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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-govern
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| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.
sk of technical committees is to prepare International Standards. Draft Interrational Stand
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consists of the following parts, under the general title. Aircraft ground equipment — Design,
hance for towbarless towing vehicles (TLTV) interfacéd with nose-landing gear:
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Introduction

This part of ISO 20683 specifies design, testing, maintenance and associated requirements to be applied on
towbarless aircraft-towing vehicles to be used on main-line civil transport aircraft in order to ensure their
operation cannot result in damage to aircraft nose-landing gears, their steering systems, or associated aircraft
structure.

Thrpughout this part of ISO 20683, the minimum essential criteria are identified by the use of tHe key word
“shall”. Other recommended criteria are identified by the use of the key word “should”)and, while not
mandatory, are considered to be of primary importance in providing safe and serviceablg towbarlgss tractors.
Alternative solutions may be adopted only after careful consideration, extensive testing-and thorough service
evaluation have shown them to be equivalent.

© 1SO 2005 - All rights reserved \
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Aircraft ground equipment — Design, test and maintenance
for towbarless towing vehicles (TLTV) interfaced with nose-
landing gear —

Part 1:

Malain-line aircraft

1

This
gea

requirements for regional transport aircraft with a lower maximum ramp-mass are specified in ISO

isn

This
mai
that

sysfem, or reduce the certified safe life limit of the nose gear, or induce a stability problem du

pus

This
gatd

Clagise 3). Dispatch towing imposes greatef loads on nose gears and aircraft structure due to the

of s
This

NOT

2

The
refe
doc

Scope

part of ISO 20683 is applicable to towbarless towing vehicles (TLTVs)interfacing with the n
 of main-line civil transport aircraft with a maximum ramp mass ‘over 50 000 kg (110 Q

bt applicable to TLTVs which were manufactured before its date of publication.

part of ISO 20683 specifies general design requirements, testing and evaluation re
the loads induced by the tow vehicle will not exceed’ the design loads of the nose gear or
h-back and/or gate relocation or maintenance towing operations.

part of ISO 20683 specifies requirements and procedures for TLTVs intended for aircraft pus
relocation or maintenance towing only._ It is not intended to allow for dispatch (operational)

beed and additional passenger, cargo, and fuel loads.
part of ISO 20683 does not-apply to TLTVs interfacing with aircraft main landing gear.

E See also informative references in the Bibliography.

Normative-references

following ‘referenced documents are indispensable for the application of this document
rencesyonly the edition cited applies. For undated references, the latest edition of the
Limeht((including any amendments) applies.

ose-landing
00 Ib). The
20683-2. It

quirements,

htenance, calibration, documentation, records, tracing and accountability requirements in order to ensure

its steering
ring aircraft

h-back and
fowing (see
combination

For dated
referenced

IS

ISO

oYob-1, Alrcrait grounda equipment — basic requirements — Fart 1. General design requirem

6966-2, Aircraft ground equipment — Basic requirements — Part 2: Safety requirements

nts

Federal Aviation Regulations (FAR) 14 CFR Part 25, Airworthiness Standards: Transport category airplanes,
paragraphs 25.301, Loads, and 25.509, Towing loads 1)

1) FAR Part 25 constitutes U.S.A. Government transport aircraft airworthiness Regulations, and can be obtained from:
US Government Printing Office, Mail Stop SSOP, Washington DC 20402-9328, U.S.A.
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Joint Airworthiness Regulations (JAR) Part 25, Airworthiness Standards: Transport category aeroplanes,
paragraphs 25.301, Loads, 25.509, Towing loads, 25X745(d), Nose-wheel steering, and ACJ (interpretative

material) 25X745(d) 2)

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
main line a
civil passen

3.2

regional ai
civil passer
and 50 000

3.3
maximum
MRW
maximum r
maximum n
towed, com|

3.4
push-back
moving a fu

NOTE N
and release.
with a towba

3.5

maintenan
movement
maintenang

NOTE 1
32 km/h~1 (2

3.6

gate relocdtion towing

movement

NOTE i

ircraft

ger and/or freight transport aircraft with a maximum ramp mass over 50 000 kg (110 000 Ib)

reraft

ger and/or freight transport aircraft with a maximum ramp mass between 10 000’kg (22 00
kg (110 000 Ib)

f[amp mass

hmp weight

hass allowable for an aircraft type when leaving its parking pasition either under its own powsg
prising maximum structural take-off mass (MTOW) and taxiing fdel allowance

lly loaded aircraft [up to maximum ramp mass (MRW)] from the parking position to the taxiway
lovement includes pick-up, push-back with turn, a'stop, a short push or tow to align aircraft and nose wh

. Typical speed does not exceed 10 km/h=1 (6'mph).

ce towing
of an aircraft for maintenance/remote parking purposes (e.g. from the parking position
e hangar)

[he aircraft is typically. ‘uploaded with minimal fuel load [light gross weight (LGW)], with speeds u
D mph).

bf an aircraft from one parking position to an adjacent one or one in the same general area

'he”aircraft is typically unloaded with minimal fuel load (LGW), with speeds between push-back

D Ib)

ror

bels,

Engines may or may not be operating. Aircraftymovement is similar to a conventional push-back operation

and

maintenance

towing.

2) JAR Part 25 constitutes the European Governments transport aircraft airworthiness Regulations, and can be obtained
from: JAA Headquarters, Saturnusstraat 8-10, P.O. Box 3000, NL 2130 KA Hoofddorp, Netherlands.

© I1SO 2005 — Al rights reserved
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3.7

dispatch towing

operational towing

towing a revenue aircraft [loaded with passengers, fuel, and cargo up to maximum ramp mass (MRW)], from
the terminal gate/remote parking area, to a location near the active runway, or conversely

NOTE 1 The movement may cover several kilometers with speeds up to or over 32 km/h=! (20 mph), with several
starts, stops and turns. Replaces typical taxiing operations prior to takeoff or after landing.

NOTE 2  In the definitions of the towing modes, the frequency of operation has not been included. This should not be
mterpreted to mean that no I|m|tat|ons are present For I|m|tat|ons on the frequency of push -back and maintenance
' ' ' the airframe

nufacturer’s
ing (10 % to

nhufacturer’s
ks' capacity

r as not-to-

NOTE Maximum limits are established by airframe manufacturer's documentation and may be |different for
towharless ortowbar towing operations. All aircraft load limits are limit loads as defined in FAR/JAR paragraph 25.301 (a).

operatlonal limits
limits (fore and aft tractive force, torsional, or angular) which are set at a lesser value than the maximum limits
established by the airframe manufacturer

3.14

aircraft family

grouping of aircraft types or subtypes, defined by their manufacturer, for which the same maximum limits may
be applied

NOTE A family usually encompasses all sub-types of a given type, but may also include other types. Testing for one
(usually the lightest) model of the family results in towbarless towing approval for the whole family. See airframe
manufacturers towbarless towing evaluation documentation.

© 1SO 2005 — All rights reserved 3
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3.15

TLTV setting

grouping of aircraft types or sub-types, defined by the TLTV manufacturer, for which a single operational limit
setting is used

NOTE A single TLTV setting usually encompasses aircraft types or sub-types, which may be produced by different
airframe manufacturers, in a same defined MRW range.

3.16

drag load

tow force

total force ffom the tow vehicle on the NOSe gear tres in the X axis (3.17)

3.17
X axis
fore and aft|axis of the tow vehicle, parallel to the ground

3.18

oversteer
exceedenc¢ of maximum torsional load or angular limits where potential damage ‘to’ the nose-landing gear
structure or|steering system could take place

NOTE These limits are defined in the appropriate airframe manufacturer's<{documentation. Torsional load ljmits
typically occlir after exceeding angular limits, but may occur before the angular limit is reached (e.g. nose gear hydraulic
system bypags failure).

3.19
snubbing
sudden reli¢f and reapplication of acceleration/deceleration loads while TLTV and aircraft are in motion

3.20

jerking
sudden apglication of push/pull forces from a complete stop

4 Design requirements

41 Gengeral
4.1.1 TLTVs shall comply with-the applicable general requirements of ISO 6966-1.

4.1.2 Airframe manufacturers should provide information for each aircraft type which allows TLTV
manufacturgrs or airlinesto self-test or evaluate the towbarless tow vehicles themselves. Refer to the airframe
manufacturgr's documentation for evaluation requirements and detailed testing procedures, that may be
different from or additional to those contained in this part of ISO 20683.

4.1.3 TLT\/ smanufacturers should prepare and pmvidp customers or rpgulafnry agpnr‘ipe as rpquirpd with
a certificate of compliance or equivalent documentation, as evidence that successful testing and evaluation of
a specific tow vehicle/aircraft type combination has been completed in accordance with this part of ISO 20683
and/or the applicable airframe manufacturer's documentation. This certification shall allow use of the vehicle
on specifically designated aircraft model types. The certificate should be established under an appropriate
quality control program meeting the requirements of ISO 90012l or equivalent pertinent industry standard.

4.2 Pick-up and holding system

421 The TLTV’s nose-landing gear pick-up/release device should operate in a smooth and continuous
manner. Abrupt or oscillating loads during the pick-up/release sequence should not occur. It should be
designed to minimize the loads during the pick-up/release sequence. The drag loads induced during pick-
up/release should fall well below the “peak” loads experienced during a typical operation.

4 © 1SO 2005 — Al rights reserved
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4.2.2 The maximum loads induced by pick-up and release sequences shall be measured either on an
aircraft or on a fixture representative of the nose gear geometry. The vertical load on the nose gear or fixture
shall be equal to the vertical load used for fatigue justification (refer to the appropriate airframe manufacturer's
documentation). The maximum lift (height above the ground) of the nose gear shall not exceed the values

given in the airframe manufacturer's documentation if such values are provided.

4.3

4.3.

Nose wheels retention

1

The nose wheels shall be held by the vehicle in such a way that pitch-up of the aircraft shall not cause

the wheel to disengage from the pick-up device at any nose gear steering angle. A positive wheel retaining

feat

e must he prm/idpd If the nose gear is “canted” _a fnrning maneuver will cause uneven lo

ding on the

nos
con
allo

4.3.
(eg
up

extd
suff]

4.4

4.4,

TLT

4.4,

4.4,
the

ens
4.4,
and

app
auth

4.4,
and
sing

4.4,
allo
the

b gear (i.e. for an aft-canted gear, the vertical load on the inboard nose wheel will tend tgrir]
versely, the vertical load on the outboard nose wheel will tend to decrease). The retention f¢
v for uneven tire displacement without imposing additional loads on the nose gear.

"
. torque links, weight and balance sensors, tires, water spray deflector, etc.) at-all wheel stee
o the limits defined by the airframe manufacturer's documentation, andrthe full range of
nsions and tire deflections. Surface contact area between pick-up device” and tire surfacs
cient to preclude unacceptable tire loading (refer to tire manufacturer for-bearing pressure spe

Safety

1 General

Vs shall comply with the applicable safety requirements of ISO 6966-2.

2 Pick-up, release and associated loads

R.1 During the loading sequence, safety equipment shall inhibit any movement of the load
hose wheel is not properly positioned. Positive clamping and correct positioning of the nose wh
Lired.
R.2 When the positioning,pick-up/release sequence involves a relative motion between

ied or wheels properly chocked during this phase. TLTV design shall ensure that no loads
orized are applied to the ‘aircraft.

.3 In order to*avoid damage to the aircraft, the net load from all points of contact between
nose gear tires~shall be limited (on X axis) at a value lower than or equal to the operation

R.4 If\the pickup/release sequences are fully automatic, an emergency stop or deadman
v thetoperator to freeze the sequence at any time. An automatic or manual system shall allow
sequence and restore the starting position.

crease and
pature must

The geometry of the holding device shall be such that no interference with aircraft structur¢ may occur

ring angles
shock strut
should be
ifications).

ng device if
eel shall be

the vehicle

the aircraft, only the vehiclesshall be allowed to move (see 4.2). The aircraft parking brak¢ should be

higher than

the vehicle
al limit. Any

le failure of the-tow vehicle’s load limiting system shall not cause loads which exceed the maximum limits.

switch shall
reversal of

4425

system in the vehicle shall inhibit further operation if the incorrect aircraft type is selected.

4.4.3 Acceleration, deceleration and associated loads

4431

device on the TLTV shall limit the maximum static force to the safety limit as defined in 4.4.3.2 a).

4.43.2

The vehicle’s maximum pulling and braking forces shall be limited to the maximum

If aircraft type selection is necessary prior to the pickup or towing/push-back sequence, a safety

If towing is attempted while aircraft brakes are applied or wheel chocks are in place, a safety

permissible

nose-landing gear loads of the aircraft (see airframe manufacturer's documentation and FAR/JAR
paragraph 25.509). One or two limiters may be used:

© I1SO 2005 — All rights reserved
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a) a primary maximum load limiter, designed to the maximum load limits specified by the airframe
manufacturer, shall be installed to limit the loads applied to the nose gear during all operations. It shall not
be possible to override the limiter. Any activation of the maximum load limiter constitutes a recordable

event;

b) a secondary operational load limiter, designed to lower operational loads, may be installed. If installed,
whenever operational limits during acceleration or deceleration are exceeded, a safety system shall
inhibit the further loading effort of the vehicle (engine back to idle or gear box to neutral without braking of
the vehicle). The safety system shall allow resetting only when the vehicle is stopped. No record of the
event is necessary.

4433 Control of the loads may be based either on a limitation of the acceleration/deceleration or ¢n a

limitation the tow force/brake force. It may also be possible to control tow forces by controjling

acceleration/deceleration.

4.4.4 Emergency braking

If an emerg
not exceed
Emergency,

4.4.5 Ovdrsteer limits

4451

performed ¢n the aircraft.

4.45.2

protection s
then testing
the TLTV 1

ency braking system is incorporated or installed in the TLTV, the braking orqdecelerating load s
the maximum allowable nose-landing gear limits, but it may exceed\the operational lin
braking activation shall be well-protected against inadvertent triggering:

Oversteer angular and torsional limits shall not be exceeded. Oversteer testing should no

For European registered or operated aircraft, the JAA’[JAR 25X745(d)] require oversteer ale
ystems on the aircraft or the TLTV (see 4.4.6). If,a~TLTV is designed to meet JAR requiremsg
to demonstrate vehicle oversteer limit alerting-or protection functionality should be performe
nanufacturer in a suitable test facility or rig\*TLTV manufacturers or airplane operators sh

hall
hits.

t be

rt or
nts,
1 by
buld

consult with the airframe manufacturer or local aviation regulatory authorities, as appropriate, for curfrent

regulation s

4.4.5.3

manufactur
Airframe m
towbarless

4.4.6 Ovdrsteer alerting and/or protection

tatus.

The maximum steering angle ‘for conventional towbar towing, as listed in the airfr
br's documentation, is applicable for nose gear towbarless towing, unless otherwise nd
pnufacturers may establish-~different maximum steering limits between conventional towbar
owing due to the absence of'shear protection provided by traditional towbar connections.

hme
ted.
and

4.46.1 The tractor shall be equipped with a fail-safe oversteer alerting/indication or protection sygtem

that

a) activatgs an_if=cab (red) warning light and audible alarm to indicate the maximum safety limit has Heen
reachef, and

b) requireS a Specific recordable action t0 complete the push-back/iowing operation, In order to make it
unmistakable to the tow vehicle driver that an inspection of the nose-landing gear by an authorized
engineer must be initiated.

4.4.6.2 In addition, it is desirable that the device activate an in-cab (amber) warning light and audible

signal to indicate an operational limit has been reached. The oversteer indication system shall allow sufficient

time for the tow vehicle operator to take appropriate action to avoid reaching a safety limit.
44.6.3 The system shall be automatically activated when the airplane is coupled to the tow vehicle.
446.4 The oversteer indication and/or protection system shall be designed to protect the range of

aircraft types that can be handled by the tow vehicle. Oversteer is defined as exceeding maximum allowable
steering angle or torsional load.

© I1SO 2005 — Al rights reserved
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6.5 An optional system may provide a structural fuse (or other reliable load-limiting system) on the
tow vehicle which will prevent the application of torsional loads on the nose-landing gear that exceed the
airframe manufacturer’s specified maximum limit.

Testing operations

1 Snubbing and jerking

Snubbing and jerking effects or movements should be avoided during testing.

4.5,

Vibrations

If sgvere or abnormal vibrations occur, testing should be discontinued and the cause determined.

4.5,

3 Aircraft braking

Thel aircraft brakes should not be used while the aircraft is being towed by a TLTV, except in an

situ

loads and may result in structural damage and/or nose gear collapse. For’these reasons, it is red

that

or airframe manufacturer’'s maintenance manual and operational procedures shall be complied with.

airlines take appropriate steps to preclude aircraft braking during normal towbarless towing. T

emergency

ption. Aircraft braking, while the aircraft is under tow, may result in loads~exceeding the aircraft's design

ommended
he carrier’s

4.5 Stability

4541 Attention shall be paid to aircraft stability. Stability may be affected by aircraft type, mass, center
of gravity location, weather condition, runway roughness-and slope. Stability shall be demonstrated by tests in
accprdance with the airframe manufacturer's documentation.

454.2 The testing shall be conducted under\maximum speed capability of the vehicle.

454.3 If a lateral instability is detected, a margin of 5 km/h~1 (3 mph) shall be maintained hetween the
spepd at the beginning of instability andthe' maximum towing speed.

4.54.4 With minimal static_lead on the nose-landing gear sufficient to move the airplane, no pitch
oscfllation of the aircraft shall oceur, such that it would extend the shock absorber beyond the allpwable strut

extgnsion in the ground mode.

4.54.5 Proper operational procedures shall be defined and followed to ensure vehicle a
stahility.
4.6] Nose gear'steering angle limit

Thel maximum steering angle for conventional towbar towing, as specified in the airframe ma

doc

4.7

Liméntation, is applicable for nose gear towbarless towing, unless otherwise noted.

nd airplane

nufacturer's

Vehicle classification

The TLTV model shall be classified according to its intended use, and tested accordingly, as either:

a)
b)

c)

©IS

category I: push-back only; or
category Il: maintenance towing only; or

category lll: both push-back and maintenance.

O 2005 — All rights reserved


https://standardsiso.com/api/?name=ef5c33992f1c2cd4c77089063f04bc0c

ISO 20683-1:2005(E)

4.8 Placarding

Limitations and warnings imposed by all conditions shall be placarded in a location readily visible to the tow
vehicle driver, including but not necessarily limited to

a) classification category defined in 4.7,
b) types of aircraft the TLTV is qualified for (by TLTV setting if applicable),

¢) maximum allowable speed, and

d) maximpm allowable towing angle, etc.

5 Testing requirements

5.1 Gengral
5.1.1 Nofltesting with an aircraft shall be performed if any requirement in Clause 4 is.not met.

5.1.2 In ¢ase of a vehicle for which only partial qualification is required (e:g. push-back only), the tests
performed ghall be appropriate to its category classification in 4.7.

5.1.3 Dynamic numeric simulation may be used instead of the specified tests, unless prohibited by airframe
manufacturgr's documentation, and providing it guarantees at leastequivalent results reliability.

5.2 Test|ng objectives

a) To mepsure the maximum values of the loads introduced into the airframe during extreme conditipns,
such a$ maximum acceleration and braking.

b) To verffy that potential oversteer does not.exceed the airframe manufacturer’s specified limits. Alsp to
verify/demonstrate the capability of the TLTV to recognize steering angle or torsional load limits and to
alert the vehicle operator accordingly. However, because of the potential for damage, no actual tegting
with an| aircraft shall be performed for-oversteer indication or protection calibration.

c) To verlfy the stability of the tow~vehicle/aircraft combination throughout the total range of operatipnal
speeds.

d) To evduate the fatigué“loads introduced into the airframe by normal utilization of the vehicle during| the
specifi¢ category of @perations for which qualification is intended.

5.3 Aircraft configuration

5.3.1 Befpfeyany calibration or testing is accomplished, all landing gear must be properly serviced as
defined by theairframe manufacturer' s nstructions.

5.3.2 Aircraft masses, light and heavy gross masses and center of gravity position for testing shall be in
accordance with the requirements in the calibration and test requirements (see 5.4 and 5.5) and the airframe
manufacturer's documentation. The airframe manufacturer should be consulted for any deviation from
documented weights.

5.3.3 The aircraft shall be in the correct towing configuration as defined by the airfframe manufacturer’s
maintenance and operational documentation.

8 © 1SO 2005 — Al rights reserved
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5.4

5.4.1

5411

Cali

5.4.1.2

ISO 20683

Calibration

General

Tests may be performed with an instrumented aircraft or an instrumented towi
bration of both are discussed in 5.5.1 for restrictions in the use of instrumented vehicles.

To measure fore and aft tow loads on the nose-landing gear, strain gauges shall be

-1:2005(E)

ng vehicle.

installed at

the specified nose gear locations (drag brace, torque arm, or other components). Calibration of the strain
gauges is accomplished by pushing and pulling the nose gear with known tow loads.

5.4.
veh

5.4.

tow
cali

5.4.
5.4.
The
(X-2
cali
5.4.
a)

b)

c)

2.3

xis) is plotted against the known tow load input (Y-axis) (seelFigures 1 and 2). The slope of th
bration factor.

.2 Instrumentation

Nose gear measured output in microstrain;
calibrated input tow load (kN);

both the strain gauges and strain gatige circuits must be temperature-compensating. Other cg
requirements such as bending of the drag brace/torque link may be specified by the aircraft m
Selection of strain gauges, bonding material, gauge protection, etc., should take into account
material being gauged andany possible adverse conditions that could occur during testing.
Calibration

Calibration tests‘may be accomplished at the “light” and “heavy” reference test weights for th
aircraft modelybging tested, to be specified by the airframe manufacturer. However, if calibra
done at only.6ne weight, the heavy gross weight (HGW) must be used in order to be conserva
calibration shall be performed with the aircraft and wheels placed on a level and smooth surfa

immediately prior to calibration testing, the nose gear strut extension shall be recorded;

1.3 To measure fore/aft and torsional tow loads on the TLTV, strain gauges shall_be|installed at
cle locations specified by the vehicle manufacturer and shall be calibrated to a known tow-lead|input.

1.4 Once the strain gauges have been calibrated, the aircraft can be towed with ‘the TYTV and the
loads can be determined directly from the strain measurements. The following procedure outlines how to
brate the strain gauges.

R Aircraft calibration

R.1 General

calibration test shall be performed with known tow/torsionaldoads. Using an X-Y plotter, the| microstrain

e line is the

mpensating
Anufacturer.
the type of

e particular
ion is to be
tive;

re;

all calibration tests shall be performed with all main gear tires chocked and aircraft parking bra

using the known tow load input, the aircraft shall be pushed and pulled while plotting micros
tow load. Two push/pull tests shall be performed at 0° nose gear steering angle;

ke set;

train versus

for 0° nose gear steering angle, the calibration load shall be from 10 % to approximately 50 % but not to
exceed 75 % of the aircraft limit tow load as specified by the airframe manufacturer. If main gear tire

slipping or skidding occurs, the calibration is not valid and must be repeated;
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the calibration plots must be linear. If the two calibration plots at 0° steering angle differ by more than 5 %,
appropriate action should be taken to improve measurement repeatability. If any non-linearities exist in
the calibration plots, appropriate adjustments to the test instruments should be made;

if the criteria through 5.4.2.3 g) above are satisfied, the relevant calibration factor may be used to convert
strain gauge measurements directly to tow load during towbarless vehicle testing.

3

3

N ")

5:}3 L o

i i
Al 2 + -

090 Yy 5
A3 A4

10 @

digital recording instrument
force input

X-Y recqrder

tow force
drag brafe strain

drag brafe bridge circuit
drag brafe

nose gear structure
conventipnal towbar
forward
steering jangle input

strain input

calibrated test towbar transducer

Y input.
Xinput.

Figure 1 — Example of tow load calibration
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5.43 TLTV calibration

5.4.3.1 General

10

20

30

40
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10

Fiigure 2 — Example of calibration test results (load history example and velocity history ¢xample)

The| calibration test shall be performed with a known tow/torsional load. Using an X-Y plotter, thel microstrain
(X-gxis)\is plotted against the known tow load input (Y-axis) (see Figure 2). The slope of thig line is the
calipration factor.

5.4.3.2 Instrumentation

The instrumentation requirements are to be specified by the vehicle manufacturer and shall be in accordance
with current state-of-the-art techniques.

5.4.3.3 Calibration
a) The calibration procedure shall be specified in writing by the tow vehicle manufacturer.

b) The calibration loads shall include loads from 10 % to 50 % of the aircraft limit load for which the aircraft
qualification is requested, as specified by the airframe manufacturer.
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c)

considered during calibration.

d)

Influence of vertical and side loads, as defined by the airframe manufacturer’s documentation, shall be

The calibration plots must be linear. If the two calibration plots differ by more than 5 %, appropriate action

should be taken to improve measurements’ repeatability. If any non-linearities exist in the calibration plots,

approp

e)

riate adjustments to the test instruments should be made.

gauge measurements directly to tow load during towbarless vehicle testing.

5.4.4 Oversteering calibration

If the criteria through 5.4.3.3 d) are satisfied, the relevant calibration factor may be used to convert strain

Calibration jof TLTV oversteer detection systems, either angular or torsional load, shall be accomplished

suitable tedt facility by the vehicle manufacturer. Calibration shall not be performed on in-service air

because of|potential risk of damage to nose-landing gears or aircraft structure. Maximum allowable limits

determined|by the airframe manufacturer’'s documentation.

5.5 Test|procedure

5.5.1 General

5.5.1.1 Prior to the tests

a) a check shall be performed on the clearances between any part of the aircraft and tow vehicle struc
parts ap described in 4.3.2;

b) instrumentation should be in a serviceable condition and all items should have a valid calibra
certificate.

5.5.1.2 Tests may be performed with an instrumented aircraft and/or an instrumented towing veh

Towing load measurements on the vehicle are restricted to cases where accurate tow load measurements

possible (e.
5.5.1.3

towing tests
gravity of th

5.5.1.4
airframe m4

5.5.1.5

g. where pick-up device geometry allows accurate measurements).

Once calibration of the nose gear or tow vehicle strain gauges is accomplished, towbar
can be performed and tow leads can be measured directly. For any change in weight or cents
e aircraft, the instrumentation)should be “zeroed” just prior to testing.

During testing, the_steering angle should not exceed steering angle limits specified by
nufacturer.

All tests shallbe’performed on typical airport taxiways.

5.5.2 Data recording

5.5.2.1

During testing, the following data shall be recorded on a time-history chart (see exampl

Figure 2):

in a
craft
are

ural

tion

cle.
are

less
er of

the

in

a)
b) towing
c)
5.5.2.2
55.2.3

a) aircraft

12

calibrated nose gear drag loads in units of force (kN) (Y’-axis of chart);

speed (km/h=1) (Y’-axis of chart);

time (s) (X-axis of chart).

Data should be recorded analogically or at a minimum sampling rate of 30 samples/s (i.e. 30 Hz).

The following data should be recorded prior to commencement of the tests:

gross mass;
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b)

c)

d)

e)
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aircraft center of gravity location;

strut extension for all landing gear, for each gross mass tested (not applicable to in-service fatigue

evaluation trials);

runway surface conditions during testing (e.g. dry runway, 24 °C (75 °F), etc.) (not applicable to in-service

fatigue evaluation trials);

aircraft model and serial number.

6.1

6.1.

c)

6.2

6.2.

Evaluation

Evaluation criteria

1 Tests shall be performed in order to evaluate the following conditions:
normal condition testing;

stability testing;

extreme condition testing.

.2 In order to minimize testing cost, complexity and durationiwhile gathering all of the requireq

testing should preferably use test rigs simulating the aircraft interface whenever possible
oversteering testing);

trials should preferably be performed during in-service aircraft handling operations.

Normal condition testing

1  Testing methods

mal condition tests_shall be performed according to the intended use and classification of the
ntenance towing@nd/or only push-back), and may be performed in either of two ways:

by means of in-service trials; or

by means’of dedicated trials specifically meant for the evaluation.

R"Tests number

the defined testing program shall be appropriate to the intended vehicle classification (see 4.7};

| data

(e.g. static

testing), and shall use such devices whenevéf) necessary to avoid a risk of damaging the aircraft (e.g.

tow vehicle

The number of tests should be specified by the airframe manufacturer. If no specific number of tests is
required, the numbers specified in 6.2.3 through 6.2.5 shall apply.

6.2.3 Push-back

A total of 30 push-backs shall be performed with three different tow vehicle drivers (10 trials each), as follows:

a) The push-back maneuvers shall consist of an aft tow, with turn, and a short push or tow to align the nose

gear parallel to the taxiway.

© I1SO 2005 — All rights reserved
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b) Each push-back should be performed either under operational flight departure conditions or in a manner
that simulates typical in-service push-back conditions (i.e. typical speed, starts, stops, turns, distance,
etc.) as judged by each driver:

c) The push-back tests shall be performed either under operational flight departure conditions or at the
reference heavy gross weight defined with the manufacturer.

d) Half the push-back tests shall be performed with aircraft engines on at idle thrust. The other tests shall be
performed with aircraft engines off. Alternately, the tests with engines on may be replaced by adding the
known engines idle thrust to the towing loads recorded during the tests without engines: in this case, a
total of 15 push-backs only is necessary.

e) Aircraff gross masses, the number of drivers and engines off and on status shall be recorded.

6.2.4 Maiptenance towing

A total of 12 maintenance towings shall be performed with three different tow vehicle_drivers, each dfiver
performing four trials, as follows:

a) Each mpaintenance towing shall include four intermediate stops.

b) It shall either be conducted under operational maintenance towing ‘conditions or simulate typical
maintehance conditions (typical speed, turns and distance).

c) Approximately 80 % of the loaded towing vehicle maximum speed shall be reached and stabiljzed
betwegn each stop.

d) The trigls shall be performed either under the operational-maintenance towing weights encounterefl or
under the reference weights defined with the airframe-manufacturer. In either case, qualification of| the
tractor shall be limited to the highest weight effectively-tested.

6.2.5 Pick-up and release

A total of 20 pick-up and releases shall be ‘performed at the same weights used for either push-back or
maintenange towing according to intended use and classification (see 4.7) of the tow vehicle. Should| the
operation npt be fully automatic, three-different drivers shall perform the test. In case of in-service trial,|[this
phase may |be included as part of the push-back and/or maintenance towing tests.

6.3 Stabjlity testing

6.3.1 These tests are toensure TLTV-aircraft stability over the velocity range capability of the vehicle during
typical runway conditiofis-and towing operations.

6.3.2 The tests_shall be performed under aircraft reference light gross weight (LGW) and the maximum
speed attainable by the aircraft and tow vehicle assembly.

6.3.3 Two trials under these conditions shall be performed, and their results recorded. For each test, the
required speed shall be attained, and maintained for a minimum of 20 s.

6.3.4 For the range of speeds thus tested, the TLTV should not induce oscillation or vibration loads on the
nose gear. The tow vehicle must also demonstrate stability over the vehicle's full operational range, including
starts, stops and turns. For safety purposes, turns may be at less than the defined test speed. If either the
data or the vehicle driver indicates instabilities or oscillatory loads, the tow vehicle's maximum speed should
be limited to a speed that is at least 5 km/h~1 (i.e. 3 mph) below the speed at which the instability was
detected.
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6.4 Extreme condition testing

6.4.1 Testing methods

Extreme condition tests shall be performed according to the intended use and classification of the tow vehicle
(maintenance and/or only push-back), and include

a) static testing and

b) loads measurement and assessment during maximum towbarless tow vehicle acceleration and braking.

6.4.2 Static load tests
Four static load tests shall be performed as follows:
a) | With the aircraft/tow vehicle stopped on the taxiway, apply full aircraft brakes.

b) |Keeping the aircraft brakes on, progressively and quickly apply full vehicle power. Maintain maximum
vehicle power for 5 s. Repeat two push and two pull tests for a total of four)trials.

c) |The trials can be conducted at either the light or heavy gross weight. The test should be conducted with
dry conditions to prevent abnormal sliding of the aircraft or spinding of the vehicle wheels.

If the subject TLTV and overload limiter devices have never beén tested before, it is highly recommended to
perform these tests with a simulated aircraft interface test rig.

6.43 Maximum acceleration and braking
Maximum accelerations and braking tests shall bé.a¢complished as follows:

a) |From a dead stop, use maximum power of the tow vehicle to accelerate until the desired velocity is
reached.

b) |Once the target velocity is reached, maintain that velocity until the tow vehicle and aircraft stapilize. Once
stabilized, apply tow vehicle smaximum braking until the aircraft comes to a complete stop.

c) |Perform the push tests similar to the pull tests, except push the aircraft aft instead of pulling the aircraft
forward. The braking ‘and acceleration procedures are the same for the push tests.

d) |Acceleration and-braking tests are designed to check the vehicle's full capability. Therefpre, drivers
should applythe’brakes as hard as possible and accelerate as quickly as possible.

e) | Table 1-outlines the acceleration/braking trials and sequence.
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Table 1 — Acceleration/braking trials and sequence

6.5 Over

No testing ¢
This precay
testing sho

model for which the TLTV is intended to be used. However, if the TLTV oversteer‘limits are appreciably Iq

than the m
these lower

7 Maintenance

71

711
calibration
ensure prof]

7.1.2 Thq
event of fa
aircraft's ng
the TLTV m
is designed

713 Ins

Geneéral

This

Direction Heavy gross weight Heavy gross
Pull weight
Push
Velocity 5 10 20 max 5 10
km/h=1 (mph)|  (3) (6) (12) (3) (6)
Number of 2 2 2 2 2 2
trials
Test 1 2 3 4 1 2
sequence

steer testing

f the TLTV oversteer indication and protection system shall be performed on an’in-service airg
tion is to preclude any possible damage to the nose-landing structure or steering system.
ild be accomplished with a suitable ground testing device representative of the specific air

pximum limits specified by the airframe manufacturer, then confirmation or confidence check
limits may be performed with an in-service aircraft.

Clause covers the special requirements and procedures for inspection, maintenance
bf TLTV tractive force and steering proteetion systems or alerting devices, where necessar
ection of the aircraft.

TLTV aircraft NLG tractive force and steering protection systems or alerting devices which, in
lure or malfunction, would as a,consequence of failure not preclude potential damage to
se-landing gear and its steering system, shall be inspected, maintained, tested and calibrate
anufacturer’s requirements\for its classification on all the designated aircraft types which the T
to handle.

TLTV's prot

714 The

each TLTV's a|rcraft NLG protection systems or alertlng devices inspection, mamtenance and callbratlon in
maintained files to be made available for review and audit by the aircraft airworthiness regulatory authorities
when requested.

7.1.6
the controlli

pection, maintenance-and calibration schedules, any special tools and training requirements fo
ection systems,or alerting devices must be available.

TLTV's aireraft NLG protection systems or alerting devices shall be inspected, maintained
accordance with the requirements of this part of 1ISO 20683 and the TLTV manufactu
manuals and schedules.

raft.

Such

craft
wer
s of

and
y to

the
the
d to
L TV

the

ng aircraft airworthiness regulatory authority.

7.2 Maintenance manual

7.21

Records should be kept for a minimum period of two years or in accordance with the requirements of

The TLTV manufacturer's maintenance manual shall incorporate a separate section covering the

inspection, maintenance and calibration of the TLTV aircraft NLG steering and tractive force protection

systems or

16

alerting devices. The maintenance manual shall be in accordance with 7.2.2 to 7.2.8.
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