
 

Chapter 4: Designing and Testing for System Reliability 

4.1 Introduction 

System reliability is the ability of hardware systems to perform intended functions over 
time without failure.​
 ● High reliability is essential in mission-critical, safety-critical, and high-availability 
systems such as medical devices, aerospace, automotive, and industrial controls.​
 ● Ensuring reliability involves designing for robustness, identifying failure modes, and 
rigorous testing throughout development. 

 

4.2 What Is System Reliability? 

Metric Description 

MTBF (Mean Time Between 
Failures) 

Average operating time between failures 

MTTR (Mean Time to Repair) Average time required to fix a failure 

Availability MTBFMTBF+MTTR\frac{MTBF}{MTBF + MTTR} — 
proportion of time system is operational 

Failure Rate (λ) Frequency of system/component failures (often in FITs: 
failures per billion hours) 

 

4.3 Causes of Hardware System Failures 

Category Examples 



 

Component Failures Capacitor aging, transistor burnout, solder cracks 

Design Flaws Inadequate thermal design, EMI issues, weak 
tolerances 

Environmental Stress Temperature extremes, humidity, vibration, ESD 

Human Error Incorrect assembly, misconfiguration 

Power Supply Instability Overvoltage, undervoltage, ripple noise 

 

4.4 Designing for Reliability (DfR) 

Key Design Principles: 

Technique Description 

Derating Operate components below max rated limits (e.g., use 50V cap 
for 24V circuit) 

Redundancy Duplicate critical subsystems (e.g., dual power supplies, 
watchdogs) 

Robust PCB Design EMI shielding, thermal vias, trace width control 

Environmental 
Protection 

Conformal coating, IP-rated enclosures, vibration dampers 



 

Component Selection Use automotive/military-grade parts with higher endurance 

Fail-Safe Design System enters safe state upon critical failure 

 

4.5 Testing for Reliability 

Test Type Purpose 

Functional Testing Validate system operation under normal conditions 

Stress Testing (Burn-in) Detect early-life failures by running at elevated stress 

Environmental Testing Test system in extreme heat, cold, vibration, and humidity 

Accelerated Life Testing 
(ALT) 

Predict failures using time-compressed conditions 

HALT/HASS Highly Accelerated Life/Stress Screening 

EMC/EMI Testing Check susceptibility to and generation of electromagnetic 
interference 

 

4.6 Simulation and Analysis Techniques 

Method Use 



 

Thermal Simulation (e.g., ANSYS, 
SolidWorks) 

Evaluate heat buildup and cooling 

Monte Carlo Analysis Assess reliability with random variation 

FMEA (Failure Mode and Effects 
Analysis) 

Identify and rank possible failure points 

FTA (Fault Tree Analysis) Visual map of causes leading to system failure 

DFMEA Design-specific failure analysis to prevent weak 
points early 

 

4.7 Example: Improving Reliability in an Industrial Controller 

Issues Identified: 

●​ Sudden resets under high load​
 

●​ Failures in humid environments​
 

●​ SPI communication glitches​
 

Reliability Enhancements: 

●​ Added bulk capacitor + TVS diode on power rail​
 

●​ Coated PCB with silicone conformal layer​
 

●​ Used EMI filters and shielded cables​
 

●​ Added CRC checking to SPI communication​
 



 

 

4.8 Field Data and Continuous Improvement 

Strategy Description 

Field Monitoring (IoT 
Devices) 

Collect health data (voltage, temperature, error logs) 
remotely 

Predictive Maintenance Use analytics to preempt failure (e.g., motor degradation 
trends) 

Design Updates Use field failure reports to refine future designs 

 

4.9 Reliability Standards and Compliance 

Standard Focus 

MIL-STD-217F Failure rate prediction 

IEC 61508 Functional safety of electrical 
systems 

ISO 26262 Automotive functional safety 

JEDEC JESD22 Environmental test methods 

IPC-A-610 Acceptability of electronic assemblies 



 

Adhering to standards improves design consistency and compliance for regulated 
industries. 

 

4.10 Summary of Key Concepts 

● Reliability is a critical hardware design goal that ensures continuous, safe, and dependable 
operation.​
 ● Use design principles (derating, redundancy, shielding) and testing strategies (stress, 
thermal, EMC) to identify weaknesses.​
 ● Analytical tools like FMEA, simulations, and MTBF models help quantify and improve 
reliability.​
 ● Field monitoring and standard compliance help maintain reliability over the full system 
lifecycle. 
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