INndustry and Agency Approvals

Torlon engineering polymers have been tested successfully
against many industry standards and specifications. The
following list is a summary of approvals to date, but should
not be considered inclusive, as work continues to qualify
Torlon polyamide-imide for a myriad of applications.

ASTM D5204 Standard Classification System
for Polyamide-imide (PAI) Molding and
Extrusion Materials

Grade
4203L

ASTM D5204 Designation

PAIOOOR03A56316E11FB41 or
PAIO11MO3 or
PAI021MO03

4301 PAIOOOL15A32232E12FB42 or
PAIO12L15 or
PAIO22L15

4275 PAIOOOL23A22133E13FB42 or
PAIO12L23 or
PAIO22L.23

4435 PAIO120R35 or
PAI0220R35

4630 PAIO120R30 or
PAI0220R30

4645 PAIO120R45 or
PAIO220R45

5030 PAIOOOG30A61643E15FB46 or
PAI013G30 or
PAI023G30

7130 PAIOOOC30A51661FB47 or
PAIO13C30 or
PAI023C30

Federal Aviation Administration

Torlon 5030 and 7130 pass FAA requirements for
flammability, smoke density, and toxic gas emissions.
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Military Specification MIL-P-46179A

This specification was cancelled on July 27, 1994 and
ASTM D5204 was adopted by the Department of Defense.
The following cross reference table appears in the adoption
notice.

Type Class ASTM D5204

4203L I PAIOOORO3A56316E11FB41
4301 Il PAIOOOL15A32232E12FB42
4275 Il 2 PAIOOOL23A22133E13FB42
5030 Il 1 PAIOOOG30A61643E15FB46
7130 Y PAIOOOC30A51661FB47

National Aeronautics and Space Administration

NHB8060.1 “Flammability, Odor, and Offgassing
Requirements and Test Procedures for Materials in
Environments that Support Combustion” Torlon 4203L
and 4301 have passed the NASA spacecraft materials
requirements for non-vacuum exposures per NHB8060.1.

Society of Automotive Engineers-Aerospace
Material Specifications

AMS 3670 is the specification for Torlon materials.

The specification suggests applications requiring a low
coefficient of friction, thermal stability, and toughness up to
250°C (482°F). Torlon 4203L, 4275, 4301, 5030, and 7130
are covered in the detail specifications:

AMS 3670/1-Torlon 4203L
AMS 3670/2-Torlon 4275
AMS 3670/3-Torlon 4301
AMS 3670/4-Torlon 5030
AMS 3670/5-Torlon 7130

Underwriters Laboratories

Vertical Flammability

All Torlon grades have been awarded a V-0 classification.
See Table 19 on page 18.

Continuous Use

The Relative Thermal Indices of Torlon 4203L, 4301, and
5030 are shown in Table 10 on page 12.

www.SolvayPlastics.com



	Table 1: Torlon Engineering Polymers 
	Table 2: Grades and Descriptions
	Table 3: Typical Properties(1)—SI Units
	Table 4: Typical Properties(1)—US Units
	Table 5: �Room Temperature Tensile Properties per ASTM D1708
	Table 6: �Properties of Torlon Molding Resins 
at -196°C (-321°F)

	Table 7: Compressive Properties per ASTM D695
	Table 8: �Izod Impact Resistance of 3.2mm
(0.125 inch) Bars
	Table 9: �Polyamide-Imide Balances Fracture Toughness and High Glass Transition Temperature

	Table 10: Relative Thermal Indices of Torlon Resins
	Table 11: �Torlon 4203L Retention of Properties After Thermal Aging

	Table 12: Specific Heat of Torlon Polymers
	Table 13: Thermal Conductivity of Torlon Resins
	Table 14: �CLTE for Torlon Resins and Selected Metals(1) 

	Table 15: Oxygen Index per ASTM D2863
	Table 16: NBS Smoke Density
	Table 17: FAA Toxic Gas Emission Test
	Table 18: Ignition Properties of Torlon 4203L
	Table 19: �UL Criteria for Classifying Materials
	Table 20: �Vertical Flammability by Underwriters Laboratories (UL 94)

	Table 21: FAA Vertical Flammability
	Table 22: �Electric Lighting Fixtures, Flammability Requirements (UL 57)

	Table 23: �Chemical Resistance of Torlon 4203L, 
24 hr at 93°C (200°F)
	Table 24: �Property Retention After Immersion in Automotive Lubricating Fluids at 149°C (300°F)
	Table 25: �Effect of Ford Automatic Transmission Fluid after 1,500 hours at 150°C (302°F)
	Table 26: �Tensile Strength After Immersion in Aircraft Hydraulic Fluid(1) 
	Table 27: �Property Change of Torlon 4203L at 2% Absorbed Water

	Table 28: Important Electrical Considerations
	Table 29: Electrical Properties of Torlon Resins
	Table 30: �Wear Factor and Coefficient of Friction, Dry Environment
	Table 31: �Wear Characteristics of Torlon 4301 Against Various Metals

	Table 32: Lubricated Wear Resistance of Torlon 4301
	Table 33: �Wear Factor and Coefficient of Friction, Lubricated Environment
	Table 34: �Specific Strength and Modulus of Torlon Polymers and Selected Metals

	Table 35: �Maximum Working Stresses for Injection Molded Torlon Resins
	Table 36: �Wall Thickness/Insert Outer Diameter (OD) Relationship
	Table 37: Strength of HeliCoil Inserts
	Table 38: Strength of Torlon Bolts
	Table 39: �Screw Holding Strength of Threads in Torlon PAI

	Table 40: �Shear Strength of Torlon PAI-to-Torlon PAI Bonds
	Table 41: Shear Strength of Torlon PAI-to-Metal Bonds(1) 

	Figure 1: Structure of Polyamide-imide
	Figure 2: �Torlon Resins Have Outstanding Tensile Strength
	Figure 3: �Flexural Strength of Torlon Resins is High Across a Broad Temperature Range
	Figure 4: �Tensile Strength of Reinforced Torlon Resins Surpasses Competitive Reinforced Resins at 204°C (400°F)
	Figure 5: �Flexural Strength of Reinforced Torlon Resins Surpasses Competitive Reinforced Resins at 204°C (400°F)
	Figure 6: Flexural Modulus of Torlon Polymers
	Figure 7: �Flexural Modulus of Reinforced Torlon is Superior to Competitive Reinforced Resins at 204°C (400°F)
	Figure 8: �Stress-Strain in Tension at 23°C (73°F) Tested on ASTM D638 Type 1 Specimens
	Figure 9: �Stress-Strain Detail of Figure 8 
at 23°C (73°F)
	Figure 10: �Stress-Strain in Tension for Various Torlon Resins at 200°C (392°F)
	Figure 11: �Stress-Strain in Tension for Torlon 4203LF at Various Temperatures
	Figure 12: �Flexural Fatigue Strength of Torlon Resins at 30Hz
	Figure 13: �Tension/Tension Fatigue Strength of Torlon 7130 and 4230L at 30Hz, A Ratio: 0.90
	Figure 14: �Tension/Tension Low Cycle Fatigue Strength of Torlon 7130 at 2Hz, A Ratio: 0.90
	Figure 15: �High Temperature Flexural Fatigue Strength of Torlon Resins at 177°C 
(350°F), 30Hz
	Figure 16: �Izod Impact Resistance of Torlon Resins vs. Competitive Materials 
	Figure 17: �Compact Tension Specimen
	Figure 18: �Thermogravimetric Analysis of Torlon 4203L
	Figure 19: �Torlon Resins Retain Strength After Thermal Aging at 250°C (482°F)
	Figure 20: �Torlon 4203L Strain vs. Time at 23°C (73°F)
	Figure 21: ��Torlon 4275 Strain vs. Time at 23°C (73°F)
	Figure 22: ��Torlon 4301 Strain vs. Time at 23°C (73°F)
	Figure 23: ��Torlon 5030 Strain vs. Time at 23°C (73°F)
	Figure 24: ��Torlon 7130 Strain vs. Time at 23°C (73°F)
	Figure 25: ��Torlon 4203L Strain vs. Time at 204°C (400°F)
	Figure 26: ��Torlon 4275 Strain vs. Time at 204°C (400°F)
	Figure 27: ��Torlon 4301 Strain vs. Time at 204°C (400°F)
	Figure 28: ��Torlon 5030 Strain vs. Time at 204°C (400°F)
	Figure 29: ��Torlon 7130 Strain vs. Time at 204°C (400°F)
	Figure 30: �Water Absorption of Torlon Polymers at 23°C (73°F), 50% RH
	Figure 31: �Water Absorption of Torlon Polymers at 43°C (110°F), 90% RH
	Figure 32: �Equilibrium Moisture Absorption vs. Relative Humidity
	Figure 33: �Dimensional Change of Torlon Polymers at 23°C (73°F), 50% RH
	Figure 34: �Dimensional Change of Torlon Polymers at 43°C (110°F), 90% RH
	Figure 35: �Thermal Shock Temperature vs. Moisture Content of Torlon 4203L
	Figure 36: �Thermal Shock Temperature vs. Exposure Time for Torlon 4203L
	Figure 37: �The Elongation of Torlon 4203L is Essentially Constant After Exposure to Simulated Weathering
	Figure 38: �Change in Tensile Strength of Torlon 4203L With Exposure to Simulated Weathering
	Figure 39: �Property Change of Torlon 4203L Due to Gamma Radiation
	Figure 40: �Calculating Bearing Projected Area
	Figure 41: �Thrust Washer Calculation Example
	Figure 42: �Material Wear Rate is a Function of the Pressure-Velocity (PV) Product
	Figure 43: �Thrust Washer Test Specimen
	Figure 44: �Extended Cure at 260°C (500°F) Improves Wear Resistance
	Figure 45: �Basic Bearing Shaft Clearance
	Figure 46: �Clearance Factor for Elevated Ambient Temperature
	Figure 47: �Press Fit Interference
	Figure 48: �Specific Strength of Torlon Resins vs. Metal
	Figure 49: �Beam Used in Examples
	Figure 50: �Stress Concentration Factor for Circular Stress Raiser (Elastic Stress, Axial Tension)
	Figure 51: �Gradual Blending Between Different Wall Thicknesses
	Figure 52: �Considerations Required for Draft
	Introduction
	Torlon® Polyamide-Imide (PAI)
	High Performance Torlon Polymers

	Physical Properties

	Performance Properties
	Mechanical Properties
	Tensile and Flexural Strength 
at Temperature Extremes
	Ultra High Temperature
	Tensile Properties Per ASTM Test Method D638
	Ultra Low Temperature

	Flexural Modulus – Stiffness at High Temperature
	Stress-Strain Relationship
	Compressive Properties

	Resistance To Cyclic Stress
	Fatigue Strength
	Impact Resistance
	Fracture Toughness

	Thermal Stability
	Thermogravimetric Analysis
	Effects of Prolonged Thermal Exposure
	UL Relative Thermal Index

	Retention of Properties After Thermal Aging
	Specific Heat
	Thermal Conductivity
	Coefficients of Linear Thermal Expansion (CLTE)
	CLTE Test Methods
	Factors Affecting CLTE
	Part Thickness
	Temperature Range and Phase Changes
	Processing Parameters
	Reinforcements
	Part Geometry


	Creep Resistance

	Flammability
	Oxygen Index
	NBS Smoke Density
	Toxic Gas Emission Test
	Ignition Properties
	UL 94 Flammability Standard
	Horizontal Burning Test
	20 MM Vertical Burn Test

	FAA Flammability
	UL 57 Electric Lighting Fixtures

	Performance in Various Environments
	Chemical Resistance
	Resistance To Automotive and Aviation Fluids
	Automotive Lubricating Fluids
	Aircraft Hydraulic Fluid (Skydrol® 500B)
	Aircraft Turbine Oil, With and Without Stress


	Chemical Resistance Under Stress
	Effects of Water
	Absorption Rate
	Equilibrium Absorption at Constant Humidity
	Dimensional Changes
	Restoration of Dimensions and Properties
	Changes in Mechanical and Electrical Properties
	Constraints on Sudden High Temperature Exposure

	Weather-Ometer® Testing
	Resistance to Gamma Radiation
	Electrical Properties
	Torlon Polymers for Insulating

	Service in Wear-Resistant Applications
	An Introduction to Torlon PAI Wear-Resistant Grades
	Bearing Design Concepts
	Wear Rate Relationship
	Calculating the Pressure and Velocity
	Bearings
	Thrust Washers

	PV Limit Concept
	Measuring Wear Resistance

	Torlon Wear-Resistant Grades
	Effect of Mating Surface on Wear Rate
	Lubricated Wear Resistance
	Wear Resistance and Post-Cure
	Bearing Design


	Industry and Agency Approvals
	ASTM D5204 Standard Classification System 
for Polyamide-imide (PAI) Molding and Extrusion Materials
	Federal Aviation Administration
	Military Specification MIL-P-46179A 
	National Aeronautics and Space Administration
	Society of Automotive Engineers-Aerospace Material Specifications
	Underwriters Laboratories
	Vertical Flammability
	Continuous Use



	Structural Design
	Material Efficiency—Specific Strength and Modulus
	Geometry and Load Considerations
	Examples of Stress and Deflection Formula Application
	Example 1 - Short-Term Loading
	Example 2 - Steady Load
	Example 3 - Cyclic Load

	Stress Concentration
	Maximum Working Stresses for Torlon Resins


	Designing with Torlon Resin
	Fabrication Options
	Injection Molding
	Extrusion
	Compression Molding
	Post-Curing Torlon Parts
	Guidelines for Designing Torlon Parts
	Wall Section
	Wall Transition
	Draft Angle
	Cores
	Ribs
	Bosses




