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I SUMMARY

A. PURPOSE. The purpose of the AYK-14 Support Equipment Selection Analysis

(SESA) is to determine, from a tester-avionics compatibility and/or maintenance

cost basis, the optimum support equipment for the Intermediate (I) level and
depot (D) level maintenance sites. This includes the selection of those

avionics requiring automatic test equipment (ATE) support, the actual ATE, and

1 the development of ATE.

B. CONCLUSIONS

1. As a weapon replaceable assembly (WRA), the AYK-14 computer system can
be configured with as few as 2 shop replaceable assemblies (SRAs) to as many

as 16 SRAs. This SESA study involves five Navy programs that will use seven5 AYK-14 configurations that require I-level maintenance support. A total of 27

SRA types are available for the AYK-14. Six of the SRAs can be tested with

standard test equipment while 21 SEAs are to be supported with automatic sup-

I port equipment.

2. The 5 Navy programs planning to use the AYK-14 computer system will
require maintenance support at 30 I-level and 2 D-level sites. However, while

I workloads at the D-level mandates the use of ATE, the workload at any one

I-level site is insufficient to solidly justify ATE procurement to support the
AYK-14.

j 3. Because of its built-in test equipment (BITE) and built-in test (BIT)

capability, the AYK-14 as a WRA unit can execute a diagnostic test program

which is loaded from a suitcase tester, and fault isolate itself to one SEA190 percent of the time for over 80 percent of malfunctioning AYK-14*.
4. While all eight of the testers, which were considered for I-level main-

* tenance support, could meet the test requirements of the AYK-14 as a IEA, only

two of the seven testers considered for D-level support could meet the SEA
test requirements of the AYK-14.

I 5. A mixed tester support approach was considered to provide the optimum
trade-off between tester-avionics compatibility and maintenance cost. This

mixed tester approach would include both the suitcase tester and the depot ATE

for I-level support. One type ATE planned for the I-level sites in support of

other avionic test requirements will also be used to support the AYE-14. No

ATE is to be procured to support only the AYK-14 at the I-level because the
site workload, the WRA test requirements, and the life cycle costs involved

I cannot justify ATE for the exclusive support of the AYK-14.

C. RECO'MENDATIONS

5 1. The optimum trade-off between AYK-14 test requirinents and maintenance
support costs for I-level maintenance indicates that a mied tester support
approach should be used:

I a. At the 23 I-levels that will have time USM-429 (CAT I1-D) tester
(due to workloads other than the AYK-14), this same tester will be used to3 support the AYK-14 WRA maintenance workload.

Kut
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b. At the remaining seven I-levels that will not have the USM-429
testers, the ASM-607 memory loader verifier will be used to support the AYK-14
WRA maintenance workload.

2. In order for the ASM-607 to be effective as a WRA tester, a diagnostic
test program is required. It is recommended that the diagnostic test program
designed by the Control Data Corporation (CDC) for the AN/ASM-18 loader-verifier
be adapted to operate on the ASM-607 and that appropriate software and hardware
interface between the ASM-607 and the AYK-14 be procured by the NAVAIRSYSCOM.

3. Because the AN/ASM-607 (suitcase automatic tester) is relatively new
and because modification to the CDC diagnostic test program is required, it is
recommended that this hardware and software be used by CDC during the Relia-
bility Improvement Warranty (RIW) program of contractor maintenance support
prior to the Navy support date (NSD).

4. In order to meet the stringent SRA test requirements and heavy workloads
at the D-level, it is recommended that two USM-429, CAT III-D testers be procured
for depot support of the AYK-14.

5. In order to gain the maximum utilization from tbe mixed tester approach,
which is proposed for I-level AYK-14 support, it is recdomended that the present
AYK-14 maintenance philosophy be modified as follows:

When the USM-429, CAT III-D tester is used at I-level, the
maintenance approach should permit repair of ihe AYK-14 to
the replaceable component or part level rather than to only
the SRA level. This is especially true when the I-level is
on a carrier, where repair is presently performed at the
component or part level on similar avionics.

It
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I. INTRODUCTION

A. BACKGROUND

1. The Navy has designated the AN/AYK-14(V) as the standard airborne com-
puter set. This computer set is presently being considered for use in 18 Navy
programs. Tile design selected by the Naval Air Systems Command (NAVAIRSYSCOM)
for the AYK-14 is intended for a wide range of airborne missions. The AYK-14
is a subset of a recently developed Control Data Corporation (CDC) 480 computer.
CDC is in the final phase of developing the AYK-14 for the Navy.

J 2. This computer set uses advanced functional circuitry and modular hard-
ware design with built-in test equipment (BITE) and built-in test (BIT) firm-
ware. In addition, the AYK-14 design utilizes the latest techniques of large-
scale integration (LSI). Ultimately, many of the AYK-14's design techniques
will find their way into other avionics designs over the next ten years.

3. The computer set can be configured in one of two basic chassis, with a
third chassis for memory expansion if required. Figure 1 shows the AYK-14 in
the XN-2 chassis configuration. The computer set is flexible in its configura-
tion arrangement of shop replaceable assemblies (SRAs) and can range from a
minimum configuration containing only 2 SRAs to an expanded configuration that
contains 16 SRAs and provides a full mini-computer capability.

4. While 18 Navy programs could utilize the AN/AYK-14(V), the following 5
are considered firm and are the only programs considered in this SESA:

. F/A-18

LAMPS

AV-8B

EA-6B

FIREBRAND

These five programs use seven separate computer configurations. All seven con-
figurations were evaluated for support in the SESA.

5. The complete complement of available electronics for the AYK-14 includes
27 SRAs. Twenty-one SRAs are designated for automatic testing. The six remain-

ing SRAs are relatively simple and can be tested with standard test equipment
(STE) and would not require the expensive development of test program sets
(TPSs). In addition, the two power supply SRAs each contain five sub-SRAs which
are also designated for automatic testing.

6. The 5 Navy programs that were included in this SESA will require 30
intermediate (I) maintenance sites and 2 depot (D) level sites. While the
five Navy programs included in this study reprerent firm programs using the
AYK-14, the Navy anticipates extensive application of its standard airborne
computer set in future Navy programs. It is anticipated that in the future

-f most of the Navy's I-level maintenance sites will eventually require support
of the AYK-14.

• ... . . . ... . . ... .. .. ... .. : ._'T ' - 5-. .. ." '7 _
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FAN (OPTIONAL)

PCM-i
SIZE: 1O.1"W X 7.6"H X 14.0"D

WEIGHT: 30-38 POUNDS

POWER: 215-400 WATTS

MCM

GPM -V

PSM

1/0* 1
1/0*TlO*

REM

*SFRIAI,-TYPE I/O CHANNEL

Figure I - AN/AYK-14(V) Computer Set (XN-2 Configuration)
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I B. SUPPORT EQUIPMENT SELECTION ANALYSIS (SESA) SUMMARY

1 1. AVIONICS TEST REQUIREMENTS ANALYSIS. The individual AN/AYK-14 SRAs
were analyzed to determine their test requirements. Of a total of 27 SRAs,
6 were judged not candidates for automatic test equipment (ATE) because they
were very simple units that could be tested easily with manual test equipment

and because they were not cost effective for ATE testing. The 21 SRAs that
were candidates for ATE were primarily digital SRAs. There are 19 digital
SR\s and 2 analog SRAs with 6 unique sub-SRAs. Six of the 19 digital SRAs
utilize LSI.

2. TESTER CAPABILITY STUDY. The tester capability study considered eight

Lc L rs as viable candidates for the AYK-14 maintenance support. All testers

except item h are in the ATE inventory, fully logistically supported. Item h
should be in the ATE inventory prior to AYK-14 deployment.

a. AN/ASM-bO7, Memory Loader/Verifier

b. AN/USM-429, CAT III-D

c. AN/USM-403, HATS

d. AN/USM-449, AAI-5565

e. AN/UJM-453, DIMOTE II

f. AN/ASM-608, NSTS

* g. AN/USM-247, VAST

I h. MINI-VAST Tester (F-18 Program)

* 3. TESTER AVIONICS COMPATIBILITY ANALYSIS. Each of the tester's capabili-
I ties was c-mpared with the AYK-14's test requirements. Any tester deficiencies

were related by a compatibility factor (B), which was reflected as an increase
in TPS development costs. Testers with the lowest compatibility resulted in
the highest TPS costs.

4. TESTER WORKLOAD ANALYSIS. The workload analysis included three areas:

a. Prior tester workload

b. Projected AN/AYK-14 workload

c. Determining tester utilization

1l -7-
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. ILFE CYCLE COST AND iMPACT ANALYSIS

a. The lilte cycle cost and impact (LCCI) analysis brings together all
the predictable cost elements associated with the AN/AYK-14 support. These
('osL- include nonrecturring or development costs, recurring or site start-up
'o ts, and sustaini g costs for a ten-year period.

1,. The following testers, in order of cost ranking, were determined by
the LCCI ,nalysis for I- and D-level support of the AYK-14:

I-LEVEL SUPPORT LCC ($K) D-LEVEL SUPPORT LCC ($K)

AN/ASM-607 7,780 AN/USM-429 (CAT Ill-D) 7,334

AN/USM-429 (CAT 111-)) 17,944 AN/USM-247 (VAST) 9,175

AN/'JSM-453 (DI)NUTE 1) 23,660 AN/USM-449 (AAI-5565) 9,788

AN,'ISM-403 klIATS) 40,588 AN/ASM-608 (NSTS) 9,857

AN/ASM-6(8 (NSTS) 49,586 AN/USM-403 (HATS) 10,017

ANi, S1--44 (v 1-T56') 57,577 AN/USM-453 (DIMOTE II) 11,746

.iN-XVAI' 93,666 MINI-VAST 15,299

A/X M-2 ii (VAST) 173,567

C . oil a Jltc cycle cost basis for I- and D-level maintenance support,
Stmh i.d or tmixed tcter support approach is recommended. The two lowest

ost candidat es for I-Level (ASM-607 and USM-429 (CAT Il1-D)), and the lowest
cost candidatc for 0-- level (USM-429 (CAT III-D)) were combined as follows:

TYPE COST ($K)

AN/ASM-607 7 1,747
AN/USM-429 23 7,303

TOTAL 30 9,050

!'1 combined approach uttilizes 23 previously planned USM-429 (CAT III-D) testers
t(, Iaxinize 1he 1-levl test capabllLty and to minimize spares, and uses the
ASl-61 ;it the, remaining 7 1-level sites where ATE is not planned. For I-level

'omparison, thc_ $9,050K combined cost could be justifiably decreased to $5,861K
if the CAT II-D weapon replaceable assembly (WRA) TPS costs (nonrecurring and

! :,u;t~liing)are included in the depot costs (rather than being included in

The WRA TP costs at I-level then become:,,

TYPE ._q COST ($K)

AN/ASM-607 7 1,747
AN/ISM-429 23 4,114

TOTAL 30 5,861

i -8-
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3 The WRA TPSs are required for depot support and will also be used at I-levels
I that have the CAT III-D tester.

b. TECHNICAL RISKS

B a. When the required testers and support software are not actually in
service within the fleet, then a technical risk exists. When a tester does
exist, a technical risk exists which is proportionate to the degree of incom-
patibility between the avionics test requirements and the tester's capability.

b. For AYK-14 support at I-/D-level, the ASM-607/USM-429 in combina-
tion offer the lowest technical risk for the following reasons:

(1) Highest technical compatibility

(2) Both presently in Navy inventory

(3) WRA and SRA test program sets for the USM-429 have lowest tech-
nical complexity.

c. The USM-429 has commonality of utilization as a WRA tester atI I-level as well as a WRA and SRA tester at the D-level.

%

I 9
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II. AVIONICS TEST REQUIREMENTS ANALYSIS

A. GENERAL. The avionics test requirements analysis (TRA) addresses the

test requirements of the AYK-14 as a WRA (Figure 2) and its individual SRA
modules (Figure 3). The objective of the TRA is to define the WRA and SRAs

test requirements envelope in relation to the maintenance philosophy. This

section Includes three parts:

o System architecture of the AYK-14

o Maintenance philosophy

o Technical description of the SRAs and sub-SRAs

I. SYSTEM ARCHITECTURE

a. The system architectural philosophy for the AN/AYK-14(V) is
based on the following key features:

o The architecture and instruction set is upwardly compatible

with that of the AN/UYK-20 computer system, permitting the adaption and

use of existing AN/UYK-20 support. software.

0 The AYK-14's hardware is functionally partitioned into
pluggable modules or SRAs. These modules are the standard building blocks
used in configuring functionally large or small computer systems.

o Intermodule communications are standardized via uniform in-
ternal bus structures, thus permitting reconfiguration and addition of new
SRAs without impacting the basic computer.

b. These combined system architecture features permit the config-

iiriiig of specific AN/AYK-14 computers to meet the processing requirements

of a wide variety of military systems.

c. A system block diagram of the AYK-14 is presented in Figure 4.
The major individual subsystems of the computer system (within the dashed
lines) are:

o Processing Subsystem

o Memory Subsystem

o Input/Output (I/0) Subsystem

o Power Subsystem

-10-



I
I NAE-92-138

I
1

, .|,

!I

I 1 I

' l

! II



I NAEC-9 2-138

o3I4



COMPUTERSYSTEM_________

CHASSIS
I SUBSYSTEM

MSUMPOR
SSUBSYSTEM

CPUBU~qEQUIPMENT

SUBSYSTE (i/O)BUBSYSTE

SUPPORT SUBSYSTEM

Flgure 4 -AN/AYK-14(V) System Block Diagrnm

I -13 .



NAEC-92-138

These four subsystems are interconnected via the intermodule bus communi-
cations (CPU bus, I/0 bus), etc. The subsystem clock items noted within,
are the SRA modules which can be configured for the subsystem. The three
e..cernal subsystems noted in Figure 4 are:

o Chassis Subsystem

o Support Equipment Subsystem

o Software/Firmware Support Subsystem

d. First we will discuss the computer system and its four subsys-
tems. This will be followed by a discussion of the chassis subsystem and
the software/firmware support system. The support equipment subsystem will
be discussed in Section 1iI.

2. MAINTENANCE PHILOSOPHY

a. The AN/AYK-14(V) standard airborne computer set maintenance
baseline definition, as stated in the level of repair analysis (LORA)
report G13672 dated June 1977, is as follows:

o "Organizational": Detect/isolate via built-in test equip-
ment (BIT/BITE) to Weapon Replaceable Assembly (WRA); remove/replace WRA.

o "Intermediate": Fault isolate (via loader/verifier, selec-
ted ground support equipment (GSE), and/or automatic test equipment (ATE)
where applicable) to failed shop replaceable assembly (SRA/sub-SRA).
Assumed some repairs at intermediate level, with remaining returned to
depot. Final maintenance concept will be determined upon completion of
the final LORA.

o "Depot": Fault isolate SRA/sub-SRA to failed component(s),
removw/repiace component(s), and return item to supply for reissue to
using organization. Depot verification and testing utilized ATE, and
repair action utilized common support equipment, plus ATE interface de-
vice.

b. The above maintenance baseline can be further clarified as
presented graphically in Figure 5. When a malfunction occurs in the
AN/AYK-14(V) while still in an aircraft, the resident BIT program detects
the fault and identifies it on a GO/NO-GO fault indicator on the front of
the computer set chassis. When the hardware fault warning interrupt occurs,
the in-flight performance monitoring (IFPM) program processes the interrupt
by testing the CPU (general processing module (GPM) and processor support
module (PSM) SRAs) and the memory interface (MCM SRA). After the mal-
function is verified by the IFPM, the AN/AYK-14(V) computer set is removed
from the aLrcraft as a WRA and replaced with a properly functioning WRA.
This maintenance action takes place at the organizational maintenance
level.

-14-14-
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[Figure 5 - AN/AYK-14(V) Maintenance Baseline
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c. The faulty WRA is sent to the intermediate I-level maintenance

facility where the malfunction in the WRA is isolated to the malfunction-

Ing SRA or sub-SRA, depending on the I-level support equipment capability.

This maintenance action can be accomplished in three steps. The AN/AYK-14 (V)

can be used to test itself in conjunction with a memory loader/verifier

(KLV) unit, or with ATE to isclate faults to the SRA/sub-SRA level through
the fault isolation diagnostic (FID) test program. Once the malfunctioning
SRA/sub-SRA is isolated, the WRA cover is removed and the failed SRA/sub-

SRA Is removed by the release of the SRA wedge-lock fasteners. The SRA/
sub-SRA is replaced with a spare, and the FID test program is again per-
formed by the AN/AYK-14(V) to verify proper WRA operaton. The computer
set is now ready for return to the organizational level. Those I-level

maintenance facilities that have ATE will be capable of SRA/sub-SRA repair

to the component level for most of the SRA's depending on the ATE test
capability. The present AYK-14 maintenance philosophy does incorporate
the utilization of component repair at the I-level. Present I-level
maintenance on board carriers does not utilize SRA component repair
capability of ATE for similar electronics.

d. Possible exceptions to SRA I-level repair would be memory
control module (MCM), core memory module (CMM), and semiconductor memory

module (SMM) SRAs. Those I-level maintenance facilities without an ATE
capability would forward the malfunctioning SRAs/sub-SRAs to the depot

maintenance facility for repair. After repair at the depot, SRAs/sub-

SRAs would be returned to the I-Level facilities for reissue in WRAs to
the organizational level as required. Due to the importance of operation
and difficulty in testing memories, it may be necessary that memory SRAs

(CMN and SMM) be repaired at the manufacturer's facility.

-16-
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I B. COMPUTER SYSTEM. The computer system is composed of four subsystems:
processing, memory, input/output, and power. These subsystems contain 21
different types of SRAs or modules. The computer subsystems and their

I SRAs are discussed next.

1. PROCESSING SUBSYSTEM. This subsystem is contained in three SRAs.
The general processing module (GPM) contains all the microprogrammed con-
trol arithmetic unit, registers, and bus interfaces. The processor sup-
port module (PSM) contains the supporting elements such as micromemory,
real-time clocks, bootstrap memory, bus interface, and event (interrupt)
logic required to complete the function of the GPM. Together the GPM and
the PSM SRAs form a 16-bit central processing unit (CPU) of a general-
purpose computer. The extended arithmetic unit (EAU) provides a high-
speed, 32-bit floating-point hardware, and operates under the control of
the GPM.

2. MEMORY SUBSYSTEM. The memory subsystem includes various combina-
tions of three SRAs. The memory subsystem includes interchangeable 16K-
and 32K-word core memory modules (CMM) and 16K-word semiconductor memory
modules (SMM) with 18-bit word length. The CMM4 cycle time is 900 nano-
seconds, and the SMM cycle time is 400 nanoseconds. The memory control

3 module (MCM) interfaces between the GPM and the memory modules (CN4 or
SMM). The MCM has both CPU bus and I/0 bus interfaces which permit the
GPM to use one bus for instruction access and the other for operands to
enhance effective access time. The MCM also provides two channels to mem-
ory modules, the OMEMBUS and EMEMBUS, which can increase effective access
time through interleaved address between two memory banks.

3. INPUT/OUTPUT SUBSYSTEM

a. The AYK-14 system organization provides up to 16 input/output
(I/O) channels, each on individual SRAs which communicate with the pro-
cessing subsystem via the IOBUS. The standardization of interval inter-
faces permits any 1/O channel module type to be interchanged in the

* chassis I/0 slots by simple plug-in replacement. Available chassis pro-
* vide from four to six 1/O channels, including the discrete interface

module (DIM). Fxpansion to more I/O channels is possible but requires the
additional memory expansion unit (MEU) type enclosures. Ten types of
input/output interface SRAs are available to match standard I/O channel
characteristics. These are:

i o Discrete Interface Module (DIM)

o Serial Interface Module (SIM)J o NTDS Interface Module (NIM)

I
-17-
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o RS-232-C Interface Module (RIM)

o PROTEUS Interface Module (PIM)

o Input/Output Processor (lOP)

o Bus Extender Module (BEM)

o Read/Write Expandable Module (RXM)

o PIC/POC/SDC Module (PPSM)

o Discrete Input/Output Module (DIOM)

b. The input/output controller (TOC) functions can be executed by

either the CPU (GPM and PSM) or the optional I/O processor (IOP). The

TOP, operating in conjunction with the CPUgreatly enhances the processing
throughput of the AYK-14. The LOP combines the basic function of a CPU in
one module with a reduced instruction set and performance level. The LOP

is microprogrammed to serve either as an IOC or as a single-module, 16-bit,

general-purpose CPU without modification. Special I/O channel configura-

tions may be added as required without modifications to backpanel wiring,

internal interfaces, or microcode. This is an important feature of the
AYK-14, since a principal problem area in military system applications
involves accommodating special equipment and sensor interfaces.

4. POWER SUBSYSTEM. Power for all SRAs in a chassis or enclosure is
supplied by a Power Converter Module (PCM) with appropriate regulated
voltage and current capabilities. At present there are two types of PCMs.
Only one PCM is used in any one AYK-14 computer system. Each PCM includes

five sub-SRAs. PGM1-1 provides approximately 390 watts of output power;
and power, 115-VAC, 400 cycle, three-phase, Wye-connected.

5. COMPUTER SYSTEMS CONFIGURATION

a. The functional partitioning of the 27 SRAs and the internal
bus structures provide for a flexible configuration of a wide range of
AYK-14 computer systems. The computer system configurations allow for

the building up of a system by the addition of SRAs to meet each weapon

system's computing bandwidth and capacity requirements. For example,
Figure 6 shows the minimum AYK-14 computer configuration, which consists
of a 16-bit input/output processor (IOP) and a read/write expandable

module (RXM) of 4K by 18-bit random access semiconductor memory with the

option of adding a 4K PROM. This minimum configuration computer system
assumes that the SRA modules are incorporated as part of the user's

equipment. The user's equipment would also supply the required regulated
5 Vdc power for the SRAs and also provide the input/output adapter to the

1OHUS Interface. This minimum configuration can also be used as a com-
puting element in a distributed computer processing system.

-18-
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b. An expanded computer system configuration (Figure 6) also pro-
vidcs a complete 16-bit, general-purpose computer with high-speed floating
point hardware, hardware I/O controller (IOC), 128K words of 18-bit core
memory (CMI), and up to 16 I/O channels of various types.

C. CHASSIS SUBSYS TEM. All SRA modules plug into an ATR-type chassis
equipped with slots to accommodate a combination of SRA types. Currently
three standard chassis types designed for MIL-E-5400, class ii environ-
ments are available for 16-bit computers. FIgures 7, 8, and 9 show the
three chassis types along with the module configurations available for
each. Connector locations, basic dimensions, weight and power are shown.
It should be noted that the MEU (Figure 9) is an extension unit to be used
with the XN-l (Figure 7) or XN-2 (Figure 8) chassis to provide additional
memory, processing, and/or I/O capability. Mulitple MEU chassis can be
used to further expand the system. In addition, chassis for specific
weapon systems may require modifications to the three basis chassis. In
this; case a modified XN-I chassis would be designated XN-lA, B, or C, etc.

D. SOFTWARE/FIRMWARE SUPPORT SUBSYSTEM. The basic approach to software
support for the AYK-14 is to preserve existing operational and support
software developed for the AN/UYK-20 computer system. The AYK-14 computer
executes an instruction set which is a compatible extension of the AN/UYK-20
instruction set. The Navy supports both the AN/UYK-20 and the AN/AYK-14
qupport software. The general approach to AYK-14 software development is
to use a commercinl host computer (CDC 6000 series) to prepare and transfer
the software to the AYK-14 via magnetic tape. Three types of AYK-14 soft-
ware/firmware support will be discu.ssed:

o Organizational-level software

o Intermediate-level software

o Support software

1. ORGANIZATIONAL-LEVEL SOFV'WARE

a. The in-flight performance monitoring (IFPM) programs work with
the BITE to insure that the AYK-14 computer system is capable of success-
fully completing its tactical mission. These program modules are written
i MACRO-20 nssembly language and are executed in conjunction with the

;tandard real-time executive (SDEX/14) program. The IFPM, which consists
of the CPU/memory quick-look test (CMQT), processes the hardware fault
warning interrupt generated by the Built-In-Test (BIT) timer. The CMQT

pe.rlorms a test of the CPU (GPM and PSM) as well as the 500 words of ROM
memory, takes 8 milliseconds to execute, and runs in an operation mode

d,'fined by the user at assembly.
20
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Figure 8 -AN/AYK-14 CV) XN-2 Configuration
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b. The IFPM also interfaces to the hardware BITE automatically

or as selected. The automatic interface is with the continuous hardware
BITE. The functions checked by the BITE are:

(1) Continuous Hardware BITE

o Memory Parity

o Memory Protect

o Memory Channel Time-out

o Power Monitoring

o Overtemperature Monitoring

o Bus Time-outs

o I/0 Channel Parity

o I/0 Channel Time-out

o SIM Manchester Code Format Verification

o BIT Timer

o BIT Indicator

(2) Programmable Hardware BITE

o I/O Wraparound

o BIT Firmware

o Computer Support Interface

c. Additional program modules for the IFPM will contain an I/O
test, additional memory tests, and a four-segment CPU test. These fea-
tures are predicted by CDC to result in detection of 98 percent of the

faults in the AYK-14 computer system.

1 2. INTERMEDIATE-LEVEL SOFTWARE

a. The SKA diagnostics are software programs to detect and isolate
hardware failures in the AYK-14 computer set at the intermediate (I)
maintenance level. The SRA diagnostic programs are modular and configurable
to test all possible AYK-14 computer configurations and to thoroughly test
the three major subsystems of the AYK-14 processing subsystem, memory sub-
system, and input/output subsystem. At the present time the SPA diagnostic
programs are designed to operate on CDC's AN/AYM-18 loader/verifier unit
(LVU), and on CDC's computer control unit (CCU). However, the Navy has

-24-



I

IMAEC-92-138
designated tne ANIASM-607 memory loader/verifier unit as the 0-and I-
level supp-.rt equipment for memory loading and program verification. The
following discussion of the SRA diagnostic program assumes that the appro-
priate software modifications noted above have been completed.

* b. The design objective of the SEA isolation diagnostics is to
test the operation of the AYK-14 system and detect and isolate faults to
one SRA for 95 percent of the detected faults and to two SRAs for 99 per-
cent of the detected faults. The SRA diagnostics consist of a set of
tests developed to examine the functions of the individual SRA modules

as shown in Figure 10. The SRA Executive (SPA EX 1) interfaces with the
ASM-607 and the SEA isolation diagnostics through a series of tests.
The diagnostics are organized as follows:

o SEA CPU Executive Test

o CPU Test

o IOP Test

o Memory Test

o I/O Tests

c. The diagnostics tests are loaded from magnetic tape on the
ASM-607 into the AYK-14. The diagnostic routines are executed in an
offline test environment at the intermediate Maintenance shop. During
the test procedure, using the ASM-607, the AYK-14 is not connected to
any peripheral equipment. However, the I/O functions may be tested by
utilizing external wraparound cables. Without the wraparound cable
approach, the tests of the I/O modules do not include the tests of the
transmitter/receiver circuitry in the I/0 SRAs. The full detection and
isolation requirements for the SEA isolation diagnostics are achieved
through testing in conjunction with the AYK-14's BIT firmware and its
BITE hardware.

I d. Figure 11 shows an AN/AYK-14 equipment configuration. The
SRA diagnostics shall detect and isolate errors in the SRA modules de-
scribed below:

j(1) General Processing Module (GPM). The GPM contains a
48-bit microcommand control register; an arithmetic/logic unit; two
register files, each with 256 16-bit words; two memory buses; and the

I interface to the LVU/CCU.

'-2I

I
!
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A- 8(2) Processor Support Module (PSM). The PSM supports the GPM

by providing interrupt control, clocks, ROM bootstrap, and micromemory to
hold the GPM firmware. The PSM also provides an external bootstrap load
discrete and system reset discrete inputs.

(3) Memory Control Module (MCM). The MCM provides the logic

needed to interface the GPM to the main memory. This logic transforms
the 16-bit relative address received from the GPM into a 19-bit memory
address. It also provides the logic for handling the memory protect and
parity checking.

(4) Input/Output Processor (lOP). The lOP contains a 48-bit
microcommand control register, an arithmetic logic unit, PROMs, a regis-
ter file with 256 16-bit words, one memory bus, and the interface to the
computer support equipment.

(5) Core Memory Module/Semiconductor Memory Module (CNN/SMM).
These modules provide the main memory for the CPU system. They contain
18-bit words and are accessed via the MCM.

(6) Bus Extender Module (BEM). The BEM provides external
interfaces to the internal buses of the AN/AYK-14. I

(7) Discrete Interface Module (DIM). The DIN provides 32
input discretes, 32 output discretes, and 8 external interrupts. The
eight external interrupt priorities are setable under software control.

(8) Serial Interface Module (SIM). The SIM provides dual bus
interface to a MIL-STD-1553A channel. The SIM provides software select-
able bus controller and remote terminal operating modes.

(9) NTDS Slow Channel. The NTDS slow channel provides a Type
A parallel interface per MIL-STD-1397.

(10) NTDS Fast Channel. The NTDS fast channel provides a Type

B parallel interface per MIL-STD-1397.

-28-
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• I

(11) NTDS ANEW Channel. This channel provides a Type CI parallel interface per MIL-STD-1397.

(12) NTDS Serial Channel. The NTDS Serial Channel provides
a serial interface per MIL-STD-1397.

I (13) PROTEUS Channel. This channel provides a 10 MHz bit
rate serial channel.

(14) RS-232 Channel. The RS-232 Channel provides serial
RS-232 asynchronous, selectable baud capability.

(15) PIC/POC/SOC Module (PPSM). The PPSM provides the follow-
ing three channels:

(a) One parallel input channel (PIC) capable of receiving
a data word of 32 bits in length with a maximum word transfer rate of 260K* i words per second.

(b) One parallel output channel (POC) capable of trans-
mitting a data word of 22 bits in length with a maximum word transfer rateIof either 200K or IM words per second.

(c) One serial output channel (SOC) capable of transmit-
ting a serial NRZ data word of 16 bits in length at a word transfer rate
of either 200K or IM words per second.

(16) Discrete Input/Output Module (DIOM). The DIOM is ca-
pable of receiving a combination of 48 discrete inputs/interrupts and
transmitting 144 discrete outputs.

(17) Extended Arithmetic Unit (EAU). The EAU consists of aI programmable architecture designed to provide high-speed arithmetic algo-
rithms for floating point arithmetic and trigonometric functions. In the

i AN/AYK-14 computer instruction set, the EAU provides increased CPU per-
formance for floating point arithmetic instructions.

I

1" -29-
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I . SUPI)ORT SOFTWARL-

a. Microcode Cross-Assembler. The microcode cross-assembler is
a FORTRAN-coded assembler apabl ti accept ing ml(rlcode Instruction from
source cards and tapes, and of producing program listings and absolute
object code onto magn(tLic tape and disk. This absolute object code is ex-

ecutable by the AN/AY-i4(V). The cross-assembler is capable of assem-
hi it a microcode prog ram of at lcast 4K microcode words. It can be hosted

on any computer hosting ANSI standard FORTRAN (version 3.9, 1966) with
sufficient memory and two tape units.

b. Microcode Simulator. The microcode simulator provides an
independent host capability to enable a user to test the microcode program
assembled for dependent host capability to enable a user to test the micro-
code program assembled for the AN/AYK-14(V). The simulator fully simulates
the microccde program assembled for the AN/AYK-14(V). The simulator fully
simulates the microcode instruction repertoire, and interrupts, accepts,
and executes assembled AN/AYK-14(V) microcode. The simulator requires less
than 60K bytes of memory and is coded In FORTRAN. The microcode simulator
software is operable on any computer hosting ANSI standard FORTRAN (version
3.9, 1966).

c. Cross-Assembler.

(I) The AN/AYK-14(V) cross-assembler accepts assembly source
code In 80-column card images and produces relocated object code. The
object code formats are accepted by the loader programs used to link the
assembler-produced code for execution.

(2) The cross-assembler recognizes instruction mnemonics for
entire AN/AYK-14(V) instruction repertoire, address labels, octal and
decimal numeric notation, arithmetic operations (including add, substract,
multiply, divide, and binary shift), multiple address counters, and full

macro capability.

(3) Cross-assembler instruction mnemonics provide output dis-
position control, hard copy listing control, symbol definition capability,I
address counter control and conditional assembly capability.

N (4) Input to the cross-assembler consists of:

o Main program source statements in 80-column card images.

o Library element source statements in 80-coluam card
images, user-specified as in-line source code assembly.

(5) Output from the assembler consists of:

o Relocatable object code on punched cards and magnetic
tape.

o Object output code listing with octal and hexadecimal.

o Source program test listing.

-30-
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I o Symbol cross-reference listings.

o Error messages.

I o Symbol table information on the object code output
device.

I o User-specified source statements in the object code
, output stream.

o User-specified diagnostic source statements in the
I test listing.

d. CMS-2M Compiler. The CMS-2M complier uses the U.S Navy standard
programming language for tactical applications. It produces an object code
for the A/AYK-14(V). The CMS-2M compiler is L.ost computer independent and
can operate on a variety of host computers. Typical host computers include

the Univac 1108, CDC 6000, IBM 360/370, and PDP 11. Included in the CMS-2M

compiler is the system tape generator. The minimum host computer facility
must include 65K works of memory and four magnetic tape units.

e. Standard Real-Time Executive (SDEX/14Y. SDEX/14 is the nucleus of
* the AN/AYK-14(V) real-time system operating in the AN/AYK-14(V) computer. A

computer system is formed and optimized by the addition of site-specific sys-
tem functions and user modules. Functions of SDEX/14 are: initialization,
scheduling, interrupt management, input/output management, and error manage-
ment.

,- 3
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E. AN_AYK-14(V) SHOP REPLACEABLE ASSEMBLIES (SRAS) AND TEST PARAMETERS

1. GENERAL

a. The SRA modules (Figure 12) of the AN/AYK-14(V) computer are de-
signed for use in MIL-E-5400 (airborne) environment when installed in suit-
able enclosures. The total range of conditions includes temperatures of
-540 C to 710C, at altitudes to 70,000 feet, and levels of shock, vibration
humidity, and EMI appropriate to these environments.

b. All SRA modules are designed for conducting cooling via a heat
sink backing the printed circuit boards. The modules have ramp clamps along
both short edges to provide solid mechanical and thermal contact to the
slots in the chassis. Heat is transferred from the chassis heat sink via an
air plenum, which may be supplied by a vehicle cooling air system or optional
bolt-on fan. No cool li air is required over SRA components. Figure 3
presents the two basic SRA module configurations: single printed circuit
SRA and the double printed circuit SRA.

c. All computer SRA modules except the PCM are 6.48 by 9.00 inches.
The ;PM, PSM, BEM, MCM, and lOP SRAs are mountable on 0.85-inch centers and
weigh approximately 2 pounds each. All I/O SRAs are mountable on 1.45-
inch centers and weigh approximately 3.1 pounds each. SRA modules and
chassis have a provision for keying to prevent improper SRA insertion into
the chassis.

d. The AN/AYK-14(V) SRAs will be discussed in the order of sub-
systems as follows:

o Processing Subsystem SRAs: GPM, PSM, EAU

o Memory Subsystem SIAs: MCM, CMM, SMM

o Input/Output Subsystem SRAs: DIM, SIM, NIM, RIM, PIM, lOP,

BEM, RXM, PPSM, DIOM

o Power Subsystem SPAs: PCM-1, PCM-2

2. PROCESSING SUBSYSTEM SRAs

4 a. General Processor Module (GPM)

(1) The GPM (Figure 13) is one double printed circuit board
SRA, containing the 48-bit microcommand control, LSI bit-slice arithmetic
unit, two register files, two husses, and the LV/CCU interface circuitry.
The two circuit boards (A anid B) of the ('M are presented in Figures 14

,1 and 15. The GPM block diagram Is presented in Figure 16. The GPM con-

tains all the data manipulation hardware and microprogram control archi-
tecture for the central processing unit (CPU) and IOC processors. The
48-bit C register holds the current microcommand during execution. The
(urrent microcommand controls one machine cycle and also specifies the
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address of the next microcommand. The current microcommand execution is
overlapped with the next microcommand access. The micromemory address
(MMA) control supplies the 12-bit address of the next microcommand-to-
micromemory bus (MMBUS) based on current microcommand (C register) fields.
The MMA is implemented using AMD 2909 LSI circuits and contains four ad-
dress sources which may be specified directly, or conditionally, based on
status conditions resulting from the last microcommand. These address
sources are:

o An increment register containing the current address plus
one.

o A four-register stack for subroutine return address.

o A jump address register that is conditionally loaded from
microcommand fields.

o A direct data path connected to the lower 12(U) register -

bits. (This path allows micromemory jumps to address
based on instruction decode values.)

The C register data inputs are also connected to the MMBUS, since the
micromemory is located on the PSM-1 SRA rather than the GPM SRA.

(2) The ;'IM I:i a 16-bit mlcroprogrammable processor based
on the AMD 2900 series microprocessor slice LSI devices. The archi-
tecture is augmented for high-speed performance with additional regis-
ters, internal data, and control transfer paths. The GPM features
which contribute to its performance include:

o 48-bit microcommand control

o Microprogram address sequencing to 4K words

o 180-nanosecond microcommand cycle
,I

o 256 by 16-bit word register file

o 256 by 16-bit word multiport C file

o Dual identical parallel bus interfaces (CPUBUS and IOBUS)

o Event interface

o Interface to micromemory on PSM

o Serial interface to support equipment

o Interface to EAU

The GPM operates from microcommands stored on the PSM (up to 4K words of
m icromemnory).

-38-
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(3) The arithmetic logical unit (ALU) consists of the 16-bit
I arithmetic section of the CPU. This hardware is implemented using four

AID 2901 LSI circuits and includes the ALU, 16 random access memory (RAM)
registers, the Q register, data multiplexers, and shifting capability.
The ALU section is used to perform arithmetic an logical functions, in-
cluding multiply and divide iterations. The AMD 2901 file addresses,
instruction bits, and the carry-in signal are provided directly from
appropriate C register bits. In addtion to internal AMD 2901 functions,
the current microcommand may specify a data source onto the D bus as AMD
2901 input data and may specify either the I register or the M or X chan-
nel address register as a destination register at the end of every micro-
command. The ALU can operate with two's complement, fixed point data.

(4) The GPM provides a 256-word file, which is addresed by
the 8-bit FA register. Each microcommand specifies an FA register input
source via the FA FPLA. The FA FPLA Is programmed to transfer various
register fields to the FA register as selected by the C register. The
address register file is gated into the U register by the F bus; in addi-

* tion, if a file write operation is specified, the address file location
receives data from the FD register. Thc file access occurs in parallel
with the specified AIU operation.

(5) The reformat FPLA output m'iy be selected onto the F bus
and into the U register instead of a file data word by the microcommand.
The reformat FPLA is programmed to transform data (such as an instruction

* read from memory) into a micromemory jump address. This FPLA performs the
instruction decode function during the emulation process. The micromemory
address may be transferred to the MMA hardware directly from the U register.

3 (6) A 256-word control C file is also included in the GPM archi-
tecLure. Tht V(1-bit C file is addressed by the FA register and receives
data from the FD register. The C file read data is transferred to the D
bus by the l6-bit CF register. The C file is unique in that the address/
data bus is available to ther SRA modules. C file control allows up to
four users to access the C file. This C file bus is the means of comun-
ication with the optional FAIL.

I (7) Several special registers are provided by the GPM archi-
tecture. The 16-bit I register, whicii may be conditionally gated from the

I I bus, normally holds the instruction being decoded. The 16-bit U register
receives file and FPLA data for transfer to MMA or the D bus. The FD regis-
ter holds ALU data to be written into the file or C file. The K register
inlcudes an 8-bit iteration counter and an 8-bit status register. The 8-bitr 1 FA register provides the file and C file address.

(8) The M and X channels each include an output address (or
control) register gated from the ALU output, an output data register gated

I from the F bus, and an input data register connected to the D bus. The M
; and X channels Interface with the CPU and I/O buses.

L
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(9) The LV/CCU channel provides a serial interface for com-
puter control. The microprogram firmware communicates with the LViCCU
channel registers by means of the X bus. A combination of hardware and
firmware allows control, display data, and memory data to be transferred
to the CCU or LV and allows entry of data from the CCU or LV into computer
registers or memory.

(10) Most GPM microinstructions are executed in 180 nano-
seconds. This time includes reading the next microcommand. Other micro-
instructions, those specifying an ALU shift operation and certain ALU
input transfers from the D bus, require a 210-nanosecond execution time.

(11) The testing parameters of the GPM are noted in Table 1.

TABLE I

GENERAL PROCESSOR MODULE TESTING PARAMETERS

SRA configuration: Double digital circuit card SRA

IC count: Board A, 84 IC's; board B, 127 IC's: total IC's, 208

Connector pin count: 3 top 41-pin test point connectors - 123 pins

2 bottom 152-pin I/O connectors - 304 pins

Total - 427 pins

Signal I/0 pins: Board A, 138 pins; board B,
136 pins; total 274 pins

Test point pins: ,l-1, 37 pins; J-2, 27, J-3,
38; total 102 pins

Total I/0 pins 376 pins

Power pins: Board A, 14 pins; board B, 14,
total power pins, 28 pins

Test point power pins (test [point connectors): 10 pins

Total required pins (both boards): 414 pins

Power required: +5 vdc 9.4 amp max, 47 watts

Oscillators: 19.2 Mlz, 33.33 MHz

Bidirectional lines: M bus, 24 bits; X bus, 24 bits

- 40-
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b. Processor Support Module (PSM). The PSM augments GPM functions to
form a complete 16-bit computer in two double modules. The partitioning
of the functions between GPM and PSM was designed to allocate those func-
tions to the PSM that might require modification as applications change.

The PSM features include:

I o Up to 4K by 48 bits of PROM micromemory for the GPM.

o 1K by 16 bits of PROM bootstrap memory for computer system initi-

ation via the 1553A I/O channel or the CCU console.

o Two parallel bus interfaces (CPUBUS and IOBUS).

o Event interface.

0 Event monitor logic, which forms the basic hardware portion offthe event (interrupt) processing.

o Four loadable/readable clocks for monitoring and timing func-
j tions (1-microsecond resolution).

o 32-bit high-speed multiply logic.

o Bit timer with 2.097-second increment 4-bit count.

(1) The PSM provides the necesaary features to complement the
I GPM and complete the basic CPU functions of the processing subsystem. The
I PSM is a double-card SRA. The PSM from the B circuit card side is shown

in Figure 17. The A circuit card side is presented in Figure 18.

j (2) The functional features of the PSM are noted in the PSM
block diagram, Figure 19. The PSM provides space for mounting up to 4K
words of programmable read only memory (PROM) for the microprogram memory.
For the CPU, 3K words of micromemory, which are uniquely coded to perform

3 the CPU functions, are provided. When the PSM contains this micromemory
,6 complement it is referred to as the PSM-1. The PROM micromemory receives

12-bit addresses from the GPM via the HHBUS and returns the 48-bit micro-
I memory data on the M4BUS. Partitioning the micromemory on the PSM closely

divides the power dissipation between the GPM and PSM and allows all
unique ROM (including ROM bootstrap memory) to be located on the same mod-I, ule. Multiple subsystems are thus allowed to use identical GPs.

I

'J I
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* Figure 19 -Processor Support Module, Block Diagram
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(3) The remaining PSM functions are connected to the GPM, the

CI'UBUS, and/or IOBUS. The bootstrap ROM feature contains 192 words of ad-
dressable read-only program memory. The ROM is addressable on either the
IOBUS or the CPUBUS. The ROM is addressed as main memory locations 0008
through 0778 and 3008 through 4778 when specified by status register 1,
bit 12. Special hardware is used to decide the ROM address ranges and
allows the ROM to be selected rather than main memory. This relieves the
emulator firmware of having special, time-consuming routines to determine
ROM address ranges. The ROM is implemented using high-speed bipolar PROM
integrated circuits. The software program to be stored in the ROM boot-
strap memory is burned into the PROM integrated circuits during the manu-

I facturing cycle.

(4) The PSM real-time clocks (RTCs) communicate with the GPM
using the I/O bus, under control of firmware routines. The RTC is not
addressable by software as an I/0 channel, but by special firmware initi-
ated by RTC interrupt routines and by software instructions that load,

store, enable, and disable the RTC or monitor clock. The RTC logic on
the PSM is part of the timing function. The remaining timing function,
the basic system clock, is contained on the GPM. Thus, the timing func-
tion is completely integrated into the CPU on the SRAs. The timing

ffeatures are completely duplicated in the IOC, since this subsystem also

I contains a GPM and a PSM (l'SM-2). The RTC hardware consists of two files,
each containing four 16-bit words. The first file contains four RTC value
words, which are set from the firmware by the IOBUS. The other file is
the current count file. Count file words are counted at a rate determined
by the module wiring and firmware control. The count file registers are
set to the value file word content when commanded by a firmware bus com-
mand and automatically each time the count terminates.I

(5) Two value/count file register pairs implement the AN/AYK-
14(V) monitor clock. The first pair is programmed to overflow at 100-
microsecond rate. The output of this clock is used as the timing source

4 W for the second register pair. The second pair is programmed to provide
the program-addressable monitor clock and generates an interrupt each

\* if time the count terminates. A third count/value file pair is used to
implement the lower 16 bits of the 32-bit RTC. This tount file register
is counted at a 1-microsecond rate (when enabled) and generates an inter-
rupt each time the count overflows. The upper 16 RTC bits are contained
in one of the 'M register files and are updated under firmware control.
This part of the RTC is updated even if the interrupt associated with
the lower 16 bits of the RTC is disabled. The last value/count is avail-
able for special firmware usage. A crystal-controlled oscillator provides
the RTC time base.

(6) The IOC random access memory (RAM) logic is optional,
;i |and associated hardware is not included on the PSM-1 module for the CPU.

The PSM-2 module, for the IOC, does contain the IOC RAM, which consists
of a 1K semiconductor, 400-nanosecond, 18-bit RAM. It is used as the

1basic IK of IOC program memory. The IOC RAM is assigned a block of mem-

ory addresses and provides a non-paged memory or IOC programs.

-45-
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(7) The interrupt system communicates with the GPM using
the IOBUS, but it is assigned a channel number that is not accessible by
software 1/0 instructions. This interface allows the firmware to trans-
fer interrupt mask words and other control parameters to the interrupt
system (such as allowing the firmware to generate internal interrupts
resulting from instruction execution and to generate the two external
interrupts). The interrupt system receives interrupt lines from exter-
nal modules and contains appropriate interrupt priority, interrupt and
mask registers, and interrupt code generating hardware. The interrupt
system sends an interrupt code of the highest priority interrupt directly
to the GPM. This allows the firmware to read the interrupt code onto the
D bus, and through the reformat FPLA to generate a firmware jump address.
The presence of an interrupt code may be tested by the firmware during
software program execution. In addition to the three classes of ex-
ternal and internal software interrupts, special interrupts for firmware
use are generated. These include I/O channel interrupts related to I/0
chain programs and I/0 channel service requests.

(8) The PSM also contains the interface and control logic
to drive the program load indicators.

(9) The testing parameters of the PSM are noted in Table 2.

't-6

-46-



NAEC-92-138

TABLE 2

PROCESSOR SUPPORT MODULE TESTING PARAWTERS

SRA configuration: Double digital circuit card SRA

IC Count: Board A, 75 IC's; board B, 143 IC's; Total IC's 218

I Connector pin count: 3 top 41-pin connectors - 123 pins

2 bottom 152-pin connectors - 304 pins

Total - 427 pins

Signal 1/O pins: Board A, 131 pins; board B,
121 pins; total, 252 pins

,rest point pins: J-I, 31 pins; J-2, 39 pins;
J-3, 21 pins; total , 91 pins

Total 343 pins

Power pins: Board A, 14 pins; board B,
15 pins; total, 29 pins

Test point power pins (test point grounds) 6 pins

Total requiired pins (both boards) 378 pins

Power required: +Svdc, 8.6 amp max, 43 watts

Oscillators: board A, 32 MHz to 16 MHz; board B, 20 MHz

bidirectional/differential lines:

Board A, none

Board B, bidirectional lines - X Bus, M bus,
32 bits

Board B, differential lines - 2 outputs, 4 pins;

5 inputs, 10 pins
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c. Extended Arithmetic Unit (EAU). The EAU SRA is a 32-bit,
high-speed, floating-point processor which operates under the control of
the CPM and interfaces directly to it. The EAU utilizes the AN/UYK-20
floating-point format which consists of an 8-bit exponent and a 24-bit
mantissa as well as performs high-speed, 32-bit, fixed-point division.
Typical execution times, including CPM control, are 4 microseconds for
add and 5 microseconds for multiply. All AN/AYK-14(V) computers config-
ured with a GPM and PSM execute all AYK-14(V) floating point arithmetic
instructions. When configured without the EAU, the instructions are
implemented via firmware. The incorporatLon of the EAU automatically
increases floating point execution speed without firmware changes.

(1) The execution speeds for add, multiply, and divide are
shown in Table 3. The EAU is double circuit card SRA. Figures 20 and 21
present the A board and B board of the EAU.

TABLE 3

EXTENI)ED ARITHMETIC UNIT PERFORMANCE

Execution Time Weighted
Instruct Ion Percnt Mix (microseconds) Time Kops

Add 80 2.160 1.728

Multiply 10 3.660 .366

Divide 10 6.005 .601

Total 100 2.695 371

(2) The EAUI is more than just a hardwire, floating point arith-
metic module. It consists of a programmable architecture designed to provide
high-speed arithmetic algorithms for fixed or floating point arithmetic. In
the AN/AYK-14(V) computer Instruction set, the EAU provides increased CPU
performance for all floating point instructions as well as 32-bit data length

fixed point multiply and divide.

(3) In future applications and configurations of the AN/AYK-14(V)
SRAs, this module could be utilized, by reprogramming of PROM circuits, to
perform arithmetic algorithms such as polynomial expansions, trigonometric

functions, fast Fourier transform (FFT) operations, cordic algorithms, and

so forth. This designed-in capability of the EAU could broaden the appll-

cations and use of the AN/AYK-14(V) computer.
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(4) Figure 22 depicts the various architectural elements of the
EAU. The shift network, multiply hardware, and arithmetic sections are all
32 bits wide. The arithmetic section is constructed using AMD 2901 LSI
circuits and also contains 16 storage registers. This arithmetic section
performs exponent and fractional data arithmetic for floating point opera-
tions. The shift network provides for rapid numerical alignment, scaling,
and normalization. The testing parameters of the extended arithmetic unit
are described in Table 4.

TABLE 4

EXTENDED ARITHMETIC UNIT TESTING PARAMETERS

SRA configuration: Double digital circuit cards, each 6 inches x 9 inches

IC count: Board A, 9b IC's; board B, 119 IC's; total IC's, 215

Connector pin count: 3 top 41-pin connectors - 123 pins

2 bottom 151-pin connectors - 304 pins

Total - 427 pins

*Signal I/O pins: Board A, pins; board B, pins; total, pins

*Test point pins: J-1, pins; J-2, pins; ,J-3, pins total pins

Total I/O pins

*Power pins: Board A, pins; board B, pins; total, pins

*Test point power pins: pins

*Total required pins (both boards): pins

Power required: +5 vdc, 9.2. amps, 46 watts

-. *Oscillators:

*Bidirectional lines:

*Data not available; EAU in development.
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Figt1r4 22 - Extended Arithmetic Unit, Block Diagram

__-52-



NAEC-92-138

3. MEMORY SUBSYSTEM SRAs

a. Memory Control Module (MCM). The MCM provides a two-port paged
interface of two independent, interleaved memory channels, and thus allows
simultaneous access by two users. The MCM contains the control, interface,
and paging logic to operate core and semiconductor memories with the AN/AYK-
14(V) computer system. The MCM features include:

o lterfaces toCPUBUS and IOBUS

o Dual memory bus interfaces to memory modules OMEMBUS and EMEMBUS

o 16-bit address to 19-bit address paging system

o Phasing of memory modules between memory buses

o Parity bit logic, one parity bit per bite; block protect in
paging system: Read protect, Write pratect, Execute protect.

(1) The memory control module is contained on a double circuit3 card SRA. Figure 23 presents circuit card A of the MCM. The MCM provides
the necessary logic to interface the CPU and I/0 subsystems to main memory

by providing an interface between the CPUBUS, the IOBUS, and the two memory
*buses as shown in Figure 24, MCM block diagram. The MCM consists of two

completely independent ports interfaced to two completely independent mem-
ory channels, thus allowing two simultaneous memory references. MEMBUS
selection (or interleave) is determined by the least significant bit of
the memory address (thus, the terms even and odd memory buses).

(2) The MCM provides the mechanism within each port to trans-
I form a 16-bit relative address received on the port to.a 19-bit physical

address by passing it through the page and protect logic. This logic con-
sists of a page file, which is a 256-word by 16-bit bipolar RAM that is

* addressed by the six most significant bits of the relative address and a
2-bit state register. This allows up to four sets of 64 page registers
for possible multi-state processing. Each page register contains the re-
quired 9-bit page base address, which is appended to the least significant

I 10 bits of the relative address to form the final 19-bit physical address.
With the least significant bit determining which MEMBUS to access, the
remaining 18 bits form the address sent to the selected MEMBUS.

1(3) The page file also contains three lockout bits, which are
used to protect any 1K page of memory against an unwanted access. One bit

protects against executing an instruction out of the addref;sed page, an-i Iother protects against a readout of the addressed page, and the third pro-
tects against a write into the addressed page. The type of operation
(road, write, and instruction fetch) is decoded from the 8-bit control

code that is received along with the address on the IOBUS and CPUBUS. A
, I comparison of this code against the appropriate lockout bit determines

whother a protect fault has been generated. In the case of the two read
operations, the MCM executes the read and returns the data to the IOBUS or

I
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CPUBUS along with the bus error hit. This error bit flags out to the bus
user at the firmware level that an error condition has occurred. At the
same time, the approp iati protect fault status bit is set in the status
register. In the cas! of the write protect fault, the MCM hardware aborts
the write operation aid performs a read instead, while sending a bus
error bit to the user and setting the appropriate status bit. The most
sigiiificant bit in ea h word of the page file is the page modification in-
dicator, which is set to a logic 1 if at any time the page in memory is
written Into.

(4) Ther, are two basic types of operations that the 1CM will
perform, a data trp er operation and a function/status operation. These
are determined by the control code received with the address on every CPUBUS
or IOBllS request. A data transfer operation is used, as the name implies,
to transfer a single data word from memory (a read cycle) or to memory (a
write cycle). A function/status transfer operation is used to define or
change certain parameters and/or characteristics of the control logic within
each port of the MCM or is used to permit reading the conditions that have
occurred within the port or the condition to which the port has been set.

(a) A function operation is basically an output operation
to the MCM and is used to write into the page file, to set up the 2-bit
state register that is used as part of the page file address, and to set
up the mode register, which determines the parity to be written and how
the check bit is to be written. This allows the firmware to perform such
functions as releasing or modifying memory protection, writing bad parity,
or modifying the check bit at request of the CCU.

(b) A status operation is basically an input operation
from the MCM and is used, as the name suggests, to find out what the
status of the port is. There are two status operations. The first is a
simple read of the page file. This operation transfers the 16-bit con-
tents of the addressed page file to the CPUBUS or IOBUS. The second sta-
tus operition is a transfer of the status register to the CPUBUS or IOBUS.
The status register contains the following status conditions:

o Parity error - even MEMBUS

o Parity error - odd MEMBUS

o Write protect fault

o Read protect fault

o Execute protect fault

o No responfe on even MEMBUS

o No response on odd MEMBUS

o Check bit error

The status operation can also clear the status register after it has been
transferred to the CPUBUS or IOBUS.
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(5) On all data transfers, the MCM port performs the paging

transformation on the relative address and checks the lockout status of

the referenced page. It also determines which MEMBUS is to be referened
and then generates a request to the appropriate channel. 11ach memory
channel of the MCM contains completely independent control logic to cor-
trol the MEMBUS, to determine priority of the users, and t) control the
routing of the data between the port and the MEMBUS. On a write operation,

the port logic generates the check bit and the parity bit (the parity of
Ithe 16 data bits and the check bit). The 16 data bits, alng with the

check bit and the parity bit, form the 18-bit data word to the MEMBUS.

(6) The 18-bit word is routed under control of the memory
channel logic to the memory data bus. In the case of two simultaneous
requests, the channel "ping-pongs" the priority. That is, the last
MEMBUS user must wait until the next reference. In this way, no one user
is allowed to lock out another user from the MEMBUS. During a read oper-
ation, the checklist and parity status are checked in the channel and
sent to the connected porL. Either condition causes an interrupt to be
generated back to the user. There is also a response timer in each
channel so that if a memory does not respond, a no-response interrupt is
generated back to the user.

(7) The testing parameters of the memory control unit are
presented in Table 5.

- %-
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TABLE 5

MEMORY CONTROL NODULE TESTING PARAMETERS

SRA configuration: Double digital circuit cards, each 6 inches x 9 inches

IC count: Board A, 96 IC's; board B. 96 IC's; total, 192 IC's

Connector pin count: 3 top 41-pin connectors - 123 pins
2 bottom 151-pin connectors - 304 pins

Total - 427 pins

Signal 1/0 pins: Board A, 94; board B. 88itotal 182 pins
105 pins

Test point pins: J-l, 35;J-2, 34; J-3, 36; total 287 pins

Powor pins: Board A, 14; board B, 14; Total 28 pins
Test point power pins: 6 pins
Total required pins (both boards): 321 pins

Power required: +5 dc, 7.2 amp, 36 watts

Oscillators: 33.3 N] z

Bidirectional lines: Board A Board B

X Bus 16 pins X BUS 16 pins

M Bus 20 pins M Bus 20 pins
Total 36 pins Total 36 pins

,I

.1

-58-



!

I NAEC-92-138

b. Core Memory Module (CMM). The CM is available as a 32K by 18-
bit word module. The CMM is a plug-in unit containing all of the specified
core storage, associated drive and sense electronics, timing and control
logic, and interface circuitry. A block diagram of the CMO is shown in
Figure 25. The form-factor and electrical interface of the 32K CMK is iden-
tical to the semiconductor memory module (SMM), discussed in paragraph C3,
which provides for complete interchangeability of memory as noted in Figure
26. The CMM features are:

o 900-nanosecond read/write cycle time

o 350-nanosecond access time

o Low power, average 31 watts for 32K words (based on half I's
50-percent standby), maximum 64 watts

o Bite operation

o Interface to OMEMBUS or EMEMBUS

o Read/modify/write capability

o Data guard (optional), indicates power supply out of tolerance

o Tri-state output and parity (optional)

'I

iI
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Figure 26 Core Memory Module (front), Semiconductor
Memory Modulo (rear)



(I) 1he CMM is available in a 32K by 18-bit and a 16K by 18-
1*-I, the AN/AYK-14(V) (the 32K core memory is standard).

'I,: meniory is the CDC-9P, which is shown in exploded

:. 2, :'his, lmciliory module is a nonvolatile, electrically al-
Core memory, which is electrically and mechanically

,i ,r 'l other available standard memory modules but
r r d isslpatioi. The module contains all the necessary

, to L, Kmtronics required to read and write the memory. In

,, 1-91' provides all the electronics necessary to interface
ii, '.l iii~cii cot idoler module (MCM) using the MEMBUS. This 3D, 3-

",, IV res a 350-nanosecond access time, a 900-nanosecond cycle
. iiik i riansistor-translstor logic (TTL) interface fully compatible

, ',!",.'.K--IrV) requirements. This high performance, low-power memory
:: .,voia.lbe from a second source.

(2) The (IIC-9P is comprised of two subassemblies, the storage
-' , t;id the interface board (Figure 28). The storage assembly con-

I Ltw Identlical multilayer boards (Figure 29) which contain all of
V k nio~ics for drive and sense in addition to the 18-core arrays.

1 ivc ml sense components are surface-mounted on one side of each board,
I t,K t\ 9 bits of core are contained on the reverse side. All core

i, (t-rnu boards Is continuous.

i ) he circuit design of the memory meets the component power
o the AN/AYK-14(V) specification. In addition,

;t i ;ed tLo an extent that in a single failure mode condition,
t ta ,I oQmponents is prevented. To provide a minimum wcight, mini-

tict Irsign, integrated circuits, thick film resistor networks,
It1 Ji,,Il/transfstor packages are used for all functions unless
( 1 &w.r dli Ipal Ion limits. All semiconductors are available

(-4) h' melmory module utilizes a low-drive, temperature-inde-
I.. lHie low drive current requirement of this core allows the use

I v ciw;p it, .tst and provides for lower thermal stresses on all drive
I a ,lponliet ;. The module has a maximum power dissipation of less than
t' t'- L, the fll I temperature range. The low module power dissipation

h ,inlim ,! (,i both system power supplies and chassis cooling. The
. t. il,1.cpcUdellCe of the core eliminates the need for temperature-

. i. , iurr;it sources and relaxes the normally stringent requirements on
, r;l lenits across the core arrays.

io lhI '.C-91' meimory pi vides circuitry to prevent the loss
, , ,iL.t dtrilu, the power on/off sequences or during voltage tran-

I(-!;,-( liltlt prevent the start of a memory reference whenever
i,t t art lti,'a I, outside +4 percent of nomlial. The module pro-

, h 11I:, o t,raye to complete reference In progress during a voltage
Ictl w I ,i-rept command as soon as the input voltages return to

. , I ' t limits.

(W)I Ilie memory module was designed to meet, and is presently
lclt I to, the AN/AYK-14(V) environmental requirements, including

'It-i~ ir;utur operation (writing at one temperature extreme and read-
!. 1, othln )

-62-
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.14,1 'm for III- interface

Iwioin face t ining diagram. The
d, andI. ~i1~ ce control circuits, thle voltage

ci cip. 'rt .' c I t ;, ncd tile 96-pin NAFI style inter-
cwc'i clo , there lore, consists of on]ly

tr cI (ic f which are identical. Thle two as-
. . Imi,, tcacnw withL ramp clamps on each side

- cc p icchoicodut e In tice chassis and an effi-
1 h~ii~or.The coplt modul meaure

1,- I of i CDC-9P was heavily influenced
-1,,1' p.c 1 1.c1c I V concepts. While the entire module

dA is; possible to readily replace either of
.',,*'c~, ,l i t i on,a; I I components on both subassemblies

ci~ ~ ~ ~ ~ ( vi' I. I c'cld itical mecmory fuinctions during trouble-
p. 'cidditilnco ;il aI /0 signl pins, can be
'K I ;cncn wi thout caus lug dlamage to the module

ic ~ ~ ~ ~ -' - *'c~ i I orga~nizat ion provides a design that utilizes a
incd component types.

I Ic !I, c'cclp lcxit 'y ot testing the core memory module,
..................... I ; V'icIcre 3'ri IT) addition, the summary test

lAM1.E hc

(IIWi VEST PAKAMETFRS

S. *.c~,c it,!;, dcci' Ii' Aii, ci rcu It card

I I;.wmhccIc lv twoc mut It I laver boards

41 I
1 25 3 IC'

80 pins
15 pins

ccc .1c ccc: 95 pins

* "It,- c vcI; 601 wat ts
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MEMORY MODULE

MEM ENABLE R/ IIGBUSY
RETURN CA

INITIATE RCLDT
RETURN 3->ED

MODE LSB R/C _MODECONTROL -- BITS O-8LSB
R ETURN

MODEMSBR/CMODE CONTROL --- BITS 9-I7MSB

RETURN

ARESES OADRS
ADDRESS IN 'DC DR

(14) SAEDAADdRRSST

RREGISTER

DATA OUTOU

CONTROL
DATA GUARD DT

OVERRF~IDE RTR

1I2VDC
POW1ER SAU
RETURN PREgo-5VDC RTR

R=51 OHMS
Cz 100 PF

Figtire 3C) - C)(-91) Interfaice Diagram
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TIE (MICROSECONDS)

0 3 0,t 0.5 0.6 0.7 0.8 0.9 10

M 'Max 0.9 MIN

SMIN

-0..0 MAX0.75 MIN, 4 0.85 MAX _

MX- VALID (E OE
7\' MAX

0.35 MIIOMIN WIDTH
0.41 MAX0. MAX WIDTH

I. ''.Y, ."|; N( RF.AD/ RESTORE CYCLE UNLESS HELD
;w)v *I[ [ DAIA-OUT CONTROL" SIGNAL AT 1/0

'I ) -9) Intert, ,"'Timing Diagram



NAEC-92-1 38

aga

o4&

0~ 8

t; 
2

-4 a l

p- 

.

44 go

a 1-I

o~ ~ ~ V ~ a

ct a 
.,0-

0I~ 4z
Djo.J31.

~h!~iiIH

a- 
U . a

-69-



*p\,*, ')j.5-- , IV. ;/'

(tf CDIC- il<f,;tI,-ModIfy-Write Option. The CDC-9P provides as

i rt ,, qts standrd ti 'i I, ."irld control the ability to perform read-modify-
,o t Ions. llhii t..'tuv Is controlled via a single interface line

104R. 1 p1t Iit;i a read-modify-write operation, the i line
, tt. t, , ,, "0" (low) at least 50 nanoseconds prior to the

it tie ,v lo-i-ut iate signal, and the mode-control signals,
' Iq1,,, h! .the hiph tstate (Read-Restore). The CDC-9P memory

,, ii tl lil half cycle (retrieve core data in place on the
1 Irf, b.1b;) Alld halt with the "Data Ready" signal in its

' tte. Wiheni Ih' iX Is released (goes to a logic "1"), the
, i- I i di lw'pe frow the interface, the write data from the user is

S it, t" in ntorn;Il legister, the "Data Ready" signal returns to its
. i,.h J;) . , 1 the memuno ry performs the write half cycle. The

it-i i. timing ,i agr;in it the time of 1, W release is shown in Figure 33.

(a) Thiu RMW input load is as shown in Figure 34. The IK
Itp it ;Istor gutrantees a logic "1" level on the R input when the

i.! ' Ii lot used or it It is driven by an open-collector driver. The
1 I, ';i.r and lOopf capacitor form a filter which rejects low-level,

[ti- ieq tiency nolse on the interface.

(b) The design of the read-modify-write function is such
1i eI,,iv Is Introlticed into normal read-restore or clear-write oper-

,P. i vlit, however, to the length of time that the RffW
in t.i, lo .h "0" st;it tollowing cycle initiate. An internal
ni-mt in the meilory odule will clear the memory timing if the

I I ip-t lop I[ k-t for longer than I0 +5 microseconds. In the event
it Ii t, rweriir;, the addressed data w( d will be left in all "0''" state.

HW

0 H;V
U-LIl DAA I -Z

: -- 460ns MAX

0 I
; '"R, I _ f /' F IA ! ">< V LI

-50nsMIN

I I A _0 -OY

-' ns MAX

''-I ilv O~ptiorn Is fristalled, write data must be valid an additional 100 ns
..rI to release of the R signal.

I irilt, 1t Rv;td- o (ify-WrIte, Timing Diagram

.. 1
0_0
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34S04

RM 51 51

100PF

RMW 52

RETURN

Figure 34 - Read-Modify-Write, Input Load

(I) CDC-9P Pari ty Ojtion. The parity option for the CDC-9P

provides a low-cost means of generating and checking memory parity in cases
where only 16 interface data bits are required. The additional two data

bits are utilized as parity bits Internal to the memory module, one each for
the upper and lower half words. Th' standard interface timing diagram remains
valid. Write data must be stable at the memory interface connector no later
than 200 nanoseconds afteL the leading edge of the cycle-initiate signal.
Data input pins for data bits 8 and 17 must be open if the parity option is
installed, for these are the two bits used as internal parity bits (interface

connector pins 41 and b3). Interface. connector pins 26 and 92, normally
used as the tri-state output for data bits 8 and 17, are used as outputs for
parity error lower (PEO) and parity error upper (PEI) respectively. The
parity error output signals are active in the logic "0" state and are valid
from 100 nanoseconds after the leading edge of "Data Ready" until 400 nano-

seconds after the leading edge of "Data Ready," as shown in Figure 35.

CYCLE
IN ITIATE

DATA READY
TTL

380_ 30 n I

PEO/ PEI u..305n, i L OO_0 50 n

4-7Ono MAX

' : - -_ 4 O0 nls MIN ..

Figure 35 - core Memory Module, Parity Option
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k:,. The S1M provides 16K by 18-bit
It j motiti le wich fii compa t ib I and Interchangeable with the CMTh
. ';aph C2 lhe '[It' et ores of the SMM are:

11L I; ' t 1 t1' i i, I lilt,

I" At-. r:u't hit 16K words and 30 watts maximum

iA hIigh--t;eelI, cvI'ctri-al Iv al~terable SMII has been designed
ii fi! appli ct: ton. IThc module provides volatile star-

-1 i words, and roeqifo-I! significantly lower power than the
til :t 1.1,h T)( opor i-I ! hg m. Idl

" I, ,o rot ko vile SMs i Cet been assembled and eva lua ted. The
i- ,I,( i it Ing Iii the CD)C 480 computer system since April

* t ~I J, l'ttVTtIa 1 comia tiblt ilty with the CMM has been verified,
o '.1 it Iol tof CMM and( StIM has als~o been proven.

I owi ti read and write cycle times of less
t 11, 1iI, read acress5 time of less than 300 nanoseconds.

i- l~i, !o Iy tapped delay lines and SIR flip-flops
- - 0.ot-till metter Hear circuit. Separate mode control

tI i 'otperrtt ion of each 9-bit byte in either the read
tII 1tit siipply voltages; tare the same as the CMII (that is, +5,

mi i g 'tor o nsiIrtig rItts provide a power status signal
I ~it o to o !I-] (I N when allI supply voltages are within

'I tre. A d ita guard signal locks out memory references
IT t trort, 111ao 4 percent from their normal

Ifk-ftiie otr locked out, the +15-volt Input can drop I
-I '-volf npi ,;in dat o to -8 volts before data in the

I It r-i-1 wil he 1 le; t roved. Typical power requirements at
I' t I ittl'v (,I r wa! I whitn operating a 400-naniosecond

II MMIrcmuit f; -ire cont a ited on two multIlayer printed
I !i It ,it1.cw t o :i commtol f rame and interconnected by

!1 wlet tor" s I) otbord incl1utdes 16K bytes of memory;
t1 r rI Ve, Input , anid ittit put circuits; and the interface

ilt loai'I il titt's Ht other 16K bytes of memory, addi-
i i It i , and a jo It ;tl'.e regutiator. The total module weight is
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(t)) Owe edmtilt dt*;ii i 1g ; isel on a ttii ly static 4K by I met;l
,ixidt. ;eiiicoi -,. tor (M()) RAM I irtegratted circii t, the, SEMI 4200, intinijiac-
tur,,I hy iclt iic Momo i -s and M;agnetics Corporat Ion, with second source

ub Ic I t;ii.r.Il rumto. The device is packaged in a 22-pin,
side-bra.ed ,, i di.l-l I in line package. Dyn..mic memory devices were not
I ,:t;illI-,I 'ceptdile tor k.1i:; application because of their susceptibility
t,, "soft I ,nteimittent errors, their high refresh rates at elevated
tc';.' 1%i l , ,, Ii hl 1 '-s ; V,( memory access during refresh intervals. Re-
1l hidi ' i.; "if'.cr'd ,' Jlt the hIgher failtnre rates of the dynamic
de . , • add it i 'in:, complont.its oh the refresh circuitry. Refresh-
rel:,. e it o',,i:;; I 1a ,.k i.iult Isolation and malntainability much more
di I t t i ~ ii , i to i d it b,, td on static dcviles.

(1) lic ti pt runeters for the SMIM are presented in Table 7.

IA II.I; 7

SPM IC tNIWITOR MEtORY MOIW TEST PARAMETERS

.)RA ',,l i.nra tion: l)ouble digi. I circuit card SRA

*(:0JllWt't or pin c'olilL:

*PoWe.i r, , :

A Vt(' i t t il

* ' 1. , t,- I inW de:

*l),u t i ,ot iv;.ii all c ; 5MM lii development.

V

I,

I

I - U l II . .. . . . . I l ll I .* .. . . . .. ...,



I IN/tI/OUTPUT SUBJSYSTEM SRAs. The I/O channel structure of the AN/AYK-

14(V) computer system provides for communications between the computer and

t iphierai equipment and/or otlier AN/AYK-14(V) computers. Each of up to 16

I li1lh~li Is in a given tomputer configuration may be assigned a unique 4-bit

,I lgiCal tioii, t- which the software uses to address the given channel.
tiqt 4-bit channetl priority number is defined for each I/O chan-

I it aiven totii iguration by the physical 1/O channel module location for

il "Lcsalvin; :o.SSifll Conlicts among the several I/O channels. Avail-

i M c/liti rn, ' I vpt int I ide the following:

S t. i ial I I )) A (I MIl'v)

a 8cr ia I NYIDS (10 Mliz)

,, .. -. 2 a-;ytchiroituus (se lectable baud rate)

I i il-O tll:; (10 M lz)

ViUal lel. 1NT)S !low (-15 v)

.i'1alI IC I NI D)S Ii;t (-3 v)

!, I : w:lr ANl W 0 3.5 v)

. i:,, ret, Io urtaer ,e Module (lIM). The DIM (Figure 36) is used to

i-c , tonvctiient interlace for communications single-bit status, event,
LtI i -r1 tio between uSer devices and the computer. The DIM I/O

1, - 1 m,,(t lI pro .lce l I h ol low i ti, 1 /() Interfaces:

, I ,t ii, I fitit i iiopt s witi lI lIvidtua] mask bits and program-
..,; 1-11 l,, io itv. lhe,;s. appear to the software as class III,

1:i i l ,, i tli r

I idit.c tional discretes, (IO) program selectable in groups of four

as niput ot output signals.

I' I 11111 di' creten; (1)11).

l6 "swit'h closure" input discretes (DIS)

(1) Th, D11) and DIS Inputs are accessible only through a jumper

I,, I lie [op l0 the l)IM, and are available only when the DIM is in-
,i l.l Ion A02 in cerltain AN/AYK-14(V) chassis configurations.

(2) WliI Ic I1)1IM comnlion I cates wi t h external cqulpment via
Ih., ., .I h !;oftwirt, ititrface to Ilie DIM Is via 16-bit parallel words.

j. . ,,i mi' tpil. IlL Is dul v irud to bh !;Ct, ;in "image word" In main memory

I,,,

- / /4

I I II I I II " I I II .I I I- -
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would.1 II, set and the entire* word output to the DIM. For inputs, an entire
1 j-ht lc is, ruead tL) mem,'ory from the DIM and an individual bit then

Ii.; atuirk permits use of DIM discretes in a parallel channel

li pUt aInd Output trans fers between DIM and main memory are
A'i~i In In t iaLe Message (E2 hex) or initiate Transfer (E3 hex)

i,)- i on tse(cut ed In an 1/0 channel program. Either input or output (hut
i t) ch:i1iiti, c-an be' aeCLiv at any given time. The DIM circuit card

a.- ~rh] J I shown In Figure 37.

(4) The DIM as shown in Figure 38 contains an IOBUS interface
Jcn-iuedin the same mainner as all other I/O channel types. As with all
CllJ[11101thisportion of logic includes IOBUS transceivers, IOBUS
intrf~cc ontolsignals, and sequencing logic necessary to interface be-

Lw,,ci (l usslule hardware and the IOC via the IOBUS. For discussion pur-
poscs, the remainder of the DIM logic Is partitioned into the output dis-
( rcOt sLct icn, the Input discretes section, and the event and interrupt in-

pilS s-t n.The DIM consumes about 11 watts on a 6-inch by 9-inch module.

0) The output discrete section includes 32 transistor-
ii -ta1'ic ('IT)-compatibie differential transmitters and 32 output

Ia1t i OL I I pj-f lOps. Thcsc latches are implemented with addressable
Iii- --bt- Caile Integrated (MSI) circuits using only four integrated

(h) The iniput discrete section contains 34 receivers, two of
It( sic. in IL for the reseL and bootstrap load initiate signals. These

1... i pna -ac routed Into the event and Interrupt section of the DIM. The
cmi iiii32Inputs are grouped Into two sets of 16 and multiplexed to the

h->intcri ace Icr iniput Lu the 10C.

hi 'i- two( specia~l discretes plus eight external interrupt
- arc- uted through the event and interrupt section to PSM-2 of the

Pit P-l if the (CPU subsystem is used). The interrupt control, however,
piccides, imatk register and priority, both definable by the software by means

8) The hIIM provides differential TTL interfaces including 32
I li,;,cties , 3 2 I npu t d is cre tes , 8 external interrupt inputs, and 2

.1c'clt input".

* 'I) I hc liiputt /utut nil n timing for the DIM, PROTEUS, and NTDS
1* !I 'we In it gure V). The testing parameters for the DIM are

-7f)-
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y~i~I INPUT EXT
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X CHAN
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I 11) 151 L'ARKAMETERS

, -I ii ,'.tl, -, 64

wi l . -98

.i is 133 pins

72 pins

i, )205 pins

.i ,: 64 pins

20 pins

Id 289 pins

* . I tw i : H . H 'Wi.;, I'., o) "lz; 1 i), , MHz; 1169, 8 MHz

I t i,: X imi,, 16 hit t l ti s 0-15)

t i l ( 1
ii "i I i : III I lip I -, I 1- p4 1S))

R I .. , I I i; i. i t,L'rr l)tll .td 'lit ;iin status words
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b. Serial Interface Module (SIM. The SIM implements a serial
multiplex data channel meeting the channel control and format character-
istics of MIL-STD-1553A. This channel type is the standard intersystem
communication facility on board modern military aircraft. The SRA inter-
faces to two 1553 buses for redundant operation.

(1) The SRA can operate with any MIL-STD-1553A protocol and
can function as either a bus controller or remote terminal unit. informa-
tion is transferred on a single, shielded, twisted pair line at a l-Mz bit
rate. Data is transferred in 20-microsecond frames, each divided into 17-
hit times of I microsecond and one 3-microsecond sync interval. All mes-
sages are addressed and use three types of words:

o Command word - sent by bus controller to address appropriate
terminal, specify message type, and set data word count for
subsequent transfer.

o Status word - set by a terminal in response to command word.
Identifies terminal and reports status.

o Data word - contains 16 bits of message data, sync pattern,
and a parity bit.

(2) The SIM 1/0 channel provides the following modes of opera-
t ion :

o Bus Controller (BC) - controls and initiates all data transfers
on the 1553A bus.

o Remote Terminal (RT) - responds to BC requests for transmission
and reception.

o Bus Monitor (BM) - monitors bus for activity and stores every
word when received onk the bus.

o 0ff - no channel activity.

o Self-Test (ST) - is a subset of "Off" in which an internal wrap-
around test is performed. No data is transmitted or received on
the bus.

(3) The SIM channel operation meets the requirements of MIL-
STD-1553A. The channel structure provides for up to 32 users per bus.
Messages on the bus start with one or two command words from the BC, fol-

, lowed by status word from the RT and up to 32 data words.

(4) The SIM incorporates parallel-to-serial conversion, word
formatting, sync detection, word decoding, and message control, with hard-
ware programmability by means of FPLA circuits. The SIM SRA is shown in
Figure 40, and thc SIM circuit card assembly is shown in Figure 41.

-81-
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lhaiiuL I type module in the AN/ f
JJL' ~ji nHiI.; sc . on reti iltzd n te IMimplementation to achieve

':1L oxi i It y;id a lw ut ir adptt tn o vryngmessage protocols.

i ,i / bit~c boc digra o th SI i shwnin Figure 42.
.!i ran ifiterla;it' to the 10BPJS with logical channel code de-i

I i ' 1,pani' W iring In the eliass is. The portion of the diagram
_J XCHAN ill Il .vc the t1lUS t ranst-etvets, the IOBUS interface control
t anid the -s.-cuenc ing logic necessary to interface between the rest

S -idte O ywyofte1BS The output section of the SIM
it ' a data hbuffer, a parallel-to-serial shift register, a word-encoding
,, fon 4 lo),gic, and doal transmitters into the transformer interfaces

wi~h the dial 1Yh3A huses. The receiver section of the SIM contains two
icIc'ts. fedl by the dtial 1 553A busses, word decode logic, a serial-to-

I I!--II 01 s;h ift register, and a dIata buf fer for receiver words. The section
t-ime SN b lock diagram labeled MESSAGE CONTROL sequences words within

-~aeblock transfer-. andi performs the required automatic status responses
'il eri-or hondiIng.

/Th ree port I ns of- tilt, S IM (the encode logic, the decode
1I' t, amtid the message cont rolI) are Imp lemen ted tnt a unique scheme with

I hard~wa re yet extrumely flexible programmability. A single FPLA
mm f-~it is tit i ized inl each of these three portions of logic.

~ Sr~' aI hadwired and icrroprogrammed schemes for imple-
Stihe SI M havxe !triii Invest igated by Control Data. None of these

ts;ha -i1 Iddimr iia ackage count nor a more flexible and
r'ru~uhlearcimitee tire than the proposed design. The presently opera-

i iqi hi eadhoard 1, M has demonstrated that FPLA packages are more powerful
.1'''i prit or thil' log'ic appl ication than are PROM packages.

(0) 'Ilme encode logic combliiis a single FPLA in tegra ted circuit
Il I 1'l mnllti anid a sitate register. A clock signal, initiate

: inmd ha (ila bit stt ream from the parallel -to-serial shift register
d' ic s t4 tifs logic. The encode logic, Ii turn, generates sync pattern,

N>inci.s ter-codedl serial bit waveforms to the transmitters, and provides
ltdand iift enaf Ic control to the shift register. When initiated by

'snecont ril, tile encode logic is given a message mode code which
k,' Ino, tmheli des ired] format for the word encoding. Any oine of eight differ-

(,tit formats may be defined. These include sync polarity, sync error, data
if error, and even or odd parity definition. This enables transmission of

ii' vil h words onto the 1553A htis, but also words with sync errors,
fe1; t er-code errors, or piari ty errors- Thums, a buil t-in diagnostic

i y i ns 1 pi-ovi 'led For theIs S IM modti Ie.

(10) In the encode logic portion of tile SIM, all of the charac-
f is ofi tho tnransmit ted bit stream are programmed into the FPLA in

i' elogic. Any change in these characteristics (that is, more or
1-4-1 hits per word or sync pattern redefinition) are easily accommodated
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i i, titei tPA program. ''h presently operational SIM at Control Data
At ii c / min-terms ot the total 48 available in the FPLA within the

, i. 'This ! tIle function, including sync generation, bit count-
i ity ,tiou, and error insertions, is implemented in a total

, nt eg ,med circuit packages.

11) 'I l iit,,dt, Logic performs sync detection and extraction,
; t i,'natton, parity checking and bit counting using a

' F t, linin, '€,vimenm. This logic is again implemented with a FPLA plus
img r-ep tt , a bit counter, and a state register. The bit samples,

iIim with state and 1it counter values, are fed into an FPLA. The pro-
i in Ph L liA controls the sequencing of the state register and the

d':mui0es 1 t0me bit counter based upon detected transition times of the
;mili .ignals. Declsion.; associated with error conditions and valid/
ivalid received words are programmed into the FPLA. The breadboard SIM
lil tzze ; ,)1nly 4 iht egrated circuit packages and 37 terms of the total 48

i (1 i PLA tor ti is eiLiLc function.

(12) Thec me-ssage control logic is the third portion of the SIM
11 ! Li izm.s an FPLA circuit. it accepts a message or channel mode regis-

ct lh status ot the decode logic, and field of input words in the serial
iIi ft ,,,gister. Its function is to monitor input comunand and status words,
, ,, 1 L il, 111d compare unit number assignments, and perform status response
: t a to the encode logic and interrupt initiation to the IOC when

Th.. nmein' ,e or channel mode is defined by means of the IOBUS

;,hdin aL.Ut: the channel to perform as a command controller, re-
,,mt, of ne.wly defined protocol scheme such as polling controller

I terminal. The protocol characteristics are programmed into the
............ l great flexibility to the SIM. Other mode information has

ii used In t'-,A programming to force the receiver to monitor its own
, mesSages and provIde "looped around" self-test of the SIM.

) cle test parameters for the SIM are shown in Table 9.

U.________
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TABLE 9

SEKIAL INTERFACE MODULE TEST PARAMETERS

SRA configuration: Single digital circuit board SRA

IC count: 133 IC's

Connector pin count: Three top 41-pin connectors - 123 pins

One bottom 152-pin connector - 152 pins

Total - 275 pins

Signal I/O pins 67 pins

Test point pins 94 pins

Total I/O pins - 161 pins

Power/ground pins 22 pins

Total required - 183 pins

Power required: +5 vdc, -12 vdc, +15 vdc; 3.2 amp, 1.3 amp, 1.1 amp; 16 watts'

Bidirectional lines: X bus (16 pins)

Differential: 6 output (12 pins)

Osci I lator: I MIlz'

-9
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2 ! t,, l , i-,, _d N t-). 'Llicr, ar four types of NIM's, each
" o , ,pe. rat oiu accordinig to MIiL-S'T'1i-1397:

. PIP. 1 I ;t lt-1it paral Il I transier of up to 250,000 words per
111,, Iio,rv vo tage oI 0 vde ( logical 1) and -3 vdc (logical

~,, Nl , .icw - lo-bit parallel transfer of up to 250,000 words per
s Ioc, n 1;I Wrv voltrage L'vC h of 0 vdc (logical 1) and 3.5
v , k 1 ' ia' I )

N S.' I o l , - li-1l p a t Ic ItI ijns er of up to 41 ,667 words per
n;t'u-onl. I toarv voltagI e e vt.ls of 0 vdc (logical 1) and -15 vdc

o-i~0) .I

N'I)S Serial - serial data rt-ansiLr O up to 101 megabits per
act -oi oi, , n- cable. Bipolar 1 3.25-volt signals.

(I 1 tl.Iul I i terLI ct' lines I or NTDS last, slow, and ANEW arc shown
111 a l' nocI intcr ac lint's lor Serial are show11 In Figure 14.

I t i ChianneIlL'[ ; ctl be operat'L-d together to form a 32-bit-wide
l A . I,. I chlutl . lran; l 0optr,%t ion n the serial channel involves the use of

': I I , , I niiin ind -'i-b i dtL &II A I 's (32-h it message daLa, fulction, or
11,t , i. ld I-h i, word 1I), I-hit sync), according to procedures defined

0 lit' lI nIUnL':;upt't operation in computer-to-computer,

I iia I, .. pcc i icd addressing modes as described in

A p.ir.i I c data channel is lb bits wide and contains two associ-
I - Iii t i I o iii tlie hldshiakc control rcquired. The parallel I/0

.pt d 1at.1 chlicL-I and all output data channel., each with its two
, ,, I jo ,liiinncl requires 18 transmitters and 18 receivers to con-

1 1. ioc I I''ol, L to the applicable NTUS channel levels. Two 1/0 channels
* . , 9- ich modul t .

ie Nri: I',i (F~igu At , ) and tito Anew (Figure 46) data channels

t , c (it dii i I ittcgratCed circitit receiver. Discrete resistors are
: i t Itc itt L o nieet. tilt, rtequired tolerance. A capacitor and bias

S1 ' iL.t,, tie, cir tait reiLirements . The NTDS Fast transmitter uses a
I 11V:1A(1t I d ll i Ill iivLter or tc lih driver. A totem pole type of

' I i t -. I b( t-Lwt'nl -'I Volts and ground oninop the two translators. One

I i (I V . i \ t I the inl and ti oiher by the inverted signal. A line
,' ! 1,(; I' t new It n:;mi ttIer. It is ;I derivative of the MC205, a type

I , :'l~I i I ,' 10w '. i lit ' ' ,Icl' ' ,

0 1 TI, NTi)S SI oW [ t ct' (II'iIIrtc 47) uses Iwo hybrid circuits Irom
,, i,,' o',, ItIC. ''lit' i t'NIt dLiver Itld CT1I I dual receiver are designed

w I I I o * I tI c k pt'tc ic i It i oin.

0t Ii,' WI'lS Set'l ii i/ti l iiiit- (IiM pu /ln c 48) has two bidirectional

'I' I .' ,i iipit i 11 t a d ,i1 ttttrul t I i wlit', Whi tb send both data and control
* I o, . atrcamn I pia -tnodittd pul:es. The pulse stream format differ-

c,ii1 II int,rmai ion from data , words. A 'tnpatttr with feedback to add
i tI ( M1.N')- t h :-tt n ia i used an; I coiver ] or tile Serial channel.

4
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I i_. twi r.,sis Lors exteL'tW I to ile. lutegrated circuit. A receiver and
I transmntter are connected in parallel at the transmission line terminator.
Thuis, when data is being received, the transmitter impedance must be high compared
to the 75-ohkim coaxial cable impedance. A current switch type of transmitter is
ueLed In this circuit. Each I/O channel has two receivers and two transmitters.
A !roiihb.r of these may connect to the logic, which generates and decodes the phase-
11,dailit~e pulse stream.

(6) ic AN/AYK-14(V) I/0 subsystem will interface with all four types
,* 1:. dlta channels: Fast, Slow, Anew, and Serial. Each 6-by-9 module will
,,Ot'lilk one 1/0 channel. The four types are interchangeable at an SRA level in
the WRA.

(7) Further commonality is obtained between the NTDS Fast and Slow
itfrftcv!; by utilizing the same components and printed-circuit boards on these
modiles. The unique characteristics of the interfaces are obtained by changing
th.. time i-onstants and the voltages to the transmitter/receiver, simplifying
training and testing requirements for these cards. |

(8) The test parameters for NIH (Fast, Anew, Slow, 
and Serial) are I

.iun it Tables 10, It, 12, and 13.

TARIE 10 - NTDS (FAST) INTERFACE MODULE TEST PARAMETEFRS

5!NA conFiguration: Single digital circuit board SRA

i, (oaunt: 120 LCs

rilitnertor pin count: 3 top 41-pin connectors -123 pins [
I bottom 152-pin connector -152 pins

TOTAL 275 pins

S[gnal I1/0 pins 132 pins j
T'est point pins 43 pins

TOTAl I/O 175 pins

Power/ground pins 22 pins
TOTAL REQUIRED 197 pins

o iti rate: 250 words/second [I
1',uwer required: +5 vdc, -5 vdc, -12 vdc; 3.56 amp, 3.56 amp,

1.48 amp; 17.8 watts

iirect onal lines: 16 lines or 32 lines X bus

1)i tIerential lnes: Input, 20 lines (40 pins) LI
Output, 20 lines (40 pins)

0 ;ci i tor: 32 Mliz, 16 MiN, 2.28 MHz

-94-

II [ I I_______III _I__ II______ 
I_ _Iii__i__i__,__7-



i MANC-92-138

TABLE I I

NDTS (ANEW) INTERFACE MODULE TEST PARAMETERS

SRA configuration: Single digital circuit board SRA

IC count: 109 IC's

Connector pin count: 3 top 41-pin connectors - 123 pins

One bottom 152-pin connector - 152pins

Total -275 pius

Signal I/0 pins - 132. pins

Test point pins -,42 pins

Total I/O 174 pins

Power/ground pins 20 pins

Total required 194 pins

Data rate: 250K words/second

Power required: +5 vdc, -12 vdc; 1.8 amp, 0.1 amp; 10.2 watts

Bidirectional lines: 16 lines or 32 lines X bus

Differential lines: Input, 20 lines (40 pins)

Output, 20 lines (40 pins)

Oscillators: 32 MHz, 16 M1z

Ll
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TABLE 12

NTDS (SLOW) INTERFACE MODULE TEST PARAMETERS

SRA configuration: Single digital circuit board SEA

IC count: 120 IC's

Te pontpns 43to 5-i onetr -12pn

T Ta a -/ 175 pins

Poer/gond pins 22 pins

Total reqire 175 pins

Power required: +5 vdc, -5 vdc, -12 vdc; 3.46 amp, (not used),

1.45 amp; 17.3 watts

Bidirectional lines: 16 lines or 32 lines X bus

DIdffrential lines: inp~uts, 20 lines (40 pins)

Output, 20 lines (40 pins)

Oscilatrs:32 M11z, 16 M4Hz, 2 1411, 222 kd~z

-96-
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1.
TABLE 13

NTDS (SERIAL) INTERFACE MODULE TEST PARAMETERS

SRA configuration: Single digital circuit board SRA

IC count: 129 IC's

Connector pin count: 3 top 41-pin connectors - 123 pins

One bottom 152-pin connector - 152 pins

Total - 275 pins

Signal I/0 pins - 56 pins

Test point pins - 43 pins

Total [/0 99 pins

I Power/ground pins 17 pins

Total required 116 pins

Data rate: 10 M bits/second

Power required: +5 vdc, -5 vdc; 1.7 amp, 0.2 amp; 9.5 watts

1. Bidirectional lines: 16 lines X bus (est.)

Differential lines: Inputs, 20 lines (40 pins) (est.)

Output, 20 lines (40 pins) (est.).

Oscillators: 32 MHz, 16 MHz, (est.)

p. -97-
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d. RS-232-C Interface Module (RIM). The RIM (Figure 49) provides a
full-duplex RS-232-C serial channel operable at selectable baud rates from 150 to
9,6O0 haud for the asynchronous mode and in synchronous mode to 9,600 baud. The
module -ari be converted to operate to MIL-STD-188C with some component changes,
htit without circuit board modifications.

(1) An EIA-STD-RS-232-C serial channel communicates over a serial
intirtace which transfers data and control information in both directions,
oising the input and output cable configuration in Figure 50. Full-duplex
operation at rates to 9,600 baud is possible. The control lines are turned
"(n" and "off" by 1/O command and chaining instructions to commnicate with
peripheral equipment. The peripheral equipment can, in turn, set control
lines to transfer interrupt, response to controls, and status information
to the computer. While the RS-232-C channel module is capable of either
synchronous or asynchronous operation, the chassis configuration (connec-
tor wiring) permits only a single type of operation on a given channel. F

(2) A single RS-232-C compatible channel is contained on the
RS-232-C channel SRA. This module is compatible with the other proposed
AN/AYK-4(V) I/O channel types in terms of the I/O bus interface, interrupt jf
interface, and control firmware interface. This module type may, as a result,
1.. located in any 1/0 channel SRA slot. Like all other AN/AYK-14(V) computer
modules, this module will be designed to meet the MIL-E-5400, Class I1
eviNironment as required.

(3) The RS-232-C channel is implemented using a universal :
receiver/transmitter (UART) integrated circuit as shown in the 11

| lock diagram, Figure 51. This results in a cost-effective, low-power ap-
proach and provides selectable baud rates up to 9.6K baud for the asynchro-

The" trnmitter/receiveir ilrtuilts provide for a voltage u)de
.41gnal Iterlac, per I{S-232-C. ProvInions Irt, aimo made for a current- 1.
I-,oo) mode of transmissiLon.

(4) The timing/mode control logic generates the required baud
rate clocks for the UART, with the baud rate selectable by software. This
logic also generates the appropriate channel interrupts.

(5) The X channel logic provides the interface with the
.-tandard AN/AYK-14(V) 1/O bus.

(6) The test parameters for the RIM are shown in Table 14.

_98[
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LOOP TEST

CD - DATA TERMINAL READY
Ctj - NEW SYNC (DATA SIGNAL RATE-

SELECTOR)

CF - CARRIER INTERRUPI (RECEIVE
LINE SIGNAL DETECTOR ),

-CE -RING INTERRUPT (RING INDICATOR)-

PE RIPHIERAL 00 -RECEIVE CLOCK (RECEIVER SIGNAL NAK-1

DEVICE ELEMENT TIMING)DI
S1B - RECEIVE DATA -SRI.L

-DO -I RANSMIT CLOCK( (TRANSMIT
SIGNAL ELEMENT TIMING)

-9A - TRANSMIT DATA
-CA - REQUEST TO SEND
-CC -DATA SET READY
-CSB-CLEAR TO SEND
-AB -SIGNAL GROUND

Figtire 50 -RS-232-C Interface Module, Series Channel Interface
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4.

150-9600 BAUD

t t

I TIMING/MODE UARTI-] CONTROL

IX CHANNEL

I

CHANNEL INTERRUPTS

Figure 51 - RS-232-C Interface Module, Channel Block Diagram
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TABLE 14

RS-232-C INTERFACE MODULE TEST PARAMETERS

,;RA configuration: Single digital circuit board SPA

IW count: 110 IC's

Connector pin count: 3 top 41-pin connectors - 123 pins

one bottom 152-pin connector - 152 pins

TOTAL - 275 pins

Signal [/0 pins 89 pins

Test point pins 49 pins

TOTAL I/O 138 pins

Power/ground pins 55 pins

Total required 193 pins

IPata rate: 150 to 9,600 baud

*Power required: 15 watts

Bidtrectional lines: 16 lines X bus

*VItage and current 
not available.

-102-17
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e. PROTEUS Interface Module (PIM). The PIN (Figure 52) contains the
logic to implement a PROTEUS digital channel pair capable of full-duplex data
transmission at a nominal 10-Mtz bit rate. The channel is designed to NAVAIR-
DEVCEN specification No. A30-15590.

(1) Transmission on the PROTEUS channel (Figure 53) is between a
source and a sync with initiation and control by the source. The channel pair
uses a total of eight differential NRZ signals. A source transmits 6-bit
control words and 34-bit data words (32 message bits, one parity bit, and one
word-type bit). The sync responds to each source word with an appropriate
6-bit control word to accomplish a positive handshaking procedure on a word-
by-word basis. Parity is provided on both control and data words for error
detection, and retransmission is used for error correction.

(2) As shown in Figure 54 one sync channel and one source channel
are included. The sync channel receives 34-bit data words and receives and
transmits 6-bit control words. Each data and control word contains an identi-
fier bit and parity bit plus 32 or 4 information bits respectively. The con-
trol frame interchanges on the sync channel are controlled by the sync control
logic. The IN SR register is 32 bits in length and provides serial assembly
and input to the memory via the I/O bus interface in two 16-bit words. The
source channel transmits 34-bit data words and transmits and receives 6-bit
control words. The OUT SR register is 32 bits in length and provides assem-
bly of two 16-bit data words from the I/O bus interface logic into a 32-bit
serial word for transmission. The source channel control frame exchanges
are controlled by the source control logic of the source channel.

(3) All communications between the PDM and subsystems in the
AN/AYK-14(V) computer are compatible with the "channel-type-independence" de-
sign of the various I/O channel modules, so that this channel type is com-
pletely interchangeable with others in the I/O subsystem.

(4) The PIM test parameters are shown in Table 15.

Ii
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CONTROL DATA WORDS

SOURCE CLOCK
SOURCE CONTROL WORDS SN
CHANNEL SN

SINK CLOCK

A

CHANNESE EQUIPMENTRD

Figure 53 -PROTEUS Interface Module, Channel Pair
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) CHANNEL PAIR

)URCE TO SINK TO SNTOSOURCE TO

St 4K PATH SOURCE PATH SOURCE PATH SINK PATH

PT R TLI~ SINK SOURCE
CHANNEL CHANNEL

DEG Q OE] ~ ENCODE DECODE ENCODE

t SR SRSRR

COCONTROL

L'4,?

Vl)I gurv 54 PU(Y0ri) EInTterface Module, Channel Block Diagram
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TABLE 15

PROTEUS INTRI'ACE WDUlK TEST PARAMETERS

SRA configuration: Single digital circuit card SRA

IC count: 149 IC's

Connector pin count: 3 top 41-pin connectors - 123 pins

One bottom 152-pin connector - 152 pins

Total - 275 pins

Signal I/0 pins 64 pins

Test point pins 83 pins

TOTAL I/O 147 pins

Power/ground pins 18 pins

Total required 165 pins

Data rate: 10 MHz bit rate

Power required: +5 vdc, 2.6 amp, 13 watts

Bidirectional lines: 16 bits X bus

Differential lines: 8 total (4 input and 4 output), 16 pins

Oscillator: 20 MHz, 10 MHz

Flm
9"



itili-i /oi r(JltI' LINn;10RMUE (111). 'rte [oil to it coup lete
f ~~~ It fil I'~c-or combit Lill ng the baiste functions of the CPM and the PSM on

I I ti I -.,"n module. 'rte instructlon set is a subset of the

IVA1--lt'4(V) fn-,truti on su't. To accomplish a one-module processor,

1-:cae,-;tan-aloegeneral-purpose processor

ji o; in 0/O controller (10C) in conjunction with a G'PM as
11 ;Ivur I t-tI l processor.

47 icminationl 10C and instruction processor in con-
juncct ion with a GPM.

o 4i 8 -I) 1 t ni I(c rocominia id con trol

* aUp to 21K milcroinemory on the module

* .'NO-1ca'ocold inic rocoininfaild cycle

(I!,i-llt word regiter file

ino [a pa ra [tel lits interface (1OBIJS)

* IA it I n toa ce

*' cria l I cit arf-c to suipport equipment

7 ~cI-iImcclock with 1-microsecond resolution

o iu r-t liner, 2.097-second increment, 3-bit count

C) Pvcit monitor logic

0 N icr ocoinia od Formnat ilenti[cal to GPM

Ti, 1 4' Is; :c docuble cir('ufit card module. Circuit card A is shown in Figure 55

Andil itcul t caird 11 Is shown iii Figure 56. The test parameters of the IOP
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TABLE 16

INPUT/OUTPUT PROCESSOR TEST PARAMETERS

SRA configuration: Double digital circuit card SRA

IC count: Circuit card A, 107 [C's; circuit card B, 100 IC's; total,

207 [C's

Connector pin count: 3 top 41-pin connectors - 123 pins

2 bottom 152-pin connectors - 304 pins

Total - 427 pins

Signal 1/0 pins 229 pins

Test point pins 116 pins

TOTAL I/O 345 pins

Power/ground pins 36 pins

Total required 381 pins

Power required: Card A, +5 vdc

Card B, +5 vdc, +15 vdc

8.8 amp, 44 watts

Bidirectional lines: Card A, X bus 24 lines, 2 sets (48 pins)

Card B, None

Differential lines: Card A, 4 lines (8 pins)

Card B, 6 lines (12 pins)

Oscillator: 32 MHz, Card B

k"
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- ii's LXPI'NI)IR DUl, (BEM). The BEM (Figure 57) provides an exten-
Iti internal AN/AK-14(V) buses and interfaces outside the enclosure to
-, ' n .!nemory, processor, and/or I/0 subsystems to additional en-

-- ,t,, li feet (total cable length) from the computer. All voltage
.'-I, -orutl.lh and employ differential line drivers/receivers for

The electrical and logical design permits BEM-to-BEM communica-
t s.I,, ne t h ive a channel address as do other I/O modules, but

* ,in.,. tr-,n:p.ntemt to bus operation. The BEM can be used to interface
- ... 'I -, $ Ir1A) cha4nntelT

(I IThe REM, interfaces Internal to the AN/AYK-14(V) computer are
,- l'i.;, fllil, and MEMBUS, as shown in Figure 58. The NEMBUS is actually

I! i t, ;e-Ii d&ntan path interface that enables overlapped operation in two
1 1.1 it :.,1. lhe IIMBIS may, therefore, be envisioned as two separate buses:

NIFM911" I i ei eveti address words and MEMBUS 2 for odd address words. All four
I', I .,ieted throtgh TT,-compattble differential transmitter and receiver cir-

.t, , tionIn d e external extension to the computer unit. The required circuitry
I t -;l i, ,,t very extensive, but the pin requirements dictate a double board

;t,!\ ird ,- . I' p --- in .-ontectors. Any communication performed on these buses which
6 ,. 1, irawre external to the unit and in other units experiences a slight

ap i, i . 't-nd-t iol - approximately 75 nanoseconds in one direction with 10 feet of
: ,, , , leinpth. rh(, BEM design ensures that data signal skewing and

, *' g ,, . ter- th.in control signal delays so that worst case setup and hold
, i. r,,-it iin o, tht, htnues is not affected by using the BEM. Each inputI ki Ip d1I'S

- - it, RfM tN tIIe. 143 integrated circuit packages and dissipates
, I .l. .inch htu intrface section, however, is powered from separate

.. 't . d+t ,, tim;-t c',nfipir;itions that only require certain bus extensions may

. . ~.' ~i.. tit .rco'iinctor paiiel wiring to power only those sections.

'nwh lu-1 t;m It par mneters are shown in Table 17.

14

I

II
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I NTRPT LINES

EXTOMA EXT 1/0 MEU MEU

L RC"VR RCVR RCVR RCV R

X MTR XMTR XMTR XMTR

C K.] XCHANSL

SEL S1.
ADRS DATA ADRS1 DATA

ILMEM BUS I MEM BUS 2
CPUBUS REQUESTS IONUS

FIgure 58 -Bus Extender Module Black Diagram
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TABLE 17

BUS EXTENDER MODULE TEST PARAMETERS

SRA configuration: Single digital circuit card SRA

IC count: 143 IC's

Connector pin count: Four 64-pin connectors - 256 pins

One 152-pin connector - 152 pins

Total - 408 pins

Signal I/O pins 136 pins

Test point pins 228 pins

Power/ground pins 21 pins

Total required 385 pins

Power required: +5 vdc, 5.8 amp, 29 watts

Bidirectional lines: EMEMBUS, OMEMBUS, X bus, M bus; 16 bits, 16 bits,
24 bits, 24 bits = 80 bits

Differential lines: 208 lines

Oscillator: 33.3 MHz

# .



h. RE, JFi.,JWIT LXPANDABLE MODULE (RXM). The RXM contains 4K words by
14 bii. of read/write static semiconductor memory and an optional additional
4K words of read-only memory (ROM or PROM). Features include:

400-nanosecond cycle time

300-nanosecond access time

lit-rface to [OBUS or CPUBUS

* Parity Logic, one bit per byte

(J) This memory is unpaged and does not interface with the MCM.
* I [t is intended to operate directly with a processor via either the IOBUS or

(Y'UBUS interface. Multiple RXM's can he used in a system up to a total of
65,536 words; however, the present AN/AYK-14(V) chassis (XN-1) and (MEU)
provi,des s;pace for only one RXM each. The primary application of RxM's is
to provide memory functions for small AN/AYK-14(V) configurations using the
1oP as a stand-alone processor. An RXM can also be used as a private program
memory for the 101' when used in configurations employing both the IOP and CPU
in combinations. In the latter case, the CPU will not have access to the
RXM. When installed in the XN-1 or MEU chassis, the RXM is assigned address
ranges F000 to FFFF (HEX) for the RAM portion and EOOO to EFFF (HEX) for the
opt ional. PROM portion.

(!) TITe RXM is an optional module in any I/O subsystem containing
, , he 01RX block diagram is shown in Figure 59. This single SRA contains

htI, a CIIIIKS interface and a 1OBUS interface, 4K words by 18 bits of storage,
pority and check bit logic, and timing and control circuitry necessary to se-

no re,(Id/write operations and interface with the IOC via the CPUBUS and
10111'4. The address range which this module recognizes is defined by back panel
v in in the chassis of any configuration. This allows all RXM's in any con-
tigiritIon to he identical and completely interchangeable regardless of the
loeieal addresses associated with physical card placements in the unit.

(3) The RXW read access time is typically 300 nanoseconds, and

(olA cycle time is 400 nanoseconds. The storage media is provided by 18 4K-
woid by 1-hIt RAM packages. Printed circuit board wiring and component mount-

Si.. t -ictially exists on the RXM to populate the module with 36 total RAM
poi( ayes for 8K words by 18 bits of storage. This option need not be used but
is ;ivailable for increased packaging density in systems that require a large
*moi it of IOC program memory.

(4) The total power required by the RXM is 9 watts, with 4K words
18 bits of storage mounted. There are a total of 51 IC packages on the

..,l , with 18 for storage and the remainder for CPUBUS and IOBUS interface

transceivers, timing chain and control circuits, and parity and check bit logic.
•4 4,11 handshaking control with the IOC via the CPUBUS and IOBUS, as well as

frtrial seq,,encing during a transfer cycle, is independent of any other SRAs.

The RXM is packaged on a standard 6-by-9-inch module.

(5) The RXM test parameters are shown in Table 18. 4LL .1
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1 ADRS RA M

(18"BIT) [ERR OETI

{~~ 

M CHAN XC N

CPUBUS [OBUS

Figure 59 - Read/Write Expandable Module, Block Diagram

TABLE 18

READ/WRITE EXPANDABLE MODULE TEST PARAMETERS

SRA configuration: Single digital circuit card SRA

IC count: 85 IC's

Connector pin count: 3 top 41-pin connectors - 123 pins

One bottom 152-pin connector - 152 pins

Total - 275 pins

Signal 1/O pins 71 pins

Test Point Pins 27 pins

Power/ground pins 20 pins

Total required 118 pins

Power required: 9 watts

"- . . . ..j



5,. I'WER SUBSYSTEM SRA's (PCM-I AND PCM-2). Within the power subsystem
tit. two alternative power converter modules (PCM-1 and PCM-2). The

l ''t+ 0) provides regulated dc power required to operate AN/AYK-14(V)
t:di, r, !Tom milltary aircraft power source. Two sizes of PCM's are currently
\o~o I . to power various computer configurations. The PCM's are themselves

tr dk.oigned, aiid new capacities can be developed to meet other power
, or oiiiputet configuration requirements. The PCM's operate from 115-vac,
r'~a~' , '00-14z, wye-connected input power. The design is compatible with

T-i)-704B and M!i,-STD-461A, Notice 3.

a. PCM-I has a Cull load capability of 390 watts and the PCM-2 has a
hill load capability of 390 watts plus 152 watts, or a total of 540 watts, as

.Iated in Table 19.

TABLE 19

POWER CONVERTER MODULE CHARACTERISTICS

OUTPUT
CURRENT AVAILABLE EFFICIENCY POWER

i P-.*t . ' INPUT +15V +5V -12V -5V POWER (PERCENT) FACTOR

I- [ nae, 46A 3.5A 8.5A 1.OA 390W 68 0.87
' .(( I z,

115 vac

3-'hase, 25A I.OA 1.OA 152W 68 0.87
400 liz, (Added to
I1I, vac PCM-1)

I. A hlock diagramn of the I'CM Is shown in Figure 61. The PCM is cur-
'litthig with automatic recovery after removal of the load fault is pro-
+i , , c ' -S-volt, -12-volt, and -5-volt outputs. Overcurrent on the

... ] 'iutput will result in loss of all output voltages until the load fault
. i... ireInd input power is recycled. This provides short-circuit protection

;"I otitputs. The overvoltage circuit on each output is activated whether
...-rvoltage I,, due to a fault internal or external to the PCM. -

c. The PCM will initiate a normal power-off sequence if the ac input
Itolls below approximately 80 volts for longer than 100 microseconds or

- Input phase is interrupted. Regulated outputs are provided for a minimum
'+0) microseconds after removal of input power to enable the computer state to

-1.. The +15 volts is then crowbarred to prevent altering memory contents
power-off. The PCM initiates a power-on sequence when input voltage

r'Turn- to normal limits.

-I IX-
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. . .. . . .COMMON FEATURES

,' 0 MIL-STD-704

* 115V; 3PH; 400Hz; Y-CONNECTED

* EFFICIENCY.- 72%

* PROTECTION /MONITOR:

- OVERTEMP
PCM-1 - OVERCURRENT

- OVERVOLTAGE

- ON/OFF SEQUENCING
- INTERRUPTS TO PROCESSOR

* PLUGGABLE

* DUAL-SOURCED

UNIQUE FEATURES PCM-1 PCM-2

* SIZE: 7.1"H x 9.0"W x 3.5"D 7.1-H x 9.0"W x 4.9"D
* WEIGHT: 9.1 POUNDS 11.5 POUNDS
* DELIVERABLE POWER: 390 WATTS 540 WATTS

Figure 60 - Power Converter Module

_t9
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d. Two thermostatic switches are included in each PC, and a computer
interrupt is generated when an abnormally high internal temperature is reached.
A power-off sequence may be initiated by the CPU as a result of the interrupt.
At a slightly higher temperature (but sufficiently low to prevent component
damage), a normal power-off sequence is automatically initiated. A power-on
sequence is automatically initiated when the PCM cools to normal operating
temperature. in any event, sufficient time is allowed (after the power
abnormal signal) to save the state of the computer in core memory before out-
put voltages are reduced to zero. A thermal overload discrete will be avail-
able on an operational connector as well as on the maintenance connector.

e. A three-phase bridge rectifier and an inductive input filter
provide unregulated dc voltage to the pulse width modulated inverter. The
energy storage required to operate for 400 microseconds after interruption of
input power is provided by multiple energy storage capacitors in a pluggable
assembly. A softstart circuit limits the surge current during initial appli-
cation of input power and provides a low impedance for normal operation.

f. A bridge inverter using four high-voltage, high-speed transistor
switches converts the dc input to a constant, high-frequency ac output, which
is capacitively coupled to the transformer primary (Figure 62). The high
transistor voltage rating enables the inverter to meet the 180-volt rms surge
requirements of MIL-STD-704. The transformer output is rectified and filtered
to provide an efficiently regulated +5-volt output. The prototype inverter's
efficiency (excluding drive losses and output rectifier/filter losses) was
approximately 90 percent. Solid tantalum output capacitors per MIL-C-39003
(CSRI3) in a pluggable assembly provide low ac output impedance over the
operating temperature range. Comparison of the +5-volt output to a stable
reference voltage results in a feedback signal which varies the inverter
pulse width to obtain a constant average rectified output regardless of in-
put voltage or load current variations. The pluggable printed wiring assem-
bly used in the pulse-width modulated inverter is interchangeable between
PCM-1 and PCM-2.

g. Additional rectifiers and LC filters provide a dc input voltage to
the switching (or linear) regulators, which regulate against line voltage
variations (Figure 63). A pluggable printed wiring assembly containing two
regulator circuits controls the power elements of the +15-volt and -12-volt
switching regulators in PCM-1. The operating frequency is chosen to minimize
inductor size and weight without resulting in excessive switching losses.
Three terminal linear regulators are used to supply the low current require-
ments of the -5 volts of PCM-l and the +15 volts and -12 volts of PCH-2.

h. A line frequency transformer and linear regulators are used to

provide power to the control section and the printed wiring assembly used in
the pulse-width modulated inverter. The control section consists of a plug-
gable printedwiring assembly containing primarily digital integrated circuits.
It monitors the input voltage conditions, the two thermostatic switches, and
the input enable signal and initiates power-on and power-off sequences under
appropriate conditions. It issues the interrupt at the lower of the two
thermostatic switch temperatures and also interconnects the control sections
of the PCM's if two or more PCM's are used to power a system.

...... .... ... nkil .. ....- - - -. . - --... . . . . . l n . . .: .- . . .
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i. Conditions required to initiate a power-on sequence include the
following:

(1) Input voltage within tolerance.

(2) Temperature within normal limits.

(3) Input enable signal is low.

J. Conditions initiating a power-off sequence include the following:

(1) Low input voltage.

(2) Missing input phase.

(3) Temperature exceeding the higher thermostatic switch
temperature.

(4) Input enable signal is high.

k. Protective circuit design techniques and component derating
in compliance with RM-533D2-1 further ensure a reliable operating system.

1. In Table 20 are shown the significant test parameters of the
11CM-1 and PCM-2. The sub-SRA's of the PCM are shown in Figures 64 through
68. The test parameters for these steb-SRA's are shown in Tables 21
through 23.

I!

I'1
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TABLE 20

POWER ('ONVFRTER MODULE PCM-I AND PCM-2 TEST PARAMETERS

SRA confgtiiratlon: Chassis with 2 analog sub-SRAs and 3 hybrid sub-SRAs

Act iVt, conlpoLnent count:

Diodes PCM-1 12

ICM- 2 14

Bridge rectifiers PCM-l 4

PCM-2 4

leat sink (sub-SRA-4)

Hybrid circuits 3

Voltage regulators 2

Transistors 4

Diodes 22

Connector pin count: 68 plus

Power requitred: PCM-I - 390 watts

PCM-2 - 540 watts

11

-124-
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!,H,;AJR, ~i--KA1 TEST PARAMETERS

iV "ilo-lo eilnnl)o i- circuit card

21

I r'jli c12 pins

1 2 \ 11

A IOD~IJF CONTROL, SIJB-SRA-2 TEST PARAMETERS

:~ml: Kingl hybrid sub-SRA circuit card

t IV I " MSIs (11), SSI (22)

7 tr;lnSiLoitls

I:d 
i d'

(,il II 70 p s

fln?~'*~ 120 
f 

ii

lit-74 p)i ns
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TABLE 23

POWER CONVERTER MODULE REGULATOR INVERTER, SUB-SRA-3 TEST PARAMETERS

Sub-SRA configuration: SingLe hybrid sub-SRA circuit card

Active comnponent count:

Digital - 9 iCs

Analog - 1 IC

10 transistors

I LED

Connector pin count:

Digital 1/0 - 5

Analog 1/O - 20

Test point - 11

Totzi] requ ired - 36 pins



1L

iluU1IMMfH CAPABIL11Y ANALYSIS

I
, .,jlahIlitie,: )l eight testers will be re-

-i.i ,'IL , mupport alternatives for WRA

, I t, , , riVrif er

, ~ ~ V S, , II,'U

i :: Lc e1xc)t iin of AN/ASM-o07, Memory

' ,i L.r. "il: I v SI<A testers, at the

N/,/SM 0H 7% QFjqUE 6 91

;,!:;I, ,luen Inc., Equipment Group,

',L

i.' ! , I tIP/l", A-61"', A-4M, A-7C/D/E,

il

i ', (NI.Y) (Figure 69) portable micro-

P , li1, ' , I jut &rt:; - foll- o illiter

I , ',/v.r- vlny ol aircraft and ground
It, i ' .J' I l loal level, fh, MIV ,an be

•* 1, -:i id iumpiuter via t.he 1553A MUX bus
II ,u II.im u,, the MLV can be interfaced

... i-iii cliwe comecter (J-7) through the MLV's
f hi. 153 MIIX Bus computer 155-pin connec-
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its

Figitre 69 -Memory Loader/Verifter AN/ASM-607
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b. In the case of testing an AYK-14 computer, a special computer inter-
face adapter kit is required. This interface adapter kit includes:

o Input/output interface card (common to all
seven configurations of the AYK-14

o Interface cables: MLV power cable, J-3/J-2
cable, AYK-14 wraparound cable set.

o Control Program (stored on tape)*

o SRA Fault Isolation Diagnostic (FID) Program*

* The MLV control program would interface with the SRA diagnostic program

and be contained on the same cassette tape (magnetic tape).

-135-
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C. CAT III-D (COMPUTERIZED AUTOMATIC TESTER), AN/USM-429, FIGURE 71

1. DATA SUMMARY

Manufacturer: Grumman Aerospace Corp., Bethpage, NY

Unit Cost: $500K

First Deployed: 1975

Aircraft Supported: E-2C, EA-6B, F-14, A-6E, A-7E, TA-7C, A/F-lB, AV-8B

Where Deployed: Ships: CV-59(1), CV-60(l),
CV-61(1), CV-62(1),
CV-63(l), CV-64(1),

CVN-65(i), CV-66(1)
CV-67(1), CVN-68 (1)
CVN-69(l), CVN-70(l)

AIMDs: MIR(1), Mugu(l), Oceana(1),
NORVA(1)

NAMTDs: MTR(1)

NARFs: NORIS(1), NORVA(I)

Vendors: GAC(7), PRD(1), LTV(1)

Planned Deployment: AIMDs: Alameda(I), El Toro(1), Lemoore(1),
JAX(1), Cecil(1), Yuma(l), Cherry Pt.(1),
Beaufort(l), PAX(l), Whidbey Is.(1), Pensacola(l)

No. of TPSs: Approximately 6 (for WRAs) and 906 (for SRAs)

Specifications: Best commerical practices

* 2. DESCRIPTION. The CAT III-D (AN/USM-429) tests analog, digital, and
hybrid SRAs from DC to 50 MHz. CAT 1lI-D is of second generation technologywith the following salient points:

* a. Most powerful dynamic digital circuit card tester presently in
inventory: 432 pins, 256 bits deep at 10 MHz.

b. On-line interpretive compiling in BASIC language.

I)
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3. TECHNICAL DETAILS

I STIMULUS

Sine: (.01 - 12.9M)Hz Pulse: PRF: (25 -25M)Hz

Square: (.01 - 12.9M)Hz PW: (15n -40m)sec

Triangle,. (.0 - 12.9M)Hz Delay: (15n - 10m)sec
Rise/Fall: (7n - 50iJ)sec

MEASUREMENT

AC Volts: (0 - 500)V, (45 - 100M)Hz Frequency: (0 - 100M)Hz
DC Volts: Glm - 500)V Time: (100n - 109)sec
Resistance: (0 - IOM)ohms

DIGITAL

1/0 Pins: 437 Max Skew (DWC): 50 nsec
Programmable Pins: 432 Word Depth: 256, expandable to 1024
Data Rate: DC - 10Mlz Logic Level t20V, t5

POWER SUPPLY

Total 8 Programmable Power Supplies

(1)±(0 - 6)VDC, 10a (4)±(0 - 36)VDC, 3a
(1)±(O - 15)VDC, 6a (2)±(0 - 55)VDC, 2a

%
.1 -139-



COIPUTER AND PERIP11FRALS

C(',kitr Manfacturer: HP 21MX Series E (ECP Version)- HP 2100S
Word Vc1gth: I) bits (prior version)
Mcmory '-;Ize: 128K

I.''' hinnels 14

I IU:-4188- 1975
No (I InterfIc Pins: '123, (Pro) rammable- 48{)

Per i phierals

CRT with keybo rLd: 2.141 ira , 60 chai r, ASCII keyboard
(Cooi, o.raphic on 'CP Version)

Printer: 250Lpn, 80 char/line
Disc Memory: 2 Discs, one fixed, one removable

Storage: 2.45MBytes/disc

Dat, Transmission Rate: 2.SBits/sec
Pa[.i i Reader; 300 ciar/sec
IFY: No
zI{' t- i ) 1 Vt_'] Op e StaL. iOn: Yes

, ATLAS and BASIC
01, t;'I: Disc

I: Self-test and diagnostic capability
t-'. hI of ' I r.il it ion: 2-pass ATS Basic compiler (on-line)

A_" v I 1 1rn 'I I cI e Yes
! R nc I FullI capability to edit source language programs.

IAOCOS compatibl e

'odel V(I) ECt' (Fault Isolation) has guided

probe capability.

Manchester Bus Interface,
compatible with MIL-STD-1553B.

' &

.4
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D. HATS JHYBRID AUTOMATIC TEST SYSTEM), AN/USM-403(V), FIGURE 72

1. DATA SUMMARY

Manufacturer: General Dynamics, San Diego, CA

Unit Cost: $800K

First Deployed: 1975

Aircraft Supported: S-3A

Where Deployed: Ships: CV-59(l), CV-60(l),

CV-61(l), CV-62(1),
CV-63(1), CV-64(1),
CVN-65(l), CV-66(l),
CV-61 (l), CVN-68(1),

CVN-69(1)

AIMDs: NORIS(2), Cecil(2), PAX(1)

NAMTDs: MIR(1)

NARFs: Alameda(l)

Vendors: GD(1), LAC(3)

No. of TPSs: Approx: 750 (for SRAs)

Specifications: Best commercial practices

2. DESCRIPTION. The HATS (AN/USM-403) test analog, digital, and hybrid
SRAs from DC to 300 MHz. HATS uses advanced third-generation stimulus and
measurement, and provides the following features:

,I

a. A programmable interface unit that minimizes the need for adapters
other than for connector matching.

b. An on-line ATLAS Interpreter for on-station TPS generation.

11 -141-
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3. TECHNICAl. DETAILS

STIMULUS

Sine: (.01 - 3M)Hz Triangle: (.01 - 50K)Hz
Square: (.01 - IM)Hz Sawtooth: (.01 - IOOK)Hz
Pulse: PRF: (100 - 4M)Hz Resistive Loads: (51 - 5302)ohms, prog.

PW: (lOOn - 60)sec Synchro/Res: 11.8V/00 - 360°/40011z

MEASUREMENT

AC Volts: (20m - 500)V, Angle Position: 00 - 3600
(2 - 200M)Hz

DC Volts I(Im - 500)V Waveform: (1 - 300M)Hz
RCSistance: (. 1 - lOM)ohnm. (Im - 500)V
Frequency: (0- 300M)Hz Distortion: (2 - lOl)Hz
Time: (lOOn - 60)sec Spectrum: (1 - 300M)Hz
Phase Angl': (0" 3600) / (im- 500)V

( - 40K)Hz
O' i I lo Copt' : (1n1lalual) ,

(0 - 50M)Hz
(HP-181AR) Network: (2 - 300M)Hz,

0 - 3600
Capac itance: (lOp - lOu) farads

DIGITAL

Programmable Pin-.: 160 Logic Level: +20
Data Rate: X. - IMHz Max Skew: 30nsec,
Word Dtep t 256 bits (60nsec/50 pins)

POWER SUPPLY

(5_) Pran rnablc DC Power Su_ pplois (1) Prograrmmable AC Power Supplies

() +(0 - 40)VI)(, Sa (1) (.5 130)VRMS, 50va, (45 - 1OK)Hz

+(0 - 40)VI)c, 10a
+(0 - 2)()VDC, .,);

(114 Voltapte Sourk'-cs)
( l'v'. +(0 - ') )VD( , ()()m
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COMPUTER AN) PERIPHERALS

C, put t r

: Mta;ntlfact it'r V;ir i. V-020-.100
. .i I 'Li~t h : 16 h L ,-t'

h. I, t-v Size: 24K (vx pimdablc to 32K)
;) L\ Cilanfcls:

, :i l-l:i.L-488- 19)75
No. of ntci f (, Pin,,: 381), (irogr/inable - 160)

PC r J2 Ie ra

CRT % ith Keyboard: 2!, Ii-ic, 80 c'lir, 960( baud; 72-key keyboard
PI illt r: 3(0 ciar/sc , ASC 11 Code, 80 char!line
Pi!, Memory: Storage: 2.3M words

i 'I ip Reader: Remrx Model RR305 or equiv.

S .,i st, n )cvelopnent Station: No

I . ' :'' ATIAS (ARINC 416-8)
, ' . D isc"

ha ,af-tett diagnostics and calibration
c,-Ipab i i ty

Lk [ '1 d (,f 'rall!o ;I. ion: On-I inc interpreter
"S ',: ,mpaL 1 , Yes
I-ttr: On-line probing capability

//
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E. AAI-5565 AUTOMATIC TEST SYSTEM (AN/USM-449), 
FIGURE 73

1. DATA SUMMARY

Manufacturer: Aircraft Armaments, Cockeyesville, MD

Unit Cost: $600K

First Deployed: 1978

Aircraft Supported: P-3

Where Deployed: Ships: None

AIMDs: Barbers Pt(1), Brunswick(l), Agana(1),
Cubi Pt(1), Keflavik(1), Moffett(l),
Jacksonville(1), Kadena(1), Sigonella(1),
Misawa(1).

NAMTDs: Moffett(1), Jax(1)

NARFs: None

Foreign: Australian Air Force (1)

(Planned)Deployment: Ships: None

AIMDs: Jax(1), Bermuda(i), Lages(1), Glen
View(1), PAX(1), Rota(1), Willow
(;rove(l), Weymouth(l), New Orleans(l),
Detroit(l), Whidbey(1), Van ATL(l),
Van PAC(1)

NAMTDs: U.S. Air Force(1)

NARFs: NORVA(1), Alameda(2), JAX(1)

Vendors: AAI(2)

Foreign: Australian AF(1), Norway(1)

No. of TPSs: Approx. 31 (For WRA's) and 1019 (For SRA's)

)i Specifications: Best commercial practices

2. DESCRIPTION. The AAI-5565 Automatic Test System (AN/USM-449) tests
an.ilog, digital and hybrid WRA's and SRA's from DC to 3GHz. The AAI-5565 is

of second generation technology, with the following principal features:

a. It is a combination of two testers: the AAI-5500, 1970 vintage
analog/hybrid depot tester; and the AAI-6650, a 1975 vintage
dynamic digital tester.
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b. Has dual-port capability (static and hybrid).

C. On-line compiling in ATLAS.

d. Hundreds of existing TPSs developed on the AAI-5500, used at

NAVAIREWORKFAC; are upward compatible on the AAI-5565.
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TECHNICAL D.O:lAILS (
STIMULUS

Si1e: (.01 - IM)Itz Triangle: (.01 - 1M)Hz t

(.01 - IM)Hz Ramp: (.01 - 1M)Hz

I'l Ie: P'IN - (9.9 - 9.9M)l z Resistive Loads: (.1 -30K)ohms
!'W-- (40v - 9.99re)sec Synchro/Res: (11.8, 26, 90V/

RF Cetn: (.1Mb - 1.3(')llz 0- - 3600 /400Hz)

MEASURIEIMEWL'S[

Ac Volts: (0 - IK)V, (20 - IM)Itz Frequency: (3 - 3G)Hz

to 7.5KV (w/probe) Time: (10p - 99.99)sec

DC Volts (0 - IK)V; to 1OKV [
(w/probe) Period: (1On - 99m)sec

RF Volts: (3m - 3)V, (25K -

500M)Hiz Capacitance: (1Op - lom)farads
Resistance: (0 -OH)ohms Oscilloscop~e: (manual)w/probe
SsnchrolRes: (0 .8, 26, 90) V/0° -

360 /400Hz Phase Angle: (00 - 3600) 1
DIGITAL

P'r-ogr i wible Pins: 128(expandable to 240) Max Skew: +15 nsec
1) I Rst: )C-10 ~z Logic Level: +5V, +20V

',rf Dhp h: 256 i ts*
*)epth.- c; be idded in 256-bit increments, pin-to-pin as required.

POWER SUPPLY

Totat 17 Progrannable. and 2 Fixed Power Supplies

(4) +(0- 32)VDC, 2a (2) +(0 - 199)VDC, 200ma

1(0 - 32)VI)C, 3a (2) +(0 - 50)VDC, 1Oa
) (0 - 50)VI)C, l +(0 - 20K)VDC, 2ma

+ W - 500)VDC, 200ma

() +(0 - 28)VDC, 3a +28 VDC, 20a

(,.) +((- 300)VDC, 200ma +5 VDC, 2.5a

Total 16 AC Power Supplies 13 Fixed, 2 Programmable, I Manual

1.'0 RT': : , 10a, 60ttz, I phase 30 VRMS, .75a, 400Hz, 3 phase

]21) VRMS, 5a, 40011z, 1 phase 120 VRMS, 130ma, 400Hz, 3 phase
1'N) VRNIS, 5a, 4001Hz, 3 phase 30 VRMS, .75a, 400Hz, I phase

(2) h. I VRMS, Oa, 40011z, 1 phase 120 VRMS, 130ma, 400Hz, I phase
I . V1OIM , 2a, 40011z, 3 phase
2(6 VRKM5, .75,a, 4001tz, 3 phase (2) (Im - 60)VRMS, 70ma, 400Hz

69. 3 VRMS, .2'a, 4001lz, 3 phase 3 phase, prog.

I,.H1 VRMS, 3a, 400}Iz, 3 phase (0 - 130)VRMS, 5a, 400Hz, 3 phase
; (manual)

i"1 I
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COMPUTER AND PERIPHEIALS

Computer

Computer Manufacturer: interdata 8/16
Word Length: 16 bits
Memory Size: 64K bytes
DMA Channels: DNA*
Speed: DNA
No. of Interface Pins: (Both Ports): 1712, (programmable 880)

k Peripherals

CRT with Keyboard: Yes
Printer: (2), 300Lpm, 72 col wide
Disc Memory: (1) Floppy, 250K Bytes, (1) Disc, 50M

Bytes
Paper Tape Reader: Optional
Software Development
Station: Yes

Software Features

Language: ATLAS IEEE-416-13
OP System: Disc
Self-Test: Diagnostic & calibration (on-line)
Method of Translation: On-Line Interpreter/Off-Line ATLAS Compiler
LASAR Compatible: Yes
Other: DETOL as secondary language

* DNA - Data not available in manufacturer's specification.

I
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DIMOTE II, TEST SET, ELECTRONIC SYSTEMS (AN/USM-453B), FIGURE 74

i. DATA SUMMARY

Manufacturer: Sperry Microwave Electronics Div.,
Clearwater, FL

Unit Cost: 200K (per 1979)

First Deployed: 1978

Aircraft Supported: A-7, TARPS-Pod, ITCS, AN/AWM-67

Where Deployed: Ships: CV-59(l), CV-60(l),
CV-61(l), CV-62(l),
CV-63(1), CV-64(l),
CVN-65(l), CV-66(1),
CV-67(l), CVN-68(1),
CVN-69(l), CVN-70(l)

AIMDs: Lemoore(2), Cecil(I),

Key West(1)

NAMTDs: Lemoore (1)

NARFs: JAX(1)

Vendors: Sperry(3), LTV(2),
Motorola(3)

No. of TPSs: Approx: 5 (For WRAs) and 112 (For SRAs)

Specifications: MIL-T-28800

2. DESCRIPTION. The Test Set, Electronic Systems (AN/USM-453B), which is
frequently referred to as DIMOTE IT (Digital Module Tester), tests the less
complex analog, digital, and hybrid SRAs from DC to 20M~z. DIMOTE I is of
u,,cond-generation technology; it is IEEE/488 compatible, and significantly less
expensive than the other testers in the inventory, but also limited in the
tl.1owing areas:

a. Cannot automatically isolate faults to the small ambiguity groups

that t. larger testers can.

b. Does not have an on-line compiling capability.
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M. Ar. M

Il

or

I Figure 74 -Test Set, Electronic Systems (AN/USM-453B)
DIMOTE TI
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.A TECHNICA DETAILS

STIMULUS

Sine: (1 - IOOK)Hz Sawtooth: (0 - 10OK)Hz
Square: (I - 100K)Hz Arbitrary: (1 - 100K)Hz
Triangle: (1 - IOOK)Hz AC Buffer Amplifier: 26V/1S0ma
Synchro/Res: (11.8, 26)V/0-- 3600/400Hz

MEASUREMENT

AC Volts: (Om - 100)V, (10 - MK~lz Time: (1O0n-9.99)sec
DC Volts: (Im - 100)V Period: (200n-9.99)sec
Resistance: (10 - 1M)ohms Events: (1-99M)events
U requency: (100 - 20M)IIz Oscilloscope: (TEK 465M)
Synchro/Res: (11.8, 26)V/0O - 3(600I40Oi7

DIGITAL

L/0 Pins: 96, expandable to 192 Word Depth: 256
Data Rate: (0 - LOM)Hz Logic Levels: (-12 to +2S) '

POWER SUPPLY

Total 4 Programmab:le and 2 Fixed Power Supplies

(2)!(2.5 - 28)VDC, 5O0ma, Prog. (1)±(3-15)VDC, la, Prog.
(I)t(2.5 - 15) VDC, 500ma, Prog. (1)+5VDC, 2.5a, Fixed

(1)+28VDC, la, Fixed
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COMPUTER AND PERIPHERALS

Computer

Computer Manufacturer: Sperry Microwave, FL
Word Length: 8 bits (microprocessor)
Memory Size: 32K words
DMA Channels: I)NA
Speed: DNA
No. of Interface Pins: 280, (programmable - 96 (expandable to 192))
Bus: IEEE-488-1975

Peripherals

CRT with Keyboard: No
Printer: No
Disc Memory: No
Magnetic Cartridge: 4 track
Software Development Station: No

Software Features

Language: Machine and Slang (Sperry Test Language)
OP System: Microprocessor Controlled
Self-Tcst: Yes, on-line
Method of Translation: Sperry Test Language Compiler (Off-line)
LASAR Compatible: Yes, LASAR/AFLASH
Other: Has guided probe capability

* DNA - Data not available in manufacturer's specification.

Ix

*1
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G. NSTS. NAVIGATION SYSTEM TEST SET)-,- AN/ASM-608(V), FIGURE 75

. DATA SUMMARY

Manufacturer: Litton/(uidance and Control Systems,
Woodland H[ills, CA

Unit COstL: $450K (IMUITS)

First Deployed: 1978

Aircraft Supported: F-14, E-2C, S-3A, A-6E, RF-4B

Where Deployed: Ships: None

AIlMs: El Toro (2),
Iwakuni (1)

NAMT)s: El Toro (1)

NARFs: NORIS (1)

Vendors: None

No. of T'PS's: 5 (for WRAs) and 8 (for SRAs)

Specifications: MIL-T-28800

2. DESCRIPTION. The NSTS (Navigation System Test Set), AN/ASM-
608(V), tests analog, digital and hybrid WRAs and SRAs from DC to
IO0011z. NSTS is of second-generation technology, with the following
main features-

a. Tt is a combination of a two-bay, stand-alone tester called
Inertial Measurement Unit Test Set (IMUTS), and a three-bay electronic
stimulus and measurement section called the Electronic Test Station

J! (ETS), which is IMUTIS dependent.

1h. On-line ATLAS interpretive compiling.

c. Compatible with IMEE/488 Jstrumentation Data Bus.

I
I.1
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3. TECHNICAL DETAILS

STIMULUS

S I (10in - 13M)lL'. Triangle: (lO - 13M)ltz
:;uiire: (Il0re - IlIM)ilz Sawtooth: (1 - 1M)liz

MEASU REMENT

AC Volts: (20m -IK)V, Phase Ang l: (2 - 100K)Hz,

(20 - 300K)Hz 0 - 360'

DC Volts: (2m - IK)V Wave Form: (20m - IK)V,
(20 - 300K)Hz

Resistance: (0 - 100M) ohms Distortion: to 4.8KHz

Time: (lOOn - 109)sec Oscilloscope: (0 - 60M)Hz,
(TekR7603)

Synchro/Res: 26V/0' - 360 0 /40011z

DIGITAL

I/O Pins: 326 Logic Level: +30V

D:ita Rat,: DC - 10MIhz Max Skew: 100 nsec
Word Depth 128 bits

POWER SUPPLY

lt(6l (6 I'rrammab le and i) Fixed DC Power Supplies

(1) 41(0 - 40)VDC, 20a (2) +(0 - 42)VDC, 5a
(i) +(0 - 6) VDC, 8a (1) +(0 - 85)VDC, 2.5a

(1) -5VDC, .5a, (Fixed)

TI (2i Q)ixed AC Power SUpljes 1)D/A Converter

26 VAC, ]a, 400)1z, I phase (0- 115)VAC, 60a, 400Hz

I I5VAC, 9a, 40OHz, 3 phase (/A Converter)

I1 5

I
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COMPUTERI AND PERIPHERALS

Comnputer Mot oter urpln 1000 -(Emulated PDP 11/35)
Word LCngt lb: 16its
Memorv Si/k.: 64K words
I)MA Chliiim 1:: D)NA
Specd: 8.5khz
HUS: IEEE 488
No. ot Interlace Piiui: 1,248

Pe rIkherals

CRT with Kuvboard: Yes, With Colorgraphs
Printer: Yes
D~ist: Memorv Yes

Software. Dthve Iopflknt SLttion: No

Software F'eatuires

Language: AT LAS
OP System: DIsc

Sell-Trest: Yes
Method of Trans I tioJ01. On-Line Interpreter
LASAR Compatible: Yes
other: Fortran Z for self-test

NOTE: D)NA - aL~l ilot available in manufacturer's specification.
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H. MINI-VAST, AN/USM-470(V)I, FIGURE 76

I. [)ATA SUMMARY

Manufacturer: PRI) Electronics Co., Syosset, NY

I'ni t Cost: $2.8 million

Fi rst Deployed

(future): 1982

Al rcraft Supported
(future): F-18

Where D)eployed
(Future): 0 AIMDs, 1. Carriers,

2 NAMTDs, 1 NARF

No. of 'r'Ss
(future): Approx 40 (for WRAs)

Specifications: MIL-T-28800

2. I)ESCR1PTION. The MINI-VAST test station tests digital, analog, and

hybri.1 W,,RAs and SRAs from DC to 100 MHz. MINI-VAST is a combination of second-

, cner~it ion stimutii , hul Iding blocks from VAST and commercial sources, and a
third-r,eneration sampling and measurement system with improved digital testing
performance over the existing VAST stations. In addition, it has a full on-

line ATLAS interpretive compiler and Is compatibile with IEEE/488 Instrumentation

Data Bus.

I
t'1.
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3. 'ILNJIN ICAL DETAILIS

ST JMULU.1S

in:(0 - 2OM)ilz TIriangle: (0 - 1OK)Hz
Slar:(0 - LOM)Hlz Ramp/Step: (0 - 1OM)Hz

i'u Ls,: P'RIF- (0 - 5)Hz Dclays: (200n - 9.99)'rec
F.W. (.3rn - .999m)scc Resistive Loads: (I - 99.9K)ohms,

(1-5)W
Pi-f.,t ' 1 500 1-o I 00K) ft (1- 5K) ohms,

(1-500)W
Static - (.157 -

1 5SplVideo: (511 - 1023) lines
Dynamic - (.038 - 36. I)ps;I 30 frames/sec,

(35MHz Bandwidth)
Sy I)c r/Re'; (11.8, 26, 90)V;

(100, 400, 800)Hz/0O(- 00

MEAS OR E!'[NT

AC Vo t LZ: (.01 - 999)V Time: (.lm - I)sOc
M, VoIL S;: (.()I - 999)V Phase Angle: (10 -100K)Hz/tY'

1800
P( siS calico: I. - 1OM)ohim Events: 50n sec(pw);

(1-10 9)pulse
Frequciic v: (.1 - LOOM)II Di istortion: 0 -25M1z

i flco:(511 - 1023)l1 loes,
.10 franies/sec
sallc ape'rtulre: 100~n sec
Vidjc'( hamid (1 ith 351]

1) 1 fITA 1,

0 -1/0 IDepLIh Rate Logic Level

- 8 RZ/NRZ 8192 4 M~z ±30v
-144 1 200 kliz ±30v

32 32 - 1 200 kHz ±30v
- 32 1024 10 MIz ±30v
- 32 t024 10 M~flz ±30v
- W, 4096 10 MHz ±30v
- 112 1(124 10 MHz ±30v

PO WE~R SUJPPLY

0C fics:

6 Fixod I'S (DC) 13 Progr;Iable P (DC)

(.1) "VDC, It (1) t(i-35)VDC, 2.5a
(2) -I2VDC, 2a (3) ±(10-16)VDC, 5a

*28V!3C, 5a (3) ±(3-7)VDC, 121
% t (22-32)VDC, 20a

(1) (28 or 12) VDC, 600mam (3) t(I-35)VDC. 2.5a
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AC Power Supply:

4 Fixed PS (AC) 3 Programmable PS (AC)

(2) 6.35 VRMS, 10a, 400Hz, (5 - 135)VRMS, la, 400Hz, single phase

single phase
115VRMS, 10a, 400Hz, (2 - 80)VRMS, 10a, 400Hz, single phase

single phase
115VRMS, 10a, 400Hz, (89 -135)VRMS, 10a, 400Hz, three phase

three phase

1
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COKMPUTER AND P R IPllERALS

C0oputer Manufacturcr: larris/6
Word leiythi: 24 bits
Memory: 64K words

DMA Channe Ls: 3
Speed. 660 nsec
Bus: IIIE 488

No. of Interface Pins: 1,336 pins, 1,208 programmable

CRT with Keyboard: Yes
Ma gne t I " Tape: No*

Card Reader: No
Paper 'rape Reader: No*
Printer: Yes

Disc: 2 CDC Discs; 10MByte/Disc
TTY: No*

SeoftIware

Al LAS L
1' .' stenm: IDisc
Sl( If-lest: Calibration and diagnostic

Method of Ir;inst, Lito: Compiler (on-line and off-line)

LASAR Compatible: Ye
Software Development Station: Yes

Si',i It-ITI rovisioln tor dii5'c[ plu '-i u up'abtllty.

16

)I
f
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I. VAST (VERSATILE AVIONICS SHOP TESTER), AN/USM-247, FIGURE 77

1. DATA SUMMARY

Manufacturer: PRD Electronics Co., Syosset, NY

Unit Cost: $4 million

First Deployed: 1972

Aircraft Supported: F-14, E-2C, S-3A, A-7

Where Deployed: Ships: CV-59(3), CV-60(3),
CV-61(3), CV-62(3),
CV-63(4), CV-64(4),
CVN-65(4), CV-66(4),

CV-67 (4), CVN-68(4),
CVN-69 (4)

AIMDs: Lemoore(2), MIR(6),
Mugu(1), NORIS(5),
Cecil(5), Key West(6),
NORVA(2), Oceana(5),
PAX(Il)

NARFs: Alameda(2), NORIS(2),
JAX(1), NORVA(4)

NAMTDs: MIR(2), Oceana(3)

Vendors: LCC(2), PRD(3), GAC(3),
LTV(1), McAIR(1)

No. of TPSs: Approx: 184 (for WRAs) and 518 (for SRAs)

Specifications: MIL-T-
21200..

2. DESCRIPTION. The AN/USM-247 Versatile Avionics Shop Tester (VAST)
tests digital, analog, and hybrid WRAs and SRAs from DC to 18 GHz. VAST is
of second-generation technology, with the following salient points:

a. Largest (14 racks), most powerful, comprehensive avionic automatic

tester in DOD inventory.

b. No on-line compiling.

c. Test language is VITAL* (VAST Interface Test Application Language)
not ATLAS.

d. Ability to add and subtract building blocks to accommodate changing
testing requirements.

V * VITAL is a computer language especially developed for use with the VAST system.

-163-
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3. TECHNICAL DETAILS

STIMULUS

Sine: (.1 - 500M)Hz Ramps/Steps: (20- IOM)Hz
RF: (.4 - 18)GHz Synchro/Resolver: (5 - 125)V/00 - 3600
Pulse: PRF- (1 - 1.65M)Hz (400 - IOK)Hz

P.W. (.3 - .99m)sec Resistive Loads: (1 - lOOK)ohms

Video Generator: (511 - 1023)lines
bandwith - 35MHz

MEASUREMENT

AC Volts: (.01 - 1K)V Events: 50nsec
(10 - 16K)Hz Noise Meter: (30M-18G)Hz

DC Volts: (.01 - IK)V Waveform: (10 - 1OM)Hz
Resistance: (.1 - 9.99M)ohms Power: (Im - lOm)W, (50OM-

18G)Hz
Frequency: (.1 - 1OOM)Hz Servo: 00 - 3600 (5-3K)Hz
Time: (Lu - 10 ) sec Synchro/Res: (5-125)V/00 - 3600

(400 - 1OK)Hz

DIGITAL
Input Output Word Data Logic

I/0 Pins Pins Depth Rate Level

- 32 - 2048 10 MHz +5 v
- - 32 1024 10 MUz +5 v
- lb - 1024 25 MHz +.76 v

224 - - 256 500 kHz +5 v (TTL)
- 32 32 256 250 kHz +28 v
- 32 32 286 250 kHz +30 v

64 - - - TTL

POWER SUPPLY

8 Fixed DC Power Supplies 18 Programmable DC Power Supplies
MAX

+1.5VDC, 20a (3)+(.1 -35)VDC: 2.5a
+ 5VDC, 3a,.3a (3)+(1 - 35)VDC; 2.5a
+ 12VDC, 2a (3)+(10- 16)VDC; 5a
+ 28VDC, 5a, (2) 1Oa, 30a (3)+(3 -7)VDC; 12a

+(22 - 32)VDC; 20a
(2)+(30 - 500)VDC; 3a

(2)+(30 - 500)VDC; la

+(.5- I)KVDC; .5a

4 Fixed AC Power Supplies 5 Programmable AC Power Supplies

(2) 6.35 VRMS, 10a, single phase (0 - 115)VHMS, 10a, single phase, 400Hz)
115 VRMS, lOa, single phase (5 - 135)VRMS, la, single phase, 40OHz)

% 115 VRMS, 1Oa, three phase (2 - 80)VRMS, la, single phase, 400Hz)
(89- 135jVRMS, 5a, three phase, 400Hz)
(0 - 500)VRMS, (NAS), single phase, 40OHz)
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COMPUTER AND PERIPHERALS

Comp!u t e r

Computer Manufacturer: Varian R6221/L

Word Length: 18 bits

Memory Size: 24K words (R6221), 32K words (R622L)

DMA Channels: 4

Speed: 1.8 sec.

Peripherals

CRT with Keyboard - CRT: 16 lines and 32 char/line

Keyboard: ASC II Code

Printer: Ye,

Mag Tape: 2 Reel-to-reel units (Ampex ATMI3-11)

Disc Memory: One Fixed, one removable (HP 7906)
Data Transfer Rate: 975.5 K Bytes/sec

storage: 9.8 M Bytes/Disc
Paper Tape Punch/Reader: Yes

TTY: Available as roll up (ASR-35)

Software Development Station: Yes, off-line

Software Features

Language: VITAL
OP System Tape or Disc

Self-Test Yes
Method of Translation: Compiler, off-line

LASAR Compatible: Yes (linkage through VITAL compiler)

OTHER: Several Digital and Analog Test Languages;
FLOVIT, prints TPS diagnostic paths;

Supplemental data generator.

I
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IV. AVIONICS-ATE COMPATIBILITY ANALYSIS

A. GENERAL. In Section II the test requirements for the AN/AYK-14 as a WRA
and its 21 SRAs were analyzed. In Section III, the ATE test capabilities
were analyzed. This section compares the avionics test requirements with the
ATE test capabilities to determine the avionics-ATE compatibility.

B. WRA-ATE COMPATIBILITY.

1. In the case of the AYK-14 WRA, there are five WRA configurations included
in the SESA, as follows:

o F/A-18 XN-2A/XN-2
o LAMPS XN-lA/XN-1
o AV-8B XN-2D
o EA-6B XN-4A
o Firebrand XN-3

Within the five WRA configurations noted above, there are four different
chassis oonfigurations of the AYK-14: XN-1, XN-2, XN-3, and XN-4. The
letter diiferences within a chassis configuration indicates an SRA type of
quantity difference within the configuration. For example: the F/A-18 and
the AV-8B both use the XN-2 ci.assis configuration (both have a total of ten
SRAs). However, the F/A-18 has eight SRA types, while the AV-8B has only
seven SRA types.

2. The avionics tester compatibility to each tester is determined by
comparing the WRA test requirements for the five WRA configurations, with the
test capabilities of the eight alternative testers. The AYK-14 WRA tester
compatibility percentage (WTC) is presented in Table 24. By virtue of the
AYK-14 Internal Fault Diagnostic program, any tester that can load the program
into the computer will provide a 90% testing capability. Therefore, the WTC%
is computed with a base value of 90%. Both the WRA compatibility factor (B2)
and the WRA tester compatibility percentage (WTC) for the eight testers is
indicated below.

WRA Tester WRA
Compatibility Compatibility

Tester % (WTC) Factor (B2)

AN/ASM-607 90 -

AN/USM-429 (CAT IlI-D) 100 1.00
AN/USM-403 (HATS) 98 0.81
AN/USM-449 (AAI 5565) 98 0.78
AN/USM-453B (DIMOTE II) 96 0.56

AN/ASM-608 (NSTS) 97 0.68
AN/USM-470(V)1 (MINI-VAST) 100 1.00
AN/LJSM-247 (VAST) 97 0.71
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TABLE 24

AN/AYK-14

WRA TESTER COMPATIBILITY % (lWrC)

(Intermediate Level)

100 98% 98% 9% 97

90 90%

85

75 .
70

65

45

4.5

, 0

35
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The values for the tester SRA and WRA compatibility factors (B and B ) were
derived from the following algorithms, using the summary data hrom Table 25.

BI = No. of SRAs a tester has full capability of testing
Total No. of ATE testable SRAs

B2 = (No. of SRAs not fully testable) + No. of SRAs a tester can fully test
( 3 )

Total No. of ATE testable SRAs

WTC% = .9 + 0.1 (B2) where: B2 = WRA tester compatibility factor
WTC% = WRA tester compatibility percentage

3. This avionic-tester compatibility information indicates that all nine
testers provide an acceptable capability for testing the AYK-14 as a WRA at
the intermediate maintenance level.

C. SRA-ATE COMPATIBILITY.

1. There are a total of 27 SRAs and 6 sub-SRAs available for the various
configurations of the AYK-14. The 27 SRAs test requirements are compared with
the tester capabilities in Table 25. There are 6 SRAs that will be testable
using standard test equipment. This leaves 21 SRAs that are candidates for
testing on ATE. Within the 21 there are 6 SRAs that are utilizing large-scale
integration (LSI) techniques; the remainder utilize medium-scale integration
(MSI) and smail-scale intt,,ration (SSI) techniques. The SRA testing and
repair will be pcriormed at the depot maintenance level and/or factory repair
facility. At the bottom of Table 25 are noted the tester compatibility fac-
tors (B1 ) and the SRA tester capability (STC) percentages of the seven candidate
testers. The SRA tester capability (STC) percentage is calculated as follows:

% ST = lotal number of SRAs a tester can test

Total number of ATE testable SRAs

Graphically the % STC is presented in Table 26 as follows:

Tester % STC

AN/USM-429 (CAT I[l-D) 100
AN/USM-403 (HATS) 91
AN/USM-449 (AAI 5565) 71
AN/USM-453B (DIMOTE I) 48

* AN/ASM-608 (NSTS) 81
AN/USM-470(V)1 (MINI-VAST) 100
AN/USM-247 (VAST) 90

2. The AN/ASM-607 is totally unsuitable as a depot-level SRA diagnostic
tool, and therefore, was not considered. Only two testers, the AN/USM-429
and the AN/USM-470(V)1, were compatibl with the testing requirements of the
,RA.
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TABLE 25

AYK-14 AVION1C TESTER

COMPATIBILITY

1.0 .1,'I-- "VI I.N INIVINANCE
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' I '''ISC 7mp(N - ' 1I'F SIT S'E SqTE
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% x x x x x
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. , Ct. f' ,,, l v I n{) 9 '11;. M17 4'W 8 !1- 100( 1 407ll
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X - Prtial AT" Capability P - Pin Input/Output
STF- S1 .ndard Test Equipment uR = Data Rate

4 l,.T SIA SS = Station Skew
WiD =- Word Depth
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A. GENERAL V. WORKLOAD ANALYSIS

1. The fourth phase of the ground support equipment (GSE) selection
process is the GSE workload analysis. The sequences of the GSE loading
analysis are presented in Figure 78. The major parts c'f the analysis are
included in the three blocks as follows:

a. Prior workload

b. Projected workload

c. Determining GSE utilization

2. The objective of the analysis is to determine the number of addi-
tional GSE required at each intermediate and depot maintenance site to
support the AN/AYK-14 computer system. The GSE utilization is defined
as the avionic workload normalized to the GSE work capacity and is the
summation of: all prior GSE workloads, projected workloads, and the work-
load due to self-test of the GSE Itself.

3. The first phase (A) in the GSE workload analysis is to determine
all existing and planned GSE installations and the workloads resulting from
prior and planned avionic support other than for the AYK-14. The purpose
of this phase is to determine site GSE availability or potential unused GSE
capacity that would be utilized in support of the AYK-14. This phase nor-
mally would include site surveys (lA) and the determination of site GSE
availability (2A). Due to the large number of intermediate (I) level sites
(30), the time period of the analysis (1986-1995), and the limited time
available for conducting the analysis, it was determined that an analysis
based on Lhte Navy's Rails Views Model would provide an adequate basis for
determining prior workloads.

4. [he second phase (B) of the analysis was to determine the projected
GSE workload due to the AYK-14. Thlis phase of the analysis included the
following four steps:

1B - Avionic Mission Evaluation

2B - Avionic Reliability and Maintainability Evaluation

3B - Avionic Test Design Evaluation

Ii 4B - Development of Avionic Workload per site

a. Fihe mission evaluation step (IB) determines the avionic utiliza-
tion that directly contributes to the AYK-14 workload due to each of the
tive wea)ol systems that wi I use the AYK-14:

o F/A-18
o LAMPS
o AV-8B
o EA-bB
o Firebrand Target

1 1
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b. In step 1B, the following is determined: number of aircraft per
site, cumulative flight hours, and the avionic equipment operating hours.
Step 2B involves the reliability and maintainability factors of mean-time-
between failures (MTBF). In step 3B the mean time to repair (MTTR) is
determined for each type of avionics WRA and each SRA. The fourth step

(4B) involves the evaluation of avionic test design data obtained from
avionic test requirements analysis (TRA), and discussions with the equip-

ment manufacturers (Control Data Corp., Grumman Aircraft Corp., and
Texas Instruments Corp.) to determine average test times for WRAs and SRAs.

5. The third phase (C) of the analysis is the computation of GSE

utilization (IC), the determination of the required number of additional

GSE required per site, and the preparation of the Loading Analysis Report
(2C).

b. Each of the three phases of the loadin6 analysis as they apply to
the AYK-14 is discussed next.

B. PHASE A, PRIORWORKLOAD

1. Figure 79 notes the planned aucomatic test equipment (ATE) to be

located at the AYK-14 intermediate- and depot-level sites. Eight GSE sys-
tems were included in this analysis:

o AN/ASM-607 (Memory loader/verifier)
o AN/USM-429 (CAT IlI-D)

o AN/USM-403 (HATS)
o AN/USM-449 (AAI-5565)

o AN/USM-453B (DIMOTE II)
o AN/ASM-608 (NSTS)

o AN/USM-470(V)l (MINi-VAST)

o AN/USM-247 (VAST)

The 30 I-level sites included:

o NAS North Island o MCAS Beaufort
o NAS Mayport o MCAS El Toro
o NAS Cubi Point 0 MCAS twak4ni

o NAS Sigonella o NAS Patuxent River

o NAS Barbers Point o NAVMISCEN Point Mugu
0 o NAS Atsugi o MCAS Yuma

0 NAS Guantanamo o NAS Whidbey Island
o NAS Diego Garcia o MCAS Cherry Point

o NAS l,cmoore o CV59 through CV7O

O NAS Cecil Field

1 NOTE: NAS = Naval Air Station. MCAS = Marine Corps Air Station
NAV141SCEN - Naval Missile Center
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INTERMEDIATE NUMBER OF TESTERS
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2. The two depots in support of the AYK-14 are: NAS North Island
(NORIS) and NAS Norfolk (NORVA). The Naval Air Rework Facilities (NARF)
at NORIS and NORVA perform the depot-level maintenance for the Naval
Aviation Maintenance Program. Phase A of the workload analysis would
normally have required I-level and D-level site surveys based on the AYK-
14's use in the 5 firm programs noted earlier in the report. As can be
seen in these figures, the extent of such a site survey would be neither
time nor cost effective. To gain an appreciation for the significance of
prior GSE loading, the Navy's Rails Views Model data was used instead of
directly gathering the data based on individual site surveys. The Rails
Views Model is based on prior loadings on the Navy's standard VAST
(Versatile Avionics Shop Tester) ATE. This GSE model projects the follow-
ing prior workload:

o Shorebased I-Level sites, 72% loaded

o Carrier I-Levels, 46% loaded

o Depots, 43% loaded.

a. These prior loading percentages are based on the following
maximum (;S[ availability:

o Shorebased I- and D-Levels: 8 hours/shift
2 shifts/day
21 days/month

o Carrier I-Level: 8 hours/shift
2 shifts/day

30 days/month

Thus, the shorebased shops have a maximum GSE availability of 336 hours/
month/GSE. The carriers have an availability of 480 hours/month/GSE.

b. The projected GSE workloads based on the Rails Views Model are:

o Shorebased I-Levels: 242 hours/month/GSE

o Carrier I-Levels: 221 hours/month/GSE
I

o Depot (D) Levels: 145 hours/month/GSE

r-
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C. PHASE B, PROJECTED GSE WORKLOAD. In order to determine the projected
workload due to the AYK-14 at each I- and D-level site, four steps are
involved:

1B - Avionic Mission Evaluation

2B - Avionic Reliability and Maintainability Evaluation

3B - Avionic Test Design Evaluation

4B - Develop Avionic Workload per site

I. Avionic Mission Evaluation. In Table 27 the average number of air-
Craft per site for all weapon systems is noted, as well as the estimated
cumulative flight hours/month. The average number of aircraft per site for
the five firm programs (F-18, LAMPS, EA-6B, AV-8Band Firebrand) was based
on data contained in the individual Weapon Systems Planning Documents
(WSPDs). The cumulative flight hours are based on a wartime schedule o'
60 hours per month per aircraft. The avionic equipment operating hours per
itnth is based on 1.5 avionic hours per flight hour.

2. Avionic Reliability and Maintainability Evaluation. The second
step in Phase B (projected GSE workload) of the workload analysis identi-
fie j the mean-time-hetween-failures (MTBF) for each AYK-14 configuration
(WRAs) . The spec 1itied MTBF and derated MTBF for each of the five config-
urations of AYK-14's are:

Number Specified Derated
AYK-14 Per MTBF MTBF

W eapon.Sy stem Configturat ion Aircraft (r ) (Hr)

F/A-18 XN-2A/XN-2 2 1,615 538

LAMPS XN-IA/XN-1 2 1,617 539

AV-8B XN-2D 1 1,200 400

EIA-68 XN-4A 1 1,725 575

Firebrand XN-3 1 2,500 833

The (lerated Mulsa. re e.twnated aL (xir) because of the excellent BIT/BITE
in the AYK-14 conltgurations. The "normal" derating is MTIB where X varies
from 5 to 10 dependIng on the particular equipment. X

3. Avionic Test I)esign Evaluation. Based on discussions with CDC and
Navy I-level personnel, the average good (G) AYK-14 (WRA) test time (TT),
including hook-up, end-to-end (r.TE), and disassembly, averaged 40 minutes.

-
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This was arrived at as follows:

'FT Hook-up + E-T-E + Disassembly
WRA

G

10 Mlln. + 20 Mil. + 10 Min.

= 40 Min.

The average bad (B) WRA test time is calculated as follows:

TT = tHook-up + E-T-I* + SRA + E-T-E + Disassembly
WRA 2 REP

B

10 Min. + 20 Min. + 10 Mmn. + 20 Min. + 10 Min.

60 Min.

The average test time oi ATE for a WRA mix of 20% good WRAs and 80% bad WRAs,
as received at the I-level maintenance shop, was calculated as follows:

IT = 0.8 (WRA ) + 0.2 (WRA

WRA TT B  TT

= 0.8 (60 Min.) + 0.2 (40 Min.)

= 48 Min. + 8 Min. = 56 Min. or rounded to I Hr/WRA.

The WRA repairable quantities going to the depot is estimated at 20% of the
i.-level WRA workload. The SRA repairable quantities going to the depot is
calculated based on 1 .2g. SRAs pt r WRA lailure.

4. D ieveLoILAvionic Workloads Per Site. 6sing the data developed in
steps 113 through 3B above, the final step (4B) determines the AYK-14 work-
loads per site. Starting with the avionic equipment operating hours per
month (developed In step 11), the derated MTBFs (step 2B), and the MTTR and
number of SRAs per WRA failure (in step 3B), the WRA site workload WRAs per
nonth is calculated as follows:

WL Avionic Eqiipment flours
WRA MT BF

TI'he. SRA site workload is calculated as follows:

WIS = WI. X 1.25 SRAs/WRA failure
S RA w RA

Thl' t .; t time (TT) for silt, loading Is calcilated for WRAs and SRAs as follows:

TT = WL X MTTR

WRA WRA

'T = WL X MTTK
SRA SRA

10
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The results of the workload calculations for each site is presented in Table
28. The sum of the individual I-level WRA workloads is: 288 AYK-14s fail
per month at the 30 I-level sites. Based on field experience it is estimated
that 20% of the I-level AYK-14s which failed (55 AYK-14s), All require depot
(D) level repair. The depot WRA workload is 27 WRAs per month for each site
(North Island and Norfolk). Under the AYK-14 maintenance philosophy, no SRAs
are to be repaired at the I-level sites, they must be repaired at the D-level.
The SRA workload will then be 170 SRAs for each depot. Based upon past exper-
ience with similar avionics, the average MTTR for WRAs and SRAs is estimated
at I hour each, the I-level GSE test time requirement varies from 1 hour per

month at Atsugi, to 46 hours per month at Lemoore. Each depot's workload is
197 hours per month.

D. PHASE C, DETERMINING GSE UTILIZATION. The final phase in the loading
analysis is to determine the number oT additional GSE required at each sie.
In Table 28 the site test time requirements were developed. The maximum test
capacity per test for a 2-shift operation, 8 hours ier shift and 21 days per
month (shorebased) and 30 days per month (carriers) provides: 336 hours per
month per GSE at shorebased sites and 480 hours per month per GSE on carriers.
The maximum allowable operating time for GSE is 75% of maximum capacity. The
GSE self-testing time is based on 5% of avionic testing time (TT). Thus, the
available GSE testing time per site is calculated as follows:

For shorebased I-Level sites:

TT = #GSE/site (Maximum GSE Loading - Rails Views prior
GSE loading)

L

= #GSE/site (336 hours/month/GSE X 75% -

316 hours/month/GSE X 72%)

For carrier I-Level sites:

TT = #GSE/site (480 hours/month/GSE X 75% -

GSE 480 hours/month/GSE X 46%)
C

For Depot (D) level sites:

TT = #GSE/site (336 hours/month/GSE X 75% -

GSE 336 hours/month/GSE X 43%)
D

Thv USE utilization (GSEU) per site is calculated as follows:

U = Test Time available at site - Avionic Test Time
GSE required (TTR) - GSE self-test (TTsT)

T TT - TT -rT

('SE R STI1
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'he number of ;SE" required for each of the 7 different GSEs planned for the 30
AYK-14 I-level sites and 2 depots are included in Tables 29 through 35. Based
on the planned GSE, the required OSE for AYK-14 support at I- and D-level sites
are:

GS)" Type . . 1--Level D-Level

o AN/ASM-6() 1 30 *

o AN/USM-429 (CAT 111-D) 7 2

o AN/USM-403 ()LATS) 15 2

0 AN/USM-449 (AA1 5565) 26 2

o AN/LISM-453 (DIMOTE II) 16 2

o AN/ASM-008 (NSTS) 30 2

0 AN/USM-470(V)1 (MINI-VAST) 17 2

o AN/USM-247 (VAST) 13 0

* Not suitable for D-level SRA diagnostics.

The details of the (;SE utilization is contained to Tabtes 29 through 35; this
data presents tw current and projected testers as of January 1979.

I.
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TABLE 29 - AN/USM-429 (CAT III-D) GSE UTILIZATION

ANALYSIS ITEM
GSE , GSE GSE UTILIZA-

AYK-14 SELF-TEST TEST TIME TION PER NO. OF
SHOREBASED WORKLOAD TIME AVAILABLE SITE: EXCESS ADDITIONAL

INTERMEDIATE (I) PER MONTH REQUIRED NO. OF AT SITE OR REQUIRED GSE
'[V[L. MAINTENANCE (TTA) (TTST) GSE AIE (TTGSF) TEST TIME REQUIRED

SITES Hr/Mo Hr/Mo AT SITE Hr/Mo (USE) Hr/Mo AT SITE

NORTH ISLAND 17 1 1 10 (8) 0
MAYPORT 22 1 0 0 (23) 1
CUBI POINT 7 0 0 0 (7) 1

SIGONELLA 7 0 0 0 (7) 1
BARBERS POINT 4 0 0 0 (4) 1
ATSUGI 1 0 0 0 (1) 1

GUANTANAMO 1 0 0 0 (1) 1
DIEGO GARCIA 1 0 0 0 (1) 1
LEMOORE 46 2 1 10 (38) 0

CECIL HIELD 23 1 2 20 (4) 0
BEAUFORT 20 1 2 20 (1) 0
EL TORO 22 1 2 20 (3) 0

IWAKUNI 9 1 3 30 20 0
PATUXENT RIVER 7 0 1 10 3 0
POINT MUGU 11 1 1 0 (12) 0

Y U MA 13 1 1 0 (14) 0
WHIDBEY ISLAND 9 1 1 10 0 0
C.HERRY POINT 21 1 1 10 (12) 0__1 _ _

CARRIER (I) LEVEL( C_ c v 5. 9 - 7 0 ) 1 - _ -. - -
I - 6 28 1 834 805 0

7 - 12 4 0 834 830 0

DEPOT (D) LEVEL

NORTH ISLAND 209 1 1 107 113 1

"NORI 0.K 209 1 1 1 107 (113) 1

TOTAL GSE REQUIRED AT: I-LEVEL 7 ; D-LEVEL _

-I 84-
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TABLE 30 - AN/USM-403 (HATS) GSE UTILIZATION

ANALYSIS ITEM

GSE GSE GSE UTILIZA-
AYK-14 SELF-TEST TEST TIME TION PER NO. OF

SHOREBASED WORKLOAD TIME AVAILABLE SITE: EXCESS ADDITIONAL
INTERMEDIATE (I) PER MONTH REQUIRED NO. OF AT SITE OR REQUIRED GSE
LEVEL MAINTENANCE (TTA) (TTST) GSE ATE (TTGSE) TEST TIME REQUIRED

SITES Hr/Mo Hr/Mo AT SITE Hr/Mo (UGSE) Hr/Mo AT SITE

NORTH ISLAND 17 1 2 20 (2) 0
MAYPORT 22 1 0 0 (23) 1
CUBI POINT 7 0 0 0 (7) 1

SIGONELLA 7 0 0 0 (7) 1
BARBERS POINT 4 0 0 0 (4) 1
ATSUGI 1 0 0 0 (1) 1

GUANTANAMO 1 0 0 0 (1) 1
DIEGO GARCIA 1 0 0 0 (1) 1
LEMOORE 46 2 0 0 (48) 1

CECIL FIELD 23 1 2 20 (4) 0
BEAUFORT 20 1 0 0 (21) 1
EL TORO 22 1 0 0 (23) 1

IWAKUNI 9 1 0 0 (10) 1
PATUXENT RIVER 7 0 1 10 (3) 0
POINT MUGU 11 1 0 0 (12) 1

YUMA 13 1 0 0 (14) 1
WHIDBEY ISLAND 9 1 0 0 (10) 1
CHERRY POINT 21 1 O 0 (22) 1

CARRIER (1) LEVEL
(CV 59-70)

I - 6 28 1 6 834 805 0
7 - 12 4 0 6 834 830 0

DEPOT (D) LEVEL

NORTH ISLAND 197 10 0 0 (207) 1
NORFOLK 197 10 0 0 (207) 1

TOTAL GSE REQUIRED AT: I-LEVEL 15 ; D-LEVEL 2'1!-185-
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TABLE 31 AN/USM-449 (AAI-5565) GSE UTILIZATION

ANALYSIS ITEM
GSE GSE GSE UTILIZA-

AYK-14 SELF-TEST TEST TIME TION PER NO. OF
SHOREBASED WORKLOAD TIME AVAILABLE SITE: EXCESS ADDITIONAL

INTERMEDIATE (I) PER MONTH REQUIRED NO. OF AT SITE OR REQUIRED GSE
LEVEL MAINTENANCE (TTA) (TTST) GSE ATE (TTGSE) TEST TIME REQUIRED

SITES Hr/Mo Hr/Mo AT SITE Hr/Mo (UGSE) Hr/Mo AT SITE

NORTH ISLAND 17 1 0 0 (18) 1
MAYPORT
CUBI POINT 7 0 1 10 3 0

SIGONELLA 7 0 1 10 3 0
BARBERS POINT 4 0 1 10 6 0
ATSUGI 1 0 0 0 (1) 1

GUANTANAMO 1 0 00 (1) 1
DIEGO GARCIA 1 0 0 0 (1) 1
LEMOORE 46 2 0 0 48) 1

I ELD 0 0 24) 1
BEAUFOR r 20 1 0 0 (21) 1
EL TORO 22 1 0 0 (23) 1

'WAKNI 9 1 0 0 (10) 1
PATUXENT RIVER 7 0 0 0 (7) 1
POINT MUGU 11 1 0 0 (12) 1

Y1MA I 13 1 0 0 (14) 1
WHIOEY ISLAND 9 1 1 10 0 0
CHEPRY POINT 21 1 0 0 (22) 1

tARRIER (I) LEVEL
(CV 59-70)

I - 6 28 1 0 0 (29) 6
7- 12 4 0 0 0 (4) 6

DEPOT 'D) LEVEL

NORTH ISLAND 197 10 0 0 (207) 1
NORFOLK 197 10 0 0 (207) 1

Tf'TAI GSF RFfnI[Rr0 AT: 1-1 EVEL. 25 D-LEVFL
i -186-
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TABLE 32- AN/USM-453B(DIMOTE II) GSE UTILIZATION

ANALYSIS ITEM

GSE GSE GSE UTILIZA-AYK-14 SELF-TEST TEST TIME TION PER NO. OF
SHOREBASED WORKLOAD TIME AVAILABLE SITE: EXCESS ADDITIONAL

INTERMEDIATE (I) PER MONTH REQUIRED NO. OF AT SITE OR REQUIRED GSE
LEVEL MAINTENANCE (TTA) (TTST) GSE ATE (TTGSE) TEST TIME REQUIRED

SITES Hr/Mo Hr/Mo AT SITE Hr/Mo (UGSE) Hr/Mo AT SITE

NORTH ISLAND 17 1 0 0 (18) 1
MAYPORT 22 1 0 0 (23) 1
CUBI POINT 7 0 0 0 (7) 1

SIGONELLA 7 0 0 0 (7) 1
BARBERS POINT 4 0 0 0 (4) 1
ATSUGI 1 0 0 0 (1) 1

GUANTANAMO 1 0 0 0 (1) 1
DIEGO GARCIA 1 0 0 0 (1) 1
LEMOORE 46 2 3 30 (18) 0

CECIL FIELD 23 1 3 30 6 0
BEAUFORT 20 1 0 0 (21) 1
EL TORO 22 1 0 0 (23) 1

IWAKUNI 9 1 0 0 (10) 1
PATUXENT RIVER 7 0 0 0 (7) 1
POINT MUGU 11 1 0 0 (12) 1

YUMA 13 1 0 0 (14) 1
WHIDBEY ISLAND 9 1 0 0 (10) 1
CHERRY POINT 21 1 0 0 (12) 1

CARRIER (1) LEVEL
(CV 59-70)

1 - 6 28 1 6 834 805 0
7 - 12 4 0 6 834 830 0

DEPOT (D) LEVEL

NORTH ISLAND 197 10 0 0 207 1
NORFOLK 197 10 0 0 207 1

TOTAI (-SF RFOIIIRFD AT: '-EVEL I ; D-LEVEL _L_
-17
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TABLE 33 - AN/ASM-608 (NSTS) GSE UTILIZATION

ANALYSIS ITEM
GSE GSE GSE -UTILIZA-

AYK-14 SELF-TEST TEST TIME TION PER NO. OF
SHOREBASED WORKLOAD TIME AVAILABLE SITE: EXCESS ADDITIONAL

INTERMEDIATE (I) PER MONTH REQUIRED NO. OF AT SITE OR REQUIRED GSE
LEVEL MAINTENANCE (TTA) (TTST) GSE ATE (TTGSE) TEST TIME REQUIRED

SITES Hr/Mo HriMo AT SITE Hr/Mo (UGSE) Hr/Mo AT SITE

NORTH ISLAND 17 1 1 10 (18) 1
MAYPORT 22 1 0 0 (23) 1
CUBI POINT 7 0 0 0 (7) 1

SIGONELLA 7 0 0 0 (7) 1

BARBERS POINT 4 0 0 0 (4) 1ATSUGI 1 0 0 0 (1) 1

GUANTANAMO 1 0 0 0 (1) 1
DIEGO GARCIA 1 0 0 0 (1) 1
LEMOORE 46 2 0 0 48 1

CECIL FIELD 23 1 0 0 24 1
BEAUFORT 20 1 0 0 21 1
EL TORO 22 1 0 0 23 1

IWAKUNI 9 1 0 0 10 1
PATUXENT RIVER 7 0 0 0 7 1
POINT MUGU 11 0 0 0 12 1

YUMA 13 1 0 0 14 1
WHIDBEY ISLAND 9 1 0 0 10 1
CHERRY POINT 21 1 0 0 22 1

CARRIER (I) LEVEL

_LcV 59-70)

I1-6 128 1 J 0 0 29 I 6
7 - 12 4 0 0 0 29 6

DEPOT (D) LEVEL

NORTH ISLAND 197 10 1 1 107 100 1
NORFOLK 197 10 1 107 100 1

TOTA. GSF RFOIIIRFD AT: I-LEVEL .30; D-LEVEL ___.
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TABLE 34 - AN/USM -470(V)1 (MINI-VAST) 
GSE UTILIZATION

____ANALYSIS ITEM
EGSE SE UTILIZA-

AYK-14 SELF-TEST TEST TINE TION PER NO. OF
SHOREBASED WORKLOAD TIME AVAILABLE SITE: EXCESS ADDITIONAL

INTERMEDIATE (I) PER MONTH REQUIRED NO. OF AT SITE OR REQUIRED GSE
LEVEL MAINTENANCE (TTA) (TTST) GSE ATE (TTGSE) TEST TIME REQUIRED

SITES Hr/Mo Hr/Mo AT SITE Hr/Mo (UGSE) Hr/Mo AT SITE

NORTH ISLAND 17 1 0 0 (18) 1
MAYPORT 22 1 0 0 (23) 1
CUBI POINT 7 0 0 0 (7) 1

I SIGONELLA 7 0 0 0 (7) 1
BARBERS POINT 4 0 0 0 (4) 1
ATSUGI 0 0 0 (1) 1

GUANTANAMO 1 0 0 0 (1) 1
If DIEGO GARCIA 1 0 0 0 (1) 1

LEMOORE 46 2 2 20 (28 0

4 CECIL FIELD 23 1 2 20 (4) 0
BEAUFORT 20 1 2 20 (1) 0
EL TORO ?2 l 2 20 (3) 0

IWAKUNI 9 1 4 40 (30) 0
PATUXENT RIVER 7 0 1 10 3 0

j POINT MUGU 11 1 0 0 (12) 1

YUMA 13 1 2 20 6 0
WHIDBEY ISLAND 9 1 0 0 (10) 1
CHERRY POINT 21 1 0 0 (22) 1

I CARRIER (1) LEVEL
(CV 59-70).

S1 - 6 28 1 12 1,668 1,639 0
7 - 12 4 0 0 0 (4) 6

DEPOT () LEVEL _ - _ ' !

NORTH ISLAND 197 11 1 107 100 1

L NORFOLK 197 11 J 0 0 100 1

TOTAL GSE REQUIRED AT: I-LEVEL 17 ; D-LEVEL 2.

-189-I ___
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TABLE 35 - AN/USM-247 (VAST) GSE UTILIZATION

ANALYSIS ITEM

UGSE GSE GSE UTILIZA-
AYK-14 SELF-TEST TEST TIME TION PER NO. OF

SHOREBASED WORKLOAD TIME AVAILABLE SITE: EXCESS ADDITIONAL
INTERMEDIATE (I) PER MONTH REQUIRED NO. OF AT SITE OR REQUIRED GSE
LEVEL MAINTENANCE (TTA) (TTST) GSE ATE (TTGSE) TEST TIME REQUIRED

SITES Hr/Mo Hr/Mo AT SITE Hr/Mo l(UGSE) Hr/Mo AT SITE

NORTH ISLAND 17 1 6 60 42 0
MAYPORT 22 1 0 0 (23) 1
CUBI POINT 7 0 0 0 (7) 1

SIGONELLA 7 0 0 0 (7) 1
BARBERS POINT 4 0 0 0 (4) 1
ATSUGI 1 0 0 0 (1) 1

GUANTANAMO 1 0 0 0 (1) 1
DIEGO GARCIA 1 0 0 0 (1) 1
LEMOORE 2 2 20 (28) 0

CECIL FIELD 23 1 6 60 36 0
BEAUFORT 20 1 0 0 (22) 1
EL TORO 22 1 0 0 (23) 1

IWAKUNI 9 1 0 0 (10) 1
PATUXENT RIVER 7 0 1 10 3 0
POINT MUGU 11 1 1 10 (2) 0

YUMA 13 1 0 0 (14)/6 1
SWHIDBEY ISLAND 9 1 00(10) 1

CHERRY POINT 21 1 0 0 (2) 1

CARRIER (1) LEVEL
(CV 59-70)

1 - 6 28 1 12 1,668 1,639 0
7 - 12 4 0 0 1,668 1,664 0

DEPOT (D) LEVEL __

NORTH ISLAND 197 10 2 214 7 0
NORFOLK 197 10 3 321 114 0

TOTAL GSE REQUIRED AT: I-LEVEL 13; D-LEVEL 0

-190-
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1- VI. LIFE CYCLE COST AND IMPACT ANALYSIS

A. GENERAL. The GSE Life Cycle Cost and Impact Analysis provides the meth-
odology for calculating the elemental costs associated with using each of the
eight alternative testers in support of the AYK-14. The resulting cost ele-
ments are then used as inputs to the GSE selection process and provide a data
base of information for future GSE decisions in AYK-14 logistic support. The
cost element structure includes three major cost categories:

o Nonrecurring costs
1.

o Recurring costs

o Sustaining costs

1. NONRECURRING COSTS. The nonrecurring life cycle costs include four
cost subdivisions:

o Modifications to support equipment costs

o Integrated logistics support costs

o Test program set costs

o Government-furnished factors costs

9.
Ii

-191-
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2. RECURRING COSTS. Within the recurring costs are those initial costs
required to set up the intermediate and depot sites in the following cost ele-
ment areas:

o Support Equipment (SE) Hardware Costs

o Support Equipment (SE) Installation Costs

o Support Equipment (SE) Technical Publications Costs

o Support Equipment (SE) Modification Costs

o Special Support Equipment Costs

o Initial Support Equipment Spares Costs

o Incremental Prime Equipment Site Spares Costs

o Test Program Set (TPS) Costs

o Maintenance Assist Modules Costs

o Interconnecting Device (ID) Initial Spares Costs

3. SUSTAINING COSTS. The sustaining cost time period for their calcula-
tiois was 10 years. The individual cost elements under sustaining costs are
calculated using the baseline test equipment (VAST) for which historical data
is available. This baseline data is then derated to the appropriate value for

:i given Lester through the use of a relative complexity factor (alpha). The
following cost elements are included In sustaining costs:

o Depot Rework Costs

o Depot Component Repair Costs

o Packaging, Handling, Storage, and Transportation Costs

o Depot Calibration Costs

o Intermediate/Depot Repair Costs

o Intermediate-Level Calibration Costs

o Training Costs

0 Replenishment Spares and Repair Parts Costs

o Technical Publications Revision Costs

o In-Service Engineering Costs

-192-
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B. COST MODEL ELEMENT ALGORITHMS

1. The following cost model algorithms were used In determining the antic-
ipated life cycle costs of choosing a particular tester to accomplish repair
of the AYK-14 avionics (WRA) at the intermediate maintenance level and SRAs at
the depot maintenance level.

2. Many of the individual cost model calculations make use of a tester
relative complexity factor (alpha) as a multiplier. The complexity factor is
computed as a percentage of the baseline tester, which is VAST. In the area of
TPS nonrecurring costs, calculations involved the use of a relative compatibility
factor (Beta) as a multiplier. The compatibility factor for each tester was
developed in Section IV.

a. Ground Support Equipment Complexity Factor

No. Racks Complexity
Tester of Equipment Factor a

VAST 14 1.00
MINI-VAST 6 0.43
AAI-5565 6 0.43
ASM-608 (NSTS) 3 0.21

CAT III-D 3 0.21
HATS 2-1/2 0.18
DiMOTn TI 1-1/2 0.11
ASM-607 (MLV) 1/4 0.02

*Electronic

b. Test Program Set Compatibility Factor (B)

Compatibility Factor

Tester SRA (B1) WRA (B2)

CAT III-D 1.00 1.00' MINI-VAST 1.00 1.00
HATS 0.71 0.81
AAI-5565 0.67 0.78

VAST 0.57 0.71
ASM-608 (NSTS) 0.52 0.68I. I)IMOTE I 0.33 0.56
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BI = # of SRAs a tester has full capability of testing
Total # of ATE testable SAs

B2 -(# SRAs not fully testable)+ (# SRAs testable)\3 - :
Total II of ATE testable SRAs

3. NONRECURRIN (:OST ALGORITHMS

a. Modification To Support Equipment Costs. These are development
costs of modifications to the tester to increase tester-avionics compati-
bility. In the case of the AYK-14 all additional required testing compati-
bility would be included in the interconnecting devices for both WRA and SRA
testing. Therefore, no tester modification costs are required.

b. Integrated Logistic Support Costs. Under this cost element are

two ILS costs: New inventory testers and TPS.

(1) Tester ILS Costs: All testers considered as candidates for
AYK-14 support are NAVAIR inventory testers. Accordingly, no test equipment

ILS costs have been charged.

(2) Software ILS Costs: This element of cost includes four cost
items. The algorithms are as follows:

o est Program Set ILS 0.40 x IDNRAUK14

o Provisioning Data (PD) Costs = $1OK Constant

o Training (T) Costs - 0.40 x ID (
NR-AYK- 14

o Technical Manuals (TM) Costs - 0.22 x IDNR-AYK-I4

Software ILS Costs
TPS-ILS Costs + PD Costs + T Costs + TH Costs

c. Test Program Set Costs. This cost element includes the followin8:

o Test Program/Test Program Instruction (TP/TPI)

o Interconnecting Devices (ID) Costs

o Program Development Data (PDD) Costs

194i
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1. (1) The combination of TP/TPI and ID costs make up the TPS. The
TPS costs are based on estimated costs for the S-3A Weapon System. Each of
the SRAs for the AYK-14 was calculated Individually as to circuit type and
complexity to determine SRA TPS costs. The digital SKA cost algorithms are
based on the use of computer simulation (D-LASAR) and fol lows a straight
line relationship between circuit conplexity and 'ITS costs, and follos tile
equa tion:e YfMX Y = TIPS Nonrcc'rring (:t ($K)

M = Slope (Depends on IC complexity)

X = number of SRA active components

Therefore: TPSNR-COST ' 0.365 x #Active Components
FISI-SSI ($K)

TPS = 0.402 x #Active Components
NR-COSTLSI-MSI ($K)

For the analog TPS NRthe algorithm Is:

TPSNR($K) - 1.5 x (#Active Compmoents)1.
338

Once the TPS costs for SRAs have been determined, then the ATE TPS cost for
WRAs can be determined as follows:

TPSNR-W MA 0- 5  TPSI-SRA
B2 NSE

Where: B2 - Tester - WRA compatibility factor
(See Section IV)

TPSNR-WRA = 0.75 ($1,280K)
B2

- $960K(one VRA)
B2

And, TPSNRWRA m TPNR-WRA + TPI NR-WRA + IDNR-WMRA

On the Average: TNR-WRA a 60% TPSNR-WRA

1TINR-WRA = 20% TPSNR-WIA

IDNR-WRA - 202 TPSNR-WRA

I1
Ii
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For the CAT III-D TPSNRWRA costs:

TPSNR-7 WRA = TPSNR- WRA + 6 (10% TPSNRWRA)

= $960K + 6 (0.1 x $960K)

= $960K + $576K

= $1536K (7 WRA Configuration)

NR-7 WRA's 60% TPSNR 7 WRA = 0.6 x $1,536K $922KTPNR- 20%TA's-

TPINR-7 WRA's = 20% TPSNR_7 WRA's = 0.2 x $1,536K = $307K

ID = 20% TPSNR-7 WRA's = 0.2 x $1,536K = $307KDNR-7 WRA's TSR

(2) ID Reliability and Maintainability Costs:

IDR&M Costs = 0.05 x IDNR-AYK_14

(3) Program Development Data (PDD): This cost element includes
that effort required to develop all TPS data needed to facilitate development
of the TPSs during a phase-controlled progran by the contractors under direc-
tion of the Navy. Analysis indicates that PDD costs are a function of TPS
nonrecurring costs:

PDDNRCOSTS =P~_,OT

5

Therefore, the total WRA TPS development costs are:

TPSNR f TPSNRWRA + PDD + IDR&M

d. Government-Furnished Factors (GFF) - This cost element includes
four items:

o Support Equipment Costs

o Test Requirement Documents Costs

o Unit-Under-Test Set Costs

o UUT Set Contractor Maintenance/Repair Costs
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(1) Support Equipment Costs: This cost element includes the
costs of SE hardware required for TPS development, SE installation, technical
publications, and any hardware modifications required. The algorithms
developed to calculate their costs are based on a ratio comparison to existing
support equipment program costs as follows:

o SE lardware I0%(SEuc x #SE) + Installation Cost (IC)

= .1 x SEuc + IC

o Support Equipment
Spares (SES) = 10%(1O%/yr x SEuc x #SE) x #TPSyr

= .02 x SEUC

o SESCMS = 10% x #TPSyr x SESUC

= .2 x SESuc

o SSE = 10% (125K x (or) x #SE) x #TPSyr

= $25K x (Ns)

SEcMS = 10%/yr x #TPS x SEx SEuc

= 0.2 x SEuc *#TPSy r = 2yr

#SE - I

SE Costs = SEN + SES + SEScMS + SEcMS + SSE

= (0.10 + 0.02 + 0.20 + 0.20) SEuC + ($25K x (oq))+ 1C

= (0.52 x SEuc) + ($25K x (0())+ IC

(2) Test Requirements Documents (TRDs): This element includes the
effort required to perform a Test Requirement Analysis (TRA) for each WRA/SRA
to be supported by the testers under evaluation, and the preparation of the

• . TRD. The algorithm for TRD/TRA costs Is:

TrRD NR = TPS NRCOSTS

4

TRD costs for WRA at the intermediate level and SRA TRDs for the depot level
were not included In the LCC based on NAVAIRSYSCOM direction.

(3) Unit-Under-Test (UUT) Costs: This element includes the costs

of avionic WRAs/SRAs required during the TPS development process. This cost is

a function of the prime equipment WRA cost and SRA costs.

UUTN 50% WPAU or SRAUC Where UC - Unit Cost
i L=

WRAUCi $36.6K each(Av )  SRAC 
= $2.7K each(AVG)

-, - - -- - - - - -- -- . ------- *-'- " 1* . . .,
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(4) UUT Contractor Maintenance/Repair (CM/R): This element in-

cludes the maintenance support costs associated with the support of OUTs
during the 2-year TPS development period. It is calculated as a fixed per-
centage of UUT costs/year.

UUTCMS - 10/yr x PS x UUTuc

(5) (,F' Cost Summary:

(;FFCost-WRA = Costs + TRDNR + UUTcosts + UUTCMS

= (0.52 x SEuc) + ($25K x (O )) + IC + 0 +

$36.6K x 7 + (0.2 x $25bK)
2

GFFCostSRA = (0.52 X SEUC) + ($25K x (00))+ IC + 0 +

$2.7K x (21) + (0.2 x $256K)
2

Example ASM-607

G , t =(0.52 x $65K) + ($25K x (0.02)) + 0 + 0 +

($36.6K x 7) + (0.2 x $256K)
*1 2

= $33.80K + $0.50K + 0 + 0 + $128.1K + $51.2K

= $214Y

i CAT Il-D

(GFF costWRA (0.52 x $500K) + ($25K x (0.21)) + $60K + 0 +

($256.2K) + ($51.2K)
2

= $260K +$5.25K + $60K + 0 + $128. 1K + $51.2K

= $504.55K

FFcostSRA = SECost + TRDNR + UUTost + UUTCMS

(0.52 x $500K) + ($25K x (0.21)) + $60K + 0 +

$56.7K + $11.34K

$364.94K H

-198- .- I
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1 4. RECURRING COST ALGORITHMS

a. Support Equipment Hardware Costs:

SE, = SF X #SE

b. Support Equipment Installation Costs:

SE = #SE x $100K (Shipboard)
ICATE x $60K (Shore site)

J SEIC 60 7 =0

c. Technical Publications Cost:

TPR-Cost 0.03 x SEUC X #SE

d. Modification Costs:

MR-Cost = MUC x #SE

e. Special Support Equipment

SERCost $125K x (a) x #SE

f. Initial Support Equipment Spares Costs:

SES-Cost = 0.23 x SEUC x #SE

g. Incremental Prime Equipment Site Spares:

S Zero cost, by NAVAIRSYSCOM direction

h. Test Program Sets:

SR-Cost = NR x #Sites

I
b i. Maintenance Assist Modules (MAMs). This cost element includes the

cost associated with obtaining any required HAMs necessary to resolve ambiguity
groups which are othlerwise not directly resolvable through use of the tester and
TPS. The required costs are a function of the level of MANs required and the
cost of the prime equipment SPAs.

Therefore: MAMs% - 2X + 1.8

Where: X = Existing ambiguity ratio without MAMs

I
MAMs% =The required MAMs% of the total avionics suite modules.
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#IUUT
Then: MAMs Costs - MAMs% x - SRAUjC x #/ Sites

1=1l

Where: SRA1JC = SRA Unit Cost

X607 = 1.14 ambiguity ratio for ASM-607

XATE = 1.02 ambiguity ratio for ATE

MAMs T% = 2 x (1.02) + 1.8 = 3.84%

MAMs = 2 x (1.14) + 1.8 - 4.08%6077%

MAMs ATECosts = MAMs% x SRAUC x # Sites

= 0.0384 x $2.7K x 21 SRAs x 30 = $65.32K

j. Interconnecting Devices Initial Spares

IDR-cost = 0.23x IDNR x # Sites

5

5. 'ISMI,\IN[NG (OSI vLxopIIMS. All sustaining costs are calculated for a
period of i0 years. The individual cost elements are calculated for the VAST
system as the baseline and then derated to the appropriate value for each alter-
nate tester through the relative complexity factor ( ).

a. Depot Rework. This element includes the costs associated with annual
depot overhaul of testers. Thu algorithm is based on a known $40,000 per year
per station cost for VAST depot rework.

Depot Rework Costs = $40K x 10 yr x (cy) x #GSE

* I ($40K) x (10) x (0.21) x (7)

= $588K (for CAT-III-D)

b. Depot Component Repair. This element includes the estimated costs
to provide necessary repair to tester building blocks. The caiculation is based
on the VAST station costs.

Depot Component Repair = $10.24K/yr x 10 yr x (cs) x #GSEs

= $10.24K x 10 x 0.21 x 7

- $102.4K x (O() x #New GSE
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c. Packaging, Handling, Storage, Transportation (PHST). These are
the costs incurred in sending tester SRAs back to the depot for repair and
subsequent return to the supply system. This cost element is based on a
percentage of component repair costs as follows:

PHST Costs = 20% x $102.4K x 10 yr x (M) x #GSEs

= (0.2) x (102.4) x (10) x (0.21) x (7)

ff= $301K (For CAT III-D)

= ($204.8K) x () x (#New GSE)

d. Depot Calibration. This cost element includes the normal yearly
recalibration costs required of a tester other than those performed during
end item rework. It is based solely on the estimated required amounts of
labor needed to accomplish the tasks each year. Therefore:

I o VAST single station calibration costs/year

2 men x 4 days x 8 hours/day x $32/hour - $2.048K

o Depot. Calibration Costs = $2.048K x 10 yr x (os) x #GSE

= $2.048K x 10 x 0.21 x 7

= $30K (CAT III-D)

1- 20.48K x @c) x # New GSE

e. Intermediate-/Depot-Level Repair. This cost element accumulates
the I- and D-level labor hours cost associated with an individual tester.

• Costs are based on estimated VAST station workloads and then derated by the
appropriate complexity factor (oK). It is also assumed that 80% of the total
repair activity occurs at the IMA level performed by workers earning $18,000/

m year, and that approximately 1,430 hours of depot activity were accrued in a
given year on VAST. Therefore:

i o IMA Hours = 0.8/0.2 x 1430

o IMA Hourly Labor Rate = $18,000/2080 hr/yr

o VAST I-Level Repair Costs - $8.65/hr x 5720 hr - $50,000

Therefore:

I-Level Repair Costs - Test Time/Mo. x 12 mo/yr x 10 yr x
"Ii $8.65/hr at (I-Level)

I - 273 hr/mo x 12 mo/yr x 10 yr x
$8.65/hr at (I-Level)

I - $283K (For testers at I-Level)

-201-
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NAE -9 -1 8 -Lvel kcip~ r CostS = l".st Ti m/mo x 12 mo/yr x 10 yr x 1
$24/hr D-Level

= 418 hr/ma x 12 mo/yr x 10 yr x $24/hr

= $1,204K (For testers at D-Level)U

tI. nti-imudiate-Level Calibration. The cost element includes the
noirial vQ-irlv uiha ion ot I-level testers. An assumption has been made that
approximately b0% of the total cal ibrat ion man-hours are expended at the IMA, 1
and that I-Level calibrntion costs are $8.05/hour as defined earlier.

Assuming: I
o VAST Depot Level Annual Calibration Costs = 2 men x 32 hr

o IMA Level Calibration Hours = 64 x 0.6 =96 hr
0.4

o I-Level VAST Station Calibration Costs =[

96 hr/yr. x $8.65/hr. =$830/yr

IA (alibuiat ion Cost-s $830/yr x 10 yr x (o) x #! stations

=$830 x 10 x0.21 x 7

$12K (For CAT 111-D)

=($8. 3K x (cK) x (#I New GSE)

g. Training Costs =(Operator Training Costs + Maintenance

Training Costs) x (Ci) x (# GSE) x (ARATE)

x (# yr-i)

=$18.2K x (Cx) x (#/ GSE) x (ARATE) x (# yr-i)

=$81.9K (0 x (# CSE)

h. R. pRLenJshuneat pa;res_ and. R r -Parts. This element includes
all -o!at.! associated with obtaining additional GSE modules and parts to replace
those lo0st to attrition over the 10-year life cycle. Analysis of available
loid1',et wa-rk sheets and existing program data pointed to a relationship between
rtplenishment costs and re'curring OSE acquisition costs for avionics GSE.

Therefore:

o RSRP - 10% x 10 yr (ATE costs + ID costs) x # GSEs
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Where:

Hardware Costs = Recurring GSE Costs

ID Costs = Recurring ID Costs - IDNR

5

RSRP = 0.1 x 10 ($500K x # GSE) + (IDNR x # IDs)

5
= 0.1 x 10 ($500K x 7) + ($307K x 30)

5

= $5,342K (For CAT III-D)

i. Technical Publications and Revisions (TPR). All engineering,
printing, and publishing costs associated with technical documentation updates
over the 10-year AYK-14 GSE sustaining period are included. Replenishment of
Calibration Standards for all support sites is also included. Revision costs
are a function of the number of pages required and the relative complexity of
the particular tester.

TPR Costs = N pages x D cost/page x 10 yr x ()

= $21.4K x ()

N = 10.7 pages/yr

D = $200/page

J. In-Service Engineering

TPS Maintenance - 7%/yr x 10 yr x TPSNR

= .07 x 10 x $1,536K

= $1,075K

= 0.7 x TPSNR

7NR

1'
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C. LIFE CYCLE COST SUMMARY

1. The LCC summary for intermediate WRA support of the AYK-14 is presented

in Table 36. The ranking by cost of the nine candidate testers for I-level

-;upport is as follows:

Tester LCC_($K)

AN/ASM-607 (MLV) 7,788

AN/USM-429 (CAT Il1-D) 17,944

AN/USM-453 (DIMOTE II) 23,660

AN/USM-403 (HATS) 40,588

AN/ASM-608 (NSTS) 49,586

AN/USM-449 (AAI-5565) 57,557

AN/USM-470(V)l (MINI-VAST) 93,665
AN/USM-247 (VAST) 173,567

2. For the depot support of the AYK-14 SRAs, the LCC Summary is presented

in Table 37. The ranking by cost of the seven candidate testers for depot level
support is as follows:

Tester LCC ($K)

AN/USM-429 (CAT TII-D) 7,334
-AN/USM-247 (VAST) 9,175

AN/USM-449 (AAT-5565) 9,788
AN/ASM-608 (NSTS) 9,857

AN/USM-403 (HATS) 10,017
AN/USM-453 (DIMOTE I) 11,746

AN/USM-470(V)1 (MINI-VAST) 15,299

3. Since the AN/USM-429 (CAT Ill-D) tester is the most cost effective
depot-level tester In support of the AYK-14 and was the second most cost effec-
tive intermediate level tester in support of AYK-14 (WRA) testing, we will now

review the cost effectiveness of utilizing a combinational tester approach to
the I-level support of WRA testing. The LCC summary of this combinational
approach (AN/ASM-607 and AN/USM-429 (CAT III-D)) is presented in Table 38. The
combinational WRA support approach LCC is as follows:

LCC ($K)

o 7 - AN/ASM-607 (MLV) 1,747

o 23 - AN/uSM-429 (CAT III-D) 7,303

30 Total 9,050

Included in the CAT II-D I-Level costs are WRA-TPS nonrecurring cost of
S1,076K or a decrease of $3,189K. These costs could be justifiably charged to
the Depot where the WRA TPSs are required. This would lower the I-level costs
to $5,861K.
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VII. RISK ASSESSMENT

A. In this SESA, three risk categories were analyzed:

~Technical Risks

Schedule Risks

Cost Risks

The testers and test program sets were evaluated in all three categories
at both the I- and D-levels of maintenance. The following risk character-
istics were considered for each risk element to determine whether a par-
ticular risk was evaluated as low (L), medium (M), or high (H) risk:

Is tester in the Navy's inventory.

Availability of tester from manufacturer.

Avionic test requirements complexity.

Tester-avionics compatibility.

Test program set complexity.

Tester procurement data availability.

Quality of tester unit cost estimate.

Quality of tester delivery schedule.

Time period of tester and TPS procurement.

B. A risk assessment summary is presented in Table 39. Each of the eight
tester candidates is noted and the three risk categories (technical, sched-
ule, and cost) are subdivided into intermediate level for WRA support and
depot level for SRA and WRA support. Risk value judgments based on the
risk characteristics noted above were determined for each tester and TPS

" risk elements for both the I- and D-level; the combined risk assessment
rankings are noted in the right column of Table 39. The lowest combined
risk category was assigned to the ASM-607, USM-429 (CAT III-D), and the USM-
449 for the I-level, and to the USM-429 (CAT 111-D) for the D-level.

I
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APPENDIX A

.1 COST ANALYSIS

I Life cycle cost summnaries are presented as follows:

ITable Tester Page
Al AN/ASM-607 (MEMORY LOADER/VERIFIER) .... 212

1A2 AN/USr4-429 (CAT III-D).................. 213

A3 AN/USM-403 (HATS) ...................... 214

A4 AN/USM-449 (AAI-5565)................... 215

A5 AN/USM-453B (DIMOTE 11)................. 216

A6 AH/ASM-608 (NSTS) ...................... 217

A7 AN/USM-470(V)l (MINI-VAST).............. 218

A8 AN/USM-247 (VAST) ...................... 219

211 (A-i of A-9)
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GLOSSARY NAEC-92-138

7 ALU ....... Arithmetic logical unit MMBUS ..... Microcoumand to micromemory

ATE ....... Automatic test equipment bus

BC ........ Bus controller MOS ....... Metal oxide semiconductor
BEM ....... Bus extender module MSI ....... Medium-scale integration
BIT ....... Built-in test MTBF ...... Mean-time-between-failures
BITE ...... Built-in test equipment MTTR ...... Mean-time-to-repair
BM ........ Bus monitor

NARF ...... Naval Air Rework Facilities
CCU ....... Computer control unit NIM ....... NTDS-interface module

CDC ...... Control Data Corporation NRZ ....... No return to zero
GMM ....... Core memory module NSD ....... Navy support date
CMQT ...... CPU/memo:y quick-look test
CPU ....... Central processing unit PCM ....... Power converter module

PDD ....... Program development data

DID ....... Input Discretes PIM ....... Proteus interface module
DIM ....... Discrete interface module PPSM ...... PIC/POC/SDC Module
DIO ....... Bidirectional discretes PROM ...... Programmable read only memory
DIOM ...... Discrete input/output module PSM ....... Processor support module
DIS ....... Switch closure input discretes
DMA ....... Direct memory access RAM ....... Random access memory
DNA ....... Data not available "IM ....... RS-232-C interface module

RIW ....... Reliability improvement
EAU ....... Extended arithmetic unit warranty

RMW ....... Read-modify-write

FFT ....... Fast Fourier transform RT ........ Remote terminal

FID ....... Fault isolation diab.... )!;c RTC ....... Real time clock
RI ....... Read/write expandable module

GFF ....... Government-furnished factors SDEX ...... Standard real time executive
GPM ....... General proce:ising module SESA ...... Support equipment selection
GSE ....... Grot d !:u1<,ort equipment analysis

SIM ....... Serial interface module

HEX ....... Hexadecimal notation SHM ....... Semiconductor memory module
SRA ....... Shop-replaceable assembly

ID ........ Interconnect devices SSI ....... Small-scale integration
IFPM ...... In-flight performance ST ........ Self-test

monitoring STE ....... Standard test equipment
ILS ....... Integrated logistic support
IOC ....... Input/output controller TPS ....... Test program set
lOP ....... Input/output processor TRA ....... Test requirement analysis

TRD ....... Test requirement documents

LCC/I.....Life cycle costs and impact TT ........ Test time
analysis TTL ....... Transistor-transistor logicr LORA ...... Level of repair analysis

LSI ...... Large-scale integrqtion UART ...... Universal asynchronous

LVU ......Loader/verifier unit receiver/transmitter

WuM ....... Maintenance assist modules UUT ....... Unit under test

MCM ....... Memory control module
MEU ....... Memory expansion unit VAST ...... Versatile avionics shop tester
MLV ....... Memory loader verifier WL ........ Workload

i MMA ....... Micromemory address WRA.....Weapon replaceable assembly

Ii
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