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1.0 SUMMARY :

The Summary is presented first in this study in order to provide a
readily available reference that indicates what situation prompted the
study, what the objectives of study were, how the study was performed,
and what were the more important results of the study. The reader
that desires/requires additional information should read the Background
(Paragraph 1.1) and the Definition of the Problem (Paragraph 1.2)
of this summary before proceeding to any other section of the study.

A substantial amount of desirable, if not necessary, information
is included in the Appendix of this study. Appendices A and B are
concerned with the detailed reliability calculations, while Appendix H
indicates fleet experience with modern relay controllers. Appendices
C, D and E provide very valuable background information on the capabi-
lities of the Electrician's Mate. Appendices F and G list the high
reliability standard electronic modules and microcircuits from which a
Navy static logic controller could be developed.

1.1 BACKGROUND

A recent concept in ammunition handling and stowage, called the
Improved Rearming Rate Program (IRRP), is being incorporated in the
newer aircraft carriers. Basically the IRRP concept consists of
preassembled weapons and palletized ordnance. Under the IRRP concept,
missile weapons are assembled and tested at a Naval Weapons Stationm,
placed in a special cradle, and delivered to the carrier in an
assembled configuration. Bombs and miscellaneous ordnance are deliver-
ed to the carrier on a pallet. The cradled missiles, palletized bombs
and ordnance can be delivered to the carrier at shore installation or
while underway. The aircraft carriers with IRRP capability have
rather large weapons elevators that service several load/unload levels
below and including the main deck. The carriers also feature modular
stowage magazines for cradles and palletized weapons. More rapid
weapon handling to, within, and from the magazines is provided by over-
head handling systems in the magazine and forklifts to load and unload
the elevator at each level serviced.

Note: Manuscript submitted November 14, 1978
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Six older Aircraft Carriers, CV 59 through CV 64, have been

modified to conform to the IRRP concept under the Improved Weapons
Handling System (IWHS) program. Five of the aircraft carriers have two
IWHS elevators, one of the carriers (CV 60) has one IWHS elevator with
another to be installed in the near future.

1.2 DEFINITION OF THE PROBLEM

The control system for the IWHS elevators has a Manual Controller
and an Automatic Controller. The logic and drive portion of the
Automatic Controller presently utilizes the PDP-14 Industrial Control
System previously manufactured by the Digital Equipment Corporation
(DEC) of Maynard, Massachusetts. The PDP-14 was introduced by DEC in
early 1969 but is no longer being manufactured and offered for sale.
Many spare parts for the PDP-14 must be specially ordered from DEC at
high cost and long delivery times. The maintainability of the IWHS
Elevator has become a serious problem, not only due to the availability
of spare parts, but also due to apparently inadequate maintenance
service by the Electrician's Mate (EM). The inadequate maintenance
service is generally attributed to the fact that the PDP-14 is a
digital computer-like device whose sequential logical operations are
completely foreign to the normal training and duties of the EM.

A solution to the spare parts problem was initiated by utilizing
some modules from the Navy Standard Electronic Module (SEM) program to
build a programmable controller that was functionally equivalent to,
and software compatible with, the PDP-14 controller. The equipment
development was accomplished by Naval Weapons Support Center (NWSC) and
tested on the USS KITTY HAWK (CV 63) in 1977. The test was performed
on the Lower Stage No. 3 IWHS Elevator by simply disconnecting the
cables from the PDP-14 and connecting them to the new controller,
referred to here as the SEM General Purpose Controller (SEM GPC), It
was determined during the test that the elevator operated essentially
the same with the SEM GPC as it did with the PDP-14, However, a
detailed evaluation identified desirable improvements to SEM GPC in the
physical, electrical, electronic, display, documentation, and software

support areas. Due to the stated desirable improvements, and to a
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recognized need for improved maintainability by the EM, NWSC is
presently developing an improved controller (MSEM GPC) using a
Microprocessor SEM to replace many of the individual SEM's.

Another approach to a solution of the IWHS Elevator problem was
suggested by the development of a '"Modern" Relay Controller by the
Puget Sound Naval Shipyard (PSNS). The Modern Relay Controller
features the use of relative small electromechanical relays to perform
logical operations and drive small loads. Solid State Relays are used
to drive the higher loads. Light emitting diodes are used to indicate
the excitation status of the relays to provide a maintenance aid for
the EM. Additionally the relay controller features a built-in test
socket to test the electromagnetic relays. Two controllers, referred
to as the hybrid controller, were built by PSNS and one each installed
on the USS SACRAMENTO (AOE-1) and the USS CAMDEN (AOE-2). Messages
from these two ships (See Appendix H) indicate that the controllers
have been successful.

On the later carriers (CV 66 through CV 69), the logical opera-
tions of the Automatic Controller are mechanized using semiconductor
logic. The technique is referred to as Static Logic and is very
similar in logical operation to relay logic. Static logic has been
found to be satisfactorily maintainable by EM's. The disadvantage of
presently installed Static Logic is that General Electric, whose Static
Logic family is used on the USS AMERICAN (CV 66) and the USS KENNEDY
(CV 67), is no longer in the static logic business, while Cutler-
Hammer, whose Static Logic family is used on the USS NIMITZ (CV 68)
and USS EISENHOWER (CV 69), has significantly redesigned their logic
family. The Static Logic approach for the IWHS elevator is a reason-
able one but any approach selected should be supportable for 20 years.
1.3 STUDY AUTHORIZATION

Because there was no obvious 'best'" contending solution to the
problem, PERA (CV) tasked the Naval Research Laboratory (NRL) to
perform an independent study to determine the optimum solution. The
study was funded by PERA (CV) Project Order Numbers N00251-78-PO 00023,
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N00251~78-PO 00033 and N00251-79-PO 00002. The corresponding assigned
NRL Problem Numbers are 84D01-22, 22A and 22B.
1.4 STUDY APPROACH

The NRL plan of approach to the IWHS Elevator Automatic Controller
Study was to:

1. Systematically define the problem to the complete satisfac-
tion of PERA (CV) and NRL (Section 2,0).

2. Define the elevator controller requirements (Section 5.0).

3. Define the capabilities of the maintenance personnel
(Section 6.0).

4. Determine the appropriate criteria and sub-criteria for
evaluating the candidate design approaches (Section 8.0).

5. Analyze the possible design approaches and select the most
promising (Section 7.0).

6. Define the design approaches to be evaluated (Section 7.0).

7. Determine the appropriate weighting factors to be applied to
the sub-criteria and the major criteria (Section 8.0).

8. Evaluate the design approaches, first according to the
sub-criteria and then according to the major criteria (Section 8.0).

9. Analyze the evaluations, determine the significant conclusions
and recommended course(s) of action (Section 9.0).

10. Contact cognizant naval organizations and suppliers as
required to obtain pertinent information (Section 3.0 & 4.0).

The sections indicated in parenthesis are the sections of the
report that correspond to the plan of approach elements. It was
necessary to contact many organizations in order to perform study
properly; the organizations contacted included 32 codes in 19 Navy
organizations, 24 commercial control equipment manufacturers, a
technical publication on control engineering, an academic institution,
an engineering society, and a large industrial user of programmable
controllers.

1.5 DESIGN APPROACHES EVALUATED

Six design approaches were selected for evaluation with respect to

reliability. A brief description of the six design approaches is as
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follows:

Regular EM Relay - A design approach that uses small electromagnetic

(EM) relays to interface directly with the external input devices and
to perform the required logical operations. Larger EM relays are used
to convert logical decisions into power signals to drive the external
output devices.

Hybrid Relay - A design approach that is identical to the regular EM
relay approach except that the larger power relays are replaced by so
called Solid State Relays (SSR).

Static Logic - A design approach that uses semiconductor logic to
perform the required logical operations. SSR's are used to drive
external output devices. DC to DC converters are used to convert the
high level signals from the external input devices to the low logic
levels required by the semiconductor logic devices.

Non LSI Programmable Controller - This design approach uses a computer-

like device; a Programmable Controller (PC), to sequentially sample the
status of external input devices and to perform the logical operations
to determine when to turn external output devices on and off. DC to
DC converters convert the high level signals from the external input
devices to the low logic levels required by the PC. The PC controls
the external output devices via SSR's. The PC resembles a computer in
that it contains a memory, a central processing unit (CPU), and can
interface with input/output devices. The Non-LSI PC uses several
Small Scale Integration (SSI) logic chips and some Medium Scale
Integration (MSI) logic functional chips to perform the CPU function.
LSI Programmable Controller - This design approach is the same as the

Non-LSI PC except that the CPU is a microprocessor on a Large Scale
Integration (LSI) chip.
VLSI Programmable Controller - This design approach is the same as

the LSI PC except that the CPU is 2 more advanced microprocessor on
a Very Large Scale Integration (VLSI) chip.

The reliability evaluation indicated that the regular EM relay
and the Hybrid Relay design approaches were similar enough that they

could be considered as one basic design approach (Relay). The
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evaluation also indicated that the Non-LSI PC and the LSI PC were
sufficiently similar and representative of commercially available
equipment that they could be considered as another basic design
approach (Commercial PC). The reliability evaluation indicated the
desirable use of the Standard Electronic Modules (SEM) of
MIL-M-28787A in a Navy designed controller. Accordingly the other
basic design approaches were designed SEM Static Logic and SEM PC.
The SEM PC is another name for the highest quality of VLSI PC.
1.6 EVALUATION RESULTS

The results of the evaluation of the four basic design approaches
with respect to reliability, maintainability, equipment supportability,
standardization, human interface, failsafe operation, and life cycle
cost is given in Table 1.1. An overall evaluation figure-of-merit
(FOM) was obtained by multiplying the reliability and life cycle cost
individual ratings by 0.25, multiplying the other individual ratings by
0.10, and then summing the results for each design approach to render
the overall FOM's indicated below

Basic Design Approach FoM
Relay 98.0
SEM Static Logic 84.5
SEM PC 74.0
Commercial PC 63.2

It is seen that the overall evaluation indicates that the Relay
design approach is the "Best'" approach.
1.7 Conclusions and Recommendations

Conclusions

The overall evaluation indicated that the Relay design approach is
the "Best" solution to the IWHS Elevator Controller problem. Although
not rated the '"Best" solution, the SEM static logic and the SEM PC
approaches are considered as viable approaches. The SEM Static Logic
approach would be particularly atti..cive if higher elevator dispatch
rates should be required or if it were desireable to consider the

Static Logic controllers on Aircraft Carriers CV 66 through CV 69. The
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SEM PC is potentially an attractive approach if its capability for
self test were to be properly implemented and a successful Human
Interface with the Electrician's Mate demonstrated. The ommercial
PC, although it has a fairly respectable FOM, should be eliminated
from any real consideration because of its very poor rating with
respect to Equipment Supportability.

Recommendations

It is recommended the Relay design approach be recognized as the
most probable successful replacement for the PDP-14. A modern relay
based controller should be installed and tested on the U.S.S.
CONSTELLATION (CV 64) so that it can be compared with the PDP-14 and
a commercial Static Logic Controller. CV 64 is unique among the ships
having the IWHS Elevators because it has a Static Logic controller and
a PDP-14, both of which can control Lower Stage Weapons Elevator
No. 3. When the SEM PC, being developed by NWSC, becomes available
it too should be installed and tested on CV 64. A final definitive
selection of a replacement controller could be deferred until after
an in-service comparative elevation; otherwise the Relay controller

should be selected now.




2.0 PROJECT DEFINITION
In response to a request from PERA (CV), NRL prepared a program
plan to conduct a study to indentify the optimum type of control
system for the IWHS elevators, NRL's program plan identified 12 tasks
to be performed under the study. The 12 tasks were:
1. Meet with PERA (CV) to review the program plan, define the
problem in greater detail, and discuss information require-
wents .
2. Define the basic controller requirements,
3., Define the evaluation criteria,
Define the weighting factors for the criteria.
. Make a preliminary report on the first four tasks.
. Analyze present controller solutions.

4
8
6
7. Review the state-of-the-art of programmable controllers,
8. Define the candidate controller solutions.

9

. Modify the evaluation criteria and weighting factors if
required.

10. Rate the candidate solutions.

11. Analyze the results and determine recommendations,

12. Write a final report.

Task 1 constituted the project definition task and was initiated
by a meeting between NRL and PERA (CV) on April 12 and 13, 1978 at
Puget Sound Naval Shipyard (PSNS). PSNS personnel also attended the
meeting to provide background information and to provide information
regarding their controller candidate, the Hybrid Relay Controller.

The initial project definition accomplished April 12 and 13, 1978
was clarified and supplemented during the entire study by a free flow
of information between PERA (CV) and NRL.

A summary of the two day meetings is as follows:

PDP-14 Controller

1. The PDP-14 is considered reliable, only about 15% of the
controller problems are due to the PDP-14, Usually the problem lies

with the external input/output devices.
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2. The PDP-14 is difficult for the maintenance personnel to trouble~
shoot; they do not understand how it works and tend to blame it when
it is not at fault.

3. The manufacturer of the PDP-14 no longer adequately supports it.

4, The PDP-14 controller was not procured to a performance specifica-
tion as an elevator controller; it was procured and adapted to perform
the elevator control function.

Other Controllers

1. The SEM General Purpose Controller as designed by the Naval Weapons

Support Center has a much higher procurement cost than other control-
lers. The controller demonstrated on the USS KITTY HAWK (CV 63), like
the PDP-14, was not understandable to the maintenance personnel.

2. PSNS has designed a Hybrid Relay Controller and installed

on the U.S.S. SACRAMENTO (AOE-1) and the U.S.S. CAMDEN (AOE-2.) The
controllers have worked well, the maintenance people understand them,
and the procurement cost is relatively low.

Aircraft Carriers and Elevators

1. Six Aircraft Carriers (CV 59 through 64)have the IWHS Elevators:
5 CV's have 2 IWHS Elevators per CV, CV 60 has one IWHS Elevator with
another to be installed soon, The remaining life of the CV's is
approximately 20 years.

2. CV 59 through CV 64 have approximately 15 weapons elevators each,
their non-IWHS Elevators have conventional relay controllers.

3. The electrical maintenance of the elevators is performed by
Electrician's Mates (EM).

Plan of Approach and Related Information

1. The plan of approach is satisfactory but needs to include a task
which defines the capability of the Electrician's Mate.

2. The required supportable life of the optimum controller is 20
years.

3. A procurement of 20 controllers shall be used for cost purposes.
4, NRL is authorized to investigate the external input/output devices
as they see fit,

10
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S. The evaluation criteria shall be Reliability, Maintainability,
Equipment Supportability, Equipment Standardization, Human Interface,
Failsafe Operation, and Life Cycle Cost.

6. The evaluation with respect to the Human Interface shall be limited
to the Electrician's Mate. No other Enlisted Rate shall be considered.
7. PERA (CV) does not require a specific life cycle cost analysis
procedure to be followed by NRL.
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3.0 REFERENCE DOCUMENTS®
The following documents provided information utilized during this
study.

3.1 DRAWINGS
NAVSHIPS CV43 712 2416966 USS CORAL SEA (CV 43) Weapons Elevators
NAVSHIPS CVA 61 703 2404567B USS RANGER (CV61) 10,500 Pound Lower
Stage Weapons Elevator No. 8

3.2 MILITARY HANDBOOKS
MIL-HDBK-217B Reliability Prediction of Electronic Equipment

3.3 MILITARY SPECIFICATIONS
MIL~-H-24148 (SHIPS) Human Engineering Requirements for NAVSHIPS

Systems and Equipment
MIL-M-28787A Standard Electronic Module Program, General Specifi-
cation for
MIL-M-38510D Microcircuits, General Specification for v
3.4 MILITARY STANDARDS
NAVPERS 18068D Manual of Navy Enlisted Manpower and Personnel
Qualifications and Occupational Standards
MIL-STD-167 Mechanical Vibrations of Shipboard Equipment
MIL-STD-721 Definition of Terms for Reliability Engineering 1
MIL-STD-806 Graphic Symbols for Logic Diagrams
3.5 TECHNICAL MANUALS
NAVSEA 0916-LP-003-7010 9000 Pound Weapons and Cargo Elevators
No. 1 - No. 6 USS CAMDEN AOE-2 (Volume 2 Electrical)
NAVSEA 0916-LP-045-6010 Cargo Elevator No. 7 Frame 174-177 Center-
line, USS SACRAMENTO AOE-7, USS CAMDEN AQE-2
NAVSEA 0978-LP-062-7030 USS KITTY HAWK (CV63) 10,500 Pounds Lower
Stage Weapons Elevator No. 6 Frame 173-178 Port (3 Volumes)
NAVSEA 0978-LP-064-4010 USS CONSTELLATION (CV64) 10,500 Pounds
Lower State Weapons Elevator No. 3, Frame 84-89 Port (Three Volumes)
NAVSHIPS 0978-057-9010 SIMM Technical Manual of Operation and
Maintenance for USS KITTY HAWK (CVA63) Lower Stage Elevator 3 with

Tray Loader
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DEC-14-GGZC-D PDP-14 Users Manual (Digital Equipment Corporation)
DEC-14-HGZB-D PDP-14 Maintenance Manual (Digital Equipment Corp- i

oration)
3.6 MISCELLANEOQUS

Controller Development Proposal (Naval Weapons Support Center) |

Development System for a General Purpose Controller (Naval Weapons

Support Center)
Preliminary Technical Manual, Standard Electronic Module Control

System (Naval Weapons Elevator Support Center)

SEM Elevator Controller Evaluation and Report (Puget Sound Naval
Shipyard)

Unpublished Data - Design of the Microprocessor Based SEM General

Purpose Programmable Controller (Naval Weapons Support Center)
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4.0 ORGANIZATIONS CONTACTED

Many organizations were contacted to obtain information for this
study. The organizations contacted included 32 Codes in 19 Navy orga-
nizations, 24 control equipment manufacturers, the Editor of a trade
magazine, a Professor at a Technical Institute, an Engineering Society,
and a large user of the PDP-14 controller and other Programmable
Controllers (PC). The Navy contacts are listed in Table 4.1, the
equipment manufacturers are listed in Table 4.2, the miscellaneous
contacts are listed and discussed below:

Control Engineering: E. J. Kompass, Chief Editor

Control Engineering is a trade magazine published monthly by Technical
Publishing Company. Mr. Kompass has been following the development of
PC's since they were first introduced in response to a one page require-
ment specification sent to industry by General Motors in 1968. Mr.
Kompass provided valuable background information and suggested that
Professor Taebel at the General Motors Institute and E. Simon at The
Engineering Society of Detroit be contacted for further information.
General Motors Institute: Professor T. Taebel

Professor Taebel has been active in the philosophy, design and appli-
cation of PC's and has written several articles on the subject. He
provided an excellent overview of some of the problems of PC's and
suggested that M., Sottomayer of the GM Hydramatic Division be contacted
for further information.

The Engineering Society of Detroit: E. Simon

The society has sponsored an annual PC Conference since 1972. E.
Simon provided selected papers given at those conferences.

Hydramatic Division of General Motors: M. Sottomayer

Mr. Sottomayer provided specific information relative to the diffi-
culties of maintaining PC's with regular plant electricians. His
experience has been that repeated intensive training of electricians

is required.

14

- -(1




(SENNILNOD) AFLOVLNOD SNOLLVZINVOYUO TVAVN 40 LSIT — 'y A'19V.L

uotjeuIOju] Apn3§ [eIdUdH
a9110a3uo0) #1-d4ddd

1911013u0) H1-dad ‘A3111qedED Wi
£L1933eg 3183] [2uuosaad paisyiudl
8ututeal-qor-uQ Wi

juawedueapy pue Bujuieal-qor-uQ Wi
Sutuyiea] wa

$3anpadoad 380D [24) 9311

swpa8oag
(01S8E-W-TIN) 3IFNOATI0IDTW Pu® (/8.8T-W-TIW) WIS

SITNOATI0IITH Q1SBE~W-TIN JO UOFIBIFIFTEND
1af(oazuo) 21807 213835 ‘A311IqRdED WA
191710a3u0) 23807 d913I®IS ‘AITTIqEdE) WA

§1311013U0) #1-d4dd pue Aeyay ‘A3j11qede)d Wi
L3r111qede) (1LSU) ueydyuydd] swalsds eleq
1311023u0) 1-dad ‘A3Ir11qeded WA

Supureal Wi ‘A31119PdRD Wi

uejd Bujujea] aojeaayg uodeaM pasodoayg

ue[d Bujuiea] ao03eAd|g uodeaym pasodoayg

(S)Lo4r4ans ¥Orvw

SWeTI1IM "L ‘Zd3ad '3
Tuojuy,q °s

AqumQ °M

Pisuguoy °*apu)

a81099 °3I71

s8ujuuaf °3]

S1ABQ ‘apu)

uosaapuy °H

33elM °r

sTuudQq °f “PneH °N
12uuosiag po3Isyiujg

33els pue 1awd901H ‘apuw)
Jjels pue ouswoy ODWH
KA11duuog zoMD ‘Aa18eg 31
33eas pue uyey °apu)

wey 3]

o3Yya71 M

aoife], *apu)

TANNOSYA d

(AD) Vi3d
1.2

1S

€212
€121e
z01¢

ag

E€W60

S%0S

$0d

*3deg °*o913
*3dag °*desp
*3deq *o°13
*3deq °sdp
*3dag °*deopm
YEEN

CEEN

18

VASAVN

ASNN

SYIdAVN

LVHAVN

X4TIAVN

15

Js3ada

(xemoyuasyy)
69 AD

(e803BaES)
09 AD

LIND

NOILVZINVOYO




(QANNLLNOD) d3LOVINOD SNOLLVZINVOYO TVAVN 40 LSI'T — 'V A1dV.L

u81sag 13[1033uU0) y1-4dd pue ‘571807 dF3IEAS ‘ABIaY
praqhy ‘Aeyay ‘A3rr1qede) wg ‘uBreaq 1038A21d SHMI

(L8L87-W-TIW) W3S 3O uojledfjirend pue AIF119BIIaY
uoylswIOoju] I3]710a3juo) 3sodang [eIBUIH WASW
s2anpadoad 3809 314D 9IF1

100yds (4FUNN) Iudumsjuajday Kemaapup
2sano) aapodul/Woy ‘Bujuiea] Wi

sadejaaju] 93307 [e3131Q 2anIng

Sujujei], 2ouruajuley 103BA[J uUOodeaM
Sujuiel] adupuajuiE 103BAD[H uodBoM

ue[d Sujuyea] aojeaayy uodesM pasodoad
83anpadoag 380D 3[24) 3311

82anpadoad 180) 3[24) 33711

813711013u0)
%1-dad pue 253807 d13eIS ‘Aeiay (K3I111qede) WA

813110a3U0)
%1-da4 pue 23807 d213e3s ‘Aeyay ‘AIy11qede) @

(5)103rans ¥0rvW

R TN S— o

apyoydog °g ‘ped ‘M
‘poo8s0 °*q ‘sadel °J

ddey °s ‘umoag °g
20714 Y ‘IIPUIM °a
mawoioylaeg °f
moaxng 33 ryd

3309 °31

uosiaN 9 ‘Aeaeq *ag
1ined °r

8ueyd °q

8oo)s °N

198ueq °y

ojyd38d °r

supyduis ¥

L3190 "W

TANNOSY¥3d

10L2
€1L0€
YL0E
8

CIN

0t OSS
012
¢6¢ SWd
MZY6
7104 %0
19%0

¢o10

JVAN3D

INVINED

3009

SNSd

OJSMN

VSIMN

(3uo9)
V3ASAVN

NOLLVZINVO¥O

16




11.
12.
13.
14,
15.
16.
17.
18.
19.

20.

21,

22.
23.

24,

COMPANY

Allen-Bradley

Applied Systems Corporation
Automatic Timing & Controls Company
Cincinnati Milacron

Control Logic, Inc.

Cutler-Hammer

Digital Equipment Corporation

Dynage, Inc.

Ebert Engineering Company

Fisher Controls

General Electric Company

General Equip. & Manu. Co., Inc.
Giddings & Lewis Electronics Co.
Gould, Modicon Division

Gulf & Western, Eagle Signal Division
Industrial Solid State Controls, Inc.
Kinetic Systems Corporation

Reliance Electrical

Research Inc,

Struthers-Dunn, Inc.

Teledyne Relays

Tenor Company, Inc,
Texas Instruments

Westinghouse

EQUIPMENT

PROG. CONT,

LOGIC MOD.

X

X

X

OTHER

Prox. SW.

EM & SSR
Relays

EM & SSR
Relays

TABLE 4.2 — LIST OF CONTROL EQUIPMENT MANUFACTURERS CONTACTED
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5.0 BASELINE IWHS AUTOMATIC CONTROLLER REQUIREMENTS

A required equipment function can normally be met by two or more
design approaches that differ significantly with respect to criteria
other than their functional performance. Typical examples of such
criteria are cost, reliability, maintainability, etc. A specification
of the required functional performance and certain design features or
attributes can be stated in a manner that allows a design approach
(concept) to be developed into a specific design with a significant
amount of latitude. If the design approaches have been previously
demonstrated with respect to functional performance, the selection of
the preferred design approach to be developed can be accomplished by
comparing them with respect to other criteria.

Because a functional requirements document for the Automatic

Control! T"™S elevator had not previously been generated,
NRL, with 1. _ . obtained from the Puget Sound Naval Shipyard
(PSNS), developed this specification entitled '"Baseline Requirements v

Specification for the Automatic Controller Portion of & Control System
for the IWHS Elevator',
5.1 IWHS ELEVATOR CONTROL SYSTEM

The IWHS Elevator Control System consists of a Motor Controller
(MC), a Manual Controller, an Automatic Controller (AC) and Door Con-

trol Circuits, The Motor Controller controls the main electrical power

to the hoist motor. In the NORMAL automatic mode the MC monitors
several safety circuits such as "All Doors Closed," '"Up/Down Over-
travel," "Over-speed Governmor,' etc., and provides the AC with a
"Safety Circuits'" signal that permits operation of the AC. When the
AC is not working or the ''Safety Circuits' signal is not present, the
elevator platform may be operated by placing the control system in the
""MANUAL-EMERGENCY" mode. Certain switches, but not the "All Doors
Closed" switch, that normally constitute the safety signal may be by-
passed at the MC; then the elevator may be manually operated by .
"Jogging'" with the Manual Controller. In either mode, a door at a

given level may be opened only when the elevator platform is at that

level, and both modes require that all doors be closed before the

18




platform may be moved. The AC provides the capability to automatically

dispatch the platform between levels and to sequence the main deck and
third deck hatches as required, and to dispatch/call the elevator to/
from the stow level by controls located at the second deck control station.
The Automatic Controller (AC) is composed of two equipment groups.
The first group, referred to as the External Input/Output Devices (EIOD),
includes the pushbuttons, limit switches, proximity sensors, indicator
lamps, hydraulic solenoid valves, and alarm bells necessary to sense
and control an IWHS Elevator. The second group of equipment is refer-
red to as the Logic/Drive Unit (LDU). The LDU senses the signals from
the input devices of the EIOD, performs the logical functions to
safely control the elevator, and provides the power amplification to
drive the output device of the EIOD. Figure 5.1 illustrates a block
diagram of the IWHS Elevator Control System.
5.2 PURPOSE OF SPECIFICATION

The purpose of this specification is to identify the requirements

of a typical IWHS Elevator Automatic Controller (AC) in order to eval-
uate candidate design approaches. The specification is intended to be
utilized only for this study; however, it could serve as the starting
basis for the generation of an "official" requirements specification.
The utility of the requirements specification is that it states: the
enviromnment within which the AC must be able to opefate, the inter-
faces the AC has with the rest of the IWHS Elevator System, the inter-

face with the designated maintenance personnel, the required operation

performance, the required failsafe provisions, the operability of the
AC in terms of reliability-maintainability-supportability, and the

required design and construction features of the AC.
5.3 APPLICABLE DOCUMENTS

5.3.1 MIL-STD-167 Mechanical Vibrations of Shipboard
Equipment H

5.3.2 NAVPERS 18068D Manual of Navy Enlisted Manpower and
Personnel Classifications and Occupa=-
tional Standards

5.3.3 MIL-HDBK-217B Reliability Prediction of Electronic
Equipment
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5.3.4

9:3.5
5.3.6

MIL-STD-721 : Definition of Terms for Reliability
Engineering

MIL-STD-806 Graphic Symbols for Logic Diagrams

MIL-H-24148 (Ships) Human Engineering Requirements for

NAVSHIPS Systems =ud Equipment

5.4 ENVIRONMENTS

5.4.1

5.4.1.

5.4.1.

5.4.1.

5.4.1.

5.4.2

5.4.3

PHYSICAL ENVIRONMENT
1 The AC shall be capable of operating continually in an ambient

temperature range of 0-50°c.

N

The AC shall be capable of operating continually in an ambient

relative humidity of 95%.

3 The AC should be designed for TBD shock levels normally
encountered in an industrial environment.

4 The AC shall be capable of operating in the presence of the
vibration levels, up to 33 Hertz, specified by MIL-STD-167.

ELECTRICAL ENVIRONMENT
The AC shall be capable of operating in the presence of elec-
trical transients on the 110 VAC nominal line having an ampli-
tude less than 127 and a duration less than 0.5 seconds. This
requirement is valid even when the 110 VAC line is experiencing
a slow variation 107 below its nominal value.

ELECTROMAGNETIC ENVIRONMENT

The electromagnetic interference requirements for the AC are:

To Be Determined (TBD).

5.5 SYSTEM INTERFACE

5.5.1

5.1.1.

5.5.1.

PHYSICAL INTERFACE
1 The LDU shall be installable in a NEMA 12 type enclosure. The
utilized space inside the enclosure shall be limited to:

Height: 56 inches
Width: 30 inches
Depth: 8 inches

2 The hoist motor can operate at either of two speeds. The two
loaded speeds and the corresponding rates of elevator platform
travel are:

a) High Speed 1700 RPM 125 FT/MIN
b) Low Speed 260 RPM 19 FT/MIN

21




5.5.1.3 The average distance between levels is 10 feet.

5.5.1.4 The main deck and third deck hatches take 15 seconds (nominal)
to open or close from the opposite condition,

5.5.1.5 The '"Pull In" and the ''Drop Qut'" time of the high speed con-
tactor 1in the motor controller is 0,0l€¢ seconds (nominal).

5.5.1.6 The "Pull In" and the "Drop Out" time of the low speed con-
tactor in the motor controller is 0,016 seconds (nomwinal),

5.5.1.7 The lockbars take 3 seconds to extend or retract,

5.5.1.8 The hatches take 3 seconds to Dog or Undog.

5.5.1.9 The hatches take 3 seconds to Latch and Unlatch,

5.5.1.10 The elevator platform takes TBD seconds to come to a full
braked stop when traveling at high speed.

5.5.1.11 The elevator platform takes TBD seconds to come co a full
braked stop when traveling at low speed.

5.5.1.12 The platform stow position is 3 feet above the second deck.

5.5.2 ELECTRICAL INTERFACE

5.5.2.1 The AC shall receive its electrical power from the motor con-
troller at a nominal level of 110 VAC with slow variations of
+ 10%.

5.5.2.2 The LDU shall receive a TBD signal from the motor controller
that signifies that the system is safe to operate, i.e., no
safety sensors are actuated,

5.5.2.3 The LDU shall receive a TBD signal from the motor controller
that signifies that the high speed contactor is actuated.

5.5.2.4 The LDU shall output a power signal to the '"Up Contactor" of
the motor controller when it is required to move the elevator
platform in the upward direction.

5.5.2.5 The LDU shall output a power signal to the '"Down Contactor' of
the motor controller when it is required to move the elevator
platform in the downward direction,

5.5.2.6 The LDU shall output a power signal to the "Low Speed" con-
tactor of the motor controller when it is required to move the

elevator platform at low speed,

o
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5.5.2.7 The LDU shall output a power signal to the '"High Speed" con-
tactor of the motor controller when it is required to move the
elevator platform at high speed.

5.5.2.8 The four power signal signals described above shall be at 115
VAC, the inrush current capability shall be 60 amps, and the
holding current capability shall be 3.0 amps.

5.5.3 HUMAN INTERFACE

5.5.3.1 The AC shall be designed so that its preventive and corrective
maintenance requirements are compatible with the normal skills
of an Electrician's Mate, 2nd Class as defined by section 3-c
of NAVPERS 18068D, '"Manual of Navy Enlisted Manpower and
Personnel Classifications and Occupational Standards."

5.5.3.2 The Technical Manual for the AC shall be written to be com-
patible with the normal skills of an Electrician's Mate, 2nd

Class, and shall be organized for ready access of trouble~

shooting information. ? j
5.5.3.3 General purpose tools and test equipment required for the

maintenance of the AC shall be those listed in section 3-c¢

of NAVPERS 10868D. ‘
5.5.3.4 Special purpose tools and equipment required for maintenance of ]

the AC shall be discussed in the Technical Manual for the AC.
5.5.3.5 Special attention shall be given to the logic diagrams of the 3

Technical Manual for the AC:

a) The logic diagrams shall identify selected gates to g

indicate what signals are being processed, to permit }
efficient trouble-shooting procedures.

b) The logic diagrams shall reflect the systematic build-
up of the circuitry. Similar inputs shall be grouped
together as well as outputs. Each input and output
shall be identified to its purpose and location by
decks where applicable.
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5.6 PERFORMANCE :
5.6.1 FUNCTIONAL PERFORMANCE

o e |

506-1.2

5:6,1.3

5.6.1.4

5.66%.5

5.6.1.6

506-107

5.6,1.8

The AC shall provide for dispatching the elevator from one of
eight load/unload levels to any other of the eight load/unload
levels,

The AC shall provide for automatic sequencing of the main deck
and third deck hatches as indicated in Figure 5.2 and Figure
5¢3s

The AC shall provide for unstowing the platform from the stow
position to the second deck; and for stowing the platform at
the stow position for the second deck.

The AC shall provide for emergency stowing of the platform and
closing of the main deck hatch when it is at rest or in motion
above the stowage level. The action shall be initiated by an
"Emergency Override'" pushbutton located at the main deck.

The AC shall provide for automatic leveling of the platform in
less than TBD seconds when the platform overshoots the des-
tination level,

The AC shall cause the lockbars to extend when the platform is
stowed, and to retract the lockbars prior to the platform
being unstowed.

The AC shall provide indications, at the second deck and
machinery room control stations, of the level at which the
platform is located.

The platform shall achieve an alignment with its destination

level of plus or minus one quarter inch,

5.6.2 LOGICAL PERFORMANCE

5.6,2.1

5.6.2.2

The AC shall allow dispatch of the elevator platform only from
the load/unload level at which the platform is positioned.

The AC shall allow the elevator platform to be stowed and
unstowed by stow controls located only at the second deck
control station., Stow controls shall permit movement of the
platform only between the stow position and the second deck

level,

24
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5.6.2.3

5.6.2.4

5l6.205

5.6.2.6

5.6.2.7

5.6'2.8

506.2.9

The AC shall use the stow position as the platform position
during hatch sequencing., The platform lockbars shall not be
utilized in the hatch sequence position,

The AC shall cause dispatch between decks/platforms, but not
from the stow level, to commence at high speed.

Upon approaching the destination level the AC shall cause the
platform to travel at slow speed toward the destination level,
The AC shall sense when the platform is within + 1/16 inch of
the destination level and cause the platform to stop.

The AC shall sense when the elevator platform overshoots the
level to which it has been dispatched. The AC shall respond
by causing the platform to stop, reverse direction at low
speed and achieve the required level alignment.

The AC shall indicate at the second deck and machinery room
control stations when the platform is between two levels by a
steady illumination of the indicators for the level above, and
the level below, the platform,

The AC shall cause the platform to travel at the slow speed
to/from the second deck when unstowing/stowing the platform.

5.6.2.10 The AC shall cancel any dispatch order when the platform is

at rest or in motion above the stow level and the main deck
hatch is not fully closed. The AC shall cause the platform to
go to the stowage level at high speed after which the main
deck hatch shall be fully closed and dogged, and the platform

lockbars extended,

5.6.2.11 The AC shall send the platform to the stow level to permit

hatch sequencing when the platform is dispatched to/from the
main deck from/to the second deck and lower.

5.6.,2.12 The AC shall sequence the main deck and third deck hatches as

shown in Figure 5.2 when traveling toward the main deck and as
shown in Figure 5.3 when traveling toward the second deck and

below. Each succeeding step of the sequence requires success-
ful completion and continuation of the action achieved by each

preceding step of the sequence.
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5.6.2.13 When electrical power is interrupted in the AC, the AC shall

immediately de-energize all outputs, Upon restoration of
power the AC shall immediately cancel the dispatch action that
was in progress prior to the interruption. If the platform is
stopped between levels the ''MANUAL-EMERGENCY' mode must be
utilized to jog the platform to an adjacent level,

5.6.3 FAILSAFE PROVISIONS

5.6.3.1

5.6.3.2

5.6.3.3

5.6.3.4

5|6o3.5

5.6.,3.6

5.6.3.7

5.6.3.8

3:6.3.9

It shall not be possible, with the exception of the '"Emergency
Override'" sequence,to initiate a new dispatch until the previous
dispatch has been completed.

It shall not be possible to initiate the '"Emergency Override'"
sequence when the main deck hatch is already fully closed,

It shall not be possible for the elevator platform to travel
below the stow position when the third deck hatch is not fully
open and latched.

It shall not be possible for the elevator platform to travel
above the stow position when the main deck hatch is not fully
open and latched.

It shall not be possible to open the main deck hatch when the
third deck hatch is not closed and dogged, or when the safety
circuits signal from the motor controller indicates an unsafe
condition, or when the '"Hatch Clear'" signal has not been
received.

It shall not be possible to close the main deck hatch when the
platform is not positioned at the stow position,

It shall not be possible to close the third deck hatch when
the platform is not positioned at the stow position,

It shall not be possible to open the third deck hatch when the
main deck hatch is not fully closed and dogged.

No single failure of any component of the AC or associated
wiring shall result in an accidental operation of the elevator

platform or the hatches,
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5.6,3,10 No single failure of any component of the AC or associated
wiring shall result in complete loss of control of the elevator
platform or the hatches.

5.6.4 RELIABILITY

5.6.4.1 The AC shall have a predicted probability of failure over a 24
hour period less than 0,006 when operated at the rate of 0.25
dispatches per hour (6 dispatches per day).

5.6.4.2 The AC shall have a predicted probability of failure over a 24
hour period less than 0.03 when operated at the rate of 6 dis-
patches per hour (144 dispatches per day).

5.6.4.3 The AC probability of failure shall be predicted on the basis
of the environments of Section 5.4,1 of this specification,

5.6.5 MAINTAINABILITY

5.6.5.1 The AC shall have a TBD active Mean-Time-To Repair (MTTR).
Active MTTR does not include administrative delay time,

5.6.5.2 The MTTR requirement shall be based on the utilization of the
skills of an Electrician's Mate (EM) who has attended the EM
Class A school and the EM Class C-7 school.

5.7 DESIGN AND CONSTRUCTION

5.7.1 EXTERNAL INPUT DEVICES

5.7.1.1 Dispatch, permissive and emergency commands momentary push-
buttons shall be used to initiate the 18 commands listed in
Table 5.1,

5.7.1.2 Each of the first 14 commands of Table 5.1 shall be available
at each of the 8 load/unload elevators with the exception of
those commands that correspond to a dispatch to that level,
e.g., ""To 2D/UP" and "To 2D/DN'" need not be available at the
second deck (2D).

5.7.1.3 All pushbuttons that provide a given command shall be connected
in parallel as indicated in Table 5.2.

5.7.1.4 The 15th and 16th commands of Table 5.1, "To SL from 2D" and
"To 2D from SL," shall be located only at the second deck

control station.

29




SANVWWOD AONAO¥AWA (NV AAISSIN¥Ad ‘HOLVASIA 1°G AT4VL

40199IA0 M03d NIVW FHL dSOTO ANV ‘NOILISOd MOLS dHL OL WOodd
AONA D¥AWA ~LV1d YOLVAATd AHL NS ‘SSHYO0¥d NI ANVWWOD HOLVASIA ANV TAONVD 81
NOILISOd AONANDAS HOLVH dHL WO¥d QYVMdN (43008d OL WI04LV1d
OH YOLVAETd AHL LIW¥dd QNV ¥VATO SI HOLVH X040 NIVW FHL AJINOIS L1
1S/Qz THATT MOLS W04 XD3A ANOJDAS OL 0 " 91
az/1s MOdd ANOJES WO¥A TIAAT MOLS OL “ " S1
Nd/H @'I0H FHL OL QUVMNMOQ o " Y1
Na/dy " i QU VMNMOd " " €1
dn/dy WJ04LV1d HINNOd OL Q¥VMdN “ " 41
Na/dg i " QY VMNMOd " " 41 3
dn/de WY04LV1d QYIHL OL Q¥vMdn " " 01
Na/dz " i QI VMNMOQ " " 6
dn/de WY041VId GNOJES OL advMdn g " 8
Na/d1 o “ QYVMNMOd “ " L
dn/d1 WH04LVId 1S¥1d OL auvMdn " " 9
Na/ay “ " @ VMNMOQ " " S
dn/ay M04a HI¥NO4 OL ayvMdn “ " Y
Na/az " “ Q¥VMNMOd " " €
dn/az M0EA ANODES OL a¥vMdn " " A
dn/an M03d NIVW OL Q¥VMdN WMOJ4LV1d YOLVAATd HOLVAS1a 1
NOILVIAZYEY NOILONNA GNVWWOD # WO

awd




e

SNOLLNGHSNd HOLVdSIAd dALDANNOD TATIVIVA 40 NOILVOOT T°S AT4VL

X JAIYNAAO ADNAD¥AWA 81
X ¥VATIO HOLVH  [1
X MOLS 91
X MOLSNN ST
X X X X X X X NG /Q'I0H 91
X an/dvy €1
X X X X X X NG/ dY z1
X X dn/de 11
X X - X X Na/dg o1
X X X dn/dz 6
X 4 X X Na/dZ 8
X X X X dn/d1 L
X X X Na/d1 9
X X X X dn/ay S
X X Na/a% Y
X X X X 4 X dn/az €
X NU/az A
X ) 1 X X X X X dn/an 1
0T0H WI04LVId WIOALVId WIOJLVId WHOJLVId  40dd N03a@  N0da ONVWROOD HOLVASIO “ON

HLANOA

——————

QY IHL

aNoJds

NOILYVOO0T NOLLAGHSAd

LSd14d

HI¥NOd AQNODES NIVH

31




5.7.1.5 The 17th and 18th commands of Table 5.1, ""Hatch Clear' and
"Emergency Override,' shall be located only at the main deck
control station,

5.7.1.6 Electromechanical limit switches shall be ' »inted on the main
deck and third hatches to signify their dog/undog, open/closed,
and latched/unlatched status as indicated in Table 5.3 and
Table 5.4.

5.7.1.7 The limit switches shall be in pairs, as indicated by the "#1
and #2" nomenclature of Tables 5,3 and 5.4, and utilized to
indicate the same status redundantly.

5.7.1.8 Thirty-two proximity switches, mounted in the elevator shaft
in the vicinity of the 8 load/unload levels and the stow level,
shall be used to sense when the elevator platform is at the
slow and stop positions given in Table 5.5.

5.7.1.9 Four proximity switches, mounted on the elevator platform,
shall be used to indicate the status of the platform lockbars.
Two redundant switches shall indicate when the lockbars are
retracted,

5.7.2 EXTERNAL OUTPUT DEVICES

5.7.2.1 Twelve hydraulic solenoids shall be driven by the Logic/Drive
Unit to control the dog/undog, open/close, latch/unlatch action
of the second and third deck hatches as indicated in Table 5.6.

5.7.2.2 Two hydraulic solenoids shall be driven by the Logic/Drive
Unit to control the extend/retract action of the platform lock-
bars as also indicated by Table 5.6.

5.7.2.3 The fourteen hydraulic solenoids shall require 115 VAC exci-
tation, 5 amps inrush current, and 0.5 amps holding current.

5.7.2.4 Indicator lights shall be provided at the second deck control
station and in the elevator machinery room to indicate the
elevator status listed in Table 5.7.

5.7.2.5 The two indicator lights, one in each location, indicating a
given elevator status shall be connected in parallel and
driven by the Logic/Drive Unit. Each pair of lights shall

require no more than 0.1 amperes at 115 VAC.
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POSITION SENSING FUNCTION
MAIN DECK UP SLOW

U ' UP STOP

STOW LEVEL UP SLOW

" it UP STOP

i i DOWN SLOW

£ 4 DOWN STOP
SECOND DECK UP SLOW

“ "' UP STOP

5 "' DOWN SLOW

s "' DOWN STOP
FOURTH DECK UP SLOW

A " UP STOP

b """ DOWN SLOW

Y " DOWN STOP
FIRST PLATFORM UP SLOW

i e UP STOP

U A DOWN SLOW
i W DOWN STOP
SECOND PLATFORM UP SLOW
g % UP STOP
b & DOWN SLOW
L 12 DOWN STOP
THIRD PLATFORM UP SLOW

" i UP STOP

& 4 DOWN SLOW
b o DOWN STOP
FOURTH PLATFORM UP SLOW

L L UP STOP

s e DOWN SLOW
1 " DOWN STOP
HOLD DOWN SLOW

b " STOP

TABLE 5.5 PROXIMITY SWITCH INDICATORS OF THE ELEVATOR PLATFORM POSITION
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5.7.2.6

A bell shall be .located in the vicinity of the main deck

hatch to give an alarm that the main deck hatch is in the pro-
cess of opening or closing. The alarm bell shall be driven by
the Logic/Drive Unit and shall require no more than 0.5 amperes
at 115 VAC.

5.7.3 LOGIC/DRIVE UNIT (LDU)

L S ¢

5.7:3.2

St 3.3

5.7.3.4

5.7.3.5

5.7.3.6

5.72.3.7

SI7‘3.8

5.7.3.9

The total weight of the LDU, not including the enclosure, shall
be less than 500 pounds,

The weight of an individual Line Replaceable Unit of the LDU
shall be less than 25 pounds.

The electrical power required by the LDU shall be less than
TBD watts.

The LDU shall incorporate a 10,000 hour, non-resetting, elapsed
time meter, iy

The LDU design shall provide sufficient design margins to
compensate for normal production spread tolerances, aging,
and temperature conditions.

The LDU components shall not be potted unless the potting is
necessary to meet an envirommental condition., If a component
is potted, the potting shall be easily removable with tools
and/or solvents normally included in ship supplies.

The LDU shall be designed so that Line Replaceable Units (LRU)
may be removed without requiring disassembly of other LRU's,
The LDU shall provide the means to monitor the condition of
all inputs and outputs and the status of important logic
points within the logical portion of the controller,

The LDU design shall provide shielding and filtering of all
inputs and outputs to reduce electromagnetic interferences

that could cause unscheduled operation of the controller.

5.7.3.10 The LDU shall use transformers to isolate rectifier power

supplies to prevent having a common circuit path with the

supply lines.
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5.7.3.11 High impedance .and low impedance circuits of the LDU shall not
be connected as to allow interaction, but shall be appropriately
buffered.
5.7.3.12 High speed switching devices in the LDU shall be protected
from the effects of ringing or inductive voltage spikes.
5.7.4 MAINTAINABILITY DESIGN PRINCIPLES
The Automatic Controller (AC) shall be designed, to the maximum
extent possible, in accordance with the following maintainability
design principles:
1) Complexity of maintenance shall be reduced by:
a) Providing adequate accessibility, work space and work clearance.
b) Providing for interchangeability of like components, materials
and parts within the system/equipment,
¢) In choosing components for design, first choice shall be given
to components that are readily available., The number of parts
peculiar on a government stocking, or industrial stocking basis
shall be kept to a minimum,
d) Minimizing the number of variety of tools, accessories and
support equipment.
2) Need for and frequency of design~dictated maintenance activities |
shall be reduced by using:
a) Components which require little or no preventive maintenance.
b) Tolerances which allow for use and wear throughout life.
¢) Adequate corrosion prevention/control features,
3) Maintenance downtime shall be reduced by designing for:
a) Rapid and positive detection of malfunction or degration,
b) Rapid and positive isolation of malfunctions.
c) Ease of fault correction,
d) Rapid and positive ad justment and calibration

e) Rapid and positive verification of correction,

39

et e i el




4) Design-dictated maintenance support costs shall be reduced by
minimizing:

a) The need for specialized maintenance tools, support equipment
and facilities,

b) The requirements for depot or factory maintenance, consistent
with system/cost effectiveness.

5) Maintenance personnel requirements shall be minimized by applying
human engineering principles including:

a) Provision for identification and accessibility of parts, test
points, adjustments and connections,

b) Provision for case of handling, mobility, transportability and
storability,

c) Specification of logically sequenced maintenance tasks,

6) Potential for maintenance error shall be reduced by designing to
eliminate:

a) The possibility of incorrect connection/assembly/installation.
b) Dirty, awkward, and tedious job elements,
c¢) Ambiguity in maintenance labeling, coding and technical data.

7) Labeling, nameplate content and positioning, equipment-mounted
circuit diagrams, and operating instructions shall be engineered
for ready understanding and shall be placed in logical relation-
ship to the parts of the equipment to which they refer.

8) Clearly identified and easily accessible test points shall be pro-
vided for all measurement points required by the trouble-shooting
manual,

9) Guides and sockets for removable plugs and circuit boards shall be
designed for easy multiple removal and replacement without jamming,

distorting, or suffering undue wear.
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6.0 MAINTENANCE PERSONNEL CAPABILITIES

An equipment possesses certain design features which affect its
maintainability. Another factor that effects the equipment maintain-
ability is the match between the equipment and the type and level of
skills possessed by the personnel assigned to maintain the equipment.
For shipboard elevator controllers, the assigned Enlisted Rate 1is the
Electrician's Mate (EM). The general capabilities of the EM is defined
here in this study to serve as a baseline against which to compare the
applicable design features of the various design approaches for the IWHS
Elevator Automatic Controller.

The capabilities of an individual are a function of his innate ;
intelligence, the knowledge he has gained from training and work
experience, and his motivation. This study, of necessity, focuses only

on his knowledge. The training of an individual is accomplished by On-

The-Job-Training (OJT) and by attending various service schools and by v
information contained in Rate Training Manuals. OJT can be informal

in nature,e.g., the individual is trained by a more experiencedindividual,
or it can be formal in nature,e.g., courses are taught on the ship by
equipment manufacturers representatives or bv Navy support group personnel.
Examples of Navy support groups are NAVSEACENLANT, NAVSEACENPAC, Puget
Sound Naval Shipyard, Norfolk Naval Shipyard, etc. Applicable service
schools for the EM are the EM Class A School (Course A-662-0016), the

EM Class C-7 School (Course A-662-0017), and appropriate Class C Schools
such as the ROM/Encoder School (Course A-690-0018). The Rate Training
Manual for the EM 3 and 2 is NAVEDTRA 10546-0.

The conventional typesof elevator controllers used by the Navy are

relay controllers and static logic controllers. The present IWHS Con-
troller, & programmable controller type, is defined here as an uncon-
ventional controller. Accordingly the maintenance capabilities of the
EM aredefined with respect to conventional controllers and unconvention-
al controllers.
6.1 CAPABILITIES FOR MAINTAINING CONVENTIONAL CONTROLLERS.

Prior to 1 October 1978 the EM Class A School was 8.6 weeks in

duration, consisting of a combined total of approximately 258 hours of
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classroom instruction and laboratory exercises. It has been estimated
that 48 hours of the training is effective in preparing the EM to
perform maintenance on conventional elevator controllers. Prior to the
same date the EM Class C-7 School was 26 weeks in duration, consisting
of a combined total of approximately 780 hours of classroom and laboratory
time. It has also been estimated that 120 hours of the training is
effective in preparing the EM to perform maintenance on elevator control-
ler. From these figures, it is seen that 167% of the total training is
effective in preparing the EM for elevator controller maintenance. Relay
and static logic controllers are presented in the two above courses.
Similarily a review of the Rate Training Manual for the Electrician's
Mate 3 & 2 (NAVEDTRA 10546-D) for general and specific information
relating to relay and static logic controllers has resulted in an estimate
that 15% of the manual information is effective in informing the EM in
how to maintain conventional controllers.

A review of Section 1 of NAVPERS 18068D, which defines the occupa-
tional standards for Enlisted Rates, indicates that the EM is expected
to be able to maintain controllers. NAVPERS 18068D does not distinguish

v I

between conventional and unconventional controllers except to indicate
that Navy Enlisted Classifications (NEC's) are given when certain
specialized equipment is involved. There is no NEC for the PDP-14
controller. The portion of NAVPERS 18068D that deals with the EM is 3
reproduced in Appendix D of this report.

The Navy Occupational Task Analysis Program (NOTAP), Department of
the Navy Occupational Development and Analysis Center (NODAC), has
recently completed a task inventory of a representative sampling of the
EM's. A subset of that task inventory (See Appendix H) includes responses
from 263 EM's, in pay grades E2 to E9 stationed on CV's 59, 62, 63 and
64. The response from those EM's indicate that 140 (53.7%) of the 263
EM's work on controllers, and that those 140 EM's spend 8.6% of their
time on controllers. The 8.6% corresponds to an equivalent of 12 EM's

working full time on the four aircraft carriers or an average of 3 per

carrier, If the total of 263 EM's is considered, it is seen that 4.6%
of the total FM time is spent on controllers. A comparison of the 8.6%.




and 4.6% performing figures with the 167 effective controller training
figure suggests that sufficient relative time is devoted to training the
EM to maintain conventional controllers.

Discussions with cognizant personnel at NAVSEACENLANT, NAVSEACENPAC,
Norfolk Naval Shipyard, and Puget Sound Naval Shipyard indicates that
the EM is sufficiently capable of maintaining the Relay and Static Logic
type of controllers. Additional conversations with Weapons Officers and
EM's aboard one of the six aircraft carriers having Relay and PDP-14
Controllers, and one aircraft carrier having Static Logic Controllers
indicates the Weapons Officers, and EM's themselves, see the EM as
sufficiently capable of maintaining Relay and Static Logic Controllers.
6.2 CAPABILITIES FOR MAINTAINING UNCONVENTIONAL CONTROLLERS

The present IWHS Elevator Controller, the PDP-14, is considered an
unconventional controller because it is significantly different in
operation from the relay and static logic controllers. Its major point
of difference is that it is a digital computer-like device. The PDP-14
was introduced about March of 1969 by the Digital Equipment Corporation
(DEC). DEC was then, and still is, a wéll known manufacturer of small
computers. The PDP-14, like a computer, has input/output interfaces, a
control unit, and a memory. It differs from a general purpose computer
mainly in that it uses a fixed non-volatile memory and has a very limited
instruction set. It performs logical operations but does not have
arithmetic capability.

The only ships on which the EM has been exposed to the PDP-14 is
on the six Aircraft Carriers, CV59 through CV64. Of the approximately
15 weapons elevators on each of the six aircraft carriers, only the two
IWHS Elevators per carrier have the PDP-14 controller. The USS Saratoga
(CV60) presently has only one IWHS Elevator installed, the remaining one
is to be installed during its Ship Life Extension Program (SLEP) yard
period.

The EM Class A and Class C-7 schools do not prepare the EM to work
on a digital Computer-Like Controller (CLC), and the EM rate training
manual does not contain information relative to a CLC. The occupational

standards for the EM (See Appendix D) do not indicate the EM should be
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qualified to work on CLC's, and an EM Navy Enlisted Classification (NEC)
for CLC's has not been assigned.

Training to prepare the EM to maintain the PDP-14 controller is
presently being accomplished by attendance at the ROM/Encoder School at
the Service School Command, Naval Training Center, Great Lakes, Illinois.
The two week course is given in 60 hours of combined classroom instruction
and laboratory exercise time. As of 1 October 1978, 13 EM's have com-
pleted the course. The 60 hours of training just for one type of
controller compares very favorably with the 120 hours of combined
training in the EM Class A school and Class C-7 school for conventional
controllers. Additional On-The-Job-Training is provided by NAVSEACENLANT
and Norfolk Naval Shipyard on the East Coast, and NAVSEACENPAC and Puget
Sound Naval Shipyard on the West Coast.

The six aircraft carriers in question have approximately 15 weapons
elevators per carrier for a total of 90 elevators. Of those 90 elevators,
11 (12%) are the IWHS Elevators having the PDP-14 controller. Recall
from section 6.1 that 140 EM's spent 8.67% of their time on all controllers.
Assuming that they work only on weapons elevators controllers and spend
their time equally on all controllers, it is seen that they would spend
only 1% (.086 x .12 x 100) of their time on PDP-14 controllers. The
obvious problem with such a low percentage is their knowledge gained in
training is not used often enough, and is soon lost.

It could be argued that the 8.6% of the 140 EM's that work on
controllers could be 12 dedicated EM's that work only on PDP-14 controllers.
However, discussions with EM's aboard an aircraft carrier having the
PDP-14 controller indicated that certain EM's are not dedicated to the
PDP-14 controllers even when they are having problems. Four of the 13
EM's that attended the ROM/Encoder Course were from that aircraft
carrier. Of the EM's on that ship that stated they worked on the PDP-14
controller, only one had attended the course. That EM stated that he did
not spend most of his time on the PDP-14 controller.

Discussions with cognizant personnel at NAVSEACENLANT, NAVSEACENPAC,
Norfolk Naval Shipyard, and Puget Sound Naval Shipyard indicates that

with some exceptions, the EM is not sufficiently capable of maintaining
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b A

the PDP-14 type of controller. Additional discussions with the Weapons

Officers and the EM's aboard one of the six aircraft carriers in question,
indicate that they do not think the EM is sufficiently capable of main-
taining the PDP-14 controller. There is general agreement that given
better/more training and better technical manuals, the EM is potentially

capable of maintaining the controller i.e. the EM is sufficiently

intelligent.

v q
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7.0 DEFINITION OF THE CANDIDATE AUTOMATIC CONTROLLER DESIGN APPROACHES

The Automatic Controller consists of two equipment groups as
discussed in the baseline requirements specification of Section 5.0.
The two equipment groups are: the External Input/Output Devices (EIOD)
group, and the Logic/Drive Unit (LDU) group. The EIOD hardware is
completely specified in the baseline requirements specification, thus
the EIOD group is common to all the design approaches that were
considered. Strictly speaking the design approaches are for the LDU
which was specified only in terms of requirements.

Initially the design concepts considered for the Logic/Drive Unit
(LDU) of the Automatic Controller included the present PDP-14
Controller, other commerical Programmable Controllers similar to the
PDP-14, the Navy General Purpose Programmable Controller based on the
use of the Navy Standard Electronic Modules (SEM), Static Logic
Controllers functionally similar to the Cutler-Hammer Direct Static
Logic (DSL) and the General Electric Static Control (SC), Electro-
magnetic (EM) Relay Controllers functionally similar to those used on
the majority of shipboard elevators, and Hybrid Relay Controllers using
a combination of EM Relays and Solid State Relays (SSR). The PDP-14
Controller was quickly eliminated from any further consideration since
it was the source of the present controller problem, it is difficult
for the assigned enlisted rate to maintain, and it is no longer in
production.

Consideration of the above mentioned initial design concepts lead
to the selection of six candidate design approaches for further
evaluation. The selected design approaches for the LDU are presented
in the following paragraphs. An estimate of the type and number of
components required for each of the six design approaches for the LDU
is given in Table 7.1.

7.1 REGULAR EM RELAY LDU

This design approach utilizes Low Power (signal level) Electro-
magnetic (EM) Relays to sense inputs, perform logical functions, and
to drive low power outputs such as indicator lamps. Time delay EM

Relays are also utilized to provide fixed time intervals, High Power
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EM Relays are used to drive hydraulic solenoids, and motor contactors
located in the Motor Controller. The EM Relays are modern type relays
which plug in and can be easily removed for test and/or replacement.
Each relay utilizes a Light Emitting Diode (LED) to monitor the excita-
tion to its coil. The relay LDU includes two test sockets, one
for the Low Power Relays, and one for the High Power Relays. The test
sockets are connected to push buttons and additional indicator lights
in a manner such that the relays can easily be tested. The Time Delay
Relays are tested in the same test socket as the Low Power Relays.
The relays are of relatively low cost so that they can economically be
discarded instead of performing any preventative or corrective mainte-
nance upon them.
7.2 HYBRID RELAY LDU

This design approach is essentially the same as the REGULAR EM
RELAY LDU with the exception that Solid State Relays (SSR) are used
instead of the High Power EM Relays to drive the hydraulic solenoids
and the motor contactors. Solid State Relays utilize semiconductor
technology to perform swiCChing of AC or DC voltage. The SSR's do not
plug in but since they are the equivalent of a single pole-single
throw EM relay they can easily be tested in place. However, the SSR's
are mounted in such a manner as to make it easy to remove and replace
them. A test mounting plate, test clips, selectable test loads, push-
buttons, and indicator lights are used to test the SSR out of the cir-
cuit. The Low Power EM relay test socket is retained as in the pre-
vious design approach as is the use of LEDS. In the case of the SSR's
the LED is used to indicate the excitation across the two input ter-
minals.
7.3 STATIC LOGIC LDU

This design approach uses DC/DC converters to convert the high
level signals from the External Input Devices to the low level signals
utilized by Solid State Logic (Static Logic) Modules. The Solid State
Logic Modules consist of Small Scale Integration (SSI) and Medium Scale
Integration (MSI) logic chips to perform the input sensing, logical

operations, and the necessary time intervals. It uses SSR's to drive
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all of the external output devices. Light Emitting Diodes (LEDS) are
used to indicate status of the inputs to, and outputs from, the Logic/
Drive Unit (LDU). An external tester is used to test the components of
this LDU.

This approach does not include any proprietary solid state logic
modules such as Direct Static Logic by Culter-Hammer, Ladder Static
Logic by Cutler-Hammer, Static Control by General Electric, Norpak by
Square D, Cardlok by Allen-Bradley, Versaframe by Ebbert Engineering
Company, LDC 40 by Automatic Timing and Controls Company,etc. All
proprietary logic modules were eliminated from consideration because
standard logic chips having the required logic functions are readily
available from a multitude of manufacturers. Use of the standard
logic chips facilitated reliability predictions by the use of Section
2.1 of MIL-HDBK~217B (Reliability Prediction of Electronic Equipment.)
7.4 NON-LSI PROGRAMMABLE CONTROLLER LDU

This design approach uses a modern commercial Programmable
Controller (PC) to perfrom the sensing, logical operations, and drive
functions. The PC is a computer-~like device that contains input
DC/DC converters to sense the inputs and reduce the relatively high
signal levels to the lower logic levels used in the logical section of
the controller. SSR's are used to convert the output logic levels to
the power levels required by the output devices of the EIOD. A Read
Only Memory (ROM) is interrogated by Central Processing Unit (CPU) and
used to direct the sequential sampling of the logic inputs, perform
the required logical operations, and sequential turn-on and turn-off
of the output devices. The present controller, the PDP-14, is a
first generation PC. The NON-LSI Programmable Controller is a modern
PC that is typical of PC's offered by several manufacturers. The
NON-LSI indicates that a microprocessor on a Large Scale Integration
(LSI) chip is not utilized for the CPU, rather the CPU is built using
SSI and MSI chips. Light emitting diodes are also used in this
design approach to indicate the status of input and outputs of the
controller. A NON-LSI Programmable Controller has been built by the
Naval Weapons Support Center (NWSC) at Crane, Indiana. It was
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demonstrated on the USS ‘KITTY HAWK (CV 63) in 1977 at the Puget Sound
Naval Shipyard. Due to certain maintainability short comings of that
equipment NWSC is presently developing a programmable controller that
uses a 16 bit microprocessor as the CPU. The microprocessor is con-
tained on a single chip referred to in this study (See 7.6) as a Very
Large Scale Integration (VLSI) chip.
7.5 LSI PROGRAMMABLE CONTROLLER LDU

This design approach is the same as the NON-LSI approach with the
exception that the Central Processing Unit (CPU) of the LDU is
incorporated in a Large Scale Integration (LSI) chip. The LSI chip is
called a microprocessor and is an 8 bit CPU. Typical examples of the
chip are the Intel 8080, Motorola 6800, MOS Technology 6502, etc.
Several commerical manufacturers of Programmable Controllers offer
models that utilize a microprocessor. The Intel 8080 and the Motorola
6800 microprocessors have been qualified under the Navy Standard
Electronic Module Program (MIL-M-28787).
7.5 VLSI PROGRAMMABLE CONTROLLER LDU

The design approach is identical to the LSI Programmable
Controller with the exception that it utilizes a more advanced
microprocessor. The microprocessor is a 16 bit CPU packaged on a
single chip which is referred to in this study as a Very Large Scale
Integration (VLSI) chip. Several 16 bit microprocessors are avaiable
but are not known to be used in commercial programmable controllers.
However, the Texas Instruments TMS 9900 microprocessor has been
qualified under the Navy Standard Electronic Module program. A
Programmable Controller utilizing the VLSI TMS 9900 microprocessor is
being developed by the Naval Weapons Support Center (NWSC) at Crane,

Indiana ; it is about 18 months from completiomn.
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8.0 EVALUATION OF DESIGN APPROACHES
In Section 7,0, "Definition of the Candidate Automatic Controller

Design Approaches,'" six design concepts were selected and defined for
evaluation. As explained in that section, the External Input/Output
Devices (EIOD) are specified in the basic requirements of Section 5.0
and are common to the six design approaches. The design approaches are
primarily concerned with the mechanization of a Logic/Drive Unit (LDU)
that combines with the EIOD to constitute an Automatic Controller.

The evaluation of the design approaches were performed with res-
pect to the following seven criteria: Reliability, Maintainability,
Equipment Supportability, Standardization, Human Interface, Failsafe
Operation, and Life Cycle Cost. The evaluation was not concerned with
the functional capability of the different design approaches; that
capability has been sufficiently demonstrated by similar operational
equipment,

The six design approaches were separately evaluated with respect
to reliability since their constituent component type and count dif-
fered significantly. However, the reliability evaluation indicated
that the two design approaches based on relays to perform the logical
operations were virtually the same with respect to reliability, and
that the NON-LSI and LSI commercial programmable controller design
approaches were similarly the same with respect to reliability. Since
the other evaluations could be satisfactorily performed assuming only
one relay based design approach and only one commercial programmable
controller based design approach, all evaluation ratings are given for
only four design approaches for the reasons explained in the reliability
evaluation,

8.1 RELIABILITY EVALUATION

The reliability of electromechanical components such as pushbuttons,
limit switches, and electromagnetic relays is a function of the number
of times they are actuated over the period of interest. In contrast,
the reliability of solid state components is a function of the portion

of the time they are energized over the period of interest, For the AC,
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some of the components need to be energized continuously and others

need not be energized all the time, e,g., the solid state relays that
drive the latching hydraulic solenoids. Paragraph 5.6.4.1 of the basic
requirements section (Section 5.0) specify that the AC shall have a
predicted probability of failure of less than 0,006 over a 24 hour per-
fod when the elevator is operated at the rate of 6 dispatches per day.
Paragraph 5.6,.4,2 states that the predicted probability of failure
over 24 hours shall be less than 0,03 when the elevator is operated at
the rate of 144 dispatches per day. The lower dispatch rate is repre-
sentative of those times when the elevator is experiencing little or
no use and corresponds to 2,190 dispatches per year. The higher dis-
patch rate is representative of those times when the demand on the
elevator is great, e.g., ''On-Load" or '"Strike-Up'' operations.

In addition to the usage rates defined in Paragraphs 5.6.4.1 and
5.6.4.2, an intermediate rate between those two rates was used to give
an insight to how the reliability varied between the extremes. The
three dispatch rates are:

Long Term (nominal usage) 6 dispatches/day
(.25 dispatch/hour)
(2,190 dispatches year)

Low Short Term (medium usage) 24 dispatches/day
(1 dispatch/hour)

High Short Term (high usage) 144 dispatches/day
(6 dispatches/hour)

Component failure rate data for the components used in the EIOD
and the LDU were largely determined by using MIL-HDBK-217B (Notice 2).
The component failure rate data for components at 50°C is illustrated
in Table 8.1,1, The determination of the Mean-Time-Between-Failure
(MTBF) for the EIOD and for each of the six design approaches from
the component failure rate data is given in Appendices A and B; the
results of that determination are given in Table 8.1.2. The table
indicates the MTBF's as a function of the three usage rates and as a
function of three levels of component quality. The three levels of
component quality are: Commercial (COM), Military-Standard (MIL-STD),
and High Reliability (HI-REL). 1t should be noted that commercial
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!
“ FAILURE RATE
i PER 1x10° CYCLES OR 1x10° HOURS
COMMERCIAL MIL-STD
; GRADE (HI-GRADE COM)  HI REL
COMPONENT
CYCLE SENSITIVE UNITS '.
1 MOMENTARY PB SWITCH (DPST) 1.08 0.072 . |
LIMIT SWITCH (SPST) 15.4 2.8245 . |
LOW POWER EM RELAY (SPST) 0.2654 0.0456 - |
LOW POWER EM RELAY (3PDT) 1.128 0.1939 . |
HIGH POWER EM RELAY (SPST 0.4945 0.0567 5
TIME DELAY RELAY (DPDT) 0.7963 0.205 - |
SOLENOID VALVE 8.3333 8.3333 s
ALARM BELL 2.5 2.8 . v 1
TIME SENSITIVE UNITS |
INCANDESCENT LAMPS 1.0000 1.0000 - |
LIGHT EMITTING DIODES (LEDS) 1.4200 0.2840 0.057
PROXIMITY SENSORS 4.903 2.6528 .
TIMER CHIP (SSI) 11.7 7.02 0.39
DC/DC CONVERTER 14.963 3.0 0.598
SST LOGIC CHIP (10 GATES/CHIP) 6.1 3.66 0.203
; MSI LOGIC CHIP (100 GATEW/CHIP) 19.685 11.811 0.656 b
'3 ROM CHIP 7.222 4.333 0.241 ‘
8080 _<CPROCESSOR CHIP (1100 GATES/CHIP) 350.543 210.326 11.685 : 1
9900 _4(PROCESSOR CHIP (3100 GATES/CHIP) 408.293 264,976 13.61 1
SOLID STATE RELAY* 18.426 3.7 0.736 |
(0.921) (0.185) (0.0368) j'

*THE SSR MAY BE TREATED AS A CYCLE SENSITIVE UNIT BY ALLOWING EXCITATION TO IT FOR
ONLY A LIMITED AMOUNT OF TIME PER DISPATCH. THE NUMBERS IN PARENTHESES CORRESPOND
TO 3 MINUTES PER DISPATCH.

TABLE 8.1.1 — COMPONENT FAILURE RATE DATA
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Programmable Controllers do not use MIL-STD or HI-REL parts; however,
they often use the commercial equivalent of MIL-STD components. The
relation of the probability of no failure as a function of time and
MTBF is given by the following equation:

p_ = ¢ ~t/MIBF
NF

Accordingly Table 8.1.3 indicates.the probability of no failure over a
24 hour period for the MTBF's of the equipment groups of Table 8.1,2.
The overall MTBF of the Automatic Controller (AC) is a function of the
individual LDU MTBF's and the EIOD MTBF. Table 8.1.4 indicates the AC
MTBF's for the six LDU design approaches; and Table 8.1.5 indicates the
probability of no failure of the AC over a 24 hour period.

Comparison of the information of Tables 8.1.2, 8.1.3, 8.1.4 and
8.1.5 with the reliability requirements of Section 5.0 indicates that,
at the nominal usage rate, the two Relay based design approaches meet
the reliability requirements with commercial quality components. The
Static Logic, NON-LSI, LSI and VLSI design approaches need HI-REL
quality components. At the heavy usage rate the two Relay based design
approaches need MIL-STD quality components; the other design approaches
can almost meet the heavy usage reliability requirement using MIL-STD
quality components but need the HI-REL components to meet the
specification. Since commercial NON-LSI and LSI Programmable Con-
trollers are available that use the commercial equivalent MIL-STD
components, this evaluation and the others that follow assume commer-
cial NON-LSI and LSI Programmable Controllers. The other four design
approaches could be/are being developed by Navy Activities, and it is
reasonable to assume the use of the highest quality of components
available.

Based on the information presented in the two preceding para-
graphs the six design approaches were reduced to four and are desig-

nated in all the evaluations as follows:
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® Relay
® SEM Static Logic
® Commercial PC
® SEM PC
The reliability evaluation is based on the MTBF of the highest

quality of available components for the design approaches indicated

in Table 8.1.2, 8.1.3, 8.1.4 and 8.1.5. It is seen that the Relay
LDU has an advantage for the nominal and medium elevator usages, while
the Static Logic design approach has an advantage for the heavy ele-
vator usage. Taking into account the MTBF for the three usage rates
the following relative ratings for the design approaches have been

determined as follows:
RELATIVE RATING

DESIGN APPROACH (MAX=100)
RELAY 100 ﬂ
SEM STATIC LOGIC 100 ' 3
COMMERCIAL PC 90 1
SEM PC 100 ' ]
A
<
3
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8.2 MAINTAINABILITY
The maintainability over its life cycle of an equipment is a func-

tion of 1) the intrinsic maintainability of equipment as determined

by its design features, 2) the availability of spare parts throughout
its projected useful life, 3) its use of standard components, 4) the
match between the equipment complexity and the skills of the assigned
maintenance personnel, and 5) the severity of damage when it fails,
Thus we see that the cradle~to-grave maintainability (Life Cycle
Maintainability) is determined by the equipment and its total life
environment, This section of the study evaluation deals with the
intrinsic maintainability; the other factors involved in the Life Cycle
Maintainability are discussed in the next four sections.

The basic measure of the intrinsic maintainability of an equip-
ment is its Mean-Time-To-Repair (MTTR). MTTR is the mean sum of
active time spent performing the following tasks:

® Verification of an apparent malfunction.

® Top level fault isolation to indicate the equipment group

or package within which the malfunction has occurred.

® Additional fault isolation as required to trace the malfunction

to a Line Replaceable Unit (LRU).

® Replacement or repair of the defective LRU.

® Checkout of system operation to verify the system is ready

to be put back in service,

The mean time spent in non-active repair activities is combined
with the MTTR to obtain the Mean-Down-Time (MDT) that the equipment is
out of service. The non-active repair time is generally referred to
as Administrative Delay Time (ADT). Typical examples of the con-
stituents of ADT are:

® Inform the Officer-0f-The-Day (00OD) of the equipment problem

and request permission to take the equipment out of service for
corrective maintenance,

® Take the equipment out of service and inform all interested

parties,
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® Assign personnel.as required to perform corrective maintenance,

® Request and obtain replacement parts or labor to repair

defective parts.

® Keep the 00D informed of the repair status.

® Maintain the necessary logs/records.

® Inform the OOD when the equipment is ready to be put back in

service,

® Put the equipment back in service and inform all interested

parties.

The Mean-Down-Time (MDT) can be used with the Mean-Time-Between-
Failure (MTBF) in an equation to give an indication of the Availability
(Ao) of an equipment. The operational availability is simply the per-
centage of the total time that a system is available; the equation for

A is:
o

& Uptime ¥ MTBF v
o Total Time  MTBF + MDT ~

An alternate form of this equation is:

A = -
° 4 MTTR + ADT
MTBF
The alternate equation form is of interest because it clearly shows

that if the ADT is significantly larger than MTTR then efforts to

A

reduce MDT should concentrate on the ADT.

The determination of the MTTR of an equipment is normally deter-
mined by conducting special tests or by keeping records of the active
repair times incurred during actual operation., Sometimes prediction
of the MTTR is attempted based on the design of the equipment. The
particular method of prediction is a function of the design status of
the equipment: the more complete the design status, the more specific
the method to predict the MTTR. When the designs are in the concept
stage, i.e., they are design approaches rather than specific designs,
the prediction method is of necessity more qualitative than quantita-

time,
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The maintainability evaluation used in this study did not have as
its objective the prediction of a quantitative MTTR value. Instead,
the objective was to estimate the relative suitability of the design
approaches to accomplishing a low MITR based on certain design fea-
tures. The design features considered appropriate were: 1) the sim-
plicity of the design, 2) the maturity of the design, i.e., has the
maintenance approach been successfully demonstrated, 3) the use of
built-in test and fault isolation aids, and 4) the ease with which a
Line Replaceable Unit (LRU) can be removed and replaced.

The design approaches for the Logic/Drive Unit of the Automatic
Controller were investigated for their potential with respect to the
four design features discussed in the previous paragraph. The follow-

ing ""broad brush'" ratings were assigned:

SIMPLICITY MATURITY BUILT-IN LRU TOTAL

_(MAX=25)  (MAX=25) (MAX=25) (MAX=25) (MAX=100)
RELAY 25 25 25 25 100
SEM STATIC LOGIC 25 25 15 25 90
COMMERCIAL PC 15 ES 20 25 75
SEM PC 17.5 125 25 25 80

8.3 EQUIPMENT SUPPORTABILITY

Equipment supportability is concerned with the probability that
required spare parts can be obtained within a reasonable time at rea-
sonable cost. The period of interest is from the date the equipment
is placed in service to the date that it is expected to remove the
equipment from service., Insufficient equipment supportability can
result in undesirable inconvenience, high maintenance cost, and even
premature removal from service.

The most common reasons for insufficient equipment supportability
are: 1) the equipment has become technically obsolete, 2) there are
too few systems requiring support, and 3) the number of suppliers of
the system and/or components has decreased. The above stated reasons

are dependent on each other and can result in a chain reactionm.
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Technical obsolescence can be induced due to utilization of a
better phenomena, e.g., transistors versus vacuum tubes, or by the
utilization of better manufacturing processes, e.g., integrated tran-
sistor circuits versus discrete transistors, The number of systems can
be insufficient to induce good support because not many systems were
produced, or the systems were more quickly removed from service by
other users. As more attractive '"Second Generation' systems are dev-

eloped and fewer "First Generation' systems require support, more

Xy

suppliers determine the market as being uneconomical and they decrease/
drop their support efforts. This results in fewer or no suppliers

ready, willing, and able to support economically '"outmoded" systems/ ;
equipment.

The period of interest for equipment supportability evaluation of

the IWHS Automatic Controller is 20 years. Again the emphasis is on
the Logic/Drive Unit (LDU) because the External Input/Output Devices
are sufficiently supportable and are common to each LDU design
approach.

Although electromechanical (EM) relays have been replaced by
solid state switching/logic devices in many applications, the EM relay
remains the preferred device in many applications. The EM relay is
presently a supportable device because it is not technically obsolete,
there are many systems using EM relays and there are many manufacturers
of EM relays. There is no reason to believe that the EM relay will not
be satisfactorily supported for the next 20 years and even much longer.

The Solid State Relay (SSR) is a much more recent device which is
tending to replace the EM relay in some medium power switching appli-
cations, The SSR is a commonly used device now and will be even more
common in the future, In 20 years the SSR is likely to be available
in the same form that it is now,

The Standard Electronic Module (SEM) program module listing as of
1 April 1978 (Appendix F) lists 197 modules that have been qualified
and specified, 22 modules that have been qualified and are in the pro=-

cess of being specified, and 83 modules that are under development.
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Some of the older SEMS gre not recommended for use in new designs; in
general these older modules are available in later pin, compatible,
modules that have a better performance characteristic, e.g., speed of
response, The more common SEMS, e.g., ''NAND GATES," '"INVERTER GATES,"
etc., have a high probability of being supported for the next 20 years.
The more specialized SEMS, e.g., '"MICROPROCESSORS'" have a somewhat
lower probability of being supported over the same time period.

Commercial electronic equipment is in general characterized by a
technical obsolescence period in the range of 5 to 10 years. The
seemingly ever constant striving by manufacturers toward higher speed,
larger scale of integration, lower manufacturing cost, and even planned
technical obsolescence virtually guarantees that, from the supporta-
bility viewpoint, equipment that is 10 years old will not be econom-
ically attractive. There are exceptions, of course, but these are
relatively rare.

Four sub-criteria were used to determine the equipment support-
ability over the 20 year period of interest. The four sub-criteria
are: 1) the probability that the equipment will not become obsolete,
2) the number of systems using the equipment, 3) the number of manu-
facturers making the equipment, and 4) the number of manufacturers
making the components used in the equipment., Of the four sub-criteria,
the probability of non-obsolescence is considered the most important. 3
Therefore it has a maximum value of 85, the other sub-criteria each
have a maximum value of 5. ‘ ]

On the basis of an analysis of the significant components .involved
in each design approach the following ratings have been assigned:

PROB. OF NO, OF NO, OF SYS, NO., OF COMP,

NON,-0BSO, SYS. MANU MANU TOTAL
(MAX=85)  (MAX=5) _ (MAX=5) (MAX=5)  (MAX=100)
RELAY 85 5 5 5 100
SEM STATIC LOGIC  81.6 2.8 2.8 2.8 90 ]
COMMERCTAL PC 8.5 i3 3 3 10
SEM PC 73.1 2.3 23 2.3 80
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8.4 STANDARDIZATION :

For the purposes of this study, standardization is defined as the
use of interchangeable Line Replaceable Units (LRU) within the Auto-
matic Controller (AC) and with other systems onboard the aircraft car-
rier. Of special interest is the use of LRU's that are interchangeable
between the AC and other equipment maintained by the Electricians Mate
(EM). 1In general, a high degree of standardization is a desirable
objective because it tends to make spare parts more available and
increase the familiarity of the EM with the equipment. In equipments
where an LRU is not required for each equipment mode, the interchange-
able LRU's can be swapped during failure isolation activities without
obtaining a completely spare LRU. In effect, the equipment supplies
its own temporary spare LRU. Carrying this idea a bit further, if a

completely spare LRU is not available, it is sometimes feasible to

temporarily borrow an LRU from another equipment that is not being used.

However, it is reasonable to assume that the more standard an LRU, the
higher the probability that a completely spare LRU will be available.

It must be pointed out that an over zealous effort to standardize can

result in a decrease in system effectiveness due to the use of a stan-
dard part in an application where a non-standard part would be better

from the standpoint of functional performance, reliability, etc.

Table 8.4.1 indicates the component types and quantities used in
the six design approaches for the Logic/Drive Unit (LDU). Since the
External Input/Qutput Devices are common to all the design approaches,
they do not enter into the standardization evaluation. An analysis of
the table indicates that the regular and hybrid relay design approaches
both have a high degree of standardization within the LDU. 1If the
solid state relays and/or the EM relays are properly chosen, a high
degree of standardization with other systems could be achieved since
relays are a very common part of other systems, particularly the other
elevators onboard the aircraft carriers in question. Because the other
elevators have relay controllers, the EM will be more familiar with a

relay controller for the IWHS elevator. The SEM Static Logic and the
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SEM PC design approaches are likely to have a high degree of standardi-

zation within the system due to the use of fairly common Standard Elec-
tronic Modules (SEM) such as "AND/NAND,'" '"OR/NOR," ' INVERTER,'" '"FLIP/
FLOP," "COUNTER," etc. As the Navy wide use of SEM's increases, the
SEM based design approaches potentially can have a high degree of
standardization with other onboard systems. However, the use of SEM's
(or its equivalents) in other equipment maintained by the EM is not as
prevalent as relays and is not likely to be over the next 20 years.
The two Commercial PC design approaches can have some standardization
within the system due to the relative large numbers of DC/DC converters
and solid state relays. The logic chips in themselves could be fairly
well standardized but the LRU boards upon which they are mounted are
likely to be large in size, few in number, and highly integrated, i.e.,
the LRU's will not be standardized.

Consideration of the above observations leads to the following

4
evaluation rating of the design approaches: \

WITHIN SYS. OTHER SYS. OTHER MTCE TOTAL

(MAX=33-1/3) (MAX=33-1/3) (MAX=33-1/3) (MAX=100)
RELAY 33-1/3 33-1/3 33-1/3 100
SEM STATIC LOGIC 30 30 20 80
COMMERCTAL PC 20 10 10 40
SEM PC 30 30 20 80

8.5 HUMAN INTERFACE

To be maintainable, a system must successfully interface with the
Enlisted Rate assigned to perform maintenance on that system. A suc-
cessful interface can be achieved by two basically different concepts.

The traditional concept is to make the equipment "understandable" to

the maintenance personnel so that they can '"trouble shoot" it. What
constitutes "understandable" is determined by the formal and on-the-
job training they have received, information contained in their Rate
Training Manual, the similarity of the equipment with other equipment
maintained by them, etc. Another concept {s based on the premise that

the maintenance personnel need not understand the equipment and what it
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does; they need only be able to follow simple instructions that tell in
"cookbook'" fashion how to perform the required maintenance. 'Trouble
shooting" other than that covered by the '"cookbook" procedures is not
provided for. Under the '"cookbook'" approach the '"trouble shooting' has
been performed a priori by the design engineer. This concept is based
on the assumption that a maintenance problem that does not require
traditional "trouble shooting" by the EM is sufficiently improbable

so that the EM need not "understand" the equipment.

In the case of the Electrician's Mate (EM), these two concepts as
applied to the IWHS Elevator Controller interface with him in a com-
pletely different manner. For the one concept the EM is challenged to
utilize the highest skills and knowledge he possesses, while for the
other concept the EM is either confronted with a situation that uti-
lizes his lowest skills and knowledge, or with a situation for which
he is not properly trained. A fundamental question is, '""How does the
typical EM react to the two different concepts?'". This is a very dif-
ficult question to answer and is not fully attempted in this study. The
purpose of raising the question is to indicate that possibly the only
way of answering the question is to perform a meaningful test.

Experience has shown that the EM reacts favorably to the tradi-
tional concept, as exemplified by Relay and Static Logic Controllers,
that uses his highest skills and knowledge. It is also known that the
EM reacts unfavorably to the PDP-14 Controller because it too often
required skills and knowledge that he evidently does not have in suf-
ficient quality and quantity. When this happens, the EM tends to lose
confidence in the equipment and tends to attribute difficult system
failures to the PDP-14 Controller. It does not necessarily follow that
another programmable controller, other than the PDP-14, would evoke
the same responses., What does follow is that until the EM is exposed
to that other programmable controller the Human Interface is in some

reasonable doubt.
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In order to assess the interface between the EM and the design
approaches the following evaluation factors are: 1) compatibility
with formal and on-the-job training of the EM, 2) availability of
applicable information in the EM Rate Training Manuals, etc., 3) simi-
larity with other equipment maintained by the EM, 4) the relative
number of EM's qualified to maintain similar equipment, and 5) the
relative number of years the similar equipment has been maintained by
the EM's.

The design approaches for the Logic/Drive Unit were investigated

according to the above five factors and assigned the following ratings:

TRNG.  AVAIL. EQPT. NO. OF EQPT.
COMP. INFO. SIM. EM'S YRS. TOTAL
(MAX=20) (MAX=20) (MAX=20) (MAX=20) (MAX=20) (MAX=100)
RELAY 20 20 20 20 20 100
SEM STATIC LOGIC 18 18 14 12 18 80
COMMERCIAL PC 8 12 6 6 8 40
SEM PC 8 12 6 6 8 40

8.6 FAILSAFE OPERATION

In the event that an equipment experiences a malfunction it is
mandatory that it "prevent" injury to personnel and desirable that it
""prevent" or "minimize" significant damage to the rest of the system.
In other words the system should "Failsafe". The IWHS Elevator Con-
trol System incorporates several safety devices that tend to make the
system Failsafe (FS), e.g., "overtravel switches," slack cable
switches," "overspeed governor switch," etc, These safety devices are
common to both the automatic and the manual operation of the elevator.

It is desirable that the Automatic Controller exhibit FS design
features that pertain to internal AC operation and minimize reliance
on the external safety devices. The basic requirements for the FS
Operation are stated in Section 5.6.3 of the '"Baseline Requirements
Specification for the Automatic Controller of the IWHS Elevator Con-
trol System'". Essentially the FS requirements are that no single

failure within the AC shall result in an unscheduled or uncontrolled

69

14

!
|
1



operation of the platform, and that the temporary loss of electrical
power shall cause the AC to stop the platform/hatches and come to a
safe condition. The AC and the platform/hatches are required to stay
in that position even after the electrical power is restored.

The design features that contribute to satisfactory FS operation
are as follows: 1) the ability to accommodate mixed input signal
"true states,'" i.e., one '"true state'" is represented by a non-ground
potential while another '"true state" is represented by a different
potential (such as ground), 2) the ability to prevent a malfunction
from causing another malfunction or a chain of malfunctions, 3) the
percentage of the Logic/Drive Unit (LDU) represented by a damaged
Line Replaceable Unit, and 4) the amenability of the design to econo-
mically incorporate exhaustive self-checks during operation.

The regular relay and the hybrid relay design approaches can
accommodate mixed input '"true states' by the proper interchange of
"normally closed" and '"normally open'" contacts. However, with the
practice of using LEDS (Light Emitting Diodes) to indicate excitation
to a relay coil, there are potential conflicts if it is desired to have
an LED illuminated for a given state of the elevator system, e.g., to
have a given set of LEDS all lighted to facilitate visual checkout.
Relays don't tend to allow the malfunction of one relay to cause a
malfunction in another relay. Relays are in individual packages and
constitute a single Line Replaceable Unit (LRU) with the result that
the LRU is a small percentage of the Logic/Drive Unit. Relay based
designs are not noted for their self-test capability, but it can be
done. The main difficulty is that self-test capability would take
many more relays resulting in a decreased reliability and possibly
result in an unacceptable reaction time.

The Static Logic design approach can also easily accommodate
mixed input "true states'; but like the relay approach, the use of
LEDS to actively indicate the actual state of the input during a
particular elevator system condition is a problem. Malfunctions of

static logic devices rarely results in a chain reaction so that isan't
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a problem. Static logic, as mechanized by Standard Electric Modules

(SEM) tend to have relatively small LRU's. The Static Logic approach
has not normally included self-test but, like the relay approach, it
can be implemented by additional logic elements. Reaction time is not
a problem with static logic because its speed of response of static
logic is much better that relays.

With respect to FS operation the potential capabilities of the
Commercial and the SEM Based Programmable Controller (PC) are suf-
ficiently similar that they can be discussed together. The PC can,
and normally does, utilize mixed input '"true state" signals and the
failure of an internal logic element rarely results in a chain
reaction of logic elements. Both PC approaches can easily incorporate
extensive self-test capability with addition of more Read-Only-Memory
(ROM) and a few logic elements. The SEM PC utilizes many SEM LRU's
which individually represent a very small percentage of the LDU. In
contrast the Commercial PC uses a higher degree of physical integration
that results in a minimum number of larger LRU's that represent a more
significant portion of the LDU.

The above considerations lead to the following ratings for the

four basic design approaches:

MIXED CHAIN % OF SELF
STATES REAC. LDU TEST TOTAL
(MAX=25) (MAX=25) (MAX=25) (MAX=25) (MAX=100)
RELAY 22.5 25 25 7.5 80
SEM STATIC LOGIC 22.5 25 20 12.5 80
COMMERCIAL PC 25 25 15 25 90
SEM PC 25 25 25 25 100

8.7 LIFE CYCLE COST

The total cradle-to-grave cost, commonly referred to as the Life
Cycle Cost (LCC), of ownership of an equipment can be conveniently
separated into three distinct cost areas. The first cost area consists
of the cost elements required to acquire the equipment. For this

study the identified cost elements are: 1) the cost of developing the
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equipment hardware, 2).the cost of developing any required software,
3) the procurement cost of production equipment, 4) the cost of ini-
tial spare parts, and 5) the cost of developing information to be
inserted in the IWHS Elevator Technical Manual. The second cost area
consists of the cost elements required to put the equipment in place
and bring it up to operational status. The identified cost elements
for this are: 1) the cost of installing the equipment of the aircraft
carriers, 2) the cost of developing a training course for the ships
maintenance personnel, and 3) the cost of initial training sessions
for the ships maintenance personnel. The third cost area consists of
all the cost elements involved in operating, maintaining and support-
ing the equipment throughout its useful life. The applicable cost
elements are: 1) the maintenance labor costs, 2) the cost of replace-
ment of malfunctioned parts of the equipment, 3) the cost of periodic
refresher training sessions for the ships maintenance personnel, and
4) the cost of managing and supporting the equipment throughout its
operational life.

Estimates of the above listed 12 costs for each of the four
design approaches is listed in Table 8.7.1. The listed costs should
be considered as only relative "First Cut Estimates,'" suitable only
as a figure of merit for relative LCC evaluation. A more exhaustive
LCC analysis is required to generate firm costs for budgeting purposes.

The general cost model used to determine the total of a specific
cost element is:

Element Cost (CE) = Cost per unit (Cu) X number of units (Nu)

x product of cost modifier factors ( Fc)
The term "unit" is used interchangeably for one-time costs and for
recurring costs, e.g., development units, production units, training
units, etc. The applicable Cu's and Nu's are given in Table 8.7.2.
The seven cost modifier factors used in this estimate were: 1) units

in fleet (FCF)’ 2) personnel learning (F 3) equipment age (FCA)’

)
CL
4) equipment spare parts (ch), 5) equipment replacement parts (FCR),

6) inflation percentage (FCI), and 7) outyear discount (FCD). Table
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NO. LIFE CYCLE COST ELEMENT
ACQUISITION GROUP
1 EQUIPMENT DEVELOPMENT
2 SOFTWARE DEVELOPMENT
3 EQUIPMENT PROCUREMENT
4 TECH. MANUAL INFO. DEVELOPMENT
5 INITIAL SPARES PROCUREMENT
INSTALLATION GROUP
6 TRAINING COURSE DEVELOPMENT
7 INSTALLATION AND CHECKOUT
8 INITIAL TRAINING
OP, MTCE, AND SUPPORT GROUP
9 MAINTENANCE LABOR
10 REPLACEMENT PARTS
11 REFRESHER TRAINING
12 MANAGEMENT AND SUPPORT
TOTAL LCC
NOTES:

COST

RELAY SEM SL COM PC SEM PC
15K 50K - 200K

- - 50K NOTE 2
400K 600K 400K  1,000K
20K 30K 40K 50K
20K 30K 20K 50K
10K 20K 40K 50K
200K 300K 400K 400K
20K 40K 80K 80K
300K 300K 300K 300K
100K 150K 100K 250K
40K 120K 240K 240K
300K 400K 600K 600K
1,425k 2,040K 2,270K 3,210K

1. "K" INDICATES THOUSANDS OF DOLLARS, I.E., 15K MEANS

$15,000.

2. THIS COST ELEMENT NOT CHARGED AGAINST ELEVATOR
CONTROLLER TASK (PER NWSC).

TABLE 8.7.1 ESTIMATED LIFE CYCLE COSTS FOR THE
AUTOMATIC CONTROLLER DESIGN APPROACHES
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LCC

#

LIFE CYCLE ELEMENT

REFERENCE COST PER UNIT

NO. OF
RELAY SEM SL COM PC SEM PC _UNITS

1 EQUIPMENT DEVELOPMENT 15k 50K - 200K
2 SOFTWARE DEVELOPMENT (NOTE 2) - - 50K -

3 EQUIPMENT PROCUREMENT 20K 30K 20K 50K
4 TECH. MANUAL INFO. DEVELOPMENT 20K 30K 40K 50K
5 INITIAL SPARE PROCUREMENT 20K 30K 20K 70K
6 TRAINING COURSE DEVELOPMENT 10K 20K 40K 40K
7 INSTALLATION AND CHECKOUT 10K 15K 20K 20K
8 INITIAL TRAINING 2K 4K 8K 8K
9 MAINTENANCE LABOR 1.5¢ 1.5k 1.5%  1.5K
10 REPLACEMENT PARTS 20K 30K 20K 50K
11 REFRESHER TRAINING 2K 6K 12K 12K
12 MANAGEMENT AND SUPPORT 15K 20K 30K 30K
NOTES: "K" INDICATES THOUSANDS OF DOLLARS, I.E., 15K

MEANS $15,000.

-THE SEM PC SOFTWARE DEVELOPMENT COST HAS ALREADY

BEEN PAID (PER NWSC).
10 UNITS DERIVED FROM 10 SHIPS.
400 UNITS DERIVED FROM 20 EQUIPMENTS X 20 YEARS.

40 UNITS DERIVED FROM 10 SHIPS X FOUR REFRESHER TRAINING

SESSIONS PER SHIP

1
1

20

20

20
10
400
400
40

20

TABLE 8.7.2 REFERENCE PER UNIT COST AND NUMBER OF UNITS

FOR USE IN THE GENERAL COST MODEL
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8.7.3 indicates which eost modifier factors could apply to each of
the cost elements of Table 8.7.2. Investigation of the seven cost
modifier factors lead to the conclusion that, for the purposes of
this study, only three factors needed to be utilized. Those three

factors and the values used are:

® Units in fleet .5
® FEquipment spare parts .05
® Equipment replacement parts .0125

The other four factors were seen to indicate a trend to offset each
other to the extent that they did not need to bz considered in a
"First Cut Estimate'.

The ratings for the four design approaches are given below. The
relative ratings were derived by dividing the minimum total LCC fig-
ures, in this case the Relay Design Approach total, by the other LCC
figures and multiplying the quotient by 100.

RELATIVE
DESIGN APPROACH RATING
RELAY 100
SEM STATIC LOGIC 70
COMMERCIAL PC 63
SEM PC 44
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8.8 OVERALL EVALUATION

The evaluation of the design approaches for the replacement IWHS
Elevator Automatic Controller has been performed in the preceding sub-
sections with respect to Reliability, Maintainability, Equipment Sup-
portability, Standardization, Human Interface, Failsafe Operation, and
Life Cycle Cost. A total of thirty-four readily identifiable sub-
criteria were used in deriving the seven evaluation ratings. The task
of this overall evaluation is to reduce the individual ratings to a
single rating for a given design approach which is then used to indi-
cate the "Best'" design approach for a new Automatic Controller.

The results of the seven evaluations of each basic design approach
is indicated in Table 8.8.1. An overall rating could be based on the
assumption that the seven evaluation criteria are equal in importance.
If that assumption 1is correct, then the overall evaluation rating for
each design approach is obtained by summing the individual ratings for
a given approach. The approach with the highest overall sum would be
the "best" approach and the others ranked '"second best," etc., according

to their overall sums. The result of such an overall evaluation is:

OVERALL "BEST"
DESIGN APPROACH EVALUATION RATING
RELAY 680 1
SEM STATIC LOGIC 590 2
SEM PC 534 3
COMMERCIAL PC 503 4

It could reasonably be argued that the seven evaluation criteria
are not of equal importance, but then the problem is to determine their
relative importance. One approach to the assignment of relative impor-
tance is to assume that the Reliability evaluation is equal in impor-
tance to the Life Cycle Cost evaluation, and that taken together they
are equal in importance relative to the remaining five criteria. A
further assumption is that the remaining five criteria are of equal
‘% ative importance. The relative importance ratings can be reduced

. we ghting factor which is used as a multiplying factor of the

i % rmrings. An appropriate set of weighting factors could be
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0.25 for Reliability and Life Cycle Cost, and 0.1 for the other five
criteria. The results of applying the above weighting factors and

summing to obtain the overall rating is:

OVERALL "BEST"
DESIGN APPROACH EVALUATION RATING
RELAY 98.0
SEM STATIC LOGIC 84.5 2
SEM PC 74.0 3
COMMERCIAL PC 63.2 4 i

A comparison of the "Best'" Rating obtained from the equal impor-
tance method and the weighted importance method results in the same
relative ranking. The only assignment of weighting factors that could
drastically change the relative rankings would have to be one which ;
strongly emphasized Failsafe Operation and strongly de-emphasized the
other criteria, especially Life Cycle Cost. Since both methods indi-
cate the same relative ranking, that ranking is considered sufficiently

indicative of the desirability of the design approaches.
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9.0
9.1

CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS

In the overall evaluation performed in Section 8.0 it was determined

that the relative rating of the four basic design approaches are as

follows:

Relative Rating Design Approach
Best Relay

2nd Best SEM Static Logic
3rd Best SEM PC

4th Best Commercial PC

To the casual observer the above results are rather unexpected; one

would not expect a sophisticated Automatic Controller (AC) composed of

electromechanical relays to be able to compete with a controller composed

of solid state components with respect to reliability and life cycle

maintainability. However a careful review of this study reveals the

following appropriate reasons why the relay controller is best for the

IWHS elevators.

1. The dispatch rates of the elevator are sufficiently low that
the Relay Logic/Drive Unit (LDU) has a very adequate reliability.
2. The reliability of the External Input/Output Devices (EIOD) is
so much less than any of the LDU design approaches that the overall
reliability of the AC is affected more by the EIOD than by the LDU.
3. Relays are very common devices, they have been around a long
time, they are easily understood, within their application they are
subject to very little technical or planned obsolescence, they are
available from alternate sources, and relays will be available in
their present form for the foreseeable future.

4. With the exception of one Static Logic controller on CV 64, all
the weapons elevators on Aircraft Carriers CV 59 through CV 64 are
R2lay controllers; thus Relay controllers will be very familiar to
the Electrician's Mate (EM) on those ships.

5. The training and everyday experience of an EM is conducive to

"trouble shooting'" logic devices through which he can easily trace

the signal and observe the step-by-step operation of the controller.
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6. Relays can interface directly with the high contr
levels presented by the external input devices i.e. i:
Converters are not required.
7. Relays are relatively low in cost.
8. Efficient techniques exist for designing with rel:
relay ladder diagrams.
It should be noted that this study was limited to the
Carriers (CV 59 through CV 64) that have the IWHS elevator
also limited by an acceptance of the Electrician's Mate (E!
present training and normal daily work experience, as the
performing the electrical maintenance on the elevators. T
might have been different if a larger population of ships
included, if the Data Systems technician (DS) had been con
potential Enlisted Rate performing the electrical mainten
a large group of EM's were to be specially trained and ass
ily to work on elevators. Another important factor tha
the outcome is the possible future selection/development o
Standard Elevator Controller to be utilized on a variety o
It is the final conclusion of this study that a total
approach to the IWHS elevator controller problem IWHS corr
the Relay design approach as the '"best'" solution.
9.2 RECOMMENDATIONS
Based on the information obtained and developed durin
of this study, the following actions are recommended:
1. Develop, fabricate, install, and evaluate the PSNS
controller on the USS CONSTELLATION (CV 64) during it
yvard period.
2. Develop a preliminary design of a SEM Static Logi
and submit it to a design review to determine whether
fabricated, installed and evaluated against other con
3. Install and evaluate, when it becomes available,
PC on an IWHS Elevator.
4, Eliminate any further consideration of a Commerci

elevator control eaquipment based on proprietary desig
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second sources would not be available for the next 20 years.
5. Immediately initiate a program to select better and/or more
reliable External Input/Output Devices.
6. Initiate a study to determine the best approach to improving
'1 the maintainability of the PDP-14 controllers until they are replac-
ed by the Ralay Controller.
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APPENDIX A - CALCULATION OF THE MEAN-TIME-BETWEEN-FAILURES (MTBF) FOR
THE EXTERNAL INPUT/OUTPUT DEVICES (EIOD)
Notes: 1. For an explanation of the dispatch rates refer to
Appendix B.
2. Although there 60 pushbuttons included in the EIOD, a
maximum of 2 are used per dispatch.

A-1 Nominal Usage (6 Dispatches/Day)

Quality
Component Type Ouan, Com. MIL-STD
Pushbutton Switch 2% 0.540 0.036
Limit Switch 12 46.800 8.474
Proximity Switch 36 176.498 95.676
Indicator Lamp 19 19.000 19.000
Hydraulic Solenoid Valve 14 29.667 29.667
Alarm Bell ]\ 0.625 0.625
N(Failures/1x10° hours) 273.130  153.478
MTBF (hours) 3,661 6,516
*See Note 2
A-2 Medium Usage (24 Dispatches/Day)
Com. A = (176.498+19.000)+(24/6)[273.130-(176.
498+19.000)]
= 506.026
Com. MTBF = 1,976 hours
MIL-STD A = (95.676+19.000%(24/6) [-153.478-(95.676
+19.000)]
= 269,884
MIL-STD MTBF = 3,705 hours
A-3 Heavy Usage (144 Dispatches/Day)
Com. A\ = (176.498+19.000%+(144/6) [273.130-(176.
498+19.000Y)
= 2,058.666
Com. MIBF = 486 hours
MIL-STD A = (95.676+19.000)¢(144/6) [153.478-(95.
676+19.000Y]
= 1,045.924
MIL-STD MTBF = 956 hours
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APPENDIX B CALCULATION OF THE MEAN-TIME-BETWEEN FAILURE (MTBF) FOR THE
K LOGIC/DRIVE UNIT (LDU DESIGN APPROACHES) |

Notes: 1. Nominal usage corresponds to 2190 elevator dispatches

per year which translates to an average of 6 dispatches

per day and 0.25 dispatches per hour.

2. Medium usage corresponds to 1 dispatch per hour which
translates to 24 dispatches per day and 8760 dispatches
per year.

3. Heavy usage corresponds to 6 dispatches per hour which 4
translates to 144 dispatches per day.

4. The component count for the calculations is given in
Table B-1.

5. The component failure rate data used in the calculations
is given in Table B-2.

6. The MIBF is equal to 1x106/A.

7. The calculation is based on the assumption that every

component must work during a dispatch i.e. a serial
reliability model is utilized.

8. It is estimated that an average of only 25% of the 113
Light Emitting Diodes (LEDS) will be in the "On-State";
therefore 28 LEDS is used in the calculation instead of
113.

9. The component quality indicator in the calculation
indicate the quality of highest quality components used
in the calculation. In the nominal usage tables a

parentheses encloses the failure rate for those com-

ponents which are not equal to the highest quality
utilited in the configuration.
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FAILURE RATE
PER 1x10° CYCLES OR 1x10° HOURS
COMMERCIAL MIL-STD
GRADE (HI-GRADE COM)  HI-REL

COMPONENT
CYCLE SENSITIVE UNITS
MOMENTARY PB SWITCH (DPST) 1.08 0.072 5
LIMIT SWITCH (SPST) 15.4 2.8245 5
LOW POWER EM RELAY (SPST) 0.2654 0.0456 -
LOW POWER EM RELAY (3PDT) 1.128 0.1939 =
HIGH POWER EM RELAY (SPST) 0.4945 0.0567 .
TIME DELAY RELAY (DPDT) 0.7963 0.205 E
SOLENOID VALVE 8.3333 8.3333 - v
ALARM BELL 2.5 2.5 . :
TIME SENSITIVE UNITS
INCANDESCENT LAMPS 1.0000 1.0000 .

' LIGHT EMITTING DIODES (LEDS) 1.4200 0.2840 0.057

1 PROXIMITY SENSORS 4.903 2.6528 .

i TIMER CHIP (SST) 11.7 7.02 0.39

‘ DC/DC CONVERTER 14.963 3.0 0.598

| SST LOGIC CHIP (10 GATES/CHIP) 6.1 3.66 0.203

i MST LOGIC CHIP (100 GATES/CHIP) 19.685 11.811 0.656

ROM CHIP 7.222 4.333 0.241
8080 .4 PROCESSOR CHIP (1100 GATES/CHIP) 350.543 210.326 11.685
9900 . PROCESSOR CHIP (3100 GATES/CHIP) 408.293 264,976 13.61
SOLID STATE RELAY* 18.426 3.3 0.736

(0.921) (0.185) (0.0368)

*THE SSR MAY BE TREATED AS A CYCLE SENSITIVE UNIT BY ALLOWING EXCITATION TO IT FOR
ONLY A LIMITED AMOUNT OF TIME PER DISPATCH. THE NUMBERS IN PARENTHESES CORRESPOND
TO 3 MINUTES PER DISPATCH.

TABLE B—2 — COMPONENT FAILURE RATE DATA

3
.
'
J
1




B-1 REGULAR EM RELAY LDU
B-la NOMINAL USAGE

Quality
Component Type uan Com MIL-STD HI~-REL
Logic Relay (3 PDT Low Power) 82 23.125 3.974 (3.974)
Time Delay Relay 2 0.398 0.103 (0.103)
Low Power EM Relay (SPST) 11 0.730 0.125 (0.125)
High Power EM Relay 18 2.225 0.255  (0.255)
Light Emitting Diode 28 40.115 8.023 1.610
A (Failures/1x10° hours) 66.593  12.480  6.067
MTBF (hours) 15,017 80,128 164,826
B-1b Medium Usage
Com A = (24/6)(66.593-40.115) + 40.115 = 146.027
Qual MTBF = 6,848 hours
MIL-STD A = (24/6)(12.480-8.023) + 8.023 = 25.851
Qual  yrBF = 38,683 hours
HI-REL A = (24/6)(6.067-1.610) + 1.610 = 19,438
Qual  y7gF = 51,446 hours
B-1c Heavy Usage
Com X = (144/6)(66.953-40.115) + 40.115 = 684.227
AR MTBF = 1,462 hours .
MIL~STD X = (144/6)(12.480-8.023) + 8.023 = 114.991
Qual MTBF = 8,696 hours
HI-REL A = (144/6)(6.067-1.610) + 1.610 = 108.578
Qual MTBF = 9,210 hours
B-2 HYBRID EM RELAY LDU
B-2a NOMINAL USAGE Quality
Component Type Quan Com MIL-STD HI-REL
Logic Relay (PDT Low Power) 82 23.125 3.974 (3.974)
Time Delay Relay 2 0.398 0.103 (0.103)
Low Power EM Relay (SPST) 11 0.730 0.125 (0.125)
Solid State Relay 18 4.145 0.833 0.166
Light Emitting Diode 28 40.115 8.023 1.610
High Power EM Relay 1 0.124 0.014 (0.014)
A (Failure/1x10° hours) 68.837  13.072  5.992

88




MTBF (hours)
B-2b MEDIUM USAGE

Com A = (24/6)(68.837-40.115) + 40.115 = 155.003

Qual  vBr = 6,451 hours

MIL~STD A = (24/6)(13.072-8.023) + 8.023 = 28.219

Qual  \rpF = 35,437 hours

B-2c HEAVY USAGE

Com A = (144/6) (68.837-40.115) + 40.115 = 729.443

Qual  \opp = 1,371 hours

MIL-STD A = (144/6)(13.072-8.023) + 8.023 = 129.199

Qual  \rBF = 7,740 hours

HI-REL A = (144/6)(5.992-1.610) + 1.610 = 106.778

Qual o = 9,365 hours

B-3 STATIC LOGIC LDU
B-3a NOMINAL USAGE

Component Type uan
DC/DC Converter 82
SSI Logic Chip 49
Timer Chip 2
Solid State Relay 29
Light Emitting Diode 28
High Power EM Relay 1
Logic Power Supply 1

A (Failure/lxlo6 hours)

MIBF (hours)

B-3b MEDIUM USAGE

14,527 76,650 166,889
Quality

Com MIL-STD HI-REL
1226.940 245.903 49,036
298.876 179.325 9.962
23.529 14.079 0.784
6.677 1.341 0.267
40.115 8.023 1.610
0.124 0.014 (0.014)

3.690 2.220 (2.220)
1599.951 450.905 63.893
625 2,218 15,651

Com A = 1599.951 + (%i ~ 1)(6.677 + 0.124) = 1620.354

Qual MTBF = 617 hours

MIL-STD A = 450.905 + (%-li - 1)(1.341 + 0.014) = 454.97

Qual
MIBF = 2,198 hours

HI-REL  \ = 63.833 + (%ﬁ-- 1)(0.267 + 0.014) = 64.676

Qual
MTBF = 15,462 hours
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B-3c HEAVY USAGE
144

Com A = 1599.951 + (—g— - 1)(6.677 + 0.124) = 1756.374

Qual
MTBF = 569 hours

MIL-STD A = 450.95 (lgﬁ = 1)(6.677 + 0.124) = 607.328
Qual
MIBF = 1,647 hours
HI-REL X = 63,833 + cigi = 1)(0.267 + 0.014) = 70,296
Qual

MTBF = 14,226 hours

B-4 NON-LSI PROGRAMMABLE CONTROLLER LDU
B-4a NOMINAL USAGE

Quality

Component Type Qua Com MIL-STD HI-REL
DC/DC Converter 82 1226.940 245.803  49.036
SSI Logic Chip 25 152.488 91.493 5.083
MSI Logic Chip 10 196.845 118.107 6.562
ROM Chips 8 57.7716 34.664 1.928
Timer Chips 10 117.000 70.200 3.900
Solid State Relay 29 6.677 1.341 0.267
Light Emitting Diode 28 40.115 8.023 1.610
High Power EM Relay 1 0.124 0.014  (0.014)
Logic Power Supply b 3.690 2.220 (2.220)

A (Failure/lxlo6 hours) 1802.047 571.865 70.620

MTBF (hours) 555 1,749 14,160

B-4b MEDIUM USAGES

Com A = 1802.047 + (%i ~ 1)(6.677 + 0.24) = 1822.450
Qual
MTBF = 549 hours

MIL-STD A = 571.865 + (%i - 1)(1,341 + 0.014) = 575.930
Qual
MTBF = 1,736 hours
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HI-REL A = 70.620 + (3% - 1)(0.267 + 0.014) = 71.463
Qual
MTBF = 13,993 hours

B-4c HEAVY USAGE
144

Com A = 1802.047 + (_E— -1)(6.677 + 0.124) = 1958.470
Qual
MTBF = 511 hours

144

MIL-STD ) = 571.865 + (32% = 1)(1.341 + 0.014) = 603.030
Qual
MTBF = 1,658 hours
HI-REL A = 70.620 + (lé'—"- - 1)(0.267 + 0.014) = 77.083
Qual

MTBF = 12,973 hours
B-5 LSI PROGRAMMABLE CONTROLLER LDU
B-5a NOMINAL USAGE

Quality
Component Type Quan Com MIL-STD HI-REL ?
DC/DC Converter 82 1226.940 245.803 49.036
1 SSI Logic Chip 25 152.488 91.493 5.083
MSI Logic Chip 5 98.423 59.054 3.281
LSI Chip (8080 uProc) 1 350.543 210.326 11.685
ROM Chip 8 57.776 34.664 1.928
Timer Chip 10 117.000 70.200 3.900 !
Solid State Relay 29 6.677 1.341 0.297
Light Emitting Diode 28 40.115 8.023 1.610
High Power EM Relay 1 0.124 0.014 (0.014)
Logic Power Supply 1 3.690 2.220 (2.220)
A (Failure/lxlo6 hours) 2053.776 723.138 79.054
MTBF (hours) 487 1,383 12,650

B-5b MEDIUM USAGE '4

Com A = 2053.776 + (%i - 1)(6.677 + 0.124) = 2074.179
Qual

MTBF = 482 hours




SN/ v S e

MIL-STD  \ = 723.138 + (%i - 1)(1.341 + 0.014) = 727.203

Qual

MTBF = 1,375 hours

HI-REL A = 79,054 + (%ﬁ - 1)(0.267 + 0.014) = 79.897

Qual

MTBF = 12,516 hours

B-5c HEAVY USAGE

144

Com A = 2053.776 + (—g— - 1)(6.677 + 0.124) = 2210.199

Qual

MTBF = 452 hours

MIL~-STD A = 723,138 + (l%ﬁ - 1)(1.341 + 0.014) = 754.303

Qual

MTBF = 1,326 hours

HI-REL  \ = 79.054 + (125 - 1)(0.267 + 0.014) = 85.517

Qual

MTBF = 11,694 hours
B-6 VLSI PROGRAMMABLE CONTROLLER LDU

B-6a NOMINAL USAGE

Component Type
DC/DC Converter
SSI Chip
MSI Chip
LSI Chip (9900 uProc)
ROM Chip
Timer Chip
Solid State Relay
Light Emitting Diode
High Power EM Relay
Logic Power Supply
A (Failure/lxlO6 hours)
MTBF (hours)

Quan
82

23

16
10
29
28

92

Qualicy
Com MIL-STD HI-REL
1226.940 245.803  49.036
152.488 91.493 5.083
98.423 59.054 3.281
408.293 244.976 13.610
115.552 69.328 3.856
117.000 70.200 3.900
6.677 1.341 0.297
40.115 8.023 1.610
0.124 0.014 (0.014)
3.690 2.220  (2.220)
2169.302 795.452 82.907
461 1,257 12,062




B-6b MEDIUM USAGE

Com
Qual

MIL-STD
Qual

HI-REL
Qual

A = 2169.302 + (%i - 1)(6.677 + 0.124) = 2,189.705

MTBF = 457 hours

\ = 795.452 + (%i - 1)(1.341 + 0.014) = 799.517

MTBF = 1,251 hours

A = 82.907 + (%5 = 1)(0.267 + 0.014) = 83.750

MTBF = 11,940 hours

B-6c HEAVY USAGE

Com
Qual

MIL-STD
Qual

HI-REL
Qual

A = 2169.302 + (1%5 - 1)(6.677 + 0.124) = 2,325.725

MTBF = 430 hours
144
A = 795,452 + (—g- - 1)(1.341 + 0.014) = 826.617

MTBF = 1,210 hours

\ = 82.907 + (l%i - 1)(0.267 + 0.014) = 89.370

MTBF = 11,189 hours
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APPENDIX C SUMMARY OF THE EM 3 & 2 RATE TRAINING MANUAL NAVEDTRA 10546-D

This Rate Training Manual provides information related to the tasks
assigned to the EM 3 & 2 who operate and maintain a variety of

electrical/electromechanical/electronic equipment as indicated below:

A.

B.

C.

D.

E.

Power Generation and Distribution (AC and DC)

e Generators

e Controllers

e Switching

e Cabling
Lighting

e Lighting Fixtures
e Incandescent Lamps
e Fluorescent Lamps
e Cabling

e Circuit Breakers

e Navigation and Signal Lights
e Searchlights

Ship Degaussing (Manual and Automatic)

Degaussing Coils
Motor-Generator

Rheostat Control

Electrical Propolsion

Generators
Motors

Control Consoles

Central Operations Systems

Generators

Propulsion

Boilers Engine Room Console
Auxiliaries

Data Logger

Throttle Control
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G.

H.

I.

Je.

The Rate Training Manual also introduces the EM 3 & 2 to the

symbols and elementary operations of logical devices such as:

Auxiliaries

Storage Batteries/Battery Charger

Internal Combustion Engine Electrical Equipment

Electromechanical Steering Gear
Winches

Elevators

UNREP Equipment

Electric Fork Lift

Electric Gallery Equipment
Electric Laundry Equipment

Sensing Switches

Pushbutton
Limit
Pressure
Temperature
Float
Proximity

Electronic Components

e Resistors
e Capacitors
e Transformers
e Electron Tubes
e Semiconductor Devices
Relays
e Logic
e Power Switching
e Current Direction Sensing
e Power Direction Sensing
e Phase Failure Sensing

Sound Motion Picture Equipment

And/Nand Gate
Or/Nor Gate
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EM 3

Flip/Flops

Single Shot Multivibrator
Schmitt Trigger

Memory

Pulsers

Steppers

Amplifiers

Logic Diagrams

Relay Logic
e Semiconductor Logic
The manual also describes the following listed test equipment the
& 2 is expected to operate and usually maintain.
1. Tachometers (mechanical and stroboscopic)
2. Multimeters (electronic and non-electronic)
3. Wheatstone bridge
4. Cathode ray oscilloscope
5. Audio signal generator
6. Digital voltmeter
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APPENDIX D - OCCUPATIONAL STANDARDS FOR THE ELECTRICIAN'S MATE (EM)

The following information has been taken in toto from NAVPERS
18068D, Manual of Enlisted Manpower and Personnel Classifications and
Occupational Standards.
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ELECTRICIAN'S MATE
(EM)

Electrician's Mates (EM) stand watch on generators, switch-
boards, control equipment, and electrical equipment; operate
and perform organizational and intermediate maintenance on
power and lighting circuits, electrical fixtures, film pro-
jectors, motors, generators, voltage and frequency regula-
tors, controllers, distribution switchboards, and other
electrical equipment; test for short circuits, ground or
other casualties; and rebuild electrical equipment,
including solid state circuitry elements, in an electrical

shop.

98
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GENERAL INFORMATION
CAREER PATTERN

|

|

' |

al
!

FIREMAN
APPRENTICESHIP

Normal path of advancement to Warrant Officer and Limited Duty Officer categories is to Engineering
Technician (713X/723X) and LDO Engineering/ Repair (613X/623X}, or to Nuclear Power Technician
(715X/725X) and LDO Nuclear Power (615X/625X).

SPECIAL PHYSICAL REQUIREMENTS

Normal color perception.

CITIZENSHIP/SECURITY REQUIREMENTS

EMCM - must be eligible for access to classified information.

SAFETY

The observance of proper safety precautions in all areas is an integral
part of each billet and the responsibility of every Navy man & woman;
therefore, it is a universal requirement for all ratings.
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ELECTRICIAN'S MATE THIRD CLASS (EM3)

14 ELECTRONICS MAINTENANCE

14668 REPLACE FAULTY SLECTRON TUBES IN MOTION-PICTURE EQUIPMENT

\

18446 OPERATE THE FOLLOWING STANDARD TEST AND METERING EQUIPMENT:
A. MULTIMETER, VOLTMETER, AMMETER, AND OHMMETER
B. TUBE TESTER
C. MEGGER
D. TACHOMETER (MECHANICAL)

E. OSCILLOSCOPE

F. STROBOSCOPE

G. FREQUENCY METER

H. PHASE-SEQUENCE INDICATOR
I. VOLTAGE TESTER

J. WATTMETER

K. CLAMP-ON AMMETER

L. VACUUM TUBE VOLTMETER

24 ELECTRICAL MAINTENANCE

24030 USE AMERYCAN STANDARD WIRE GAGE, PREPARE WIRE FOR INSTALLATION,
AND MAKE STANDARD SPLICES

24432 IDENTIFY LUBRICANTS, CLEANING MATERIALS, AND SOLVENTS USED IN
MAINTENANCE OF ELECTRICAL EQUIPMENT

24433 REPLACE BLOWN FUSES

24434 DETECT AND LOCATE GROUNDS, OPEN CIRCUITS, AND SHORT CIRCUITS IN
LIGHTING AND POWER CIRCUITS

24435 SOLDER ELECTRICAL CONNECTIONS AND SPLICES

24436 IDENTIFY THE FOLLOWING:

A. CABLE MARKING

B. EQUIPMENT MARKING

C. PANEL MARKING

D. SWITCH MARKING

E. PHASE AND POLARITY MARKING

24437 IDENTIFY TYPES OF INSULATING MATERIALS AND VARNISHES

244138 EXAMINE MOTORS AND GENERATORS UNDER "LOAD" AND "NO-LOAD"
CONDITIONS FOR CLEANLINESS, VIBRATION, UNUSUAL OR EXCESSIVE
NOISE, HEATING, LUBRICANT LEAKAGE, AND CONDITION OF BRUSHES,
COMMUTATORS, COLLECTOR RINGS, BEARINGS, AND BOLTS

244139 CLEAN AND LUBRICATE ELECTRIC MOTORS AND MOTOR-GENERATOR SETS

24440 OPERATE THE FOLLOWING:
A. A SINGLE A.C. OR D.C. GENERATOR
B. AN A.C. OR D.C. GENERATOR OPERATING IN PARALLEL
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ELECTRICIAN'S MATE THIRD CLASS (EM3)

b 24441 MEASURE INSULATION RESISTANCE OF ALTERNATORS, GENERATORS, AND
£ EXCITERS
=
24442 DETECT AND LOCATE GROUNDS, OPEN CIRCUITS, AND SHORT CIRCUITS IN

A.C. AND D.C. MOTORS AND CONTROLLERS

24443 REPLACE GENEPATOR AND MOTOR BEARINGS
24445 REPLACE PORTABLE STORAGE AND DRY CELL BATTERIES
24446 REPLACE WORN GASKETS AND SEALS OF WATERTIGHT ELECTRICAL FIXTURES
24447 REPAIR PORTABLE ELECTRIC TOOLS, PORTABLE LIGHTS, AND FANS
24448 PREPARE, ACTIVATE, AND PLACE IN SERVICE NEW STORAGE BATTERIES
24449 LOG HYDROMETER READINGS ON STORAGE BATTERIES
24450 DETERMINE BATTERY CONDITION
24451 TROUBLESHOOT AND REPAIR SMALL BOAT ELECTRICAL SYSTEMS
v
24452 OPERATE AUTOMATIC BUS TRANSFER (ABT) SWITCHES
24453 TEST, INSPECT, ADJUST, CLEAN, LUBRICATE, AND REPAIR SIGNAL LIGHTS,
SEARCHLIGHTS, RUNNING LIGHTS, ANCHOR LIGHTS AND ROTARY BEACONS
24454 OPERATE DEGAUSSING EQUIPMENT
24455 PROVIDE EMERGENCY POWER TO MAIN DISTRIBUTION BOARD FROM EMERGENCY
SWITCHBOARD THROUGH FEEDBACK SWITCH
24466 MAINTAIN ELECTRIC RANGE, OVEN AND DEEP FAT FRYER INCLUDING CALI-
: BRATING THERMOSTATS "
24486 INTERPRET COLOR CODING OF CAPACITORS, RESISTORS, MULTICONDUCTOR
CABLES, CHASSIS WIRING, AND TRANSFORMER WIRING
1
244913 TEST AND REPAIR OR REPLACE THE FOLLOWING:
A. PORTABLE CABLES
B. SELF-CONTAINED RELAYS (PLUG-IN)
C. LAMPS, FUSES, AND TUBES
D. MULTICONDUCTOR CONNECTORS AND RECEPTACLES
E. SOLENOIDS
F. INDUCTORS
G. CAPACITORS
H. RECTIFIERS j
I. RELAYS

[ J. SWITCHES

24494 COMPUTE THE FOLLOWING:
A. RESISTANCE, INDUCTANCE, AND CAPACITANCE IN A.C. CIRCUITS k

B. CURRENT, VOLTAGE, POWER, PHASE ANGLE, IMPEDANCE, AND
RESONANT FREQUENCY IN A.C. SERIES AND PARALLEL CIRCUITS
C. CURRENT, VOLTAGE, POWER, AND RESISTANCE IN D.C. SERIES
' AND PARALLEL CIRCUITS !
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ELECTRICIAN'S MATE THIRD CLASS (EM3)

24 ELECTRICAL MAINTENANCE - CONTINUED

24511 INSPECT AND CORRECT DEFICIENCIES IN:
A. BRUSH PIGTAILS
B. BRUSH ALIGNMENT AND DISTANCE
C. BRUSH HOLDERS
D. BRUSH PRESSURE

24544 PREPARE EMERGENCY DIESEL GENERATORS FOR AUTOMATIC OPERATION

28 TECHNICAL DRAWINGS

281391 READ, INTERPRET, AND WORK FROM SCHEMATIC DIAGRAMS AND BLUEPRINTS
OF BASIC ELECTRICAL, ELECTRONIC AND LOGIC CIRCUITS

42 GENERAL WATCHSTANDING

42341 STAND ELECTRICAL WATCH AT THE FOLLOWING STATIONS:
A. STEERING ENGINEROOM
B. ANCHOR WINDLASS v
C. HOIST EQUIPMENT AND/OR ELEVATOR
D. DEGAUSSING SWITCHBOARD
E. EMERGENCY SWITCHBOARD

42349 STAND WATCH ON A.C. OR D.C. SHIP'S SERVICE GENERATOR AND DISTRIBU-
TION SWITCHBOARD

42350 MAINTAIN REQUIRED RECORDS AT WATCH STATION

46113 USE AND MAINTAIN TECHNICAL AND MAINTENANCE MANUALS

50303 USE MAINTENANCE REQUIREMENT CARDS (MRC)

50928 PREPARE A MAINTENANCE DATA FORM FOR:
A. COMPLETED MAINTENANCE ACTIONS (MAF)
B. DEFERRED MAINTENANCE ACTIONS
C. WORK REQUESTS

54 LOGISTICS SUPPORT

54633 PACKAGE, PROCESS, AND DOCUMENT REPAIRABLES FOR TURN-IN
54634 PREPARE MOTION-PICTURE FILM FOR TRANSFER AND STOWAGE
54800 IDENTIFY CATEGORIES OF MATERIAL CONTAINED IN EACH VOLUME OF

COORDINATED SHIPBOARD ALLOWANCE LIST (COSAL)
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ELECTRICIAN'S MATE THIRD CLASS (EM3)

94 HECHANICAE MAINTENANCE

94579 PERFORM PREVENTIVE MAINTENANCE ON MOTION-PICTURE PROJECTOR )

\

3 98531S OPERATE MOTION-PICTURE PROJECTORS FOR SINGLE AND DUAL OPERATION

951316 INSPECT, REWIND, SPLICE, AND PREPARE FILM FOR PROJECTION

98242 PERFORM TASKS ASSOCIATED WITH ENVIRONMENTAL AND POLLUTION CONTROL
PROGRAMS
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ELECTRICIAN'S MATE SECOND CLASS (EM2)

14670 TEST AND REPAIR OR REPLACE THE FOLLOWING:
A. INSTALLED MULTICONDUCTOR CABLES
B. POTENTIOMETERS, TRANSFORMERS, RESISTORS, AND CAPACITORS
C. SEMI-CONDUCTOR CIRCUITRY
D. AUTOMATIC VOLTAGE REGULATORS (A.C. AND D.C.)
E. CHASSIS WIRING
F. MECHANICAL CONTROLLERS
G. MODULES, MODULE CARDS, ASSEMBLIES, SUB-ASSEMBLIES AND
COMPONENTS IN ELECTRONIC EQUIPMENT
H. LOGIC CIRCUITS
I. TUNED CIRCULITS
J. OSCILLATORS
K. MULTIVIBRATORS AND PULSE SHAPING EQUIPMENT

14671 IDENTIFY CIRCUIT LOADING EFFECTS OF TEST EQUIPMENT

14672 PERFORM ELECTRONIC SERVICING OF FILM PROJECTOR

18449 OPERATE AND USE SIGNAL GENERATOR

18450 OPERATE INSTRUMENT TRANSFORMER

24456 DETECT AND LOCATE GROUNDS, OPEN CIRCUITS, AND SHURT CIRCUITS IN
DEGAUSSING SYSTEMS

24457 MAINTAIN CIRCUIT BREAKERS

24458 PERFORM CORRECTIVE MAINTENANCE ON MOTION-PICTURE PROJECTION
EQUIPMENT AT SHIPBOARD LEVEL

24459 TEST AND UNDERCUT ARMATURE COMMUTATORS

24460 CONDUCT BENCH TESTS ON MOTOR AND GENERATOR WINDINGS

24461 MAINTAIN AND REPAIR STATIC INVERTERS

24462 OPERATE AND MAINTAIN A.C. AND D.C. SHIP PROPULSION EQUIPMENT

2446) INSPECT AND CORRECT DEFICIENCIES IN COLLECTOR RINGS

24464 PERFORM BENCH-TEST OF CONTROLLERS AND INSERT NEW CONTACT POINTS,
REPAIR BAKELITE PANELS

24465 MAINTAIN ELECTRICAL COMPONENTS OF INSTALLED WASHERS, DRYERS, AND
EXTRACTORS
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ELECTRICIAN'S MATE SECOND CLASS (EM2)

24 ELECTRICAL MAINTENANCE - CONTINUED

244de?

244068

24409

24470

24471

24521

INSTALL NEW POWER AND LIGHTING CIRCULITS
CONNECT SHORE POWER TO MAIN DISTRIBUTION BOARD

TEST, REMOVE, AND INSTALL INSTRUMENT TRANSFORMERS AND METEKS ON
POWER LIGHTING SWITCHBOARDS AND CONTROL PANELS

LOCATE ALARM AND INDICATING ACO SWITCHBOARDS FOR SHIPS CONTROL,
INDICATING AND PROPULSION SYSTENS FOR NORMAL, EMERGENCY AND
CASUALTY CONDITIONS

IDENTIFY SHIP CONTROL AND ALARM CIRCUITS AND CAMLES BY CIRCUIT
DESIGNATION

INSPECT AND MAINTAIN:
A. BATTERY CHARGERS
B, HELD STARTING UNITS
C. CATHODE PROTECTIVE UNITS
D. AIR-CONDITIONING CONTROL ClRCLLITS
E. DEHYDRATOR AIR DRIERS
F. AIR COMPRESSOR CONTROL CIRCULITS
G. BELECTROSTATIC VENT FOG PRECIPITATOR
H. NO-BREAK POWER SUPPLIEN
1. HOIST/WINCH SYSTEMS
J. TRANSFER-AT-SEA EQUIPMENT CONTROLS

SO MAINTENANCE PLANNING AND QUALITY ASSURANCE

............ N

COMPLETE PLANNED MAINTENANCE SUB-SYSTEM (PMS) FEEDRACK

REPORTS

S4 LOGISTICS SUPPORT

INVENTORY INSTALLED EQUIPMENT AND VERIFY SPARE PART SUPPORT LN
COSAL

ORDER REPAIR PARTS AND SPECIAL TOOLS REQUIRED FOR INSTALLED
EQUIPMENT MAINTENANCE USING COSAL
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ELECTRICIAN'S MATE FIRST CLASS (EM1)

24472 ISOLATE GROUNDS, OPEN CIRCUITS, AND SHORT CIRCUITS IN SHIP'S
SERVICE AND EMERGENCY GENERATORS AND ASSOCIATED SWITCH GEAR

24473 INSPECT AND TEST-OPERATE AUTOMATIC STARTING EQUIPMENT OF EMERGENCY
GENERATORS

24474 CONDUCT BENCH TESTS ON ELECTRIC GOVERNORS

24475 CHECK LOGIC OR SOLID STATE ELECTRO-HYDRAULIC CONTROLLERS

24476 TEST, INSPECT, AND DIRECT REPAIRS OF AUTOMATIC DEGAUSSING EQUIP-
MENT

24477 INSPECT SHIP'S SERVICE AND EMERGENCY SWITCHBOARD EQUIPMENT WHEN
POWER IS SECURED

24478 ESTIMATE EXTENT OF CASUALTY TO EQUIPMENT UNDER EM COGNIZANCE

24479 IDENTIFY AND CLASSIFY CASUALTIES OF MOTION-PICTURE PROJECTION

EQUIPMENT AS REPAIRABLE AT SHIPBOARD OR TENDER LEVEL

24480 REMOVE, TEST, AND REPLACE DEFECTIVE COMPONENTS IN AUTOMATIC-
DEGAUSSING CONTROL PANELS

24491 DETERMINE TYPE AND VALUE OF ACCEPTABLE SUBSTITUTE COMPONENTS

50934 CHECK ELECTRICAL OPERATING LOGS AND MAINTENANCE RECORDS TO
DETERMINE IF EQUIPMENT IS OPERATING PROPERLY

50986 REVIEW COMPLETED MAINTENANCE DATA COLLECTION SUB-SYSTEM (MDCS) FORMS

50987 PREPARE WEEKLY SCHEDULES OF PREVENTIVE MAINTENANCE

54 LOGISTICS SUPPORT

54827 POST CHANGES AND ADDITIONS TO COSAL
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APPENDIX E - TASK INVENTORY OF ELECTRICIAN'S MATES ON AIRCRAFT CARRIERS
CVs9, Cv62, CV63 AND CV64

The Navy Occupational Task Analysis Program (NOTAP) is a Depart-
ment of the Navy occupational development and analysis center which
reports to PERS-23., NOTAP gathers and processes data concerning what
tasks Navy personnel are performing. They recently completed a task
inventory of the Electrician's Mate (EM). This task inventory included
data from four of the six carriers that have the IWHS weapons elevators.
The NOTAP data is included in this report to present specific informa-
tion regarding what percentage of the EM's work on weapons elevators,
and what percent of their time is spent working on the elevators.

This information is indicated in several tasks but especially Tasks
M1l through M5. The complete aircraft carrier task inventory is includ-
ed in this appendix to give an insight into the total EM duties.
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