalent power.

Slewing motions

The calculation is carried out in an analoguous fashion to clause 5.8.2.2.1.
angular speeds being substituted for the linear speeds.

ANOTHER METHOD TG CALCULATE MOTORS FOR ANY MOTION

If the working cycles of the driven mechanism are sufficiently known, or if the user
and the manufacturer of the crane agree on the use of a given cycle aporoximating to
the worst case situation, the equivalent torque of the motor Mpp.gq can Ce calculated

according to items 5.8.2.1. and 5.8.2.2.

In most cases, the user will not be in a position to give a sufficiently orecise des-
cription of the wark cycles. In this case, the following method of caicuiation is

.used :

It is assumed that instantaneous torgue values of the motor plotted agairst time are
given in a diagram.
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: Diagram 5.8.2.3.

: Torque as a function of time

i

%
T = length of ¢ycle
fi = cyclic duration factor . ; ' .  M%3-
FiT = motor operating time ‘ -

-t

Tt T

4
When this real curve is plotted taking fiT as the unit of time, the following expres-
sion is obtained %

M= (1 -7)i=0
Mnax >
where :
o = Mned
Mnax

Mped = M = mean torque during the time fiT
Mpax = maximum torque value
Mimed = Km * Mmax ;
km = a }

2 -

Q

Mnax Will be calculated.
This is the highest instantaneous value of the torques. Generally it is :

- For the hoisting machinery when the heaviest load is accelerated upwards as gquickly
as possible together with all other losses.

- For the travelling machirery when the heaviest load is driven in adverse =i{ng, or

- when the largest resistance and the largest moment of inertia appear togetrer «ith
all other losses.
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After that Mpeq will be calculated.

This is an arithmetic average of the absolute values of the motor torque during the
runninj. cycles. ‘

In principle it is :

- in tie hoisting machinery :

e

P
Mneg = K * Mf_l_z__-(l - fg) + fg o My
where
Mg = tre torgue needed for the hoist of the rated load
km = the average load coefficient, depending on the crane driving class
(see clause 2.1.3.3. ~ booklet 2) §
fs = the coefficient giving the relative deceleration and acceleration time.
i
Table T.5.8.2.3. '
Quty . fs
Hoisting machinery | Travelling machin%ry Slewing machinery
Mech. Motor | Mech. Motor | Mech. | Motor
braking braking | braking braking | braking| braking
General Ml...M5 c,03 g,1 0,2 0,3 0,2 g,3
cargo Mé 0,05 0,2 G,3 g,5 0,3 0,5
M7, M8 g,1 0,3 0,4 0,6 0,4 0,6
Bulk M6 0,1 0,3 0,4 0,6 0,5 0,6
material M7, M3 0,2 0,4 g,5 0,7 0,6 0,7
M, = the average of the absclute value of the motor torque during the accelerations

and decelerations.

- in the travelling machinery
Mned = MFmeg (1 = fg) + fs My
where Mepoq is the travelling resistance by the load ky - M.
when talculating Mp.q the wind, the gradient of the track and the ‘ension of the

cable drum need not be taken into account, because when driving bacx ar¢ “3rth they
lose their influence on the fcrming of the average.
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5.8.3.

5.8.3.1.

5.8.3.2.

5.8.3.2.1.

Motor selection

The following procedure takes into account starting and such motor losses formed
during the drive, which are dependant on motor torque, but to a lesser extent on the
rotating speed.

In general for slip ring motor and OC drives,

it is required : - e

PN 2> Phmed
where :
Py = nominal power of the motor by cyclic duration factor €D in question ’
Mrmed * N | ;
Prmed = —5 555 (Mnmedr see 5.8.2.3.) ‘ '

For squirrel cage motors when starting, or for some electronic controlled drives, the
motor losses depend, besides the load torque, on the rotating speed. i

For squirrel cage motors the calculation : =~ =~ =~ 7 ,NE
= wW_ .
Pa =1/l -+ P

and it is required Py » Ponpeq

i
. f

W = starting torque required by drive % -
Wmax = max. value of the starting torque which is possible at standstill :

For electronically controlled drives this must be negotiated with the manufacturer of
the motor. -
TYPES OF MOTOQRS

DC MOTORS

Motors should be selected by agreement with their manufacturers, taking inte account w)

" the torques and the powers calculated in the preceding paragraphs and the actual

operating conditions of the motors.

AC MOTORS

Slip~-ring rotor motors

The factor q and r obtained in the starting class formula in clause ©.3.....2. are
equal to O.1 and 0.8 respectively.

For travel motions, the starting resistance values must be so deterwi~ea “~at the

torque delivered by the motor is never less than 1.2 times the toroue z:r:e<conding
to the sum of forces required to maintain the travel speed.
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5.8.3.2.2.

5.8.4.

5.8.4.1.

5.8.4.2.

5.8.4.3.

5.8.4.4.

3.9,

5.9.1%.

5.9.2.

5.9.2.1.

Squirrel-cage rotor motors

The factors g and r obtained in the starting class formula in clause 5.8.2.1.2. are
equal to 0.5 and 3 respectively.

DEGREE OF PROTECTION (AS PER IEC 34-5)

INDOOR APPLICATIONS

For ingoor applications, under normal conditions, motors must comply with IP 23 at
least. ’

In dusty environments, motors must comply with IP 44 at least.

OUTDOOR APPLICATIONS

For outdoor applications, motors must comply with IP 55 at least.

PARTICULAR APPLICATIONS

Motors may comply with a lower degree of protection if they are appropriately protec-
ted for their particular application. )

EXPLOSIVE ENVIRONMENTS

In potentially explosi?e environments, motors must be explosion-proof (as EN 50014 -
EN 50020). ‘

LOAD LIFTING MEANS

CURRENT SUPPLY
In view of the arduous duty to which current supply systems are subjected, the elec-
trical equipment must be selected and installed with special care.

- Supply cables should be able to be wound on cable winders and their mechanical
strength, resistance to external influences and heat-resistance, must be suitable
for the service conditions.

- Cable fixing means should be so selected that all strain on the connections or
damage to the cables is avoided.

- Cables should be installed and guided in such a way as to exclude the possiblity of
damage in normal service.

LIFTING MAGNETS

i

WINDBINGS

The insulation class of the windings should be selected according to the power loss,
the ambient temperature and, if necessary, the heating caused by the goods handled.
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5.9.2.2.

5.9.2.3,

5.9.2.4.

5.9.3.

5.9.3.1.

H

H

5.9.3.2.

5.9.4.

5.9.4.1.

5.9.4.2.

ouTy ~

Lifting magnets are normally designed for a cyclic duration factor of 50 %. Other
cyclic duration factors should be agreed between the manufacturer and user.

PERFORMANCE

The lifting capacity of a lifting magnet should be specified for a precise load at
rated voltage and operating temperature of the magnet coil. o

e

SAFETY FACTOR

The tear-off force should be at least twice the lifting capacity.

STAND-BY SUPPLY

If there is a stand-by power supply from batteries, the holding time should be at
least 20 minutes. In this case, an automatic charging unit and a charge level indica-
tor should be provided. Use ¢f the stand-by supply should be indicated visually and
audibly for general warning. If the battery voltage level is not adequate, a device
preventing the installation from being used should come into effect. o ;7 3

GRABS

DRIYES
—

~The drive motor (electro-ﬁydraulic or electro-mechanical drive) should be designed for

S3, S4 or S6 duty depending on type and application.

DEGREE OF PROTECTION

In normal service, the motors and electrical equipment must comply with IP 55 at

least. For underwater operation the degree of protection must be IP 57 at least. Due

to the special service conditions of this equipment, jolts and vibrations must be
given particular attention.

LOAD TURNING EQUIPMENT

L

DESIGN

Load turning equipment should be so designed that loads can be accelerated and braked
without the ropes twisting. The arrangement of the lifting ropes, the load, the lif-
ting height, the centre of gravity and the moment of inertia of the load and loading
beam if applicable should be taken into account in the design of the equipment.

The installation of guides such as telescoping or articulated systems may be used in
order to prevent the twisting of ropes.

POWER SUPPLY TO TURNING PARTS

For supplying electrical power to turning parts, the current supply system should be
designed in accordance with the turning range.
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5.9.4.3.

5.10.1.

5.10.2.

4
H

%.10.2.1.

5.10.2.1.1.

5.10.2.1.2.

DEGREE OF PROTECTION

If the turning motor is mounted on the supporting structure of the hoisting

appliance, it must comply with the degree of protection of the other motors on the
structure at least.

If the turning motor is mounted on the load lifting means, it must comply with IP 44
at least for indoor cperation and IP 55 for cutdoor operation.

faa

CHECKS AND MAINTENANCE

MAINTENANCE

The electrical equipment of a hoisting appliance should>be maintained in good condi-
tion. Maintenance should be based an the duty class and load spectrum of the hoisting

appliance and carried out in accordance with the instructions of the supplier or
manufacturer.

CHECKS

A distinction is made between regular checks and checks made before the appliance is
commissioned.

Regular checks are subdivided into simple checks and comprehensive checks.

T
REGULAR CHECKS

Simple checks

The safety devices which can be checked from the control position are to be checked

regularly, in pr1nc1pale befaore the start of each workday, for their proper .electric
functioning.

In particular, the following, at least, must be checked :

- emergency limit switches,
- brake functions,
- emergency cut-out.

Comprehensive checks

At least once a year, the electrical equipment of a hoisting appliance should te
given a comprehensive check.

Besides the above simple checks, the following should be checked thorougnly :

- the settings and conditions of the electrical safety devices,

- integrity of protective earth systems,

- integrity of eguipotential circuits,

- insulation of all the electrical egquipment,

- tightress of all connections,

- predetermined resistance values, if any,

- physical condition of cables and cable inlets,

- physical condition of safety devices,

- presence and condition of devices protecting against direct contact,

- the technical performance of replaced parts is compatible with the proger functio-
ning of the hoisting appliance.
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5.10.2.2.

5.11.

5.11.1.

5.11.1.1.

5.11.1.2.

CHECKS BEFORE COMMISSIONING

In addition to the comprehensive checks,'the checks before commissioning include, at
least :

- cﬁecking that all the hoisting appliance's electrical equipment is in conformity
with national regulations and standards,

~ checking that the electrical eguipment agrees with the circuit diagrams,
- checking the switching sequence of the safety and control circuits,

- checking the proper functicnming and correct selection of the electrical components
in accordance with the expected operating conditions for the hoisting appliance,

- checking that the performance data of motors is in conformity with their use.

- cﬁecking that the control system does not permit any uncontrolled excess speeds in
nqrmal operation,

- checking the correct settings for all the electrical equipment and its proper
functioning.

AUXILIARY ELECTRICAL EQUIPMENT

LIGHTING

CABIN

- A fixed non-dazzling service lighting will be provided, so arranged that only the
necessary illumination for the lighting of the control equipment is provided.

- When the genmeral area lighting equipment is not sufficient to permit access and
exit out of the cabin in safety, supplementary portable lighting will be provided ;
this equipment must be able to work, even if the principal electrical circuits of
the crane are isclated.

WORKING AREA LIGHTING
- When the working area lighting is provided by the appliance, projectors will be
suitably placed on the crane, so that a minimum illumination of 30 lux at ground

level is guraranteed.

- This lighting circuit will be independent of the principal circuits cf °~e hoisting
appliance.

. H
- Precautions must be taken to avoid voltage drops produced by starti~g -~e motors

cutting out the gas discharge lamps.
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S5.11.1.3.

5.11.1.6.

5.11.2.

5.11.2.1.

5.11.2.2,

5.11.3,

ACCESS AND MACHINERY CABINET LIGHTING

when the géneral area lighting does not permit sufficient illumination, supplementary
lighting independent of the principal circuits of the hoisting appliance will be
provided. The minimum illumination will be 30 lux.

EMERGENCY LIGHTING

When the lighting of the area does not permit exit out of the appliance in safety, a
portable lamp, equipped with batteries will be provided. A battery charger must be
provided in the cabin.

HEATING AND AIR—-CONDITIONING

MACHINERY CABINETS

]
- Natural or forced ventilation will be provxded to disperse thermal power generated
by the machinery and its equipment.

- Where electronic eguipment is used and working conditions do not guarantee an
ambient temperature for proper functioning of the electronlc equipment, an air con-
ditioning unit will be provided.

T
CABIN

If necessary heating appliances will be provided in the cabin.

This apparatus of black heat/non-radiant type shall be securely fixed. It must be
provided with a thermostat and must have such a power to assure a minimum temperature
of 15° C, taking inte account the environment in which the eguipment is installed.
This apparatus must be fed independently of the principal circuits of the hoisting
appliance. )

If required by the environment an air conditiodning unit will be installed in the
cabin to maintain a maximum acceptable temperature. This apparatus must be fed by a
circuit independent of the principal circuits of the hoisting appliance.

AUXILIARY CIRCUIT

If there is no possibility of supply in the proximity, auxiliary circuits must be pro-
vided for maintenance purposes, as follows :

- A circuit for portable lighting with a minimum power of 200 W, if the ampient
lighting is not sufficient to carry out maintenance.

- A circuit for portable tools with a minimum power of 2 kW low voltage of 100 V or
220 V. This circuit must be protected by a differential circuit breaxer of high
sensitivity.

These circuits will be indepehdent of the principal circuits c¢f tre naisting

appliance and the voltage must be indicated near the socket outlet. A1l =easuras will
be taken to avoid confusion between very-low-voltage and low-voltage.

5-31



N





