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INTRODUCTION

“§ T~ Objective anftapability * = =
: This paper describes the procedures and operations and the results

of executing those procedures and operations on the Optimized Reliability

And Component Life Estimator (ORACLE) software program. The operations
described in this paper are based on the ORACLE program which has been
installed on the CDC 6600 system located at the Picatinny Arsenal. This

D BTN T T YRS e e

program is running under the Intercom 4.2 remote time-share software and
the Scobe'3.4.1 Operating System. However, even though ORACLE may bé

: modified for execution on another system, the procedures and operations

? delineafed herein will remain basically the same.

? The general objective of ORACLE is to obtain ‘the failure rate of

% individual ﬁarts or components, following the procedures prescribed in

: MIL-HDBK-21_7B.1 Thus this program eliminates the most tedious parts of

the reliability analysis, namely, the looking up of the individual component
parameters and algorithms needed to determine the failure rate. Normally

a group of parts or components which constitute a complete module will

be entered into ORACLE simultaneously. Thus the summation of the individual
component failure rates will allow ORACLE to also calculate the module's
MTEF.

" " ORACLE will accept and calculate the failure rate for integrated

circuits, transistors, a variety of diodes, thyristors, capacitofs. inductors

M111tary Standarization Handbook, Reliability Prediction of

Electronic Equipment. MIL-HDBK-217B; 20 September 1974, Department
of Defiense.
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~and resistors. In order for the failure rate to be calculated for integrated

.. cécuits, - transistors,-and diodes their part numoer, etc., must be Tocated -

in the data base. Resistors are not required to be in the data base, as

the information given in each individual resistor part number is adequate
for the program to determine the specific individual resistor failure rate.
However, in entering the part number, one must follow the specific procedure
described under "type designation" for each resistor as delineated in MIL-
STD-]99A.'with the exception of four styles, capacitors are not required

to be ih the data base either. Consequently one must enter the capacitor
part number using the methods described under "type designation" (sometimes
referred to as "part number") in MIL-STD-198B. The exceptions are styles
(Specification Number): CYR (MIL-C-23269), CSR (MIL-C-39003), CLR (MIL-
C-39006), ahd CU (MIL-C-39018). In order to obtain a failure rate for each
of these four styles their part number must be located in the data base.
When this is the situation, a slightly different notation must be used when
one enters any of these four capacitors into the input format. For example,
the part number for a MIL-C-39003 must be entered as M39003/XX-XXXX. This
notation, for the entry of the part number into the input format, is preferred
for the CKR (MIL-C-39014) and the CHR (MIL-C-39022) styles of capacitor
also. However, if this notation is used, then, in order to obtain a failure
rate, these parts must also be found in the data base. With respect to
inductors, the part number for the TF (MIL-T-27) style must be located in
the data base if one is to obtain a failure rate. However, the part number
of the LT (MIL-C-15305) and the TP (MIL-T-21038) styles of inductor contains
sufficient information to determine the specific individual failure rate

without residing in the data base,
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In the near future ORACLE will also calculate the failure rate for

" hybrid devices, rotatieg devices, relays, switches, connectors®and mis@s=-

laneous parts. The miscellaneous items include tubes, lasers, quartz crystals,
fuses, neon lamps, incandescent lamps, meters, wire wrap connections,

and hand soldered connections. Until then the failure rate for these parts/
components must be calculated manually. '

The specific results eminating from ORACLE are: (1) the total failure
rate for each case; (2) the MTBF for each case; (3) the total component
price in small quantities for each case; and {(4) the total component price
in quantities of 1000 for each case. {(Note that "a case" refers to a group
of parts or components that have been entered together and comprise a
specific piece of equipment or module.,) Other results emanating from ORACLE
include a 1isting of each of the individual failure rates for each part
and a listing of all of the parameters used in determining that failure
rate (see Figures 8 and 9), '

A great variety (more than 11,000) of parts can currently be found
in the data base, however, these.parts are restricted to those with
military part numbers. The parts currently in the data base include inte-
grated circuits, transistors, various types of diodes, capacitors and -
inductors. Those parts which are not in the data base can readily be added
by, following the procedure described in Appendix 5. It should also be noted
that, at present, the pricing information, although provided for in the
data base, is not included and must be eniered on an individual basis.

The cost information is entered in column 116 thru 127 of each of the formats
used to enter information into the data base (see formats in Appendix §).
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(It will be noted and explained subsequently that one can only enter those
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the BINNY routine has been run and that these entries must be made into
the abstracted data base.) When the nouns "operator" or "user" are used
in this paper, they are referring to the person who has entered the parts
and is executing ORACLE.

The Input Formats

A1l part information and external parameter data must be entered into
the program in one of the prescribed input formats. These formats are
apart from and completely different from the formats one uses to enter
information into the data base. There is one input format for each of
the following class of parts: integrated circuits, discrete semiconductors,
resistors, capacitors, and inductors. Each of these formats is shown
in Avpendix 1, The first eleven columns of each of the input formats
contain the same information for a group of parts which constitute a particu-
lar module or piece of equipment. Columns 2 thru 7 contain information on
the Module Number, while columns 8 thru 11 could contain either the Module
Part Number or a “quantity factor. (Column 1 is always left blank.) Thus,
should one have a particular part which occurs a multiple number of times
in the same module and has the same conditions (such as the operating tem-
perature, operating environment, duty cycle, stress, screening level, etc,)
placedupon it, one simply enters this part once and notes the numbcr of
aultiple uses in Columns 8 thru 11, Quantities smaller than 1000 must
be preceded by zeros or blanks. Whichever option is chosen, the user must

be completely consistent with the information entered into columns 8 thru

n o op— o =
v
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11 for each and every part that constitutes a related group of parts being_
entered into ORACLE simultaneously. That {s, if a Module Part Number is
entered in columns 8 thru 11 for one part, the Module Part Number must be
entered for each and every part that is entered into ORACLE simultaneously.
In this case quantity factors will not be reccgnized. (The reason will be
delineated in the section entitled RELIABL.) However, if a quantity factor
is enteredlinto columns 8 thru 11 for one part a quantity factor - even :
0001 - must be entered for each and every part that constitutes a related %
group of.parts being entered into ORACLE simultaneously. Thus a mix 6f
entries into these columns will cause erroneous results,

Celdmns 12 thru 14 always contain the Component Type. A list of the
various types of components that can be entered is given in Appendix 2. »
Columns 15 tﬁru 17 always contain the Manufacturer's Code., A 1ist of manu-

facturers that ORACLE will recognize is given in Appendix 3, Columns 18
thru 2/(for integrated circuits and discrete semiconductors) while Columns

B T e

18 thru 32 (for resistors, capacitors, and inductors) contain the Part Number
information. This is the most critical information one will enter into JRACLE,
ORACLE searches on Columns 15 thru 17 and on Columns 18 thru 27 (or 32
depending on the component type) to determine if the Manufacturer Code and

the Part Number, respectively, are represented in the data base. Should

the part be found in the data base, a failure rate can then be calculated

for that part. Nﬁuever. many styles of inducfors. many styles of capacitors,
and all styles of resistors do not need to be in the data base and will not

be found in the data base. The failure rate for these parts will be
determined through ORACLE's direct decoding of the information in their




" individual part number. Beyond Column 27 (or 32) the formats contain
applicatioﬁ dependent information and the scre;;ing level of the part

used. The application dependent information is directed at delineating

the conditions under which the part will operate. These include the
operating environment (see a list of codes in Appendix 4), the operating
temperature, the duty cycle or usage, the stress, and other specific
information unique to the part under consideration. This information
together Qith the information stored in the data base, is used to determine
the appropriate parameters needed to calculate the failure rate for each
part. These calculations are made in accordance with the requirements

and proéedures prescribed in MIL-HDBK-217B. As will be discussed more
thoroughly under the section entitled “The ‘What-if' Game", the information
that is enﬁered beyond Column 27 (or 32 depending on the component type)

can be altered for a subsequent run,

THE PROCEDURE

ORACLE is composed of five basic routines. They are (1) SORTMRG,

(2) BINNY, (3) RELIABL, (4) SUMICTX, and (5) TRADEOF, A brief description/
definition of these routines are as follows:

SORTMRG - accepts as input a list of part numbers with specific,
individual, application dependent information end produces the same list
of parts sorted by part number,

BINNY - accepts as input the sorted list of parts produced by SORTMRG
and performus a binary search on the fyll data base to extract from the
full data base each of those input part numbers that are represented in

b A N v
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the full data base. Those parts extracted from the full data base form

" a smaller, abstracted data base. In addition, BINNY produces simple lists

of those input part numbers that were found in the full data base and those
part numbers that were not found in the full data base. BINNY also produces
a diagnostic file that can be used to inquire as to waich individual part
numbers were not decodable or were not matched with a part number in the
full data basa and why. |

RELIABL - accepts as input the sorted list of parts produced by SORTMRG
as well as the abstracted data base produced by BINNY and produces the failure
rate for each part'listed in the abstracted data base. It is in this routine
where the MIL-HDBK-2178 calculations are performed. RELIABL produces two
output files. They are FOUNDO and DIAGNOSTIC. For each part found in the
abstracted data base, the FOUNDO file lists the part number, some of the
application dependent information inserted by the user and extracted from
the input formats, some information found in the full data base, the cost
information, and the failure rate. RELIABL also produces a file called
DIAGNOSTIC,  This file lists the part application dependent information,
the parameters found in MIL-HDBK-217B and used in calculating the failure
rate, the base failure rate, and the final failure rate for each part.

SUNICTX - accepts as input the FOUNDO file. SUMICTX then adds all of
the individual part failure rates listed in FOUKDO and produces the total
failure rate. After having obtained the total failure rate, SUMICTX then
produces the HTQF for these parts. It is in the file produced by SUMICTX
that one can also find the price of the input parts in smal) quantities and
the price in quantities of 100G or more.

R DA )
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TRADEOF - accepts two files which contain different total failure rates
and MTBFs, as summed-up by SUMICTX. TRADEOF then performs an analysis
which produces a numerical and a percentage difference between the two cases.
Figures 1 and 2 show the order in which the individual segments of
ORACLE are executed. The order of execution is: (1) SORTMRG, (2) BINNY,
(3) RELIABL, (4) SUMICTX, ‘%) Results, (6) Changes, (7) RELIABL; (8) SUMICTX,
(9) Results, and (10) TRADEOF.

Figure 1 depicts, in biock diagram form, the basic procedure which
5 must be followed if one is to obtain the failure rate for each of the parts
§ that are entered into ORACLE., Figure 2 shows the procedure to be followed
;'

in obtaining a tradeoff analysis. Specifically, Figure 1 shows those input

% files which must be entered into each of the four ORACLE routiras (cross

| hatched boxes) as well as those output files which will eminate from these
routines. Subsequently, in this paper, specific names and ;Ds will be
assigned by the user and the program, to each of these input and output
files. In order to link this figure with the specific names and IDs used
throughout the example execution of QRACLE described in this paper, Table
1 has been constructed.

The following explicitely describes the procedures and operations that

must be followed to obtain the failure rate and MTIBF of any list of parts.




PARTS LIST

7777 7777 7;

7777777
7 SumieTy 1

1 SORTMRG [/ .
77777777/ -
SORTED PARTS LIST| | DATA BASF
7, ///L//// !
1 BINNY  [—{DIAGNOSTICBINNY
YD IIOID ~
LISTOF PARTS | | ABSTRACTED | | LIST OF RARTS
FOUND IND.B. | | DATA BASE NOT FOUND INDB,
/77 y//]/ '
/| DIAGNQSTIC -
/5E}/A>lg}l} 7/ ALL INDIVIDUAL
'FAILURE RATES
FOUNDO

AND PARAMETERI)}

7 777777/

OUTPUT FILE FOR CASE "y ™
TOTAL FAILURE RATE AND MTBF

Figure 1. Block diagram of the reliability predicition program routines

(cross hatched boxes)

output files.

9

» the required inputs and the ‘resulting
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CHANGES MADE T0 - ABSTRACTED
SORTED PARTS LIST DATA BASE

>

2777777
RELIABL DIAGNOSTIC -

7777774 | ALL INDIVIDUAL
4 FAILURE RATES

FOUNDO AND PARAMETERS

NN

/7//'/////

4 SUMICTX
7777777

OUTPUT FILE FOR CASE “X+1" |
TOTAL FAILURE RATE AND MTBF

OUTPUT FILE | fLEEELLs
77777777/

RESULTS OF

COMPARISON
ANALYS1S

Block diagram of the procedure to be followed in obtaining a

Figure 2.
tradeoff analysis.
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~The Data

In order to facilitate the explanation of the operations and the
execution of ORACLE an example list of parts has been assembled and inserted
into the program. The list ¢f fhe parts entered into ORACLE is shown in
Figure 3. This list of parts consists of an example of all possible styles
of integrated circuits (IC-), capacitors (CAP), inductors (IND),
resistors (RES), transistors (XR-), general purpose diodes (D--), zener
diodes (ZD-), voltage reference diodes (RD-), varactor diodes {(VD-), and
thyristors (DCR). This 1ist also demonstrates the numerous variations of
operating environment, operating temperature, screening levels, duty cycle,
etc., that can be placed on any component. One should also note that comment
information has been entered in Column 81 and beyond. In this instance the
information noted here points out which specific MIL-STD-198 capacitor,
MIL-STD-199 resistor, or MIL-C or MIL-T inductor is being exemplified.

ORACLE ignores all information in Column 81 and beyond. Also note that in

the case of capacitors, where two methods of representing the same style

of capacitor are given, it is not ‘intended that the part number convey the
same information (resulting in the same failure rate), but simply to show

that there are two different ways to enter the part number for this particular
style of capacitor. For example, the part number for a MIL-C-39014 capacitor
can’be entered using the CKR notation or the M39014 notation.

12
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The ID

The operations shown in Figure 4 demonstrate the procedure used, in
the edit mode of the CDC 6600 system, to catalog a previously established
file of parts called ICRIDX1 onto a permanent file called SAMPTS2. The
name SAMPTS2 is assigned by the user. The last part in the ICRIDX1 file
is listed and the user has requested the CDC editor to truncate the number
of charactgrs in this file to 80, The ID given to SAMPTS2 is EQPMT2.
The COC system displays, through the "Initial Catalog" listing, all of
the information one will need when it is desired to retrieve this filé.
AN fileg except SAMPTSZ are removed from local file condition through
the RETURN command,

The ID name attached to each of the files created throughout ORACLE
should not contain more than nine (9) characters and the same ID should 5
be used for all ID names associated with a given set of parts or module
throughout the entire ORACLE program. This 10 name should, in some signifi- |
cant way, describe and/or identify the particular piece of equipment associated |
with the parts or module. The maintenance of a constant, unique 1D associated
with all ORACLE files related to the same set of parts or module is important
because this will allow for all files associated with these parts or this
module to be cataloged under one permanent file ID. Thus subsequent deter-
mination of the location in memory of any desired file or information
associated with these parts or this module, can readily be found.

In this case, the ID = EQPMT2. Upon cataloging TAPE2 in the subsequent
SORTMRG routine, this is the ID that one should use. Also this 0 name
will be the response expected when the interactive BINNY, RELIABL, SUMICTX,
and TRADEQF routines ask the operator to YENTER EQUIPMENT NAME',
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COMMAND- EDITOR
. .EDITSICRIDX1 »3EQ
. .LISTHLAST

1330= MODOOLJKIIXR=FRTNZNIZ0
500
o oF sCH=30

« «SAVE sPARTS 15N

LINES TRUNCARTED: CH= 280 CHRRS: LONGEST LINE WRS 100
« CRTALOG PRART S o SRMPTSE » ID=EQPMT2

INITIRL CRTRLOG

RP = 090 DRYS

CT ID= EQPMT2 PFN<=SRAMPTIZ:
CT C¥= 001 00001034 WORDS,:
«+FILES

--LOCAL FILES--
SPHRRTS1 ¢ICRIDX]
« RETURNsPRRTS1» ICRIDXY

« «BYE

Figure 4, Cataloging the parts, that are to be inserted into QORACLE,
onto a permanent file.
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SORTMRG

Now that the data is located on a permanent file, ORACLE can access
it and we can then initiate the SORTMRG routine. The purpose of this
routine is simply to sort the part numbers into an order such that the
subsequent routine (BINNY) will only have to scan the data pase from top
to bottom once. This will be the fastest way to match-up each individual
part number input to QRACLE, with its stored information located in the
full data base, The sorted results will be located on TAPE2, The procedure
one must follow to obtain :ne sorted parts list on TAPEZ is shown in Figure
5. The response to the first COMMAND prompt will always be as shown with
the exception of the file name (SAMPTS2) and the ID (EQPMT2) which must
always be the file name and ID assigned by the user in Figure 4. The response
to the next six COMMAND prompts will always be the same as shown for all
executions of ORACLE. This is standard input information needed by ORACLE
for execution on the CDC 6600 system, The information shown after the
SORTMRG response was entered by the user, is printed out without user
interaction. Subsequently, the system again prompts with the word COMMAND,
It is at this time that one catalogs TAPE2 onto a permanent file, the name
of which the operator assigns at that tim¢. The name one assigns should
in some way describe or identify the parts. One can use up to 40 characters.
It should be noted, in connection with this file name assignment, that
this is the file which will be referved to in the BINNY and RELIABL routines
when these interactive routines ask the user to “ENTER SORTED PARTS FILE
NANE:“., In this case the assigned name is SORTEDXXSAMPTS2, The 1D used
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COMMAND= ATTHCHSTRPEL «SAMFPTSZ s ID=ERPMTE

- PF CYCLE NO. = 001
COMMAND - REQUEST s TRPEZ «oPF

COMMAND- CONNECT »QUTPUT }

COMMAND— FILETRAPEL sBT=CsRT=2 «MPL=1410 §
COMMAND - FILEsTRPEZSsBT=C sRT=Z sMRL=141) !
v
COMMAND- RTTHCH s INPUT o« SORTCOMMANDS « I D=SRERTNER ;
FPF CYCLE NO. = 00t -
COMMAND - ZORTMRG :
Voo DIRECTIYES

T MERGE 4.1-P333 (03-05-75 15.24.55. PRGE 1

1 ZORT,.

2 FILESINPUT=TRPEL »OUTPUT=TRFPER. :

3 FIELDs»K1C1E8s7 s DISPLRAYD sk 253 DISPLAY Y sK 30 1S 3, DITPLAY Y, P

4 KEYSHSKICRSsDISPLRAY "ok 2(RsDISPLAYD K3 AWDISPLRAYY D

S END. i

oo INIERTIONS DURING INPUT 00000000
s DELETIONT DLRING INFUT 200000000 (
o¢ TOTRL RECORD: ZORTED 0000004
oo INTENTIONS DURING QUTPUT eeeeescee( i
o¢ DELETIONS DURING OQUTPUT sede00000( '
ee TOTHL FECORDS QUTPUT sececeel S
SoEND TORY FUN

COMMAND= CRATRLOGsTAPES » SORTEDKYTAMPTYSE » I1DREQPMT 2

INITINL CRTALOG i
FF = 090 DARYS
CT IDs  EOPMYS PEN=SORTEDNS T RMPYES |
T TS poY 00001088 WORDS L2
LUMMAND= FILES

--LOCAL FILET-- )
o THPEL oTHPES  SOUTPUT e lNPUT
TOMMAND- RETURN S INPUT « TRPE L  THPEZ

COMMAND- DISCARDSOUTPUT

Figure 5. SORTMRG routine, the cataloging of TAPE2, and the ¢lean-up
of the local files.
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‘should be the same as that used to catalog the original 1ist of parts onto
& permanent'file. This was done in Figure 4 and the ID assigned there
was EQPMT2.
Following the completion of each of the ORACLE routines one must
o "clean-up" the local files only. It will be demonstrated throughout the
procedure which specific local files are to be removed, However, in general,
the INPUT file and each of the TAPEs must always be removed through use
of the RETﬁRN command while QUTPUT must always be removed separately through l-

use of the DISCARD command. If those files designated to be removed are

! NOT removed, subsequent operations will be impared. However; before removing
| the locai files one may want to look at what is located on each of these
files or TAPEs. The resultant local files which emerge after the SORTMRG
routine are shown in Figure 5. The only two files which do not have obvious 15?
names are TAPE]l and TAPE2, TAPE] simply contains a 1ist of the data as
it was initially inserted by the operator. TAPEZ simply contains the
sequential listing by part numbar of the inserted data. Removal of the
local files are shown at the bottom of Figure 5.

BINNY

The purpose of BINNY is to match the sorted parts list with the data
base and to produce a smaller, abstracted data base with only those items
in it which represent all ramifications of the matched input parts list,
The operator will give the abstracted data base a specific name for future
2 reference - in this example the assigned name was ABSDBXXSAMPYS2, This
is one of the two files which will be used by the RELIABL routine in calculating
the failure rate of each individual part. (See Figure 1) BINNY will generate

21




three other output files., One is a Tist of parts that will have been found

on the data base° Again, the operator will give this file a specific name

and in this example the name given was FOUNDXXSAMPTS2. Another eminating

file will be a diagnostic file which can be used for debugging purposes.

The system gives this file the name DIAGNOSTICBINNY, The fourth file eminating

from BINNY will be a 1ist of the parts NOT found on the data base. This .
file will be located on TAPE4.

Both BINNY and RELIABL are interactive routines and the first five
prompts Eequire the same information in response. When a file is cataloged ;
or stored as a permanent file - as opposed to a local file - one needs three
pieces of information to store or access that permanent file, The first '
is the jdentification (ID) name associated with the file, while the secou.d
piece of infdrmation is the name of the file itself. The third piece of
information one needs is the cycle number of this file. In BINNY and RELIABL
the first three prompts ask for all the information that defines an existing
file su that it can be accepted as an input file, The first prompt asks for

the file ID, the second prompt asks for the file name, and the third prompt

asks for the file cycle number. The fourth and fifth prompt in BINNY ask

the user to assign a name and cycle number, respectively to the abstracted

data base. This is one of the files that will be generated as output by

BINNY, Ii RE'TABL the fourth and fifth prompts are asking the user for the '
name and cycle number, respectively, of the aBstracted data hase assigned

eariier in the BINNY routine. With this information RELIABL can then accept

the abstracted data base as input.
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The BINNY routine is shown in Figure 6 while the RELIABL routine is
shown in Figure 7. The first three prompts for both BINNY and RELIABL
will be as follows. The first prompt is “ENTER EQUIPMENT NAME:"., The
expected response is the file ID which, in this case, is ::::EQPMT2, This
response must be composed of ten (10) characters. A colon must precede
the nine (9) characters comprising the ID. However, should the ID be

composed of fewer thannine characters, colons are to be used to pad the

ID to the left. The second prompt is “ENTER SORTED PARTS FILE NAME:",

The file name that must be entered in response to this prompt is the name
the user gave to the file onto which TAPE2 was cataloged atter the execution
of the SORTMRG routine (See Figure 5). For this example that name is
SORTEDXXSAMPTS2. The third prompt requests the user to "ENTER CYCLE OF
SORTED PARTS, LIKE 001:". The particular cycle to be used in this response
can be found where the SORTEDXXSAMPTS2 file was last cataloged. In this
example the cycle number can be found after the CY notatioﬁ under the
“Initial Catalog" listing in Figure 5, The fourth prompt in BINNY is "ENTER
ABSTRACTED DATA BASE FILE NAME:", It {s at this point that the user assigns
@ name to the abstracted data base. In this example the user assigned the
name ABSDBXXSAMPTS2. The fifth prompt is "ENTER CYCLE OF ABSTRACTED DATA
BASE FILE, LIKE 001:". On the CDC 6600 a cycle number between 001 and 005
can be assigned. In this example the user entered 001, (Note that the
abstracted data base file will have as ID the user's response to the first
prompt "ENTER EQUIPMENT NAME:",

The last two prompts in BINNY are: “ENTER PARTS FOUND FILE NAME:"
and "ENTER CYCLE FOR PARTS FOUND FILE, LIKE 001:", These two prompts are

E
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COMMAND— RTTRCHSBINNY « IT=GRERTHER

FFN T3
EINNY

PF CYOLE MO. = nil
COMMAND- B IHNY

ENTEFR ERQUIPMENT NRME 3 i EQFMTZ

PIIIEGIPMTE
EMTER ZORTED FPRRTS FILE NAME: ZORTEDCHIAMPT LS

SORTEDRNIAMPT 3
EMTEF ©VLLE OF ZORTED FARTZ. LIKE 001: 01

1
ENTEF ABZTRRCTED DATARRTE FILE MAME: ARBIDEBMSIAMPTIC

eNTER CYCLE OF RBITRACTED DATHBATIE FILE. LIKE 001:

EMTER PRARTZ FOUND FILE MAME:
FERUEZT TRPES » #FF sFOUNDSETAMFT 22

ENTEF CYWCLE FOR PRFTS FOUND FILEs LIKE 001 001

FEDUEZT TRPESD « oFF
FEDUEST TRPET s oPF
TUMMAFY OF RERIONT FRFTS MOT FOUND IN DATRBAIE
0 FART: NOT MRHUFRCTURED BY TRECIFIED MANUFAC TURER
o PRARTS NOT AYAILMELE M “PECIFIED PRCKAGE TYVFE
0 PRRTT MOT JAH PRRT HUMEERS
0.0% OF PRARTS WERE NOT FOUND

RiNMyY DIAGHNOZTIC FILE NAMESDIRGNOSTICBINNY

1 EQUIPHMENT =it 13EQPMIZ
EQPMTS PFH=DIRGNOITICRINNY
Go1 000103652 WORDRS, ¢
FOPMTE FFN=RBIDBXNIAMPT I
001 GO002304 WORDE L
EUPMTS PEN=FOUNDXIAMPT LS
Cy= 001 00001728 WORDS,
EMD BINNY
10.597 CP JECONDE EXECUTION TIME
COMMAND- FILEL
--LOCAHL FILEI--
THPUT S RINNY guTRLY
LOMMAND - RETURNITHRFUT

COMMAND~ DIZCHRDOUTFUT

Sigure 6. The interactive BINNY routine, the summary of results, the
listing of the resulting files, and the clean-up of the
local files.
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asking the user to assign a name and cycle number to the file which will

o d Y eI ot RS RSB L A - Lot

be generated by BINNY and contain the 1ist of parts that were found in the

data base, The response given, in this example, for this file name was

FOUNDXXSAMPTS2, while the response to the cycle number assignment was 001.

This file also has as its ID the response given to the first prompt in
the BINNY routine, that is, EQPMT2. (Note that the "REQUEST (TAPE2*PF)"

is not an intended prompt and should be ignored. This is an idiosyncracy

of the CDC 6600 system.)

e Y e 8 oo S L B

Following the successful execution of BINNY, a "SUMMARY OF REASONS

PARTS NOT FOUND IN DATA BASE" is printed. The "package type" in the statement
"PARTS NOT AVAILABLE IN SPECIFIED PACKAGE TYPE" refers to character numbers

WUV T e o

e

Yué 8, 9, and 10 of every Part Number, that is, to Columns 25, 26, and 27 in %
§' ?; | each of the input formats. One can observe which particular part had a _
{ “package type" which was not matched in the data base by scanning through ?»
; l - the output file labeled DIAGNOSTICBINNY. The statement informing us as

to the number of “PARTS NOT JAN PART NUMBERS" simply tells us the total

S T
)

{%~ number of parts whose part numbers were not decodable or were not matched

| , in the data base., If a Part Number - for example a resistor or a capacitor
}' which are not supposed to be in the data base - is decodable it will not

be included in the list of “non-jan parts"., Thus any part which is not

%

- . in the data base - but should be - will be noted as a “non-jan part, |
B | These parts will be flagged in the DIAGNOSTICBINNY file. The “jan part

§~' * number”® is referring to the Part Number given in Columns 18 through 27 (or f

%L 32, depending on the Component Type) in the input format,

Eg“ Further on in the print-out, or listing, of BINNY, one notices a list

¢

:

/-
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of files that have been placed in permanent file condition. In addition
to the DIAGNOSTICBINNY file, the abstracted data base file, ABSDBXXSAMPTS2,
and the parts found file, FOUNDXXSAMPTS2, have also been placed in permanent
"ile condition, One can move any of these files into a local file condition
for immediate inspection. Before one proceeds to the RELIABL routine, the
local fites must be cleaned-up. This is shown at the bottom of Figure
6. Note that all files are removed except BINNY,
RELIABL

RELIABL accepts as input the sorted parts list which eminated from
SORTMRG, 1in this case SORTEDXXSAMPTS2, and the abstracted data base which
eminated from BINNY, in this case ABSDBXXSAMPTS2, and produces two files

with the names FOUNDO and DIAGNOSTIC (See Figdre 1). The names given to

each of the files produced by RELIABL are assigned py the system and are

the same for all executions of tne RELIABL routine.

The procedure to be followed in the execution of the RELIABL routine

is shown in Figure 7. Of course the response to the "ENTER EQUIPMENT NAME"

must be the ID name, that is, ::::EQPMT2, The response to the "ENTER SORTED
PARTS FILE NAME" is the same as in BINNY, that is, SORTEDXXSAMPTS2, The
response to the "ENTER ABSTRACTED DATA BASE FILE NAME" must be the same

response as was given in the BINNY routine. In this case that is AGSOBXXSAMPTS?
(See the RELIABL responses shown in Figure 7 and compare these with the BINNY
responses in Figure 6). The only additional respenses required in RELIABL
which were not required in BINNY, are those to the “quantity" and the PC

BOARD inguiries. In this case module Part Numbers are used and therefore

the operator responded to the “"quantity" prompt with a two.
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COMMAND- ATTRCHSRELIRBL » ID=GRERTNER

PFN IS
PELIFBL :

PF CYCLE NO. = 001
COMMAND- RELIABL

ENTER EQUIFMENT NAME =

IERPMTR
ENTER SORTED PRRTS FILE NRME: SORTEDRASAMPTZE

o B R Sl LA W BSA S5 D R e B

ZORTEDXXSAMPTSZ
ENTER CYCLE OF SORTED PARTS FILE LIKE 00f: o0l

1
ENTER RBSTRACTED DATABRSE FILE NAME: ABSDBXXSAMPTSE

AHEZDRXXSAMPTSE
ENTER CYCLE OF RBASTRCTED DRTRBRSE LIKE 001: 001

1
TYPE 1 IF QURANTITIES RRE USED
TYPE 2 IF MODULE PRRT NUMBERS RRE ISED e

ENTER NUMBER OF TWO-SIDED PC BORRDS LIKE QU013 0001

1
ENTER NUMBER OF MULTYI-LRYERED PC BORRDS LIKE 00013

1 50

CT IDl=  EQPMTZ PFN=DIRGNOSTIC
CT C¥= 001 00004928 WORDS.:
CT ID=  EQPMTZ2 PFN=FOUNDOD
CY Cy= (01 00001920 WORDS.:
END RELIABN
£.274 CP SECONDS EXECUTION TINME
COMMAND- FILES

-=LOCAL FILES--
INPUT QUTPUT *BINNY SREL IRBIL
COMMAND- RETURN s INPUT

COMMAND- DISCRARDQUTPUT

Figure 7. The interactive RELIABL routine, the resulting files --
DIAGNOSTIC and FOUNDO -- and the clean-up of the local files.
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The most significant information contained in the FOUNDC file is that
of the failure rate for each part entered into ORACLE and found in the data
base or found to be decodable. In the §ituation where a multiple of the
same part number has been entered with one entry of that part, the failure
rate shown will be the single part failure rate multiplied by the number =
of multiple entries. The sum of the complete list of failure rates shown
in FOUNDO will add up to the total displayed as a result of executing the
subsequent routine, SUMICTX. Figure 8 shows some representative components
from the FOUNDO file. Columns "A" thru “K" repeat the information placed
in the first 51 columns of the input formats for each of the parts., An
interpretation of this information will not be discussed here as it was
described earlier in this document. Columns "L" thru “Y" show some of the
information that is located in the data base for each respective part.
With the exception of Columns “Q" and “P", which are for the Failure Rate
and the duty cycle or usage, respectively, the information located beyond
:olumn 51 in the FOUNDO file is unique to each component type and is identical
with the information located beyond Column 51 in the data base for that part.

Thus one can obtain the exact interpretation of each column, beyond
Column 50, for any particular component type, by looking in Appendix 5 under
the corresponding columns, Therefore, each of the columns shown in Zhe
~UUNBO file will not contain the same information from top to bottom.

A For integrated circuits Columns “L®, “M", and “N* contain the supply

'oltage, the nominal current, and the maximum current, respectively, for *

discrete semiconductors these columns contain a maximum rated voltage,

28
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a maximum rated current and a maximum rated power, respectively. For
capacitors Column "L" contains the rated voltage while Columns "M" and
"N" are normally blank. For inductors and resistors these three columns
are normally left blank. However, normally blank columns may contain
information if the user has specifically entered this information somewhere
beyond Column 51 in the input format.

CoTumn "0" contains the FAILURE RATE while Column "P" contains the
duty cycle or usage. The value shown in Column "P" corresponds to the
value inserted by the user in the input format. - The 1nformation showh
in Column "P" which corresponds to rows that contain multi-layered or
two sided PC boards, is the number of holes which will be drilled in each

voard.,

If Column "Q" corresponds to an integrated circuit the information

shown is the number of gates in each package. If Column "Q" corresponds
to a discrete semiconductor, a capacitor, a resistor, or an inductor the
contents should be zero.

If Column "R" corresponds to an integrated circuit the number shown
represents the number of internal leads eminating from the chip itself -
not the physical package, If Column "R" corresponds to a capacitor, the

number shown will either be a zero or a -1, The -1 simply means that

this capacitor has a non-essential quality level. (See Appendix 5 under

Capacitors, Columns 102-105) A zero should be found in this column for

all other capacitors, all inductors, and all resistors. This column has
no significance for discrete semicondictors, capacitors, inductors, and

resistors.
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Column "S" contains the complexity code for discrete semiconductors.

A list of these codes can be found in Appendix 5 under Discrete Semiconductors,
Columns 107-108. This column may also contain a number in a row corresponding
to a capacitor. If this is the case the number corresponds to the temperature
at the knee of the derating curve of this capacitor and the number is

in degrees centigrade, '

Column "T" contains the number of pins emanating from the physical
package housing the component, times the number of multiple uses of that
component noted in Column "B". This number will be zero for inductors
only.

Column "“U" contains information significant to capacitors and discrete
semiconductors only. If the row corresponds to a capacitor whose part
number (Column “E") has the form MXXXXX/XX-XXXX, the information shown
indicates the number of capacitors in the data base whose first ten characters
are identical. (A1l other capacitors' part number forms wiil have a zero
in this column,) If Column "U" corresponds to a discrete semiconductor
the information shows the knee of the derating curve in degrees Centigrade,

If the row corresponds to a discrete semiconductor and the column contains
a zero, this means that the data base does not contain information on

the knee of the derating curve. Rows corresponding to all other component
types should be zero.

Column "V" shows the number of devices contained in each package.

A digit greater than zero will be shown in rows corresponding to discrete

semiconductors only.

Column "W" shows the small quantity prices at the specified screening

k)

s
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level, while Column "X" shows the large quantity (i.e. in quantities of
1000 or more) prices at the specified screening level. Column "Y" shows
the number of supply voltages necessary for integrated circuits only.

The Diagnostic file contains a list of each of the parts entered into
ORACLE and found to be in the data base or to be decodable by ORACLE. Along
with each part is a list of each of the MIL-HDBK-2178 parameters used in
calculating the part's failure rate, a repetition of some of the information
found in the input format, the base failure rate and the resultant failure
rate. The MIL-HDBK-217B parameters were derived as a result of noting the
application information submitted by the user in the input formats and the
stored information located in the data base. Examples are snown in Figure
9. DIAGNOSTIC will alsc contain comments, should they be necessary, at
the beginning of the listing of each part, These comments concern specific
information which was not explicitely included -~ but should have been -
in the part input format by the user, It then notes the assumed value which
was assigne@idy RELIABL to the effected parameter or parameters. The assumed
value represents the worst case condition for that parameter,

Before proceeding with this example, another example describing the

alternative which implements the "quantity" mechanism, will be described.
However, before responding to the “gquantity" prompt, the user must realize
that if his response implements the mechanism which interpretes Columns

3 thru 11 of the input formats as quantities, all of the component parts
eritered into ORACLE will be assumed to have gquantity information in these
columns, An example of the implementation of this alternative in RELIABL

is shown in Figure 10, (Note that this example is necessarily of another

set of parts and was extracted from a different execution of ORACLF.)
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COMMAND- RTTHCHsRELIABL s ID=3RERTNER .

PFN 13

RELIRBL :

PF CYCLE NO. = 001
COMMAND- REL IABL

ENTER EQUIPMENT NRME @ 11 EQPMTY

PIIIELPMTS

ENTER SORTED PARTS FILE NAME: SORTEDXKSAMPT :4
SORPTEDXKXSAMPTS 4

ENTER CYCLE OF ZORTED PRARTS FILE LIKE 001: a0l

1
ENTER RESTRRCTED DRTRBRSE FILE NRME: RBSDBXHIRAMPTS4

RBIDBXXSAMPT S

ENTER CYCLE OF ABRSTACTED DRTRBASE LIKE 001: 00t
1

REQUEST(TRPEZ s oPF >

REQUEST(TRPE4soPF 20

TyrE 1 IF QUANTITIES RRE USED
TYPE 2 IF MODULE PRRY NUMBERS ARE USED 1

1 E
ENTER NUMBER OF TWO-SIDED PC BORRDS LIKE 00013 9001

1
ENTER NUMBER OF MULTI-LRYERED PC BORRDS LIKE 0CO13 0n0¢

1 60

Figure 10. The prompts, including the "“quantity" prompt, and responses
in the RELIABL routine.
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rigure 11 shows the results which eminate from RELIABL when the quantities
mechanism has been implemented. The 1ist of components shown are those
for which the failure rate was'ggg_calcau1ted. The percentage of parts --

based on the total quantity of components entered -~ for which the failure

rate was determined is shown following the above mentioned list. In this
case that is 99,0%, This is the percent of parts which will be included

in the total failure rate which will be observed after the SUMICTX routine

is executed, Thus one will readily know exactly which component types

and how many were not included in the total failure rate. Further, based

on the percentage given (in this case 99.0%) one will also know the extent
of the accuracy of the total module failure rate when he observes the results
which eminate from the SUMICTX routine. In this peripherial example, TAPE4,

which eminates from the BINNY routine, will have a Tist of exactly those

parts which were not found in the data base or for which thé part number

could not be decoded. Figure 12 shows the information which was found
on TAPE4, It should be noted that the component types listed in Figure
11 match the components listed 1in Fﬁgure 12. Now we will return to our
original example and original parts.

The user will probably notice a longer than expected "pause" at the

end of the prompt/response interaction in the RELIABL routine. When this

occurs, simply patiently wait for 45, 60, 75 or more seconds, depending
upon how many parts have been entered into the program, as the routine

is in the proces- of performing its operations and calculations.




FRILURE RATES WERE NOT CRLCULATED FOR THE FOLLOWING COMPONENT TYPEX

-TYPE QUANTITY
IC-
D-—-
DICR
VD=
XR=-
RY-
TUE
LR
I-
rROT
FUS

.—Ap""—ﬁ.—h“.—‘.—"—b’-ﬁm

THE TOTARL RUANTITY OF PARTS REPRESENTED IS 1255
THE TOTAL QUANTITY WITH NO FRILURE RRTE IS 12
39,0% OF PARTS RERD WERE FPROCESSED
CT ID=. EQPMT4 FPFN=DIRGNOSTIC
CT CY= 001 00005632 WORDS.:
CT ID=  EQPMT4 PFN=FOUNDO
CT C¥= 001 00001320 WORDS.:
END RELIRBL
6.381 CP SECONDS EXECUTION TIME .

Figure 11. The resulting print out from RELIABL.when quantities are
used. Note that the percent of parts which were processed
is the percent of parts which will be included in the tctal

- failure rate eminating from the SUMICTX routine.




COMMAND- FILES

~-LOCAL FILES--
TAPE4 _  INPUT OUTPUT  #BINNY
COMMAND- RETURN s INPUT

COMMAND- DISCARD,OUTPUT

COMMAND- EDITOR

+EDITsTRPE4»3EQ

. LIBTsALL

100= MODOOL 00D IC-NATLHOO019--=J+1.00 +030G5D-M B-1
110= MODOOL1 000 IC-SIGN74S114--G+1.00 +03uGD-M B-1
i20= MODOG1ODNID--F3SCIN3071 +0.30+0.50+0805D-M JANTXIMS
130= MODCO1ODQ{DCRMOTING414 +0.30+0.30+02305D-M JAN
140= MODOOLIQODIVD-TCYINS470R +0.30+0.50+080G5D-M JANVREG
150= MODOO12001XR-TEC2N2155 +0.30+0.50+030GD-M JHNLIN
160= MODQOL 000IRY-BES3X1001 +0.60+0.50+030GD-M

170= MODOO1ODO1ITURRCR4X1002 +0.50+0,.50+023050-M

130= MODOO1000ILSRYI-5X1003 +0:50+0.50+030GD-M

190= MODOOL00CISW-GES8X1004 +0.,60+0.50+02050-M

200= MODODICO0IROTWES?X100S +0.50+0.50+03060-M

21 0= MODUOICOQIFUSWESSX1006 +0.50+0.50+0306D~M

« «BYE

COMMAND- RETURNsTRPE4

Figure 12. The list of the parts not found in the data base. This list
is located on TAPE4 and eminates from the BINNY routine.

Note that the 1ist of component types eminating from RELIABL
corresponds with this 1ist of parts.
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SUMICTX

The primary purpose of the SUMICTX routine is to sum each of the individ-

ual part failure rates and produce a totai failure rate for the module,

as well as determine the module MTBF, This routine will also yield the total
component price in small quantities and the price in quantities of 1000,

The only input file needed by SUMICTX is the FOUNDO file which eminated from
RELIABL, as it contains each of the individual part failure rates and price
information.

With the local files once again cleared the system is now ready to
accept SUMICTX, The entire interactive format and responses are shown in
Figure 13. The response to “ENTER INPUT FILE NAME:" will always be FOUNDO,
However, the response to the cycle number associated with FOUNDO will corre-
spond to the cycle number noted with the listing of the FOUNDO file at the
end of the latest execution of the RELIABL routine. In this case the cycle
number of 001. Again, the response to the "ENTER EQUIPMENT NAME:" must be
::::EQPMT2. The users response to the prompt "ENTER QUTPUT FILE NAME:" can
be the same for up to five files with the same ID. (Of course, in this case
that ID is EQPMT2.) When the same file name is used the user must then
increment his response to the "ENTER QUTPUT FILE CYCLE NUMBER LIKE 001:".
This output file will be used when the TRADEOF routine is run subsequently
and it contains the most significant information of the analysis to this
point in the process. It shows the total equipment failure rate in failures
per million hours, the equipment MTBF in hours, the total component price
in small quantities, and the total component price in quantities of 1000,

These results can readily be observed by moving this file into an EDIT file
status, as shown in Figure 14.

39




COMMAND- ATTRACHsSUMICTX s ID=GRERTNER

PFN IS

SUMICT®:

PF CYCLE NO. = 004
COMMAND- SUMICTX

e g A SR e

INPUT FILE INFORMATION

ENTER INPUT FILE NRAME: FOUNIDO

FOUNDO -
EMTER INPUT FILE C'WCLE NUMBER LIKE 001:

1
ENTER EQUIPMENT NAME:
$EQPMTE

P8t tEQPMTR

QUTPUT FILE INFORMRTION
ENTER OQUTPUT FILE NAME: OUT 1 XXSAMPTSR2

QUTIXXSRNP TS
ENTER QUTPUT FILE CYCLE LIKE QU013 001

1
ENTER CRSE NUMBER LIKE 0013 001

CRSE= 1
REQUEST(TRPE3soPF)
CT ID= EQPMT2 PFN=OUTIXKSAMPTSE
CT C¥= 001 00000128 WORDS.:
END SUM1I3?7
.622 CP SECONDS EXECUTION TIME

Figure 13. The interactive SUMICTX routine and the resultant output file.




g ST IS IRETS DU S

. *s3aed asay3 403
491N SALIOI[L0 3Y] S} Se UMOYS S| PIsIUl Ss3aed ay3 30 LLP 404 3304
S4NL1BS 12303 3YL  “XLILANS wo4y Bujjeuiwd 3ty Ind3no ay3 Jo Buplsy| ¥ -p| a4nbig

ANdLiNO qABISIT -ENUWNTD

A007* LANT ¢ NANL3N -ENMWKDD)

ind4ino
LfidNI X1JTWNSe  1GH1T13de ANNIES A00e

--$3714 WI07--
$313 -ANUWNDD

3A8°°
800°9
ISYI ¥04  SIILILNUND 0001 NI 3D1dd ININOLWOD WI0L =0v]
060°0
3SY] 804 SIATLILNUND TWWWS NI 3DIdd ININOLWOD HI0L =0Et
SanfiH 9° 1€ L 388D d04 491N IN3IWNGIND3 =021

SA¥NOH N
OITTIW d3d S3IWNIIBY 91°00¢ 3SYI 04 3ivd 3ANTI6d WI0L =017

| ¢ 3°ON 334D =001

RRUIFES B ik
93S¢ X001 L103°°

N01143 ~INHWKOD
100 = °ON FTI0AD 4d

SLWJdO3=01¢ 2T LdWHS XX TLND X001 HIWLLH —ANSNWDD




The "What-if" Game

Once a module fajlure rate and MTBF has been determined this becomes
a basis for comparison and subsequently one can then change certain application
conditions incumbent upon the parts or equipment. The purpose behind this

procedure is to observe the effect on the individual and the collective

failure rate and MTBF which results by changing the operating temperature

and/or the‘operating environment and/or the part screening level, etc. After
making these changes a new collective failure rate and MTBF, for the same
parts, can be obtained under the modified conditions. We then have an
alternate case for comparison with the initial case. A tradeoff analysis

is then performed between the original conditions in the initial case and

the modified conditions in the alternate case. The results will yield the
numerical and percentage differencesin the failure rates and the MTBFs between
the two cases. This tradeoff analysis (see Figure 2) will be achieved thru
utilization of the TRADEOF routine.

Now that the module failure rate and MTBF have been obtained for our
1ist of parts we can play the “what-if" game. First one brings the original
sorted parts list file into edit file condition and makes changes. This
file is the sorted parts file named in the “CATALOG" statement shown immedi-
ately after the SORTMRG program in Figure 5. As an example of a typical
ctange, one may want to modify the operating temperature. This modification
is shown in Fiqure 15 with the temperature changed from “+080" to “+070",
Atter making the changes one must first SAVE the modified data file and then
“CATALUG" it onto a permanent file. In this case the assigned name is

MODXXSORTEDXXSAMPTS2. After changes have been made one must then obtain the
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COMMAND- ATTACH »SORTEDXXSAMPTS2 s ID=EQPMT2

LFN IS

- SORTEDX: |
! PF CYCLE NO. = 001 |
" COMMAND- EDITOR :

. .EDIT»SORTEDX »SEQ
< LISTHLAST

A 1330= MODOO01JKO01IC-FSCS5404---6AM+1 .00 +0806D-M  B-2
« «FsCH=80 _

- . «/+080/=7+070/ sRALL

124 CHANGES
« «SAYEsMPTS1 N

i « +CATRLOG sMPTS1 sMODXXSORTEDXKSAMPTS2 » ID=EQPMT2

INITIRL CATALOG
RP = 090 DAYS
CT 1D=  EQPMTZ2 PFN=MODXXSORTEDXXSRMPTS2

CT CY= 001 00001024 WORDS.:
. .BYE

T s T ST e

COMMAND- FILES

e T e i i ¢

9 --LOCAL FILES-- ' R
: ¥ #BINNY ORELIRBL oSUMICTX oMPTSI1 *SORTEDX
2 s COMMRAND- RETURNIMPTS! »SORTEDXK
i-
- Figure 15. Procedure used to change conditions incumbent upon the parts.
o In this case the operating temperature was changed from
+0800 C t¢ +070°C.
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total failure rate and MTBF for the new case (in this situation, case 2)
before one can make a comparison between the two cases. Thus one first
repeats the execution of the RELIABL and the SUMICTX routines {(with the
modified data) and then utilizes the TRADEOF routine. Of course the local

files must again be cleaned up, as shown at the bottom of Figure 15.

RELIABL Repeated

The RELIABL format and responses are shown in Figure 16, It must be
noted that the name entered in response to the prompt "ENTER SORTED PARTS
FILE NAME:" must be the same as that given in the "CATALGG" statement immedi-
ately following the modification procedures. This statement is shown in
Figure 15 and, in this case, the name is MODXXSORTEDXXSAMPTS2. The cycle
number asked for is the one shown after the notation “CY" in the "INITIAL
CATALOG" compilation shown in Figure 15. The response to the request for
the abstracted data base must be the same as that used in the initial RELIABL
program response. (See Figure 7) After the prompts have been giver and
the responses entered, the cataloging of the new DIAGNOSTIC and FOUNDO files
will be shown. Because the names of the two files emanating from RELIABL
will always be the same and be assigned by ORACLE and as long as the file
ID assigned by the user is consistent for a given set of parts, ORACLE will
automatically increment the cycle number assigned to each file by one (up
.. 005) over the last execution of RELIABL on the same set of parts. As
hag been noted before, the "REQUEST (TAPE3*PF)" and the "REQUEST (TAPE4*PF)"

shown in Figure 16, are not intended prompts, should not really be there,

and are to be 1gnored.

44
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COMMAND— RELIARBL
ENTER EQUIPMENT NRME : $:3EQPMT2

L EGPMTR

ENTER SDRTED PRRTS FILE NAME: MODXXSORTEDXXSAMPTSE

MODXXSORTEDXXSAMPTS2
ENTER CYCLE OF SORTED PRRTS FILE LIKE 001: 001

1
ENTER ABSTRACTED DRTABRSE FILE NAME: RBSDBXXSAMPTS2

ABSDBXXSAMPTSE2

ENTER CYCLE OF RBRSTACTED DRATRBASE LIKE 001: 001
. 1 ‘

TYPE 1 IF QURANTITIES RARE USED

TYPE 2 IF MODULE PRRT NUMBERS RRE USED e

ENTER NUMBER OF TWO-SIDED PC BORRDS LIKE 00013
REQUESTC(TAPE3 »oPF>
REQUEST(TRPE4 »oPF)> 0001

)
ENTER NUMBER OF MULTI-LAYERED PC BORRDS LIKE 0001: 0001

1 o0

CT ID=  EQPMT2 PFN=DIAGNOSTIC
CT C¥Y= 002 00004928 WORDS,:
CT ID=s  EGPMT2 PFN=FOUNDD
CT Cv= 002 00001520 WORDS.:
END RELIRBN
6.386 CP SECONDS EXECUTION TIME
COMMAND- FILES

--LOCAL FILES~--
INPUT OUTPUT  eBINNY SRELIABL oSUMICTX
COMMAND- RETURN» INPUT

COMMAND- DISCARDsOUTPUT

Figure 16. Repeat of the RELIABL routine. .Note that the modified sorted
parts list is used.
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SUMICTX Repeated

After again cleaning-up the local files -- as shown at the bottom of
Figure 16 -- one immediately proceeds to the SUMICTX program (See Figure
17). Three things should be noted here. One is that the cycle asked for
on the "ENTER INPUT FILE CYCLE NUMBER, LIKE 001:" prompt must correspond
to the above FOUNDO cycle number--see bottom of Figure 16. In this case
that number is 002. The second thing to note is that a new output file name
is given in response to the "ENTER QUTPUT FILE NAME" prompt. However, if
the user repeats the name he assigned to the output file in the previous
execution of SUMICTX, he must then respond to the "ENTER QUTPUT FilE CYCLE
LIKE 001:" prompt, with 002 -- that is, an increment of one over his previous
response to this prompt. This file corresponds to the newly changed data
and will contain the statistical analysis resulting from the modified data
file created in Figure 15, The third point is that the "CASE" number should
be increment by one for each new case -- in this situation that will be
2. In order to observe the calculated failures per million hours and the

MTBF, one proceeds as shown in Figure 18.

TRADEQF

Finally one, once again, cleans-up the local files and proceeds with
the TRADEOF program, The TRADEOF program format is self-explanatory. The
only things one must be aware of are the names of the two files which contain
the resulting statistical analysis for each case -- i.,e, the “»eference case"
and the “comparison case", The TRADEOF routine is shown in Figure 19, while
Figure 20 shows the comparison analysis,

It should be noted that if one attaches TRADEOFF -- i.e. using two F's
in the spelling == one will obtain a cost tradeoff analysis also.




COMMAND- SUMICTX

INPUT FILE INFORMAYION
ENTER INPUT FILE NRME: FOUNDO

FOUNDO
ENTER INPUT FILE CYCLE NUMBER LIKE 001:

e
ENTER EQUIPMENT NAME:
$33EQPMT2

S$LISEQPMTZ

OUTPUT FILE INFORMRTION
ENTER OUTPUT FILE NRRES OUT2XXMODXXSAMPTSE

QUT2XXMODXXSAMPTS2
ENTER OUTPUT FILE CYCLE LIKE 001: 001

1
ENTER CRSE NUMBER LIKE 0013 voa

CASE= 2
REQUEST(TRPE3 »oPF>
CT ID= EQPMT2 PFN=QUT2XXMODXXSAMPTS2
€T Cy= 004 00000128 WORDS.t
END SUM1S?
+613 CP SECONDS EXECUTION TIME

Figure 17. Repeat of the SUMICTX routine. Note that the cyele of
FOUNDO file must be the most recent one. cycle of the
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COMMAND- ATTACH s TRADEDF » I D=GRERTNER
) . PFN IS
. TRADEDF 3
\ PF CYCLE NO. = 002
CUMMAND- TRRDEDF

ENTER EQUIPMENT NAME : s111EQPMT2
o . t33EQPMTR
s ENTER REFERENCE CRSE FILE NAME: QUTLXXSAMPTS2
ENTER CYCLE OF REFERENCE CASE LIKE 001: 001

1 .

v ’ . OUT 1 XXSAMPTS2
i ENTER COMPARISON CRSE FILE NAME: OUT2XXMODXXSAMP~S2

OUT2XXMODXXSRMPTS2
ENTER CYCLE OF COMPRRISOM CASE LIKE 0013 001

i ' 1

Figure 19. The interactive TRADEOF routine.
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SUMMARY

The basic flow of ORACLE is shown in Figures 1 and 2, These two block
diagrams provide one with a complete overview of the routines used in ORACLE
and the order in which they are executed. ORACLE is basically an automated
MIL-HDBK-217B, as it readily yields the failure rates for integrated circuits,

transistors, a variety of diodes, capacitors, resistors, and inductors.

Resistors, certain capacitors, and certain inductors, however, will not be

found in the data base as their part number contains enough information to
produce its individual failure rate without residing in the data base. In
order to determine the failure rates of integrated circuits, transistors,
diodes, some capacitors, and some inductors, their part number, etc. must

be located in the data base. The BINNY routine will determine if an entered
integrated circuit, transistor, diode, capacitor or inductor is decodable.
This information can be obtained in the DIAGNOSTICBINNY file. For those
parts which are not either "matched" in the data base cr "decodable", BINNY
will list them on a file labeled TAPE4. This file can be observed after
BINNY has been executed, BINNY also generates the abstracted data base which
is used by RELIABL to aid in the determination of the failure rate of each
part which has been matched or determined to be decodable.

Probably the most interesting information generated by ORACLE is contained
in the two files which eminate from the RELIABL routine. The file labeled
DIAGNOSTIC contains a complete list of each and every parameter used in
determining the failure rate, as well as the final failure rate itself, for
each part that Qas found in the data base or found to be decodable. (Examples

are shown in Figure 9.) FOUNDQ contains a sorted (by part number) list of
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every part that was inserted into RELIABL. The format for each part is the
same as its input format. In addition this file contains the calculated
failure rate and quantity prices for each part. It is in this file that
one can quickly and easily scan the list of parts and find each individual
failure rate (See Figure 8), The sum of these failure rates will yield the
total shown after the execution of the SUMICTX routine (See Figure 14),
While SUMICTX simply adds all of the individual part failure rates
and then calculates an overall MTBF, TRADEOF is used to obtain a difference
in failure rates and MTBFs between two cases. Each case consists of the
same identical set of parts; however, the conditions incumbent upon these
parts will be altered for each subsequent case, For example, the operating
environment, operating temperature, duty cycle, stress, part screening level,
etc. can be changed to observe the effect on the individual and resultant
total failure rates. The tradeoff analysis is probably the nicest feature
of ORACLE because one can readily play the “what-if" game in noting those
application and environmental conditions which will yield different failure

rates,

92
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APPENDIX I
INPUT FORMATS

The following pages of this appendix contain a copy of each of the five

input formats and notes which are necessary to aid the user in entering

information into the format,
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The valid Application Codes for discrete semiconductors are as follows:

Code
LIN
LGS
HFQ
SMS
PRS
PRH
VRG
VRF

Application Description

Linear

Logic Switch (ING)

High Frequency (RF 400 MHz)

Small Signal ( 500 ma)

Power Rectifier ( 500 ma)

Power Rectifier (M.V. Stacks) Vmax 600
Voltage Regulator

Voltage Reference (Temp. Compensated)
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APPENDIX II

¢ A failure rate will be calculated for the following component types.
Code Component
IC- Integrated Circuit
XR- Transistor
. D= Diode, General Purpose
1D- Diode, Zener
RD- Diode, Voltage Reference
. VD- Diode, Varactor
s ; . DCR Thyristor
. . RES Resistor
. N CAP Capacitor
- z i IND Inductor
4 3 PCB Printed Circuit Board
d 3 { The following components are acceptable by ORACLE but at this time the
a 4 | determination of the failure rate has not been provided for,
|

é , Code Component

7%
.'E
.2

1
1 3 . ROT Rotating Devices !
. s RY- Relay i
; . SW- Switch I
5 - ' ' CON Connectors i
3 TUB Tube {
R LSR Laser
& : XTL Quartz Crystal
j - FUS Fuse
i NL- Neon Lamp
. ‘ INC Incondescent Lamp
o ; MTR Meter
3 T , W= Wire Wrap Connection
= | ‘ HSC Hand Soldered Connection
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" Code

AMI
APX
AMC
AVA

CEl
sl
CLA
CTR
CRI
CSR

DEL

ESI
ETC

FSC

GES
GIC
GSE
Gs!
GPD

HSC
HPA
HIN

INT
10!
10C
INL
I

KER

MNS
NOT
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APPENDIX III

| The following list is a 1ist of manufacturer codes l1isted in alphabetical

Manufacturer

American Micro-Systems, Inc.
Amperx Electronic Corp.
Ampower Semiconductor Corp.
Avantek, Inc.

Calvert Electronics International, Inc.
Carter Semiconductor, Inc,

Clirex Electronics

Communications Transistor Corp.

Crimson Semiconductor, Inc.

CSR Industries, Inc,

Delco Electronic Div.

Electro-State Industries, Inc,
Electronic Transistors, Corp.

Fairchild Semiconductor Corp.

General Electric Co,

General [nstrument Corp.

General Semiconductor Industries. Inc.
General Sensors, Inc,

Germanium Power Devices Corp,

Helios Semiconductor
Hewlett Packard
Horizon Semiconductor Corp.

Intel

International Devices, Inc.
International Diode Corp.
Intersil, Inc.

ITT Semiconductors

Kertron, Inc,
KNC Semiconductor

Microwave Semiconductor Corp.
Notorola
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Code

NAT
NTR
NJS
NPC

PPC
PTI
PRE

RTN
RCA

SCA
SDE
STI
SEI
SES
SEN
S16
STC
SIX
SPC
SST
SSl
SSE
SLD
$5S
SO0
SPR
STL
SWT

TCY
TSC
Tl-
TEC
TRW

uts
UNI
uPl

Manufacturer

National Semiconductor Corp.

National Transistor Corp.

New Jersey Semiconductor Products Co.
Nucleonic Products Co., Inc.

Power Physics Corp.
Power Tech, Inc.
Precision Semiconductors, Inc.

Raytheon
RCA Corp.

Semicoa

Semiconductor Devices
Semiconductor Technology, Inc.
Semiconductors, Inc.
Semitronics Corp.
Sensitron Semiconductors
Signetics

Silicon Transistor Corp.
Siliconix, Inc.

Solid Power Corp.

Soiid State, Inc.

Solid State Devices, Inc.

-Solid State Electronics Co.

Solid State Industries, Inc.
Solid State Scientific, Inc.
Solitron Devices, Inc.
Sprague Electric Co.

Stow Laboratories, Inc.
Swampscott Electronics Co.

Teiedyne Crystalonics, Inc,
Teledyne Semiconductor
Texas Instrument, Inc.
Transitron Electronic Corp.

TRW Semiconductors, Inc.

Uni-Tran Semiconductor Corp,
Unitrode Corp.
UPI Semiconductor

Walbern Devices, Inc.
Westinghouse Electric Corp.
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APPENDIX IV

The following is a list of Environmental Classification Codes:

. Code Application Environment

Airborne, Inhabited

- O nFar ) S gy
o B T €AY O g

Airborne, Uninhabited
Ground, Benign

Ground, Fixed

Ground, Mobile

Naval, Sheltered

Naval, Unsheltered

Missile or Satellite Launch

Space Flight




APPENDIX V
" HOWTO. ENTER A PART INTO. THE DATABASE

This Appendix contains guidelines for entering data into the abstracted
and the regular data base. Although the format is the same for both, for
some column segments, that which is entered in one is slightly different
from that which is entered in the other. The information given herc 1is
directed toward the entry of data into the abstracted data base.

Part Number: The part number is ocntered left justified in the field

provided, all other data is right justified in the field.

The units to be used are given below:

8uant1tz S Unit S
oltage Volts ‘

Current : Amperes
Power ‘ Watts
Temperature 4 Degreas Centigrade S

Use scientific notation for fields between columns 52 and 77,




The fo]lowing format is used to read a line of data from the database:

Column Format Column Format
1 X 49-51 F3.1
24 A3 5260 £9.3 .
5-7 A3 61-69 E9.3
8-14 A7 70-77 F8.3
= 15-17 A3 78-101 3A8
18-21 A4 102-103 12
22-25 A4 104-1056 12
26 A 106-108 A3
27 | A 109-111 13
28-31 A4 112-114 13
32-36 I5 15 1
37-40 F4,2 116-121 F6.2
41-44 F4.2 122-127 F6.2

45-48 F4.2 128 I




Integrated Circuits

Column

1

2-4

5-7

Use

Blank

Device type: IC-

Manufacturer Code (See Appendix III)

Part number and package
Left justify part number (columns 8-14)

Right justify package type (columns 15, 16, 17)
Dash “=“ f111 between part number and package

Function code, all ICs are 0000 series function
codes (this is a program definition, not a
manufacturer definition)

Type of technology (BIPOL, RAM--)
Level of integration (L, M, S)

Logic type, left justify, dash fill
(LIN=-, TTL~-, DTL=-, MEMR, MOS)

Date part is entered (YMMDD)

Y = last digit of year
two digit month, 01 = January
day of month, 01 = first

Package length, right justify - in cm.
(decimal pt. col. 38)

Package width, right justify - in cm.
(decimal pt. col. 42)

Package height, right justify - in cm.
(decimal pt. col. 46)

Package weight, right justify - in grams
(decimal pt. col. 50)

Supply voltage (if more than one line use a
continuation line)

5. volts entered as 0.500E+01

-25. volts enterex as -.250E+02

Nominal current (if more than one line use a
continuation line)

5. amps entered as 0.500E+01
2.5 amps entered as 0,250E+0]

V-3




Column Use

70-77 Maximum current (if more than one line use a
continuation line)
5. amps entered as .500E+01
2.5 amps entered as .250E+01

78-101 Blank
102-105 Complexity, number of gates, assume 4 transistors
per gate, right justify., For examp]e, 400 transistors

-+ 100 + Sddss £a
means tnat 100 is entered a5 & complexity factor

106-108 Leave blank

109-111 Number of leads, right justify

112-114 Number of wires, right justify

115 Number of metalization layers

116-121 Cost in single quantity XXX.XX, right justify
122-127 Cost in 1000 quantity XXX.XX, right justify
128 Continuation digit

0 if next line does not apply to this part also
1 if next line does apply to this part also

The first 21 columns must be repeated on subsec: .at
continuation lines
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; Discrete Semiconductors

Column
1
2-4

_ 5-7
- 8-17
18

19-25
26-27

28-31

32-36

Use
Blank

Device type: .
XR- Transistor
Do~ Diode, general purpose
RD=- Reference diode
2D~ Zener diode

VD- Varactor diode
THY Thyristor

Manufacturer code (See Appendix III)
Part number, left justify

Derating knee temperature code:

A Ambient
(N Case
Blank

Material (SI, GE):
SI Siticon
GE Germanium

Dengﬁe reference field, left justify entry
PNP
COM Complementary pair
WT Unijunction
SCR Silicon controlled rectifier
NFT N channel field effect transistor
PFT P channel field effect transistor
DGP Diode, general purpose
DMM Diode, microwave mixer
DVM Diode, microwave varactor
DTU Diode, tunnel
VsD Diode, varactor and step recovery
OuD Diode, UHF detector
DUM Diode, UHF mixer

Date part is entered (YMMDD)
Y = last digit of year

MM = two digit montn

DD = day of month

¥
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Use
Package length, right justify - in cm. (decimal pt, col. 38)
Package width, right justify - in cm. (decimai pt. col, 42)

Paclage height, right justify - in cm. (decimal pt. col, 46)
Package weight, right justify - ir grams (decimal pt. co0l1.50)

Enter the appropriate quantity according to the following
table: (use scientific notation)

Cols, 2-4 incl.
of part Description of quantity

XR- Maximum rated voltage
D-- Maximum rated voltage
D~ Rated Zener voltage
RD- Rated Zener voltage
VD- Maximum rated voltage
THY Maximum rated voltage

Enter the appropriate quantify according to the following
table: (use scientific notation)

Cols. 2-4 incl.
of part Description of quantity

XR= or D=-- or THY Maximum rated current
ZD- or RD= or VD Zero

Enter the appropriate quantity according to the following
table: (use scientific notation)

CO'ISQ 2'4 inC] [}
of part Description of quantity

XR=- or ZD- or RD- or

Vi= Maximum rated power

D-- Zero, unless it is a microwave
mixer or microwave detector, then
enter the maxinum spike leakage
in ergs.
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i Columns Use
} 107-108 Complexity code such as follows:
1 SD Single device
: OM Dual matched
: DU Dual unmatched
¢ 0T Darlington
| DE Dual emitter
P ME Multiple emitter
P cT Dual compliementary
; DG Tetrode
% 109-111 Maximum rated temperature
% n2-14 Knee of derating cure temperature
ns Number of devices in package. Example: Dual
transistor means a 2 is entered. .
116-121 Cost in single quantity XXX.XX
122-127 Cost in 1000 quantitites XXX.XX
128 ‘ Continuation character, if needed

0 = no continuation
1 = next line is a continuation

On a continuation, the first 17 columns must be repeated

V.7
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- Capacitors
The database for capacitors is not a full database. The majority of

number in this field. Example: if a part number is
M39022/07-1022, you enter M39022/07- in this field.

capacitor part numbers can be decoded by the software; however, part numbers
starting with "M" must be entered in the database in the following manner:
Column Description %
1 Blank ¢
2-4 Device code: CAP ?
5-7 Manufacturer code (See Appendix III for codes) %
8-17 Part number; enter the first ten characters of the part 3
i

15-36 Blank
37-40 Component length, right justified - in cm.(decimal pt.col.38)
41-44 Component width, right justified - in cm.(decimal pt. col.42) %
45-48 Component height, right justified - in cm.(decimal pt. col1.46) |
49-5] Component weight, right justified - in grams(decimal pt. col. 5¢.
52-60 Rated voltage - use scientific notation
e.g. 5.0 volts is entered as 0,500E+0!
61-77 Blank
78-81 Quality level “L" last four digits of part number
or =001 if none
82-85 Quality level "M" last four digits of part number
or =001 if none
86-89 Quality level “P" last four digits of part number :
or <001 if none
90-93 Quality level "R" last four digits of part number

or =001 if none

94-97 . Quality level “S" last four digits of part number
or =001 if none

98-101 Quality level "T" last four digits of part number
or =001 if none




Column

102-105

106-109
109-111
112-114

115
116-121
122-127
128

Description

Non-established quality level last four digits of
part number or -001 if none

Knee of derating curve temperature
Maximum rated temperature

Quantity, the number of continuous part numbers beginning
with the last four digits of a part number in all of the
quality level fields and endina with that number plus this
quantity minus one. The voltage entered on this line must
be fcr all the parts represenied on the line. If a change
in rated voltage occurs within a continuous group of part
numbers, you must use a new line,

Blank

Cost of single quantity  XXX.XX

Cost of 1000 quantity XXX.XX

Continuation characters, ! means the next line is a
continuation of information fer the ten-digit part
number entered in columns 8~: 0 means the next
line is not a continuation of information for the

ten-di?it part number entered in columns 8-17 of
this line.

On a continuation, the first 17 columns must be repeated.
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;i ' nquctors

- Lolumn Description

e ] Blank

?, 2-4 Device code: IND

_§~ 5-7 Manufacturer code (See Appendix III)

% 8-21 Part number, left justified

22-27 Blank

Z% 28-3] Temperature rise, which can be calculated from the

- following formulas

TRISE = (PLOSS X 125.)/AREA

%5 where

%‘ TRISE = the temperature rise in degrees C

3 PLOSS = the power loss in watts at 100% load

3 AREA = the radiating area of the device in

3 square inches.

32-36 Blank

§~ 37-40 Component length, right justified-in cm.(decimal pt. col. 38)
41-44 Component width, right justified-in cm.(decimal pt. col. 42)
f; 45-48 Component height, right justified-in cm.(decimal pt. col. 46)
{7 f 49-51 Component weight, right justified-in grams(decimal pt. col.50)
- 52-127 8lank

:i 128 Continuation character, 1 means the next line is a

2N non-unique part number within the first ten digits;

3 0 means the next part number of unique - 1,e, no

b continuation.

éf On a continuation, the first 21 columns must be repeated,

& HISA-FN-3097-75

‘;5 V-10
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