
__________________________________________________________________________________________________________________________________________ 
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 © 2016 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://www.sae.org/technical/standards/AIR1387D 

AEROSPACE 

INFORMATION REPORT 
 

AIR1387 REV. D 

Issued 1976-03 
Revised 2016-01 
 
Superseding AIR1387C 

(R) Designing with Elastomers for use at Low Temperatures, 
Near or Below Glass Transition 

RATIONALE 

AIR1387C is now due for review. The template has been revised to meet the document standards of SAE. The addition of 
glass transition (Tg) and temperature retraction tables, new low temperature hydrocarbon and fluorocarbon elastomers, and 
new test methods to characterize low temperature properties of elastomers has been made to the last revision. 

1. SCOPE 

To ensure success in design of elastomeric parts for use at low temperature, the design engineer must understand the 
peculiar properties of rubber materials at these temperatures. 

There are no static applications of rubber. The Gaussian theory of rubber elasticity demonstrates that the elastic 
characteristic of rubber is due to approximately 15% internal energy and the balance, 85%, is entropy change. In other 
words, when an elastomer is deformed, the elastomer chain network is forced to rearrange its configuration thereby storing 
energy through entropy change. Thermodynamically, this means that rubber elasticity is time and temperature dependent 
(Reference 25). 

The purpose of this report is to provide guidance on low temperature properties of rubber with the terminology, test methods, 
and mathematical models applicable to rubber, and to present some practical experience. In this way, it is hoped that 
mistakes can be avoided, particularly in selection of rubber materials, enabling the design engineer to weigh low-
temperature material properties together with the many other factors involved in the design process. 
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31. RMA O-ring Technical Information Bulletin OR-8, "O-Ring Low Temperature Performance - Comparison of Test 
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32. ASTM D3418, Transition Temperatures and Enthalpies of Fusion and Crystallization of Polymers by Differential 
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33. ASTM D7426, Assignment of the DSC Procedure for Determining Tg of a Polymer or an Elastomeric Compound. 
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38. AMS7254, Perfluoroether Elastomer. 

39. AMS7287, Fluorocarbon Elastomer (FKM) High Temperature / HTS Oil Resistant / Fuel Resistant Low Compression 
Set / 70 to 80 Hardness, Low Temperature Tg -22 °F (-30 °C) For Seals in Oil / Fuel / Specific Hydraulic Systems. 

40. AMS7379, Rubber: Fluorocarbon Elastomer (FKM) 70 to 80 Hardness, Low Temperature Sealing Tg -40 °F (-40 °C) for 
Elastomeric Seals in Aircraft Engine Oil, Fuel and Hydraulics Systems. 

41. AMS3208, Chloroprene (CR) Rubber Weather Resistant 45 - 55. 

42. AMS3209, Chloroprene (CR) Rubber Weather Resistant 65 - 75. 

43. AMS3238, Butyl (IIR) Rubber Phosphate Ester Resistant 65 - 75. 

44. AMS7270, Rings, Sealings, Butadiene-Acrylonitrile (NBR) Rubber Fuel Resistant 65 - 75 . 

45. AMS7255, Rings, Sealing, Tetrafluoroethylene/Propylene Rubber (FEPM) Hydraulic Fluid and Synthetic Oil Resistant 
70 to 80. 

46. AMS3216, Fluorocarbon (FKM) Rubber High-Temperature - Fluid Resistant Low Compression Set 70 to 80. 

47. AMS3218, Fluorocarbon (FKM) Rubber High-Temperature-Fluid Resistant Low Compression Set 85 to 95. 

48. AMS7259, Rubber: Fluorocarbon (FKM) High Temperature/Fluid Resistant Low Compression Set/ 85 to 95 Hardness 
for Seals in Fuel Systems and Specific Engine Oil Systems. 

49. AMS7276, Rubber: Fluorocarbon (FKM) High-Temperature-Fluid Resistant Low Compression Set for Seals in Fuel 
Systems and Specific Engine Oil Systems. 

50. AMS7257, Perfluorocarbon (FFKM) Engine Oil, Fuel and Hydraulic Fluid Resistant 70 to 80 Hardness for High 
Temperature Seals in Engine Oil Systems, Fuel Systems and Hydraulic Systems. 

51. AMS3337, Silicone (PVMQ) Rubber Extreme-Low-Temperature Resistant 65 - 75. 

52. AMS3338, Silicone (PVMQ) Rubber Extreme-Low-Temperature Resistant 75 - 85. 
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53. AMS3304, Silicone, Rubber General Purpose 70 Durometer. 

54. AMS-P-83461, Packing, Preformed, Petroleum Hydraulic Fluid Resistant, Improved Performance at 275°F (135°C). 

55. AMS-R-83485, Rubber, Fluorocarbon Elastomer, Improved Performance at Low Temperatures. 

56. MIL-DTL-25988C, Rubber, Fluorosilicone Elastomer, Oil-and-Fuel Resistant, Sheets, Strips, Molded Parts, and 
Extruded Shapes (Inactive for new design). 

57. NAS1613, Packing, Preformed, Ethylene Propylene Rubber. 

3. SUMMARY 

The design for performance of an elastomer at low temperature, whether used as a seal, a vibration damping device, a 
diaphragm, a flexible hose, or whatever, requires an understanding of the material science of elastomers. 

Specific guidance is needed by the designer in selecting candidate elastomers for prototype designs, to eliminate unsuitable 
materials and allow early success. Sources of guidance, in addition to this report, may include the following: 

a. Prior successful experience 

b. Information in elastomer specifications 

c. Consultation with elastomer specialists 

d. Consultation with experienced materials application engineers 

e. Specific, pertinent data in rubber reference handbooks, current literature, supplier brochures, material test data, and 
application test data 

f. Perceptive engineering judgment 

CAUTION: Specifications, as a necessary part of the procurement process, provide production property limits. These may 
not fairly represent typical or actual properties of a material, especially with regard to environmental resistance, 
creep, or other time dependent behavior. Test methods used in elastomer specifications are often low cost 
methods to ensure lot to lot consistency, and may not define all criteria needed for design. 

Many good computer based information services now exist which abstract current literature. For example, a particularly 
pertinent list of articles on chemistry, low temperature properties, and applications of elastomers may be obtained from 
American Chemical Society and Chemical Abstracts Service. 

Each of these sources must be weighed for validity. For example, an elastomer specification containing a statement as to 
useful temperature range does not provide a complete nor reliable approach by itself. Such temperature ranges are 
predicated on the intended use and test methods which may or may not be relevant to the requirements of a new design. 

In sealing applications, the fluid media being sealed is extremely important. Since the fluid may act as a plasticizer to 
depress the glass transition range, a seal which may work well in a fluid may not perform well in pneumatic service at the 
same temperature; that is, there is not the benefit of the fluid media. When the seal is no longer in contact with the fluid, its 
characteristics may change. For seals which must perform at extremely high temperatures as well as low temperatures, the 
fluid swelling versus temperature characteristics must be well understood. 

Certain dynamic devices, such as shock and isolation mounts and diaphragms require particular attention to low 
temperature transitions and effects of fluid media. It should also be recognized that low temperature requirements for static 
applications are more forgiving than that for dynamic applications. 
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Lastly, performance is best demonstrated by actual service. However, reliable data by this route is often difficult to obtain, 
and the actual environment may be difficult to define. The designer must rely upon simulated service testing, or test methods 
intended to simulate the environment. Such testing can be biased or even totally inappropriate if it fails to provide for the 
possibilities of time-dependent effects. The designer must be aware of the hazards of time dependent viscoelastic effects, 
swelling, compression set, and slow crystallization. 

4. TERMINOLOGY 

4.1 ELASTOMER 

A collective name for a polymer which is rubber-like in properties, a contraction of "elastic" and "polymer." The older 
terminologies "natural and synthetic rubber," are not precise and hence may cause some difficulties in technical usage. 

4.2 POLYMER 

A macromolecule formed by the chemical union of combining units is called monomers. A polymer is composed of long 
chains of atoms going to extremely high molecular weight (length or size). Well known polymers are plastics, elastomers, 
fibers, and muscle. Elastomers are usually strongly linear (straight line chains), usually free from or low in crystalline content, 
and usually deliberately cross-linked between chains (cured) by a process subsequent to their polymerization to high 
molecular weight. Elastomers are uniquely capable of high deformation and rapid recovery from such deformation. 

5. TRANSITIONS IN ELASTOMERS 

Materials can exist in one of three classical states of matter:  solid, liquid, or vapor. A transition is a change from one state 
to another, as for example from ice (solid) to water (liquid), or from water to steam (vapor). Specialized forms of matter 
occur within the states of matter, such as elastomeric form, vitreous (plastic, glassy, or amorphous) form, crystalline form, 
plus colloids and plasmas. In elastomers, transitions occur at low temperatures which are not unlike transitions among the 
classical states of matter, causing major changes in mechanical and physical properties. These transitions can occur in 
narrow temperature spans. An understanding of the mechanical properties of elastomers and high polymers in general 
requires an appreciation of the types of transitions that occur in such materials (Reference 1). 

The elastomeric form is analogous in many respects to the liquid state, the vitreous form to a supercooled liquid, and the 
crystalline form to true solid state. The transitions among the elastomeric, vitreous, and crystalline forms are of most 
immediate impact in design at low temperature. 

6. GLASS TRANSITION TEMPERATURE (Tg) (SEE FIGURES 1 AND 2) 

An abrupt modification in the rate of change in a number of elastomer properties as temperature is lowered occurs at what 
is called the Glass Transition Temperature, a second-order differential mathematical expression. The older common way of 
determining this transition was by use of a dilatometer and plotting volume versus temperature (Figure 1). 
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