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1. SCOPE:

1. To recommend uniform criteria for determination of wind loads that aircraft ground support
equipment dgan encounter and yet allow personnel to work safely.

2. Torecommgnd uniform systems for maintaining stability (i.e., stabilizers, outriggefs, spring lockout
devices).

3. To standard|ze on specific types of interlock systems and actuation systems.

4. To recommend a standard formula with its associated design criteria for calculatihg the steady-
state wind stability (i.e., tip point) for aircraft ground support equipment.

5. To recommaénd a standard method for testing these systems.
2. APPLICABLE DOCUMENTS:

The following puiblications form a pattf of this document to the extent specified herein| The latest issue
of SAE publicat|ons shall apply,~-The applicable issue of other publications shall be the issue in effect
on the date of the purchase order. In the event of conflict between the text of this dgcument and
references cited herein, the)text of this document takes precedence. Nothing in this{document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

2.1 ANSI Publicatlions:

Available from ANSI, 11 West 42nd Street, New York, NY 10036-8002.

ISO 11995 Aircraft-Stability Requirements for Loading & Servicing Equipment
ANSI A92.7  Airline Ground Support Vehicle-Mounted Vertical Lift Devices

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright 1997 Society of Automotive Engineers, Inc.
All rights reserved. Printed in U.S.A.

QUESTIONS REGARDING THIS DOCUMENT: (412) 772-8510 FAX: (412) 776-0243
TO PLACE A DOCUMENT ORDER: (412) 776-4970 FAX: (412) 776-0790
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3. DEFINITIONS OF CRITERIA:

JET BLAST: The equivalent of a wind gust produced by the jet engines of an aircraft

OUTRIGGERS: Stabilizer devices used to improve the stability of vehicles, extending outside the

normal envelope of the vehicle.

STABILIZERS: Structural devices used to improve the stability of vehicles, applied wi

thin the envelope

of the vehicle.
STEADY-STATE WIND: A wind which produces a constant force.
VEHICLE INSTABILITY: Deflection of vehicle due to a wind force, causirng-unsafe w

VEHICLE TIP FOINT: Maximum vehicle instability where the vehielelcenter of gravity
by a wind force fo a point directly above the vehicle pivot point.

VEHICLE PIVOJr POINT: That point of the vehicle in contactwith the ground on the
the vehicle from| the side to which the wind force is applied“and furthest from the win
point.

prking conditions.

has been rotated

bpposite side of
I's application

WIND: Movemgnt of air which causes a force to.be imposed on surfaces of aircraft ground support

equipment.

WIND GUST: AJtemporary increased wind force that exceeds the steady-state wind

4. SYSTEMS WHICH PROVIDE INCREASED STABILITY:

a. Integral Vehjicle Chassis«Methods:

1. Heavy-duty springs and auxiliary overload springs - These produce a harder
increasgd side.movement stability and assist in leveling off-center loads whe
moving ¢r stationary.

orce.

Fide, but provide
N the vehicle is

2. Heavy-duty shock absorbers - These produce a harder ride but provide increased side

movement stability while the vehicle is moving.

3. Tire pressure - High tire pressure on a vehicle increases the overall stability of either a slow

moving or stationary vehicle but produces a harder ride.

4. Torsional stabilizer bar systems - These increase stability by reducing chassis movement
through a rigid bar or spring and can be applied in several areas of the chassis. These
systems do not adversely affect the ride of the vehicle as much as 1, 2, 3, and 5.



https://saenorm.com/api/?name=dd4e0a269b4642e8631ca320be162359

SAE ARP1328 Revision A

4,

(Continued):

5. Spring lockout systems - These block out the chassis springs against the axle and improve
the stationary stability of a vehicle. Spring lockouts should not be engaged while a vehicle
is moving as this produces an extra hard ride and transmits all road shocks directly into the
vehicle structure.

b. Stabilizer Jacks and Stabilizer Systems: These systems generally utilize hydraulic cylinders or
manually operated structural devices with self-leveling or fixed foot pads that press against the

ground withi assis when it is
stationary by b
used in tand

length of the

Outrigger Sy
structural dg
envelope of
farther out fi

Generally, a coinbination of some of the above mentioned/systems will be utilized to

stability and firnf
vehicle is differg

INTERLOCK S

The use of inter
personnel that v
outrigger and st
personnel. Nor
of electrical or n
should consist @
hydraulic line fa

When actuating

vehicle. Two or more can be used as required.

stems: These systems generally utilize hydraulic cylinders or manu
vices that extend self-leveling or fixed foot pads to4he ground beyon
the vehicle with heavy structural members that ate connected to the
om the chassis that these foot pads are extended, the greater the reg

ness of ride. The choice of these systems is left up to the designer
nt in design and function.

STEMS AND ACTUATION SYSTEMS:

ock and actuation systems-partially depends upon the quality and c3
Uill be operating the vehicle. It is also advisable to have interlock dev
pabilizer systems thatare depended upon for providing the safe worki
mally, hydraulic power will be used to actuate stabilizers and outrigg€
hanual meansiis possible in some cases. These outriggers and stab
f lock valves at the base of each cylinder to keep the cylinders from
lure should occur.

locking out chassis movement on the springs and tires. Usually,Stabilizer jacks are
em (one on each side of the vehicle) and placed at various key.positions along the

hlly operated

d the normal
chassis. The
istance to tipping.

gain the desired
pecause every

pabilities of the
ices on the

hg conditions for
rs, although use
lizer interlocks
retracting if a

the outrlggers or stablllzers the operator should be located in a posit

can see the foolg

ion where he/she

avoid accidents and WI|| assure the operator that the outrlggers or stablllzers are fully extended or

retracted as req

uired.

Depending on customer requirements, interlocks may be provided for any of the following functions:

a. Prevent ope

ration of lift systems until stabilizing devices are fully extended.

b. Prevent retraction of stabilizing devices until the lift system is full down or below predetermined
safe height without stabilizing devices in operation.
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5. (Continued):

c. Mechanically or electrically prevent the unit from being driven with the stabilizing devices

extended.

d. Provide visual indication, such as a flashing light, visible from the driver’s position to show that the
stabilizing devices are extended and/or retracted.

6. STANDARDIZED FORMULA FOR CALCULATING THE STEADY-STATE WIND STABILITY (TIP

POINT) FOR Al
Assumptions:

a. The formula
stability is in

b. The air dens
14.696 psi.
corrected in

c. Wind velocity in miles per hour (mph) is considered as a steady-state wind condi

blasts will al
higher effec

Standard formu

[L AIRCRAFT GROUND SUPPORT EQUIPMENT:

is applicable to the vehicle’s projected areas in its worst‘@perating ¢
volved. This generally occurs when vehicle is at full extension and id

ity is assumed to be .07528 Ib/ft3, standard temperature of 68 °F an
proportion to the density.

50 be considered as a steady-state Wind condition, however, they are
ive forces on the vehicle due to-their dynamic nature.

a for calculating tip point ofivehicle:

pndition where
unloaded.

| pressure of

If extreme temperatures and pressures must.be allowed for, the wing force should be

ion. Aircraft jet
likely to produce

Mg = My (Eq. 1)
where:
Mg = Total pverturninganoment (Ib-ft)
Mg = Total [festoring:moment (Ib-ft)
Overturning moment formula:
n
2
M, = .00252 V Eq. 2
o S sHc, (Eq. 2)
n=1
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6. (Continued):

where:
M, = Total overturning moment (Ib-ft)
V = Wind velocity (mph) (see Figure 1)
S; =Area of it element (ft®) (see Figure 1)
H; = Height from ground level of center of area of it element (ft) (see Figure 1)
C; = Shape factor of i'" element based on aspect ratio @6in Figure 2

n = Number of elements of sail area with wind Ioadinge(i‘foe., vehicle chassis, velhicle scissor lift
systeny, vehicle body, vehicle boom, etc.)

Restoring momeént formula:
= Wd (Eq. 3)
where:

Mg = Total restoring moment (Ib-ft)

W = Total weight of the vehicle (Ib)

d = Distange from the center of gravity of the vehicle to the pivot point of the vehicle (ft) as in
Figure[3. As a wind force is applied to theZside of a vehicle, the vehicle cerjter of gravity is
caused to move in the direction of the wind force. For this reason, d' shoul@ be used as
shown|in Figure 4. (The center of gravity will move due to spring deflection, tire deflection,
and stfuctural deflection.)

Since:
My = Mg (Eq. 4)
Then:
n
00252 =W (Eq. 5)
[b (si)(Hi)(ci)‘
i=1

The shape factors so obtained apply to full scale for structures with sharp edges whose principal
resistance is due to the pressure forces. For bodies that do not have any sharp edges perpendicular
to the flow, such as spheres or stream-lined bodies, the shape factor Cy is not constant. For such
bodies, the law for variation of the shape factor Cy must be determined experimentally before safe
predictions of full-scale forces can be made from model measurements. The force N normal to a flat
plate depends upon the aspect ratio A = height/(width) of the plate. Writing N = Cy, q S, the shape
factor C varies from about 1.18 to 2 as shown in Figure 2. About 70% of normal force on the plate is
due to the large underpressures existing over the rear surface.
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Variation of "shape factor” with aspect ratio for rectangular plates
perpendicular to theflow.
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