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SECTION 1
INTRODUCTION

1.1 PURPOSE

—~———> A system of IBM 370 programs has been developed for the scheduled maintenance study

| O——

by Convair Aerospace Division of General Dynamics for the San Antonio Air Materiel
Area, Kelly AFB, Texas. This handbook provides information needed by user personnel
for basic understanding and for executing each of the computer programs. A fleet of
150 F-106 aircraft was used to validate the design of the programs on the IBM 370
(Model 165) at Convair Aerospace, San Diego. The design of the programs is general-
ized to cover all USAF aircraft. /)\

1.2 SCOPE
For each of the computer programs, the following information is given.

a. Purpose of the program.
b. Input Description.

c. Sample Input.

d. Procedures.

e. Output Description.

o

Sample Output.
g. Output Size and IBM 370 Time.
h

Notes on Limitations.

Programs have been written in American National Standard COBOL and Basic FORTRAN
IV languages. Section 6 contains the computer source deck listings of all the IBM 370
computer programs together with the job control cards and sample data cards. To
achieve compatibility with SAAMA equipment, only the subset of ANS COBOL compatible
with Version D COBOL was used. Procedures to convert the IBM 370 programs into

the SAAMA IBM 360 are contained in Paragraph 1.4.

To estimate computer time requirement on the IBM 360 from the IBM 370 data, it
would be realistic to assume a factor of three to one. Nine-track, 1600-bits-per-inch
tapes were used on the IBM 370. The program and data bank tapes, part of the con-
tract end items to be delivered to SAAMA, are seven-track with 800 bits per inch.




In addition to the functions performed by the programs described in this manual, a
sort and merge capability is also required. Since sort/merge programs are typically
software features supplied with operating systems, the relevant discussions in this
handbook are limited to descriptions of the sort/merge control fields.

For a detailed discussion of the engineering model for the scheduled maintenance study,
see the Phase I report, Convair Aerospace report GDCA-AHD72-001, and the Phase II
report, GDCA-AHD72-003.

1.3 MANUAL ORGANIZATION
Four major categories of computer programs are covered in this manual:

a. Data Reduction Programs (Section 2).
b. Data Bank Generation (Section 3).
c. Statistical Analysis Programs (Section 4).

d. Effectiveness and Cost Programs (Section 5).

Listings of all the IBM 370 computer programs with job control and sample data cards
are contained in Section 6. Appropriate figures and tables are included in the various
sections to improve the understanding of the logic and structure of the computer
programs,

1.4 CONVERSION TO IBM 360

As part of the contract end items, computer programs and the data bank are stored in
magnetic tapes. FORTRAN and COBOL programs are stored in separate reels.

Data Bank was written on two reels on SAAMA Reel Numbers 1045 (Reel 1) and 9490
(Reel 2), Tape was written on seven-track, 800 bpi with 50 characters per record,
blocked 60 to a tape record. FORTRAN and COBOL source programs were written on
SAAMA Reel No. 8761 and 10,479, respectively. Tape structure for the program
tapes consists of 80 characters per record, blocked 20 to a tape record. There are
about 4000 cards for the FORTRAN programs and about 14, 000 cards for the COBOL
programs.

For the convenience of the users, some modifications were made on the IBM 370
COBOL programs before they were copied onto the previously mentioned tapes:

a. Removal of the 'sync' in the Data Division.
b. Replace GOBACK with STOP RUN.

Q

Carriage control character changed to 0, 1, or blank,

&

Program ID Statement change.
1-2
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For conversion to IBM 360 at SAAMA, the user must:

a. Produce IBM 360 job control cards.
b. Modify file-control in the Input-Output section.
c. Generate input data cards.

The programs require less than 100, 000 bytes of core storage.

1-3
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SECTION 2
DATA REDUCTION PROGRAMS

2.1 GENERAL DESCRIPTION

The purpose of the data reduction programs is to reduce four data source inputs into
four sorted files, which are used as input to the data bank generation programs. (See
Section 3.) The four data sources consist of:

ATFM 66-1 maintenance data.
AFM 65-110 utilization, NOR, and possessed hour data.
Data files for IRAN histories.

Accident, incident, and emergency unsatisfactory material report histories (AIE).
These data files are referred to as 66-1, 65-110, IRAN, and AIE files, respectively.

The analysis of maintenance policies requires that data from the four sources be proc-
essed and combined into a single data bank, which serves as input to the various ana-
lytical programs. The development of the data bank requires screening, reorganization,
and summarization of the data from each of the four sources. The data bank is organized
into a sorted file of aircraft serial number histories. For each serial number, all
activity records for each of the data sources are summarized to statistics representing
seven consecutive days. These seven-day periods are referred to as "weeks, ' although
they do not correspond to any particular calendar week. To obtain the desired data
organization in the data bank, the input from each of the four data sources must be
sorted into ascending serial number sequence and into chronological order within each
serial number. Table 2-1 contains first and last day numbers, with the corresponding
calendar dates, for each of the week numbers used for this study. January 1, 1965

is the first day number for the week number one.

In addition to the required data, the 66-1 and 65-110 files contain data that is not rele-
vant to this study. Comnsequently, these data files must be screened to eliminate the
extraneous records. Furthermore, for various reasons, certain aircraft serial num-
bers are excluded from the data base. The screening programs for the 66-1, 65-110,
and AIE files eliminate these serial numbers. Finally, the 66-1 file may contain dup-
licate records, and after the 66-1 data has been screened, sorted, and merged into a
single ordered file, adjacent records must be compared to eliminate the duplicates.
The source data tapes for 66-1 and 65-110 are shown in Tables 2-2 and 2-3, respec-
tively.
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Table 2-1., Conversion Table for Week Number, Continued
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Table 2-2. AFM 66-1 Source The IRAN file is created by an IRAN data
Data Tapes preprocessor that combines aircraft accept- j
ance date data and IRAN event data, and that
Tapes With AFLC Numbers also calculates IRAN interval data by
relating information from pairs of con-

71 8417 14196 secutive IRAN event records. Prior to {
520 8977 14374 executing the IRAN preprocessing program, |
706 9164 15985 the acceptance date data and the IRAN event |
781 9244 16750 data must be screened to eliminate the
867 9610 16916 excluded aircraft serial numbers. These
962 10681 18685 two data sources are then sorted by serial

1210 11767 19257 number and (for the IRAN event data) by
1641 11961 19643 calendar date. 1
1841 12370 20449 !
5345 13255 20720 The AIE data file is also created by com- 1
6265 13423 20782 bining data from two sources. Accident and ;
7036 13836 20790 incident data is supplied on magnetic tape,
7728 14124 70333 while the EUMR data is obtained from a
8077 14175 separate source on cards. Both data sources !
Tapes With KAFB Numbers mus:t be screened to eliminate the excluded
serial numbers and the card records must 1

7499 18988 be reformatted to match the format of the |
tape data. The two files are then sorted and
merged to produce the AIE file used as input
to the data bank.

Table 2-3. AFM 65-110 Source

s Ll Details of data reduction/file generation

R ) processes for the 66-1, 65-110, AIE, and
90149 93094 93568 IzRg‘NZf‘;es;ze Z‘r’l’(‘]“;in:d i Parigvra;phs 4
90154 93191 93614 ely Loy Lok, .5, respectively. |
o e e 2.2 AFM 66-1 FILE GENERATION !
90275 93418 93784 i
gl i 93502 93844 Since the AFM 66-1 file contains maintenance
oy i iy data that is not relevant to the present
93054 93536 93910

maintenance study, these extraneous data
records must be screened out. Following
the screening of each individual tape, the data is sorted into an ordered sequence, then
merged with other AFM 66-1 screened and sorted tapes. Experience has shown that
many records within the composite file are duplicates; these are eliminated, Finally,
only data for a specified set of aircraft serial numbers is required for the data bank.
These records are copied to form the final 66-1 file, The logic flow for these programs
is shown in Figure 2-1.
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Figure 2-1. Logic Flow of AFM 66-1 File Generation

2.2.1 AFM 66-1 SCREEN

2.2.1.1 Purpose. This program, written in COBOL, screens the AFM 66-1 data
tapes to eliminate unnecessary and unacceptable records and writes acceptable records
on magnetic tape for further processing.

2.2.1.2 Input Data and Procedures. The program, a sample of card data input, and
the associated job control language (JCL) for use on the IBM 370 are listed in Paragraph
6.1.1.

Input to the program consists of the raw AFM 66-1 tape and a deck of cards containing
the screening criteria. Record layouts for the input on AFM 66-1 tapes are shown in
Figure 2-2. The tape consists of 90-character data records, blocked 30 to a tape
record. The screening criteria card data consists of a deck containing (in order) the
data listed on the following page.
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Card Column Description

a 1-4 Acceptable Aircraft Mission and Design

b 1 Acceptable Identification

c 1-2 Number of Rejected Aircraft

d 1-8 Rejected Aircraft Serial Numbers
(Number of Cards Set by Card c)

e 1-8 Lowest Acceptable Serial Number

f 1-8 Highest Acceptable Serial Number

g 1-2 Number of Rejected How-
Malfunction Codes

h 1-3 Rejected How-Malfunction Codes
(Number of Cards Set by Card g)

i 1-2 Number of Rejected Action-Taken Codes

j 1 Rejected Action-Taken Codes

(Number of Cards Set by Card i)

The program first opens the input and output files, reads and stores the screening

data, then reads the first AFM 66-1 data record and checks for an acceptable Mission
and Design designation, a numeric How-Malfunction code, a valid numeric date, and a
non-blank serial number. Then the record is checked for unacceptable How-Malfunction
code and Action-Taken code, and the serial number is checked for a full complement of
eight digits. In seven-digit numbers, an additional zero is inserted after the second
digit.

After confirming the presence of eight digits, the serial number is checked against the
highest and lowest acceptable serial number and the list of unacceptable serial numbers
for appropriate action. Finally the day number is computed, using 1 January 1965 as
Day 1, and inserted into Columns 86 through 89 of the record. The verified record is
then written on an output file and the process repeated with the next input record.

When the last input record is screened, the remainder of the tape record is filled by
nines and the input and output files are closed.

Figure 2-3 shows the screening criteria used in the F-106 Scheduled Maintenance
Study. The program is suitable for use with all AFM 66-1 data files for any USAF air-
craft (with the following limitations).

a. Rejected Aircraft Serial Numbers 25 Maximum
b. Rejected How-Malfunction Codes 8 Maximum
c. Rejected Action-Taken Codes 8 Maximum
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2.2.1.3 Output Description. The sample output, Figure 2-4, shows the same format
as the AFM 66-1 data tapes, with the addition of the day number in Columns 86 through ]
89. ]

Experience with F-106 AFM 66-1 data tapes on the IBM 370 using 9-track, 1600 bpi

tape drives indicates a yield of some 30, 000 acceptable records from a total of about

twice that number from each input tape. The screening process typically requires

five to ten minutes of elapsed computer time. Without exception, a single reel of

input was screened onto a single reel of output tape. ]

2,2.2 AFM 66-1 SORT

2.2.2.1 Purpose. This IBM utility program sorts the screened AFM 66-1 data tape
into an ordered file.

2.2.2,2 Input Data and Procedures. The JCL control cards for the IBM utility program
and a sample of card data input for use on the IBM 370 are shown in Paragraph 6.1.2.
The input consists of card data defining the sort fields, sort characteristics, and the
screened AFM 66-1 data tape. The sort fields are all defined as character fields in
ascending order and are shown in the following list in order of hierarchy.

Field Column Description
1 15-22 Serial Number
2 86-89 Day Number |
3 46~50 Work Unit Code
4 53-55 How-Malfunction Code 1
5 51-52 Action-Taken and When-Discovered Code J
6 56-84 * i
7 23-45 G

*Fields 6 and 7 are necessary to ensure that any duplicated records
will be placed in adjacent order in the output file.

2.2.2.3 Output Description. The sample output, Figure 2-5, shows the same format
as the screened output: 90-character data record, blocked 30 to a tape record.

Experience with the sorting of screened F-106 AFM 66-1 tapes on the IBM 370 using
9-track, 1600 bpi tape drives, typically required three to five minutes of elapsed
computer time.
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2.2.3 AFM 66-1 MERGE

2.2.3.1 Purpose. This IBM utility program merges the screened and sorted AFM
66-1 data tapes into a single file of data.

2.2.3.2 Input Data and Procedures. The JCL control cards for the IBM utility
program and a sample of card data input for use on the IBM 370 are listed in Paragraph
6.1.3. The input card data is identical to that used in the AFM 66-1 Sort.

2.2.3.3 Output Description. Merging of 48 F-106 AFM 66-1 screened and sorted tapes
on the IBM 370 using 9-track, 1600 bpi tape drives required a total of eight merges,
each routine merging seven tapes. In the first step, seven screened and sorted tapes
were merged (generally to one, occasionally to two tape reels). This was repeated for
each group of seven tapes. These steps required 5 to 10 minutes of clock time. The
final step, merging these intermediate tapes, required 20 to 30 minutes of elapsed
computer time, and the file consisted of five data tapes. The total file contained
approximately 1, 600, 000 records. The output tape has 90 characters to a data record,
blocked 30 to a tape record and has identical format to that of the AFM 66-1 sort output
data tape.

2.2.4 AFM 66-1 ELIMINATE DUPLICATE RECORDS

2.2.4.1 Purpose. This COBOL program eliminates duplicate records from the
screened, sorted, and merged AFM 66-1 file.

2.2.4.2 Input Data and Procedures. The JCL control cards for use on an IBM 370
and the program are listed in Paragraph 6.1.4.

The input consists of the screened, sorted, and merged AFM 66-1 data tapes. The
program opens the input and output files and reads and stores the first data record.
The next record is then read and compared to the previous record. If all 90 characters
are identical, the second record is moved over the first, the next record read, and the
process repeated. If they are dissimilar, the first record is passed to the output file
and the second record is stored for the next comparison. Upon detection of a series of
nines on the input, the remainder of the output block is filled with nines and both input
and output files closed.

2.2.4.3 Output Description. Screening, sorting, and merging of some 1, 600, 000 F-106
AFM 66-1 records yielded over 100, 000 duplicate records. The number of duplicated
records is displayed on the computer console. The program required 30 to 60 minutes
of elasped computer time, and required four output data tapes. The record layout and
the blocking factor are unchanged from the AFM 66-1 sort.
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2.2.5 AFM 66-1 COPY ACCEPTABLE AIRCRAFT

2.2.5.1 Purpose. During the initial screening of the AFM 66-1 data tapes, records
for a specified set of aircraft serial numbers were deleted. During formulation of the
data bank, only data for a specific fleet of aircraft is necessary. This COBOL program
writes these acceptable aircraft records on a magnetic tape to form the new AFM 66-1
file.

2.2,5.2 Input Data and Procedures. The JCL control cards, the program, and a sample
of the card data input are listed in Paragraph 6.1.5. The input consists of card data
defining the acceptable aircraft serial numbers. The first card defines the number of
acceptable serial numbers, and subsequent cards define the serial numbers in ascending
sequence.

Card Column Description
a 1-3 Number of Acceptable Aircraft
b 1-8 Acceptable Serial Numbers

(ascending sequence)

The complete list of acceptable aircraft is shown in Table 2-4 and a sample input to
this program in Figure 2-6. The program input and output files are opened, and the
list of acceptable aircraft serial numbers is stored in the computer memory. The AFM
66-1 data file is read and records with an acceptable serial number are written on the
output file. On detection of the last input record, the remainder of the output block is

Table 2-4. Tail Numbers of Acceptable Aircraft
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Table 2-4, Tail Numbers of Acceptable Aircraft, Continued
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Table 2-4, Tail Numbers of Acceptable Aircraft, Continued
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Figure 2-6. Sample Input — Acceptable Aircraft Program

filled with nines and the input and output files are closed. A count of the number of
records read and records copied is displayed on the computer console.

The program is suitable for use with all screened and sorted AFM 66-1 data files for
any USAF aircraft and will handle a maximum of 250 serial numbers.

2.2.5.3 Output Description. The record layout and the blocking factor are unchanged
from the AFM 66-1 Sort. Experience with the AFM 66-1 file for the F-106 on the IBM
370 for a file of approximately 1, 500, 000 records produced some 1, 010, 000 records
that were copied for the AFM 66-1 data bank. The program required 20 to 40 minutes
of elapsed computer time and required three output data tapes.

2.3 AFM 65-110 FILE GENERATION

The AFM 65-110 file contains data that is not relevant to the present maintenance
study and it is necessary to screen* out these extraneous data records. Following

*Because the original 65-110 tape data is classified, certain fields were blanked out of
every record to declassify the data. The program required to copy and eliminate these
data fields is not described in this manual, nor was it delivered as a contract end item.
It is assumed that the user will have authorization to process the 65-110 data without
declassification.,
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the screening process, the file is sorted into an ordered sequence, then merged with
other similar AFM 65-110 screened and sorted tapes. Experience has shown that
many of the records are duplicated; these are removed. Finally, only data for a
specified set of aircraft serial numbers is required for the data bank, and these
records are copied to form the final AFM 65-110 file. The logic flow for these
programs is shown in Figure 2-7.

2.3.1 AFM 65-110 SCREEN

2.3.1.1 Purpose. This program, written in COBOL, screens the AFM 65-110 data
tapes to eliminate unnecessary and unacceptable records and writes acceptable records
on magnetic tape for further processing.

2.3.1.2 Input Data and Procedures. The program, a sample of card data input, and
the associated job control language (JCL) for use on the IBM 370 are shown in Para-
graph 6.2,1. Input to the program consists of the raw AFM 65-110 tape and a deck

of cards containing the screening criteria. The record layouts for the AFM 65-110
tape are shown in Figure 2-8. The tape consists of 60-character data records, blocked
50 to a tape record. The screening criteria card deck consists of a deck containing,

in order, the following.

Card Column Description
a 1-4 Acceptable Aircraft Mission and Design
b 1-2 Number of Rejected Aircraft
c 1-8 Rejected Aircraft Serial Numbers
(Number of Cards Set by Card b)
e 1-8 Lowest Acceptable Serial Number
f 1-8 Highest Acceptable Serial Number
g 1 Maintenance Code Corresponding to
Periodic Inspection
2-6 Work Unit Code for Periodic Inspection
11 Maintenance Code Corresponding to
Hourly Postflight Inspection
12-16 Work Unit Code for Hourly Postflight
Inspection

The program opens the input and output files, reads and stores the screening data, then
reads the first AFM 65-110 data record and checks for an acceptable Mission and
Design designation, a valid date, and a non-blank serial number. Then the serial
number is checked against the highest and lowest acceptable serial numbers and the
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. 55-110 s list of unacceptable serial numbers for
AFM 65-110 SCREENING b.(.l",l:NING .
DATACEARE PROGRAM SAIEE appropriate action. If the WUC field is

blank, the Maintenance Code field is tested
for a code corresponding to the Periodic
Inspection or Hourly Postflight Inspection
o ——— and the appropriate WUC entered into the
S0 DB MION output record. Finally, the day number

is computed using 1 January 1965 as day
number 1 and inserted into Columns 49
through 52 of the output record. Upon
screening of the last input record, the ;
remainder of the life record is filled by §
nines and the input and output files closed.
Figure 2-9 shows the screening criteria
used in the F-106 Scheduled Maintenance
— Study.

DUPLICATE
RECORD

D on

G110
MERGE

DEFISTT NN

The program is suitable for use with all
USAF aircraft with the following program
dimension limitation: a maximum of 25

— rejected aircraft serial numbers is
LIST OF COPY T BATA K
ACCEPTABLE| "~ e hl!\Nk allowed. E
AMCRAFT ARCRAFT | PROCGRAM

2.3.1.3 Output Description. The sample
Figure 2-7. Logic Flow of AFM 65-110 output, Figure 2-10, shows the same
File Generation format as the AFM 65-110 data tapes, with
the addition of the day number in Columns
49 through 52,

Experience with the F-106 AFM 65-110 data tapes on the IBM 370 indicates approxi-
mately 8, 000 acceptable records are available from a total of 10, 000 records on each
input tape. The screening process required two minutes of computer time.

2.3.2 AFM 65-110 SORT

2.3.2.1 Purpose. This IBM utility program sorts the screened AFM 65-110 data
tape into an ordered file. |

2.3.2.2 Input Data and Procedures. The JCL control cards for the IBM utility pro-
gram and a sample of card data input for use on the IBM 370 are listed in Paragraph
6.2.2. The input consists of card data defining the sort fields, sort characteristics,
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Figure 2-9. Sample Input — AFM 65-110 Screening Criteria
and the screened AFM 65-110 data tape. The sort fields are all defined as character g
fields in ascending order. The sort fields in order of hierarchy are: ;
Field Column Description
1 39-46 Serial Number
2 49-52 Day Number f
3 59 Record ID
4 34-38 Work Unit Code or Landing and Sorties ]
5 29 Maintenance Code or Mission Syfnbol ;
6 1-27 * ]
7 30-33 * “
*Fields 6 and 7 are necessary to ensure that any duplicated records
will be placed in adjacent order in the output file.
€.3.2.3 Output Description. The output tape file structure consists of 60-character s
data records, blocked 50 to a tape record. Sample output is shown in Figure 2-11. |

Two minutes of IBM 370 time was required to screen a typical F-106 AFM 65-110 tape.
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Figure 2-10. Sample Output — AFM 65-110 Screening Program
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2.3.3 AFM 65-110 MERGE

2.3.3.1 Purpose. This IBM utility program merges the screened and sorted AFM
65-110 data tapes into a single file.

2.3.3.2 Input Data 1~d Procedures. The input data comprises the screened and
sorted AFM 65-110 data tapes and the input card data defining the merge fields. The
JCL control cards for the IBM utility program and a sample of card data input for the
IBM 370 are listed in Paragraph 6.2.3. The input card data is identical to that used
in the AFM 65-110 Sort, as shown in Paragraph 2.3.2.2,

2.3.3.3 Output Description. Merging of 21 F-106 AI'M 65-110 screened and sorted
tapes on the IBM 370 required a total of four merges. In the first step, seven
screened and sorted tapes were merged to one tape reel. This was repeated for the
other 14 tapes. These steps required three to five minutes of elapsed time. The file
contained 480, 000 records and required one reel of tape. The output format is the
same as that used for the AFM 65-110 sort output data tape.

2,3.4 AFM 65-110 ELIMINATE DUPLICATE RECORDS

2.3.4.1 Purpose. This COBOL program eliminates duplicate records from the
screened, sorted, and merged AFM 65-110 file.

2.3.4.2 Input Data and Procedures. The JCL control cards for use on an IBM 370
and the program are shown in Paragraph 6.2.4. The input consists of the screened,
sorted, and merged AFM 65~110 data tapes. Operation is identical to that of the
corresponding program for the AFM 66-~1 file in Paragraph 2.2.4.2.

2.3.4.3 Output Description. Screening, sorting, and merging of approximately

485, 000 F-106 AFM 65-110 records yielded over 36, 000 duplicate records. The num-
ber of duplicate records is displayed on thc IBM 370 and required one output reel. The
record layout and the blocking factor are unchanged from the AFM 65~110 sort.

2.3.5 AFM 65-110 COPY ACCEPTABLE AIRCRAFT

2.3.5.1 Purpose. During the initial screening of the AFM 65-110 data tapes, records
for a specified set of aircraft serial numbers were deleted. During formulation of

the data bank, however, only data for a specific fleet of aircraft is necessary. This
COBOL program writes these acceptable aircraft records on a magnetic tape to

form the new AFM 65-110 file.

2.3.5.2 Input Data and Procedures. The JCL control cards, the program, and a
sample of card data input are listed in Paragraph 6.2.5. The input consists of the
AFM 65-110 merged file (with any duplicate records rcmoved) and a card deck defining
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the acceptable serial numbers. The input card deck and operation of the program are
identical to those for the AFM 66-1 file in Paragraph 2.2.5. 2,

2.3.5.3 Output Description. The output record layout is the same as the AFM 65-110
sort. The F-106 AFM 65-110 file of approximately 480, 000 records yielded some
300, 000 records for the new AFM 65-110 file, requiring five minutes of computer
time and one reel of tape.

2.4 AIE FILE GENERATION

The AIE file comprises data from two sources: handwritten Accident/Incident data
supplied by SAAMA and magnetic tapes containing Accident/Incident/EUMR. data (see
Table 2-5). The two sets of data are converted to the same format, the files merged,
and any duplicate records removed. Only data for a specified sct of aircraft serial
numbers is required for the data bank, and these records are copied to form the new
AIE file. The logic flow for these programs is shown in Figure 2-12,

Table 2-5. AIE Data Sources

1. Source Data Tapes

KAFB 9490
KAFB 10479
KAFB 18609
KAFB 30324
KAFB 38816

2. Other Sources

Listing of F-106 Accident/Incident/EUMR Data - February 1969 through
November 1971

Handwritten F-106 Accident Data for 1970 and 1971 (19 rccords)
Handwritten F-106 Incident Data for 1970 and 1971 (139 records)

2.4,1 ACCIDENT/INCIDENT FORMATTER

2.4.1.1 Purpose. This program, written in COBOL, converts thc Accident/Incident
card data to magnetic tape in a format compatible with thc Accident/Incident/EUMR
data tapes.

2,4.1.2 Input Data and Procedurcs. The program, a samplc of card input, and the
associated job contro! language (JCL) for usc in the IBM 370 are listed in Paragraph
6.3.1.
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AT AL CARD o AlE Input to the program is a deck of cards
OARD [P RmyomMat-l | ecamsx e containing the Al data in the following format.

Column Description
2-3 First two digits of serial number
5-8 Last four digits of serial number

10-11 Day of report date

12-14  Three-character abbreviation for ]
month of report date (e.g. JAN,

AlE
MERGE FEB)
@ 15-16 Two-digit year of report date ]
19 Report Code I = incident
— 1 = accident (category 1) '
ELININATE 2 = accident (category 2)
P it 21-25 Work Unit Code
e 26-80 May be blank, or may be used to
ggé’:w:\am S further describe the report.
ARCRAFT
The data must have been previously screen- 3
Figure 2-12. Logic Flow of AIE ed to eliminate unacceptable serial numbers, ;
File Generation dates prior to 1 January 1965, and bad or ]

blank work unit codes. The program is
suitable for use with Al data from any USAF aircraft, provided the card data is in the
correct format.

2.4.1.3 Output Description. The output record layout is shown in Figure 2-13,and a
sample output is given in Figure 2-14. The tape has 50 characters to a data record,

blocked 60 to a tape record. .
A
E
%
WORK g & =
UNET g SERIAL &l [pay = ]
: = NUMBER ol |numBeR| |2 \
CODE = =
W a g 3
) “ Q
= [~ 4
1 ! 2 2 3 3 1 4 p ﬁ
-
1)z|3fa]slelr|sfo|ofr|2]a]a]s]a]r{sto|o]r|2{a]als|e|z|s]oo]i]2]a]a]s|e |7 |{s{o]olr|2]|s{s]s{6]7]s]v]0 4

Figure 2-13. Al Reformatter Record Layout
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Experience with the data made available for the F-106 showed many records without
a work unit code, and these were discarded. The elapsed computer time to run the
Reformatter program was one to two minutes on the IBM 370; the output required one

reel of magnetic tape.

2.4.2 AIE SCREEN ]

2.4.2.1 Purpose. This program, written in COBOL, screens the AIE data tapes to
eliminate unnecessary and unacceptable records and to write acceptable records on
magnetic tape for further processing. Acceptable records must have correct Mission
and Design. Records containing unacceptable serial numbers and bad date information
are rejected. The output record has an additional field that contains the day number, !
using 1 January 1965 as day one. {

2.4.2.2 Input Data and Procedures. The program, a sample of eard input, and the ]
associated JCL for use on the IBM 370 are listed in Paragraph 6.3.2. Input to the
program consists of the raw AIE data tape and a deck of cards containing the screening
criteria. The record layout for the input AIE data is shown in Figure 2-15. The tape ]
has 90 characters to a data record, blocked 30to a tape record. The screening 1
criteria card deck consists of a deck containing the following (in the order shown).

oo

Card Column Description
1-4 Acceptable Aircraft Mission and Design J
b 1-2 Number of Rejected Aircraft ]
c 1-8 Rejected Aircraft Serial Numbers (Number {
of cards set by card b) 3
d 1-8 Lowest Acceptable Serial Number ')
e 1-8 Highest Acceptable Serial Number

The program opens the input and output files, reads and stores the screening data, ;
then reads the first AIE data record and checks for an unacceptable Mission and Design ]
designation and a valid date. The serial number is then checked against the highest ]
and lowest serial numbers and against the list of unaceeptable serial numbers for
appropriate action. Finally, the day number is computed, using 1 January 1965 as

day one, and inserted into Columns 45 through 48 of the record. The verified record
is then written on an output file and the process repeated with the next input record.
Upon screening of the last input record, the remainder of the output tape record is
filled with nines and the input and output files closed. Figure 2-16 shows the screening
criteria used in the F-106 Scheduled Maintenance Study.

BN e DT

The program is suitable for all AIE data tapes for any USAF aircraft, with the following
program dimension limitation: a maximum of 25 rejected aircraft serial numbers is

allowed.
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80 COLUMN GENERAL PURPOSE FORM
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Figure 2-16. Sample Input — Screening Criteria for AIE Tapes i-

2.4.2.3 Output Description. The sample output, Figure 2-17, has the same format
as the AIE data tapes, with the addition of the day number in Columns 45 through 48.
Experience with the F-106 AIE data tapes on the IBM 370 indicated that the data was
very sparse, with an average of only 50 records per data tape. The majority of the

AIE data came from the listing, which had approximately 1500 records. Screening f
of these 1500 records required about one minute of computer elapsed time, 1
2.4.3 AIE SORT
2.4.3.1 Purpose. This IBM utility program sorts the screened AIE data tapes into ‘3

an ordered file,

2.4.3.2 Input Data and Procedures. The JCL control cards for the IBM utility
program and a sample of card data input for use on the IBM 370 are listed in Para-
graph 6.3.3. The input consists of card data defining the sort fields, sort character-
istics, and the screened AIE data tape. The sort fields are all defined as character
fields in ascending order. The sort fields in order of hierarchy are:

Field Column Description
1 25-32 Serial Number :
2 45-48 Day Number i
3 10-14 Work Unit Code
4 1-50 %

*Field 4 is necessary to ensure that any duplicated records will
be placed in adjacent order in the output file.
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Figure 2-17. Sample Output — AIE Screening Program
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2.4,3.3 Output Description. The sample output, Figure 2-18, is typical of AIE data.
It has the same format as the AIE screened output. Sorting of the F~106 AIE data
required one minute of elapsed computer time on the IBM 370.

2.4.4 AIE MERGE :

2.4.4.1 Purpose., This IBM utility program merges the screened and sorted AIE
data tapes into a single file.

2.4.4.2 Input Data and Procedures. The JCL control cards for this IBM utility 4
program and a sample of card data input for use on the IBM 370 are listed in Para-
graph 6.3.4. The input card data is identical to that used in the AIE Sort program.,

2.4.4.3 Output Description. The F-106 A{E file required just one computer run to
merge the seven input tapes into one. These input tapes comprised the five data tapes
(see Table 2-5), a tape generated from the listing input data, and a tape generated from
the handwritten input data. The output AIE file had some 3000 rccords, and the merge q

required one minute on the IBM 370. The output format is identical to the AIE Sort
output. |

2.4.5 AIE ELIMINATE DUPLICATE RECORDS

e

2,4.5.1 Purpose. This COBOL program eliminates duplicate records from the
screened, sorted, and merged AIE file.

2.4.5.2 Input Data and Procedures. The JCL control cards for use on the IBM 370
and the program are listed in Paragraph 6.3.5. The input is the merged AIE data
tape; operation is identical to that of the AFM 66-1 Eliminate Duplicate Records in
Paragraph 2.2.4.2,

2.4.5.3 Output Description. The program detected 10 duplicate records in the F-106
AIE file of approximately 3000 records and required about one minute of IBM 370
time. The output format is identical to that of the AIE Sort in Paragraph 2.4.3.3.

2.4.6 AIE COPY ACCEPTABLE AIRCRAFT

2.4.6.1 Purpose. During the initial screening of the AIE data, records for a specified
set of aircraft serial numbers were deleted. During formulation of the data bank,

only data for a specific fleet of aircraft is necessary. This COBOL program writes
these acceptable records on a magnetic tape to form the new AIE file.
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2.4.6.2 Input Data and Procedures. The JCL control cards, the program, and a

sample of card data input are listed in Paragraph 6.3.6. The input consists of the AIE
file and a card deck defining the acceptable serial numbers. The input card deck and
operation of the program are identical to that for the AFM 66-1 file in Paragraph
2,2,5.2,

2.4.6.3 Output Description. The record layout is unchanged from the AIE Sort pro-
gram. Experience with the F-106 AIE file of approximately 3000 records yielded some
2000 records for the new AIE file. The program required one to two minutes of IBM
370 time and the output file required one reel of magnetic tape.

2.5 IRAN FILE GENERATION

The objective of the IRAN File Generation programs is to combine IRAN event data
and aircraft acceptance date data to produce the IRAN data file used as input to the
Data Bank program. IRAN interval data is calculated from data on consecutive IRAN
event records. The output file includes information on current IRAN event, the
following IRAN event, and the included IRAN interval. A printed report of this data is
generated. (See Figure 2-19.}

SCREENED IRAN FORMATTER All of the IRAN File Generation programs
AND SORTED OF ACCEPTANCE
ACoR=yastn DATE DATA were developed for the IBM 370 and have

been written to be compatible with SAAMA
= computers. The programs were written

SCREENED AND

sonrepmw | using (ANS) COBOL.

EVENT DATA

ACCEFPTANCE
DATE DATA
FILE

The IRAN File Generation task consists
of three COBOL programs:

IRAN
PREPROCESSOR

PROGRAM a. IRAN Formatter of Acceptance
Date Data.

PRE -
PROCESSED
IRAN FILE

IRAN FILE
PRINTED
REPORT

b. IRAN Preprocessor.

c. IRAN Copy of Acceptable
Aircraft.

IRAN COPY
ACCEPTABLE

ARCRAFT The IRAN file is subsequently used for
input to the Data Bank programs.

2.5.1 IRAN FORMATTER OF ACCEPT-
ANCE DATE DATA

TO DATA
BANK

i 2.5.1.1 Purpose. The purpose of the
Figure 2-19. Logic Flow of IRAN IRAN Formatter of Acceptance Date Data
File Generation program is to convert the serial number
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to an eight-digit format and to convert the date to a2 day number. The converted output,
the Acceptance Date Data file, is subsequently used for input to the IRAN Preprocessor
program. Paragraph 6.4.1 shows the source program and corresponding job control
cards.,

2.5.1.2 Input Data and Procedures. The card input consists of a deck containing one
acceptance date data card for each aircraft. The cards contain:

g_o_lu_mi Data
1-2 First two digits of serial number
3-6 Last four digits of serial number
17-18 Month of acceptance date*
19-20 Day of acceptance date*
21-22 Two-digit year of acceptance date

The record layout is shown in Figure 2-20. The sample card input is:

57 230 060158
57 231 070158
57 232 070158
57 235 080158

2.5.1.3 Output Description. Output is an intermediate Acceptance Date Data file
containing the converted eight-digit serial number and converted day number. The
record layout is shown in Figure 2-20. Records are 80 characters long, blocked 1 to
a record. For the F-106 fleet, processing of 265 records took less than one minute
on the IBM 370 computer.

2.5.2 TRAN PREPROCESSOR

2,5.2.1 Purpose. The purpose of the IRAN Preprocessor is to prepare a Preprocessed
IRAN file and an IRAN printed report (Figure 2-19). Paragraph 6.4,2 contains a listing
of the source program and corresponding job control cards. The following is a descrip-
tion of the operation of the IRAN Preprocessor program.

An event card is read and the serial number and the start and finish dates are con-
verted. Cumulative flight hours are calculated. An acceptance date record is then
read from the Acceptance Date Data file and the serial numbers are compared. If

*Values must be punched right-justified within these fields. The values may have
leading zeros or blanks.
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the serial numbers match, the acceptance date is moved to the output record temporary
storage area.

All data pertaining to the current IRAN event is moved to the output area. If the
acceptance data and IRAN start date are available, the aircraft age is calculated. If
IRAN start and finish dates are available, the IRAN duration is calculated. The next
IRAN event card is read into the output area fields pertaining to the next IRAN. The
serial number and start and finish dates are converted, and cumulative flight hours
are calculated. The serial numbers are again compared; if they match, the IRAN
interval data in days, weeks, and flight hours is calculated.

The output is written on tape and printed in the report. If the last event card read
was for the current serial number, the next event card is read and the second half of
this procedure is repeated. If the last event card read was for a different serial
number, the entire procedure beginning with retrieval of an acceptance date record is
repeated. This cycle is continued until all IRAN event cards have been read and
processed.

All fields for which data is missing are filled with the value zero. This will occur for
the information on next IRAN and IRAN interval for the last IRAN for each serial num-
ber and if particular elements of input data are missing.

2.5,2.2 Input Data and Procedures. The input consists of IRAN acceptance date data
previously described and IRAN event data cards. The following is a description of the
input for IRAN event data (one card for each IRAN event for each aircraft).

Column Data
1-2 First two digits of serial number
3-6 Last four digits of serial number
7 Aircraft series designation (A or B)
10-11 Month of IRAN start date*
12-13 Day of IRAN start date*
14-15 Two-digit year of IRAN start date
17-18 Month of IRAN completion date*
19-20 Day of IRAN completion date*
21-22 Two-digit year of IRAN completion date

*Values must be punched right-justified within these fields. The values may have
leading zeros or blanks.,
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Column Data
27-30 Cumulative aircraft flight hours at start of IRAN (whole hours)*
32 Cumulative aircraft flight hours at start of IRAN (tenths of an
hour — Column 31 may contain a decimal point)
35-36 IRAN type code:
10 = full IRAN |
11 = ACI

20 = essential IRAN

30 = limited IRAN

61 = Speedline 1 (equivalent to 20)

62 = Spcedline 2 (equivalent to 20)

63 = Speedline 3 (equivalent to 30)
7¢-73 Manhours of labér in IRAN*

The IRAN event data cards must be sorted into ascending serial number and event

date order. The following is a sample card input. :
57 230A 091064 111664 834.7 10
57 230A 100465 110965 1041.1 20
57 230A 100768 122468 1924.8 10 4245
57 231A 092864 120164 920.5 10
57 231A 101465 111765 1189.1 20
57 231A 112068 030669 2004.7 10 4507
57 232A 111565 011766 989.6 20
57 232A 112067 022168 1478.7 10
57 232A 021670 032970 2036.6 10 4140
57 235A 070665 080665 1002.3 20 3
57 235A 072666 091966 1211.0 30 |
57 235A 100266 123066 1233.1 20 3676
57 235A 032169 052969 1749.3 10 4463

2.5,2.3 Output Description. The output consists of a magnetic tape file (Prcprocesscd
IRAN file) and a corresponding printed IRAN report. The output tape records are
80-character records formatted as follows.

*Values must be punched right-justified within these fields. The valucs may have
leading zeros or blanks.
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Position
1-8
9
11-15
17
19-20

22-26
28-30
32-35
37-40
42-44
46-49
51-52

54-58
60-63
65-68
70-72
74-78

Serial number

Aircraft series (A or B)
Acceptance date day number
Visit number

IRAN type code (see description under TRAN event data input
formats)

Cumulative aircraft flight hours and tenths at start of IRAN
Aircraft age in weeks at start of [RAN

IRAN start date day number

IRAN completion date day number

Duration of IRAN (days)

Manhours of labor in IRAN

Next IRAN type code (see description under IRAN event data
input formats)

Cumulative aircraft flight hours and tenths at start of next IRAN
Next IRAN start date day number

IRAN interval (days)

IRAN interval (weeks)

IRAN interval (flight hours and tenths)

Tape output records consist of 80 characters, blocked 30 to a tape record. Figure
2-20 shows the record layout; Figure 2-21 is a sample of the tape output.

The printed output is a report containing the same data fields (in the same order) as
the tape output, plus the start and completion dates of the IRAN. The printed output
report consists of 120-character data records, blocked 25 to a tape record. Figure
2-20 shows the record layout, and Figure 2-22 is a sample of the printed output report
tape. For the F-106 fleet, processing of 265 records took approximately one minute

on the IBM 370,

2.5.3 IRAN COPY ACCEPTABLE AIRCRAFT

2.5.3.1 Purpose. The purpose of the IRAN Copy Acceptable Aircraft program is to
select acceptable aircraft serial numbers for input to the data bank.
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Figure 2-21. Sample Tape Output — IRAN File
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2.5.3.2 Input Data and Procedures. The JCL cards, the program, and a sample of
card data input are shown in Paragraph 6.4.3. The input consists of the Preprocessed
IRAN file and a card deck defining the acceptable aircraft serial numbers. The input
card deck and operation of the program are identical to that for the AFM 66-1 file in
Paragraph 2.2.5.2.

2.5.3.3 Output Description. The record layout is described in Figure 2-20, and a
sample of the tape output is shown in Figure 2-21. The IRAN file of 562 records was
copied in one minute of elapsed computer time.
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SECTION 3
DATA BANK GENERATION

3.1 GENERAL DESCRIPTION
Generation of the Data Bank requires six input files:

a. AFM 66-1 Data File

b. AFM 65-110 Data File
c. AIE Data File

d. IRAN Data File

e. WUC Data File

f. Data Bank Control Data

Preparation of the first four files was covered in Section 2. This section is concerned
with the preparation of the WUC data file, the Data Bank Control Data, the Data Bank
program, and the WUC Conversion program. Preparation of the WUC data file was
made more complex because of revisions in WUC designation during the period which
the Data Bank covers. Additional programs have been developed to first check the
WUCs that are processed in the Data Bank, then to convert the WUCs prior to the
changeover to the new designation. The logic flow for generating the Data Bank is
shown in Figure 3-1.

3.2 WUC FILE GENERATION

The WUC data file comprises the five-digit WUC records and must be sorted into
ascending order on the work unit code field. The Data Bank program uses the WUC
file as one of the input files. (See Figure 3-1.) If the WUC designation is changed
during the period covered by the Data Bank, the Acceptable WUC representing the
codes will be printed in the final output. The logic flow of the WUC file generation is
shown in Figure 3-2. If there are no changes in WUC designations, the Sort WUC for
Conversion and WUC Merge steps should be bypassed, and the WUC for conversion as
input data would not be available.

3.2.1 SORT ACCEPTABLE WUC

3.2.1.1 Purpose. This IBM Utility program sorts the Acceptable WUC data into an
ordered file. :
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3.2.1.2 Input Data and Procedures. The job control language (JCL) for the IBM utility
program and a sample of card data input for use on the IBM 370 are shown in Paragraph
6.5.1. The format of the input data is given in Figure 3~3, and the listing of WUCs used
in the F-106 Scheduled Maintenance Study is given in Table 3-1. The 20-character data
record is the minimum record length accepted by the IBM 370 Sort Utility program at

Convair Aerospace. The Sort key is defined as a character field, in ascending order
on Columns 1 through 5.

wuC

0 1 1 2
112|3|4]|5]|6]7]|8|9]0]1]|2]|3]|4])5|6}7]8]|9]0

Figure 3-3. Format of WUC Record

3.2.1.3 Output Description. The sample output, Figure 3-4, has 20-character data
records, blocked 50 to a tape record. The time required to sort the 2043 WUCs for the
F-106 Scheduled Maintenance Study was less than one minute on the IBM 370 computer.

3.2.2 SORT WUC FOR CONVERSION

3.2.2.1 Purpose. When the WUC designations have been changed during the period
covered by the data bank, it is essential that the list of Acceptable WUCs includes
codes that, although obsolete and superseded at the end of the period, had validity at
the start of the data bank period. This program sorts these obsolete WUCs in the
identical sequence as the list of Acceptable WUC prior to merging of the two files.

3.2.2.2 Input Data and Procedures. The JCL for the IBM Utility program and a
sample of card data inputs for use with the IBM 370 are shown in Paragraph 6.5.2.
The format of the input WUC to be converted is shown in Figure 3-5. This program
only uses the Old WUC (i.e., the one to be added to the data bank) but the WUC to
supersede it i8 also included on the input card deck, enabling the same file to be used
in a subsequent program. The listings of the ""Old WUC, " (those to be replaced) and
the '""New WUC" (those to supersede the old one used in the F-106 Scheduled Mainte-
nance Study) are given in Tables 3-2 and 3-3. The sort data is defined as a character
field, in ascending order in Columns 2 through 6.
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3.2.2.3 Output Description. The sample output, Figure 3-6, has 80-character data
records, blocked 20 to a tape record. The time required to sort the 221 F-106 WUCs
was less than one minute on the IBM 370 comnuter,

3.2.3 WUC MERGE

3.2.3.1 Purpose. When the WUC designations have been changed during the period
covered by the data bank, the list of Acceptable WUCs must include codes that,
although obsolete and superseded at the end of the period, had validity at the start
of the data bank period. This COBOL program adds these obsolete WUCs to the list
of Acceptable WUCs.

3.2.3.2 Input Data and Procedures. The program listing and the associated JCL for
use with the IBM 370 are shown in Paragraph 6.5.3. The input comprises two files:
Acceptable WUC and WUC Conversion. The record layouts are shown in Figures 3-3
and 3-5, respectively. Both input files must be sorted before using with the WUC
merge program.

3.2.3.3 Output Description. The output comprises the Acceptable WUCs and the

Old WUCs, merged to form a file to use as input to the Data Bank program. The output
record layout and blocking factor are identical to that of the Acceptable WUC shown

in Figure 3-3.

3.3 DATA BANK PROGRAM

3.3.1 PURPOSE. The Data Bank program processes the input data files to produce
a data bank for statistical analysis. The program, written in COBOL, provides the
logic to control the input files so as to merge all data for a particular aircraft serial
number into one of four output data formats. The basic time unit for all records is
one week. Only input data records having a WUC listed in the Acceptable WUC file,
the 3-digit WUC file, or a scheduled or Special Inspection code is used to construct
the data bank output records.
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3.3.2 INPUT DATA AND PROCEDURES. The program, a sample of card data input,
and the associated job control language (JCL) for use with the IBM 370 are shown in
Paragraph 6.5.4. The input to the program comprises five input data files and the
control data. The five input files are:

ik i o Sl

a. AFM 66-1 Data File i
b. AFM 65-110 Data File
c. IRAN Data File

d. AIE Data File

e. WUC Data File

The control data consists of a deck of cards with the following format.

Card Type Column ‘ Description ;‘
a 1-2 Scheduled Inspection, 2-Digit WUC 1
6-7 Special Inspection, 2-Digit WUC
11-18 First Aircraft Serial Number to be
Processed
28-30 Last Week Number to be Processed
32 Mission of Aircraft
33-35 Design of Aircraft
36-40 Number of Aircraft to be Processed
b 1-3 Number of Action-Taken Codes (ATC) to
Process
c 1 Action-Taken Code (Number of Cards Set ]
by Card b)
d 1-3 Number of Maintenance Codes for NORM
and NORS Hours ;
4-6 Number of Maintenance Codes for NORM ‘
Hours only
e 1 Maintenance Codes (NORM Codes First)
(Number of Cards Set by Col. 1-3 of Card d)
f 1-3 Number of 3-Digit WUCs to be Processed
g 1-3 3-Digit WUC (Number Set by Card f)
h 1-3 Number of 2-Digit WUC Groups
7-10 Number of 5-Digit WUCs to be Processed
3-17 Tl
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Card Type Column Number Description
i 1-2 2-Digit WUC Group Identification (ID)
(Number of Cards Set by Card h)
6-10 Position in WUC file of First WUC with
Corresponding 2-Digit WUC Group ID
11-15 Position in WUC file of Last WUC with

Corresponding 2-Digit WUC Group ID

A sample set of input data, used for the F-106 Scheduled Maintenance Study, is given
in Figure 3-7. All numbers should be right-justified within their designated fields.
It is also important that the Maintenance Codes, card type e, be arranged such that
codes corresponding to NORM hours be placed ahead of the codes corresponding to
NORS hours.

The Data Bank program first opens all input and output files and reads the control
data. The four data files are then updated to the first aircraft, and then to the first
week for which both AFM 66-1 and AFM 65-110 data is available. All four files are
then processed, merging data with a time step of one weck. Processing is terminated
when the day number in the files reaches the day corresponding to the Last Week,
when the next aircraft is processed. This continues until either the end of the 65-110
or 66-1 files or the number of aircraft to be processed is exceeded. On completion,
the output tape record is filled with nines, and all files are closed.

The program is suitable for use with the appropriate processed data files for any USAF
aircraft with the following program dimension limitations.

a. Number of Action-Taken Codes 5 Maximum

b. Number of Maintenance Codes 17 Maximum
¢. Number of 3-Digit WUCs 7 Maximum

d. Number of 2-Digit WUC Groups 22 Maximum
e. Number of WUCs 3000 Maximum
f. Number of Type 3 Output Records for 250 Maximum

Serial Number - Week

g. Number of Type 4 Output Records for 250 Maximum
Serial Number - Week

3.3.3 OUTPUT DESCRIPTION. The sample output, Figure 3-8, shows examples of
the four types of output records; the format of the data records is given in Figure
3-9. The source of each data item in the four output record types is listed in Table
3-40
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Figure 3-7. Sample Input — Data Bank Control, Continued

Experience with the files generated for the F-~106 Scheduled Maintenance Study, with
150 aircraft for approximately 150 weeks, produced an output file with 609,691 records
and required 31 minutes of IBM 370 time. The maximum number of Type 3 and Type 4
records for a particular Serial Number-Week combination was 98 and 111, respectively,
The output file required one reel of magnetic tape.

3.4 WUC CONVERSION

The group of programs is necessary to change WUCs within records if their designa-~
tions have changed within the period covered by the data bank. The logic flow for this
group of programs is indicated in Figure 3-10,

3.4.1 SORT WUC FOR CONVERSION

3.4.1.1 Purpose. This IBM Utility program sorts the WUCs that are to be changed
before the week of the designation change into an ordered file.

3.4.1.2 Input Data and Procedures. The JCL cards for the IBM Utility porgram and
the data used on the F-106 Scheduled Maintenance Study are listed in Paragraph 6.5.5.
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Column Nomenclature Source Data
1-5 MDS Input Control Datu
6-13 Serisl- Number Any Input File
14-16 Week-Numb Computed From Day-Number from Any Input File
29-32 Flight-Hours Sum for the Serial Number-Week of Columns 31-33 on 65-1i0 type 3-9 records
36-39 Sorties Sum for the Serial Number-Week of Columns 36-37 on 65-110 type 3-9 records
40-43 Landings Sum for the Serial Number-Week ol Columns 34l-35 on 65-110 type 3-9 records
49 Record ID Setto 1
50 Record Mark
_RECORDTYPE 2.
Column Nomenclature Source Data
1-5 MDS Input Control Data
6-13 Serial-Number Any Input File
14-16 Week-Numb: Computer from Day-Number from Any Input File
26-28 IRAN-Visit-No. Vaiue for the Serial-Number-Week from iRAN File, Coiumns 19-20
36-39 TRAN-Start-Day Value for the Serial-Number-Week from TRAN File, Columns 32-35
40-43 IRAN-End-Dsy Value for the Serial-Number-Week from IRAN Flle, Columns 37-40
49 Record ID Set to 2
50 Record Mark
HECORD TY{E 3
Column Nomenciature Source Data
1-5 MDS Input Control Data
6-13 Serisi-Number Any Input File
14-16 Week-Number Computed from Day-Number from Any Input File
17-21 wucC Data Records for Serial-Number-Week lor the Fiies:
a. 65-110 File, Type 2 Records, Columns 34-38
b. 66-1 File, Columns 46-50
c. AIE File, Columns 10-14
26-28 Msintenance Action The Sum of 66-1 File, Columns 56-57 for the Serial-Number-Week-WUC Combination
29-32 Labor Hours The Sum of 66-1 File, Columns 58-61 for the Serial-Num's r-Week-WUC Combination
33-35 AiE The Number of A1E Records for the Seriul-Number-Week-WUC Combination
36-39 NORM Hours The Sum of 65-110 File, Type 2 Records, Columns 31-33 for the Serint Number-Week-
WUC and Msintenance £ode, Coiumn 39, Corresponding to NORM Codes
40-43 NORS Hours The Sum of 65-110 File, Type 2 Records, Columns 31-33 for the Seriai-Number-Week
WUC snd Maintenance Codc, Column 39, Corresponding to NORS Code
44-46 A TC Msintenance The Sum of 66-1 File Columns 56-57 for the Seleeted ATC from the Input Data for the
Actions Serial-Number-Week-WUC Combination
49 Record ID Set to 3
50 Record Mark
~RECORDTYPE 4
Column Nomenclsture Source Data
1-5 MDS Input Control Data
6-i3 Serial-Number Any Input File
14-16 Week-Numb Computed from Dsy-Number from Any Input File
i7-21 wucC For the Serial-Number-Week Combination, 66~1 File, Columns 46-50
22 wWDC For the Serial-Number-Week-WUC Combination 66-1 File, Column 52
23-25 HMC For the Serial-Number-Week-WUC-WDC Combination, 66-i File, Columns 53-55
26-28 Maintenance Action The Sum for the Serisl-Number-Week-WUC-WDC-HMC Combination, 66-i File,
Columns 56-57
29-32 Labor The Sum for the Serial-Number-Week- WUC-WDC-HMC Combination, 66-1 File,
Columna 68- 61 0
49 Record 1D Set to 4
50 Record Mark 3 3
-2
ik " i P i e - ——— L

Table 3-4. Data Item Source

RECORD TYPE 1




R —r—

VERIFY WUC
CONTROL DATA \ FROM THE DATA
DATA BANK / BANK PROGRAM

WUC FOR WUC FOR
CONVERSION DELETION
3.4.1 3.4 g
SORT SORT
WUC FOR WUC FOR
CONVERSION DELETION

y

3.4,3
VERIFY WUC [

Figure 3-10. Logic Flow — WUC Conversion
The input consists of a tape containing the WUC using the format of Figure 3~5 and
should be identical to the one used in Paragraph 3.2.2 and the card data defining the

sort field. This is defined as a character field in ascending order. The sort field is:

Field Column Number Description

1 2-6 Old wucC

3.4.1.3 Output Description. The sample output, Figure 3-11, has 80 characters to
a data record, blocked 20 to a tape record. The sort for the 170 WUCs to be con-
verted on the F~106 Data Bank required less than one minute of IBM 370 computer
time. ’

3.4.2 SORT WUC FOR DELETION

3.4.2.1 Purpose. This IBM Utility program sorts the WUCs (which are to bc deleted
when occurring in records before the week of the change of WUC dcsignation) into an
ordered file,

3.4.2.2 Input Data and Procedures. The JCL cards for the IBM Utility program and

the data cards used on the F-106 Scheduled Maintenance Study are shown in Paragraph
6. 5. 6.
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Format of the input tape records is shown in Figure 3~12. The sort control cards
are identical to those in Paragraph 3.4.1.1.

3.4.2,3 Output Description. The sample output is shown in Figure 3-13. The sort
for the 221 WUCSs to be deleted in the F-106 Data Bank required less than one minute
of IBM 370 time.

3.4.3 VERIFY WUC

3.4.3.1 Purpose. This program, written in COBOL, provides two functions. First,
it performs a logical check on the two lists of WUCs previously prepared. If these lists
are verified, it then proceeds to change and delete records within the Data Bank
according to the two input files.

3.4.3.2 Input Data and Procedures. The program, a sample of card data input, and
the associated JCL for the IBM 370 are shown in Paragraph 6.5.7.

The input to the program consists of the data bank from the Data Bank program, WUC
conversioi. iile, WUC Delete file, and a control card defining the two-digit code to be
processed and the date of the WUC designation change. This control card has the
following format.

Column DeSCriptioq
1-3 Week of WUC Designation Change
5-6 First Two Digits of WUC to be Changed

L L L L UL LLEL L LLLLREL LU LR L LR LLEL LU LALLLE

Figure 3-12. Record Layout — WUC for Deletion
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A sample input, used in the F-106 Scheduled Maintenance Study, is shown in Figure
3-14. Week 280 corresponds to May 1970, when the Air Force revised the F-106
WUC callouts for System 74.

As shown in Figure 3-10, the program first reads the WUC Delete file, containing
the 1ist of WUCs to be deleted from the data bank generated from the Data Bank pro-
gram. Then the WUC Conversion file is read. (The Conversion file contains a list
of WUCs to be replaced and a list of the replacing WUCs.) The week of WUC change
is contained in the control card previously mentioned.

The program then checks the logical consistency of the WUCs on these two input files.
After consistency is verified, the program reads the dats bank generated from the
Data Bank program to delete those records with the WUCs matching those in the WUC
Delete file and to convert those records with WUCs matching those in the WUC Con-
version file.

80 COLUMN GENERAL PURPOSE FORM
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Figure 3-14. Sample Input — Verify WUC
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The program is suitable for use with the Data Bank file for any USAF aircraft (with the
following program dimension limitations).

a. WUCs to be changed 300 Maximum
b. WUCs to be deleted 300 Maximum

3.4.3.3 Output Description. The output has the identical format to that of the Data
Bank program shown in Figure 3-9, If the two WUC lists are verified, the number of
records processed, passed, changed, and dropped are displayed on the console. If
the WUC lists are not correct, the errors are listed on an output file. It took eight
minutes of IBM 370 time to run the Verify WUC program for the F-106 fleet.
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SECTION 4
STATISTICAL ANALYSIS PROGRAMS

4,1 GENERAL DESCRIPTION

A group of programs has been developed to perform various statistical analysis tasks
using the data bank as input. (Section 3 contains the details of the data bank generation.)
Relationship of the statistical analysis program is shown in Figure 4-1. The tasks
solved by the statistical analysis programs are:

a. Frequency Analysis (Task ),

b. Manhour and NOR Time Analysis (Task II).

c. Interval Length Analysis (Task III).

d. Effect of Time after Inspection (Task IV).

e. Removal Action Analysis (Task V).

f. Aircraft Inspection Histories.

DATA
BANK

PREPROCESSOR

}

NON-

v

y

\ 4

 J

SUPPORT
GENERAL
FILE

\ 4

SUPPORT
GENERAL
FILE

A

FREQUENCY MANIIOUR AND INTERVAL REMOVAL EFFECT OF AIRCRAFT
ANALYSIS NOR TIME LENGTH ACTION TIME AFTER INSPECTION
(TASK I ANALYSIS ANALYSIS ANALYSIS INSPECTION HISTORIES
(TASK 1D (TASK 111 (TASK V) (TASK 1V)
Figure 4-1. Logic Flow — Statistical Analysis Programs
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A set of programs, called Preprocessor, was developed to sort and reformat the in-
put data bank (Figure 4-1) into three output files which, in turn, were used to input
the six major program modules. The three output files from the Preprocessor are:

a, Sorted Data Bank,

b. Non-support General File.

c. Support General File.

Preprocessor programs are discussed in detail in Paragraph 4.2. Programs for

various statistical analysis tasks and Aircraft Inspection Histories are discussed in
Paragraphs 4.3 through 4.8,

4.2 PREPROCESSOR PROGRAMS

The Preprocessor programs were developed to reformat and sort the input data bank
into three output files (Figure 4-2). All Preprocessor programs were developed for
the IBM 370 and have been written to be compatible with SAAMA computers. The Pre-
processor Formatter program was written using (ANS) COBOL. Sorting is accom-
plished by using a standard IBM utility sort program.

REFORMATTED
DATA BANK
SORT
REFORMATTED
SUPPORT
GENERAL FILE
PHASE 11
PREPROCESSOR SORT
FORMATTER
REFORMATTED
NON-SUPPORT
GENERAL FILE
RECORD-
KEE PING .
DATA SORT

Figure 4-2. Logic Flow — Preprocessor Programs
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4.2.1 PREPROCESSOR FORMATTER

4.2.1.1 Purpose. The Preprocessor Formatter program was developed to summar-
ize and reformat data records from the input data bank file into three output files,
which are then sorted and used as input to subsequent programs (Figure 4-2).

4.2.1,2 Input Data and Procedures. The combined listing of the program and JCL
cards is shown in Paragraph 6.6.1. The data bank file, created by the Data Bank
programs or the work unit code (WUC) convert program, is the input to the Prepro-
cessor Formatter program. The input data records, consisting of four record types,
have been organized in a sequence of aircraft serial number, week number, and
record type. (See Figure 3-9 for the Data Bank Record layout. )

The Preprocessor Formatter program reformats data records by transferring flight
hours from Type 1 records to Type 3 and Type 4 records. Also, flight hours, sorties,
and landings from Type 1 records are summed within an aircraft serial number for a
given week and transferred to Type 3 and Type 4 records.

All Type 2 records are skipped by the Preprocessor program. For a specific serial
number for a given week, there will be no more than one Type 1 record and no more
than 250 Type 3 or Type 4 records. Figure 4-3 shows the detailed program logic.

4.2.1.3 Output Description. Output from the Preprocessor Formatter program con-
sists of three files containing either Type 3 or Type 4 records or both (Figure 4-4).
Topes ¢ nfain 70-character data records, blocked 40 to a record. The three files

vo:

. The Reformatted Data Bank file (Type 3 and Type 4 records) from which b and
¢ are separatced.

h.  The Support (iencral file (Type 3 records only) with WUC prefixes of 03 and 04,

c. Ihe Non-Support General file (Type 3 records with WUC prefixes greater than
09 and Type 4 records).

An additional output is the record-keeping listing, which gives Input/Output Totals
(igure 4-5) and Aircraft-Level Subtotals (Figure 4-6).

The single-line input/output totals in Figure 4-5 are described in the following fields.

Field Column Description
1 2-8 Data Record Input
2 10-16 T-e 3 and 4 Data Records Input
3 18-20 Number of Aircraft
4-3
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Figure 4-6. Sample Output — Record Keeping (Aircraft-Level Subtotals)
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Field Column Description
4 22-28 Support General Data Records Output ‘
5 30-36 Non-Support General Data Records Output q
6 38-44 Type 1 Records Input
7 46-52 Type 3 Records Input/Output
8 54-60 Type 4 Records Input/Output :
The Aircraft-Level Subtotals ficlds are: |

Field Column Description
1 2-7 Total Flight Hours
2 9-13 Total Sorties
3 15-19 Total Landings
4 21-26 Type 1 Records
5 28-34 Type 3 Records
6 36-42 Type 4 Records 1
7 44-51 Aircraft Serial Number i
8 53-58 Support General Records i
9 60-65 Non-support General Records ;

For the 150-aircraft F-106 fieet, the Preprocessor Formatter program requires ap-
pro:imately ten minutes of IBM 370 computer clock time and two minutes of central
nrocessor unit (CPU) time. The input volume is 604,677, the reformatted Data Bank
output volume is 587,255, the reformatted Support General volume is 83,293, and the
reformatted Non-support General volume is 503,962,

Sl

R n—_——

4.2,2 REFORMATTED SUPPORT GENERAL WUC SORT

4.2,2,1 Purpose. This IBM utility program sorts the Support General data records
into an ordered file for subsequent use on Task IV Statistical Programs and the Aircraft
Inspection Histories Plot Program.

4.2,2,2 Input Data and Procedurcs. The combined listing of the program and JCL
cards is shown in Paragraph 6.6.2. The sort fields, in order of hierarchy, are:

Field Column Description ]
) 6-13 Serial Number :
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3
Field Column Description
— ——— —_——
2 14-16 Week
3 17-21 Work Unit Code
. . .
The input tape record layout is shown in Figure 4-4. Only record Type 3 data is sorted.
PRy
4.2.2.3 Output Description. Sorting the Support General file of 83,293 data records
. . N .
took approximately two minutes of elapsed time and 30 seconds of CPU time (IBM 370).
. . .
: A sample of the sorted output is shown in Figure 4-7,
4.2.3 REFORMATTED NON-SUPPORT GENERAL WUC SORT
. a1
4.2.3.1 Purpose. This IBM utility program sorts the Non-support General data records
——
. 3
into an ordered file for subsequent use on Task IV Statistical Programs.
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Figure 4-7. Sample Output ~ Support General WUC Sort
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4.2.3.2 Input Data and Procedures. Paragraph 6.6.3 shows the program and JCL
cards. The sort fields, in order of hierarchy, are:

Field Column Description

1 6-13 Serial Number
14-16 Week

3 17-21 Work Unit Code
‘ 4 49 Type ‘
1
The input tape record layout is shown in Figure 4-4. Record Types 3 and 4 are sorted.
1
. < P’y
4.2.3.3 Output Description. Sorting the Non-support General file of 503,962 data
>, 3 3 I3
records took 20 minutes of elapsed time and 30 seconds of CPU time (IBM 370), A
2 . . .
sample of the sorted output is shown in Figure 4-8, 1
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Figure 4-8. Sample OuiLut — Non-support General WUC Sort
4-9

- R




Description
Work Unit Code
How-Malfunction Code

~

The combined listing of the program and JCL
The sort fields, in order of hierarchy, are

-

a1

17-21
23-25

This IBM utility program sorts Data Bank data records into an
Column

ordered file for subsequent use on Tasks I, I, III, and V Statistical Programs.

Purpose.

4,2,4 REFORMATTED DATA BANK SORT
Field

4,2.4,2 Input Data and Procedures.
cards is shown in Paragraph 6. 6. 4.
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sorted output is shown in Figure 4-9,

4.2,4.3 Output Description.
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4.3 FREQUENCY ANALYSIS — TASK I

The objective of this task is to generate a matrix of data to determine the kinds of mal-
functions that occur on a WUC and when they are discovered, and to compare these re-
sults with the definitions of scheduled inspections. A system of three COBOL programs
has been developed to perform this task (Figure 4-10),

a, Title Formatter and Five-Digit WUC Analysis (Paragraph 6.7.1).

b. Frequency Analysis Sort (Paragraph 6.7.2).

c. Three-Digit WUC Analysis (Paragraph 6.7.3).

Paragraph 6.7 contains the listing of the source programs with the corresponding job
control cards, as noted above. !

4.3.1 TITLE FORMATTER AND FIVE-DIGIT WUC ANALYSIS

4.3.1.1 Purpose. The purpose of this program is to format the titles from the data
for Support General (SG) WUC, perform the analysis at the five-digit WUC level, and
te provide two output files to be used for the three~digit WUC analysis,

g::: CONTROL
DATA

% DIGIT WUC
ANALYSIS TITLE
W FORMATTER
AND 5 DIGIT

) WUC ANALYSIS
5 DIGIT WUC /

ANALYSIS

NON-ISO ®
FREQUENCY
ANALYSIS
SORT

3 DIGIT wuc
ANALYSIS

v

3 DIGIT WuC

ANALYSIS

Figure 4-10. Logic Flow — Frequency Analysis
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4.3.1.2 Input Data and Procedures.

R " CR— TN TR T

There are two types of input data: tape and card

deck. Tape data consists of a data bank sorted in the order of Work Unit Code (WUC),
How-Malfunction Code (HMC), aircraft serial number, and week number. The card
deck data has the following format.

Card

a

b

Column

3-5
3-10

13-15

1-5

1-3
1-3

6-10
1-80

1-25

6-10
1-3

1-5

7-8

Description
Number of isochronal aircraft.

Isochronal aircraft serial number in
ascending sequence.

Starting week number for isochronal
inspection.

When-Discovered Code (WDC) titles
(WDC used must be in Column 5 and in
ascending sequence).

Number of WDC corresponding to
unscheduled inspections.

Sequential position of WDC corresponding
to an unscheduled inspection.

Number of SG WUC to follow.

Sequential position of WDC corresponding
to scheduled inspection,

Scheduled inspection in ascending sequence.

Five cards with SG WUC titles (Columns
1-80).

Five cards with SG WUC titles (Columns
81-105).

Sequential position of WDC corresponding
to two-digit SG WUC.

Two-digit SG WUC.
{WDC in sequence matching SG WUC,

SG WUC requiring time interval to define
end of inspection,

Week interval for SG WUC.

4-12
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A sample input data deck is shown in Figure 4-11. The program generates four outpu:
files:

a. Title Information,

b. Five-digit WUC Analysis Report — Isochronal.

c. Five-digit WUC Analysis Report — Non-isochronal.
d. Five-digit WUC Analysis data.

The title information file is derived partially from the input card deck (Cards ¢, h, and
i) and the data bank input file, The card deck defines the WDC and SG WUC titles. The
Support General WUC Frequency is obtained from Type 3 records by totaling the number
of maintenance action field for the appropriate SG-WUC.

The five-digit WUC Analysis Report-Isochronal file uses the Isochronal title to each
page of the report; the frequencies for each WUC and HMC combination are obtained

by accumulating the maintenance actions for each of the 21 WDCs for the Isochronal air-
craft subset. The total unscheduled maintenance actions are accumulated, as are all
totals over the completc WUC. The output is also written in the WUC-Data file for sub-
sequent usage at the three-digit WUC level. A similar report file is available for Non-
isochronal aircraft.

4.3.1.3 Output Description. The output consists of two report files that have 130
characters to a data record, blocked 15 to a tape record, and two data files that have
130 characters to a data record, blocked 23 to a tape record. A typical report output
is shown in IFigure 4-12,

The record layout for the two data files is shown in Figure 4-13, an example of the
WUC Data in Figure 4-14, and Title Data in Figure 4-15. The WUC Data file contains:

Column Value Description
1 H Flag indicating data relates to a specific
HMC.
w Flag indicating data is a total for a WUC.
3-7 Five-digit WUC.
9-11 . XXX Three-digit HMC.
BLANK Total data for a WUC.
13-17 For Column 1 = H, sum of MA for

WUC, HMC, WDC(1).
For Column 1 =W, sum of MA for
WUC +WDC(1),

This is repeated for 21 When-Discovered Codes.
4-13
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£ MM = 105 1 20 1 21
FREW HML = 0? ° 13 [
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ReC MG = se) i
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REG HMC = (50 <l 1 <
Rt e = 80 1y 1
FREW hihl = geb 2z i F] 1 [
FREG BML = 91y 2 -
FREW HNL = va7 <
wOL FREQUENLY < i < 52 1 3 33 1 1 .57
Figure 4-12. Sample Output — Five-Digit WUC Analysis
Column Value Description
118-123 For Col. 1 = H, sum of unscheduled MA
for WUC and HMC.
For Col. 1 =W, sum of unscheduled MA
for WUC.
125 1 Isochronal Data.
2 Non-isochronal data.
130 End of record.

On a recent IBM 370 run for an F-106 fleet of 150 aircraft and 2201 WUCs, total com-
puter throughput time was 11 minutes. The following number of records were generated.
a. Five-digit WUC Analysis — Isochronal 20,505 records

b. Five-digit WUC Analysis — Non-isochronal 51,341 records

c. Title Data 21 records

d. WUC Data 30,614 records

The program has the following dimensional limitations.

a. Isochronal aircraft 36 Maximum
b,  Number of Unscheduled WDC 10 Maximum
c. Number of SG-WUC 14 Maximum
d. Number of SG-WUC using time to determine
end of inspection 10 Maximum
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Figure 4-15, Sample Output — Title Data
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4.3.2 FREQUENCY ANALYSIS SORT

3.4.2.1 Purpose. The purpose of this program is to sort output WUC Data for
further processing.

4,.3.2.2 Input Data and Procedures. The input consists of the WUC Data file de-
scribed in Paragraph 3.4.1.3.

4.3.2.3 Output Description. The output file, 130 characters to a data record, blocked
23 to a tape record, is sorted according to the following keys in ascending order.

Key Column Description
1 125 Isochronal
2 3-5 Three-digit WUC
3 1 Data Type
4 9-11 HMC

It required two minutes on the IBM 370 to sort the 30,636 records for the 150-aircraft
F-106 fleet.

4.3.3 THREE-DIGIT WUC ANALYSIS

4.3.3.1 Purpose. The purpose of this program is to perform the analysis at the
th.ree=digit WUC level.

4,3.3.2 Input Data and Procedures. Two previously generated files are input data to
this program:

a. Sorted WUC data.
b. Title data.

Operation of the program is similar to analysis at the five-digit WUC level, Paragraph
4.3.1.2. Differences include a single report output, with the Isochronal preceding the
Non-isochronal data.

4,3.3.3 Output Description. The output consists of a single report file, 130 charac-
ters to a data record, blocked 15 to a tape record. A typical output is shown in Figure
4~16, On a recent IBM 370 run for an F-106 fleet of 150 afrcraft and 2201 WUCs, total
computer throughput time was two minutes; 14, 660 print records were generated.
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The objective of this task is to generate cumulative probability distributions for man-

hour and NOR time analysis.

to perform this task (Figure 4-17),

a. Task II Preprocessor,

b, Sort 2BS.

c. Cumulative Distribution 2B.

d. Sort 2CS.

e, Cumulative Distribution 2C.

Paragraph 6. 8 contains the listing of the source programs with corresponding job
control cards.

1SOCHRONAL
AIRCRAFT
DEFINITION
SORTED TASK 11
DATA PREPROCESSOR
BANK 2A

Figure 4~17.

2BS

CUMULATIVE
DISTRIBUTION
2P

als
ol

SORT
2C8

CUMULATIVE
DISTRIRUTION
20

sy
-

Logic Flow — Manhours and NOR Time Analysis (Task II)
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4.4.1 PREPROCESSOR — TASK II

4.4,1.1 Purpose. The purpose of the Task II Preprocessor is to generate two outpﬁt
files for further processing using the sorted data bank tape, isochronal aircraft defi-
nition, a selected list of WUCs, and inspection criteria data as inputs as shown in
Figure 4-17.

4,4,1.2 Input Data and Processors. There are two types of input data: tape and
card deck. Tape data consists of a data bank sorted in the order of WUC, HMC,
aircraft serial number, and week number. For the tape record layout, see Figure
4-4, The data card deck has the following formats.

Card No. 1:

Column Description

1-5 WUC for Hourly Post Flight Inspection

6-10

11-15 WUC for MA-1 Scheduled Calibration

16-20

21-25 WUC for Periodic Inspection

26-30 WUC for IRAN Depot Visit

31-35 WUC for Preflight Inspection ,

36-40 WUC for Basic Postflight Inspection — — 4

41-45 WUC for Special Hourly Postflight :

46-47 Minimum number of weeks between inspections for the ivur i
WUCs in Columns 1 through 20.

48-49 Minimum number of weeks between inspections for Periodic
Inspection and IRAN Depot Visit {

Card No. 2:

3-5 Number of Isochronal Aircraft. (Current program is dimensioned
for a maximum of 36 isochronal aircraft, which may be increased
by minor program modification.)

The following cards describe the isochronal aircraft fleet, one card per isochronal
aircraft; the serial numbers are sorted in ascending order.

Column Description
3-10 Aircraft Serial Number

13-15 Starting Week Number for Isochronal Inspection
4-21




Figure 4-18 is a sample input data deck listing, The Task II Preprocessor program 1
(Figure 4-17) produces two output files (2B and 2C) containing the following information.

File Data Type Description
2B 1 NORM Hours — Scheduled Inspection
2B 2 Manhours — Scheduled Inspection
2B 3 NORM Hours — Unscheduled Maintenance
Actions :
2B 4 NORS Hours — Unscheduled Maintenance
Actions
2C 1 Manhours — Unscheduled Maintenance
Actiouns

a. NORM Hours and Manhours — Scheduled Inspection (for File 2B, Data Types 1

and 2). Any NOR time charged during preflights and basic postflights is recorded 1
as unscheduled maintenance. Manhours expended during the look phase of these h

inspections, however, are charged as support general, so that these inspections
are included when calculating the look phase manhour distributions, For a given
type of scheduled inspection, each occurrence of that inspection on an aircraft
provides an observation of the NORM hours charged during the look and repair
phases of the inspection and the manhours charged during the look phase.

To calculate the NORM hours for the inspection, the first Type 3 record en-
countered with the support general (SG) WUC corresponding to that inspection

is combined with records for immediately succeeding weeks with the same code
until the end of a continuous block of weekly records is reached. The NORM
hours sum for the inspection is obtained by accumulating the NORM hours re-
corded in this block of records. The manhours for the look phase of this inspec-
tion are obtained by also accumulating the manhours in the same way.

By analyzing the plots of flight hours versus week for the F-106 fleet (see Air-
craft Inspection Histories, Paragraph 4, 8), it was discovered that the minimum
number of weeks between inspections was more than two weeks for Hourly Post
Flight Ingpections and MA-1 Scheduled Calibration Inspections. The minimum
number of weeks between inspections for Periodic Inspections and IRAN Depot
Visit Inspections was more than four weeks. This information was incorporated
to define an inspection as part of the input data. (See Paragraph 4.4.1,2.)

b. Manhours — Unscheduled Maintenance Action (for File 2C, Data Type 1). The
manhour distributions are calculated separately for repair actions and unschedul-
ed maintenance actions by accumulating the number of manhours charged against
a gpecific WUC and specific HMC for successive weeks until a week is encountered
with a nonzero number of maintenance actions. The number of repair actions or
unscheduled actions against the same WUC is accumulated at the same time.

4-22

S L P IV e = “ e o e e



08 WnL. — e e L ]

208 N0, A90 (L2 fencron AALYEL
- L 2 Lad Lad Lad - w

it s

IR R R ANAEEERERIARAARR RN
AN K] AN EEEEEAER L (R AR EREERI LA R AR AR AL (R X EEEREEEL AL
.nn:ul OIS T ET Y TLIT T TR aU I TTI {UY S LI Y TRTCIL LI ATV U TCTE ST TRICIN IO ITESETCTCIL TEILTCINAA TR SUSLRTILTRIL ICIN M FERFICTESLTRACTCI I TTHNE SEVL ST FASE )

0330003310003320033300340003600031,0003%00403210020% |, ,, ,,,, ., P
RRA

57000338 33 .o b b e nnrsnn
| 520008370 33N, L . nd ntu il S, o "

S20002830 337 L e b e e b

AZ00000H 330 s | lnnn s annnnnnnlinnnnnanndliann

57902515, 230, ... . PN SRS W EE T ReS ST TN RSN S I DS | LO R R ey U | S
PECURAA DLt N TN PPN FETTIT FUOTUTTDIT FOTTIOT PUTEEw

R TUNCA T N DTN POV TTTTTT FECTOTOUI FUTETIUT P ET P rrnn

5900000 330 b b baasaaa e b i i aa s aa baa s 4
5900000, 330 | i iy e O | . W

32000005 331 M W A , - 1
e E0C B il LA i) Lttt BRR il ISR A i R 1
s 90000)0 331 .~ s A PN 4

AR« CLUTTE = A N PO PP FUUTETTTTE FTTEUNTS SO ST
| 5248¢9015], 33,
DX LUOTE A T PR P OTTIN ST AT FITTTDUUTY PUUE
KX LUK 21 N PR T ST FUTTTTOTT FTUTTT T UTaT

Geal00aR LB A i) L e b o B oo o R i I R

il Ad ALy Aahid N URUTUEY P TE T TN S NUCEE NN S e

320,00030 22} TN ST FTOTINTTE FUTTUTITE FGTUDUUUT FECTOu
WA XLLZE R, LS A P TT P OTTIN FOUTTDIN FUTTTTTY FUITUUI FOWTTTN i

S ALTZ. X3 P75 S ST OT VTN FUNTTE T ST TS TITY FTTTTT R I T Taes

RSVACUL YR XA AN FESUTUTN FTTWOTTT FUTTETTETNG PURTTURUT FIUTRE RS FPTETET

BEAXALLR Y IR AT NS VTN FURTUOTIT FTTUTUUTY STUUUUUTI FUTE e

2760000 ISl 8 nnrirnrnnd i il i ennndbon oo ndn oo, A

aroae.ate - 8e

1
|

80 COLUMN GENERAL PURPOSE FORM

08 1ME. R m— e ENGNCER e .o
08 N0 awo __ — 1 — fomcom NN —_— AT
e

wt w2 w) w4 [ 21 L 2] ! -

Tisssseppddsiete

[ IABRARAREAL]
EE FUFCYUTEIT W IUY (72 SR TCIUTCIUN

A19:3141918)71839)08

® iy
(808

54,300,195

ERALLAR o R A
59990119 rn rdlrin e, ronnn
22650, 119) A n s ~
L COOR AN MR el i i ] LAt ) L ] L A ] b e PN
RV LUNR 5 X AN DO NIREL Ve S rndlannnnnnnallins nn
ER AN A, IR XA AR SR | SRR T VDU PUL.C.0.08 St ] b R
SRALLNA 2 APV SUUTSTIIN PITTTTE FUTEUT DTN T e
092 on o) fbe Bt SRl Suve LU DTN S VT vl TS T

SBAqE LA S e Ve e R,

S5200005U , J&L ..., nnn U s

s s g o aa g sy A siaaaa s laaaaga
aa LA daaaaaa " A saan At L s P i saaa s S i
e TS N EE N TE FRFTW ST DY FETTeE Tt FENTTT T T FETEE T TS NN

ada A ——— PP e AdAd g aaays

e S PSS E U T P TS FFT S SO NTWE PUE TR WETE P EE R ITE ST EW T e

TR P T TE T U S U WS Y P I TRETETE PUNEUTENNE FE RO TEE PO TN O Eie
Y et RS SN TR R U RS FETT W T WS SUCTWE OIS TR TR TR FTETTW T § I
e S P TV E T EWE ST FTTTTE T S UUTUR T SIS FEUTTE T ST e
" " A TEWEWE Fil iy S ST Ree FTTTETwETrs FOUW T e P U U w T sdaa s paaa A asoaa g

PSP i TSR TWTEeE FETT W eTeY FUWETENE TS PU U T W

st aa o bataaaaay,

Laais e S RS TR EFNETSVE S S S VTTWE NN TTE Rl FEUTTU RN CU WO S WU

i e S F NV T T Y IR T I RTOE ST TUTWIY SUWTUTEETE FERTTETUTE TN DT

S e e TR TN SN PNE NS T PR NS TN EYE IR RN Oy

e
e Em SRS N W R S W T W O S SR U W TN W T VT I WY e

A aae ST RGNS EE SR NPT NTE T SRR IO eTE TS TENEEWE FUS TPEREUE PN TUWETY FUTY TR
40008 mge 11 081

Figure 4-18, Sample Data — Task II Preprocessor
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This data is obtained from Record Type 4. The ratio of these totals provides
one observation of manhours per maintenance action for this WUC malfunction.
Each occurrence of a maintenance action on an aircraft is in the bank for the
specific WUC malfunction. Each occurrence of a maintenance action on an air-
craft in the bank for the specific WUC malfunction combination provides another
observation,

c. NORM and NORS Hours — Unscheduled Maintenance Actions (for File 2B, Data

Types 3 and 4). The distribution for unscheduled NORM hours is the same as in

Item b except that only unscheduled maintenance actions are included. Again,
| NORM hours and maintenance action totals are accumulated from week to week
I until a nonzero number of maintenance actions field is encountered. The ratio
of the two totals then provides one observation of unscheduled NORM hours per
maintenance action for the specific WUC. Since the type of malfunction is not
recorded in AFM 65-110, through which NORM hours are recorded, it is not
possible to calculate this distribution for a specific type of malfunction. The
data for this calculation is obtained from Record Type 3.

Calculation of the NORS hours distribution is somewhat different. In this case,
the parameter is NORS hours per week for a specific WUC. Each week for which
NORS hours are charged against the specific WUC in Record Type 3 provides
another observation.

4,4.1,3 Output Description. The output consists of two tape files (2B and 2C) with 20-
character data records blocked 90 to a tape record, with the following formats.

Column Description
1-5 Work Unit Code (WUC)
6-8 How-Malfunction Code (HMC)
10-15 Observation Data
17 Isochronal Indicator

=1 Isochronal Inspection

=2 Non-Isochronal nspection
19 Data Type

For File 2B:

=1 Scheduled NORM Hours

=2 Scheduled Manhours

=3 Unscheduled NORM Hours

=4 Unscheduled NORS Hours
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Column Description
For File 2C:
=1 Unscheduled Manhours
20 Record Mark
On a recent IBM 370 run for an F-106 fleet of 150 aircraft and 2201 WUCs, total com-

puter throughput time was about 10 minutes. Records totaling 348,511 and 243, 801
were generated for Files 2B and 2C, respectively.

4.4.2 SORT FOR SCHEDULED NORM HOURS, MANHOURS, UNSCHEDULED NORM
HOURS, NORS HOURS (SORT 2BS)

4.4.2,1 Purpose. The purpose of this program is to sort output File 2B for further
processing.

4.4.2,2 Input Data and Procedures. The input consists of tape File 2B as described
in Paragraph 4.4.1.3.

4.4.2,3 Output Description. An output tape with 20 characters per record and a blocking
factor of 90, consisting of scheduled NORM hours, manhours, and unscheduled NORM
and NORS hours records, is sorted according to the following keys in ascending order.

Key Column Description
1 17 Isochronal Indicator
2) 19 Data Type
3 1-5 Work Unit Code

It took about four minutes on the IBM 370 to sort 348,511 records for the 150-aircraft
F-106 fleet.

4.4.3 CUMULATIVE DISTRIBUTION FOR SCHEDULED NORM HOURS, MANHOURS,
UNSCHEDULED NORM HOURS, NORS HOURS

4.4.3,1 Purpose. This program generates cumulative distribution plots for scheduled
NORM hours and manhours and for unscheduled NORM and NORS hours by WUC and
isochronal subset type. The number of observations, maximum and minimum values,
and the mean and variance of the observation are printed on the top of each plot.
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4.4.3.2 Input Data and Procedures. The format for the input data card is:

Column Description
pet e L —_——— ]
1-5 Total Isochronal Aircraft Weeks. For definition, see Figure

2-1 in GDCA~AHD72-003, F-106 Scheduled Maintenance Study, ;

Phase II — Model Formulation and Data Analysis. ]

6-10 Total Non-Isochronal Aircraft Weeks. For definition, see the
preceeding reference. ;
]
13-14 Printout Suppression Cutoff for Isochronal Subset, ;
15-16 Printout Suppression Cutoff for Non-Isochronal Subset. 4
Figure 4-19 is a sample input data card.
80 COLUMN GENERAL PURPOSE FORM
I 08 MU = = Cagamprn = R
08 N 0 Wower __ FUNCTION ANALYST — GATE -
E w w2 ) - ws " wl w
R R B r e A R oD B B Hr R A A T gt e et
o lo28210220515 . PO U | s R
F e, Ny, BN ___B [ s LS = .

Figure 4~19. Sample Data — Cumulative Distribution for Scheduled NORM
Hours, Manhours, Unscheduled NORM Hours,and NORS Hours
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4.4.3.3 Output Description, Cumulative distribution plots by a printer contain the 1
following information.

Work Unit Code

Output Data — one of four types:
Scheduled NORM Hours
Scheduled Manhours |
Unscheduled NORM Hours
Unscheduled NORS Hours
Isochronal or Non-Isochronal Subset
Number of Observations

Maximum and Minimum Values

Pa—

Mean and Variation

The plot tape has 130-character data records, blocked 15 to a tape record. The 1
values for printout suppression cutoff have a significant impact on the output volume.
The effect of cutoff on output volume is shown below, based on the F-106 experience:

No. of Aircraft Isochronal Non-Isochronal No. of Plots
15 0 10 1275
15 10 10 686
150 5 15 2101

It took six minutes on the IBM 370 to process 348, 511 records and to g2nerate the
observation tape for the F~106 fleet. It required three printer hours to make 2101
plots. A sample output from a recent F-106 run is shown in Figure 4-20.

4.4.4 SORT FOR UNSCHEDULED MANHOURS (SORT 2CS)

4.4.4.1 Purpose. The purpose of this program is to sort output File 2C for further
processing,

4,4.4.2 Input Data and Procedures. The input consists of tape File 2C, as described
in Paragraph 4.4.1.3.

4.4.4.3 Output Description. The output tape file, consisting of unscheduled manhours
charged against a specific WUC and specific HMC is sorted according to the following
keys in ascending order.
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Figure 4-20. Sample Output — Cumulative Distribution of Scheduled Manhours

Key Column Description
1 17 Isochronal Indicator
=1 Isochronal Subset
=2 Non-Isochronal Subset
2 19 Data Type
=1 Manhours
3 1-5 Work Unit Code (WUC)
4 6-8 How~Malfunction Code (HMC)

The output tape consists of 20-character data records, blocked 90 to a taie record.
It took one minute and 36 seconds to sort 243, 801 records for a fleet of 150 F-106
aircraft.

4.4.5 CUMULATIVE DISTRIBUTION FOR UNSCHEDULED MANHOURS

4,4.5.1 Purpose. This program generates cumulative distribution plots for un-
scheduled manhours by WUC, HMC, and isochronal subset type. The number of ob-
servations, maximum and minimum values, and mean and variance of the observa-
tions are printed at the top of each plot,
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4.4.5.2 Input Data and Procedures. The format for the data card is:

Column Description
1-2 Printout suppression cutoff for isochronal subset

3-4 Printout suppression cutoff for non-isochronal subset

A sample data card is shown in Figure 4-21,

4.4.5.3 Output Description. Cumulative distribution plots by a printer contain:

E a.  Work Unit Code (WUC). 1

b. Output Data — Unscheduled Manhours.
] c. Isochronal or Non-Isochronal Subset.
| d. Number of Observations.
e. Maximum and Minimum values.

f. Mean and Variance.
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Figure 4-21. Sample Data — Cumulative Distribution
for Unscheduled Manhours
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The plot tape consists of 130~character data records, blocked 15 to a tape record.
The values for printout suppression cutoff have a significant impact on the output
volume. The effect of cutoff on output vo’1me is shown below, based on the F-106

experience.
No. of Aircraft Isochronal Non-Isochronal No. of Plots
15 0 10 1433
150 0 10 7455 |
150 5 15 2819

The fleet of 150 F-106 aircraft required about 22 minutes on the IBM 370 to generate
the observation tape and four hours of printer time to print the 2819 plots. A sample
output from a recent F-106 run is shown in Figure 4~22,

.f
i 4.5 INTERVAL LENGTH ANALYSIS — TASK III
i
The objective of this task is to generate cumulative probability distributions for in-
l
terval length analysis. A system of five COBOL programs has been developed to
perform this task. (See Figure 4-23).
WUC . SEL HMCa3RL  MAN-HK/MA NUN-1SC AC CF CESERVATIUNS = 175 VALUF MAX s 29,3 VALUE MIN = ) ZBCLEL
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Figure 4-22. Sample Output — Cumulative Distribution for Unscheduled Manhours i
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Figure 4-23. Logic Flow — Interval Length Analysis

a, Task III Preprocessor.

b, Sort 3BS.

c. Cumulative Distribution 3B
d. Sort 3CS.

e. Cumulative Distribution 3C.

Paragraph 6.9 shows the listing of the source programs with corresponding job control
cards.

4.0.1 PREPROCESSOR — TASK III

4.5.1.1 Purpose. The purpose of the Task III Preprocessor is to generate two out-
put files for further processing using the sorted data bank tape, isochronal aircraft
definition, a selected list of WUCs, and inspection criteria data as inputs (Figure
4-23).

4,5.1.2 Input Data and Procedures. There are two types of input data: tape and
card deck. Tape data consists of a data bank sorted in the order of WUC, HMC, air-
craft serial number, and week number, For the tape record layout, see Figure 4-4.
The data card deck has the following format.

Column Description
Card No. 1:
3-5 Number of Isochronal Aircraft, (Current program is dimensioned

for a maximum of 36 isochronal aircraft, which may be increased
by minor program modification.)
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The following cards describe the isochronal aircraft fleet (one card per isochronal air-
craft); serial numbers are sorted in ascending order.

Column Description
3-10 Aircraft Serial Number
13-15 Starting Week Number for Isochronal Inspection

The next group of cards contains information for a special set of support general (SG)
WUCs and relating time span in weeks for inspection criteria,

Card Column
1 1-5
6-8
2 1-5
6-8
3 1-5
6-8
4 1-5
6-8
5 1-5
6-8
6 1-5
6-8

Description
WUC for Hourly Post Flight Inspection

Minimum Number of Weeks Span Between Inspections for
the WUC

WUC for MA-1 Scheduled Calibration

Minimum Number of Weeks Span Between Inspections for
the WUC

WUC for MA-1 Scheduled Calibration

Minimum Number of Weeks Span Between Inspections for
the WUC

WUC for MA-1 Scheduled Calibration

Minimum Number of Weeks Span Between Inspections for
the WUC

WUC for Periodic Inspection

Minimum Number of Weeks Span Between Inspections for
the WUC

WUC for IRAN Depot Visit

Minimum Numbher of Weeks Span Between Inspections for
the WUC

A sample input data deck is shown in Figure 4-24. The Task III Preprocessor program
(Figure 4-23) produces two output files (3B and 3C) containing the following information,
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Figure 4-24, Sample Data — Task IIl Preprocessor
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a.

File Date Type Description

3B 1 Inspection Interval in Weeks

3B 2 Inspection Interval in Flight Hours

3C 1 Repair Action Interval in Weeks

3C 2 Repair Action Interval in Flight Hours

Inspection Interval Lengths (for File 3B, Data Types 1and2). Observation data
will be generated for the interval between successive occurrences of two inspec-
tions of the same type. The inspections will be located in the data bank by check-
ing for the appropriate SG WUCs in the Type 3 records. The inspection interval
is defined to be the period between the end of one inspection and the start of the
next. As for the repair action intervals below, the inspection intervals will be
measured in both weeks and flight hours. The data bank will have only one Type
3 record for each inspection short enough to be performed in less than a week.
However, long inspections will lead to a number of data bank records for conse-
cutive weeks. Therefore, it will be necessary to determine the week numbers
for both the start and the end of each inspection. This analysis will be performed
for all inspection types.

By analyzing the plots of flight hours versus week for the F-106 fleet (see Aircraft
Inspection Histories, Paragraph 4. 8), it was discovered that the minimum number
of weeks between inspections was three or more weeks for hourly Post Flight In-
spections and MA-1 Scheduled Calibration Inspections. The minimum number of
weeks between inspections for Periodic Inspections and IRAN Depot Visit Inspec-
tions was five or more weeks. This information was incorporated to define an
inspection as part of the input data. (See Paragraph 4.5.1.2.)

Repair Action Intervals (for File 3C, Data Types 1and2), This task involves the
generation of observation data of the repair action interval for each combination

of equipment identification WUC and HMC. Two types of observation data will be
generated for each such combination: one for the interval measured in weeks and
one for the interval measured in flight hours. Each observation will be the interval
between two consecutive flight-hour totals found in the Type 4 records, in which
the maintenance actions are recorded. It follows that whenever two or more main-
tenance actions are encountered for the same aircraft-week-WUC-HMC (i.e., in
the same Type 4 record), one or more intervals of zero length will be included in
both distributions, All distributions generated for this task will be stored on
magnetic tape so that they will be available for use as input analyses to be per-
formed at a later time.

4,5,1.3 Output Description. The output consists of two tape files (3B and 3C) and 20-

character data records blocked 90 to a tape record, with the following formats.
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931umn Description
1-5 Work Unit Code (WUC)
6-8 How-Malfunction Code (HMC)
10-15 Observation Data
17 Isochronal Indicator

=1 Isochronal Inspection
=2 Non-Isochronal Inspection
19 Data Type:
For File 3B:
=1 Inspection Interval Length in Weeks
=2 Inspection Interval Length in Flight Hours
For File 3C:
=1 Repair Action Interval Length in Weeks
=2 Repair Action Interval Length in Flight Hours
20 Record Mark
On a recent IBM 370 run for an F-106 fleet of 150 aircraft and 2201 WUCs, total com-

puter throughput time was eight minutes. Records totaling 139,770 and 218, 760 were
generated for Files 3B and 3C, respectively.

4.5.2 SORT FOR INSPECTION LENGTH INTERVAL (SORT 3B)

4,5.2,1 Purpose. The purpose of this program is to sort output File 3B for further
processing.

4.5.2.2 Input Data and Procedures. The input consists of tape File 3B as described
in Paragraph 4.5.1.3.

4,5.2,3 Output Description. The output tape file, 20-character data records
blocked 90 to a tape record and consisting of inspection interval lengths in weeks and
in flight hours, is sorted according to the following keys in ascending order.

Key Column Description
1 17 Isochronal Indicator
2 19 Data Type
3 1-5 Work Unit Code
4-35
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It took about five minutes on the IBM 370 to sort 139, 700 records for the 150-aircraft

F-106 fleet.

4,5.3 CUMULATIVE DISTRIBUTION FOR INSPECTION LENGTH INTERVAL

4.5.3.1 Purpose. This program generates cumulative distribution plots for inspection
length intervals by WUC and isochronal subset type. The number of observations,
maximum and minimum values, and the mean and variance of the observation are printed

on the top of each plot.

4.5.3.2 Input Data and Procedures. The input data card has the following format.

Column Description
1-5 Printout Suppression Cutoff for Non-Isochronal Subset
6-10 Printout Suppression Cutoff for Isochronal Subset

Figure 4-25 is a sample data card.

80 COLUMN GENERAL PHIRPOSE FORM

| ] VEEEEEES— EWOWAP_ FURCNON

w w2 "3 w4

!

Tesdaoedei[sasssosisir

Tidd113733d18d81370714
B0219,0181017)0i01010021318;9(0)17 010 0(1i20010:8 8 7 BI0\081IRIDIO3 810 88,0

TesTaeeeed
TESETLIITILIT LI

LE R
FTHITILITSEATILI )

15,

....................................

Figure 4-25. Sample Data — Cumulative Distribution for Inspection Length Interval
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4,5.3.3 Output Description.

following information.

a. Work Unit Code (WUC).
b, Output Data — One of the two types:
Inspection Interval Length in Weeks.
Inspection Interval Length in Flight Hours.
c. Isochronal or Non-Isochronal Subset.
d. Number of Observations.
e. Maximum and Minimum Values.

f. Mean and Variance.

Cumulative distribution plots by a printer contain the

The tape structure of the plot tape consists of 130-character data records, blocked
15 to a tape record. I took five minutes on the IBM 370 to process 139,770 records

for the F-106 fleet and six minutes on the printer to make 176 plots.

from a recent F-106 run is shown in Figure 4-26.

A sample output

PAGE L
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Figure 4-26. Sample Output — Cumulative Distribution for Inspection Length Interval
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4.5.4 SORT FOR REPAIR ACTION INTERVAL (SORT 3C)

4.5.4.1 Purpose. The purpose of this program is to sort output File 3C for further
processing.

4,5.4.2 Input Data and Procedures. The input consists of tape File 3C, as described
in Paragraph 4.5.1,3.

4.5.4.3 Output Description. The output tape file, consisting of repair action interval
lengths in weeks and in flight hours charged against a specific WUC and specific HMC,
is sorted according to the following keys in ascending order.

Key Column Description

1 17 Isochronal Indicator
=1 Isochronal Subset
=2 Non-Isochronal Subset
2 19 Data Type
=1 Repair Action Interval in Weeks
=2 Repair Action Interval in Flight Hours
3 1-5 Work Unit Code (WUC)
4 6-8 How-Malfunction Code (HMC)
The output tape file structure consists of 20-character data records, blocked 90 to a

tape record. I* took three minutes to sort 218, 760 records for a fleet of 150 F-106
aircraft.

4.5.5 CUMULATIVE DISTRIBUTION FOR REPAIR ACTION INTERVAL

4.5.5.1 Purpose. This program generates cumulative distribution plots for repair
action intervals in weeks and in flight hours by WUC, HMC, and isochronal subset
type. The number of observations, maximum and minimum values, and the mean and
variance of the observations are printed on top of each plot.

4.4.5.2 Input Data and Procedures. The input data card has the following format.

Column Description
1-5 Printout Suppression Cutoff for Non-Isochronal Subset
6-10 Printout Suppression Cutoff for Isochronal Subset

Figure 4~27 is a sample data card,
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Figure 4-27., Sample Data — Cumulative Distribution for Repair Action Interval
4.5.5.3 Output Description. Cumulative distribution plots by a printer contain the
following information,
a, Work Unit Code (WUC).
b, Output Data — One of the Two Types:
Repair Action Interval in Weeks.
Repair Action Interval in Flight Hours.
c. Isochronal or Non-Isochronal Subset.
d. Number of Observations.
1
e. Maximum and Minimum Values. |
f. Mean and Variance.

The tape structure of the plot tape consists of 130-character data records, blocked
15 to a tape record. The values for printout suppression cutoff have a significant im- 1
pact on the output volume. The effect of cutoff on output volume is shown on the follow-
ing page, based on the F~106 experience.
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No, of Afrcraft Isochronal Non-Isochronal No. of Plots
150 4 4 3426
150 4 10 2283

For a fleet of 150 F~106 aircraft, it required about 14 minutes on the IBM 370 to
process 218, 760 records and three printer hours to print 2284 plots. A sample out-
put plot from a recent F-106 run is shown in Figure 4-28.
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Figure 4-28, Sample Output — Cumulative Distribution for Repair Action Interval

4.6 EFFECT OF TIME AFTER INSPECTION

This set of programs determines the effect of time after an inspection on maintenance
F requirements and effectiveness parameters. Independent variables will be used with
: a number of dependent variables for specified sets of equipment identification WUCs.
A second analysis, to determine the trend of the various Data Bank variables and the
effect of scheduled inspections on these trends, is also included.

The eight programs listed on the following page have been developed to perform these

tasks. The logic flow at Aircraft and WUC levels are shown in Figures 4-29 and 4-30,
respectively.
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Measure Observations at Aircraft Level.
b. Measure Observations at WUC Level,
c. Sort Aircraft-Level Observations.
d. Sort WUC-Level Observations.
e. Merge WUC-Level Chservations.
f. Count Observations.
g. Analyze Regression and Correlation.
h. Analyze Trend.
FORTRAN-COBOL linkage is used for processing Items a, b, and g. COBOL input/
output processing is employed to ensure data compatibility, provide more efficient

input/output processing, and permit multi-reel file processing of the FORTRAN
programs.

4.6,1 MEASURE OBSERVATIONS AT AIRCRAFT LEVEL

4,6.1.1 Purpose. The purpose of this program is to generate the observations for
a defined set of independent variables for a defined set of dependent variables for
isochronal and non-isochronal aircraft subsets.

4,6,1.2 Input Data and Procedures. The program was written in both FORTRAN and
COBOL. The latter provides the input/output capability and the FORTRAN section
performs the requisite measurements. A listing of the complete program, the associ-
ated job control language (JCL), and a sample of input data is given in Paragraph
6.10.1. The COBOL input/output is used to handle multi-reel files,

Linkage is provided by a call in the FORTRAN program to a COBOL program entry.
The entries in the COBOL program and their uses are.

CREAD1 Reads control cards, Type 1.

CREAD2 Reads control cards, Type 2.

CREAD3 Reads control cards, Type 3.

COBRD1 Reads data records from the Support General WUC file or the Non-sup-
port General WUC file, depending on the code transmitted hy the
FORTRAN program.
The input comprises:

a. The Support General (SG) WUC file.
b. The Non-support General (NSG) WUC file.
¢. Cards containing the control data,
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Figure 4-30. Logic Flow — Effect of Time After Inspectfon — WUC Level |
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The criterian to measure the end of an inspection is determined by the interval in weeks
between occurrences of the inspection code. For Hourly Postflight and MA1 inspections,
the minimum interval to define the end of a current inspection is two weeks. For the ]
Periodic inspection, the interval is increased to four weeks. The code corresponding 1
to these inspections is the required input to the program, Cards 5 through 7.

The control data used in the ¥-106 Scheduled Maintenance Study is shown in Figure
4-31 and has the following format,

Card Column Description i
1 3-10 First Week of Analysis !
E 13-20 Last Week of Analysis 2
2 3-10 First Serial Number for Analysis 1
13-20 Last Serial Number for Analysis ‘
3 3-10 Position in SG WUC table that follows the Periodic
Inspection for measurement of NORM Hours ]
13-20 Position in SG WUC table that follows the Hourly Post-
flight Inspection for measurement of NORM Hours
4 3-10 Position in SG WUC table that follows the Periodic
Inspection for measurement of AIE/Sortie
13-20 Dummy (use zero) ‘
5 32-36 First entry into SG WUC table, using greater than two
week interval to define End of Inspection
6 32-36 Second entry into SG WUC table, using greater than two i
week interval to define End of Inspection
7 32-36 Third entry into SG WUC table, using greater than four

week interval to define End of Inspection

8-On 3-10 Isochronal Aircraft Serial Number. (These must be in
ascending sequence.)

13-20 Starting Week Number for Isochronal Aircraft ;

The final card must have an eight-digit number in Columns 3-10, greater than the last
serial number from Card 2, Columns 13-20. This is used as an end-of-file indicator.
Cards 1-4 and 8 and on are examples of Type 1 input cards. Cards 5-7 are examples
of Type 2, as defined by the COBOL-FORTRAN linkage. ]
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Figure 4-31, Sample Input — Measure Observations at Aircraft Level
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The independent variables are the following measure of time after the inspection.

a. Number of Weeks since Inspection. For each observation, this includes the week ]
for which the values of the dependent variables are being determined, but not the 4
week during which the inspection was completed.

b. Number of Flight Hours Accumulated since Inspection. This includes all flight
hours for the week of the observation, but none of the flight hours for the week
during which the inspection was completed.

c. Number of Sorties Flown since Inspection. This includes all sorties flown during
the week of the observation, but none of those flown during the week in which
the inspection was completed.

d. Number of Landings Performed since Inspection. This includes all landings per-
formed during the week of the observation, but none of those performed during the
week in which the inspection was completed.

The dependent variables are:

a. NORM Hours per Periodic Inspection. Separate observations are made for NORM !
hours per periodic inspection for periodic inspections immediately preceded by
each of the following types of inspection.

1. Hourly Postflight.
2. MA1 Inspection.

An observation of time after each of these inspection types is performed with each
of the four independent variables,

b. NORM Hours per Hourly Postflight. Separate observations are made for NORM
hours per hourly postflight inspection for hourly postflights preceded by each of
the following types of inspection,

1, Periodic Inspection.
2, Hourly Postflight.
3. MA1 Inspection.

For each of these inspection types, an observation is taken with each of the four
independent variables.

c. Number of AIEs per Sortie. The number of AIEs per sortie is calculated for each
aircraft week after the last preceding periodic inspection. All four of the inde-
pendent variables are used.

d. Number of Flight Hours per Week. The variable flight hours per week are de-
fined to be the quotient obtained by dividing the number of hours flown since the
latest periodic inspection by the number of weeks since that inspection.
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e. Number of Sorties per Week. The variable sorties per week are defined in the

same way as flight hours per week. It will be observed with the independent
variable sorties since the inspection.

f. Number of Landings per Week. The variable landings per week are also defined

in the same way. They are observed as a function of landings since the inspection.

4.6.1.3 Output Description. The output consists of a magnetic tape 40-characters to

a data record blocked 70 to a tape record. A sample is shown in Figure 4~32, and the
format of the data record is as follows,

Column Value Description
Pl T ki B —_— st
3-10 Zeroes Aircraft Level
11-12 01 Non-isochronal Aircraft
02 Isochronal Aircraft
13-14 01 NORM Hours — Periodic
02 NORM Hours — Hourly Postflight
03 AIEs/Sortie
04 Flight Hour/Week
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Figure 4-32. Sample Output — Measure Observations at Output Level
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Column

15

16

18-23
25-30
32-37
40

Output is achieved by a call from the FORTRAN program to the COBOL entry, COBOUT.

The record keeping output file contains a copy of the input control data and an additional
line containing:

Column

1-8
9-16
17-28
29-36
37-44
45-52
53-61

Value Description

05 Sortie/Week

06 Landing/Week

1 Origins — Hourly Postflight

2 Origins — MAs

3 Origins — Periodic

1 Independent Variable — Week

2 Independent Variable — Flight Hours

3 Independent Variable — Sortie

4 Independent Variable — Landing
XXXXXX Numerator of Dependent Variable
XXXXXX Denominator of Dependent Variable
XXXXXX Independent Variable

# End of Data Record

Description
Number of Control Data Cards
Number of Output Observations
Number of Input Records from SG File
Number of Input Records from NSG File
Number of Type 1 mput Cards
Number of Type 2 Input Cards
Number of Type 3 Input Cards (always zero at Aircraft Level)

Figure 4-33 is a sample of the record keeping output. On a recent IBM 370 run for an
F-106 fleet of 150 aircraft, a total of 55, 288 observations were measured, requiring
seven minutes of computer time,
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Figure 4-33. Sample Output — Record Keeping at Aircraft Level

4.6.2 MEASURE OBSERVATIONS AT WUC LEVEL

4.6.2,1 Purpose. The purpose of this program is to generate the observations for a f
defined set of independent variables for a defined set of dependent variables for isochrohal f
and non-isochronal aircraft subsets. 1

4,6,2,2 Input Data and Procedures. The program uses both FORTRAN and COBOL;
the latter provides the input/output capability for the FORTRAN section, which per-
forms the requisite measurements. A listing of the complete program, the associated
JCL, and a sample of input data is given in Paragraph 6.10.2. The COBOL fnput/out-
put is identical to that used in Paragraph 4.6.1.2. Tke input comprises:

a, Support General (SG) WUC File. J
b. Non-Support General (NSG) WUC File.

c. Card containing the control data.

The criteria to define the end of an inspection is defined in the same manner as at the
ajrcraft level, Paragraph 4.6.1.2,

For each group of NSG WUC groups, different origins for the measurement of intervals
between inspections may be defined. Thus, the input data defines first the origin of
the inspection, followed by the groups of NSG-WUC groups to be observed. Each NSG-
WUC group can be subdivided into a three-digit code and a two -digit code. The
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three-digit code will include observations for all NSG-WUCs with the corresponding
first three digits. The two-digit code group will include observations for all NSG-WUCs
except those for the preceding three-digit codes. The three-digit code for a particular
two-digit code subset must precede the two-digit code in the input control data.

The NSG-WUC set using the Hourly-Postflight, MA1, and Period inspections as origin

for the F-106 Scheduled Maintenance Study is:

S;et Description
2 T4A All of T4A
3 74B All of 74B
4 74C All of 74C
5 74D All of 74D
6 T4F All of 74F
7 74H All of 74H
8 74K All of 74K
9 74L All of 74L
10 74P All of 74P
11 74Q All of 74Q
12 74000 Only 74000

The NSG-WUC sets using the Hourly Postflight and Periodic inspection as origins are:

All of 11 except for 11J, 11K

All of 12 except for 12B

All of 13 except for 13C, 13J

§it Description

1 119 All of 11J
2 11K All of 11K
3 11

4 12B All of 12B
5 12

6 13C All of 13C
7 13J All of 13J
8 13

9 14 All of 14
10 23K All of 23K
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Set
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Description
23M All of 23M
23N All of 23N
23Q All of 23Q
238 All of 23S
23 All of 23 except 23K, 23M, 23N, 23Q, 23S
41F All of 41F
41 All of 41 except 41F
42E All of 42E
42F All of 42F
42G All of 42G
42 All of 42 except for 42E, 42F, 42G
44 All of 44
45E All of 45E
45J All of 45J
45 All of 45 except for 45E, 45J
46A All of 46A
46C All of 46C
46G All of 46G
46H All of 46H
46J All of 46J
46 All of 46 except 46A, 46C, 46G, 46H, 46J
47 All of 47
49A All of 49A
49 All of 49 except 49A
51 All of 51
52 All of 52
55 All of 55
63 All of 63
65 All of 65




P E———T R T . e et

§i Description ;
40 71 All of T1 "
41 75 All of 75 1
42 93 All of 93
43 97 All of 97 |

The control card data used in the F-106 Maintenance Study shown in Figure 4-34 has
the following format.

Card Column Description
1 3-10 First week of analysis
13-20 Last week of analysis
2 3-10 First serial number for analysis
13-20 Last serial number for analysis
3 3-10 Number of SG-WUC with week interval definition
to define end of inspection
13-20 Number of groups of non-SG-WUC
4 32-36 SG-WUC with greater than two-week interval

for definition of end of inspection

5 32-36 SG-WUC with greater than two-week interval
for definition of end of inspection

. .

6 32-36 SG-WUC with greater than four-week interval
for definition of end of inspection
7 8-10 Identification used on output for following group
of NSG-wUC
13-20 Starting index for WUC set number for the
following group of NSG-WUC
8 3-10 Number of SG-WUC for origin used with
following NSG-WUC dictionary
13-20 Number of NSG-WUC in following dictionary
9 32-36 SG-WUC for origin with following NSG-WUC,
(Number of cards set by Card B, Col, 1-10.)
10 32-36 NSG-WUC using above SG-WUC as origin.

(Number of cards set by Card 8, Col. 11-20.)
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Figure 4-34, Sample Input — Measure Observations at WUC Level (Sheet 1 of 2)
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Figure 4-34. Sample Input — Measure Observations at WUC Level (Sheet 2 of 2)
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Card

11

12

13

14

15

16
17

18

The final card must have an eight-digit number in Columns 3-10 greater than the
last serial number for Card 2, Columns 13-20. This is used as an end-of-file

indicator.

Cards 1-3, 7-8, 11-12, and 17 and on are examples of Type 1 input cards; 4-6, 9-10,
and 13-14 are examples of Type 2; and 15-16 are examples of Type 3 (as defined by
the COBOL-FORTRAN Linkage).

Data for the various sets of WUCs is analyzed with measurements taken using the
following independent and dependent variables. The independent variables are:

a. Number of Weeks since Inspection. For each observation, this includes the

Column

8-10

13-20

3-10
13-20
32-36

32-36

41-49

41-43
3-10

13-20

3-10

13-20

Description

g i e

Identification used on output for following SG-
WUC arigins

Starting index for the WUC set-number for the ]
following group of NSG-WUC

Number of SG-WUC in following dictionary
Number of NSG-WUC in following dictionary

SG-WUC for origins with following NSG-WUC
(Number of cards set by Card 12, Col. 3-10)

NSG-WUC using above SG-WUC as origin
(Number of cards set by Card 12, Col. 13-20)

Nine WDC used to define unscheduled
maintenance

Three WDC used to define inspections

Position of first WDC, corresponding to Abort
mission, in WDC table

Position of second WDC, corresponding to
Abort mission, in WDC table 1

Isochronal aircraft serial number. (These
must be in ascending segquence)

Starting week number for isochronal aircraft

week for which the values of the dependent variables are being determined,
but not the week during which the inspection was completed.

b. Number of Flight Hours Accumulated since Inspection. This includes all flight

hours for the week of the observation, but none of the flight hours for the week
during which the inspection was completed.
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Number of Sorties Flown since Inspection. This includes all sorties flown during
the week of the observation, but none of those flown during the week in which the
inspection was completed.

Number of Landings Performed since Inspection. This includes all landings per-
formed during the week of the observation, but none of those performed for the
week during which the inspection was completed.

Not all dependent variables are measured against each independent variable. The de-
pendent variables measured are:

a.

Unscheduled Maintenance Actions per Week.
Unshceduled Maintenance Actions per Flight Hour,
Unscheduled Maintenance Actions per Sortie,
Unscheduled Maintenance Actions per Landing.

Variables a through d are defined to be the quotients obtained by dividing the
number of unscheduled maintenance actions since an inspection by the number of
weeks, flight hours, sorties, and landings since the inspection. These are
observed as functions of independent variables a through d. A separate observa-
tion of each variable is performed for each of the inspection types associated
with the WUC set. In each observation, a value of each variable is calculated for
each week up to the next occurrence of an inspection of any of these types.

The Number of Repair Actions (fix phase maintenance actions) per Inspection by
Inspection type. This observation is calculated somewhat differently than the
other dependent variables. For a given number of weeks after a given type of
inspection, each aircraft provides a number of observations of whether or not a
second type of inspection occurs in the given week. Each aircraft also provides
a number of observations of the number of repair actions in the given week that
result from the second type of inspection, as identified by the When-Discovered
Code. The number of repair actions per inspection for this inspection type is
then the total number of these repair actions on all aircraft divided by the total
number of inspections of this type on all aircraft. The inspection types for which
this variable is calculated are those for which When-Discovered Codes correspond

to an inspection, Each observation includes all four independent variables, measured

from the latest occurrence of an inspection of one of the specified types. A sepa-
rate analysis