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Backshell and Strain Relief Options for High-Vibration Military Harnesses 

  

Summary  

Military and aerospace applications impose extreme mechanical and environmental demands on wiring 
harnesses. High-vibration environments, such as combat vehicles, aircraft, and missile systems, can 
compromise connector reliability, leading to premature failure of critical systems. Backshells and strain 
relief solutions are essential to mitigate mechanical stress, prevent wire fatigue, and maintain electrical 
integrity. This paper reviews available backshell types, strain relief strategies, material selection, failure 
modes associated with improper termination, and best practices for harnesses subjected to high-
vibration conditions. 

Introduction 

High-vibration environments expose wiring harnesses to repeated mechanical stress, torsion, and 
bending. In military systems, where mission-critical reliability is non-negotiable, connector failures due 
to vibration-induced wire fatigue or terminal loosening are unacceptable. 

Backshells and strain relief components serve three primary purposes: 

1. Mechanical Protection: Shielding connectors and wires from physical damage. 

2. Stress Distribution: Reducing point loads on terminals and wires. 

3. Environmental Sealing Support: Enhancing resistance to moisture, dust, and chemical 
exposure. 

The options available for backshells and strain relief are explored within.  High-vibration applications 
typical of military harnesses are a main focus, while highlighting failure modes caused by improper 
termination. 

Backshells 

Definition and Purpose 

A backshell is a connector accessory that mounts at the rear of a connector to: 

• Protect wire terminations. 

• Provide a secure mounting point for strain relief hardware. 
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• Shield against environmental and electromagnetic hazards. 

Types of Backshells 

1. Straight Backshells – Provides basic mechanical support and direct routing, suitable for 
moderate vibration zones. 

2. Right-Angle Backshells – Directs wires at 90° from the connector, ideal for confined harness 
paths. 

3. Cable-Clamp Backshells – Built-in clamps secure wire bundles and distribute mechanical loads. 

4. Environmental-Sealing Backshells – Grommets or boots protect against moisture, dust, and 
chemicals while supporting strain relief. 

5. EMI/RFI Shielding Backshells – Conductive metals shield connectors from electromagnetic 
interference and serve as mechanical reinforcement. 

Strain Relief Techniques 

Purpose of Strain Relief 

Strain relief prevents mechanical forces from reaching the connector terminals and guarantees long-
term electrical integrity by: 

• Limiting wire movement within the connector. 

• Reducing stress concentration on solder or crimp connections. 

• Maintaining consistent electrical performance under vibration. 

Common Strain Relief Options 

1. Clamp and Banding Systems – Metal or polymer clamps secure harnesses and distribute stress 
across wire bundles. 

2. Overmolded Strain Reliefs – Polyurethane or silicone overmolds provide flexible mechanical 
support for high-vibration environments. 

3. Flexible Conduit Integration – Spiral wrap, corrugated tubing, or braided sleeving reduces direct 
stress and provides abrasion protection. 
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4. Booted Strain Reliefs – Molded rubber or thermoplastic boots at wire-to-connector junctions 
reduce terminal strain while offering environmental protection. 

Backshell Comparison Table: 

Backshell / 

Strain Relief 

Type 

Description Primary Function 

Vibration / 

Mechanical 

Benefits 

Failure Modes 

Mitigated 

Typical 

Applications 

Straight 

Backshell 

Basic linear 

backshell; 

simple 

attachment to 

connector 

Mechanical 

protection; wire 

routing 

Reduces minor 

bending and 

pull stress 

Wire pull-out, 

terminal 

loosening 

Moderate vibration 

zones, basic 

harnesses 

Right-Angle 

Backshell 

Directs wires 

90° from 

connector 

Space-saving 

routing; stress 

redirection 

Reduces sharp 

bends in tight 

spaces 

Insulation 

damage, 

intermittent 

connections 

Confined harness 

paths, avionics 

panels 

Cable-Clamp 

Backshell 

Includes clamps 

to secure wire 

bundle 

Load distribution; 

mechanical 

support 

Evenly 

distributes 

forces across 

wire bundle 

Wire pull-out, 

terminal 

fractures 

High-vibration 

environments, 

combat vehicles 

Environmental-

Sealing Backshell 

Grommets, O-

rings, or boots 

Environmental 

protection; strain 

relief 

Reduces 

ingress of 

moisture, dust, 

chemicals 

Corrosion, 

insulation 

degradation 

MIL-STD-810 

harnesses, outdoor 

military electronics 

EMI/RFI 

Shielded 

Backshell 

Conductive 

metal shell 

Electromagnetic 

shielding; 

mechanical 

reinforcement 

Dampens 

vibration, adds 

grounding 

support 

Intermittent 

connections 

from EMI, 

terminal 

loosening 

Sensitive avionics, 

communication 

systems 

Clamp and 

Banding Strain 

Relief 

External clamps 

securing wire 

bundles 

Load transfer from 

wires to shell 

Absorbs 

vibration 

forces; 

prevents stress 

on terminals 

Wire pull-out, 

intermittent 

contacts 

High-vibration 

aircraft and ground 

vehicle harnesses 

Overmolded 

Strain Relief 

Polyurethane or 

silicone 

overmold at 

connector exit 

Flexible 

mechanical 

support; protection 

Absorbs shock 

and repeated 

flex cycles 

Wire fatigue, 

terminal 

fracture, 

insulation 

damage 

Extreme 

vibration/military 

harnesses, missile 

systems 
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Backshell / 

Strain Relief 

Type 

Description Primary Function 

Vibration / 

Mechanical 

Benefits 

Failure Modes 

Mitigated 

Typical 

Applications 

Flexible Conduit 

/ Braided 

Sleeving 

Spiral wrap, 

corrugated 

tubing, or 

braided sleeve 

Mechanical 

protection and 

vibration damping 

Reduces point 

stress; absorbs 

bending 

Wire fatigue, 

insulation 

abrasion 

Harsh mechanical 

environments, 

armored vehicles 

Booted Strain 

Relief 

Molded rubber 

or thermoplastic 

boot at junction 

Combines 

mechanical and 

environmental 

protection 

Distributes 

load, reduces 

flex at exit 

Terminal 

cracking, 

insulation 

tearing 

Aircraft, UAVs, 

exposed connector 

harnesses 

 

Failure Modes Caused by Improper Termination 

Improper termination can significantly compromise harness reliability, particularly in high-vibration 
military environments. Common failure modes include: 

1. Wire Pull-Out – Insufficient crimping or soldering allows wires to disengage from terminals under 
vibration. 

2. Intermittent Connections – Loose or damaged contacts produce erratic electrical performance. 

3. Cracked Terminals – Excessive mechanical stress or improper tooling can fracture terminals. 

4. Insulation Damage – Over-stripping, improper insertion, or excessive bending leads to insulation 
tears, risking shorts or electrical leakage. 

5. Corrosion Acceleration – Poorly terminated or exposed terminations are vulnerable to moisture, 
salt, and chemical ingress, causing accelerated degradation. 

In high-vibration applications, these failure modes are magnified due to repeated mechanical cycling. 
Effective backshell and strain relief design can mitigate these risks by promoting proper load distribution 
and terminal protection. 

Material Considerations 

1. Metals – Aluminum (lightweight, corrosion-resistant), stainless steel (high strength, corrosion-
resistant). 
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2. Polymers – Thermoplastics and elastomers provide vibration damping and environmental 
protection. 

3. Hybrid Designs – Metal shells with polymer strain relief inserts combine mechanical strength with 
vibration absorption. 

Design Guidelines for High-Vibration Harnesses 

• Maintain proper bend radius to avoid wire fatigue at connectors. 

• Implement dual-layer strain relief: mechanical clamp plus flexible overmold or boot. 

• Select materials compatible with environmental conditions (temperature extremes, fluids, UV 
exposure). 

• Test harnesses according to MIL-STD-810 and MIL-STD-1344 for vibration, shock, and 
environmental compliance. 

• Consider EMI/RFI shielding if electronic interference is a concern. 

• Enhance proper termination procedures with correct crimping, soldering, and inspection 
protocols. 

Conclusion 

Backshells and strain relief solutions are vital for the performance and longevity of high-vibration military 
wiring harnesses. Improper termination, poor load distribution, or inadequate strain relief can result in 
catastrophic failures, including intermittent connections, wire pull-out, and terminal fractures. Selecting 
appropriate backshell designs, materials, and strain relief techniques—combined with rigorous 
termination practices—assures that harnesses withstand extreme mechanical and environmental stress. 

In high-vibration military applications, reliability is not optional—it is mission-critical. Thoughtful 
integration of backshells and strain relief transforms a wiring harness from a potential failure point into a 
durable, resilient system capable of sustaining operational demands under the harshest conditions. 

 

 

 

(See Backshell / Strain Relief Example Diagram Page 6) 
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Backshell / Strain Relief Example Diagram
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