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Introduction

Throughout this International Standard, the minimum €ssen
identified by the use of the key word “shall”. Recommend
identified by the use of the key word “should”,and while
are considered to be of primary importance in‘providing sa
Deviation from the recommended criteria should occur onl
consideration, extensive testing, and thorough service e
shown alternate methods to be satisfactory.

tial criteria are
ed criteria are
hot mandatory
fe equipment.
y after careful
aluation have
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Aircraft — Stability requirements for loading and

servicing equipment

1 Scope

1.1 This International Standard specifies:

a) the ¢riteria to be used to determine stability of
aircraft loading and servicing equipment, including
wind| loads;

b) the Elassification of systems recommended to
achigve stability;

¢) the fprmula to be used for calculating steady-state
wind| stability;

d) the fecommended test methodstYapplicable to
equipment.

1.2 The intent of this Intgknational Standard is not
to specify equipment design, but rather to define uni-
form critpria, calculation“and testing methods in order
to provide a safe wark environment under all predict-
able circumstancés)for the users of aircraft loading
and serv|cing equipment.

— container and.‘pallet loaders (see |SO 6967 and
ISO 6968);

— cateringtrucks (see ISO 10841);
— passenger stairs (see ISO 12056);

~“~maintenance and fueling access plafforms,

when operated in a static position on an aircraft.

1.5 This International Standard does not apply to:
— forklifts;

— aircraft de-icers;

— any equipment with rotating booms
and more generally any equipment the| normal mode

of operation of which includes moving ih the elevated
position.

2 Normative reference

Th

1.3 This International Standard specifies the world-
wide requirements recognized by aircraft and equip-
ment manufacturers as well as airlines and handling
agencies.

In addition, it shall be applied with due reference to
national governmental regulations of the country
where the equipment is to be operated.

1.4 This International Standard applies to aircraft
loading and servicing equipment, typically but not ex-
clusively defined as follows:

e fulluwing standard—contains provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publica-
tion, the edition indicated was valid. All standards are
subject to revision, and parties to agreements based
on this International Standard are encouraged to in-
vestigate the possibility of applying the most recent
edition of the standard indicated below. Members of
IEC and ISO maintain registers of currently valid
International Standards.

ISO 6966:1993, Aircraft — Basic requirements for
aircraft loading equipment.
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3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 wind: Movement of air which causes a force
imposed on surfaces of aircraft loading and servicing

equipment.

NOTE1  Wind

in this context includes

— steady-state natural wind:

© |SO

tyres, suspension springs, etc., a dynamic condition may be
created that can exceed static and wind stability conditions
as defined in 3.6.1 and 3.6.2. In such a case, appropriate
additional safety margins should be determined to take into
account possible dynamic effects resulting from support
elasticity.

3.6.1 static stability: Stability achieved in a con-
dition where, there being no wind or other additional
forces, the vehicle's tipping risk is determined only
by load distribution (i.e. center of gravity location) and
ramp slope.

— wind gusts (t

— the effect of

3.2 stabilizer
porting the wsg
ditional forces

used to reduce
extended withi
vehicle.

NOTE 2  Stabil
part of the vehi
pensions.

bmporary peak intensities);

et blast from other aircraft's engines.

5: Structural devices capable of sup-
ight of the equipment and any ad-
fesulting from wind or other sources,
the lateral deflection of vehicles, when
N the outer planview envelope of the

zers will normally eliminate or reduce the
le's weight supported by tyres and sus-

3.3 outriggerp: Stabilizers which, when extended,

project outside
vehicle.

NOTE 3
vehicle.

Outrid

3.4 tip point:
gravity has bedq
load distributior

the outer planview envelope of the

gers enlarge the supporting base of-the

Condition where the vehicle'center of
n rotated by the combined effect of
, ramp slope, structural ) deformation if

any, and the force of wind up to a.pdint directly above

the vehicle's pi

ot point.

3.5 pivot point: That peint of the vehicle in contact

with the groun
heavily loaded
which the force

d locatedvfarthest out on the most
side or-the side opposite to that to
of-wind is applied.

3.6.2 wind stability: Stability achievedyjr|a con-
dition where the force of wind constitutes the pre-
dominant factor of the vehicle's tipping. risk.

4 Objectives

4.1 The static stabilitysobjective for any piece of
aircraft loading and, séwicing equipment shal| be for
the vehicle to reprain stable as defined in 3.6 when

a) the vehigle is at maximum elevation, and

b) the _maximum allowable payload is concgntrated
ofivonly one half side of the vehicle (all{on the
same side of the vehicle's centre line), and

c) the vehicle, with stabilizers or outriggers extended
when applicable, is standing on a surfage at a
slope of 3° (5 %) perpendicular to the vghicle's
centre line and sloping on the loaded sidg of the
vehicle.

4.2 The wind stability objective for any piece of air-
craft loading and servicing equipment shall be|for the
vehicle to remain stable as defined in 3.6 wihen the
vehicle

a) is at maximum elevation, and

b) is empty, and

c) is standing on a horizontal surface, with stabilizers

3.6 stability: Condition where

— the laden or unladen vehicle's center of gravity is

located with
ward of the

in the outer support perimeter, i.e. in-
tip point; and

— the vehicle's weight as well as the force of wind
and any other forces are entirely supported by rigid
structural elements.

NOTE 4

Where all or part of the vehicle's weight and

additional forces are supported by elastic elements such as

or outriggers extended when applicable, and

d) is subjected to a steady-state wind of 120 km/h
(65 kn), perpendicular to one long side of the ve-
hicle.

4.3 The objectives for combined static and wind
stabilities shall be as follows.

a) The vehicle shall remain stable in the following
conditions based on those defined for static stab-
ility in 4.1:
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1 Scope

1.1 This International Standard specifies:

a) the ¢riteria to be used to determine stability of
aircrdft loading and servicing equipment, including
wind| loads;

b) the Elassification of systems recommended to
achigve stability;

c) the fprmula to be used for calculating steady-state
wind| stability;

d) the fecommended test methods“applicable to
equipment.

1.2 Th¢ intent of this Intefmational Standard is not
to specify equipment design, but rather to define uni-
form critgria, calculation“and testing methods in order
to provide a safe wark environment under all predict-
able circumstancés)for the users of aircraft loading
and servicing equipment.

— container and. ‘pallet loaders (see |SO 6967 and
ISO 6968);

— cateringtrucks (see ISO 10841);
— passenger stairs (see ISO 12056);

~~Mmaintenance and fueling access plafforms,

when operated in a static position on an aircraft.

1.5 This International Standard does rjot apply to:
— forklifts;

— aircraft de-icers;

— any equipment with rotating booms,
and more generally any equipment the|normal mode

of operation of which includes moving ih the elevated
position.

2 Normative reference

Tho fAllavagines ot Ao

1.3 This International Standard specifies the world-
wide requirements recognized by aircraft and equip-
ment manufacturers as well as airlines and handling
agencies.

In addition, it shall be applied with due reference to
national governmental regulations of the country
where the equipment is to be operated.

1.4 This International Standard applies to aircraft
loading and servicing equipment, typically but not ex-
clusively defined as follows:

RE—OMOWHRG—Stahaara CORtatns Pro isions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publica-
tion, the edition indicated was valid. All standards are
subject to revision, and parties to agreements based
on this International Standard are encouraged to in-
vestigate the possibility of applying the most recent
edition of the standard indicated below. Members of
[EC and ISO maintain registers of currently valid
International Standards.

ISO 6966:1993, Aircraft — Basic requirements for
aircraft loading equipment.
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3 Definitions

For the purpos

es of this International Standard, the

following definitions apply.

3.1 wind: Movement of air which causes a force
imposed on surfaces of aircraft loading and servicing

equipment.

NOTE 1 Wind

in this context includes

— steady-state naturai wind:
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tyres, suspension springs, etc., a dynamic condition may be
created that can exceed static and wind stability conditions
as defined in 3.6.1 and 3.6.2. In such a case, appropriate
additional safety margins should be determined to take into
account possible dynamic effects resulting from support
elasticity.

3.6.1 static stability: Stability achieved in a con-
dition where, there being no wind or other additional
forces, the vehicle's tipping risk is determined only
by load distribution (i.e. center of gravity location) and
ramp slope.

— wind gusts (t

— the effect of

3.2 stabilizer
porting the wg
ditional forces

used to reduce
extended withi
vehicle.

NOTE 2  Stabil
part of the vehi
pensions.

Emporary peak intensities);

et blast from other aircraft's engines.

5. Structural devices capable of sup-
ight of the equipment and any ad-
esulting from wind or other sources,
the lateral deflection of vehicles, when
h the outer planview envelope of the

zers will normally eliminate or reduce the
le's weight supported by tyres and sus-

3.3 outriggerp: Stabilizers which, when extended,

project outside
vehicle.

NOTE 3
vehicle.

Outrid

3.4 tip point:
gravity has bes
load distribution

the outer planview envelope of the

gers enlarge the supporting base of the

Condition where the vehiclezcenter of
n rotated by the combined effect of
, ramp slope, structuralydeformation if

any, and the foice of wind up to apaint directly above

the vehicle's pi

ot point.

3.5 pivot point: That point-of the vehicle in contact

with the grour
heavily loaded
which the force

d located.farthest out on the most
side ‘orthe side opposite to that to
of wind is applied.

3.6.2 wind stability: Stability achievedyin|a con-
dition where the force of wind constitutes the pre-

f tha vahinla'a tinmine dials
Poul
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4 Objectives

4.1 The static stability ebjective for any piece of
aircraft loading and sesvicing equipment shal| be for
the vehicle to remain stable as defined in 3.6 Wwhen

a) the vehicle s at maximum elevation, and

b) the praximum allowable payload is conceéntrated
or‘only one half side of the vehicle (all|on the
same side of the vehicle's centre line), anfl

¢) the vehicle, with stabilizers or outriggers extended
when applicable, is standing on a surfage at a
slope of 3° (5 %) perpendicular to the vehicle's
centre line and sloping on the loaded sidg of the
vehicle.

4.2 The wind stability objective for any piecg of air-
craft loading and servicing equipment shall be| for the
vehicle to remain stable as defined in 3.6 when the
vehicle

a) is at maximum elevation, and

b) is empty, and

c) is standing on a horizontal surface, with stabilizers

3.6 stability: Condition where

— the laden or unladen vehicle's center of gravity is
located within the outer support perimeter, i.e. in-

ward of the

tip point; and

— the vehicle's weight as well as the force of wind
and any other forces are entirely supported by rigid
structural elements.

NOTE 4

Where all or part of the vehicle's weight and

additional forces are supported by elastic elements such as

or outriggers extended when applicable, and

d) is subjected to a steady-state wind of 120 km/h
(65 kn), perpendicular to one long side of the ve-
hicle.

4.3 The objectives for combined static and wind
stabilities shall be as follows.

a) The vehicle shall remain stable in the following
conditions based on those defined for static stab-
ility in 4.1:
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— maximum elevation allowed with or without
stabilizers/outriggers;

— maximum payload asymmetry, or
whichever is the worst case;

empty,

— 3° (56 %) ramp slope,

when simultaneously subjected to a steady-state
wind of 75 km/h (40 kn), perpendicular to one
long side of the vehicle in the same direction as
payload asymmetry and ramp slope.

ISO 11995:1996(E)

A combination of some of the systems mentioned in
5.1 to 5.3 may be utilized to gain the desired stability.
The choice of these systems is left up to the manu-
facturer because every vehicle is different in design
and function. See ISO 6966 for general requirements.

5.1 Integral vehicle chassis methods

a) Heavy-duty springs and auxiliary overload springs.
These produce a harder ride, but provide in-
creased side movement stability and assist in

b) The |vehicle shall remain stable in the following
conditions:

— mpaximum elevation;

— symmetrical payload, or empty, whichever is
the worst case;

— 1}5° (2,5 %) ramp slope,

whep simultaneously subjected to a steady-state
wind of 110 km/h (60 kn), perpendicular to one
long|side of the vehicle in the same direction as
the framp slope.

NOTE 5 | The objectives retained for combined static and
wind staljilities are based on the following assumptions:

— aircraft manufacturers generally specify that the doors
of a qjvil transport aircraft may not be opened or closed
by a wind exceeding 75 km/h (40 kn), or remain._open
by a|wind exceeding 110 km/h (60 kn) or 420 km/h
(65 kr)) depending on the aircraft type;

— operators therefore need to keep equipment fully func-
tional|by steady-state winds up to 75)km/h (40 kn), still
allowihg for momentary wind gusts up to a maximum
of 110 km/h (60 kn) without affécting safety. Operations
on airpraft have to be stopped, Whenever gusts may ex-
ceed fhe latter value;

— any operation through.wind gusts exceeding 75 km/h
(40 krp) requires _d&areful assessment of the weather
forecqsts at thé.airport, and specific operating rules to
be isgued and. carefully applied. Such rules should in-
clude [avoiding any payload asymmetry in the downwind
directloRrs— or, on the contrary, deliberately maintaining

tevetttrg—off-centre—toads—wherm—the vehicle is

d)

moving or stationary.

Heavy-duty shock absorbers: The
harder ride but provide_increased s

stability while the vehicle is moving.

Tyre pressure. High tyre pressure g
creases the overall stability of eithe
ing or stationary vehicle, but prod
ride.

Stabilizer bar systems. These incre
taking out chassis movement thro
or spring and can be applied in sqg
the chassis. These systems do no
fect the ride of the vehicle as muc
fined in a), b), c) and e).

Spring lockout systems. These

chassis springs against the axle an
stationary stability of a vehicle. S
should not be engaged while a veh
as this produces an extra hard ride
all road shocks directly into the veh

se produce a
de movement

n a vehicle in-
r a slow mov-
uces a harder

hse stability by
igh a rigid bar
veral areas of
t adversely af-
N as those de-

plock out the
d improve the
pring lockouts
icle is moving
and transmits
icle structure.

5.2 Stabilizer systems

These systems generally utilize hydraulic cylinders
with self-levelling foot pads that preqs against the
ground within the envelope of the \ehicle. These
systems stabilize the vehicle chassip when it is
stationary by blocking out chassis moJement on the
springs and tyres. Usually stabilizers afe used in tan-

a load—asymmetry in the upwind direction — and pro-
hibiting the use of any aircraft stands with major slopes
in the downwind direction. 1,5° (2,5 %) was determined
to be the maximum normal ramp slope at international
airports, excluding exceptional cases.

5 Systems classification

Systems recommended to achieve the required stab-
ility are as follows, in order of increasing effective-
ness.

dem (one on each side of the vehicle) and placed at
various key positions along the length of the vehicle.
Two or more should be used as required.

5.3 Outrigger systems

These systems generally utilize hydraulic cylinders
that extend self-levelling foot pads to the ground be-
yond the normal envelope of the vehicle, with heavy
structural members that are connected to the chassis.
The farther out from the chassis that these foot pads
are extended, the greater the resistance to tipping.
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NOTE 6  Outriggers may result in interference with ad-
jacent aircraft handling equipment, and hence should pref-
erably be used only when stabiiizers as described in 5.2
remaining within the equipment planview envelope, are
proven not to be sufficient to meet the stability objectives
of clause 4.

6 Calculation formula

6.1 The following formula should be used for calcu-

lating the st
craft loading an

6.2 The form
tions.

a)

b)

c)

6.3 The stang
of the vehicle i

eady-state wind stability (tip point) of air-

===y

© 1SO

where

Mgy is the total overturning moment, in newton
metres;

S; is the area of the ith element, in square me-
tres;

h; is the height from ground level of the centre
of the area of the ith element, in metres (see
fiqure 1)

The formu
jected areqg
where stab)
when vehig

The air dd
(0,075 3 Ib/
(68 °F) and
(14,7 1bfin?)
ures (e.g. a
wind force
the density

Wind veloci
condition. A
as a stead
are likely to
vehicle due

0 servicing equipment.

Lla is based on the following assump-

g is applicable to the vehicle's pro-
s in its worst operating condition
lity is involved. This generally occurs
e is at full extension and is unloaded.

nsity is assumed to be 1,2 kg/m3
ft%), at standard temperature of 20 °C
atmospheric pressure of 101,3 kPa
If extreme temperatures and press-
rport altitude) must be allowed for, the
should be corrected in proportion to

ty is considered as a steady-state wind
\ircraft jet blasts are also considered
-state wind condition, however they
produce higher effective forces onthe
to their dynamic (gust) nature.

ard formula for calculating the tip point

C; is the shape factor of the ith element based
on the aspect ratio in figure 2;

n is the number of elements of the dail area
with wind loading (i.e’\vehicle chassis, ve-

hicle scissor lift system, etc.).

The corresponding’formula in imperial uits is

Mo = 0,002 52+ [Zs,. h, c,.]

i=1

My ~8 expressed in feet pounds-force;
v is expressed in miles per hour;
; is expressed in square feet;

;IS expressed in feet.

6.5 The restoring moment formula is

Mg =Wd
where

newton

Mg is the total restoring moment, in
Mg = Mg metres;
where W is the total weight of the vehicle, in ngéwtons;
My is the [total exerturning moment, in newton d is the distance, in metres, from the centre
metred, as-defined in 6.4; of gravity of the vehicle to the pivot point of
the vehicle as in figure 3. As a wind force is
Mg is the total restoring moment, in newton applied to the side of a vehicle, the vehicle's

metres, as defined in 6.5.

6.4 The overturning moment formula is

My = 0,048 4 v* [Zsi h; c,]

i=1

centre of gravity is caused to move in the
direction of the wind force. For this reason
d’ should be used as shown in figure3b).
(The centre of gravity will move due to spring
deflection, tyre deflection unless rigid stabil-
izers are used, and structural deflection if
any.)
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ﬁ_ a
S=axb
<
v
d
Ground Level7
7
Figure 1 — Representation of some parameters
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Figure 2 — Variation of “shape factor” with aspect ratio for rectangular plates perpendicular to the flow
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Wind direction

Centre of gravity -\

Pivot \ !

Figute 3 — Determination of the distance from the centre of gravity to the pivot point

6.6 Since

T <4

a)

Pivot —

b)

not have any sharp edges perpendicular to the flow,
such as spheres or stream-lined badies_the factor C

Mo = Mg

then the tip point formula is

0,048 4 v [Zs,. h c,] - Wd

i=1

The shape factors so obtained apply to full scale for
structures with sharp edges whose principal resist-
ance is due to the pressure forces. For bodies that do

is not constant. For such bodies, the law for variation
of the shape factor C must be determined exper-
imentally before safe predictions of full-scale forces
can be made from model measurements. The force
F normal to a flat plate depends upon the aspect ratio
A = (length)/(width) of the plate. Writing F = CgS, the
coefficient C varies from about 1,18 to 2 as shown in
figure 2. About 70 % of the normal force on the plate
is due to the large underpressures existing over the
rear surface.
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7 Test methods

One of the test methods described in 7.1 and 7.2
should be used when required to test vehicle stability
(tip point) and confirm calculations.

7.1 Application of a chain or cable pulling horizon-
tally at approximately the centre of wind pressure of
the vehicle. The maximum restoring moment can be
determined by measuring the cable tension and

ISO 11995:1996(E)

multiplying that value by the height of application
above ground level.

7.2 An air bag can be applied between the vehicle
and a solid fixed structure, to simulate the effect of
wind loading. The restoring moment can be deter-
mined by measuring the static pressure in the air bag,
multiplying by the vertical area in contact with the
bag, and the height of the centre of pressure above
ground level.
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