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i

1.0 JNIBQOICTION:

With refarense to STL Document ()M437-335 Engivosring Bemoh Compatibdility
Test Plas and Arma Document DAG 4562 Laborstory Compatibility Program,
871 requested that enginearing beush ocmpetibility tests bDatween
Convair Autepilct end Arma Inertial Guidanse System Compoments be
condusted. Accordingly, the Servo-Mechanisms OGrcup requested that

thase tests be performed in the Syatems Test Laboratory, ss spesified
in Convair Report AZM-27-073, dated 27 Ootcber 1948,

The purpose ef the bench teats vas to determine any aystos isscapat~
ibilities as early in the D/AIG progrsn as pessible. Primarily, thesd
toots vers made to determine the nsture and ceuse of any interface

- problems that might exist between the available Convair and Avma
squipaent, Overall missile system competibility 1s to be determined
during the 30D Tests. )

The beneh teastc vere divided into two categories; measuremente to
deternine that interface signal requirementis wers met, sl Wsswrements
to dstereine if ths cystems somponent pover requiremsnts were corpatible
vith tha airbarne pover scpplys

¢ A

R reyory is therefera divided 33 tvo sestions. The first gection
contains Guidance-Auvtopilet sigmsi compatibility imformatiom, while
the eveond seetion containe the data on tho oompatibility of the guidanes
system vith the airdorz: pover supply.).Ibe first part of this repert
iz hseod primarily om informatiosn suppl Arma, and on {aformation
aouteined in reports isaued by the Servo-Mechanisme Oroup 8 listed
urdar roferens

2,0 SECTION I: Bumsary of Arma/i]0 Autopilot Compsatibiliiy Tests,

2.1 QNECYL B
Dotermine ~
2.1.1 Sigeal domratidbility between Convair AIL Autepilot and Arme MO8,

R.,1.2 Operational chegracteristios of the guidante systes on the air~
barne power sapply.

2.1.3 Opearational sharacteristios of the guidance syatem during power

shangepver,
TN f\“ SIF IFP
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2.2 GONCLUSIONS:

2,2,1 No serious incomratibiliiies were detecisd betwsen tine Convair
Autoplilet syste and the Arma MGS Auring thsze tests,

2,2.,2 The guidanoe system verformed corrsotly on both ground and air-
borne powsr sunplise over a wide range of power systex load
oconditions.

2,2,3 The operational status of the AIG Autopilot was recoverad within
a fraction of & second safter power changeover, while the Arma
squipment wes fully operational within five seconds in all tests run

2.3  IEST SPECLMENS:

2.3.1 Convair D/AIG Autopilot Components
Gyro Package
Servo Amplifier Package
Digital Programmer Package

2,3.,2 Convair special test equipment
Control HManouvers Servo Table
Package Control Units

L3

<.3.3 Convair Power Supply Components
Inet~Pelmer ground pover 'muit
Airborre Inverter powsr unit

For a more detailed description of thase units, refer to ths
Electrical 3ection of this report,

2.3.4 Arms Lot II Missile Guidance Syst-—=
Computer
Insrtial Platf:wm
Analog Signal Converter
Digitel Signal Converter
Control Central i

2.3.5 Arma Spocial Test Bquipme~*
ET-1 MGS Test Racke
Computer Tast Kit

! Simulated Braak Away Fanel

| 2.4 IEST PROCEDUKES:
2.4.1 In{tial Instaliation

~ valled in, limited access area at Columnz J, K~i, T1dg. 5 vas

created for equipment sssurit~, 25 January 1959. Tis Arma Vest

¥ hardware was then installed and comnecied. Power 17.es, gontrol
boxas and cutlets wwre installed, furnishiag £5 NOCESSATYS

IINCEASS L
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2.4.2.1

2e4o2.2

2.&-203

(Contimwed )

2.4.1 Initiel Installation (Cemtinued)
440 wolts, 60 cps, 3 phase
117 volts, 400 ops, 3 pmse
117 volts, 60 cpe, 1 phase

28 volts, IC

Forved air, dry ics sguipment soolers wers designed and buflt
for Arma oquipment, as were a cew minor pleces of spselsl test
equipaent. The required test instrumenis wers obtained and
the area vas checked out and opsrational by 9 Pebruary 1959.

See Pigures 1 through 5.
D "

On 9 February 1999 the first prototype AIG gyro eanister was
tested for ~ompatidility with the Area MGS. The odject of this
test vas to determire if any diserepsucies axisted wvhen pitok

and yaw steering “ignals wers suppifiod to the gyre canister.

Ir the first test piteh steering signals from the pited ~imbal
cyeohre of the Arma Inertial Flatf a vers supplisd to tre
Jteh guidanse input of the torquer amplifier ip the gyro
canister. Sigmals renging frem +5.0 to ~5.0 velte in 1 wole
inaremente vare used as inputs. T..2 paremetars reecrded o2 »
Sanborn recoruer vers as fsllovs: Iopwt Sigmal, Pitsh Oyro
OQutput. Pited Anplificr Omtpui end Pllek Torgwe Cwrr-ent. At
sach voltage input level, the pitoh guidancs was disabdled
rrugh an elsotroais switsh in the gro camiste and the grve
vas elestiically mlled. The nalling leop vas then opsmed amd
the plerd suidance war onebled, allowing the aigma: to torgwx the
9. he remilting ramp outputs and terquisg arrent vers re-
corded at that tims,

The cooomd test uas to spply yov stesring signais frea the
sumpater to the yav guidamee inpwt of ““e tereuws. emclifier in
the gyvo sanfstar. Ths faputs ranged frem +: wolts to -3 volts
in 0.5 volt incrememts. The parzweiars resorded on the Sendern
recorder vers as followa: Inpwt Sigasl, Yar Gyro Outpat, Yew
Signa) Amplifier Output, and Yew Torgee Current. As in the sass |
of the pitsh chanuil, the ysv guldance vas disadled threugh %he
electronie switch, and the gyro vss sleat-ically salled

e e e e i e e e e e e i e e — Sipumibaniiied -

Thts docursmt oortalng information sffecting e nuficesl sliess o 2 Willed Stales wiliie v ooy of S Lpisaga Loy, Tt i2,
USC, Saetent M1 mnd 794 The rmumiasion of Do revalrtion of s emtents W 0y Amtedr i a snsutherLiBd Perten K prehuning by ew.
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2.4  TECI FMOCEDGSRS: (Comtimled)
2 0‘12 o’ :?“W ) ‘

The nulling loop was then opened snd the yuw guidange wvas
emsbled, alluwing the sigual to torque the gyro.

2.4.2.4 In phase and quadrature sompesents of Araa pitok and yaw steer-
ing signals vere measured.

204.2.5 Arme-Convair guidanse imterfore impedances vers investigated.
2.4.2.6 The eiriciensies . the torgeer smplifisr guidanes ansble

svitohss were evalus‘ed Xy motirg their attezmation of the
guiGance input ia "= d@isable mods.

2.4.3.0 After these initial checks, the deteliled testing progran vus
wndertaken, and completed by 8 May 1959, Tha fellewing areas
vare investigated: :

2.4.3.1 Piteh and Yav Steering

a) Open Autepilet gyre leop

b) Closed Awtopilot gyro loep

o) Closed Autapilot gyro loep about s flight mansuvers serve
t&hl.-

2.4.3.2 The pitch and yav stecring testa wvere condmsted to dstermine the
| oompatidilily of the Arws systam with {ue swispilet gpre camister)
! es well as 0 ooRpRY LYro teTqring Taves messuced thrse sepatute
vays; open and olosed gyre loep, and alosed loep through ths
naseuvere Lol 8.

Autepilot Zvro pesii,e e l00p parsmeters vars alse isvesti- |
gatad. f;
|

2,5.3.3 Plteh grro drift dms to piteh steering aull sigoel vas imvesti-
grted.

R

2.4.2.4 Jav gyry drift dus ¢ yav steering nw')l sigmul wes investigated. |

2.4.3.5 BlTocy of yaw steaving mignel ripple o2 gyro saplifier cmtpt
was peayed,

[P UESTON U S SS UV e i U OO USSP U
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TEST PROCEDURES : (Continued)

2.1&0306

2-£ 0307

2.4.3.8

2.4.3.9

2.4.3.10

A normal Lot B 1-G problem yaw steering signal was fed from the
Arma Computer to the Autopilot while the computer cutoff signals
were sent to the programmer., The tests were run on ground
power and rapeated using the airborne power supply. The auto-
pillot was operated closed loop using an external nulling ampli-
fier,

Simulated Lot C 1-G Test - closed loop. Ilot C 1s a more advanced
form of the Arma MGS. A simulated Lot C yaw steering profile was
generated by manually sstting the yaw steering signal levels in
the proper time sequencs with the Arma computer teet kit. The
tests conducted with the simulated Lot C sequence profile were
the same as for the normal 1-G profile with the exception that
cut-off aignals were not available,

Sensitivity of discrete aign&l circuits to over and under supply
voltages was mearured.

The effect of switching on and off the simulated loads on the
guidance system power supply was investigated. Arma MGS oper-
ation at the specification limits of power supply amplitude
and frequency wa: measured.

Effects of power ochangeover, from ground to airborne, on the
guidance system was measured.

2.5 TEST RECULTS:

2.5.1.0

2.5.1-1

2.5.1,2

2.5.1.3

Initial Arms/AIG Gyro Canister Compatibility Tests.

The results of the pitch steering tests may be seen in Figure 6
where input voltage is plotted versus Autopilot gyro output,
amplified gyro cutput, and torque current. This data appeared

~ to be consistent with what was expected.

Figure 7 shows the results of the yaw steering tests. The null
voltage input was 60mv total with negligibls phase censitive
component. The recorded gyro drift at this time was approx-
imately 0.005 wvolts/second or 25 degrees/hour using the nominal
gyro sensitivity of 0.7 volts/degree.

The in-phuse and quadrature components of Arma MGS yaw and pitch
output stesering signals were measurad and recorded by Arma at
this time also. Their results are shown in Pigures 8, 9, 10 and

11.

This document contains information affecting the national defense of the United States within the meaning of the Espionage Laws, 1..se 18,
USC, Sections 793 and 794 The transmission or the reveiation of its contents in any manner to an unauthorized person is prohibited by law
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76: (Continued)

2.5.1.4 The tests of Figures 6 and 7 were made by adjusting the Arma

2.5.1.5

2.5.2
2.5.2,1

outputs to the desired torquer amplifier input voltage levels,
This cancellad any loading effects on the Arma equipment which
may have existed. However, Arma supplied the following infor-
mation on its pitah and yaw source impedances:

Pitch 370 + 208  + 3J250420% ohms
Yaw 6000 ohms

These impsdances drive the piteh and yaw guidance input circuite
of the gyro torquer amplifiers, sach of which offers a load of
100,000 ohms with guldance disabled and about 190,000 ohms with
guidance enabled ensuring a good impedance match with Arma.

The enable - disable guidance awitches appeared to function
efficiently., With 3 volts RMS steering signal applied to the
guidance input, and with the switch in the disable condition,
.00417 volts per second appeared at the amplifier output. Using
a sensitivity of 4.5 volts/degree this is equivalent to a drift
rate of 3.34 degrees/hour.

Results of Main Testing Frogram -
Piteh end yaw steering

The pitch steering tests were similar to those run in the initial
checks, with signals ranging from null to #4 volts used as inputs.
All testing was done on both ground and airborne power. With the
Autopilot gyro loop open, the ramp output from the signal ampli-
fler was recorded at each voltage level after initially nulling
the gyro and disabling the guidance input. Simultaneously, the
nulling loop was opened and the guidance was enabled allowing

the gyro to slew to ite stop.

For the second test, the gyro nulling loop was left closed, and
the guidance was enabled, while the gyro displacement was

measured at the nulling amplifier output for each steering i~ ut
level. The third test was to close the loop about the control
maneuvers servo table and monitor the table rate at each input
level. Sample recordings of these tests can be seen in Figures 12
and 13. With the servo loop closed, the rate gyro output was
recordcd to determine whether any inconsistencies existed in

table rate.

This document contamns information affecting the nationa! defense of the United States within the meaning ~f the Espionige Laws, Title 18,
USC. Sections 793 and 794 The trangmission of the revelstion of its contents in any manner to an unautharized person is prohibited by law
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TEST RESULTS: (Continued)

2.5.2.1

2.5.2.2
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Piteh and yaw s*eering (Continued)

The yaw estoering tests were run in a similar manner, with signals
ranglipg from null to +3 volts used as inputs. The open loop ;
tests were performed as before by applying the yaw steering :
signals to the guldence input after which the nulling loop vas |
opensd and the guidance erabled allowing the gyro to slew to its
etop. The ramp output from the gyro signal amplifier was recorded .
as shown in Figure 14. The same test was repeated with the pull- |
ing loop closed and the output of the nulling amplifijer recorded, :
also shown in Figure 14,

Autopilot Gyro Package Torquing Rates and Parameters -

Flgure 16 is a block diagrem of a floated raste integrating gyro ‘
and Lte associated circultry. The blocks inside the dotted lines |
represent the components of a floated rate gyro, while those i
outside represent needed circuitry for open or closed loop oper-
ation., C(pen loop torquing in accomplished with Sl and S2 open, i
and with the signal applied to the guidance input. Closed servo !

- table loop torquing 1s accomplished with S1 closed and S2 open.

Cicsed gyro loop torquing is accomplished with switch S1 open f
and switch S2 closed. l

The gyro open loop torquing rate may be defined by !
68 . B = Ky Sy slzzfﬁsz
g - g o= 2 42 ;

Where Ky = torquer amplifier gain in volts/volt
St = torque generator transfer function in volts/deg. '
C = viscous damping torque of the gyro in dynes - cm/ﬂeg/sec

The open loop torquing rate is calculated from the voltage ramp ?
output of the signal amplifier using the displacement sensitivity |
which is calibrated to +5.5%. '

Cloning the loop about a servo table on which the gvro package is
mounted, the torquing rate becomes

vhere H is the gyro angular momentum.

Tnus document contains information aﬂectma the natuornl defonso o the Umtcd Smes within the meaning of thc Cspuomgc Lows, Title 18,
USC, Sections 793 ana 794 The transmission or the revelation of its contents in any manner 10 an unsuthorized person is prohibited by law
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! 2.5  TEST RESULIC:  (Coniinwsl)
2.5.2.2 (Continued)

It can be szer that the torgquing rates obtained wusing these two
mstheds of messurement could differ considerably especlally if
the demping should vary some percentsge over a spscified temp-
srature range. Figure 17 doss show, however, a fairiy good
correspondance between open and closad servo loop torquing rates.

| The third method tried was ito close the loop about the gyro
itaelf, torque the gyrov slectricelly with the Arma steering sig~
nals, and rscord the output of the nulling amplifier for each
input level, Since the input surming resistors at the input to
the torguar amplifier are in the ratio of 1.21 to 1, the voltage
E; shovid be .21 X Ef at any input lsvel. This i8 verified in
Fignre 17,

The predomirate time constant of the Autopllot gyro nulling locp
as com-uted to bs 0.5 second. Thias sesms to agree with the time

conavant recorded in the simulmted Lot C 1-G Test ahown in

Figure 8, In this %est the gyro loop wes closed and the nvlling

arplifiar outpnt was recorded; showing e nulling loop time con-

‘ efart of abt~ut 0.5 seconds. If nscessary, the loep gain could

; probably be increased sufficiently to lowsr the time constant,

as the loop poscessves an ample gein margin,

Summarizing, the gvve mudlicg loop hsd a computed natural fre-
quensy 71 3.5 evs. a Jempine ratlo of 5,62, and s time constant
of 0.5 seconds. AlL (h=-. parametsers are a funct! 1 of loop
gain which can be conti~li=d by adjusting the gain of the null-
i-7 amplifior.

~.5.<.3 Tre piteh steering signal was nnlled by pinning the inertial
platform pltch gimbal with s gerc pin,

The effect of the Arma pltch steering null z!gnel on the apparent
Autorilot gyre drift was then recorded as shown in Figur- 14,
Tuie aull 4rift was resorded for six minutes. The drift in
Jegress per hour was calculated using ths piteh displacement
sensitivity which was calibratel to 3.5 volts/degres, This

caicuiatesd arift is shown as follows:

3. asfanie of fap din teq States withn the mean.ag of the Lspionage Laws Tifle 148
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E 2.5  TEST RESULT. : (Continued)

2.5.23 (Continued)

Drift at the end of six minutes 0.9 volts }
: Drift per hour 9 volts/hour |
: Drift in degrees/hoir 9 volts/hour = 2.57 deg/br.

§ 3.5 volts/dsg.

2.5,2.4 The irma yow steering signal ves nulled by use of the computer
1 test kit in the "zero subtract" pesition. The affect of the

; yavw steering null signal on the arparsnt Autopilet gyre Jrift
is show= in Figures 19. The gyro drift wac recorded fcr three
| minutes in each direction by reversing the Arms computer refer- |
- ance voltages'! phese. In sithar direction the drift appeared to
3 be low, 2.27 deg/ur. %o 3.46 deg/hr., both within tolerancs.

g The difference betw.en these two drift rates is 1.19 deg/hr.

{ vwhich g8 the teue gyro drifi rate caused by the imperfect null
signal,

| 2.,42.5 T8 2 cps ripple ou the yaw outpui of the Arma computer did i
| asppear at the output of the nulling amplifier as a 0.1 volt
? peak-peak signal. The amplitude of the 2 ¢ps rippl~ is depen-
dent on the stesring input signal level. As shown in Figures 14
: and 15, the i{nput signal lsvel for 1.1 vclts pesak-peak was atout
§ 3 volte RMS. 7o determine the affect of the 2 ¢ps ripple on l
| the entire Autopilot system including the sustainar and vervier
’ englneg, the resulting 2 cps riprle was recorded at the output
of the yaw signal smplifier. See Figure 20. With a 3 volts RS
input signal, the peak-peak voltage appsaring at the output of
the signat amplifier was 0.2 volts. The suetainer all veruier ‘
engine d-flectior for a peak-peak input of 0.2 volts can bs |
caloulated as follows: the end to end susteiner pitoh and vaw |
displacemsnt gain is 1.85 dsg/deg. The vaw verailer displacement |
gedr ia 15.3 do,/deg. A ope degres dlsplacement imput produces
3.5 volte signal amplifisr out., it foliows that the sustainer
aisplacemant e~naitivity is

1 . /A .
2285 /S8R = 0.53 deg/volt
3.5 volis/deg.
i
t
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(Continued)

Therefore a 0.2 volt peak-peak signsl amplifier output produces
a sustainer defiection of

0.53 x 0.2 = 0,10f degrees peak-peak at Z cps.

The vernier displacement sensitivitly is
Adad =

: .37 dag/volt.

35 4.3 &

Thus a 0.2 volt peak-peak signal amplifier cutput produces a

vernier deflection of
437 x 0,2 = 0.87, degrscs pesk~peak at 2 cps.

From the above calculations, it appears that these small engine

deflections will not be detrimentsl to the autopllot control

system. The calculated sustainer deflection should be within
the dead zone of the sngine servv system.

The third test performed with yaw steering input signals was to
close the loop about the control msneuvers servo tahle, This
test is shown in Figure 15 whers tne rate gyro output shows a
0.04 volt pesk to peak 2 cpe oscillation., Thls 1s equivalent %o
0.2 deg/sec. peak-pesak modulation upon the table —te of 1,24
deg/sec.

The normal Lot B 1 yaw steering profile using airborne power
ie shown in Figure 21. This test was done with the Autopilot
gyro nu'ling loop ciosad and the output of the nulling amplifier
racorded. Ho unususl trensients appeared ¢n the recording and
the oudput appasred nurmel. Figure 10 shows another recording
taken on slrborne power.

ahatm 4n

The simulated Lot £ 1-G tesy is

Pipryma 20 T &l d
Vil mal A S ALEMLT Ka 441 vllag
test the gyro loop was closed and the mulling amplifdler outmt

was recorded.

wonn the meamng of the Lspionage Laws, Tite o,
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2.5 TEST RESULTS:  (Continued)

2.5.2.8 On 12 March 1959, the Arma MGS and Conveir Autopilot were run
a5 & system. One G problems were run with the computer cut-off
signals going to the programmer. The DC power supply was ad-
Justed for nominal, under and over voltage levelas, The psrfor-
mance of the MGS~-Autopilot discretas circultry was normal under !
all conditions.

2,5.2.9 The entire simulated load wvas switched on and off to simulate an |
extreme airborne powsr prcfile. No significent variations |
appeared in the recorded outputs of either Arma or Convair '
guidance componenis, The Arma M3S operatior was normal at the
specification iimits of power supply amplitude and frequency.

2.5.2,10 Power Transfer Tests wers made to dstecimine the effsct on the
operational status of the MGS and Autopilot comporisnts. Phaae
switec. -over times were unequal, and transients lasted as long !
as thirty milliseconds., However, total separation from the
ground supply was alwsys achieved before the alrborne inverter !
was switched in, J’

| The sarvo package recovered operational status within several f
‘ mill?seconds and therefors posed no problems,

Changeover tests were performed with the programmer at zero
ready to recelve a launch command. At po.er changsover the
prograrmer powsr 3upply voltags dscreased which resulted in
programmer logic commanding a satisfactory reset to zerc as

the voitages returned to ncrmal values. No undesirable voltage
| translents were noted in critical programmer outputs,

The affects of power ohangiover on the gyro package are shown
in FPigures 23, 24 and 25. There appear to be no problem araess
| except for a (.3 volt transient spike lasting for C.1 sscond

i appearing at the output of the signal amplifier, This should
5 have a negligible effect on sysiem operation.

This document Contains nformatian affecting the nationsi defense of the Ur.ted States w'h o the meaning of the Esp.inage faws 1 te ¥
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2.5 EST RESULIS: (Continued)

{Continued)

The first srea of 4investigation on the Arma eouipment was the
effect on platform alignment., As the nyatem power was switched
from ground to airbornms, the steering resclver and pendulum
outputs were recorded, as in Figures 26, 27 and 2&. Any change
in resolver or penduium cutputs would indicate gimbal motion.
There was no change in pendulum output as s result of power
changeover. A 2.5 millivolt change in roll resolver output

was recorded indicating a twen.y second srror. As the resolver
output is directly proportional to line voltage, s major factor
in the resnlver cutput change is the difference betwaen the
voltage levels of the ground and afirborne supr’ies. The voltage
differance was about 1% at the time of this measurememt.

Platform azimuth alignment was monitored optically using a Watts
autocollimator to sight on the platform vporro prism. Tha
angular offsst of the platform in agzimuck due tec power tranafaer
was less than five seconda for repeatsd runs.

The recovery of azimuth alignment from an offset was normally
observed to bs accompliehed within two or three seconds as a re-
enlt of the FY~l Equipment Gyro Torquing Amplitiers. At no time

did recovery sxceed seven ceconds. On the basis of these figures,

Arma states that the platform will have fully reccrered from
-y offsst due to pet'er transfer orior to launch,

The power transfer transisnt .as reflected in the platform and
computer power suppliss, There was no siznificant increase in
ripple or noise on tha OC voltages after tranafer., Obgerved
eontrol and powar supply volt-oes of the Armse equipment are
tabulated in Figure 30 to give jualitative definiticn to the
sunply variations after changeover,

The Arma Mi3 serve amplifiar cutput showed a rirrle a® the

d{ffarenca Iresuency of the two suppiias. 7 a Figire 29,

Maximun riprle wae abont 1 volt peak 4o pea: Total voltuape was
P P : K

within syeelfications, Fervo response wars uormail judging by

the recovery time from a star input., It 12 rraesumed that this
M

"hun® priskup will not be presert in tre amlusile unce the um-
billcal 1s detached.

Trs s mentoentg s aln mate glrect ap e natona, deterse o7 e lmoe? Satag mett 7 tha maamiag ot the t5z dtage Lawt s
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2.5 IEST RESULTS:  (Comtimued)
2.5.2,10 (Continued)

Computer operation was normal on airsorne power whun resat after

transfer. Figure 30 offers a qualitative indication of tie
tranefor effects on tue computer operating voltages.

2.6 REFERENCES:

Report ES~59-SM-32¢ dated 18 Merch 1959, Results of Initial
Arma/LIG Gyro Canister Compatibility Te..s.

Report ES-59-8M-38, dated 25 Msy 1959, Summary of Arma/AIGC
Autopilot Compatinility Tests.

Engineering Work Book No. 7404.
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3.0 SECIION II: Rlootrisal Systom Cempatibility Test Rest'ts.

3.1.0 Z4IRODICTION:

The purpnse of this phese of testing was ¢ svaluvats the elestviscal
compatidility of tha D/AIU povet eystem v th the Aree MO2 - AXD Aute-
pilet guidaise systea.

3.2.0 QINRDIIVER:
3.2.1 Obtain a.losd anelys!  ’ér the D/AT) Missils Power Sysiem. :
3.2.2 Obtain a harmonic snalysis of the airborns power system.

3.2.3 T “~mmine pever systam charasteristios jricr to tronsler, during
afer, and »"tar trazsfer.

3.3.0 CONCLUBIQRS:

3.3.1 The nominsl lead on the IVAK) Missils Power System was 1620 ugtte. The
Arma Inerticl duidance System sematituted tiree-fourths of the howmimal
IMu

3.3.2 The barmonic anpalysis of the sirberne inverter indicwtds that the
voltege hermonic content from the sseond to twentieth Marmouic vas
apprexin. *ely 0,033 of the fumdemental.

3.3.3 Zecord!i gs taken of powsr system trarzafor imdiscte that the position
transfer time (power interruption) axeseds cne maximm specified of
15 niliiseconds.

!
1

i Arma total surrent transionts at transfer are nov excessive ip ugnitu!e ‘
arnd are generally less tuan 2.5 milliseconds it duratiom, !

L 30400 RECONGENTION: |

It is rocammendet ibat Murther tsating o7 the changeover switoh he
sondustsd on the =rydams lovel,

3:5.0

There ware feur wejor alactrizal compononts used in this tests
3.5.1 Power Changeover Ssriteh -

T3 Cooamees - antuhg bz =G affacling Do e e of e Uncled Siabes wiE T O eanng of T fapeesste ey, THe 1
OFC Sctiiems  CoaE TR The Poremisoal o foe ovulEion O A3 C0W0Rts B ey SO T K OB LSS parves 4 Y oa e b .
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3.5.1

3.5’2

3.5.3

Vs
M
»

Power Changeover Switch - (Contirued)

Kinetica Corp. M~<160-2

Serial No. 002 CVAC 27-06106-3

Airborne A.C. Power-

Inverter - Bendix, Red bank Division 32B77-5-B

Serial Number R-14

Cutput: 115/200 volts AC 40D cycles,
3000VA, 3 Phase, 0.8 pf.

Input: 28 volts DC 185 amps,

Ground A.C. Power

Variable Frequency Motor - Generator

Inet-Palmer Division of Leach Corp.

Model Alcb4 Serial Number 2673-1

Convair Specification No. 7-06205

Iaput Cutput

Tolue 390/51¢C 120208

Freq 58’02 cyc 3RC, 420 cye
Fhasse: 3 3

ARDS 3C.5 R .

F.F.: .2 2,55 lesd to O,
XVk: i3

REPOAT
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Ground-Airborne D.C. Power - (Cont‘nusd)
Mc Colpin -~ Christis Corp. 4314 00K/,
3erial Number K-458

Qutput:

400 snps 25-29 volts DC

Input: 4% 3 Phase 6Cyc. 30 Amps.
D. C. Pover to Arma Ground Equipment -

Rectifier, Metallic

Christie Electric Corp. ¥H32-100 K4
Serial Number K-18C,

Qutput: 10C amp, 24-32v IC

Input: 460 voits 60 cyc. 3 Phase

TEST PROCEDURE:
Gernarsl Procedurs -

aiectrical power systea used followed the schezatic Drawing
45-7=159 ) furnished by thLe Electrical Design Grovup,

4~
O

545-7
strumantaticn
syaten grounding., Rasicalily, the system confurms to the powsr

ex dlagram given in Filgurwy 31, The =o0lid linss irndicate fiov of

whereal, the dashed linez indfrate zes rsmeni or inatrumsriatior

Pt

r

The systew was 85 arranged ss to provids Arza ground controir aguipment

woti AC ground power at all tices,

The electr.cal wiring was o7 the ihres-;hase, rur wire confige . dor,

Twe Fo, T ocables were connscteld Detween asch packag: load and o ouvsroar

1o eimulate ateaile grownding., The commen neuirs Cfourtn wival Se-

‘weser airrterne ard ground A0 ower surrliiss was separsted Iyt alir-

Dorne compatitility testing

A S S N " RS LY S B M N O .
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3:6'1 ol

3.6.1 -2

3.6‘1.2 .l

306010262

3‘&&192 |,3
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(Comtinued)

The test inverter and changeover switoh had . ses used in several
other tests by Systems and Components Tast L.oeratories.

The system loads were cperated im the ready seds during electrical
pover tests. The airborme .oads gonsisted of the folloving:

Arma MGS

a, Fiatform Package

b, Computar Packsge

g, Control Peckage

d, Analogue 3ignal Comverter

¢, Digital 3:gma} Cemverter

AL AwtetY o4y

a, Phase A transiuser (simulated)
b, Gyro Packags

s, Frogrammee Package

4, Searvo Amplifier Feckage

4, Progiamser and S8erve Amplifier Monitoring Pamels
Bisuwated Loads:

2, Propellamt Tidlisation

b, ineiresentation (Model 13}

Thess simileted loads were jvmped ‘ogsthwr and sonsisted of &
traneforwar-rect {fer resistive icad -2d sa i{nductiive loed.

11 Awgust 19%9
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3.6.2

3.6.2.1

3.6.2.2

. 3.6.203

3.7.0
3.7

Speeific Procedure:

The load analysis and harmonic analysis messurements were taken at
the snalyser. Both analyses were performed on airborne inverter
pover with the external ground vire disconnected.

The load analysis was performed using a voltmeter, ammoter and watt-
meter with associated current transformers. Pictures of the phase
voltage and current waveferns wers taken with a Type 2614 Dumont
attachment and camera and a Type 53/54C Tektronix Dual-Trace Flug-In
Unit in a Type 545 Tektromis Ozollloscope.

The harmonic analysis was performed using a Model 3004 Hewletti-
Packard Harmonio Analyser. The haif band vidth selectivity was set
at 1.5 cycles. Frequenoies outside this bandwidth vere attenuated
ty a minimum of 40db. The voltage harmonics were measured directly
across the line and the current harmonics were measured a0Toss a
50 millivolt, 10 ampere shunt in the line,

Power changeovers (transfers) were performed with over, nominal,

and under voltege outputs from the inverter. Reetrdings vefe obtained
on & Type 5-119 CEC oscillograph. Type 7-326 Galvmnometers wers nsed
for the AC traces. These galvinometers have a frequendy response
flat to 3000 cyclss., A Weston, Model (61 current traneformer and

CEC Linear Amplifier, Type 1-112-C were used to isolats and amplify
the instrumentation signal of each line cwrrent. This instrumentation
circult gave erroneous indications of the line ouwrrents during
transfer ard was therefore revised for subsequent testing. Ths re-
vised circuitry utilised a 7.5 ampare, 50 millivolt: bimnt in each

line and a Type 7-119 Galvanometer, Thbir galvarometer has a fre-
quency response flat to 300 cycles. '

TEST RESULTS:

The load analysis data are given in Figure 52. The power factor was
calsulated from measured values of voltage, anperes, and watts. all
values with-the exciption of watts, given in the total rows of the
table are calculated on the basis of 115 volts. The system line
voltages and inverter direct current and woltage are given at the
right,

The loeds vere not steady hecause of heaters turn'ing off and on in
the Anbopilot‘ packages. Therefore two load anslyses were run.

This document contains infarmation sffacling the national defense of the Uniled Ststes within the meaning of the Espionage Laws, Title 18,
USC, Sections 733 and 794. The trensmission or thve revelation of its contents In any manner to an unsuthorized pe:son is prohibited by law.

FO% 0. A-T82-2

COMNEBENRA

- —




S e ﬂ

et .

CONVAIR

3.7.11

3.7.1.2

3.7.1.3

3.7.2

3-7.201

3.7.2.2

3.7  TEST RESULTS: (Continued)

nepoRT__7B_2124-1

ASTRONAUTICS mee__ 19
11 August 1959

A nominal value of system loading was 1620 watts, In comparing the
loads of Run 1; Arma MGS comprised 73.5%, AIG Autopilot was 10.6%
and the simulated load was 15.9% of the total load. The AIG Auto-
pllot load had the greatest variance in rhase current and power
factor.

The waveforme of voltage and current are given in Figure 33. These
pictures show the distortion in the waveforms and the phase angle
between the phase voltage and current. The photograph on the right
shows the waveforms with total system load on the airborne inverter.
The photograph on the left showe the waveforms with the simulated
load dropped from the total system load. The system load without the
simulated load is given in the load analysis table,

The simulated load was used for nominal and extreme variations in
loading on the power supply for power ystem compatibllity testing. :

The harmonic analysis data are given in Figure 34. The values of
harmonic voltages given are from direct measurements. The values of
harmonic ourrents given are calculated from the voltage drop measured
acrosc a 10 ampere, 50 millivolt shunt in each line. Here again

the load on the system was not steady and two sets of data were taken.

The middle portion of the analysis table gives the harmonics in per-
cent of the fundamental. The seventh and elesventh harmonice are the f
most prominent voltages, whereas the second, third, fourth, fifth,
seventh, sleventh and fifteenth harmonics are the most prominent
currents,

The harmonic content of the voltage is given at the bottom of the table.
Interface requirements of AZM=-27-075 call out that the RMS sum of the
voltage harmonics from the second through the tenth shall be equal to
or less than 4% of the fundamental, Also, the RMS sum of the harmonics
from the second through the fortieth shall be equal to or less than
0.05 of the fundamental. The voltage harmonic content of the tested
inverter clearly meets the first part of the specification. The har-
monic content waas only measured to the twentieth therefore a categorical
statement abou® its harmonic content to the fortieth is imposeible.
Nevertheless, if the harmonic content to the twentisth is doubled the
calculated R.M.S. content 43 0.0495 of the fundamental. It is unlikely
that the harmonic content from the twentieth through the fourtieth will |
be as great as the content from the second through the twentieth. There-
fore it is assured that the harmonic content of the inverter meets the
second part of the specification.

J— P PN e - —— e 1
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3.7 TEST RESULTS: (Continued)

3.7.3 Power transfer recordinge are given in Figures 35 through 43. The
changeover switch used in this test was not of the type that will be
on the D/AIG Series. A proper changeover switch was not procured for this
tast. The essentiel difference between the two switches consists of
the number of swltching circulte. The switch used in the test had
three sets of three AC load switeching circuits, A set consists of
elther three Phase A, Phase B or Phase C switches. The changeover
switch that will b2 used on the D/AIG Series has three sets of five
AC load switching circuits.

The changeover switch used did not have the required number of switch-

ing circuits. Therefore, the packages of each subsystem; Arma MGS,

AIG Autopilot and Simulated were comnected to a single switching

circuit. The effect this had on the test is probably negligible.

’ However, the exact time of transfer for each package would be different,
Also, the tranafer time sequence would cause a change in the time and

magnitude of the total system transfer transient.

3.7.3.1 With the system loeds as in the load analysis test, several: power
transfers were run., Typical recordings of these changeovers are
given in Figures 35 and 36. These recordings are of total system
load currents and voltages, These recordings show inconsiretent
tranafer times. This characteristic was discussed with the Electrical
Design Group. Upon investigation it was learned tha® the electrical
system wiring was improper. Each set of load switching circuits
had been connected together in ordar to instrument the total load
current at transfer.. Referring to the system diagram, Figure 31, the
proper circuitry is to have the distribution coincide with the
changeover switch. The proper changes were incorporated. The above
mentioned recordings, Figures 35 and 36 are included here to show
what the total system or each package saw for power transfer testing,
When the changeover circuitry was properly revised, the Autopilot
packages were no longer available for test.

3.7.3.2 In order to determine the electrical characteristics at transfer for
the Arma MGS equipment, furiher power transfer testing was conducted.
The AIG Autopilot load was lumped into the simulated load. Figure 37
is a recording of Arma voltage and ocurrent s* transfer. It clearly
ghows the presence of high frequency transients. High frequency
current transients are also apparsnt at the transfer command time. At
this time the motor driven changeover svitch begins to move.

This document contains information affecting the national gefense of the United States within the meaning of the Espionage Laws, Title 18,
USC, Sectrons 793 and 794. The transmission or the revelation of its contents in any manner_.to an unauthorized person is prohibited by law.
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347.343

3-7030‘

3.7.345

3.8.0

(Continned )

The apperent [C displseemsat of the cmrrents st bresk sud meis of
transfer are spuwrinwe. To oheck un these apusions dlsplacaments, a
step functing wes appiied to the resorder circuit amd it mpondod
approxcimately at two ocysles, dsuped exponentially. The resorder
current insirnmentation cireuit vwhich osused the "}Wn‘iM displace-
ment and its revisiom sre discussed in Peragraph 3.9.2.3.

Figures 33 through 42 are records of Arsa MGS elsotrical shavseteris-
tios at trensfer using the revissd current instrumentation sivcuitry.
The resganse of the Typs 7-315 Celvanorster s doun approxix:ialy
seven puroer? at 400 e¥éic.. These records show pregrossive-y pover
transfers from extumnal 10 interne: snd intarnal 0 extarnal; vith
ovar, nominal, and under voltage on the invarter. The pusiiion
tinnsler tine is more elesrly defined tham wes indicatsd Ly “he nigh
frequerky response resords. The positien trarefer time ‘s fefinitely
sutaide the maximum srecifiad tise of 15 milliseecods. Fhase 2
ourrent transfer time approaschee 30 milliiseconds.

Tuss< regords als=o sarve tc indicats the ourrent meitchisg traneisnts,
Ths tracsients are somewhat varisble becsuse of thelr dependende \pon
the time displasument ¢f the weitugs dyole &% switching and the mods
or pover factar of the load. :

T may be obssrved that the voltages are small iz megnitude before the
soxpleted cperation of switching at mske and breck. 4 possible saute
of this may be the construction of the switehing oontacls, The
switohe= gre of ihe sliding pin-eoccket typs amd thelr ares of contact,
or contast resisztance vill ohange with the time~pesitlon of the :
9.&1&1&3 contact,

BABLIQGBARHT «

Teat date from which tkis report was prepareu ars recorded in
Euginsaring Test letorateries Dete “~iecbook Wo. 7134,

o
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4.0 QEGTION 13 - ILLUSTAATIONS:
4.1  LIST STRETLORS -

TITLE PAGE NUMBER

COMVAIR - ASMA COMPATIBILITY BENCH TEST AREA..vevecesvnseass 23
ARME EQUII ENT GROUP4esnceveenanossasvooessonorsasonnses-ses &b
ARMA TEST GIOUP.evesseoassanenrsssssnsncrsosasssasassosscans 25
ELECTRICAL TEST GROUP..vecessncaossoncassansosssossassasesss 20
AJRBORRE POWER GROUP..evsvcresocoonsevasasoonsssssansssrosso 27
INTTIAL PITCH STEERING TESTS..c:vveesvesenseaasoccoosceasase O3
INITIAL YAW STEERIMG TESTS.:iseeessaccosansonsascasssasnnssve <9
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