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Automotive-Grade	vs.	Hi-Rel,	Outgassing-Compliant	
Components	for	Space	Missions	

 

Introduction	

Space system design faces extreme environmental and reliability challenges. Selecting the right electronic 
components—knowing the difference between automotive-grade and hi-rel, outgassing-compliant space 
components—is a foundational decision that impacts mission success, cost, and long-term safety. 

This comprehensive guide contrasts the two categories, highlights unique risks posed by the space environment 
(vacuum, radiation, and thermal stress), and provides actionable frameworks for engineers, procurement teams, 
and decision-makers. 

 

What	Are	Automotive-Grade	and	Hi-Rel	Components?	

Automotive-Grade	Components	

• Definition: Qualified to AEC standards (e.g., AEC-Q200 for passives, AEC-Q100 for microcircuits). 
• Strengths: Optimized for harsh terrestrial conditions (wide temperature, vibration, humidity), high 

production volumes, and cost efficiency. 
• Common Use Case: Electronic control units (ECUs), sensors, and power modules in vehicles. 
• Limitations in Space: No requirements for vacuum outgassing, radiation tolerance, or multi-year 

configuration control. Standards allow for broader test criteria differences between suppliers. 

Hi-Rel,	Space-Qualified	Components	

• Definition: Built and screened per stringent military/space standards (e.g., MIL-PRF, MIL-STD-883, 
NASA EEE). 

• Features: Tight process/document controls, lot-level traceability, mandated vacuum outgassing 
screening, proven radiation/data integrity, locked baselines, and destructive physical analysis (DPA) for 
quality. 
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• Common Use Case: Spacecraft avionics, payload electronics, guidance, scientific instrumentation, and 
any long-duration, mission-critical application. 

• Cost/Availability: Higher unit cost, often longer lead times, but with unmatched data transparency and 
reliability assurance. 

 

Key	Differences:	Automotive	vs.	Space-Grade	(Hi-Rel)	Components	
Factor Automotive-Grade (AEC-Q) Hi-Rel / Space-Grade (MIL/ESA/NASA) 

Operating Temperature –40°C to +125/150°C –55°C to +125/150°C, stricter cycling 

Humidity/Contaminants Tested for atmospheric moisture, road salts Tested with zero-moisture, vacuum-outgassing 

Radiation Tolerance None required Must prove TID, SEE, DDD resistance 

Outgassing Control Not tested TML and CVCM screening required 

Traceability Lot numbers, less detailed tracking Full lot history, DPA, change notification 

Change Control Supplier-defined; rapid process changes Mandatory user notification, BOM locks 

Typical Application Vehicles, ground robotics Satellites, deep-space, mission hardware 

Screening Sample testing, often less rigorous Lot-by-lot, 100% & sampling, DPA, burn-in 

Price Lower Higher, but lower total mission cost 

 

Environmental	and	Reliability	Gaps	in	Space	

1.	Vacuum	and	Outgassing	

Space Challenge: Outgassing of polymers, adhesives, and conformal coatings in vacuum can result in 
molecular deposits on optics, solar panels, and sensors—irreversibly degrading performance. 
Hi-Rel: Screens materials for Total Mass Loss (TML) and Collected Volatile Condensable Material (CVCM), 
uses bakeout and tight contamination control. 
Automotive: Lacks relevant screening; commonly fails space contamination budgets. 
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2.	Radiation	Hardness	

Space Challenge: Total ionizing dose (TID), single-event effects (SEE), and displacement damage degrade or 
upset electronics in orbit. 
Hi-Rel: Mandates radiation characterization and, if needed, rad-hard processes or architectural mitigations. 
Automotive: Not designed or tested for space radiation—process changes may occur without notice, gaps go 
undetected. 

3.	Thermal	Cycling	and	Mechanical	Extremes	

Space Challenge: Multiyear missions, with cycles from –55°C to +125/150°C, no convective cooling, rapid 
gradients causing fatigue. 
Hi-Rel: Enforced derating, vacuum-compatible coatings, solder integrity, and life testing in environmental 
chambers. 
Automotive: Focuses on convective cooling and atmospheric operation, not suited for vacuum solder or 
insulation fatigue. 

4.	Workmanship,	Traceability,	and	Change	Control	

Hi-Rel: Full documentation, lot trace, baseline locking, operator certification, DPA, and strict supplier 
communication. 
Automotive: Process drift is possible, with little or no notice to end users; risk of undocumented die shrinks 
and substitutions. 

 

Real-World	Example:	Magnetics	&	Power	Components	
(Inductors/Transformers)	

Criticality: Magnetics are essential in satellite power and signal chains. 
Hi-Rel: Employs known low-outgassing wire enamels, tapes, and epoxies. Bakeouts are standard, partial 
discharge margins are enforced, and unit screening is rigorous. 
Automotive: Encapsulants may trap volatiles; tapes/varnishes optimized for road moisture, not vacuum. 
Temperature-humidity testing is not a substitute for thermal-vacuum, resulting in contamination and eventual 
failure on orbit. 
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Failure	Modes:	What	Can	Go	Wrong?	

• Molecular Condensation: Reduces throughput/efficiency of optics and solar arrays, often permanently. 
• Dielectric Breakdown/Corona: Electric fields in vacuum decrease breakdown voltage, cause 

irreversible damage. 
• Radiation-Induced Drift: Params (threshold, gain, leakage) drift unexpectedly; magnetic properties 

shift as binders outgas. 
• Latent Defect Rupture: Inadequate screening allows defects to survive to orbit, with no possibility of 

in-flight repair. 

 

Cost	and	Risk:	Why	Hi-Rel	Is	Economical	for	Space	Missions	

Hi-rel part price may be higher, but total cost of ownership (TCO) averages lower when factoring mission 
assurance, engineering certainty, and the immense cost of failure (millions-billions for contamination or mission 
loss). 
Decision example: 

Cp<(pA−pH)×COFCp<(pA−pH)×COF  

Where CpCp is the unit cost premium, COFCOF is cost-of-failure, pApA and pHpH are failure probabilities for 
automotive and hi-rel, respectively. For space missions, the math nearly always favors hi-rel (especially with 
high COF). 

 

Practical	Selection	Framework	for	Space	Component	Sourcing	

1. Classify function: Safety-critical, mission-critical, or non-critical. 
2. Assess environments: Radiation profile, vacuum thermal cycles, vibration, and contamination budgets. 
3. Validate outgassing: Require TML/CVCM data and bakeout plans for all non-metals. 
4. Enforce derating: Use conservative stress values for electrical, thermal, and mechanical loads. 
5. Radiation mitigation: Leverage rad-hard, rad-tolerant, and architectural redundancy when necessary. 
6. Invoke workmanship standards: Demand certified soldering, staking, and assembly standards. 
7. Lock configuration: Freeze BOM after qual; restrict and document any change. 
8. Automotive exceptions: Only for non-critical, with full outgassing/radiation testing, and explicit risk 

signoff. 
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BOM	Screening	Checklist	

• Function classification (safety, mission critical) 
• TML/CVCM outgassing evidence for all non-metals 
• Thermal-vacuum test plan and bakeout documentation 
• Detailed electrical/thermal/magnetic derating analysis 
• Mission-specific radiation analysis and mitigations 
• Invoked workmanship standards and certification 
• Lot traceability plus DPA of first articles 
• Change control plan and last-time-buy strategy 

 

Frequently	Asked	Questions	(FAQ)	

Can automotive parts be used in space? 
— Yes, for non-critical applications and only after comprehensive material and radiation screening, plus added 
life/burn-in tests. Robust mitigations must be in place. 

Is AEC-Q qualification sufficient for spacecraft? 
— No. While rigorous for auto, it does not substitute for vacuum/radiation test, contamination control, or multi-
year traceability. 

How do hi-rel costs make sense? 
— Lower risk, greater program predictability, and reduced odds of requalification, contamination, or mission 
loss. This typically more than compensates for unit price premiums. 

 

Best	Practices	&	Recommendations	

• Default to hi-rel, outgassing-compliant components for all flight hardware and mission-critical 
support electronics. 

• Maintain contamination control discipline at materials, assembly, and integration stages. 
• Qualify magnetics and power components with outgassing-verified insulation, bakeouts, and partial 

discharge testing. 
• Restrict automotive parts to engineered, screened exceptions only. 
• Develop a shared lessons-learned/vendor database to continually improve selection and sourcing 

processes. 
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Glossary	

• TML: Total Mass Loss (in vacuum, %) 
• CVCM: Collected Volatile Condensable Material (%) 
• TVAC: Thermal-vacuum (environmental) testing 
• DPA: Destructive Physical Analysis 

 

Example	Acceptance	Criteria	

• Materials/assemblies: Documented TVAC test pass, bakeout completed, contamination risk assessed. 
• Magnetics: Outgassing-compliant insulation, PD margin >2× operations, controlled temperature rise and 

vacuum compatibility of potting materials. 
• Electronics: Prefer space-grade; add burn-in, TVAC, and electrical screening if automotive/COTS. 

 

Conclusion	

Hi-rel, outgassing-compliant parts are a must for space system reliability, safety, and life-cycle cost 
control. 
The up-front investment in qualification, testing, and traceability provides returns many times over in risk 
avoidance and mission assurance. Use automotive only with caution and complete engineering rigor. 

 


