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1. SCOPE 

This document covers the general recommendations for Transverse Electromagnetic Mode (TEM) Transmission Lines 
intended for use in airborne systems (see 6.2.14). For U.S military applications, TEM Transmission Lines shall meet the 
requirements in accordance with MIL-T-81490. The follow index lists the recommended requirements and methods covered 
by the Aerospace Recommended Practice (ARP):  

Table 1 - TEM transmission lines recommended requirements  

Examination or Test Para. Examination or Test Para. 
Design and Construction 3.3    
Coupled Components  3.4.2 Tensile Load 3.4.5.6 
Center Contact Stability 3.4.3 Concentrated Load 3.4.5.7 
RF Insertion Loss 3.4.4.1 Abrasion 3.4.5.8 
Voltage Standing Wave Ratio (VSWR) 3.4.4.2 Temperature 3.4.6.1 
Impedance 3.4.4.3 Altitude 3.4.6.2 
Velocity of Propagation 3.4.4.4 Thermal Shock 3.4.6.3 
Radio Frequency (RF) Leakage 3.4.4.5 Chemical Resistance 3.4.6.4 
Power Handling Capability 3.4.4.6 Humidity 3.4.6.5 
High Potential Withstanding Voltage (HPWV 3.4.4.7 Salt-Fog 3.4.6.6 
Explosive Atmosphere 3.4.4.8 Reliability 3.5 
Phase Characteristics 3.4.4.9 Marking 3.6 
Vapor Leakage 3.4.5.1 Workmanship 3.7 
Vibration 3.4.5.2 Quality Assurance Provisions 4. 
Impact Shock 3.4.5.3 Methods of Inspection 4.8 
Flexure 3.4.5.4 Calculation Method Appx A 
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1.1 Classification 

The TEM transmission lines covered by this specification should consist of the following types and classes (see 6.2.3). 

1.1.1 Types 

Type I - Designed for use in the 2.0 to 8.0 GHz range. 

Type II - Designed for use in the 2.0 to 16.0 GHz range. 

1.1.2 Classes 

Class 1 - Flexible construction. 

Class 2 - Semi flexible construction. 

Class 3 - Rigid construction. 

2. 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 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA 
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.  

AS4461 Assembly and Soldering Criteria for High Quality/High Reliability Soldering Wire and Cable Termination 
in Aerospace Vehicles 

AS5756 Cable, Power, Electrical, Portable General Specification For  

AIR6151 Torque, Threaded Application, Electrical Connector, Accessory and Terminal Board Installation 

AMS2629 Fluid, Jet Reference 

AMS-QQ-S-763 Steel, Corrosion Resistant, Bars, Wire, Shapes, and Forgings 

2.2 Government Publications 

Copies of these documents are available online at http://quicksearch.dla.mil. 

MIL-STD-171 Finishing of Metal and Wood Surfaces 

MIL-STD-202 Test Methods for Electronic and Electrical Component Parts 

MIL-HDBK-454 General Guidelines for Electronic Equipment 

MIL-HDBK-781 Reliability Test Methods, Plans, and Environments for Engineering Development, Qualification, and 
Production 

MIL-STD-810 Environmental Engineering Considerations and Laboratory Tests 
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MIL-PRF-5606 Hydraulic Fluid, Petroleum Base, Aircraft, Missile, and Ordnance 

MIL-DTL-5624 Turbine Fuel, Aviation, Grades JP-4 and JP-5 

MIL-R-81294 Remover, Paint, Epoxy, Polysulfide and Polyurethane Systems 

MIL-T-81490  Transmission Lines, Transverse Electromagnetic Mode 

MIL-DTL-83113 Turbine Fuel, Aviation, Kerosene Type, JP-8 (NATO F-34), NATO F-35, and JP-8+100 (NATO F-37) 

SAM System for Award Management* 

*Available from https://www.sam.gov/portal/public/SAM/.

2.3 Non-Government Publications 

ELECTRONIC COMPONENT INDUSTRY ASSOCIATION (ECIA) PUBLICATIONS 

Available from Electronic Component Industry Association (ECIA), 1111 Alderman Drive, Suite 400, Alpharetta, GA 30005, 
Tel: 678-393-9990, www.ecianow.org.   

EIA RS359 Standard Colors for Color Identification and Coding 

ANSI ACCREDITED PUBLICATIONS 

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

ANSI/NCSL-Z540.3 Calibration of Measuring and Test Equipment, Requirements for 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (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 B194 Copper-Beryllium Alloy Plate, Sheet, Strip and Rolled Bar 

ASTM B196 Copper-Beryllium Alloy Rod and Bar 

ASTM B197 Copper Beryllium Alloy Wire 

ASQ PUBLICATIONS 

Available from American Society for Quality, 600 North Plankinton Avenue, Milwaukee, WI 53203, Tel: 800-248-1946 
(United States or Canada)), 001-800-514-1564 (Mexico) or +1-414-272-8575 (all other locations), www.asq.org. 

ASQC-Z1.4 Sampling Procedures and Tables for Inspection by 

3. REQUIREMENTS

3.1 Detail Drawings 

The individual TEM transmission line recommended requirements should be as specified herein and in accordance with the 
applicable User detail drawings (see 6.4.4). In the event of any conflict between requirements of this specification and the 
detail drawings, the latter should govern. 
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3.2 Materials 

Materials should be as specified herein or in the detail drawing; however, when a definite material is not specified, materials 
used are recommended to meet the performance requirements of this specification. When dissimilar metals are employed 
in intimate contact with each other, protection against electrolytic corrosion should be provided as specified in MIL-HDBK-
454, Requirement 16. 

3.2.1 Fungus-Inert Material 

Materials should be fungus resistant and should be in accordance with MIL-HDBK-454, Requirement 4. 

3.2.2 Solder and Soldering 

Solder and soldering should be as specified in AS4461, except the solder should have a minimum solidus temperature of 
+450 °F (+234 °C). 

3.2.3 Plating of Conductive Surfaces 

Plating may be used on the conductive surfaces, except that silver surfaces should not be gold plated. 

3.2.4 Contacts 

3.2.4.1 Center Contacts 

Center contacts should be made of suitable conductive material that meets the requirements of 3.2 when interfaced with 
copper-beryllium per ASTM B196, ASTM B197, or ASTM B194. The center contact, the dielectric material, and all other 
parts should be permanently captivated in both directions along the axis of the appropriate interfaces. 

3.2.4.2 Outer Contacts 

Outer contacts should be made of suitable conductive material that meets the requirements of 3.2 when interfaced with both 
copper-beryllium per ASTM B196, ASTM B197, or ASTM B194, and steel, corrosion resisting per AMS-QQ-S-763 that has 
been passivated per MIL-STD-171. 

3.2.5 Coupling Nuts 

Coupling nuts and outer structural members of the interface component, intermediate interface component, and replaceable 
interface component should be made of steel, corrosion resisting per AMS-QQ-S-763 that has been passivated per 
MIL-STD-171. Other metal parts used to assemble these items should meet the requirements of 3.2. 

3.3 Design and Construction 

The design, construction and physical dimensions of TEM transmission lines should be as specified herein and the detail 
drawings (see 3.1).  
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3.3.1 Interfaces and Interface Components 

3.3.1.1 Primary Interfaces 

Primary interfaces should be specified in accordance with the detail drawings and should conform to the requirements of 
Figures 9 through 14. The primary interfaces are recommended to be restricted to the following precision types listed in 
Table 2. 

Table 2 - Primary interfaces 

Type Figure Description 
1 Male 
1 Female 
 
2 Male 
2 Female 
 
3 Male 1/ 
3 Female 1/ 

  9 
10 

 
11 
12 

 
13 
14 

Similar to TNC Male 
Similar to TNC 
Female 
 
Similar to SC Male 
Similar to SC Female 
 
Similar to N Male 
Similar to N Female 

1/ Type 3 Male and Female primary interfaces are not recommended for use. These types are 
     included in this document for the sole purpose of retrofitting existing equipment or systems. 

3.3.1.2 Intermediate Interfaces 

The design and construction of intermediate interfaces (see 6.2.8) should be the option of the manufacturer. The 
manufacturer is recommended to do the following: 

3.3.1.2.1 The manufacturer should develop and standardize one size and configuration of intermediate interface for 
Type I TEM transmission lines. The intermediate interface should be compatible with all styles of replaceable 
interface components specified herein for Type I TEM transmission lines. 

3.3.1.2.2 The manufacturer should develop and standardize one size and configuration of intermediate interface for 
Type II TEM transmission lines. The intermediate interface should be compatible with all styles of replaceable 
interface components specified herein for Type II TEM transmission lines. 

3.3.1.2.3 Intermediate interfaces should be constructed so that the center contact does not extend beyond the coupling 
ring and is protected from damage during handling and installation. 

3.3.1.3 Replaceable Interface Components 

Replaceable interface components should be as specified in the detail drawing and should conform to the requirements of 
Figures 15, 16, and 17. In addition, replaceable interface components should have the required primary interfaces specified 
in the detail drawings. Replaceable interface component styles and descriptions are listed in Table 3. 

Table 3 - Replaceable interface components 

Style Figure Description 
A 
B 
C 

15 
16 
17 

Straight 
90 degree elbow 
Angular 
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3.3.1.3.1 Unless otherwise specified in the detail drawing, replaceable interface components should not be used on TEM 

transmission lines less than 3 feet long. 

3.3.1.3.2 Unless otherwise specified in the detail drawing, TEM transmission lines more than 3 feet but less than 10 feet 
long should be provided with replaceable interface components. 

3.3.1.3.3 Replaceable interface components should be provided on TEM transmission lines that are greater than 10 feet 
long. 

3.3.1.3.4 The User should mandate the required dimensions for styles A, B, and C replaceable interface components in 
the detail drawing. If the system requirements are such that a special replaceable interface component is 
required, the User should mandate the special replaceable interface component on the detail drawing. The 
special replaceable interface component should not compromise the serviceability, maintainability, or 
performance of the TEM transmission line as detailed in this document. 

3.3.2 Weight 

The TEM transmission line should be designed for minimal weight consistent with good engineering practices. 

3.3.3 Bonding, Conductivity, Discontinuities 

The mating surfaces between all metallic parts intentionally designed to be electrically continuous to RF currents should be 
clean and, as required, suitably plated metal surfaces free from anodic film, grease, paint, lacquer, or other high-resistance 
film. 

3.3.4 Pressurization 

Any design feature requiring the User to pressurize the TEM transmission line with air or any other gas is not recommended. 
For U.S. military application it prohibited unless specified by contract. 

3.3.5 Surface Finish 

Dimensions of metal parts should include any plating or finish applied to meet electrical, mechanical or service condition 
requirements. Surface roughness on machined surfaces should be 63 µin maximum. 

3.3.6 Installation Design Features 

3.3.6.1 Primary interfaces should be provided with torque wrench flats in accordance with Figure 18. 

3.3.6.2 Intermediate interfaces should be provided with spanner wrench holes in accordance with Figure 19. 

3.3.6.3 Primary interfaces should be provided with a minimum of three equally spaced safety wire holes whose diameters 
should be 0.027 minimum. 

3.4 Performance 

TEM transmission lines should meet the performance requirements specified herein and the detail drawing when tested in 
accordance with the methods of inspection specified in 4.8. 

3.4.1 Inspection Criteria 

The parameters specified herein and the detail drawing should be adjusted in accordance with the procedures specified 
in 4.1. 
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3.4.2 Coupled Components 

Interface components and replaceable interface components should be capable of meeting all electrical, mechanical and 
service condition requirements recommended in this document when connected to mating EW precision counterparts with 
the coupling nuts torqued to the values specified in Table 4: 

Table 4 - Coupling torqued 

Type Torque (in-lb) 
1 
2 
3 

23 ± 3 
23 ± 3 
23 ± 3 

In addition, replaceable interface components should be capable of meeting all electrical, mechanical and service condition 
requirements recommended in this document when connected to mating intermediate interface components with the 
associated coupling nuts torqued to a value of 45 in-lb ± 5 in-lb. At this value, there should be metal-to-metal bottoming. 

3.4.3 Center Contact Stability 

In the unmated condition, center contacts of all interface components and replaceable interface components should be 
capable of withstanding an axial force of 6 pounds for 1 minute when applied in either direction without displacement outside 
the specified dimensions that locate the center contact. 

3.4.4 Electrical 

3.4.4.1 RF Insertion Loss 

RF insertion loss requirements should be as recommended herein and in the detail drawing (see 6.2.4). 

3.4.4.1.1 Insertion Loss 

When tested in accordance with 4.8.3 Procedure I, the RF insertion loss should not exceed the values shown in the detail 
drawing. 

3.4.4.1.2 Insertion Loss Uniformity (Fine Structure) 

When tested in accordance with 4.8.3 Procedure II, the maximum fine structure variation (see 6.2.5) should not exceed the 
values of Table 5 for the indicated frequency ranges (see Figure 20) and, as required, the usage of replaceable interface 
components as recommended in the detail drawing. 

Table 5 - Maximum allowable fine structure variation 

Frequency 
Range (GHz) 

TEM Transmission Lines with: 
Interface Components 
or Style A Replaceable 
Interface Components 

One or Two Style B 
or C Replaceable 

Interface Components 
2.0 - 8.0 0.15 dB 0.25 dB 
8.0 - 16.0 0.20 dB 0.30 dB 
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3.4.4.1.3 Insertion Loss Stability 

When tested in accordance with 4.8.3, Procedure III, the variation in insertion loss should not be greater than 0.1 dB. 

3.4.4.1.4 Determination of Maximum Allowable RF Insertion Loss 

The maximum allowable RF insertion loss for a TEM transmission line should be determined in accordance with the 
procedure set forth in Appendix A. 

3.4.4.1.4.1 The maximum allowable RF insertion loss for TEM transmission lines less than 2 feet in length should be 
calculated as though the lines were 2 feet in length. 

3.4.4.1.5 Plot of RF Insertion Loss Curve 

The maximum allowable RF insertion loss values determined by the procedure in Appendix A should be plotted on the 
applicable graph form recommended in Appendix A for the required type of TEM transmission line. The two points should 
be connected by a straight line. The plot of the maximum allowable RF insertion loss should be shown in the detail drawing. 

3.4.4.1.6 The RF insertion loss for replaceable interface components (Table 6) should not be greater than that specified 
throughout the applicable frequency range when tested as specified in 4.8.3 Procedure IV. 

Table 6 - RF insertion loss - replaceable interface components 

Primary Interface 
Type 

Frequency 
Range 

Maximum RF Insertion Loss 
Style A Styles B & C 

1 
1 
2 
3 

2.0 -   8.0 GHz 
8.0 - 16.0 GHz 
2.0 -   8.0 GHz 
2.0 -   8.0 GHz 

0.15 dB 
0.20 dB 
0.15 dB 
0.15 dB 

0.20 dB 
0.30 dB 
0.20 dB 
0.20 dB 

3.4.4.2 Voltage Standing Wave Ratio (VSWR) 

When tested in accordance with 4.8.4 Procedure I, the VSWR for TEM transmission lines should not exceed the values 
specified in Table 7. 

Table 7 - Maximum allowable VSWR for TEM transmission lines 

Frequency 
Range (GHz) 

Interface Components 
or Style A Replaceable 
Interface Components 

Style B or C 
Replaceable Interface 

Components 
  2.0 -   4.0 
  4.0 -   8.0 
  8.0 - 12.0 
12.0 - 16.0 

1.20:1.0 
1.25:1.0 
1.30:1.0 
1.35:1.0 

1.25:1.0 
1.30:1.0 
1.35:1.0 
1.40:1.0 
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3.4.4.2.1 VSWR Stability 

When tested in accordance with 4.8.4 Procedure II, the VSWR of the TEM transmission line should not vary more than 0.05. 

3.4.4.2.2 The Voltage Standing Wave Ratio (VSWR) for replaceable interface components (Table 8) should not be 
greater than that recommended throughout the applicable frequency range when tested as specified in 4.8.4 
Procedure III. 

Table 8 - VSWR - replaceable interface components 

Primary Interface 
Type 

Frequency 
Range 

Maximum VSWR 
Style A Styles B & C 

1 
1 
2 
3 

2.0 -   8.0 GHz 
8.0 - 16.0 GHz 
2.0 -   8.0 GHz 
2.0 -   8.0 GHz 

1.05:1.0 
1.08:1.0 
1.05:1.0 
1.05:1.0 

1.07:1.0 
1.12:1.0 
1.07:1.0 
1.07:1.0 

3.4.4.3 Impedance 

When tested in accordance with 4.8.5 Procedure I, the characteristic impedance of the TEM transmission line should be 
50.0 Ω ± 1.0 Ω. 

3.4.4.3.1 Impedance Uniformity (Peak to Peak Variation) 

When tested in accordance with 4.8.5 Procedure II, the peak to peak variation of impedance (see 6.2.11) should not exceed 
1.0 Ω. 

3.4.4.4 Velocity of Propagation 

Unless otherwise recommended in the detail drawing (see 6.2.4), the velocity of propagation should not be less than 72% 
when tested in accordance with 4.8.7. 

3.4.4.5 Radio Frequency (RF) Leakage 

When tested in accordance with 4.8.8 the RF leakage power ratio should not be greater than -90 dB per foot at any point 
on the TEM transmission line including connectors. 

3.4.4.6 Power Handling Capability 

3.4.4.6.1 Continuous Power Handling Capability 

When tested in accordance with 4.8.13 Procedure I, the continuous power handling capability of the TEM transmission line 
should not be less than the value specified in Table 9. 

Table 9 - Power handling capability 

Cable 
Type 

(see 1.2) 

Input Power Rating 1/ Test 
Frequency 

(GHz) Continuous Power Peak Power 
I 
II 

450 W 
  60 W 

12.0 KW 
  6.0 KW 

  8.0 
16.0 

1/ Ratings established for non-heat-sinked connector pairs exposed to +360 °F/ 
    70,000 feet altitude environment. 
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3.4.4.6.2 Peak Power Capability 

When tested in accordance with 4.8.13 Procedure II, the peak power handling capability of the TEM transmission line should 
not be less than the value specified in Table 9. 

3.4.4.7 High Potential Withstanding Voltage (HPWV) 

The high potential withstanding voltage rating for TEM transmission lines should be as specified in Table 10. If two different 
interface types are required on the TEM transmission line, the high potential withstanding voltage rating of the TEM 
transmission line should be that of the interface type with the lower rating. When tested as specified in 4.8.24 Procedure I, 
there should be no evidence of voltage breakdown. 

3.4.4.7.1 Replaceable interface components (see Table 11) should be capable of withstanding the listed voltages without 
evidence of breakdown when tested in accordance with the High Potential Withstand Voltage test method 
specified in 4.8.24, Procedure II. 

Table 10 - High potential withstanding voltage 
ratings for TEM transmission lines 

Interface Type 
(see 3.5.1) 

Rating at 
Sea Level 

Rating at 
70,000 feet 

1 
2 
3 

3,000 V (RMS) 
5,000 V (RMS) 
2,500 V (RMS) 

1,800 V (RMS) 
3,000 V (RMS) 
1,500 V (RMS) 

Table 11 - HPWV - replaceable interface components 

Primary 
Interface Type Test Voltage 

1 
2 
3 

3.0 KV (RMS) 
5.0 KV (RMS) 
2.5 KV (RMS) 

3.4.4.8 Explosive Atmosphere 

When tested as specified in 4.8.21, the TEM transmission line should operate satisfactorily in an explosive atmosphere 
environment. 

3.4.4.9 Phase Characteristics 

When required, phase characteristics should be recommended in the detail drawing. Required test methods should also be 
recommended in the detail drawing and should be in accordance with the requirements of 4.7 (see 6.2.4). 

3.4.5 Mechanical 

3.4.5.1 Vapor Leakage 

When tested as specified in 4.8.6, the TEM transmission line should have a leakage rate of less than 1 cm3/s/ft x 10-5 cm3/s/ft 
of length. 

3.4.5.2 Vibration 

When tested as specified in 4.8.12, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.5.1. 
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3.4.5.3 Impact Shock 

When tested as specified in 4.8.14, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.5.1. 

3.4.5.4 Flexure 

When tested as specified in 4.8.15, TEM transmission lines should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.5.1. 

3.4.5.5 Torque 

When tested as specified in 4.8.16, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.5.1. 

3.4.5.6 Tensile Load 

When tested as specified in 4.8.17, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.5.1. 

3.4.5.7 Concentrated Load 

When tested as specified in 4.8.18, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.5.1. 

3.4.5.8 Abrasion 

When tested as specified in 4.8.19, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.5.1. 

3.4.6 Environmental 

3.4.6.1 Temperature 

The operating temperature test conditions should be from -65 to +392 °F (-54 to +200 °C). When tested as specified in 
4.8.9, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.5.1. 

3.4.6.2 Altitude 

The operating altitude test conditions should be from 0 to 70,000 feet (30.0 to 1.32 inches of mercury). When tested as 
specified in 4.8.10, the TEM transmission line should meet the requirements of 3.4.4.7. 

3.4.6.3 Thermal Shock 

When tested as specified in 4.8.11, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.5.1. 

3.4.6.4 Chemical resistance 

When tested as specified in 4.8.20, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.5.1. 

3.4.6.5 Humidity 

When tested as specified in 4.8.22, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, 3.4.4.7, 
and 3.4.5.1. 
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3.4.6.6 Salt-Fog 

When tested as specified in 4.8.23, the TEM transmission line should meet the requirements of 3.4.4.1, 3.4.4.2, and 3.4.4.7. 

3.5 Reliability 

3.5.1 Reliability Assurance Tests 

When requested by the User, the manufacturer should establish a reliability program in accordance with the requirements 
of MIL-HDBK-781. The manufacturer should specify the "Minimum Acceptable MTBF (θ1)" or the "Specified MTBF (θ0)". 

3.5.1.1 The design goal for expected operating life of a TEM transmission line is 5 years minimum. 

3.6 Marking 

3.6.1 Marking Nomenclature 

In addition to any special markings specified in the detail drawing, the TEM transmission line and replaceable interface 
components should be marked as follows: 

 

Figure 1 - Marking nomenclature 

3.6.1.1 Manufacturer's Code 

The applicable manufacturer's code as established in SAM should be used. The manufacturer is defined as the individual, 
firm, company or corporation engaged in the fabrication of finished TEM transmission lines or replaceable interface 
components. 

3.6.1.2 Identifying Number 

The identifying number should be assigned by the User and should be included in the detail drawing. 

3.6.1.3 Serial Number 

The serial number is generated by the manufacturer. It should consist of the following: 
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Figure 2 - Serial number 

3.6.2 Method of Application 

The required marking is applied to the product by a method selected by the manufacturer. The method selected should 
conform to the following: 

a. Lettering types should be "Futura" or "Gothic" capitals and the numerals should be Arabic. Type size should be sufficient 
as to be clearly legible. 

b. The markings should be of a permanent type and should be capable of withstanding the service conditions specified 
herein without degradation to itself or the required performances for the TEM transmission line. 

c. Whenever practicable, the marking should be located so that it is visible when the TEM transmission line is installed. 
When the location of the marking is specified in the detail drawing, the marking should so be located. 

3.6.3 Color-Coding 

The outer covering of the TEM transmission line should be color-coded solid violet in accordance with EIA RS-359, preferred 
limits, throughout its entire length. Color-coding should be a permanent type and capable of withstanding the service 
conditions specified herein without degradation of required performances for the TEM transmission line. 

3.7 Workmanship 

The TEM transmission line should be processed in such a manner as to be uniform in quality and be free of defects that will 
affect performance, reliability or appearance. 

3.7.1 Interfaces and associated metal parts should be free of sharp edges, burrs, damaged interface surfaces and 
contaminants. 

3.7.2 The outer covering of the assembly should be free of cuts, dents, nicks, frayed or burned spot that might affect the 
appearance or performance of the TEM transmission line. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Establishment of Inspection Acceptance Criteria 

The manufacturer is recommended to establish a inspection acceptance criteria for use in the performance of all inspection 
requirements herein.  The following procedure is provided as a guide. 

4.1.1 The manufacturer should prepare inspection plans that meet the requirements herein, the recommended quality 
conformance inspection (4.3) and methods of inspection (4.8). The plans should include the test equipment to be 
used for each test and should list the equipment brand names, model numbers and serial numbers (see 4.2). 
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4.1.2 The manufacturer should make an analysis of the test equipment, calibration system errors and measurement 

methods. From this analysis, can be calculated the maximum residual error band of uncertainly (6.2.1) of the 
measurement and test system. 

4.1.3 The User should require the manufacturer to submit the inspection plans (see 4.1.1) and the analysis (see 4.1.2) to 
the User for review and establishment of inspection acceptance criteria. 

4.1.4 The User mandate for TEM procurement the manufacturer's inspection acceptance criteria. 

4.2 Test Equipment Calibration System 

The manufacturer should establish and maintain a calibration system to control the accuracy of measurement and test 
equipment in accordance with the requirements of ANSI/NCSL-Z540.3 or equivalent. 

4.3 Quality Conformance Inspection 

A User should specify in every purchase order or contact Quality Conformance Inspection requirements. The following is 
recommended for TEM cable procurements (see 4.3.1 and 4.4 through 4.7). 

4.3.1 Inspection of Product for Delivery 

Inspection of TEM transmission lines for delivery is recommended to consist of Groups A and B inspection (see 4.4 and 4.5). 

4.3.1.1 Inspection Lot 

An inspection lot consist of all TEM transmission lines covered by one detail drawing, produced under the same conditions, 
and offered for inspection at one time. 

4.3.1.2 Disposition of Sample Units 

Sample units which have been subjected to the Group A inspection typically are delivered on the contract or order. Sample 
units which have been subjected to Group B inspection should not be delivered. 

4.4 Group A Inspection 

Group A inspection should consist of the examinations and tests specified in Table 12 and be performed in the order shown. 

4.4.1 Sampling Plan 

Statistical sampling and inspection should be in accordance with ASQC-Z1.4 for general inspection level II (see 6.2.16). 
The sample size should be as specified in Table 12. 
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Table 12 - Group A inspection quality conformance test plan 

Examination or Test 
Requirement 
Paragraph 

Test 
Paragraph 

Sample Plan 

AQL 100% 
Lot size 

1-50 51-99 100-Up 
I Examination of Product 

   Design and Construction 
   Interface Gauging 
   Marking 
   Workmanship 

 
3.1, 3.5 
3.5.1.1 
3.8 
3.9 

 
4.8.1 
4.8.2 
4.8.1 
4.8.1 

 
 

0.4 
1.0 
1.0 

 
X 

   

II Electrical Tests 
   RF Insertion Loss 
   VSWR 
   Impedance 
   Velocity of Propagation 
   RF Leakage 

 
3.4.4.1 
3.4.4.2 
3.4.4.3 
3.4.4.4 
3.4.4.5 

 
4.8.3 
4.8.4 
4.8.5 
4.8.7 
4.8.8 

  
X 
X 

 
 
 
2 
2 
2 

 
 
 
4 
4 
4 

 
 
 
7 
7 
7 

III Mechanical-Environmental 
   Vapor Leakage 
   Thermal Shock 

 
3.4.5.1 
3.4.6.3 

 
4.8.6 
4.8.11 

  
X 

 
 
2 

 
 
4 

 
 
7 

4.4.2 Accept-Reject Criteria 

Accept-reject criteria for each examination or test should be as specified in the applicable test paragraph. When specified, 
the acceptable quality level (AQL) should be as specified in Table 12. When discrete sample sizes are specified, the failure 
of a sample unit should constitute failure of the lot. 

4.4.3 Rejected Lots 

If an inspection lot is rejected, the manufacturer should withdraw the lot, rework it to correct the defects or screen out the 
defective units, as applicable, and reinspect. Such lots should be separate from new lots, and should be clearly identified 
as reinspected lots. Rejected lots should be reinspected using tightened inspection. 

4.5 Group B Inspection 

Group B inspection should consist of the applicable examinations and tests specified in Table 13, should be made on units 
previously inspected under Group A inspection, and should be performed in the sequence shown. Shipment should not be 
held up pending results of this inspection. 

4.5.1 Sampling Plan 

Each lot should be inspected with the sample size controlled by the requirements of Table 13. 

Table 13 - Group B inspection quality conformance test plan 

Examination or Test 
Requirement 
Paragraph 

Test 
Paragraph 

Lot Size 
1-24 25-49 50-74 75-99 100-Up 

Number of Samples Required 
1 2 3 4 5 

Number of Samples To Be Tested 
Vibration 3.4.5.2 4.8.12 1 2 3 4 5 
Flexure 3.4.5.4 4.8.15 1 2 3 4 5 
Torque 3.4.5.5 4.8.16 1 2 3 4 5 
Tensile Load 3.4.5.6 4.8.17 1 2 3 4 5 
Chemical Resistance 3.4.6.4 4.8.20 1 2 2 2 2 
Salt-Fog 3.4.6.6 4.8.23 1 2 2 2 2 
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4.5.2 Accept-Reject Criteria 

Accept-reject criteria for each examination or test should be as specified in the applicable test paragraph. Failure of a sample 
unit should constitute failure of the lot. 

4.5.3 Noncompliance 

If a sample fails to pass Group B inspection should immediately contact the User, take corrective action on the materials or 
processes or both, as warranted, and on all units of product which can be corrected and which were manufactured under 
essentially the same conditions with essentially the same materials, processes, etc., and which are considered subject to 
the same failure. Acceptance of related lots should be discontinued until corrective action, acceptable to the User, has been 
taken. After the corrective action has been taken, Group B inspection should be repeated on new samples. Group A 
inspection is recommended to be reinstituted; however, final acceptance should be withheld until the Group B inspection 
has shown that the corrective action was successful. 

4.6 Inspection of Preparation for Delivery 

The level of inspection of packaging of TEM cables should always be specified in the User contact (see Section 5). 

4.7 Special Tests 

Any examination or test not specified herein, but required by the detail drawing, should be classified as a special test. These 
tests should be developed by the User and manufacturer together. Special tests should conform to the requirements herein 
and applicable tests should be included in quality conformance inspection. 

4.8 Methods of Inspection 

4.8.1 Examination of Product 

TEM transmission lines should be examined in accordance with the procedures specified herein to ensure conformance 
with this specification. These procedures assure verification of conformance to the specified requirements for design and 
construction, marking, workmanship and corrosion and deterioration. 

4.8.1.1 Test Equipment 

Test equipment used to perform the examinations should be accurate and versatile. 

4.8.1.2 Test Conditions 

Unless otherwise specified, examinations should be made at normal ambient conditions. 

4.8.1.3 Procedure I - Design and Construction 

4.8.1.3.1 The TEM transmission line should conform to the physical dimensions as specified in the applicable detail 
drawing (3.1). 

4.8.1.3.2 The TEM transmission line should be examined to verify that the primary interfaces and, if applicable, the 
replaceable interface components are as specified in the detail drawing. In addition, when replaceable interface 
components are used, the examination should ascertain that these are properly installed and are torqued to a 
range of 40 to 50 in-lb. 

4.8.1.3.3 When specified, the TEM transmission line should conform to the weight requirement specified. 

4.8.1.3.4 The TEM transmission line should be examined to determine that metallic mating surfaces meet the 
requirements of 3.3.3. 
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4.8.1.3.5 The TEM transmission line should be examined to ascertain that apertures or other devices for pressurization 

are not incorporated in the unit (see 3.3.4). 

4.8.1.3.6 Accept-Reject Criteria 

If the results of these examinations show that the TEM transmission line fails to meet the requirements for design and 
construction as set forth in this document, the TEM transmission line should be considered to have failed the test. 

4.8.1.4 Procedure II - Markings 

4.8.1.4.1 The markings on the TEM transmission line should conform to the requirements specified in the applicable 
detail drawing. 

4.8.1.4.2 When markings are not specified in the detail drawing, markings should be in accordance with 3.6. 

4.8.1.4.3 Accept-Reject Criteria 

If the results of this examination show that the TEM transmission line fails to meet the specified marking requirements, the 
unit should be considered to have failed this test. 

4.8.1.5 Procedure III - Workmanship 

4.8.1.5.1 The outer covering of the TEM transmission line should be examined for cuts, nicks, dents and burned or frayed 
areas. 

4.8.1.5.2 Interfaces and associated metal parts should be examined for sharp edges, burrs, damaged mating surfaces, 
and foreign objects or contaminants. 

4.8.1.5.3 Accept-Reject Criteria 

If the results of these examinations show that the TEM transmission line has workmanship defects which might affect 
performance or reliability, the unit should be considered to have failed this test. 

4.8.1.6 Procedure IV - Corrosion and Deterioration 

4.8.1.6.1 The primary interfaces of the TEM transmission line should be examined for evidence of corrosion, flaking, 
pitting or peeling of the electrical conductive surfaces and threaded coupling areas. 

4.8.1.6.2 The interface component or replaceable interface component coupling rings should be examined for clogging 
or binding. 

4.8.1.6.3 The dielectric material of the primary interfaces should be examined for displacement, shrinkage or swelling. 
Center contact and outer contact relationship to each other and to the dielectric material should be measured 
and recorded. 

4.8.1.6.4 Accept-Reject Criteria 

If the results of these examinations reveal that corrosion, damage, deterioration or change in physical relationship outside 
established tolerance limits has occurred, the unit should be considered to have failed the test. 

4.8.2 Interface Gauging of Primary Interfaces 

4.8.2.1 General 

Gauging of primary interfaces is performed to determine compliance of the interfaces to required dimensions that insure 
proper mating to specified counterparts. 
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4.8.2.2 Apparatus 

The apparatus required to perform the interface gauging should be determined by the manufacturer and should be approved 
by the User. The use of standardized gauging equipment and techniques is recommended. 

4.8.2.3 Test Conditions 

Unless otherwise specified, gauging should be conducted at normal ambient conditions. 

4.8.2.4 Procedure 

4.8.2.4.1 The gauging procedure should meet the requirements of 4.1.1. 

4.8.2.4.2 The primary interface should be examined for sharp edges, burrs, damaged mating surfaces, corrosion and 
flaking, peeling, or pitting of the conductive surfaces. 

4.8.2.4.3 The primary interfaces should be gauged for dimensional conformance in accordance with Table 14. 

Table 14 - Primary interface gaging 

EW Precision Interface 
Type 1 - Male (see Figure 9 and Table 17) 
Type 1 - Female (see Figure 10 and Table 18) 
Type 2 - Male (see Figure 11 and Table 19) 
Type 2 - Female (see Figure 12 and Table 20) 
Type 3 - Male (see Figure 13 and Table 21) 
Type 3 - Female (see Figure 14 and Table 22) 

NOTE: Surface finish requirements may be inspected prior to assembly of the primary interface. 

4.8.2.4.4 Male primary interfaces should be visually inspected to ascertain that the environmental seal is installed, 
properly located, and not damaged. 

4.8.2.5 Accept-Reject Criteria 

If the results of these examinations and gauging inspections reveal that corrosion, damage, deterioration or dimensional 
deficiencies exist, the unit should be considered to have failed the interface gauging examination. 

4.8.3 RF Insertion Loss 

4.8.3.1 General 

Three tests are required to determine the RF insertion loss characteristics of a TEM transmission line. The tests are: 

a. RF insertion loss. The RF insertion loss, which is defined as the ratio of the power (P1) delivered to a load connected 
directly to a source and the power (P2) delivered to a load when a test sample is inserted between the source and the 
load, is expressed in dB and is equal to 10 log10 (P1/P2). Procedure I describes the test requirements for RF insertion 
loss. 

b. Insertion loss uniformity (fine structure variation). The fine structure variation is a periodic or abrupt change occurring 
in the plotted insertion loss that can be attributed to mismatches in the TEM transmission line. Procedure II describes 
the test requirements for insertion loss uniformity. 

c. Insertion loss stability. This test is performed to determine the adequacy of the electrical mate between the cable and 
the interface components when they are subjected to side acting forces. Procedure III describes the test requirements 
for insertion loss stability. 

SAE INTERNATIONAL ARP81490™B 19 OF 100

Full document details: SAE ARP81490B

http://avadocuments2026.com/doc/sae-arp81490b
http://avadocuments2026.com/doc/sae-arp81490b


 

 
4.8.3.2 Test Equipment and Apparatus 

The test equipment used to perform these tests should meet the requirements of 4.1.2. The test equipment should be 
capable of providing a continuous measurement of RF insertion loss over the required frequency ranges. A means should 
be provided for producing a permanent record of the unit's RF insertion loss versus frequency on rectangular coordinates. 
The permanent record should be calibrated and capable of differentiating an insertion loss change of 0.05 dB. The 
measuring system response should be such that an insertion loss variation of 1.0 dB with a frequency width as narrow as 
20 MHz will be displayed with degradation limited to less than 20%. In addition, Procedure III requires apparatus capable 
of applying a force to the cable component while the body of the interface component is rigidly supported. 

4.8.3.3 Test Conditions 

Unless otherwise specified, tests should be conducted at normal ambient conditions. 

4.8.3.4 Procedure I - RF Insertion Loss 

4.8.3.4.1 The TEM transmission line should be connected in the test system and measured for RF insertion loss over the 
required frequency ranges as specified in 3.4.4.1.1 and the detail drawing. 

4.8.3.4.2 The permanent record should be marked with the maximum allowable RF insertion loss as specified in the 
detail drawing. 

4.8.3.5 Accept-Reject Criteria - Procedure I 

4.8.3.5.1 The RF insertion loss requirements specified in the detail drawing should be adjusted in accordance with 4.1 
for use as accept-reject inspection criteria. 

4.8.3.5.2 If the TEM transmission line fails to meet the accept-reject criteria established in 4.8.3.5.1, the unit should be 
considered to have failed the RF insertion loss test. 

4.8.3.6 Procedure II - Insertion Loss Uniformity 

4.8.3.6.1 The RF insertion loss uniformity should be determined by measuring the fine structure variation (see Figure 20) 
of the RF insertion loss. The permanent record obtained in Procedure I should be measured to determine the 
maximum value of fine structure variation within the specified bandwidth. 

4.8.3.7 Accept-Reject Criteria - Procedure II 

4.8.3.7.1 The insertion loss uniformity requirements specified in 3.4.4.1.1 for a particular frequency range and 
replaceable interface component style should be adjusted in accordance with 4.1 for use as accept-reject 
inspection criteria. 

4.8.3.7.2 If the TEM transmission line fails to meet the accept-reject criteria established in 4.8.3.7.1, the unit should be 
considered to have failed the insertion loss uniformity (fine structure variation) test. 

4.8.3.8 Procedure III - Insertion Loss Stability 

4.8.3.8.1 Mount the TEM transmission line with the input interface rigidly supported so the applied side acting forces are 
not transmitted to the electrical interface between the test sample and the measurement system. Connect the 
test sample in the measurement system. 

4.8.3.8.2 Perform an RF insertion loss measurement as specified in Procedure I. 

4.8.3.8.3 Apply a force (in pounds) equal to ten times the outside diameter of the cable component (in inches) at a point 
whose distance (in inches) from the rear of the interface component equals two times the outside diameter of 
the cable component. This force should be applied perpendicular to the major axis of the cable component via 
a 1/2 inch x 1/2 inch rigid flat steel plate. 
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4.8.3.8.4 While the force specified in 4.8.3.8.3 is being applied, an RF insertion loss measurement should be made and 

recorded on the same permanent record as the measurement made in 4.8.3.8.2 was recorded. 

4.8.3.8.5 Three additional RF insertion loss measurements should be made while the force specified in 4.8.3.8.3 is being 
applied except that the force should be applied in each of the three remaining quadrants. Each measurement 
should be recorded on the same permanent record made in 4.8.3.8.2. Therefore, when the required 
measurements are completed, the permanent record will show five RF insertion loss measurement traces. 

4.8.3.8.6 Repeat 4.8.3.8.1 through 4.8.3.8.5 except the other primary interface of the TEM transmission line should be 
used as the input. 

4.8.3.9 Accept-Reject Criteria - Procedure III 

4.8.3.9.1 The insertion loss stability requirements specified in 3.4.4.1.3 should be adjusted in accordance with 4.1 for use 
as accept-reject inspection criteria. 

4.8.3.9.2 If the RF insertion loss measurement traces vary from one to another by more than the accept-reject criteria 
established in 4.8.3.9.1, the TEM transmission line should be considered to have failed the insertion loss 
stability test. 

4.8.3.10 Procedure IV - RF Insertion Loss for Replaceable Interface Components 

4.8.3.10.1 The test equipment and test methods used for this procedure should be fully documented by the manufacturer 
and should be approved by the User. 

4.8.3.10.2 The replaceable interface component should be connected in the test system and measured for RF insertion 
loss over the required frequency range(s) specified in 3.4.4.1.6. 

4.8.3.11 Accept-Reject Criteria - Procedure IV 

4.8.3.11.1 The RF insertion loss requirements specified in 3.4.4.1.6 should be adjusted in accordance with 4.1 for use as 
accept-reject criteria. 

4.8.3.11.2 If the replaceable interface component fails to meet the accept-reject criteria established in 4.8.3.11.1, the unit 
should be considered to have failed the RF insertion loss test. 

4.8.4 Voltage Standing Wave Ratio (VSWR) 

4.8.4.1 General 

The voltage standing wave ratio (VSWR) test (Procedure I) is performed to determine if the TEM transmission line meets 
its specified requirements. The VSWR stability test (Procedure II) is performed to determine the adequacy of the electrical 
mate between the cable and interface components when they are subjected to side acting forces. VSWR measurements 
are an indication of the power reflected back into a connected power source that is caused by mismatches in the TEM 
transmission line. 

4.8.4.2 Test Equipment 

The test equipment used to perform these tests should meet the requirements of 4.1. The test equipment should be capable 
of providing a continuous measurement of VSWR over the required frequency ranges. A means should be provided for 
producing a permanent record of the unit's VSWR versus frequency on calibrated rectangular coordinates. In the event 
VSWR is not directly measured, i.e., if return loss is measured and VSWR is calculated from that measurement, the 
permanent record should indicate the worst case VSWR numerically for each frequency band and should provide the 
calculation used to obtain the calculated VSWR. The permanent record should be able to differentiate a VSWR change of 
at least 0.02. In addition, Procedure II requires apparatus capable of applying a force to the cable component while the body 
of the interface is rigidly supported. 
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4.8.4.3 Test Conditions 

Unless otherwise specified, tests should be conducted at normal ambient conditions. 

4.8.4.4 Procedure I - VSWR 

4.8.4.4.1 The TEM transmission line should be connected in the test system and measured for VSWR over the required 
frequency ranges as specified in 3.4.4.2. 

4.8.4.4.2 Unless otherwise specified in the detail specification drawing, the TEM transmission line should have VSWR 
measurements made from both primary interfaces and the resulting permanent records should be marked to 
indicate which primary interface was used as the input. 

4.8.4.4.3 The permanent record should be marked with the maximum allowable VSWR, or related parameter if VSWR is 
not directly measured, as specified in 3.4.4.2 for the type and interface configuration of TEM transmission line 
being tested. 

4.8.4.5 Accept-Reject Criteria - Procedure I 

4.8.4.5.1 The VSWR requirements specified in 3.4.4.2 for a particular type and interface configuration of TEM 
transmission line should be adjusted in accordance with 4.1 for use as accept-reject inspection criteria. 

4.8.4.5.2 If the TEM transmission line fails to meet the accept-reject criteria established in 4.8.4.5.1, the unit should be 
considered to have failed the voltage standing wave ratio test. 

4.8.4.6 Procedure II - VSWR Stability 

4.8.4.6.1 Mount the TEM transmission line insuring the input primary interface is rigidly supported so that the applied 
side acting forces are not transmitted to the electrical interface between the test sample and the measurement 
system. Connect the test sample in the measurement system. 

4.8.4.6.2 Perform a VSWR measurement as specified in Procedure I for the first input interface. 

4.8.4.6.3 Apply a force (in pounds) equal to ten times the outside diameter of the cable component (in inches) at a point 
whose distance (in inches) from the rear of the interface component equals two times the outside diameter of 
the cable component. This force should be applied perpendicular to the major axis of the cable component via 
a 1/2 inch x 1/2 inch rigid flat steel plate. 

4.8.4.6.4 While the force specified in 4.8.4.6.3 is being applied, a VSWR measurement should be made and recorded 
on the same permanent record as the measurement made and recorded in 4.8.4.6.2. 

4.8.4.6.5 Three additional VSWR measurements should be made while the force specified in 4.8.4.6.3 is being applied 
except that the force should be applied in each of the three remaining quadrants. Each measurement should 
be recorded on the same permanent record made in 4.8.4.6.2. Therefore, when the required measurements 
are completed, the permanent record will show five VSWR measurement traces. 

4.8.4.6.6 Repeat 4.8.4.6.1 through 4.8.4.6.5 except that the other primary interface of the TEM transmission line should 
be used as the input. 

4.8.4.7 Accept-Reject Criteria - Procedure II 

4.8.4.7.1 The VSWR stability requirements specified in 3.4.4.2.1 should be adjusted in accordance with 4.1 for use as 
accept-reject inspection criteria. 

4.8.4.7.2 If the VSWR measurement traces vary from one to another by more than the accept-reject criteria established 
in 4.8.4.7.1, the TEM transmission line should be considered to have failed the VSWR stability test. 
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4.8.4.8 Procedure III - VSWR for Replaceable Interface Components 

4.8.4.8.1 The test equipment and test methods used for this procedure should be fully documented by the manufacturer 
and should be approved by the User. 

4.8.4.8.2 The replaceable interface component should be connected in the test system and measured for VSWR over 
the required frequency range(s) specified in 3.4.4.2.2. 

4.8.4.9 Accept-Reject Criteria - Procedure III 

4.8.4.9.1 The VSWR requirements specified in 3.4.4.2.2 should be adjusted in accordance with 4.1 for use as accept-
reject criteria. 

4.8.4.9.2 If the replaceable interface component fails to meet the accept-reject criteria established in 4.8.4.9.1, the unit 
should be considered to have failed the VSWR test. 

4.8.5 Impedance Test 

4.8.5.1 General 

The purpose of the impedance test is to determine the characteristic impedance and the impedance uniformity (peak to 
peak variation) of the TEM transmission line. Variations in dimensions, dielectric material or manufacturing procedures can 
produce changes in the characteristic impedance or impedance uniformity. These changes generate reflections and 
degrade the electrical performance of the TEM transmission line. 

4.8.5.2 Test Equipment 

All test equipment used to perform the impedance test should meet the requirements of 4.1. The characteristic impedance 
should be measured with Time Domain Reflectometry (TDR) equipment. The TDR equipment should have a total system 
response of 150 ps and should provide for a resolution of 0.1 Ω throughout the length of the test sample. The test results 
should be displayed on calibrated rectangular coordinates and a permanent record of the test results should be produced. 
The permanent record should be capable of differentiating an impedance difference of at least 0.1 Ω. A section of air line 
with a calibrated impedance of 50.0 Ω ± 0.1 Ω is required as a reference. 

4.8.5.3 Test Conditions 

Unless otherwise specified, tests should be conducted at normal ambient conditions. 

4.8.5.4 Procedure I - Characteristic Impedance 

4.8.5.4.1 The test procedure should meet the requirements of 4.1. 

4.8.5.4.2 The section of air-line used as a reference should be inserted between the test equipment and the input end of 
the test sample. 

4.8.5.4.3 Either end of the test sample may be used as the input interface. 

4.8.5.4.4 The permanent record of the impedance test should display the plots of the air-line reference, the input interface, 
the entire length of the test sample, the output interface and any required terminating network. The record 
should be marked to indicate these plots and should identify which primary interface was used as the input 
interface (see Figure 21 for marking requirements). 

4.8.5.4.5 Examine the permanent record to ascertain the maximum and minimum points of the impedance plot for the 
TEM transmission line. Determine the values for these points. 
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4.8.5.5 Accept-Reject Criteria - Procedure I 

4.8.5.5.1 The characteristic impedance requirements specified in 3.4.4.3 should be adjusted in accordance with the 
requirements of 4.1 for use as accept-reject inspection criteria. 

4.8.5.5.2 If the TEM transmission line fails to meet the accept-reject criteria established in 4.8.5.5.1, the unit should be 
considered to have failed the characteristic impedance test. 

4.8.5.6 Procedure II - Impedance Uniformity 

4.8.5.6.1 The test procedure for impedance uniformity should be as specified in 4.8.5.4.1 through 4.8.5.4.4. 

4.8.5.6.2 Examine the permanent record to ascertain the 12-inch segment of the TEM transmission line which exhibits 
the maximum peak to peak variation of the impedance plot (see Figure 21 for clarification). Determine the value 
of this peak to peak variation. 

4.8.5.7 Accept-Reject Criteria - Procedure II 

4.8.5.7.1 The impedance uniformity (peak to peak variation) specified in 3.4.4.3.1 should be adjusted in accordance with 
the requirements of 4.1 for use as accept-reject inspection criteria. 

4.8.5.7.2 If the TEM transmission line fails to meet the accept-reject criteria established in 4.8.5.7.1, the unit should be 
considered to have failed the impedance uniformity test. 

4.8.6 Vapor Leakage 

4.8.6.1 General 

The vapor leakage test is performed to determine the environmental seal integrity of a TEM transmission line. Leaks, both 
gross and minute, in combination with exposure to wide differentials in atmospheric pressure will cause the TEM 
transmission line to "breathe" and to absorb contaminants that could degrade the line's electrical performance to an 
unacceptable level. This test is applicable to all classes of TEM transmission lines except that Class 3 (rigid) assemblies 
may be tested prior to forming or bending. If tested prior to forming or bending, Class 3 assemblies should be further tested 
after forming or bending to verify conformance to the vapor leakage requirement. This verification test should be approved 
by the User. 

4.8.6.2 Apparatus 

The apparatus required to perform this test is shown in Figure 22. The mechanical pump, diffusion pump, bell jar, valves, 
controls, and gauges may be a self-contained vacuum system. The use of a multi-port connection between the bell jar and 
several sample tubes is recommended to conserve testing time; however, if this is done, each sample tube must have an 
individual isolation valve. Sample tube sizes should be selected so that the difference between sample tube and test sample 
volumes is approximately 500 cm3. The bell jar volume should be at least 100 times greater than the aforementioned volume 
difference. Thermocouple gauge, M1, should be capable of measuring pressure to within ±0.01 mm Hg. 

4.8.6.3 Test Conditions 

Tests should be conducted at normal ambient conditions. 

4.8.6.4 Procedure 

4.8.6.4.1 The test procedure should meet the requirements of 4.1. 

4.8.6.4.2 Place the TEM transmission line in the sample tube. The primary interfaces should not be sealed, mated, or 
otherwise covered or protected. Seal the sample tube and shut the isolation valve. 
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4.8.6.4.3 Close the vent valve and start the evacuation of the bell jar with the mechanical pump. After reaching the 

optimum limits of evacuation with the mechanical pump, close the roughing valve. Evacuate the bell jar with the 
diffusion pump to 1 x 10-6 mm Hg or less. Close the high vacuum valve. 

4.8.6.4.4 The isolation valve should be opened for 1 to 2 seconds and then should be closed. The test period should start 
at the time, (to), when the isolation valve is closed. At the same time, the starting pressure, (po), should be read 
on the thermocouple gauge, M1. Record to and po. 

4.8.6.4.5 At periodic intervals for the duration of the test, the pressure (px) should be read at M1 and the time (tx) of the 
observation recorded to the nearest second. A minimum of three readings should be made with a minimum 
elapsed time of 10 minutes between each reading. Additional readings may be required to ascertain leakage 
rates on TEM transmission lines less than 3 feet in length. 

4.8.6.4.6 The vapor leakage rate, (K), for TEM transmission lines should be calculated by the following formula: 

  (Eq. 1) 

where: 

po = starting pressure (in mm Hg) 

px = pressure (in mm Hg) at time tx 

to = starting time 

tx = time (in seconds) at which px was read 

V1 = bell jar volume in cm3 

V2 = sample tube volume in cm3 

Vx = test sample volume in cm3 

4.8.6.4.7 When a multi-port connection is used, each sample should be subjected to the procedure described in 4.8.6.4.2 
through 4.8.6.4.6. 

4.8.6.4.8 If the quantity (px-po) remains constant throughout the test period, a gross leak may exist. The suspect test 
sample should be removed from the sample tube and should be visually inspected for seal ruptures. If none are 
found, the test sample should be set aside for a period of at least 1 hour prior to retesting. The retest cycle 
should consist of the procedure specified in 4.8.6.4.2 through 4.8.6.4.4. Record po and to. 

4.8.6.4.9 Read and record px at 10 second intervals for a period of 2 minutes. Calculate the vapor leakage rate for the 
TEM transmission line in accordance with 4.8.6.4.6. 

NOTE: The retest cycle is required on braided outer conductor constructions. For solid outer conductor constructions, an 
alternate test method, approved by the Agent Facility, may be used. 

4.8.6.5 Accept-Reject Criteria 

If at any time during the initial test cycle or, if applicable, the retest cycle, the TEM transmission line has a vapor leakage 
greater than that specified in 3.4.5.1, the unit should be considered to have failed the vapor leakage test. 
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4.8.7 Velocity of Propagation 

4.8.7.1 General 

This test is conducted to determine the velocity of propagation of a TEM transmission line over its specified design frequency 
range. The velocity of propagation of a TEM transmission line should be stated as a percentage of the velocity of propagation 
in free space. 

4.8.7.2 Test Equipment 

The test equipment used to perform this test should meet the requirements of 4.1 and should consist of the following: 

a. A Microwave Sweep oscillator with a frequency range that covers the design frequency range of the test sample. 

b. An analyzer with suitable readout features. 

c. A phase bridge with a measurement accuracy of ±0.1%. 

d. A calibrated section of air-line whose length equals the length of the test sample. 

4.8.7.3 Test Conditions 

Tests should be conducted at normal ambient conditions. 

4.8.7.4 Procedure 

4.8.7.4.1 The test procedure should meet the requirements of 4.1. 

4.8.7.4.2 Calibrate the system over the design frequency range of the test sample with required adapters inserted in the 
leg of the phase bridge to be used for the test sample. Record calibration line. 

4.8.7.4.3 Insert the test sample in the appropriate leg of the phase bridge and an equal length of air line in the other leg. 
Note the length (L) of the test sample. 

4.8.7.4.4 Using the phase bridge, adjust the electrical length of the air-line leg to obtain a phase balance across the 
design frequency of the test sample. Note the added length (∆L). 

4.8.7.4.5 Calculate velocity of propagation (Vp) of calibration line as follows: 

 
p

LV 100%
L L

 


 (Eq. 2) 

4.8.7.4.6 Sweep over the design frequency of the test sample. 

Note maximum deviation (φ in degrees) from calibration line. 

4.8.7.4.7 Calculate minimum velocity of propagation Vp (MIN) as follows: 

 
p

LV (MIN) 100%
C(L L)

360 f

 


 

 (Eq. 3) 

where C is the velocity of propagation in free space and f is the frequency (in Hz) as measured. 

SAE INTERNATIONAL ARP81490™B 26 OF 100

Full document details: SAE ARP81490B

http://avadocuments2026.com/doc/sae-arp81490b
http://avadocuments2026.com/doc/sae-arp81490b


 
4.8.7.5 Accept-Reject Criteria 

4.8.7.5.1 The velocity of propagation requirement specified in 3.4.4.4 or in the detail specification drawing should be 
adjusted in accordance with the requirements of 4.1 for use as accept-reject inspection criteria. 

4.8.7.5.2 If the TEM transmission line fails to meet the accept-reject criteria established in 4.8.7.5.1, the unit should be 
considered to have failed the velocity of propagation test. 

4.8.8 Radio Frequency (RF) Leakage 

4.8.8.1 General 

This test is performed for the purpose of determining that the RF energy leaked from a TEM transmission line is within the 
limits specified in 3.4.4.5. 

4.8.8.2 Test Equipment and Apparatus 

Test equipment used to perform the RF leakage test should meet the requirements of 4.1. The test equipment list specified 
in Figure 23, sheet 1, is required to perform this test and it should be capable of performing satisfactorily throughout the 
design frequency range of the TEM transmission line. The apparatus described in Figure 23, sheets 5 through 10, is also 
required. 

4.8.8.3 Test Conditions 

Tests should be conducted at normal ambient conditions. 

4.8.8.4 Procedure 

4.8.8.4.1 The test procedure should meet the requirements of 4.1. 

4.8.8.4.2 Test frequencies should be selected to insure complete scanning of the TEM transmission line's design 
frequency range. 

4.8.8.4.3 RF leakage measurements should be made at each interface and, for braid shield constructions, at a minimum 
of three points along the cable component of the TEM transmission line. 

4.8.8.4.4 The test routine for a single test frequency at a particular point should be as follows: 

RECORDER CALIBRATION 

Step 1. Connect the test equipment as shown in Figure 23, sheet 2. 

Step 2. With equipment warmed up and operating, set the sweep oscillator to sweep over a minimum 5% bandwidth 
containing the intended test frequency. 

Step 3. With the sweep oscillator operating at a convenient output level and using the variable attenuators for test channel 
level set, record calibration traces on the x-y recorder corresponding to 40, 50, 60, 70, 80, 90, and 100 dB ratios of reference 
channel to test channel signal level versus frequency. If more than one leakage measurement is intended, remove the 
calibration record sheet from the recorder and retain for future use as a calibration overlay. 

CAVITY ADJUSTMENT AND "Q" MEASUREMENT 

Step 4. Install test unit or mated interface pair in the test cavity using appropriately sized short circuits (see Figure 23, sheets 
6 through 10). 

Step 5. Connect the equipment as shown in Figure 23, sheet 3. Set the variable attenuators to "0" dB. 
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Step 6. With the test equipment warmed up and operating, set the sweep oscillator to sweep over the same frequency range 
used for recorder calibration (see 4.8.8.4.3). Adjust oscillator output level and oscilloscope gain controls for usable scope 
presentation. 

Step 7. Adjust spacing between cavity short circuits until TEM resonance as indicated by oscilloscope presentation is 
centered on test frequency. Keeping the spacing between the short circuits approximately constant, slide the combination 
with respect to the cavity coupling probe to obtain maximum amplitude of the selected resonance. Verify that the selected 
mode is TEM by holding one short circuit fixed and sliding the other while observing the oscilloscope. The electrical 
dimensions of the cavity are such that several TEM modes as well as TE and TM modes can exist within the frequency 
range being observed. TEM modes can be identified by (1) for a given change in cavity length they undergo a greater 
frequency shift than TE or TM modes and (2) they maintain a nearly constant amplitude for small changes in cavity length. 

 

Figure 3 - Step 7 oscilloscope presentation 
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Step 8. After verifying that the selected mode is TEM, readjust the short circuit to center the mode at the test frequency. 

 

Figure 4 - Step 8 oscilloscope presentation 

Step 9. Adjust oscilloscope controls to establish maximum deflection at a convenient level. 

Step 10. Set sweep oscillator markers to coincide with "base" of selected resonance curve. 

 

Figure 5 - Step 10 oscilloscope presentation 

Step 11. Set sweep oscillator to "Marker Sweep" mode and adjust markers to yield symmetrical display of resonance curve 
on scope. 

 

Figure 6 - Step 11 oscilloscope presentation 
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Step 12. Adjust variable attenuator to insert 3 dB attenuation and note level on oscilloscope corresponding to this condition. 
Remove 3 dB attenuation. 

 

Figure 7 - Step 12 oscilloscope presentation 

Step 13. Use frequency meter to determine the frequency spacing between the 3 dB points on the resonance curve. 

 

Figure 8 - Step 13 oscilloscope presentation 

Step 14. Calculate the Q of the cavity for this condition by dividing the resonant frequency by the difference in frequency 
between the 3 dB points. Record this value for future calculation of test sample leakage. 

CAUTION 

Use extreme care not to disturb the cavity adjustment until leakage measurements are completed. 

Step 15. Being careful not to disturb the test sample and cavity adjustment obtained in step 8, connect the test equipment 
as shown in Figure 23, sheet 4. Set the sweep oscillator to sweep the frequency range of step 2 and record a trace of 
leakage energy over this frequency range. 

Step 16. Identify the recorded leakage level at the cavity resonant frequency. 

Step 17. Determine and record the physical spacing between the faces of the short circuits. This determination may be 
made by measuring the distance between accessible locations on the adjustment handles and correcting by the distance 
from these locations to the face of the short circuits. 

Step 18. Determine the dB value which corresponds to a power ratio equivalent to the cavity Q measured in step 14 by 
(dB = 10 log Q). 

Step 19. Increase the numerical value measured in step 16 by the dB value determined in step 18. The resultant dB value 
represents the ratio of power flowing in the test sample to the energy "leaked" from the test sample over the length 
determined in step 17. 
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