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FOREWORD

b

Raytheon Company's Apollo Program effort was fulfilled under pur-

chase order FNP 12775 and covered the period from 25 JuIy,Lg64 through

3l December 1969.

b.

References are Statements of ltlork

a. Block I and Block i(fOO) series Guidance Computer, Simula-

tíon Computer, and Associated Ground Support Eguipment, dated I December

L964¡ and revisions thereto

b. SOvü 32-3L-2L, Block |T/IN Apollo Guidance ComPuter, and

Associated Airborne, Simulation, and Ground SupporÈ Equipment, dated

1 September Lg67.

In accordance with the requirements of references a. and b. this
final report is submitted covering the perÍod of 25 July 1.964 through

3l December 1969.
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SECTION I

INTRODUCTION

This document is submitted as the Final Report under Purchase order

rNp 12775, a subcontract by AC Electronícs under prime contract NAS

g-4g7 with the National Aeronautics and Space Administration' The

scope .of the contract'inciuded design effort and the development and

fabrication of Apollo Guidance Computer subsystems and associated

Ground support Equipment. fhiq effort \^Ias accomplished under the di-

tlectronics, and in association with the Massachusetts

was responsible for the overall design"

The progran progressed in three increments: Block I(o), Block I(r0o)

and Block II. the early Block I phase was devoted primarily to research

and development and is covered in this report to provide a desígn base-

'elopment of eventual flightlÍne and to maintain continuity with the dev

systems. In the Block I(Ioo) phase, flÍght qualified systems and the

associated support equipment vrere produced. Block I(IOO) systems were

used in early unmanned Earth orbital flights

The Block.II phase resul-ted in the final design and development of

the flight systems utilized in lunar missions'

This report ís devoted primarily to equipment detivered and the

Engineering, Manufacturing, and Reliabilítv and Quality Assurance effort

provided during the program. Hightights of signiiicant events, problems

encountered, and their solutions are described in each section' De-

tailed reports documenting events in oepth have been provided peri'od-

ically throughout the Program.
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sEcTtoN 2

ËQUIPMENT

This section covers the description and leading particulars of the
major Airborne and Ground Support Equipments whích \^/ere built and de-
liverecl under the Apollo contract.

2.L BLOCK I (O)

2 .I.1 PHYSICAIJ CTIAR]\CTERISTICS

The Computer Subsystem consists of the ApolIo Guidance Computer
(f igures 2-1 and 2-2'), the Main Panef Display and Keyboard (Figure 2-2),
and the Navigation Panel Display and Keyboard (figure 2-2). Figure 2-3

is a block diagram of the guidance and navigation (Ccl¡) system.

2.1.1.1 Apollo Guidance Computers

The Apollo Guidance Computer (AGC) is approximately 19 inches wide,
24 inches deep, and 7 inches high (a detailed sketch ís shown in
Figure 2-4r. The AGC consísts of three plugin tray assemblies and an

end connecton assembly which are mounted on a base coldplate. The base

coldplate, which is part of Èhe spacecraft, is an aluminum alloy, liquid-
cooled, honeycombed structure designed to dis.sipate the heat emitted
from the AGC. The end connectot assenbly is bolted to the base cold-
plate and pr.cvides support for the plr-igin tray assemblies. The Lhree
plugin tray assemblies consist of one memory tray assembly, orle logic
tray.assembly one G&N härness assembly.

th: memory tray assembly (figure 2-5) consists of two panels which
are .mounted ve.rtically on thrd coldplate and bolted back to.ba<:k. The

right panel contains 1l horizontally mounted and twô verticaliy mounted

modules. The left panel contains six horizontally mounted ancl nine
vertically mounted modules.
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LEFT PANEL

RIGHI PANEL

Figure 2-5 Memory TraY AssemblY

The logic tray assembly (figure 2-6) consists of two panels. Each

panel contains 18 horizontally mounted and two vertically mounted

modules" Tr,vo test connèctors located on the logic tray assembly pro-

vide connection between the AGC and Grc¡und Support Equipment (Computer

Test Set) "

The G&N harness tray assembly provi..les connectíon of the AGC to the

pov¿er and Servo Assemlcly (PSA) and the spacecraft and also pr:r:v'ides con-

nections between the PSA and the s¡racecraft.

The micrologic modules (Figure 2-7) consist of micrologic elements

which are miniaturized semiconclúctor i:ackages mounted in TO-¿i7 cans -

The cans contain the necessary resrstors and transistors dif::used onto

a single silicon chip.

The micrologic modules used in the ptugin tray asse¡nblies of the

AGC contain a maximum of 120 integrated NOR elements per module. The

module (figure 2-7) is g 3/4 inches longn 1 inch wide, and L L/2 inches

2-6

U)
loo
E
T

:,
I
U
3o

ç
6

Nñ

U
J
l
ot
I
o
I]
tuÌ
À

I
@

6

)
l

E
f
I
a
È

c
Ì
È

co
N
6

DRIVER SERVICE MODULE

CURRENI SWIICH MOOULE

89 ERASABLE T¡EMOFY MODULÊ

ERASABLE DRIVERS MOOULÊ

ERASÁ8LE ORIVERS MOOULÉ.

812 POWÊR SUPPLY CONÍROL MODULE

87

88

BrO- Blt

U
UJø>zoUCØz
UE
ds<4
<i
5;

rt
@

!
ø

d
ø)zõUOØ¿
ulø
øU
ãc<JCOu.

Io

õ

U))ô
o
¿
&
Þ

¿

o

o
6

Uc
o

ù
ts

Uc
ô

6

c

&
À
6

G

d
È

832-83! ROPE ORIVER MOOULE

4f,2-433 ROPE DRIV€R ¡lOoULÉ824 ROPE TEMOFY MOOULÉ

SÍRANO GATE MOOULEB3r

823 ROPÉ MEMORY MODULÊ
83O ROPE SfRANO SELECI MOOULE

ø22 ROPE MEMORY MODUL€ 429 ROPÉ MEMORY MOOULE

È
6

',ó

U
J
luÕøozz

UØE
u9Cu
Ëd:

G
oN
6

U
J
f

Uô
@Ozt
Øe
uPÈ[
O-ad

¿

82t ROPE MÊMORY MODULE ROPE MEMORY MOOULE



RAYTÞ{EON
RAYTHEON COMPANY
EOUIPMENT orvrsroN

J
fôoI

Í
û
ts
¿:

o

Éô
o

U
lôot

c
U
È
4

Àl -Át6 LOGIC MODULE ar- Â t6 LOGIC MOOUL€

Âr - at6 LOGIC MODULE ar-at6 LOGIC MODULE

ar- a16 LOGIC MOOULE' ar- À t6 LOGIC MODULE

ar-ar6 LOGIC MODULE ar À16 LOGIC MODULÉ

Ât-at6 LOGIC iIODULE ar-at6 LOGIC MODUI.E

ar - a16 LOGIC MODULE Àr-Â16 LOGIC MODULE
o

Eô
I

Â t- at6 LOGIC MOOUL€ Ât-ar6 LOGIC MODULE

Â17 LOGIC HOOIJL€ at -at6 LOGIC MODULE

Â18 LOGIC MODULE ar-at6 LOGIC MOOULE

LEFT PANEL

^?t
LOGIC MOOUL€ 430-a3r LOGIC' MOOULE

fco

ul

u-c
Þ

Gì

.t
G:
C)

a

U
foo
t
u

E
U
ts
z
o

cq
o

422 LOGIC MODULE 430-a3t LOGIC MOOULE

423 LOGIC MOOULE 432 LOGIC MOOULE

a24 LOGIC i¡OOULE 433-434 LOG|C i¡OOULE

a25 LOGIC MOOULE at3-434 LOGIC MOOULE

426 I-OGIC MOOULE 435 LOGIC MOOULE

^21
LOGIC TODULE a36 LOGIC MODULE

a28 LOGIC MOOULE 437 LOGIC MODULE

A?9 LOGIC ÍOOULÊ ara LOC|C âaOOUL€

RIGHT PÀf{€L

Figúre 2-6 Logic Tray Assembly

deep and is constructed of a hard anodiaed magnesium H-beam header,

which divides the module into two sections. The elements mounted on the
module are interconnected by a folded matrix which is connected to male

connector pins through a flat inner matrix. The complete assembly is
potted with urethane foam.

2 .L.L. 2 Navíqation Panel Displav and Keyboard

The Navigation PaneL Display arid i(eyboard (tlavigatior; Panel- ¡:,Shî()

(Figure 2-8) is approximatelry 22 inches high, 6 incl¡es widc, and 14

inches deep. The DSICí is divicfecl i nto Èwo sections : or¡¿r fo:l :'i¡(' ,i ií,-
play and one for the keyboarci. The dispiiry section conti;tttg 1? fa.i.Lr.i.ri,,

tigtrts, eight operatior, dispì-ay Iights, and 18 clata dispia-,, lighi;s.
Mounted ín the rear of lne aisplay section are three interchangearble

decoding modules. The keyboard section contains 19 keys and a bright-
ness control. Mounted on the rear of the keyboard is a case containing
four interchangeable relay trays and a povrer supply moduie. E¿rch.relay

2.-7
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tray,consists of seven modules, each of which contains six relays' The

power supply module furnishes the voltage to light the various displays '

2.1.1.2

The Main Panel Display and Keyboard (¡'lain Panel DSIÕ¿) (Figure 2-9)

is approximately l0 inches high, 9 inches ¡¡ide, and 7 inches cleep' The

front panel of Ì:he Main Panel DSKY contains 18 keys, two i'ailure líc;hts'

eight operation display lights, 18 data display lights, a brightness

control, and a toggle switch

2 .L.2 ELECTRICAL CIIARACTERISTTCS

The AGC portion of the computer subsystem is divided into seven

functiOnal areas: a Timer, Sequence Generator, Central Processor' Input-

output, Priority control, Memory, and Po\^¡er circuits. The seven func-

tional areas of the AGC plus the Navigation Panel DSICI and the Main

panel DSICr form nine functional areas of the Computer Subsystem'

t.') BLOCK r (r00)

This subsection describes the Block I(IOO) computer hardware'

2.2.L PTryS]CAL CHARACTERISTICS

Thecomputersubsystem(Figure2_r0)conÉistsoftìreAGCandtwo
DSICl,s. The AGC is the main part of the computer subsystem' It is an

automatic, electroníc, digital computer with parallel internal Lransfer'

andastatic,.randomaccess,core-typememory'TheDslCfsprovideatwo-
way.communication capability between Ehe astronaut and the AGC and are

f,unctionalty identical with a few exceptions. The following is a brief

description of each major component'

2.2 1.1 A tl ída c t

TheAGcconsístsoflogicar¡qmemorytrayassemb].iesboltedbackto
bacl<" The tray a.ssemblies, as a unit, ¡leasure approximat'ely 22 inches

tongby15incheswidebysT/2inchesdeep.Thêunítismounte<lona
base coldplate which is a part of uhe spacecraft. The bi¡se cold¡>late

is an alrrminum alloy, liguid coo].ed, honeycombed structu::e which dissi-

pates heat generated bY the AGc"

2- t0
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. The logic tray Assembly (rigure 2-rI) contains 40 modules: 36 logic

modules (in rows of nine) and four interface modules (packagecl at the

ends). The memory tray B assembly (nigure 2-L2) contains 25 modules'

A STBY,/ON (Standby) switch mounted on the front of tray B provides a

standby mode of operation for conservation of power

Table 2-l summarizes for reference pertinent characteristics of the

AGC.

2 .2 .L.2 Naviqation Panel Di solav and KeYbóard

The AGc navigation panel DSICr measures approximaLeLy 22 inches high

by 6 inches wide by 14 ínches deep. It is divided into two sections:

one section for displays and one section for the keyboard' The display

section contains L2 failure índication lights, eight operation display

Iights and IB data display lights. Three interchangeable decoding

modules are mounted at the rear of the disptay section. The keyboard

section contains 19 keys and a brightness control. A case containing

four interchangeable relay trays and a Power supply module is mounted

on the rear of the keyboard. Each of the relay trays consisÈs of seven

modules and each module contains six relays. The power supply module

suppliesthevol.tagereguiredtolightthedisplayindicators.

2 .2.L.3' lr4a in Pane 1 Disrrlav and KeYboard

The AGC main panel DSI<y measures approximately l0 inches high by

g inches wide by 7 inches deep and is mounted in the left hand

the main panal of the eomnanrì moclule" The front p¡ìnel contains

side of

two failure indication

The decoding modules,

navigation Panel DSICí .

18 keys,
switch.

as the

The keyboards are used, to nranuaily insert or cal. I up AGC data' Tl¡e

displays provide a visual reaciout of information being inserted into or

extracted from the AGC, and AGC failure indications-

2.- L3

lighLs, a brightness control and a to9ç1le

relay trays and power supply ãre the same

RAYTHEON
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TABLE 2-I

COMPUTER SUBSYSTEM CHARACTERISTICS
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Internal transfer
MemorY

Erasable

Number sYstem

Hardware registers
Circuitry tYPe

Regular instructions
InterruPt oPtíons

MCT (memorY cYcle time)

Add time

Double Precísion add

MultiplY time

Number of counters

felemetrY

Basic clock oscillator
AGC power suPPIres

Computer tYPe

Logic
ParitY

F ixed
Word length

Automatic, electronic dÍ9j'taL, general
purpode

Parallel
Random access

Coincident current core type, capacity'
IOOB words

Core-rope type, capacity 24,576 words

(f6) bits, including (f) ParitY and

(1) sign bit
BinarY one's comPlement

L7 total
NOR micrologic
l1 total
6

1I.7 ps, egual to 12 "action" times

23 ¡Ls

234 ¡t"s

93 ¡rs
â^t¿

Single error' correcting pulse traitt'
asyichronous to cotnpr:ter i'iminçl

2 . 048 MÍlz

ç¡¡6 +3 V
One +I3 V

Pos ltive
odd

Characteristics Descr iption
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2.3 BLOCK II

2.3 .1 PHYSICAL CHÄRACTERISTICS

ThephysicalcharacteristicsoftheBtocktlsubsystenrdifferfrom
BlockI(rOO)irithattheMainPanelDslCfisredesigneclandbecomesa
,,universal,,Dslcr,usedinboththemainspacecraftandtheLunarModule
(LM):TheAGCdiffersinthataredesignincorporatedtheuseofflat.
pack-type integrated circuits (see {igure 2-L3) resultrtt:.tt increased

capacityandcapabilitywhile'reducingtheweighL,yetmaintainingthe
same external dimensions as Lhe Block 1(fOO) AGC'

2.3.1.1 Apo llo Guidan ce Comrruter

TheAGC(seeFigure2-L4)isaparallel,singleaddress,storedpro-
gram, general purpose computer' The basic logic element is a dual 3-

inputNoRintegratedcircuit.Control¡lulsesforinstructionsareSyn-
chronizedbyal2-phasegatingsystemoperatingatalMHzclockspeed.
Arithmetic is performed in a binary, fixed-point, I's complement number

system.Thebasicinstructionsandsingle-precisionarithmêticopera_
tions are based upon a 15-bit word length'

The basic control section of the AGC is the sequence generator wn:,ctt

processespriorityreguestsanddecoclesinstructionsintosequencesof
controlpulsestotheothercomPutersections.Thecentralregisters
are all directly addressable, thus provicling important programming

freedóm

Themainprogramandconstantmemoryisofcoreropeclesign..This
fixed,readonlymemorycontains36,864l6-bitwords.Thememorycycle
timeisll.Tp,s.Theerasable,scratchpadmemoryisacoincidentcur-
rent core memory with a 2,048 word, l6-bit capacity

Ad<1 itional features o:f the AGC include:

a. Incremental InPut Counters

b. Programmed Pulsed OutPuts

c. Fixecl Pulse Trming OutPuts

¡

t

¡

b

b

È

L.

RAYTTIEGN
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d. Program Controlled InterruPts

e.'Automatic InterruPts

f.. Serial Telemetry Input and Output Channels

tr- n-rrlt- lìê lfmg. Automatic Fault Detection and AI¿

h. DuaI Ðisplay and Keyboard capaþility

i. Speciat Monitor and Test Circuitrlt'

flexibititY imPortant to
The organization of the AGC provides the

,"u""rn"- ^iuro, modificarion for any specific apprt."alli-- For example'

aspecialinterfacechannelandassociatedchannelregistersprovide
great r./o f.Lexrbility. The address structure readily allows realloca-

tíoh of special and central registers, fixed memory and erasable memory'

Mechanj-cally,theAGCisahermeticaltysealeddevice,consisting
:"^* *-^'ri¿la r^ri tnection for the varióus

of two trays which provide wirewrap intercor

modures and connectors (see Figures 2-L5, 2-16 and 2-L7) '

The neeessary pov'er supplies' loqic' drive' interface and sense

circuitry, erasable memory an<l alarm circuitry is packaged in potted

modules which Ptug into the two t'rays '

nterconnect traY which houses
' The AGC includes a separate removable t"t"::":::::-:'"

thefixed$êmorymicdulesandfixedmemoryjumpermodules.andcontains
twoexternalconnections'onewhichallowstheAGCinterfacewiththe
G&Itrsystem,andonern,lríchal.loÛ''.stheAGCtclínterfacewithGSll'oran
auxiliarY memory unit'

includes the nece$::-rì:y co'¡eÈ to prntect the test con-
' The AGC al'so

necLôr when not

pickuP at the te
Block II AGC.

in use, and to Protec.t L'Ìre AGC

st connector. Tal¡le 2-2 lists
frorn radiaLed 11c¡ì'iïü

the basic factb of ttre

2 3 .L.2

) contains the electroluminescent panels'
The Dslcl (see Figure z-La' 

electronic circults to run
their pot¡Jer supply, some incandescent lamps'

boththeelectrolu¡ninescentindicatorsandtheincandescentindicators,
andakeyboard.TherearetwoÐslCfsintheCommandModuleandonein

2-20
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TABLE 2-2

BLOCK TT AGC PERTINENT STATTST]CS

Organization.
Number System

Power (Operating)

Power (Standby)

Clock Frequency

Memory (r'ixed )

Memory (Erasable)

Word Length

Volume

We ight
Add Time

DoubIe Precision Add

Multiply Time

Double Precision Mult.
Divide Ti¡ne

Memory Density (NDRO)

Memory Density (DRO)

Para I Ie 1

I's complement

IOO !V

IOW

2 MHz

36,864 words

2048 words

I5 bits plus parity
Approximately I cubic foot
Approximately 7O lbs.
24 ¡1s

36 ¡rs
48 ¡rs
480 tr s

84 ¡rs
3000 bits per cubic inch

IOOO bits per cubic ineh

the Lunar Modu1e,.. and their sole function is to provicle communication

between the G&N system (via the AGc) and the astronauts''

l-:^"1 r\aa.ì¡n2 .3 .I.2 .L Mechänicql Design

The DSIÕa is a dry nitrogen filled unit of two piece box-1-YPe struc-

ture in which all wiring interconnections from front to rear are con-

tained. S,lx.interchangea'Ìrle indicator driver moclules anci a power supply

iontain the majority of electrical components'and are plugged into

conneetors mounted on the rear portion of the structure. A rear cover

is then placed over Lhose mod,ules to keep them enclosed :ln the ni.trogeu

at-mosphere. The rear struci:ure also contaj.ns the AGC connector .rncl a

pr:êssuri z)ng fj ll valve.

2-25
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Plugin indicator and alarm lights are mounted to the front, or dis-
play portion of the unit which also contains 19 push-button switches
with luminescent lighting. The electrical çomponents for this keyboard
are housed in a module and mounted inside the unit. Fina11y, a front
cover of eggcrate construction (to prevent unintentional activation of
the switches) is placed over the units which are mounted to the front
structure (see Figures 2-19 and 2-201.

A brief description of the basic components forrows:

RAYTHEI)N

Þ

tr

¡r

-

!

¡

b

\

I

\

a. Ind Dri
a dKe oard

Material:

Finish:

Connector:

Location:

uIe r
ule

Magnesium, Iightweight, and located in the
humidity-free, dry, nitrogen atmosphere

Dow f7, dark anodize

.Protected male lr{alco pins aligned and keyed by
use of guide pins

IÐM and PSM plug-in to rear portion of unít
after removal at rear cover. Keyboard module
(plugin-type) located inside wiring area because
of its .related functions -

IS

to

b. Dioital Indicator Lioh t (Electrolumines cent)

The basic lamp is of glass-to-metal hermetic seal construc-
t.ion .mounted in an encapsulated pluggablc housing

c. Indicator Alarm Lioht (Incandescent )

' the incandescent Lights are molded. into acrylic plastic and
mounted to an encapsurated, pressure-t.ight. prugin-type header.

d. Pushbutton Switches

The switches ar:e irruminated by panerescent lights and
mounted pressure tight against front structure. The basic switch
encapsulated and mountecl outsicle the pressurized area with wiring
the inside accomplished through glass-to-metar se.ìlecl discs.

2-26
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e. Structure

The main struct,ure is made of aluminum. The rear cover
clesign incorporates structural ribbing inside the pressure arca, and

this design allows for a larger volume of nitrogen to be inserted into
the unit. The rear structure, or wire\drap plate, receives a portion of
its structural stiffness from the inne.rconnector. This method has also
been followed in the design of the front housing.

Pressure sealing has been obtained by using Parker seal be-

tween the main structural components of the unit. Components external
to the unit are mounted using rrOrr rings

2.4 FIXED MEMORY

2 .4.L CORE ROPES

The fixed memory. for the Block I (f00) AcC consists of up to four
core rope modules. The module quantity is clependent of the computer

program (released by MIT/IL for specific application). Mounted on the

Block I (fOO) Computer, the four rope modules are contained in two indi-
vidual compartments with their own cover. Each core rope consists of
magnetic cores permanently threaded by setection and sense wires. A

full complement of four modules affords a total fixed memory capacity
of 24,576 L6-bit words

The fixed memory for the Block II AGC subsystem is comprised of a

m4ximrrm of :¡ix modules. The modr.rle guantities are also dependent on

specific computer program prepared by MïT/IL. Thc modules are perma-

nently wired for these programs for special purpose applications such

as factory test, system test, and,flight missions.

The core ropes are of a flat, modular configuration (see Fi-gure 2-2L)

and are externally slide mounted in the AGC rope tray. Each core rope

modufe has a storage of 6,L44 l6-bit wonds and contains the neeessary

magnetic cores, diodes, resistors, connectors and set, reset, sense,

and. clear wires (see Flgure 2-22) to allow the module to operate in

conjunction with other core rope and jumper modules as a fixed memory
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the AGC. Examples of computer programs and their specific applica-
that have been wired into core rope memory modules are listed in
2-3 .

t

¡

b

TABLE 2-3

APOLLO COI'/TPUTER PROGRAMS

diagnostic factory test

Command Module system test

T,unar ModuIe system test

unmanned Earth orbítal Command Module flight
program

unmanned Earth orbital Lunar Module flight
program

manned Earth orbital Command Module fIight
pro9ram

manned Earth orbitat Lunar l'lo<lu1e flight
program

the flight program for the Command Module for
manned flight. to the moon

the flight prograri for the Lunar Module for
manned ftight to the moon

2.4.2 ,ÍUMPER MODULES

Fixed memory jumper moclules are capable of completing the inhibit,

set,'reset, and clear line paths in fixed memory when an odd number of

cgre rope modules are used. The jumper modules have the same external

physical dimensions as the core rope modules and are potted. The jumper

mo.dules simulate the resistance of ttre set, reset, and clear drive Iines

of the actual core ropes.
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2..5.L PrIYSICAL DESCRIPTION OF TRAYS AND LOGIC IVIODITLES

Raytheon wirewraps the tray and manufactures three types of logic
modules for the Btock rr Electronic coupling Data units (EcDUs). Each
ECDU contains Trays s and x. However, the trays used for the command

Module FCDU's are wired rlifferently than the trays used for the Lunar
Module ECDU's. The versatility designed into the logic and analog
modules allows a given seL of modules to perform vari.ous functions de*
pending on the way in which the modules are interconnected through the
tray wiring.

The Command Module and Lunar Module ECDUs each contain one digital
mode module, five read counter modules, five error angre counter and

logic modules, and several different types of analog modules in varying
quantities. Raytheon manufactures the three types of rogic modules

identified herein. Basically, each module contains four rows of flat-
pack micrologic erements (each row being a quadrant), signar layers tor
each quadrant, and a tleader having two rows of connector pins (7o pins
in each row). Each module has keying pins, jacking screh¡s, and is
potted.

The <ìigital mode module contains a clock, pulse generators, and

control logic. The timing and phase pulses produced by the digitat mode

module synchronize most ECDU operations

The read counter module contains a 16-bit parallel.counter (2,s
complement) capable of counting up and down depending on the po.tarity
of the input control signals. This module algo contains special de*
coding logic which provides signals to the analog-to-digital converters
of the ECDU.

Thê error angle counter an<l logic module con,tai.ns a g-bit. parallel
counter controlled to saturate at a count of 384. This counter is also
capable of counting up and down, but not below a count of zero. The

error angle counter ancl logic module contains decoding logic which pro-
vides siç¡nals to the digital-to-analog converters and up-down logi-c which

controls the polarity of the read counter module input.s as well as the
error angle counter inputs.
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2.6 GROU¡TD SUPPORT TPMEI\]IT (CSN)

2.6.L COMPUTER TEST SET

The Computer Test Set (CTS) provides the following functions:

a. monitoring of computer subsystem operation

b. program loading and control
c. data recording of system parameters computer by the AGC

d. display of system parameters as computed by the AGC

e. diagnostic use in troubleshooting system'/subsystem problems'

-

Y

The general capabilities of the CTS are:

b

a. direct program control including stopping or stepping the

program

b. continuous or sampled monitoring of the computer's central

register or selected memory locations
c. monitoring of key computer program functions
d. toading of the computer for specific output functions

e. loading programs and,/or data into the computer

f. entering signals into the computer to simulate íts input

S. monitoring of the system output functions of the computers

h. generating or duplicat.ing paper or mylar tape for use in
loading the computer

i. formating and recording computer digital data by tape punch

j. converting digital computer data to analog data for record-

ing on a strip chart recorder (not part of the CTS).

In addition; the CTS provides a self-test capabilit,y use for its sale

and trouble diagnostics

The CTS is designed to operate with the computer subsystem durinE

subsystem testing and G&N system testing prior to installatic¡n in
spacecraft. The Block r (O) cTS (see Figure 2-23) is capable of operat-

ing with the Block I(O) AcC, and included those cables nc\^t kirown as the

AGC/GSE Interconnection Set, G&N Ttrst. The Block I(100) CTS (see

Figure 2-24) is capable of operating with either a Block I (0) or a

¡
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Figure 2-23 elock I (0) Computer Test Set

¡.

¡

h

I

lll

¡r

\
Figure 2-24 Block I (f00) Computer Test Set
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Block r (100) coniputer, while the Brock rr crs (see Figure 2-2sl is cap-
able of operating with the Block I (IOO) or Block II computer subsystems.

2.6.2 OPERATION CONSOLE

The operation console (oC) provides a símulated environment, mount-
ing power, and test connections for the AGC and its DSI(ys during sub-
system testing. Excgpt for Block r (o) operation, the oc provides for
the mounting of the buffer circuit assembly, which is part of the GcN

cable set. The DSI(Ys are mounted in the OC while installed in the appro-
priate DSIqf handling fíxtures. The Block I (O) or I (100) AGC is mounted
in the OC while installed in its handling fixture. The Block II AGC

mounts in the oc dírectry, without the AGC Handling Fixture

The Block r (0) oc (see Figure 2-26) is capable of operating with the
Block I (O) computer subsystem while the Btock I (fOO) OC (see Figure 2-27)
is capable of operating with either the B1ock I (O) or Block I (IOO) sub-
system. The Block II OC (see Figure 2-281 is capable of operating with
the Block I(I00) or nlock II computer subsystems.

Figure 2-25 Block II Computer Test Set,
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Figure 2:26 Block I (0) Operation Console
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Figure 2-29 Block II Operation Console

The interconneçtion cables known as the AGC/GSE interconnection set,
subsystem test, srere a part of the Brock r(o) oc. rn the Block r(loo)
and Block II programs, these cables became a separate end item.

2.6.3 CALIBRJ\TION CONSOLE

fhe Calíbration Consolé (CC) provides the capability of calibrating
the AGC oscillator frequency and determining its long-term aging character-
istics. A digital ohnmeter provides the capabitity of monitor:ing the os-
cillator temperature. The Block II version added a väriable antenna
tuning capacitor, the capability of providing a I MHz ti¡ne base reference.
for up to four Áuxiliary Calibration Consoles, and an antenna lighting
arrestor. Figure 2-2g shows the Block I (O) version CC.

F'unctionally, any configuration CC can be used for any co,rfiguration
computer subsystem with the exception of the oscillator temperature moni-
toring function provided by the Block I(IOO) and Block II configuration
(see Figure 2-30). The CC can also be used to calibrate '¿he osciilator
of the computer Simulator.
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Figure 2-29 Bl-ock I(0) Calibration Console
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2.6.4 AT'XIIJIARY CALIBRATION CONSOLE

The ca¡nbilíties of the Auxiliary Calibration console (AcC) are
essentially the same as those of the cc. The capabilities are: to
calibrate the AGC oscíllator frequency, determine the AcC oscillator
aging characterístics, and monitor the AGC oscillator temperature. How-
ever, the ACC does not have a receiver and must therefore use the I MHz

l

time base furnished by a Block rI calibration console or other freguency
reference..

The ACC (see Figure 2-3L) can be utilized with a Block r(0), Block I
(lOO). or Block If computer subsystem or Computer Simulator.

2.6.5 AGCIGSE IÀÏTERCONNECTION SET.SUBSYSTEM TEST

The AGC/GSE Interconnection Set, subsystem test, provides the neces-
sary interconnections when used in conjunction with tJne AGC/GSE Inter-
connection Set - G&l{ Test, to perform computer subsystem'testing. For
Block r (O) , this group of ínterconnect,íng cables \^ras a part of the Block
I (O) Operation Conso1e. The Block I (1OO) cable set consists of 14 cable

Figure 2-3L Auxiliary Calibration Console
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assemblies and a buffer circuit assembly mounting bracket, rlile the
Block lI set consists of 21 cable assemblies, a buffer circuit assembly
mounting bracket, and a self-test assembly mounting bracket.

The Block I (0) cables (see Figure 2-32) , a pait of the Block I (O)

operation console, provided the interconnections for the Block I (0)

computer subsystem in conjunction with the Block I(O) G&II test cable
set. The Block I (IOO) cable set (see Figure 2-33) provided the required
interconnections for either the Block I (O) or Block ï (IOO) computer sub-
systems in conjunction with the Block r(1oo) cs¿¡ 'test cables (see

Figure 2'34). The Bl.ock II subsystem test cables (see Figure 2-35) pro-
vide the interconnections for the Block I (1OO) or glock II computer sub-
systems in conjunction with the Block II G&N test cable set.

2.6.6 AcClcSE INTERCONNECTION SET - G&N TEST

The AGC/GSE Interconnection Set, G&N Test, provides .the necessary
hardware to interconnect the computer subsystem with the appropriate
GSE during G&t{ system level tests, and in conjunction with the Acc/cSE
Interconnection Set - Subsystem Test,. the required interconnection for
subsystem testing of the computer subsystem. This set of equipment. did
not exist as a separate end item in the Block I (O) proçfram, but was a

part of the CTS and was capable of providing the necessary interconnec-
tions for a Block I(O) computer subsystem (see Figure 2-36).

Ihe Block I(1OO) GaìI cable set (seg Figures 2-37 and 2-38) consists
of a buffer circuit assembly, nine cables, and an AGC,/PSA/SC Adapter
Assembly. This cable set is capable of providing the required inÈer-
connection for either the Block I (0) or Block I (fOO) Computer Subsystems.

. The Block II cablè set, (see Figure 2-39) consists of a Buffer-Circuit
Assembly, ten cables, an AGC/PSA/SC Adaptor, and ä Self-Test Assembly.

It is capable. of. providing the required interconnections for the opera-
tions of either the Block I (fOO) or Block II computer subsystems.
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2.6.7 PROGRAM Ä¡üD MONITOR CI\BLE SET

The Program and Monitor (P&M) cable set (see Figure 2-4o) consísts
of four cables whích are identical to four cables of the G&N cabl-e set.
These four cables provide the interconnection between the buffer circuit
assembly and the crs. These cabre sets are required as a part of a

universat test station where both G&N system and computer subsystem
tests are conducted. The layout and the dual function of the test sta-
tion reguire the duplication of these cables.

The P&M cable set is capable of providing the require interconnec-
tion of Block rr GSE equipment while testing a Block ï (r00) Block rr
computer subsystem and G&N system.

2.6.A SÏMULATION COMPUTER

The Simulation comprrter (Sc) is a computer subsystem consisting of
computer modules mounted in a cabinet with two DSKys (Main and Navi-
gationar) mounted in the calcinet,s front doors (see Figure 2-411. The

ìr,, a

r?t6. GANDN
MOUNIII{G
FIXTURE
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Figure 2-40 program and Monitor Cab1e Set
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sc presents the same el-ectrical characterístics as a Block r(1oo) AGc
(in its updated eonfiguration) with its DSI(ys mounted in an operatíon
console' The sc is used to perform engineering experiments and to train
cornputer technic ians .

2.6.9 COR,E ROPE SIMT,T¿ATOR

The core Rope sírnurator (cns¡ (see Figu re 2-42) is an erasab¡.e mêtrr-ory device ca¡rabre of repracing part of a .fixed me*ory of Brock r (o) or
Block r (roo) AGc, or of being used with an sc. rts memory is eLectricarly
alterable and can be used for an infinite variety of programs. The cRSalso affords the operator the capability of controlling the data being
stored and to edit, verify, or review the data in any cRS address. The
storage capacity is 4,096 16_bÍt words

Figure 2-4L Btocks \(O)/t(1OO) Simularion Compurer
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r

Figure 2-42 Core Rope Simulator

2. 6. IO COMPUIER SIMULATOR

The computer Sjmulator (cs) produces.drive rate outputs identica.l
to those of the AGC for use during optics-Inertial subsystem tests.
The cS is not intended to replace the AGC in these tests. Rather it is
used ín open-l-oop tests of various guidance and navigation subsysteins,
singly or in combination. The cs is.part of the optics-rnertiar system
analyzer, and is used in Brock r, Brock r (loo) or Brock ïr subsystems.

The AGC simulator (see Figure 2-43) is a serf-contained unit de_
sÍgned for ínstallation in a standard I9-inch rack. The unit is fab-
rícated with rack slides to facilitate access to the interior without
removing the unit from the.track.

2 . 6. I I DSICIT PEDESTAL ItOUIql

The DSKY Pédestal Þlount (P¡{) provides the rnounting and necessary
electrical connections for the Main DSKV during c & N system tests. The
Block I (0) and Block I (1OO¡ l,Ëin DsI(Ys mount directly into the pM, while
the Biock rr DSKY is mounted in thê P¡,l 'with its handling fixture (see
Figure 2-44)

RAYTI{EON
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Flgure 2-43 BlockE T.l\l/r.(ßgl/tt Ccimputer Simulator

r,i'.. Figurê 2-44 DSIff Fedeetal Mount,
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The Block r (0) and Block r (roo) AGC Handling Fixtúre provides a
mounting base and protection for the AGC during transit, storage, and
testing' in addition, it provÍdes cooling (in conjunction with an ex-
ternal coolant supply) ror the AGC duríng testing. This handlíng fixture
consist's of a phenoric þase on which is mounted a liguid-cooled cord plate
and a thermar-insurat,ed cover assembly. The Block ï(o) and Block r(1oo)
AGC handling fixtures (see Figure 2-4s) airrer only in materiars and
incidental mechanical details.

The Block rr/LEM AGC handling fixture (see Figu re 2-46) consists of
a sheet alumÍnum plate covered with a plastic sheet and two detachable
nylon mésh strap handles. The aruminum prat,e provides prot,ection for
the cold-plate mating surface of the AGc and is used onry during transÍt
and storage"

Figure 2-45 B10ck T.rcl/r(roo) Acc rrandting Fixture
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Figure 2-46 Block II AGC Handling Fixture

2.6.L3 DSKY TIA¡IDLING FIXTURES

2.6.13.r Blocks r. (O\ /T f lool NavicratÍonal DSIflf

The Block I(O) and Block I(100) Navigational DSIC| Handling Fixtures
(see Figure 2-47) provide protection for either the Block ï (O) or Block I
(1OO) Navigational DSI(Y, during transit, storage or subsystem testing.
For subsystem testing, rack slides are provided for mounting of the han-

dling fixture and DSKY in the Block I (0), Block I (fOO), or BLock II
Operation Conso.le.

-c T ln\/ilrnñ\ I2 .6.L3 .) Blocks r (o),/i (IOO) Main-pSKY

The Block I (O) and Block I (1OO) Main DSKY Handling Fixture (see

Figure 2-48) provide protection for either the Block I (0) or Block I
(fOO) Main DSKys during transit, storage and subsystem testing. For

subsystem testing, rack slides are provided for mounting of the handling
fixture and DSIÕ| in the Block I (O), Block I (I00) or Block II Operation
Console
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Figure 2-47 Blocks T(Ol/t(I0O) Navigatlonal DSI<y Handting Fixture

Figure 2-48 Blocks I(O')/I (I00) Main DSIff irandling Fixt,ure
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Figure 2-49 Block II DSKY l{andling Fixture
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2 . 6. 13 .3 Block II DSI(Y

The Block II DSKIr Handling !'ixture (see Figure 2'49) provÍdes pro-

tectlon for the Navigational Block II Command Module and Lunar Modu1e

ÐSICls during transit, storage, subsystem test and G & N s'¡stem test.
During subsystem tebt, the fixture is mounted into the Operations ConsoIe,

while during G&N system test it is mounted in the DSKV PM.

2.6.L4 DSKY ALIGNMEIVT FIXTURE

The DSIÕr Alignment Fixture (sge Figure 2-50) was used <luring space-

craft fabrication and provided a means of accurately aligning the space-

craft flange which supports the rear of the Block' I (O) and Block I (I0O)

Navigational DSIÕfs when installed in the spacecraft.

2 .6.L5 SHIPPING COIiTTAINERS

2.6.L5. r pSIÕr.

The DSKy shipping container (see Figure 2-51) provides a pressure

and humidity controlled env-ironment for the DSKY during shipment and

Figure 2-50 DSICí Alignment Fixture
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Figure 2-51 DSIff Shipping Container

storage. The Block I(O) and Block I(IOO) Main and Navigational DSI(y

containers are capable of providing thÍs envÍronment for either Block I
(O) or Block r (IOO) !þin and Navigational DSI(ys, respect.ively. The
Block II container is capable of providing the environ¡nent for two Block
II DSTqTs

. The reusable aluminum containers are líned with polyrrrethane foam
contoured to the DSI(Ys when mounted on their handling fixtures, and
thereby provide shock protection for the DSKYs. Pressure regulation is
provided by a pressure rèlief valve. Hurnidity protection is provided
by desiccant cohtainérs along with. a humidity indicator.

2.6¿L6.2 AGC

' The AGC shipping container (see Figure 2-52) provide a pressure and

hunidity controlled environ¡nent for t,he AGC during shipment and storage.

2-53
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igure 2_52 AGC Shipping Container
The Block r(o) and Brock r(1oo) containers are identicar in construction
and are capable of providing this environment for either the Block r(o)
or Block r (1oo) Guidance computers, while the Brock rr containers pro-
vide the capability for the Block Iï computer only

. 
The reusable aluminum containers are rined with polyurethane foam

contoured to the computer when mounted to its handring fixture, an<l
thereby provides shock protection for the computer. pressure reguration
is provided by a pressure rerief varve. Humidity contor is provided by
desiccant containers arong with a humidity indicator.
2.6.L6 PROGRAM AÀIALYZER CONSOLE

The Program Anaryzer consore (p"Ac) (see Figure 2_53) is an erasabre
which can reprace ait or parr of the ,r;"; ;"-";r-;;;;'=

AGc t6-bit 36,864 word cápacity. The pAc memory can be used and reused
with an almost infinite variety of programs, unlike the f_ixr-.d corç. ropes
of the computer which are not electrically arterable. The operaLor has

2-54
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i

Figure 2-53 program Anal1,2s¡ Console
complete control 0ver the data being stored and can revieh¡, verify,or edit dara ar anv address in tr,e pac, and ."; ;r;";;;"";..ress orthe computer. Also, the operator has complete contror over the start-ing' stoppingr or stepping of the computer program. The pAc has nocapability of exercising the computerrs input/output interfaee

,.
The PAc is cåpable 'of operating with the simuration computers andBlocks r (tOO),/II AGCs

2 .7 FqurP¡{ENT SU¡4MARY

Tab1e 2-4 is a :tisting of Bl0ck vr',oo)/rr Aporlo hardware quantities.

I

I

RAYTHEON
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TABLE 2-4
APOLLO HARDV'IARE LISTING

\

RAYTHEON

Nomegc lature Block I Block T/LOO Block II Cumulativg

Computers

DSI{T

PSA Harness

Core Ropes

Connector Cover

Rope .Tumpers

CDU

Installation Kit, AGC

Installation Kit, LM

Computer Test Set

Interconn, Kit, .G & N Set

Operation Console

Interconn. Ki!, Subsystem
Test

Program :and Monitor Kit
Computer Simulator
Calibration Consol-e

Auxiliary Ca librat.ion Con

Core Rope Simulator
Simulation Computer

Program Analyzer
Shipping Container, AcC

Stripping Container, MDSKY

Shipping Container, ¡{DSI(Y

Shipping Container, UD'SKY

Handling Fixture, AGC

Handling Fi.xture, MDSKY

Handling Fixture, NÐSKY

Handl-ing Fixture, UDSKY

Pedestal Mount, MDSIff

Alignment Fixture, DSKY

6

L2

92

16

I3

I

I

11

6

sole
5

3

6

4

4

7

B

9

9

L2

24

13

94

L2

35

3

4

I

I

4

L4

t6
16

L2

L4

13

2

4

57

L02

75

138

13

564

64

95

L22

19

19

26

24

I3

378

52

60

L22

19

19

7

7

4

4

6

L2

3

9

13

6

27

9

9

5

3

5

20

20

20

10

51

22

22

44

13

4

5

IO

32

44

2

\
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SECTION 3

ENGINEERING

An Engineering staff was maintained throughout the program. This

staff included residents at MIT,/IL who were assigned to the design and

development of both hardware and software. Fietd Engineering personnel

\^rere assigned at Apollo field sites for the testing and analysis of

hardware/software, begínning with acceptance testing and continuing

through the launch of vehicles. Field sites supported are AC Electronícs,

Milwaukee, Vüisconsin; North Amerícan Rockwell, Downey, California;
Grumman Aerospace Corporation, Long I,sland, New York; Manned Spacecraft

Center, Houston, Texas; Kennedy Space Center, Florida.

This section contains a summation of major problems, solutions, and

contributions of the Raytheon engineering support effort during the pro-

gram.

Since the Block I (O) phase of the program was basically a development

stage, the emphasis in this section will be devoted to Block I (100) and

primarily Block ïI.

3.1 AIRBORNE HÀRDWARE

In May Lg64, Raytheon was directed to provide enqineering support to

MTT/:¡T" fór the design ancl development of the Block I(f00) AGC and DSKYs.

The primary design goals iclentified were:

a. humidity and moisture proofing of the subsystem

b. correct AGC cooling Problems

c. change AGC tnput,/output (as required) '
.

Effort to accemplish the tasks identified above had been initiated

l^¡hen Raytheon became a subcontractor to AC Electronics in JuIy 1964'

The design effort associated wjt.h the above goals was mðrre extensive

than originalLy envisioned, and continueci until early 1965' In spite

of numerous design changes, Raytheon delivered the first Btock I(1O0)

AGC sulrsystem in late February tnuu;_and the design goals were ntet-

b

b

úi¡

b
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The following descriptions of changes summarize the major improve-

mênts and solutions to problems detected during qualification, factory,

and fietd testing. Detailed descriptions of specific changes in

Block I(100) are outlined in the applicable ECPIERP listed in Table 3-t'

Qualification testing of Block I (1OO) was performed on AGC I1OA; the

test sequence is shown in Figure 3-1.

The purpose of this qualification test program was to demonstrate

the design integrity of the AGC group when exposed to one operational

cycle at the desiqn limit environmental conditions. These conditions

are those that may be.encountered during equipment life, including

emergency and abort flight phases. In addition to the desígn limit

tests, overstress vibration tests vtere conducted to determine the de-

sign margin of safetY.

3 .1.1.2 Mechanical Differences

Some of the retrofits made caused the outward physical appearance

of the subsystem to change. other retrofits replaced and added parts

to the internal structure of the eguipment. The mechanical changes that

are not related to the electronics of the hardware are described in the

following par.agraPhs.

a. computer - Five mechanical changes lvere rnade to the computer

as specified in ECPs L4"7, LL4, L87, 2L2' 185'

l.Replacementofstandbypowerswitch_Atthetimeof
production of certain computers the stanclby Power switches with part

number 1006296 were not avaitable for installatíon. As a. result,

switches with part number yß24524'22 were used as permitted by waiver

No.,s RAY OO2O4 and 00237. Although the substitute switch was physically

interchangable it did not meet the reliability specifications' This

retrofit installed the switch with part number Loo6296.

!b

ttl

5

RAYTHEON

3-2



iê

RAYTHEON COMPANY

5

EQUIPMENT t)IVISION

TABT,E 3 -I

ELECTRICAL AND MECHANICAL CHANGES

3-3

ü

u

¡ta

b

b

b

b

L

:b

a

b

\

\

RAYÏHEON

ECP DESCRIPTIONERP

L47

111

I14

187

188

t89
2L2

185

R*10009

R-10023

R-1003 5

R-ro048

R-10051

R-10052

R-10053

R-10058

Replaces standby pou/er switch
Redesign trap circuit in module 437

Vibration dampening

Replaces front closeout panel

Adds resistor to tray A

Grounds O V to AGC tray
Adds potting to modules 82, 83, and 84

Adds moisture sealing gaskets to modules

Kit No. 8104119 (Computer)

Kit No. Bl041l8 (uain DSIar)

111

L75

186

L82

La4

195

R-10023

R- 1003 3

R-10043

R-10055

R-10057

R-10065

Adds capacitor to key reset filter
Ad<ls G&N failure detect module to main DSICí

Replaces DSI(Y decode modules

Reworks DSKI¿

Vibration dampeníng of keyboards

Removes keyboard button travel interference

111

186

LA2

l-83

t84

t95

R-loo23
R-10043

R- 100 55

R-100s6

R-10057

R-10065

1\dds capacitor to key reset filter
Replaces DSICí decode modules

Reworks DSXY and relieves interferenc:e
Replaces guide pins
Vibration dampening of keyboards

Removes keyboard button travel interference

Kit No. 8LO4L21 (Navigational DSICí)

Kit No. ALO4L22 (GaN Harness)

Reworks AGC to PSA and G&N to spacecraft
harness

Flodifj.es harness for night watch¡nan

R-10020109

R-10067208
:l

\
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2. vibration dampening of computer - vibratíon tcsts on
the computer revealed excessíve amplificatíon in the central areas of
trays A and B. To dampen the vibration, foam rubber cushions $rêre
placed between the modules and the covers on trays A and B and the area
between the trays. these foam cushions are in compression and place a
small preroad on the modules and covers. rn addition, new brackets were
added to the rear of each cover and two new screïri were added, securing
the tray B cover to the tray B mÍd¡rLate. The coÍn¡nulative result, of
these modÍfications reduced the vibration ampLitude to approximately one
third of its origÍnal value

3. Replacement of front closeout panel - víbratÍon tests on
the computer reveared a resonance in the front croseout paner. As a re-
sult a new front closeoqt panel was fabricated and ÍnstalLed with proper
materíal to dampen the vibration noise

4- Potting of power switch modures 82, 83, and 84 - The
origÍnal design of theee modules did not reguire potting in several areas.
Theee areas htere potted to preclude the possibility of moisture entering
and contaminating -thc module.

5. Addítion of moisture sealing gasket - NASA elected to
accept the moisture sealcd configurat,ion which renders the conputers
more readily reparable and provides some measure of added shock isota-
tion to the índividuaL modules. This retrofit added the moisture.sealing
gaskets to the lr[a].eo píns to irnprove the moisture resÍstance of the.
computer.

b. Main DSI(Y - Four mechanical changes !\rere made to the Main
DSI(Y as specified in ECps IZ5, LgZ, lg4, and 195.

I¡ In¡tallation of c6.N failure detect module - The GAN faiL_
urc detect module (night watchman) isi a separate module which bolts onto
thc back of the Main Ds¡(y, ae shosrn in rigure 3-2. The module is pluggcd
into the 244 pin conncetor on the back of the Main DsI(y. AnoÈher 244 pLn
connector on the bottom of the module accepts the spacecraft harnese t,hat

b

b

b

b
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formerly plugged into the Main DSICí. The G&N failure detect module

provides a feed-through capability for signal lines entering the DSKY

and detect circuitry which produces an alarm if the input signal is not
within required specifications

2. Reworking the Main DSI(Y - Ttre mounting holes were en-
larged to allow NR to replace the present hardware with strengthened
noncaptive hardware to improve structural shock performance when in-
stalled in the spacecraft. The protectiVe finish on all mountíng srrr-
faces was changed from non-conductive anodize to conduct.ive chr.omate to
provide improved electrical bonding. The surfaces that have conductive
chromate are shown gn Figure 3-2.

3. vibration dampening of keyboard - When the DSIÕí was sub-
jected to 3 rlB and 6 dB overstress conditions, actuation of the normally
closed switch contacts was noted. The pulses resulting from switch
actuations did not constitute system failure or have adverse affect on

circuit operation due to the RC filter network in the keyboard circuit.
However, the switch actuations had a severe degraclation effect on switch
contact reliability. As a result, rubber sitrips and vibraLion pads \^/ere

ínstalled tc¡ increase vibration dampening, provide a safety factor for
overstress conditions, and improve the reliability of switch contacts
under such conditions.

4. Removal of keyboard button interference - Depression of
keyboard buttons with a twisting motion resulted in some buttons "hang-
ing-up" on the back of the front panel and housing. Also, some buttons
caught in the crack formed by the junction of the panel and housing.
As .a result, the surfaces on the rear of the front panel and housing

were built-up so that the buttons are fúIly guided to the limit of
travel. The button guides \^rere also chamfered to ensure smooth travel
in both directions.

c. Navigational DSIflf - Fóur mech.¡nical changes \dere matie to the

Navigational DSI(Y as specifiecl in ECPs L82, IB3, L84, and

t

Y

,;) ,r..., i.'i,t.t ..r it ),

\

\
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. I95. ECPs

in 3. and 4

ENTOTV|STON

IB4 and 195 appty to k,oth DSKYs an<l are described
. altove .

F

l. Reworking the Navigational D$KY - The protective finish
on all mounting surfaces was changed from norrconductive anodize to con-
ductive chromate and 0.I25 inch was machined off the top of the Navic¡a-

tional DSKY front panel to relieve mechanical interference.

2. Replacement of guide pins - Ihe Navigational DSICI guide

pins have exhÍbited a tendency te fall out and/or become bent as a re-
sult of normal handling and installation. As a result, the old guide

pins were removed, t-heir holes enlarged, and new guide pins with a

Iarger shank diameter h¡ere installed. These pins, being press-fitted
j-nto the housihg, will provide more positive retention and increase

shear strength. The addition of a shoulder to the pin wrll provide more

positive alignment and relíeve ìrending

3 .L.2 BLOCK II

3.L.2.I Design Changes and Improvements

Block II. development began with the fab::ication of preproduction

eguipment including prototypes and engineering rnodels which vtere used

in various simulation, test, and d.evelopmenc programs

The following descríptions of changes summarize the major improve-

ment,s and solutions to problems detected during qualification, factory,
and field testing. Detailed descriptions of specific changes are out-
lined in the applicable ECPs fisted in Tables 3-2 and 3-3. Qualifica-
tion testing of the Block II system w4s performed on AGC C-I and DSiÕ¡

S/N RAY 30; the test sequences are shown on Figure 3-3 and 3-4 respec-

tively

â. Potting erasable memory modules with sylgarrl -'Over several

months, it was determined that based upon production line and field per-

formance, the reliability of the Erasable lvtemory (nU¡ modules was identi-
fied as one of wire fatigue brought about by large excursions of the RCA

core stack imbedded in the Rfv-ll encapsulant material. The erasable

b

b

I

I

t

h¡

¡ra

|l

¡

\

\

3-8



RAYTHEON COMPI\NY
E Q U I P..M E N f O I V I S I O N

TABLE 3-2

DSKY ENGINEERING CTIANGES

{;;,,*: ?.""' '.;í "' '

RAYTHEON

ECP Description ECP Descri.pt ion

L76

29L

367

4t9

470

476

.-\
479 t

493

494

501

In-process vibrat,ion and
thermal cycle of AGC modules
Breakin Cl

Alarm lights
Breakin Cl

Addition of light diffusing
paint
Breakin CI

IDIvI relay replacement in DSI(Y
Breakin Dl

Random workmanship vibration
Block II AGC and DSI(Y
breakin Cl

Painting of al-arm indicator
face
Breakin D9
Retrofit DI through DB

DSI{í teflon coated pushbutton
ótratt
Breakin DI

Y-line feedback of base re-
s istor
Breakin Dt

DSI(Y wiring improvement
Breakin Dl

Implementation of flight pro-
cessing specification
Breakin Dl

505

64L

,673)

735

739

764

Implementation of flight pro-
cessing spec and new diode
Breakin Dl

NonmetallÍc nraterials modí.
fication for DSI(Y
Breakin D30
Retrofit D3, D4, D7 through
D29, S,/Ns 13, 28, 30

DSI{Y pushbutcon cap housing
a.ssembly leaf spring
Breakin D30
Retrofit D3, D4, D7 through
S,/Ns 13 , 28, 3 0

Acidition of safety glasfä to
cover DSICí EL and IL indi-
cators
Breakin D55
Retrofit DI, Ð3, D5, D7
through D1'6, Dl9 through
D3 0, D32 through D54 , S,/Ns
13, 28, and 30

L4 legend IL, indicator,
status/caution

Thermal vacuum of EL and
cover assembly

3-9
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TABLE 3-3

AGC ENGINEERING CHANGES

b

-

L.

i¡

I

à¡

t

\

t¡

\

Descr i¡rt ionDescription ECPECP

L76

226

254

257

258

259

301

322

324

351

368

Computer module vibration
Breakin Cl

Aluminu.m to magnesium con-
versíon of AGC trays
Breakin Cl

Computer multilayer board
(MI,B) layout
Breakin Cl

Redesign of rope and erasable
drivers
Breakin Cl

Redesign power supplY module
Breakin Cl

Redesign of erasable memory
Breakín CI

Thermal instrumentation
602 only

Computer wiring changes
Breakin 6Ol

Sense amptifier threshold
voltage stabilitY change
Breakin Cl

Alarm module temþerature
stabilization of warning in-
tegrator and imProved oscil-
lator fail alarm
Breakin Cl

Improved po\^¡er suPPlY module
relays
Breakin Cl

Clear circuit driver modi-fi-
r:ation
i3reakin CI

Strobe adjusttnent
tsreakin Cl

"Clear rope" driver circuit
modification
Breakin C3
Retrofit CI and C2

Replacement cf short screlvs
Breakin C3

Retrofit Ct and C2

Incorporation of Plastic Pads
under trays .i'\ and B covers
Breakin C3

Retrofit Cl and C2

Vüiring change to accommodate
auxiliary memory unit
Breakin CB

Addition of jumper wÍres rn
tray A
Breakin C3

Retrofit Ct and C2

Random w.orkmanshiP vibration
Breakin Cl

Manufacture test connector
jumpers to ground certain
gate inputs
Breakin CB

Paint exposed surfaces on
mid-tray spacer
Breakin C3

Retrofit Ct and C2

402

403

440

443

447

452.

460

470

474

474

3- 10
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TABLE 3-3 (Continued)

AGC ENGTNEERTNG CHANGES

memory module was exposed to vibrat,ion at the encapsulated subassembly
level at RCA, ¡n the completed mödule leve.i- a.t Raytheon and at the
computer level. There wâs a real guestion as to the extent of the ¡rrob-
Iem induced by excessive vibration. time and levels because of the poor 

,

darnping characteristics of the RTV-Il potting materiar.

Based uPon a s€ries of tests c¡nducted by MTI,/]I, Raytheon,
and AC Eleeuronics, it was determined that the basic problem of the mo-
tion of the, core stack in the encapsuiant material was one which could
be resolved by:

3- 11

I

''

i

ECP Description ECP Description

485

486

501

505

s11

5I8

Redesign power supply to re-
move 2b Vdc regulator
Breakin CB

Cut pins on AGC povrer supply
to remove 28 Vdc regulator
Breakin C6
Retrofit Cl through C5

Implementation of flight
processing spec
Breakin CB

Implementation of flight pro-
cessing spec ND 1-OO234l and
new diod" f,l
Correction of computer noise
SCAFAL problem

Standby change on
Breakin C12

computer

Re fit CI thr c11

564

604

631

7L9

'Implementation of flatpack
specifications ND 10023594
and ND 10023 5BB
Breakin C13

Incorporatio¡r. of erasable
memory vibration pads
Breakin C13
Retrofit Cl through C12

Replace RTV-I02 with RTV-109
ECP 63 I shouid be incorpo-
rated in PN 2003993-031 and
above. ECP 631 does not
affect part number change.
It may be included in other
part number ¿rssemblies.

28 V failure detection
(V-fail) . Alarm module.
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l-. reducing the vibration
rsroN
exposure

2. selection of a ne\,v encapsula:rt material which would pro-
vide the damping characteristics needed while not introducing a ne\^¡

family of problems associated with compatibiLíty with core material,
dielectric co,."'f f icient, adhesion, aging and chemical characteristics.

Tiìe EIt{ module vibration exposure time and levels were re-
duced at RCA and Raytheon. Vibration testing proved that a ne\^/ and more

rigid header rlesign was not the solution to the problem. However,

MTT/TL and AC Electronics conducted an encapsulant material.evaluation
program by identifying the desired encapsulant character-i.stics as mea-

sured against those available in the open mêrket for the rqplacement of
RTV-ll used in potting the.core stack in the EM module. The most at-
tractive encapsulant materials on the market: to suit the needs of the
El'l module application and environment were the following:

1

2

3

4.

1;

6

Scotchcast
Eccogel

Sylgard
Sylgard
Kalex
Marasett

22L

1265

182

LAi4

70

AC4

I'he evaluation test included buL was not linríted to the
following:

I M.TT/TL

Dielectric
Moisture
Aging

AC

Stress evaluation
Brittle point
Adhes ion
Vibration
Chemical

2
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As a result of the evaluation performed above, Sylgard 184

was selected as the new encapsulant material and was incorporated by

Raytheon and RCA as directed by Change Order 365, Directive R-1720

b. Sense Amplifier stability - The :hange resulted in two Sense

Amplifier Modriles which are mechanically ídertical, but not interchange-

able because i:he thresholds are set to approximately 30 n'V for Rope Sense

Amplifiers ancl approximately 2O mV for Erasable Sense AmFlifiers. The

reason for the proposed change is to optimize setting for both memory

systems. Cur.rently a typical rope rr1rr is BO mV, and a t1'pical rope "0"

is 20 mV, while for the erasable merirory a typical r'1rr is 6O mV and a

typical ,,0,, is 10 mV under nominal conditior's ât room ter'rperature.

T'he threshold setting of 25 mV r:rêäÍrs that wit:h worst case

variations of parameters, a rope trOrr cOuld 1;ossible be read Out as a

"l" or an er;ìsable "'1 " could be read out as a "0". Redu:ing the er¿¡sable

threshold ani, increasing the rope threshold provides more adequate mar-

gins for worst case conditions.

The proposed change was i¡nplemented by changing the procedure

for selectiorr of the resistor which adjusts the threshold. This change

was necessar'1 to assure operation of the AGC over the re'guired tempera-

ture rançte c)nsidering the worst case combination of mocì.ule Parameters.

' Analysis of the original desigrr indicated ttrat the Vy volt-
age within the Sense Amplifier modules did not propenly reþulate at the

lower temperature extreme. bit.. Vy is us'¡d to establi:;h the sense

amplifier tlrreshold, the result was an inc.rease in the Lhreshold at low

temperat.ure which rèsulted in,a decrease in the.memory system margins.

The change added a resistor and diode to the circuit.

This change provided stable current througlr the diode re-
gardless of Ql base current. This guaranteed that the opèrating points

of,the diodes would be beyond the knee of the curve ancÍ ínto a region
of operation which is stable with temperature variatioris.
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c. Block If restart problems and solutions - Computer Restarts
cluring testing became a concern which resultècl i-n a very extensive in-
vestigation.

1. functions which generate restarts:

Interrupt Alarm (too many of too few)

counter Alarm (too many or too few)

TC,Trap Alarm (too many or t<,o few)

Night watchman A}arm (too felr)

Parity Alarm (erasable or fixed)
Voltage Alarm (VFAI],)

oscillator Alarm (STRT2)

CTS Fresh Start (pushbutton)

S tandby

2.. causes of 
i restarts:

failure within comPuter

excessive inLernal noise
excessive external noise

crosscoupling of s'ignal lines

3. corrective action taken:

test connector cover (shortj.ng plug to terminate test
I ines

removal of ALGA., Start I an<l Start 2 lin,,is (c-I2)

improved power supply suppl-ying grounding and rerouting
(c-12 )

improved NewsPeak test roPes

modifications to Block II C'fS' to improve monitorinq of
alarm lines

video tape used during DSKY vibration.

3- 16
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d Tr:ays A and B cover vibratión pacls

1. tips of Malco pins are not c,)mpretery cov,ered by potting
material for possible trouble shooting aids

2. the covers may deflect under vibration and short to the
exposed pin tips

3 " foam plastic vibration pads ,{ere placed h,etween the tray
covers and the exposed pin tips.

FeIse SCALFAL signals

1, fal-se indications of scarar failure \^/ere observed during
preliminary testing of AGC Cg

2. cross-coupring \^ras.occurring because of t-he close proxim-
ity of the SCALFÀL wire to 16 rope inhib .t wires

3. measured cross-coupling voltages

Computer Cross-cc,uplinq

, 603 4OO - 6(rO mV
I200R 2OO - 400 mV

Cg 9OO - 1100 mV #t Tray B

C8 600 - B0O mV #2 Tray B

PC-4 4OO - 5r)0 mV

c7 500 - 6r)0 mV

e

crgss-coupling was reduced i:,o 50

SCALFAL wire in 2OOR

70 mV'by rerouting the

ii. CB and above usecl rerouted viring

f. ìlrasable memory vibration - to minimize environmèntal levels
seen during the AGC and flight environments, a damping Fad (see Fig-
ure 3-5) was added to the top öf the module.

3- 17
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RÂY 8 COV€R

IRAY 8 €RASAELE UE¡ORY MOOULE

OAMPIT'IG PADS

BOtü)
/-G to BoaRo

Ml,i lRAy
sÊÂcÊR >- MACIIINE

0 093

BOND
SIL ICONE F UB¡E R

LOGIC MODU.E
IRAY Á

t¡Ay A coven/

Figure 3-5 AGc cuta\,üay showing Dampin<¡ pads Betwee' Modules

moved resonance point of morlule to a hig.rer freguency
(away from common module /ect: resonance)

.] provided a lowering in the ruorst-case axis
levels by a factor of three.

amplification

s. F,lue Nose gates - A redesígn of the rogic section of the
Block rr com¡ruter vüas required due to a potÊntiar problem caused by
application of Fan rN rnterface Gates (carred Blue Nose ). The internal
design of the dual flatpack integrated circirit inadvertentry provides
diode sneak'oaths between the resistors of the circuit. when the B+
connection i¡ made to a'circuit (as is the case when use-d as a Fan rN
rnterface) tle diodes become forward biased and cause cr"oss coupring
between the two circuits within the package.

A change of flatpack components for those c:rcuits being
used as Blue Noses was reguired. This approach involved the development
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of a modifÍed dual integrated circuit wt¡ictr Coes not have. the collector
resistors conllected to the collector. However, since the: resistors and

the extraneou; diodes would still exist within the packaç;e, it was neces-
sary to conne,:t the B+ lead to +4 V to back bias the dioc es. This ap-
proach also c*u redesÍgn of the MLBs ir 24 logic moc ules (21 types)
and the devel,)pment, procurement and screenjng and burni¡ of a resistor-
less flatpack.unit (333 required per system) .

h. ÐSKY pushbutton swítch spring - Ðue to faiIu,.'es of the DSKy

pushbutton switch spring (shown in figure 3.,6) a failure analysis and

design review of the spring was performed. The failure ,rnalysis and

design revíew indicated that in normal use l;he spring co'rld crack at
points of stress concentration. As a resuli;, a new spri: rg was designe.d.

As shown in the drawing, the ner/ spring repl rces the present
spring in form, fit, and funçtion with tigh,:er geometric constraints.
The wraparourd design of the new spring len,Jthens the spring arm to re-
duce stress ;,nd allows the new spring to be incorporated in the existing
pushbutton sv¡Ítch design. The thickness of the spring w,rs changed from
0.010 to 0.018 inch to retain the same spri:rg rate. The material oE the
new spring il; the same as that for the pres,:nt spring bub is speciarly
hardened to ¿:r minimum of 27O,OOO Lbf/in2 U.,f.S. to increlse the fatigue
strength of the spring.

í. ÐSKY fire fix - As a result of the flammability study per-
formed as authorized by ccÂ 497-0428, the DsKy alarm inclicator

.(p,/ll 1006387-oo3) and DSKy pushbutton caps (p/N 1006353) required
material cha:ages as follows (see F.igure 3-7):

t. alarm indicator : affix nonflammable norreflective glass
cover with an aluminum frane as an intet ral part of the
indicator panel

2. DSKY pushbutton caps - repi.ace the acry. ic cap with one

of aluminum having etched ¡rnd acrylic f;:.11ed characters.

3- 19
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j. Teflon coated shafts for DSKY pushbutton switch assemblies -
After the fabrication of the first Block rI DSKys, it was found that the
productíon pushbutton switch assemblies exhibited rough operation. A
decision was made to change the surface of the cap housing to a 32 finish.
This change eliminated most of the roughness in the operation of the
switch assembly.

However, it was found later that the smooth operation that
resulted from the improverl finish became rough after a long period of
operation and a high force \^/as required to operate the switches. This
appeared more pronounced on the verb, noun and enter switches as they
received the most use.

An investigation was conducted by Raytheon Engineering and
several possible solutions were tested. Shaft assemblies of the exist-
ing design \^/ere cycled and rough operati-on was verified at the end of
a IO,0OO cycle test. Other shaft assemblies with various coatings and
combinations were tested and the best al-l around design proved to be a

teflon coating of the shaft assembly. Extended tests had been run on
this design and no faiture or indication of failure hacl been observed
after cycling 50,O0O times. The change to Teflon coated shaft assemblies
was approved and incorporated in DsKy Dr and subsequent ÐsKys.

k. Fixed memory module strand coupling elimination - Noise
problems developed in the AGC during system test. Through testing and
investigation it was found that excessive capacitance between strand
lines of the fixed memory module.

Electrical Engineering decided that the addition of 12 diodes
between twefve Malco pins and correspon.ding btrand line resistors would
resolve this problem. Layouts were made to install 12 diooes in a .diode
block which is then assembled into the existing fixed memory module by
¡ieworking the header. This change, which created a complete ne\¡/ config-
uration, was processed and sorvecl the capacitance problem.
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1' Fixed memory strand shift analysis - under worst case con-
ditions, the strand currents can become additive and significantly add
to or subtract from the reset current. This can cause undesired changes
in core output ampritudes and peaking times. This was a probrem in
several rope programs, especially Newspeak.

A program was written and checked out which wilI predict
the probrem areas. After anarysis of a rope prograln by this computer
program, it is possible in conjunction with the core rope map to select
wires for reverse direction to minimize the effect. This analysis \¡/as
compreted and implemented first on the ne\,v Lamesh B-l program, and the
sundisk program backup ropes. This technique was adaopted for subsequent
flight rope modules. Reduction of net sense lines reduced the core output
voltage requirementsi reduction of + sense lines reduced ,,0,, noise

Two additional fixed memory problems which were significant
are: Brock rr core rope "Low 1" and rope diode dynamic impedance. A
detailed discussion of these problems was submitted in Apollo Engineering
Report GPT-68-50 dated 29 rebruary 1968, and ERp lo2ll dated 20 February,
Lg6g.

3.2 q&ouND suPPoRT EQUTPMENII

At the time Raytheon became a subcontractor to Ac Electronics
in July L964, delivery of Block r csE was in progress¡ and Raytheon
had initiated the following design effort:

a. design retrofit kits to modify arl csE to work with
both the Block I and the Block I (lO0 series) AGc

b. design additional retrofit kits to modify all csE to
work wittr Block I, Block I (1OO series) and B1ock II
Apollo Guidanee Computers.

The first retrofit program proceeded smoothly, and additional GSE

was delivered to meet the needs of the program.
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Detail-ed design of the necessary GSE to test the Block rr AGc

was delayed by the finarization of the computer design, and. the
necessity of incoryorating additional features, such as rfi shielding
on cables- A maximum effort was exerted to provide equipment at all
sites to support the computer program.

The problems encountered in fabrication and test of this equipment
were further complicated by incompatibilities discovered between the
AGC and GSE. updating Block Tr engineering models in use duríng the
GSE production cycle necessitated constant changes. once the design
change requirement cycle was minimized, deliveries \dere maintaíned on
a constant flow.

significant changes that were implemented are as follows:

a- CTS Diagnostic Compatibility I - elimination of false stop
conclitíon and erroneous alarm displays

b. crs Diagnosb.ic compatibility rr - elminination of race
condition in record mode, false stop command in RS agreement mode,

and erroneous S-sample and G-stop pul.ses

c. CTS Díagnostic Compatibility IrI - eliminatecl erroneous
stop conditíon resulting from a ne\,v DSKY program which was generated
for the testing of the Cl computer subsystem

d. Noise Reduction, CTS and PAC Buffer Box - ner,¡¡ grounding
and improved noise rejection circuits and reduced noise coupling a¡d
shield currents which v/ere observed during an extensive noise analysis
study.

3.2.1 GSE NOTSE SI]MMARY

The GSE noise analysis study was performed at Raytheon on the
AGC-PAC and AGC-CTS combinations. The G&N configuration was ev.rluated
in ¡,tilwaukee by Raytheon and AC El-ectronics personnel.

The study revealed that noÍse resulted from couplingl in the buffer
box and cabling between the noise rejection circuit output and the AGC

input (see Figure 3-8)
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Buffer BoxcTs Cable w226

5 'l
AGC
Logic Gate

I Rc 180A

| 30 fr.

rk

NRC

Figure 3-B AGC rnput and Noise Reduction circuit output schematic

mV was measured across the1 k0 resistor- Íhis condition was improved by reducing the value oftlre 1 ko resistor to 22o Q- This lowers the impedance to ground duríngthe zero state, making it more difficurt to "oria. u ,roraune to theline- The circuit modificatÍon reduced the noise revel to 100 mv.
The decreased drive is adequate for the aGC i:ut marginal in crsself-test- This condition requires the addition of 16 pairs ofintegrated circuits to the CTS self_test box.

At the G&N test level, the noise study revealed high shíeld currentsin the w226 cabre. These vrere reduced by estabrishing a buffer boxground bus, referenced to the buffer box case. A ground strap was
added from the buffer box case to the AGC case, as shown in Figure 3_9.

Ít¡e success of tl¡e noise anarysis study at Raytheon and AC
Erectronics eliminared rhe need for irs conrt""";;;; ;; ;;a i'i"ru
sites' Ítre study'ang resultant change are descriËed in detail in
ECP 674.

50fl

T-

t

i{_ i [o, ItA3
lJuffe r
llox
Ch¡ssi s

\-\
Cround Bus

Braid

ACC
Chassi s

Figure 3-9 Buffer Box and AGC case with connecting strap
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3.3 FACTORY TEST EOUIPMEI\]Ir

As the Block rr program progressed the needs for improved Factory
Test Equipment (FTE) for the timely anarysis and isoration of inter_
mittent and non recurríng failures became evident.

Three significant steps \dere taken resulting in improved data
collection techniques and. constant monitoring capabiriÈies.
3.3 ¡1 DSKY MONITOR

A closed circuit terevision camera, monitor, and video tape
recorder r^¡ere installed to maintaín constant surveirlanc" or tr,"
DSKY displays during factory testing.
3 .3.2 DIAGNOSTIC CAPABILITY IMPROVEMENT

rn order to provide the requíred informat,ion to improve fairure:5¿* ve

diagnostic capabílities, the folrowing was accomprished.:

a- The subsystem checkout program (Newspeak) was revised.
This revision is known. as Lamesh.

b' The cTS was modified to provide à more definitized. alarm
display and to provide for data and alarm retentio" ;;"
the occurrence of a failure condition. This capability
can be utilized in either subsystem or system modes of
operation.

The added features provided by factory test program Lamesh to improve
the diagnostic capabilities were as follows:

a. c.rpabirity of analyzing the data and to indicate on the
DSKy the probabie cause of a ,,Go ,Jam.,,

Many rout,ines $/ere modified to add the capability of
storing failure data for singre and multipre fairures.
An added routine provides for improved counter generated
interrupt testíng by assuring that the eounter i s being
incremented prior to entering an idle loop to wait for the
resultant interrupt caused by the counter overfl0w.
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d The interrupt priority test was modified so that the rel.atíve
priorities of the T3, T4, T5, and T6 intcrrupts are tested.

The T6 RUPT routine was modífied to detect faulty a<ldressing
upon the generation of the T6 RUPT.

A new routine was added, which allows any special routines
loaded into erasable memory to be run as a part of the
automatic cycling test.

c.

g. A new routine was added to provide for recording of the
contents of erasable memory on paper tape when the operator
deems it necessary.

h. Program controlled resetting of CTS alarms is provided by the
alarm test routines. This eliminates the problem of the
normally on condition of the CTS alarms with the present
Newspeak program.

CTS modifications are as follows.

' .4. Addit,ional alarm índicatÍons and CTS for Go Jam and eras-
able memory parity failures.

b. A lockout of CTS registers upon the recognition of an

alarm condition to prevent further updates, thereby retaining the AGC

central processor data at the time of the failure.

c. A tockout of any additional alarm indications on the CTS

after the first failure condition is detected. This allows only the
actu.al. failure conclition alarm to be displayed and not additional
resultant alarm conclitions.

d. Provide for the AGC controlled reset of the alarm circuitry
of the CTS. T/his function is utilized during intentionalty generated

alarm tests of program Lamesh. Also, the lockout functions.of the
CTS registers and alarms can be reset under AGC program control.
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e. The rockout of the crs registers and. ararm circuitry I.s
optional so that troubleshooting with continuous AGC alarms present
can be accomplished.

f' The features described above can be utilized when the crs
is used in either the AGC subsystem or G&N slzstem level test configura_
tions.

3.3.3 APOLLO DATA ACCUMULATTON MEMORY SYSTEM

The purpose of the Apollo Data Accumulation Memory system (apaus)
is to provide a record of the computer events immediatery prior to
deteètion of a computer failure. The data assists in failure analysis
and substantially reduces the time to isolate the fairure mechanism.
This is particurarly true for intermittent fairures that requi-re long
periods of test to reproduce a failure.

ADA¡4S stores data from 72 critical signals available at the AGC

test connector. These signars are routed from the AGC to a special
buffer box which provides the drive necessary for both the crs and
ADAIvls. only output si-gnals from the computer are suppried to AD"Al4s.
Arl computer control is from the crs. Ítre storage medium is a 4,096
rocation, 72-blt, random access memory. The storage is in the form
of an endless list which loads the newest data into the location con-
taining the oldest Ínformation.

The last ADAIUS memory location accessed is displayed and is the
address of the last set of data to be printed. ADAIvIS interf¿¡ces with
a teletlpe model ASR-33 line printer whose function is to print-out,
in octal, all (or selected parts) of the stored data. Norma:ly, all
of the 4,096, 72-bi"t, data lines are not needed for complete analysis
of the computer failure. The 4,096 lines .represent 4,096 ms or
approximately 4 tLs of computer operating tíme. The operator controls
the starting address of the data to be printed. This is determined by
estimaÈing the nu¡nber of microseconds of computer history needecl for
complete analysis of a faiture

3-28

I

I

þ

i

RAYTHECIN



RAYTHEON
RAYTHEON COMPANY
E.Q U I P M E N T O'I V I S I C) N

3.4 SUMMARY

Continuous engineering support was provided throughout the program.
All required changes to the GSE were processed and implemented. The
development of all Ai.rborne Hardware was completed and the desígn goals
\^¡ere achieved
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SECTION 4

MANUFACTURING

4.T INTRODUCTION

The Manufacturing effort was primarily the fabrication, assembly and
testing of Airborne and Ground Support Equipment. This task involved
the development of factory test, assembly and inspection plans, ênd equip-
ment which uttimately led to the delivery of hardware. This section
describes sígnificant events, problems which affected deliveries, action
taken, and achievements attained in manufacturing throughout the program.

4.2 scHEpuLES

The scheduling of hardware fabrication and deliveries was a monu-
mental task throughout the program. The untirnely avaitãbility of flight
qualified components to meet the stringent reguirements of ApoIIo, and
the incorporation of hardware changes h/ere contributing factors affecting
schedules. Ivlany problems ímpacting cost and schedule were introduced
into the Block rr program because parts which had been purchased prior
to the release of the Flight Process Specifícations (rpss) failed under
the lot rejection criteria of the FpSs - a criteria which had been pur_
posely established to insure that industry would produce substantially
better parts

In order to minimize schedule de.lays, action was initiated in the
areas of purchasing, work-around schedules and failure analysis expe-
diting- Examples of action taken was the assignment of resident sub-
contract personner at major vendors, increasing of the planning and
scheduling staff to accommodate the additional effort reguired, and a

ÌiuÍl-dup of the Quality Assurance and Reliability Analysis Laboratory
personnel staffs assigned to the program
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As the program progressed there r,^rere increasing demands ina high confidence level 0f the flight hardware. These demands

achieving

tated the implementation of additional in_process
and higher skÍlled production personnel.

neqess i_
inspection reguirements

Late releases of Block rr designs caused major program schedule prob_lems. Raytheon, concerned about potentiar program impact, initiatedaction to assist Mrr/rl in its effort to complete the a""ig'of theBl0ck rr AGc' This action took the form of additional Liaison betweenthe Apollo program office and Engineering department personnel and anincrease in the design review effort within Raytheon.

During the summer of 1965, MTT/IL discovered serious design problemsin the first Bloek rr Acc breadboard (AGc 2oo'). These problems wereattributed to the distributed capacitance exhÍbited in ,,signar layer,,design (tall headers); MTT,/IL decided at this time that the sorution tothis problem was to convert to multitayer boards (ur,as¡.

Raytheon' on dírection from AC Erectronics; initiated the procurement
of MLBs and took a management risk in initiating the development of rogictest tapes, DrrMco test tapes, DrrMco fixtures, etc. This ""*r""-;r;;:-"mized the schedule impact to the program for introduction of MLBs.

A decision was then made to modify llLBs to accommodate a design
requirement initiated by Mr.T/fL. This change v/as to provide a second
voltage source, commonly referred to as I'FAPr'. subseguently, redirection
was given to modify MLBs to incorporate the ,,expander gate,,. significant
effort was required to verify the artwork changes and modify rogic testtapes. Realizing the nece.ssity of a rogic test tape verificat:on pro-grêIm, the modification of the Acc-200c (breadboard) logic modures to c-rconfÍguration was authorized- This action minimized the impacL on theC-1 schedule.

During February 1965, the Block rr initial crass ,,A,' release began.
schematícs with parts lists, folLowed by mechanical .r""*;;;-;r;;:'
were released calling for these parts. Some time later, revisrons of

¡rsion part nurnbers for

4-2
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those parts whích r'^/ere to be covered,.by Fpss. The convejrsion number
v'as to be assigned to those parts which had compreted processing to the
FPSs' However, the associated processing specifications \^/eïe not re-
leased until September 1965

There \^rere a number of pro-r.,^lems

c lud ing :
associated with this activity ín_

a' lack of test equipment for new tests required.by the FpSs

b. lack of computer programs to perform the variables data
compar:.sons required by the FpSs

. rejection of entire lots of parts under the lot rejection
criteria of the FpSs.

Additíonal problems arose because of pressing schedule requirements.
rn attempts to procesl and release parts to the production floor early
enough to meet AGC detivery schedules, Raytheon found it necessary to
permit, and in .some cases direct, vendors to delíver material. in small
lots. This action added to Raytheon's planned workload in the Screen
and'Burnin faciliËy, the ReliabiLity Analysis Laboratory and in Com-
ponent' Eng ineer ing .

In order to implement the FPSs Raytheon took the following actions:
a. reþlanned test seguences and test levels r,vere required

b. instarred new test.equipment as reguired by Fpss

. c. recycled much of the material on hand, at the time of the
FPS rerease, through parts of the test seguences in order
to achieve croser conformance to Fps reguirêments

d. developed. compuÈer programs for variables data requirement,s

e. increased the number of personnel performing parts analysis

f. negotiated Fpss with vendors for future procurements.
i

The major problems associated with the application of Fpss were resolved.
The parts received under FPS provisions hrere superior in quality to what
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they would have been, had the FpSs not been imposed; and the FpSs have
thus served a useful purpose
conductor manufacturing.

in elevating the state of the art of semi_

As the program evolved, ít was.necessary to design the GSE equipment
in pararrel with a changing AGC design and yet suppry a testing capa-
bility coniurrent with AGC deriveries. The lead times reguired to alter
existing designs or imprement new design approaches were severery cur-
tailed by late AGC design releases and changes. on several occasions,
late GSE design changes were implement.ed on the test floor, minimizing
the effect on schedule, although complicating the configuration and
documentation requirements .

A serious probrem imposed on the Brock rr GsE design was the re-
quirement for rfi shiel.díng. Raytheon initiated the incorporation of
these changes into the drawings, but in accordance with later direction,
the rfi shielding tntas deferred. This decision necessitated a change in
the drawings, resulting in a delay in Change Control Board action for
all GSE drawings. As a result of the above problem, special procedures
r¡/€ìre established 'to minimize the'impact of these problems on Èhe per-
formance and schedule of the GSE.

Raytheon ínÍtiated recommendations to ch.ange certain GSE from
Block I(1OO) configuration to Block rI, thereby resulting in earlier
availability of Block II cSE to support the needs of the overall program.
This was particularly true of the computer simulators. The retrofit of
certain GSE items directly from the B1ock I (IOO) to the Block If con-
fíguration provided the Engineering department rarit.h earry ,,learner,,
models of the ultimate BLock II cSE

The Block If GSE field retrofit effort \,vas necessitated by the pro-
gram need for equipment in the fiel<l to support the computers bei.ng de-
liverecl. In view of the late.identification of certain GSE design
chanqes, Raytheon chose to impremenL a fierd retrofit program, rather
than delay delivery with an inline hreakin.

4-4
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4.3

action r,'ras required to improve the flow of
improvements and achievements were made in
processes, and t.ooling.

4.3 .1 TEST AND ASSEMBLY

M/\NUFÀCTURING f MPROVEMENTS

Beginning with the production and derivery of Block r (roo) AGCs,
¡the product.' Considerable

the areas of test, assembly,

a' The subsystem test area vüas developed into specialized test
bays with maximum cabling protection via elevated flooring. Diagnostíc
capabilities were extended with the implementation of the ApolIo Data
Accumulation Memory system (ADAMS). Fault isoratíon techniques were

'advanced and additional vibration facílities were installed
b. Improvements made in assembly areas include construction of

a controlled environmental encapsulation area and the installation of a
substores on the assembly floor

.j c ' Test and inspection quality assurance procedures \^/ere çfener-
ated and continually maintained by configuration and euality control
Errgineering in accordance with NpC 2OO-2

d. A training program \^ias implemented in the areas of assembly,
inspection, welding, soldering and wirewrap to assure the high reliabil-
ity requirements of the program

4.3.2 TOOLTNG AND PROCESSES

a. An automatic foam mixing and dispensing machine with some
major moclifications was perfected. significant advantages were improved
environmental storage of materials, a more homogeneous mix and reliable
control of a more accurate mix ratio

b. Semi-automatic matrix welclers were developed to weld cross-
wires through pattèrn holes of matrj.x insulators. operators are re-
guirecl for loadinq, initiating, and unloading only. The welcjing ancl
indexing is completely automatic, eliminating human error ancl increasing
output.

4-s
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c. The AGC program is largely tape_oriented, with tapes used intest and checkout of AGC 1ogic and CDU modules; weavíng and testing ofwirewrapped trays and wiring harnesses. In an effort to im
time in .he preparation of tapes, Rayrheon insrarred an;ï]].ï:r:""
and tape punch unit.

. d' - rnduction sorderíng process - special process controls
were conceived to meet critical ND requirements. These process contrors
invorved the use of infrared detection devices with automatic shutoff
controls for sensing solder temperatures

e' Detailed, rnstruction Routing cards and process sheets weredeveloped' These contained flo!ü cards, traceabitity records and highlydetailed assembly procedures, drawings and visual aids, and were under
constant change control of Industrial Engineering.

. Manufacturing continuousry evaruated ana impiemented the
latest approved handling and packaging materials and technigues. Thisresurted in continually improved protection for computer hardware.

s.
developed.

A highly successfur configuration and traceabiríty pran was

h. computerized waiver application contrors to assist
tion verification \^,ere initÍated.

i. Screen and Burnin technology was advanced.

j ' fnnovations in materials storage and invent,ory control tech-
niques \,vere improved.

4.4 SUMMARY

The manufacturÍng of arr Brock r (o), Brock r (r0o), and Block rr hard_
ware has been completed.

inspec-

RAYTI"IEGN
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sEcTtoN 5

RELIABIL¡TY AND QUALITY ASSURANCE

5.1 INTRODUCTION

Throughout the life of the Aporlo program a ReJ_iabirity and euai_ity
Assurance plan was maintained ín accordance with NASA standards to assure
the delivered equipment met the reliability levers of its intended design.

effort to obtain components and materiars to meet the stringent require-
ments. To achieve the reriabirity goars prescribed for the program
within the schedule, it became necessary to provide constant assistance
to manufacturers of materiars and components. Al-so effective screening
techniques and advanced failure detection devices were required.

Earry in the program, in order to improve the quarity of suppried
material' a substantial number of quality assurance representatives were
assigned to vendorsr plants that supplied crítical parts. ïn addition,
partsr managers were assigned to other: criticar- part suppliers. This
action .established close communications and motivated the vendors in
supplying a higher quality product.

A good example was the consíderable difficulty experienced with
TO-47 miçrologic in the Slock I (fOO) program. Based on that experience
at'the beginning of the Brock rr program, Raytheon negotiated a sepa::ate
production line for flatpacks. A1so, a full_time program manager was
assigned to the vendor- As a resurt of this early *rrort and ciose sub,-
sequent liaison between the vendor ancl Raytheon, flatpack micrologic,
the most commonly used part in the computer, passed the stringent flight
processi4g riequirements and were available in quantity to production.

RAYTIiEON
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with the increasing volume of production, needs arose for addítionalsupport especiaì.ly in the area of failure analysis. A<jditions to thestaff of speciatists who worked closely with design and manufacturing
personnel and vendors led to an effective crosed roop for corrective
action- Because of the intensive studies conducted, extremely profi_
cient analysis techniques evorved especiarry in the areas of semiconduc_
tors, integrated circuits and relays.

A factor that is worthy of mention is that personnel involved with
Aporl0 were made aware of the import,ance of perfection.

rn recognizing that one of the prime requirements for high quatity
and reriability is a well motivated work force, Raytrreon began a product
Excellence Program (PEP), Raytheoni" ,r"""ion of Zero Defects, in early
1965, both at sudbury and wartham. Arong motivational lines many per_
sons incruding the manager of Reliabirity Education from Ac Erectronics
presented a series of Apollo oriented rectures to Raytheon personner.
The motivational and orientation efforts were enthusiastically received
by Raytheon employes.

The reliability effort during the program \á/as intensive, but a com_

:t"t: 
documentation of the activities and achievements are too rengthy

for discussion in this report. specific events which are considered to
be significant are discussed in the following paragraphs.¿ ---l-sr'¡v'

5;2 FLATPACK CONTAMINATïON

Failures due to shorts \,vere experienced at the module and higher
lever assemblies which \,vere attributed to the presence of conducting
particles wíthin the flatpack micrologic. The suppr-ier of micrologic
units irnplemented new process changes, creaníng operations, and numerous
courses of corrective action. specificatíons for computer vibrati.n
testing were amended, particuJ-arly in the y axis, to optimize Èhe orien_
tation of the fratpacks to detect contamination. Later a te-st was
devised to perform vibration testing on individual rogic modules to
provide an improved screen.

5-2
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5.3 FLATPACK coRRosroN

A time dependent failure mode due to corrosion of chip erements was
detect'ed following early leak test methods. The hermetic integrity of
ínteqrated circuits is essentiar for maximum reliabirity. The assurance
of t'his integrÍty is dependent on the effectiveness of the reak tests.

The initial findings of a study program resurted in the development
of a freon/glycerine test. This test showed that it was an effective
screeni however, the yield rate was less than 50 percent, sínce it re-
jected a percentage of good devices as well as rejecting leakers. Due
Èo the uneconomical yield rate, the development effort was continued ín
order to further the state of the art of reak testing to provide a re-
liable and nondestructive test which at the same time would provide an
acceptable yield rate. Raytheon developed the Fc-75 leak test and weight
test specified in ND 100235g, Rev. B, and ND 1002359, Rev. A. For the
weighing procedure, all devices are accurately weíghed before and after
pressurization- Duríng pressurization the devices are immersed in
FC-75, an inert fluorocarbon liquid. Leakers whose weight ís increased
by the weight of the liquid which enters the package are rejected after
weighing

This method of conditioning of flatpacks affords the followíng ad-
vantages:

a. Corrosive liquids are eliminated.

b- very few good devices are rejected; therefore, a higher yield
in production is realized.

c. The criteria for fairure ís a change in specimen weiçyht and
a decision by the test observer is not necessary.

d- specimen weights are recorded and can be easily rechecked.

e- Backfilling fluid can become trapped within a specimen and
detection can still be accomplished.

RAYTHECN
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f- rt contains a weighing failsafe by requiring unit rejection
on both increasing or decreasing weight indications.

g- Arrows storage of specimens under Fc-25 for as long as four
. hours prior to the final weighing.

The test is further audited whereby calibrated reaker's and nonleakers
are inserted ín each lot. This provides const,ant monitoring of the ef-
fectiveness of the new test and capabirities of the operators.

The revised leak test procedure, described herein, represents an
advance in the state of the art and appears
production technique in use to detect,gross
grated circuit packages.

5.4 IMPLEMENTAT]ON OF NEW DIODE 1006399

to be the most effective
leaks in small volume, in.te-

The diode, P/N 1006751, which was used in the Brock rï AGc subsystem,
experienced channeling and surface instabilities during in-process flight,
qualification testíng. The too6751 diode, which uitlized ,,mesa,, con-
st,ruction was replaced with a ne\^/ diode, p/ñ 1006399, whích uses planar
construction.

5.5 REI,AY CONTAMTNATTON

The early Block r DSKYs were continual.ly plagued with an inherent
relay contamination problem. This indicated a definite need for tight-
ened acceptance criteria and additional environmental requirements.
with the deveLopment of the Block rï DSKY, new relay vendors were selec-
ted, who also had difficulty with contamination (see Figure 5-1). The
Block rÏ DSKY qualification test resulted in the implementation of
flight processing specifications. Raytheon residents and the vendors
also introduced extensive cleaning, handring, processing, and tooling
changes to lessen contaminants during the rnanufacturing process. This
action resurted in low yields. Along with the flight processing speci-
fications and suppliers improvements, additional efforts to separate
acceptable relays produced vibration screens at the relay, inoicator
driver module, and ÐsKY leveLs. These screens \rere designed to elimj-nate

RAYT'{EON
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contaminated relays through the detection of contact
during relay operation. Resurtant data analysis
tion tests provided an overall effective screen.
5. 6 DSKY ELECT CENT DISPLAY SAFETY GI,ASS

shorts and opens
indicated these vibra_

,t

-

t

Erectroluminescent glass (Et) failures rrvere experienced duríngspacecraft altitude testing at the Manned spacecraft center and atKennedy space center- A very intensíve study of this problem v/as con_ducted which indicated that the integrity of some dispray panets 
'veremargi'nal' The investigations resulted in a modification which inclucleda bonded glass panel to provide additionar protection for the EL dis_plays' Also' improved environmental screening techniques were impremented.

5.7 SUMMARY

The imposed controls placed upon suppLiers of materiars, the rigor_ous testing, screening, and anarysis performed at vendors prants and atRaytheon ultimately made it possible to obtain 
"o*porr"rrt" ur¿ materiarsto meet the requirements for Apo110. The constant surveillance of cri-tical materiars, testÍng and manufacturing processes, the development ofeffective failure analysis techniques, and the crosed loop correctiveaction system were arr responsible for attaining the objective of higtrreliability goa1s.
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SECTION 6 ,

CONCLUSIONS AND RECOMMENDATIONS
\

The fabrication of arr Airborne and àorrrro support Equipment has
been completed. The originar design goals were met, and the necessary
modifications and refinements to meet, the increasing requirements
throughout the progran \^/ere accomprished. rrre manu;.";";;"n of rhe
complex and sophisticated Apollo equipment in production quantities was
the result of scientific advancements in the handling and testing ofparts' the progressive development of fabrication uàd.-"""rbly methods,
and controlled facíIities.

The technological advancements in the art of producing materials and
components as a resul-t of ttre program have been a benefit to space and
military programs as well as corrumercial applications. The integrity of
the total computer subsystem has been proven by the successful perforrn-
ance during the Block r (1oo) and Block rr missions.

The Apollo cuidance computer has proven its capabilities and future
deep space frights wilr certainly require a simirar'.design.

rn the development of future designs requiring additionar sophisti-
cation' consideration should be focused upon the modernization of dis-
p1ays, the use of nonmechanical devices, the ratest memory design, for
example, the braid and prated wire types, and the utilizatíon of higher
levels of integration in logic circuitry.
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