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Insert a new annex 8, to read

“Annex 8
SAFETY PRESCRI PTI ONS FOR TROLLEYBUSES
Power col |l ection

El ectrical power fromoverhead wires is transmtted to trolleybus
wi th power collectors. The power collector is conprised of a
pole, a trolley electric current collector and a repl aceabl e
collector insert. Power collectors are hinged to trolley bases,
and turning in horizontal and vertical directions.

Pol es shall be nade of plastic or nmetal, covered with insulating
material resistant to nmetal shocks. Insulation shall be
repai r abl e.

Power collectors shall maintain adequate positive contact with the
overhead trolley electric supply wires when the wires are | ocated
at a height of 4 to 6 netres above the ground and at troll eybus
touring excursion deviation distance of 4.5 netres to each side
with respect to the axis of the overhead wres.

In case the pole dewires, trolley electric current collector shal
not be raised higher than 7.2 netres and declined | ower than
2.2 nmetres above the roadway.

The free end of each trolley pole shall be attached by nmeans of a
rope to a retriever. |In case the pole dewires, the retriever
shall automatically, reliably, quickly, and firmy pull the pole
down. The rope material shall not transfer contact network
potential to the trolleybus body.

The trolley electric current collector, if wenched out of the
pol e, shall be kept connected to the pole and should not fall down
on the roadway.

I nsul ation resistance of the power collector shall be at |east,
megohm [ M5 I

(i) the electric current collector to nmetal pole ...... 5 M5
(ii) cable inserted into pole .......... ... ... ... .. ...... 5 M5
(iii) trolley bases to the body ......... ... ... ... ... ...... 10 M5

Rai si ng of the poles and maintai ni ng adequate upward pressure to
overhead wires shall be provided with an adjustable spring
mechani sm

In the driver’s compartnent there shall be rempte control for
power collectors at |east for dew ring.
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There shall be made certain arrangenents at the body to provide
access to the roof for the driver and service personnel to

i nspect equi pnent including trolley electric current collectors
and replace, if necessary, carbon inserts in transit service
condi tions.

El ectrical and el ectronic subsystens and conponents shall not
directly emit (radiated or induded em ssions), or indirectly
conduct via the trolley wires (conducted eni ssions), any

el ectromagnetic radiation that will interfere with radio and
tel evision transm ssion and reception, passenger-carried

el ectronics, or on-board equipnent. The trolleybus electrica
and el ectronic operating and control systems shall not be
susceptible to el ectromagnetic interference from externa

sour ces.

Traction and auxiliary equi pment

El ectrical conponents energised by the trolley |ine voltage,

i ncluding the traction equi pnent, the battery charger, auxiliary
converters, and accessory equi pnent, shall be protected agai nst
overvol tage and overcurrent surges. All circuits and circuit
branches shall be protected individually by automatic reset
remote controlled circuit breakers or fuses. Breaker with a
manual reset control may be installed in easy accessible areas.
The breaker response tinme shall be 10 mlliseconds maxi mum
Circuit breakers shall be grouped and installed at the source of
the circuit or circuit branch. The circuit breakers shal
interrupt the positive side of each circuit, and shall trip upon
at overcurrent condition.

In the event fuses are used, they shall be of the del ayed-action
current-limting type, and easily accessible for replacenent.

Precautions shall be taken to m nim se hazards to the driver or
passengers arising fromcircuit breakers or fuses.

El ectrical schenes shall exclude any source of current
circulation in an overcurrent transient point after the circuit
interruption by a breaker or fuse.

Al'l electrical circuits and circuit branches shall be of dua
wiring. Trolleybus body should not be used for current return
groundi ng.

A troll eybus should be as tolerant as possible to power system
operational working range of 400 to 730 Volts direct current
(DO .

El ectrical conponents energised by the trolley line voltage shal
have two steps of insulation at |east.
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2.8. Al relays, controllers, flashers, automatic resetting circuit
breakers, and other electrical components shall be mounted in
easily accessi bl e apparatus junction boxes to the maxi mum extent
possi bl e. The boxes shall be sealed to prevent mpisture from
normal sources, fromreaching the electrical conponents and shal
prevent fire that may occur inside the box from propagating
outside the box. The conponents and circuits in each box shal
be identified, and their |ocations shall be recorded on a
schemati c drawi ng permanently glued to or printed on the inside
of the box cover or door, and protected from noisture, water
oil, grease, dirt, and abrasion. The use of junction bl ocks or
panel s shall be mnimsed, and must be located in a shielded
envi ronnment or protected area.

2.9. El ectrical conponents shall be protected agai nst noi sture and
dust inside the body, on insulated and conducting parts.

2.9.1. Ventilation system of the rotating electric nmachinery and
apparatuses, rated for 600 V DC, shall be guarded agai nst the
entry of npisture, snow, dirt, dust and abrasives on current
conducting parts.

2.10. At nominal climatic conditions for a dry and clean trolleybus,
not operated before, insulation resistance of electrical circuits
when all rotating machi nes and apparatuses are switched on shal
not be | ess than, megohm[ M5 ] :

(i) body to electrical circuit rated to voltage of 600 V DC 5 M

(ii) electrical circuits rated to voltage 600 V DC
to electrical circuits rated to voltage 24 V DC 5 M5

(iii) body to electrical circuits rated to voltage of 24 V DC 1 M
2.11. Wring, cabling and apparatuses

2.11. 1. Wring and cabling nust operate reliably and exhibit durability
at anbient tenperature range of mnus 60 °Cto plus 70 °C. They
shall be protected against direct sunlight.

2.11. 2. All high voltage DC wiring shall be of copper. The wire
i nsul ation shall be rated for 3,000 V DC and should not enit
har nful substances when heated or burning.

2.11. 3. Wres to be connected with noveable current collectors shall be
separated with elastic tape, synthetic material or rubber tube.

2.11. 4. Mounted wiring and cabling should not be tightened. Each wire or
cable shall allow replacenment of end termnals twi ce w thout
pulling, stretching, or replacing the wire.
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Wring, cabling and term nals shall be resistant to:
(a) si mul t aneous bi ndi ng and torsion

(b) relative humdity up to 98 per cent at the anbient
tenperature of 40 °C;

(c) tenperature change fromplus 70 °Cto mnus 50 °Cin the
peri od of one hour.

Wring insulation should not propagate burning.

Wring insulation shall also be resistant to water, ozone, oil
abrasive action of dust, and fall out hoar-frost.

Wring harness shall not contain wires of different voltages.
Term nations of m xed voltage harness or bundle runs shall be
separated by total enclosure in metallic chassis potential boxes
or conpartnents.

Wring shall pass in non-flammable rigid or flexible conduits.

Wring tubes |ocated under the floor shall be closed-end to
excl ude propagati on of water and dust.

Underfl oor wiring shall be limted to the extent practicable.
Wring and el ectrical equipnent necessarily |ocated under the
troll eybus shall be sheathed fromwater and dust with non
conductive rigid or flexible conduits.

Fasteni ng and arrangenent of w ring and cables shall exclude
damage (fraying) of insulation. Gomets of elastoneric materia
shal | be provided at points where wring penetrates netal
structure. Radius of bent pipe containing wiring shall be three
external dianmeters of the pipe at mnimm

Location of wiring in apparatuses disconnecting electrica
current shall exclude burning or damage of the wiring insulation
by an electrical arc.

Precautions shall be taken to avoid damage of wiring and cabl es
from heated resistors and other electrical conponents. 1In
critical areas thernoresistant wires or cables shall be used.

Wring hol ders, connectors, and other devices for nounting shal
be made of inflammable or hardly flanmable materials. Electrica
conmponents of the hardly flanmable materials may be installed
out si de passenger conpartment only.

At nom nal node, working tenperature of connections should not be
hi gher than 95 °C.
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2.11.16.

At overcurrent surge condition the tenperature should not be
hi gher than 300 °C.

The test voltage for electrical equipnent with respect to the
wor ki ng vol t age

Wor ki ng voltage | 24 V 750 V DC

Test vol tage 600 V | 3300 V DC.

El ectrical machi nes, apparatuses, devices, wiring and cabl es
installed into trolleybus shall w thstand nechani cal | oading,
applied to fixations, as follows :

(i) sine vibration of 0.5 - 55 Hz frequency and 10 m sz maxi mum

anpl it ude;

(ii) discreet shocks of 30 m's?, peak shock acceleration |asting

2 - 20 mlliseconds in the vertical direction
Br aki ng equi pnent

A trolleybus shall be equipped with i ndependent brake systens as
fol |l ows:

(i) service brake system acting on all wheels;

(ii) secondary electrodynam c brake system working i ndependently

on presence of voltage in the contact network;

(iii) parking brake system acting on driven wheels.

Servi ce and secondary brakes shall be activated with the sanme
pedal .

El ectrical safety of passengers and service personnel

At nominal climatic conditions for a dry and clean trolleybus,
connected with both power collectors to wire of positive
polarity, and not operated before, |eakage current fromthe body
shall not be higher than 0.25 nmillianpers [ mA ] at vol tage

of 600 V DC.

At any operation conditions |eakage current shall not be higher

than 3 mllianpers [ mA ] at voltage of 600 V DC.

A troll eybus nmust be equi pped with an onboard indicator, or

anot her device, for permanent neasurenent of | eakage current or
protection of people at the appearance of |eakage current.



TRANS/ WP, 29/ GRSGH 1999/ 25
page 7

If the | eakage current is registered, the device shall initiate
the di sconnection of rapid main switch for 600 V DC, and swi tch
on the renote control of the retriever.

St anchi ons at doorway shall be made of insulated material or

pl ated with mechanically durable insulation. Insulation

resi stance shall at least be 1.0 megohm[ M5 ] on a contact square
of 100 cm.

The first steps shall be made of insulated material or plated
wi th nmechanically durable insulation. Insulation resistance
shall be 1.0 megohm[ M5 ] at a square of contact of 300 cnt.

Door panels shall be nmade of insulated material or insulated from
the troll eybus body. Insulation resistance shall be 1.0 megohm

[ M5 ] at least at a contact square on the panel of 300 cn.
Sidewal | area adj acent to the door apertures shall be plated with
insulation. The insulated area shall extend 500 millinmetres w de
each side of the door aperture and at least 2,000 mllinetres
high fromthe roadway. Insulation resistance shall not be |ess
than 1.0 negohm[ M5 ] at a square of contact of 200 cnt

A trolleybus shall be equipped with the driver’s door, separated
fromthe passenger conpartment.

For the service personnel the safety roof area, where electrica
equi pment i s mounted, shall be covered with a rough insulating
mat eri al

When a trolleybus is stationary, pressing the brake pedal shal
not cause voltage of 600 V DCin the electrical circuits.

The driver’s conpart nent

There shoul d not be high voltage equipnment in the driver’s
conpart nent .

On the instrument panel there shall be installed gauges and
i ndicators as follows:

gauge indicating voltage of the contact network;
audi bl e i ndi cator of disappearance voltage at power collectors;
i ndicator of the main automatic switch state

i ndi cat or of power collectors position;
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5.2.5. vol tneter and anperneter indicating voltage and charge/di scharge
current of the trolleybus | ow voltage batteries;

5.2.6. i ndi cat or of dangerous potential on the body or |eakage current.”



