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A/IC
ATC
Capt
CMRDI
CRM
CPL
DIR AAI
ECAA
FDS
FAA
ICAO
MCA
(MCA- AAI)
MPD
NTRA
TEMA
TSN
uTC

Aircraft

Air Traffic Control

Captain

Central Metallurgical R& D Institute

Crew Resource Management

Commercial Pilot License

Directorate Aircraft Accident Investigation
Egyptian Civil Aviation Authority

Fast Deflection System

Federal Aviation Administration

International Civil Aviation Organization

Ministry of Civil Aviation

Ministry of Civil Aviation, Aircrafts Accidents Investigation
Maintenance Planning Data

National Telecommunication Regulatory Authority
Tubular Exchangers Manufacturers Association
Time since New

Universal Time Coordinate
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ID/NO: SSEOO44

MANUFACTRER: AUTO DIESEL EDGHILL LIMITED
AIRCRAFT TYPE: A320/A321
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CUSTOMER SERVICES DIRECTORATE AIRBUS I
1 ROND POINT MAURICE BELLONTE >
31707 BLAGNAC CEDEX FRANCE
TELEPHONE + 33 (0)5 61 93 33 33

TELEX AIRBU 530526F SERVICE INFORMATION LETTER

SUBJECT: ‘ TOWBAR TOWING REQUIREMENT

ATA CHAPTER: ATA 09

AIRCRAFT TYPE: ALL

APPLICABILITY: ALL A300, A300-600, A310, A318, A319, A320, A321, A330, A340,
A380

1. REASON:

This SIL is issued to rapidly advise operators on the towbar tractor mass requirements
in order to move an A/C and gives operators the design guidelines for towbars.

The information contained in this SIL will be included in Airplane Characteristics for
Airport Planning (ACAP), Aircraft Maintenance Manual (AMM) and Maintenance Facility
Planning (MFP) documents at their next possible revisions.

SIL NUMBER: 09-003
PAGE: 1of 10
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M= Fshear *L -> Fshear =M/L

Mshear = Fshear * Lshear > Mshear = (M / L) * Lsnear
Mshear =F/2* D2 (Mshear < M)

D2'= (2 * Mshear) I F =» D2 = (2 *M* Lshear) / (F * L)

The table hereafter summarizes the two possibilities for all the Airbus aircraft for a towbar of
length is Lghear/L = 0.90. i

AIC Family F [daN] | M [m*daN] | D1 [mm] | D2 [mm]
A300/A310/A300-600 | 15120 * 1750 104.2 222.2
A318/A319/A320/A321 | 9425 826 789 168.3
A330/A340/-200/-300 | 28620 3130 98.4 210.0
A340-500/-600 40400 4800 106.9 2281
A380 62000 4800 69.7 148.6
2 The A300/A310/A300-600 family of aircraft has different tow limit loads for the different

types (from 15120 daN up to 16555 daN). The values presented above (minima) are
therefore valid for all aircraft of this family.
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L
’ Lshear
F /r'_—é;ﬁ
A ——— e T
J_L 3 5
N =
Fonear i

¢ F shear

Oversized hole
wrt retention bol /"};\

- w(
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SERVICE INFORMATION LETTER
5. SHEAR PIN CALCULATION

There is a variety of shear pin arrangements and the values of the shear pins depend on them.
We hereafter show two arrahgements classically used on towbars.

* Fshear

Longhole blocking
|ateral movements

Locking/Unlocking handle

-
11 7777 LA
izl AN A
J
Holes for spare shear pins D1 Shews e
M
&
M= Fshear *L 2> Fshear =M/ L
Mshear = Fsnear * Lshear > Mghear = (M/L) * Lshear
Mshear = F * D1 (Mshear < M)
D1 = (MIL) * Lshear/ F 9 D1 = (M * Lshear) l (F*L)
SIL NUMBER: 09-003
PAGE: 8 of 10
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Figure 4 : A380
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Figure 3 : A340-500/-600

[l wbam oy

0eC ¢S+ 0l S0

0Lz
oLe
0s¢

06€

[%] edojs 3|p!1 1e sauibua Jo oN [3] yBrapn 101081

NEpE'9/8 Isnuy] auibug T
Z :8d 40} uo sauibuz jo #

14 € 4 L 0 08 0L 09 0s oy 0g 0z oL 0

- 0L

g e
[ ung szeqmeag

w
o~

- 0

S€

_ %9 9ouelsISay Aemeseaig

_ GO0=WSD| = we 20 =WMOUS PIBH: = mem 1G°0 = W DJRIOUOD oM e wme 8°0 = W 8)2I0U0D) Ai(] e

sjuswalinbay Buimo | punois x19-0veY

09-003

SIL NUMBER:

60of 10

PAGE:

Mar 20/2008

DATE:

REVISION:

Y¢



AIRBUS @

SERVICE INFORMATION LE TTER
Figure 2 : A330-200 / -300 and A340-200/-300
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Figure 1 : A318 / A319 / A320 / A321
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SERVICE INFORMATION LETTER
4, DETERMINATION OF THE TOWING REQUIREMENTS

The towing requirements depend on the following physical characteristics:

- breakaway resistance on even ground
- increased breakaway resistance due to siope
- engine thrust resistance with number of engines at idle for push-back

— aircraft weight

The towing requirements are obtained in the following steps:

- choose the comect aircraft type and engine variant

- on the right hand side of the graph, choose aircraft ramp weight

- from this point draw a parallel line to the required slope percentage

- from the point obtained draw a straight herizontal line until No of engines at idle = 4

- from this point draw a parallel line to the requested number of engines

- from this point draw a straight horizontal line to the drawbar pull axis

- the y-coordinate obtained is the necessary drawbar pull for the tractor

- search the intersection with the "wet concrete” line. The oblalned x-coordinate is
the recommended minimum tractor weight.

The table hereafter gives the towing requirements per aircraft type for the engine having the
biggest idle thrust and hence valid for ali aircraft engine versions,

A/C type P'{'S;;grﬁrﬂf Engine | 1 oFTan] | atposh bk | Retetomo (41 | Plly | Werght (]
A318 68.4 PW 616 1 6 6. 10.7
A319 76.9 IAE 525 1 6 6.7 117
A320 78.4 IAE 525 1 6 68 | 119
A321 93.4 IAE 525 i 6 8.0 14.0
A330200 | 2339 | RR 1500 1 6 198 | 347 |
A330-300 | 2339 RR 1500 1 6 198 | 847
A340200 | 2759 | CFMi 500 2 6 23.1 405
A340:300 | 2674 | CFMI so0 | 2 6 232 | 407
A340-500 | 3812 RR 876.3 2 6 323 | 566 |
A340-600 | 3812 RR 876.3 2 6 323 | 566
(A380-800 | 571 RR 17793 | 2 4 379 | 665

Above values are calculated taking into account 2% of slope on the apron.

On the following pages we give one example per aircraft family. A complete Excel™ folder for all
aircraft types can be obtained on request to carsten.frings@airbus.com.
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SERVICE INFORMATION LETTER
RECOMMENDATION:

A e e

The use of a towbar and a towbar tractor is authorised only for classical towing operations,
i.e. pushback and mdintenance towing.

The use of tractors (towbar or towbarless) for towing an aircraft to a dispatch area close to

runway threshold usually referred to as “dispatch towing or operational towing” is not
authorised.

BACKGROUND:

=Lai AR e

The incorrect use of a towbar tractor can result in severe aircraft damage. The aim of this

SIL is to provide to the operator a mean to easily determine the necessary towbar tractor
weight.

The aircraft towbar shall respect the following norms:

SAE AS 1614, “Main Line Aircraft Tow Bar Attach Fitting Interface”’,

= SAE ARP1915 Revision C, “Aircraft Tow Bar’,
= ISO 8267-1, “Aircraft - Tow bar attachment fitting - Interface requirements - Part 1:
Main line aircraft’,
. 1SO 9667, “Aircraft ground support equipment - Tow bars’
Ll |1/_\TPE) P‘:irport Handling Manual AHM 958, “Functional Specification for an Aircaft
owbar”

The aircraft towbar shall respect interface requirements and shear pin values as given in
Maintenance Facility Planning document chapter 2-10.

Guidelines for shear pin layout are given in chapter 5.

The aircraft towbar should also contain a damping device in order to reduce shock loads
and to avoid unnecessary actuation of the shear device.

Towbar towing operations should be performed as defined in the Aircraft Maintenance
Manual — chapter 09.
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CENTRAL METALLURGICAL RESEARCH
AND DEVELOPMENT INSTITUTE,

El

IR
CMRODI

~ Report on ~

Metallurgical and Mechanical Investigations
on connecting arm of Push-back-tractor No. 47
belonged to Egyptair company for maintenance and technical support

The report is submitted to Central directorate of aircraft accident investigation,
Ministry of civil aviation, Egypt

Introduction .
A crash accident has been happened on September 17, 2012, between the
NILEAIR company aircraft (SU-BQC) model A320 and the Push-back-tractor No.
47, which is belonged to Egyptair company for maintenance and technical support,
on the land of Cairo airport.

Materials under investigation

A technical visit of a representative research team from CMRDI of Egypt was
executed on October, 2, 2012, to have a look and data collection. The following
metallic parts were subjected to metallurgical and mechanical investigation as
request of the Central directorate of aircraft accident investigation:

# | Item P/N
1 Two bar 446-2
2 Forward shear pin D615-451-04-009
3 After shear pin D615-451-04-012
Reference sample of a damaged after
X . XX
shear pin

Analysis, Testing, and investigations
1. Suitable samples representing all the previous items have been subjected to
chemical analysis, hardn§§s testing and microstructure investigation.
: 0 y ;
2. Specimens from the two bar (item #1) was mechanically prepared and

———

subjected to tensile testing.

]
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CENTRAL METALLURGICAL RESEARCH
AND DEVELOPMENT INSTITUTE,
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Resillts and Comments
Two bar (Item #1)

1.1. Chemical Analysis
The following table represents the chemical composition of the received two bar

item#1:
Element | Si Fe Cu Mn Mg Al

Wt., % 0.918 0.395 0.032 0.511 0.735 97.35
The present chemical composition emphasizes that the material under analysis is
Al- alloy series 6000 near to the specifications of grade 6351 (AISiMg0.5Mn).

1.2. Tensile Testing S ‘

> Suitable strips were taken from the main tube in the longitudinal direction
for tensile specimens preparation. ,

> Tensile test specimens were machined with 12.35 mm width, 6.7 mm
thickness and 50.0 mm gage length in accordance with ASTM
specifications.

» Coolant was used during machining and cutting.

» The test has been carried out in the room temperature at 10 mm/min cross
head speed in accordance with ASTM specifications.

Tensile Test Results
The following table presents the results and average values:
Specimen YTS, MPa UTS, MPa e %
1-1 149.96 197.28 16.2
1-2 145.34 191.68 13.6
. 1-33 145.38 194.88 12.6
Average 146.89 194.61 14.33

> The tensile test results are referring to _a temper T54 (as-extruded)

1.3. Comments
> The two bar is a seamless extruded tube (20.6 cm outer diameter and 6.7 mm

wall thickness)
» It is processed of Al- alloy series 6000 with grade 6351 (A1SiMg0.5Mn).
» Mechanical properties are referring to a temper T54 (as-extruded condition)

2
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-4, Assessment of aircraft crash velocity

Area of the tube, A= D, t=3.14 * (206 - 6.7) * 6.7
' = 4193 mm*

Yield strength (o, ) = 147 MPa
Min. force needed for permanent deformation of tube = (147/9.81)*4193 = 62831

Kgf .

The arm (span) of the torque =417 cm
Min. required Torque to bend the tube
=62831*4170 = 262005270 kgf.mm = 262 ton.m

» Assuming that tube bending was done by the kinetic energy exerted by the

movement of the aircraft.
> Assuming that the weight of aircraft = 90 ton = 90000 kgf
Mass of aircraft =90000/9.81 =9174 Kg

Torque exerted by aircraft = (1/2)*9174*V?
Min. velocity needed for tube bending (V)
= [2%262005270/9174] = 239 mm/sec = 24 cm/sec = 14.4 m/min

2. Forward and after shear pin (Items #2 and 3)

2.1. Chemical composition _
Chemical Composition of forward shear pin (item #2)

Element C Si Mn P S Cr Mo Al Cu
wt, % 0.36 0.30 1.68 | 0.017 | 0.027 | 0.28 0.25 | 0.048 0.20

Chemical Composition of after shear pin (item #3)

Element| C Si Mn P S Cr Mo Al Cu
wt. % | 0.41 0.35 1.62 | 0.031 | 0.007 | 0.19 0.24 | 0.063 0.21

Comments

The chemical composition of both forward shear pen (Item # 2) and after shear pen
(Item # 3) coincide with the analysis of heat treatable low alloyed-medium carbon
structural and constructional steels. The steel satisfies grad No.83160 (L40GM)
according to the Poland specifications .

3
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2.2. Hardness results

e Forward shear pin (Item #2

Reading # 1 Z 3 4 5 6 Mean
value
Hardness, 30.6 33 31.5 33.7 33.2 313 32.22
HRc
o After shear pin (Item #3)
Reading # 1 2 3 4 5 Mean
value
Hardness, 27 28 27 29 28 27.8
HRc

¢ Reference sample of a broken after shear pin (Item #x)

Reading # 1 2 3 4 .- 6 Mean
value
Hardness, 25 27 27.6 b 28.3 28 27.27
HRc¢
Comments

Hardness is considered as a good and quick non-destructive measure for the
mechanical properties, where it reflects the constituents of the microstructure. It is
clearly noticed that forward shear pin is harder than after shear pin, which reflects
higher brittleness of the forward shear pin than the after shear pin. Consequently,
forward shear pin is assumed to break first after any sudden impact shear.

On the other hand, both the after shear pin (item #3) and the reference sample one
(item #X) have almost the same hardness.

However, the pins (items2&3) where not broken during the crash accident because,
they supposed to damage after impact shear action which was not the case during
the crash accident (pulling).

4
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CENTRAL METALLURGICAL RESEARCH
AND DEVELOPMENT INSTITUTE,

2.3. Microstructure Investigation

CMRDI

After shear pin micostture (item#), X500 | Reference sample of a en after shear in
microstructure (item #x), x500

Comments
The microstructure of the forward, after and reference sample shear pins consist

totally of tempered martensite. However, forward shear pin microstructure consists
of finer martensite colonies, confirming the results of the hardness measurements.

5 .
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3. Conclusions and Recommendations '
1- The aircraft was moving (during pulling by the push back tractor) with a
minimum speed 14.4 m/min, which is considered high to adjust the aircraft

position.

2- Damage of the two bar tube has been occurred mainly by the movement of the
aircraft against the push back tractor causing rotation of the aircraft around the
tractor without failure of the tube, and then bending (damage) of the two bar
tube around the front corner of the tractor.

3- The forward and after shear pins are processed of heat treatable low alloyed-
medium carbon structural and constructional steels. Both pins are heat treated
by the hardening-tempering technique. Usually the forward shear pins is harder
than the after shear ones to work as a safety valve and supposed to break under
impact shear actions.

4- Pulling does not cause the impact shear. Consequently, it is forbidden to puil
aircrafts using the front junction (hinge) of the Push-back-tractor. Pulling is
recommended to be from the rear side of the Push-back-tractor, for better
velocity control.

- Professor Dr. Erig. Taher A. El Bitar
Research team from CMRDI Consuitant Engineer

. In Metal Forming & Heat Treatment
 Erofessor Taher A, EI'BIZE .| Head of Metals Technology Department

% .
' AATVA /Ca{f'Bc oy taml | ;
Plastic Deformafion Department Central Metallurgical R&D Institute, Egypt

Consultant Engineer on Metal Forming & Heat treatment

Dr. Eng. Eman H. El-Shenawy
Plastic Deformation Department

&ma/n Eﬁ %’kea«w§
Dr. Eng. Maha R El-meligy
Plastic Deformation Djfrtment
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Stand No. 32

O

0 0o O O

Surface Type is Cement Concrete

Coordinates 300749.1N 312415.9E

Elev. 233.6 (F)

Slope in the C.Lis 1.08 % , Where the Length is

Actual Stand Width > Allowable Stand Length
60.3m > {52+7.5)m

> Code { D) Information

O

D O

» ACFT model :

MD11

36 < Allowable wing span <52
Wing clearance = 7.5m

82.5m

McDonnell Douglas - MD 11

General
FAA Airplane Design Group v
ICAQO Code Letter D

Main dimensions

Overall length (m)|61.62
— | Wing span (m)|51.99
[T ail height, min (m) T7.31
Tail height, max (m)| 17.93
Wheel base (m){24 .61
Nose to nose gear (m)| S8.50
Nose to main gear center (Mm)|33.11
Cockpit to main gear center (m)|31.10
Main gear wheel span (m)|12.57
Outer engine span (m)| 19.41
Turning characteristics
Nose gear angle, max (deg)| 67.0
Nose gear turning radius, min (m)|26.74
Outer wing turning radius, min (m)| 38 21
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SERVICE INFORMA TION LETTER

4. DETERMINATION OF THE TOWING RE IREMENTS
The towing requirements depend on the following physical characteristics:

- aircraft weight

- breakaway resistance on even ground

- increased breakaway resistance due to slope

- engine thrust resistance with number of engines at idle for push-back

The towing requirements are obtained in the following steps: u
17

choose the correct aircraft type and engine variant
n the right hand side of the graph, choose aircraft ramp weight
from this point draw a paralle| line to the required slope percentage

VRSN e
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The table hereafter gives the towing requirements per aircraft type for the engine having the
biggest idle thrust and hence valid for all aircraft engine versions.

Aetvpe | oty | Encine thrust 19aN] | o rergine Resistance bl | oo Weignt [
A318 68.4 PW 616 1 | 6 | 61 | 107
A319 | 769 | IAaE | 525 | 1 | 6 67 | 117
[ A320 | 784 | 1aE 525 | 1 6 6.8 11.9
A321 934 [ IaE 525 | 1 6 8.0 14.0

A330-200 233.9 RR 1500 ] 1 6 19.8 34.7 |
233.9 RR 1500 | 1 6 19.8 34.7
A340-200 | 2759 CFMI 500 | 2 6 231 | 408
A340-300 | 267.4 | crmi | 500 | 2 | 6 232 | 407
A340-500 | 3812 | RR | 8763 | 2 | 6 323 | see
A340-600 RR_| 8763 | 2 | 6 323 [ se6
RR_ | 17793 | 2 | 4 | 379 | ees

On the following pPages we give one example per aircraft family. A complete Excel™ folder for all
.com.

aircraft types can be obtained on request to carsten.frin. irl
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At time. 15529
HDG = 274 degrees
Nose wheel st = -11 degrees

At time. 15546 o)

HDG = 267 degrees
Nose wheel st = +41 degrees

At time. 15573
HDG = 235 degrees
Nose wheel st = -2 degrees

At time. 15558
HDG = 274 degrees
Nose wheel st = +1 degrees

& (2)

&

At time. 15554
HDG = 250 degrees
Nose wheel st = +12 degrees

e U

At time. 15379
HDG = 239 degrees
Nose wheel st = -8 degrees
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At time. 15589 @
HDG = 252 degrees
Nose wheel st = -23 degrees

At time. 15584 Y|
HDG = 248 degrees
Nose wheel st = -25 degrees

@

At time. 15599
HDG = 253 degrees
Nose wheel st = -18.5 degrees
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Aircraft center line (253 degrees from north)

Aircraft nose section

|
.qf L Tow Bar relative
| S —

direction = 18 degrees
Nose Wheels ;

Schematic Plan view at the end of the event (A/C riding the tractor)



s Jaliaal) dadlgl) copu ¥
. =1 ) aa Jaisall Al e s
Wl ) sol o Lol S e o Gadll Raad
Ll ) 53 dsall e dasly 35a5 g Bl Slikas Dl (e IS (s G e D) Jsdi a )k =
S e O o uj_)k&,_wtﬂex. °
Axdlgll Sigang jall dgac
éﬁﬂ\ c«hﬁ\'é)f\u\‘ssy'é)\g;\u\}j\ ths&:mu °

¢



Safety Recommendations <lua gil) - ¢
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