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RATIONALE 

This revision expands the scope to include motors as well as pumps for all marine vehicles, not just advanced surface 
craft and deep submersibles. It can be used to identify important parameters in hydraulic pump and motor selection even 
when a detailed pump or motor specification is not being prepared. Several reference documents have been deleted and 
a number of new reference documents, including many ISO standards have been added.  Additional guidance on 
selection of fluids for preservation prior to installation of components has been provided. 

1. SCOPE 

This SAE Recommended Practice provides guidance for defining the requirements for evaluating hydraulic pumps and 
motors and for preparing detailed specifications for these components. The user can follow this document to set forth the 
pump and motor environmental and performance considerations, establish service life and reliability goals, and define 
specific evaluation tests for marine vehicle applications. 

1.1 Purpose 

The application of aerospace technology to marine vehicle systems has generated the need for more rigorous system 
designs and detailed specifications of components for advanced surface craft and submersible vehicles. This 
Recommended Practice is intended to aid in the system design process for the selection of hydraulic pumps and motors 
and in the preparation of specifications for these components to be used in marine applications. While this Recommended 
Practices identifies many parameters that must be considered in hydraulic pump and motor selection and procurement, 
the user must select those that are applicable to a particular system.  For example, unique requirements applicable to 
deep submersibles do not apply for pumps intended for use of surface ships. 

2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the 
latest issue of SAE publications shall apply. 
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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. 

SAE J745 Hydraulic Power Pump Test Procedure  

SAE J1777 General Environmental Considerations for Marine Vehicles 

SAE J1778 Ship Systems and Equipment - Recommended Practice for Hydraulic Fluid Selection.  

SAE J1779 Ship Systems and Equipment - Hydraulic System Design Criteria For Marine Vehicles   

SAE J1781 Ship Systems and Equipment - Materials for Fluid Systems  

SAE J1782 Ship Systems and Equipment – Hydraulic Systems - Noise Control 

SAE J2333 Ship Systems and Equipment - Hydraulic Systems - Filter Selection Parameters 

SAE AS19692 Pumps, Hydraulic Power Driven, Variable Displacement 

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 NFPA Publications 

Available from National Fluid Power Association, 3333 N. Mayfair Road, Milwaukee, WI 53222-3219; website 
www.nfpa.com Tel. (414) 778-3353 

NFPA T2.13.13 Recommended Practice - Hydraulic Fluid Power - Fluids - Viscosity Selection Criteria For Hydraulic 
Motors And Pumps 

2.1.4 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 3019-1 Hydraulic Fluid Power - Dimensions And Identification Code For Mounting Flanges And Shaft Ends Of 
Displacement Pumps And Motors - Part 1: Inch Series Shown In Metric Units 

ISO 3019-2 Hydraulic Fluid Power - Dimensions And Identification Code For Mounting Flanges And Shaft Ends Of 
Displacement Pumps And Motors - Part 2: Metric Series 

ISO 4391 Hydraulic Fluid Power-Pumps, Motors And Integral Transmissions - Parameter Definitions And Letter 
Symbols 

ISO 4409 Hydraulic Fluid Power - Positive - Displacement Pumps, Motors And Integral Transmissions - Methods Of 
Testing And Presenting Basic Steady State Performance 

ISO 8426 Hydraulic Fluid Power - Positive Displacement Pumps And Motors - Determination Of Derived Capacity  
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ISO 10767-1 Hydraulic Fluid Power - Determination Of Pressure Ripple Levels Generated In Systems And 

Components - Part 1: Precision Method For Pumps    

ISO 10767-2 Hydraulic Fluid Power - Determination Of Pressure Ripple Levels Generated In Systems And 
Components - Part 2. Simplified Method For Pumps 

ISO 17559 Hydraulic Fluid Power - Electrically Controlled Hydraulic Pumps - Test Methods To Determine 
Performance Characteristics 

2.1.5 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/. 

2.1.5.1 Military Specifications 

MIL-PRF-6083 Hydraulic Fluid, Petroleum Base, for Preservation and Operation 

MIL-P-17869 Pumps and Motors, Power, Oil Hydraulic (Naval Shipboard Use)  MIL-S-901Shock Test HI (High-Impact), 
Shipboard Machinery, Equipment and Systems, Requirements for   

MIL-B-17931 Bearings. Ball. Annular, for Quiet Operation 

MIL-PRF-46170 Hydraulic Fluid, Rust Inhibited, Fire Resistant, Synthetic Hydrocarbon Base, NATO Code No. H-544 

2.1.5.2 Military Standards 

MIL-STD-129 Military Marking for Shipment and Storage 

MIL-STD-167-1 Mechanical Vibration of Shipboard Equipment (Type I - Environmental and Type II - Internally Excited) 

MIL-STD-740-2 Structureborne Vibratory Acceleration Measurements and Acceptance Criteria of Structureborne 
Equipment 

MIL-STD-810  Environmental Engineering Considerations and Laboratory Tests  

MIL-STD-1474 Noise Limits 

MIL-STD-2193 Ship Hydraulic System Components 

MIL-STD-31000 Technical Data Packages 

2.1.5.3 Military Handbooks 

MIL-HDBK-470 Designing and Developing Maintainable Products and Systems, Volume I  

3. REQUIREMENTS OF PUMP AND MOTOR SPECIFICATIONS 

The specification should contain a section that defines and describes the purpose and intended use of the components. 
This is especially important for submerged operation where the hydraulic system is referenced to ambient ocean 
pressure. Another section should define the scope of work desired; i.e., design, development, qualification, etc. Within the 
scope, restrictions can be imposed; i.e., type of pump or motor configuration (piston, gear, vane, screw, etc.). Also, the 
scope can be used to transmit information on future applications, growth potential, selection criteria, performance 
optimization and any other information the user considers significant. If there are any design criteria that must be 
emphasized in the proposal, it can be stated in the Scope section. 
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The specification must contain a Requirements section in which all of the technical data necessary to design or select the 
pump or motor is presented. An introductory paragraph expanding the application described in the Scope is sometimes 
helpful. This paragraph should indicate the intended drive mechanism, mounting orientation, and nature of the load. A 
schematic of the pump and the system would be a worthwhile guide.  

Technical data requirements must be specified. For military applications, MIL- STD-31000 identifies the requirements for 
preparing a technical data package.  ASME Y14.100 is the preferred requirements document for engineering drawing 
practices.  

The following paragraphs identify the type of information needed in a typical Requirements section.  Even if a specification 
is not being prepared the information in this section is useful in evaluating pumps being considered for procurement. 

3.1 Fluids 

All information about the working fluid and operating environment the component is likely to come in contact with (both 
internally and externally) during normal usage should be presented here. (SAE J1778 provides information on fluids often 
used in marine vehicle systems.  NFPA T2.13.13 provides guidance on selecting the proper fluid viscosity) 

3.1.1 Types and Grades of Fluids 

List specifications of fluids that are to be used in the component. 

3.1.2 Contamination Control 

Describe expected fluid contamination type and levels with which the pump or motor must operate or the type, location, 
and efficiency of filters to be used.  See SAE J2333 for additional guidance. 

3.1.3 Maintaining Quality 

Describe system provisions for maintaining fluid quality. Acceptable limits for entrained or liberated gas must be defined in 
terms of volume, pressure and temperature. 

3.1.4 Viscosity 

The range of fluid viscosity under which the component must operate shall be defined. Operation at the extremes may be 
very important. For systems designed to operate underwater, temperature extremes will affect surface operation while 
pressure extremes will affect submerged operation. 

3.2 Operating Conditions 

The description of environmental conditions should always consider both normal and extremes of operation. SAE J1777 
identifies operating/environmental considerations for marine vehicles while SAE J1779 provide specific hydraulic design 
guides for different types of vehicles. 

3.2.1 Table 1 identifies operating parameters that need to be identified in the specification and the units used in 
describing these parameters. ISO 4391 describes and systematically defines the principal technical 
characteristics, and allots letter symbols to these characteristics and indicates how they can be more clearly 
defined by suffixes. Examples for the use of symbols and definition of terms without symbols  are provided. 
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