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FOREWORD

This report has been prepared to proseot preliminary information relative to
the flight of Atlas Missile No. 60D. The information presented is based on
vismui. observation "~d data evaluation to the extent permitted by time limita-
tions. It shouid be considered as preliminary only and the final reports cn
this flight referenced for further information. The technical content has been
prepared and jointly agreed upon by meirbers of the WS 107A-I Flight Test
Workig Gcoup.

Prepared by: Data Operations. Convair Astronautics, AMJR

R.l. *• Payme " wton

Head of WS 107A-1 Project Office Chief Test Conductor. AMR
Space 1schnology Laboratories. Inc. Convair (Astronautics) Division
AMR. Florida Ceneral Dynaimics Corporation

R. T..aylor
Responsible R resentativeiof Test CozducCtr
wa 107A-l General Llect-ic, (DSD)
Rocketdyn, AMR, Florida AMIP, Florida

L. E. Kolderwup /'1ard R. la-
Manaar-r. Test Operations Resident Senior Engineer
Ballistic Missile Division Acoustics Associates

• • Burrough,

N. 7a zn 7 ,.vn M. H. Altlen
. ' 107A-I Flight Test Engineer -- Test Opesations Section Head
GE (MSYD) American Bosh ARMA Corp.

a00' tWignall"
olonel. UISAF

Co. •nanodr
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Vtlas Missile 60D was launched k-5-- - on 2 july

1960, The primary mission for this flight was to evaluate missile performance
with the all inertial guidanc.e system furnishing all guidance functions •\ This
objective was not fully satisfied " the flight test was not successful.

Due to several inadvertuat pressurisations of the engine 102 and fuel tanks for
unkno-wn reasons, the helium supply in the control.bottle was depleted and sustainer
and vernier engine thrust levels were subsequently not properly maintained

Performance of the inertial guidance system computer was not satisfactory with
approximately 502 feet per aracond of Z axis velocity being lost during bo)ster
operation. Operstibn of other components was satisfactory.

AL a result of the low thrust, sustainer and vernier cutoff discretes were not
generated. The vernier engie.s shut downwhen control bottle pressure became
too low to hold the propellant valves open. Sustainer thrust went to almost sero
when the bottle presouke o bcau-e too low to maintain gas gzenerator LOZ reference
helium pressure. The sustainer valves were closed upon the receipt of an
autminatic sustainer cutoff signal generated by the Mod IIl Jmp4ct predictor system.

The re-entry vehicle separation sequence was satisfact.rily initiated by the auto-
pilot programmer. Re-entry vehicle impact was approximately 40aiiticaf miles
short of the target.

lisr OFi in -'t WA - OL u wnu

7 
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FLIGHT TEST OBJECT1VES

The primary objective of this flight war to evaluate :he performance of an Atlas
Missile when the guidance. didcrete commands. and pre-arm signal are pcrformed
by the all inertial guidanco (AIG) system..

Detailed objpctives are listed on the following pages along with commenmv relative
to the degree of satisfacticn.

I
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FLIGHT TRAJECTORY

This flight was planned for a range of 4306 nautical miles with impact in the bread
ocean area 400 nautical miles north-east of Ascension Island. The boosterw phase
of the flight trajectory appeared normal. As a result of the loss of control bottle
pressure, sustainer engine performance dropped off. This drop in engine
performance resulted in a large deviation from the anticipated trajectory during
sustainer phase. Impact was approximately 40 nautical miles short of the ULrget.
hipact points, computed from radar data, were in fair agreement.

Figure I presents velocity components versus time plotted from preliminary LP
instrumentation system data.

Figure U presents impact points as determined from Azusa and IP instrumentation
systems.

A comparison of nominal flight performance parameters as taken from flight
trajectory simulatior case 54D-08A. and actual test values taken from Azusa

( and telemetry data at booster cutoff are presented below. NominAl values at
sustainer and vernier cutoff times and measured values at significant times after
booster cutoff are also presented.

NOrE: All times in this report are based on range zero time which occurred

at 0158: 22 EST.

Item JIL2NminalMaue

Liftoff Weight lbs 259.808 ------

Pitch Plane Azimuth degs 98037' 98036'

BCO Velocity ft/sec 11.410 11.344

BCO Altitude ft 260,116 275,565

BCO Range rn 59.5 55.8

BCO Time sec 141.0 141.0

Sustainer and Vernier Engine Shutdown

(Sustainer Main Fuel and L.OZ Valves. remained open, Vernier Valves closed)

Velocity ft/sec 19.332

Altitude - 1,028.565,m~m - .. m miw wammm ,.m .m.m im,,- smis v am -s= . •
"AL.s m sms "Lm,. ms usus msmm s ,m s M ON m inwin um 01 p

, SECRET . 'A
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Item Unit Nominal Measurwd

Range nm 369

Time sec 278.5

Automatic Sustainer Engine Cutoff
(Sustainer Main Valves Closed)

Velocity ft/sec 19,602

Altitude ft 1.189,756

Range nam 459

Time sec 307.6

Nominal values at planned cutoff times were as follows:

Sustainer Cutoff

Velocity ft/sec 20,377

Altitude ft 796,897

Range am 304

Time sec 247.0

Vernier Cutoff

Velocity ft/sec 20,227

Altitude ft 878.277

Range nm 348

Time sec 260.2

Impact Data

-al Impact RingSe m 4306 4266

Impact Latitude (Geodetic) deg S 1023.11 1O5.80,
as 01100000 SPOON NOWNN WM 0t O -M MM urn 0 in m Us& meut

_ISECRET, I
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Item Unit Nominal Meosured

Impact Longitude (Geodetic) deg W 1209.87' 12046.251

NOTE: Nominal times are corrected for the difference between range zero and
2 inch motion. Measured impact roordinates are taken from GE/BRC
Instrumentation System. Measured cutoff time a arc taken from telemetry
recordings of discrete generation. Altitude is height tbove launch
horizontal. Velocity is speed relative to the earth's surface. Range
Is horizontal range from the launch pad with th* exception of impact
range which is measured along tha earth's surface.

01 mo IN m W a an - MM I- W Unt = I%

- -, SECRET IPOW ""M



Page No. 8
4b AA 60-0054

41

4 :1 .. .....

#4x" 4 aI.
* .4 1

WWI .LLV M1,4It1

4? rioUaz i

Ol"&$eSECRET T



V19LAClTT COCIPOMNZTS

Xa

S4

am*=lz=A mI
zavu TOM

I! AZU

-~~ 7n,1a



CON VAJR-ASTRONAUTMC
Page No. 10
AA 60-0054

SYSTZ"'! PERrORUANCE



- ~ '.SECREUT *

Page No. 11

AA 60-0054

Structlizal integrity of the airframe was maintained throughout pcwezed flight and
weU beyond re-entry vehicle separation. Thurst section measurements .ndicated
a temperature rise and illumination in the thrust section between 78 and 96 seconds.

Booster staging and separation of the Mark 3 Mod lB Re-entry Vehicle appeares'
to be satisfactory as indicated by autopilot rate gyro data, M Z6 D. Jettison Section
Separation, and S 248 X, ReLease Payload Signal.

A 62Z 1. Thrust Section Light Detector in Quad 4, indicated ilumxa.-tioa from 78
seconds to 96 seconds, reaching a maximum of 46 percent EBW by 80 seconds.

AU thrust section zemperature measurements indicated temperature rises
beginning at 7( seconds with A 746 T, Amient at Vernier Hydraulic Flask.
indicating a wa&--imum temperature of 320 0 F at 103 seconds. The temperatures
began to decrease slowly at approximately 96 seconds with the exception of A 746 T.
Ambient at Vernier Alydrautic Flask, which started to decrease at approximately
104 seconds. Althoqigh the temperatures decreased, they remained generally

( above normal. The temperature rise indicated by the data had the same character-
i.stics, )Jt!ough lower in magnitude, as the rise noted on flissile 42D. the first
AM micsiLe, wit. the exception 4 A 747 T. Fuel Staging Valve shielded. During
the Missile 60D flight this temperature r3ached a maximum of 301 0 F. however.
during the Missile 42D fUght the temperature only reached 141 0 F.

It should be noted that Missile 60D did not use the new booster boot cable 1.naTps
which are designed to provide more positive tightening of the boost arounM the
booster thrust chamber and prevent possible recirculation of exhaust gases into
the thrust section. Missile 54D useit the new clamp and did not indicate an ab-
normal temperature increase.

Thrust section temperature maximums and corresponding times were as follows:

Max Tezr.p Time s
.-(d if) (secs|

A 743 T Ambient OS Inst Panel 82 108

A 745 T Ambient 3S Fuel Pump 3850 94

A 746 T Ambient V l/D Flask 320 103

A 747 T Fuel St8 Vlv Shield4d 301 89

NO me mm % in -0- a Us W mM-m -s a M Om &
POWqin m - •. u U - ¶41 - S m U umm im w A
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Max Tomp Times

df (seesocs)

P 14 T Eng Comp Ambient 19Z 98

P 671 T Th Sec Amb Quad 237 86

I Temperature not reading normally: The total resistance apparwitly

"ghifted making the tomperature reading too hih.

"as ww 0onmm a a--

,SECRET
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PROPULSION SYSTEM

Propulsion System performance was adversely affected as a result of erratic
pressurization and venting 61 the engine stal tanks, which caused depletion
af the controls helium supply early in flight. The cause of these inadvertent
pressurization cycles has not yet been determined. The nature of the p-!ssur.. ,g
and venting of the tanks indicates that they were caused by spurious electrical
signals, as opposed to a mechanical malfunction. The tank pressures were
the only associated paramet6rs instrumented during this fU•iht. No associated
electrical functions were instrumented. Booster engine performanct, was affected
as indicated by reduced performance levels of the booster pump speeds and
chamber pressures during the pres etriaiation periods. Sustainer engine parfor-

mance was normal through approximately 128 seconds of flight. After this time
the sustainer gas generator LOZ reference pressure regulatcr was unable to
maintain its preset level. This ýed to the deterioration of gas geuerator output
and consequently engine performance. Vernier engine performance followed,
generally, the decreasing trend of the sustainer engine potcormance.

Telemetry data indicate that tb- engina start tanks were pressurized at 16 seconds
and vented at 34 seconds, pressurized at 98 seconds and vented at ',23 aeccds. and
pressurized at 128 seconds and vented at 174 seconds. Normal rerreasurisation
time, as controlled by the autopilot progranumer, is 64 seconds after booster cut-
off and repressurization was noted at thLis time (205 secondi), Boosor engine
periormance .was afflVcted only during ihe pressurization periods. This was indi-
cated iy reduced performance~levels of the booster pump speeds and thrust -harmber
pressures, evidently caused by the booster gas generator reverting to tank-fed
operation on the fuel side during these periods.

Sustainer engine performance was normal through approximately 128 seconds.
At that time controls bottle helium supply pressure reached the sustainer LO2
reference pressure regulator pre-set output level.

As a result of the excessive demand on the control bottle helium supply the
helium pressure decreased, which in turn caused further drops in the sustainer
L02 reference pressure regulator. These regulator drops affected sustainer
engine performance to a degree that at 266 seconds sustainer chamber pressure
had decayed to 420 psi&. At this time tto start tanks vented apparently as rhe
result of control pressure fling below that required to maintain the vent and
relief valve in the tanks pressurized condition. Thia last vent dropped the controls
bottle helium supply and oustainer LO2 regulator reference pressure to approximately
100 psi&. Sustainer L.2 rcjulator referenca pressure then decayed very slowly to
approximately 80 psia by 278 seconds. Due to low pneumatic pressure the pneu-
matically operated vernier propellant valve closed, however, the hydraulically

_as.-No ws - 1 awn Mr ininmEs aam T -us_ W in w9.AmM 1
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operated sustainer propellant valves remained open for another 30 seconds. Sum-
tainer cutoff was effected-by the automatic sustainer cutoff signal at 307.68 seconds.

The engine start sequence was normal and all valve and timer ooerating times
were within specifications. This was the Airst booster engine dry start for an AIG
Missile since the deatruction of Missile 48D. Release 3f the missile was delayed
an additional 4.58 seconds by means of a timer. The rough combustion cutoff
(RCC) systems were active duri'•g this additional t're.

A total of nine Wiggins' quic% disconnects were removed and replaced by solid
plugs as follows: two in the B1 high pressure fuel durting, three in the BZ high
pressetre fuel ducting. one in the booster turbopumnp low pressure ducting, one
in each of the vernier orifice blocks, and one in the SGG fuel Inlet line.

Oscillographic binary count data indicated the presence of a single count (approxi-
mately 1. 5 milliseconds) on the Bl backup binary counter at the peak of the tran -
slent tVrust buildup at engine start. BI primary coua-ter did not show count at that
timp, but did accumulate approximately 5 milliseconds of random count between
-5 and sero seconds. RCC accelerometer data recorded on the FM landli-e sys-
tem Indicated low magnitude high frequency components superimposed on a low
frequency acceleration for both booster chambers at the time the binary count was
recorded on the 81 backup counter. Acceleration levels on all 5 RCC systems
r'uring mainsz4; appeared to be between 8 and 14 G's RMS which did not support
the random count noted on the Bl primary counter.

Accelerorneters mounted on the booster LO2 hi&L pressure lines yielded question-
able data due to instrumentation problems. The booster fuel high pressure lines
Indicated accelerations during mainstage between 15 and 25 G's RMS. Booster L02
low pressure duct vibration was between 10 and 20 G's RMS during mainstage and
booster fuel low pressure duct vibration was between 15 and 25 G's RMS durizg the
same period.

Booster chamber pressures as recorded on FM data were considered qualitative
only. Using the calibrations supplied, Bl and B2 pressures were 575 and 485 psia
respectively. It is believed that transducers were reversed or serial numbers re-
corded in reverse as pressures we$* 540 and 525 psia respectively when the caii-
tratlons were swUZched.

Missile axial thrust levels during flight are presented as follows:

L/I1 At -After Prior To"Ingine UntBh1g CO

Vernier No. 1 lbs --- 854 644

Vernier No. 2 lbs --- 612 814

Booster No. 1 lbs * 153,10 175,850
Booster No. 2 lbs * 155.150 177 750-mesi~ sinmumym mm ma e - r.I Wm Em -mmmm Lmi TIE
sas1.msmIsr eaft iii Ws WONm a mm. OUIN W i O UK

pem 41nm SECE,
S__ i-p
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L/L At After Prior To

Enjgine Units Liftoff i -BCO

Sustainer lbs 53,Q00 53.Q00 70,200

Chamber pressure calibrations questionable equations used for computing
thrusts were:

Verniers F * (1.543 - E) Pc At Cos 0
Pc

Sustainer F (l.7 4 9 - L ) PC At
Pc

Boosters F * (1.586 -P () Pc At
PC

Where Po a Ambient Pressure
Pc a Combustion Chamber Pressure
( s Expansion Ration (Verniers a 5, Sustainer u 25.

Boosters v 8)
At z Throat Area (Vernier w 2. 10 in2. Sustainer •

66,92, Booster No. 1 " 205.32 In?, Booster
No,. 2 : 205. 29 inZ)

0 • Angle of Verniers from Missile Longitudinal
Axis in Pitch Plane.

- - in im s u - Wld Un - -14 O
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TIMERS AFND VALVE OPERATING TIMES

(all times in seconds)

Test
Sequence Value Specifications

1. BGG valve opening control signal 0.52 0.330 to 0.590
until valve reaches full open

2. M.{ain L.Z valve opeing control signal BI 0.34 0.330 to 0.470
until valve reaches full open BZ 0.35 0.340 to 0.480

3. Main fuel vlve opening control signal BD 0.12 0. 090 to 0. 170
until valve reaches full open B2 0.12 0.090 to 0. 190

4. S HS valve opening control signal 0.64 0.480 to 0. 780
until valve reaches full open

3. S PU valve opening control signal 0.63 0.480 to 0.770
until valve reaches full open

6. BOG valve opening control signal 0.42 0. 340 to 0. 490
until valve reaches full open

7. V Engine valve opening control signal Vl 0.55 1. 500 maximum
until valve reaches full open 'z 0.46 1. 500 maximum

S. Ignition Stage Limiter opening 2.39 2. 16 to 2. 64
control signal

9. Holddown Timer 4.58 4.40 to 4.90

rn m mm mum w e m mm ... - w m iý r
sa.sauimmm ram um inmmmm I us m miem *.m • rn emum m em.
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PROPULSION SYSTEM DECOMMUTATED DATA
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PROPULSION SYSTEM AND PNEUMATIC SYSTEM
DECOMMUTATED DATA

P .... P 5 Ui OGL1 1 , IC~m., Pa.."..

t W I I

L I I
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PNEUMATIC SYSTEM

Re-pressurization of the engine start tanks occurred three times during the
booster phase of flight causing depletion of engine control helium pressure early
in flight. The nature of the pressurizing and venting indicates that they were
caused by spurious electrical signals rather than a mechianical maefunction.
Propellant tank pressures were satisfactorily maintained throughout flight and
all tanks and bottle pressures were within specifications at liftoff.

Tank Pressurization System

Performance of the Hadley 'D" Series LOZ and fuel pressure regulators was
satisfactory. The initial LOZ tank cycling pressures at engine start were between
39. 1 psia and 40. 3 psi& at 1 cps and the initial fuel tank cycling pressures were
between 63.4 and 74.8 psia at 2 cps. Both LOZ and fuel tank pressures were
satisfactorily maintained until well after re-entry vehicle separation.

Booster tank bottle pressure decayed from 3145 psia to 2810 psia during the
ground run period and was satisfactorily maintained up to booster separation.

Engine Control Pr3tsurization System

During the inadvertent repressurizations and venting of the start tanks.
pressure lock-ups above the normal setting were noted in the ISS pneumatic
regulator output pressure. After the second repressurization. lockup pressure
decayed slowly back to the normal setting and tWnincreased #gain befoge be
third repressurization, for no apparent reason.

Both the ISS regulator and the booster controls regulator functioned normally
until the decreasing controlihelium bottle pressure reached the regulator out-
put levels. Starvation of these regulators began during the third vernier tanks
repressurization and outputs continued to drop throughout the remainder of
the flight until controls bottle pressure reached zero.

Telemetered engine control helium bottle pressure indicated approximately
1700 psi at liftoff and sero psi at 130 seconds. This was not reflected in
other related data and was considered invalid and due to an instrumentation:zsro
shift.

Values taken from 1andline and telemetry data at the times specified are presented
on the following page.
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HYDR.AULIC SYSTEMS

Performance of tLs hydraulic systems was satiafactory. The booster hydraulic
system maintained an airborne system pressure of 3060 psi& until booster cut-
off. The sustainer hydraulic system maintained an airborne pressure of 3050
puia until sustainer cutoff.

The vernier solo hydraulic accumulator system operated properly after vernier
engiine shutdown :which occrzxed..at approxzbmtsifiZR6.-seconds, Pressure
was available for 20 seconds after vernier engine cutoff. The accumulator bottomed
out when the pressure reached 600 psia. Gas pre-charge pressure was 1000 psi&.
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A1SSILE ELECTRICAL SYSTEM

Performance of the Missile Electrical System was satisfactory. Telemetered
data indicated that satisfactory a-c and d-c electrical power were supplied until
after re-entry vehicle separation. System parameters remained within spoci-
ficatione at all times.

The changeover from complex external power to missile internal power was
a ccomplIshed without incident.

Missile main battery and inverter phase A voltage remained between 27.4 and
28.0 vdc and 113.42 and 113.72 vac. respectively, over the time interval from
engine start to re-entry vehicle separation. Inverter frequency remained between
398.80 &nd 400.6 dpe during this interval. Minor lzverter frequency transients
occurred at engine start, booster engine cutoff, sustainer and vernier engine
cutoff, re-entry vehicle separation and retro-rocket firing.
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RANGE SAFETY COMMAND SYSTEM)

Performance of the Range Safety Command System was satisfactory. Automatic
and manual fuel cutoff command signals were tranamitted by AMR and were
properly decoded by the airborne system during the flight.J Final termination of
sustainer engine thrust was effected by the automatic sustainer cutoff signal.
Telemetered r-f input/agc data indicated that received signal strength was
adequate to maintain proper system operation from launch: until past re-entry
vehicle separation.

The automatic sustainer fuel cutoff signal. generated by thee A-I computer at
GMCF No. I and transmitted by AMR as a backup sustainer cutoff signal, was
decoded at 307.652 seconds. The manual fuel cutoff signal, which &erved as a
backup re-entry separation signal, was planned for 300 seconds. Since sus-
tainer and vernier engine cutoffs did not occur at the expected times, it was
requested that the transmission of the signal be delayed until 345 seconds. The
manual fuel cutoff signal was decoded at 345.401 seconds.
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AZUSA SYSTEM

Performance of the Azusa System was satisfactory. Realtime impact pret.i;t1on
plots were obtained during powered flight and trajectory inforMLtion was obtained
untU 350 seconds. It was reported that cyclic track was maintained until 870
seconds.

Solid r-f lock was acquired at 30 seconds. All ambiguities in the cosine channels
were resolved to fine by 47 seconds and no further resolutions were required prior
to 350 seconds. At this tim%,ra momentary dropout of signal at ;he AMR ground
station necessitated the re-resolution of ambiguities. Ambiguities in the cosine
channels were re-resolved by 390 seconds; however. aznbiguites in the range
channel could not be re-resolved.

During the countdown AMR reported a "GO" transponder. Received signal strength
at the ground station was -115 DBW at 0113 EST. Recovery, modulation, and
coherency were satisfactory and the 95 cycle sweep was presont.

Telemetered data indicated that klystron power oL.put was not within specification
during the flight. The data level was 12 parcnnt IBW whereas 25 to 100 percentlBW
indicates proper operation. Since the klystron power output measurement is
only a qualitative indication and the AMR groud station reported a normal
received signal level throughout the flight, transponder operation was considered
stisfactory. The indication of low kylstron power output was also observed during
all previous tests on Missile 60D. Similar low klystron power output indications
have been observed diring the majority of the tests on D/AIG Missiles which use
the type B-IA transponder.

Telemetered klystron beam voltage, transpondez can gas temperature, and r-f
input/agc data were satisfactory throughout the flight.

The Asusa Mark 13 site tracked passively during this flight. j
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QPTICAL BEACON SY3TEM

No position data were acquired although baUistic camera plates were obtained
from aU five camera sites. Telemetered data indicated satisfactor' airborne
system operation doom manual fuel cutoff to well beyond re-entry vehicle
separation.

Position data were not obtained since system activation was late and the ballistic
camera shutters had been closed prior to activation. The guidance system cut-
off discrete, which normally activates the system, was not generated and the
system was activated approximately 100 seconds later than planned wb'in the
manual fuel cutoff (MFCO) signal was sent. This signal was sent at about 345
smoonds, whereas the camera shutters were open only from 226 to 326 seconds.

Telemetered data indicated proper activation of the beacon system at 345.97
seconds by the MFCO signal. Normal system operation cccurred for 40 seconds.
After this time the flash rate gradually doubled and then became intermittent.
Just prior to loss of data the flash rate became regular again, however, it was
stiU at double the normal rate. At loss of data the pulse rate was back to the
normal sequence of 2 pulses per second.
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FLIGHT CONTROL SYSTEM

Performance of the Flight Control System was satisfactory. System data indicated
satisfactory missile stability throughout powered flight.

Start tank repressurization occurred at approximately the programmed time of
BCO 4 64 seconds. In adcition, the start tanks were repressurized and vented
three times during the booster phase of flight, apparently as a result of un-
desired electrical signals instead of mechanical failure. The autopilot programmer
in a possible source for these electrical signals since the programmer sends the
signal for normal repressurization. However, investigation of the programmer
circuitry indicates that it is unlikely that the programmer was at fault. AUl pre-
flight checks of the flight proLrammer indicated satisfactory operation.

Thrust chamber displacements at engine start were within the applicable tolerance
of g 0.6 degrees. It was planned for the autopilot programmer to generate a
roll program of 91.6 degrees to take the missile to an aziumth of 103.6 deirees
true. Following the roll program the guidance system was to correct the roll to

( give the missile a true flight azimuth of 96. 6 degrees. Flight control system
data and radar plots indicated satisfactory rcil and pitch programs.

The rate gyro data indicated an unusual high frequency vibration from 36 seconds
to 52 seconds with the largest disturbance occurring in the roll plane. It is
presently unknown what may have caused this vibration, however, various
inertial guidance measurements also reflect this vibration. A review of Missile
54D data indicate a somelwhat similar vibration at approximately the same time
of flight.

Rate gyro data indicated normal propellant slosh during the booster phase of
flight. Oscillations at booster cutoff and during staging were normal. Response
to guidance steering commands was satisfactory.

The bending mode usually observed on "D" R and D Series Missiles during sus-
ttamner phase was not observed. This bending mode has not been present in any
of the D-AIG flights.

Ite-entry Vehicle separation occurred properly 215 seconds after booster cut-

off as a function of the autopilot prbgrammer.

All precountdown and countdown checks were satisfactory.
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INERTIAL GUIDANCE SYSTEM

Performance cf the Inertial Guidance System was satisfactory until shortly before

staging, when a failure in the computer resulted in erroneous Z velocity readings.
Theme Z velocity errors were equival•ent to a miss of approximately 190 miles long.
Sustainer Engine Cutoff, Verhior Endne Cutoff and prearm were not:iamued because
of low missile acceleration. Sensing Platform Control, mad digital signal eonverter
performance was excellent. Instrumentation performance was satisfactory except
for nes vibration measurement.

Platform and Control

The performance of both the platform amd control was satisfactory. For this test,
the autopilot was deliberately set to provide about 5 degrees less than the required
amount of roll. When the autopilot roll program was completed, the azimuth
resolver indicated a reading of 5.5 degrees. 'rhe rate of correction was 2 deg/
sec at the start of roll trim, graduaily decreasgng to 0.9 dog/sec at the end. At
19 seconds, the end of the roll trim program, the heading was 0 degrees, indicat-
ing that the roll correction was performed satisfactorily.

At "guidance enable" the pitch attitude was 5.5 degrees up. It required 13 seconds
for the pitch steering to bring this to sero degrees. The pitch resolver output at
S.5 degrees was 1.37 v"lts rms. The guidance input torquing gain to the auto-
pilot is 0. 5 degrees/sec/volt. This gives an autopilot pitch gyro torquing rate
of 0.69 degrees/sec. After pitch attitude reached sero degrees, it remained
constant.

The servo errors were generally less than one minute and servo performance was
satisfactory. Two corrections on the asimuthsad roll servo channels occurred,
at 48 and 56 seconds during a period of high vibration. The corresponding
resolver@ indicated a 1.0 degree movement at the same time. This is' discussed
further in the paragraph on MGS vibrations.

The performance of the gyros was satisfactory. The gross drifts which were
measurid prior to flight were:

Asimuth .1.15 o/hr (Precount)

Pitch 11. 18 o/hr (X-1 Day)

Roll 0.19 o/hr (X-I Day)

Thees measurements were consistent with the previous history of the gyros.
Gyro temperatures were satisfactory. Representative values are As follows.
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Buoyant. Prelaunch Vernier Cutoff

Gyro Temp. Temp. Diff ~ ITemp,

601 Pitch 66. 70C 67.8 11.1 67.8 /1.1

602 Roll/Az 67.20C 68.1 A0.9 68.1 J~0.9

Accelerometer performance'was satisfactory. All six string amplitudes re-
mainedat a constant level throughout the flight except during the peid of
apparent high vibration from 31 to 51 seconds. During this time the 711 and
242 string amplitudes varied considerably. The type of variation. including
a DC level shift. indicates the fault wras probably in the ASC and not in the
accelerometer.

The accelerometer scale factors measured during precountdown and countdown

were:

X 1.99816 cpa/ft/sec 2

Y 1,999857 cpu/ft/sec 2

Z 1.99739 cpa/ft/sec2

These values were consistent with the previous values obtained in component and
systems tests at OCT and AMR. After the termination of thrust, accelerometer
own frequencies showed good agreement with previous values.

Bin-acle tempe rature was in the control range of the proportional heaters through-
out guidance.

Compute r

The computer malfunctioned for a brief interval ptior to stagiag. The cause of
maifusAction and the magnitude of error was determined from telemetry
"dtaw

The computer operation was normal in all other respects, and. knowing the error
introduced before staging, the fine grain data reduction can provide overall
accuracy evaluation in the terminal portion of the flight with little deterioration
of data.

It was cqacludod that the readout circuitry from the sixth stage of the Z input
reversible counter was inoperative during, and passibly before, the flight, The
sixth counter stage in used only when the Z Input accleration level reaches 4 "'gall
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positive. or any amount negative. Neither of these input conditions occur in
computer problems previously used in ground testing. A new series of computer
test problems is being generated to uncover such malfunctions in the future.

Each failure of the sixth etage counter to read out a "ONE" caused a permanent
loss of 8 feet per second in the Z main velocity register. This occurred 63
times in the interval from 148 seconds to 153 seconds (BECO) during the flight
when the thrust acceleration reached 4 "g's". Throughout the remainder of
the flight the computer Z velocity was in error by minus 504 feet per second.

Since the yaw steering signal is relatively insensitive to Z velocity, this function
was normal. At the time of "guidance enable" the missile was to the right of
its course. The computer commanded a small left turn and approximately 36
seconds later a small right turn. This maneuver reduced CEF essentially to
zero and thereafter the missile remained on course. Under nominal flight
conditions, the Z velocity error of -504 fps would have produced a Frossrange
miss of approximately 5 nautical miles right.

After VECO the thrust acceleration was zero and the Z input counter received
an occasional negative count (normally). The sixth stage failure again caused
an error of -8 feet per second. This occurred several times. This error
indicateR that the malfunction was permanent, not intermittent, since the counter
failed at every opportunity.

Accuracy

An attempt was made to mathematically remove the effects of the malfunction
described above and to estimate the system errors arising from other sourses.
The remaining AR.MA velocity errors just before burnout indicated a guidance
miss of 2. 1 nm short and 0. 74 nm right. Even, with uncertainty in these*
values. they. indicate no.malfunction or gross errors in other portions
of the guidance system.

Alifnment-Countdown +Set

Performance at the Alignment-Countdown Set (A-CS) was satisfactory. Minor
discrepancies noted during the prelaunch operations were:
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1. Drring the precountdown, azimuth alignment was lost when mist formed
on the platform window, probably due to moist air from the transfer
room striking the cold glass. The condition was remedied by reversing
the fan to draw sir down the tube.

2. The optics fail-safe light indicated difficulty in maintaining alignment
during the countdown. The telescope was adjusted in elevation to
correct the difficulty. The telescope had been adjusted in elevation
when missile "stretch" was removed, but further settling probably
occurred when LOZ tanking was Accomplished.

At launch, the A-CS recorder indicated the following alignment errors existed:

Tilt: Roll Pendulum: less than 0.5 second

Tilt: Pitch Pendulum: 0.5 second

The A-CS satisfactorily maintained the accelerometer zeros as shown in the
table below:

Compensated

Function Noinal Nominal Actual Error

X Offset 0.667 0.886907 0.886491 -0.000416

X 1.000 --- 1.00186 /0.00186

Y 1.000 --- 0.99867 -0.00133

Z 65.254 65.17044 65.17036 -0.00008

Missile Guidance Set voltages were within specified limits and were very stable
throughout the guidance phase of flight except for control 11S volts phase B. This
voltage was typically 113.10 volts but shifted to 111.1 volts eleven times during
the guidance3&ase of flight for periods of S to 30 seconds.

A barely perceptible trend toward decreasing pressure was noted on the binnacle
pressure channel. Launch "indicated pressure" was 16.65 psia. The 320
seconds indication was 16. 50 psia.

I lnstrumentation Performance

All ASC channels functioned except binnacle X vibration (ASC Channel 20).
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ASC temperature remained at 17°C (62.6 0 F) throughout powered flight.

DSC operation was normal and digital telemetry was good.

Missile Guidance Set"-Vibration History

The binnacle X vibratioz2 channel did not function on this flight. All other channels
were active.

At liftoff, Yibration levels were low in amplitude on all sensors. Peak values were
about 3 g on computer Y and less than I.5g on all other channels.

At staging, vibrations were below measureable amplitudes on all channels. Peak
levels exceeding the saturation limits (over 10g) occurred on all 5 active channels
during a 20 second period from 31 to 51 seconds.

Correlation with other instrumentation shows coincident autopilot rate oscillations
of 46 cps with greatest amplitudes in yaw rates. Azimuth resolver and azimuth
servo showed an abrupt disturbance during this time as did roll resolver and roll
servo.

The accelerometer string amplitudes varied considerably during this period also.
However. this disturbance Is not seen on the double discrýminated accelerometer
strifngs, and the vibration data are questionable. After this time the levels
dropped quickly to under Ig and only threshold levels were seen for the remainder
of the guidance phase except for computer Y at SECO which showed roughly 28
peak.
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MOD IIIE INSTRUMENTATION BEACON SYSTEM

Performance of the Mod IIIE Instrumentation Beacon System wes satisfactory.
However. simultaneous disturbances in the rate and track subsystems occurred
three times. Each disturbance was characterized by complete rate subsystem
unlock, a small decrease in track subsystem received signal level, and a small
track subsystem received frequency shift. The cause of these disturbances has
not been determined and is under investigation.

The missile was tracked off the pad in the automatic monopulse mode and track-
ing was continuous until 345 seconds.

The A-1 computer performance was satisfactory throughout the flight. The auto-
matic sustainer cutoff signal was generated by the computer at 307. 575 seconds and
was transmitted by AMR at 307. 656 seconds. Final termination of sustainer
engine thrust was effected by the ASCO signal.

Performance of individual subsystems was as follows:

Track Subsystem

T'rack Subsystem performance was satisfactory. The missile was tracked off
the pad in the automatic monopulse mode and tracking was continuous until 345
seconds. Thetzacking characteristics for the first 49 seconds were typical,
with maximum 2 mil. peak-to-peak, errors during the period when signal level
variation normally occurs. Between 49 and 66 seconds, the elevation error
signals exhibited a 3 cps variation at approximately 0.5 mil, peak-to-peak. The
tracking errors and the received signal level smoothed out by 66 seconds and tracký-
iag was normal until 90 seconds when a simultaneous disturbance occurred in
both rate and track subsystem received signals. An approximate 3 db decrease
in AGC and a one megacycle shift in AFC.occurred, and these levels persisted
for 45 seconds. At 135 seconds both the rate and track subsystems recovered
simultaneously.

&hortly after booster separation a similar rate end track subsystem disturbance
occurred for3.5 seconds. The changes in track and rate received signals were
again coincident both at the beginning and the end of ýhe disturbance.

From the recovery after booster separation until 258 seconds, tracking was
smooth with error signals of 0. 1 mil. peak-to-peak, with an averaged received
signal level of -58 dbm. At 258 seconds the same type of disturbance occurred
again for one second. The remainder of the tracking was normal. All track
signal was lost at 345 seconds.
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Rate Subsystem

The rate subsystem performance was considered satisfactory in that there was
no indication of a ground station or airborne beacon malfunction. However. r-f
disturbances were indicated during three periods ad rate subsystem unlock.

The character bf the received rate signal at all three rate receivers was nearly
identical with the other D/AIG missiles for the first 90 seconds. At 90 seconds
the rate subsystem ulocked simultaneously with a change in the track sub-
system received signal. The unlock period was 45 seconds in duration at a
projected signal level of -75 dbm. Telemetry data and iround station records
both indicate continuous sweeping of the airborne rate beacon during this period.
The rate subsystem regained lock at 135 seconds which lasted for 4 seconds.
One second prior to booster cutoff, rate subsystem lock became intermittent
with complete unlock for 4 seconds following booster separation. During the
interval between 148 and L.%1 seconds, rate subsystem lock was solid with an
averaged signal level of -87 dbm.

At 258 seconds, simultaneous with a change in track subsystem received signal
characteristics, the rate subsystem was completely unlocked for one seconds.
Rate lock was regained solidly after 2.5 seconds and solid lock was maintained
until final loss of signal at 338 seconds.

A-1 Computer

The Mod IlI Computer (A-I) functioned properly throughout the flight and no
equipment malfunction* were observed.

Computer data indicated that the missile velocity was far below normal during
the latter portion of the sustainer phase. This condition caused the ASCO signal
to be generated on other than true missile velocity. The computation of ASCO
is a function of missile downrange LIP position and U1Pvelocity. In order to protect
normal missile flights from possible incorrect computed data, certain equation-.
quantities are limited (within thetrue physical limits of the missile). Downrange
II]PvWodtynear sustainer cutoff is limited between 50 rin per second and 150 nmper
second. During the flight of Missile 60D, the downrange RP velocity near sea-
talner cutoff was approximately 11 nm per second. The computation of ASCO
the refdre, was based on true liP position, but false liP velocity (limited at maini-
mum value of 50 nm per setond). Subsequent calculations utilizing the ASCO
equations and the true LJPvelocity (approximately I I an per second) indicated that
the sustainer engine, should have been allowed to operate for approximately
2.5 seconds ronger. This would have placed the UP at ASCO close to the specified
value (10 urn uprange from target).
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IP data for this flight have been evaluated and are considered good. The following
IP is baeed on nominal nose cone re-entry velocity and altitude.

Mean Miss Standard Deviation
Distance Deviation Of The Mean

Cross range 4.69 nm right /0.47 nm 0.13 nm

D•wn range 40.28 nm short /0.42 nm /0.11 nm

Discussion of Simultaneous Rate and Track Susbystem Disturbances

The 60D flight test exhibited characteristics uncommcn to previous flight tests.
The character of the disturbances noticed on this test have never been observed
on Mod III radio guidance flight teats. The major airborne configuration difference
is that a .single antenna and waveguide is used for the airborne pulse and rate
beacons on D/AIG Missiles. The following items are evident from the telemetered
and ground station data.

1. The uperation of both the airborne beacons and the ground system
appeired normal except for the three periods in question.

2. All three intervals have the same characteristics present in both
rate and track subsystems.

3. The first disturbance occurred at 90 seconds and was 45 seconds
in duration.

4. The second disturbance was at 144.3 seconds, 0.5 seconds after.*
booster separation, and was 4.2 seconds in duration.

5. The last disturbance occurred at 257.92 seconds and was 0.9 sec-
onds tn duration.

6. Each time the disturbance was observed the following characteristics
were indicated:

a. The rate beacon appeared to sweep continuously.

b. The track received signal level decreased slightly, averag-
ing 3 db decrease.

c. The track subsystem receiver AFC shifted approximately I
megacycle.
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d. The rate beacon sweep, the track AGC decreased. and
the receiver AFC shit all occurred simultaneously.

e. All three functions recovered at the same time.

f. With the exception of the period at booster separation.
no other missile functions are correlat&ble to the track
and rate subsystem disturbances.

g. Missile power appeared normal.

7. The rate and track susbystem receiveduiinq4. shaw an approximate
3 'db decrease in signal after booster separation.

The altitude of the missile at the times of the dijtrubances was as follows:

Time Altitude

90 to 135 Seconds 14.8 to 41.2 Nautical Miles

144 to 148 Seconds 49. ? to 53.3 Nautical Miles

258 to 259 Seconds 164.9 to 165.8 Nautical Miles
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RE-ENTRY VEHICLE

A Mark 3 Mod IB Re-entry Vehicle, Smrial Number 223. was flown on Missile
60D. ALl systems were functioning properly at liftoff and appeared to function
correctly for the entire flight. Separation was achiAved and a roll rite of about
65 dcgrees per second was imparted to the vehicle.

Telemetry reception was received for the entire flight with the exception of a
27 second blaciout period during re-entry. All powered flight and re-entry
Arming and Fusing events were received. The exact time that the arming
and fusing batteries were activated is not available 1 ecause tde teiemnetry recep-
tion was exceptionally noisy at the end of powered flight and the 70kc keSC could
not be decommutated.

The re-entry vehicle beacon was tracked from Stations I, 3, S, and 12. Two

SOFAR detonations were reported.

Th, following is a list of events and the time of occurrance.

Pre-,Arm Lockout 80.9 sec.

Separation 355.5 sec.

Separation Rate 5 inches per second
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ACOUSTICA PROPELLANT UTILIZATION SYSTEM

Closed-loop performance of the Acoustica Propellant Utilization System was
satisfactory. Performance was normal except for Station No. 2 operation.
System control was maintained up until 169 seconds when both the Propellant
Utilization (PU) valve and the Head Suppression (HS5) valve went full open. This
occurrence was due to sustainer fuel injection manifold pressure drupping
sufficiently to allow the PU and HS auto-control valves to return to their static
positions. The PU and HS valves stayed full open for the remahnder of powered
f light.

A discrepancy was noted at Station No. 2 in that no indication of L02 sensor
uncovering was observed. This allowed the error time counter to reset and
position the PU valve at the nominal angle. This is believed to be a system
failure since daya at Stations No. I and ' indicated normal operation and small
error time*.

Time shared oscillator data indicated the uncovering of Station No. 5 fuel sensor
5.6 seconds after uncovering of the respective LOZ sensor. This allowed the
fuel mconostable output to be locked out at this station since tho error time counter
had already reset to Station No. 6 Station No. 5 error time counter duration was
4.Z seconds

At Station No. 6, a fuel sensor uncovering was not observed. This would be
expected considering that there was a large error at Station No. 5; the valves
were at nominal from Station No. 5 operation until 169 asconds, were then

full open until Station No. 6 operation, and there was a nominal error time
counter duration at Station No. 6 of approximately 3. Z seconds.

PU valve movement was correct in direction to error time counter output during
the time the valve was in auto-eontrel.

PU valve position data indicated an excursion towards open from just after booster
cutoff to Station No. 5 operation. Other related data (sensor triggerings, counter
outputs, and PU valve position feedback) indicated no changes during this time.
Similar data were also noted on flights of Missiles 54D and 270 at that time. There
is no explanation for this occurrence at the present time.
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Configuration in this test consisted of a 6 card computer, which delayed the signal
from the time shared oscillator to the monostable multivibrator by approximately
2.5 seconds, and a schmitt trigger, which is designed to prevent monostable
triggeriuig with an oscillator output of less thav. 100 milliseconds. Operation
appoared satisfactory.

Time shared oscillator output times, monostable multivibrator output times,
delay times, error times, and PU valve angle data were as follow:

LOZ Fuel Fuel
Monostable Sensor Monostable PU Valve PU

Station Uncover Output Time Uncover Output Time Erlor Position. Valve
No. Lim. Time' Delay Time Time Delay Time Feedback Angle

1 2.77 5.20 2.43 Z.77 5.20 2.43 0 31.0 31.5

2 ..........- 44.61 47.02 2.41 30.5 31.5

3 84.73 87.19 2.46 85.39 87.86 2.48 0.65 52.5 51.6
t

4 118.72 121.13 2.41 119.41 121.87 2.46 0.69 53.5 51.6

5' 141.38 143.78 2.40 147.04 .... 5.66 31.4 31.5

6 217.98 Z20.33 2.35 ---- Full Full
Open Open

* PU valve went out of couitrol at 168.96 seconds

Valve position data indicate the valve was correctly positioned at nominal prior to
Station No. 1 operation.

NOTE: Accuracy of times quoted for sensor uncovering is plus zero minuo 33 1/3
milliseconds. Accuracy of times quoted for the monostable operations is
1 50 milliseconds. Error times are the differences between the L02 and
Lual sensor uncoverings. All times are in seconds.
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PROPELLANT LOADING

The missile was propellant tanked utilizing the Propellant Loading Control Moni-
tor (PLCM) as the primary tanking system with the load cells and Propellant
Loading Control Unit (PLCU) serving as mooitoring systems.

Fuel was tanked during X-1 Day for the attempted flight and left in the missile for
this test. Fuel was tanked to a level halfway between the JPLCM 100 and 100. 2
percent probes. LO2 was tanked during the countdown to a level 600 lbs. above
the PLCM 100.2 percent probe.

Correlation among weight monitoring systems was satisfactory with the exception
of the fuel flow totalizer which has been yielding invalid data during this and past
tests.

Units Desired*s. Load Cells PLCM PLCU

1.O2 Weight at Ignition lbs. 174,257 174,555 174,257 ------

rFuel Weight at Ignition lbs. 75.961 76.648 75.961 75961

Missile Wet Weight lbs. 15.741 15.741 15.741 ......

Ignition Weight lbs. 265.959 265,944 265.959 ------

Ground Run Consmunption** lbs. 9.793 9.793 9.793 ------

Lift-Off Weight lbs. 256,166 256,151 256,166 ------

Desired values are based on actual weights, actual densities and planned
volumes.

e* Based on actual run time and nominal flow rates.

[uel Tankins Ignition

Barometric Pressure 30.070 In. of Hg. 30. 040 In. of Hg

Ambient Temperature 60. 60r 78. 2°7

Relative Humidity $5 Percent 91 Percent

- - - , , * -- -we- m ..
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Fuel Tanking Ifinition

Wind-Velocity and Direction 7 Knots. North- 5 Knots. South-
Northeast Southwest

Cloud Coverage 8/10 1/10
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HOLDDOWN AND RELEASE SYSTEM

The Hoiddown and Release System operated satisfactorily in restraining the
missile prior-to release and in releasing the missile at liftoff. All data taken
from oscillograph records were within specifications except for BZ residual
pressure which was 133 psig over maximum specification. Residual pressure
data were based upon zero pressures taken 5 seconds after the blowdowna This
was necessary since holddown cylinder pressure data a&tes liftoff were affected
by engine blast and were erratic.

Event Specification Test Value

Release signal to 2550 pisi 0.5 sec. max. BZ : 0.3600
B2 3 0. 378*

Time difference between start of B3
and BZ cylinder pressure decay 0.010 sec. max. 0.002

Tnee intercept of tangent at 2550 paig 0. 110 sec. min. B3 1 0. 134
BZ : 0. 147

Residual J•reasure 0.5 seconds after B3 2 318
2550 pais 350 psis max. BZ a 483

Maximum diff'rential cylinder pressure
after Z550 paig 400 paid max. 165 psid

Time between release signal and 2550 paig was based cn release signal
obtained from EA data as release signal on oscillograph failed to activate.
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EXTERNAL INSTRUMENTATION

Data recording systems other than telemetry and Convair acquired landline
instrumentation were satisfactory. as reported in item 1. 0-10. preliminary
estimate of data coverage. The following report was received.

60D DTO

Initrimn ntation Requirements TetlesJ

optical Coverage

32 Engineering 4. 1.5.1 and Satisfactory with the exception
Sequential Cameras 4.1.5.2 of item 12. 2-100 which obtained

"sero coverage due to clouds.

13 Metric Cameras 4.1.5.3 and Satisfactory.
4.1.5.4

5 Ballistic Cameras 4.1.5.5 Satisfactory. Photographic
plates were obtained from all
five sites.

Electronic Coverage

FP•5-16 (XN -I at PATB) 5.4.1. 1 Tracked from 25 seconds to
290 seconds.

FPS-16 (XN-2 at GBI) 5.4. 1. 1 Tracked from 62 seconds to
36S seconds.

FPS-)6 (Station 12) 5.4.1.1 "racked fLom WO' seconds

.'6 1103 secoeds.

Mod IV (X-Band) 5.4.1.2 Tracked from A0 secoads to
110 seconds.

Asusa 5.4.1.3 Tracked from 30 seconds to
350 seconds.

-'-.
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AIRFRAME INTERNAL INSTRUMENTATION SYSTEM

Operation of the Telemetry System was satisfactory, and RF signals were re-
ceived at the Cape for approximately 16 minutes. There was a short dropout
on RF No. I for approximately 2 seconds at 356 seconds (after nose cone separ.-
t ion).

There were two discrepancies noted in telemetry measurements:

1. A 745 T, Ambient at Sustainer Fuel Pump, did not perform
normally. The total resistance apparently shifted making
the temperature reading too high.

z. F 291 P, Sustainer Control Helium Bottle. This measurement
indicated an erroneous reading approximately 1100 psia low, and
the transducer apparently opened about 13 seconds before booster
separation.

Missile 60D contained three Bendix Mod 7 FM telemeter packages operational at
the following frequencies and with the following subcarriers and commutation
capabilities:

RrNo. Frequency Continuous Channels Commutated Channels

I U7.7 1, 2. 3. 4. 5, 6, 7, II. 12. 13. A. C
8, 9. 10. E

2 229.7 Z, 3. 4, S. 6, 7. 8. 11. z
9, 10. 12. A. C

3 232.4 5, 8, 9. 13, A, C, K

Barac telemetry channel assignment is given in Convair Report A14" . ,1-43.
Included in that report are channel assignment, commutation inforvn*toe.,,
froqteacy response, and make and model of transducer.

00" Me IN "L In 10000 1WWNP
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LAND LINE INSTRUMENTATION

The landline instrumentation system provided satisfactory information prior to
missile liftoff, however, the measurements listed below were only partially
satisfactory for the reasons stated.

Measure-
ment No. Description Source Comment

N 1344 T Transfer Room Temp. Brown Timing pen failed to
function.

P 1017 T B2 Turbine Inlet Brown Timing pen failed to
function.

P 1326 T S Turbine Inlet Temp. Brown Timing pezt failed to
function.

P 1059 P B2 Thrust Chamber Osc Questiotwble calibration.

Due to calibration portion
of oscillograph being
heavily overexposed.

P 1060 P B3 Thrust Chamber Osec Questionable calibration.

Due to calibration portion
of oscillograph being
heavily overexposed.

P 1901 P 3 Fuel Jacket Purge OQc Calibration invalid.

P 1020 T B3I LOZ Pump Inlet Oc No calibration.

P 1054 T B2 LOZ Pump Inlet Osc No calibration.

A 1801 0 11 High Pressure LOZ FM Instrumentation mal-
Line function.

P 1093 P 3l Fuel Injection Mani- FM Instrumentation mal-
fold. function.

A 1802 0 32 High Pressure LOZ TM Instrumentation mal-
LAne function.
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A review of quick process engineering sequential films indicated all missile and
launcher systems functioned properly from ingitiba to the limit of camera coverage.

Operation of both east and west launcher heads appeared normal and in general
launcher operation was satisfactory. Tracking film indicated the missile roll
program was smooth and proper in all respects and that missile performance
was satisfactory until the missile disappeared into the clouds during booster
phase.

A tabulation of film items reviewed is presented on the following pase.
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CONCLUSIONS AND R.ECOMMENDATIONS

Conclusions

I. The helium bottle supply was depleted by several inadvertent pressurization
cycles of the engine LO2 and fuel tanks. Sustainer and vernier engile thrust
levels decayed early resulting in abnormal flight performance.

Z. Performriance of the inertial guidance system computer was not satisfactory.
An inoperative computer register caused the stored Z axis velocity to be low.

Recommendations

I. Investigate cause of inadvertent engine LOZ and fuel tank pressurization.

Z. Amend checkout and test procedures to provide a more thorough check of
the inertial guidance computer.
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COUNTDOWN TIME VERSUS EVENTS

This test was scheduled for a 150 minute countdown and started as planned at
2030 EST on 5 July 1960. There were 3 holds and one recycle which totaled 178
minutes resulting in a total countdown time of 328 minutes. The holds and recycle
were as follows:

1. At -45 minutes (2215 EST), for 6 minutes, to replace a noisy BZ RCC audio
warning amplifier.

2. At -12 minutes (2254 EST). for 114 minutes, to repla.'e the missile main
battery. The remotely activated battery failed to activate at -15 minutes.
The count was recycled to -70 minutes, n new battery -'-s installed and
activated, the count advanced to -45 minutes, and the count resumed.

3. At -30 minutes (0103 EST), for 25 minutes, to replace a ruptured disc in
the LOZ topping line.

No further difficulties were encountered and the remainder of the countdown was

performed as planned.

The following notations were made by an observer in the blockhouse:

Countdown Countdown
EST Time Procedure Event

2030 T-150 T-150 Countdown Started.

T-150 GAP Test Preparation Started.

T-150 Acoustica Test Equipment Warm-up.

2035 T-145 T-145 Readiness Callout By Flight Control.
All Systems Ready For GAP Test.

2036 T-144 T-144 GAP Test Started.

2045 T-135 GAP Test Completed Satisfactorily.

2039 T-131 T-135 Range Safety Command Test Started.

2057 T-123 Ran4e Safety Command Test Completed.

2058 T-122 T-I12 3tat, .. l-ae Connection of Red
m8 Um m VIA MMM 0N C M ltom M• AU
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Countdown Countdown
EST Time Procedure Event

Destruct Box.

Z100 T-120 Retro-rocket Installation Completed.

z10z T-1l8 ARMA Completed Zero Z, Scale X
(JIG Field) Accelerometer Checks.

T-118 T-1Z0 Started Scale X (-IG Field)
Accelerometer Check.

T-118 Red Destruct Boxes Insta'lation
Finished.

2109 T-111 Beacon Test Started.

2117 T-103 T-1Z0 Removal AIGS Landlines.

2119 T-101 T-90 Normal Align-Scale Z Accelerometer

Checks Sarted.

Z121 T-99 T-100 Fi-ght Control System Test Started.

z1z5 T-95 T-95 Service Tower Removal Aud

Securing Started.

2131 T-89 Nose Cone C Band Beacon Test
Started.

Z134 T-86 T-75 Computer DSC Checks Started.

Z136 T-84 T-85 Helium Pressure 3torags Preparation
Started.

2142 T-78 Helium Storage Preparation

Finished.

- 0 in ann on iwo I vw a we arn W "%A O.
sum e m. mem U mm m - U mi MW



Page No. 53

I 
AA 60-0057

Countdown Countdown

EST Time Procedure Event

2143 T-77 Computer DSC Test Completed.

2145 T-75 Reported B2 RCC Audio Warning
Amplifier Noisy.

2151 T- 69 T-70 Started Helium Storage.

2156 T-64 T-65 GAP Test Preparation Started.

T-64 T-66 Started Landline Electrical
Calibrations.

2159 T-61 T-62 GAP Test Started.

2200 T-60 None Cone Beacon and Telemetry
Checks Completed.

2209 T-51 GAP Test Completed Satisfactorily.

T-S1 T-45 Insert Z(-1G) Bias Checks Started.

2211 T-49 T-45 Autopilot Roll Gyro Torquing
Ramp Test Started.

2215 T-45H Holding For Audio Warning

Amplifier Replacement.

2216 T-45H T-50 Landine Calibrations Completed.

2219 T-45H labort X Offset Checks Started.

2221 T-45 Comstdow Resumed.

T-43 T-45 LOZ Tankin Preparation Started.

2231 T-35 T-3S LOI Tanskin Started.

( T-35 T03S Asuea Check Started.

In eus ie V in oI mV it.
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Countdown Countdown
EST Time Procedure Event

2241 T-25 Stopped Pumps LA And LB -
Pumps Cavitating Due To Low
Storage Tank Pressure.

2243 T-23 Start Pumps LA And LB.

2245 T-ZI T-22 Range Safety Command Final
Test Started.

2246 T-Z0 T-20 Autopilot Final System Checks

Started.

2248 T-18 Insert X Offset Checks Completed.

T-18 T-Z0 Accelerometer Adjustment Check
Start.d.

2252 T-14 Reported That The Missile Main
Battery Did Not Activate At T-l5.

T- 14 Stop LOZ Tanking - Secure.

2254 T-12H Holding For Replacement Of
Missile Main Battery.

2254 T-12H Detanking LOZ.

2255 T-7OH Recycled To -70 Minutes And

Holding.

2319 T-70H Detanking Completed.

2327 T-70H Battery Activation Relay Worked.

2420 T-07H New Battery Installed And Activated
Upoa Installation.
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Countdow, Countdown

EST Time Procedure Event

2440 T-70H Refllted Helium Storage Bottles.

2448 T-45 Countdown Resumed At -45 Minutes.

M450 T-43 T-45 L02 Tanking Preparation Started.

2459 T-34 Asusa Checks Finished.

T-34 T-35 L02 T-nking Started.

0100 T-33 Ruptured 2 Inch Disk In LOZ

Topping Line.

0103 T-30H Holding For LO2 Tanking.

C 0128 T-30 Countdown Resumed.

0136 T-22 T-22 Range Safety Command Final
Checks Started.

0136 T-20 T-20 Accelerometer Adjustmeat

Checks Started.

0139 T-19 T-20 Autopilot System Final Checks

0140 T-18 T-@0 ltartid Telemetry Final Wamup.

9144 T-14 T014 Nose Cone Telemetry 'OX".

0149 T-13 Amma Checks Completed.

014? T-11 T-12 Noss Cone Beacon ,"ON ",,

0146 T-10 T-10 &JUU4o Accustica Seower Rtesponse
cheema.

dr- 0149 T-9 KaaMe IaIety Con a FIR Test

4f,,
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Countdown Countdown
EST Time Procedure Event

T-9 T-Z0 Autopilot System Final Checks
Completed.

0150 T-8 Activated Strobe Light Satisfactorily.

0151 -T-7 Acoustica Sensor Response Checks
FlnShed.

T-7 T-7 Guianlce oFinal Checks Started.

T-7 T-7 .RCC Inactive - Active Switch To
"Active".

0152 T-6 T-7 Torecast Final Ranse Clearance.

0153 T-5:oo T-5:00 Countig.

T-3:50 T-3:50 Stata Check - All System Reported
"GO".

T-3".30 T-3:30 Telemetry To Internal.

0155 T-3:00 T-3:00 Timer Off - Ready Switch To
,,3teady'.

T-Z:40 T-Z:40 Nose Cone Switch To Internal.

T-Z:30 T-Z:30 Turning Water Systems "ON".

T-Z:10 T-Z:10 Securing LOZ Tanking.

0156 T-1:00 T-2:00 Starting rlight Pressarisation.

T-2:00 T-3:00 Commands To Intcrnal.

T-1:45 T-1:45 Arm Switch To "ARM".

T-1:45 T-1:45 Engine Preparation Complete Light
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Countdown Countdown

EST Time Procedure Event

T-l:40 T-1:40 Mirate To Internal Power.

T-1:35 T-1:35 Nose Cone Report Switch To
"Ready".

T-1:30 T-l:30 Removing Arming Safety Pin.

T-1:25 T-1:25 Commands To -"ARM".

T-1:15 T-1:l5 Status Check - All Systems t"GO".

0157 T-0:60 T-0:60 -60 Seconds And Cocnting.

T-0:60 Missile Helium To Internal.

( T-0:60 Autopilot To "ARM".

T-0:55 T-0: 5 Water Full Flow.

T-0:55 PSO Range Ready Switch "ON".

T-0.40 T-0:40 Status Check - All Systems Reported
"ilGO"a.

T-0:40 All Pro-Start Panel Lights Are
Correct.

T-0:40 Ready Light "ON".

T-O:ZS T-O:ZS Oil Evacuate.

T-0:2S Evacuation Lights "ON".

T-0:ZS Nose Cone Umbilical Eject.

T-0:18 T-0:18 All Recorders To "FAST".

C
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Countdown Countdown
EST Time Procedure Event

T-0:16 -18 Seconds And CountinIg.

T-3:18 Engine Start.

0158:22 Range Zero.

S S.
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MISSIXL CONFIGURATION
7

The Atlas Missile consists of three basic sections: re-entry vehicle, body
section, and propulsion system. There are no external aerodynamic control
surfaces. The re-entry vehicle is releasable and carries instrumentation
and ballast to simulate the operational re-entry vehicle. The body section of
the missile consists primarily of a thin-walled, pressure stabilised. stainless
steel tank. housing the missile propellants. Missile propulsion is provided
by the Rocketdyne MA-Z rocket engine propulsion system. Missile stability
is accomplished by a flight control system consisting of an autopilot and a
hydraulic system to gimbal the thrust chambers. I

The following is a resume of the major systems and 'omponents comprising
Missile 60D. Additional details are included for systems being flight tested
for the first time, as well as systems which have received significant
modifications.

C Airframe

Standard D Series AIG Configuration.

Re-entry Vehicle

GE Mark 3, Mod I3.

Pneumatic System

Standard ID" Series pneumatic system with Hadley 'D" tank pressurisation
regulators.

Hydraulic System

The hydraulic system is comprised of three indepeadeat hydraulic systems wnMch
provide pressure for the booster stage subsystems. the sustainer/vernier subsystem.
and the vernier solo subsystem.

C
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Electrical System
Remotely activated battery, rotary inverter, and magnetic amplifier regulator

system.

Acoustica Propellant Utilization System

The Acoustic& PU system utilized with D/AIG missiles differs from the version
used with radio guided missiles in the following respects:

1. The 5 KC oscillator has been changed to a 400 cps oscillator which feeds
the transducer driver and phase sensitive detector.

Z. A six (6) card computer system replaces the five (5) card system used
by Acoustica on radio-guided missiles. This additional card provides
for the requirements of sensor-delay adjustments.

3. A Schmitt trigger was incorporated in the circuitry between the oscillator
and the monostable multivibrator. Purpose of the trigger was to prevent
spurious monostable triggering with an oscillator signal at less than 100
milliseconds.

Anti-Slosh Control

Eleven annular bafiie rings were installed in the LOZ tank to reduce propellant
"sloshing".

Propulsion System

Basic Rockstdyne MA-2 engine assembly.

The propulsion system utilized ,dry,, start.

Booster Staging System

Standard "D" Series configuration, which utilised a separate fiberglass bottle
to supply pneumatic pressure to actuate the release fittings,

$
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Flight Control

Flight Control for Missile 60D was provided by AR.MA all-inertial guidance
(AIG) in conjunction with a Convair Isquaru c.zister' autopilot.

1. Sensing Platform - contained three accelerometers, two gyros, three
pendulums and an alignment prism.

2. Dijital Computer - integrated the accelerations and flilght deviation
sensed by the platform, and generated correction signals.

3. The final component of the MCS was a control central In which the
necessary start, heat, alignment, and operation controls were h~oused.

R. and D testing at AMR requires the use of two additional components for the
airborne portion of the AMG cquipment, a digital signal converter (DSC) and
an analog signal converter (ASC).

The Convair autopilot package utilized in conjunction with 0/AIG missiles
differ from that used on previous "'D" Series missiles in the followinig
respects:

1. The canisters were rectangular in shape rather. than round.

3. Switching in the programmer package was changed to electronic.
rather than electro-mechanical.

3. The excitation transformer was removed from the filter servo~exnplifier
package and set in a separate housing.

Strobe Optical Beacon

Missile 60D was provisioned with a Strobe optical beacon system to provide
additional tracking infoymation after SECO. The system was housed in a
single package mounted on the forward fairing of the B-1 pod (station 917. 5).
Internal components included the Strobe lamp, associated electronics, and a
remotely activated primary battery. Battery activation was initiated during
flight by the SECO command.

Upon receipt of the SECO commiand~the system also provided a ZSV DC signal to
a telemetry signal relay which switched telemetry channel. IIC from a commutated
mods to a continuous Strobe system source.



1 CQ"FJDE"TJAL i•

-CONURYARAM ONAUTIS-
Page No. 6Z

AA 60-0054

Each time the lamp flashed, a square wave pulse signal was provided to the

tel~metry system to furnish timing data.

Instrumentation System

Three telemetry links for missile system data. Two telemetry links for re-
entry vehicle data.

Range Safety Command System

Range safety command system consisting of two ARW-62 receivers, (AVCO AD-
319600 MKI), power and signal control unit, and destruct package.

Instrumentation and Range Safety System

GE Mod IUE instrumentation beacon system in conjunction with the GE/Burroughs
Mod IMI system. Standard AIG antennna configuration.

Asusa Transponder

Type B-IA coherent carrier transponder.

b
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HISTORY OF XSM-65D MISSILE NO. 60

Atlas Missile 60D arrived at AMR by air transport (C-133) on 5 April 1960. Transfer

to the R and D trailer and into temporary storage in the south bay of Hangar "K"
was effected the same day. Temporary storage was necessitated by the fact that
AIG checkout can only be accomplished in the north bay of Hangar "K" and Missile
54D was occupying that positio- at the time. Receiving inspection was completed
on 8 April 1960 and tests which did not require the use of the checkout trailer were

initiated.

Following the transfer of MisrJ1e 54D to Complex 11, Missile 60D was positioned
in the north bay of Hangar "K" and the AIG checkout equipment was installed.
Systems checkout was initiated on 18 May 1960.

Missile 60D remained at AMR for a period of approximately 13 weeks. The
majority of this time was utilised in performing system tests and modifications
and in readying the missile for fright test. However, approximately one month
delay in testing was incurred due to the presence of Missile 54D in the AIG check-

C• out bay.

Peo-filght testing of the missile was accomplished in accordance with planning
documented in Report AA 60-0001, Flight Test Directive, Series "D", Missile
No. 60. Unplanned operations were performed on an "as required" basis.

Significant events concerning Missile 60D from arrival at AMPR to launch are
listed chronologically below.

S April 1960 Arrived at AMR by air and transferred to
south bay of Hangar "K".

0 April 1960 Completed receiving inspection.

18 May 1960 Systems checkout initiated in north bay of
Hangar "K".

13 June 1960 Weighed in Hangar "K".

14 June 1960 Transferred to Complex I I and erected.

m 00 s -ow m w N min e ýIX 0
m mum mmmNNmm mm m r-- 7'IA ~____

° I,



S- - L- -.--- -- -- -

L~iA!IDErTALI\
Page No. 64

dl AA 60-0054

Date Event

23 June 1960 Successful Propellant Tanking.

24 June 1960 Flight Acceptance Composite Test was per-
formed and the following discrepancies were
observed:

1. RF No. 1. Channel C, failed to switch to
continuous for observation of Strobe light
operation at sustainer cutoff.

2. Sustainer and vernier cutoff relay activations
at generation of MFCO could not be ascer-
tained because signal was sent at time when
cutoff relays were already activated by ARMA
cutoff signals.

"3. Voltage and frequency shifts in the missile
"electrical and ARMA computer power supply
measurements were evident at staging.

27 June 1960 Satisfactory Flight Acceptance Composite Test.
Discrepancies were noted as follows:

1. Voltage and frequency shifts in the missile
electrical and ARMA computer power supply
measurements were evident at 170 seconds.

2. Malfunction of the Mod M instrumentation
beacon was indicated at 375 seconds.

Following this test the Mod IM beacon and the
missile inverter were replaced and checked
satisfactorily.

29 June 1960 X.I Day Operations.
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Date Event

30 June 1960 Attempted launch. The countdown started
as planned at 1900 EST and was terminated
at 2345 EST at -54 minutes. The test was
terminated in order to allow time to change
the RF No. 3 canister and the ASC after
improper output was noted on ASC Channel 5.

2 July 1960 Flight.

Attempted Launch Countdown Results

The initial launch countdown occurred on 30 June 1960. The countdown was
started as planned at 1900 EST and was terminated at -54 minutes. The test was
terminated to allow sufficient time to change the Rf No. 3 canister and the ASC
and to further trouble shoot the problem area. Actual countdown time consumed
totaled 285 minutes, 135 minutes of which were hold times. These holds were

C" as follows:

1. At -139 minutes (1911 EST), for 34 minutes, to change telemetry Rlr No. 2
canister due to noise on this link.

2. At -70 minutes (2054 EST), for 28 minutes. to rerun the GAP test, which
had been performed at -144 minutes. because of poor data checker function-
"ing.

3. At -54 minutes (2138 EST). for 127 minutes, to resolve the improper
frequency output as indicated by telemetry during the first run of the GAP
toot perfromed at -62 minutes. The test was terminated during this hold.

A brief compilation of signiflcant difficulties encountered during system preparation
sad testing accomplished follows.
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All-Insrtial Guidance System

After installation of the Missile Guidance Set (MGS) components in the missile
pod, the MGS system test was delayed approximately one week awaiting Convair
wiring checks. Early in the system test, an electrical short was discovered in
the 13, 300 panel of the Alignment-Countdown Set (ACS) In Arms Checkout
Trailer No. 1. Repairs were made and the system test was completed success-
fully except for delays caused by pod air conditioning and 400 cps power failures.

During the Guidance Integrated Test, the Z1, 300 panel of the ACS filed and was
repaired without delaying the test.

The platform tumbled during an attempted FACT of Z2 June due to a defective
Missile Guidance Control. A new control (S/N 7120013) was installed. The
Amplifier Fidelity Link was found to be saturated with water and was removed,
dried out, and replaced. A low Digital Signal Converter output was traced to
a defective power supply in the interconnection group of the ACS. The power
supply was replaced, and on 24 June the FACT was completed successfully.

During the launch countdown of 30 June, the Data Checker failed during ver-
ification of the range tape from the first GAP Test. The Analog Signal Converter
(ASC) exhibited a malfunction during the second GAP Test and the launch attempt
was terminated. The Data Checker was repaired and a new ASC (SIN 7150016)
was installed. On I and 2 July the launh countdown was completed successfully,
with no Arm& holds required.

The following test procedures were performed in the course of MGS checkout

at AMR.

Procedure Description Date Completed

•f•nar 'IN" Arms. Maintenance Center

CTO-iOA Platform Checkout 3-6-60

CTP-02 Psrtia Platform Checkout 4.4-60

CTP-03B Computer DSC Checkout 3-9-60

CTP-03C Computer DSC Checkout 5$-$60

CTP-lS15 MOS lystem Test 3-9-" -

CTP 11A ABC, Calibration 6-19.-60
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Procedure Description Date Completed

Hangar ""

DAG 6477 Trailer No. 1 ACS Validation 5-13-60

FTP-G-013D MGS System Test (Partial) 5-19-60

FTP-G-013D MGS System Test (Partial) 5-24-60

FTP-G-013D UGS System Test 5-31-60

FTP-G-014D Guidance integrated Test 6-1-60

At Complex 11

CTP- 14A Launch Pad ACS Calibration 6-17-60
d CTP-ISC MGS System Test 6.18-60

6.21-60

CTP-17F FACT No. 1 Precountdown 6-22-60

CTP-17F FACT No. 2 Precountdow 6.24-60

CTP-17F FACT No. 2 Countdown 6-24-60

Arma Test Spec.
No. 37 Computer - Target Board Checks 6-21-60

CV-A Test Prep.
No. 11.402 Control Checkout 6-23-60

CTP-17F rPartial FACT Countdown 6-27.60

CTP-1SC "X-2" Day Checks 6-29-60

CTP-15C "X-l" Day Checks 6-29-60

CV-A Test Prep.
No. 11-417 ASC Checkout 6-30-60
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Procedure Description Date Completed

CTP-17-F- Launch Attempt Precount 6-30-60

CTP-17 F Launch Attempt Countdown 6-30-60

CTP-17F Launch Precountdow 7-1-60

CTP-17F Launch Countdown 7-1-60

Re-entry Vehicle

The re-entry vehicle was received at AMR on 7 June 1960. No major problems
arose during hangar testing. The following tests were performed at AM.R.o

rFn Tests Date Completed

23846A Flare and Spacer 6-8-60

23847A Systems Confidence 6-2Z60

23893 Seal Test 6-2Z-60

23845D Incaming Confidence 6-43-60

Z388SA Mate Spacer to Airframe 6-44-60

Z3850C FACT (Spacer only) 6-24-60

23665A Remove Spacer from Airframe 6-24-60

23869A Weight a" C. 0. 6.Z5-60

Z3846b Final Acceptance 6-26-60

23885A Mate to Airframe for Launch 6-29-60

13885A T-1 Day 6-29.60

"-mU
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Flght Control System

During hangar checkout, g.yro canister, Serial No. 8, was returned to San
Diego, on 7 April 1960. due to low yaw displacement sensitivity and high
pitch displacement sensitivity. Gyro canister, Serial No. 4, was assigned
as a replacement,

During flight control system checkout at the complex. it was diccovered that the
flight programmer recycled intermittently for no apparent reason. Gyro
canister, Serial No. 4. and programmer, Serial No. 3, were therefore replaced by
gyro canister, Serial No. 13, and programmer, Serial No. 9. Programmer.
8Seril No. 3 was returned to San Diego. Subsequent chocks in the gyro
laboratory indicated that programmer. Serial No. 3, had an intermittent reset
condition.

The following procedures were completed in the hangar checkout area.

Procedure Description Date Completed

FTP-S-047A Autopilot Preliminary Voltage 4-11-60
And Circuit Check

FTP-S-OOZA Vernier Engine Alignment 5-19-60

FTP-S-041C Autopilot System Test 5-19-60

FTP-S-0443 Position And Polarity Test 5-20-60

FTP-8-045A Pyrotechnic Substitution Fuse Test 5-21-60

FTP-8-039A Autopilot Static Gain Test 543-60

The following procedures were completed at the complex.

Procedure Description Date Completed

FTP-8-0063 Booster Engine Alignment Check 6.16-60

FTP-S-021B Flight Control System Threshold 6.16-60
Transfer

C
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SD i Date Comuleted

FTP-8-034A Sustainer Engine Alignment Check 6.16-60

FTP-S-049A Autopilot Polarity Test 6-16-60

FTP-S-060A Abbreviated Frequency Response 6-17-60
Test

FTP-S-019C Autopilot Frequency Response Test 6.17-60

.. TP-M-062B Autopilot Inertial Guidance Integrated 6-21-60

FTP-S-059 Rol Program Readout Calibration 6-28-60

FTP-8-050B Autopilot Sq*b Test a-29-60

FTP-S-051C Autopilat System Roadiness Test 6-29-60

"I FTP-S-05Z Autopilot Precountdown Operation 6-30-60

14draulic System

Tho\sustaine- hydraulic system hydraulic oil did not meet spec•flcationas due to
low Viscosity when analysed prior to flight. The oil was approved as acceptable,
however, since viscosity can be expected to drop when oil has been In use.

During pr0parations for launch, the vernier solo hydraulic line located in the
thrust sectl*i jettison area broke when being reformed. The line was removed
&ad replaced.\

The following ptocedure was completed in the hangar checkout area.

Procedure Description Date Completed

FTP-H-003B Horisontal Fill and Bleed 6-14-60

4*
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The following procedures were completed at the complex.

Procedure Description Date Completed

1'TP-H-00ZD Ground And Airborne Hydraulic 6-24-60

System Fill Avd Bleed

FTP-H-007 Vernier Solo Hydraulic Accumulator 6-23-60
Installation

FTP-H-004 Airborne Hydraulic System X-I Day 6-30-60
And Precount Operations

Optical Beacon

During hangar checkout operations the optical beacon system was installed
and chocked out in accordance with TPS'S K-27 and J-92.

C• During the FAC Test optical beacon, Serial No. 004-0010. failed to activate
and was replaced by optical beacon, Serial No. 003-0001.

The following procedure was completed at the complex.

Procedure Doscriptioa Date Completed

"TP-E-049 Blockhouse Compat.bility And 6-15-60
Checkout Of Strobe Light Battery

AmuM system

Dariag Lafdar checkout Asusa transponder, Serial No. 731-0044, was
IlW'O C No. 53561Z) and seat to the Asses MYeld Service Center for testing
aftr miseii dc power had been inadvertently shorted to ground due to a faulty
lost sqwpmeat saadwih plug. Transponder, Serial No. 731-0046. was in-
stalled oe the missile. Trzasponder, Serial No. 731-0044, was subsequently
tested at the Field Service Center and was found to be undamaged.

The following procedure was completed in the hangar.

Procedure - Description Date Completed

SC Z-9ZS04 ZO "H" Azasa Coherent Carrier Transponder 5-17-60
System Checkout
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The following procedure was completed at the complax:

Procedure Description Date Completed

FTP-Z-OOIA Asusa Blockhouse Compatibility 6.15-60

Range Safety Command System

No major system difficulties were encountered during preparation for the
flight test.

The following procedures were completed in the hangar.

Procedure Description Date Completed

Z7-92517-1-D EO "r"

Range Safety Command Checkout 5-18-60

FTP-D-OOZC Range Safety Command Backup 5-19-60
Re-entry Vehicle Separation
Checkout

The following procedure was completed at the complex.

Procedure Description Date Completed

FTP-D-00SB Range Safety Command Blockhouse 6-15-60
Compatibility Test

Acoustica Propellant Utilization System

No major difficalties were encountered during checkout in the hangar.

During checkout at the complex. Acoustica computer. Serial No. 043, was removed
due to one station being cut of specification. This unit was replaced with computer
Serial No. 044. which performed satisfactorily.
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The foUowing procedures were completed at the complex.

Procedure Description Date Completed

FTP-W-009 PLCM Calibration 6-16-63

FTP-W-008B Acoustica Closed Loop System 6-23-60
Calibration And Checkout

FTP-W-015 Acoustica Propellant Utilization 6-24-60
System Specific Gravity Auto Set
Voltage Adjustment

FTP-W-012 Acoustic PU System Function 6-28-60

Readiness Test

TTP-W-019 PLCM Readiness Test 6-29-60

Pneumatic System

No nmjor difficulties were encountered during checkout in the hangar.

During checkout at the complex, while performing FTP-F-ozo (High Pressure
Leak Check and Airborne Regulator Lock-Up Checkout), the fuel regulator
experienced excessive leakage when pressurization was switched to internal.
The regulator was subsequently replaced, and no further problems were encountered.

The following test procedures were completed in the hangar.

Procedure , Description Date Completed

FTP-F-019B Airborne Pneumatic System Leak 4-14-60
"N Check

FTJP-F-02B Differential Pressure Switch Checkout 4-15-60

FTP-r-oi0A PU System Leak Check 4-20-60

C
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The following test procedures were completed at the complex.

Procedure Description Date Completed

FTP-F-005C Checkout and Validation Ground 6-20-60
Airborne Pne•mnatic System

FTP-F-007 Transfer Missile Trailer Pressuri- 6o41-60
zation To Tower

FTP-F-0Z0 High Pressure Leak Check and Air- 6-22-60
borne P-gulator Lockup

FTPoF-015A LOZ Tank Relief and ShutoE Valve 6-22-60

Checkout

Holddown and Release System

No major difficulties were encountered during flight test preparation, however,
several instrumentation problems were encountered during the cold release test.

The following procedures were completed after Missile 60D arrived at the complex.

Procedure Description Date Completed

FTP-L-OOIC General Launcher Alignment 6-13-60

FTP-L-017A Launcher Release System Functioml 6-13-60
And Restrictive Check

FTP-L-005B Launcher Stabilisation 6-16-60

FTP-L-007D Functional Check Launcher 6-16-60
Auxiliary Frame

rTP-L-008 Servicing Launcher Launcher 6-20-60
Arrestors

FTP-L-OAA Launcher Lines Leak Check 6-20-60

FTP-L-006B Shakodown Procidure For Cold 6-47-60
Release
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Mod UZE Instrumentation Beacon System

During hangar checkout. while performing test procedure FTP-G-02OA (Mod ME
Instrumentation Beacon System Checkout Procedure), no voltage proportional to
rate beacon r-f power output was observed. Rate Beacon, Serial No. 4E1046. was
removed from the missile (F and C No. 531109) and sent to the GE Lab. Testing
verified the aforementioned condition and the rate beacon was returned to the depot
for repair. Rate Beacon. Serial No. 4E1074, was installed on the missile.

During checkout at the complex, while performing test procedure FTP-G-016A
(Mod WE Instrumentation Beacon System Readiness Test), a low voltage pro-
portional to pulse beacon magnetron current was observed. Pulse Beacon, Serial
No. 6E 1006, was removed from the missile and sent to the GE Lab. Testing
indicated normal pulse beacon performance and the pulse beacon was re-installed
on the missile. The aforementioned problem was still present during subsequent
testing and Pulse Beacon, Serial No. 6E1006, was removed from the missile and
Pulse Beacon, Serial No. 6E1004, was installed. The problem still persisted and
further investigation revealed that this condition was caused by trouble in the

( Mod WIE test set acceleration register.

During the plus time count on the Flight Acceptance Composite Test (PI-4CO-02-
60) on 27 June 1960, it appeared that the pulse beacon power supplies had been
dama-ed due to improper application of missile electrical power. Pulse Beacon,
Serial No. 6E10004, and Rate Beacon, Serial No. 4E1074, were removed from
the misjaile and sent to the GE Lab. the lab check confirmed that the pulse beacon
power :,upplies had been damaged and the Pulse Beacon. Serial No. 6E1005, was
assigned as the replacement. A lab profile test was satisfactorily completed and
Pulse Beacon, Serial No. 6E1005, and Rate Beacon, Serial No. 4E1074, were
installed on the missile.

The following procedures were completed in the hangar.

'\ Procedure Description Date Completed

TTP-C-OZOA Mod WE Instrumentation Beacon 5.25-40
System Checkout DA 1043

TPII-K-89 Instrumentation Rate and Pulse 6-7.60
Beacon Removal for GE LAb
TestS C /p
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The following procedures were completed at the complex.

Procedure Description Date Completed

FTP-G-016A Mod ILE Instrumentation 6-22-60
Beacon System Readiness Test 6-29-60

FTP-G-019A Mod ME Instrumentation 6-29-60
Missileborne Waveguide and
Canister Pressure Check

Missile/Complex Electrical

During FAC Tests PI-4CO-01-60 and PI-4CO-OZ-60. the missile main inverter
indicated a small voltage and frequency shift once in each test. This shift was
also present on the ARMA guidance computer power supply measurements. Missile
inverter, Serial No. 905-0014. was removed and replaced by inverter, Serial No.
R88. to remove the electrical system as a possible source of trouble. No further
shifts were noted.

During the launch countdown the remotely activated missile main battery failed to
activate. The battery, Serial No. 906-022?7 was removed &ad replaced with
battery, Serial No. 001-0465.

The following procedures were completed in the hangar.

Procedure Description Date Completed

FTP-E-033 Inspection of Electrical 4-6-60
Disconnects

\ FTP-E-044 Battery Fit Test 4-19-60

rTP-E-036 Separation Circuitry Check 4-6-60

27-9251,-A Missile Electrical System 6.2.60
EO "C'* Checkout
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The following procedures were completed at the complex.

Procedure Description Date Completed

rTP-E-003 Operational Checkout of 6-17-60
Closed Circuitry.

FTP-E-026 Pneumatic/Propulsion/ Electrical 6-21-60
System Interlock Test.

FTP-E-032B Missile Electrical Blockhouse 6-ZO60
Compatibility Test.

FTP-B-013A Propellants and Explosive Area 6-28-60
Checkout and Trial Fitting of
Pyrotechnic Devices.

FTIP-M-056B Missile RF and Electrical Readiness 6-29-60
Test.

FTP-M-0 64A Missile RFi and Electrical Pro- 7-1-60
Count Operations.

The complex electrical encountered the following difficulties during the
checkout and L"nch of this missile.

1. Umbilical 600J3 was discovered to be a flush mounted type. Procedure
FTP-E-037B, had to be deviated (DA1061) to allow proper adjustment
of 600P3.

2. Umbilical 600P2, had an open circuit between 600P2-10 and 600P109-H.
The circuit was repaired.

3. The ARMA line of sight tube harness was wired to B/P 27-69938 con-
figuratiou.

4. The 480 volt wiring for the pod cooling strip heaters was shorted to the

conduit. Repairs were postponed until after launch. This did not hamper
the complex operation.

5. Umbilical 665P3 was found to be contaminated causing the vernier propellant
valves to open and the vernier start tanks to pressuriae several times inter-
mittently during leak checks. This was corrected by blowing oat the umbilical
with GNZ.
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The following procedures. were completed at the complex.

Procedure Description Date Completed

FTP-E-034 Lausach Micronwitch Adjustment 6-14-60

FTP-E-037 Umbilical Adjustment Ejection Procedure 6-Z0-60
DA 1061

FTP-E-036B Complex Electrical Systeam Readiness Toot 6-29-60

FTP-E-039 Lwauch Control, Automatic Sequence Toot 6-ZI-60

FTP-E.040 Release Sequence Teat 6-20-60
DA 1065

F`TP-E-041 Sustainer Overspeed Trip Check 6-15-60

FTP-E-046 C~eckouat Hydraulic Switch 6-24-6o

Propualsion System

Removal, of two high pressure lines from the booster L02 system and the
sustainer and booster gas generator L02 feod lines for hydrocarbon count
revealed that the 102 system lines were out of specification in particle mine
and count. This brought about an inspection and cleaning of the remaining high
and low pressure lines in the booster main, £02 system from the RIG (staging)
valve down.

During Vernier Engine leak checks. after the engine tanks were pressurised.
the vernier propellant valves inadvertently opened. The propellant valves

could not be closed nor could the engine tanks be vented by use of the engine
test panoe. After the panel switch had been put into the vent position the tasks
vented and repressurized twice. The engines were returned to a normal
configuration by disceasecting the plugs controlling the engine task pressure
&M vernier propellant valves. Further investigation revealed an appreciable
amount of water in amblhlcal 600P-3. The umbilical was dried out and a voltage
check on the plugs to the propellant valve control and engine tanks pressuarizing
control solenoids before and after drying out confirmed that the extraneous signals
were removed. Due to opening of the $Iropellaat valves the vernier L02 lines
dwastream of the propellant valves wore removed for contamination, checks. All

--the lines were cleased and the gimbal Joints on. V2 were flushed with alcohol and
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The interference between the vernier engine flexible electrical conduit and the
LOZ lines was experienced again on both engines. This was corrected by bond
fittingj the c~lamp spacers.

Th following procedures were accomplished in the hangar.

Procedure Description Date Completed

ITP-P-027 Main Propellant and Hot Gas 4-15-60
System Leak Checks

FTP-P-0ZS Propulsion Pneumatic Control 5-20-60
Leak and functional Check

rTP-P-026 Vernier Engine and Start 546-60
System Leak Checks

d"P-P-030B Head-Suppression Servo Controller 6-2-60
(U FT-Leak ad Functional Check

The following procedures were accomplished at the complex.

Procedure Description Date Completed

ITP-P-013 Airborne Purge and Pre-vwlve 6-17-60
Leak and Functional Test

"TP-P-029 Pneumatic Purge SBytem Leak 6-16-60
And Fua7cýt'al Check

FTP-P-023 Inspection Check of Propmlsion 6-44-60
System Components

FTP-P-01 Vernier Engine Decontamination 6-25-60

rFP-P-006 Propulsion System Leak And 6-Z7-60
Funct•ou•a Check

FTP-P.014 Retorquing Booster and Sustainer 6-28-60
Gimbals

FTP-P-009 Propulsion X-1 Day and Pre- 6-30-60
Coantdown Operation
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Telemetry System

During the launch attempt on 30 June 1960. (Test P1-401-00-60) Telemetry
RFr No. 2 canister, Serial No. 9619. became noisy and was removed from the
missile. Canister, Serial No. 944, was installed.

During the launch precount on I July 1960, Telemetry RE' No. 3 canister.
Serial No. 9611. was removed from the missile after it was suspected that the
signal was not being transmitted properly. Canister Serial No. 958. was
installed.

The following procedures were completed in the hangar.

Procedure Description Date Completed

rTP-T-005 Bridging of Temperature 6-28-60
Transducer and Accessory

4 Package Resistance

FrTP-T-01? Vernier Engine Position Calibration 5-17-60

I'TP-T-024A Telemetry System Checkout 5-19-60
Procedure

I'TP-T-023 Telemetry High Pressure 5-23-60
Checkout

FTP-T-022 Telemetry System Functional 6-2-60
Check

TPS-K-8l Accessory Output Check 6-1-60

The followin~g procedures were completed at the complex.

Procedure- Description Date Completed

FTrP-T-OZOA Telemetry System Functional Test 6-17-60

rTP-T-0193 Telemetry Blockhouse Compatibility 6-21-60
Test

r TP-T-OOSB Alinment and Calibration of Engine 6-23-60
Position Transducers

51A. -~ . - n U ! m u jA ý ~m
MI- -~ __ ~ 1~~IL _ ______



FIDEflTj

Pqe No.81
0 JAA 60-0054

Procedure Description Date Completed

FTP-T-0Z6 Telemetry System Readiness 6-30-60
Test

FTP-T-027 Telemetry System Precmuat- 7-1-60
down Operations

C
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FLUID CHEMICAL ANALYSIS

All Fluid Chemistry samples were taken for Missile 60D launci on 1 July 1960.
The results were acceptable. The trichioroethyleno sample was insufficient to
allow complete analysis but was within specifications as far as tests were
performed.

Liquid Oxygen Units Sample Specifications

Purity Percent 99.65 99.5 Min.

Hydrocarbons

As Methane ppm 10 75. 0 Total Max.
As Acetylene None 0.S

Gaseous Nitrogen

" Purity Percent 99.9 99. 5 Min.

Hydrocarbons

As Methane ppm None 75.0 Tot@A Max.
Aa Acetylene None 0.5

Gaseous Helium

Purity Percent 99.99 99.9 1 Min.

Hydrocarbons

As Methane ppm None 7S. 0 Total Max.
As Acetylene None 0.5

Lubricating Oil

Viscosity CentistokesO 25 23- 34
'GOOF

Flash Point oF 310 280 Min.
Viscosity Index 136.7 134.8 60 Min.
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Fuel - RP-1 Units SAmple Specifications

initial Boiling oF 37Z Report

to Percent OF 39Z 365-410

50 Percent OF 417 Report

90 Percent 0F 450 Report

End Point OF 474 525 Max.

Residue Percent 0. 8 1. 5 Max.

Loss Percent 1.0 1.5 Max.

Flash Point OF 138 110 Min.

Gravity °API 44.0 4Z.0 Min.

Particle Count

10 - 20 Microns z460 No solid particles

20 - 40 Microns 840 greater than 175

40 - 80 Microns 60 microns. (Fibers

80 , Microns S Particles not defined).
"5 Fibers

Moisture Content ppm None 5. 0 Max.

Trichloroothylene

Appearance Pass Clear and Free.

Color Pass Not Red, Blue, Green. or

Purple Dyed.

Odor Pass Characteristic.

Water Content Pass Cloudless 0j14°F

Insufficient sample to complete testing. Material is within specification as far as

tests were performed.

Hyd-lr;&U€ FIuid_

Flash Point O 119 300 Min.

Color R.e oport

Viscosity Contistokms. 8.90 10.0 Min.
130°F

Water by Perceat Canaot be 0. 005 Max.

Distillation 8eas red by
apee. motl.4i.

Dye ied

USS
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Particle Count Units Sa!Mple Specifications

10 - z0 Microns 1320 4800 Max.
ZI - 40 Microns 840 2400 Max.
41 - 65 • Microns 50 800 Max.
66 - 100 Microns 40 160 Max.
Over 100 Microns 2 Fibers 0 Max.

3 Particles

* Below procurement specifications, however, viscosity can be expected
to drop after oil has been in see and this value is acceptable.

Sm m m m m m inf[emm mm m R me mm mU
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REFERENCE DOCUMENTS

Flight Test Plan - Missile No. 60D AZ-27-091

Detailed Test Objectives(AFBMD/STL) TR-60-0000-09059

Flight Test Directive (FTWG) AA 60-0001

Additional reports which may be referenced for further ircormation regarding
this missile are listed below:

Reports Approximate Issue Date
(time after test)

Convair - Astronautics, San Diego, Calif.

Flight Test Evaluation Report 14 Days

AFBMD/STL. Inglewood, Calif.

Flight Summary Report $-1Z Weeks

ARMA, CCO

CCO Quick Look Report 7-10 Days

American Bosch ARMA Co., Garden City, N. Y.

Flight Test Evaluation Report 30 Days

General Electric. Philadelphia. Pa.

Evaluation Report 30 Days

General Electric, Syracuse, N. Y.

Evaluation Report Of Mod III Instrumentation
System With Missile 60D. 6-10 Weeks

Acoustica Associates, Los Angeles, Calif.

Final Test Report 30 Days

ME



W1 Page No. 6a

AA 6000054

SERIAL NUMBERS OF SYSTEM COMPONENTS

AZUSA TRANSPONDER. Serial No. 731-0046

RE-ENTRY VEHICLE, Serial No. 223

RANGE SAFETY COMMAND SYSTEM

Range Safety Command Receiver No. 1. Serial No. AF-58-125
Range Safety Command Receiver No. 1, Batter, Serial No. 909-0018
Range Safety Command Receiver No. 2, Serial No. AF-58-164
Range Safety Command Receiver No. 2. Battery Serial No. 238
Range Safety Command Power And Signal Control Unit, Serial No. 5

PROPULSION SYSfEM

ustainer Engine, Serial No. NA 222079
SBooster Engine, Serial No. NA 112095

Vernier No. 1, Serial No. NA 332185
Vernier No. 2, Serial No. NA 332099

ELECTRICAL SYSTEM

Missile Main Battery, Serial No. 001-0463
Inverter, Serial No. R-86
Power Changeover Switch. Serial No. 010

INSTRUMENTATION BEACON SYSTEM

Pulse Beacon, Serial No. 6EI005
Rate Beacon. Serial No. 4E1I074

TELEMETRY SYSTEM

Telemeter RF No. 1, Seri&a No. 9612
Telemeter RF No. 2, Serial No. 944
Telemeter RF No. 3, Serial No. 958
Telemeter RF No. 1, Battery. Serial No. 001-0120
Telemeter RF No. 2, Battery. Serial No. 002-0190
Telemeter RF No. 3. Battery, Serial No. 001-0126
Accessory Package, Serial No. 005-0005 (12)

m. m emm mmum m••um mm mmmmmumm
mm Us OPENm WK "a a
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FLIGHT CONTROL SYSTEM

Gyro Package, Serial No. 003-0004 (13)
Filter-Servo Amplifier Package, No. OOZ-0003 (10)
Programmer Package, Serial No. 001-0001 (9)

PROPELLANT UTILIZATION SYSTEM

Canister, Serial No. 044

INERTIAL GUIDANCE SYSTEM

Platform, Serial No. 7110014
Control, Serial No. 71Z0013
Computer, Serial No. 7130018
Analog Signal Converter, Serial No. 7150016
Digital Signal Converter, Serial No. 71400Z9

S STROBE LIGHT SYSTEM. Serial No. 003-0001

$
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