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INTRODUCTION

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for
the HP fully programmable calculator user. This service is designed to save you time and programming effori.
As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in
terms of power and flexibility, but the real genie in the bottle is program solutions. HP’s introduction of the first
handheld programmable calculator in 1974 immediately led to a request for program solutions — hence the begin-
ning of the HP-65 Users’ Library. In order to save HP calculator customers time, users wrote their own programs
and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs
were accepted and made available. This overwhelming response indicated the value of the program library and a
Users’ Library was then established for the HP-67/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed
to save you time and money. The Users’ Library has collected the best programs in the most popular categories from
the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting
in substantial savings for-our valued HP-67/97 users.

We feel this new software service will extend the capabilities of our programmable calculators and provide a
great benefit to our HP-67/97 users.

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program
Description || page provides a sample problem and the keystrokes used to solve it. The User Instructions page
contains a description of the keystrokes used to solve problems in general and the options which are available to
the user. The Program Listing | and Program Listing Il pages list the program steps necessary to operate the calcu-
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent
information about data register contents, uses of labels and flags and the initial calculator status mode is also found
on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,
“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and
Program Listing !l pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult
Appendix E of your Owner's Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but
some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,
several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner’s
Handbook for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your
program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have
recorded the program. This simple step will protect the magnetic card and keep the program from being
inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.



TABLE OF CONTENTS

RELIABILITY: INTRA-CLASS CORRELATION + « &« v v+ o 4 & o s a0 o & 1
Using a one-way ANOVA layout, this program estimates the ratio of variance
due to treatment (CF. true scores) to total or "Observed" variance. This
is interpreted as a measure of the extent to which group membership is
related to the magnitude of the observed score. In turn, this can be used
to estimate the reliability of a measurement with the treatment levels
being subjects.

|

SPECIFICATION COMPLIANCE FROM LIMITS AND REGRESSION ANALYSIS o . 5
Calculates predicted value from regression analysis constants, and standard

normal deviate from standard deviation and specification 1imits. Also calculates
X or y value at 90%, 95% or 99% limits about the regression line. Very useful

for calculating a table of values from regression constants for determining
probability of specification compliance in process control or EVOP applications.

PARAMETER ESTIMATION (EXPQNENTIAL DISTRIBUTION) + + + 4 & 4+ o -
Computes (1) the maximum 1ikelihood estimate for the scale parameter of an

exponential distribution which is singly truncated on the right, and (2) the
minimum variance unbiased estimate for the parameters of a two-parameter
exponential distribution which is singly censored on the right.

LOWER LIMIT OF RELIABILITY - BINOMIAL DISTRIBUTION .

This program calculates the lower 1imit of reliability at a specifieh '
confidence level using the binomial distribution.

RELIABILITY AND PROBABILITY OF FAILURE OF SERIES AND_PARALLEL SYSTEMS . 7
Computes the reliability and failure probability of a parallel system, series

system or combination parallel/series system given mission time, number of
components and component failure rates.

MIL - STD - 883 CALCULATED LEAK RATE '« + + o 4 o o s 5 o 0 1 o a0 2 21
Gives the calculated leak from the measured leak rate using the equation given
the MIL-STD-883, Method 1014, Condition A.

MLE: 6 FROM HAZARD RATE 4 + + + + s + 5 o+ o+ o s o ¢ 0 0 0 0 0 0 0 s s 25
Given failure numbers and operating time for a sample test data, program
computes differential operating times, maximum 1ikelyhood estimator (8) from
operating times; failure dates [Z(t;)]; parameter A and finally MLE; 8 from
hazard rate (i.e. A ).

MLE: © BY LEAST SQUARE METHOD + + + + o o & o, 0 . & 0 n s o o & s 4 » 30
Given the test failure data; program computes maximum Tikelyhood estimator using
least square technique. It also computes the probability of survival which helps
compute the reliability of any given subject.

SYSTEMS RELIABILITY-SERIES AND PARALLEL WITH SAME FAILURE RATE » . . . 33
Given different number of components and the corresponding failure rates A of a

system, program calulates reliability (probability of survival); unreliability;
total systems reliability when put in series and total systems reliability when
put in parallel by using unreliability concept. NOTE: A1l such units in
series or parallels must have same A.

SYSTEMS RELIABILITY-SERIES AND PARALLEL WITH DIFFERENT FAILURE RATE X , 43
This program calculates the reliability of the system when components or units
of different failure rate A are placed in series or parallel by using concept

of unreliability to avoid tedious and lengthy calculations specially when system
is in parallel.



Program Deseription |

(
Program Titte ~RELIABILITY: INTRA-CLASS CORRELATION

Contributor’s Name Hewlett- Pa;kard

Address 1000 N.E. Circle Blvd.

City Corvallis state Oregon Zip Code 97330
\.

—~

Program Description, Equations, Variables, etc. 1€t the scores (measures) Ii{l represent

the j-th subject's score on the i-th test (measurement). In the
ANOVA model Xij
subjects, aj the deviation of the j-th subject from that mean, and
eij the error in test i on the j-;h Subject, the reliability of the
set of tests is the ratio P1 =crA/a-X, of true-~difference variance
to observed-score variance., This ratio is estimated by the formula

=R+ aj + eij’ P the mean "true" measure over all

o - Bpet ~ Myitn
I (Y )
MSpet + (C=1)MSyi4p
where MSBet is the between mean squares, MSWith the within mean

squares, and ¢ is a factor dependent on sample size given by

2
1 zin.
= e R
¢ =71 2:nj Y
where J is the number ot subjects, nj the number of test scores for
subject j. Standard formulas are used for the mean squares, and the
ANOVA PF-ratio is computed as & by-product of the main program.

\.

Operating Limits and Warnings This estimate is based on the ANOVA random-

effects model, and violations of its assumptions (e.g., normal
distribution of the aj, homogeneity of variances) should be held

t0 a minimum for an accurate estimate. Winer (op. cit.) and other
texts fully explain these assumptions and possible effects of depar-
tures. Most ill effects are minimized by use of equal nj's, for all
J =1y 25 eee 4 Jo

;

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.




Program Deseription 11

rSketch(es) )
\. J
\
Sample Problem(s) The following data represent the scores of three sub-
jects on repeated measurements of the same attribute. Compute the
intra-class correlation (reiiability) estimate and the ANOVA F,
\
J i 2 3 4 5 6
1l 10 8 5 12 14 11
2 6 9 8 13
3 14 13 10 17 16
Solution(s) r = 0.363 F = 3.79
Keystrokes: Outputs:
[£][CLREG] 10 [A] 8 [A]----11[A] [B]
6 [A] 9 [A])--- 13[A] [B]
14 [A] 13 [A]---- 16 [A] [B]
[c] - 0.36
[R/S] ~ 3.79
\— Y,
( )

Reference(s) Winer, B. J., Statistical principles in experimental
design, pp. 165, 283-287, McGraw-Hill, 1971.

This program is a translation of the HP-65 Users' Library Program # 03102A

submitted by James M. Price.




User Instruetions

INTRA~CLASS CORRELATION

< P EIF B B B -

' i

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

Enter program

Initialize

(Repeat for i=l, 2,..., n.) Enter

114
LIFN

L= RVSE el

(After all n. Steps #3; r;peat for

J=ly 25040, J)

0.00

w

Compute r;

fe)

(Optional) Compute ANOVA F

(degrees of freedom are found by:

RCL, 6, l, - and RCL’ 4’ RCL, 6, "')

For new data, go to step 2.

rr




97 Program Listing I

4
S'I'Eg9 KEZ;{JTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
1 *LBL# 21 11 gs7  ST09 35 89
662 ST+ 35-33 &7 aceun. X @ss  RCLT 36 @7 ©
ggj Tﬁf soos 52 | @58  RCLE 26 68
ST+2  35-55 @&- 2 gea - ~43
685 RCLE 36 o8 accum, X 861  RCL7 3€ o7
ggé 1 gz 862  RCL? 35 ag
> + -55 863 1 @l
@es  ST08 iz as [ BE4 - 45
889 RTH 24 increment count €S RCLE 26 E":'
& o
@18 LBLE 21 if 866 x -35
811  RCLF 3¢ @7 BET + -55
@12  ST+1 35-55 ai 86 : —24 T
81z e 53 @cs RS 51 1
614  RCLE 3 88 | (gx)2 @r@  RCL7 35 a7
gi‘z STz’ 3,___5;6_{ recall cell size 32{ RC‘_-S b gi .
17 LST%  16-63 @x)?/n e}é RS 5t F
18  ST+4 355584 [
819 ne 53 ceum. 14
820 ST+S 35-55 85 | accum. n2
821 1 ai 3
22 ST+€ 35-55 @6
22 CLX -51
824  STO7 75 87 580
825  ST08 35 as
26 RTN 2
827 #LBLC 21 13
828 RCL3 26 @3
829 RCLI 36 81
@36 nE 53
831 RCL4 3¢ a4
832 5 -4
@33 - -45
834 RCLE 36 @6 5%
83s I 61
a‘i‘f, : :ig df between
e';‘.é ‘?Té." 35 EF" MS between
839  RCLZ 36 82 + R7
@48  RCL3 36 832
841 - -45
@42  RCL4 7€ 84
@47  RCLE 26 86
g:i : :;g df within 100
@46 STOE 35 88 s Kéthi“
@47  RCLE I€ 86
048 1 @l
849 - -45
858 1-°% i a2 SET STATUS
ol R e FLAGS __ TRIG DISP
it Jb o ON OFF
853  RCL4 76 84 o0 ® | DEG ® | FIX K
854 : -24 110 1 0®| erabO | sc O
855 - -43 2 OB | RAD O | ENG O
856 -35 30 n—2
REGISTERS
2 3 4 5 .16 7 8 9
0 ! ETX4 4 zzxi1 gnjxgj Iny Zn% J used used c
S0 X S2 S3 S4 s5 S6 sS7 S8 S9
A B C D 1




Program Deseription 1

~
Program Title SPECIFICATION COMPLIANCE from LIMITS and REGRESSION ANALYSIS

Contributor’'s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard . e ,
City Corvallis State Qregon .. ZipCode 97330 __

\.
~N
Program Description, Equations, Variables I ] R
Xy =X, + 8x A = intercept value o
B = slope
S = standard deviation e
Xi+1 =X;+ Ax L = lower specification limit =
U = Upper specification limit
- Y = ordinate R
Yi=A+BX1 X = abscissa o
Ax = change in X value
Ys - L Z = standard normal deviate
2, = 1-— P; = £(Z;) Note 1 subscripts: B L
S o = original value
U-Y i = any other value
Z, = - i u = upper limit
u . = f ZV e _
S 3 Fu (Zy) Note 1 L = lower limit
- A
Yy = U-1Z§ PP Tt Yy -4
B
Y, -
Yy, =L +2ZS ;o x = LA
L L
B
NOTE 1 : Py and Py are-the probability of meeting the lower or upper
specification limits respectively. They are found from a table of the
normal probability distribution at the value of Zp or Z, in question.
Operating Limits and Warnings ] . —
/)
4 N
This program has been verified only with respect to the numerical example given in Program Description 1l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.
NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
\. ./




Program Deseription 11

rSkth( ) 1
etch(es ;
i X, Yy Zy, Z, Py, Py NOTE :
0 15.00 42.50 -1.88 9.38 .030 1.000 obtain P; and
1 20.00 50.00 0.00 7.50 .500 1.000 P, from table
2 25.00 57.50 1.88 5.63 .970 1.000 of normal
3 30.00 65.00 3.75 3.75 1.000 1.000 distribution
4 35.00 72.50 5.63 1.88 1.000 .970
5 40.00 80.00 7.50 0.00 1.000 .500
6 45.00 87.70 9.38 -1.88 1.000 .030
\_ _/
~

Sample Problem(s) The following information is obtained from a regression analysis
for a linear equation: A = 20; B = 1.5; S = 4.0. What are the probabilities
of meeting specification limits of L = 50 and U = 80 as X varies from

15.0 to 45.0 in steps of 5.0? What are the X values at the specification

limits and the x and y values at the lower and upper 90% confidence limits?

Solution(s) Insert program: 20+, 1.5+, 4.0+, 15.0 , [f] [A] 50+, 80+, 5.0 [R/S]
[A] yo = 42.50; [B] Z; = -1.88; [C] Z,= 9.38; [D] Xy = 20.00; [A] y; = 50.00
[B] Zy, = 0.00; [C] 2, = 7.50; [D] X; = 25.00 . . . etc. to complete the

table shown under sketches.

For the x values at the specification limits [CLX] [E] Y = 50.00;
[R/S] Xy, = 20.00; [£f] [STF] [1] [CLX] [E] Y, = 80.00; [R/S] X, = 40.00
For 90% limits [f][CLF][1]
[GTO][1][R/S][E] Yrgq = 55.13; [R/S] X oo = 23.42; [£] [STF] [1] [GTO] [1] [R/S] [E]

| Yugo = 74-87; [R/S] X g0 = 36.58 )

0 3

Reference (s) This program is a translation of the HP - 65 Users' Library

Program # 03202A submitted by George J. Sellers.




T e 7
User Instructions
1SPECIFICATION COMPLIANCE from LIMITS and REGRESSION ANALYSI%’
X,Y, At, Z
STEP INSTRUCTIONS DA'T':SS,I,TS KEYS Dﬂ%ﬁﬁﬂs
1 Enter Program I::I :‘
2 Enter A E [;]
3 R EN
4 s N
5 Xo (e 10a |
6 L [+ 1]
; U [+ [
8 Ax R/s I |
9 la J0 1 [ ¥,
10 3 JL_ 1 [ 4
11 lc 10 ] Zy
12 LD i] C:] X141
Repeat 9 through 11 for each new X ‘777 LT]
13| for X; at L | cxl [E L
14 ) R/s J[ 1 [ %
15] for X at U [£1[STF1l1][CLX]
16 e | ] |u
17 R/s JL 1 [ %
18| for 90% limits [£][CLF]1[1][GTO][1]
19 [R/s J[E_] Y190
20 R/s | ] X1,90
1 [£][STF]1[1][GTO][1]
22 [RZs 1LE ] | Yyo0
23 [Res 11 | X990
24 | for 95% limits substitute GTO2 for GTOl L 1]
in steps 18 and 21 E_:l :I
25| for 99% limits substitute GTO3 for GTOL [ JL ]
in steps 18 and 21 [_j Lj
26| for X, Yy at a given Z, enter Z [£}[CLF][1][E] |
27 Res 1O X[ at Z
28| for X,, Y, at a given Z, enter Z [rfJ[S FJ[]-][E] Y, at 2
29 [,j :I X, at Z
L 10 ]
Note: when calculating X and Y at U E:l L—_l
flag 1 must be £SF1; at L flag 1 I I S
must be £°1 SF1. L 1L ]
1 ]
LI ]




27 Program Listing I

8
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

#81 xLBLe 21 16 11 57 RCLI 36 81

ge2 sSTCE 25 as Bs& - -45

Be: R -31 B59 RCLZ 36 B2

pag s§T03 25 a3 pee = -2

805 Re =321 BEL k-5 51

aes  STOZ 75 8z gez  *xLBL4 21 @4

ear Rl =31 BES CKHS -2&

aes STo1 25 81 acd RCLE 36 B8

gaz R-E 31 BES ETCS 27 85

816 £T0s 25 a5 BeE  xLBL1 21 al

g1l B ~-31 BET 1 51

g1z STCe 25 bé peE R -6Z

i3 R4 -31 BES z @z

g14  STO4 35 @4 76 g ag

B1s oL -51 g7 H ai

gl1e ERNT? -Z A v ar

eiv ENTT ~21 173 R-S Sl

RlE ENT? -2 B74 %LBLZ 2i a8z

gis E-& 51 et by az

828 xLELR 21 11 BFE 1 di

B21 CLE 38 B8 By . -57

B2z RCLZ 6 8F g 3 ac

27 % -35 greo 4 ad

824  RCL! 76 01 ged 5 &5

B2S + -35 ge!l R~E a1

g2¢  STGV It &v pe2 ¥LELZ 21 az

27 k-8 51 g3 3 @z

28 xLBLE 21 12 #a4 bl az

B29  FCL4 36 @4 g ] -62

g3a - -435 BEE Z a3

a3 RCLZE 36 83 BRET c g

g2z z -&4 BeE Ky a3

133 R-& 51 gge 7 g

834 xLBLC 21 13 asg kg 51

835  RCLE 36 @6

a3s RCLY 36 &7

Bz7v - -45

g3e RCLZ 36 B3

B35 = -&3

g4@ RS 51

#41 xLBLD 21 14

B4z RCLE 3& 8E

a4z RCLS 36 B5

844 + -a3 100

845 sT08 35 ¥8

46 75 5]

A47 xLBLE 21 15

845  ST0S 5 a9

649  ROL3 36 83

esa X -35 SET STATUS

851 F1? 1§ 22 &l FLAGS TRIG DISP

g5z ET04 22 84 Ao

gs3 RCL4 & ag o 0O Ogl DEG X FIX &

54 =LEBLES 21 a5 110 1 0 g GRAD g gﬁg 8

@55 + -55 2 O RAD

856 RS 5 3 0 K nZ

REGISTERS
0 1 2 3 4 5 6 7 8 9
A B Ax U Y X; A

SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B D 1




Program Desecription 1

~
Program Title ~ PARAMETER ESTIMATION (EXPONENTIAL DISTRIBUTION)

Contributor's Name  Hewlett - Packard Company
Address1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330

.

8 )

Program Description, Equations, Variables B S
Case 1

Let X be the sample mean of a random sample of size n from a truncated

exponential distribution with pdf.
£(x) = o=l e %[0/ (1 - &X</0) 0 XX,
The maximum likelihood estimator % for ¢ is the solution of
X -0+ Xeo (ex°/6 -1)"l=0
Case 2

« . £
Let X(l) < X(Z) < X(r) denote the first r order statistics from

a random sample of size n from a distribution with pdf.
f(x) = o~1 EXP (-(x-98)/0) OsXs =

The minimum variance unbiased estimators for o and © are .

foxd

-1 _

0% = X - ¢g*%/n

) : R R

n

Operating Limits and Warnings In case 1, ¢ is finite only if X < Xo/2. 1If X > Xe/2,
then 6 is infinite - this means that the truncated exponential distribution
is not a good model for the observations. Program may not work when e

X is very close to Xo/2.

\_

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.




10

Program Deseription 1l

rSket_Ch(es) S — S ”“)
% =
( )
Sample Problem(s) ... - S
__CASE 2. n=35, =4 Xy, 3 =1--, 4=11.12,12.55,13.47,14.58
Solution(s) .
CASE 1 G = 4.065
CASE 2 - ok = 3,567, o* = 10.407
Keystrokes: Qutputs:
5 [ENT*+] 2 [A] » 4.065
T 5TENTA] 4 [ENTH] 11.12 [B] 12.55 [C] 13.47 [C]
14.58 [c] [D] ~ 3.567
[E] + ; " 10.407
\ . S NN . - J
e
Reference(s) .
Johnson and Kotz, "Continuous Univariate Distributions - 1",
Houghton Mifflin Co., 1970.
This program is a translation of the HP - 65 Users' Library Program
# 03652A submitted by Richard Freedman.
N\ _/




User Instruetions

‘1 PARAMETER ESTIMATION (EXPONENT DISTRIBUTION)

P A
Eﬂ g

n,r,Xe Xs ok

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

Enter Program

CASE 1

Note: X must be less than Xo/2

L] ]
)

For new Case 1 go to 2

CASE 2

Xq)

Repeat 7 for j = 2,3,..., T

X3y
NJ7

o {00 [~ oy [ |

for new Case 2 go to 4

alddiTl
]

1k
1l

L
i

NI
i
—
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BB

|
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Mcikdib
ENEEE

1000

EEi
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97 Program Listing |1

12
ST%EI l;i\%EZTRY ':"(1EY'9°DE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
ez sST0! 25 6y Iterate to find oo Ry i
883 <703 I 63 root of likelihood| B8 5707 3% bz
B6s R -3 equation D ste 7 ae
aes  STO4 5 a4 0«0~ Ao 321 ‘Rrﬁ ™ g§
806 xLBL! 21 al Bez  xLBLC 51 13
887  RCLI 3 81 oc - il
808 CSEE 27 15 @6z RCLs 36 0
@os STz 35 @2 AL A
g1@  RCLI 7 81 Py - ™ as
Bl + 35 = r1 3 IE f/3
812 GSEE 23 15 ggé g;t; pyd gj
813 RCLE 7 8z © i e
g14 - -45 62 - ~4J
p15  LSTS  16-63 O e gees 2 S ST
i it ) [etw il S ]
bie  ENT - g7z RCOL4 36 64 X(3) = Last)
o . - 872 1 a1
e X A ard 4 -55
p2@  RCLI 3 i 7S 5104 35 84
" s : B7E  RTN 24
ggi R T 77 NLBLD 21 14
- - e 878  RCLE 35 @6
d M o .c: A-_ 71.? E = _-4-‘
ce fex -5 | Concime o sT0E 35 06
g7 3 @3 iterations until Bez RTHN .. =4
22 CHE 2z l bo| < 0.001 ez *LBLE ;I_ 13
829 NLYTP 16-35 o RCLI 2661 [Note that label E
B3@ 701 22 @1 ESE RCL% 26 83 is used twice
831  RCL! 35 61 ] ol N R intentionally]
22 RIN 24 " pas N 45
37 WLBLE 21 15 c e RTN :
B34  ENT? -21 ompute T <
835 ENT? -z likelihood 080
836 RCL4 26 84 equation
837 s2Y -41
828 z -24
p29 e 3z
B4 1 at
B41 - -45
84z 1% 2
#47  RCL4 36 84
44 X -35 —
845 - -45
pds  RCLI 3¢ 83
p47 - -45
848 RTN 24
842 LELE 21 12
858  STO! 35 81 RS TY T
851  §TCS 35 85 X(1)
B52 Ri -31 last < X FLAGS TRIG DISP
as3 1 é1 (L) o D% | oec FIX &
854 ST04 35 B4 T D% | crao B | sci O
| -y
855 - -45 2 O K RAD O El\kG O
85 §T02 75 a2 s 0K n
REGISTERS
0 T, 2 3 _ 4 5 6 7 8 9
g, X¢1)| Temp,r-1} X, n J Last S Used
S0 S1 T Is2 S3 S4 S5 S6 S7 S8 S9
A C D E I




13

Program Description |

(,,,og,am Titte  LOWER LIMIT OF RELIABILITY - BINOMIAL DISTRIBUTION

Contributor's Name Hewlett - Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis ; ! State Oregon Zip Code 97330
\
( )
Program Description, Equations, Variables . I S
- \ . . .
-y = ¢ —8—— 18 @-pYI
j=o JI(N - 3!

where N = total numbér of items tested
er = number of items failed
y = confidence level (in decimal form .XX)
P = probability of failure
(1-P) fkreliability = RL.X

(=) = (1=Y) calculated
allowable error . S
AL = y)

Operating Limits and Warnings N g 69
.50 <y < .99 for most cases Yy will not work if outside.

this range. o N

\_ __J

This program has been verified only with respect to the numerical example given in Program Description li. User accepts and usesw
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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l’mgram Deseription 11

(~ T J ! )
Sketch(es) \ ; | | | | :i
g . | : " | :

| [ ! ‘ ; !
+ i IS S S T ‘; ; B . i * ~ i B J, s 3 = 3 y v
~ )
Sample Problem(s) A)_Twenty rocket motors are fired with one failure; what is
the demonstrated reliability at the lower 90% confidence level? _
. B) Fifty components are tested at 1 1/2 times their normal
rated loading; what is the maximum number of failures that can be obtained
~ and still demonstrate a .87 reliability at a 957 confidence level? .
C) What is the reliability of 1 failure out of 15 tests of
the 907 confidence level calculated to four decimal places (o < .001).
Solution(s) .. A) 20 [+], 1 [A] [B] -+ 0.82
B) 50 [+], 1 [A], .95 [C] 0.91
50 [+1), 2 [A]l, .95 [C] 0.88
- 5041, 3 [A], .95 €] - 0.85 e e
S — S - ..only 2 failures-can-be obtained -
e oY 15 f4 1y 1 [A),— ~00L [STO] [7] [B)- - - > 0.7645 .

\_ N —

, >
Reference(s) ... This. program is a translation of the HP - 65 Users' Library - - -
- Program # 03820A submitted by George J. Sellers.

N J




User Instruetions

@ Enter
Mg N+, J

R g

Rpx

41 LOWER LIMITS of RELIABILITY - BINOMIAL DISTRIBUTION

2p

15

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Enter Program

Enter N

Enter j

for Ry _9g

for Ry, x Enter .X

for @ < ,1 Enter O after step 3

o

go to step 4 or 5

L]

il
T

:
.

|
)
i

h@\ :
| :ﬂD

— —

N

il
5l

|

Il

T

|

L

JUULUL

T

i
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16
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
gg! *xLBLA 21 11 RSY CHE -22
Gaz CLRG 1£-53 ase X£Y? 16-32
Ba3 ST01 35 4¢ oo ET01 22 81
884 8T6: 35 a2 8ca RCLV 36 @87
ges R -31 861 RCLE 36 a5
151 5T01 35 @i Bes RCLS 3g @85
aar . -62 863 - -45
Bas 1 a1 aé4 RCLS 35 85
Bes 5707 35 ar B&s z -24
Rl1E CF1 16 22 &1 Beé ABE 16 31
g1l ST0S 35 @5 867 XLYe 16-35
g1z g10: 35 Bz BES ETOE 22 @z
n1z CLX ~-51 B&S5 RELE 36 @6
g4 ENT? -21 8ve RCLS 3& a5
a1 ENT? -21 87! + -§§
@16 ENT? -21 vz b az
17 R-E 31 s < -24
81& xiBLC 21 132 74 RCLE 36 85
aie 1 ai ars < -24
a2@ _ -45 B7E 1 al
821 CHS -2z 7T + =5
28 sT0S 35 a5 Ve RCLS J& 83
22 xLBLE 21 1z B7e = -35
24 1 ail age 2 2
825 RCLI 36 83 | 881 2 -24
26 - 45 | eez  sT0Z 5 83
27 ST04 25 b4 8e3 q B@
B2¢& RCLZ 35 @z ag4 STO0S 35 Be
B23 STCI 35 46 Bas GTOE 2z 12
83¢ xLBL1 21 81 ge¢ xLBLZ 21 gz
a3t ! al gar RCLY 3€ B4
§72  RCLI kI 828 R-C 51
B33 N? 16 52
834 RCLI 36 45 080
B35 NI 1€ 52
Bze < -24
ez3v RCL! 35 81
g3e RCLI 36 46
838 - -45
a8 NI 18 52
841 z -24
B4z RCLZ 36 @z
L X RCLI 36 46
p44 y¥ 31 100
845 X -35
RIE RCL4 Je 84
a47 RCLZ 35 ai
848 RCLI 35 48
B49 - -435
858 yx 31 SET STATUS
831 33 FLAGS TRIG DISP
52 ST+  35-55 86 N OFF
Bs3 0§21 16 25 48 — o 0O @™ gggo % glé(l %
2 0 D
ag; Pgﬁ e gi gé‘ 2 0 X | RAD O ENZG 0
56 ! a1 s U X
REGISTERS 8 -
1 2 3 4 - 5 6 - 7 A
° N 3 =(1]i1, )(P) 1-v cai%ulalt)ai Y i Logic
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B8 D I
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Program Deseription 1

ﬁrogramTitle Reliability and Probability of Failure of Series and Parallel Systems

Contributor's Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

fity Corvallis State Oregon Zip Code 97330

— : . |
Program Description, Equations, Variables Given the mission time t, number of parallel

components Nis failure rates Ai. and reliability block diagram of a parallel,
series or combination parallel/series system, the program calculates the follow-
ing values:

Probability of Failure Qs(t) =] - Rs(t)

k
Reliability R_(t) = T R.(t)
where k = number of parallel groupings in series
R. = R,/ + - R.,. .. j
P2 Rigan - Ry Ry T2d2n

Operating Limits and Warnings n is a positive integer and X > 0.

\.

~ A

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program materiai and without reliance.
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\L _/
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Program Deseription 11

(SKetch(es) A2 ‘
Al ‘ O
~\_
U/
A22
~\
- BRYa
Al2
O A2s

\

Sample Problem(s)
Find the system reliability and probability of failure of the system

represented on the line above, given the following failure rates and
mission time:

A1 =2 X 107* failures/hour
Az = 1.5 X 1072 "
A2; = 3.4 X 107° "
X2z = 1,2 X 1072 "
A23 = 2.5 X 1072 "
t = 10 hours
Solution(s)
psP 8
F _A 10 A 2 B .0002 C .015 c
3 B .0034 C .025 C .012 C + ,99888578 ( Rs(t))
D » .00111422 ( Q(t) )
e
s
Reference(s)

Bazovsky, Igor, Reliability Theory and Practice, pgs. 17, 89, 98
Prentice Hall, 1961

This program is a translation of the HP-65 Users' Library program #03869A
submitted by James E. Wells.
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AN

« KD EIE M X0

EELIA@ILITY AND PROBABILITY OF FAILURE

1

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OuTPUT
DATA/UNITS

Enter program

I

Initialize

C£1lal

1.00

Enter mission time

A L]

t

] W N

Enter number of

[B L]

parallel components

[ 1

Perform step 5 for

[c L 1

i=1y 25000y n-1

L1

Compute Rs(t)

CE 1

Compute Qs(t)

[T

(optional)

1

( for new case, go

L]

to step 2 )

L1

L1

[ L]

[ ]

11

[ JC_1]

[ —

L1

I

1L

L1

L

L]

[ 11

LI 1

L1

1]

L]

[ L]
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
981 %LELe 21 1€ 11 Initialize 457 RCLE 36 66
Bg:2 25 15-51 gse CHS -22
eaz STO4 35 B4 asa ENT?T -21
pe4  ST0S S 85 Bee 1 ai
ges  ST0E 35 6& ps1 4 -55
151 1 a1 ge2 6702 27 B2
eer sSTDE 3% Be -
Bes RTN 24
8BS xLEBLA 21 11
e1@  ST0S 35 @5 Store 1 in Rg
BI£ RTH s 54 Display 1 in R6
gi; *LBLé <l gé Enter t
by Initialize
g14 5TC! 35 al : 070
B1S  STOZ 5 a3 Store 0 in R1, Ry
ale RCLE 36 86
a1z RTN 24
a18& xLBLZ 21 8z
12 RETH 24
82 *LBLE 21 1z
r2! 8108 35 a8
a2z RTN 24
22 ¥LBLZ 21 83
824 RCL1 & @l 080
25 RTH 24
gfg *éﬁ#i 21_i§ Display counter
828 RCLS 26 @5 Calculate Ry
B2g = -35
836 CHS -2z
31 e¥ 33
B3z 5T04 35 84
23 RCLZ 36 83
B34 CHE =22 090
azs ENT? =21
3¢ 1 a1l
r37 + -85
e 3¢
ggg RC,_L\," t_g; (I - Rj(j-1)) Ryj
p4a RCL3 36 B3
841 + -55
a4z sT0Z 35 &z
p42 RCL1 36 4l
644 1 al Update counter 100
845 + -85
ade ST 25 a1
a4 RCLE 36 ar
B4g  XFY? 16-3z Test counter
B43  ET03 27 63
a5a RCLZ 36 a2 SET STATUS
BS ENT? -2
B52 RCLE 36 86 | Rg(t) FLacs RS DISP
/52 X -35 Store Rg(t) o O & DEG & FIX &
754 ET0€ 35 g 110 1T 0 @™ GRAD O scl O
gs ET01 22 a1 2 0 #& RAD O EN% O
856 *LBLD 21 14 Calculate Qg (t) s 0 X n
REGISTERS
1 2 3 4 5 6 8 9
° Counter Rici-1) | Riig t Rs (t) ni
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C 5 E 1
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Program Deseription 1

Contributor’'s Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis state Oregon ZipCode 97330
\ .

Program Description, Equations, Variables
MIL-STD-883A Method 101k4.1 Condition A, requires a calculated leak rate using the

2
equation
: PE Ma t1 Ma t2 Ma
R=1 — —_— - -] — — - — ———
POdM 1-exp LVPO M |{*P LVPO M

To calculate L given the value for R. This equation must be solved iteratively
for L. Solution is done using the Newton procedure for refining the trial values

for L.

The user is referred to MIL-STD-883 for the meaning and complete description of

variables and test techniques.

Measured leak rate
Calculated leak rate cc/sec

=
]

P, = Bomb pressure (usually 5 atm)

tl = Pressurization time sec.

P = Atmospheric pressure (1 atm)

t2 = Time from end of pressure to measurement sec.

M . .

_a = Ratio of molecular wts of air to tracer gas (assumed He)
M

Operating Limits and Warnings
Mathematically there is no limit, but calculation time is less for 1% than for .01%.

1% is adequate for most experimental setups.

This program has been verified only with respect to the numerical example given in Program Description ll. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM

MATERIAL. J
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Program Description II

,F Sketch(es)

N

Sample Problem(s)
For the inputs

R=17.2x10
3600 sec
t, = 300 sec
= 1,168k cc
ERROR = ,01

8

ot
]

<
i

The program should return the value 8.058 -07. Keying RCL 3 will tell you that

it took 6 iterations to obtain the answer.

Solution(s) Keystrokes: Outputs:

7.2 [EEX][CHS][8][STO][8], 3600 [STO][1], 300 [STO][2],
1.1684 [STO][3], 2.678 [STO][4], .01 [STO][5]

[SCI][DSP][3][A] > 8.058 -07
[RCL][3] + 6.000 00

\.

2
Reference(s)

MIL-STD-883A "Military Standard Test Methods and Procedures for Microelectronics"

Method 101k4.1 Seal

This program is a translation of the HP-65 Users'

Library P
L submitted by Richard T. Lamoureux. y Program #04109A
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MIL-STD-883 LEAK RATE

STEP INSTRUCTIONS DATALNITS KEYS DTS

ENTER PROGRAM 1]

INPUT DATA, C I
MEASURED RATE SCC/SEC R R
PRESSURIZATION TIME|SEC t, t,
MEASUREMENT TIME SE¢  t, t,
PACKAGE VOLUME CC v v
RATIO MOL WT AIR TO|He a 2.678
ALLOWED ERROR 107°

3 | SET DISPLAY

4 | START PROGRAM Ca 1] L

L IS CALCULATED LEAK|RATE C 1]

5 | NUMBER OF ITERATIONS n

REQUIRED C_IC__]

6 FOR NEXT CASE ENTER C 1]
MEASURED RATE R [sTo [ 8] =
PRESSURIZATION TIME  t. t,
MEASUREMENT TIME t, t,
PACKAGE VOLUME v v

7 | START PROGRAM XL ] L

L]
11
C_JC]
]
[ IC_1]
[ JC_]
L]
]
L]
[T
L1




97 Program Listing |

24
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
861 XLBLA 21 11 lati 57 §T07 35 @7
RB:  ROLE I B8 Stayt Calculation a:ﬁs TDI o
pe4  STO7 35 67 pee  CTOE 2z iz L.
885  RCL4 7 a4 el RIN 24 i+l
806  RCL3 25 a3 Be>  KLBLC 21 13
g = ~24 @63 RCL7 36 @7 Display final L
gos  STx! 35-35 @1 ped  CHS _23
pE9  STxz 35-35 ag pes RS =
81e @ a6 i ; 4
a1l 703 5 a3 pee  RTH 2
812 *LELE 21 12
813 RCL? 3 87
814 RCLZ 36 82 BiiizuiZﬁg . 57t
15 ¥ -35
e1e X ks
g17  RCLY 3 87
g1e  ROL1 36 a1
g13 X -35
g2@ e a3
21 1 a1
B2z - -45
823 X -35
B24 RCLY 3€ a4 080
825 X -35
82§ 5 as
27 x -5
828  RCLT 3 87
829 % -35 Rl
838 RCLE 3 as .
a3 - 45 begin test
832 ST0E 35 8¢
832 RCLE 36 88
@34 z ~-24 090
835  ABS 1€ 31
836  RCLS 3 85
827 XvT 16-34
838  &TOC 22 13 End test
839  RCLT 3 87 . .
p4a ROLE I 8 B:alz:]nLcalculatlon
841 RCL2 36 @z
842 4 4
B43 @ an
a44 X -35 100
845  RCLT 3€ a7
p4E ¥ -25
847 = 2
848 7 ar
842 - -45
p58  RCL! 3€ 8! SET STATUS
851 X -35
pS2  RCL? 3¢ @7 FLAGS —TRIG Per
53 -35 0 O R DEG FIX &
B854 z ~-24 110 1 OR GRAD O sci 0O
#55 + -55 2 O K RAD O EN% 0
p56  CHS -22 3 0K N
REGISTERS = 5
i L e T ‘2.6785 ["102 " ®Rl-r |" L R
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I
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Program Deseription 1

N
Program Title MLE: © FROM HAZARD RATE

Contributor's Name = Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard ] ) L o o
City Corvallis State Oregon . . ZipCode 97330
.

( )
Program Description, Equations, Variables Given the test failure data of the sample, the . . .

program computes differential failure times (A tj); mean time to failure.

N
(MITF); failure rate Z(t;); parameter A (constant hazard rate) and 6 from
this hazard rate. .

Following formulas and variables are used: S

1) Aty =t - ti-1 ; where i = 0,1,2,3,...n failures
2) MITF = B time to failures
‘ total # of faftlures o

= Xti/No H where ty
No

where [n(ty)-n(ti+Atj) ]

3) z(ty) = n(t;) - n(egtaey) 1

we

. is # of failures in that —
Aty Ns(tl) time difference. )
Ng(ti) = # survived at tj.
e : ,
4) A= —=. Z(t4) 3 A = parameter (hazard rate) . .
o i.e. mean of total Z(ti)'s.
A 1 -
5) eZ(t) = T [MLE from hazard rate}l
,hazard - e - e U
rate
Operating Limits and Warnings
J
s |

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Deseription 11

(- Sketch(es) : ! ’ ’ 4 ,, : , ’ “ r . :
~ PLEASE SEE ATTACHED GRAPH '
K; : I A S )
Sample Problem(s) Ten tires were put on testing machines with a known load and
rpm: results were as follows.
FAILURE-# - -  OPERATING TIME
e e e . . - Find the following: -
) 22 1) Aty : differential time
3 30 . . failures
4 45 2) MITF: mean time to failure
. W e . 62 ) 3) Z(t) : fatture rare
6 88 , , _ parameter
7 114 4) X : constant hazard rate
8 140 5) MLE: % from hazard rate
9 190
10 251
Solution(s) Fallure # Operating Time Aty Z(ts) N ‘
1 6 6 0.0167 )\ = LZ(t3) _ 0.1151
2 22 16 0.0069 No BETE
3 30 8 0.0156
4 45 15 0.0095 A= .01151
5 62 17 0.0098
6 88 26 . 0.0077 A S T
/ 114 26 0.0096 9= 1 =86.8919
8 140 26 - 0.0128
2 190 ; 50 0.0100
10 251 61 0.0164 o
Ity = 948 IZ(ty) = 0.1151
L o
7
Reference(s) This program is a translation of the HP-65 Users' Library Program
#05105A submitted by Ashok H. Doshi.
. J




251
190

140

114

88

62

45

30

22

16

15
17
26
26
26
50
61

[£] [REG]
[A]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/8]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[B]
[c]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]
[R/S]

COMPLETE KEYSTROKES FOR THE EXAMPLE

.00
251.
61.
190.
50.
140.
26.
114.
26.
88.
26.
62.
17.
45.
15.
30.
.00
22.
16.

00
00
00
00
00
00
00
00
00
00.
00
00
00
00
00

00
00

6.00
6.00

O
&~ O

o O O ©O O O O O O ©

.00

.80

.0167
.0069
.0156
.0095
.0098
.0077
.0096
.0128
.0100
.0164

(Clear registers)

(t10)
(Atyq)
[Recall
(4tg)
[Recall
(btg)
[Recall
(A7)
[Recall
(b te)
[Recall
(A t5)
[Recall
(8ty)
[Recall
(At3)
[Recall
(Atl)
[Recall
(At1)
[Recall
()
[z(t)]
[Z(t2)]
[Z(t3)]
[2(tg)}]
[Z(ts5)]
[Z(tg)]
[Z(t7)]
[Z(tg)]
[Z(tg)]
[Z(t10)]

last

last

last

last

last

last

last

last

last

last

input]

input]

input]

input]

input]

input]

input]

input]

input]

input]

27



[ ]
2 User Instruections
MLE: % FROM HAZARD RATE
MLE 8 Z(tq)
STEP INSTRUCTIONS o AIT':SS;WS KEYS b fT‘f/ﬁﬂ.TTs
1 Enter Program D D
I
2 | Initialize [Rrw ][ |
0]
3 | Clear Registers [ £ |[REG ] 0.00
L
4 | Input last operating time t, [-JC] fijj ty
1]
5 | Input preceeding times tr @J (ﬁ;] At
repeat 5 -~ 6 for [:l I:i
6 |ty = r =n~1, n-2,...3,2,1,0 Rys I ] £,
1]
7 Compute MTTF: 6 B I;j ?9
)
8 Input Aty ( first time diff.) A t1 EJ S Z(tq)
-~
9 | Input next time diff I
Aty 3 i=2,3,4,...0-1,n Aty I 1 ] 2(tq)
Repeat 9 for i = 1,2,3,...n L]
10 | Compute parameter A Lﬁ,] [ﬁ A
LI
11 | Compute MLE: ’é from the hazard rate Ej [ ] MLE: le\Z(t)
L] ]
12 | For new case go to step 2 [7;J L:l
.
]
I
==
[ 1]
[ 1]
1]
I
[ JL ]
1]

|
L
N
_
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29
STEP KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
BB£ i%BLﬁ ‘ 21 1{ Calculate the
B@: xiBL3 21 a3 operating time
8@z 5T+! 35-55 a1 differences
Bas RS 51 060
ges - -45
egs DSE1 16 25 46
a7 ET04 22 04
eeg  BT02 22 83
peS  xiBlL4 21 84
gle RsS 51
g11 LSTX 16-63
g1z  ET03 2z a3
a12 xLBLE 21 1z
814 RCLI 35 a1 Calculate MTTF: § |°°
815 RCLI J& 4¢
Bie CHS =2z
17 < -24
eig RTH 24
@19 xLBLC 2113
B2& 17X az Calculate Z(tj)
2! RCLI J€ 46 (failure rate)
g2z CHE =2z
22 z ~-24
824  £T+2 35-55 @z 080
825 RCLZ 35 a2
g2&  DSP4 -637 94
827 xLBL1 21 a1
g2& -8 51
129 S8 52
838 RCLI 35 48
131 1 a1
832 ST+5 35-55 @5
833 RCLS 3¢ 85
B34 X2y -4} 090
835 Ri -31
g3e + -58
azr z -24
g3e CHE -2z
83 S5T+2 325-55 @z
g36  GTOY 2z 81
841 xLELD 21 14 Calculate the
64‘3 RCLE 3’5: E’E parameter )
@4z RCLI JE 46 (constant hazard
a4 CHS -22 rate) 100
g4c < -Z4
Bae  DSP4 -£3 a4
47 RTH 24
842 «xLBLE 21 15 Calculate MLE:
a42  GSED 27 14 ¢
ase HE 52 Z(t) SET STATUS
851 DSF4 -3 84 FLAGS TRIG DISP
gas RTH 24 ON OFF
o O @X DEG X FIX ®
110 1 0O % GRAD O sct O
2 0O RAD O ENC} Od
30 G n
REGISTERS
0 1 2 3 4 5 6 7 8 9
USED USED USED IISED
S0 St S2 S3 S4 S5 S6 S7 ) S9
A B C D 1
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Program Deseription |

~
Program Title MLE: 6 BY LEAST SQUARE METHOD , BT ,\
Contributor's Name Hewlett-Packard
Address 1000 N.E. Circle Boulevard . B
City Corvallis State Oregon Zip Code 97330
\.
a4 )
Program Description, Equations, Variables o . e
The program uses least square technique to compute maximum likelihood
estimator. By using the probability of survival R(tj)
where:
R(ty) = EIE ; N, = numbers survived at time tj.
No N, = total number failed
n
r t. 1. R(ts
least square , _ _ 4=] 1% (t1)
parameter .. . ; for detail see page 4 of 7
.2
i=1
and 0 = T maximum likelihood estimator
Operating Limits and Warnings
\ ‘ y,
4 N
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.
NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
. ),
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DEVELOPING 6 BY GENERATING THE PARAMETER A USING RELIABILITY FOR LEAST
SQUARE METHOD

Using Least Square Estimate

To Find value of parameter A

R(ti) = e_Ati
In R(tj) = - Aty
s (A) = I [1n R(ty) - (-Aty)]?

Now taking derivative w.r.t. A on both sides and equating to
zero for maximum we get:

d s) . z2[in R(ty) + Aty ] (t1) = 0
d A

$2[In R(ty) + Atg1(ty) =0

£2[ty 1n R(ty) + Ati] =0

2z[t; 1n R(t;) + At3] =0

n n
P t; InR(ty) +2 £ t2=0
i=1 i=1

_E ty 1n R(ty)
A= 4= *

2
t

o3
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Program Desecription 11

rSketch(es) f
N D
~ )
Sample Problem(s) Ten tires were put on testing machines with a known load-and rpm., -
. The test results of failures were as follows:
_FAILURE # OPERATING TIME
2. . 22 FIND THE FOLLOWING:
3 30 1) probability of survival R(t;)
b 45 S 2) MLE: 6 by using least square method
5 62
6 88
7 114
8 140
9 190
10 251
Solution(s) For solution please see pages attached next 4 of 7 and 5 of 7.
\. J
Reference(s) Authors Own Notes On "Quality Assurance and Reliability".
This program is a translation of the HP-65 Users' Library Program
#05106A submitted by Ashok Doshi.
\_ D,




22
30
45
62
88
114
140
190
251

COMPLETE KEYSTROKES FOR THE EXAMPLE

Press

[£] [REG]
[A]
[A]
[A]
[A]
[A]
[A]
[A]
[A]
[A]
[A]

[B]
[B]
[B]
[B]
[B]
[B]
[B]
[B]
[B]
[B]

O O O O O O O O O

Display

.00
36.
484,
900.
2025.
3844,
7744,
12996.
19600.
36100.
63001.

00
00
00
00
00
00
00
00
00
00

.9000
.8000
.7000
.6000
.5000
.4000
.3000
.2000
.1000
.0000

[Clear Registers]
[t}]
[t3]
[t3]
[t£]
[t]
[t]
[t2]
[e2]
[t3]
[t%,]

[R(t1)]
[R(tp)]
[R(t3)]
[R(ty)]
[R(t5)]
[R(tg)]
[R(t7)]
[R(tg)]
[R(tg)]
[R(t;10)]

33



PRESS DISPLAY

.9 [c] -0.1054 [1n R(tl)]
.8 [C] -0.2231  [In R(t,)]
.7 [C] -0.3567 [In R(t3)]
.6 [c] -0.5108 [in R(t4)]
.5 [cl -0.6931 [In R(tS)]
4 [C] -0.9163 [1n R(t6)]
.3 [C] =1.2040 [1n R(t7)]
.2 Ic] -1.6094 [In R(t8)]
.1 [C] ~2.3026 [1n R(tg)]
.0 -+ (not possible) -- <« [1n R(tlo)]
6 [D] 6.00 [t1]
.1054 [cHS] [R/S] ~ 0.6324 [tl * In R(tl)]
22 [Dp] 22.0000  [t,]
.2231 [cHS] [R/S] - 4.9082 [t2 * In R(tZ)]
30 [D] 30.0000 [t3]
.3567 [CcHS] [R/S] - 10.7010 [t3 « 1In R(t3)]
45 [D] 45.0000 [t4]
.5108  [CHS] [R/S] - 22,9860 [t, * 1n R(t,)]
62 [D] 62.0000 [tS]
.6931 [cHS] [R/S] - 42,9722 [t5 * In R(tS)]
88 [D] 88.0000 [t6]
.9163 [CHS] [R/S] - 80.6344 [t6 * In R(t6)]
114 [D] 114,0000 [t7]
1.2040 [cHS] [R/S] - 137.2560 [t7 * 1n R(t7)]
140 D] 140.0000  [tg]
1.6094 [cHS] [R/S] - 225,3160 [t8 « In R(t8)]
190 D] 190.0000 [t9]
2.3026 [CHS] [R/S] - 437.4940 [t9 + In R(tg)]
[Delete]>251 ID] 251.0000 [tipo]
i [R/S] - [ty - In R(t3q)]

[E] 152.3834  [8]



10

22

30

45

62

88

114

140

190

251

BY LEAST SQUARE ESTIMATE METHOD USING R(t)

10
_ iil ty 1n R(ty)
izii t]

0.80 - 0.2231
0.70 - 0.3567
0.60 - 0.5108
0.50 - 0.6931
0.40 - 0.9163
0.30 - 1.2040
0.20 - 1.6094
0.10 - 2.3026
0.00 -
A = -962.90 _

146730

(as formed previously)

0.0066

ti ln R(t{)
PR v

-~ 4.9082
- 10.7010
- 22.9860
- 42,9722
- 80.6344
- 137.2560
- 225.3160

- 437.4940

962.90

. 5= 1

t
4
484
900
2025
3844
7744
12996
19600

36100

63001

146730

= 152.3834
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[ ]
* User Instruetions
% BY LEAST SQUARE METHOD Z}
R(ty) LyR(t4)
STEP INSTRUCTIONS DA-';':S;.TS KEYS DI?Tli\T/lF;:rTS
1 Enter Program l:| |:|
1 1
2 Initialize @i—ﬂ CJ
[ 1]
3 | Clear registers [Z‘ [REE 0.00

L]

4 | Input t; (operating time) t, [T:;' [; t%
repeat 4 for i =1, 2, 3,.,. n L—]u
L 1]

5 | Compute R(t;) Probability of survival B [ ] R(tj)
repeat 5 for i =1, 2, 3,...n l;l Lj
0]
6 | Input probability of survival R(ti) R(ti) LQ ij Ly R(ty)

repeat 6 for i =1, 2, 3,,.. n L] (_j
I ]

7 Input operating time tj ty I:] ty
L]

8 | Input Ly R(t:) Ly R(ty) @_J l:l ty LygR(ts)

repeat 7-8 for i =1, 2, 3, n [7771 S
L]

9 | Compute 9 [E [ ] E
I
10 | For new case go to step 2 |: l:'
I
[ 10 1]
[ ]
]
L 1L ]
[ L]
[ 10 ]
1]
L]
.
[ ]
[
N N

—

It
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
gaz A 5z
Baz 8T+1 25-55 @)
864 1 @i 060
Bes ST+2  35-5% B2
BoE AeT -4}
aer RTK 24
888 xLBLE 21 1z Compute R(ti)
#es  ROLZ 3e Bz probability of
a1 ENT?T =21
giz ENTY =21
a3 b a1
Bl4 ST+2 35-55 83 070
815 RCLE 3¢ @3
Bl& Xy -4}
7 Rl ~31
gi1e - -43
ars X&y -41
28 = ~-24
821 D5P4 -63 84
122 RTK 24
B23 *xLBLC 21 13 Input R(ti)
e24 LK~ 3z Compute Ly R(ty) [%8°
823 RTHN 24
826 *xLELD 21 14 Input tj
27 ENT?T =21
g2s R<& 51 Input Ly R(tj)
Bz2& X -33
aza 5T+4 35-55 B4 Compute [tiR(ti)]
3! RTK 24
832 xLEBLE 21 is
B34 RCLI Jo A1 090
B3s = -2
a3s CHE -22
asv 175 a2
a3s RTH od
040
100
050 SET STATUS
FLAGS TRIG DISP
ON OFF
o O X DEG & FIX &
110 1 O R GRAD O sct OO
2 O X RAD O ENCE ]
3 0 & n
REGISTERS - 5
0 1 2 4Used 5 6 7
Joed  |'Uged # | vsed [lesiar(eh)
S0 S1 S2 S3 sS4 S5 S6 S7 S8 S9
A B C D I
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Program Deseription |

_ when units (composed of differential components) are placed in series or

parallel, by using the concept of unreliability to calculate systems reliability
amount of time. Equations used are as follows:
Ai is failure rate/hr of differential components (say r types) .

(where i =1, 2, 3, ... 1)

r
Ziiki ;3 total failure rate/hr of a unit

~N
rProgram Title SYSTEMS RELIABIL';Y: SERIES AND PARALLEL WITH SAME o
FAILURE RATE A - -
Contributor’'s Name Hewlett-Packard Company
Address 1000 N.E. Circle Boulevard TR
City Corvallis o _State Oregon  ZipCode 97330
. y,
! )
Program Description, Equations, Variables = Program calculates total systems reliability .

in parallel, avoiding very lengthy and tedious calculations. Saves considerable .

Jji is number of components of corresponding A; R I

i=
n . . _
R
Unit R;(t) =e H Unit reliability for t hours. o
Unit Qg(t) = 1=Rg(t) ; Unit unreliability for t hours. -
n n [k 1 r ]
. = = ComIE Aidsetly R 2 A3 e s e
Series Rgyg = mgl Ry = El e }i iJi-tlm o le ] ili-tin
Series sts =1- Rsys S
el R I n
Parallel Rigys = 1= 1, @'n = [1 = {1 — 1, [Re(D)]y]

Operating Limits and Warnings
All units placed in series or parallel must have same A failure rate

per hour.

J

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

N
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I =
. rSketch(es)
UNIT
uMIT- |
e uNT- __[umv—zHumT-a._,_ UMIT-2 —
UNIT-3
L SERIES COMNFIGQURATION PARALLEL CONFIGURATION
a8 )
Sample Problem(s) ‘The given electrical unit has following components with o
corresponding failure rates:
chronological # of e failure
order components rate/hr/comp.
i . J A }‘iji
1 2-diodes 2.0 X 107%/hr 4.0 X 10" 8/hr - -
2 3-transistors 10.0 X 10=%/hr - 36.0 X 1078/hr —
3 -~ l-eapacitor 1.0 X 10~%/nr 1.0 X 107%/hr - —
4 2-resistors 2.0 X 107%/hr 4.0 X 107%/hr
Find for t = 1000 hours; following:
1) Reliability, unreliability of a unit: Rg(t) & Qg(t)
2) Series reliability Rgys; unreliability for 3 units (n=3)
3) Parallel unreliability Qgys; reliability for 3 umnits (n=3) = . .
4) Total failure rate/hour of an unit: ro .
o (iliJi)
Solution(s) iglxiji = 3.9000000 -05
Unit: Rg(1000) = 0.961751 ; Qg(1000) = 0.038249
Series System:
fou n:; i R{}300) = 0.889585 ; Qg(1000) = 0.110415 |
Parallel System: _, _ . ' _
for m=3 ; Q',(1000) = 0.000056 ; R'g(1000) = 0.999944
\— Y,
( Auth Own N "Qual A And Reliability"
Reference (s) uthors otes on Quality Assurance elia ty . )
This program is a translation of the HP-65 Users' Library Program
#05108A submitted by Ashok Doshi.
\ v
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[A]

2 [EEX]
6

[CHS]

[+1
[2]

[X]

[B]

10 [EEX]
6

[CHS]

[+]

[X]
[B]
[EEX]
6

[cHS] [t]

1
[X]
[B]

2 [EEX]

6

[cHS]
[t]

[X]

[B)

1000 [C]
[R/S]

3 [Dp]
[R/S]

3 [E]
[R/S]

COMPLETE KEYSTROKES FOR THE

EXAMPLE
0.00
2. 00
2. 06
2. ~-06
0.00

4.000000000
10.
10.
10.
10.000000000
3.

3.400000000
1.
1.
1.000000000
1.
1.000000000
3.500000000
2.
2,
2.
2.000000000
2,

3.900000000
0.961751
0.038249
0.889585
0,110415
0.000056
0.999944

00
06
-06
-06

-05
00
06

-06

=06
-05
00
06
—-06

-05

[Ai]
[# of components]

[Z 2134l

[Rg(1000)]
[Qs (1000)]

[R§§200 when we input
n=3 units in series]
[Q§§800) of 3 units in series]

[Q'g(1000) of 3 units
in parallel]

[R'g(1000) of 3 units
in parallel]



M e a1
User Instructions
‘1 SYSTEM RELIABILITY - SERIES OR PARALLEL SYSTEM WITH SAME A Z}
§ Init £ 34 Ro(E) Qs(t) N g¥algel
STEP INSTRUCTIONS DATAUNITS KEYS DATAONITS
1 Enter program l:] |—_—|
2 | Initialize, clear registers I_f\jl [ ] 0.00
3 Input A; for each component )‘i E‘ _
4 | Input j.; # of components 3 [(x J[_] Ay
5 | Sum & Recall I A4ij (B 11 [ Z Xdg
repeat 3-5 for i =1, 2, 3, ...r E D
6 | Input time 't' for reliability t [c T[] [unit Rg(®)
7 | calculate unreliability R/S |[ | [Unit Qg(t)
Input no. of units in series to calculate n (p [ ] Series Rgyg
systems reliability in series Lj [ ]
9 | Calculate unreliability for new '=n' r/s J L] Series Qg
Go to step 8 Ej [j
10 | Input no. of units in parallel for n Ej [ ] Parallel
systems unreliability L1 Q'sys
11 | Calculate reliability of parallel system ﬁ@] [__V:] Parallel
L0 ] " sys
For new 'n' go to step 8 or 10 as requires Eﬁ] |:]
LI ]
For a new case go to step 2 L 10 ]
10 ]
(0 ]
L1 ]
L 1]
]
I
I
L 10 ]
I
(N
[ 10 ]
[ _ 1L ]
[T
[ 1]
]
(I
[

e
|
Ll
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STEP KEY ENTRY KEY CODE COMMENTS STEP. KEY ENTRY KEY CODE COMMENTS
881 «LELA 2{ 11 Initialize, clear
ggg Cé?g 16'25 registers
804 xLBLE 21 12 060
gas  ET+! 35'5§ a1 Calculate ZAiji
99§ RELI J€ ai (total unit
gg; D;g; —ET-é; failure rate)
889 RTHN 24
g1e xLBLC 2! 13
@%i RCQI e gi Calculate unit's
ic xc ‘iﬁ reliability and
gii Cﬁ; ';i + unreliability =
& K;
81s IX -11
Blé OSFe -62 86
117 s702 25 62
e1g RS a1
g1g CHE =22
aze 1 a1
21 + =55
B22 8102 35 a3
823 RTH 4
824 xLBLD 2l 14 080
23 E&? J€ b2 Calculate Rg
26 e -4l reliability’ in
g;; F}F ’ii series for 'n'
R29  DSPE  -£3 @6 such units
. I~
gg‘; gHg o Yield unreliability
77 1 a1 in series sts
833 + -35
834 RTH 24 090
835 «LBLE 2l 15
636 RCLI 36 a3 | Caleutate Qgpg
37 Xy -41 unreliability to
a3e ¥ 31 find paralled
879 FIs -11 syst?m? reliab.
848 DSPE  -£7 86 for 'n’ units
R4 R<8 S1
B4z CHS 2z | Yields Reyg
243 1 a1 reliability of
3 .
844 + 55 system in parallel =
45 RTK 24
050 SET STATUS
FLAGS TRIG DISP
ON OFF
o O DEG ® | FIX ®
110 1 0 & GRAD O sclI O
2 0 RAD 0O EN% [
3 O n
REGISTERS
7 3 2 5 6 7 8 9
0 USED USED USED
S0 1s1 S2 S3 S4 35 S6 S7 S8 39
A B C D I
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Program Description |

-
Program Title SYSTEMS RELIABILITY - SERIES AND PARALLEL WITH DIFFERENT - N
FAILURE RATE A

Contributor’'s Name Hewlett-Packard Company e
Address ’lOOO N.E. Circle Boulevard - N

ciy Corvallis , State Oregon  _ ZipCode 97330
\_

)

Program Description, Equations, Variables I [

3 n 77
‘For series system, program uses Rgg = 1 Ry (where
i—

Ri = reliability of each component or unit) and for parallei system it

‘uses unreliability concept to find reliability of the system. Rgp =1 -Qsp
n
(where Qgp = izl (1-€_Ait). A is failure rate/hour.
The program is very useful to check out any dependent failures,

repairs, sand by operation and redundency of the system. -
Operating Limits and Warnings
\ J
e N

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Desecription 11
e — ™

Sketch(es)

T
|

S— PARALLLEL
SYSTEM

SERIES SYSTEM ﬁ“l

_ _

. tt——

~
—~
Sample Problem(s) ... Iwo retro rockets of differnet capacities with failure rates oo

6 X 10~ F/Hr and 23 X 10™6 F/Hr respectively of a command module of a

spacecraft are to be mounted for maximum possible systems reliability for

_re—entry. Find out systems reliability for 1000 hours. If they are mounted

in series or parallel. (Please refer to sketch above).

1000

ie GIVEN: ¢t

A1 =6 X 10~6 Failures/hour
A9 = 23 X 10~® Failures/hour
Solution(s) o n . "
Rss(1000) = I Ri = =Mt . e—)\zt = e_6x10—6x1ooo.e—23x10—6x1000___0.97l4
i=1 1ﬁ
Qg5 (1000) = 0.028584
e 33p§1000) =1-0Qgp = [1-(1-R;)(A-R,)] = 0.999864
Qgp(1000) = (1-B1) (1-R,) = (1-e”M1t)(1-e™2t) = 0.000136 _
& S - .. - . s s e A“J
( N

Reference(s) .1) "Probabilistic Reliability: An Engineering Approach"
Martin Shooman, McGraw-Hill.

2) HP-65 Owners Handbook
This program is a translation of the HP-65 Users' Library

Program #05109A submitted by Ashok Doshi.
\_ -/




1000

23

23

COMPLETE KEYSTROKES FOR THE EXAMPLE

[£] [REG]

[DspP] [6]

[A]

[EEX]

[cHs]
[B]

[EEX]

[CHS]
[B]
[c]

[EEX]

[cHs]
D]

[EEX]

Icus]
Ip]
[E]

0.00
1000

1.00

6. 00
6. 06
6. -06
0.994018
23, 00
23. 06
23. -06
0.971416
0.028584

6. 00
6, 06
6. -06
0.005982

23 00
23 06
23 ~06
0.000136
0.999864

45

[Clear Registers]

[Input Time t]

[Input A4]

[Inter-mediate RSS]

[Input A4]

[Rgg — Reliability
in series]

[Qgg — Unreliability
in series]

[Input Ai]

- Intermediate
Bnreliability in parallel]

[Input A4]

[Qsp-Unreliability in
parallel]

[Rsp—Reliability in
parallel]



o
‘0 User Instructions
‘1 SYSTEMS RELIABILITY IN SERIES AND PARALLEL DIFFERENT A
E‘% t Res Qsp
STEP INSTRUCTIONS DAR’,,S,LTS KEYS DI?TlZS:-IrTS
1 Enter program l:] l—j
- —
2 | Clear registers Lf——-I fm’ 0.00
- -
3 |Input time t t (a 1L ] 1.00
]
4 | Input A\; for each component Ay I Rgg
repeat 4 for i =1, 2, 3, ...n I series
0]
5 ]Calculate unreliability (Series) Ej |:, QSS,
] [ ] series
6 Input A; for each of the component to Ay Lll—7 ij QSP
calcuiate unreliability of parallel system L_] L,j parallel
repeat 6 for 1 =1, 2, 3, ...n l ‘ [7J
]
7 |Calculate reliability of parallel system l[E l:l sp
Lfi] Iij parallel
For a new case go to step 2 [ . ] [v:]
LI ]
I
I
I
I
LI ]
L ]
L ]
[ 1]
[ 1]
I N
I
[ ]
[T ]
[
]
[ I
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
© B8l LBLA 21 11 Store time and
ggf br*i J5-35 g; activate storage
= register 1 and 4
B3 ST+ 35-55 al & 060
BoS ST+4 325-35 b4
8a¢& RTH 24
ea87 xLBLE 21l 12 Calculate
Bes& RCLE 36 a3 - reliability Rgs
k] X -35 of the series
818 CHE £z system
B11 e¥ 33
12 STx1 35-35 @1
81z RCLI 36 4l Yields Rgg-series
a4 RTH p 070
815 xLBLC 21 13
Bl1& RCLI 3e bl Calculate unreliab-|
817 CHS ‘%E ility of the
953 H bi series system
ars + ] yields Qgg of
22 RN 24 -
£ L o series system
@fi *LELD o 13 Calculate Qg of
822 RCLZ J6 a3 parallel s§Btem
23 X -35 for the use of
B24 CHS -2z unreliability 080
B82S eX 33 concept
826 CHE -2z
Bz7 1 al
A2 + -55
829 STxd 35-35 @4 yields Qg for
838  RCL4 J& 84 parallel system
a3i RTN 24
332 xLBLE 21 15
83z RCLA 38 B9
n7e o o Calculat':e.RS 550
“q v s reliability of
33; 1 ul parallel system
826 + -35 .
P RTN 4 Yields Ry, for
s 2 < parallel system
040
100
050 SET STATUS
FLAGS TRIG DISP
ON OFF
o O R DEG [® FIX &
110 1.0 & GRAD O sci O
2 0O & RAD O ET\éG O
3 0K n
REGISTERS
0 1 2 3 4 5 6 7 8 o
USED USED USED
) ST 52 53 Sa S5 S6 7 S8 9
A B c o !
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Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully
programmable calculators is nearly limitless. And in order to see the practical side of this potential,
we have several different types of software to help save you time and programming effort. Every one of
our software solutions has been carefully selected to effectively increase your problem-solving poten-
tial. Chances are, we already have the solutions you’re looking for.

Application Pacs

To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex-
tensive library of “Application Pacs”. These programs transform your HP-67 and HP-97 into specialized
calculators in seconds. Each program in a pac is fully documented with commented program listing,
allowing the adoption of programming techniques useful to each application area. The pacs contain 20
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder.
Every Application Pac has been designed to extend the capabilities of our fully programmable models
to increase your problem-solving potential.

You can choose from:

Statistics Mechanical Engineering
Mathematics Surveying
Electrical Engineering Civil Engineering
Business Decisions Navigation
Clinical Lab and Nuclear Medicine Games

Users’ Library

The main objective of our Users’ Library is dedicated to making selected program solutions contri-
buted by our HP-67 and HP-97 users available to you. By subscribing to our Users’ Library, you'll have
at your fingertips, literally hundreds of different programs. No longer will you have to: research the
application; program the solution; debug the program; or complete the documentation. Simply key
your program to obtain your solution. In addition, programs from the library may be used as a source
of programming techniques in your application area.

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs;
catalog updates; and coupons for three programs of your choice (a $9.00 value).

Users’ Library Solutions Books

Hewlett-Packard recently added a unique problem-solving contribution to its existing software
line. The new series of software solutions are a collection of programs provided by our programmable
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users’ Libraries.
The best of these programs have been compiled into 40 Library Solutions Books covering 39 application
areas (including two game books).

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up
to $35.00 over single copy cost.

The Users’ Library Solutions Books will compliment our other applications of software and provide
you with a valuable new tool for program solutions.

Options,/Technical Stock Analysis Medical Practitioner
Portfolio Management/Bonds & Notes Anesthesia
Real Estate Investment Cardiac
Taxes Pulmonary
Home Construction Estimating Chemistry
Marketing/Sales Optics
Home Management Physics
Small Business Earth Sciences
Antennas Energy Conservation
Butterworth and Chebyshev Filters Space Science
Thermal and Transport Sciences Biology
EE (Lab) Games
Industrial Engineering Games of Chance
Aeronautical Engineering Aircraft Operation
Control Systems Avigation
Beams and Columns Calendars
High-Level Math Photo Dark Room
Test Statistics COGO-Surveying
Geometry Astrology

Reliability/ QA Forestry




RELIABILITY/QUALITY ASSURANCE

Calculations related to reliability/quality assurance are included in this
book, e.g., intra-class correlation, specific compliance, parameter estima-
tion, lower limit and bounds of reliability, failure of serves, leak rate, maxi-
mum likelihood estimator, system reliability, distribution function, compari-
son of hazard models, etc.

RELIABILITY: [INTRA-CLASS CORRELATION

SPECIFICATION COMPLIANCE FROM LIMITS AND REGRESSION
ANALYSIS

PARAMETER ESTIMATION (EXPONENTIAL DISTRIBUTION)
LOWER LIMIT OR RELIABILITY — BINOMIAL DISTRIBUTION

RELIABILITY AND PROBABILITY OF FAILURE OF SERIES
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