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Summary of DfRSoft... Tools

RELIABILITY SOFTWARE

‘Reliability Plotting (Weibull etc.) -Reliability Statistics ‘MTBF Predictions -‘System Reliability *Acceleration

Models  -Automated Qual Plans -Accelerated Test Plans ‘Derating Guidelines ‘Design FMEA -Parametric Reliability
Analysis - Reliability Growth *Environmental Profiling (CALT like analysis but easier to apply), Engelmaier BGA Fatigue
Life Model

QUALITY SOFTWARE

‘SPC Control Charts ‘Normal & Lognormal Probability Plotting ‘Lot Sampling Plans ‘Cpk -Six Sigma Yield
Analysis "Field Return Analysis -Availability & Sparing

PHYSICS OF FAILURE & DfRQ LIBRARY

‘A Library of Analysis Tools, PoF Knowledge, Design Guidelines, and DfRQ Tests

DfRO ENGINEERING TOOLS

* Vibration & Shock Analysis -Thermal Analysis - Electrical Analysis - Corrosion Prevention - Misc Tools-DfRQ Cost

Analysis - Engineering Conversions " Electrostatic Discharge Design & Guidelines - Skin Depth Engineering

[ March 27, 2015
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FUNDAMENTAL INSTRUCTIONS

 Entries always go in GREEN AREAS -

* POP-UPS Instructions are found in any difficult tool. They look like:

EXAMPLE

HELP

COMMENT

INSTRUCTIONS

« Simply slide your curser on the word and the instructions will show up.

* Pop ups can be moved around and you can add your own comments.
Simply right click on the pop up area and select edit comment.

DfRSoft...
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DfRSoft's Welcome Page Hyperlink Index To

Menu Tools

Reliability Tools Quality Tools Menu Hyperlink Engineering Tools Physics of Failure Library

Welcome To DfRSoft... Design for Reliability, Quality & Engineering
The Theory of Everything for Design Assurance in One Tool

with Friendly Pop-up and Videos Instructions

ACTIVATION CODE FOR PLUS OWNERS DfRQ Tools for Everyday Use

Enter Activation Code Here = ' Portable Tools you can use Anytime Anywhere
Code for Below Areas Supplied on Purchase. . . 5

217 PARTS COUNT, TELCORDIA PARTS COUNT G DfRSoft Lifetime - www.DfRSoft.com

217 DETAILED STRESS, STRESS PREDICTION 2 Updated 312012015

QUAL PLANS, ESD & DERATING ANALYSIS ‘ Hyperlink to 2015 updated

PoF & DfRQ Library, Derating, ESD i

Software Copyright DfRSoft, All Rights Reserved.

DESIGN FOR RELIA B¢ IDMQUALITY Contact: Customer Support 617-943-9034
& ENGINEERING — USE EVERYDAY Support@dfrsoft.com
FOR ALL YOUR ASSURANCE
PROBLEMS

TOOLS IN EXCEL FORMAT

By using this software you agree to our License Agreement > License Agreement

Click Here to Hyperlink to DfRSoft Subject Menu
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DfRSoft Hyperlink Open Style Menu

How to Find DfR Tools & Videos: Simply use the DfRSoft Hyperlink Index

DfRSoft ... Hyperlink Menu
Drop Down Open Style Hyperlink Subject Menu

Reliability Tools Quality Tools Engineering Tools
How To Use This Hyperlink Menu 1 Physics of Failure Library Hints and Problems
To Welcome Page To Welcome Page
RELIABILITY TOOLS Back

2 & 3 Reliability Plotting & Dist. Shapes 5 Statistical Distributions 7 Acceleration Factors
Comment on Medule 2 Versus Module 3 Weibull Failure Rate Analysis (A48 ACCELERATION MODELS & FACTORS (VIDEO 10 Min.)
Module 2: REL PLTS & Module 3: 3-REL PLTS VIDEO (10 Min) Lognormal Failure Rate Analysis (AT9 Arrhenius Temp Accel Model (A10
iability Plotting (Suspensions End of Test Oy Exponential Distribution A8 Tel el Model (A42

ty Plotting (Suspensions any time Option) & 5td Limits Conf. Life Sampling (A36] Temp-Hum Accel Model (A
i Binomial, Normal, Beta Conf. Limits For Life Sampling Vibration Accel Model (A5T]

Three-Parameter Weibull Analysis {AW4 I H k d
Lognormal Regression Results (AA4 Hyp er I n I n eX
Normal Regression Results (AL4] Binomial Trials {A163

Exponential Regression Results (AG4! Testing Two Proportions {A142
Mixed Modal Analysis (K6 Weibull - Num. of Units Expected to Fail {A109 Arrhenius Least Squares Fit for Act. Energy (A99

MIXED MODES ANALYSIS VIDEO {10 Min) Lognormal Confidence About the Mean (A99 Power Law Least Squares Fit (A157
Bayesian Weibull & Lognormal (N1-AB1 Weibull Confidence (A68 Arrhenius Lifetime Model (A210]

FIELD RETURNS USING S-REL PLTS. VIDEO (10 Min.) Bayes Method for Prod. Test Qual F DAT-A) (A294

2 Distribution Shapes (AT8)
Comment on Distribution Shapes m d Returns Moisture Diffusion Time Through ICs {A240)
Two or Three Parameter Weibull Shape Dist. (A115] FIELD RETw. 'S MTBF INSTRUCTIONAL VIDED (10 Min.) Power Law Lifetime Model (G210
Exponential Distribution Shape Plots (A78] Field Retur.. ™ata Entry & Results (A14] Temp Accel: Doubles Every 10C (A286)

Lognormal Distribution Shape Plots (A155] Field Return Res. = Capacitor Acceleration & Lifetime Model
Normal Distribution Shape Plots (A195) AFR & B Life Calc. (k. ™
8 'Test Plans’ Chi-Squared Method (Binomial Exact Option)

Field Return Calculator |~.79)
4 System Reliability Weibull Macro ACCELERATED TEST PLANNING {10 Min. Video) ALSO SEE ENV. PROFILING {25 Min.)

SYSTEM RELIABILITY INSTRUCTIONAL VIDEQ (10 Min._) Weibull Input (AH18) ——
System Level Serial Block Diag. (A30]

| T | [eEnvironmenta Profing 5 St Hyperlink to Videos Explaining Tools
Two Items In Parallel (A16] What is Environmental Profiling C S - —————————————————
Three Items in Parallel (E16) ENVIRONMENTAL PROFILING & ALT VIDEQ (25 Min.)
N of K Cal. with & without Repair (116 » Environmental Temp. Profiling (A8
Env..~ental Temp. Cycle Profiling (18
Environmeni... ~~~o-Humidity Profiling (78
Environmental Vibrauw.. ~~filing RS,

Two Active On Line Units Different FRs (O6! Temperature Step Stress Correcun.  'AGD)
—y

e cerrera] Oclect Any Tool & Hyperlink to It

DELLABITY CDOWTEL ARALVEIC (Vidan 10 Rlic

t » M| INDEX & Lic Ag. | Menu Index . 'HINTS -~ 1 Conversions 2 Rel Plts 3 S5-Rel Plts 4 Systemn Reliability

bFFéSoft...

—
5 Dist & Conf. 6 Field Returns 7 Acceleration Factors 8 Tast Plan Q Env Profiling 11
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Why DfRSoft Users Never Call Us for
Questions on Software Help

* Our Pop-up Instructions and Videos are so
complete and helpful, our phone.....

Never,
Ever,

Ever rings!!!




Conversion Worksheet

Example: How to use DfRSoft:
Hyperlink Index for Conversion worksheet
|

B (5 u] E F 5 H I I J K —_—
SELECTED CONVERSIONS
ENTER INPUTS IN G6REEN AREAS

1
2

3 |HYPERLINK INDEX: DfRSoft 3.0320 (DFRSOFT.COM)] (Itis illegal to copy & use this software without a legal purchase.)

& | Tempetaiute Conversio T : = = ; R ity et R

& | Length Conversion u

! Eptuaiecas ways Enter Values in Green d

: s Always Areas read answers
9 ENTER RESUL [ RESU RESULTS | RESULTS | RESULTS RESULTS Results Hesults Hesults

10 QUANTITY TO QUANTITY FITs MTBF Failures per | Failures per | Reliability 1-Reliability PPM PPM AFR

1 ENTER Hours Million Hours Hour at Time At Time at per Year Annul. Fail

12 730 Hrs. 730 Hrs. 730 Hrs. (8760 Hrs.) Rate

13 FITs 1125745307 8833 0000002222 1 9QIE2E2G 0 e4e20]. £407 290410 F4004 B1990 7 4o0d R

14 | MTBF (Hrs.) 2857142857 35000 2857142857 285714 .

P i, - POP-UP Instructions found near most

16 | Failures per Hour 100000 10000 100 0.00 -

17 | RELIABILITY 1376758336 72634.38861 13.76758336 1376761 TO O I S - Sl |d e C u rser OVeI’ EXam p I e y

18 |at Time (Hours)

s

Comment or Help. Right click & select edit

EXAMPLE 1: Convert 2000 FITs to MTBF Valu: Enter in C

19
20 EXAMPLE o ; .

| |B13value 2000, read equivalent MTBF in Cel pizefst COommMment to move around or add your own
22 | 1

23 EXAMPLE 2: What is the reliability and PPM rate at 8760 comme nts

24 hours for 2000 FITs Enter in Cell B13, 2000, Enter in Cell BIS,

25 r 8760. Read reliability of 0.982633 in Cell G13 and PPM of

26 17367 in Cell 113 Check: Enter 0.982633 in Cell B17, Read

27 QUANTITY 2000 FITs in Cell C17 and 17367 in Cell I117.

. ]

29 [CENTIGRADE | @80 > 250 482 52315 ]

30 |FAHRENHEIT > | essssssess 150 338.7055556 Most white areas are unprotected

31 [KELvIN L — > £8.33 154,934 34143

= For your notes

3 Length Conversion

34 ENTER | | ResuLts | REsuLTs | ResuLTs | REsuLTs | ResuLTs | ReEsuLTs | RESULTS |  RESULTS

4 « » w]\ INDEX & Lic Ag. £ HINTS Conversions { Cpk £ Acceleration Factors £ Test Plan { Dist & Conf. £ Rel Pits { S-RelPits / System Reliabiity [< | | (>

DfRSoft... Current Conversion Worksheet page 7/ March 27, 2015




Reliability Plotting

(Software provides a simple way

Results of distribution parameters
such as beta, MTBF found in this
area with confidences

Pop-up
and Videos
Instructions

E F G H
RELIABILITY PLOTTING WITH SUSPENSIONS
DFfRSoft Lifetime - www DFRSoft.com

il [ L 1 ] [u] F

|DEFALT WEI-BAYES MLE BETA NO'

R

OTHER PLOT RESULTS A

CENSORED DATA HELP

DATA ENTRY IN GREEN AREAS

RESULTS [Hyperlink to Best Predictor)

GO TO "Rel Plts Default Beta U

Mixed Modal Analysis
Hypedihk To Mixed Modal Analysis
Mixer sMode Video Instruction

[63.2% Failure) q
153.3568166 | 1361169888

Inflection 2535539143 Col

Mo, Units-» 26 Enter Median Weibull Weibull Lognormal | Exponential Normal Weibull M 'd Mode Help Enter in % Pt. Default 2987766494 167.3184532 149.3851613
Number of [Observatio] Mumber | for F =Failure]  Plotting COF COF Reg | CDOF Reg | CDF Reg | COF Reg 3-Param  |Ing 2151762696 405601328 te4d8mmess |
Entries Time Units 5 =Suspension Position MLE Fit Data Fit Data Fit Data Fit Data Fit Data Fit
10 Increasing at Time ForS [i -.3){[n-_4) 3 t=0.3
1 12 1 ) 0156325882 2.9025139741 . P i
3 TO07ET4006 326819475 | B244480259 | 2344982665 | 35.03297981 | TETI200359 16.23736143 #ht, 1DfRSoft: WEII:IUII_ Probability (CDF) MLE F
5 519635039 | 1072447882 | 1686847073 | 1749543929 | 5038350977 | 15E27S4sn 3534151254 #hita Data FIT (Fit=Green, Data= Blue)
3 19.29133858 1273368351 | 1950017905 | 2123760804 | 52387HT44E | 17713536 443635781 #ht,
12 #ht, 17.97938647 | 2574372439 | 2085803622 | 58.24550658 | 22.88670578 #ht, #ht, 100
16 42EBS41395 | 2059300933 | 3749941545 | 4448913336 | 653800198 | 33536eTI22 99.27538128 #ht,
[ #ht, 454542075 | G0.23z204 | STamamE | 72ETeZe07 | 4BaTIIZET2 #ht, #ht,
20 5731153605 GLMBTOESY | E7.75384391 | 7291336986 | 8005740108 | E5.81523879 #ht, 251080457
24 9E.55793026 | SG.92431625 | S7.89%44138 | B7.023616M | 8842643341 | 893513650 #ht, TEAIT42151 30
25 9386951631 8912736349 | 9043955108 | 890217097 | 896046343 | 821027305 #ht, 892447654
#ht, #ht, #ha,
#h1A, FIA il
#ht, . 7 .
Mixed Modes & WeiB
s IXe oaes eibayes
#ht,
#ht,
Areas

Enter number of failures times
(in increasing time), number
that fail, and if suspended “S”,
or Fail “F” information.

H#MA
H#MA
H#MA
H#MA
H#MA
H#MA
H#MA
H#MA
H#MA
H#MA
H#MA
H#MA
H#MA

A
R ——

2 Dnl

M Trd

TRRCW 0. Lir An

DfRSoft...

FE, FE, =}
#MP #MP o s50
#hita #hita g
#hita #hita 2
#hita #hita o
H#hIE, H#hIE, 2 =0
#hita #hita =
#hita #hita &
#tA #tA 3
g, g, E w«
#hita #hita 6
#hita #hita

#hita #hita

#hita #hita 30
HLUS HLUS

Enter confidence bands. These
are shown on unprotected
graphs that can be copied and
put into a report.

A 400 ELT 20r
e N Cros Nrafilinn 10 Dal Srovah FERCTE
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All Reliability Plots displayed
next to each other

‘Weibull [How to transfer plots to M5 Word.
shape Plots DEFALT MLE BETA
e Plots lg ENTER ] Enter |  Weibull Regression Results Enter | _Lognormal Regression Results
Confidence Beta Chara Life MTBF Intercept | Statistical Confidence| Sigma Median Life] Mean Life Rho
Weibull M@ Likelihood Estimate (MLE) (63.2% failure) Expectation  |(not gamma}) Rho Shape Param| (50% failure) | (Average)
MTBF Chara Life RRX 27912425 | 2568.250291 | 2286.638185 | T.85098383 | q.9773 r¥ | 0.484959975| 2179.208902 | 2451.14438 | 0.95838262
Expectation | (53.2% failure) RAX Upper | 2.916086 | 2623031319 | 23238486142 WTF Upper [ 0.529212453 | 2637.513341 | 2025.22413
! 2263133987 [2530.937914 RRX Lower | 26717438 | 2514.630967 WTF Lower | 0.473686181| 18005412 | 2 3
T 47 | 24B1.872707 | 2748.662235 RRY 27278178 | 2564.884159 -21.43375813 RRY | 0.500793762| 2187.385774 | 2479.63237 i
FIGURE 1 I.1,L wer | 2 5575 2065962608 5875 FIGUE 2 FRURE 3
FIGURE #Weibull MLE Probability (CDF) Plot and Data FIT FIGURE 2: Weibull Regression Probability (CDF) Plot FIGURE 3: Lognormal Regression Probability (CDF) Plot
(Fit=Green, Data= Blue) . and Data FIT and Data FIT
(Fit=Green, Data= Blue) (Fit=Green, Data= Blue)
100 { & T T T 100 :
100
Optional to Ent
. 90 30
Default Beta for Weibull
WeiBayes analysis "’ °
70 -
0 - 70 N 70
= /A 2 2 o0
£ I ¥ = = £
E w0 g @ Zf = 5
E £ £ S 50
g / @ 50 -
o o t 50 @ =
o 50 ] i = =z 50 =
= = = 40 -
= £ E =
E i E gl » ©
(=} -k © ¥
30 e 4 "
20 < A 20 .l —— 2
7 d fid d
7 10 -
. Eaert: .~ Entered Confidence Bounds,
\ .= = displayed on graph -
0 500 1000 1500 2000 2500 3000 3500 || pooo 3500

Tima Time
» ¥ [ INDEX &Lic Ag. HINTS . Conversions | Rel Plts " S-Rel Plts - Field Returns -~ System Reliabiliy - Dist & Conf. " 217PRED - TEL PRED - Stress Pred .~ Acceleration Factors -~ Test Plan " Rel Growth .~ D-FMEA -~ Avail & S[[NIILu_[IESN

Assess best fit Weibull, Lognormal, Exponential, Normal
Both Weibull Regression on X or Y and MLE (Maximum Likelihood Estimation)

Df RSOft page 9/ March 27, 2015



Reliability Plotting Analysis with Best

Predictor

Quick analysis section to

determine reliability at any

time. For a full analysis use

the distribution and

confidence analysis area”

Optional Reliability Prediction Time ~ I| Normal 3-Param
ENTER | Pred : | Prediction | Weibull
Enter Reliability 0< R <1 Time rrx > | 690.5746719 | 4684774143 | 488.9642878 | 217.3037259 | 383.3759403 | 4699514401
Confidence Upper Time | 928.7094774 | 817.4654089 | 523.0080496 | 350.8316097 | 471.087964
Entered Above Plots Lower Time | 496.9905899 | 243.846064 | 4284619475 | 134.5970773 | 211.2453228
Enter Time of Interest | 280 | R Probability rrx | 0.973631883 | 0.93354051 | 0.96594295 | 0.823286538 | 0.875857136 |  #NUM!
Confidence Upper Prob | 0.090385642 | 0.982289474 | 0.963501241 | 0.886528351 | 0.887194289
Entered Above Plots Lower Prob | 0.041855279 | 0.839895244 | 0.956337866 | 0.730565492 | 0.837935563
redictor Comment
1
1
Best Predictor Ranks
which distribution
Best Fits the data (two
methods)
March 27, 2015
DfRSoft... _




View Plots for Any Basic Distribution
Over Any Time Period.

Two of Three Parameter Weibull Distribution Plots )

e —— Erer e I FIGUGURE 12: Weibull PDF FIGURE 13: Weibull Hazard Rate

Characteristic Life 1000 Time to B3.23 F ilure

Shaps Parsmeter [Bets) 3 Infart Mart.<1, Expe1, Wear Duts1 TR

3rd Parameter [Gamma) 0 Time shift, Usually 0

Flot Time Start 1] 12000050 1

Frlat Time End 2000 10000000 4

Hazard 8000000 4
Time POF COF Rate [FITS]  Reliab

5 5 5 . " £000000 -

a0 199EEDE DOODGMEES 19200 093845513 4000000 1

160 TEASEIE-OS  O004DSTEZZ  TEROD 093602ITT e d

240 0000ITO4ZE  Q0IT2ERET 12200 D93E2TING - ) ) )

320 0000297297 DO3Z2EME 307200 DIETTE3055 o : j y ¥ g J J J J
400 0000450242 0061335 430000 0938005 - ) ¢ 500 1000 1500 2000
430 DO00BIIEN  OI4EIE04Z 31200 0295203958 s Time

560 DO007E9ETE  DIEINEINZG 940500 DEIEIH00T4

640 0000945435 0ZFOGHITEE  1228R00 D7EA0ZEE

720 000070747 D3NEOSS3S  16E5200 0EER4944E5 FIGURE 14: Weibull CDF FIGURE 15: Weibull Reliability

300 DODIGDESS  DADDTOAZIZ 1920000 05382957

aa0 DODITEZH  04AMZEN9 2323200 5O5ETIANN

260 DONIMIETE  DRETITESRE  27R4BN0 3

040 DOOWSISTE  DEFHG0FIT 3244800 12
2o 0000923432 OFR4EISITE  3TEIR00 14
1200 DO0DFETA0Z  0BEZIEOBEE 4320000 o5 L
1280 DO0OBOIEM  OATTISNIS 4315200
1260 0000443438 0BGTINET  BE4BRO0 08 T
1440 DOODGM0ST  0A4BGIZ0Z  G2EDE00 7 B
1520 0000206847 OATOISTOR  EAFIZ00
1600 0000IZTTIE  09R360S01  TETA999.9 0zt
1680 THETIZEDS  DANITEE04  S4ETIA 7 ; ; ; ; |
1760 38G539E-05  OBGGTIGNY  923ZBO0 a 500 1000 1500 2000 2500 ,
1240 2OMIE-06  DBGBN2AET1  INMGEFAAH TIe N 00 1900 1500 2000
1320 93290ZE-06  DAUGIGGHMT  05EZD0 )
2000 A0PSSEE-06  000OGG4E37 113990999 e

Inztructions: To view the Weibull distribution for any time period, enter the Characteriztf@Life [Alpha]in Cell 230 and the Shape parameter [Beta]in Cell 211 there iz a time delay [gamma) enter in Cell 292, Then enter the time period of interest, For example,
between & and 12 months, enter 4330 For plot star time in Cell 33 and 8760 in Cell C34 f

Software provides capability to look at the any

FIGURE 17: Lognormal Hazard Rate

common distribution. For given parameters. - . ;
For example if you find the beta and Fouluel el It [Pl et

characteristic Life, from reliability plotting then  pres=rpe# Sheet

you can enter these here and look at the

PDF, CDF, Hazard rate, and reliability over any
time periOd_ page 11/ March 27, 2015




Mixed Modes: Capability to separate out as
many modes as can be observed

Bimodal Analysis with Option to Iterative Modal Analysis

120

100

b

Cumulative Probability
3

&

20

DfRSoft: Mixed Mode Weibull Regression Analysis

(Fit=Solid Lines)
P/
/§ 7 rari
/] A //e
/ S
/ / /4
17 “ & “
/] A
/1] .~ /
/ — 4
/
t—r /
/ //
1/ // /
V. y/4
f /
'/ )
/ /’ —#— Main Data
= Main Fit
P | —#— Lower Dist Data
50 100 150 200 —e— Upper Dist Data
Time —— Lower Dist. Fit
——— Upper Dist. Fit

DfRSoft...

Bimodal Results with Inflection Point at 43%

| 5.93303| 185.4309605 | 171920827 0.995162

Lower Distribufion (From O fo 43% ) Results

2.97207| 71.69381364 | 64.9575911| 4.27240446

This Analysis Can be E) ded to all Distribution Including MLE and Weibull.
As Well the User can Extend this Bimodal Analysis to Multiple Modal Analysis.
Flease review the Instructions & Video below to fearn how.

Mixed Mode Help

Hyperlink Back TO\Analysis Area

Video Inst.,

Pop-Up Inst.,

March 27, 2015



Distribution & Confidence Page Full
Analysis of Any Key Distribution

63 Weibull Temperature Hyg erlink

70 | Example: If the Weibull characteristic life is 400,00 hours an
71 | inCell BB0. Read 0.0222 in Cell D58 or 2.2% in C:

S 2.5, whatis the g
ote the reliability is 0.9779

Confidences can be found for
any parameter at any time. Here

| A =] | c D E ; F G H 1 J —
48 | ' 1]
49 | Example: 100 devices are tested and 1failure is observed, what is ths upper and lower Chi-square and Standard Limits 902 confidence bounds for the failure %4? Enter 1in Cell B44, 30 in Cell B45, 2 for 2 sided estimate
5!) ‘ in Cell B486, and 100 in cell B47. Read the upper and lower bounds in Cells E44 & G44 and D44&F 44 (i.e. Chi Square is 4.742£ and 0.0513:<). Note these bounds are about the 13 (1 fail of 100] failure point estimate cell C44.
51
52 WEIBULL FAILURE RATE ANALYSIS
53 ENTER RESULTS RESULTS RESULTS BRESULTS RESULTS RESULTS MTTF
i 54 QUANTITY TO Fraction Failing Estimate HAZARD CUM
i 55 ENTER QUANTITY CDF Characteristic Beta Reliability FAIL RATE FAIL RATE
i 56 ¥ALUE NOTES at 672 HRs Life At Time Entered |At Time Entered
] 57 Analysis For finding F Characteristic 125.46360 86.97174 =
i 58 |Characteristic Life Life is Similar To 0.05244501 5,000.00000 0.941555 Per10°6 hours Per10°6 hours 3848344
iﬁBeta MTEF, it represents 5.844501% 140000 125,463.598262392 86971.743 —
60 |Time t of Frac Failure | time to 63.2: Failure AboveinFITs AboveinFITs
: &1 Analysis For Char. Life 153 11.20000
62 |Frac Fail (enter 0<F<1) Beta values: 0.06 0.944000 Per10®6Hours | Per10°6 Hours | 60138.63015
63 |Time t to Frac Fail B=1is exp dist. 5.6000002 86762 1525.82 1,200.00
64 |Beta B<1lnfant Mort. 1.000E+00 AboveinFITs AboveinFITs
: 85 Beta Analysis B> 1is wear-out \ 5.31 6.3927
86 |Frac Fail (enter 0<F<1) s | Per10®6Hours | 130557.344
_B7 |Time to Frac Fail Keep time unit same AI I h d 1 1 b I & 6,392.69
68 [Charc Life as Char Life t e CO m m O n I Strl Utl O n S AboveinFITs

art of bathtub curve, 1< Beta < 4 mild wearout lc

72
73 Weibull Confidence H W H b I | I A

74 | ENTER ENTER ENTER IS a el u an a yS I S - ler |1-Sided Lower| 1 Sided 1Si
i 75 . Number Prediction Characteristic Beta Confidence Bound Bound Bound Failure |Bound Failure Upper Low«
i 76 . Tested Life (Eta) % Reliability Reliability Rate in FITs Rate in FITs Time Th
i 7 | 5.5602E-01 6.4066E-01 3.2165E+06 2.4400E+06 7.8407E.02 7174
[ 72 11568E-15 1.9054E-02 8.8347E.09 1.0173E+09 2.2649E+01 1.130:

79

80 | Use this predictor to estimate the upper and lower bounds on the failure rate and reliability. Example: 25 Samples are accelerated life tested, Prediction at use are Eta 100,000, Beta 184.
81 | Determine the 1-sided 902 confidence bounds on R and the failure rate at 10,000 hours. Enter 25 Cell 477, 10,000 cel B77, 100000 in cell C77,1.84 in cell D77, and 80 in cell E77.
_82 |Read l—si{ed results 0.9352 < K < 0.99628 cells F and G77. and 574 FITs < Failure Rate < 12323 FITs Cells H and | 77,

M o4 > M

DfRSoft...

INDEX & Lic Ag.

HINTS /£ Conversions £ Cpk £

Acceleration Factors /£ Test Plan } Dist & Conf. { Rel Pits / S-Rel Pits / System Relbiity |< |  w

Distributions & Confidence Page

March 27, 2015




Benchmark Information on Reliability
Plotting in DfRSoft

« DfRSoft Reliability Plotting tool has been benchmarked with
other industry standards like Weibull++. DfRSoft results are
statistically identical in plotting position and distribution results.

* DfRSoft has superior graphic options (same as Excel)

« Our analysis methods are more complete with multiple tools
 Ease to replot any distribution over any time period
 Excellent Confidence analysis and Best Predictors

* Mixed Mode Analysis

« Weibull-Bayesian: "WeiBayes" analysis

page 14 / March 27, 2015



System Reliability

A E | C O

B F G H

SYSTEM RELIABILITY ANALYSIS

: ,
20 ENTER DATA IN GREEN AREAS
3 | DfRSoft 3.03308 (DFRSOF IEOM] (Itis illeggl to copy & use this software without a legal purct
4 HYPERLINKS: SELECT SIMPLE SYSTEM HELISBILITY ANALY . . .
Z Seleot MTTE or Eailure Fiate - Step Tuoltems In Paralle] First select units of interest
7 MTBF or Failure Rate
8
9 |Section I: Determine units - Click on a Button
0 |05 Select for FAILURE RATE UNITS Select FOR MTBF UNITS |
1 e
12 |HELP 3] York Area
13
14 Section 2: If any items are in parallel, obtain the equivalent single item failure rate |
15
(3 Two items in parallel Three items in parallel K of N RELIABILITY CALCULATION ¥ITH & ¥ITHOUT REPAIR
17 Results Results | N items in Parallell, K out of N units required to work
18 ENTER Single Item ENTER | Single Item N > K Required MTBF RESULTS
L] MTBF Equivalent MTBF Equivaleni No Repair Repair Repair
20 ITEM No. MTBF ITEM No. MTBF units 1.2514E.04 1.3978E.05 9.6338E.05
21
22 3250000 ! FAILURE RATE RESULTS
23 | 401190.48 No Repair Repair Repair
24 HELP | 7.9907E-05 7.1539E-06 1.0380E-06
25 HELP Y ) .
2. = rerdy ASSESS 2 or 3 items in
27 |BLOCK DIAGRAM ENTRY ‘INSTRUCTION§ .
28 Section 3: Serial system equivalent MTBF Calculation for up to p aral Ie | . K Of N W|th an d
29 Include results from Section 2 for any equivalent single item MTBF Calc L] th t .
30 COPY & PASTE RESULTS INTO POVER POINT CHANGE FONTS without repair
31 POP-UP
32 Roll up Roll up Roll up
33 Subsys 1 Subsys 2 Subsys 3
35 2 X
36
3 Block Dlagram — :
33 5000000 _ 8000006 [ E——
M4 N ,{'HINTS,( conversions | Assessment, SUbsyStemS, ion & Shk [ | u |

DfRSoft... | total System MTBF




Block Diagram Sub & System Level Analysis

Not Shown, Temperature Effect
Additional analysis available

A | B i c_ o E | F Z G L H ! | J [ K | L I M =
16 | Two items in parallel Three items in parallel K of N RELIABILITY CALCULATION ¥ITH & ¥WITHOUT REPAIR
17 Results Results | N items in Parallell, K out of N units required to work
8 ENTER gle Item: ENTER | Single ltem N> K Required MTBF RESULTS
RtH MTBF ) MTBF || 3 No Repair Repair Repair
20 ITEM No. ITEM No. 1.2514E.04 / 1.3978E.05 9.6338E.05
21 1
22 FAILURE/RATE RESULTS
23 No Flepqi‘ Repair Repair
24 7.9907EA)5 7.1539E-08 10380E-06
25
E Work Area |
a7 /
28
29
518
31
73& Roll up Roll up Roll up Roll up Roll up
33 Subsgs 1 Subsys 2 Subsys 5 Subsys 6 Subsys 7
- I X & = T
Trans.  [CHSHG00G0TT] cables v L ] L ]
[ 1 1 1
System Level . .
= e
Roll Up MTBFs Sub i |
R ===
Ru IISg Stl?/l?BF ' '
[EE— I
O P S ; :
== L 1
1 1
1
|
1
(E—
1
(E—

"o | ]

[ Yol W

W« » W{HINTS { Conversions £ Cpk / Acceleration Factors / Test Plan { RelPits { Dist & Conf. / S-Rel Pits ) System Reliability { Vibration & Shk [< [ i |



Cut & Paste Block Diagram Results into
Power Point for Presentations & Reports

MTBF XM System
Add and change Fonts - y

Easily for presentations 234,490 Hours ‘

A

»

Upon special request DfRSoft will add more vertical
and horizontal block diagram capability

XM
Radio XM 2 K Band Subsys 4 Subsys 5
1,522,195 3,555,556 >[ 359,106 “| 3428571 4,000,000

Transmitter
Transmitter A

Receiver Antenna Cable

f f
I N e

Cabling Unit 1

Supply




System Reliability — Redundancy Analysis

Tw0 ACTI¥YE ON-LINE UNITS WITH DIFFERENT FAILURE RATES AND

REPAIR BATES. [One of two required for success)

MTBF RESULTS

No Repair RADC Repair
ENTER 2333333333 0Az2zRzzzz2
MTEF A 1
MTEBF B 2 FAILURE RATE RESULTS [in FITs)
MTTR A I3 No Repair Repair
MTTE B 0 4.29E+08 191E+09

Active & Standby Block Diagram
K - Parallel Active, N Total

—
B Active  pup
— T

B Active =
e Standpy =

—— IS

N-K Standbys with Zwitch

On-line

On-line

On-line

On-line

Off-line spares

Off-line spares

TN

_f"'"o

15TANDBY OFF-LINE WITH K ACTI¥E ON-LINE UNITS REQUIREL] STANDEYS [Mon Active] & ACTIVE UNITS [All 5ame FR)
FOR SUCCESS [Active units equal FR, non active standby units 0 | [non active standby units D FR while on standby]
MTEF BESULTS -1 STANDBY RESULTS
Mo Repair RBRADC Repair 15TANDEYS - No Repair
ENTER Z2REGETY WFPITPTTe ENTER Reliability
MTEF 00 FAILURE RATE RESULTS [in FIT=s) MTBF 100000 0982476904
MTTR 1 No Repair RADC Repair N [Total Units) 3 Cumulative FR [in FITs)
K 3 441197 7585 £49056.6038 K [Total Active) z 1767 844321
Switching Prob. 1 RELIABILITY Switching Over Prob. 1 MTEF (1! Cum FR)
Time [Optional] 1 09935583 0995151304 Switch Op. Failz Open Pro 1 HEAEE0BESS
Comment Model Mission Time 0000
Comment Model

DfRSoft...

OME ACTI¥E UNIT™A™ & ONE STANDBY "B~

RESULTS
ENTER
FReliability of A 0.3 Reliability
Reliability of B 098 098832
Switching Over Prob.] 0.9z MTBF
Zwitch Dp. Fails Open Prol 1 261154593
Mission Time [Dptional 0000

Example

page 18 / March 27, 2015




Chi-Square Test Planning

{ A | B 1 c 1 D | E | F [ G 1 H ] I | J | K 1 L ,rl—;-\-’
1 I 1 CHI SQUARE SAMPLE SIZE CONFIDENCE TEST PLANNING DiRSoft Trial Yersion 3.0320 (DFRSOFT.CL-
YPERLINK INDEX:
4 | ChiSqlife Test Time Estimate LChi SqFF Device Hrs Handy Schedule Planning Tool
5 EhLSalestmEhnmns Idultiple Chi-Square Failure Bate Test Planning Idultiple Chi-Sq Failure Bate Plan P . =
§ | ChiSq Sample Planning Sample Optimization For a3 Test Failure Bate Test Planning Summary HTOL Life Test Calculator
7 |Chi 3 . ¢
9 Section1: Single Test Sample Size Chi-Square Test Planning |
10 Chi Square Life Test Time Estimate
1 Results / TEST TIME PLANNING SAMPLE PLANNING =
12 | MTEF target ENTER RESULTS ENTER | RESULTS
13 Results QUANTITY QUANTITY TEST TIME QUANTITY |QUANTITY| N Qual
i4 1810.36807 YALUE ¥ALUE Sample Size
5 | in | Hows [ N (Samp S2) 13745.73571 Test Time 2.000107051 Test T
16 | Duty Cycle FITs FITs Sampe
ﬁ Use Temp (C) Accel Factor AF (Acc Fac) Dev. Hrs AF (Acc Fac) Dev. Hrs AF (A«
18 | Test Temp Stress @ 11.55188882 Conf % 137457.3571 Conf % 1374573571 Conf >
13 | ActEng[eV) No. Failures No. Failures No. Fa
20  Example: How many samples are needed for 3 1000 hour accelerated test having an acceleration factor of 62.5, in which we wish to demonstrate that the failure rate is no worse than 500 FITs with 1 F ailure observed during testing.
21 | at the 90 confidence level? Since we are looking for a sample size, we enter values in cells J15-J19. For one failure, Enter 1in Cell J19, Enter 30 for 902 confidence in J18. Enter the AF of 62.5in Cell JI7
22 and 500 in Cell J16. Finally enter the test time of 1000 in Cell J15. The results requires 124 samples shown in Cell K15. Note testing yields 7.7 million device hrs cell K18,
23
24 ?Seclion& Multiple Chi-Square Failure Rate Test Planning
25 |
26 > JMULTIPLE TEST INPUTS - USE FOR FIT ALLOCATION OR SAMPLE SIZE OPTIMIZATIOK BELOW
2?< Test Test Use Stress 1st Key 2nd Key AF Accel Accel
28 ] Duration Conditions Condition Param Param Hours Years STAR"
29 | [ 2 19 N, 126353953 3.0325E.04 3461752138 FINISH
30 | 2866 7.42633892
31 THB Temp ST 0383983 7.1304E.05 81.39707744
32 standard T o234 380236405 43.40539357
33 | 4096 1.2288E+04 1402739726
34

1 T ———— PP - e - i = - . A S s S G
« <« » ]\ INDEX & Lic Ag. /HINTS £ Conversions / Cpk { Acceleration Factors  Test Plan { Dist & Conf. { RelPits { S-RelPits / System Reliability [< | w |
Zell G32 commented by MA040442

DfRSoft... Test Plan Work Sheet page 19/ March 27, 2015




Chi-Square Multi-Test Planning

First enter accelerated Test

values

g o) MR 5 R . I% — —
25 ; 1l
% | MULTIPLE TEST INPUTS - USE FOR FIT ALLOCATION OR SAMPLE SIZE OPTIMIZATION BELOW
27 y Test Test Use Stress 1st Key 2nd Key AF Accel Accel
és | Duration Conditions Condition Param Param Hours Years STAR"
29 100 a5 1.9 nA 126353953 3.0325E.04 3461752138 FINISH
20 THB RH 28 7.42633892
3 THB Temp 7130383983 TA304E.05 8139707744 STAR"
32 | A 380.2312477  3.8023E.05 4340539357 MEAS
33 | A 4096 12288E.04 1402739726 TEST |
34 FINISH
35 ENTER STAT
36 Confidence .

- |1 Enter Confidence level o

38 Chi-Square Conf. _ Total TestFITs

39 | TESTING AT ALLOCATION  RESULTS | Chi-Sq Conf.%

40 ENTER ENTER  SIZE FOR EACH TEST L SAMPE SIZE OPTIMZATH

4 Test Sample Num. DUTY CYCL FiTs Te St R esu It Ar ea J optimal EN'

42 902 Conf. Test Number Opt

43 Size Failures Percent Per Test Tot al F I TS V Allowed Samp

44 |  TempCy \ Total Failures 400

45 Test1 3288.922778 0913137484 (304051) 1132 MRgU6 FITs Temp Cy

46 THB < All Tests Test 1 5327

ff Test 2 2484072377 90> Conf. THB I

48 | 1345524243 0.03735922 (7432047) 171307 3601.585475 Test 2

49 HTOL . .

50 Test3 £40.924579 Sam p/e Optl mization

51 ;
- - can also be used just

\Enter Sample sizes & R J

53 _(Not Totaled) . est conriaence

% ToTALS “ . number of failures allowed Y

55 | Mot Including Vibraion an d total F I TS

4

~_The above table estimates the Chi

TEST PLANNING SUMMARY

are test estimates based on the test parameters, sample sizes, and confidences entered

| allowed, and

<«

TECT.

I cassoic, | 1

M INDEX & Lic Aa. £ HINTS / Conversions

DfRSoft...

Jdnnry cver el

uec 1 crocee

Test Plan Work Sheet

levocece recerlacecoicoarenl

{ Acceleration FactoryTst Plan ¢/ Dist & Conf.  Rel Pits

EAT A

= failures, optimization

routine calculates
optimal sample size

rre |
?. S-Rel Plts




Acceleration Factor Tools

Page Hyperlink to Common
Acceleration Models

0

2
4

A B C =
Jemp-Humidity Accel Mode i ——
Temp.C : M : iuz Lifetime b MTTE= [E4KT) I A coel D E iCC :
ibration 2 9 E o ation A ionF ¥ Chis E Qual Fai P ESD47.5
Handy Temp Conversion Ivoisture Diffusion Time ThroughIC s 3
ARRHENIUS TEMPERATURE ACCELERATION FACTOR MODEL [ MODEL IN|
Enter Default E |
Model Parameters Yalues Results RESULTS Arrhenius Acceleration Factor Model
Failure Rates Time AF(T1.T2)=Ezp]-EalKB[{I!Tuse - #Tstress)}
| Activation Energy 07ev At Acceleration Ea = is the Actjfation Energy (in eV - electron Volts)
|Use Temp. (deg C) 85 50C Factor Tuse:zUse Tenfberature
|Stress Temp (Deg C) 1B50C FITs [Unitless) Tstress=Stresl or test Temperature (Usually test temperature)
| Failure Rate (FITs)at45C MTTF=166666666.7 105602287 KB= Boltzmagh's Constant (0.00008617 eV{Deg K
| No. Test Hours MTTF=94734675 1.75837145
Results implies test is eq .
wwre | Page Hyperlink to Common
| What is the failure rate an . 21000 hour t .
eworncasesn] ACCElEration Models aosn] MOdel Information found next ot

each tool. No hidden equations.

No. of Test Hours

Peck Model": AF(Temp,Hum) = AF(T1.T2) z (%RHstress { ZRHuse)Y
Reference: D.S. Peck, Comprehensive Model for Humidity Testing Correlation™,

TEMPERATURE-HUMIDITY ACCELERATION MODEL
Enter ENTER gested RESULTS RESULTS
Model Parameters ¥alue ues Acceleration TIME
Factors Equivalence

USE % Rel Humidity 40 For Temperature International Reliability Physics Symposium, 1986, pp44-50.

STRESS *% Rel Humidity 85% 96.01479357 Equivalent AF(T1,T2)= Arrhenius Acceleration Factor from Above

Peck Humidity Ezponent 266 For Humidity Years %RHuse= Percent Relative Humidity at use conditions

Use Temperature (Deg C) 25C 7.42633892 in The Field “RHstress=Percent Relative Humidity at stress or test conditions

Stress Temp. (Deg C) 85C emp & Humidity For This Y=Peck Humidity Exponent
| Activation Energy (e¥) 07eV = S e

1000 Hours

EXAMPLE:

Temperature Humidity

| Whatis the Peck acceleration factor at 85Ct85%RH if the activation energy of 0.7¢|
| Enter 0.7 in Cell B33, 25 in Cell B31, 85 in Cell B32. Read Acceleration Factor of 96

Acceleration Models

Esume use conditions of 25C140RH
D31, combined factor in Cell D34.

[ae

Basd aauiuslant usa btirna aall E24 AL 01 vanrm and muiarall sanalarsbimm Canbae o0 712
«r i

Conversions /£ Cpk b Acceleration Factors / Test Plan

~

ATl

DfRSoft... Acceleration Factor Page

/ Dist & Conf. £ RelPlts / S-RelPlts / System Relabiity / Vibration & Shk /£ Field [< ] |

i. >i I',, -
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Arrhenius Plotting

Activation Energy and
model values

1]

I a B c D E F \ H | —
97 f Ji-
93 | | |
931 ARRHENIUS LEAST SQUARES FIT ANALYSIS FOR ACTIVATION ENERGY OF 2 TO 20 POINTS 2: Least Square Fit for Activation Energy with Time to Fa
1007‘ Comment ENTER Failure Times Results MTTF Results (tF)=D+EalKBIT or Fail Rate '[I!If]ﬁKi'EiﬂrEalKBm
WI[)IV 71 Temperature Exztrapolation 1 Activation Ea Ea = is the Activation Energy (in ¥ - electron Yolts)
1027 2 to 20 parameter MTTF Least Sq Temperature Intercept D T=Temperature Failure Observed
103 least squares fit DegC Fit (MTTF) At40C and K1 tizMean time to F ailure (MTTF)
104  Make sure any extra 41.36350994 1229.324603 Activation KE:= Boltzmann's Constant (0.00008617 e¥tDeg K
105 | temperature cells 41.36350994 1173.126907 Energy (eV) C= Arrhenius intercept (automatically calculated for extrapolated data)
106 | are left blank. 5.57842671 651.0947452 L - Ki= Exp[-C), Arrthenius Constant [note:RELEX - K Factor)
T e, > 5.57842671 6471881767 0.615453798
108 | 1.932997034 657.6469019 D
_ll&l 1.932997034 375.7982296 -16.21986244 I 1
10 | 1.932997034 469.747787
| 1950.763663 297.9005104 Kiis
12 | 1541.467881 377.0000645 1107E07 d
13 -
Enter at least 2 or 3 points, ;
15 . .
15 temperature and Fa|lure fimes. ‘nius Least Squares Fit with Data (Series 1) & F
"
118 : 100000
13
o Enter other temperatures of
121 . . .
interest to find projected MTTF
123 | —
124 | Extrapolation ENTE é 1 . . : . /
125*? Result of Least Temp ure @ - 0s i e 1(' o5
126 Sq. Fit Above g C E ’
12?7‘ Extrap Temperature 1 = 0.01 /
123 Eztrap Temperature 2 0.001 <
128 | EXAMPLE: What is the activation energy of the following life test data at 0.0001 "’/'
130 | Enter from hito low 250, 225, 200, 175 in cells B0, 11, 112, 113. Enter MTT 0.00001

W« v ¥l Conversions ] Cpk ) Acceleration Factors { Test Plan { Dist & Conf. { RelPits { S-Rel Plts { System Relabiity / Vibration & Shk { Field [<] i |

DfRSoft...

Acceleration Factor Page
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Reliability Growth — Multi-Test Capability

(Assess your products growth as you find and fix failure modes)

Duur ation Conditions  Condition Param Param Factor Hours Years

Handy Table to Obtain Acceleration Factors Quickly For Reliability Growth H d M |t- I t
Test Test Use Stress 1st Key Znd Key Acceleration Accel Accel | an y u I es

Temp Cyc 3363641201 TEIGE-06_ 154 3051063 0
T Acceleration factor too
THE Temp ra FIE0303583 FAB4ELNE _ B139707744
HTOL Tl B 772282425 B 7723E.03 0E5BIIETE . .
¥ib T 4036 12265E.04 1402739726 p rOVI d e d to fl n d

FIGURE 2

Accelerated Reliability Growth Test Analysis Section
Enter number of Test Enter Test
Enter Test i 4 Acceleration FIGURE 2: Reliability Growth Duane

1 acceleration factor.

F actor | @ mgiuTEE |
10 10000000

1000000 LAl

i I
. .f"/
100000 Ll !
f //
¢ .  1ooo0

. 1000

/ 120

10 §
1
1 4 | 1 100 10000 1000000
1 10 100 1000 100000 1000000
Cumulatige Time Cumulative Time

MTBF Growth and
B oo Duane plots

™

MTE

Multi Test Example of High

Temp, Temp cycle, humidity. For each
test enter num of failures, Approx test
time of failure or end of test time, Total
samples tested, and test acceleration
factor.

Cumulati ve Failure

INSRUCTIONS

UNFROTECTED wOF

e e REl Growth alpha, beta
et ww [ OPtained on test

Failure Rate [l ambda i) 0.286517625

Estimate Final Growth Enter Cumulative Cum Cum Inst Inst Reliability Reliability
Statistics Final Growth Failures MTBF Fail Rate Fail Rate MTEF [instant FR) | [Cum Failure Rate)
Enter Last Cum Time CrAaMMSAnL 02335231377 1921512786 G.04EE3E-07 | 1.2B27E-07 TTIENEGAD | 0.9423T0EG: nrarrzzaTe
THA0G404F BE45,91949 1.70515E-05 v 10134588756

Dluane 4 AEE-08 07 35,85
» v [ " Field Returns -~ System Reliability - Dist & Conf. 217PRED - TEL PRED - Stress Pred -~ Acceleration Factors . Test Pn | Rel Growth . D-FMEA -~ Avail & Spares _~T¢

dy'@ /

Reliability Growth Page

page 23/ March 27, 2015
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Chi Sqg Reliability Growth — Multi-Test Assessment

Using Chi-Square Method Instead of Duane. DfRSoft is the inventor of this method.
It is easier to use than Crowe/AMSAA has multi-test advantages — more practical!

Wi~ ® W

4}
2
13
4
5
8
7
8

)

30
H
2
33

5
H3

8
39

o

2
I3
4
15
16
7
3]

i
i
32
i3

A B C D

E

F G

H

J

| need to convert cgclés to field hours. For example 1cycle typically equals'24 hours in the field. Thus 10>cgcles'enter 240 hours for the test time. If you have a test like drop shoék. you can estimate an acceleration factor. For example, you might |

K

acceleration factor. Enter the Chi-square confidence in percent in cell B178 (i.e. 90 for 902). Reliability growth occurs when you fit failure modes. For each failure, estimate the fix effectiveness of your fis. For example, if you are certain you fizec
problems. In column | you can enter optional information about the fiz description. Reliability growth results are provided in Graphs and in the tables. Tabular results are in columns J through R. With plot summary in columns T-AB. Reliability gi

12.0000002¢

All Test Reliability Growth AFR Results

16.0000002%

14.0000002¢
12.0000002

10.0000002%

8.000000:%

£.000000% R
4.000000% \’

2.000000% +—

0.0000002%

400 600
Test Time

800

1000

~—— Humidity Test Test
Summary

~@—Temp Shock Test Test
Summary
Shock Test Test
Summary

e FULL SUMMARY

PPM

provided below and Far to the right for each test and graphs for "All Test Reliability Growth Summary”
All Tests Reliability Growth Summary and Metric
Alpha=1-Beta) 0103825503
Beta 0.896174497
Total Hours MTTF Ln(Cum Time’ Ln(MTTF)
1 52469.23646 0 10.8679823
872 105975.4691 6.77078942 11.57096292
Humidity Test Test Summary E
Alpha=1-Betal 0.083444618 g
Beta 0.310555382 '8
Total Hours MTTF Ln(Cum Time’ Ln(MTTF) &
1 118839.1453 0 11.68552614 E
384 202355.0462 5.95064255 12.21777909 <
Temp Shock Test Test Summary
Alpha=1-Beta) 0120221474
Beta 0.879778526
Total Hours MTTF Ln(Cum Time’ Ln(MTTF)
1 159247 6054 1} 11.97821554
400 3272626164 5.99146455 12.69851824 r
Shock Test Test Summary
Alpha=1-Beta]  0.253436007
Beta 0.740503993
Total Hours MTTF LY Cum Time’ Ln(MTTF)
1 229120.16859 1} 12.34200189
72 £35078.2234 4.27666612 13.45177967 .
I &
=

300000

All Test Reliability Growth MTBF Results

Using Chi Sg. Methods to find
Reliability Growth MTBF and AFR
valuse for each test and for the
product as well as growth alphas
[ and betas

e Humnidity Tort Tort

Summary

Summary
Shock Tort Tort Summar

wtn Tomp Shock Tort Tort

e ELILL SHIMMADY

400 600 800

Test Time

1000
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1
2
3
4
5
&
?
8
9

0

| =

f

2

: |METHOD 2: Enter By Month
FULL FIELD DATA ANALYSIS BY MONTH

ars Per Year (Hours Per Year x Duty Cycle)

13
4

oy

5 IEnter Number Operating

Field Returns is convenient and simple to
use with two methods available

A

METHOD 1: Averages

B

c | D

 Simplified Method to Assess a Failure Mode of Field Failure Rate Based on Ave

Fleld Data Information

Enter

ﬁwgerage Number Units Ship Per Year

| Num. of Observed Failures or returns

Total Dags (sum of dags to fail for

. each failure)

| Duty Cycle: Days Opporating per Year

|

Instructions

E F | G |
FIELD RETURN
DfR: 15 illegal to
Results ] Result ] Frac FaifYear
Average days  Fail Rate MTEF
Per Failure 1.37755E-05 7259266667
412.4583333 | perhr F=1-R
Aprox Num Frac. Fail 3676574
Fail Per Year Per Year F=FR'8760
4247701738 | 0120673346 12.067335%

First Level Analysis is available based on
averages of Items shipped per year -
Number of failures observed in a
reasonable time periods. Here you can
Estimate product MTBF of failure mode
MTBF.

16 Enter 1 if items are repaired al

put back in the field and 2 if removed permanently

17 | Caution: Allow Only One Entry Per Mgt

2|

Need at least 1 failure for results (Col D).

IMPORTANT INSRUCTIONS

ulationitops when number sold in field 'C' is left blank, Do not enter 0.

Calc

For example: Enter 8760 hours per year, for 100% duty cycle, 4380 hours for 5

b N

DfRSoft...

HYPERLINK TO ALL PLOTS FIELD DATA RESULTS
| Ship Date Fail Code Cum. Devices] Device I Device Hrs |Cum Instaneous Inst wiOffset Inst. Avg. M’
A.EnterFirsl Date Optional Survive Hrs With Offset |Fail FailtHr FailtHr PPMIYR With Of
03102106 1 73 730 0 1.67452E-05 | 2.09044E-05 | 146687.6972 | 47836.8
40112008 n9q 10 98N LY FiTc EFilTc PPR)YE | _ﬂ_“g M
T Month by Month detgiled Level Analysis is based on 1
il S ltems shipped and Jeturned each month. Software [9"‘
| 2008 g0 | 0% C.
| wowoe | 70 | Allows forduty cycle, repairs or non repalrs 8307
913012006 so | -
| s | a0 | Failure code optionsto hetp-perform what if |
T Scenarios. Also, optionally monthly offsets can be entered fo
o to help capture when item is actually installed. T
M o4 » N,(Cpk,(Accelerat»onFactors ,{'TestPlan RETPIS 7 DUSC & O, £ S-RETPIS A SYSENTREEUNY 7 VIDTauo & STK , FIefr Ke

o &1l
page z5/ Marcn 2/, ZUls



Field Returns Analysis — simple entry
form with many options — graphical

i S I | B E ; r G . H | *E’i_r
15 METHOD 2: Enter By Month | First enter duty cycle hours in a year :
14 ‘FULL FIELD DATA ANALYSIS BY MONTH IMPORTANT INSH__n
15 |Enter Number Operating Hours Per Year (Hours Per Year z Duty Cycle] or ex used | n th e fl e | d . and so
18 !Enter 1if items are repaired and put back in the field and 2 if removed permanen| M
7”1] _Caution: Allow Only One Entry Per Month. Need at least 1 failure for results (Col D). Calculation stops when number sold in field 'C" is left blank. Do not enter 0.
8B HYPEBLINK T FIELD DATA RESULTS Field Betur
[ TS | Fail Code | Cum. Devic{ Device Cum Instaneous Inst wlOFf Avg. MTBF Avg. Op Time -
7270 '-'nter Frrst Date I 0 P tional | Survive Hrs ith Offset| Fail Fail?Hr FailtHr With Offset  MTBF Hours
21 3 ' 1 730 730 0 1.6745E-05 | 2.0904E-05
22 4”!2008 14 10,950 10,350 5 FITs FITs .
23| 52006 32 34,310 34,310 13 16745.1709 | 20904.3793 esults , grap hical
24 612008 FITs 90% Con| 1602 -
BN Hyperlink to all graph results, MTBF [Lzsesssl"ed and analytical
26 | 8112008 ) WFITs 60 Con{ 60 I | |
%;‘5 813112008 an d F al I u re r ate 21330.7003 | 149679.225 46880‘63 58525.2
23 128 403530 181,770 81 MTBF Figure with Offset
30 E nter fl rSt mo nth Lo ST He 000 83 FIGURE: Average MTBF (With Qffset) in Hours
| 31 | 200 692,040 254,040 85 :
32 shi ppe d. 241 867370 | 310,250 59 I
| 33 | 283 1,074,560 394,200 101 B
34| 412007 14.0 290 1,286,260 535,450 104 5e.000.0 /
35 | 52007 15.0
36 62007 16.0 I B §40.000.0
L e | Bnter number items sold, | 1" A
38 | 82007 12.0 ’ : : B B ¥
o [ I number failed in a month § et
40 | 913002007 200 : . . i
i e | oo | and optional failure code | :
| 42 12102007 220 o565 3,967,260 P a1 1174 o MMM
43| W 602 4428720 | 2814380 186 £ 5 ; 5 5 ¢ ;
w2 Enter number fail- returned oo | somzz0 | amazeo | e O R Tealdy W oWE U
45 | 3t 681 5398350 | 3,566,830 196
B 74§'§ 44302008 261 721 5,924,680 3,965,360 20 Simple Cum Figure with Offset
47 | 51412008 271 747 £ 482 gan 4 4RE BN 201 )
i f_s,u‘ 1412008 FIGURE: Simple Cum PPM
49| 7isr2008 Enter offset — number e
50 8512008
51 gm0z | 2 months tO be mstalled |

4« » wl{Cpk / Acceleration Factors

DfRSoft...

{ Test Plan { Rérrres

~weliabiity £ Vibration & Shk ) Field Returns{ |< | w
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MIL HDBK 217 Detailed Stres

Parts Count & Telcordica

PARTS COUNT MTBF PREDICTION BY MIL-HDBK-217F(1)

Rates

Enter activation code after
purchase to see base Failure

- 'DfRSoft 2012.7 - www.DFRSoft.com
Enter Base FR Activati
Assembly Name: New Engine Analysis Date:  1/5/2012
Assembly Number: M-380 Analyst: John Smith
Assembly Rev: 2
Manufacturer and System: NG

AN ACTIVATION CODE MUST BE ENTERED INTO CELL M4 IN ORDER FOR THE BASE FR TO BE POPULATED - SUPPLIED UPCON PURCHASE OF DFRSOFT

Ground Benign (GB) Q=1, Ambient is 30C, Assumes 50% Stress

Results of Prediction

MTBF IN HOURS
3002102

ASSEMBLY TOTAL FRIN FITs
333.1

ASSEMBLY TOTAL FR/10® Hrs,
0.3331

List Part Type Complexity Base FR Qty Q Total FR |Notes| FR Basis
Number| (FR/10° Hrs.| Used | Factor |(Fail/10°Hrs.)
i IC,Bipolar, Logic, Plastic 1-100 Gates 0.0036 0.0036
2 IC,Bipolar, Logic, Plastic =100-1K 0.006 0012 MTBF fOI' Ground Benign
3 IC,Bipolar Logic, Plastic = K-3K 0.0M 0.022
4 IC.Bipolar Logic Plastic =3K-10K 0033 S 0.099 4000000 ¢
5 |C, Bipolar Logic,Plastic =10K-30K 0.05 0104 3500000 F
] |C, Bipolar,Logic,Plastic =30K-60K 75 0
; :g g?pu:ar 9318 i.rrayzt?near E:ES?C 00T A-nnnn = 1 0000019;5 w 3000000 F
ipolar, Gate Array&Linear Plastic - [ =
9 |C Bipolar. Gate Array&Linear Plastic Enter Q U antlty 0.066 g 2500000 |
10 |C Bipolar. Gate Array&Linear Plastic . 0 T
11 IC,Bipolar,PLAPAL Plastic Used and P| Q 0 £ 2000000 F
12 1C, Bipalar PLAPAL Plastic 1] -
13 IC.Bipolar,PLAPAL Plastic Factor 0 @ 1soo000 |
14 IC.Bipolar,uP Plastic 0 2 00000 ©
15 |C.Bipolar,uP Plastic 0
16 IC.Bipolar.uP Plastic 0 so0000 F
17 |C Bipolar ROMEFROM Plastic 0
18 |C Bipolar ROMEFROM Plastic =1 GK-G4K 0.017 0 0
18 |C Bipolar ROM&PROM Plastic =F4K-256K 0.028 1] a 10 20 30 40 S50 60 FO 80 90
20 |1C Bipolar ROM&FROM Plastic =256K-111 0.053 1]
21 IC.Bipolar, SRAM Plastic 16K Bits 0.0075 0 1 0 Temperature (C)
22 IC.Bipolar, SRAM . Plastic #16K-G4K 0.012 0 1 1]
23 IC.Bipolar, SRAM . Plastic #B4K-256K 0.018 0 1 1] |21?F—1 Part Count|
24 I™ Rinnlar @RAL Dlactic = JEAK AN nnaz n E] n [217E 1 Dadt Count]
» M| INDEX & Lic Ag. ~HINTS .~ Conversions Rel Plts S-Rel Plts Field Returns System Religbility Dist & Conf. | 217PRED . TEL PRED - Stress Pred Acceleration Factors Test Plan
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DfR MISC Tools — Numerous tools to assess needed

physical situations. Dielectric breakdown example below.

60 Notes: E leave blank or 0 to useldefault ‘HANDY DISTANCE CONVERSION HELP

61 ™ Typically results not valid below 5 microns Distance Distance Distance Conversion

62 Breakdown varies with pressure, For other pressures use Paschen's law below. Units Input 1 To CM for Reference

R O i e N - s X D Distance in CM 100

64 PASCHEN LAW - Voltage Breakdown in Air at Any Pressure Distance in Meters 100

65 Enter Enter Breakdown Voltage Distance in Nanometer 0.000002

66 Distance in Meters Volts/Meter Distance in inches 99.9998

67 Pressure in Atmospheres 2805244 056 Distance in microns 100

68 | Dist 0 00001

69 | : :

70 BREAKDOWN IN A SOLID DIELECTRIC DIeIeCtrIC Breakdown any Unpro

1)

St Distance Distance Enter Breakdown Breakdow preSSU re PaShen S LaW

72 Units Input 1 Input 2 Results in Volts |Air 0.03

73 Distance in CM in MV/cm 30000 Alumina Al203 0.016-0.06

74 Distance in Meters 3000000 Ge 0.1

75 Distance in Nanometer 0.0147 Si Silicon 0.3

76 Distance in inches 304800 Gaig 0.4

7 Distance in microns 3 Ff ~0.44-0.47

78 Distance in Angstroms 0.45 ﬁarium Titanate 0.6-0.95

79 c c BCB*

80 Dielectric Breakdown Tool at =

il any pressure in air. Handy look |[so* 2090

82 . . Si3N4 10

83 up tables available for different |0 =

84 m ateria'sv Marlex HDPE 0.2

85 Low Density Polyethylene 0.197-.37

86 Local Relative Humidity Polyethylene PE & XLPE 2305

87 Quantiv | Fnter | Polvstvrene | 0197-025 |

M 4 » »f Field Returns £ Availl & Spares { Re owth ¢ MISC / Derating £ D-FMEA ¢ D 4 &E ; { Notes 1< | it | [»]
i 28/ March 27, 2015
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Design Failure Modes Effects
Analysis Work Sheet

B3
zA3—| c D E F G L L e
l—-
1 Design Failure Mode Effects Analysis (Design FMEA) '
j DfRSoft Trial Version 3.0320 (DFRSOFT.COM) (It is illegal to copy & use this software without a legal purchase.) =
3 | ]
4 | DFMEA Analysis Handy Analysis Tool - Cut and Past into DFMEA Work Form
5 | Find Item of Interest in pull down Failure Mode
6 | S e = BGA solder joint failure
7 | i __J |Potential Cause
BGA component ras i i i i i
8 el I R T & |CTE Ml_smatch. between package and PCB, high sheal™s{ess. during thermal environment or in m
9 | Capacitor {[Potential Design Controls |
10 | \ CTE Analysis. Use underfill/cornerfill, Shear test on samples (wi econditioning of 24 shocks -
1 gapaator mElfIblay?r .
] apacitors, Electrolytic
12 Chip - semiconductor pick and pla¥g attach ’ Optlonal CUt nd paSte Or
1 Chip passivation
13 Circuit board finish, Imm Ag
14 Circuit board finish, ENIG RPN Suggested Values W Copy to FM EA Item beIOW
15 | Circuit goarg finish, Imm Tin \
= Circuit board screws
16 Connector ESD Exposure 1
17' Connector, SMA Connections Hyper“nks tO Standard
[ 15— i Tables on Severit
18 E_L;g??etr#smlter — N Design Resp o Det y’t d
HEh . ccurrence, betection, an
pewretend | PUll Down for Failure mode . | !
B | KeyDate: | RPN values
| iogde - .
2  [oesern | Of interest. You can add your
| Solatuon
21 gasket failure i i
- |emeie | own Failure Mode Below in the D-EMEA Work Sheet
IC, Pow i 1
= __lraer | Failure Mode Table and will pop —
49 Resistor . .
. |ressr,ce_| UP ON the list items. Keep / 3
lltem Res:stor,Thm Fil . i gl Cause(s)/ Current Design Controls ‘ & S S
Sea i = = =
No. (S | history of your failure modes m(s) of Failure Prevention S |15(3 =
24 Solder Joints CTH this way ® S |iE| &
=% | |TinPlating .
25 | 1| Transformers Bk 3 Inspection ] 4 2 64 | I
44 > MTransformers ‘ |1 £ Therm Anal £ Skin Depth £ DfR MISC £ Derating % D-FMEA {ESD {217 <] | 3l

DfRSoft...
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Various Thermal Models

Find relevant tables for CTE mismatch items such as ceramic part and circuit board

§ SECTION 3 CTE MISMATCH & SOLDER JOINT ANALYSIS SECTION
7 | General CTE Mismatch Estimation [From Table 7 (below) Includes FR4 boards, Substrates, Ceramic BGA, Plastic BGA, Etc., Note a formal FEA analysis is more accurate as layouts will effect the CTE.]
3| Parameter CTE PPMICIEnter Temperaturg PPM Increase |Percent Increase ACTE PPMIC
3| 3 Rise in Deg C Glass-Ceramic 53.84615% 35
3 || Glasz-Ceramic v | 60
6.5 Alumina (ceramic | CTE Factor Larger
||| Alumina (ceramic Chip Carrier v Chip Carrier)
‘ 130 2.166666667
3 | Alumina ceramic package e
g7 Aluminum i | ¥ SHEAR STRESS ASSESSMENT AND FATIGUE LIFE RISK OF SMT PARTS (Including BGAs) |
Aluminum (40% Silicon)
5 | Aluminum Mitride ‘
| Aluminum, TE061 = e
H Blcugmm i eutral (or Parts Middle) Point in Meters
7 g:glia Results (Meters) In Inches Results (Meters)
3 | BGA (Super BGA) 0.007071061
BGA Alumina Ceramic (CBGA)
3 | BGA Land Grid Array LGA Plaztic
Boron Aluminum (20%)
) Brazz |
| | BT Resign | |estimates may be obtained in row 66 and row 638
2 g:’::?:t:“d icrons, example flip chips about 75 to 100 microns, packaged flip chip (CSP) 250 microns, Regular BGA about 500 microns
3 | Copper C-SM-785 Shear Stress)
Copper MolCoper
$ | Copper, CDA 101 Shear Stress % Risk Assessment]| Relative Risk For
3 3355%1?21’15352'%. | 7.031250% Shear Stress % Device in Field
5 | Dismond | ACTE Mismatch A100C Shear Stress| Mild Environment
E Galzz Epoxy Shear =
7 | EGhss 75PPMIC 46875002 At Risk
E glazziPoly Sh
3 |E 3,:,,,;}25 3;1:,, Dimension Change Enter Risk Criteria’2 | Harsh Environment
| Epoxy 1 5 4 4
3 Epoxy (T0% Silica) Plastic Yack 3 2.8125€-05 At High Risk
3 | Epoxy 54-1 Ablestick (silv@ fi | Underfill5to 8 Recommend 1% I
Epoxy E-glazz Fiberz = - v - >
| | Epexy Glazz or Polyimid-g! ktch exist than shear stress is a key parameter for solder fatique. Per IPC-SM-785, shear stress is calculated. In the above entries,
Brjoint as the may distance from the center point. (See Step 1to). CTE mis match is between the part
H an d y p u I | Own WI t h CT E d row 38 to row 42. AT is the cyclic stress for the test. Finally, if the part has underfillfcornerfill this reduces
er effect. In Column E is the Risk Assessment. We use 1% shear stress based on a Delta T of 100C
4 » »|{ Field Returns £ Avail & Spares £ Rel Growth % ThernjAnal / Skin Depth £ DfR MISC / Derating £/ D-FMEA £ ESD £ 217 T&E £ TSS £ Notes |«
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Vibration & Shock Tools

RV Grms and Disp for Resonance Packaging Foam Thicknw SI ne VI bratlo n Conve rSIOn lom to Sine

SINE VIBRATION CONVERSION

ENTER ENTER RESULTS RESULTS RESULTS RESULTS RESULTS RESULTS
QUANTITY QUANTITY FREQUENCY ¥YELOCITY ACCELERATION ACCELERATION DISPLACEMENT P50 PS50

YALUE Hz IniSec Pk Gs MetersiSec? (Mils) Pk-Pk (G~"2/Hz) [(A""2/Hz)=m"2isec"3
YELOCITY (Ini5ec.) 651 651 8482084601 832 442997 2590.240642 MHA NA
Pk ACCELERATION [Gs) 10 80 = 7675 ] a8 305625 1.25 7 120.05
DISPLCMNT (mils) Pk-Pk T.818 1.964838; = == a 2040 NA NA
PSD (G™2¢Hz) 0.04 NA 7 0.04 3.8416
EXAMPLE Enter Frequency and

TED AREA
parameter to convert
CONSTANT ACCELERATION

ENTER ENTER RESULTS RESULTS EQUATIONS Definitions Conwersion
QUANTITY QUANTITY RADIUS RE¥/MINUTE ACCELERATION

YALUE INCHES RPM G5 F=Ma=N2IR F=RPM Rininches, Fin RPN

ACCELERATION [Gs) 1000 3 3425340549 1000 WzR 2[pie]f G=Gis Acceleration
A=l g g=gravity accel
REYIMIN [RPM) 3425.3 3 34253 999 9763241 Fzeqre(GIR g [2 pie)*2)] Fi=radius F= Sqre{Gi[2 841:10°-5R]E
l

EXAMPLE Example: How many Rev per minute is required for a NOTES: UNPROTECTED AREA

constant acceleration centrifuge force machine with a
radius of 3.25 inches to achieve 5000 G force level?

Equivalent k4 Solution. Enter 5000 in Cell B23. Enter 3.25 in Cell C23. 2 | [ Wire bond weight | = Weight (Grams)
Quantity Read 7359 RPN in Cell D23. i Force | | annth fin BAil<] | 100 3.22E-05
Weight in Grams N . 1.39E-05
Romeion nGr 777 pmm— it POp Up Instructions orTor Vire materar
EXAMPLE 1 Hyperlink to Weight, Density Calculator for VWirg |
ENTER Results
MECHANICAL DROP SHOCK QUANTITY QUANTITY Force
Inputs Half Sine [mks) Equations [mks) YALUE [Newtons])
Gs 100 g0 el L 1 0.0098
Pulse Duration D [millisec) 11 0on . a0 88z
Cal Rebound Factor [Default 1.4) 1 Diefault 1, 1.4 Common IVI e C h an I Cal S h OC k 5280 4669424
W2 Sine Drop Height H [inches) 22 65091724 0.E00T33298 17 TEBEITE
Triangle Drop Height H [inches) 14.5890748 0.3?05625/" D R O P S H OC K _ E nter G S , 0,00025 st
Sawtooth Drop Height H [inches) 58 35629921 143225 . . . Rexzults in Grams
Cut off f. Frequency [Hz) 90.90909091 ~ Pulse Duration find ¥z sine 0.000013 133E-03
i 22 51562056 ESEZTEI4E 1 1
12 sine ¥maz [Itsec). Impact ( drop helg ht’ or trlang |e’
¥maz free Fall [filsec) 1.25781028 3431380673 .
ED SHAKER MECHANICAL SHOCK Sawtoot heights. ENTER Results
W2 Sine ED Stoke [Pk Pk inches) 15125 Pk ¥elocity InfSec -> . e QUANTITY Acceleration
Haversine ED Stoke [Pk Pk inches]) 1187951618 Pk Yelocity InfSec -> E D SHOCK Obtal n the E D YALUE Gs
Triangle ED Stoke [Pk Pk inches) 1187951618 | PK Yelocity IniSec -> shaker Pk-Pk Disp|acement 0 033231
TP Sawtooth ED Stoke [Pk Pk inches) 0792126139 Pk Yelocity InlSec -> . 6.71 Accel in MISec?
IP Sawtooth ED Stoke [Pk Pk inches) 1.583777097 Pk Yelocity InfSeec -> and VelOCIty 0.69 9.724E3TER

Cron] T-I-E—I: EhéD 7 E::.I'E:SSIPI'E‘L'I Acceleration Factor_s"l_ Test Plan Rel Growth D-FMEA Avail & Spares TSS . Quality Derating Therm P\naI‘Vibration & Shk . Df

Vibration & Shock Page
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Vibration & Shock Page

PSD Analysis

Hax Dirplacemant

PSD Analysis, obtain
specta, Grms content, Max
displacement and Max velocity

Grmr Raruler

I TT——

Incher pk-pk
Likaly Hax FEk-Pk
S AEAEATATT ]

Hax Tal™
Incharfrec
Likaly Hax ¥al
L AS TR S

ARBITRARY PED RANDOM YIBERATION SPECTRAL ANALY SIS Cuntant Incher pk-pk Purrikls Hax FEk-FRPurrikls Hax Pl
Y AZDIFSD ANALTEIS $azzaez A RAREERSTE ] saririassy | seersrersa Y
Camulative Grmr 4ABFMOCT
PSSO IHx) Rarultr Rexrultr Power Spectral Density Plot
1164386583 I.TEAERSTST
Z AFINSHIET ] 1
Z. 619149151 5§ 53413956
5 42145432 -8 _3E5ENE54d
. AZZANZTZEA -5 545 TZ2347 T _‘\
bl | '_,,/ \\.\
e}
z
?‘ o0
o (4]
PSD Analysis, Enter =
o a EC O]
arbitrary specta frequency and e
PSD, ASD Levels
1E-05
1E-D8

COMMENT

ZINE ON RANDOM [Add SincTones to Abore Random Spectram]
EZINE ON BANDOM ANALTSIS

EHTER FEAK &

4 v M| “TEL PRED - Stress Pred .~ Acceleration Factors - Test Plan

1 10 100 1000 10000
Frequ neyvin Hy
SINEON RANDOM - SINETONES ADDED TO A SINE On RAN DOM NE OM RAMDOM
SPECTRUM Add sine tones to above
K spectrum and obtain specta,
SIHE OH RAHDOH RESULTS E : Grms Content’ MaX
S Baale “':;'3::'.“‘.‘“1‘? displacement and Max velocity
reseas yrreoa |l <
Hax !.l::::,- Likalg H:;I:::.::f;:::t ;E s ¥ - g =
e _sewat ) 2 = :
infr Fursikls Pk-Pk In =]
13 6438032 933143 2 |
5 : . .= . e mmes |
o e et 15
Vibration & Shock Page i ot e i




Lot Sampling — Made easy with

video Instructions and multiple

examples

E4 -(» 5 | Example 4
A B C ) E F G H J K L M N
1 Lot Sampling Plans - OC Cugfes and AQL and LTPD
2
g LOT SAMPLING VIDED {10 Min.)
4 |HELP Example 1 Example 2 Example 3 [Example 4 |Single & Doubfe Sample Plans |
5
[
T
8 AQL=1.5% with Pa=95% Good Lot
% Single Lot Per Cent i LTPD=15.25% with Pa=10% Bad Lot OC FIGURE
10 |Hypergeometric & Binomial Distril -0C Curves
11 = Enter Number of Enter Enter AQL Results & Override 0OC X-Value 0C Y-Results Results 0C Y-Results
12 Pieces in Humber of Allowed Enter AQL Sample Enter Lot % Binomial Humber of Hypergeometric OC Binomial & Hypergeom etric Lot Curves
13 Lot Under Samples to Failures Defect 0OC Curve Defects 0OC Curve 1
14 | Consideration Be Inspected Before % Pa (Prob. Lot Acceptance) Custom 1.5% Defective Anticipated out 1.5% Defective ‘ ‘
15 For Aooept or out of Lot _Entlr.e Lot AQL Defects Level Found at |[RSal=lait=l RVETTICN I8 Conﬁ:?enoe of Lot ocC Conf_ldenoe 0.9 Hypergeometric [NZZO'O —
16 Rejection is Rejected 1.5% for the Lot Will of 200 Lot will be 24 c=1
17 N c Comment Lot % Defects | be Accepted | 200 x 1.5% defects Accepted 0.8 n=sdc= —
13 LTPD Results & Override 0.950069958 3 0.951474037 g \ —Binomial (n=24 ¢=1)
19 Enter LTPD Sample Plan for 1.5% defects Praob. of Rejection Prob. of Rejection E 0.7 \ ]
-
o0 1 comment 1 0.04s930042 0.038525963 o
21 % Chance Lot Acceptance 3 0.6
20 of a Bad Lot with Binomial or Hyper. ':‘6 0.5
23 LTPD Defect Level Foun Assessment - ’ \
24 | 15.3% Compare Nton E s
25 Results 88.000% £ \
26 LTPD/AQL Use Hypergeometric -g 0.3 N
27 Also Compare OC curves| E \
28 Comment 0.2
>5 | SUMMARIES aoq AoQ \
30 SPECIFIED Bi ial Hyperg tric 0.1
31 PERCENT in Percent in Percent \x
32 DEFECTIVE AVERAGE AVERAGE 1]
33 in Cell E173 OUTGOING OUTGOING Average Outgoing 10 15 20 25
34 % DEFECTIVE QUALITY QUALITY Quality Limit % Lot Percent Defective
35 1.5% PER CENT PER CENT Defective
36 15000 PPM DEFECTIVE DEFECTIVE ADQL
37 1.254092345 1.269145729 3.041309%
38 12541 PPM 12691 PPM 304.13 PPM
& o Definitions:
40 |Definitions & Refere|. Lok A collection of individual pieces from a common source, possessing a common set
41 of quality characteristics and submitted as a group for acceptance at one time.
42 (Lot size = N)
43 = AQL - Acceptable Quality Level: The quality level for which there is a high probability
44 of accepting the lot. The AQL is also defined as the maximum fraction defective or
45 defects per unit that can be considered satisfactory as a process average.
16 AQL is the worst tolerable process average when a continuing series of lots is submitted
47 for acceptance sampling.
E Ear Critiral @afatu Trame EQA idantifiad Fritical ch i Hs L1 o AL F N ancg
4 4 » M| 20 PoF 21 CpkMorm | 22 Lot Samp .~ 23 SPC -~ 24 Therm Anal .~ 25 Vibration & Shk - 26 Electrical -~ 27 Corrosion 28 ESD - 29 Skin Depth 30 Eng Help 31 DOE .~ 32 Soft Reliab "33 Notes Sheetl %1 0|
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SPC Quality X bar, R Charts

How To Use

]
Reference Hyperlink to Charts

Process characterization based o

Enter Data measurements std. dev
X_bar ] £
5 77.08 0443 o
5 76.80 0.250 o
4 77.60 0.843 o

Enter number X bar Chart (with R chart)

per lot ~ A
9 5 10 15 20 25 30 \ R eS u |tS
Sample

Sdisplayed
R Chart below entry
table

5

B.0

Ry E——

T T PP W T P RT SR W

>

=

v
» M| - TEL PRED - Stress Pred .~ Acceleration Factors Rel Growth _~ D-FMEA - Avail & Spares <155 | Quality .~ Derating - Therm Anal ~
VA=
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Quality - Normal Distribution Change confidence

. level to estimate mean
A n al yS I S Evaluate arbitrary and std. dev.

points in distribution. Confidence bounds.

ormal Probab 3 & Plo g0 ered Data
Results Results 3
Enter X-Data Z=[¥-Mean)/Std, Dev | Statistical Results Enter X1 ¥alue *® Fix) (%) Enter onfidence Assessment
_ow to High ¥alue fix) 1 Ideal F(x) 1 Z Value 1 Mean 3.295188047 50.55% 0.232431862 Confidence Sigma lean Rho
0.038211405 0.028697235 1300294503 327131943 Enter X2 Yalue 0.25 7 )
0039054259 002845997 1826557997 Samplfiitd. Dev. 1 oo Observation 1716217504 3.27131943 0.3974615
0.040113507 003457 7528213 17217504 %1, ¥2 Probabilities] 0z Los Upper Eiaund 1736035354 2 TMEEE40E
AL S ACTanEd O Mean Std. Dev PrxcX1) 1oz @ Lower Bound 1TIE014477 2.82TATIIED [ e
o ETQTOSIT ZeaHTa 2 ois los 3 Normal Regression Probability (CDF) Plot affd Data
.07 te r d ata Mean | 3 Std_ Dev Pr(%> X2) g E (Fit=Green, Data= Blue)
012 i B 156904505 a TOS E Visual Display of How Well Data is Normally Distribu
0.3 t Meang-2 Std. Dev Prx1< =< 52) g 0.1 4 + 0.4 g !
o O e 1eErT B1.3ETa4E E los E

o1 Meall -3 Std. Dev | MWum.ofEntries || £ . | Laa E 100
014 aSSessed 773339 1 S ]
015 Pdlb. Std. Sl H d b o1
0,15 . 70185589 I e ar tO T T T o =
of fOr normality | s Y e
017 0624793 S e e % Of Entered X-Data 3
047 Sainple Kurtj | = & o0
i 03636525 . = g
0. Median| populatlon Clirln Dar tn Daint of lnt, + E
0193033406 0.285643301 -0.573035697 2.270EE1G Histogram of Data Series B g
0.203260315 002139283 -0.499299092 d. Error Pop. Zmaz - 3 “
0205179605 0308672721 0426562436 0213708651 2 450165143
0.219522167 01 BEPEOM] kel rror Sample Range .2 @
0.22106225 21562766 7AEEII647 A 20
0221524097 R eS u ItS Rho -1
0.228674424 1 97461509 Tz
0.229205261 LINK TO NORMAL E % o
P— S uc h as NBILITY & STUDENT TDIST. | § . X 0 1 2 4 5 8
DZ31zaa042 e Data Source " £ Datlf Values
0232361615 mean St d bgram Data for Plot . ’
0232437206 y . Enter [Maz=39]
023242924 um. of Bins |
0239171 d ev etC sted bin size 8 d o Eval u ate
0.230073536 " Bins Count
0.22825T123 . 0o 1
| displayed — Eem ; normality with
0.228581T31 02985077 2 . .
0.22E3H4A04 IIHTEIG [ . . | I n e flt R h O an d
0225992683 5930155 [ C h an g e bl n S I Ze )
0.21656101 32412693 [ .
0211987576 0EEEETANT2 0975433028 1188836232 0 . C on fl d ences.
0204314954 (BAZEVE4ED 1049169632 1386377771 1 fo r h I Sto g r a m p | t
M1935N7433 N7N3823801 1122aNR257 15813603 2 "

L TEL PRED - Stress Pred Acceleration Factors Test Plan Rel Growth " D-FMEA Avail & Spa — ation & Shk DfR Misc Skin Depth “ESD ,~ Info .~ Motes %1 E!:
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DOE : Design of Experiments with Multiple
Regression Analysis

Enter Factor

Instructions

Main Effects Interactions Enter Measurement Response Results [up to 8 replic

1% & B C [1] E=AB F= ANVE
" E ] 4 is . 213585
18 5 100 4 25 - - - 15,2665
13 3 200 4 25 - - - 10.2835
0 5 200 4 15 - = 5 0775
1 B 100 5 25 - - - 23.9335
2 5 100 5 is - . - 20.25
3 3 200 5 15 - - + 17.125
4 5 200 5 25 . + B
5
L] 3 .
= Name DOE Main Effects and Interaction Results
3 Current & 3 1 [—
3 Voltage B -3179125 1
0 Pwr Density C | 2.3323275 1 2322278
1 SpeedD | 2229128 1 -
12 AXB S5.712625 2 I
0an7C

e AXC -1.324875 2 Current & S Dangity © - axa e )
3 AXD -0.145875 3 R 1328878 QasmsTy
E; Comment R
H
il Alpha
] 2.5 306ETSE 1 253065753 4. 51301E+12 2 A0153E-07 ffact
30 202136715 1 2021367153 5544356415 | 102ETRE-OT E A Effect B Effect
i £2.0027178 1 22.222T1178 4.20646E13 | ATIR4EE-DR 4 = — Fa- L.
52 2.93THREEF 1 29379065 1EFI00TE+13 1464 34E-07 ¥ 7E00 — F . F -

2 - 4 = & =
35 65265155 1 65.265165TE 1.24151E+14 5.TI4E-05 720 — — —
i 351055753 1 3510557531 E.ATEE4EH2 | 2 463THE-OT E’ Tzom ¥ b g —
35 . 0.0425530%F 1 0.04255303 B0341251953 | 2. 23767E-05 2 Jao0 im s im >
it 1237 T Errar 5 E5502E-13 < 728 773 = o -
i Ag of Means | 15.7625625 Tatal sum 1257264457 - .
36 15+ Moan Sumaf Squarar DF - Doarcor of frocdom . - P o
38 F-Fetort charaskeristic 55+ Sumof Squarer
0] Alpha = Fetest probability
H A Effect = 1. B Effe ]
12
6] 5500 EEDES
14 Comment b [Comment Y
15
16 .
ol Effect D E=AX B Interaction F=AX Cinteraction G=AX D Interaction
{2 2 w 2500 g 5% & wm Y
. i g5 g S wm —
f? !, = — E nn 2t -+ — ~ & 1w —

75 ——— z otz %’ . Pwr Densay 10 B o1zm —— ——132
= 2 Y — E naa - vonmz=EL0 @ - Fur Density CHI B 1m0 = —m-zpeeam
) - z ™ I ™ .

; m
5 7am0En Fomsz = oam am © 1u0
i Current & 10 Current & s CurrentAlD Qunrent A H ‘Cunrent & LD ‘Current A HI

t 4 v M| 20PoF 21 Cpk Norm -~ 22 Lot Samp .~ 23 SPC__~ 24 Therm Anal -~ 25 Vibration & Shk - 26 Electrical -~ 27 Corrosion 28 ESD _~ 20 Skin Depth 30 Eng Help | 31 DOE - 32 Soft Relab "33 Notes -~ Sheetl -
leady | E |




Software Reliability G-O Model

Fig. 1: G-O Model Fit to Data Set _
] Fig2: G-O Model
DfR Soft Model Information: Columns B, C, and D e
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DfRSoft... Overview Information

* This overview shows only a select fraction of the tools available in
DfRSoft. Details available in the website:

www.dfrsoft.com
* A free 30 day trial copy is available with professional help from:

— dfrsoft@gmail.com or support@dfrsoft.com
— Call to inquire (617) 943-9034

—We appreciate customer feedback and can respond quickly to any
requests. Please let us know how we can improve our software for
your needs or if you have questions. Thank You

O, #Htoe Foinbery

Author: Design for Reliability,
Founder of DfRSoft




