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1.0 SUMMARY -

The Sunmary 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 resul ts 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-

Itties 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 Station,

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 hand ling 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 A ircraft Carriers , CV 59 through CV 64, have been

modified to conform to the IRRP concept under the Improved Weapons

Hand ling System (IWHS) program. Five of the aircraft carriers have two

IWU S 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-I4 Industrial Control

System previous ly manufactured by the Digital Equipment Corporation

(DEC ) of Maynard , Massachusetts. The PDP-l4 was introduced by DEC itt

early 1969 but is no longer being manufactured and offered for sale.

Many spare parts for the PDP-l4 must be specially ordered from DEC at

high cost and long de l ivery t imes. 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-l4 is a

digital computer-like device whose sequential logical operations are

complete ly foreign to the normal training end duties of the EM.

A solution to the spare parts problem was initiated by utilizing

some modules from the Navy Standard Elec tronic Module (SEM ) program to

build a prograr~~ab le controller tha t was functionally equivalent to ,

and software compatible with , the PDP-14 controller . The equipment

development was accomp lished by Naval Weapons Support Center (NWSC) and

tested on the USS KITTY HAWK (CV 63) in 1977. The test was performed

on the Lover Stage No. 3 IWU S 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 desirab le improvements to SEN GPC in the

physical , electrical , elec tronic , disp lay , doci.nnentation, and software

support areas . Due to the stated desirable improvements , and to a

2
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recognized need for improved maintainability by the EM, NWSC is
presently developing an improved controller (MSEM GPC) using a

Microprocessor SEN to replace many of the individua l SEN’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 EN. 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-l) 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 EN’ s. The disadvantage of

presently installed Static Logic is that General Electric , whose Static

Logic family is used on the tJSS 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 NINITZ (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

,3
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N00251-78-PO 00033 and N00251-79-PO 00002. The corresponding assigned

N~R.L Prob lem &umbers 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 prob lem 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 selec t 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 reconinended 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 organiza tions 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 des ign approaches were selec ted for evaluation with respect to
reliability . A brief description of the six design approaches is as

4
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follows :

Regu lar EM Relay - A design approach that uses small e lectromagnetic

(EM ) relays to interface d i rec t ly  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 semiconduc tor 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 Programmab le 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 a more advanced microprocessor on

a Very barge Scale integration (VLSI) chip.

The reliability evaluation indicated that the regular EN relay

and the Hybrid Relay design approaches were similar enough that they

could be considered as one basic design approach (Relay). 
The5



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 SEN Static Logic and SEN PC.

The SEN PC is another name for the highest quality of VLSI PC.
1.6 EVALUATI~~ 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

(F c!1) 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 Fa1’s indicated below

Basic Design Approach F~ 4

Relay 98.0

SEN Static Logic 84.5

SEN 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

Conclus ions

The overall evaluation indicated that the Relay design approach is

the “Bes t” solution to the IWHS Elevator Controller problem. Although

not rated the “Best” solution, the SEN static logic and the SEN PC

approaches are considered as viable approaches . The SEN Static Logic

approach would be particularly atti . ive 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. Th

e6
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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 oimnercial

PC , although it has a fa irl y respec table 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 des ign 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-l4, both of which can control Lower Stage Weapons Elevator

No. 3. When the SEN 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.

8
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2 .0 PROJECT DEFINITION

In response to a request from PERA (CV) , NRL prepared a program

plan to conduc t a study to indentify the op t imum type of control

sys tem 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 , def ine the
problem in greater detail , and discuss information require-

ments.

2. Define the basic controller requirements.

3. Define the evaluation criteria .
‘
. Define the weighting factors for the criteria .

8. Make a preliminary report on the f i r s t  four tasks .

6. Analyze present control ler  solutions .

7. Review the s t a t e -o f - the -a r t  of prograninable 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 fina l report.

Task I constituted the project definition task and was initiated

by a meeting between NRL and PERA (CV) on Apr il 12 and 13, 1978 at
Puge t 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 Apri l  12 and 13, 1978

was c larif ied and supp lemented during the entire study by a free flow

of information between PERA (CV ) and NRL.

A suninary of the two day meetings is as follows :

PDP-14 Con troller
1. The PDP-14 is considered reliable , on ly about l5~. of the

controller problems are due to the PDP-14. Usually the problem lies

with the external input/output devices.

9
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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-l4 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 SEN General Purpose Controller as designed by the Naval Weapons

Suppor t Center has a much higher procurement cost than other control-
lers. The controller demonstrated on the USS KITTY HAWK (CV 63), like

the PDP-l4, was not understandable to the maintenance personnel.

2. PSNS has designed a Hybr id Re lay Controller and installed
on the U.S.S. SACRAMENT O (AOE-l) and the U.S.S. CANDEN (AOE-2.) The

controllers have worked well , the maintenance people unders tand them ,
and the procurement cost is relatively low.

Aircraf t Carriers and Elevators
I. Six Aircraft Carriers (CV 59 through 64)have the IWHS Elevators:

5 Cv’s have 2 EWHS 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-IWRS Elevators have conventional relay controllers.

3. The electrical maintenance of the elevators is performed by

Elec trician ’s Mates (EM).

Plan of Approach and Related Information

1. The p lan of approach is satisfactory but needs to inc lude 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.
- 

0 
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. PERk (CV) does not require a specific life cycle cost analysis

procedure to be followed by NRL.

Ii



3.0 REFERENCE DOCUMENT S

The following documents provided information utilized during this

study.

3.1 DRAWINGS
NAVSHIPS CV43 712 2416966 USS CORAL SEA (CV 43) Weapons Elevators

NkVSHIPS CVA 61 703 2404567B USS RANGER (CV6 1) 10 ,500 Pound Lower

Stage Weapons Elevator No. 8

3. 2 MILIT ARY HANDBOOKS

MIL-BDBK-2 17B Rel iabi l i ty  Prediction of Electronic E quipment

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-385l0D Microcircuits, General Specification for

3.4 MILITARY STANDARDS 0

NAVPERS 18068D Manual of Navy Enlisted Manpower and Personnel
0 

Qualifications and Occupational Standards

MIL-STD-l67 Mechanical Vibrations of Shipboard Equipment
MIL-STD-72l Definition of Terms for Reliability Engineering

MIL-STD-806 Graphic Symbols for Logic Diagrams
3.5 TECHNICAL MkNUALS

NAVSEA 0916-LP-003-7010 9000 Pound Weapons and Cargo Elevators

No. 1 - No. 6 USS CA~~EN AOE-2 (Volume 2 Electrical)

NAVSEA 09l6-LP-045-601.0 Cargo Elevator No. 7 Frame 174-177 Center-

l ine , USS SACRAMENTO AOE-7 , USS CANDEN AOE-2

~4kVSEA 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-064-40l0 USS CONSTELLATION (CV64) 10,500 Pounds
Lower State Weapons Elevator No. 3, Frame 84-89 Port (Three Volumes)

NAVSHIPS 0978-057-9010 SThU1 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-I.4-HGZB-D PDP-14 Maintenance Manual (Digital Equipment Corp-

oration)

3.6 MISCELLANEOUS

Controller Development Proposal (Naval Weapons Support Center)

Development System for a General Purpose Controller (Naval Weapons

Suppor t Center)
Preliminary Technical Manual, Standard Electronic Module Control

System (Naval Weapons Elevator Support Center)

SEN 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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0 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 POP-14 controller and other Programmable

0 
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:
0 

Control Engineering: E. J. Kompass, Chief Editor

Control Engineering is a trade magazine published monthly by Technical
0 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

0 Professor Taebel at the General Motors Institute and E . Simon at The

Engineer ing Soc iety of Detro it be contac ted for fur ther informa tion.
General Motors Institute: Professor T. Taebel

Professor Taebel has been active in the ph ilosophy , 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: N. Sottomayer

Mr. Sottomayer provided specific information relative to the diff 1.-

culties of maintaining PC’s with regular plant electricians. His

experience has been that repeated intens ive tra ining of electr icians
is required .

1 4
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EQUIPMENT

COMPANY P ROC . CONY . LOGIC 1~t)D. OTHER

I . Allen-Bradley x x

2.  App lied Systems Corporation x

3. Automatic Timing & Controls Company x

4. Cincinnati Milacron X

5. Control Logic, Inc.

6 . Cutler-Raniner

7. Digital Equipment Corporation x x

8. Dynage, Inc. x

9. Ebert Engineering Company x

10. Fisher Controls x

ii. General Electric Company x x

12. General Equip. & Manu. Co., Inc. Prox. SW.

13. Giddings & Lewis Electronics Co. x

14. Gould , Modicon Diviston x

15. Gulf & Western, Eagle Signal Division x

16. Industrial Solid State Controls , Inc. x

17. Kinetic Systems Corporation x

18. Reliance Electrical x

19. Research Inc . x

20. Struthers-Duns, Inc. x EM & SSR
Relays

21. Teled yne Relays E14 & SSR
Relays

22. Tenor Company, Inc. x

23. Texas Instruments x

24. Westinghouse

TABLE 4.2 — LIST OF CONTROL EQUIPMENT MANUFACTURERS CONTACTED
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5. 0 BASELINE IWH S AUTOMATIC CONTROLLER REQUIREM ENTS

A required equipment function can normally be met by two or more

design approaches that d i f f e r  sign i f i can t l y  with respect to criteria

other than their  functiona l performance. Typica l 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

d emonstrated with respect to functional performance, the selection of

the preferred design approach to be developed can be accomp lished by

comparing them with respect to other criteria .

Because a functional requirements document for the Automatic

Control1 ‘HS elevator had not previously been generated ,

NR1.a, with ~~ - obtained from the Puget Sound Naval Shipyard

(PSNS ) , developed this specification entitled “Baseline Requirements

Specification for the Automatic Controller Portion of a Control Sys t em

for the IWHS Elevator”. 
0

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

severa l safe ty circuits such as “All Doors Closed,” “Up/Down Over-
travel,” “Over-speed Governor,” 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 0

elevator pla tform 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, an~1 both modes require that all doors be closed before the

18 - .4
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pla tform 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 tot

from the stow level by controls located at the second deck control station .

The Automatic Controller (AC) is composed of two equipment groups.

The firs t 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 contro l 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 eva 1- 0

uate candidate design approaches. The specification is intended to be

ut i l ized 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

environment 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

5.3.2 NAVPERS l8O68D Manual of Navy Enlisted Manpower and
Personnel Classifications and Occupa-
tional Standard s 

—

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

19
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5.3.4 MIL-STD-72 1 . Defini t ion  of Terms for Reliabi l i ty
Engineering

5.3.5 MIL-STD-806 Graphic Symbols for Logic Diagrams

5.3.6 MIL-H-24148 (Ships) Human Engineering Requirements for
NAVSHIPS Systems °~d Equipment

• 5.4 ENVIRONMENTS

5.4.1 PHYSICAL ENVIRONME NT

5.4.1.1 The AC shall be capable of operating continually in an ambient

temperature range of 0-50°C.

5.4.1.2 The AC shall be capable of operating continually in an ambient

relative humidity of 957..

• 5.4.1.3 The AC should be designed for TBD shock levels normally

encountered in an industrial environment .

5.4.1.4 The AC shall be capable of operating in the presence of the

vibration levels, up to 33 Hertz, specified by MIL-STD-l67.

5.4.2 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 var iation l07~, below its nominal value.

.4.3 ELECTROMAGNET IC ENVIRONMENT

The electromagnetic interference requirements for the AC are:

To Be Determined (TBD) .

5.5 SYSTEM INTERFACE

5.5.1 PHYSICAL INTERFACE

5.1.1.1 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

5.5.1.2 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 Yr tNIN
b) Low Speed 260 RPM 19 FT/MIN

21
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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 Out” time of the high speed con-

tactor in the motor controller is 0,016 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 (notrinal).

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 I~Q 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-

0 troller at a nominal level of 110 VAC with slow variations of

+ 107,.

5.5.2.2 The LDU shall receive a ~~Q 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 ~~Q 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

p la tform 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 signa l to the “Low Speed” con-

tactor of the motor controller when it is required to move the

elevator platform at low speed .

~~ 0~
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5.5.2.7 The LDU shall output a power signa l 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 signa l 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 Elec trician ’s Mate, 2nd Clas s as defined by section 3-c

of NA VPERS l8068D , “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

Clas s, and shall be organized for ready access of trouble-

0 
shooting information.

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 lO868D.

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

Technical Manual for the AC:

a) The logic diagrams shall identify selected gates to

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 FUNCTIONA L P ERFORMANC E
5.6.1.1 The AC shall provide for dispatching the elevator from one of

eight load/unload levels to any other of the eight load/unload

levels.
• 5.6.1.2 The AC shall provide for automatic sequencing of the main deck

and third deck hatches as ind icated in FIgure 5.2 and Figure

5.3.

5.6.1.3 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.

5.6.1.4 The AC shall provide for emergency stowing of the platform and
closing of the main dack hatch when it is at rest or in motion

above the stowage level. The action shall be initiated by an

“Finergancy Override” pushbutton located at the main deck.

5.6.1.5 The AC shall provide for automatic leveling of the platform in

less tha n TBD seconds when the platform overshoots the des-

- 0 t lnation level.

5.6.1.6 The AC shall cause the lockbars to extend when the platform is

stowed , and to retract the lockbars prior to the p la t fo rm

being unstowed .

5.6.1.7 The AC shall provide ind ica tions , at the second deck and
machinery room control stations, of the level at which the

platform is located.

5.6.1.8 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 The AC shall allow dispatch of the elevator platform only from

the load/unload level at which the platform is positioned.

5.6.2.2 The AC shall allow the elevator platform to be stowed and

unstowed by stow controls loca ted only at the second deck
contro l station . Stow con trols shall permit movement of the
pl at form onl y between the stow position and the second deck
level.
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5.6.2.3 The AC shall use the stow position as che pla tform position

during hatch sequencing . The platform lockbars shall not be

utilized in the hatch sequence position.

5.6.2.4 The AC shall cause dispatch between decks/platforms , but not

from the stow level, to commence at high speed.

5.6.2.5 Upon approaching the destination level the AC shall cause the

platform to travel at slow speed toward the destination level.

5 .6 . 2 .6 The AC shall sense when the platform is within + 1/16 inch of

the destination level and cause the platform to stop.

5.6.2.7 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.

5.6.2.8 The AC shall indicate at the second deck and machinery room

control stations when the pla tform is between two levels by a

steady illumination of the indicators for the level above, and
the level below, the platform.

-
- • 5.6.2.9 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 ha tch shall be fu l ly  c losed and dogged , and the p la tform
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 electrica L power is interrupted in the AC, the AC shall
immed iately dc-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” mod e must be

utilized to jog the platform to an adjacent level.

5.6.3 FAILSAFE PROVISIONS
• 5.6.3.1 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 .

5.6.3.2 It shall not be possible to initiate the “Emergency Override”

sequence when the main deck hatch is already fully closed.

5.6.3.3 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 .

5.6.3.4 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.

5.6.3.5 It shall not be possible to open the main deck hatch when the

third deck ha tch 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 . 

0

5.6.3.6 It shall not be possible to close the main deck hatch when the

platform is not positioned at the stow position.

5.6.3.7 It shall not be possible to close the third deck hatch when

the platform is not positioned at the stow position.

5.6.3.8 It shall not be possible to open the third deck hatch when the

main deck hatch is not fully closed and dogged.

5.6.3.9 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.

L 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 pred icted probabi lity 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 specif icat ion.

5.6.5 MAINTAINABILITY

5.6.5.1 The AC shall have a TBD active Mean-Time-To Repair (MTTR) .

Active MTTR does not ~nc1ude administrative delay time.

5.6.5.2 The MTTR requirement shall be based on the utilization of the

skills of an Elec trician ’s Mate (EM) who has attended the EM

Class A school and the EN 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 command s listed in

Tabit. 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 St from 2D” and

“To 2D from SL,” shall be located only at the second deck

control station.
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5.7.1.5 The 17th and 18th command s of Table 5.1, “Hatch Clear” and

“Emergency Override,” shall be located only at the mai n deck

contro l station.

5.7.1.6 Electromechanical limit switches shall be ‘ ‘rted on the main

deck and third hatches to signify their dog/~ ndog, 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 p latform is at the

slow and stop positions given in Table 5.5.

5.7.l.9 Four proximity switches, mounted on the elevator p la tform,
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 indica tor lights, one in each location , indicating a

given elevator statu s 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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PS# - POSITION SENSING FUNCTION

1 MAIN DECK UP SLOW

2 “ “ UP STOP

3 STOW LEVEL UP SLOW

4 “ “ UP STOP

5 “ “ DOWN SLOW

6 “ “ DOWN STOP

7 S ECOND DECK UP SLOW

8 “ “ UP STOP
9 “ “ DOWN SLOW

0 
10 “ “ DOWN STOP
11 FOURTH DECK UP SLOW

12 “ “ UP STOP
13 “ “ DOWN SLOW

14 “ “ DOWN STOP
15 FIRST PLATFORM UP SLOW 0

16 “ “ UP STOP
17 “ “ DOWN SLOW
18 “ “ DOWN STOP

19 SECOND PLA TFORM UP SLOW

20 “ “ UP STOP

21 “ “ DOWN SLOW
22 “ “ DOWN STOP
23 THIRD PLATFORM tiP SLOW

24 “ “ UP STOP 0

25 “ “ DOWN SLOW

26 “ “ DOWN STOP

27 FO URTH PLATFO RM IT? SLOW

28 “ “ UP STOP

29 “ “ DOWN Stow

30 “ “ DOWN STOP

31 HOLD DOWN SLOW

32 “ “ STOP

TABLE 5.5 PROXIMITY SWITCH INDICATORS OF THE ELEVATOR PLATFORM POSITION

35 
0-



.—~~~ —---- ----~~——

.0

z
0

.4 .4 .4 .4
~~‘ C .3 .3 .4 0 0 .4 .4 .4 .3 0 .4 .3
Ci.? CI) C C 0 0 C/J Cl) C 0 0 0 Ci) C C
X (I )  Cl) Cl) CI) CI) Cl) U) Cl) CI) Cl)

.4 0 .3 0
.4 U C C ~ .4 0 0 C ~~ Cu Xm m ~C C C C C C C C C C C 0 .4 .4

X X X Z X X CI) CI) CI) (I) (I) CI) 5. 5.

C/)

~C ~C 

: = = = = : 

0

o 5. Cl)
CI) Ci? C.? Cu

= = : = = = Cu U
F U 5-’ 5-4 —,.., F

36



.3

C
C C C C C C C C Z• ~ z z Z ~ Z Z Z Z —

‘C — — — — ‘-4 -4 — — — r4
~~ .3 C 0 A. A. 5. U

CI) C.1 -.t — c’i m ..i~

CI)

H

Cu Cu i-i Z Cu

Z 1 Z

z ci’ 0 Q
~~ — ..5-i Cu Cl)

C Z
0

X ~~ C u C i ?  Z ~-i

0 ‘C U 0

Z
Ci C
‘-‘ —1 ‘ C U  Cu

0 
— . Cu

5.4
Cu 5.4 ,-I

-4

C.? Cu
5-’ 5-’ —

= = : = = : = Cu

LA 

~~~‘



‘-~~-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

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 UNI T (LDU)

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

5.7.3.2 The weight of an individual Line Replaceable Unit of the LDU

shall be less than 25 pounds.

5.7.3.3 The electrical power required by the LDU shall be less than

TBD watts.

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

5.7.3.5 The LDU design shall provide sufficient design margins to

compensa te for norma l produc tion spread tolerances , aging,

and temperature conditions.

5.7.3.6 The LDU components shall not be potted unless the potting is

necessary to meet an environmental condition. If a component

— is potted , the potting shall be easily removable with tools

and/or solvents normally included in ship supplies.

5.7.3.7 The LDU shall be designed so that Line Replaceable Units (LRU)

may be removed without requiring disassembly of other tRIPs.

5.7.3.8 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.

5.7.3.9 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 poss ible, in accordance with the following maintainabi lity

design principles :

1) Comp lexity of maintenance shall be reduced by:

a) Providing adequate accessibility, work space and work clea rance .
- • 

b) Providing for interchangeability of like components, materials

and parts within the system/equipment.
c) In choosing components for design, first choice shall be given

to components that are readily available. The number of par ts
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.

c) 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 pos itive adjus tment ~nd calibration
e) Rapid and positive verification of correction.

39
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4) Design-dictated maintenance support costs shall be reduced by

minimizing :

a) The need for specialized maintenance tools, support equipment

and facilities.

b) The requ irements for depot or fac tory maintenance , consisten t

with system/cost effectiveness.

5) Ma intenance personnel requirements shall be minimized by app lying
human engineering principles including:

a) Provision for iden tif ica tion and accessibility of par ts, test
points, adjustments and connections.

b) Provision for case of hand ling , mobility, transportability and
0 

storability.

c) Specification of logically sequenced maintenance tasks.

6) Potential for maintenance error shall be reduced by des igning to

eliminate:

a) The possibility of incorrect connection/assembly/installation.

b) Dirty, awkward , and tedious job elements.

c) Ambiguity in maintenance label ing, coding and technical data.
7) Label ing, nameplate content and positioning, equipment-mounted

circuit diagrams, and operating instructions shall be engineered

for ready understanding and shall be p laced 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 renovable plugs and circuit boards shall be

designed for easy multiple remova l and replacement without jamming,

dis torting, or suffering undue wear.
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6.0 MAINTENANCE PERSONNEL CAPA BILITIES

An equipment possesses certain design features which affect its

maintainabilit y . Another factor that effects the eauipment maintain-

ability is the match between the equipment and the type and leve l of

skills possessed by the personne l assigned to maintain the ecjuipment .

For shipboard elevator controllers , the assigned Enlisted Rate is the

Elec t r i c ian ’ s Mate (EM) . The general capabilities of the EM is defined

here in this stud y 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 ind ividual 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 ind ividual is accomt,lished by On-

The-Job-Training (OJT) and by attending various service schools and by

information contained in Rate Training Manuals. OJT can be informal

in nature ,e.g., the ind ividual is trained by a more experiencedind ividual ,

or it can be formal in nature,e.g., courses are taught on the ship by

eauipment manufacturers representatives or by Navy support group personnel.

Examples of Navy support groups are NA VSEACENLANT, NAVSEACENPAC , Puget

Sound Naval Shipyard , Norfolk Naval Shipyard,etc . Applicable service

schools for the EM are the EM Class A School (Course A-662-0Ol6~ , the

EM Class C-7 School (Course A-662-00l7),and appropriate Class C Schools

such as the ROM/Encoder Schoo l (Course A-690-0018). The Rate Training

Manual for the EM 3 and 2 is NAVEDTRA 10546-0.

The conventiona l typesof elevator controllers used by the Navy are

relay controllers and static logic controllers. The present IWHS Con-

troller , a programmable controller type, is defined here as an uncon-

ventional controller . Accord ingly the maintenance capabilities of the

EM aredefined with respect to conventional controllers and unconvention-

al controllers.

6. 1 CAPA BILITIES FOR MAINTA ININ G CONVE NTIONA L 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

4l
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classroom instruction and laboratory exercises. It has been estimated

0 
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 comb ined total of approx imately 780 hours of classroom and laboratory

time. It has also been estimated that 120 hours of the tra ining is

effective in preparing the EM to oerform 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 Electric ian’s

Mate 3 & 2 (NAV’EDTRA 10546-D) for general and specific information

relating to relay and static logic controllers has resulted in an estimate

that 157. of the manual information is effective in informing the EM in

how to maintain convent ional controllers.

A review of Section l of NAVPERS l8068D, which defines the occupa-

tional standards for Enlisted Rates , indicates that the EM is expected

• to be able to maintain controllers. NAVPERS l8O68D does not distinguish

between conventional and unconventional controllers except to indicate

that Navy Enlisted Classifications (NEC’s) are given when certain

specialized equ ipment is involved . There is no NEC for the PDP-14

controller. The portion of NAVPERS l8068D that deals with the EM is

reproduced in Append ix D of this report.

The Navy Occupa tional Task Analys is Program (NOTAP) , Department of
the Navy Occupational Developmpnt and Analysis Center (NODAC), has

recentl y comoleted 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 (53.77.) of the 263

EM’ s work on controllers , and that those 140 EM ’ s spend 8.67k of their
time on controllers. The 8.67. corresponds to an equ ivalent 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 4.67.

of the total ~M time is spent on controllers. A comparison of the 8.67..
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and 4.67, 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 personne l at NAVSEACENLA NT , NA VSEACEN PA C ,

Norfo lk  Naval Sh ipyard , 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-l4

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 CAPA BILITIES FOR MA INTAINING UNCONVENTIONAL CONTROLLERS

The present IWHS Elevator Controller , the PDP-l4, is considered an

unconventional controller because it is significantly different in

operation from the relay and static logic controllers. Its major point 
0

of difference Is that it is a digita l computer-like device . The PDP-l4

was introduced about March of 1969 by the Digital Equipment Corporation

r • 
(DEC). DEC was then, and still is, a well known manufacturer of small

computers. The PDP-l4, 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

ar i thmet ic  capabi l i ty .

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 approx imately

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

(CV6O) presently has only one IWHS Eleva tor installed , the remaining one

is to be installed during its Ship Life Extension Program (SLEP) yard

per iod .
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 EN rate training

manual does not contain information relative to a CLC . The occupational

standards for the EM (See Append ix 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)
f or CLC ’s has not been assigned .

Training to prepare the EM to maintain the PDP-l4 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. Additiona l On-The-Job-Training is provided by NAVSEACENL.ANT

and Norfolk Naval Shipyard on the East Coast , and NAVSEACENPA C 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 8.6% 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 17. ( .086 x .12 x 100) of their time on PDP-l4 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 8.67. 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-l4 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 RON/Encoder Course were from that aircraft

carrier. Of the EM’s on that ship that stated they worked on the PDP-l4

controller , only one had attended the course . That EM stated that he did

not spend most of his t ime on the PDP-l4 controller.

Discussions with cognizant personnel at NAVSEACENLANT, NPIVSEACENPAC ,

Norf olk Naval Sh ipyard , and Puget Sound Naval Shipyard indicates that

with some exceptions , the EM is not suffic iently capable of maintaining
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the PDP-l4 type of cont~roller. Additional discussions with the Weapons

Officers and the EM’s aboard one of the six aircraft carriers in question .

ind icate that they do not th ink the EM is s u f f i c iently capable of main-

taining the PDP-14 controller. There Is general agreement that given

0 
better/more training and better technical manuals , the EM is potentially

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

intelligent .
I
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7 .0  D E F I N I T I O N  OF THE CANDIDAT E AUTOMATIC CONTROLLER DESIGN AP P ROA CHE S

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.

Init ia l ly  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—lA , the Navy General Purpose Programmable Controller based on the

use of the Navy Standard Electronic Modules (SEN) , Static Logic

Controllers functionally similar to the Cutler—Hammer Direct Static
I,’

Logic (DSL) and the General Electric Static Control (SC), Electro—

magnetic (EN ) Relay Controllers functionally similar to those used on

the majority of shipboard elevators , and Hybrid Relay Controllers using

a combination of EN 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 uti1i~es 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 Control ler .  The EM Relays are modern type relays

which plug in and can be easily removed for test and/or replac ement.

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- 0

nance upon them.

7.2 HYBRID RELAY LOU

This design approach is essentially the same as the REGULAR EM

RE LAY LOLl wi th the exception that Solid State Relays (SSR) are used

instead of the High Power EN Relays to drive the hydraulic solenoids

and the motor contactors. Solid State Relays utilize semiconductor

technology to perform switching of AC or DC voltage . The SSR ’s do not

plug in but since they are the equivalent of a single pole-single

throw EN 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-

but tons , and indicator lights are used to test the SSR out of the cir-

cuit .  The Low Power EN 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 LOU

This design approach uses DC/DC converters to convert the high

level signals from the External Input Devices to the low level signals

util ized 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 , log ical

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 (LOU). 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 (RON) 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 prograninable 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 LOU 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 coiwnerical 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 LOU

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 progr ammable controllers .

However , the Texas Instruments TNS 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 completion .

so
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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 (LOU)

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 Interfa ce, Fa ilsafe
Operation, and Life Cycle Cost. The evaluation was not concerned with

the functiona l capability of the d i f ferent  design approaches ; that

capability has been sufficiently demonstrated by simi lar operational

equipment. I,’

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 commercia l programmable controller design

approaches were simi larly the same with respect to reliability. Since

the oLher evaluations could be satisfactori ly performed assuming only

one relay based des ign approach and only one commercial progra mmable
controller based design approach , a l l  evaluation ratings are given for

only four design approaches for the reasons exp lained in the reliability

evaluation.

8.1 REL IABILITY EVALUATION

The rel iab ility of elec tromechan ical components such as pushbu ttons ,
limi t switches, and electromagnetic relays is a function of the number

of times they are actuated over the period of interest. In contrast ,

I 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 a l t  the time , e.g., the solid state relays that

drive the la tching hyd rau l ic  solenoids. Paragraph 5.6.4.1 of the ba sic

requirements section (Section 5.0) specify that the AC shell have a

predicted probability of failure of less than 0.006 over a 24 hour per-

iod when the elevator is operated at the rate of 6 dispatches per day .

Para graph 5. 6.4.2 states tha t 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.t~.4.2, an interm ediate rate between those two rates was used to give

an insight to how the reliability varied between the extremes. The

three d ispatch ra tes are :
• Long Term ( nominal usage) 6 d ispatches/day

(. 25 dispatch/hour)
(2 , 1.90 dispatches year)

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

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

Component failure rate data for the components used in the ETOD

and the LDU were largely determined by using MIL-HDBK-2l7B (Notice 2).

The component failure rate data for components at 50°C is illustra ted

itt 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 fa i lure rate data is given in Appendices A and B; the

results of tha t determination are given in Table 8.1.2. The table

indicates the MTBF ’s as a func tion of the thr ee usage ra tes and as a
function of three levels of component q u a l i t y .  The thr ee l evels of

componen t qual ity ar e: Commerc ial (COM), Military-Standard (MIL-STD),
and High Re l i ab i l i t y  (HI -REt) . it should be noted tha t commercia l
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FAILURE RATE
4 6 6

PER IxlO CYCLES OR Ix lO HOURS

CCZIMERCIA L MIL-STD
GRADE (MI-GRADE Ca4 ) MI REL

CONPONENT

CYCLE SENSITIVE UNITS

MONENTARY PB SWITC H (DPST) 1.08 0.072

LIMIT SWITCH (SPST) 15.4 2.8245

LAM P~~IER EN RElAY (SPST) 0.2654 0.0456

LON P~ JER EM RE LAY (3PDT ) 1.128 0.1939

HIGH P~~JER EM RE IJ~Y (SPST 0.494 5 0.0567 -

TIME DELAY RELAY (DPDT) 0.7963 0 .205

SOLENOID VALVE 8.3333 8.3333 -

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

PROXIMITY SENSORS 4.903 2.6528 -

TillER CHIP (SSI) 11.7 7.02 0.39

X/DC CONVERTE R 14.963 3.0 0.598

SSI LOGIC CHIP (10 GATES/CHIP) 6.1 3.66 0.203

MSI LOGIC CHIP (1.00 GATEW/CHIP) 19.685 1.1.811 0.656

RON CHIP 7.222 4.333 0.241

8080 ~(PR0CESS0R CHIP (1.100 GATES/CHIP) 350.543 210.326 11.685

9900 ~.i(PROCESSOR CHIP (31.00 GATES/CHIP) 408.293 244.976 13.61

SOLID STATE RZLAY* 18.426 3.7 0.736
(0.921) (0.185) (0.0368)

*~ )l~ SSR MAY BE TREA TED AS A CYCLE SENSITIVE UNIT BY ALL (741$G EXCITATION TO IT FOR

ONLY A LIMITED AMOUNT OF T IME 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 Ni-REL parts; however,

they o f t en  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:

- t/MTBF
~NF~~~~

Accord ingly 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 Au tomatic 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 qual ity components; the other design approaches
can almost meet the heavy usage reliability requirement using MIL-STD

quality components but need the HI-REt 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 coiimier-

t 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:

55



• Relay

• SEN Static Logic

• Cosinercial PC

• SEM PC
The reliability evaluation is based on the ~ffBF 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 1’Y~BF for the three usage rates

the following relative ratings for the design approaches have been

determined as follows:

RELAT IVE RATING
DESIGN APPROACH (M~X-10O)

RELAY 100

SEN STATIC LOGIC 100

CO)~~RCIAL PC 90

SEM PC 100

56



— :__-.- — -‘;-,- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~~

-,,.

~
-—

~

---- —---- 

~

,-—--

~

— 
,-
~ 

- 
- ‘-1

I 

‘

~ ~ ~
U N N C’ J~, ‘0

~ 03 N ‘0 It~ ~~ N
.4’ I N 0’ 0’ 03 03 03 03
a.). ~.. ...3 0’ 0’ a’ a’ a’ a’ a’ 0
Pfl~~ . Z —
‘-4 X

I

a.
.4’ ~~ Cl3 .4’

,~ — m N 0 ).
I ~~ 0’ 0’ ‘0 N —

~ -4 0 3 0% C’ 0’ 03 03 03 03 >. a.

H
0 0 c a a o~ 2

P4
,~~~,— ,-4
O w  — P4

-~ 0
U ~.4 4 %  N N N .~ 03 —

03 ‘0 0% 0% 0’ ‘0 P~l .-~ a.
~~ I C’ 0% 0% 03 03 03
P4 ..3 a’ a’ a’ a’ a~ a’ 0% U
~ —4~4X O X  03

~ -~

U C’ 0’ 0% a’ 0% 0%

~ 

— I-0.

-3 ‘4’

U
a.

-3

0 I
P4 .~~ — ~.3 0 U P43 P4
a. P4 — — ..‘
— 0 ~ — 0
0 0 03 .4’ Z — P43 Z
0’ ~ X ~. ~~ 0 03 ,..3

~ P43 2 .-3 ~ 4’

57

-__



-

~~~

-----
~~~

- 

~~~~
-
~
-:—

..~1

-3 4’
P4 ‘p

‘0 N .~ —
I ‘0 ‘0 0’ 0’ 03 03

— 03 03 03 03 03 03
2

.— ,-
443P4 -I

.1% .(~ p~ p.~ (~% N —

0
P 4 . 4 ’ a.

a.
-3 4’
P4 ‘0 0 0’ 0% 0’ 03 ~. P4
P4 .A ~0 03 N .I~ P.4 Z

- ) .  I .~~~~~-~~~~ 0 ’ 0 3 0 3 0 3

~~ 
03 03 P.1 N N P.1

.CJ ~~~P4 4-4
(n P.3 -3 2

21 P4 P4
0•

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 0’

2 ‘~ — — —
U

~~
~~~~~4 r w ~~~~~~~~~- 3 - t U~~~~~

N P.1 ,.3 I

‘0 IP. ‘(4 0~ — 4 ‘4’
0 Z

‘0

P4 8 8
P4 II 1-4 03

-3

(#4 2 4’

58



_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~~
‘

-1

4’ 4’.4 41 .~I 4’P4 N N I#4 4 P4 .1
P.1 P.1 03 03 03 03

• N N P.. 1. N N
).• — 0% 0’ 0’ 0% 0’ 0’

P4

Cl) 1(4 P.4 — N 03 N
N CM — — N ‘0

~ 
..3 N N .0 .0 In In .4

a’~ ~ 
C C C~ 0

‘.-~~~~~~ 0
P4

5 — U .n 0 03 02 C’ 03 .n 0 .1~ P.1 .4 Li
0 In In 03 03 (41 (44
~ 0’ 0’ 0’ 0’ C’ 0%

-

‘ p 4 ’  
$

-3 4’ 4’ U
P4 — ..~ 03 ‘0 .4’P4 03 03 CM . 4  — — a.

~~

- i

..3

~

U .4

U 0% 0’ 0% 0% U P4

— 0% 0’ a’ ~~ 0~ N 2 0 

‘—0 .4 
~. ~

‘0 
~~ N N 0 3~~~~~~~~~~~~~ 03

U P4
a.

8 8  ~~~~~~~~ 
—

P4 I-I — Cl, -3 —P4~~~~~

- - 8

~~~t0 03 ‘-4 2 2

Cl) 2 4’

59



— --~~~~~~~~ --~~~~~

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 throughou t

its projected u s e f u l  l i f e, 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

~~intainability) is determined by the equipment and its tota l life

environment. This section of the study evaluation deals with the

intrinsic maintainability; the other factors involved in the Life Cycle

~‘kintainabi1ity 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

act ive 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.

• Additiona l fault isolation as required to trace the malfunction

to a Line Replaceable Unit (LRtJ).

• 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-Of-The-Day (OOD) 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 OOD informed of the repair status.
• Main t a in  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

(A
0
) of an equipment. The operational availability is simp ly the per-

centage of the total time that a system is available; the equation for

A is:
0

A 
Uptime 

= 
MTBF

o Total Time MTBF + MDT

An alternate form of this equation is:

I

i MTTR +ADT
+ MTBF

The alternate equation form is of interest because it clearly shows

that if the ADT is significantly larger than MTTR then ef for t s  to

reduce MDT should concentrate on the ADT.

The determination of the MTTR of an equipment is normally deter-

mined by conducting specia l 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 comp lete 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 des igns ,
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 MTTR 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
4 built-in test and fault isolation aids, and 4) the ease with which a

Line Replaceable Unit (LRU) can be removed and replaced .

The desi gn 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
(~‘tAX~25) (MAX—25) (MAX=25) (MAX=25) (MAXaIOO)

RELAY 25 25 25 25 100

SEN STATIC LOGiC 25 25 15 25 90
COMMERCIAL PC 15 15 20 25 75
SEM PC 17.5 12.5 25 25 80

8 • 3 EQUIPMENT SUPPORTABILITY

Equipment supportability is concerned with the probability tha t

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. Insuff icient  equi pment supportability can

result in undesirable inconvenience, high maintenance cost , and even

premature removal from service.

The most conunon 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 reaction.
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Technical obsolescence can be induced due to u t i l i za t ion  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 o f systems can

be insufficient to induce good support because not many systetnd 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

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 coimnon to each LDU design

approach.

P ‘ 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 sys tems using EM relays and there are many manufacturers
of EN relays. There is no reason to believe that the EM relay will not

be satisfactori ly 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 app li-

cations. The SSR is a cormonly used device now and will be even more

comaon 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 Apri l 1978 (Appendix F) lists 197 modules that have been qualified

and spec i fied , 22 modules tha t have been qua l i f i ed  and are in the pro-

cess of being spec i f ied , and 83 modules that are under development.
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Some of the older SEMS are not reconinended for use in new designs ; in

genera l these older modules are ava i l ab le  in la ter  pin, compatible,
modules that have a better  performance characterist ic, e.g., speed of

response. The more common SEMS, e.g., “NAND GATES ,” “INV ERTER 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

technica l obsolescence period in the range of 5 to 10 years. The

seemingly ever constant striving by manufacturers toward higher speed ,

larger scale of integration , lover manufacturing cost, and even planned

technica l 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-

abi l i ty  over the 20 yea r period of interest .  The four sub-criteria

are: I) the probability that the equipment will not become obsolete,

2) the number of systems using the equi pment , 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.

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 :

PROS. OF NO , OF NO . OF SYS . NO. OF COMP .
NON.-OBSO. SYS. MANU . MANU. TOTAL
(NAX’-85) (MA X’.5) (MAX—5) _(M&x”5) (MAX.’lOO)

R ELAY 85 5 5 5 100

SEN STATIC LOGIC 81.6 2.8 2.8 2.8 90

COMMERCIA L PC 8 .5 . 5 .5 .5 10

SEM PC 73 .1 2.3 2.3 2.3 80
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8.4 STANDARDIZATION

For the purposes of this stud y,  standardization is defined as the

use of interchangeable Line Rep laceable Uni ts  (LRU) wi th in  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 Electr icians Mate

(EM) . In 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 (Liii). Since the

External Input/Output Devices are common to all the design approaches ,

they do not enter into the standardization evaluation. An analysis of

the tab le indicates that the regular and hybrid relay design approaches

both have a high degree of standardization within the LDU. If the

solid state relays and/or the EM relays are properly chosen , a h igh

degree of standardization with other systems could be achieved since

relays are a very common part of other systems , par t icular ly  the other

elevators onboard the aircraft carriers in question . Because the other

elevators have relay contro l lers , the EM w i l l  be more fami l ia r  wi th  a

relay controller for the IWHS elevator . The SEN Static Logic and the
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SEN PC design approaches are l ike ly to have a high degree of standardi-

zation within the system due to the use of f a i r l y  common Standard Elec-

tronic Modules (SEM) such as “AND/NAN D ,” “OR/NOR ,” “INVERTER ,” “FLIP!

FLOP , ” “COUNTER , ” et c.  As the Navy wide use of SEM ’ s increases , the

SEM based design approaches potentiall y can have a high degree of

standardization with other onboard systems . However , the use of SEM ’ s
(or i ts equivalents)  in other equipment maintained by the EM is not as

prevalent as relays and is not l ikely to be over the next 20 years .
The two Cousnercial 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 IRU ’s will not be standardized .

Consideration of the above observations leads to the fo l lowing

evaluation rating of the design approaches:

WITHIN SYS . OTh ER SYS . OTHER MTCE TOTAL
(MAX.33-l/3~ (MAX — 33- l/ 3 )  (MA X— 33 -l /3 )  (MAX..lOO)

RELAY 33— 1/3 33- 1/3 33-1/3 100
SEN STATIC LOGIC 30 30 20 80

COMMERCIAL 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

Enl isted Rate assigned to perform maintenance on that system. A suc-

cessfu l 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

const itutes “unders tandable” is determined by the formal and on-the-
job training they have received , information contained in their Rate

Tra in ing  Manual ,  the s im i l a r i t y  of the equipment wi th  other equi pment

maintained by them , etc .  Another concept is 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 instruct ions that  te l l  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 I%JHS Elevator Controller interface with him in a com-

pletely different manner. For the one concept the EN is challenged to

utilize the highest skills and knowledge he possesses, while for the

other concept the EN is either confronted with a situation that uti-

lizes h is lowest skills and knowledge, or with a situation for which

he is not properly trained . A fundamental ~iestion 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 EN 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

EN reacts unfavorably to the PDP-l4 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 tend s to lose

confidence in the equ ipment and tend s to attribute d i f f i cu l t  system

failures to the PDP-14 Controller.  It does not necessarily follow that

another programmable controller, other than the PDP-l4, would evoke
the same responses. What does follow is that until the EN 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 qualifiec~ to maintain similar equipment , and 5) the
relative number of years the similar equipment has been maintained by
the EN ’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 . SIN . EM’S YRS . TOTAL

(MAX=2 0) (MAX~2O) (MAX=.20) (MAX=20) (MAX=20) (MAX=l00)

RElAY 20 20 20 20 20 100

SEN 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 IWRS Elevator Con-

trol System”. Essentially the FS requirements are that no single

failure within the AC shall result in an unscheduled or uncontrolled
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operation of the platform , and that  the t emporary 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: I) the ability to acconunodate 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 regu lar 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 faci l i ta te  visual checkout.

Relays don ’t tend to allow the ma l function 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 t ime .

The Static Logic design approach can also easily accommodate

mixed input “true states” ; but like the relay approach , the use of
tEDS 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 isn ’t
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a problem . Static logit , 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 prob lem 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 SEN 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 SEN LRU’s

which ind ividually represent a very small percentage of the LDU. In

contrast the Commercial PC uses a hi gher 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 7. OF SELF
STATES REAC . LDU TEST TOTAL
(MAX—25) (MAX—25) (MAX—25) (MAX—25) U4A.X—l00 )

RELAY 22.5 25 25 7.5 80

SEN STATIC LOGIC 22 .5  25 20 12.5 80

COMMERCIAL PC 25 25 15 25 90
SEN 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 equ ipment can be conveniently

separated into three distinct cost areas . The f i rs t  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: I) 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 cos t of initial training sess ions
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 l ife . The applicable cost

elements are : I) 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.

r 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 Cos t (C

E
) Cost per unit (C

u
) x number of units (N)

x product of cost modifier factors ( F0)

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 C,~’s and N ’ s are given in Table 8.7.2.
The seven cost modifier factors used in this estimate were: I) units

in fleet (Fcp), 2) personnel learning 3) equipment age (F~~),
4) equipment spare parts (F0~

), 5) equipment replac ement parts
6) inflation percentage (Fci), and 7) outyear discount (FCD). Table
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COST
NO. LIFE CYCLE COST ELEMENT RELAY SEN SL CON PC SEM PC

ACQUISITION GROUP

1 EQUIPMENT DEVELOPMENT 15K 50K - 200K

2 SOFTWARE DEVELOPMENT - - 50K NOTE 2

3 EQUIPMENT PROCUREMENT 400K 600K 400K 1,000K

4 TECH. MANUAL INTO. DEVELOPMENT 20K 30K 40K 50K

5 INITIAL SPARES PROCUREMENT 20K 30K 20K 50K

INSTALLAT ION GROUP

6 TRAINING COURSE DEVELOPME NT 10K 20K 40K 50K

7 INSTALLATION AND CHECKOUT 200K 300K 400K 400K

8 INITIAL TRAINING 20K 40K 80K 80K 
V

OP. MrCE, AND SUPPORT GROUP

9 MAINTENANCE LABOR 300K 300K 300K 300K

10 REPLACEMENT PARTS lOOK 150K lOOK 250K

II REFRESHER TRAINING 40K 120K 240K 240K

12 MANAGEMENT AND SUPPORT 300K 400K 600K 600K

TOTAL LCC 1,425K 2 ,040K 2 ,270K 3 , 210K

NOTES : I. “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 REFERENCE COST PER UNIT NO. OF
~ LIFE CYCLE ELEMENT RElAY SEN SL COM PC SEM PC UNITS

1 EQUIPMENT DEVELOPMENT 15K 50K - 200K 1

2 SOFTWA.RE DEVELOPMENT (NOTE 2) - - 50K - 1

3 EQUIPMENT PROCUREMENT 20K 30K 20K 50K 20

4 TECH. MANUAL INFO. DEVELOPME NT 20K 30K 40K 50K 1

5 INITIAL SPARE PROCUREMENT 20K 30K 20K 70K 20
V 

6 TRAINING COURSE DEVELOPMENT 10K 20K 40K 40K 1

7 INSTALLATION AND CHECKOUT 10K 15K 20K 20K 20

8 INITIAL TRAINING 2K 4K 8K 8K 10

9 MAINTENANCE LABOR 1.5K 1.5K 1.5K 1.5K 400

10 REPLACEMENT PARTS 20K 30K 20K 50K 400

11 RE FRESHER TRAINING 2K 6K 12K 12K 40

12 MANAGEMENT AND SUPPORT 15K 20K 30K 30K 20

NOTES: I. “K” INDICATES THOUSANDS OP DOLLARS . I.E., 15K V

MEANS $15 ,000 .
2. THE SEM PC SOFTWARE DEVELOPMENT COST HAS ALREADY

BEEN PAID (PER NWSC) .
3. 10 UNITS DERIVED FROM 10 SHIPS.
4. 400 UNITS DERIVED FROM 20 EQUIPMENTS X 20 YEARS .
5. 40 UNITS DERIVED FROM 10 SHIPS X FOUR REFRESHER TRAINING

SESSIONS PER SHIP

TABLE 8.7.2 REFERENC E PER UNI T COST AND NUMBER OF UNITS
FOR USE IN THE GENERAL COST MODEL

- 
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8.7.3 indicates which cost 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

• Equipment spare parts .05
I Equipment replacement parts .0125

The other four factors were seer, to indicate a trend to offset each

other to the extent that they did not need to bc 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
SEN PC 44
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8.8 OVERALL EVALUAT ION

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 V

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 is correct , then the overall evaluation rating for

each design approach is obtained by summing the individual ratings for 
‘F

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

SEN STATIC LOGIC 590 2
SEN 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 squat in isiportance relative to the remaining five criteria. A

r~ er assumption is that the remaining five criteria are of equal
- - ‘0 ~~~~~c r t a r c e .  The relative importance ratings can be reduced

i~~~ f acto r  vhtch is used as a multiplying factor of the
- a  ~~s An appropriate set of weighting factors could be

7_
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0.25 for Rel iab i l i ty  and Li fe  Cycle Cost , and 0.1 for the other five

criteria. The results of applying the above weighting factors and

suzuning to obtain the overall rating is:

OVERALL “BEST”
V DESIGN APPROACH EVALUATION RATING

RELAY 98.0 1

SEN STATIC LOGIC 84.5 2

SEM PC 74.0 3

COMMERCIAL PC 63.2 4

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-eniphasized the

other criteria, especially Life Cycle Cost. Since both methods thdi-

cate the same relative ranking, that ranking is considered sufficiently ‘F

indicative of the desirability of the design approaches.
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9.0 CONCLUSIONS AND RECOMMENDATIONS

9.1 CONCLUSIONS

In the overall evaluation performed in Section 8.0 it was determined

that the relative rating of the fou r basic design approaches are as
• follows:

Relative Rating Design Approach

Best Relay

• 2nd Best SEN Static Logic

3rd Best SEN PC

4th Best Commerc ial PC

To the casual observer the above results are rathe r 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 V

IWHS elevators.

V 1. The dispatch rates of the elevator are suffic iently low that

the Relay Logic/Drive Unit (LDU) has a very adequate reliability.

2. The rel iabil i ty 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 ava ilable in

F 
the ir present form for the foreseeable future.

4. With the exception of one Static Logic controller on CV 64, all

the weapons e leva tors on Aircraf t Carr iers CV 59 through CV 64 are
R,~lay controllers;  thus Relay controllers will be very famil iar  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-steo operation of the controller.
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6. Relays can interface directly with the high contr signal

levels presented by the external input devices i.e. i~ er fa ce DC/DC
Converters are not required .

7. Relays are relatively low in cost.

8. Efficient techniques exist for designing with rela s, e.g.,

rela y ladder diagrams.
It should be noted that this study was limited to the .ircraft

Carr iers (CV 59 through CV 64) that have the IWHS elevator It was

I also limited by an acceptance of the Electrician ’ s Mate (E: wi th  his

present training and normal daily work experience , as the listed Rate

p erforming the electr ical  maintenance on the elevators . T’ f ina l resul ts

might have been different if a larger population of ships ad been

included , if the Data Systems technic ian (DS) had been con dered as the

potential Enlisted Rate performing the electrical mainten ce , or if

a large group of EM’s were to be specially trained and ass ned primar-
ily to work on elevators. Another important factor tha could affect

the outcome is the possible future selection/development o a Navy

Standard Elevator Controller to be ut i l ized on a variety o ships~
It is the f ina l conc lusion of this  s tud y that a total vstems

approach to the IWHS elevator controller  problem IWHS corr t ly  identif ied

the Relay design approach as the “best ” solution .
9.2 RECOMMENDATIONS

Based on the information obtained and developed dun n the course

of this study, the following actions are recommended : 
V

1. Develop , fabr icate , install , and evaluate the PSNS ~eiay

ç~ntroller on the USS CONSTELLATION (CV 64’ during it upcoming

yard period .

2. Develop a preliminary design of a SEN Static Logi C~ itroller

and submit it to a design review to determine whether t should be

fabricated , installed and evaluated against other con oilers.

3. Install and evaluate , when it becomes available , e new ~EM

PC on an IWHS Elevator .

4. El imina te any further consideration of a Coianerc i PC or any

elevator control eau ipment based on proprietary desig for which
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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

the maintainability of the PDP-14 controllers until they are replac-

ed by the Relay Controller.

‘F
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APPENDIX A - CALCULATION OF THE MEAN-TIME-BETWEEN-FAILURES (MTBF) FOR

THE EXTER NA L INPUT /OUTPUT DEVICES (EIOD)

Notes: 1. For art exDlanation of the dispatch rates refer to

Append ix 8.

2. Although there 60 pushbuttons included in the EIOD, a

maximum of 2 are used per dispatch.

A-l  Nominal Usage (6 Dispatches/Day }
Quality

Component Type Ouan. Corn. MIL-STD

Pushbutton Switch 2* 0.540 0.036

Limit Switch 1.2 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 Sell 1 0.625 0.625

>~
(Fa ilures/lxl06 hours) 273.130 153.478

NTBF (hours) 3,661 6 ,51.6

*See Note 2

A-2 Medium Usage (24 Dispatches/Day)

Corn. A — (l76.498+l9.000)+(24/6) [273.l30..(l76 .
498+19. OOO)~

~ 506.026

Corn. NTBF 1,976 hours

MIL- STD ~% ~ (95.676+19.000)4-(24/6) [153. 478_ (95.676
+19.000))

269.884

NIL-STD MTBF — 3,705 hours

A-3 Heavy Usage ( 144 Disp atchesfDay)

Coin . A (176.498+19.000)4.(144/6)[273.l30.(l76 .
498+19.000))

— 2,058.666

Coin . tffSF — 486 hours
MIL-STD /% — (95.676+i9.O0O )t(l44f6~ [l53.478-(95.

676+19.000))

— 1,045.924
MIL-STD MTBF - 956 hours
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APPENDIX S CALCULATION OF THE MEAN—TIME-BETWEEN FAILURE (MrBF) FOR THE

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

translates to 144 dispatches per day .

4. The component count for the calculations is given in

Table S—i.

5. The component failure rate data used in the calculations

is given in Table B—2 .

6. The MTBF is equal to 1x10
6
/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. V

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 1x106 CYCLE S OR lx l O6 HOURS

CaIME I~~IAL MIL-STD
GRADE (HI -GRADE CON) HI-RE L

C CR4PONENT

CYC LE SENS ITIVE UNITS

MOMENTARY PB SWITCH (DPST) 1.08 0.072 -

LIMIT SWITCH (SPST) 15.4 2.8245 -

L(~J PCMER EM RELAY (SPST) 0.2654 0.0456 -

LCM P~~ER EM RELAY (3PDT ) 1.128 0.1939 -

HIGH PONER EM RELAY (SPST) 0.494 5 0.0567 -

TIME DELAY RE LAY (DPDT) 0 . 7 9 6 3  0.205 -

SOLENOID VALVE 8.3333 8.3333 -

ALARM BELL 2.5 2.5 - 
S

TIME SENSITIVE UNITS

I)~ ANDESCENT LAMP S 1.0000 1.0000 -

LICNT Et1ITTI1~ DIODES (tEDS) 1.4200 0.2840 0.057

PROXIMITY SENSORS 4.903 2.6528 -

TIMER CHIP (SSI) 11.7 7.02 0.39

DC/DC CONVERTER 16.963 3.0 0.598

SSI LOGIC CHIP (10 GATES/CHIP) 6.1 3.66 0.203

MSI LOG IC CHIP (100 GATES/CHIP) 19.685 11.811 0.656

RON CHIP 7.222 4.333 0.241

8080 4(PROGESSOR CHIP (1100 GATES/CHIP) 350.543 210.326 11.685

9900 .~~PROCESS0R CHIP (3100 GATES/CHIP) 408.293 244.976 13.61

SOLID STATE RZLAY* 18.426 3.7 0.736
(0.921) (0.185) (0.0368)

*~flj~ SSR MAY BE TREATED AS A CYCLE SENSITIVE UNIT BY ALL(~JING EXC ITATION TO IT FOR

ONLY A LIMITE D AMOUNT OF TIME PER DISPATCH. THE HUMBERS IN PA RENTHE SES CORRESPOND

TO 3 MINUTE S PER DISPATCH.

TABLE B—2 — COMPONENT FAILURE RATE DATA
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B—i REGULAR EN RELAY LDU

B—la NOMINAL USAGE

Quality

Component Type Quan Corn 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/lx].06 hours) 66.593 12.480 6.067

MTBF (hours) 15,017 80,128 164,826
B—lb Medium Usage

Corn 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 MTSF — 38,683 hours ‘F

RI—REL A — (24/6)(6 .067—l.6 10) + 1.610 = 19,438
Qual MTBF — 51,446 hours

B-ic Heavy Usage

Corn A — (i44/6)(66 .953—40.li5 ) + 40.115 — 684.227

Qual MTBF — 1,462 hours

MIL—STD A — (144/6) (12.480—8.O23) + 8.023 = 114.991 V

Qual MTBF — 8,696 hours 
.

HI—R.EL A — (144/6) (6.067—l.610) + 1.610 — 108.578 V

Qual MTBF — 9,210 hour s 
V

5-2 HYBRID EM RELAY LDU V

B—2a NOMINAL USAGE Quality

Component Type Quan Corn 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 EN 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 (Fajlure/1x106 hours) 68.837 13.072 5.992
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MTBF (hours) 14,527 76 ,650 166 ,889
B—2b MEDIUM USAGE 

V

Corn A = (24/6)(68.837—40.115) + 40.115 — 155 .003
Qual MTBF — 6 ,451 hours

MIL—STD A — (24/6)(13.072—8.023) + 8.023 — 28.219
Qual 

~~BF 35 ,437 hours
B—2c HEAVY USAGE

Corn A — (144/6) (68.837—40.1i5) + 40.115 — 729.443
Qual MTSF — 1,371 hours

MIL—STD A — ( 144/6) ( 13. 072— 8. 023)  + 8.023 129.199
Qual MTBF 7 ,740 hours

HI—REL A — ( 144/6) (5.992— 1.6l0) + 1.610 — 106.778
Qual MTBF — 9,365 hours

8—3 STATIC LOGIC LDU

S—3a NOMINAL USAGE
Quality ‘F

Comp~onent Type Quan Corn MIL—STD HI-REL 
V

DC/DC Converter 82 1226.940 245.903 49.036

SSI Logic Chip 49 298.876 179.325 9.962

• Timer Chip 2 23.529 14.079 0.784

Solid State Relay 29 6.677 1.341 0.267

Light Emitting Diode 28 40.115 8.023 1.610

High Power EN Relay 1 0.124 0.014 (0.014)

Logic Power Supply 1 3.690 2 .220 (2.220)

A (Paiiure/lxiO
6 hours) 1599.951 450.905 63.893

MTBF (hours) 625 2 ,218 15,651
B—3b MEDIUM USAGE

Corn A — 1599.951 + ~~ — 1) (6.677 + 0.124) — 1620.354

Qual MTBF — 617 hours
MIL—STD A — 450.905 + (~~~ 

— 1) (1.341 + 0.014) — 454.97
Qual

MTBF — 2,198 hours
HI—R .EL A — 63.833 + (~~~

- — 1) (0.267 + 0.014) — 64.676
Qual

MTBF a 15,462 hours
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B—3c HEAVY USAGE

Coin A — 1599.951 + (i~~~ — 1) (6.677 + 0.124) — 1756.374
Qual

MTBF 569 hours

MIL—STD A = 450.95 (.1~~~. — 1) (6.677 + 0.124) — 607.328
Qual

MTBF — 1,647 hours

HI—REL A — 63 ,833 + ~~~~~ 
— 1) (0.267 + 0.014) — 70,296

Qual
MTBF 14,226 hours

B—4 NON—LSI PROGRAHMABLE CONTROLLER LDU

B—4a NOMINAL USAGE Quality

Component Type Qua Corn MIL-STD HI—REL

DC/DC Converter 82 1226.940 245 .803 49.036

SSI Logic Chip 25 152.488 91.493 5.083 ‘F

MEl Logic Chip 10 196 .845 118.107 6.562
- 

~~• . 
ROM Chips 8 57.776 34.664 1.928

Timer Chips 10 117.000 70.200 3.900

Solid State Relay 29 6.677 1.341 0.267

Ligh t Emitt ing Diode 28 40.115 8.023 1.610

High Power EN Rela~ 1 0.124 0.014 (0.014)

Logic Power Supp ly 1 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
Corn A = 1802.047 + (~! — 1) (6.677 + 0.24) — 1822.450

Qual
MTBF — 549 hours

MIL—STD A — 571.865 + (~~~ 
— 1) (1,341 + 0.014) — 575.930

Qual.
MTBF — 1,736 hours
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RI—REL A — 70.620 + (
~~

- — 1) (0 .267 + 0.014) — 71.463
Qual

MTBF — 13,993 hours

B—4c HEAVY USAGE

Corn A — 1802.047 + (2~~ — 1) (6.677 + 0.124) 1958.470
Qual

— 511 hours

MIL—STD A — 571.865 + ~~~~~ 
— 1) (1.341 + 0.014) 603.030

Qual
MTBF — 1,658 hours

HI—REL A — 70.620 + ~~~~~ 
— 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 Corn 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 5 98.423 59.054 3.28].

LSI Chip (8080 uProc) 1 350.543 210.326 11.685

RON 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 ~( Relay 1 0.124 0.014 (0.014)

Logic Power Supply 1 3.690 2.220 (2.220)

A (Failure/1x106 hours) 2053.776 723.138 79.054

MTBF (hours) 487 1,383 12,650

B—5b MEDIUM USAGE

Corn A 2053.776 + (~~~ 
— 1) (6.677 + 0.124) 2074 .179

Qual
MTBF — 482 hours
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MIL—S TD \ a 723.138 + (~~~
- — t )( 1.34 1 + 0.014) — 72 7 . 2 03

Qua!
MTBF a 1,375 hours

HI-REL A a 79.054 + — 1) (0.267 + 0.0 14) a 79.897
Qua!

MTBF 12 ,516 hours
8-Sc HEAVY USAGE

Corn A a 2053.776 + — 1) (6.677 + 0.124) 2210.199
Qua!

~~BF a 452 hours

MIL—STD \ a 723. 138 + (~~! — 1)(1.341 + 0.014) a 754.303
Qual

MTBF a 1,326 hours

HI—R EL ~ a 79.054 + (!~ — 1) (0.267 + 0.014) a 85.517
Qual

MTBF a 11,694 hours
B-6 VLSI PROGRAI*iABLE CONTROLLER LDU

B—ba N~~1INAL USAGE
Quality

Cosçonent Type Q~uan Corn MIL-STD HI-REL

DC / DC Converter 82 1226.940 245.803 49 .036

SSI Chip 25 152.488 91.493 5.083

MEl Chip 5 98.423 59.054 3.28].

LSI Chip (9900 uProc) 1 408.293 244.976 13.610

ROM Chip 16 115.552 69.328 3.856

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 EN Relay 1 0.124 0.014 (0.014)

Logic Power Supply 1 3.690 2.220 (2.220)

A (Fai]ure/lxlO
6 hours) 2169.302 795.452 82.907

MTBF (hours) 461 1,257 12,062
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B—6b MED IUN USAGE
Corn A — 2169 .302 + (

~~ 
— 1) (6.677 + 0.124) 2,189.705

Qua!
MTBF a 457 hours

MIL—STD ~ 795 .452 + — 1) (1.341 + 0.014) 799.517

Qua!
MThF — 1,251 hours

MI—RET.. A — 82.907 + (~~
- — 1) (0.267 + 0.014) a 83.750

Qua!
MTBF — 11,940 hours

B—6c HEAVY USAGE

Corn A — 2 169.302 + ~~~~~ 
— 1) (6 .677 + 0.124) — 2,325.725

Qual
MTBF a 430 hours

MIL— STD A — 795 .452 + ~~~~ 
— 1) (1.341 + 0.014) — 826.617

Qua!
IITBF — 1,210 hours

HI-REL A - 82.907 + ~~~~ 
— 1) (0.267 + 0.014) a 89.370

Qual
MTBF — 11,189 hours
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APPENDIX C SUMMARY OF THE EM 3 & 2 RATE TRAININ G 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/electrornechanical/electronic equipment as indicated below:

A. Power Generation and Distribution (AC and DC)

• Generators

• Controllers

• Switching

• Cabling

B. Lighting

• Lighting Fixtures

• Incandescent Lamps

• Fluorescent Lamp.

• Cabling

• Circuit Breakers

• Navigation and Signal Lights

• Searchlights

C. Ship Degausaing (Manual and Automatic)

• Degaussing Coils

• Motor—Generator

• Rheostat Control

D. Electrical Propolsion

• Generators

• Motors

• Control Consoles

E. Central Operations Systems

• Generators

• Propulsion

• Boilers Engine Room Console

• Auxiliaries

• Data Logger

• Throttle Control
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F. 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

C. Sensing Switches

e Pushbutton

• Limit

• Pressure

• Temperature

• Float

• Proximity

H. Electronic Components

• Resistors

• Capacitors

• Transformers

• Electron Tubes

• Semiconductor Devices

I. Relays

• Logic

• Power Switching

• Current Direction Sensing

• Power Direction Sensing

• Phase Failure Sensing

• J. Sound Motion Picture Equipment

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

symbols and elementary operations of logical devices such as:

• And/Hand Gate

• Or/Nor Gate
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• Flip/Flops

• Single Shot Multivibrator

• Schmitt Trigger

• Memory

• Pulsers

• Steppers

• ~mplif iers

• Logic Diagrams
• • Relay Logic

• Semiconductor Logic

The manual also describes the following listed test equipment the

EM 3 & 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 0 - OCCUPATI ONA L STANDARDS FOR THE ELECTRICIAN’S MATE (EN)

The following information has been taken in toto f rom NAVPERS

180680 , Manual of Enl isted Manpower and Personnel Classifications and

Occupationa l Standards.

1~
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ELECTR!CIAN’S MATE
(EM)

i’; ri~i* I ~ 111 ~

E le c t r i c i an ’ s Mates (EMI stand watch  on generators , switch-
boards , control eq uipm ent , and e lec t r i ca l  equ i p m e n t ;  o p er a t e

• and perform o r gan iza t iona l  and in termediate maintena nce on
power and lighting c i r cu i t s ,  e lec t r i ca l  f i x tu res , f i lm pro-
j ec to rs ,  motors, generators,  vo l tage and frequency regula-
tors ,  con t ro l le rs ,  d is t r ibu t ion  sw i t chboards , a n d  o t h e r
e lec t r i ca l  equi pment; tes t  for short c i r cu i t s , ground or
other c a s u a l t i e s ;  and rebui ld e lec t r ica l  equipment ,
including so l id  state c ircuitry elements , i n  an  e l e c t r i c a l
shop.

L _ _ _  -
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GENERAL INFORMATION
CAREER PATTERN

r — E ~~J~~~~i
EMCS j: Iccs _~j .

EMC [~~~ 
1C~ ~

j

EMT ~lC1i ]

EM2 1C21 j

EM3 1 IG3~ ]

FIREMAN J
APPRENTiCESHIP 

—

Normal path oi adv ancement to Warrant Officer and Limited Outy Officer categories is to Engineering
Technician (713X/723X1 and LDO Engineering/Repair (6 13X/ 623X) . or to Nuclear Power Technician
(715X/725X~ and LDO Nuclear Power (6 15X/625X~.

SPECIA L PHYSICAL REQUI REMENTS

No rmal color perception.

CITIZENS HIP/ SECUR ITY REQU fl~.EMENTS

EMCM - must be eligible for access to classified info rmation.

1772 JzzJiizJzzlizJZi LII III If Ti? IJ Y III JILIJ7] J  12 IJJJ I7T

SAFETY
• The observance of prope r safety precautions in all areas is an integral

part of each billet and the responsibi lity of every Navy man & woman ;
therefore, It is a universal requirement for all ratings.

L7Zf7T7J77~ZJ/fJfJ2JI17ff 1JII/111T1 J/J/W1IfI1J 21JJ122LL1 1Y.’11L’77
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E LECT RI C IA N S MATE THIRD CLASS (EM3)

14 ELECTRONICS MA I N T E N A N C E

14668 REPLACE FAULTY ~LECTRON TUBES IN MOT ION-PICTURE EQUIPMENT

18 TEST EQU IPMENT

18446 OPERATE THE FOLLOWING STANDARD TEST AND METERING EQUIPMENT :
A. MULT IMETER , VOLTMETER , A M M E T E R , AND OHMMETER
B. TUBE TESTER
C. MEGGER
D. TACHOMETER (MECHANICAL)
E. OSCILLOSCOPE
F. STROBOSCOPE
G . FREQUENCY METER
H. PHASE-SEQUENCE INDICATOR
I. VOLTAGE TESTER
.7. WA TTMETER
K. CLAMP-ON AMMETER
L. VA C U U M  TUBE VOLTMETER

24 E L E C T R I C A L  M A I N T E N A N C E

24030 tJSE AMER !CAN STANDARD WIRE GAGE , PREPARE WIRE FOR INSTALLATION ,

AND MAKE S T A N D A R D  S P L I C E S

r 24432 IDENTIFY LUBRICANTS , CLEANING MATERIALS , AND SOLVENTS USED IN

M A I N T E N A N C E  OF E L E C T R I C A L  E Q U I P M E N T

24433 REPLACE BLOWN FUSES

2 4 4 3 4  DETECT AND LOCATE GR O U N D S , OPEN C I R C U I T S , AND SHORT CIRCUITS IN

L I G H T I N G  AND POWER C I R C U I T S

24435 SOLDER ELECTRICAL CONNECTIONS AND SPLICES

24436 IDENTIFY THE FOLLOWING :
A. CABLE MARKING
B . EQUIPMENT MARKING
C. PANEL MARKING
0. SWITCH MA RKING
E. PHASE AND POLARITY MARKING

24437 IDENTIFY TYPES OP INSULATING MATERIALS AND VARNISHES

2 4 4 3 8  E X A M I N E  MOTORS AND G E N E R A T O R S  U N D E R  “LOAD” AND “NO-LOAD ”

CONDITIONS FOR CLEANLINESS, V I B R A T I O N , U N U S U A L  OR E X C E S S I V E
N O I S E , H E A T I N G , L U B R I C A N T  L E A K A G E ,  AND C O N D I T I O N  OF B R U S H E S ,
COMMUTATORS , COLLECTOR RINGS , B E A R I N G S , AND BOLTS

24439 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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E~~ECTRIC:AN s MATE T H I R D  CLASS (EM 3)

2 4 E ~.ECTRICAL MA IN TF~~ANCE - CONTINUED

24441 MEASURE IN SULATION RESISTANCE OF ALTERNATORS , L.E NERA TCRS , AND
E X C I T E R S  -

24442 DETECT AND LOCATE GR OUNDS, OPEN CIRCUITS , AND SHORT CIRCUITS IN
A .C. AND D.C. MOTORS AND CONT ROLLERS

24443 REPLACE GENEPATOP AND MOTOR BEARINGS

24445 REPLACE PORTABLE STORAGE AND DRY CELL BATTERIES

24446 REPLACE WORN GASKETS AND SEALS OF WATERTIGHT ELECTRICAL FIXTURES

2 4 4 4 7  R E P A I R  P O R T A B L E  E L E C T R I C  TOOLS , PORTABLE LIGHTS , A N D  F A N S

24448 PREPARE, ACTIVATE. AND PLACE IN SERVICE NEW STORAGE BATTERIES

24449 LOG HYDROMETER READINGS ON STORAGE BATTERIES

24450 JETERMINE BATTERY CONDITION

24451 TROUBLESHOOT AND REPAIR SMALL BOAT ELECTRICAL SYSTEMS

24452 OPERATE AUTOMATIC BUS TRANSFER (ABT ) SWITCHES

2445 3 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 ‘lEEP FAT FRYER INCLUDING CALI-

BRATING THERMOSTATS

24486 INTERPRET COLOR CODING OF CAPACITORS , RESISTORS, M U L T I C O N D U C T O R
CABLE S , C H A S S I S  W I R I N G ,  AND TRANSFORMER WIRING

24493 ?EST AND REPAIR OR REPLACE THE FOLLOWING :
A. PORTABLE CABLES
B. SELF-CONTAINED RELAYS (PLUG-IN)

C. LAMPS , F U S E S , AND TUBES
0. MULTICONDUCTOR CONNECTORS AND RECEPTACLES
E. SOLENOIDS
F. INDUCTORS
G. CAPACITORS
H. RECTIFIERS
I. RELAYS
7. SWITCHES

24494 COMPUTE THE FOLLOWING :
A. RESISTANCE , I N D U C T A N C E , AND CAPACITANCE IN A .C. CIRCUITS

B. CURRENT, VOLTAGE , POWER , PHASE ANGLE, IMPEDANCE, A N D
RESONANT FREQUENCY IN A .C . SERIES AND PARALLEL CIRCUITS

C. CURRENT, VOLTAGE , POWER, AND RESISTANCE ZN D.C . SERIES

AND PARALLEL CIRCUITS
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ELECT R ICIAN S MATE THIRD CLASS (EM3)

24 ELECTRICAL MAINTENANCE - CONTINUED

24511 INSPECT AND CORRECT DEFICIENCIES IN :
A. BRUSH PIGTA ILS
B. BRUSH ALIGNMENT AND DiSTANCE
C. BRUSH HOLDERS
D. BRUSH PRESSURE

24544 PREPARE EMERGENCY DIESEL GE NERATORS FOR AUTOMATIC OPERATION

28 TECHNICAL DRAWINGS

28391  R E A D ,  I N T E R P R E T , AND WORK FROM SCHEMATIC DIAGRAMS AND BLUEPRINTS
OF BASIC ELECTRICAL, E L E C T R O N I C  A N D  L O G I C  C I R C U I T S

42 GENERAL WATCHSTANDING

42341 STAND ELECTRICAL WATCH AT THE FOLLOWING STATIONS :
A. STEERING ENGINEROOM
B. ANCHOR WINDLASS
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-

T I O N  SW I T C H B O A R D

4 2 3 5 0  MAINTAIN REQUIRED RECORDS AT WATCH STATION

46113 USE AND MAINTAIN TECHNICAL AND MAINTENANCE MANUALS

SO MAINTENANCE PLANNING AND QUALITY ASSURANCE

50303 USE MAINTENANCE REQUIREMENT CARDS (MRC)

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

54 LOGISTICS SUPPORT

54633 PACKAGE, P R O C E S S ,  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

COORDI NATED SHIPBOARD ALLOWANCE LIST (COSAL)
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E L E C T R I C I A N ’ S MATE THIRD CLASS (EM3)

94 M E C H A N I C A L  M A I N T E N A N C E

94579 PERFORM PREVENTIVE MAINTENANCE ON MOTION-PICTURE PROJECTOR

95315 OPERATE MOTION-PICTURE PROJECTORS FOR SINGLE AND DUAL OPERATION

95316 INSPECT, REWIND, SPLICE, A N D  P R E P A R E  FILM FOR P R O J E C T I O N

98 ENV IRONMENTAL POLLUTION CONTROL

98242 PERFORM TASKS ASSOCIATED WITH ENVIRONMENTAL AND POLLUTION CONTROL

P R O G R A M S

‘~!
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I

ELECTRICIAN S MATE SECOND CLASS

14 ELECTRONICS MA INTENANCE

14670 TEST AND R E P A I R  OR REPLACE THE POLLOWINGi
A. INSTALLED NULTICONDUCTOR CADLES
a. POTENTIOMETERS, TRANSFORMERS , RESISTORS, AND C A P A C I T O R S
C. SEMI-CONDUCTOR CIRCUITRY
0. AUTOMATIC VOLTAGE REGULATORS (A.C. AND D.C.)
E. CHASSIS WIRING

• F. MECHANICAL CONTROLLERS
G. MODULES, MODULE CARDS , AS SEM$ LIES, SUR-AS SENSL1ES AND

COMPONENTS IN ELECTRONIC EQUIPMENT
• H. LOGIC CIRCUITS

I. TUNED CIRCUITS
J. OSCILLATORS
K. MUL,TIVZSRATORS AND PULSE SHAPING EQUIPMENT

14671 IDENTIFY CIRCUIT LOADING EFFECTS OP TEST EQUIPMENT

14672 PERFORM ELECTRONIC SERVIC ING OF FILM PROJECTOR

V

18449 OPERATE AND USE SIGNAL GENERATOR

18450 OPERATE INSTRUMENT TR A N S F O R M E R

24 ELECTRICAL M A I N T E N A N C E

24456 DETECT AND LOCATE GROUNDS , OPEN CIRCUITS , AND SHuRT CIRCUITS ZN

DEGAUSS ING SY STEMS

24457 M A I N T A I N  CIRCUIT SREA K ERS

24438 PER FORM CORRECTIVE M A I N T E N A N C E  ON NOTION-P ICTURE PROJECT ION

EQUIPMENT AT SH IPSOARD LEVEL

2 4 4~~9 TEST AND UNDER C .~T AR M A T U R E  COMMUTATORS

24460 CONDUCT SENCH TESTS ON MOTOR AND GENE RATOR W I N D I N G S

24461 M A I N T A I N  AND RE PA IR STATIC INV E R TER S

24462 OPERATE AND M A I N T A I N  A.C . AND D.C. SHIP PROPULS ION EQUIPMENT

2 4 4 6 3  I N S P E C T  AND C O R R E C T  D E F I C I E N C I E S  I N  COLLECT OR R I N G S

24464 PERFORM SENCH-TE ST OF CONTROLLERS AND INSER T NEW CONTACT POINTS~
R E P A I R  R A K E L I T E  P A N E L S

2 4 4 6 5  M A I N T A I N  ELECTR ICAL COMPONENTS OF INSTALLED WASHE R S , D R Y E R S ,  AND
EXTRACTORS
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ELE CTR IC IA N’ S M A F E  •.~~c~ ’N I. ~ C I . A ~~S F M .~~

• .~4 ~ L - r M I ’ A L M A 1 N t ’ F N A N ~.’E —

44s 7 INSTALL NEW POWER AND LIGHTING ct~~~-t ’ i rS

• 244~~~ CONN EC T SHORE POW E R TO M A I N  P l ~ . t R ~~$t I T t O N  R O A M P

TEST, REMOVE , AND INSTALL IN %PKu~~rNT r N~.E M MEMS ANt’ M E T t ’ K S  ON
P O W E R  L I G H T I N G  SW ITCHROARDS AN t ) CONT RO L P A N E L S

24410 LOCATE ALARM AND INDLCAT ZNG ~~~ SW ITCHNOARDb P’OM ~.NIPS CONtROL .
INDICA TING AND PROPULSION SYSTEMS FOR NORMA l , , EM E R G E N C Y  AND

C A S U A L T Y  C O N P I r t O N S

• 4 4 7 1  I D E N t I F Y  SHIP C O N T R O L  AN D ALA RM C I ~CU I i’S A N D  CAt t LE ~ NY C Z R t ’~~~I T
D E S I G N A T i O N

432 1 INSPECT AND M A I N T A I N i
A. NA TTERY C H A R G E R S
N . HELD STAR TING U N i t S
C. CATHODE PROTECTIVE UN I IS

0. ~~~R-C ONO ITION ING CONTROL C I R C U I T S
E .  D E H Y D R A T O R  A I R  O K I E R S
F • A I R  C 0 M P K E S S ~3R s ’N t R O I ~ C I KCI! 75
C. ELECDROS?AT20 VENT FOG PREC 1 P1 TATOR

H. NO -N R E A K  POWER SUPPLIES
I. HOI ST WINCH ~ISTEM 5
J. TRAN S Y I R - A T - S E A  EQUIPMENT C ON  t X O I . S

2839 3 IN T E R P R E T  o R A w t N G ~
’ AND L’E~.A U SSING C P IART

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

306 32 COMPLE TE P L A N N E D  M A I N T E N A N C E  SUN sY STEM (PMS I VEEL’NA CK

R E P O R T S

%4 Lo.iS ’tICS

34801 IN %’EN’Z’ONY I N S T A L I . E D  E Q U i P M E N T  A Nt ’  V E N I Y \  ~. I ’ A K E  P A N T  ‘. l I P O R T  I N

CO SAL

34802 ORDER N E P A I R  PART S A N D  SPECIA l. ‘rt ’OI.~ Mk~~I1 REP FOR INSTA ILEI ’

EQUIPMENT MA INT ENAN CE USING COSAL

I

, 
.
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ELECTR ICIAN ’S MATE FIRST CLASS ( t M l )

18442 DETERMINE APPROPRIATE TEST EQUIPMENT FOR TESTS AND MEASUREMENTS

24 ELECTRICAL M A I N T E N A N C E

2 4 4 7 2  I S O L A T E  G R O U N D S ,  OPEN C I R C U I T S , AND SHORT C I R C U I T S  IN S H I P ’ S
S E R V I C E  AND E M E R G E N C Y  G E N E R A T O R S  AND A S S O C I A T E D  SWITCH GEAR

• 24473 INSPECT AND TEST-OPERATE AUTOMATIC STARTING EQUIPMENT OF EMER GENCY

G E N E R A T O R S

2 4 4 7 4  CONDUCT B E N C H  TESTS ON E L E C T R I C  G O V E R N O R S

2 4 4 7 5  CHECK LOGIC OR SOLID STATE E L E C T R O - H Y D R A U L I C  C O N T R O L L E R S

24476 TEST, INSPECT, AND D I R E C T  R E P A I R S  OP A U T O M A T I C  D E G A U S S I N G  E Q U I P -
ME NT

2 4 4 7 7  I N S P E C T  S H I P ’ S  S E R V I C E  AND E M E R G E N C Y  S W I T C H B O A R D  E Q U I P M E N T  W H E N
POWER IS SECURED

24478 ESTIMATE EXTENT OF CASUALTY TO EQUIPMENT UNDER EM COGNIZANCE

2 4 4 7 9 I D E N T I F Y  A N D  C L A S S I F Y  C A S U A L T I E S  OF M O T I O N - P I C T U R E  PRO JECTION
• E QUIPMENT AS R E P A I R A B L E  AT S H I P B O A R D  OR T E N D E R  LE VEL

24480 REMOVE , T E S T ,  AND REPLACE DEFECTIVE COMPONENTS IN AUTOMATIC-

• DEGAUSSING CONTROL PANELS

2 4 4 9 1 D E T E R M I N E  TY PE AND VALUE OF ACCE PTABLE S U B S T I T U T E  COMPONENTS

50934 CHECK ELECTRICAL OPERATING LOGS AND MAINTENANCE RECORDS TO

D E T E R M I N E  I F E Q U I P M E N T  IS O P E R A T I N G  P R O P E R L Y

50986 REVIEW COMPLETED M A I N T E N A N C E  DATA COLLECTION SUN—SYSTEM (MDCS ) FORMS

50987 PREPARE WEE KLY SCHEDULES OP PREVENTIVE M A I N T E N A N C E

54 LOGISTICS SUPPORT

5 4 8 2 7  POST C H A N G E S  AND A D D I T I O N S  ‘ro C O SA L
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APPENDIX E - TASK INVENTORY OF ELECTRICIAN’S MATES ON AIRCRAFT CARRI ERS

CV59 , CV6 2 , CV6 3 AND CV64

The Navy Occupational Task Analysis Program (NO’tAP) is a Depart-

ment of the Navy occupational. development and analysis center which

reports to PERS-23. NOTAP gathers and processes data conc erning what
tasks Navy personnel are performing. They recently completed a task

inventory of the Electrician ’s Mate (EN). This task inventory included

data from four of the six carriers that have the IWMS weapons elevators.

The NOTAP data is includ ed in this report to present specific informa-

tion regarding what percentage of the EM ’. work on weapons elevators,
and what percent of their time is spent working on the elevators.
This information is indicated in severa l tasks but especially Tasks
Ml th rough M5. The complete aircraft carrier task inventory is inc lud-
ed in this appendix to give an insight into the tota l EM duties. V

H
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APPENDIX F THE NAVY STANDA RD ELECTRONIC MODULE PROGRAN

The Navy Standard Electronic Module (SEM) program is directed
toward the standardization of modular building blocks for all Navy

solid state electronic systems. The program was initiated as a result
of a study, in the early 1960’ s, performed at the Naval Avionics
Facility , Indianapolis (NAFI) to determIne what could be done to

standardize electronic equipment . The SEN Program was formerly called

“The Standard Hardware Program (SHP ) .“ The objective of SHP, and now
SEM, was to develop a family of functiona l electronic “plug-in” modules
to serve as coninon building blocks from which systems engineers could
construct a variety of complex electronic systems. The genera l
specifications that establishes the quality assurance and procurement

requirements for SEN bui ld ing blocks is MIL-M-28787A “Standard Elec-

troni c Module Program, General Specification for.” Detail require—

ments for a particular module is contained in the form of “slash-

sheets” which are a part of the specification.
The basic SEN module is approximately 2.5 inches by 2.0 inches by

0.3 inches ; larger size modules are available in multiples of the

the basic module. In general, the electronics of the SEN modules are

achieved by utilizing the Microcircuits of MIL-M-38510D which are
described in Appendix G. As of 1 April , 1978 there were 197 SEN’ s that

had been qualified and specified , 22 tha t had been qualified but still
th the process of being specified , and 83 that were given designations
but were still under development. The SEN status information is con-

tam ed in a listing that is reproduced on the following pages.
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~~~~ 1 APRIL 1918

(?r~ft~ STANDARD ELECTRONIC MODULES PROGRAM
MODULE LISTING

Formerly NAVELEX 0101-0538
SL A S H
SKIll ISODULI 5*41 SIlt #00(44.1 OLSC *IP ? ON *1* STATU S

NZ$757! 
— — — —

I GOJ La tc h 1* Powr 4 — b i t  l a t ches . TIL (Q1A 0) P
2 601 F l Ip - F l o p ,  J. 1* 51* J— k f l I p - f l op. . 445114. 14) AP

3 60* Get.. SA ND 1* Twi lve 2-lopse strobibll. 9*110 qat mo . NS TIL (1) AP

4 GOt Get.. ON . (.cl,4Iv5 IA NwItlpII .zclu,Iv. ON/NON 9ets* . T1’L 1 Q01’) ( 1 )  AP

S 504. Np al t ipla.sr A IlIrl. I-Input digl t el ..itIpl...r*. TT L A NP
(lIlt’)

H P0* Cow.t.r. h oary. Synclironous 1* Thr.s 4 -b i t iyncIirOi.O~ I binary co a s t e r S . PT L A AP

7 (4 011 D.cod.r . hisary IA On e of 1i,tees hiniry d.codlr . IT,. (al t ’ ) A AP

I 601 Cats SAND IA Si. 4— inpu t and ~~o 3-input power 11*110 ga t eS . A~ A,
NSTTL

9 LOP Lit .. SAN D 1* Fowr S- inp u t PIANO ga t es .  ITI ( 3) A,

10 60* ccl.. PIANO 1* Sin 4-inp at and two 3- 1np~ t SAND ~atI4 , 55114. (1) NP

II *04. Add. . . Dig Ital 1* 1.0 4-bIt and one 2 -b i t  adder s .  TIL ** NP

I? (DJ A r I t P I . . t l c  LOgic Un it lb Two 4-bit arltlll eti c log ic ~niti. ITt. ( 2) AP

13 IPQ 5.1.0,8. R.sistor . Ind.p.nd.nt 11 l’wS 2 .3755 irid two 3320 , 45 . rIsis tors (PPQ1)

4 JSD Ier.4..atOr . I.si,t o r - C a p a c i t o r  1$ Sisg is ended term inator (*0011)

IS P45 F* is 15 EIgh t f UAsI ( fMN’ I  AP

, ,. A JOE Ns,ai.er . n t . r f ac ø IA (ight,.e logIc lev a l  r~ c~~Iolrl . 114. (A N N1) ( 1 )  A,

17 LOJ Late, A ND - Ol - INUEIT IA 51* A NO-OR - INUEII gates, 114. (C IJ ’ )  ( I )  AP

IS LOQ Gate , 5*50 IA 1..).. 2-Input PIANO gates. IlL (IllS’) ( 3 ) AP

II LOS Cit .. SAND 1A Si. 4-I.put .5* 1.0 3-i..ut PIA NO gates . 114. (1 )  AP
(141’)

20 LOt lnv.rter 1* tig~ tesn inv.rta,- g ates .  111 (CII. ’) (3)  AP

21 wOU Gil., SA ND 1* Fe~r S - l w p ~ t 11*50 gatsi . PISTIL A~ AP
22 45( Diode . Progra. ab le IA Twenty inde p e nd en t 441 4f1 ,p..d 4401.1 (AU ’) A AP

23 SIT lecsI,er. lnt.rfac . IA N.c.I~ .r. SCM Int.rf~c.. 294 to SI (501,) N~(S Ql ’ )
24 (PS Sect ifi .r Low Carr.nt IA Tw e lve l .75-s.p rectifier . IQ ’S’ )  NP

2% IIPJ l*c t i f I s r .  111gb Currest 11 Three S-amp diode s ( N P J ’ )  AP
2~ GPN P,0• 1* On. ZO- PIap fuss ( Q p 5 4 )  AP
2) 6011 Coanter . Up s.d Down . linary 1* Fou r 4-bit SysChrOnOe$ binary ep/dowo (I) AP

count.rl. IlL

25 P011 S hi ft l.glut.r 1* 1.0 32-bit ohi ft regi%t, rs . 114. N P
24 FOIl lnv.r t a r  1* £ight ..o Inve r ter gates . 4511*. ( I )  NP
30 ISA C*snt.r , Up-bows . hIna V~ 1* Threl binary op /down count.rI. III. 4 (1) Np

31 400 C~ entsr . Up-bo ws, lCD . Pras. tt sb le 1* Tb,.. $10. p rese tt sb le ap /doss cou nters , III. A AP

35 III F l ip -F lop . 0-T yp e IA SI, D -typ a f li p-f lo p t . L PIT L A AP
33 JDJ Shif t  Isgi,ter 1* Fear 4 -b i t  ..rial/par.IIal shi f t  reg is te rs .  A AP

TTL
34 4*5 Iwlt Iv$b,ater . ion,$tlbl. 1* Ta. SonOotabil ow i t i n ib ra t o rt  (JON ’) 4( 1) NP
3$ OPt lesiot. ,. Pow., 11 3 . 54 9  phe ar r .s i , to r .  1 2 we l t  (NPL ’ ) NP
35 UET Funi IS On, 3-aep i b m  b l ow Pu.. (TNT’) AP

37 1515 Fuse ii Eight Pw*.i, I es 4 (10. 3(4 , 2. 5 a.~ t 2 ii. NP
I/i end 1 a.p (p4441)

39 5PM s l a p .  OPOI’ II Four .nd.rvolta,. OPOT re lays  11PM’) * ( O )  NP
39 t IC Add,, IA 1.0 4 - b i t  and on. 2 -bit add.r . 15114. A NP

40 *14. wh Ip1...,. 0I~~i taI 1* Terse S - I n p w t  d l 9 i t a l  . u l t I p l e . e r s .  LP TTL  A NP
ai  III l i p -f l op .  J-1 IA 5*. .11.1 f l Ip - fl o p s . I T L  ( 2 )  NP
45 451 ..p.rat•r . Naqs i tu d l  IN One 4 - b i t  and oip ~ S ail • .pand &bls  .i9i.it.dl 5 ( l )  NP

com p ar a to r s ,  L PT T(
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SLASH
511(11 i(v #001111 lIAISE Slit MOOUL ( DESCRIPTION Ski STATUS

#2515 7/

43 GPP Power Suppl y. Rig. - Progrueoa ble ZN SO regulated pcuer supply (QPP I) *~
5 44 GIL Letcf. IA Pour 4-bit latch, ., LPIT L ** AP

43 ZSZ locater . Slairy Coded De cim a l IA lhr .a 4-bit ny n chrD n ou , 1C0 c,,vters . IPTTL A NP

ab 251 Cs..nte r , hln ary 1* Three 4-bit lync$ ronous binary COunters. N AP
LPTTL (ZQr ’)

~~ ISI Buffer . In,., Stat. 1A SI. three stat . b u ffers. III A NP

as MOP Dr iver . Translate IA Four 2-irpuT ega tiee inte rfa ce li c e dr ine rs NP

41 SOF Diode Pair s 1A IncIse separate diode p ai rs. s ,rleo connected AP
(SOFt)

SO - C ancelled

SI MDQ Sec.,.... Tr.nsl.t. lA Four ne g ati v e interface line r e ce iv ers . III. (I) AP

Si At e 4.p ll f ler , Aad lo II A u di o a.p. nit s pI n progr...able gain (ANN’) NP

53 ION Secenv. r . Di fferential Uns IN Ian dif ferential l i n e r.c,iners TTL (SHE’) (2) NP

• 54 0DM Se c li n e r . I nterface 1* Four Int arfac , recnina r s, slow NIOS 4(2) NP

5% 1DM Oriv .r , Differential Line IA Eight 2-inp *t and two I- i np u t d i ffer enti a l Cl) NP
lin. dr ine r s . 111 (RHO ’ )

55 4*0 Amplifier , D.C. 15 D.C. amplIf Ie r Cu. ~e p in progra..ed for NP
different gaIn s (*4111)

37 III Switch . A n a l o g  14 Eig ht low 5~ ,, a nalog smitch es (15,1) (1 )  AP

55 *01 Counter , Binary Coded Daci.al lA Three 4-bit Synchr onou S SCO counterS . IlL A AP

SI SO P Shift Regitt.r IA l.a B—bit shift registers . IlL NP

60 EDQ M u l tiple n er , Dig Ital lA Ten 2- input d i gi t a l m u l t i p le o er s . T El.  ( I )  AP

A l EON Flip-Flop, 0-Type 14 Si~ 0-type flip-flop . . IlL NP

Si CPA Comparator , A nalog lA Si. analog cs.perators 1 AP

I I N3 QPG Detector , Voltage, Threohold IS On ervolt age/u nde rvolt age detector (QPQ1) (11 AP

64 4.11.1 Gate . AND -OR-II.iLSI 1A Sin ANO-O R - IN UER T gates . 5111

65 AM A D.coj.r 1* Three 1 -of-B decoders, 5Th AP

66 BHL M a l t ip le. e r IA three 8 -ltpu t d a t a selector/eoItlpIioerS . (I) NP

L ISITI

• I 57 4110 I4ultiple.Ir 1* Three dual 4-line to I-line data ,eI.ctor/ A AP
au l t ipl en er , . LSTIL

65 Lull Gate . PIANO IA Loar 4 - Inp u t and four 3-input SAND gates, NP
STTL

69 ENS Flip-Flop, 0-lype lA Si. 0-type flip-flops, SIlL Np

70 FaA Counter , B inary lA Three 4 ’bit synchrono u s bina ry count er s . SIlL (II NP

S 71 CIIF Shift Regi s ter 1* 1 6—bit bidir ec t ion a l thi ft register , LST T L A NP

72 EIIQ Mul tip Icuo r 1A Iwo 4-way And one 2-way eulti p leoero . 1511*. A U

73 JHE R ece inir . I nterface 1* Eighteen ITL bu s tr a n ,ce ine r t, STIL ( 1 ) NP

S 74 - Neaory . Bead Onl y 1* Iwo 512 o I-bit ROMS/3-state output S . IlL AP

1% hIP Ga te . SAND IA Pout I-input lAND gates. 5Th . AP

79 MIl L Encod er . Priority 1N Two N-input prior ity encoders . ITI (OIIC’) NP

77 liME Encoder . Pari ty lA Four 9-input parity encoders . SITI NP

75 AND ll u l tip leoor lA Sit 4 :1 .ult lpl e oe r s, SITI. AP

71 RON A rithm et ic Logic (Init IA One 4-bit NL U and one l ook-ahead carry NP

generator . SITL

50 lIP Memory. Random A cte sO 1* (024 RAN with buffered 3—otat . output s . DC
lIMOS

Il EHL llultip laoet lN Three 1:1 eultlp lener%. 5111

$2 SSG Innerte r IA tight,,. ineert .r 9*1,0, SIlL NP

(3 RIP Ga te . 5*50 1* Twelve 2-Input SAND gates, SITL 
NP

54 CRE Shift Seg ist.r 14 16-bit bidirectional shift register , 5111 DC

$5 505 Malt i pl ao e r . D ig ital IA Ten 2-input digI ta l eult lp l e n er s . LPTTI . AP

56 (RN Rel A y. Power If S i ngle 3PO1 br,ab-bifore-aa&e 20-aep relay NP

17 ARM N.gulator . Posi tiee 15 iSV or .150 regul utor NP

NI SI R Mal t lp le. e e . A nalog IN Thre. 1 of N channel analog s.itch.s . C MOS NP

SI JSP Orln .r . Lam p/R e l ay lA Foar la m p/relay dr i n e r s, CIa .. If (ASP’) PD

10 QOS Gat e . £.c lus ine- 0S(ROR IA M u l t i p l e  e v cl an i ve OR/NON gate. . TTL. UD
Cla s s II (501’)

Ni 145 Test Point IN T.%t point eodule . Cla so If (CMII’) lID
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9 .nL Su lt i p i e n I r  1* Iv,., I -inpu t a’g ’’a l .uit’ple.e r I . Ilk . PD
Cl a s s  II SDL t I

93 ~5A a is 5 A our I - si t a t :  •.5 . ~ I C la us  I I  203 1 I UP
94 5( O c s ~jer IA I of II dn udet . ~1L - C l a s s II (.2s~ ’ AD

IS dRP N.l a, 5 I .. DPOI IA ‘. ayu . ,‘u su II vRF ) (ID

06 til l 8.~,i.e,. nt o , i a s e  A ( :~~o iean lo gic .,el ‘.~ .: .e ru .  ‘‘:. C l a u s  Ii UP

- 1401 1)

97 5n~~~~r i ,nr . Di l l  e rent ‘a I L ne IN C get - and m o  I - inp,t i i ?  I - l i ne  Ar n .m - UD
T IL . C l a s s  II sI teS

NN ~lL vne. t .r 1* t igo t ee n in,.rt.. g a tes , ~‘L - C l a u s  II ~DC 5 ’ dO

II ~nL lot.. SAND IN 515 4-  and two 1-’ n f u t IAN) ~a teo . IlL. UP
C laus II (LDN’l

100 IIG ~at e . 5*50 IA Tea lv e 5-input SAND gates . L. C u u s II AD
(Log ’ )

101 C•J Gate , NS D - O B- I N s ( I T  1*  ~lu AN O.~ e - l N O ( eT v ales . ‘IL.  C lass I t LO J~ ) A D
102 PlC Seift Oeq lst,r IA Four 4- p it s e r i a l i p a r a l l e l  s h I f t regi, h Cr5, AD

TTL. C l a u s  I I  I P O L ’)
103 Rat O e tet.e. , O i F i .r a n tla l  L i n e  I A  len AiFf, ,n nt l a l liv. rn c ni ner s, 111 . Ci a uo I i UD

S ON ’)

104 DISC Incoo.r . P r l s r i t y  U Two B-Input p riorit) nvs.,a ers . TT L . C l a u s  II PD
lMI4 L~

05 :Qv Ca0n te~~. B i n a r y  IA  Is- Me 4 - b i t  sy n c n ro nou s  hlnury C o u n t e r S .  (ID
LP Y TL. Cla ss II (ill:)

106 iu~ F l i p - F l o p ,  4-i IA 51. 4-5 flip- fl op s . IlL. Cla ss II UP

101 IPJ Rem it . A sdl o Output ID ToO 0*910 DOne ’ a e p l i f l e r s  ( Q P J I )  NP

v IO N ~If ‘pt e s t s h r . O c l t a g a  (ene l u IA 0, ii . r2 . .3 vO lt l evel detectors ~ p~~ p l )  (I) 4~
09 MDL Cr .ee . In te r l ace IA Si n liv, dr i ne t s. S00 feet of type SWA or (I) U

354* C A bl e

l ID #05 S.c....’. Interface 1* Si. t ransfor .er Coup led l ine ,.ceiner u (2) NP

111 ‘ION Termi n ator . Int e rface IN Smu tee li 150 t .temv at ln g reii stors (Us. with hP
MD LI MDII )

lI Z P01 ShIft R~ gist,r . Serial and IA Icur A .b it ser iul /pa ru ll el •hif t re gi s s e rs . 5(1) uP

• pa r a l l e l  TE L ( F A t ’ )
1 13 06 S n i t c h . Analog 1$ TuO 4PST analog sn ,t ch eo (I) NP

114 iDA Gate . PiANO IN Twelu e -i np a t SAND dates , O IL (II NP

• 115 601 Gate , SAND IA Nine 3 -Inpu t SAN D qltcn . OIL (1 )  A~
O 115 *DC Gate. SAND IA Pour 5-input SAND gates. DTL (I) 8p

• Il l DOD N alt lv ib r at o r , Movoi ta ble IA 1.5 0.i to I S,.s Une .shOtI . OIL U

S 11$ Rot Molt i sib rutor , Mono stab le IN Two 10 to lOO su One-Iiiohs. OIL NP

s III VON Oat.. SAND. Pow.r iN ti ght pane , PIA N O d ates. DTL ( 1)  AP

liD CDI Gate. SA N D. Pomir 1A Four high c urre nt-high voltage decoder (2) NP
drine ’s . OIL

12 1 COO MuItlo, b e at o r . Monoutabl . IN TwO 1 .0 to lShS One shOt 5 . OIL NP

fl CDI MuI(i~~i~~rato r , Noi.oOtabIe IA Tue 100 to 1500, 5 oiie - ,h OtI, OTL NP

173 40$ f l I p - F l o p ,  4-1  1N F iv e  4-1  f l I p - f l o p s . OIL ( I )  NP

l .’0 C#H te st Po i nt IA lest p oin t nohale (U N’). s im i l a r  to CiA (4 )  NP

S 5 12% ‘LA b lender . ‘est Point and Sa ,istO r 1N lest p oint s n /lO ST i s o l a t i o n , n r n i l a r  tO P23 ( 3 )  NP

129 ‘LI L oad. Resi s tor , Standard 1* Twenty load reu lSi Or , . ,aluet r ev U e froN AP
10 onas to 0025 ohmu

s 127 PLC Capacitor IA lao loP , laO 0 OD390P and ten 0.1sF C NP
ca pa c i tor s

125 CII tr a v uf o rme r 11 twO I I tran sfor e e ro N AP

1 9  [NP I s o l a i i p n  Sodule IA Tw ent y dir e c t  through connections, isolation hP

130 QPL No tn ork . Miscellaneous 11 Three :4O5F ami d three 110sF , NOV . pO l amlo ed h.P
ca p a citors

13 1 4Pm l .annfo,mer . Output 13 Power t r un sf o rn e r , lOW . 900. 800 , and 10 tao h.P

5 I3Z 113 O~ ci I I a t o r , Square wane IC 0600 M, sq ua re wave in nerat o r . O IL NP

133 .ON ad a,. A POT IF Sing le 4PDC Sne a k- ~,io, e- ’uA, 10 a~n p rel ay N hP

134 (PS network . M i s c , l l . n e o u u II Three bO0~ F and thr ee f/O,F . ISV . pO l ari~ ,d NP

~:.pac (oro

135 vIM lcNuCI,r , 1 .5 Sep.’. 10 PIne 0 S’H . I S Ae p indu C tors h AP

lie UN T r a n s i a r u e ’  IA 1151 . NOD M i ,  3 ~ra se tra rsforner NP
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137 ,Fi :-..t~~~ to, It  I Ia _ n . 0 an p ‘nd.ss tur NP

135 ,~ l ’ na ns i tr,e r .~~~a I i bral ,en I’ C a l l b r a t m o n  :n an si o ,nn r . In cur1 , t aps. NP
secOndary. lb  lops

Ill at o ‘runs iorner . S i g nal it ‘no tran sforners . each p r .n o ry and secondary A NP
Pi us II laps

14.) ui.) nu i t i p le ,en iN Sin 4 - l i n e  to I - l i n e  g a l a s,l,ctor/ NP
m u ll l p l e n e r s .  IlL

14 1 4iO m emory , eando m Acc ,us 15 .‘56 • 1 - bi t RAM with 3-sl o t, Oa tpo t s . III N NP

147 JItR Cj.parator . Sagnit ad e IA 4-bit ana 8-bit pu~ anv able .-agn i t ud e (I) NP
compar ator , IlL

S 143 II F l i p - P l o p ,  3.5 bar lA t i ght ~-A f lip — flo s s . IlL (l)~ AC

III suN Qu adrant 0.’n t o r/S ,~~ ,sslne IC SOD conn e rtar quadrant se lect or/ u s c clusl.e lID
A 9i.o.i,ator ap p r o u im at o r

14% InN Processor . Inp ut , 5/0 lB 5/0 converter . Inp ut p r o cnus Or AD

*6 INC Processor . Oef er e’c.. SOD II 5/0 c,nuert .r . r,i~ rente processor 00

5 14 1 OVA Oscillator IN 3 8333 . 7 h66h. ang 11 0000 Mn : oscillator AP

5 14$ NOR Innert er 1N E ighteen I nu e rt i r gates . OIL U

149 SOY Pl ip - F l o p .  J~ A IN t ight J-t flip-flo ps . OIL

ISO - Sot assigned

A 181 :oi 4at e , lA ND . E.paiidas ll IA Si, 4 - i n pu t •,yund PIANO 5at.s. OIL NP

152 lIP Itr,n.r . Lamp or Rela y lA F our lump/ re l a y dnl.nrs (4SF’) N P

5 103 aF ~~~~~ IS Fin e OPDI 2.ON relays , coi l no l ta g e 5 oDE 5u NP
1HR P ’) (RRP’I

154 QIN Lo g ic . ~ ‘i,erter . Uv a l o g /Olgital 1* A/D conn art er logic, Ilk UP

ISV 116 Connerter , : d t a l  Analog IC l:-o it 0/A cUi ,onr t er , Il L (1) NP

IRS )Rt O.tC . ni .rt,r I N  (lpht een m n ,,rter gates . LP II L  0 )  NP

1 0 7  DIP Gate . SAND I A  Ted .. 2-m npat SAND gates. ~PT T l .  0 )  NP

15$ DIG Gate , PIANO IN Iwo 3- Inp ut and s iu U-input SAND gates. LPIIL (1) NP

159 ICe Gate . RAND lN Four 5- inpat MA ID gates. L P T ’~ ( I )  NP

1 60 tIM Shift Register IA Two I-bit le!t r’qht paral lel mn/out shift (1) NP
r,gl,thrs , LPT IL

IN) NIL S.t.orb . Terminator lA ~ lgste.n (SOt dif f er enti a l l ine tere lnutors NP
with bi a s

162 (II Dr iner , Inte rface IA t i g h t ZIP to Sb opt i call y ,olat,d ICuel DC
sh ifters

163 (IC Orb .,, luterface IN Sin SI to ZIV opt icall y isolated levi1 DC
Sb if  t ,rs

164 SQl Receiver . I nterface IN Relay/SO P l eter f ac e, C 1aR u I (SIT ’) (SGV ) 00

lAb AID Counter , Up/Oown . lCD . preslt table IA lhrpe OCO . p r e spt ta bl e up~ down Counters. U
L P T T L

lAS 113 Counter , Up/Dow,, livary 1* Three b in ary ~o Ooun counters . LPTIL AP

147 INS Relay lA Piv ~ 
DP D T 0 SN relays lID

AS SIC MemOry . Need Onl y, Proqi-am eable IA Iwo 756 • 8-b it PRONC m,3 - sta(, outPals. N P
Ill.

• 168 GYP N,mory, Rea d Only. Prog rammable IA Iwo 5 1 2  n I-bit ri/nc ~~I 3- s tate output s . U NP
I l L

170 (IN Gat e , NN D-O S-INVIR1 1* R io AMD -OR- lNV t R T gates , sPI l L (1) AP

Il l CAl Gate . (tCI,USIV( 01 IA Inil ne 0-Input encl.Uiva OR gates, LP ITL hP

171 tIC Flip—Flop, 3-k IN %i~ 3-1 flip .flop s, LP ITL II) NP

173 NSf a ll ip l eoer IN Sin 4- Input d i g i t A l  m a ltip l ene rs . LP ITL NP

17 4 PIN A rit em et i c Logic Unit IN Tw o  4-b it ar i t ii i”etic log ic unit s LPTT L o I l  h.P

1 75 FIG Adder . Disc rete Sum 1N Dls cretn sum adder , adds n ueber of l ’ s e t ( I )  NP

12 i.npeti . ITt

176 PIN *e g i st e r . Programmabl e IA Four pro gramm able ,hift register , . I to A C (1) NP
bit len4th . wØ5 and IlL

Il l PSI Amplifier . Operational lb Two ge neral p. rpose o p e r a t m o n a l  o m p l i f m e r s  A NP

111 OOP Driver , FI T S.itch IN I.,Ive Il l sm i l , l  dr iu e,o (I) NP

Ill 550 Capacitor , Prog ram mable IN tight 000 , nonpola ri:ed . ,ajac it u r v N NP

110 655 Networ k Resistor . Pro gra m—aO l. IN four r,oi000 r -,tuar (s 0-Il l  -Ins in (1) NP

100-ohm steps

III — Not assIgned 
_________
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10 ‘5  On m a l t ip l , s e r . N naIøq A ‘nO t in e  Int o I p h 8 O u t p u t  h ue s  ( I )  OP
113 S n  ‘I n i t ( n . A n a l o g  A ladI e, pan o a bt . . 4 l i n e s  ~ut p i i ,w itC hes NP

mat,.

1$4 SIS A m p l i f i n , . P~~nn r IC 0/S 4 A n , , r t e r . 1.0 pOwer am D I i n ,nrs A NP

00 SIT Trans fo rm er , Sc ott- I IC S’O 4,n ,qrter . Sc o tt- ’ re fere nce tra ns former N SP

• 4N Ion ~e,.ratgr . P..um~t io u , eSI A O/ D cun u e rt n r , eSI f u nction dnmi e ra tor Cu A,

• 8? nt~ Ge n er a tor , i o i i c t u o n . LSI 1N 5/0 coniart ,r . 155 ~i,n c t l 0 n  d enerator (I)’ up

INS Sn i O c t a n t , I 6 u a 4 r a v t  IN 5/0 c o n ,e r tN r . octant /qu adreet detector NP

59 Sun P’pcesuo ,. tn— er . S,D 1 1 SOD Co nnnr te r . er ror detects, P NP

100 SAC I,f’er-L lm lt e r IA Foar Channel bs rf .r - h i mit er I) )  NP

CI C(f Sample and 0014 IA Three samp ln and hold c i rcuits (I) NP

SO ~~N Be~u l ut o r . h egat iva 1$ -55 Or - I S V  re gu la t o r NP
193 Sil eemo,,, Sandoa O c cas ~ IA Tw o 255 • a .~~i t  NAM5, LSllL dP

194 unI Ga e erator . !vns tion 1N Iwo A - b i t  A r i t l m e t i c  l o g i c  u n i t e .  ~
‘‘c N P

ISV PLC Cannert,r , gNS to DC IA bIMS to DC Converter IFIL 1) NP

MA 005 t.cei.er . Lime IA Puur 0- In fu t NNCD qat .o . o pt i c A l l y iso l a t e d . DC
open coil , IlL

• 197 (50 Inn erter IA (ight,ee ivoe r te r buHer/ dri s.rs . n i -n o lt NP
open co ll Output . TIL

195 5~5 lemony. eead Onl y I A  V ert i ca l scan A SCII- ) 4ra fh lc s,bset ION , lOS 110
M9 NIC A m p l i f i e r . Powe r . Audio lb Audio pOmar ampli fier . 4 w a t t  00

200 ~iO N R egister Pile IA A • A -bit aulti po r l reg is ter . Il L UD

P /0 1 4 00 Nnlll p Iin r , Dhql ta l lN 2 5 .5 m u lt i p l I e r . 0 5  co mpleme n t. I’lL LID

ZOO mA t Or ’,nr lA Progr ammable 9am . 300 mA , Output driver NP

:03 MeN NeI Ay IS Lu. l eu e l ‘p l oy , 1 uN ea nunum (0 Form i l l  UP

:0e u .n lem on . O,,iutop 1A rhi rteen sets of / (0056 resIs tor) cc , ace NP 4
si de tied together

:05 5(0 Amplifier . Summ in g IA Si . indepe ndent suem ing Amps, Input (I) ~~
rAole tmr, plvo lode

~~i .er . i.as ,~. Cai *y lA In e ln e lamp 4 relay drm ner s , ~~ input , ISO mA DC
A t  S V OC

707 - lot assigned
ZOO MQE lime,, Progra n.dble II Pour 0.125 to 54 sec p r o gra meohl e timer S DC

208 L C  ~u5e IA Fuse s one lN , two Z N , two SN , three 4N. liN e N NP
PS’

210 cON lest P ou nt IA Tent point (Similar to CNN) (1) NP

711 FZO leol Point , Ino lated 1A Isol4t ed test point (SImilar to PIN) (0) NP

5 012 090 Standard Serial Oatpw t 1A Stunge rd serial Output element (with tOG) . NP
L S I I I .

• 213 (95 Connerter . Parallel/Serial IA Dual runa p aru llel/ ser l al Converters using NP
N 4-bit reg istmr u . L S T T L

214 (QF Converter . Seri al /P ura l l el lA Dual rank ,er iul/ para l lel Con,erteri using DC
N A-bit registers , LSTT I,

010 (93 Standard S e r i a l  Input lh Stan gard s e r i a l  Input  element (with tOP), DC
LSTTI.

Ih SQL ResI stor , Pu II- ap IA luO Set S of lb 22000 r,slStOrS) na one ,rdm (2) NP
ti ed togelli er

017 i4P~ Ne9ialat or . Series lb Low level uoltege power suppl y. r,gsI~~tor 
NP

series
21$ (It Filter , Low Pass, Active IA Anal og ioput. 14 nolt P-P; upper 3 dl NP

frequency in 15.0 hut
/11 nbC Amplifier , Power 15 N i gh gain , in te rn a ll y’compe nu ated. hybrid (ZI NP

power , operat ionA l amplifier

270 SAD lodulato r . Synchrovouu lN Synchronous modulator Il) NP

221 LIt Amplifier , Phase Shift IA Iwo amplifier, w It h u etput s 00 apart NP

722 JON NN$0,’Sc h m h tt lN luel v e 2-input 5550 functions and /or SChm Itt NP
t r i g g e r  fun ction S

023 SOC N u lti pl e n er IN Iwo groups of rour end one 5r00P of two (I) NP
0 -In p ut nul t it’l,u er t

.04 JOP Flip-Flop, 3-1 IA Digital Storag .. Nigh.sp e e d /-k f 14 1- f lop , NP

OSYIL

.‘.‘S ‘UN Sw it Ch , 0/0, aoli i s p.ed IN Crosso u .r dnt et tb r amid switch h(l) U
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S_ NO n {
~~‘it  — . _( ,Nmt SO O t  ‘- ‘~ L I  ~I S / A l l ’  /0 All 5 0 ,5

“ 5 Id

2/n • J ” j n u . s ’I.. .er - y tt .l 18 Sco tt _ I tr ans i r, e n , . u n ,e n  m u I - m i r e  syn cnro DC
d ata into s i n  and C05

::? FT P Ina is u onw er . R e s ol unr IA I s o l a ti o n nesol,,, tr an c fonm er~ convent S (I) 
NP

A - m i r e  rn sol,e r , io f o rm a t iu n it 11 AV~
COn, .rtu and isolates it to 1 0, 3 3 . and
1 3u ins

5 ‘8  OE. ~~ I .4n. tar , S D  ID t a u t  n o t ’ed signal I r l n g r u t o n  S/I I’D
app l i c a t I o n . 1n0 ana l o nOd s i g n a l s
eva th ree r u e p u t S q n al , - u i ,  One
mc I t u p  I~ ‘en

::o eON * m p l u i ,r . S~~~~ ing tna l cg la mming c i r c u i t  for DC or si ne w ave NF
inp a t uP tO 100 N O t

030 nut u s s , gned

231 Ott Cow o anutor . Analog IA Iso nonlinear solta q e len d com p arat o ru (I) NP

:3: 000 C n . emtou - . On a l o q i D i g i t u l  1N Con vuri s analog nolte ge ‘Ill to .10 to a NP
12 -bit L I i q u t e l  Output parallel and serial)

• 233 1St A m p l i f i e r . Clipper IA C IIp pin p amplifier . yro n ide s a gain of lAO dl h (Z( OP

/35 000 O s t u l ’ am o r . 2.- inte l IA Cry stal os~~il l a t o r . 10 /850 nO:, sq u are nave NP

:10 ZiG dud I at dr , i- y stlI IA Cry stal oscillator . i3552 mu : - sq uare nave. NP
O and O u t put S

t I b  bil O s c i l l a t o r . C n y st al 1N C r y, t al oscIllator . 1 .31/S lOt . Sq u are a ie . OP
O and ~ Oul p A t o

:31 miC e licrop r O ~ eu sp r IA 8-bit p a r a l l e l  central processor unit AD

/ 3 5  ave Gate, SA ND IA Imel ni 0-input p ositive h A N D . opnn collector LID
Out p ut , Ci fl perf orm wired 01 And sunultane-
ou sl y drive 1 to 30 I l L  loads

239 059 Cri ..r . d O S  Slow lA I.e driu e r s end two fl i p - flo ps , IlL an NP

.40 /01 lra~ sfor ei er . S4~~n aI 10 Sin c I r c u i t S .  pn’ .-unv and s,rdisdary :uc’c,d . Il) Ar
inpi et ‘ool yut 4 — r nda ec n It ohms

.‘Ol ~0( Dn ,n e r , (n c. rr a ce . 5705 .0500 1* F,y...~’ cu rt ail s , each has an m Oot . Ntrvb e , and 00
output , IlL

ZN? QOF C e c e u i e n . l ntnrfa c e. 5105 NN(a IA Pose ,’ circuits. i u i p u t 5 / C s r C a i t , in uert i.u g UP
and n u u u u n n e r t i n g .  IlL

/0 3 DOt Gate . AND IA Twa In . ,‘- n n p u t  ASP gales, ITL DC

244 003 Gate. 050 IA Sin d ’mnpu t avd Inc 3 - i n pes t AND gale s . IlL DC

• /00 OPA N .plifi,r . SOC hR -60 dl to 0 dl . oatpOt u s .on 5t An t 0 09. ga i n . (1) N P

pin programmable

• 44 NUN Iso lat or . O pIlc a l lN bight c i rc u itt DC

:17 - No t assIgned
245 ANC Suffer IN L e snl translato r from CMOS to OIL or 111 3

049 9Mb Gal.. SON IA Si , S -in put and too 3-input, CmOS liP

.‘SO ANP CO unter , Pi n u ry IA Iwo 1 / -bIt .itb buffered out p u ts . CNOS 110

201 NeG Latch , D- lype IN Three 4-bit l a tche , w i t h  comm on cl oc k . C MOS LID

.‘52 NINe Gate. NN D- O5 -l Ng t 5 T IA Siu 2/2 input l ames. CMOS with 3-state 110
Outputs

/53 sea Gate, 5*50 0 ‘we lne .‘-iu.pa t o ates . CMO S AD

04 (Ml Gate . SASO Id hour S-i n puts. C mOS AD

035 INC Gate . NS C L 4 S I i I ON IA I w elne ,‘- i n potn, . 10S uD

236 OlD Fli p-F lop, 0-l ype IA S in fli p — flops oilS ,nJp i- ,n t,nt set and UP
reset. COOS

051 luItIs.ibrat,r , Monoslable IN Pour re tri ~ gm r a b l e , n e s e t ta t i l p ru ne, t a b l e  JO
nibr at or s , C MOS

• 255 ONe Decoder , NCD to D eci mal 1* Iwo A - i n p u t  ICR to decimal . or 0 m m ,  to DC
o ctal 4.coo,rs. ,O n s i s t s  Of pul Se sh a p ing
circuits on all eun input s , lOS

208 (NJ Date , SOS 1* Peer independent I-inputs. CMOS LID

250 (NI Gate , SAND IN Si. A .un p u t and two 3- input, ~mOS PD

.‘Al LNN Inserter 1A tlght .en innerters . Cm/S UP

ZbZ 1mm luf fer . in .en t i v q IA ti 4ht een inserter len d m ra -’sl atu r ~0ff1 r5, 00
nay he used us cud s h i f t e r  ‘rpm ,nQ5 to  III.
or DII

263 (NP da t . , I/O 1* lwelsn 0 - I n p u t . 4 uOS CO

• •‘64 (SQ flip-F lo p , .1-0 IN P i n e  ‘dni-e nde nt 4-1 f l i p - f l A p s  m i t h  set ør CC
reset . CMOS

2e3 ‘ Ic— try . Crud 2ol y IA los, 036 s 8-bit NON, .. 3 ..tat . o utputs . PIN . NP

~ro 9rann.d .,n ion of p iG
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S /6* OQI 3r, .er , las 0 t igv t eeui . ~p n-  , nnr r ’ n  9 dr ,ens n/I  state DC
O u tput s . SIll ,

I b I nil hu l u er , ‘nn ee  S t a t e  ‘ A  Si nt ee n . bu f° ers u /U state outputs , IlL CC

Oh S NGA ~~p l l ’ C  men . Di g i t a l  IA 2 ‘ 8 -but . 2 ,  complement m u l t i p l i e r . TIN NP

.‘~ O FOe A.p -’ rr , D f ’ ,r e n t i a l IA four di fferen ti a l a m p l i f i e r s  with pin U0
p ’ogr aen ab le g a i n

Ons A, ’ ., 1* F’,, solid sta te 5PST rele y s . I T I  coe, put ’tle 00

• 211 NQI Ion ,en h er , A i r a r , BC D A ‘no N-b i t  binary to lCD con n erters. IlL DC

S / ‘/ 21: - :on,nrter . 9r,0/Im nary IA oo 6 - b i t  lCD to bi n ary iov p enie n s , ITI DC

S Z ’ J  $43 S n u f t  O egis t e r lA TOO 16-but Shift registers . ITL DC

• 27 4 0(0 lim er 10 T ..p p r o g r a m m a b l e  t u n e rs SD

2 75 lOG Counter . Imn ary ’ R C O  lA Three 4-bi t , synchronous. p r e s e t t a b l e . LI D
binary/ lC D Count e rs , CMOS

/ O  LNN Llt cii IN Three 4-bit , three state latches , CMOS UP

2 7  AN N Shift Oe 9us t~~r 10 Sin A-bit . S tatic , serI a l / p a r a l l e l  Shift AD
registers. CMOS

• I 2’B POD Dni, er . La .np/ Oel ay IA Sin ban p /Pe lu y drin ,r , TTL input . 300 es a t DC
p 309 DC

0’~ OA F Oel a y II Ten . 2 Form C D PO T ) , re lays , 1 amp 00

S 280 04* Ce nt r i l Proc es su ng Unit /0 8 -bit s li c e CPU w i t h  LO O k - N i i e i d .  nu l t u p l e o l n g .  UD
and shift re gi s t e r . SIlL m d  LSTTL

• 281 858 Counter and Decode r ?A Four I-of-A de coders , I -b it counter . 4-bit 00
ho lding r e g i s t e r . four 3-s late buf fers , and

I 
star SLITL buffers ; STTL And LS llL

282 uC O,
~~~cc u ’n u r um Cenon y /0 S12 -by-3 2 -bit  ready-Onl y — en ony n i c r o u n s t r u c -  UD

- t I on t a ble and 3 - b i t  P I S r U C O O C  soA ~ ce.
sel p t t lOe , 0111 and LS ITL.

I /01 :ao Sy sten and In tp rrupt Co n troll e r /6 Nic r aI n s tr o c t ion seq u en cer and n I P - r A f t  lID
conC r~ ll.r . SITU m d  LSTTL .

5 /90 P01 ‘ m m 5  and Control 2* CPU clock M u d  control log ic. SITL and LST TI . UP

• ‘30 FQ P M ic r opr oCe ssor ON M lc rsp rocetlo r u ith data bu s , address and UP
clock drin5 r s . lIMOS and 111.

I /06 ISP Sandon A ccess Neno ry IA dt .by~ d~ bi t ol atuc rando, access ‘rei.ory. UP
Sled S and Ill.

• 081 AOL O u d i r e c t i o n u l  Cof fer IA Si.teen bidirect Ional . 3-state bu ffers , IlL . 110

I 288 JRH Micro p rocessor Clock O N Micr opr o cessor clock and power fa g lure/reutart DC
f on tti ou u . Slit .

1 289 CRC Cyclic Code Generator/Chec k er 2* Generat es and chC ck s 12-bit cyc lic code. 3111 00
and LSTT L .

• 190 - Progr eem ’ible Logic Array IA IA-by- P -b i t pregr.~ nlb Ie log ic arra y , 005. UP

I 091 APA 3ecoder IN Three 1-of -I dec o ders , 15111 . lID

• 292 INN Oiui ar y Up/Doun Cru eler 1N Three binary up/d own counter s . 15Th . 00

• 293 C IH NNNO Ga te IN Four O’Inpo t and Pour 3- in p ut SAND Gates. lID
15111 .

I 294 CAP SAN0 Gate 1* Four 9-Input hA SP Lu te S . LS ITL. 3D

• 295 FIA Synchronous Oi n u r y Counter IN Three A- b i t  syn chronou s b inary cou n ters . 00
I SI ll .

• 296 UHf .3-1 Bar f l i p - F l o p  IN L ight .1-0 flip-flops. IS TTL U P

I 29 7 814F N*~ O Ga te IA Twelve 2 -i npu t 0*50 Gate s , LST IL. U P

• 298 PeG Inventor O N  15 Innerter s, LSTTI. . U P

• 099 - Memory, Read Only ON Iwo 1024-b y-S-bit read-onl y n.moni~~s. III.. U0

I 300 NFl Com parator . Magn Itude 1* One 8-bit and one 4-b i t  e n p e n d a b l e  lID
nag n itud e conp aratOr t . ISITI.

I 301 080 Mic roproCenSOr 1* A -b I t b ipolar ni cr cpr o cesso r s lice , III. U P

• 302 ZJS M.nory, Oan d O m A Cc ~ 55 1A Iwo l (t -b y .A -b l t dy namic ra ndt r-o cce s% JO
nemnorie s , kNOS and 15111 .

• 303 1.31 n p,or,. Oan dOm Acc p Ss IA iK -b y -II .bi l stat ic r a n d o m - a c c e s s  nen ori es , 3D
NODS.

I 304 7.30 Cont roller , mi croprogram 1N v icr oonn O ran address s e q u enc i ng and bniu.c h/ UP
loop Control . LS l lL .

I 305 2.11 CovtroII.r . Iiile rr upt IA Sectored pri o r i t y  Int e rrupt control ler . L 5TTI. liP

• 306 INJA MIcropr o ces sor /9 lA - b i t  n lc r o pr oce ssor and int e rrupt uD
controller . III an d IlL .

I 307 NJI Reg u lator . Curre n t. Progr os r mna ble IA Car i’p nt sour ce . 1n o ç nu r ’ab l e f rom ID mA UP

_______ — _______________________________ — 
to P00 mA , —
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SHEE T 
OO ( MODULE OAME ~~~~ 

0 3 C U 1 (  C E S ~~P I P T ~~DN t~~I STATUS

308 MJC Seq ue nce r  1A Mo crc p rocra o addres s secuo nclog . N t iC k l l u 9 .  UP

~nd r t l & t i o e  adC resss fl g fu n C t l u R t . 111.

STAT US ~1Y

Modu le developed and q u a l i f i c a t i o n  completed sp e c l f i t 0 t l o f l  15 uoj o l 1 b l~ f ros -~s a -
Publications and Form Center , 5801 ~ab0r Av enue , Phi l ade l p h ia , PA 19120.

UC Mod ule qual i ficat i on cour.plet ed ; spec i fi CAtion I~ curr ently be ing COOrd inate d by the

Oefe nse EleCtro nics Suppl y Cen ter , Dayton , OH C54 44, Co ntiCt DESC ’ICT .

1)0 Module under desmel opment; cont lct Naval Avionics Center , T nd ianaOOl ib (kAC ). IN 46218,

Code 0924 . (317) 353-3807 for specific informA tion.

• Denotes proposed revision/amend ment in proces s; contact tgaval Wea pons Suppc’rt Center ,

Crane , iii 47552.

- U&floteS a change from last issue.

( ) ~enote s an am end m ent

NOTES:

1 Indicates the previous key code assi gnioent which is no longer vali d as a SEM standard I~ ~~
‘

Ir-odu le ,

2 Indicates the Class I equiva l e nt key code as sl 9nlIL ent.

Indi c ate’s the Cl ASS I I  e q u i v a l e n t  key code AIsog Icm ent~

A l l  modu les a re  C l a s s  I un less  o t h e r w i s e  S p e c i f i e d .
Module not recommended for use in a new system design.

(El TO A B b R EV I i u T I O N S

PISTI L — Pu gh Speed TTI.

L P TT I, - Low Power TTL

ISITI - iow Power Schott ly ITL

5111 - SChottk y TTL
OTt - Oiode Tran si st or logic

TTL - Transi stor Transistor logic

IsMOS — ii C).anne l Metal O *id e Skmi condu ctO r

C MOS - Comple mentary Metal Oxide Semiconducto r

9905 - Metal Ox ide Semic onductor

III,. - Irut eg raLed Injecti on log ic

131. 
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APPENDIX C TRE MILIt&R? MICROCIRCUIT PROCRAlI

The Military Microcircuit Program provides for the necessary
quality and re liabili ty assurements tha t must be mat in the procurement
of mic’oci rcuits . The microcircuit. covered by the program are
monolithic , mult i-chip,  and hybir ’d devices , The genera l specification
is ‘IIL—M—385 10D “Microcircuits , Genera l Specification for .” Detai l
specifications for individual microcircuit devices are contained in
“slash-sheets” to MIL~M~385 lOD e A supplement to the specification
lists the microcircuit. by number and indicates the available function.;
a portion of the supp lement is reproduced in the following pages. The
ot t’a r portion of the supplement provides a cross reference between
the military microcircuit. and the coimoercial devicds which are
fu nctionally and pin- layou t equivalent .

L 
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MIL-M-385100
SUPPLEMENT 1*
28 June 1978
SUPER SEDING
MIL-M-385100
SUPPLEMENT 1
28 February 1978

MILITARY SPECIFICATION

- ‘ 

MICROC IRCUITS

GENERAL SPECIFICATION FOR

Thi s supplsment forms a part of Military Specification P411-44-38510. 
~
/

D,tai) specification Title Device tale (s)

MIL-M-38510/lB Mic rocircui ts , Digi tal . T’l’L, HAND Gates, M38510/OOlOl---thru
(Amende,.nt 3) MonolIthic Silicon. M385lO/OOlO9’~~ .

MIL-M 385l0/ZE Microci rcuits , Digi tal , TTL , Fl lp”FlOpS, M38510/0020l~~ -’thru
(Men~~ ent 3) Monolithic Silicon. N385lO/O0207~~ -.

MIL-14-385l0/3B P4icrocircui ts , Digi tal , TTL , HAND Buf f e rs , M385l0/00301-——thru
~A.en~~.nt 3) MonolithIc Silicon P438510/00303-—- ,

MIL-.M—385l0/4C I4lc rocircuits , Digital , TT L , Moltiple NOR M38510/00401-——thru
Gates, Monolithic Silicon. M3$5lO/OO404~~.

MIL-M-38510/5A Mic rocircul ts , Digital , TTL, *110—OR-INVERT 1438510/00501---thru
(A.ende.nt 6) Gates. Monol ithic Silicon. P438510/00504---.

MIL-M—385l0/6C Microcircults , Digital , TTL , Binary Ful l P438510/006O1---thru
(~~en~~ent 1) Adders , Monol ithic Silicon M38510/00604—-- .

MIL-M-385l0/7B Nic rocircui ts , Digital , TTL , Exclusive - P438510/00701--- .
(*..n~~~nt 1) CR Gates. Monolithic Silicon.

MIL-M-38S10/8B Microc ircul ts , Digi tal , TTL , Buffers/ M38510/0080l--—thru
(A.enaeent 3) Drivers . Open Collector Output . High P438510/00805--- .

Voltage , Monolithic Silicon.

MIL-N-385l0/9C Mlcrocircuits, Digital . fl’L, Shi ft Regi sters . M385l0/00901---thru( *..ndeent 4) Monol i thic Silicon. P438510/00906--- .

P411-44—38510/lOB Microci rcuits, Digital . TTL , Decoders, M385l0/OlQOl---thru
(Paendeent 1) MonolIthic SilIcon. P438510/01009---.

MIL-M-38510/J1B Microcircui ts. Digital , TIE., Arithmetic M385l0/01l01---and
(l.en~aent 3) Logic Units/Function ~enerators , Monolithic P438510/01102—--.

Silicon.

MIL-$-38510/120 Microcircui ts, Digi tal . TIE., Monostable M38510/0120l-—-thru
(~asen~ .nt 2) titlvibrators, Monolithic Silicon . P438510/01205--— .

MIL—M—38510/ l3C Mic rocircij its, Digital , TIE., Counters. M385l0/Ol3Ol---thru
( *duen~~ ent 3) Monol ithic SIlicon. P438510/01309---.

MIL-M-38S10/l4B(US*F) Microci rcults, DigItal , TIE.. Data Selectors/ M385l0/0l401---thPu
(A.en~~.nt 2) Moltiplexers. Monolithic Silicon , P438510/01406---.

P411-44-38510/15 Mlcrocircuits, Dig i tal , TIE., Bistable M38510/01501—--tPiru
(Pamen~~ent 4) Latches, Monoli thic Silicon. P438510/01504—--.

~/ Cross reference listings provided herein relating Military device type numbers to a similar
co~~.rcia1 device type numbers shal l not be construded as providing substitutability information.
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MIL-M-3851 00
SUPPLEMENT IA

0,t.il soecificition !.!&ti ~e,ice tasetsi

MIL-M—38510/ 16(USAF 1 Mic rocircuits , Digi tal . TIE., *110 Gates, M3SS1O/Ol$0l—-—and
(*aenmeent 2) Monolithic Silicon. J53$510/9 1502-—— .

MIL-M—385l0/l7 (US*F) Mi crocircui ts. Digital , ITt . f lip— Flops , N31610/Ol70)-——.M
(fe.nmeent 3) MonolIthic SilIcon. P43*810/0)702---.

MIL-M-38510/l8(USAF) Microci rcults, Digi tal , TIE., Registration P438510/01801---.
( *aenmeent 1) File, Monolithic Silicon.

MIL-14—38510/19(USAF ) Microci rcuits, Digital . itt, Parity G.nerators/ P43*810/01901---.
( *.en~~ent 2) Checkers. Monolithic SilIcon.

MIL-44-38510/20A Microcircui ts, Digital • lit, Low Power . P4*110 P43$S10/02001-——tIW’u
(?.en~~ent 3) Gates , Monolithic Silicon. P43*810/02006---.

P41E.-44-38510/21C Microcircuits, Digital , lit, Low Power , Flip— M385l0/02101--—thru
Fl ops , Monolithic Silicon . P435510/02105———.

P411-44-38510/228 Nicroci rcuits, Digi tal , $1944-Speed. TIE., N38510/0320l--—thrv
(Amenmeent 1) Flip—Fl ops, I4ono)~thic Sil$cpn. P438510/02204-—-.

MIL-.M—38510/23A Microcircul ts. Digital , TIE.. Nigh—Speed P438510/0230l———thru
(hme nmeent 4) HAND Gates, Monolithic Silicon. P438510/02307———.

P411-44-38510/24 Mlcroci rctitts, Di gital , ITt, Nigh-Speed P438510/02401-——.
( h.men~~eent 3) PIANO Buffers. Monolithic Silicon.

P411-44-38510/258 Microci rcui ts, Digi tal . TiE., Low—Powe r, M385 0/02501---thru
(*a n~~enc 1) Counters, Monolithi c Silicon. P438510/02505-—”.

MIE.-M-38510/Z6(USAF) Microci rcul ts, Digit.), ITt , Low Power P438510/02601---.
(*.enmeent 4) Exclusive - OR Gates, Monolithic Silicon.

MIL-M -35510/Z IUSAF) Microciv’cuits, Di gita l , lit, Low Power, P435510/02701———.
( hae~smeent 3) Moltiple P41* Gases. Monolithic Silicon.
M1L-M-38510/28B(USAF ) Microcircui ts, Digital . ITt. Low Power P438510/O2B01-——thru
( laen~~ent 2) Shift Regi sters, Monolithic Si l icon. P435510/02806———.

M1L-.M—38510/298(USAF) Microci rcui ts. Digital , lit, Low Power, M38510/02901———thi’u
(l~ en~~ ent I) Decoders, Monolithic Silicon . P438510/02907———.

P411-44-38510/30* Mlcrocircui ts, Digital . OIL , PIANO Gates, i4385l0/03001———thru( A.en~ent 1) Monolithic Silicon. P435510/03005——— .

1411.44-38510/3) Microcircui ts, Digi tal , OIL , HAND Buffer/ M38510/03101-——thru
(lo~enme.nt 11 Extender , Monolithic Silicon. P438510/03105———.

P411-44—3 8510/32 Microcircui ts, Digi tal, OIL, Monostable, P438510/03201-——.(l en~ ent 2) Moltlvibrator, Monolithic Silicon.

1411-44-38510/33 M-icroci rcui ts, Digital , Di’),., Flip—Flops, M385)0/03301———thru
( A.on~~.nt I) Monolithic Silicon. P438510/03304—-— .

M1L-.M-383l0/35(USAF) Microcircuits, Digital Clock Drivers. - P438510/03501--— .( Sauendeent 3) Monolithic Silicon,

MIL-M-38510/40(USAF ) Microclrcui ts, Digi tal, TIE.. Nigh—Speed, 4431510/04001——-thru( *een~eent 5) AND—OR-INV ERT Gates, Monolithic Silicon. M38S10/04005——— .

MIL-M-385l0/4 l(USAF ) Microcircui ts, Digital , lit . t.ow Power, M38510/04101-——thru
( Rmenauent 31 AND—OR-INVERT ~ates , Monolithic Silicon. P438510/04103——— .

141L-M-385)O/42A (USAF ) Microcircuits, Digital . I’lL, Low Power , 1438510/04201--—thru
(~~ en~~Int 1) Mo nos tabl e Mo l t l v ib r a to rs . Monolithic Silicon. M38510/042 02-—— .
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M1L-M-385l00
SUPPLEMENT 1*

De tail jpec If ~~~~~~ Tjt l e Devi ce tipsl s)
MIL-M-385l0/43 (I7) P4icroclrcuits , Oij ital , TIL , Low Power , P438510/ 0430 1—-— .
( Aiuen~ nent I) Priori ty Encoders. Monol ithic Silicon.

141L.M_38510/44(USAF ) Microcircuit s , Digital , 111, Low Powe r , 1438510/04401.
(A m endment 1) Comparators . Monolith ic Sili con.

P4IL-P4—3851U/45(17) Mi crocircu its . Dig ital , TTL . Low Power , M38510/0450l---*nd
( Amendment I) Bistable Latches, Monol ithic Silicon. P438510/04502-—-.

MIL-.M-38510/46(17) Microcircuit s, Digital . ilL , Low Power M38510/04601-——thru
( Amendment 1) Data Se lectors/ l’kj ltiplexers . Monolithic P438510/04603--- ,

Silicon.

P411-44-38510/SOC Microcircui ts, D i g i tal , CMOS , HAND Gates. M38510/05001---thru
( *mendment 1) Monol i thic Silicon. P438510/05003—--,

M1L-M-38510/51C Microcircuits . Digital , CMOS , Fl ip—Flop , M38510/05101-——thru
Monolithic Silicon. P438510/05103-——.

P4LL-M-38510/528 Plicrocircuits . Digital , CMOS. NOR Gates. P43851010520l---thru
•(Amen~~~nt 2) Posit ive Logic , Monolithic Si licon. P438510105204--- .

MIL-M-385l0/53B Microc ircuits, Di g i tal , CMOS, Complementary M38510/0530)---thru
‘(Amenowent I) Pair Plus Inverter , AND-OR -Select, Exclus ive P438510/05304---.

OR Gates. Monolithic Silicon.

M1L-M-38510/548 Microcircui ts. D i g i tal , Pos itive Logic P438510/05401-——.
( Amen~ iient 1) CMOS, Four-bit Full Adder Monolithic

Si licon.

— P411-44-38510/550 Mlcrocircuits, D i g i ta l , CMOS , Buffer/ M38510/05501--”thru
Converter, Monol ithic Silicon. P438510/05505-—-.

‘ 

~*1L-M-385lQ/56C Microcircuits . Oigital , CMOS , Counters/ 14385l0/05601-——thru
Dividers, M~nO)ithiç Silicon. P438510/05605——..

P4LL-M-38~10/51B Microcircui ts, Digital , Positi ve Logic CMO S, M38510/05701———thru
(M,endment 1) Static Shift Register , Monolithic Silicon. P438510/05706-—-.

MIL-P4-385l0/58 Microcir cuits . Digital , CMOS , Swi tches, 1438510/05801-—-and
Monolith ic Silicon , Positive Logic P438510/05802—-—.

MzL-M—3eslo ,s9 M croc ir cui ts , Digita l . CMOS . Decoder M385l0/05901---.
Mono lithic Silicon , Positive Logic

MIL-P4-385l0/60(USAF) Mi crocircuit s , Digi tal , Ed . I9iltipl e NOR M385l010600l-—-thru 
S

(Amendment 3) Gates, Monol ithic Silicon. M385l0/0b006---.

MlL-M-385)0161A (USAF ) Microcircui ts, Digital , ECL. Flip—Flops , M385l0/06101-——thru
(Amendment 1) MonolithI c SilIcon. P438510/06)04---.

MIL-M—385l0/62(USAF ) Microcircui ts, Digi tal , CCL , AND/HAND Gates, M385l0 /0620 l--—and(Amendment 1) Monol i thic SilIcon. P438510/06202--- .

M1L-M-385l0170(USAF I Microcircuits . Digital , Schottk y IlL , PIANO M38510/0700%---thru
(Ame ndment 3) Gates, Monol ithic Silicon. P438510/07010——— .

M1L-M-38510/71*(USAF) Microcircui ts, Digi tal , Schottk y III , M38510/O7lO1---tliru
(Amendment 1) Flip- Flops , Monol ithic Sili con. P438510/07106———.

MIL-M-JIiSlO/JZIU SAF ) Microcircuits , Digita l , Schottky 111, PIANO P438510/0720)-—-.
~. Ainendment 2) Buffers , Mono li thi c Silicon.

• MIL-M-38510/73(USAF ) Microcircuits . Digital . Schottky IlL . i’%i)t iple P438510/07 301— — — .( Amendment 2) NOR Gates , Monol i thic Silicon.
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MtL-M-38~lUD‘~~PPL€MFPI T IA

letail sQ~ ,if~catl-1 Tit l e 
~~ ic. 

ty os (s )
41L-M.io~1U 14(iJSAF i Micr~ 1 rcu its . J ig ita l  , Sc hottk y III , M385)U/0740l-——ttwu

Amuentjn~nt 21 ~~~ - -~ -~ nvert Gates . Monoli tni c SilIcon. ‘438510/07403——-.

P4 11-44-INS lO ‘S (USA F~ “l :rocircuits , Di git-i l , Scfl~ ttky , ilL. P438 5)0/ 07SO1 -——a nd
Amuenisuent J’ ~~~Iu. ’ve— )R Gat’s, MOr ,i,lIthiC ~t 1icon. ‘4 385 )0/07502— .— .

ML-M.3851 . ‘o~USAF ) 
~
4icroc ’’-~~Its , ~igital , Sc!rnt t~y .  TI), , P438510/07601——-and

~Amendment ii I-tu’. ~~~~~~ Monolitri t , 511 icon. P438510/07602——— .

MIL-M.3851J 78(USAF) Mlcro cl.-c.~its , 5’~ ]ita1 , Scrmottky ilL, 4438510/07801-——and
( Amenoment 21 ~ri tnmetic Logic -Jn t. FunctiOn Generators. P438 5 10/0 7802——— ,

Mono lit i-mi: Silicon.

M1L-M.38510 -‘9(l’i “c”oc ’rcu’ ts , Di~ itil - ~.‘i-mttty. 111, M385l0/0790l———thru
‘ A mendment 31 at~ c lecto r~~”~.. ti _ Ie~e”s . Mon olith ic P438510/07907——— .

-‘I I I co n .

‘411-M-38Sl0i80A(USAF1 %iiCrOC ~~r~~~4t5 , ~‘;i taI , ~cPiottKy , TI),, P438510/08001-——thru
‘ IAmendment ~) AN D ~ate s . Mo no l itn ic Si ’ ico n . P438510/08004——— .

MtL .w 3dsl~) -~1A(usAI- i “iCroc ir C Jit% . .l’~ear , 
~cPiottky, M38S10/08l01~~ ..

LiIC ,3 ~~.‘s - ‘‘ i - m~~
’ i tP ii,~ 1 icon .

41. -M-385L ~Z ( uSAF i ‘Il~~~~c ,. - sit S . ~‘jta1 . S~hott~y TTL , - P438510/08201-——.
Amuenm~~ent 1) “a~~n itmsJ e ompa rat~.’t. 1OnOli tfl lc Silicon.

‘4 L-M— i-~Sk lOlE ‘4l :~~oc ’r ~~,~i t s , Lin ea.’ , ~Jparat~ onii M38510/lOlOl-——thru
‘( Amenoment ,~

) 2m~1i fieri . Mon~~ i tIiIc Si licon. P438510/ 10107-—— .

MIL M—38510 102A(USAJ ) ‘l~~~~.,i ” t ~itS , .‘ “ear , /o ltage Aegulator , P4385 10/1 02 0 1-—— .
i Amendment 2~ ~on~H ‘- mi SI

4~.-M -JS il0 l038t S4F I ‘I’~ roct rCuits. 1 ”ear . ~olt~l, Comparators , M38SlU/10301———thru
amv’ -im,nt ~) ‘onohtnic S$li ~~~n . P4385)0/10305———.

M1L.P4./4 ’~IJ 104A ( .)SAF i “~~rQc ’’cu1 ts, . i near , Li ne Drivers and M38510/10401———thru
•~~~enjue,t 4 )  ~ece~ .er s . Mono lithi c ~illco n. P438510,10407-——.

M~L-M .I8”W 1O6A P4i ..”o c ’ r ~~~l t % .  ~~~~~ o)tage Followe r M385l0/10601--—and
( Amen~~uent ‘H ‘?er~~t’)n~ 1 Amoh’ er-i , ‘tonc litn ic Silicon, M38510/lObUZ--- .

M~L-M .3851tJ-l07A(J SAF ’ Mic roc i rcu lts , L inear . ~o Ita~e Regu lator . M385l0/1 0701-——t hru
~l A menouent .~~ ~on o l itPiic ~i 1i c~ n. P438510/10709—-—.

— ‘4tL-M-38Sh ~’l08(~5SAF i M ”OC~ r~.u1 tS , .~ ‘-mea r , Tr ansistor Arrays , M38510/1080l-——and
Mon)H tni~ ~,lic ~ n M38S1J,10802——— .

‘ IL-M.li4ShJ 1091,jSAF ) ‘~l :“oci”C~sl tS , .i ne3r , Prec i~ io n 14385l0/l0901-——and
— 

‘ Im e rs ,  ~cnoti’’iic j il - ~~ n , ‘438510,10902-—— .

‘ilc roc~rcuits. Lin ear , ~uad Operational M38510/ llOUl——— thru
A molifi e r;, ‘iCnuhthic Silicon P438510/11005——— .

‘41L-M—385)L 1S08(USAF 1 “l o c -’cssits , .~ig1ta 1 , 111, Magnitu de M385l0/lS O0l——— a nd
$.rmenlment ~ rparat~rs , Monol ith i c  Sili con . P438510/15002-——.

P411-4-38510 1SIIU SAF I ‘icroci rcuits . )i~~ital , ilL. Scrmi tt- M385l0/lSlOl———t hru( Amendment - 1  “gger ‘VSND ,atJS, MOn olithi c Sil icon. ‘438510/15103—-— .

~~.-‘4.j8~ l,_ I5~ (1 ’
~ Mi~~e~ c ir j’~~5, :‘~ ~‘t a i . ilL , Oats O*coders , M3$SlO’lSZOl---t hru

-fl mu!t-~~l~~xIr~~. ~ ‘n,~)i~~nic Si l icon , M38510/15206—--.

M) ’ M.38~l,~ 1S 3I USAF I P 4 i ’ r c ’ — : j i : s .  ‘igiTal , ‘‘ .. ~usdruole g us. P438510/15301 and
,Ame.imirient .~1 ~~~‘e~ ~~~~~ .i tri “ee-state 3ut~uts, M3SS1O’15302-—— .

“~‘“-‘!it ’ ~~~~~~~~~~~~
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M1L -44-385100
SUPPL EME NT IA

..)etail spe ci ficati on TUI.

MIL .M-38510 ISSA(U5A1 ) Nlc,’oc i rcults, Digital , IlL . High-Speed . M3$510 l5501--—tPiru
AN)) Gates . Monolith ic Si l icon. M38510/15504--—.

P4), -N- iiiSlO ibo(USAF 1 M ic ro civ -c uits. Digital , TTL . Data Encoders. M385l0 /lbbOl---thru
,Amiienow.nt 31 Mono lIth ic Silicon. P438510 )5603--- .

NIL -M - )M’~),l I~~’ (l’1 Microcircuits, Digita l . TTL . P4~Itiple Port P438510 15101--- .
~. Am.n tuent ii Registers , Monolit hic Silicon.

14(L-M-)85l0-1S8)USAF ) Microc i rcuit s , Di g i tal , T I L , Decoders, P4385l0,lStiOl---and
/1 Monolithic Sili con. P438510/15802---.

M1L.M-3$5lU . I~~(USAF ) Microc i rcuits, D i gi tal , TTL . Shift Regieters. M38b10/l590l---afld
(Amendment .‘i Monol i thic Silicon. P438510/15902—--.

M I1—lI -3$~ )0/ lo0oUS A F ) Microci rcuits, Digita l , III . Addressable M385l0 lb0Ol--- .
(Ami*n e,i.nt Ii La tche s,  Monol i thic Sil icon.

MI L-M -1M510 lol(LISA F 1 Microcircui ts. Digital , TTL , C ommon OR Gates, M3 8b10’lblO l--- .
l Amuen,Iment 1) Mono l ith Ic  Silicon,

MIL-M .JtiS)0. lb/(USAF ) Microc i rcuits , Digital , IlL . NOR Buffers . P438510/ 1620 1--- .
l Asn.n~lmi’nt ‘II Monol ithic Silicon.

P4tL- N.J8S10 loJou SAF ) Mi,,roc i rcuits , Dig ital . TIL , lies bus Dr ivers M38510/1D301--- thru
‘( Amiiendmeiit /1 WI th 3-State  Outputs, Monolithic Silicon. M38”lU lb304.-— .

P4)1-14- 385(t) I ’t) P4icroc l rcuits. Digita l . CMOS , AND Gates, P4385l0/1?00l.-—thru
Monolithic Silicon, Pos itivC Logic 44385 10/1 7003--- .

MIL -M.JdSlO/ .~O 1( USAF ) Mlcroc irc ui ts , Digital , Prom, 512 Bit P438510/20101-- -and
(Am endment 1 )  Bipolar Programmable Read Only Memory P438510/20102---.

(P- ROR ) .  Monolithic Silicon,

M)L-N- 38’ilU .‘02 ( USAF ) Microc ircuits, Digital , 1024-bit M38bl0. ’ .~0.~0l---and
Ii Bipolar . Programmable , Read only Memory M38510/2&)20---.

( P- Rt’*l) , Monolithic Silicon .

M11-M - .i$”l ’ /0J (LI~SAF ) Micro Circui tS . Digi tal , lO~4 Bit ScPiott~y M385l0!/0301__ .and
( *mentimCni 11 Bipolar , Programmable Read .Only Memory (PR~ 41 P4385)0/20302-—-.

Monolithic Silicon.

MIL-M-)dblU,204 (USAF) Microcirucits , digi tal , 2048 Bit Schottky M3$SlO/20401.--and
‘(Amendment 1) Bipolar . Programmable . Read-Only Memory (PR(~l) P438510 .‘040 --- .

Monol i thic Silicon.

“411 - M - J t lO .- i06(USAF ) Mlcroc i rcui ts, Digital , 40% tIlt Schottky M38510 10b01---thru
Bipola r . Programmable , Read.Onl’, Memory M385l0,20b03---.
(PROR1 Monolithic Silicon

MJiihlU-385)0 200(USAF 1 Mi~ roc i rcu it s , Digita l , Bl~i2 Bit Schottky P438510 ,~0g0l---thru
Bipolar , Programmable, Read-Only Memory P438510- ~~~~~~~
(PR~5i1 Monolith ic Silicon.

MIL.M.38S10 :35A (uSAF I Micr ,icircuits . Digital , PAlS 40% bit Random M385l0/23501..—thru
A..-ce ’.s Memory (RAM ) Monolit hic Silicon. P438510/23506---.

MI t..M JIIS1L1 301lA(USAF) Microc i rcuit s . Dig ital , Low-Power M3bblO/30001---thru
‘ lAmenmiment 1 “chottAy TTL . PIANO Gates , Monolithic M38510,3000Q---.

‘II icon.

M(L.M.l$’,l,’ 151l 4(IISAF ) M1..roc i rcu its, Digit al , ScPiottky , TIL . Low M38510’30l01---thru
‘ (Am endment Ii Powe r , Flip-Flopi , Monol ithic Silicon . P438510 3 0) 1 0. - . .

P4 11. P4 - %d Sls )  )u:BoUSAF l Microc ircul ts . Digital , Low Pow r ScPiottAy P438510 3010l-—-t liru
TT L , bu f fer s , Monol i thic SilIcon. 1438510 30204---.
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MIL-M-385100 -
SUPPLEMENT 1 4

Detail specification Title Device t~9e(s)
M) L-M—3 8 510/303A(USAF } ‘4icrocircui ts, Digita l , Low Power Schottky P438510/3030l-——tliru
(Amendment 1) IT)., NOR Ga tes, Monolithic Silicon. 1438510/30303--—.

MIL-M-385l0/304(17) Microci rcui ts, Digital , L-.aw Power Schottky M38510/3040l-——and
(Amendment 4) IT)., AN0-OR- (NYERI Gates, Monolithic Silicon. P436510/30402--—.

“4iL-M-385l0/305A(USAF) Microcircuits, Digital . Low Power SchottAy M38510/3050l-——and
IT).• OR Gates, Monol ithic Silicon. P438510/30502———.

MZL-M-385l0/306A (USAF) Microcircui ts, Digital , Low Power Schottky P438510/3060l———thru
‘lAmenoment 1) IT).. Shift Registers, Monol i thic Silicon. 1438510/30607-——.

M1L-N-38510/3014(USAF) Microcircul ts, Digital . Low-Power Schottky P4385)0/3070l———th ru

- f ‘(Amendment 1) ITt., Decoders. Monol ithic SIlicon. 1438510/30704———.
— - MtL -M-38510/308( l7) Microcircui ts, Digita l Low Power Schottky M38610130801——— .‘(Amendment 4) 11)., Arithmetic Logic Units/Function

Generators , Monolithic Silicon.

M11-M-385)O/309A (USAF ) Microci rcui ts, Digitil , Low Power Sc hottky 1438510/30901-—-tliru
‘( Amendment 1) TI),, Data S.l ectors/Moltfplexers, Monol i thIc P438510/30908---.

Silicon.

MT L-.’4.385)0/310A(USAF) Microcircul ts, Digital , Low Power Schot*y M38510/31001———thru
IT)., AND Gates . Monolithic Silicon, P4385 10/3 1004——— .

M1L-M-3851J/311A IUSAF)) Microcircui ts, Digital , Low Power Schottk y M385l0/31l01-—— .
IT),, Megni tude Comparators, Monol ithic Silicon.

I ‘4(L-M-38510/3lz(USAF ) Microci rcui ts, Digital , Low Powe r $chottky M385l0/3 120 1-——and - 1
Ssnenoment 2) II). . 4—BIT Binary Ful l Adders with Fast Carry , P4385 10/3 1202 -—— .

Monol ithic Silicon.

MI L-”-38510,313(USAF) Microclrcui ts, Digital . Low—Power Schottky M38510/31301———thru
Anienoment 2) i’lL, Schmi tt-Trigger Positive—Hand Gates 4nd P438510/31303--—.

Inverters , Monolithic Silicon.

MIL-M-38510/314 (USAF) ‘licrocircuits , Dig ital , Low Power Scflottky M38510/31401—--thru
~Amendment II III. Monostable iiultfvlbrators. MonolithIc P438510/3)403—-—.

Sil icon.

‘M38510/315(’JSAFI Microcircui ts. digita l , Low—Power Schottky, M38510/3150l--—thru
TI),, Counters, Monol i thic Silicon. M385l0/3l504———Cnd

M38510/31507--—thru
M385)O/31513——— .

v1L.44 385101320(USAfl Microcircuits Di gital . Low-Power Schottky M3BS1O/32003———Cnd
Amendment I I  TI).. Counters, Monolithic Silicon. P438510/32004———.

M1L.M—38510/32) (USAF) Microci rcuits, Digital , Low Power Schottky P438510/32102———.
( A mendment 1)  II) ., Buffers/Drivers. Open Collector Output.

Hign Voltage , Monolithic Silicon.

M1L-.’4-38510/322(USAF ) Microclrcuits , Digital , TI)., Low—Power M38510/32201-——thru
~(A ifldVi*nt 11 Schott*y, lea Bus Driver wi th Three 1438510/32204———.

State Outputs , Monol i thic Silicon.

M1 L_ ..A_ 3~~1J323 (USAF ) ‘-‘i c roc ircui ts , Digi tal , Low-Power Schottky M385l0/32301-——and
Amendment 1) III. , Quadru ple Bus Buf f e r Ga tes wi th Three— P438510/32302——- .

State Outputs, Monol ithic Silicon.

M21510 4L30(uS*Fi ‘ticrocircuits, Digi tal , N-Channel , Sil icon— P438510/40001———.
‘~~iiendment 11 Gate. Monol i thIc 8 Bit Microprocessor

sFi ~ ed nstructio n) .
M38~ I-: 423 SA F w ic noc lrcui ts , Digi tal . N—Channel , Silicon 1438510/42001-——.

iste, Monol i thIc B Bit Micor p rocessor(
~‘seo :nst~uct ion) .
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APPENDIX H - FLEET EXPERIENC E WITH THE PSNS HYBIRD CONTROLLER

The Puget Sound Naval Shipyard (PSNS) has designed an elevator
controller that utilizes small low power electromagnetic relays to
sense input signals f rom external input devices ; it uses solid state

relays (SSR) to drive external output devices, hence the name

“Hybird Controller. ” PSNS insta l led one hybird controller on the

U.S .S. SACRAMENTO (AOE-l) in January of 1977 , and installed nine on

the U.S. S. CAMDEN (AOE-2) in September of 1977. The controller was

designed to acconm~odate the requirements of a seven level cargo

elevator. Both of the ships on which the hybird controller was in-
stalled have reported satisfactory reliability and maintainability as
indicated in the attached messages.
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CO 536
RTTUZYUW RHHISGGZ3S I 27~ 2357_ UUUU-—R UW li3WA .
ZNR L J U U U U

‘_
~~~~~ 100 200 300 

(tCTIOlI 1821 & 213
INFO RULSS4A/C O 1~IAVS EASYS C0 M WA SH I NG TON DC •9Y~3~9

RUWD TAA /COMuAVS ’JRFPA C SAN DIEG O CA
RUWDPAA / ~AVSH I?wPNSYSE~ GSTA PORT HUENE~’lE CA
RUW JA JA /PERA S~ ’~ FRAuCISCO CA
RU’ B’JA/P ERA 2REIER TO ’ WA
RU 3WA / ’~AV3 li I?YD PUGET SOUND W A
R 2 ”  - Z AU3 78
M USS SAC RA-’~~,T3

TO COSISERV3RU 3~ E
BI
UNCLAS //!~Z47D3//
WEAPONS ELEV A T O R CONTROLLERS
A. co :-~:AvsL’3i?p.c SAN DIEGO CA 22 1929Z AUG 78
B. CO ’1NAVS A SY SCO - 1 WA s HI N GTO N DC 22 14 ISZ AUG 78
C. CO 1SERV~ R U  O~~ 25 1621Z AUG 78 ~t-’~C
). MAI NT ENAN C CR EW HAS EX PE RiE NCED NO PROBLENS W I T H
THE OP E RATD ~: A ’~ .IA IuIENANCE OF SUEJ CO~:IRO LL R. REL i~ 5 ! L ITY
HAS BEEN PRO VE~4 OV ER 2 YEAR PERIOD OF HEAVY OPERATIO NS

• PAG E C2 RHHMSG~~ 39I  ‘JNCLAS
INCLUD ING ‘.~ES TPA C DEPLOY MENT. P~1S MA INTENANCE IS GREATLY
SIMPLIFIED A ND TRAINI NG REQU IRED IS MI NI ’A L ,  CO IPAP ED TO
CON TROLLER S INSTA LLE D ON REMAI NING ELEVATORS. HYBRID CONTROLLER
CO NSIDERED EXCELLENT FOR REL IABILITY AND MAI NTAI NABIL ITY.

#039 1 ~~ ~~ ,1-
-

NM P4

141



— —‘ -• - r—_--,’ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—-- 

~~~~~~~~~~ — ~,-•-- —.---- — —

‘1

DISTRIBUTION LIST

COMMANDER 4 COPIES
- - NAVAL SEA SYSTEMS COMMAND
-• WASHINGTON , DC 20362

ATTN 941
ATTN 942
ATTN 942C
ATTN 942W

OFFICER IN CHARGE 3 COPIES
PERk (CV)
NAVAL SEA SYSTEMS COMMAND
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