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• DR

• UAE

• Warranty

• Die

• Components

• Interconnects

• Boards

• LRU

• Wiring

• Systems Note:
• DR: Design Requirements
• Uncontrollable Application Environment (UAE): N1 Mfg p-p variation, N2: Aging / deterioration, N3: 

Customer usage, N4: External Environment, N5: System/Subsystem/component interaction/interface
• RRDM: Reliability and Robustness Demonstration Matrix
• V&V: Verification and Validation
• LRU: Line Replaceable Units
• NPI: New Product Introduction

NPI/DfR/DFSS Alignment

NPI

Matthew Hu; 281-299-4230; mhu1529@gmail.com
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RRCL: Reliability & Robustness Checklist

RRDM: Reliability & Robustness Demonstration

Virtual RLC Virtual Prototype

Robust Design for Reliability Roadmap in Design Process

Matthew Hu; 281-299-4230; mhu1529@gmail.com
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RRCL: Reliability & Robustness Checklist

RRDM: Reliability & Robustness Demonstration

NUD: New, Unique, Difficult
AD: Axiomatic Design

TRIZ: The Theory of Inventive Problem Solving

Use NUDs Classify Design Functions and Reliability Requirements

Reliability in Concept Design Example: 

Printer Concept Design Example: 

Matthew Hu; 281-299-4230; mhu1529@gmail.com
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Example: Concept Generation & Health Assessment

Decouple FR1 and FR2 by modifying either DP1 
or DP2 design as appropriate

Recommendation

Firing Head Design in Oil /Gas Application
Reliability is derived from the robustness Inherent in 
the product ‘s concept

Develop design concepts to have “additivity” in their functional parameters.

Robustness development acts to prevent problems and reduce risks. 

Benefits include reduced cycle times and costs.Matthew Hu; 281-299-4230; mhu1529@gmail.com
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Robust Design for Reliability (Combined with Design for Six Sigma)

Case Study: An application in Oil/Gas perforating explosive product development
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Main Input Flow Function Main Output

Switch DC Convert DC to AC AC

Multiplier AC
Covert low voltage AC to higher

DC
DC

Capacitor 7 DC Store energy DC

SG DC Release energy DC
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A
ss

y Printed Circuit

Board & Wire

Assembly

Components /

Subsystems

Holding all subsystems /

components
PWA

EFI DC
Convert electrical energy to

kinetic energy
Kinetic energy

Barrel

Initial EFI Flyer

position/mass/

energy

Provide room for flyer travel

(acceleration)

Final EFI Flyer

position/mass/

energy

Nona Pellet Kinetic energy
Amplify kinetic energy using

chemical energy

High Pressure

Gas

Aluminum

Flyer
High pressure gas

Convert high pressure gas to

kinetic
Kinetic energy

Booster Kinetic energy
Amplify the Kinetic energy using

chemical energy

High Pressure

Gas/Shock

Wave

SafeJet Functions and Flow
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Reliability Demonstration Matrix

System

Assembly/

Subassembly/

Suppliers

Failure

Mode(s)
Test Noise Factors

Reliability

Requirement (Cycles,

Time, etc.)

Test Target
Accelerati

on Model
Test Results Issues

C7 B, C, D, E
Thermal

cycling

N1: Dielectric strength, reflow

profile, knit line cracks,

capacitance, raw dielectric

material

N3: manufacturing assy

processes

N4: temp, job duration

N5: shipping handling storage

5 cycles, 25 to 170C S2, 150C

SJ

100 cycles, 25 to 175C

S2, 155C SJ, 9 SJ, 9 S2

See attached

summary

The SPC spec is for component level

testing, I think on special test boards. I am

not sure the test setup will accommodate

our assemblies.  At the component level,

their equipment cannot supply enough

voltage to seriously test the caps. If done as

assemblies, it becomes a bogey test for the

cap

C7 B,C, D, E

Construction

Analysis /

Solder Joint

N1: Dielectric strength, knit

lines/cracks, reflow profile

N3: Manufacturing assy

processes

N4: Shock

Good / consistent construction

& solder joint

CPKs for end / side /

cover / layer, voids,

terminations, invasions,

solder graininess /

intermetalics / voids /

composition, 4X SJ + 4X

S2 thermal cycling

samples

None

sample preparation is time consuming -

SPC suggest DPA /FA on all samples.

The side margin data looks very poor, but

the data is bi-modal, with the mean of the

smaller side 11.15 mean, 1.182 stdev. At

4.3 LSL, that gives Z score of 5.80.

Otherwise comparable to NVC.

C7 A

Neyer test at

25 & 175C

Thermal shock

2 (drop heated

parts in water) /

HALT

N1: capacitance, explosive

sensitivity

RT all fire less than 900V,

175C all fire < 1100

RT all fire less than 900V,

175C all fire < 1100, 12

pieces S2 & SJ at each

temp

Aee attached More testing week 1 of March, with HID SG

Fit in package
Install in package and

inspect fit with larger SG

None: Both Kemet and NVC fit with larger

6x6 SG.

SafJet
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835.8 23.37 200 0.197 0.887

843.3 10.00 200 0.879 0.024

851.7 8.564 200 0.256 0.722

804.4 32.92 200 0.216 0.843

873.9 30.46 200 0.331 0.512

Mean StDev N AD P

Kemet 50 23 23

Kemet 50 175 23

Kemet 50 175 175

NVC 88 23 23

NVC 88 175 23

cap nF T, F

Pellet

T, F

Test

Normal - 95% CI

Probability Plot of Firing

Revised 

Part Type

Lot ID: 

n Average Std Dev Target LSL USL Z min

Chip Length, mils 10 292.4 0.81 300 285 315 9.1

Chip Width, mils 10 395.1 1.8 400 385 415 5.5

Chip Height, mils 10 124.5 0.6 125 170 78

Diel Layer Thickness, mils 5 0.508 0.009

End Margin, mils 40 12.4 1.5 12.2

Side Margin, mils 40 14.5 3.6 16.3

Cover Thickness, mils 40 8.5 0.2 8
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Panel variable: Manu
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2676 51.48 25 1.175 <0.005

2648 94.58 20 1.909 <0.005

Mean StDev N AD P

kemet 23 40

kemet 100 100

Vendor Temp RH

Probability Plot of BDV
Normal - 95% CI

SafeJet System Reliability Target Requirements 
Useful life, Failure modes, Application condition, Expected performance

SafeJet C7 Electronic Packaging RRCL
(Reliability & Robustness Checklist)

Functional Diagram Function and Flow Analysis

SafeJet C7 (Electronic Packaging P-Diagram)
SafeJet C7 Electronic Packaging 

Reliability & Robustness Demonstration Matrix

Confirmed Results and Benefits

FMEA

DRBTR

Design Review 

Based on Test 

Results

1 2 3

4 5
6

7 8 9

Case Study Report Summary (SafeJet Electronic Packaging RDfR )

Matthew Hu; 281-299-4230; mhu1529@gmail.com
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Reliability and Robustness (An Engineering Measure of Reliability)

(Robustness Solves the Problem)

Matthew Hu; 281-299-4230; mhu1529@gmail.com
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ROBUST DESIGN
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Ideal Function

• Adopt the best practices including Robust Design for Reliability  

• Start the reliability effort in early design phase

• Take advantage of virtual prototyping 

• Electronics packaging reliability from die level to product level

Matthew Hu; 281-299-4230; mhu@rstiglobals.com

Summary

Matthew Hu; 281-299-4230; mhu1529@gmail.com


