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NAEC-92-138
SUMMARY

A. PURPOSE. The purpuse of the AYK-14 Support Equipment Selection Analysis
(SESA) is to determine, from a testcer-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) gupport, the actual ATE, and
the development of ATE.

B. CONCLUSIONS

1. As a weapon replaceable assembly (WRA), the AYK-14 computer gystem can
be configured with as few as 2 shop replaceable agsemblies (SRAs) to as many
as 16 SRAs. This SESA study involves five Navy programs that will use seven
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 SRAs are to be supported with automatic sup-
port equipment.

2. The 5 Navy programs planning to use the AYK-l4 computer system will
require maintenance support at 30 I-level and 2 D-level sites. However, while
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.

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
vhich is loaded from a suitcase tester, and fault isolate itself to one SBRA
90 percent of the time for over 80 percent of malfunctioning AYK-l4s.

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 WRA, only
two of the seven testers considered for D-level support could meet the SRA
test requirements of the AYK-l4.

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 AYK-l4. 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 imnvolved
cannot justify ATE for the exclusive support of the AYK-14,

C. RECOMMENDATIONS

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

a. At the 23 l1-levels that will have the USM=429 (CAT 1II-D) tester
(due to workloads other than the AYK-14), this same tester will be used to
support the AYK-14 WRA maintenance workload.
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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. 1In 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 the mixed tester approach,

which Is proposed for I-level AYK-14 support, it is recqpmended that the present
AYK-14 maintenance philosophy be modified as follows:

When the USM-429, CAT I1I-D tester is used at I-level, the
maintenance approach should permit repair of the AYK-1l4 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 1s presently performed at the
component or part level on similar avionics.
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I. INTRODUCTION 3

A. BACKGROUND

1. The Navy has designated the AN/AYK-14(V) as the standard airborne com- 3
puter set, This computer set is presently being considered for use in 18 Navy
programs. The 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.

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. 1

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:

e L . e

o .. F/A-18
. LAMPS
' - AV-8B
- - EA-6B
X ) FIREBRAND

-

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

e

5. The complete complement of available electronics for the AYK-1l4 includes
.- 27 SRAs. Twenty-one SRAs are designated for automatic testing. The s8ix 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.

Co - g -

i

-
.

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

o
—
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FAN (OPTIONAL)

PCM-1
SIZE: 10.1"W X 7.6"H X 14.0"D

WEIGHT: 30-38 POUNDS

POWER: 215-400 WATTS

MIM

MCM

GPM

PSM

/0%

/0%

/0%

/0

BEM

L

*SERTAL-TYPE T/0 CHANNEL

Figure 1 - AN/AYK-14(V) Computer Set (XN-2 Configuration)
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B. SUPPORT EQUIPMENT SELECTION ANALYSIS (SESA) SUMMARY

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

SRAs 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
testers 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-607, Memory Loader/Verifier
b. AN/USM-429, CAT III-D

c. AN/USM-403, HATS

d. AN/USM-449, AAI-5565

e. AN/USM-453, DIMOTE II

f. AN/ASM-608, NSTS

g. AN/USM-247, VAST

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

3. TESTER AVIONICS COMPATIBILITY ANALYSIS. Each of the tester's capabili-
ties was compared with the AYK-1l4'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

¢. Determining tester utilization
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5. LLFE CYCLE COST AND IMPACT ANALYSIS

a.

the predictable cost elements associated with the AN/AYK-14 support.

The lite cyele cost and impact (LCCl) analysis brings together all

These

costs include nonrecurring or development costs, recurring or site start-up
costs, and sustaining costs for a ten-year period.

by

I-LEVEL SUPPORT LCC ($K)

The following testers, in order of cost ranking, were determined by
the LOCT onalysis for I- and D-level support of the AYK-14:

AN/ASM-607
AN/USM-429
AN/USM=453
AN/ USM-403
AN/ASM-608
AN/ USM--4449
MINT-VAST

ANJUSM- 247

t combined or mixed tester support approach is recommended.

(CAT T111-D)
(DIMOTE LT1)
(HATS)
(NSTS)

(ANL=55670)

(VAST)

D-LEVEL SUPPORT LCC ($K)

7,780 AN/USM~429
17,944 AN/USM-247
23,660 AN/USM-449
40,588 AN/ASM-608
49,586 AN/USM-403
57,577 AN/USM-453
93,666 MINI-VAST
173,567

(CAT III-D)
(VAST)
(AAI-5565)
(NSTS)
(HATS)

(DIMOTE II)

7,334
9,175
9,788
9,857
10,017
11,746

15,299

On a lite cycle cost basis for 1- and D-level maintenance support,

The two lowest

cost candidates for I-level (ASM-607 and USM-429 (CAT 111-D)), and the lowest
(USM-429 (CAT 1II-D)) were combined as follows:

cost candidate

for h—-level

L IYPE any COST (3K)

AN/ASM=607 7 1,747

AN/USM-429 23 7,303
TOTAL 30 9,050

Thie combined approach utilizes 23 previously planned USM~-429 (CAT I1I-D) testers
to maximize the IT-level test capabllity and to minimize spares, and uses the

ASM-007 at the remalning 7 I-level sites where ATE is not planned.

For I-level

comparison, the $9,050K combined cost could be justifiably decreased to $5,861K
if the CAT LI1-D weapon replaceable assembly (WRA) TPS costs (nonrecurring and
sustaining) are fncluded in the depot costs (rather than being included in

[-level costa),

o TR DTSSR LTSN

The WRA TPS costs at I-level then become:

. IYPE QTY COST _($K)
AN/ASM=-607 7 1,747
AN/USM=429 23 4,114
TOTAL 30 5,861
-RB-
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The WRA TPSs are required for depot support and will also be used at I-levels
that have the CAT III-D tester.

6. TECHNICAL RISKS

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 [or the USM-429 have lowest tech-
nical complexity.

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

N .
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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 (Flgure 3). The ovbjective of the TRA is to define the WRA and SRAs
test requirements envelope in relation to the maintenance philosophy. This
section includes three parts:

0 System architecture of the AYK-1l4

o Malntenance philosophy

o Technical description of the SRAs and sub-SRAs

. SYSTEM ARCHITECTURE

a. Tiie 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 exlsting AN/UYK-20 support software.

o The AYK~14's hardware is functionally partitioned into
plugyable modules or SRAs. These modules are the standard building blocks
used in configuring functfionally 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-
uring of specific AN/AYK-14 computers to meet the processing requirements
of a wide variety of military systems.

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

0 Processing Subsystem

o Memory Subsystem

~

>  Input/Output (1/0) Subsystem

o Power Subsystem

-10-
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1

COMPUTER_SYSTEM
CHASSIS
1 SUBSYSTEM
. MEMORY " J
SUBSYSTEM

N < l_. | POWER
‘ SUBSYSTEM

1
- 10BUS SUPPORT
. CPUBUS EQUIPMENT
- SUBSYSTEM
- 4
~
1 PROCESSING INPUT/OUTPUT

SUBSYSTEM (1/0) SUBSYSTEM
I FOFTWARE/ FIRMWARE
‘-1 SUPPORT SUBSYSTEM

I :
I 1
l Figure 4 - AN/AYK-14(V) System Block Diagram i
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These four subsystems are interconnected via the intermodule bus communi-
cations (CPU bus, 1/0 bus), etc. The subsystem clock items noted within,
are the SRA modules which can be configured for the subsystem. The three
external subsystems noted in Figure 4 are:

[ e g

o Chassis Subsystem

¥ oy

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 III.

2. MAINTENANCE PHILOSOPHY

a. The AN/AYK-14(V) standard alirborne 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),
remove/replace 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 1s verified by the IFPM, the AN/AYK-14(V) computer set is removed
Trom the alrcraft as a WRA and replaced with a properly functioning WRA.
This maintenance action takes place at the organizational maintenance
level.
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SOFTWARE

Organizational
Maintenance
Level

WRAs
Computer
Set

Intermediate
Maintenance
Level

A11_SRAs

Depot
Maintenance
Level

o

SCM

Factory
Repair
Facility

e = g e eme com

BIT Program
In-flight Performance
Monitoring Program

WRA-Flight Isolation
Diagnostic Program
WRA-TPS

WRA-TPS
SRA, Sub-SRA TPS

SRA, Sub-SRA TPS

Figure 5 - AN/AYK-14(V) Maintenance Baseline
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c¢. The faulty WRA is sent Lo 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 malntenance 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
(MLV) 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 {s isolated, the WRA cover is removed and the failed SRA/sub-
SRA 1s 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 operation. 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
capablility 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
(CMM and SMM) bhc repaired at the manufacturer's facility.

-16-
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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
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 CMM cycle time is 900 nano-
seconds, and the SMM cycle time is 400 nanoseconds. The memory control
module (MCM) interfaces between the GPM and the memory modules (CMM 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/0) channels, each on individual SRAs which communicate with the pro-
cessing subsystem via the IOBUS. The standardization of interval inter~
faces permits any I/0 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 I/0 channels, including the discrete interface
module (DIM), Expansion to more 1/0 channels is possible but requires the
additional memory expansior unit (MEU) type enclosures. Ten types of
input/output interface SRAs are available to match standard I/0 channel
characteristics. These are:

o Discrete Interface Module (DIM)
o Serial Interface Module (SIM)

o NTDS Interface Module (NIM)
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0 RS-232-C Intcerface Module (RIM)
o PROTEUS Interface Module (PIM)
o Input/Output Processor (IOP)
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 (IOC) functions can be executed by
either the CPU (GPM and PSM) or the optional I/0 processor (IOP). The
10P, operating in conjunction with the CPU,greatly enhances the processing
throughput of the AYK-14, The IOP combines the basic function of a CPU in
one module with a reduced instruction set and performance level. The IOP
is microprogrammed to serve either as an IOC or as a single-module, 16-bit,
general-purpose CPU without modification. Special 1/0 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. PCM-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 (I0OP) 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
{OBUS interface, This minimum configuration can also be used as a com-
puting clement in a distributed computer processing system.

-18-
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TO 1/0 I0BUS
INTERFACES

0P RXM (4K)

)

Minimum Configuration

MEMORY EXPANDABLE
TO 512K TOTAL WORDS

ol
CMM ( 32K) CMM (32K )ﬂ

CMM ( 32K) ﬁ +—1 CMM (32K)
OMEMBUS | |EMEMBUS

IOBUS MCM

CPUBUS

—]1/0 CHAN

—1/0 CHAN GPM PSM

—11/0 CHAN EAU

—1/0 CHAN - 10P

—1 /O CHAN

I/0 EXPANDABLE TO —1 PCM-2
16 CHANNELS TOTAL

Expanded Configuration (XN-1)

Figure 6 - Two Configurations of
The AN/AYK-14
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b. An expanded computer system configuration (Figure 6) also pro-
vides a complete 16-bit, general-purpose computer with high-speed floating
point hardware, hardware I1/0 controller (IOC), 128K words of 18-bit core
memory (CMM), and up to 16 I/0 channels of various types.

C. CHASSIS SUBSYSTEM. ALl SRA modules plug into an ATR-type chassis
equiﬁbéawhl}];giots to accommodate a combination of SRA types. Currently
three standard chassis types designed for MIL-E-5400, class II environ-
ments are avallable 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-1 (Figure 7) or XN-2 (Figure 8) chassis to provide additional
memory, processing, and/or 1/0 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. 1In
this case a modified XN-1 chassis would be designated XN-1A, 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 1s a compatible extension of the AN/UYK-20
instruction set. The Navy supports both the AN/UYK-20 and the AN/AYK-14
support softwarc. The general approach to AYK-14 software development is

to use a commercial 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 discuused:

o Organizational-level software
o Intermediate-level software
o Support software

1. ORGANIZATIONAL- LEVEL SOI"IWARE

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 wission. These program modules are written
fa MACRO-20 assembly language and are executed in conjunction with the
standard real-time executfve (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
performs a test of the CPU (CPM and PSM) as well as the 500 words of ROM
memory, takes 8 milliseconds to execute, and runs in an operation mode
defined bv the user at assembly.

-20-
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FAN (OPTIONAL)

PCM-2

SIZE: 10.1" W x 7.6"H x 19.5"D
WEIGHT: 45-55 POUNDS

POWER: 400-600 WATTS
MEM

MEM

MEM

MEM

MCM

EAU

GPM

PSM

top

1/0

1/0

1/0

/0

1/0

BEM

Figure 7 - AN/AYK~14(V) XN-1 Configuratiom
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FAN (OPTIONAL)

PCM- 1 L
-
g
[;

MEM
SIZE: 10.''Wx7.6"H x14.0°°D E
WEIGHT: 30-38 POUNDS 1
MEM POWER: 215-400 WATTS | 4
i

MCM
4

GPM
PSM 2
/0 .
1/0* }

o+

170 -
BEM ¥

*serial-type 1/0 channel

Figure 8 - AN/AYK-14(V) XN-2 Configuration
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SIZE: 10.1"W x 7.6"H x 12.7"D
WEIGHT: 28-35 POUNDS
POWER: 150-350 WATTS

Y

Figure 9 - AN/AYK-14(V) Memor, Fxpansion Unit
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b. The IFPM also interfaces to the hardware BITE automatically

or as selected.
BITE.

The automatic interface is with the continuous hardware

The functions checked by the BITE are:

(1) Continuous Hardware BITE

o

Memory Parity
Memory Protect

Memory Channel Time-out

o Power Monitoring

o Overtemperature Monitoring

o Bus Time-outs

o 1/0 Channel Parity

o 1/0 Channel Time-out

o SIM Manchester Code Format Verification
o BIT Timer

o BIT Indicator

(2) Programmable Hardware BITE

o)

1/0 Wraparound

o BIT Firmware

o Computer Support Interface t
c. Additional program modules for the IFPM will contain an I/0 !
test, additional memory tests, and a four-segment CPU test. These fea- E

tures are predicted by CDC to result in detection of 98 percent of the
faults in the AYK-1l4 computer system.

2. INTERMEDIATE-LEVEL SOFTWARE

a. The SRA 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 SRA 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-
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designated “ne AN/ASM-607 memory loader/verifier unit as the 0-and I-
level support equipment for memory loading and program verification. The
followin; discussion of the SRA diagnostic program assumes that the appro-
priate software modifications noted above have been completed.

b. The design objective of the SRA igolation diagnostics 1is 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 (SRA EX 1) interfaces with the
ASM~607 and the SRA isolation diagnostics through a series of tests.

The diagnostics are organized as follows:

o SRA CPU Executive Test
o CPU Test

o IOP Test

o Memory Test

o 1/0 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/0 functions may be tested by
utilizing external wraparound cables. Without the wraparound cable
approach, the tests of the 1/0 modules do not include the tests of the
transmitter/receiver circuitry in the I/0 SRAs. The full detection and
isolation requirements for the SRA isolation diagnostics are achieved
through testing in conjunction with the AYK-14's BIT firmware and its
BITE hardware.

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:

(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
interface to the LVU/CCU.

PR
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SRA Executive
SRAEX

Initialize
Executive

DA

— SRACPU

CAU CPU
Test

v

Call 10P
Test

<.4 SRAIOP

rt—

v

Call Memory
Test

> SRAMEM

-

call 1/0
Tests
Yes '
Loop
No

Fault Report

No

Yes

. T TV O ¥

Display
Y Figure 10 - Interaction of Isolation Diagnostics
Halt With SRA Executive SRAEX
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(2) Processor Support Module (PSM). The PSM supports the GPM l}

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

(3) Memory Control Module (MCM). The MCM provides the logic .
needed to interface the GPM to the main memory. This logic transforms l
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.

§ S ne—

ooy
s i et

(4) 1lnput/Output Processor (IOP). The IOP 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 (CMM/SMM).
These modules provide the main memory for the CPU system. They contain
18-bit words and are accessed via the MCM.

-
| W——

J

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

P———
J

(7) Discrete Interface Module (DIM). The DIM 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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(11) NTDS ANEW Channel. This channel provides a Type C
parallel interface per MIL-STD-1397.

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

(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
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 rate
of either 200K or 1M 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 1M 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 a
programmable architecture designed to provide high-speed arithmetic algo-
rithms for floating point arithmetic and trigonometric functions. In the
AN/AYK-14 computer instruction set, the EAU provides increased CPU per-
formance for floating point arithmetic instructions.

-29-
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J.  SUPPORT SOFTWARIL

a. Microcode Cruss-Assembler. The microcode cross-assembler 1is
a FURTRAN-coded assembler capable of accepting microcede instruction from
source cards and tapes, and of producing program listings and absolute
object code onto magnetic tape and disk. This absolute object code is ex-
ecutable by the ANJAYK-14 (V). The cross-assembler is capable of assem~
bling a microcode propram ot at least 4K microcode words. It can be. hosted
on anv computer hosting ANS1 standard FORTRAN (version 3.9, 1966) with
sufficient memory and two tape units.

b. Microcode Simulator. The microcode simulator provides an
independent host capabillity 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 gimulator 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 {s coded {n FORTRAN. The microcode simulator
software is operable on any computer hosting ANS1 standard FORTRAN (version
3.9, 1966).

c. Cross—-Assembler.

(1) 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~asscmbler recognizes instruction mnemonics for
entire AN/AYK-14(V) instruction repertoire, address labels, octal and
decimal numeric notatjon, arithmetic operations (including add, substract,
multiply, divide, and hinary 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,
address counter control and conditional assembly capability.

(4) Input tuv the cross-assembler consists of:

0 Maln program source statements in 80-column card images.

o Library element source statements in 80-column card
images, user-specified as in-1line source code assembly.

(5) Output from the assembler consists of:

o Relocatable object code on punched cards and magnetic
tape.

0 Object output code listing with octal and hexadecimal.

o Source program test listing.

-30-
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o Symbol cross-reference listings.
o Error messages.

o Symbol table information on the object code output
device.

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

o User-specified diagnostic source statements in the
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 AN/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 1l. 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/14). 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.
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E. AN/AYK-14(V) SHOP REFLACEABLE ASSEMBLIES (SRAS) AND TEST PARAMETERS

l. 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
-549¢ to 717C, 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 cooliug air is required over SRA components. Figure 3
presents the two baslc 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 I0OP SRAs are mountable on 0.85~inch centers and
weigh approximately 2 pounds each, All I/0 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: (PM, PSM, EAU
o Memory Subsystem SRAs: MCM, CMM, SMM

o Input/Output Subsystem SRAs: DIM, SIM, NIM, RIM, PIM, IOP,
BEM, RXM, PPSM, DIOM

o Power Subsvstem SRAs: PCM-1, PCM-2

2. PROCESSING SUBSYSTEM SRAs

a. General Processor Module (GPM)

(1) The GPM (Figure 13) 1s one double printed circuit board
SRA, containing the 48-bit microcommand control, LSI bit-slice arithmetic
unit, two register flles, two busses, and the LV/CCU interface circuitry.
The two clrcuit boards (A and B) of the GPM are presented in Figures 14
and 15. The GPM block diagram Is presented in Figure 16. The GPM con-
tains all the data manlpulation hardware and microprogram control archi-
tecture f{or the central processing unit (CPU) and IOC processors. The
48-bit C register holds the current microcommand during execution. The
current microcommand controls one machine cycle and also specifies the

-32-
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Figure 16 - General Processor Module (GI'M), Block Diagram
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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 speclfied directly, or conditionally, based on
status conditions resulting from the last microcommand. These address
sources are:

0 An increment register containing the current address plus
one,

o A four-reglster stack for subroutine return address.

o A jump address register that is conditionally loaded from
microcommand ff{elds.

0 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 GPM [s5 a 16-bit mlcroprogrammable processor based
on the AMD 2900 series microprocessor slice LSL 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

0o Microprogram address sequencing to 4K words

o 180-nanosecond microcommand cycle

o 256 by 16-bit word register file

0 256 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
micromemory).

~38-
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(3) The arithmetic logical unit (ALU) consists of the 16-bit
arithmetic section of the CPU. This hardware is implemented using four
AMD 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 speclfy either the T 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 I'A 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 tile write operation is specitfied, the address file location
receives data from the FD register. The file access occurs in parallel
with the specified ALU operation.

(5) The reformat FPLA output may be selected onto the F bus
and into the U register Ilnstead 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 duriang the emulation process. The micromemory
address may be transferred to the MMA hardware directly from the U register.

(6) A 256-word control C file is also included in the GPM archi-
tecture, The lé-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 16-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 commun-
ication with the optional FAIL.

(7) Several speclal registers are provided by the GPM archi-
tecture. The 16-bit 1 register, whicii may be conditionally gated from the
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-bit
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
from the F bus, and an input data register connected to the D bus. The M
and X channels interface with the CPU and 1/0 buses.
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| (9) The LV/CCU channel provides a serial interface for com-
puter control. The microprogram firmware communicates with the LV/CCU
channel registers by means of the X bus, A combination of hardware and

! firmware allows control, display data, and memory data to be transferred

H to the CCU or LV and allows entry of data from the CCU or LV into computer
registers or memory.,

e rhaaaat

(10) Most GPM microinstructions are executed in 180 nano-
gseconds, 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,

 Sropmity SRS Sy WP st BN

(l1) The testing parameters of the GPM are noted in Table 1.

TABLE 1

oy |

GENERAL PROCESSOR MODULE TESTING PARAMETERS

SRA configuration: Double digital circuit card SRA
o IC count: Board A, 84 IC's; board B, 127 IC's: total IC's, 208

Connector pin count: 3 top 4l-pin test point connectors - 123 pins

o~ . [

{ 2 bottom 152-pin I/0 connectors ~ 304 pins
Total - 427 pins
Signal I/0 pins: Board A, 138 pins; board B,

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

Total 1I/0 pins - 376 pins

!
% 136 pins; total 274 pins
!
}

N

'

|

?& Power pins: Board A, 14 pins; board B, 14,

;‘ total power pins, 28 pins
t Test point power pins (test point connectors): 10 pins
| Total required pins (both boards): 414 pins
i Power required: +5 vdc 9.4 amp max, 47 watts

Oscillators: 19.2 Mz, 33.33 MHz

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

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

o 1K by 16 bits of PROM bhootstrap memory for computer system initi-
ation via the 1553A I/0 channel or the CCU console.

o Two parallel bus interfaces (CPUBUS and IORUS).
o FEvent interface.

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

o Four loadable/readable clocks for monitoring and timing func-
tions (l-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 necessary features to complement the
GPM and complete the basic CPU functions of the processing subsystem. The
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.

(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
the CPU functions, are provided. When the PSM contains this micromemory
complement it is referred to as the PSM-1, The PROM micromemory receives
12-bit addresses from the GPM via the MMBUS and returns the 48~-bit micro-
memory data on the MMBUS. 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-
ule. Multiple subsystems are thus allowed to use identical GPMs,

R N W T L
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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
CPUBUS, and/or I0BUS. The bootstrap ROM feature contains 192 words of ad-
dressable read-only program memory. The ROM is addressable on either the
I0BUS or the CPUBUS. The ROM is addressed as main memory locations 000§
through 0775 and 300y through 477g 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 hurned into the PROM integrated circuits during the manu-
facturing cycle,

(4) The PSM real-time clocks (RTCs) communicate with the GPM
using the I/0 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 5RAs. The timing
features are completely duplicated in the 10C, since this subsystem also
contains a GPM and a PSM (PSM-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 f{irmwarc control. The count file registers are
set to the value fille word content when commanded by a firmware bus com-
mand and automatically each time the count terminates.

(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
for the second reyister pair. The second pair is programmed to provide
the program-addressable monitor clock and generates an interrupt each
time the count terminates. A third count/value file pair is used to
implement the lower 16 bits of the 32-bit RTC. This count file register
is counted at a l-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 GPM register files and arc updated under firmware control.
This part of the RTC is updated even if the interrupt associated with
the lower 16 hits 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 10C random access memory (RAM) logic is optional,
and assoclated hardware is not included on the PSM~1 module for the CPU,
The PSM-2 module, for the I0C, does contain the IOC RAM, which consists
of a 1K semiconductor, 400-nanosecond, 18-bit RAM, It is used as the
basic 1K of I0OC program memory. The 10C RAM is assigned a block of mem-
ory addresses and provides a non-paged memory .or 10C 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/0 channel interrupts related to 1/0
chain programs and 1/0 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,
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TABLE 2
PROCESSOR SUPPORT MODULE TESTING PARAMETERS
SRA configuration: Double digital circuit card SRA
1C Count: Board A, 75 IC's; board B, 143 IC's; Total IC's 218
Connector pin count: 3 top 4l-pin connectors - 123 pins
2 bottom 152-pin connectors -~ 304 pins
Total - 427 pins
signal 1/0 pins: Board A, 131 pins; board B,
121 pins; total, 252 pins
Test point pins: J-1, 31 pins; J-2, 39 pins;
J-3, 21 pins; total , 91 pins
Total 343 pins

Power pins: Board A, l4 pins; board B,
15 pins; totual, 29 pins

Test point power pins (test point grounds) 6 pins

Total required pins (both boards) 378 pins

Power required: +5vdc, 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

-47-
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c. Extended Arithmetic Unit (EAU). The EAU SRA is a 32-bit,
high-speed, floatiny-point processor which operates under the control of
the GPM and interfaces directly to it, The FAU utilizes the AN/UYK-20
floating~point format which cousists 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 GPM 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 FAU, the instructions are
implemented via firmware. The incorporation 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 I'AU is double circuit card SRA. Figures 20 and 21
present the A board and B board of the EAU.
TABLE 3

EXTENDED ARITHMETIC UNIT PERFORMANCE

Execution Time Weighted
Instruction Percont Mix (microseconds) Time Kops
Add 80 2.160 1.728
Multiply 10 3.660 .366
Divide _lo 6.005 601
Total 100 2,695 371

(2) The EAU 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 FAU 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 bhe utilized, by reprogramming of PROM circuits, to
perform arithmetic algorithms such as polynomial expansions, trigonometric
functions, fast Fourler transform (FFT) operations, cordic algorithms, and
so forth., This designed-in capability of the FAU could broaden the appli-
cations and use of the AN/AYK-14(V) computer.
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(4) Filgure 22 depicts the various architectural elements of the
FEAU. 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 circult cards, each 6 inches x 9 inches

IC count: Board A, 96 IC's; board B, 119 IC's; total IC's, 215

Connector pin count: 3 top 4l-pin connectors - 123 pins
2 bottom 15l-pin connectors - 304 pins
Total - 427 pins

*Signal 1/0 pins: Board A, pins; board B, pins; total, pins

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

Total I/0 pins
*Power pins: Board A, pians; bouard B, pins; total, pins
*fest 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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Figure 22 - Extended Arithmetic Unit, Block Diagram
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3. MEMORY SUBSYSTEM SRAs

a. Memory Comtrol 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 Interfaces to CPUBUS 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, ome parity bit per bite; block protect in
paging system: Read protect, Write protect, lxecute protect,

(1) The memory control module is contained on a double circuit
card SRA, Figure 23 presents circuilt card A of the MCM., The MCM provides
the necessary logic to interface the CPU and 1/0 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-
form a 16-bit relative address received on the port to .a 19-bit physical
address by passing it thrcugh the page and protect logic. This logic con-
sists of a page file, which 1s 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. FEach page reglster contains the re-
quired 9-bit page base address, which is appended to the least significant
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.

(3) The page file also contains three lockout bits, which are
used to protect any lK page of memory against an unwanted access. One bit
protects agalnst executing an instruction out of the addre:sed page, an-
other protects against a readout of the addressed page, and the third pro-
tects agalnst a write into the addreused page. The type of operation
(read, write, and instruction fetch) is decoded from the 8-bit control
code that 1s received along with the address on the IOBUS and CPUBUS. A
comparison of this code against the appropriate lockout bit determines
whether 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
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CPUBUS along with the bus error bit. 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-iate 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 and performs a read instead, while sending a bus

error bit to the user and setting the appropriate status bit, The most
significant hit 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 MCM will
perform, a data tra er operation and a function/status operation., These
are determined by the control code received with the address on every CPUBUS
or IOBUS requesat. 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 1is 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 1s 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 1s 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,

L LT D™ [T, =\ =y o [ g g i

(b) A status operation is basically an input operation
from the MCM and 18 used, as the name suggests, to find out what the
status of the port Ls, 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 I0BUS. 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

¢ Read protect fault

o lxecute protect fault

o No responre 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.

-56-
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, (5) On all data transfers, the MCM port performs the paging
! l transformation on the relative address and checks the lockout status of
i the referenced page. It also determines which MEMBUS is to be referenced
and then generates a request to the appropriate channel, #ach memory
channel of the MCM contains completely independent control logic to cor-
l 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, 1
the port logic generates the check bit and the parity bit (the parity of
l the 16 data bits and the check bit), The 16 data bits, al ng with the
check bit and the parity bit, form the 18-bit data word tc the MEMBUS.

X ’ (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. 1In 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 port. 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 tha memory control unit are
presented in Table 5.
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TABLE 5

MEMORY CONTROL MODULE 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 4l-pin connectors - 123 pins

2 bottom 151-pin connectors - 304 pins
Total - %27 pins

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

Test point pins: J-1, 35;J-2, 34; J-3, 36; total 287 pins

Powr pins: Board A, 14; board B, 1l4; Total 28 pins
Test point power pins: 6 pins
Tot.al required pins (both boards): 321 pins

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

Oscillators: 33.3 Miz

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
_58-
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b. Core Memory Module (CMM). The CMM is aveilable as & 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 CMM is shown in
Figure 25. The form-factor and electrical interface of the 32K CMM 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
0o 350-nanosecond access time

o Low power, average 31 watts for 32K words (based on half 1l'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)

~n
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Figure 26 - Core Memory Module (fromt), Semic0nduct6t
Memory Module (rear)
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(1) TIhe (MM {s available in a 32K by 18-bit and a 16K by 18-
tor the AN/AYE-14(V) (the 32K core memory is standard).
f91 1o memory 1s the ChBC-9P, which is shown in exploded

o 200 Uhis memory module is a nonvolatile, electrically al-
Co (s ocore memory, which is electrically and mechanically
with o pambor of other available standard memory modules but
wer power dissipation. The module contains all the necessary

v cense o lectironics required to read and write the memory. In

S, the vhit-9P provides all the electronics necessary to interface
Che wemery controller module (MCM) using the MEMBUS. This 3D, 3-
very teatures a 350-nanogecond access time, a 900-nanosecond cycle
«, and a transistor-transistor logic (TTL) interface fully compatible
WAVK-144V) requirements.  This high performance, low-power memory
cisw avallable from a sccond source.

(2)  The €hC-9P is comprised of two subassemblies, the storage
v 1v and the interface board (Figure 28). The storage assembly con-
[ two Identical multilayer boards (Figure 29) which contain all of
~leetronices for drive and sense in addition to the 18-core arrays.
ive and sense components are surface-mounted on one side of each board,
i 1eK bv 9 bits of core are contained on the reverse side. All core
oL botween boards is continuous.

t%)  the circuit design of the memory meets the component power
priv e gty of the AN/AYK-14(V) specification. In addition,

; ire ferated to an extent that in a single failure mode condition,

“ow tien ot components is prevented. To provide a minimum weight, mini-
aponent des{pgn, integrated circufits, thick film resistor networks,
cultiple diode/transistor packages are used for all functions unless

ibieed by power diagsipatton limits. All gemiconductors are available

Peant Two sonrces,

(4% The memory module utilizes a low-drive, temperature-inde-
o The low drive current requirement of this core allows the use
torlor compenents and provides for lower thermal stresses on all drive
it components. The module has a maximum power dissipation of less than

s ver the full temperature range. The low module power dissipation
toc demand cn both system power supplies and chassis cooling. The
cortae independence of the core eliminates the need for temperature-

Sine current sources and relaxes the normally stringent requirements on
cormal o gradients across the core arrays.

5) The €DC-9P memory provides circuitry to prevent the loss
v slata during the power on/off sequences or during voltage tran-
‘hese olrealts prevent the start of a memory reference whenever

tnput voltaves are outslde +4 percent of nominal.  The module pro-
vlegquate sterapge to complete reference in progress during a voltage

cenl oand will accept command as soon as the input voltages return to
the VW percent Hmits,

{(hY  The memory module was desipned to meet, and is presently
v tested to, the AN/AYK-14(V) environmental requirements, including

temporature operatfon (writing at one temperature extreme and read-
At tb other).
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v Hias v for the interface
v iantecface timing diagram, The

tete et e Sened e - ide s e dimiay and control eircuits, the voltage
ety ond pes s nrotec tion pivenitys, and the 96-pin NAFI style inter-
' oo ‘ ST aot 0 medule, therefore, consists of only
R aleic vos s hoards o two of which are identical. The two as-
. e g b b brame with ramp clamps on each side
c v e ot o he module In the chassis and an effi-
r b o heat cschanger. The complete module measures
. v
: i traeat decipn of the CDC-9P was heavily influenced
i vtpabit e o epaivabn tity concepts,  While the entire module
I Prete SRAL it iy possible to readily replace either of
r e oo o alddition, all components on both subassemblies
o Paje ond vepairable. Test points are available at the
inter o ekt wmonitor eritical memory functions during trouble-
Ao e oo i i addicien to all 1/0 signal pins, caa be
no o ot T 0 open without causing damage to the module
clectroroe 0 U b et e orpanization provides a design that utilizes a
Ry e et s oo e and component  types.,
Vi dane o e complexity ot testing the core memory module,
[ i oot d as Fipare 32, I addition, the summary test
TARLE b
OB (CHMY TEST PARAMETERS
RTINS o cabacenb Hies, donhle dipgital elrcutt card
e eisemblvy two malt Ulaver boards
oo teee hoard
thn Tety 212 10t
S S 41 1C's
Tatal 253 1C's
nip NAW)
S - 80 pins
Cove IR T 15 pins
oot required: 95 pins

vdoe, ~12 vde; 60 watts
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MEMORY MODULE .

MEM ENABLE (o R/C » TIMING MEMORY
RETURN [> - CHAIN —{"> Busy
INITIATE R/C r DATA
RETURN [> l—_\‘ﬂ—DREADY
o =R MODE CONTROL|H—#=BITS 0-8 LSB
MODE. MSB —CR/C D] MODE CONTROL |——®>BITS 9-17 MSB

RETURN  [>——4 |
L.
’ E 322%‘:35’.; TO ADDRESS
A > - * DECODERS)|
i DATA
L REGISTER
' : DATA
DATA IN a3 B
(s) (18)
DATA OUT
CONTROL =
DATA GUARD
OVERRIDE =
+15VDe >
Lvoc
POWER [ | > STATUS
RETURN P:‘ V-REG |————m —5VDC X RETURN
R=5! OHMS
C= 100 PF

Figure 30 - CHC=9P Interface Diagram
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(125 CDC- Yyt Kead=Modity-Write Option. The CHC-9P provides as
cart of s standard timing and control the ability to perform read-modify-
aperations.  This teature is controlled via a single interface line
cited RMW. o pertorm a read-modify-write operation, the RMW line
o adten tooa dopic "0" (low) at least 50 nanoseconds prior to the
' oo o1 the cvele—inftiate signal, and the mode-control signals,

vt et be fn the hipgh state (Read-Restore)., The CDC-9P memory
o onereal rvead half cyele (retrieve core data in place on the
' “ire intertace bus) and halt with the "Data Ready" signal in its
v fow state.  When the RMW is released (goes to a logic "1'), the

ot it b dvopped from the interface, the write data from the user is
Cwto Vo dinto an internal vepister, the "Data Ready" signal returns to its
‘ S bigh state, and the memory performs the write half cycle., The

intert e timing diagram at the time of BRMW release is shown in Figure 33.

(a) The KMW input load is as shown in Figure 34. The 1K
ol g tesistor guarantees a logic "1 level on the RMW input when the
w1 aon s not used or it {t 1s driven by an open-collector driver. The
yIoai esistor and 100pf capacitor form a filter which rejects low-level,
Gleh- trequency noise on the interface,

(b) The desipgn of the read-modify-write function is such
v delav is Introduced into normal read-restore or clear-write oper-
Pheoe iw oa Timit, however, to the length of time that the RMW
crrin fn the Togtc 0" state following cycle initiate. An internal
: Cime-out in the memory module will clear the memory timing if the
oy thip-flop is set for longer than 10 +5 microseconds. In the event
Lt thie neenrs, the addressed data woed will be left in all "0" state.

RMW /{/

o ...~"

HEAD DATA | I S—bHizZ e -
- 60ns MAX
0

wRIEOATA | T “>IQAL|9* _ _j(
14- 150ns MIN ——’l
CALA NEADY

‘
- ~—{| {25"3 MAX

POty option 1s fonstalled, write data must be valid an additional 100 ns
s for to release of the RMW signal.,

Pipure 33 - Read-Modify-Write, Timing Diagram
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K i
54504 ;
RMW 51 NV . N
77 A
== 100 PF
RMW 52 .«
77
RETURN

—
Figure 34 - Read-Modify-Write, Input Load

(11) ¢DC-9P Parity Option. The parity option for the CDC-9P
prevides a low~cost means of generating and checking memory parity in cases 3
where only 16 interface data bits arce required. The additional two data
bits are utilized as parity bits internal to the memory module, one c¢ach for
the upper and lower half words. The standard interface timing diagram remains
valid. Write data must be stable at the memory interface connector no later
than 200 nanoscconds after 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 63). Interface cconnector 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
i parity error output signals are active in the logic "O" state and are valid

) from 100 nanoseconds after the leading edge of "Data Ready" until 400 nano-
b seconds after the leading edge of '"Data Ready," as shown in Figure 35.

i CYCLE L\
, INITIATE -~/

[
v DATA READY S
): TTL
i

! . lja-380 % 30 ns

! PEC/ PEI ' \

‘ e-300+30ns

— 70 ns MAX
[*—400ns MIN

— -
[ O

? Figure 15 - Core Memory Module, Parity Option
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Lo ets o The SMM provides 16K by 18-bit o il
v in s de module which {5 compatible and Interchangeable with the CMM _
i Vs parasyaph €2 abovel The features of the SMM are: :
&
S e gecomd read e e time
oo e watte coorage ler 16K words and 30 watts maximum {
O b
Vo Voo NPT ML A
i

v Moantable on 1LAS=1ine!s o oonters

ity A hiiphespeed, eicctrically alterable SMM has been designed
i o1 this appliieation,  The module provides volatile stor- '

e oo et b =it words, and requires sipgnificantly lower power than the
" thothe standby and operatfap modes,
v Three prototvpe SMMe have been assembled and evaluated, The b
it s been operating o the CHC 480 computer system since April
octoieat and physfeal compatibility with the CMM has been verified, :
-
and oot operation of MM and SMM has also been proven, -
‘ e SMMooperates with read and write cycle times of less 3
oo i oo ceoads aad o read access time of less than 300 nanoseconds. s
¢
S vve oone ated by tapped delay lines and S/R flip-flops 1
A v ooower-ap omaster clear circuilt.,  Separate mode control
o s i st ependent operation of cach 9-bit byte in efther the read ,z
oo modess input o sapply voltages are the same as the CMM (that is, +5, Dl
v ooy, 3
‘ ol
! div lraye monitoring clreaits provide a power status signal o
i C b s connector to sinify when all supply voltages are within v
: o cotio woleranee, A datra guard sipgnal locks out memory references .
: S vt v traees P more than 4 percent from their normal _L
; v aemer s references are locked out,  the +15-volt input can drop 1!
+
) cad the =12-volr dopat can drop to -8 volts before data in the
; oo cated chrentt will be destroved.,  Typlcal power requirements at -9
N ittt tandby or Ut wattsn when operating a 400-nanosecond _i
by
i th) The SMM cfrcuits are contalned on two multilayer printed '}
] b o which are attached to a common frame and interconnected by .
r niocoumectors. e board includes 16K bytes of memory; g
! : . ctrol, cdrtve, Toput, and output circuits; and the interface .
’1 o e ond board fneludes the other 16K bytes of memory, addi- ‘ }
o Yy cdrenlts, and a o voltape repulator. The total module weight is ’
ﬂ o pounds, :
%
‘ %]
“{ ‘
hJ []
r 1
[ Vi
r 4
! ’ |
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(6)  the module desipn ts based on a fully statle 4K by 1 metal
oxide semiconductor (MOs) RAM integrated clrcuft, the SEMID 4200, manufac-
tured by Electronie Memovies and Magnetics Corporation, with gsecond source
a table from General Instruments.  The device is packaged in a 22-pin,
side~brazed voromic Jdual in line package. Dynamic memory devices were not
coasider acceptadle tor vais application because of thelr susceptibility
to "soft! « atermittent errors, their high refresh rates at elevated
teaperatuie, and the loss of memory access during refresh intervals. Re-
Tiabitiov is afcered by hoth the higher failure rates of the dynamic
devi ks additionn ] components ot the refresh circuitry., Refresh-
relaccd proocems also make Tault dsolation and maintainability much more
dittiealt than tor a desipa baood on static devices,

(7Y The wtest paraneters for the SMM are presented in Table 7.

FTABLE 7

SEMICONDUCTOR MEMORY Mo ¥ TEST PARAMETERS

SRA contigsuration:  Double dipi. 1| ecircult card SRA
X[ count

*Connector pin covnt:

APowel e aeds

AUye e P

AAveeas tine:

*Dat.a ot available; SMM in development.
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+. INPUT/OUTPUT SUBSYSTEM SRAs. The 1/0 channel structure of the AN/AYK-
14(V) computer system provides for communications between the computer and
. ripheral equipment and/or other AN/AYK-14(V) computers. Each of up to 16
P/0 channels in o given computer configuration may be assigned a unique 4-bit
' .ol logical number which the software uses to address the given channel.
fon ot onique 4-bit channel priority number is defined for each 1/0 chan-
ol inoa piven contiguration by the physical 1/0 channel module location for
. in resolving possible conflicts amony the several I/0 channels. Avail-
G /0 chanue ! tvpes include the following:
0 Discrete
o serial 1593A (1 MHz)
|
o Serial NYDS (10 Miz)
Serial RS-="30 ¢ asynchronous (selectable baud rate)
erial Proteus (10 MHz)
é - Farallel NTDS stow (=15 v)
Carallel NIDS tast (=3 v)
' o et by ANEW (R3S V)
v. Dinoorete Intertace Module (DIM).  The DIM (Figure 36) is used to
L o convenient interface for communications single-bit status, event,
coatool iaformation between user devices and the computer. The DIM I/0
boone Uomodule provides the following 1/0 interfaces:
: Roesterual intervrupts with lodlvidual mask bits and program-
o Pectable priority. These appear to the software as class 111,
. ol interrapts,
|
o 3 biditectional discretes (DI0Q) program selectable in groups of four

as input ovr output signals.

v input discretes (DID),

-y

oo 16 Mswitceh closure" loput discretes (D1S)

(1)  The bib and DIS inputs are accessible only through a jumper
v from the top ot the DIM, and are available only when the DIM is in-
fin GRA tocatfon AO2 in certain AN/AYK-14(V) chassis configurations.

L o ey W

(2) While the DIM communfeates with external cqulpment via
Pede Vines, L he software interface to the DIM 18 via 16-bit parallel words.
v o0 wiven outpat bt Is desired to be set, an "image word" in main memory

Y Sl Y v | wntinwn ¥

A_‘_.Lw

-~

———
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would Le set aud the entire word output to the DIM. For inputs, an entire
le-bit verd is read loto memory from the DIM and an individual bit then
testeds Thiin fTeature permits use of DIM discretes in a parallel channel
:H\'wll‘.

3 faput and output transfers between DIM and main memory are
vobrites vig an Inftiate Message (E2 hex) or initiate Transfer (E3 hex)
instration executed in an 1/0 channel program. Either input or output (but
cet both) chalning can be active at any piven time. The DIM circuit card
assembly is shown In Figure 37.

{4+)  The DIM as shown in Figure 38 contains an 10BUS interface
implomented in the same manner as all other 1/0 channel types. As with all
chananel types, this portion of logic includes TOBUS transceivers, 10BUS
intertace control signals, and sequencing logic necessary to interface be-
tween the module hardware and the IOC via the I0BUS. For discussion pur-
poses, the remainder of the DIM logic is partitioned into the output dis-
crete section, the input discretes section, and the event and interrupt in-
puts section,  The DIM consumes about 1] watts on a 6~inch by 9-iunch module.

(9)  The output discrete section includes 32 transistor-
transistor lopic (ITL)-compatible differential transmitters and 32 output
Latches or tiip-flops. These latches are implemented with addressable
Lateds neddiow scale integrated (MS1) circults using only four integrated

i [v..-.‘(' IR0,

()  The iuput discrete section contains 34 receivers, two of
~hich are special for the reser and bootstrap load initiate signals. These
two sipynals are routed into the event and interrupt section of the DIM. The
temaining 32 inputs are grouped {nto two sets of 16 and multiplexed to the
Lasly intertace for input to the 10C.

(7 The two special discretes plus eight external interrupt J
come are routed through the event and interrupt section to PSM-2 of the !
Toe (PaM-1 if the CPU subsystem is used). The interrupt control, however,
provides mask register and priority, both definable by the software by means

sl tirmware,

(8)  The DIM provides differential TTL interfaces including 32
cutpnt discretes, 32 fuput discretes, 8 external interrupt inputs, and 2
special o event inputs,

) The fonput/output main timing for the DIM, PROTEUS, and NTDS
i wi in Figure 39, The testing parameters for the DIM are

v b e By,

- 76H-
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Figure 37 - Discrete Interface Module,Circuit Card Assembly
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b. Serial Interface Module (SIM). The SIM implements a serial
multiplex data channel mecting 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 operatiom.

(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 1-MHz bit
rate. Data is transferred in 20-microsecond frames, each divided into 17-
bit times of 1l 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.
[dentifies 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-
tion:

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

0o Remote Terminal (RT) -~ responds to BC requests for transmission
and reception.

o Bus Menitor (BM) ~ monitors bus for activity and stores every
word when received on the bus.

0o Off - no channel activity.

o Self-Test (ST) - is a subset of "O0ff" 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 ugers 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 te 32 data words.

(4) The SIM incorporates parallel-to-serial conversion, word
formatting, sync detection, word decoding, and message control, with hard-
wire programmability by means of FPLA circuits. The SIM SRA is shown in
Fipure 40, and the SIM circuft card assembly {is shown in Figure 41.
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W pritdegas S0 Chunnel type module in the AN/
Gomla V) computer, Ihlh module provides an interface to the state-of-the-~
art airborne multiplex bus data transmission schemes. The FPLA circuits
discussed in this sectlon are utilized in the SIM 1mplementation to achieve
crteeme lexibility and allow future adaptatfon to varying message protocols.

(o) A basic block diagram of the SIM is shown in Figure 42,
oo e contatns an Interface to the TOBUS with logical channel code de-
tood ik panel wiring Lo the chassis. The portion of the diagram
Pt g XCHAN Encludes the 10BUS transcelvers, the I0BUS interface control
Swria, and the sequencing loglc necessary to interface between the rest
¢f the SIM and the [0C by way of the 10BUS. The output section of the SIM
ctides w o data buffer, a parallel-to-serial shift register, a word-encoding
svotfon of topic, and dual transmitters into the transformer interfaces
with the dual 1553A buses. The receiver section of the SIM contains two
receivers fed by the dual 1553A busses, word decode logic, a serial-to-
parallel shift register, and a data buffer for receiver words. The section
ot the SIM block diagran: Tabeled MESSACGE CONTROL sequences words within
sessape block transfers and performs the required automatic status responses
nd error handling,.

(7) Three portions of the SIM (the encode logic, the decode

Tople, and the message control) are {mplemented Lo a unique scheme with

tee 1 hardware yet extremely (lexible programmability. A single FPLA
cirenit s utilized in each of these three portions of logic.

(8) Several hardwired and microprogrammed schemes for imple-
aot i the SIM Lave been Investigated by Control Data. None of these
-t hemes has yielded a4 more minimal package couat nor a more flexible and
ceonramsable architecture than the proposed design. The presently opera-
tional breadboard SIM has demonstrated that FPLA packages are more powerful
av b arpropriate tor this logpic application than are PROM packages.

(9) The encode logle comblnes a single FPLA integrated circuit

cooowith o it counter and a state reglster. A clock signal, initiate
rees, and a o data bit stream from the parallel-to-serial shift register
e ted to this logie.  The encode logic, in turn, generates sync pattern,
Hanchester-coded serial bit waveforms to the transmitters, and provides
foad and shift enabile control to the shift register, When initiated by
fior sessage control, the encode logic is given a message mode code which
ictines the destired format for the word encoding. Any one of eight differ-
ent formats may be defined. These include sync polarity, syne error, data
hit orrovr, and even or odd parity definition., This enables transmission of
. iy ovalld words onto the 1553A bus, but also words with sync errors,
fochester-code errors, or parity ervors. Thus, a bullt-in diagnostic

o dtity s provided Ter the SIM module,

(10) In the encode logic portion of the SIM, all of the charac-
cities of the transmitted bit stream are programmed into the FPLA in
vaccede dogle.  Any change in these characteristics (that is, more or
tewer bits per word or sync pattern redefinition) are easily accommodated

~Bl4-

p—




!
|
|
|

NAEC-92-138

1553 1553
BUS | BUS 2

XFMR XFMR

RCVR[RCVR XMTR [XMTR

DECODE | | ENCODE

hé%?ﬁ_%gf b e e —— - - — —— INTERRUPT

9

BFR BFR

XCHAN ‘——1

IOBUS

Figure 42 - Serial Interface Module, Block Diagram
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Sy bagring the FPLA program.  The presently operational SIM at Control Data
atili.cs 37 min-terms ol the total 48 avaflable in the FPLA within the

wde Jopic. This entlre function, {ncluding sync generation, bit count-
toe, peovily peneration, and error insertions, is implemented in a total

s s ix integrated cireuit packages.

cily the decode logic performs syne detection and extraction,
¢otrean detoreinatton, parity checking and bit counting using a
Tt sanpling sehieme. This logic is again implemented with a FPLA plus
;o= omriiug register, a bit counter, and a state register. The bit samples,
along, with state and bit counter values, are fed into an FPLA. The pro-
s in the FPLA controls the sequencing of the state register and the
advauces ol the bit counter based upon detected transition times of the
sample signals. Decislons associated with error conditions and valid/
invalid received words are programmed into the FPLA. The breadboard SIM
utitizes only 9 integrated circuit packages and 37 terms of the total 48
i the FELA Yor this euntire function.

(12) The message control logic is the third portion of the SIM
‘natoutilizes an FPLA circuit. 1t accepts a message or channel mode regis-
ter, the status of the decode logic, and field of input words in the serial
irpat register.  lts function is to monitor input command and status words,
poatity and compare unit number assignments, and perform status response
indtictioa toe the encode logic and interrupt initiation to the IOC when

The meesage or channel mode is defined by means of the IOBUS
¢ hind enables the channel to perform as a command controller, re-
ciinal, or newly defined protocol scheme such as polling controller
~1ied terminal.  The protocol characteristics are programmed into the
«ooed Jend preat flexibility to the SIM. Other mode information has
Feo b used in FPLA programming to force the receiver to monitor its own
coortaaitred messapes ond provide "looped around" self-test of the SIM.

(13) The test parameters for the SIM are shown in Table 9.
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TABLE 9

SERIAL INTERFACE MODULE TEST PARAMETERS

J—— e e
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SRA configuration: Single digital circuit board SRA

IC count: 133 IC's

Connectour pin count: Three top 41-pin connectors - 123 pins
One bottom 152-pin connector - 152 pins

Total ~ 275 pins

Signal [/0 pins 67 pins

Test point pins 94 pins

Total L/O pins - 161 pins

Power/ground pins 22 pins

Total required - 183 pins i

[

Power required: +5 vde, -12 vde, +15 vde; 3.2 amp, 1.3 amp, 1.1 amp; 16 watts j
i

Bidirectional lines: X bus (16 pins)

: Differential: 6 output (12 pins)

Oscillator: 1 MHz

-
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- i There are four types of NIM's, cach
aobe o operation according to MIL-STD-1397:

SRR

daetertace Modules (NtM).

NTDY Tast lo-bit parallcel
evend. Binary voltage ol 0
a) .

NTDS Anew - lo=bit parallel

socond . Binary voltage leve

transter of up to 250,000 words per
vde (logical 1) and -3 vde (logical

transfer of up to 250,000 words per i
Is of O vde (logical 1) and 3.5 ;

vd. Lloysidcal 0).

o NYbs Slew = lo-bit parallel transter ol up to 41,667 words per
second. Binary voltage levels of 0 vde (logical 1) and -15 vdce
kln}‘\i\'.ll U).

o NTDS Servial - serial data transter ol up to 10 megabits per
socomd o cne cables Bipolar +13.25-volt signals,

(1Y Channel intertace lines tor NIDS fast, slow, and ANEW are shown

e 3 and channel intertace ines for Serial are shown in Figure 44.

oot parat el channels can be operated together to form a 32-bit-wide

pacallet channel,  Transioer operation on the serial channel involves the use of

covtrab trames and ¥-bit data frames (32-bit message data, function, or
fetcctapt codey and T-bit word TD, b-bit syne), according to procedures defined
. oo Uh-r9y 0 The medalers support operation in computer—-to-computer,
ciro el oxternalbly speciticd addressing modes as described in
¢ N paratted data channel is 16 bits wide and contains two associ-
ceel bits te pevtorm the handshake control required.  The parallel 1/0
! ooan dapat data channel and an output data channel, cach with its two -
SRR RS Ve 10 channel requires 18 transmitters and 18 receivers to con-
rotee THL Tosice levels to the applicable NTDS channel levels. Two I/0 channels
: oo b e by Y- ineh module,
‘. :'
] \ CHY O the NEDS Past (Figure 49) and the Anew (Figure 46) data channels [
ti e tepe ol duaal o iontegrated circuit receiver. Discrete resistors are E
= Ctne termimtors Lo wmeet the required tolerance. A capacitor and bias '
Y e tete the vireuit requirements.  The NTDS Fast transmitter uses a b
! o el ranstator and an dnverter for cach driver. A totem pole type of l
) . rormed between -5 volts and ground using the two translators. One
' oo bor dsodriven byothe sipnal and the other by the inverted signal. A line !
) e as the Anew transmitter. 1t is a derivative of the MC205, a type .
r Sy Anew Pnteriaces,
! Co) The NTDS slow intertace (Figure 47) uses two hybrid circuits trom 8
o dir Pectmolopy, ITne.s Their CTST0 driver and €TS11 dual veceiver are designed
" cothe Hlow interface specitication,
; L
' () Hhe NTDS Scerial O clanne! (Uigare 48) has two bidirectional |
" dhes s an input dine and an output line, which send both data and control
] ) sibion s sbream of phase-modulated pulses. The pulse stream {ormat differ-
P Cates cantrol intormation from o data words. A comparator with feedback to add
f; coodtied A0 volt hesteresis 10 used as oa Lcceiver for the Serial channel.
' |
f S4N
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EXTERNAL FUNCTION ACK

QUTFUY UATA REQ

QUTPUT ACK

AN/AYK 14
NIM(FAST,

OUTPIT DATA _
INTERRUPT ENABLE

(19 ——f

SLOW, ANEW

INTLRRUPT REQ

INPUT DATA REQ

INPUT ACK

INPUT DATA

PERIPHERAL
DEVICE

Figure 43 - NTDS Slow, Fast, and Anew Channel Interface

]——EXTERNAL INTERRUPT CONTROL WORD
ON INPUT COAXIAL INPUT DATA WORD(1)

CABLE INPUT REQUEST CONTROL FRAME (2) ——«
PERIPHERAL be— INPUT ENABLE CONTROL FRAME AN/AYK-14(V)
EQUIPMENT fe—— EXTERNAL FUNCTION WORD ——-—————] (SE':"":U
ON OUTPUT COAXIAL § [*—— OUTPUT LATA WORD(1

CABLE OUTPUT REQUEST CONTROL FRAME 8 —

OUTPUT ENABLE CONTROL FRAME(S) ——
ARROWHEADS SHOW DIRECTION OF TRANSMISSION
Fipure 44 - NI'DS Serinl Channel Interface and Message Format
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Figure 45 - NTDS (Fast) Interface Module, Circuit Card Assembly
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L REIRY:

soulton two reosiscors external to tue integrated circuit. A receiver and I
4 transmitter are connected in parallel at the transmission line terminator.
Thus, when data is being received, the transmitter impedance must be high compared ‘
to the 75-ohm coaxial cable impedance. A current switch type of transmitter is '{
ased {n this circuit. FEach I/0 channel has two receivers and two transmitters.
A number of these may connect to the logic, which generates and decodes the phase-
i modutated pulse stream. . . }'

(6) The ANJAYK-14(V) I/0 subsystem will interface with all four types

o b data echaanelss  Fast, Slow, Anew, and Serial, Each 6-by-9 module will ﬂ!
contain one 1/0 channel. The four types are interchangeable at an SRA level in {i
the WRA. ' : i

(7) Further commonality is obtained between the NIDS Fast and Slow ]
interfaces by utilizing the same components and printed-circuit boards on these ) l;

modules. The unique characteristics of the interfaces are obtained by changing

{ the time constants and the voltages to the transmitter/receiver, simplifying

training and testing requirements for these cards, I
' 1

e sy

i (8) The test parameters for NIM (Fast, Anew, Slow, and Serial) are

| shown in Tables 10, 11, 12, and 13. : li
. TARLE 10 - NTDS (FAST) INTERFACE MODULE TEST PARAMETERS (1
SRA configuration: Single digital circuit board SRA . . {T
} i viocounts 120 ICs §
}
Connector pin count: 3 top 4l-pin connectors -123 pins [j
! 1 bottom 152-pin connector =152 pins )
! ; TOTAL 275 pins
Signal 1/0 pins 132 pins ]
Test point pins 43 pins
i . ‘TOTAL I/0° 175 pins
1 Power/ground pins 22 pins *
‘ TOTAL REQUIRED 197 pias
: Dita rates 250 words/second A ‘ }

Pawer required: +5 vde, -5 vdc, =12 vde; 3.56 amp, 3.56 amp
1.48 amp; 17.8 watts o

b

"""'%! r—y,

— ey ey W

Ridirectional lines: 16 lines or 32 lines X bus
Dilterential lines: Input, 20 lines (40 pins)
Output, 20 lines (40 pins)
Oscillator: 32 MHz, 16 Mz, 2,28 MHz
i\

b
¥
i
1
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TABLE 11

NDTS (ANEW) INTERFACE MODULE TEST PARAMETERS

SRA configuration: Single digital circuit board SRA
IC count: 109 IC's

Connector pin count: 3 top 4l-pin connectors - 123 pians

One bottom 152-pin connector N - 152 pins
Total - 275 pius
Signai 1/0 pins | - . =132 pins
Test point pins | - 42 pins
Total I/0 - 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 wvatts
Bidirectional lines: 16 lines or 32 lines X bus
Differential lines: Imput, 20 lines (40 pins)
Output, 20 lines (40 pins)

Oscillators: 32 MHz, 16 Miz
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TABLE 12

NTDS (SLOW) INTERFACE MODULE TEST PARAMETERS

SRA configuration: Single digital circuit board SRA

IC count: 120 IC's

Connector pin count: 3 top 41-pin connectors - 123 pins
One bottom 152-pin comnector - 152 pins

Total - 275 pins

Signal I/0 pins ) 132 pins

; Test point pins .° 43 pins
Total 1/0 175 pins

Power/ground pins 22 pins

Total required 197 pins
Data rate: 40 K words/second
Power.required: +5 vde, -5 vde, -12 vdc; 3.46 amp, (not used),'
1.45 amp; 17.3 watts
Bidirectional lines: 16 lines or 32 lines X bus

Differential lines: 1nputs, 20 lines (40 pins)

Output, 20 lines (40 pins)

Oscillators: 32 MHz, 16 MHz, 2 MHz, 222 kHz

-96~
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TABLE 13

NTDS (SERIAL) INTERFACE MODULE TEST PARAMETERS

SRA configuration: Single digital circuit board SRA
i IC count: 129 IC's

Connector pin count: 3 top 4l-pin connectors

l - 123 pins
? One bottom 152-pin connector - 152 pins
‘ Total - 275 pins '
Signal 1/0 pins -~ 56 plns‘
Test point pins - g_:;_m
1 ‘ , Total 1/0 99 pins
o P Power/ground pins o 17 pins
L Total required 116 pins

. Data rate: 10 M bits/second

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

-

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.)
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d. RS-232-C Interface Module (RIM). The RIM (Figure 49) provides a
full-dupltex RS-232-C serial channel operable at selectable baud rates from 150 to
9,600 baud for the asynchronous mode and in synchronous mode to 9,600 baud. The

module can be converted to operate to MIL-STD-188C with some component changes,
hut without circuit board modifications,

(1) An FIA-STD-RS-232-C serial channel communicates over a serial
intertace which transfers data and control information in both directions,
using 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
Yon" and "off" by 1/0 command and chaining instructions to communicate 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 18 capable of either
synchronous or asynchronous operation, the chassis configuration (connec-
tor wiring) permits only a single type of operation on a given channel.

(2) A single RS-232-C compatible channel is contained on the
R5-232-C channel SRA. This module is compatible with the other proposed
AN/AYK-14(V) 1/0 channel types in terms of the 1/0 bus interface, interrupt
interface, and control firmware interface. This module type may, as a result,
b located in any 1/0 channel SRA slot, ILike all other AN/AYK-14(V) computer

modules, this module will be designed to meet the MIL-E-5400, Class II
environment as required,

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

pous wmode. The transmitter/receiver clircults provide for a voltage mode
sltgnal Intertace per R§S=232-C, Provisfons arc also made (or a current-
loop mode of transmisstlon,

(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
standard AN/AYK-14(V) 1/0 bus,

(6) The test parameters for the RIM are shown in Table 14,
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Figure 49 - RS-232~C Interface Module, Circuit Catd Assembly
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PERIPHERAL
DEVICE

je— -~ LOOP TEST

le—CD — DATA TERMINAL READY
le— CH - NEW SYNC (DATA SIGNAL RATE-
SELECTOR)

I CF - CARRIER INTERRUP1 (RECEIVE —————®
LINE SIGNAL DETECTURY

——CE ~RING INTERRUPT (RING INDICATOR) ————

— DO ~RECEIVE CLOCK (RECEIVER SIGNAL ~———®
ELEMENT TIMING)

|88 ~ RECEIVE DATA

— 0B ~ TRANSMIT CLOCK (TRANSMIT —————————
SIGNAL ELEMENT TIMING)

fo—B A ~ TRANSMIT DATA

fe—CA ~ REQUEST TO SEND

~——CC —DATA SET READY

— CB — CLEAR TO SEND

AB — SIGNAL GROUND

AN/AYK - 14
DIM

(SERIAL)

Figure 50 - RS-232-C Interface Module, Series Channel Interface
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150-9600 BAUD
—A —
T R
TIMING/ MODE

7 CONTROL — " UART

| —3

| _
| | | |
T | :
'; I X CHANNEL ‘ :
g | |
. . | 3

'

(- |
f ¢ : 1/08US
: CHANNEL INTERRUPTS
f
\
& Figure 51 - RS-232-C Interface Module, Channel Block Diagram
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TABLE 14

RS-232-C INTERFACE MODULE TEST PARAMETERS

SRA configuration: Single digital circuit board SRA

£

1C count: 110 IC's

Connector pin count: 3 top 4l-pin connectors - 123 pins
one bottom [52-pin connector - 152 pins '
X
TOTAL - 275 pins ' _E
Signal L[/O pins 89 pins
Test point pins 49 pins
TOTAL 1/0 138 pins H
Power/ground pins 55 pins
Total required 193 pins

Data rate: 150 to 9,600 baud

*Power required: 15 watts

. Bidirectional lines: 16 lines X bus

*Voltage and curreant not availahle.
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e. PROTEUS Interface Module (PIM). The PIM (Figure 52) contains the
logic to implement a PROTEUS digital channel pair capable of full-duplex data
transmission at a nominal 10-MHz 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/0 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 1/0 bus interface logic into a 32-bit
serial word for transmission. The source channel countrol 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/0 channel modules, so that this channel type is com-
pletely interchangeable with others in the 1/0 subsystem.

(4) The PIM test parameters are shown in Table 15.
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CONTROL DATA WORDS
_ SOURCE CLOCK
SOURCE | CONTROL WORDS SINK
CHANNEL
, SINK CLOCK
8
1 CONTROL DATA WORDS
SOURCE CLOCK
SINK SOURCE
CHANNEL CONTROL WORDS
SINK CLOCK
—r : USER EQUIPMENT

Figure 53 -~ PROTEUS Interface Module, Channel Pair
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TABLE 15

PROTEUS INTERFACE MODULE TEST PARAMETERS

NAEC-92-138

SRA configuration: Single digital circuit card SRA

IC count: 149 IC's

Connector pin count: 3 top 4l-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/0 147 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
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f]
foINPUT/OUTPI PROGESSOR MODULE. (1OP).,  The TOP 1s 4 complete
bo-bait processor combining the basic functions of the GPM and the PSM on ¥
b0t treatt card module. The f{nstruction set is a subset of the J
ot AFMA Y -44(V) fastruction set, To accomplish a one-module processor,
tow ;o tmoce and features are reduced from the GPM/PSM capability. The 3
R rooaded for use in three gencral applications: )
Ao small=gseale, stand-alone, general-purpose processor
hoemqulation capabillties,
.
o As an /0 controller (10C) in conjunction with a GPM as
Instructton processor,
o Az g combination 10C and instruction processor in con- H
junction with a GPM.
Foctueces of the 10P iactiude: Sd
' o aB-bit microcommand control U

jo

Up to 2K micromemory on the module

o Jhtenanesecond microcommand cycle

v 6 e 16-bit word reglister file

] . Uinete parallel bus interface (IOBUS)

o Peeat Interface
~ o Seriat Interface to support equipment

“eal-time clock with l-microsecond resolution

» RIT-timer, 2.097-second increment, 3-bit count

-

‘ o Fvent monitor logic

«

o Microcommand format {identical to GPM

- T -
P

The 0P 15 a double cfrcuft card module. Clrcuit card A is shown in Figure 55
and clrealt card B Is shown in Figure 56. The test parameters of the I0P
EIRE e shown in Tablie 16,
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NAEC-92-138

TABLE. 16

INPUT/OUTPUT PROCESSOR TEST PARAMETERS

SRA configuration: Double digital circuit card SRA

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

207 IC's
Connector pin count: 3 top 4l-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 i
f TOTAL 1/0 345 pins
{ Power/ground pins 36 pins

. Total required 381 pins
Power required: Card A, +5 vdc
y Card B, +5 vdc, +15 vdc

8.8 amp, 44 watts

- -

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

N

| i Card B, None 1
f ; Differential lines: Card A, 4 lines (8 pins)

t r: : Card B, 6 lines (12 pins)

E i ' Oscillator: 32 MHz, Card B
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Fizure. 56 - Input/Output Processor, Circuit Card B
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BUS EXFFNDER MODULE (BEM). The BEM (Figure 57) provides an exten-

“i ot the internal ANJAYA-14(V) buses and interfaces outside the enclosure to

ot “oaston of memory, processor, and/or 1/0 subsystems to additional en-
U0 o to 1% feet (total cable length) from the computer. All voltage
b VUL compatibic and employ differential line drivers/receivers for

a1 laess The electrical and logical design permits BEM-to-BEM communica-

tior . thee ceModoes not have a channel address as do other 1/0 modules, but
Y © . jv . transparent to bus operation., The BEM can be used to interface

1 1o (DMAY channet,

(L1 The REM Interfaces Interna) to the AN/AYK-14(V) computer are
cfels b PR, [OBUS, and MEMBUS, as shown in Figure 58. The MEMBUS is actually
sl comtrol and data path interface that enables overlapped operation in two

e e leie o, The MEMBUS may, therefore, be envisioned as two separate buses:
MEMRI' } 1or even address words and MEMBUS 2 for odd address words. All four
hoves ar - oated through TTL-compatible differentfal transmitter and receiver cir-
wits to provide external extension to the computer unit. The required circuitry
wiothe BIMC i it very extensive, but the pin requirements dictate a double board

wA and waal S28-pin connectors,  Any communication performed on these buses which
ablticnser hardwitre external to the unit and in other units experiences a slight
letu d|,xvd;f{on - approximately 75 nanoseconds in one direction with 10 feet of

v ooncect cahle lenpth,  The BEM design ensures that data signal skewing and
Jediiv e ccoureater than control gignal delays so that worst case setup and hold
foor i rmatton on the huses 1s not affected by using the BEM, Each input
. wite o ine tepedances.

fhe EM utilizes 143 integrated circuit packages and dissipates

'vowait aota)l. Fach bus interface section, however, is powered from separate
cort o i .o that configurations that only require certain bus extensions may
ot tbe interconnector panel wiring to power only those sections.

"0 The BEM test parameters are shown in Table 17,
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EXT DMA
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|
EXT 1/0 i MEU
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Figure 58 - Bus Extender Module Block Diagram
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BUS EXTENDER MODULE TEST PARAMETERS

NAEC-92-138

SRA configuration: Single digital circuit card

Connector pin count: Four 64-pin connectors

One 152-pin connector

- ———— . ——

Signal 1/0 pins

.

Test point pins
Power/ground pins
Total required
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
Differential lines:

Oscillator:
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b REM/WRITE EXPANDABLE MODULE (RXM). The RXM contains 4K words by
I8 bils of read/write static semiconductor memory and an optional additionmal
4K words of read-only memory (ROM or PROM). Features include:

400~nanosecond cycle time
300-nanosecond access time
luterface to LOBUS or CPUBUS
Parity Llogic, one hit per bhyte

(1Y This memory is unpaged and does not interface with the MCM,
Lt is ilnteunded to operate directly with a processor via either the TOBUS or
CPUBUS interface. Multiple RXM's can be used in a system up to a total of
65,536 words; however, the present AN/AYK-14(V) chassis (XN-1) and (MEU)
provides space 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
IOP as a stand-alone processor. An RXM can also be used as a private program
memory for the I0P when used in configurations employing both the I0P and CPU
in combinations, 1In the latter case, the CPU will not have access to the
RaM. When installed in the XN-1 or MEU chassis, the RXM is assigned address
ranges FOOO to FFFF (HEX) for the RAM portion and E000 to EFFF (HEX) for the
optional PROM portion.

(1) The RXM is an optional module in any I/0 subsystem containing T
an ful, The RXM block diagram i{s shown in Figure 59. This single SRA contains
Bath a CPUBLS interface and a I0BUS interface, 4K words by 18 bits of storage, o
parity and check bit logic, and timing and control circuitry necessary to se-
pience read/write operations and interface with the I0C via the CPUBUS and
torr<,  The address range which this module recognizes is defined by back panel
witing In the chassis of any configuration, This allows all RXM's in any con-
figuration to be identical and completely interchangeable regardless of the
logical addresses associated with physical card placements in the unit,

(3) The RXM read access time is typically 300 nanoseconds, and
total cycle time Ls 400 nanoseconds. The storage media is provided by 18 4K-
word by l-hit RAM packages. Printed circuit board wiring and component mount-
i area actually exists on the RXM to populate the module with 36 total RAM
prackapes for 8K words by 18 bits of storage. This option need not be used but
is available for increased packaging density in systems that require a large
rmonnt of 10C program memory,

(4) The total power required by the RXM is 9 watts, with 4K words
b 13 bits of storage mounted. There are a total of 51 IC packages on the
wolile, with 18 for storage and the remainder for CPUBUS and I0BUS interface
transceivers, timing chain and control circuits, and parity and check bit logic.
ALY handshaking control with the 10C via the CPUBUS and IOBUS, as well as
fnternal sequencing 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,
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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 4l-pin connectors - 123 pins
One bottom 152-pin connector - 152 pins
Total - 275 pins
Signal I[/0 pins 71 pins
Test Point Pins 27 pins
Power/ground pins 20 pins
Total required 118 pins :
Power required: 9 watts ?




OUTPUT
CURRENT AVAILABLE EFFICIENCY POWER
oMo INPUT +15V +5V -12v -5V POWER (PERCENT) FACTOR _
P I--Phase, 46A 3.5A B8.5A 1,0A 390w 68 0.87
S04 fz,
115 vac *1
B 3-Phase, 25A 1.0A 1.0A 152w 68 0.87 :
400 iz, (Added to ' o
1S vac PCM-1)
|
L. A block diagram of the PCM {s shown in Figure 61. The PCM is cur-
vt Uimiting with automatic recovery after removal of the load fault 1s pro- ;}
e the #]95-volt, -12-volt, and -5-volt outputs, Overcurrent on the t

9. POWER SUBSYSTEM SRA's (PCM-1 AND PCM-2). Within the power subsystem
: i1 two alternative power converter modules (PCM-1 and PCM-2)., The
o bipnre 60) provides regulated de power required to operate AN/AYK-14(V)
sudate o trom milftary aircraft power source. Two sizes of PCM's are currently
avaiiable to power various computer configurations. The PCM's are themselves
acdular designed, and new capacities can be developed to meet other power

v or computer conflguration requirements. The PCM's operate from 1l15-vac,

“co v -phase, 400-Hez, wye~connected input power. The design {s compatible with

SHL-STp=-704B and MIL=-STD~461A, Notice 3.

a. PCM-1 has a full load capability of 390 watts and the PCM-2 has a
full load capability of 390 watts plus 152 watts, or a total of 540 watts, as
fndicated in Table 19,

TABLE 19

POWER CONVERTER MODULE CHARACTERISTICS

sit output will result in loss of all output voltages until the load fault
i« leared and {nput power is recycled. This provides short-circuit protection ;
o1l outputs. The overvoltage circuit on each output is activated whether i
ti overvoltage {s due to 4 fault internil or external to the PCM,

c. ‘The PCM will initiate a normal power-off sequence if the ac input
falls below approximately 80 volts for longer than 100 microseconds or
it any input phase 1s interrupted. Regulated outputs are provided for a minimum
1400 microseconds after removal of input power to enable the computer state to
o il The +15 volts 1s then crowbarred to prevent altering memory contents
dvicloy power-off,  The PCM initiates a power-on sequence when input voltage
returns to normal ldmits,

oy
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PCM-1

UNIQUE FEATURES PCM-1

® WEIGHT: 9.1 POUNDS
® DELIVERABLE POWER: 390 WATTS
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COMMON FEATURES

MIL-STD-704
1N5V; 3PH; 400Hz:; Y-CONNECTED
EFFICIENCY : 72%
PROTECTION/MONITOR :

- OVERTEMP

- OVERCURRENT

- OVERVOLTAGE

- ON/OFF SEQUENCING

- INTERRUPTS TO PROCESSOR
PLUGGABLE
DUAL-SOURCED

PCM-2

® SIZE: 717'Hx9.0"W x 3.5 D 717'Hx 9.0 °W x 4.9°D

1.6 POUNDS
540 WATTS

Figure 60 - Power Converter Module
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d. Two thermostatic switches are included in each PCM, 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 1s automatically initiated when the PCM cools to normal operating
temperature. In any event, sufficient time 1s 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 tramsistor
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 1is rectified and filtered
to provide an efficlently 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
(CSR13) 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 1s 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-1 and the +15 volts and -12 volts of PCM=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 intcgrated circuits.
1t 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 issucs 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.
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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 1npﬁt phase.

(3) Temperature exceeding the higher thermostatic switch
temperature, '

(4) Input enable signal 1is high.

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

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

RN o SERIWL R 8
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TABLE 20

POWER CONVERTER MODULL PCM~1 AND PCM-2 TEST PARAMETERS

SRA configuration:

Active component count:

Diodes PCM-1
PCM-2

Bridge rectifiers PCM-1

PCM-2

Heat sink (sub-SRA-4)
Hybrid circuits
Voltage regulators
Transistors

Diodes

Connector pin count: 68 plus

Power required: PCM-1 ~ 390 watts

PCM-2 <~ 540 watts

Chassis with 2 analog sub~SRAs and 3 hybrid sub-SRAs

12

14

22
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Figure 64 - Power Converter Module Regulator, Sub-SRA-1
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Figure 66 - Power Converter Module Regulator Inverter, Sub-SRA-3
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BEe
, Co e e L R ECULATOR, SUP-SRA-1 TEST PARAMETERS
,!‘ . ::v - Ak« .T :v:( o “‘in;-lw analoy sub-SRA circuit card
§
! i e o
; i i e g
1 i 2
i
0 e 8
P et o i e
|
sl U o, 16 pins
Teot points 12 pins
Tatal vequired 28 pins
P il ey S 12 wde

FANLY 22
SRRV e ER MODULE CONTROL, SUB-SRA~2 TEST PARAMETERS

SeleBPA cont leararfon: Single hybrid sub-SRA circuit card

? Do i vl st

! .

3 i Picdtals 1¢'s - MST (11), SST (22)
‘; l sarer o A 10s

H {
o : .

‘ ; 7 transistors

; {
N i .

V2 diodes

- — -

L e e .y -
T AL A G et ————— - e - e o

oo o i count Pr - 70 pins

30 pins
Teral - 120 pins

Doput foutpat - 74 pins

pointa - 1 pin

Toral vequired =~ 75 pins

S—
-
P,

S — e t———
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TABLE 23

POWER CONVERTER MODULE RLEGULATOR INVERTER, SUB-SRA~3 TEST PARAMETERS

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

Active component count:
Digital - 9 ICs
Analog - 1 IC

10 transistors

- a———

1 LED :
) i
Connector pin count: E
Digital I/0 - 5
Analog 1/0 - 20 f
: Test point - 11
1
. Total required - 36 pins
H
i
) .
. :
) #

b

{
ot
1

[
¥

:

i
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veevn vapabilities of eipht testers will be re-
© amintenance support alternatives for WRA

Ty loader/Veritier
R B b
DL LATE :
SHLANY sy
R PR AN |
ST U ]
LD, MM VAST
. . ) , l
(osieve o aweth the exception of AN/ASM-007, Memory o ]
Caoted o ne o alternatlive SRA testers at the

R ANZRSM 607 (FIGURE 69)

) © anstomwen: ine., Equipment Group,
' RN Y
"y
VA oo, LEIR/D/E, A-GFE, A-4M, A-7C/D/E,
) o bl
|
MR
i :
o T
'

MU T 21200 (Case)

Cooscith o proper interfaces, for computer
loading/voritving of ailrcraft and ground
Ao the orpanizat Tonal level, the MLV can be
ot cn-hoard computer via the 1553A MUX bus

]
fi Cores reritier (MLV) (Figure 69) portable micro-
|

V Co el omat g enancee nse, the MLV can be interfaced
' a e o rintenance connecter (J-7) through the MLV's
L, oy Gh the 1553 MUX Bus computer 155-pin connec-

, b )
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! Figure 69 - Memory lLoader/Verifier AN/ASM-607
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NAEC-92-138
‘ b. In the case of testing an AYK-l4 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.

Control Program (stored on tape)*

o SRA Fault Isolation Diagnostic (FID) Program*
|

* The MLV control program would interface with the SRA diagnostic program
i and be contained on the same cassette tape (magnetic tape).

< o A T B

—
R RS s
"y - = "_ P s

T e W
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P

(Intel 8080)
AMplinamerie (visible in sunlight)
PROM, 4096 x 8 bits RAM

(Raymond Model 6401-01A)

LEsv. 30, 400 Hz, 1/2 amp
{7-Key kevboard, 1 labeled switch

AGH connectors
mtrolled

EVEITCR IR NERYRE Softunre
- X0 proograms, 8 AYK-14 programs

Det et
S0t twiare

MV ACH

antoog
cont
Cannet

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

1.

DATA SUMMARY

Manufacturer:
Unit Cost:

First Deployed:

Aircraft Supported:

Where Deployed:

Planned Deployment:

No. of TPSs:

Specifications:

Grumman Aerospace Corp., Bethpage, NY
$500K
1975
E-2C, EA-6B, F-14, A-6E, A-7E, TA-7C, A/F-18, AV-8B
Ships: CcvV-59(1), CvV-60(1),
cv-61(1), cv-62(1),

Ccv-63(1), CV-64(1),

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

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

NAMTDs: MIR(])

NARFs: NORIS(1), NORVA(1)

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

AIMDs: Alameda(l), El Toro(l), Lemoore(l),
JAX(1), Cecil(l), Yuma(l), Cherry Pt. (1),
Beaufort (1), PAX(1l), Whidbey Is.(l), Pensacola(l)
Approximatcly 6 (for WRAs) and 906 (for SRAs)

Best commerical practices

2. DESCRIPTION. The CAT III-D (AN/USM-429) tests analog, digital, and

hybrid SRAs from DC to 50 MH=z.

CAT [1I-D is of second .generation technology

with 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.
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3. TECHNICAL DETAILS

STIMULUS
Sine: (.01 - 12.9M)Hz Pulsge: PRF: (25 - 25M)Hz
Square: (.01 - 12,9M)Hz PW: (15n - 40m)sec
Triangle: (.01 - 12.9M)Hz Delay: (15n - 10m)sec
Rise/Fall: (7n - S50M)sec
MEASUREMENT 1
AC Volts: (0 - 500)v, (45 - 100M)Hz  Frequency: (0 - 100M)Hz
DC Volts: (1m - 500)V Time: (100n - 10%)sec
Resistance: (0 - 10M)ohms
DIGITAL
1/0 Pins: 437 Max Skew (DWGC): 50 nsec
Programmable Pins: 432 Word Depth: 256, expandable to 1024
Data Rate: DC - 10Miz Logic level *+20V, %5

POWER SUPPLY

Total 8 Programmable Power Supplies

(1)+(0 - 6)VDC, 10a (4)£(0 - 36)VDC, 3a
(1)+(0 - 15)VDC, 6a (2)+(0 - 55)VDC, 2a
- —139-
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Comput ey

COMPUTER

AND PERIPHERALS

Computer Manufacturer:

Word Leugth:

Memory Size:

PMA Channels:
I/t ‘. hannels

.:"r\'c-i M

B

No. ot Interface Pins:

Peripherals

L

CRY with keyboard:
Printer:

Dise Memory:

Paper Tape Reader;
Iy .

seltwatre Development Station:

bl e
0P Sestem:

Sedt Test:

Moethod of Translation:

AsAR Compat tble:
(R TES B

e et -

HP 21MX Series ¥ (ECP Version): HP 2100S

16 bits (prior version)
128K

1

14

350 ninoen

[LLE-488-14975

23, (Programmable-480)

24 Vine, 30 char, ASCl1 kevboard
(colorpraphic on ECP Version)
250Lpn, 80 char/line

2 Discs, one fixed, one removable
Storage: 2.45MBytes/disc

Data Transmission Rate: 2.5Bits/sec
300 ciiar/sec

No

Yes

ATLAS and BASIC

NDise

Self-test and diagnostic capability

2-pass ATS Basic compiler (on-line)

Yeos

Full capability to edit source language programs.
LOCOS compatible
Model V(1) ECP (Fault I[solation) has guided
probe capability,

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

=140
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| Manufacturer:

NAEC-92-138
D. HATS (HYBRID AUTOMATIC TEST SYSTEM), AN/USM-403(V), FIGURE 72
1. DATA SUMMARY
General Dynamics, San Diego, CA
Unit Cost: $800K
First Deployed: 1975
Aircraft Supported: S-3A
Where Deployed: Ships: Cv-59(1), Cv-60(1),
cv-61(1), Cv-62(1),
Ccv-63(1), Cv-64(1),
CVN-65(1), CV-66(1),
Cv-67(1), CVN-68(1),
CVN-69(1)
AIMDs: NORIS(2), Cecil(2), PAX(l)
NAMTDs : MIR(1)
NARFs: Alameda (1)
Vendors: GD(1), LAC(3)
No. of TPSs: Approx: 750 (for SRAs)

Specifications:

2. DESCRIPTION. The HATS (AN/USM-403) test analog, digital, and hybrid
HATS uses advanced third-generation stimulus and

measurement, and provides the following features:

SRAs from DC to 300 MHz.

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.

Best commercial practices
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3. TECHNICAL DETAILS

STIMULUS
Sine: (.01 - 3M)Hz Triangle:
Square: (.01 - IM)H=z Sawtooth:
Pulse:  PRF: (100 - 4M)Hz Resistive Loads:
PW: (100n - 60)sec  Synchro/Res:
MEASUREMENT
AC Volts: (20m - 500)Vv, Angle Position:

(2 ~ 200M)Hz
t(lm - 500)V
(.1 - 10M)ohms
(0 ~ 300M)Hz
(100n - 60)sec

DC Voles
Resistance:
Frequency:
Time:

Phase Angle: (09 - 3600) /
(2 -~ 4O0K)Hz
Oscilloscope: (manual),
(0 -~ S0M)Hz
(HP-181AR)
Proyrammable Pins: 160
Data Rate: DC - IMHz
Word Depth: 256 bits

Waveform:

Distortion:
Spectrum:

Network:
Capacitance:
DIGITAL

Logic Level:
Max Skew:

POWER SUPPLY

(5).
(3)y  +(0 - 40)VDC, Sa
+(0 - 40)VDC, 30a
+(0 - 200)VDC, .O5a
(154 Voltape Sources)
(15% +(0 - W)HVDE, 100mg

Programmable DC Power Supplies (1)

NAEC-92-138

(.01 - 50K)Hz

(.01 - 100K)Hz

(51 - 5302)ohms, prog.
11.8vV/0° - 360°/400Hz

0° - 360°

(1 - 300M)Hz
(lm -~ 500)V
(2 - 10M)Hz
(1 - 300M)Hz
(lm - 500)V

(2 - 300M)Hz,
0° - 160°
(10p - 10y)farads

+20
30nsec,
(60nsec/50 pins)

Programmable AC Power Supplies

()

(.5 - 130)VRMS, 50va,

(45 - 10K)Hz




({Hﬂ‘plx_[ vr

Werd Leugthe
Honory Size:
DMA Channels:
V0 Channels:

S

Bruss

Peripherals

CRT v ith Keyboard:
Printer:

Dise Memory:

Paver Tape Reader:

i
¢
Dettware Meatures
Foareopee
)

CASAR Compatible:
A her:

COMPUTER AND PERIPHERALS

toopater Manufacturer:

No. of interface Pins:

Sottware Development Station:

Metivod of Translation:

Varfan V-620-100

16 bits

24K (expandable to 32K)
1

el

: Set

(EEL-488-1975
385, (programnable - 160)

24 Tiae, BO char, 9600 baud; 72-key keyboard
30 char/scee, ASC I1 Code, 80 char/line
Storage:  2.3M words

Remex Model RR3I05 or equiv.

No

ATLAS (ARINC 416~8)

Disc

Has self-test, diagnostics and calibration
capability

tn-line interpreter

Yes

Un-line probing capabilityv

~ sa—
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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(1l), Brunswick(l), Agana(l),
Cubi Pt(l), Keflavik(l), Moffett(l),
Jacksonville(l), Kadena(l), Sigonella(l),
Misawa(l). :

* NAMTDs:  Moffett(l), Jax(1l)
NARFs: None
Foreign: Australian Air Force (1)
(Planned)Deployment: Ships: None
AIMDs: Jax(1l), Bermuda(l), Lages(l), Glen
View(l), PAX(1), Rota(l), Willow
Grove(l), Weymouth(l), New Orleans(l),
. Detroit(l), Whidbey(l), Van ATL(1),
i Van PAC(1) '
: NAMTDs : U.S. Air Force(l)
; NARFs: NORVA(l), Alameda(2), JAX(1)

Vendors: AAI(2)

>

1

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

;1 No. of TPSs: Approx. 31 (For WRA's) and 1019 (For SRA's)
r} Specifications: Best commercial practices

E

|

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

l ‘ of second generation technology, with the following principal features:

l

|

]

|

!

a. It is a combination of two testers: the AAI-5500, 1970 vintage

t, analog/hybrid depot tester; and the AAI-6650, a 1975 vintage
dynamic digital tester.

] -145-
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NAEC-92-138
Has dual-port capability (static and hybrid).

On-line compiling in ATLAS.

Hundreds of existing TPSs developed on the AAI-5500, used at
NAVAIREWORKFAC; are upward compatible on the AAT-5565.
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3. TECHNLCAL DETAILS

STIMULUS

Triangle:
Ramp:

Resistive Loads:

Synchro/Res:

MEASUREMENTS

Sine: (.01 - IM)Hz

Square: (.01 - IM)H=z

Pulse: PRF - (9.9 - 9.9M)Hz

PW - (40 - 9.9Y9m)sec

RF Gens (.1M - 1.3C)Hz

AC Volts: (0 - 1K)V, (20 - IM)Hz
to 7.5KV (w/probe)

DC Volts (0 - 1K)V; to IOKV
(w/probe)

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

00M)Hz

(0 - 1OM)ohms
(11.8, 26, 90) v/0°

Resistance:
synchro/Res:

DIGITAL

360°/400Hz
Proprammable Pins: 128(expandable to 240)
Dita Rate: DC-10MH2z
word Dep he 256 bits*

Frequency:
Time:

Period:

Capacitance:
Oscilloscope:

Phase Angle:

Max Skew:
Logic Level:

(.0 - IM)Hz
(.01 - IM)Hz
(.1 -30K)ohms
(11.8, 26, 90v/

0° - 360° /400Hz)

(3 - 3G)Hz
(101 - 99.99)sec

(10n - 99m)sec

(10p - 10m)farads

(manual)w/probe

(0° - 3609)

+15 nsec
+5V, +20V

*pepths can be added in 256-bilt increments, pin-to-pin as required.

POWER SUPPLY

Total 17 Programmable and

Fixed Power

Supplies

(%)  +(0 - 32)VDC, 2a

H(O - 32)VDC, 3a

() +(U - 50vDhe, la
+(0 - 500)VDC, 200ma

D) +(0 - 28)VDC, 3a
)y (0 - 300)VDC, 200ma

(2) *(0 -
(2) #(0 -
+(0 -

+28 VDC, 20a
+5 VDC, 2.5a

199)VvDC, 200ma
50)vDC, 10a
20K)VDC, 2ma

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

120 VRMY, 10a, 60Hz, 1 phase

120 VRMS, 3a, 400Hz, 1 phase

120 VRMs, 5Sa, 4U0Hz, 3 phase

() 6.1 VRMS, 10a, 400Hz, 1 phase
11.8 VRMS, 2a, 400Hz, 3 phase

26 VRMS, .75a, 400z, 3 phase
69.3 VRMS, ..25a, 400Hz, 3 phasc
Ho8 VRMS, 3a, 400Hz, 3 phase

30 VRMS, .75a, 400Hz, 3 phase
120 VRMS, 130ma, 400Hz, 3 phase
30 VRMS, .75a, 400Hz, 1 phase
120 VRMS, 130ma, 400Hz, 1 phase

(2) (lm - 60)VRMS, 70ma, 400Hz

3 phase, prog.
(0 - 130)VRMS, 5a, 400Hz, 3 phase
(manual)

S et Ammm f~w e fUUwt . Mwen  FTwm e o pewg)  fuiwd  pupd  Bewn  peed
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NAEC-92-138
COMPUTER AND PERIPHERALS
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)
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-1line)
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.

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

1. DATA SUMMARY

Manufacturer: Sperry Microwave Electronics Div.,
Clearwater, FL

Unit Cost: 200K (per 1979)

First Deployed: 1978

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

Where Deployed: Ships: Cv-59(1), CV-60(1), .

CV-61(1), CV-62(1),
cV-63(1), CV-64(1),
CVN-65(1), CV-66(1),
CV-67(1), CVN-68(1),
CVN-69(1), CVN-70(1)

- —
[y}

‘i AIMDs: ;ztogzziii; Cecil(l), fi
NAMTDs: Lemoore (1) %I

t NARFs : JAX(1)
Vendors: Sperry(3), LTIV(2), fl
Motorola(3) :
No. of TPSs: Approx: 5 (For WRAs) and 112 (For SRAs) l*
i Specifications: MI1.-T-28800 {
i? 2. DESCRIPTION. The Test Set, Electronic Systems (AN/USM-453B), which is {:

. frequently referred to as DIMOTE 11 (Digital Module Tester), tests the less
o complex analog, diglital, and hybrid SRAs from DC to 20MHz. DIMOTE II1 is of
‘ second-generat ion technology; it 1s IFEE/488 compatible, and significantly less '
expensive than the other testers In the inventory, but also limited in the QJ
following areas:

-

a. Cannot automatically isolate faults to the small ambiguity groups '
that t.. larger testers can.

—— +

Does not have an on-line compiling capability.

hraiben

[
T e ———
o

T a—

Ry T

v
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3. TECHNICAIL DETAILS

STIMULUS

Sine: (1 - 100K)Hz Sawtooth: (1 - 100K)Hz

Square: (1 - 100K)Hz Arbitrary: (1 - 100K)Hz

Triangle: (1 - 100K)Hz AC Buffer Amplifier: 26V/150ma

Synchro/Res: (11.8, 26)v/0°- 360°/400Hz
MEASUREMENT

AC Volts: (Im - 100)v, (10 - 1K)Hz Time: (100n-9.99)sec

DC Volts: (lm - 100)V Period: (200n-9.99) sec

Resistance: (10 - 1M)ohms Events: (1-99M) events

Frequency: (100 - 20M)Hzo Oscilloscope: (TEK 465M)

Synchro/Res: (11.8, 26)V/0° - 360°/400ii7 _
DIGITAL :

L/0 Pins: 96, expandable to 192 Word Depth: 256

Data Rate: (1 - 10M)Hz Logic Levels: (-12 to +238) ¢

POWER SUPPLY

Total 4 Programmable and 2 Fixed Power Supplies

(2)*(2.5 -~ 28)vDC, 500ma, Prog. (1)+(3-15)VDC, la, Prog.
(1)+(2.5 - 15)vVDC, 500ma, Prog. (1)+5vDC, 2.5a, Fixed
(1)+28VDC, la, Fixed

e -
ST v e
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NAEC-92-138
COMPUTER AND PERIPHERALS
Computer
Computer Manufacturer: Sperry Microwave, FL
Word Length: 8 bits (microprocessor)
Memory Size: 32K words
DMA Channels: DNA®
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
T i Software Features
Language: Machine and Slang (Sperry Test Language)
OP System: Microprocessor Controlled
{ Seif-Test: Yes, On=line
] , Method of Translation: Sperry Test Language Compiler (Off-1inc)
{ LASAR Compatible: Yes, LASAR/AFLASH
Other: Has guided probe capability

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

-153~




]
‘

4

L ——

NAEC~92-138

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

1. DATA SUMMARY

Manufacturer: Litton/Cuidance and Control Systems,
Woodland Hills, CA

Unit Cost: $450K (IMUTS)

First Deployed: 1978

Alrcraft Supported: F-14, E-2C, S-3A, A~6E, RT-4B
Where Deployed: Ships: None

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

Loy

\ NAMTDs: E1 Toro (1)
NARFs: NORIS (1)

Vendors: None

No. of TPs's: S (for WRAs) and 8 (for SRAs)
Specifications: MIL-1-28800

2. DESCRIPTION. The NSTS (Navigation System Test Set), AN/ASM-
608(V), tests analog, digital and hybrid WRAs and SRAs from DC to
100MHz. NSTS is of second-generation technology, with the following
. main features:

Y e R tomorccs W vt WO swmencs ¥

. a. Tt is a comblnation of a two-bay, stand-alone tester called
o ! Inertial Measurcment Unit Test Set (IMUTS), and a three-bay electronic
stimulus and measurement sectlon called the Electronic Test Station
(ETS), which is IMUTS dependent.

b. On-line ATLAS interpretive compiling.

B s
[ ISP A

¢. Compatible with 1LEE/488 Tustrumentation Data Bus.

- W
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3. TECHNICAL DETAILS

STIMULUS )
Sine: (10m - 13IM)Hz Triangie: (10m - 13M)Hz
Square: (10m - 13M)Hz Sawtooth: (1 - 1Mz
MEASUREMENT
AC Volts: (20m -1K)v, Phase Angle: (2 - 100K)Hz,
(20 - 300K)Hz 0° - 360°

DC Volts: (2m - 1K)V Wave Form: (20m - 1K)V,

(20 - 300K)Hz
Resistance: (0 - 100M) ohms Distortion: to 4.8KHz
Time: (100n - 109)sec Oscilloscope: (0 - 60M)Hz,

(TekR7603)
Synchro/Res: 26V/0° - 360°/400tiz g‘,i

DIGITAL

1/0 Pins: 326 Logic Level: +30V :
Data Rate: DC ~ 10Mliz Max Skew: 100 nsec

Word Depth 128 bits

POWER SUPPLY

lotal (6) Programmable and (1) Fixed DC Power Supplies

(l) i(o - AO)VDC, 20a (2) i(o _ AZ)VDC, 5a
(2) #(0 - 6) VDC, 8a (1) +(0 - 85)VDC, 2.5a
(1) +15vDC, .5a, (Fixed)

Total (2) Fixed AC Power Supplies, (1) D/A Converter

26 VAC, la, 400Hz, 1 phasc (0 - 115)VAC, 60a, 400Hz
115VAC, 9a, 400Hz, 3 phase (D/A Converter)
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CUMPUTER AND PERIPHERALS

Computer

Computer Manutacturer:
Word Length:

Memory Sivze:

DMA Chunneteo:

Speed:

Bus:

No. of Intertface Pins:

Peripherals

CRT with Kevboard:

Printer:

Disc Memory’

Soltware Development Station:

Software Features

Languagc:

OP System:

Self-Test:

Method of Translation.
LLASAR Compatible:
Other:

NAEC-92-138

Turpin 1000 - (Emulated PDP 11/35)

{6 bits
64K words
DNA
8.5khz
1EEE 488
1,248

Yes, with Colourgraphs
Yes
Yes
No

ATLAS

Disc

Yes

On-line Interpreter

Yes

Fortran Z for self-test

NOTE: DNA - Data pot available in manufacturer's specification.
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.

H. MINI-VAST, AN/USM-470(V)1, FIGURE 76

1. DATA SUMMARY

Manufacturer: PRD Electronics Co., Syosset, NY
Unit Cost: $2.8 million

Fivst Deploved
(future): 1982

Alrcraft Supported
(future): F-18

Where Deployed
(Future): 6 AIMDs, 1. Carricrs,

2 NAMTDs, 1 NARF

No. of TPSs
(future): Approx 40 (for WRAs)

Specifications: MIL-T-28800

i Y W T .o TR syupap WO arnemne el W e

2. DESCRIPTION. The MINI-VAST test station tests digital, analog, and
h‘bxv‘ WRAs and SRAs from DC to 100 MHz. MINI-VAST is a combination of second-
peneration stimulus buflding blocks from VAST and commercial sources, and a
third-generation sampling and measurement system with improved digital testing
performance over the existing VAST stations. In addition, it has a full on-
line ATLAS interpretive compller and i{s compatibile with TEEE/488 Instrumentation
Data Bus.
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b, TECHNIGAL DETAILS

STIMULUS

Sine: (0 - 20M)tiz
square: (0 -~ tOM)YHz
Pulse:  PRI- (1 - HM)Hz

P.W. (.3m -~ .999m) sec

Pressure: (-1500 ro 100K) ft
Static - (.157 - 15.9)psi
Dynamic - (.038 - 36.1)psl

syncro/Res: (11.8, 26, 90)V;

(100, 400, 800)Hz/0° -

Triangle:
Ramp/Step:
Delays:
Resistive Loads:

Video:

2607

MEASUREMENT

AC Volta:
DC Volbs:

(.01 -~ 999,V
(.0L - 999)V

Resistance: (.1 - 10M)ohm

Frequency : (.1 - 100M) Uz

T

ime:

Phase Angle:

livents:

D

Video: (511 - 1023)1lines,

30 frames/sec

sample aperture:  100n sec

video bandwidth:  39Mz

DIGITAL

| 0 o bepth
- - 8 RZ/NRY 8192
- - 144 1
32 32 - 1
- - 32 1024
- - 32 1024
- - 64 4096
- - 112 1024

PORER SUPPLY

A0 sepplies:

b Eixed PS_(DC)

istortion:

Rate

4 MHz
200 kliz
200 kHz

10 MHz
10 MHz
10 MHz
10 MHz

{
(0 - 10K)Hz
(0 - 10M)Hz ,
(200n - 9.99)=zec :
(1 - 99.9K)ohms, !
(1-5)w ‘
(1-5K)ohms,
(1-500)W

(511 - 1023) 1lines
30 frames/sec,
(35MHz Bandwidth)

(.1lm - 10)sec

(10 - 100K)Hz/U -
180°

50n sec(pw);
(1—109)pulse

0 - 25MHz

Logic Level

+30v
+30v
+30v
+30v
+30v
+30v
+30v

13 Programmable PS (DC)

9 aYDe, 3a (1)

(2) +12vDC, 2a 3)

+28VNC, Sa 3

(1y (28 or 12) VvbC, 600ma 3)
-1 60~

+(.1-35)VDC, 2.5a
+(10-16)VDC, 5a
+(3-7)VDC, 12a
+(22-32)VDC, 20a
+(1-35)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
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COMPUTER AND PERIPHERALS

Computer

Computer Manufacturer:
Word Length:

Memory:

DMA Channels:

Speced.

Bus:

No. of Interface Pins:

Peripherals

CRT with Keyboard:
Magnetic Tape:
Card Keader:

Paper Tape Reader:
Printer:

Disc:

TTY:

Saftware

Language:

OF sustem:

Self-Test:

Mcthod of Translation:
LASAR Compatible:

Software Development Station:

O Ruilt-In provision tor direct

Narris/6

24 bits

64K words

3

660 nsec

TERE 488

1,336 pins, 1,208 programmable

Yes
No*
No*
No*
Yes
2 CDC Discs; 1OMByte/Disc
No*

ATLAS

Disc

Calibration and diagnostic
Compiler (on-line and off~line)
Yes

Yes

plug—in capability.
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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:

Where Deployed:

No.

Specifications:

2. DESCRIPTION. The AN/USM-247 Versatile Avionics Shop Tester (VAST)

Ships:

AIMDs:

NARFs :

NAMTDs ©

Vendors:

of TPSs:

Approx:

MIL-T-

21200

¥-14, E-2C, S-3A, A-7

Cv-59(3), Ccv-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)

Lemoore(2), MIR(6),
Mugu(l), NORIS(5),
Cec1l(5), Key West(6),
NORVA(2), Oceana(5),
PAX(11)

Alameda(2), NORIS(2),
JAX(1), NORVA(4)

MIR(2), Oceana(d)

LCC(2), PRD(3), GAC(3),
LTV(l), McAIR(1)

184 (for WRAs) and 518

tests digital, analog, and hybrid WRAs and SRAs from DC to 18 GHz.
of second-gencration technology, with the following salient points:

d.

Largest (14 racks), most powerful, comprehensive avionic automatic

tester in DOD inventory.

No on-line compiling.

Test language is VITAL* (VAST Interface Test Application Language)

not ATLAS.

NAEC-92-138

(for SRAs)

VAST is

Ability to add and subtract building blocks to accommodate changing

testing requirements.

* VITAL is a computer language especlally developed for use with the VAST system.
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3. TECHNICAL DETAILS

Sine:
RF:
Pulse: PRF-~
P.W.
Video Generator:

AC Volts:
DC Volts:
Resistance:
Frequency:
Time:
Input
1/0 Pins
- 32
- 16
224 -
- 32
- 32
64 -

8 Fixed DC Power Supplies

STIMULUS
(.1 - 500M)Hz Ramps/Steps:
(.4 - 18)GHz Synchro/Resolver:
(L -~ 1.65M)Hz
(.3 - .99m)sec Resistive Loads:

(511 - 1023)1lines
bandwith - 35MHz

MEASUREMENT

(.01 - 1K)V Events:

(10 -~ 16K)Hz Noise Mcter:

(.01 - 1K)V Waveform:

(.1 - 9.99M)ohms Power:

(.1 - 100M)Hz Servo:

(lu - 10 ) sec Synchro/Res:

DIGITAL

Output Word Data

Pins Depth Rate
- 2048 10 MHz
32 1024 10 Mz
- 1024 25 MHz
- 256 500 kHz
32 256 250 kHz
32 286 250 kHz

POWER SUPPLY

NAEC-92-138

(20 - 10M)Hz

(5 - 125)v/0° - 360°
(400 - 10K)Hz

(1 - 100K)ohms

50nsec

(30M-18G)Hz

(10 - 10M)Hz

(lm - 10m)W, (500M-
18G)Hz

0° - 360° (5-3K)Hz
(5-125)V/0° - 3600
(400 - 10K)Hz

Logic
Level

+5 v

+5 v

+.76 v

+5 v (TTL)
+28 v

+30 v

TTL

18 Programmable DC Power Supplies

+1.5VDC, 20a
+ 5VDC, 3a,.3a
+ 12vDe, 2a

+ 28vDC, 5a, (2) 1l0a, 30a

4 Fixed AC Power Supplies

MAX

(3)+(.1 -35)vDC: 2.5a

(3)+(1 - 35)vDC; 2.5a
(3)+(10 - 16)VDC; 5a
(3)+(3 -7)vDpC; 12a
+(22 - 32)vDC; 20a
(2)+(30 - 500)VDC; 3a
(2)+(30 - 500)VDC; la
+(.5 - DHKVDC; .5a

5 Programmable AC Power Supplies

(2) 6.35 VRMS, 10a, single phase
115 VRMS, 10a, single phase
115 VRMS, 10a, three phase

(5 - 135)VRMS,

(0 - 115)VRMS, 10a, single phase, 400Hz)
la, single phase, 400Hz)
(2 - 80)VRMS, 10a, single phase, 400Hz)

(89 - 135)VRMS, 5a, three phase, 400Hz)
(0 - 500)VRMS, (NAS), single phase, 400Hz)
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COMPUTER AND PERIPHERALS

Computcey

Computer Manufacturer:
Word Length:

Memory Size:

DMA Channels:

Speed:

Peripherals

CRT with Keybeard - CRT:
Keyboard:

Printer:
Mag Tape:
Disc Memory:

Paper Tape Punch/Reader:
TTY :
Software Development Station:

Software Features

Language:

OP System

Self-Test

Method of Translation:
LASAR Compatible:
OTHER:

Varian R6221/L

18 bits

24K words (R6221), 32K words (R622L)
4

1.8 sec.

16 lines and 32 char/line
ASC II Code

Yes

2 Reel-to~-reel units (Ampex ATM13-1I)
One TFixed, one removable (HP 7906)
Data Transfer Rate: 975.5 K Bytes/sec
storage: 9.8 M Bytes/Disc

Yes

Available as roll up (ASR-35)

Yes, off-line

VITAL

Tape or Disc

Yes

Compiler, off-line

Yes (linkage through VITAL compiler)
Several Digital and Analog Test Languages;
FLOVIT, prints TPS dizgnostic paths;
Supplemental data generator.
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IV. AVIONICS-ATE COMPATIBILITY ANALYSIS

A. GENERAL. 1In 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-1A/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 configurations 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 alternativz testers. The AYK-14 WRA tester
compatibility percentage (WIC) 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 WTCX
is computed with a base value of 90%. Both the WRA compatibility factor (Bz)
and the WRA tester compatibility percentage (WIC) for the eight testers is
indicated below.

WRA Tester WRA
Compatibility Compatibility
Tester % (WIC) ~ Factor (B2)

AN/ASM-607 90 -
AN/USM-429 (CAT 11I-D) 100 1.00
AN/USM-403 (HATS) 98 0.81
AN/USM-449 (AAI 5565) 98 0.78
AN/USM-453B (DIMOTE 1I) 96 0.56
AN/ASM-608 (NSTS) 97 0.68
AN/USM-470(V)1 (MINI-VAST) 100 1.00
AN/USM=-247 (VAST) 97 0.71
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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 %rom Table 25.

By = No. of SRAs a tester has full capability of testing
Total No. of ATE testable SRAs

By = (No. of SRAs not fullzﬁtestableg + No. of SRAs a tester can fully test

( 3
Total No. of ATE testable SRAs

= .9 + 0.1 (By) where: By = WRA tester compatibility factor
WTCZ = WRA tester compatibility percentage

3. This avionic-tester compatibility information indicates that all nine

testers provide an acceptable capablility for testing the AYK-1l4 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
(MS1) and small-scale [uteyration (SS1) techniques. The SRA testing and
repair will be performed at the depot maintenance level and/or factory repair
facility. At the bottum of Table 25 are noted the tester compatibility fac-
tors (By) and the SRA tester capabllity (STC) percentages of the seven candidate
testers. The SRA tester capability (STC) percentage is calculated as follows:

% STC = Total number of SRAs a tester can test
Total number of ATE testable SRAs

Graphically the 7 STC is presented 1In Table 26 as follows:

Tester % _STC

AN/USM-429 (CAT 111-D) 100
AN/USM-403 (HATS) 91
AN/USM-449 (AA1 5565) 71
AN/USM~453B (DIMOTE 11) 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 unsuftable as a depot-level SRA diagnostic
tool, and therecfore, was not considered. Only two testers, the AN/USM-429
and the AN/USM-470(V)1, were compatible with the testing requirements of the
SRA.
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V. WORKLOAD ANALYSIS
A.  GENERAL

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 of the analysis are
included in the three blocks as follows:

a. Prior workload
b. FProjected 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 GSk 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 the Navy's Rails Vicws Model would provide an adequate basis for
determining prior workloads.

4. The second phase (B) of the analysis was to determine the projected
GSE workload due to the AYK-14. This phase of the analysis included the
following four steps:

IB - Avionic Mission Evaluation
2B ~ Avionic Reliability and Maintainability Evaluation
3B - Avionic Test Design Evaluation
4B - Development of Avionic Workload per site
a. The mission evaluatjon step (1B) determines the avionic utiliza-

tion that directly contributes to the AYK-14 workload due to each of the
five weapon systems that will use the AYK-14:

o F/A-18
o LAMPS
o  AV-8B
o LEA-6B

o  Firebrand Target
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b. 1In 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 1s 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).

6. Each of the three phases of the loading analysis as they apply to
the AYK-14 is discussed next.

B. PHASE A, PRIOR HORKLOAD
1. Tigure 79 notes the planned aucomatic test equipment (ATE) to be
located at the AYK-14 intermediate~ and depot-level sites. Fight GSE sys-

tems were included in this analysis:

o AN/ASM-607 (Memory loader/verifier)
o AN/USM-429 (CAT [1I1-D)

o AN/USM-403 (HATS)
o AN/USM-449 (AA1-5565)

o AN/USM-453B (DIMOTE II)
o AN/ASM-608 (NSTS)

o AN/USM-470(V)1 (MINI-VAST)
o AN/USM-247 (VAST)

The 30 I-level sites included:

o NAS North Island 0 MCAS Beaufort

0 NAS Mayport o MCAS E1 Toro

0 NAS Cubi Point 0 MCAS lwakyni

o NAS Sigonella o NAS Patuxent River

o NAS Barbers Point o NAVMISCEN Point Mugu
o NAS Atsugi o MCAS Yuma

o NAS Guantanamo o NAS Whidbey Island

o NAS Diego Garcia o MCAS Cherry Point

o NAS Lemoore o CV59 through CV70

o NAS Cecil Field

NOTE: NAS = Naval Air Station. MCAS = Marine Corps Air Station
NAVMISCEN = Naval Missile Center
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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, 727% loaded

o Carrier I-Levels, 46% loaded

o Depots, 437 loaded.

a. These prior loading percentages are based on the following
maximum GSE 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

o Depot (D) Levels: 145 hours/month/GSE
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C. PHASE B, PROJECTED GSE WORKLOAD. 1In 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

1. 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
cumulotive flight hours/month. The average number of aircraft per site for
the five firm programs (F-18, LAMPS, EA-6B, AV-8B,and Firebrand) was based
on data contained in the individual Weapon Systems Planning bDocuments
(WSPDs). The cumulative flight hours are based on a wartime schedule of
60 hours per month per aircraft. The avionic equipment operating hours per
aonth 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-
firs the mean-time-between-failures (MTBF) for each AYK-14 configuration
(WRAs) . The specitied MEBF and derated MIBYF for each of the five config-
urations of AYK-14's are:

Number Specified Derated

AYK-14 Per MTBF MTBF

Weapon System Configuration  Aircraft (r) (Hr)
F/A-18 XN-2A/XN~2 2 1,615 538
LAMPS XN-1A/XN~1 2 1,617 539
AV-8B XN-2D 1 1,200 400
EA-6B XN-4A 1 1,725 575
Firehrand XN-3 1 2,500 833

The derated MTBFs are estlimated at (MIQE) because of the excellent BIT/BITE
in the AYK-14 conllgurations. The "normal' derating is MVBF yhere X varies

-

from 5 to 10 depending on the particular equipment. X

3. Avionic Test Design 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 (FTE), and disassembly, averaged 40 minutes.
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This was arrived at as follows:

TT = Hook-up + E-T-E + Disassembly
WRA
G

a3

10 Min. + 20 Min. + 10 Min.
= 40 Min.
The average bad (B) WRA test time is calculated as follows:

T

i}

Hook-up + E-T-l. + SRA + E-T-E + Disassembly
WRA 2 REP
B
10 Min. + 20 Min. + 10 Min. + 20 Min. + 10 Min.
2

“

]

60 Min.

The average test time on ATE for a WRA mix of 20%Z good WRAs and 807 bad WRAs,
as received at the I-level maintenance shop, was calculated as follows:

[}

T 0.8 (WRA ) + 0.2 (WRA )

WRA TT TT
B G

0.8 (60 Min.) + 0.2 (40 Min.)

I

48 Min. + 8 Min. = 56 Min. or rounded to 1 Hr/WRA.

The WRA repairable quantitics going to the depot is e¢stimated at 20% of the
i-level WRA workload. The SRA repairable quantities going to the depot is
calculated based on 1.20 SRAs per WRA failure.

4. bevelop Avionic Workloads Per Site. Using the data developed in
steps 1B through 3B above, the {inal step (4B) determines the AYK-14 work-
loads per site. Starting with the avionic equipment operating hours per
month (developed in step 1B), the derated MTBFs (step 2B), and the MTTR and
number of SRAs per WRA failure (in step 3B), the WRA site workload WRAs per
month is calculated as follows:

WL = Avionic Equipment Hours

WRA WFBPD

The SRA site workload is calculated as follows:

Wi, = WL X 1.25 SRAs/WRA failure
SRA WRA

The test time (7)) for site loading is calculated for WRAs and SRAs as follows:

TT = WL X MTTR
WRA WRA

T

i

WL X MTTR
SRA SRA

1890
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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-l4s fail

per month at the 30 I-level sites. Based on field experience it is estimated
that 20% of the I-level AYK-l4s which failed (55 AYK-148), +ill require depot
(D) level repair. The depot WRA workload is 27 WRAs per month for each site
(North Island and Noriolk). 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 MITR for WRAs and SRAs is estimated
at 1 hour each, the I-level GSE test time requirement varies from 1 hour per

month at Atsugi, to 46 hours per month at Lemoore. FEach depot's workload is
197 hours per month.

D. PHASE C, DETERMINING GSE UTILIZATION. “he final phase in the loadin
analysis is to determine thé numbefr of additional GSE required at each site.

In Table 28 the site test time requirements were developed. The maximum test
capacity per test for a 2-shift operation, 8 hours per 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%Z 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)

#GSE/site (336 hours/month/GSE X 75% -
136 hours/month/GSE X 72%)

For carrier l-Level sites:

TT

#GSE/site (480 hours/month/GSE X 75% -
CSE 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

The GSE utilization (GSEU) per site ls calculated as follows:

U = Test Time available at site - Avionic Test Time
GSE required (TTp) - GSE self-test (TTgy)
=TT - 1T - TT
C'SE R ST
181
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The number of GSE required for each of the 7 different GSEs planned for the 30
AYK-14 [-level sites and 2 depots are included in Tables 29 through 35. Based
on the planned GSE, the required GSE for AYK-14 support at I- and D-level sites

are:
. GSE Type e 1-Level D-Level
o AN/ASM-607 30 *
o AN/USM-429 (CAT 111-D) 7 2
o AN/USM-403 (HATS) 15 2
o ANJUSM-449 (AA1 5565) 26 2
o AN/USM-453 (DIMOTE I1) 16 2
0 AN/ASM-608 (NSTS) 30 2
o 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 GSE utilization is contained {n Tables 29 through 35; this
data presents the current and projected testers as of January 1979.
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e e e —

TABLE 29 - AN/USM-429 (CAT 111-D) GSE UTILIZATION

[ ANALYSTS ITEM
GSE T GSE  |GSE UTILIZA-
AYK-14  ISELF-TEST TEST TIMC| TION PER NO. OF
SHOREBASED WORKLOAD | TIME AVAILABLE |SITE: EXCESS|ADDITIONAL
INTERMEDIATE (1) [PER MONTH|REQUIRED [NO. OF | AT SITE |OR REQUIRED GSE
UEVEL 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 1 10 (8) 0
MAYPORT 22 1 0 0 (23) 1
CUBI PCINT 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) ]
| GUANTANAMO 1 0 0 0 (1) 1
DIEGO GARCIA ] 0 0 0 (1) 1
LEMOORE 46 2 1 10 (38) 0
e —
CLCIL FIELD i 23 1 2 20 (4) 0
BEAUFORT 20 ] 2 20 (1) 0
FL TORO 22 1 2 20 (3) 0
1 L

TWAKUNI 9 ] 3 30 20 0
PATUXENT RIVER 7 0 ] 10 3 0

l POINT MUGU 11 1 ] 0 (12) 0

v YUMA 13 1 1 0 (14) 0
WHIDBEY ISLAND 9 1 1 10 0 0

A3 CHERRY POINT 21 1 ] 10 (12) 0

) ) T

, CARRIER (1) LEVEL 4

’ Co{evobe-70)

! 1 - 6 28 1 6 834 805 0

' 7 - 12 4 0 6 834 830 0

f -

. DEPOT (D) LEVEL

_“ NORTH ISLAND 209 1 1 107 13 1
NORF OLK 209 11 1 107 (113) 1

b

': TOTAL GSE REQUIRED AT: [-LEVEL 7 : D-LEVEL .

=184~
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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 ] 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 M 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 (22) 1
b‘ CARRIER (1) LEVEL
N (CV 59-70)
y’ 1 - 6 28 1 6 834 805 0
,j 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
] 5
f TOTAL GSE REQUIRED AT: I-LEVEL 15 : D-LEVEL 2 .
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TABLE 31 - AN/USM-449 (AAI-5565) GSE UTILIZATION
T _, ANALYSTS ITEM
GSE GSE GSE UTILIZA-
AYK-14 |SELF-TEST TEST TIME| TION PER NO. OF
SHOREBASED WORKLOAD TIME AVATLABLE {SITE: EXCESS|ADDITIONAL
[NTERMEDIATE (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 ] 0 0 (18) 1
MAYPORT
CUBI POINT 7 0 1 10 3 0
SIGONELLA 7 0 1 f 10 3 0
BARBERS POINT 4 0 ] 0 ' 3 0
ATSUGI ] 0 0 0 (1) 1
GUANTANAMO ] 0 0 0 (1) 1
DIEGOD GARCIA ] 0 0 0 (1) 1
LEMOORE 46 ? 0 0 (48) 1
. e e e -
SUCTL UTELD S L 0 0 \ (24) 1
BEAUFORT 20 1o 0 0 ! (21) 1
EL TORO 22 ] 0 0 (23) ]
- 4
TWAKUNI 9 1 0 0 (10) ]
PATUXENT RIVER 7 0 0 0 (7) 1
POINT MUGU N ] 0 0 (12) 1
‘ YUMA 13 1 0 0 (14) ]
_ WHIDBEY ISLAND 9 ] 1 10 0 0
v CHEPRY POINT 21 1 0 0 (22) 1
‘ J Y H R SRS S S |
CARRIER (1) LEVEL
’, o (Cv.os9-70) B
I B
fj I - 6 28 ] 0 0 (29) 6
! Io- 12 4 0 0 0 (4) 6
- DEPOT ‘D) LEVEL -
" NORTH [SLAND 197 10 0 0 (207) ]
A NORFOLK 197 10 0 0 (207) 1
S
[4 ———

! TNTAL GSE RFONIREDN AT: T-1EVEL 25 - D-LEVEL

[
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TABLE 32 - AN/USM-4538(DIMOTE I1) 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 (m 1
DIEGO GARCIA 1 0 0 0 (M) 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) ]
YUMA 13 1 0 0 (14) 1
WHIDBEY [SLAND 9 1 0 0 (10) 1
CHERRY POINT 21 1 0 0 (12) 1
|
CARRIER (I) 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
. 1
TOTAL GSE REQUIRED AT:  T-LEVEL 1 + D-LEVEL 2 .
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TABLE 33 - AN/ASM-608 (NSTS) GSE UTILIZATION
—_ANALYSIS TTEM
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 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) ]
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 (M) 1
LEMOORE 46 2 0 0 48 ]
CECIL FIELD 23 1 0 0 24 1
BEAUFORT 20 1 0 0 21 1
EL TORO 22 1 0 0 23 ]
IWAKUNI 9 1 0 0 10 1
PATUXENT RIVER 7 0 0 0 7 1
POINT MUGU 1 0 0 0 12 1
YUMA 13 1 0 0 14 1
WHIDBEY ISLAND 9 1 0 0 10 1
CHERRY POINT 2 ] 0 0 22 1

A1

CARRIER (I) LEVEL
__{cv 59-70)

1 - 6 28 1 0 0 29 6

7 - 12 4 0 0 0 29 6
DEPOT (D) LEVEL
NORTH ISLAND 197 10 ] 107 100 1
NORFOLK 197 10 1 107 100 1

TOTA!. GSE REOUIRFD AT:

I-LEVEL 30 : D-LEVEL
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TABLE 34 - AN/USM -470(V)} (MINI-VAST) GSE UTILIZATION

ANALYSTS TTEN
“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 ] 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 i 0 0 0 (1) ]
GUANTANAMO 1 0 0 0 (1) ]
DIEGO GARCIA 1 0 0 0 (1; ]
LEMOORE 46 2 2 20 (28 0
CECIL FIELD 23 1 2 20 (3) 0
BEAUFORT 20 1 2 20 (1) 0
EL TORO 22 1 2 20 (3) 0
IWAKUNI 9 1 4 40 (30) 0
PATUXENT RIVER 7 0 1 10 3 0
POINT MUGU n 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
CARRIER (I) LEVEL
(CV 59-70)

1 - 6 28 1 12 1,668 1,639 0

7 - 12 4 0 0 0 (8) 6
DEPOT (D) LEVEL
NORTH ISLAND 197 n 1 107 100 1
NORFOLK 197 n 0 0 100 1

TOTAL GSE REQUIRED AT:
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TABLE 35 - AN/USM-247 (VAST) GSE UTILIZATION

PO

ANALYSTS TTEM
GSE GSE  |GSE UTILTZA-
AYK-14  |SELF-TEST TEST TIME| TION PER | NO. OF
SHOREBASED  |WORKLOAD | TIME AVAILABLE [SITE: EXCESS |ADDITIONAL

INTERMEDIATE (1) |PER MONTH|REQUIRED {NO. OF | AT SITE |OR REQUIRED | GSE
LEVEL MAINTENANCE| (TTa) | (TTsT) |GSE ATE| (TTgsg) | TEST TIME | REQUIRED

SITES Hr/Mo | Hr/Mo |AT SITE| Hr/Mo  |(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) )
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 ] 6 60 36 0
BEAUFORT 20 1 0 0 (22) 1
EL TORO 22 1 0 0 (23) 1
IWAKUNI 9 | 0 0 (10) 1
PATUXENT RIVER 7 0 1 10 3 0
POINT MUGU N ] 1 10 (2) 0
YUMA 13 1 0 0 (14)/6 1
WHIDBEY ISLAND 9 1 0 0 (10) )
CHERRY POINT 21 1 0 0 (22) !
CARRIER (I) 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 TSLAND 197 10 2 214 7 0
NORFOLK 197 10 3 321 114 0

TOTAL GSE REQUIRED AT:
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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 dccisions in AYK-14 logistic support. The
cost element structure includes threce major cost categories:

o Nonrecurring costs
o Recurring costs
o Sustaining costs

1. NONRECURRING COSTS. The nonrecurring life cycle costs include four
cost subdivisions:

0o Modifications to support equipment costs
o Integrated logistics support costs
o Test program set costs

o Government-furnished factors costs

-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 Aareas:

i : 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 LEquipment Costs

o Initial Support Equipment Spares Costs

! ' o Incremental Prime Equipment Site Spares Costs

o Test Program Set (IPS) Costs

. o Maintenance Assist Modules Costs

o Interconnecting Device (ID) Initial Spares Costs

3. SUSTAINING COSTS. The sustaining cost time period for their calcula-
tions 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
e a glven tester through the use of a relative complexity factor (alpha). The
following coust elements are included in sustaining costs:

o Depot Rework Costs

o Depot Component Repair Costs

>

Packaging, Handling, Storage, and Transportation Costs
o Depot Calibration Costs

o Intermediate/Depot Repair Costs

o Intermediate-Lcvel Calibration Costs

o Tralning Costs

- ——————y WP P =y "

0  Replenishment Spares and Repalr Parts Costs
o Technical Publications Revision Costs

o0 In-Service Engineering Costs

i
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B. COST MODEL ELEMENT ALGORITHMS

1. The following cost model algorithms were used in determining the antic-
ipated 1life 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 bascline 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 g
VAST 14 1.00
MINI-VAST 6 0.43
AAI-5565 S 0.43
ASM-608 (NSTS) 3% 0.21
CAT I1I-D 3 0.21
HATS 2-1/2 0.18
DIMOTE TT 1-1/2 0.11
ASM-607 (MLV) 1/4 0.02

*Electronic

b. Test Program Set Compatibility Factor (B)

SRA/WRA
Compatibility Factor
Tester SRA  (Bl) WRA (B2)
CAT II1-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 0.68
DIMOTE 1! 0. 33 0.56
193
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By = # of SRAs a tester has full capability of testing
Total # of ATE testable SRAs

B, =(# SRAs not fully testable)+ (# SRAs testable)
3 /
Total # of ATE testable SRAs

3, NONRECURRING COST 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-l4 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 Test Program Set ILS 0.40 x IDNR-AYK—].‘!

o Provisioning Data (PD) Costs $10K Constant

%

o Training (T) Costs 0.40 x ID

NR-AYK-14"

o Technical Manuals (TM) Costs = 0.22 x IDNR-AYK-lé

Software ILS Costs =
TPS~ILS Costs + PD Costs + T Costs + T Costs

c. Test Program Set Costs. This cost element includes the following:

o Test Program/Test Program Instruction (TP/TPI)
o Interconnecting Devices (ID) Costs

o Program Development Data (PDD) Costs

194
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(1) The combination of TP/TPI and ID costs make up the TPS. The
E TPS costs are based on estimated costs for the S-3A Weapon System. Each of
{ P the SRAs for the AYK-14 was calculated individually as to circuit type and
| complexity to determine SRA TPS costs. The digital SRA cost algorithms are
based on the use of computer simulation (D~LASAR) and follows a straight
line relationship between circuit complexity and 1PS costs, and follows the
equation:

! Y=MX Y = TPS Nonrccurring Cost (S$K)

M

Slope (Depends on IC complexity)

i ' X
{

number of SRA active components

f Therefore: TPSyp-cosT = 0-365 x #Active Components
MSI-SSI ($K)

; A TPSyg-cosT = 0-402 x fActive Components
. LSI-MSI ($K)

For the analog TPSNRthe algorithm is:

- 1.338
TPSNR(SK) 1.5 x (#Active Components)

Once the TPS costs for SRAs have been determined, then the ATE TPS cost for
WRAs can be determined as follows:

N

TPSyp-wra = 2273 T TPSip gpa
B, i=1

] .

, Where: B, = Tester - WRA compatibility factor
: (See Section 1IV)

TPSyp_wra = 0-15 ($1,280K)

v B,

) ; = $960K(one WRA)

! ! Bz

! :

)

f ‘ And, TPSypwrA = Trr-wra * TPlupvma * Pup_uma
" ; On the Average: TPy ymrA = 602 TPSyp-wRA

¥

;

{ TPIgp-wRA = 20X TPSNR-WRA

-
—

IDNR-wRA = 207 TPSyp.yma

—— gy
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For the CATl 1I1I-D TPSNR—WRA costs:

TPSpp-1 wra + 6 (10% TPSyp_yga)

= $960K + 6 (0.1 x $960K)

TPSNR-7 WwRA

= $960K + $576K

= $1536K (7 WRA Configuration) l

TPNR"7 wRA'S = 6070 TPSNR-7 WRA = 0-6 X $l,536K = $922K »

i
TPINR-7 WRA's = 20% TPSNR—7 WRA's = 0.2 x §1,536K = $307K L‘

' IDNR_7 WRA's = 207 TPSNR—7 WRA's ~ 0.2 x $1,536K = $307K

4
(2) ID Reliability and Maintainability Costs: t.
! IDR&M Costs = 0.05 x IDNR-AYK-I& i‘
ok

(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 program by the contractors under direc-
tion of the Navy. Analysis indicates that PDD costs are a function of TPS
nonrecurring costs: .

PDDyg-cosTs = TPSNR-coSTS
5

—tm,

Therefore, the total WRA TPS development costs are:

TPSnR = TPSyp-wRa + PDD + IDpoy

d. Govermment-Furnished Factors (GFF) - This cost element includes
four items:

o Support Equipment Costs

o Test Requirement Documents Costs
o Unit-Under-Test Sct Costs

UUT Set Contractor Maintenance/Repair Costs

— i ————y W - - =
(=]
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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 Hardware = 10Z(SEye x #SE) + Installation Cost (IC)

.1 x SEy + IC

o Support Equipment
Spares (SES) = 10%Z(10%/yr x SEyc x #SE) x #'I'Psyr

= .02 x SEye

° SESye = 10% x #TPSyr x SESyc
= .2 x SE§;¢

o SSE = 10% (125K x (o¢) x #SE) x #TPSy.r
= §25K x (&%)

o SEqyg = 10%/yr x #TPSyr x SE x SEy
=0.2 x SEUC *#TPSyr = 2yr

#SE = 1

SE Costs

SEy + SES + SES + SEoyg t SSE

CMS
(0.10 + 0.02 + 0.20 + 0.20) SE;, + ($25K x (X)) + IC

(0.52 x SEyp) + ($25K x (X)) + 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:

TRD = TP

SNR-COSTS
4

NR

TRD costs for WRA at the intermediate level and SRA TRDs for the depot level
were not included in the LCC based on NAVAIRSYSCOM directionm.

(3) Unit-Under-Test (UUT) Costs: This element includes the costs
of avionic WRAs/SRAs required during the TPS development process. This cost 1is
a function of the prime equipment WRA cost and SRA costs.

N Systems
UUTy, = 5O% :{j{ 1 WRAyc or SRAyc Where UC = Unit Cost

WRA . = $36.6K each(,ycy SRAyc = $2.7K each(ayg)
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(4) UUT Contractor Maintenance/Repair (CM/R): This element in- :
cludes the maintenance support costs associated with the support of UUTs .8
during the 2-year TPS development period. It is calculated as a fixed per-  f
centage of UUT costs/year. !

X UUTUC i ¢

UUTeyg = 107/yr x #1105 o

(5)  GIFF Cost Summary:

(;F}-Cost_wRA = SECOSI.S + TRDNR + UUTCOStS + UUTCMS ¥

]

(0.52 x SEje) + ($25K x () + IC+ 0+

‘ $36.6K x 7 + (0.2 x $256K)
; 2

GFF

Cost-spa = (0-52 X SEy) + ($25K x (X )+ IC + 0 +

$2.7K x (21) + (0.2 x $256K) -
2

| Example ASM-607 _
i GFF o = (0452 % $65K) + ($25K x (0.02)) + 0 + 0 +
; ($36.6K x 7) + (0.2 x $256K)
{ 2
; = $33.80K + $0.50K + 0 + 0 + $128.1K + $51.2K
= $214K
} CAT III-D .
“! GFFCOSt—WRA = (0.52 x $500K) + ($25K x (0.21)) + $60K + 0 +
¥ ($256.2K) + ($51.2K)
N 2
u = $260K +$5.25K + $60K + 0 + $128.1K + $51.2K
) = $504.55K
.’ CFFiost-sRA = SEcost ¥ TRDyy + UUTgogy + UUT opg ¥
! (0.52 x $500K) + ($25K x (0.21)) + $60K + 0 +
fr g
ﬁ $56.7K + $11.34K g
: .
= $364.94K I]
-198- {
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4. RECURRING COST ALGORLTHMS

a. Support Equipment Hardware Costs:

SE“C = SEUC x #SE

b. Support Equipment Installation Costs:

SEIC = #SE x $100K (Shipboard)
ATE . ~ x $60K (Shore site)

SE =0
ICoo7

¢, Technical Publications Cost:

TP = 0.03 x SE #sK
R-Cost * Shye X

d. Modification Costs:

Mp-cost = Myc ¥ 1SE

e. Special Support Equipment
SSE = §125K x x #ISE
R-Cost ’ ()
f. Initial Support Equipment Spares Costs:
SE =0.23 x S x #SE
S-Cost Fuc
g. Incremental Prime Equipment Site Spares:

Zero cost, by NAVAIRSYSCOM direction
h. Test Program Sets:

P = ID x #Sites
R-Cost NR

5

i. Maintenance Assist Modules (MAMs). This cost element includes the
cost assoclated with obtaining any required MAMs necessary to resolve ambiguity
groups which are otherwise not directly resolvable through use of the tester and
TPS. The required cousts are a function of the level of MAMs required and the
cost of the prime equipment SRAs.

Therefore: MAMs% = 2X + 1.8

Where: X = Existing ambiguity ratio without MAMs
MAMs7 = The required MAMs% of the total avionics suite modules.
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ad
c

UT
Then: MAMs Costs - MAMsZ%Z x SRA - X # Sites
= 1

s

Where: SRAUC = SRA Unit Cost
Xe07 = .14 amblguity ratio for ASM-607

XATE = 1.02 ambiguity ratio for ATE

MAMSATEA =2 x (1.02) + 1.8 = 3.84%
£ = . + . - N u°
MAMQ6O7Z 2 x (1.14) 1.8 - 4.08%
UT
s _C = MAMs¥ fﬁ i
MAM%ATELosts s% x 2 1SRAUC x # Sites

0.0384 x $2.7K x 21 SRAs x 30 = $65.32K
j+» Interconnecting bevices Initial Spares

IDR—Cost = 0.23x IDNR x # Sites

-

5. SUSTAINING €COST ALGORITHMS, All sustaining costs are calculated for a
period of 10 vears. 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 (ox).

a. Depot Rework. This element includes the costs associated with annual
depot overhaul of testers. The 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 (=) x #/GSE
($40K) x (10) x (0.21) x (7)

= $588K (for CAT-III-D)

- ———
R S e T ASSNPUE R S

b. Depot Component Repair. This element includes the estimated costs
to provide necessary repair to tester building blocks. The calculation is based
on the VAST station costs.

e ey . W

Depot Component Repair = $10,24K/yr x 10 yr x (%) x {#GSEs

$10.24K x 10 x 0.21 x 7

$102.4K x (X ) 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:

o

PHST Costs

20% x $102.4K x 10 yr x &) x #GSEs

(0.2) x (102.4) x (10) x (0.21) x (7)

$301K (For CAT III-D)

($204.8K) x (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:

; o VAST single station calibration costs/year =

s 2 men x 4 days x 8 hours/day x $32/hour = $2.048K

o Depot Calibration Costs = $2.048K x 10 yr x (x) x {#GSE

o

$2.048K x 10 x 0.21 x 7

$30K (CAT III-D)

20.48K x ) 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 (x). It is also assumed that 80% of the total
repair activity occurs at the IMA level performed by workers earning $18,000/
year, and that approximately 1,430 hours of depot activity were accrued in a
given year on VAST. Therefore:

. S .

o IMA Hours = 0.8/0.2 x 1430

e — -

o IMA Hourly Labor Rate = $18,000/2080 hr/yr

o VAST I-lLevel 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
$8.65/hr at (I-Level)

g Ve

= 273 hr/mo x 12 mo/yr x 10 yr x
$8.65/hr at (I-Level)

= $283)K (For testers at I-Level)

.
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D-Level Repair Costs Test Time/mo x 12 mofyr x 10 vr x
$24/hr D-Level
= 418 hr/mo x 12 mo/yr x 10 yr x $24/hr
= §1,204K (For testers at D-level)
f. Intermediate-level Calibration. The cost element includes the
normal yearly calibraiion ot I-Tevel testers. An assumption has been made that

approximately 60% of the total calibration man-hours are expended at the IMA,
and that I-level calibration costs are $8.65/hour as defined earlier.

Assuming:
0 VAST Depot Level Annual Calibration Costs = 2 men x 32 hr
o IMA lLevel Calibration Hours = 64 x 0.6 = 96 hr

0.

o I-lLcvel VAST Station Calibration Costs =

96 hr/yr. x $8.65/hr. = $830/yr

4

IMA Calibration Cosls $830/yr x 10 yr x &) x # stations

H

$830 x 10 x 0.21 x 7

i

$12K (For CAT 111-D)

it

($8.3K x () x (# New GSE)
g. JIral ost = (Operator Training Costs + Maintenance
Training Costs) x (x) x (# GSE) x (ARATE)
x (# yr-1)
= $18.2K x &) x (# GSE) x (ARATE) x (# yr-1)
= $81.9K &) x (# GSE)

h. Replenishment Spares and Repair Parts. This element includes
all costs assoclated with obtaining additional GSE modules and parts to replace
those lost to attrition over the 10-year life cycle. Analysis of available
budpet work sheets and existing program data pointed to a relationship between
replenishment costs and recurring GSE 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

e

H

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 11I-D)

i. Technical Publications and Revisions (TPR). All engineering,
. printing, and publishing costs assocfated 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.

e el e A R e M. . Yo

TPR Costs = N pages x D cost/page x 10 yr x &)
= $21.4K x (ot)
N = 10.7 pages/yr
D = $200/page

. J. In-Service Engineering

TPS Maintenance = 7%Z/yr x 10 yr x TPSyr

. -

.07 x 10 x $1,536K

$1,075K

—— -y
-
]

0.7 x TPSNR

P 4
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€. 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
support is as follows:

Tester LCC ($K)
AN/ASM-607 (MLV) 7,788
AN/USM-429 (CAT 11I1-D) 17,944
AN/USM-453 (DIMOTE I1) 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)1 (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 T11-D) 7,334
AN/USM-247 (VAST) 9,175
AN/USM-449 (AATI-5565) 9,788
AN/ASM-608 (NSTS) 9,857
AN/USM-403 (HATS) 10,017
AN/USM=-453 (DIMOYE II) 11,746
AN/USM-470(V)1 (MINI-VAST) 15,299

3. Since the AN/USM-429 (CAT III-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 1II-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 TLI-D) 7,303
30 Total 9,050

Included in the CAT 11I-D I-Level costs are WRA-TPS nonrecurring cost of
51,076K 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. 1In 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 requircments 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 asscssment summary 1is presented in Table 39. Each of the eight
tester candidates is noted and the three risk categories (technical, sched-
ule, and cost) arg 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 1II-D), and the USM-
449 for the I-level, and to the USM-429 (CAT 111-D) for the D-level.
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Life cycle cost summaries are presented as follows:

APPENDIX A
COST ANALYSIS

NAEC-92-138

Table Tester Page
Al AN/ASM-607 (MEMORY LOADER/VERIFIER).... 212
A2 AN/USM-429 (CAT TII-D)...ccuvvvvnnnnnnn,s 213
A3 AN/USM-403 (HATS)....covvniniiinnnnennnn. 214
A4 AN/USM-449 (AAI-5565).........ccuveeen. 215
A5 AN/USM-453B (DIMOTE II).....cevvuvennn. 216
A6 AN/ASM-608 (NSTS).....vvneiiinennnnnnns 217
A7 AN/USM-470(V)1 (MINI-VAST)......c.uuunn 218
A8 AN/USM-287 (VAST)...veurveirnnnnnnnnnns 219
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GLOSSARY

ALU.......Arithmetic logical unit
ATE.......Automatic test equipment

BC........Bus controller
BEM.......Bus extender module
BIT.......Built-in test
BITE......Built-in test equipment

BM....ohe Bus monitor
CCllieevene Cumputer control unit
(01) [ O Control Data Corporation

(MM.......Core memory module
CMQT......CPU/memo.y quick-look test
CPU,..... .Central processing unit

DID.ve....Input Discretes
DIM.......Discrete interface moduie
DIO.......Bidirectional discretes
DIOM......Discrete input/output module
DIS.......Switch closure input discretes
DMA.......Direct memory access
DNA.......Data not available

EAU.......Extended arithmetic unit

GFF.¢sso..Government-furnished factors
GPM.......General processing module
GSE.evea..Grot 'd supnort equipment

HEX.......Hexadecimal notation

ID........Interconnect devices
IFPM......In-flight performance
monitoring
I1.S.......Integrated logistic support
10C.......Input/output controller
IOP.......Input/output processor

LCcC/I.....Life cycle costs and impact
analysis
LORA......Level of repair analysis
LSI.......Large-scale integraticn
LVU.......Loader/verifier $nit
MAM.......Maintenance assist modules
MCM.......Memory control module
MEU.......Memory expansion unit
MLV.......Memory loader verifier
MMA.......Micromemory address

MMBUS.....Microcommand to micromemory
bus

MOS.......Metal oxide semiconductor
MSI.......Medium-scale integration '
MTBF......Mean-time-between-failures
MTTR......Mean-t{me-to-repair

NARF......Naval Air Rework Facilities
NIM.......NTDS-interface module
NRZ.......No return to zero
NSD.......Navy support date

PCM.......Power converter module
PDD.......Program development data
PIM.......Proteus interface module
PPSM......PIC/POC/SDC Module
PROM......Programmable read only memory
PSM.......Processor support module

RAM.......Random access memory
#{IM.......R8=232-C interface module
RIW.......Reliability improvement
warranty
RMW..... . .Read-modify-write
RT........Remote terminal
RTC.......Real time clock
RXM.......Read/write expandable module

SDEX......Standard real time executive
SESA......Support equipment selection
analysis
SIM.......Serial interface module
SMM.......Semiconductor memory module
SRA.......Shop-replaceable assembly
SSI....¢seSmall-scale integration
ST........S5elf-test
STE.......Standard test equipment

TPS.......Test program set
TRA.......Test requirement analysis
TRD.......Test requirement documents
TTeeeeess.Test time
TTL.......Transistor-transistor logic

UART......Universal asynchronous
receiver/transmitter
UUT....,..Unit under test

VAST......Versatile avionics shop tester
WL..eooss.Workload
WRA... ..Weapon replaceable assembly
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