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I.  DOREIN:
mgm Meroury is a Mational Aeronsutdcs and Speace Mdministyretion
(MASA) Project aimed at developing and wvalusting a scapsule
in wvhich 4 man can sudocen ordtdt the earth, re-enter atage~-

phere, and acgoomplish o safe descent to the sarth's surfece.

The Atlas portion of Projeot Meroury is e progrsm in vwhis! ocontinaal
progressive achievements are planned, starting vith instrw .snted
boosters, uvomanmd and parned ocapsules lsunched into sub-orbdital
trojertories, and culmimating in a ssries of orbital flights and
safe landings of panned capsules.>The Atlss Meroury booster is a
besio ‘000 ‘geries Atlas Mssile vwith certain uiner o to enhanoe
its opematica in the Mercury . The most signif obange
tc the Atles is the additiom o’ Abort Jenaing and Implementation
Systen (M833) for added detromut Safety.

The ASXD s & highly reliabls systen for sensing the develoment of
wmm-;wdmm;mﬁomm

o' Yhort %o aotiwte the Meroury ule escape
gysten 40 the timg the capsule odowpaut mighi de in
Jospardy, () <«—

Jo automatis bloskhouse initiated Abort Carmands are expected to de
neoesealy for astiwticn of the ule esospe system during pro-
m:yts-motwm umfwhmmmﬂl—
antle ssrtain ground erergsnoy capabili « During oups
toost, however, an amtematio detesticn sywten Lis necessary because
the tine between certain eapsule-boceter nelfunctions and boooter
vehiole break-up can be sharter than !sman deoisive action. Essentially,
the M3 nonitors gelected aritical pasweeters in the {n-Clight Atlas
oruon and if conditions werrant, & cammand iirecting nissios
abort be initiated at suoch an sarly tize that moape can
o affeeted pricer to the of & conditien vhioh would be
hammouws to the Astromaut. A mamal abort faaility is inoluded in
the M0 DOMMRLL to allow an Avtsonant initiated esoape
sequence if oondi appear to warramt suck a deoisionm,

An additiomal prine requirersnt for the ASDD is that it must not

The diverse reliabdility requirensntis of ASIS positive semaing of
hascrdous oonditionc amd nindmising the poseibility of unnsooe very
Abort Octcanis bave been satisfied bys

(1) Oareful selection of a ninimm mmber of the abost

noagtag GHIRg b gy @ (am, il ie
& woRruth roed painl - Sal et Ly e
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o

design to provide redundancy based on the

The ASIS is desigmed to monitor the overall Atlas flight perforsance
through selscted points in five missile subsystens as follouvs:
Con:

Flight Contral System
(s) Pitoh, Yaw and Roll Rates

: (2) Tank Pressurisation Systen
) iffaract it roeirs bmmeven L1

gure
- and Yuol Tanks o Lhandd Omrgwe

O AP soter e
a
O | Aner and Engine Injection

(4) Hydraulie System
(a) Sustainer Hydrsulic Preesure

(5) EKlectrical System
gag 115 volt, 400 ops Voliage
b) Atlas/Capsule Interface Comtinuity.

Figure 1, in the Appendix, ia 2 sohematic diagrem of the Abort
Sensing und Implemontetion Systenm end in addition shows the relation-
ahige:: the ASIS with the Launch Control, Atlas und Capsule Sub-

873 °

It is anticipated that changes will occwr within the definitions of

this report. As such changes ar. accepted, revisions or addenda will
ba published for incorporation,

Best Ay .; |
Vailapg O
Opy
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1.

or to Pigure 1)
1. Imat Comdustor Abert Coguend

h motion, the only oapabllity for snergising
the capsule secape syntex rests with the Atlas Test Conduotor.
of vhe Capsule 8quib Bus and Tect Conduotor
Abort Switoh by the Pad Safety Qfficer, the Teat Cordustor may
initiate an idort Ocemund by depressing the Abort Switek. The

(a) wmmmrmummmm

(b) Initiate an Abort Command via AP link to the Cepsule Camard
Mosivers. The receivers, in turn, supply capsule +20 volt
pover the umbiitoal oenle 4o the growd Ucbiliosl
Rjeat and Tower Retreot Relay to priuce ejeotion of the
mbiliesl connector. Ejection of tlas 'whilical gomnector

. de-ensrgises the capaule Grotd Udilival Relaeare lelay to

! allov +28 volt Squib Bus powver to be appliod to the Moyday

: and initiate the capeule escupe sequence,

o) Spply +28 volt grournd power vis the unhilical ocable to the

: caps Oround Caarand Abort Relay vhich iz turn oloces a

i contast in parullel with the Command Receivers to fallow

: the saxe tions desoribed in item 1 (b),

4) Initiate 50 rillisecord Time Delay Melcy for baslkup of

capeule wnbdlisal e jection.

Inftiate the 550 soond Time Delay Melay for baslup

of eapsule Meydsy Molay aotivetion., This samod will

start the escape cequonce without being dependent yporn
capsule unbilionl ¢jeotion,

o~

o~
[ ]
~—

2. AR Irecieunch Besdy-ialecse JnSaclook

be in a "READY® condition (ell
ASIS poruneter monitors "READY" amd both Capsuls Fail Detoct
on is acoomplished by having
at least one of each peir of the series ccanscted pressurw switoh
[

£
|
E
5
:
;
g
3
k

through
Mapter Interfuse Connsctore.

Jagthored cersen ool te by hiw
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1t
eaoh Capsulc Baoster Pailure Datector Relay

+28 wolts to cnargise one of the ASIS ECO
-1 and 2, located in the ASIS Canister, again

ML

A

|
|

|
CONVAIR H ASTRONAUITICS,

-t

Aotivation of both relays

Missile Power Distribution ¢o posa
Engines Completo Relay, K24A, and

Lounoch Contsrol Relsase ladder.

Closure of the Muin Enginss Complete Relay contect tius
indicates "FRADY® for all monitored parcmeterz snd all ASIS

ard Mapter comnestors.

Relry contaots, and the Atlas
1001, to swply a Bocater Abort Ready

ter somsotore J5, J3 and J2, series

m::‘ii.

m

, after nissile 2 inch metion,
%o the Qapsuls Tine iero Relays

1001

J

plied

oal

wuwmm

¥ )
ml

allows +

mﬁ:n&mwwamw.mw, caured by ejeotiom

The A in-flight Abort Command cepability is emsbled when
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ASTRONAUTICS " oask 5.
Ready -1 and 2 and the Capsule Abort "L0 Relay at t _+30
seconds lther an 4319 or & Capsul~ initiated Abort

Camand to outoff the Atlas anginss.

las Booster Engined ctoff the XCO Rolaye-1

At the time of At

and 2 drop out, the series rolay comnsctions will now provide

a oimouit to by=pass the booster fuel preasure switohes b 4 4
mknm the 11 psi 1O, tank pressure awiteh

Tk, vith the 21.5 110, tak preamire svitches.

At tho staxt of the s sequance the Autopilot Prograrmer
inttictes n +28 volt s lasting for 8 secomla to

the ASIB Over/Rate Dstactors to tvice thair normal abort thresh-
old and tolsrance. 46 tUiw Atiss Boceter seotion physically

%
i

the Atlas sustainer section a Capsule +28 wolt
to start the Capsule Toser Jettison
de-cnargiaing the Capsule Booster Bngine Separution

ih
it

|
E

On Project Moroury flighte the

are cuteff simultanscusly. The +28 wolt signal froz

for Sustainor Qutoff is also conneoted to tho Ca,sule Bocetar
Abort Diaaiw Belay to prwvent capsuls action o
Camand, vhich will be received when the Swtainar Fuel Prec.sure

¢
i

englnw fuyl pressure decay at engine shutdown will start the
urrt

71
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Safety Destruot Comsand will produce destruotion of the Atlas
. tanks at a time vhon the Mercury capaule has reacied a ssfe
i distanoes from the Atlas,

Poroun eoran Lonboaaate pteching che nptiona. Jefente ot the 1L ted SPateg wilhep e ‘1:\‘(' e by v gm
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CONVAIR || ASTRONAU PAGE 7.

L. ASIS/ATIAS SUSTEM PARMMETIRS

1. Elight Contrel Syniam
(a) Pitch, Yaw and Roll Ratess

. rnr ABGC-0576 l
%

Misnile inatability characterised Ly violent asrodymamic
manauvera and subsequent ioss of structural integrity has
ooourred durin; the Atlas flight test program. During the
] {ime the flight control system is enabled, 2-inch rise
' through sustainer sngine cutoff, rate gyro outputes frem
the Project Meroury Atlas flight control system, located
at Atlas Station 675, will be monitored through a single
section linesr fi.3teorder lag Silter with a time constant
of 225 + 50 and =25 milliseconds. Rates in Pitch ani Yav
axoeeding 3,00 § 0,15 degrees per second and rates in Rell
oxceeding 6.4 § 0,30 degreee por eacond will sutomatically
sotivate the capeule escape sysiem, exvept for the period :
of Atlas Boostar Engine Cutoff pius 8 £ 0,5 seconds, During i
this interval, the Pitch and Yav rats thresholds are doubled 5
(212}%8) 1n orler to prevent activation of ths capsule escape :
o systen by possible sxvessive but not dangerous Atlas Booster
Staging transients. Positive redundancy ir Pitsh, Yav and
Roll exceseive rate gensing will be vrovided by using a
second set of gyros at Atlas Ste.tvn 95.

The redundant yros sre required to protect the capsule
fron catastrophe if a flight control system rate gyro
should fail since the faiiure of « rate gyro will put that
particular sensor into an "AborteSafe" condition. From the . |
tino the Projeot Mercury Atlas Flight Control System is 0
emabled, through Sustainer Engine Cuteff, rate gyro outpute

fron the redundant "back-up" or "passive" gyro roup will i
be monitored through a single section linear firct-order :
lag filter with a tine constant of 80 ; 20 milliseconds.
Rates in Pitch and Yav exceeding 4.75 £ 0.25 degrees per
second and Rates in Roll exceeding 9.4 + 0.40C degrees per
second will automatically activate the capsule esoape system,
sxcept that during the Atlas Boostar Engine Stuging interval,
the redundant Pitch and Yaw rats gyro threshoelds are also
doubled (4 12}6). The different Abort levels and filter r
tine oviwtants for the two rate gyro sets were sstablished

after extensive study by CV-A and STL to provide spscific pro- 1
tection against amy possible oontrol aystem mulfunotion during |
! povered flight, and in eddition, to provide positive redun~ !
' dancy for detection of the must likely comtral system .
:‘ . malfunotion,

el o Lo L i it dand chmenant - auls L0 S Sl

2

Sl SRR 01 5

R X

i ! The flight Control System rate gyro group and the redwdant
This document contains information aftecting the national defense of the United States withia the neaning of the Lspionage Laws. Title 18,
USC. Secticns 792 and 794 The transmission or the revelation of its authorized person 1y prohibited by law
’ ‘
L FORM NO £702-2
3
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rate gyro growp are indicated on the schematic, Figure 1,
as the "Missile Rate Qyrv Set" and the "Beokup Rate Qyro
3et" respectively. The individual exo:3sive rete or Over/
Rate threshold detectors are indlcated z» "P1, N, RY, P2,
Y2, and R2, O/R's®, A dotailed desoription of the Over/
Rate detectors is given subsequently in seotica IV,

2. Taok Pressurizatiocn Srutes:

(a)

(v)

THis 4G uteen! rotgint -ne 1 agbon aflienting

Liquid Oxygen Tank, Pressure:

The miniwun liquid  ygen tank pressure required to support
the capsule under Atlas Booster accelerations and meximumnm
aerodynanio lcading vill be monitored by redundant pressure
svitohes. If the tank pressure falls belov 21.5 ¢ 0.5 psig
during Atlas Booster phase, a s will be initiated to
aotivale a capsule escape. The liquid oxygen tank pressure
switches are indicated on Figure 1 as "LO, TK, Prescure
8eusor 1, and Pressure Jensor 2", After ter Ingine Cute
off it 4+ no longer necessary to maintain 21.5 psig in the
liquid oxygen tank for structural inmtegrity. Therefore it
ves decided that even though a nomal missile will elwmys
have a liquid cxygen tank prescure greater than 21.5 psig
it vas poseible to prevent an inadvertent abort due to a
non-basardor: melfunotion after staging by adding a thimd
pressure switeh, operating at 11.0 £ 0.5 peig, in parallel
vith the existing 21.5 peig switches, This asure svitoh
is indicated on 1 as "BCO-LO, TK", ie amahled uy
de-energising both of the rwdundart”*BOO Relays-1 ana 2° by
dropout of the Engine Relay Box "Booster Flight LockeIn
8ignal" at Atlas Booster Engine Outoff. Details of the
pressure svitoh olrcuitry vill be given subsequently in
seotion IV.

liquid Oxygen Tank/Fusl Tank, Differentinl Pressure:

The minimm differential pressure required to avoid reversal
of the lquid oxygen taunk/fuel tanmk intermsdiate bulkhesd
will be monitored by redundant pressure switohes., If this
pressure differential falls below 4.0 + 0.5 poid

Atlan mpn, [ q::xml vill be initiated to sctivate capesuls
ssoape. The 14 oxygen tank/fusl tank differential
pressure switches are indicated om Pigure | as "aP-Pressure
Sene 1, and Pressure Semsor 2°,

Fuel Tank Pressure is also monitored indireotly since Puel

Tanl: Prossure nimus Liquid Oxygen Tank Precsure minus Liquid
Oxygen Head Pressure results in tde differentisl preesure

the nauonsl ggltense o tne Lniied

i

LY W STIR R KT T SO CI

i

pUh Ive meaning fthe S5u0nmgr Law. o0 T

peromt AREQ=0576
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asrces the intermediste tulkhead.

. 3. Dromlaicn Rrsiem:
(a) Pusl Injeotion Manifold Pressures:

: In§

i pnuunfdhp::aoﬂogioxnub cﬁ::ﬁ““’ ‘e
: Englme flignt o &8 will cotiva
' capsule sagape. The Bocs Engine Fusl Ijection Nenifold

Coeatr, This ts sooamplished by decenergising either of

v 0

the redundant "300 RNelays~! and 2% through t of the
Box "Bocster Flight lLoak-In * bagked wp

4. Dolreilic Sxaient
(a) Sustainer Hydraulio Pressure:

The minimm Sustainer Hydraulic F essure fequired, ¢
povered flight, to null the Sustainsr Engine during Bove
Btaging and to emsure Sustainer/Verr®>r Pusl Outoff d
engine shutdown will be nonitored in the AS3 by red
pressure switohes. Sustainer/Nernier Engine shutdown cape
ability at tines Lmediately prior to capsule orbital
injection is espesially due to the pmmnx
i:a:”u - 0{ “e.lmtumr hmug and comsequently
SIMONSS1Ve ’

, sxosssive velooity, were allowed. the

' Pressure falls below 2000 t 40 psia during Atlas flight, a

: cighal wvill de initiated to vate the capsule esocepe
aysten. Redundant Sustainer Hydreulic Pressuve Svitohes
are indicated on Figure 1 as "SMP-Fressure Sensor 1, and

"oy @O uine ] AR REG AT AACTiag The AR1ongl e'ensg ol the ot xyneaming of the Lauvage com 10 7
VOO Seet 3 et gad ¥ e Lahsmidtn gl o 3 ° to\pn Qrauthur 204 porwen L G i le iy e
ithW . 41922 m 3 \ - l

— - A = e e e — o e - -
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Preeaurc Sensor 2",

5. Nectrical dvaten:

(a)

(v)

115 wolt, 400 ope Voltage:

Atlas alternating ourrent woltage is sensed at the control
input of the 1-NOT Gates. The rectified wvoltage output of
the series pressure switohes must be maintained sbove the
sensr voltage of the diodes for a Safe cocndition to exist.
Phase A souroe voltage levels below £0 3 10 wolta ims will
canse & signal to be initiated for activation of the ocapeule
esoape system. A desoription of the undervoltage cutof?f
oircuitry will be given suteequently in section IV,

Loss of Atlas/Cupsule Interface Continuitys:

Loss of electrical contiruity betwsen the Mercury Cagsuls

and Atlas Missile at the Interface wiring and/or conneotors,
*Interface 1 and 2", see Figure 1, will cauce a signal to

be initiated for activation of the capsule escape system.
loss of one interface comector ard/or asaociated prime
oirouits will not inhibit normal performance of the remaining
interface connsotors amd/or associated ;rirme circuits. Loua
of both interface conneotors and/or associated yrize oircuits
will cause automatic aotivation of the capsule oscape aysteo.

Avaj;
ablq C
Op y
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K2 Qate applifiers (o 1N 's and two 2«M0T's) function
in a sinilar mamner. mhnultumuupumu’,
i : sach vound on & separate toroid, are energised half-smave
O surreats in 180 degres phase relaticnshiy. The two cutpute axe
; oonbined to tfun-nnnowudo ‘whose 7ol
i SOR of the input rms capitation voltage.
oontrold (or vinding) are ocumen t0 both ocores ard are

Over/Rate Detectore and ooe 10T Gate for
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! result in u oorrestion of abort threshold to maintain the sensi-
! tivity constant. 7The compensation winding is supplied approximately
[ 1.2 xa from the rectified phase A 400 cps power lins for ocorrestion
! of thresahold 4 changes in the power line voltage.
l This winding a eedback froc: the mag. ap. output
! to produce. reg w3 control of the switching operetion. Dur-
f ing the ® o on these two Mmmmmuwn““tho .
. ip. OOR 26010 9 o 0 -
< 245 an ibor volts aversge, the demodulator
_f mst furnis 2 ma for double threshold) to

tvo silicon transistors in a Darlingtom compound oonrection. lNeg-
ve gain stabilily and high ine
puat and output impedances. FPhase semsitive demodulation of the
saplifier signel is required to give polarity-reversible tine -
constant mﬁw in the RC filter. The passive RC Filler is

e linear s unit firsteorder lag filter with <6 db rell-off
frequency charecteristics from the <3 db dovn

The absclute megnitude of the filtered rate signal is srmsed dy
the diode bridge Teotifisr by converting the pularity=revercible
rite signal from the filter into a unipolar signal. The vaipolsy
signal always drives the magnetic amplifier towvord comduction,
The conpensa ciroult furnishes a ourrvent to the magnetic
anplifier to hold it cuteff umtil the algebruic sur of conti-d
vinding arpere~turns is sero instesd of tho variadble off-a- it
would otbervise bews with incressing and decressing line wcitayis,
This oircuit increases the accuracy of the camparstor as u ratic
detector, The magnetic amplifier aomparetor providec 2 null
voltage of approxizetely +1 volt for "READY' and nocinally +72
volta average for an “ABORI" ocondition.

In order to prevent the sunmation of the 3 Over/Rate Camparet.r
mill eurrants fro; trigge the output nognetic amplifier, a
zepar dlode 1s placed in series with each camparetor outpui so
that the output of the Over/Rate detector ic 0 Volts for "READY"
and +7 volts for "ABORI®, (~5 volts due to sener drop),

Rodundancy in sensing missile rates hos twen orcvided by having
dunl rato sensors each capable of gepneroiisg an Abort Camrmnd,
{provides dropecut of +23 volts to both Capciule Fail Dotect Rolays).
In oxdor to minimize {he peasibility of anm “rer/Rate Detector

ing an iradvertent Aborh the Over/ (e Potector circuit

e en deaigned whers pogadble ouoh ti:¢ t' o fallure of any
Cran cooponet will eavse that cdroewdt to ird wsate "EEADYM since
e redumidant Gerr/Bnta sensor can s¢4l) comt o and commard ®ABGRTN,
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The series parellel electriscal commection of the precsure switch
dusts ves an extension of the generel "Energized for 'READY' and
for 'ABORT'" philosophy recoumended by Convaire
Astromautics for Project Mercury. This type of electrical
connection allows the reliability advantages of Faile-3afe parzllel
svitch dueta (the predaminate fail mode of a switoh is to "ABORT")
wmmMWsdeudoMom of all
8 .

The electrical exoitaticn for the ASIS pressure switoh duet chain
is "ungrounded", This inoressens ASIS reliability when compared
to a unilaterally grounded excitation connection. For example,
ons ground incurred in ASIS presoure switch harnosoces will not
affect pressure swilch chain operstion. Two or more grounds

will only by-pass those elamonts betwwen grounds allowing normal
cperation of the remuining switches.

42 Undexvollage:

A roduotion in the 115 volts rws supply voltage to the pressure
svitch trareformer will cause a correspording reducti:n in the
coxtrel winding curreni of the 1-KT Gate magnetio as lifier.
Zorzr diodes and a series resistor liuit the magneti- emplifier
manirel winding curront so that 2 cupply woltage of 80 + 10 wolte
“® the ocontrol winding current 4o fall below the value

=l to keep ths magnetic amplifior in a "RELDT" condition.
s tho 1-400T Qeto to have an output veltzge amd a sube

- BITOETY gionel frem the ASIS.

S

- ~Best Available Copy
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