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1. SCOPE

This SAE Aerospace Recommended Practice (ARP) provides a guide for preparation of requirements for general design,
performance, and testing of mechanical geared rotary actuators intended to be used for applications requiring motion
control in response to manual or automatic power control system inputs.

1.1 Purpose

This recommended practice is to be used as a guide in preparing a detail specification for mechanical geared rotary
actuators and is applicable to all military and commercial aerospace vehicles.

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 +1 724-776-4841 (outside USA), www.Sae.org.

AMS2419 Plating, Cadmium-Titanium

AMS-A-21180 Aluminum-Alloy Castings, High Strength

AMS-A-22771 Aluminum Alloy Forgings, Heat Treated

AMS-C-8837 Coating, Cadmium (Vacuum Deposited)

AMS-C-26074 Electroless Nickel Coatings

AMS-F-7190 Forging, Steel, For Aircraft/Aerospace Equipment and Special Ordnance Applications
AMS-H-6088 Heat Treatment of Aluminum Alloys

AMS-QQ-C-320 Chromium Plating (Electrodeposited)

AMS-S-13165 Shot Peening of Metal Parts

AMS-STD-2175 Castings, Classification and Inspection of

ARP926 Fault/Failure Analysis Procedure

ARP4386 Terminology and Definitions for Aerospace Fluid Power, Actuation and Control Technologies

ARP4761 Guidelines and Methods for Conducting the Safety Assessment Process on Civil Airborne Systems
and Equipment

ARP5311 Aerospace-Interface Definition for Mechanical Actuation Subsystems

AS1701 Lubricant, Solid Film

Documents
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AS5272 Lubricant, Solid Film, Heat Cured, Corrosion Inhibiting, Procurement Specification
AS8879 Screw Threads - UNJ Profile, Inch Controlled Radius Root with Increased Minor Diameter
AS9100 Quality Management Systems - Requirements for Aviation, Space, and Defense Organizations

2.1.2 ASME Publications

Available from ASME, P.O. Box 2900, 22 Law Drive, Fairfield, NJ 07007-2900, Tel: 800-843-2763 (U.S./Canada), 001-
800-843-2763 (Mexico), 973-882-1170 (outside North America), www.asme.org.

ASME Y14.100 Engineering Drawing Practices
2.1.3 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959, Tel:
610-832-9585, www.astm.org.

ASTM E1417 Standard Practice for Liquid Penetrant Testing
ASTM E1444 Standard Practice for Magnetic Particle Testing
ASTM E1742 Standard Practice for Radiographic Examination

2.1.4 1SO Publications

Copies of these documents are available online at http://webstore.ansi.org/.

ISO 10012 Quiality Assurance Requirements for Measuring Equipment
2.1.5 NAS Publications

Available from Aerospace Industries Association, 1000 Wilson Boulevard, Suite 1700, Arlington, VA 22209-3928, Tel:
703-358-1000, www.aia-aerospace.org.

NASM33540 Safety Wiring and Cotter Pinning
2.1.6 Battelle Memorial Institute Publications

Available from Battelle Memorial Institute, 505 King Avenue, Columbus, OH 43201, Tel: 614-424-6424, www.mmpds.org.

MMPDS-07 Metallic Material Properties Development and Standardization

2.1.7 RTCA Publications

Available from RTCA, Inc., 1150 18th Street, NW, Suite 910, Washington, DC 20036, Tel: 202-833-9339, www.rtca.org.
RTCA/DO-160 Environmental Conditions and Test Procedure for Airborne Equipment

2.1.8 U.S. Government Publications

Available from DLA Document Services, Building 4/D, 700 Robbins Avenue, Philadelphia, PA 19111-5094, Tel: 215-697-
6396, http://quicksearch.dla.mil/.

MIL-HDBK-275 Guide for Selection of Lubricant, Fluids, and Compounds for Use in Flight Vehicles and Components

MIL-HDBK-831 Preparation of Test Reports
Documents

MIL-HDBK-838 Lubrication of Military Equipment Document Sharing Hub
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MIL-STD-130 Identification Marking of U.S. Military Property

MIL-STD-810 Environmental Engineering Considerations and Laboratory Tests

MIL-STD-889 Dissimilar Metals

MIL-STD-1537 Electrical Conductivity Test for Verification of Heat Treatment of Aluminum Alloy, Eddy Current
Method

MIL-A-8625 Anodic Coatings, for Aluminum and Aluminum Alloys

MIL-STD-31000 Technical Data Packages

MIL-1-8500 Interchangeability and Replaceability of Component Parts for Aerospace Vehicles
MIL-PRF-46010 Lubricant, Solid Film Heat-Cured, Corrosion-Inhibiting NATO Code - S-1738
TT-P-1757 Primer coating, Alkyd Base, One Component

2.1.9 FAA Publications

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591, Tel: 866-835-
5322, www.faa.gov.

AC 23-13A Fatigue, Fail-Safe, and Damage Tolerance Evaluation of Metallic Structure for Normal, Utility,
Acrobatic, and Commuter Category Airplanes

AC 25.613-1 Material Strength Properties and Material Design Values
2.2 Definitions
Refer to ARP4386 for general system terms that are used in this Aerospace Recommended Practice.

MECHANICAL GEARED ROTARY ACTUATOR: A geared torque amplifier placed at the output of rotary actuation drive
systems, or integrated directly with motor drive elements, used to rotationally position aerodynamic control surfaces, doors,
or other moveable aircraft structures. These devices are configured to primarily transmit torque but may also carry axial
and shear loads.

ACTUATOR SLICE: A compound planetary gearset consisting of a sun gear, planet gears and fixed and moveable ring
gears that form one geared rotary actuator subassembly. They may be combined with other identical gearsets in parallel to
multiply the torque capacity of the device approximately in proportion to the number of slices combined. They typically
pertain specifically to power hinge (hinge output) style rotary geared actuators.

SLICE-TO-SLICE MAL-DISTRIBUTION: The degree to which loads vary between the slices of a given actuator assembly.

EXTERNAL LOADS: The loads imposed on the actuator output. They typically include air loads originating at the moveable
surface or structure, inertia loads of the surface or structure and intermediate linkages and mechanisms being moved,
along with their friction, damping, etc.

TARE LOSSES: Torque losses due to friction and drag inherent in the actuator which are independent of output loading,
originating at seal interfaces, gear meshes, and any other areas where relative motion between parts, or motion through
lubricant, exists that produces resistance to motion. Seal friction and drag losses are examples of tare losses.

STIFFNESS: The ratio of the applied torque to the load path deflection expressed in in-Ib/rad (Nm/rad). Unless otherwise

specified by the design specification, the deflection for static stiffness should be considered the elastic load path
unidirectional deflection excluding freeplay.
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DESIGN LIFE: The summation of a specified number of operational service lives which form the design and analysis
criteria for determining life dependent characteristics and safety margins.

LOSS OF FUNCTION: Damage resulting in fracture or failure of a particular component sufficient to prevent the unit from
meeting the specified performance, strength, or reliability requirements. When a component has suffered damage of an
extent which renders the part unacceptable for continued use, it is considered to have failed.

3. REQUIREMENTS

Requirements are outlined covering the designs of mechanical geared rotary actuators which may be integrated into a
detail specification to be prepared by the procuring agency.

3.1 Configurations

There are numerous configurations of mechanical geared actuators which comprise various types of gearing and to which
this ARP applies. This includes mechanical spur or helical geared rotary actuators that are either of the simple or
compound planetary type, or a combination of both types. Often, a simple planetary gearset is combined in series with a
compound planetary type actuator in order to achieve higher ratios. Additional types of mechanical geared rotary actuators
include worm/wheel gearsets, harmonic drives, offset or cluster gearsets, trochoid gearsets, cycloidal gearsets, bevel
gearsets, and right-angled drives.

3.2 Interface Definition

The geared rotary actuator serves as the output device for a rotary actuation system, or an integrated rotary actuator. A
typical actuation system or integrated rotary actuator may contain one or more of the following components with which the
geared rotary actuator assembly may interface directly:

1. Prime Mover (Hydraulic, Pneumatic, Electric)

2. Connecting Members (Torque Shafts, Angle Gear Boxes, Couplings, U-Joints)

3. Safety Devices (No-Backs, Torque Limiters, Brakes)

4. Sensors (RVTs, RVDTs, Tachometers, Hall Effects, Encoders, Limit Switches)

5. Miscellaneous Devices (Clutches, Sequencers, Accessory Drives, etc.)

These components may be configured and specified apart from, or integrated with, the rotary actuator assembly.

When installed, the actuator also becomes an integral part of the aircraft, reacting surface loads into the aircraft structure.
All applicable structural, mechanical, and electrical interfaces and their relevant characteristics should be defined. A list of
associated equipment should be added using part and assembly identifying numbers and who is responsible for them. It

should include the geometry interface with allocated envelope.

An Interface Control Drawing (ICD) should be generated to clearly define and document all rotary actuator assembly
interface features and characteristics.

ARP5311 may be used for guidance in interface definition.
3.3 Operating Characteristics
3.3.1 Performance

The detail specification should specify the performance requirements of the geared rotary actuator with respect to its
function within the mechanical actuation system. As a minimum, the following performance criteria should be specified:
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1. Gear Ratio - Specify actuator gear ratio where applicable. This could be customer provided if the actuator is a stand-
alone procured component, or defined by the supplier based on the performance requirements of an overall system.

2. Output Travel Authority - Angular output travel range of actuator
3. Maximum Output Rate

4. Efficiency - Specify as necessary according to system performance requirements. Different efficiency figures may be
specified for different purposes. Examples include:

- Minimum efficiency required to meet system power performance requirements over temperature
- Efficiency versus temperature

- Maximum efficiency as the worst case for downstream component sizing and

- Minimum and maximum backdriving efficiency for reversible systems, etc.

An alternative to specifying efficiency directly is to specify minimum or maximum input torques associated with
operation at particular output loads, speeds and temperature conditions.

5. Tare Losses at Specific Operating Point(s) to define no-load performance, including forward and backdriving
conditions if critical to the application, over temperature and at particular speed conditions

6. Direction of Rotation, including direction of output rotation relative to input rotation
7. Operating Temperature Range (Environment)
8. Output Torque - Static (Holding) and Dynamic (Driving)

9. Static Reversibility - This specifies whether or not the actuator input is allowed to be back-driven via application of a
prescribed torque at the output when the actuator is in a static (stationary) condition

10. Dynamic Reversibility - This specifies whether or not the actuator output is allowed to continue motion when loaded at
the output, following the cessation of torque application to the actuator input

Other performance requirements specific to the application should be included as necessary.

3.3.2 Integrated Components

Specify performance characteristics of components integrated into the actuator assembly as required by the system
configuration. Examples of components often integrated into the actuator assembly include torque limiting and no-back
devices.

3.4 Physical Characteristics

3.4.1 Dimensions

The detail specification should specify the maximum permissible envelope dimensions of the geared rotary actuator and
related parts when installed and operated.

3.4.2  Mounting

Mounting provision for the geared rotary actuator should be in accordance with the detail specification. Specific dimensions
and tolerances of the attachment hardware should be included when applicable. Suitable clearances should be provided
between the geared rotary actuator, structure, and other components to preclude binding or jamming due to possible
combinations of temperature effects, loads and deflections (including structural deflections). The actuator should be
designed to be installed using standard Ground Support Equipment (GSE) and hand tools. Documents
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3.4.3 Moisture Pockets

External housing designs which could result in pockets, wells, traps, etc., into which water or other liquids can drain into
and collect should be avoided. If such designs are unavoidable, provisions for draining moisture from these pockets should
be incorporated.

3.4.4 Interchangeability

Parts, components, subassemblies, and assemblies having the same part number should meet the requirements of
MIL-1-8500 and be interchangeable in form, fit, and function with other parts bearing the same part number.

3.4.5 Weight

The detail specification should specify the maximum wet weight compatible with specification requirements. Every
consideration should be given to achieving a minimum weight in accordance with good design practices.

3.4.6 Stiffness

The detail specification should specify the minimum rotary actuator stiffness required in in-lb/rad (Nm/rad) as defined per
the Load versus Deflection hysteresis loop shown in Figure 1. Most typically this is specified at the output; however, it
could also be specified at the actuator input. Stiffness may vary with output position, and so the output positions of interest
should be specified as necessary. For rotary actuator assemblies that include through-shafts, the detail specification
should also specify the minimum rotary actuator stiffness required at the through-shaft as necessary.

Stiffness ///

=

1Y S/ .

/ Displacement
= Backlash

/)

Figure 1 - Load versus deflection hysteresis loop: stiffness and backlash

Load

3.4.7 Backlash (Freeplay)

The detail specification should specify the maximum backlash requirements, as defined per Figure 1. Most typically, this is
specified at the actuator output; however, it could be specified at the actuator input. The specification should state whether
the attachment hardware is to be included in the requirement. It is important to note that tighter backlash requirements
measured at the output become difficult to achieve and add to cost. Allowance for wear may be specified by stipulating
allowable actuator backlash after one life of actuator use.
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