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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard specifies the functional and personnel safety requirements to be taken into
account by manufacturers for the design of aircraft de-icing and anti-icing vehicles (de-icers).

The requirements of this International Standard were determined based on generally recognized
assumptions as to

a) the normally intended use of aircraft ground support equipment on the ramp of international civil
airports in order to handle, service, or maintain civil transport aircraft, or

b) the environmental (surface, slope, weather, lighting, operating rules, staff qualifi[tation, etc.)

¢onditions prevailing on the ramp area of the majority of international civil airports.Tn addition to
¢ustomary environment conditions in this context, it is to be assumed that de-icens-will[be operated
on snowy, icy, muddy, or slushed ramp surfaces and under freezing precipitation'conditions.

It is assumed that the manufacturers of de-icers define in the relevant documeéntation the specifically
interjded conditions of use and environment for their equipment, and the purchasers sygtematically
revigw their own specific conditions of use and environment in order to determine whether those stated
are adequate or negotiate with the manufacturer appropriate modifications to ensure they|are.

NOTH Negotiation between manufacturer and purchaser/user is_éensidered essential to estahlish or verify
the aglequate conditions of use and design parameters.

The |requirements of this International Standard are,expressed in the applicable SI|units, with
apprpximate inch-pound unit conversion between brackets for convenience in those couptries using
that ystem. Where it is deemed necessary to use exactwvalues, the SI unit ones are to be usged.
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INTERNATIONAL STANDARD

ISO 11077:2014(E)

Aircraft ground equipment — De-icers — Functional
requirements

1 Scope

This International Standard specifies the general functional, performance, and safety requirements for
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Normative references

f=propetied vethicte equipped withra boonT type aerial device and aircratt de-icing/arm
) spraying systems, hereinafter designated as “de-icer”.

[nternational Standard does not specify a comprehensive set of technical design criteri
ing/anti-icing vehicles, but only those relating to the main functional, safety, and
rements.

International Standard is not applicable to stationary equipment,(€:g. gantries, cra
rm de-icing/anti-icing operations on aircraft.

ughout this International Standard, the minimum essential criteria are identified b
vord “shall”. Recommended criteria are identified by use ofthe key word “should” an
latory, are considered to be of primary importance in/providing safe, economical,
aft de-icers. Deviation from recommended criteria sheuld only occur after careful ¢
horough service evaluation have shown alternate méthods to provide an equivalent le

following documents, in whole or in part, are normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

966-1, Aircraft ground equipment — Basic requirements — Part 1: General design requin
966-2, Aircraft ground equipment — Basic requirements — Part 2: Safety requirements
000, Graphical symbgls)for use on equipment — Registered symbols

0254, Air cargo and ground equipment — Vocabulary

1075, Aircrdft= De-icing/anti-icing fluids — ISO type I

1076, Aixeraft — De-icing/anti-icing methods on the ground

1078,'Aircraft — De-icing/anti-icing fluids — 1SO types I, Ill and 1V

Fi-icing fluid
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erformance

hes, used to

y use of the
d, while not
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vel of safety.

ent and are
For undated
es.

ements

ISO 11532, Aircraft ground equipment — Graphical symbols

[SO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: General principles
for design

EN 1915-2, Aircraft ground support equipment — General requirements — Part 2: Stability and strength
requirements, calculations and test methods

EN 12312-6, Aircraft ground support equipment — Specific requirements — Part 6: De-icers and
de-icing/anti-icing equipment

DIN 51130:2010, Testing of floor coverings — Determination of the anti-slip property — Workrooms and
fields of activities with slip danger, walking method — Ramp test
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3 Terms and definitions

DIN 51130 can be obtained from Deutsches Institut fiir Normen, Burggrafenstrasse 6, D-10787 Berlin,

For the purposes of this document, the terms and definitions given in ISO 10254 and the following apply.

3.1
de-icer

self-propelled mobile unit, used to perform de-icing or anti-icing operations by means of fluids spraying

on aircraft

n the ground

Note 1 to ent
the height of

3.2

driver
person loca
aircraft

3.3
operator
person(s) lo
the de-icer’g

ry: It is fitted with an operator cabin or basket mounted on a boom in order to raise the opera
hircraft surfaces to be sprayed.

fed in the cabin (driving station) of a de-icer’s chassis and driving the vehicle aroun

chassis as well as the fluid spraying system(s)

rated in the boom mounted operator’s cabin or basket, opérating its movements relati

LOI‘ at

H the

ve to

3.4

cabin (openator’s)

completely enclosed work station at the end of the de-icer’s boom, where the operator is located to
perform de-icing/anti-icing operations on the aircraft

3.5

basket (opégrator’s)

non-encloseld work station at the end of the bogm where the operator stands alternatively to a cabjn
3.6

boom

structural element supporting the gperator’s cabin or basket at a height

Note 1 to entry: Not to be mistaken-for “spraying boom”, an element extending from the operator’s statjon to
support spraying hoses and bringsthe nozzles as close as possible to the aircraft being de-iced, which dog¢s not

support pers

4 Requil

4.1 Gene

DNS.

rements

ral

4.1.1 The de-icer’s design and construction shall meet the applicable requirements of ISO 6966-1 and
ISO 6966-2, and the requirements stated hereafter. Where these requirements are in excess of those in the
general aircraft ground equipment standards, they shall take precedence.

NOTE For operation in Europe, the EU Machinery Directive essential safety requirements legally apply.
They can be met by complying with the requirements of the following European Standards (see Clause 2 and
Bibliography):

— EN 1915-1, Aircraft ground support equipment — General requirements — Part 1: Basic safety
requirements

EN 1915-2, Aircraft ground support equipment — General requirements — Part 2: Stability and strength
requirements, calculations and test methods
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EN 1915-3, Aircraft ground support equipment — General requirements — Part 3: Vibration

measurement methods and reduction

EN 1915-4, Aircraft ground support equipment — General requirements — Part 4: Noise measurement

methods and reduction

EN 12312-6, Aircraft ground support equipment — General requirements — Part 6: De-icers and de-

icing equipment

4.1.2 The de-icer’s structural strength shall meet the applicable stability and strength requirements of
EN 1915-2 and EN 12312-6 and be demonstrated by testing in accordance with them.

4.1.3
attad
expe

NOTH

expe

4.1.4
betw
to 95

NOTH
many

4.2

4.2.1
variable height boom to the surfaces of statienary aircraft while traversing their perimeter.

also
serv

NOTH
aircr

4.2.2
minij
overs;
positfion should etexceed 12 m (40 ft), though maximum possible manoeuvrability is recon

NOT

numbh

Particular attention shall be paid to the fatigue strength requirements forthg

ctancy, whichever is highest.

Consultation between manufacturer and purchaser is required to ,substantiate a
tancy, stress cycle definition, and fatigue spectrum.

The de-icer and all associated systems shall be designed and constructed to operate s
een temperatures of -30 °C and 50 °C (-20 °F and 120 °F) and in-continuous relative hu
% or as stipulated between purchaser and manufacturer.

Lower temperatures, requiring special design and\eperating measures, can be agr
facturer and purchaser. See Note in the Introduction.

Functions

The primary function of the de-icer.shall be to apply heated de-icing/anti-icing

be fitted for ground use. The vehicleshall be acceptable for use around terminal gate a
iice roads, and aircraft service ranips.

A secondary function cantalso be to provide access when required to high elevation|
hft.

The maximum width and overall height with the boom in the stowed position shall
mum. The maximunroverall width should be minimum compatible with stability object
1l height in thé stowed position shall not exceed 4,0 m (13 ft, 1 in). Overall turning r

boom and

hments thereto, which shall be based on minimum 2 x 10# stress cycles or 10 009'h operating life

realistic life

atisfactorily
midity of up

ced between

fluid from a
A hose shall
reas, airport

parts of the

be kept to a
ves, and the
hdius in this
hmended.

H Qveivthe road regulations in a majority of states allow a maximum width of 2,5 m (8

t21/2in). A

er of states allow 2,6 m (8 % ft) width. Conversely, some local road traffic regulations can reqyire narrower

Widtllls. Depending on the airport of use, a lower height can also be necessary. See Note in the Introduction.

4.2.3 Onanappropriate self-propelled chassis with an enclosed driver’s cabin, meeting the requirements
of 4.3, the de-icer shall provide

a)

b)

)

an aerial device with operator’s cabin or basket, including safe access means from the ground in the

stowed position, meeting the requirements of 4.4,

(@) fluid storage and supply tank(s), large enough to accommodate the fluid capacity necessary for

servicing standard-body and/or wide-body or large capacity aircraft as required by th
meeting the requirements of 4.5.2, and

e purchaser,

fluid pumping systems for applying heated de-icing fluid and heated or unheated anti-icing fluid to

aircraft surfaces, meeting the requirements of 4.5.1.

See Clause 6 for optional features.
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4.2.4 Atwo-way vocal communication system shall be installed between the operator’s cabin or basket
and the driver’s cabin, if separate. The operator’s cabin or basket headset, if applicable, shall be integrated
or compatible with protective ear mufflers, and its wiring’s routing shall be ergonomically designed in
order to avoid any hazard or entanglement.

4.2.5 De-icers are intended to spray aircraft under freezing conditions with the following appropriate
fluids mixed with water (if applicable) and heated as necessary, in order to enable operators to de-ice /anti-

ice aircraft in accordance with the detailed methods stated in ISO 11076:

a) ISO type I de-icing/anti-icing fluid (see ISO 11075);
b) ISO typ¢ I, IIT, or IV de-icing/anti-icing fTuid (see ISO 11078).
4.2.6 De-ifers can also be used, without spraying, as a means of technical staff access to elevated parts

of aircraft, {
identified in

4.3 Vehid

4.3.1 The
maximum i
the manufad
manner.

4.3.2 The
driven atno
(20 mph). W
be limited t
this is ensuj
accordance

4.3.3 The
is further re
driving withj

4.3.4 Anse
shall be fittg
such that nq

.g. for maintenance. Reduced performance requirements can apply in such a case w

le

de-icer shall be based on a chassis rated and approved by the ¢hassis manufacturer fg
tended loads and speeds of the de-icer. Alternately, a custom.Built chassis is allowable y
turer’s responsibility and shall substantiate loads and spe€ds’ratings in an at least equivj

de-icer with operator’s cabin or basket in the stowed position should be capable of 1
'mal road speeds in accordance with applicable local airport regulations, or at least 32 kn
(hen the operator’s cabin or basket is lifted from the stowed position, maximum speed
p no more than 1,7 m-s-1 (6 km-h-1, 4 mph) or, if lower, local safety regulations. W
ed by interlocking, the corresponding'safety device shall ensure a performance level °
vith ISO 13849-1.

rhere

the present International Standard, but personnel safety requirements remain applicalle.

r the
nder
alent

being
n-h-1
shall
(here
b” in

drive train of the vehicle shall be designed for as smooth and jerk free driving as possi
commended to consider mafigeuvring close to the aircraft. For this purpose, the possibil
an inching/creeping speed-should be considered.

nclosed heated caBin for the driver, and optionally a passenger, shall be provided. The
d with windshield)wipers and a defroster/heater system. The design of the vehicle sh
de-icing/anti~icing vapours can enter the chassis cabin (with windows closed) unde

weather conditions. The,cabin shall, as a minimum, be equipped with a mechanical filter on the air in

for removal
belts.

bf aerosols)produced. All seats shall be fitted with automotive type 3 points inertia reel §

4.3.5 The

le. It
ity of

rabin
ll be
- any
take,

afety

driver’s pasition shall have maximum unobstructed visibility im‘luding of the operd

tor’s

cabin or basket under all operating conditions. This requires at least a large overhead transparent panel
fitted with wipers and defrosting.

NOTE

Where blind spots are unavoidable by design, e.g. at the rear of the vehicle, indirect means of vision

such as mirrors or closed circuit television (CCTV) can be used to provide the driver with visibility in those areas.

4.3.6 Power steering as well as a power-assisted dual circuit service braking system and a parking
brake shall be provided.

4.3.7 Mud/snow tires shall be provided on drive wheels. Drive wheels tire clearances shall be adequate
for the installation and operation of snow chains. Any vulnerable components shall be suitably protected
against projections of snow or ice.

© ISO 2014 - All rights reserved
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4.3.8 The fuel tank(s) shall be located for protection against collision damage, and so that any overflow
during filling, or any leakage from the tank, fuel lines, or fittings, will not impinge on engines exhaust
system, electrical system, or other ignition sources, or enter the driver’s cabin.

4.3.9 Tow hooks shall be installed on the chassis structure, with at least one at the front and one at the
rear. The tow hooks shall be usable with the operators’ cabin or basket in any position.

4.3.10 Storage electrical batteries shall be of the heavy duty type, and alternators shall be dimensioned
bearing in mind that de-icing units often operates in engine idle condition but with all electrical consumers
switched on.

4.4 | Aerial device

4.4.1
eithe

The de-icer shall provide an aerial device including a supporting boom, towhich shal
r an enclosed operator’s cabin fitted with windshield wipers and a defroster/heate

(see
heig

(minfmum load capacity of 204 kg/450 Ib), to provide for operators training and possible vi
control by a separate qualified person. Where these objectives are not retained, a cabin or bas
for a[single person shall be rated for a minimum load capacity of 160%kg (350 lb).

4.4,

to ef
and |
aircr]

4.4.3
oper

4.4.4
prov
and

including lifting from the stowed position, be prohibited unless the cabin door or basket g

and {
perfd

4.4.5
entry
The
aero

Note in the Introduction) an open operator’s basket entirely surrounded by full guard
tofatleast 1,1 m (43 in) over its floor. Cabin or basket shall be ratedfor a minimum of

The operator’s cabin or basket and its supporting boenrshall be designed to position
ectively apply de-icing/anti-icing fluid to the upper areas of aircraft control surfaces, w
norizontal stabilizers, and fuselage. Consideration shall be given to the height of these
hft types intended to be serviced while designing.or selecting any de-icer type.

The operator’s cabin or basket shall have a self-adjusting mechanism to mainta
hting attitude for all boom positions.

de for safe and easy entry and.exit. The cabin door or basket gate shall not fold or opsg
Khall be constructed to eithér be automatically self-closing and latching, or boom

ully latched. Where this-is ensured by interlocking, the corresponding safety device s}
rmance level “c” inaecordance with ISO 13849-1.

The design‘ofithe operator’s cabin shall be such as to strictly minimize, in as much|
r of de-icing/dnti-icing fluids aerosols (with windows closed). See Annex A for toxicolog
Cabin shally‘as a minimum, be equipped with a mechanical filter on the air intake, fo
sols preduced.

be attached
[ system, or
rails up to a
two persons
sual de-icing
ket intended

an operator
ngs, vertical
surfaces on

n a vertical

The operator’s cabin or basketshall allow safe access from the ground in the stowed position, and

n outwards,
movements,
hte is closed
1all ensure a

as possible,
ical hazards.
" removal of

4.4.4

The cabin’s inner operator envelope shall take into account the likeliness of operafors wearing

heavy winter clothing, boots, and gloves. The cabin, unless fitted with seats with safety belts for all
occupants, or basket shall be fitted with harness anchorage points for personal protective equipment
(PPE) harness(es). If provided, operator seat(s) shall be fitted with automotive type 3 points inertia reel
safety belts.

4.4.7 (A) lighting projector(s), adjustable from the operator’s cabin or basket, shall be provided to
illuminate the spraying area for night operation. The minimum total luminous flux shall be 1000 Im
(equivalent to approximately 100 W incandescent lamp power).

4.4.8 The structural and fatigue strength of the cabin or basket, its attachment to the boom, the boom
itself, and its attachment to the chassis shall be in accordance with the requirements of 4.1.2 and 4.1.3.
The aerial device, including the cabin, the boom, and its attachment to the chassis shall be designed in
such a manner that periodic structural inspection can readily be carried out without major disassembly.
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4.4.9 All steps and platforms shall have a self-draining surface, durably slip-resistant with a minimum
R11 slip resistance classification in accordance with Table 3 of DIN 51130:2010 (see ISO 6966-2).

4.5 Fluids system
4.5.1 General

4.5.1.1 The vehicle’s fluids handling system shall be designed to be compatible with the appropriate
ISO de-icing/anti-icing fluids (ISO 11075 type I and/or ISO 11078 types II, 111, or IV). Special fluid circuit
design requirements shall be met to avoid degrading the fluid’s viscosity, which can be adversely affected

by pumping
recommend

4.5.12 TH
~20°C (-4°

4.5.2 Tanl]

4.5.2.1 Th
undue fluid

fills, and liq
provided an

4.5.2.2 Ded

4.5.2.3
sizes, for ea

4.5.3 Sprd

4.5.3.1 Th
150 I-mn-1
height.

4532 W
at arate bet

4.53.3 TH
the operatot
rate-of-flow

, heating, and spraying, or by too high storage temperatures. The fluid manufaety
btions shall be observed.

e de-icing fluids systems and all their components shall withstand fluids temperatures
) to 96 °C (205 °F), or as stipulated between purchaser and manufacturer,

ks

e fluid tank(s) shall be made of non-corrosive material and, adequately baffled to prg
motion and starving of the fluid pump during manoeuvring. Suitable vents, overflows, m4
1id level gauges and drains shall be provided. A manhol€or equivalent with cover shg
d allow easy and safe inspection/cleaning of the tank.

-icing fluid tanks shall be optimally insulated.

If fluid tanks are provided with filling couplings,these shall be of different types or have diffi

h individual tank to avoid filling with a wrong fluid.

lying

e de-icing fluid system shall\be capable of delivery rate at the spray nozzle of at
40 gal (US)/min] at a pre{npzzle discharging pressure of 700 kPa (100 psi) at any spr.

here a separate anti<icing fluid system is provided, it shall be designed so as to spray the
veen 45 I-mn-4 {12 gal (US)/min] and 95 I-mn-1 [25 gal (US)/min] at any spraying heig

e spray pattern shall be able to vary from a fan-shaped spray to a solid stream as select
. The operator shall have full control of fluid flow by means of an open/close function i
adjistment mechanism.

rers’

from

bvent
inual
1l be

brent

least
hying

fluid
ht.

bd by
ind a

4.5.34 Co

ntrols of hand-held spray guns shall be of the hold to run type.

4.5.3.5 Fixed spray guns shall be prevented from spraying directly towards the operator’s position.

4.5.3.6

additional shut-off valve.

4.6 Controls

In the event of spray gun failure, it shall be possible to stop the fluid flow by means of an

4.6.1 All controls necessary for the safe operation of the vehicle and aerial device with operator’s cabin
or basket shall be provided at the driver’s/operator’s position as applicable.
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4.6.2 The operator’s cabin or basket shall be equipped with a full set of controls allowing the operator
to safely move the boom and cabin or basket through any of their motions. Boom handling controls shall
provide as smooth as possible movements to avoid jerks or sudden starts and stops.

4.6.3 All control levers shall directionally agree with boom movement, be of the hold to run type and
shall be large and separated from each other enough for grasping with a gloved hand. They shall be
identified with permanent graphic symbols in accordance with ISO 11532 or, where not available therein,
ISO 7000.

4.6.4 Controls shall be protected from fluid spray and risks of inadvertent snagging or interference

from

4.6.5
conty

4.6.4
drive
stati
the d
oper

4.7

4.7.1
poss
4 my
tank

4.7.2
Intro
inten
therg

4.7.3
2, sin
Mmove
tank
1,5°
of IS

NOTH

1. 1
IITICS Ul T1IUSCS.

Lighting shall be provided to illuminate the control panels for night operation. It
ols shall be of anti-glare and non-reflecting quality.

For emergency purposes, controls shall also be provided at a locatien readily acce
r (preferred) or in the vicinity of the boom base. A selector control shall be provided §
n (next to the duplicate controls) to permit selection of the operating station bet]
perator’s cabin or basket or the lower location. The lower controls, if selected, shall
htor’s cabin or basket controls in any configuration.

Mobility and stability

The unit shall provide safe and stable manoeu¥wring around the aircraft, with the 1
ble position at maximum rated load in operator’s cabin or basket, at speeds up to 1,7 m-s-
h), with wind from any direction at speeds gp to 21 m-s-1 (75 km-h-1, 40 kn, 47 mp
5 at any level.

Higher wind speeds can be agreed:between manufacturer and purchaser/user (see
duction), under the requirementthat they be substantiated by calculation then actual te
ded use includes de-icing/anti-icing with aircraft engines running, the additional for¢

from shall be taken into aceouint in the same manner.

Determination of stability shall be performed in accordance with the requirements
hultaneously taking'ihto account in the worst direction all dynamic forces generated dy
bment, e.g. acceleration, emergency braking, turning moments, fluid surges in incomj
5, de-icer centrée of gravity shifts, recoil from spray guns, etc. A ramp slope in the worst
2,5 %) shall'seassumed. The tipping line in each direction shall be determined as show
D 4305.

[SO 11995 does not apply to the stability of de-icers.

mination of

ssible to the
it this lower
ween either
bverride the

boom in any
1(6km-h-1,
h), and fluid

Note in the
sting. Where
es resulting

of EN 1915-
iring de-icer
bletely filled
direction of
hin Annex A

4.7.

Stability 1n the worst intended conditions shall be demonstrated by actual testing In

1 accordance

with EN 1915-2.In addition, the following tests shall be performed for stresses measurementinaccordance
with EN 12312-6, in order to verify adequacy of structural strength and expected fatigue life.

a)

driving the de-icer at maximum allowable speed (1,7 m-s-1, 6 km-h-1) in the forward then reverse

direction and suddenly applying brakes at full force to simulate emergency (panic) stops;

b)

driving the de-icer over a test fixture at maximum allowable speed (1,7 m's~1, 6 km-h-1) in the

forward then reverse directions. The wheels driving over the test fixture shall be the ones giving
the highest stress in the boom structure. The test fixture shall be made of wood or similar material,
measuring 100 mm (4 in) high, 150 mm (6 in) wide, and 600 mm (24 in) long. The top corners shall
be symmetrically cut at 45° angles along the longitudinal length of the member providing a top flat
surface measuring 50 mm (2 in) in width.
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4.7.5 Both tests shall incorporate the boom position and orientation and the fluid levels in tanks which
generate the maximum stress on the structural boom components. The operator’s cabin or basket shall
be loaded at maximum rated capacity. In addition to these loads, the wind load shall be incorporated
by calculation. During both tests, the stress level shall be measured using strain gauges or equivalent
measuring technique. How and where to mount the strain gauges shall be in accordance with relevant
industry practices.

4.7.6 The design of the de-icer shall not need stabilizers to ensure stability. Where chassis spring locks,
torsion bars, stabilizer bars, or equivalent devices are used, they shall automatically be engaged when the

operators’ cabin or basket is moved out of its stowed position.

4.8 Persc

4.8.1 All applicable general personnel safety requirements in accordance with ISO 696642 shall be

4.8.2 Alld

4.8.3 The
requiremen
noise emitte

NOTE M

484 Alle
to while the
damage to t}
weight of th

NOTE M
4.9 Emern

4.9.1 Eme

nnel protection

e-icer specific personnel safety requirements in accordance with EN 12312-6 shall be 1

A weighted noise level in the chassis cabin and the operator’s cabin shall meet local regul
s and should not exceed 80 dB(A) while all de-icer systems are*operating, exclusive
d by outside sources.

ethods for noise measurement and reduction are contained in'EN 1915-4 (see Bibliography).

fforts shall be made to minimize the vibration levels;the driver and operator(s) are subnj
de-icer is operating. Measures to achieve this goal include, e.g. seats designed so as to
ne human body taking into account duration anid conditions of use and adjustable to siz
e driver or operator.

ethods for vibration measurement and reduction are contained in EN 1915-3 (see Bibliograph

gency

rgency stop buttons shall(be'provided, as a minimum, in the operator’s cabin or baske

the driver’s
de-icer, rea

boom moveinents, shut down thiefluid pump and heater if installed, and apply parking brakes. Emerg

stops shall
systems, sw

49.2 Abg
cabin or bas
of any syste}

?y accessible from ground level, e.g. on each longitudinal side. Emergency stops shall st

Cabin. It is recommended (see SO 6966-2) that other ones be provided on the outside

ot impede the-back-up lowering function (see 4.9.2), stop the function of communic
tch off workinglights nor shut down fire extinguisher systems (where applicable).

ck-up dlewering system shall be provided to enable the aerial device and loaded operz
ket tope manoeuvred and lowered for staff evacuation and de-icer towing away in the ¢
m(malfunction or engine shut-down.

met.
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4.9.3 The vehicle shall be equipped with devices to automatically shut down systems when a hazardous
or self-destruction condition arises while the fluid pumping or heating systems are operating, but which
still allow the vehicle to be driven away from the aircraft.

4.9.4 Driver’s station and operator’s station shall, as minimum, provide space for a fire extinguisher of
suitable type and capacity. See 6.5 for optional integrated fire extinguisher system.
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5 Information for use

5.1 Manufacturer’s instructions

The vehicle shall be accompanied by detailed manufacturer’s instructions including at least
a) intended use of the de-icer,

b) any limitations (speeds, weights, wind, other),

c) de-icing/anti-icing fluids the de-icer is intended to be used with, as specified by purchaser/user, or

d) ILecessary instructions for operating and maintaining the unit in a safe manner.
5.2 | Markings

5.2.1 The following shall be legibly marked at prominent locations on the de-icer:

a) ]:anufacturer data plate with type and serial number (also see 5.23);
b) intended fluid types (adjacent to each replenishment point), as specified by the purchaser/user;

c) Yehicle limitations (maximum weight, maximum height if stowed position, speeds iff applicable,
yind, other), adjacent to the driver’s cabin;

d) 1mnaximum allowable weight in operator’s cabin/basket; adjacent to the cabin/basket adcess point;

e) 4ny servicing indications contributing to safety; (e:g. tires pressure, etc.).

5.2.2 All controls, instruments, fluid filling-points, electrical switches, access points for operation
or maintenance actions, caution signs, and.eperating instructions shall be marked adjadent to each,
prefdrably by using permanent graphic symbols in accordance with ISO 11532 or, where ot available
thergin, ISO 7000.

5.2.3 For de-icers intended te-be operated at an EU or E.ETA. airport, the conformlity marking,

undegr the manufacturer’s résponsibility, is also required on the manufacturer’s data plate or in its
immediate vicinity.

6 Options

6.1 | General

The llollowing optional features can be considered and, if retained, shall meet the defined requirements.

6.2 Fluid heater

6.2.1 Ifafuel heating system for heating the de-icing fluid is installed, this shall be capable of raising the
temperature of the de-icing fluid tank’s capacity from 5 °C to 85 ° C (41 °F to 185 °F) within 1 h.

6.2.2 If installed, the fluid heater shall be suitable for continuous operation at the airport and during
operation of the de-icer in motion when de-icing/anti-icing aircraft, unless it is a fluid pre-heat type
requiring external energy. Open flame fuel burners are not permitted.

6.2.3 If installed, the fluid heater shall be equipped with appropriate safety devices to prevent the
occurrence of conditions which might damage the equipment or create an unsafe condition. The safety
devices/systems shall not prevent the unit from driving (e.g. away from an aircraft).
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6.2.4 If installed, the fluid heater can, as a further option, allow when desired heating up only part of
the tanks capacity for faster heating and reduced energy consumption.

6.3 Fluid mixing system

An on-board fluid mixing system can be installed to enable the unit to spray a controlled mixture of
water and type [, 11, III, or IV fluid. The mixing system shall be fast responding, accurate, shall allow
the selection of preset mixtures of various ratios of de-/anti-icing fluid and water to be delivered at the
nozzle, and shall produce a homogeneous fluid mix, so that no areas of the aircraft are covered with a
too lean mixture. The tolerance of the actual mix percentage out-of-nozzle shall not be below the value

shown at t

e unit’s selection system, and an adequate buffer shall be applied by the manufacturer in

order to ens|

NOTE
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et.

ring boom

ending from the operator’s cabin or basket, can be installed to suppostfluid hoses and |
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d. Controls for spraying boom and nozzle movement shall be-provided in the opers:
ket.

xtinguishing system

b any areas identified as potentially subject to.combustible fluids leakage and/or fire.
ivation is intended to be automatic, audibletand visual warnings shall be provided bg
ion and in the operator’s cabin or basket. Hand-held fire extinguishers shall be maintz
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)erson operation
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The manufacturer’s design, development and construction processes should be performed under a
continuous quality control program meeting the requirements of ISO 9001 (see Bibliography).

The manufacturer shall provide to the purchaser upon request a technical file containing the data and
test results necessary to ascertain the de-icer’s safety in the stated intended conditions of use.

NOTE

This information can be proprietary and require prior non-disclosure agreement.

7.1.2 Structural integrity

Themanufacturer’stechnicalfile (see 7.1.1) shallinclude the main features (conditions of use assumptions,
parameters, safety coefficients used) of strength, fatigue life and stability calculations, and test reports

for at leastt

10

he stability verification and stress measurement tests specified in 4.7.4.
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7.1.3 Functions and safety safeguards

The manufacturer’s technical file (see 7.1.1) shall include confirmation that all functions and safety
safeguards were satisfactorily tested on each delivered unit.

7.2 User’s quality assurance

7.2.1 The manufacturer’s technical file should, upon purchaser’s request, include insurance that the
de-icing and anti-icing fluid type(s) intended by the purchaser/user is (are) not degraded, after being
sprayed by the de-icer, beyond the tolerances specified by this (these) fluid(s)’ manufacturer(s).

7.2.2 Each user shall maintain the unit in a condition that ensures continuous proper applilcation of the
ISO §1078 types I, 111, or IV fluid(s) used, and verify it by regularly applying the fluid checking procedures
specified in ISO 11076 (AEA guidelines), as required therein.
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Annex A
(informative)

Toxicological aspects of using de-icing/anti-icing equipment

A.1 General
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ycol content of the fluids as follows:
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dedicated low fluid consuming spraying equipment;

ined de-icing staff.
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A.2.2 Design of the spraying equipment

A.2.2.1 Short spraying distance

For the most effective environmental protection, the de-icing equipment should provide a short spraying
distance. This is important for the following reasons:

— temperature loss caused by long spray distances is minimized;

— the physical effect of the spray jet is optimized;
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rt spraying distance makes it possible to minimize the fluid consumption and by that, t
rcol to the environment.

.2 Mixing systems

fluid system of the de-icing equipment should give the operator (the possibility of
1/water mix precisely suited to the prevailing weather conditions drd which includes tk
erature buffer. This means glycol concentration can be optimized within the limits o
e should be able to provide a concentrated spray stream for deficing (removal of frozen p
| flared spray stream for anti-icing (applying a film to protect against new ice build-up
lines to the nozzle, e.g. for 100 % non-Newtonian (pseudoplastic) fluid, will limit flu
ching between the fluid selections. A print out containihg data similar to that mention
| be helpful for documentation and statistics.

B Training of operators

.1 Theoretical training

retical training, mandatory for aerénautical purposes (see EU-OPS 1 345 and associat
uivalent) should include a basid uniderstanding of the reasons for de-icing and recom
e-icing procedures. Operators Should be aware of the crucial de-icing points in order {
al areas and that fluid is‘eeonomized on non-critical areas.

.2 Practical training

fical training.should be of such a duration that the operator feels “as one” with

hally exploit the benefits of its design, thereby minimizing fluid consumption.

.3/\Composition of the de-icing staff

he exposure

selecting a
le necessary
[ safety. The
Fecipitation)
). Dedicated
d loss when
pd in A.2.3.4

ed material,
mendations
o give them
d is used on

the de-icing

pment. Total familiarization enables the operator to understand the concept of the eqitipment and

Optimizing the number of de-icing staff means finding a balance that keeps it small enough to ensure
that each operator performs a large number of de-icing operations thereby maximizing experience,
while at the same time ensuring that the staff numbers are large enough to cope with absences. It is
recommended that the specialized personnel are permanent, thereby maintaining the accumulated
skills year after year.

A.2.3.4 Recording operation data (statistics)

To enable useful evaluation and follow-up of operator training/performance, a system for recording
and controlling operations should be established. The details fed into the system (e.g. flight no., aircraft
type, duration of operation, volume and type of fluid used, weather conditions etc.) will depend on the
level of detail desired from the analysis. Data such as the above could provide a basis for comparing
actual performance with ideal figures.
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A.3 Effects on humans

A.3.1 Toxicity of glycols

Glycols are hygroscopic. In prolonged contact with glycols, skin and mucosae can dry up resulting in
irritation of skin, eyes, and mucosae in the respiratory tract. Mono ethylene glycol and mono propylene
glycol are readily taken up through the skin whereas diethylene glycol is only taken up upon prolonged
skin contact.

Mono ethylene glycol (MEG)

In the body, i i fCacid; ; late
crystals (“stfones”) can form in the kidney and in the bladder, possibly giving rise to bladder cange?in the
case of many years exposure to relatively high concentrations. Prolonged skin contact has résultedl in a
few rare cages of allergic eczema. Large doses of mono ethylene glycol can be toxic to the kidneys and to
the central pervous system. An oral dose of approximately 100 g can cause death in maf\

Mono propylene glycol (MPG)

Mono propyflene glycol is metabolized in the body to lactic acid and pyruvié-acid, which are ngrmal
constituents of the glycolysis, normal metabolic pathways in the body.*Mono propylene glyqdol is
practically mon-toxic. It is allowed in cosmetics and in medicine for cutaneous application. Prolonged
skin contact has resulted in a few rare cases of allergic eczema.

Diethylene|glycol (DEG)

Diethylene glycol is metabolized in the body to 2-hydroxyethoxyacetic acid, which is eliminatefl via
the urine. ljarge doses can be toxic to the kidneys and the’central nervous system. An oral dose of
approximatg¢ly 75 g can cause death in man.

The three glycols are rather harmless to experimental animals having LD50-values ranging from 6|g/kg
body weight to 33 g/kg body weight depending on-glycol and species. However, mono ethylene glycol
and diethyl¢ne glycol appear to be toxic to humans and to the same degree, but only mono ethylene
glycol is clagsified in the EU as a dangerous substance. Mono propylene glycol is regarded as non-tpxic.

Table A.1 — Acutetoxicity of glycols and EU classification

MEG DEG MPG
LDsg (humans) 6 - 19 (g/kg bwa) 9 - 26 (g/kg bwa) 10 - 33 (g/kg bwa)
(animals) 1,5 (g/kg bwa) 1,0 (g/kg bwa) b
EU-clagsification Xn: R22; S2 — —

a  bwmean

body weiglht.

b No valuedfound.

A.3.2 Workienvironment considerations

Due to the glycol content, the de-icing/anti-icing fluids are irritating to skin, eyes, and mucosae.
Furthermore, mono ethylene glycol and diethylene glycol are rather toxic to humans. However, the
toxicity of diethylene glycol is only recognized by Scandinavian work environment authorities, see
Table A.2. During the de-icing/anti-icing process, aerosols (fog, mist) are produced in rather high
concentrations. Inhalation of these aerosols can cause adverse effects in the lungs.

14 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=cd51d00667e967975a6b8927dd3fa05b

IS0 11077:2014(E)

Table A.2 — Some occupational exposure limits for glycols

MEG DEG MPG
Denmark 1992
(vapour) 50 x 10-6 (ppm)a 50 x 10-6 (ppm)a —
(aerosol) 10 mg/m3a 10 mg/m3a —
Sweden 1993
(vapour) 10 ppm S 10 mg/m3a —
(aerosol) 25 mg/m3 S 45 mg/m3a —
ICA LTI 1002 /Q21)
FSAHA092/933
(vapour) 50 ppma — —
(aerosol) 127 mg/m3a — —

a  (leiling value S skin.

Perspnnel exposure to de-icing/anti-icing fluids should be minimized as muchas possible| In the case
of exposure, personnel should wear a protective suit with hood, gloves, face shield and regpirator. The
respirator shall protect against wet aerosols, e.g. class FFP2SL or FFP3SL.ef EN 143:2000 or equivalent.

A.3.3 Aircraft internal environment considerations

Perspns inside the aircraft can be exposed to de-icing/anti4icing fluids and their pyroly$is products
formled in the engines/auxiliary power unit (APU) entering:the aircraft via the ventilation system. To
avoid adverse health effects, the aircraft ventilation system shall be shut off during the de-icing/anti-

icing|process, (see ISO 11076).

A.4 | Recommendations

Summarizing this Annex, the following recommendations are given:

|

— The de-icing/anti-icing process should be mechanized to minimize personnel exposure.

— TPPersonnel working with de-icing/anti-icing procedures should be suitably protected.

— Aircraft ventilation systems shall be shut off during de-icing/anti-icing process (see IS() 11076).
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Annex B
(informative)

Environmental aspect of de-icing/anti-icing at airports

B.1 General
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be utilized by microorganisms as a source of carbon and energy, whereby the gl
re transformed into water and carbon dioxide. This process requires oxygen whi
bm the environment, possibly resulting in oxygen deficiency.

consumption is considered the biggest environmental problem in connection witl
raft today. Theoretically, glycols require the following.amounts of oxygen for com|
ion:

Table B.1 — Oxygen demand for transformation of glycol

s for
rhich
h the

ycols
cch is

h de-
plete

Glycol Oxygen demand Oxygen/glycol
kg
Mono ethylene glycol 5 atoms oxygen per.melecule 1,3
Mono propylene glycol 8 atoms oxygen per-molecule 1,7
Diethylene glycol 10 atoms oxygen per molecule 1,5
Table B.1 shpws that a diethylene glycolkmbolecule needs the highest number of oxygen atoms to degrade

to water an

l carbon dioxide; but duelto the difference in mol weight, mono propylene glycol, how

requires mdre oxygen if calculated by’ weight.

The oxygen
seasonal val
calculation.

propylene g

B.2 Envil

content in normal’sea water is dependent on many factors (e.g. temperature, da

ily or
iations etc.), butatheoretical value of 10 mg/kg can realistically be used for the sake O'Ethis

This necessitates the oxygen from approximately 170 m3 of water to degrade 1 kg
ycol. For additional information about different types of glycol see also A.3.1.

ronniental protection

EVEr,

ono

B.2.1 General

De-icing on dedicated pads close to the runway allows for a reduction in the amount of glycol consumed,
because less hold-over time is needed. Therefore, itis possible to either use a weaker Newtonian solution
or eliminate the need for non-Newtonian (pseudoplastic) fluid. No matter how efficient the de-icing
system (i.e. de-icing equipment, de-icing pads, operators) is, glycol residue is unavoidable. This residue
means that two tasks should be performed:

— collection of used glycol (see B.2.2);

— treatment of the collected glycol (see B.2.3).
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