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ABSTRACT

The Depot Maintenance SWBS System (DMSS) is a means
of projecting shipyard requirements for manpower and material
by Ship Work Breakdown Structure (SWBS). Development of DMSS
included the development of computer programs and the associ-
ated data bases. This report presents the results of the
effort to develop the initial DMSS data base.

U is i o




1. INTRODUCTION

The Depot Maintenance SWBS System (DMSS) is being developed by the
Naval Sea Systems Command (NAVSEA) to report projected shipyard require-
ments for manpower and material by Ship Work Breakdown Structure (S\BS)'
as required by DOD INST 4151.15. The David W. Taylor Naval Ship Research
and Development Center (DINRSDC) has provided technical support to NAVSEA
in the areas of systems development, computer programming, and data base
construction. The performing organization within DINSRDC 1is the Opera-
tions Research Division (Code 186), and the responsible code within
NAVSEA is the Depot Maintenance Planning Branch (Code U713). Documenta-
tion of the system and the computer programs is contained in a separate
DINSKOC reporl:.l

DINSRDC previously supported NAVSEA in the development of the Depot
Maintenance Planning and Programming System (DMPPS). The DMPPS projects
shipyard requirements for manpower and material by production shop cate-
gory and SWBS. Documentation of the computer programs and a description
of the overall system is contained in a DINSRDC report.2

The development of the data bases for DMPPS was divided into separate
efforts for repair and alterations type work. A large part of the repair
portion of an availability (scheduled ship overhaul) for a given ship is
repeatable from availability to availability. Since the repair work is
repeatable, future repair work can be projected from past repair work.
Therefore, the repair data base was developed from data on completed
availabilities (historical data). This data base consists of two types of
data - repair profiles which break down the total ship repair work by SWBS
category, and shop vectors which break down the work within a SwWBS cate-

* The primary division of SWBS is at the one-digit level. There
are nine such groups. However, each one-digit SWBS is further sub-divided
into numerous three-digit SWBS elements. NAVSHIP NO1ICE 4790 of 18 July
1973 describes the SWBS categorization in detail.

1. Lamatrice, L., J. St. Laurent and M. Lamatrice, "Depot Main-
tenance SWBS System (DMSS) - System Description", DINSRDC report in
preparation.

2. Lamatrice, L., J. St. Laurent and M. Lamatrice, "Depot Main-
tenance Planning and Programming System (DMPPS) - System Description",
DINSRDC report in preparation.
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gory by shipyard production shop. The SWBS categories used in both cases
are groupings of three-digit SWBS elements. In addition, a one-digit SWBS
summary is available for the repair profiles which gives the fraction of
repair work expended in each one-digit SWBS group. The repair profiles,
constructed along ship class lines (and type of work), were derived from
data extracted from shipyard departure reports (NAVSHIPS Report FA~905A)
on completed overhauls. The profiles not only formed one of the key
inputs to the DMPPS, but were also useful in constructing the initial DMSS
data base.

The alteration portion of an availability is composed of many sepa-
rate alterations which are not repeatable on the same ship. However,
within the same class of ship alterations are repeatable. Therefore, the
ship alteration data base for DMPPS was developed by collecting data on
individual ship alterations for each ship class. The total of the indi-
vidual ship alterations was then used to project the alteration portion of
an availability. The Ship Alteration Management Information System
(SAMIS), developed by NAVSEA 042, was the source of scheduled ship alter-
ations for the DMPPS. The information listed in SAMIS for each ship
alteration includes ship type, ship class, ship alteration number, man-
days required, and SWBS. The results of the effort to develop the altera-
tion data base are documented in a DINSRDC ureport:.3

The development of the data base for the DMSS incorporated many
of the features developed for the DMPPS data base. The ideas, and actual
data, of features such as repair profiles and the use of SAMIS played an
active role in the DMSS data base development.

3. Hubai, P., "Depot Maintenance Planning and Programming System
Major Ship Alteration Data Base", DINSRDC Report 77-0063, June 1977.
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2. TASK DESCRIPTION

2.1 OBJECTIVE

The objective was to develop the data base for the DMSS. Each availa-
bility is described by two SWBS ratios, one for the repair portion of the
work and one for the alteration portion of the work. A SWBS ratio is the
decimal fraction of the work done in each of the one-digit SWBS groups to
the total work done.

2.2 METHODOLOGY
The methodology consisted of the following steps:
o Determine DMSS data requirements
Identify data sources
Collect data
Process data
Establish data file

Q. 0 -0

2.3 DATA REQUIREMENTS

The Depot Maintenance Assignment l’-‘ile"‘ (DMAF) is the list of avail-
abilities (scheduled ship overhauls) which determines the data base re-
quirements for the DMSS. For each availability, DMAF contains information
on type work, dates, shipyard, man-days, and percent alteration. The list
of availabilities and the type of work determine the data requirements;
i.e., the data base must contain information on each type of work per-
formed on each ship class.

2.4 DATA SOURCES

The data were gathered from sources already available at DINSRDC.
These included historical data provided by the shipyards, DMPPS repair
profiles, and SAMIS.

2.4.1 One-Digit SWBS Shipyard Tapes
Magnetic tapes were sent monthly to DINSRDC from each of the eight
major Navy shipyards during the period from September 1974 to July 1976.
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These tapes contained expenditures for each availability, by one-digit
SWBS group and by production shop category. At the completion of an
availability, SWBS/shop matrices were generated for the availabilities
repair work and alterations work. These matrices give the breakdown
(in terms of fractions) of the total repair or alteration man-days by both
one-digit SWBS and production shop category. That is, each element of the
matrix indicates the fraction of the availabilities repair or alterations
work done in each SWBS and each shop. These matrices therefore contained
the SWBS ratios needed by DMSS for each type of work. Matching the DMSS
data requirements with the available one-digit matrices provided much of
the data required by DMSS.

2.4.2 Three-Digit SWBS Shipyard Tapes

Beginning in October 1976, DINSRDC received quarterly from the ship-
yards a tape containing production shop and three-diait SWBS data for each
completed availability. Matrices generated from these tapes also included
one-digit SWBS ratios for each availability. These ratios were used with
the ratios developed from the one-digit SWBS tapes in the construction of
the data base.

2.4.3 Comparable Ship Types and Classes

Ship groups, consisting of one or more ship classes having similar
repair and alteration requirements, were identified. ‘1he available SWBS
ratios for the ships in the group were then combined to form an average
SWBS ratio for the ship group and for a particular type of work. A
comparison of the data available with the data required indicated that
theré were still many ship classes (or types) and types of work for which
no shipyard data were available. In some of these cases, data from other
ship groups could be used for the initial data base. For exanple, the
LHA is a new type of ship just entering service; therefore, no data are
available on conpleted overhauls. The LHA is most similar to the LPH type
ship; therefore, the LPH data were used for the LHA.

Also, if date for different types of work are required for a ship
type, but data are available for only one type of work, the available data
can be used for all types of work for that ship type. This method was
used to extend the coverage of the available data.




- EE—

2.4.4 Repair Profile and SAMIS

The repair profile data base of the DMPPS was used to develop the
repair SWBS ratios for availabilities that could not be covered by ship-
yard tapes or by similar ships. The SWBS ratios for the alteration por-
tion of these availabilities were developed by adding the scheduled al-
terations as listed in SAMIS by single-digit SWBS and then forming the
ratio. All data requirements that could not be covered by the first three
sources were covered by this method.

i
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3. DATA COLLECTION AND PROCESSING

3.1 DATA COLLECTION

The initial DMSS data requirements as determined from DMAF are
presented in Table 1 for each ship type and class and for each type work.
The initial ship type and class groupings were as setup for the repair
profiles of the DMPPS. The only types of work considered were regular
overhauls (RO), restricted availabilities (RA), overhauls to Naval Reserve
training ships (NRT), and Refuelings (RF).

with the data requirements established, the precedence for collecting
Jdata was first fram shipyard tapes, either the one- or three-digit SWBS
tapes. Table 2 lists the completed availabilities from which data were
collected from the shipyard tapes.

The similar ships method was then used to extend the shipyard tape
coverage to other classes and other types of work. These results are
presented in Table 3.

kepair profiles and SAMIS were then used to fulfill the remaining
data requirements. Table 4 lists the ship types whose data was developed
using repair profiles and SAMIS.

3.2 DATA PROCESSING

The data obtained from the one-digit SWBS shipyard tapes were pro-
cessed through a computer program which changed the format for input to a
later program and re-normalized the ratios to insure that they summed to
1.0. The input included an identification cara which listed ship type
and class, data source (hull number) and man-days expended for repair and
alteration type work. The repair and alteration SWBS ratios followed the
identification card. The output included the identification card and the
reformated SWBS ratios.

Frequently data for more than one ship in a class were obtained
from either the one- or three-digit shipyard tapes. Therefore, a computer
program which combined the single ship ratios was usea to produce an
average ratio. The input included a category definition card which
identified the type and hull numbers covered by the data to be averaged,
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and the single ship SWBS ratios such as were output from the preceding
proagram. The program multiplies the SWBS ratio by the man-day figure to
produce a SWBS spread. It then sums the mandays for each one-digit SWBS
and the total, and divides to produce a combined ships average SWBS ratio.
The resultant SWBS ratio is then normalized to 1.0. This process is done
for both repair work and alteration work. The output consists of punched
cards which contain the category definition data, the repair and altera-
tion mandays, and repair and alteration SWBS ratios.

The data produced from the similar ships method were duplicated
from the averaged ratios: data developed from repair profiles and SAMIS
was produced in the format of this average ratio. However, all data
were processed through the averaging program to insure that the ratios sum
to 1.0.
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TABLE 1 - DMSS INITIAL DATA REQUIREMENTS

IShip Type E

[And Class

L&

REQUIRING DATA

| NRT

| RF

|AD-14, 26

|AD-37"

|AE-21,23

|AE-26

|AFS-]1

|AG-153

|AG=520

><%><><><><>‘><><53

| AGDS~2

|AGF-3

|AGFF~1

JAGSS~555

|AGSS~563

|AO-51,143

|ACE-1

| AOk-1

|Ak=5, 28

|ARS-6, 38

|AS-11 "

TERACEE AR RS

[AS-19

|AS-31, 33,36

|ASR-7, 21

kS

|ATS-1

[AW-]

LCG-4' 1T

}CG-16

|CG-26

JCGN-9

ICGN=25

}CGN-35

\CGN-36, 37,38

ESERE

lCV-l9. 41 '59

ICV-63

ICV-67

ﬂ

THEBRRENPHANAENMERENNER RN RS RER R E R

JCVN=-65

}CVN-68

|CVI-16

<] <) D D<| D] D<| D¢ <] < x| ¢

O

[DD-710,825

e e [ A 23 B S 0 s N I R B 5 O R
B o i -

x|

|DD-331,945

|

— —d

|DD-963

| DDG~2

|DDG-31

| DDG~ 35

xxxxjx >ﬁ><><><><><><><><><><><><><><><><><><><><><><><><><><><><

|DBG-37, 38




TABLE 1 (CONTINUED)

{Ship Type
|And .Class

| DSRV-1

|DSV~-1

|FF-1037,1040

|

IFF-1052°

|FFG-1

XXXXXB

|FFG=7

<

|LCC-19

| LHA-1

|LRA-112,113

| LPA-248

| |
e

|LPD-1,4

| LPH-2

| LSD-28

| LSD-36

|LST-1179

|MSO-442,428, 508

| PHM-1

U PR p—

1S5-563,572,580

< D] ¢ ><| ¢ >¢| >¢| 4] >J>d><

| SSBN-598

| SSBN-608

| SSEN-616

|SSBN-627

| 55BN-640

| 5| ><) ¢

|SSN-571,57/5,578
| SSN=585

11

__..._.._._-_.4___..__..__J__4_4-—4_4—.4_._i__4._4———

| SSN-594

N

| SSN-597

|SSN-637

ISSN=-671,685

<] <) D¢ X< ><>¢>1>< <

| SSN-688

> <) < | ><| x| | > ¢

H

>} o<l X< >
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TABLE 2 - DATA GATHERED FROM SHIPYARD TAPES

|SHIP TYPE [ HULL- | TYPE | GSHIPYARD | AVAILABILITY |

|AND CLASS | NUMBEK | WORK | | DATES |
| [ ONE-DIGIT SWBS SHIPYARD TAPES !
(AD-37 [AD-38  [RO NORFOLK [ 5775 = 9775 [
| ACE-1 TAOE-3 __ |RO TNORFOLK T 7778 = 2/75 |
| AOR-1 TAOR-1 RO TIONG BEACH | 6/74 - 2/715 |
| AOR-1 [AOR-2 TRO [PHITADELPHIA] 2/75 - 9775 |
ICG-4, 10 TCG-10 RO TPHILADELPHIA] 7/73 - 5774 |
|CG-16 TCG-17 RO [PHILADELPHIA| 4/74 - 4775 |
ICG=26 TCG-27 RO TNORFOLK [ 7/73 - 7774 :
|CG-26 [CG=29 RO TIONG BEACE | 4/75 - 2776 |
|CG=26 TCG-31  [KO TIONG BEACH | 2774 - 12/74 |
|TG-26 [CG=33 RO TIONGBEACE (12774 - 10/73 |
|CG-26 [CG-26  |RA TNORFOLK 1775 - 37715 |
|CGN=-9 [CGN-9  [|RA TPUGET SOUND | 2/76 - 6/76 |
|CGN=-35 TCGN=35 [RC [PUGET SOUND | 3/74 - 7/75 '
|CV-19,41,59 TCV=60 RO TNORFOLK 3/ - 3/75 |
|CV-19,41,59 [CV-33 |RA TIONG BEACH | 8/74 - 3775 |
ICv=-19,41,59 TCv=-42 [RA [PHILADELPRIA] 5/74 - B8/74 |
\CV-19,41,59 TCV-43 TRA [TONG BEACE | 8/75 - 5/76 |
\CV-19,41,59 TCV-59  |RA TNORFOLK_ T 9775 - 2776 |
|1CV=-19,41,59 ~JCV-59 _ |RA TNORFCLK [ 8/73 - 11/73 [
|TV-19,41,59 TCV-59 TRA TNORFOLK 17 9/74 - 12774 |
|ICV-19,41,59 [CV=62 TRA TNORFOLK [ 2/74 - 4/74 |
|CV-19,41,59 [CV-62  |RA TNORFOLK | 6/74 - 7774 |
|TV,19,41,59 [CV-62  |RA TNORFOLK 3775 - 6/75 |
|ICV=63 [CV-66 RO TNORFOLK T12/74 - 10/75 |
|ICV=67 [CV-67 RO TNORFOLK T 3/74 - 11/73 ;
|CV=67 [CV=67 TRA TNORFOLK [ 2/76 - 5/76 |
|IDD-710,825 [DD-820  INRT TPRITADELPHIA] 6/74 - 6/75 1
|DD=931,945 [DD-941  [RO TNORFOLK T 3/75 - 1776 |
|DD=931,945 [DD-945 RO TIONG BEACH | 4/74 - 4775 |
|DD=931, 945 [DD-948 RO TPEARL, HAKBOR| 6/75 - 2776 |
| - |
| DDG=2 [DDG-3 KO TNORFOLK [ 5775 = 3776 |
|DDG=2 [DOG-5 RO TNORFOLK [ 4/74 - 127734 |
|DDG=2 [DDG-6  |RO TPRILADELPHIA| 4/74 - 2775 |
|DDG=2 DDG-7 RO [LONG BEACH [10/73 - 71/7% |
|DDG=2 DDG-9 mo TIONG BEACH | 6/73 - 6/73 |
| DDG=2 DDG-14 TIONG BEACH | 2/75 - 1/76 [
| DDG=2 DDG-16 RF—TMD 7774 = 6/75 |
| DDG=2 10/74 = 9775 |
|DDG=2 DDG-20 RO PEARLHARRSR 3/74 = 3775 |
|DBG-2 DDG-24 RO P |
| DDG=2 [RO |LONG BEACH | |
| DDG=31 DDG-31___[RO TLONG BEACH | 4/75 - [
IDDG-37,38 _______|IDDG-37 |RO PHILADELPHIA|11/75 - 1/75 |
|DDG=37, 38 DOG-46  |FO —éﬂ'_léﬁ__"‘- |
11
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TABLE 2 (CONTINUED)

|SHTP TYPE T RAULL | TYPE | OSHIPYARD | AVAILABILITY

|
|AND CLASS | NUMBER | WORK | | DATES I
| [ ONE-DIGIT SWBS SHIPYARD TAPES [
|FF-1037,1030 [FF-1038 |RO “TPRILADELPHIA[ 3/75 - 9/75 t
|FF-1037,1040 TFF-1041 RO TIONG BEACH | 6/75 - 6/76 I
(FF-1037,1040 TFF-1048 [RO [PEARL HARBOR[ 8/74 - 5/75 |
[FF-1052 [FF-1056 RO [PRILADELPHIATI1/73 - 6/74 |
|FF-1052 [FF-1057 |RC TPEARL HARBOR] 9/73 - 4/74 |
|FF=1052 [FF-1058 |RO “JLONG BEACH [10/73 - 7774 |
|FF=1052 TFF-1059 |RO TPRILADELPHIA] 6/75 - 3/76 |
|FF-1052 TFF-1060 RO TIONG BEACH | 7/73 - 3773 |
|FF-1052 TFF-1062 RO TPEARL, HARBOR| 8/75 - 4/76 |
|FF-1052 TFF-1066 RO TLONG BEACH | 7/74 = 2/75 |
|FF=1052 TFF-1067 RO [IONG BEACH | 7/74 = 3775 l
(FF-1052 TFF-1077 [RC [TONC BEACH | 9/74 - 5/75 |
(FF-1052 [FF-1056 [RA TNORFOLK [11/78 - 3/75 |
|FF=1052 TFF-1082 |KA TNORFOLK [ 7775 - 11/75 |
|FFG-1 TFFG-2 TRO TIONG BEACH [10/73 = 1/74 |
|FFG-1 TFFG-5 TRC [PHILADELPRIA] 4/75 - 1/76 |
|ICC-19 TICC-20 RO ~|PHILADELPHIA] 7/74 = 2/75 t
|TPO-1,3 TLPD-8 RO [TONG BEACE | 2/74 = 7/74 |
|TFD-1,4 TLPC-13 1RO [NORFOLK 1/74 - 6/74 |
| TPR-2 TLPR-7 RO [PRILADELPHIA| 9/74 - 4/75 |
|TFH=-2 [TFA-3 RO TPRILADELFRIA] 7/75 - 3/76 !
|TS0-28 [IS0-28 RO TIONG BEACE | 2778 = 1/73 |
|ILST-1179 [IST-1186 |RO [LONG BEACE | 1/75 - 6/75 |
(IST=IT79 ___ JIST-1180 |RA TRORFCLX T 5/75 - 6/75 |
|ILST-1179 TIST-1181 |RA TNORFOLK | 8/75 - 9/75 |
| SSEN-608 [SSEN-611 |RF [MARE ISLAND [11/74 - 5/76 |
|ISSN-571,575,578 _ |50N-583 |RF [PEARL HARBOR| 9/73 - 4/75 |
| SSN=-585 TSSN-592 |RF [MARE TSLAND [12/73 - 5/75 a
ISSN=597 __ |50N-597 |RF ____ |PORIGMOUTH | 3/73 - 8/74 |
[ | [ [ | |
[ T THREE-DIGIT SWES SHIPYARD TAPES |
|AS-11 “[AS-11 TRC TCRARLESTON | 4/76 - 10/76 |
|ES=31,33,36 TAS-34 O TCRARLESTON | 1/76 - 8/76 |
|CG-16 CG-22 RO TPOGET SOUND | 9/75 - 9/76 |
1CV=15,31,59_ TU-60 12,) TRO = |
ITV=-19,41,59 TV-62  |RA RFOLK 5/76 - 9/76 |
|DDG=2 DDG-8 RO TONG BEACH | 9/75 = 7/76 |
| DDG=2 DOG-22 RO PEARL HARBOR[10/75 - &8/76 |
| DDG=2 3775 - 6/76 |
| DDG=31 DDG-32 _|RO TONG BEACHE | 1/76 - 11/76 |
|FF=1052 =1052 |RO FEARL HARBOR| 2/76 - 10/76 |
JITC=19 XC-19 |RO_ TONG BEACH | - |
| LPH=2 LPA-12__ RO NORFOLK 4776 - 2/77 |
|S5=563,572, 580 §S~572 |RO MARE ISLAND | 7/75 - 8/76 [
|SBR=637 SSN-647 RO PEARL HARBCR| 8/75 - B/76 |

12




TABLE 3 - SIMILAR SHIP TYPES

ISHIP TYPE | TYPE | SIMILAR SHIP | SIMILAR |

|AND CLASS | WORK |TYPE AND CLASS | TYPE WORK |
|AD-14, 726 “TRO TAD-37 TRO |
|AG-153,520 TRO —1M50-422,428, 508 RO |
|AGDS-2 [RO,RA__ |AD-37 TRO |
|AGF-3 TRO [ISD-28 TRO ]
|AGFF-1 TRO “[FF-1037 [RO |
|AGS5-555, 563 TR0 |55N-637 TRO |
|AD-51,143 [RO,RA |AOE-1 TRO |
|AR-5, 28 TRO TAD=-37 TRO |
|AS=11 TRA TAS-11 TRO |
|AS-19 TRO TAS-11 TRO |
|AS=31,33, 36 TRA TAS=31, 33, 36 RO |
|AM-1 TRO TIZC-13 RO |
|ICG-16 TRA TCG-16 TRO |
|CGN-25,35, 36,37, 38|RE_____ |CGN-9 TRR |
|\CGN-9,25,36,37,38 TRC______|CON=-35 TRO |
|TV=63 TRE |CV-67 TRA |
ITV=63 TRO TCU=67 RO |
|ICVT-16 TRO —[CV-59 TRO |
\ICVI-16 TFRA [CV=-59 A |
|DD=931, 945 TNRT TDD-931, 945 RO [
|DD=-963 RO, RE [CG-26 TRO ;
|oG=-35 TRO TDDG-31 RO |
|BBG=37, 38 TRA TEDG-37, 38 RO |
| DSRV=T RO ~ |SON-637 RO l
| DSV-1 RO TSSN=637 TRC |
|FF=1037,1040 [NRT  [FF-1037,1040 RO [
|FFG- RA FF-1052 2. |
|THA "RA LPH-2 RO t
|IKA-112,113______ |RO,N CPO-1,4 RO |
|CPA=238 NRT LPD-1,4 RO |
| ISD-36 RO IS0-28 RO |
| PAM-1 RO FF-1052 RO |
|55BN-598,616,627, | ] |
| 640 RF | SSBN-608 | RF |
|58N-594,637,671, T ] |
| 685 RF | SSN=597 RF |
|SSN-637 1.9 [SSN=637 50) |
|S8N-671, 685 RO, RA SSN-637 RO |
| SSN-688 RO, RE SON-637 RO ]
13
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TABLE 4 - SHIP TYPES USING KREPAIk PROFILE
AND SAMIS DATA

|SHIP TYPE [ TYPE |
|AND .CLASS | WCRK |
|AE-2]1,23,26 RO |
|AFS-1 [RO |
|ARS-6, 38 | RO |
|ASR=7, 21 [RO |
|ATF-511 garlzg mlNﬁi I
{ATS-1 RO !
|MS0-422,428,508 __|RO,NRT_|
|SSBN-598,608,616 |RO,RA |
|SSBN-627 RO,RA |
|SSBN-640 [RO,FA |
|SSKR-571,575,578, | |
| 585 | RO, RA |
| SSN-594 |RO,RA |
14
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4. SWBS RATIOS

The final SWBS ratios included in the initial data base are presented
in Table 5. The first two columns, ship type and hull range, define the
ship category to which the data apply. The third column, Tw, specifies
the type of work as defined in Section 3.1. An additional type of work,
UTW, is used here to denote that the data are used for all types of work
that may occur. The comment column gives the data source if the data were
developed from the similar ships or profile and SAMIS methods. The
remaining colums list the SWBS ratios for each one~digit SWBS group. At
the far right, the R denotes the repair ratio and the A denotes the
alteration ratio.
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5. UPDATING PROCEDURES

Updating the data base becomes necessary either because the data
requirements change or because additional data become available from
the three-digit SWBS shipyard tapes. If the requirements change, the
methodology used in the development of the initial data base should be
repeated (i.e., define requirement, identify data source, collect and
process data, include in data file).

If new data become available from the three-digit SWBS tapes, the
source of the existing data determines how the new data are incorporated
into the data base. If the previous data were developed from the similar
ships or profile and SAMIS methodology, the new data replace the previous
data. If the previous data were from shipyard tapes, the new data should
be combined with the previous data. In either case the averaging program
should be run, even if only one SWBS ratio is available, so that the final

data are normalized co 1.0.
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