
__________________________________________________________________________________________________________________________________________ 
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 revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and 
suggestions. 
Copyright © 2019 SAE International 
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
recording, or otherwise, without the prior written permission of SAE. 
TO PLACE A DOCUMENT ORDER: Tel:        877-606-7323 (inside USA and Canada) 
 Tel:        +1 724-776-4970 (outside USA) 
 Fax:       724-776-0790 
 Email:    CustomerService@sae.org 
SAE WEB ADDRESS: http://www.sae.org 

 SAE values your input. To provide feedback on this 
 Technical Report, please visit 
 http://standards.sae.org/AIR4165B 

AEROSPACE 

INFORMATION REPORT 
 

AIR4165™ REV. B 

Issued 1992-11 
Reaffirmed 2008-06 
Revised 2012-11 
Stabilized 2019-10 
 
Superseding AIR4165A 

General Requirements for Powered 
Drive Units (PDUs) in Aircraft Cargo Systems 

RATIONALE 
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1. SCOPE 

This SAE Aerospace Information Report (AIR) is intended to assist the user (aircraft manufacturer/airline) in the following 
areas: 

a. In the decision of whether or not to plan for the installation of a powered drive system in the cargo loading system 
(CLS) during the definition of the aircraft on-board cargo loading system. 

b. If a powered drive system is decided upon, to provide general requirements to be considered during the preparation 
of component specifications for the powered drive units (PDUs) to be used.  This provides a selection of criteria in 
order to obtain an optimum PDU for the application considered. 

2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications 
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 document 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. 

2.1.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside 
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.  

AS22759 Wire, Electrical, Fluoropolymer-Insulated, Copper or Copper Alloy 

AS50881    Wiring Aerospace Vehicle 

2.1.2 U.S. Government Publications 

Available from the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue, 
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/ 

AC 43.13-1B FAA Advisory Circular; Acceptable Methods, Techniques, and Practices - Aircraft Inspection and Repair 

MIL-STD-810 Environmental Test Methods 

2.1.3 RTCA Publications 

Available from Radio Technical Commission for Aeronautics Inc., 1828 L Street, NW, Suite 805, Washington, DC 20036, 
Tel: 202-833-9339, www.rtca.org 

RTCA/DO-160 Radio Technical Commission for Aeronautics 

2.1.4 EUROCAE Publications 

Available from The European Organization for Civil Aviation Equipment, 17, rue Hamelin, 75116 Paris, France, Tel: +33 1 
45 05 71 88, www.eurocae.org 

EUROCAE ED-14 European Organization for Civil Aviation Electronics 
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2.1.5 ISO Publications 

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-
4900, www.ansi.org 

ISO 2678 Environmental test for aircraft equipment - Insulation resistance and high voltage test for electrical 
equipment 

ISO 6858 Aircraft - Ground support electrical supplies - General requirements 

2.2 DEFINITIONS 

ULD - Unit Load Device. In this document ULD refers to the devices serving as standardized interfaces between the 
varied cargo handled by the operator and the systems established by the operator to handle the ground and air transport 
of the cargo. The ULDs in general have a flat base with either netting or an integral enclosure to contain and retain the 
cargo on top of the base. The ULD sizes and edge configuration are standardized to simplify operator system 
configuration and ensure interchange between different operator’s systems. 

CLS - Cargo Loading System. In this document CLS refers to the system installed into the bare aircraft in order to provide 
conveyance, guidance, drive, control and restraint of ULDs to be carried in the aircraft. 

PDU - Power Drive Unit. Generally a self-contained Line Replaceable Unit attached to supporting structure; interfacing 
with the electrical system and providing motive force to the ULDs. The PDU may include additional functionality to 
raise/lower, brake, rotate to various drive directions, etc., depending on requirements established for the unit. 

3. SYSTEM LEVEL CONSIDERATIONS AFFECTING PDU REQUIREMENTS 

The design policies to be used in the cargo system and the interplay or tradeoffs between interfacing subsystems within 
the cargo system can have significant effect on the PDU requirements. The following are some significant areas that the 
prospective creator of a PDU specification should have determined in preparation for generating the detailed PDU 
specification discussed in later sections of this AIR. 

• Main Deck or Lower Deck Cargo System 

• Degree of Control of ULDs that is desired or required 

• Degree of Automation to be attained via the combined PDU and Control Systems 

• ULD Base Sizes, Types and Weights to be carried 

• ULD Dynamic and Static Interface Considerations 

• Cargo System Conveyance Angles in pitch and roll 

• Conveying Resistance 

• Cargo System Speed 

• Cargo System Braking Rationale, Policy and Resulting Requirements 

• Doorway Area Functionality and Resulting Concept and Requirements 

• Power Off and Power Loss Functionality 
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• PDU Commonality 

• Weight 

• Environment 

• Reliability, Availability and Maintainability System Level Requirements and Allocations to the PDU Subsystem 

• Logical and Mechanical Integration with the Electrical Control and Wiring Subsystems 

• Integration with the Aircraft Drainage Subsystem 

• Integration with the Aircraft or CLS Mechanical Mounting Subsystem 

• Verification Requirements 

4. GUIDELINES FOR THE PREPARATION OF A PDU SPECIFICATION 

4.1 General 

This part of the document is to outline the technical requirements for PDUs utilized in a powered loading system. These 
PDUs transport ULDs on a cargo handling system (ball mats, roller tracks, swivel caster area, etc.) during loading and 
unloading by means of frictional contact between the drive element (transport roller) and the bottoms of the ULDs. 

The type of PDUs addressed here are individual PDUs acting together by means of an electrical control system, but not 
by means of any shafts, belts, chains, bars, etc.  The PDUs either can be compatible with the cargo handling system 
height of 38 to 76 mm (1.5 to 3.0 in) or have larger heights requiring mounting provisions which penetrate the floor. 

Thus, systems such as shuttle bar, telescopic bins, and belt systems are not covered by this document. 

In the event of a decision in favor of a powered drive system using the type of PDU described, a PDU specification must 
be prepared.  The following requirements are addressed to assist in this specification development: 

a. Operation 

b. Installation, dimensions 

c. General technical requirements 

d. Weight 

e. Power requirements 

f. Reliability 

g. Maintainability 

h. Environmental conditions 

i. Testing 

The technical requirements for the PDU resulting from these criteria depend on the respective application.  In the 
following, the technical requirements, design possibilities, as well as basic calculations to be considered are explained in 
detail so that they can be used appropriately in the generation of the component specification. 
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4.2 Operation 

The tractive force for all the types of PDUs addressed in this document is provided by an electric motor and transferred to 
a drive roller via a gear reduction system.  The drive roller transfers the tractive force via friction contact with the bottom of 
the ULD. 

Power supply, which can be switched either directly in the PDU or by external elements, depending on the design of the 
electric control system, is as follows: 

a. Operating power:  115/200 V 400 Hz 3 Ph AC, or other power derived or conditioned from this source, to drive the
PDU motor and/or brake-clutch elements has been the standard in the past. Aircraft electrical power is a rapidly
developing area and may provide advantages to or require compatibility from the PDU in the future. A potential future
power source is 230/400 V 400 Hz 3 Phase AC (reference ISO 6858 developments). Another potential development
is variable frequency power.

b. Control power:  28 V DC, or other signal-level lines derived from or conditioned from this or the AC source, to
communicate with the PDU as required.

c. Ground:  Case ground

The PDUs must be capable of transporting the ULD in any specified direction under any specified condition.  After start-
up, the PDUs must transport the ULDs at a constant speed within the system.  For PDUs currently on the market, this 
varies between 0.178 to 0.305 m/s (35 and 60 ft/min) and is related to the shock loads which the aircraft structure and the 
latch and guiding components of the cargo loading system are capable of absorbing.  Further, attention should also be 
directed to the transfer speed of the drive system on the external loaders, which in most cases is 0.305 m/s (60 ft/min). 
However, speeds of 0.203 to 0.457 m/s (40 to 90 ft/min) are also used.  The specified drive speed variation should not 
exceed a tolerance of ±0.025 m/s  (±5 ft/min). Unfavorable environmental conditions, such as moisture and dirt 
contamination of the ULDs as well as a normally expected pitch and roll angles of the system should not affect the 
uniform drive process.  Recommended pitch and roll angles to be used are 2.5 and 1 degree respectively. 

Reversal of direction while transporting a ULD must also be possible, to operate the PDU as a brake for example, without 
detrimentally affecting the PDU. Any loss of contact between the PDU and ULD should be limited to no more than 0.5 s 
during drive direction reversal. 

The following principles of operation are currently in use: 

4.2.1 Principle 1 - Self-Lifting PDU 

For this type of drive, the drive roller is lifted automatically when the motor has been switched on and is lowered 
automatically after switch-off. 

In its neutral position, the PDU is below the system transportation level. 

The self-lifting PDU permits transportation of ULDs within the doorway loading area of the cargo compartment where the 
transporting direction is changed from longitudinal to transverse and vice versa. 

In the case of power failure, the cargo compartment can be loaded and unloaded manually without PDU contact due to 
the fact that the PDUs are automatically lowered below the system transportation level. 

PDU self-lift mechanisms, which may differ considerably from drive type to drive type, produce a lifting force to enable the 
PDU roller to act on the bottom of the ULD.  Special attention must be paid to driving action sufficient under all possible 
environmental conditions (dirt, moisture, base deflection) to ensure the required tangential force for transportation of the 
ULD without slippage of the drive roller. 
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Also, attention should be given to the PDU lift and lowering times with particular attention to retract time in doorway areas. 
Recommended criteria are as follows: 

a. Lifting process:  1 s maximum

b. Lowering process:  1 s maximum

c. Lifting height of drive roller: Typical values range from 8 mm (0.315 in) to 12.7 mm (0.50 in) above system
transportation level.  It should be noted that empty or lightly loaded ULDs may be lifted by the PDUs and this potential
cause of interference with the cargo restraint system should be designed for and/or minimized.

d. Reversal of drive direction: 2 s maximum

e. Electrical Power Loss: Requirements should address PDU behavior in case of electrical power loss.

4.2.2 Principle 2 - Nonretracting PDU 

The drive roller of this type of PDU is always above the system transportation level and is constantly engaged with any 
ULD passing over it. 

Therefore, the nonretracting PDU can only be installed in the longitudinal area of the cargo compartment outside of the 
doorway areas (i.e., cannot be used where transverse as well as longitudinal transportation takes place). 

Since the drive roller of this type of PDU is always in contact with the ULD and the design of the PDU is relatively simple it 
is common to incorporate a brake in these PDUs. 

In the event of an electrical power loss or PDU electrical failure, it must be possible to disconnect or lower the drive roller, 
or the PDU must be back-driveable manually, for manual loading and unloading of the cargo compartment (maximum 
back-driving force 12 daN (27 lbf) per PDU). 

Maximum height of drive roller:  Typically from 8 mm (0.315 in) to 12.7 mm (0.50 in) above system transportation level. 
Note that empty or lightly loaded ULDs may be lifted by the PDUs and this potential cause of interference with the cargo 
restraint system should be designed for and/or minimized. 

Consideration should be given to potential conditions where a mismatch of ULD velocity and PDU drive speed could 
occur and ensure PDU design addresses this as required. 

Consideration should be given to ULD base edge deformation to ensure the PDU design addresses potential damage 
from this source. 

4.2.3 Principle 3 - Self-Lifting PDU with Braking Functions 

Lift function is similar to that of the PDU as per principle 1 except that retraction after drive roller power is turned off is 
separately controlled (such as via a lift-hold clutch or other means) to maintain roller to ULD contact and it also 
incorporates a braking device to keep the ULDs in position preventing any undesired movement. 

The PDU must produce a tangential braking force at the drive roller equal to or larger than that required keeping the ULDs 
in position. 

The tangential braking force must build up automatically and rapidly (<1 s) when the electric drive command is taken 
away from the PDU. The braking force must be automatically released when: the drive command is given to the PDU, 
when the lift-hold/brake command is removed or when system power is cut off (due to manual override or system 
shutdown). 

Requirements should address PDU behavior in case of electrical power loss or PDU electrical failure. 
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