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8.1 EFFECT OF DISTURBANCE FRERUVENCY
onN SYSTEM STABD\WL\TY

™wS PWhASE LAG IMTROOLCED BY THE
DISTURBRANCE EREQ VUENCY \S ANAL\ZED
ICY I 7% I

tFo cos wt

49

k c
/ /
THe FORCE EQUATION OF Twe ABROVE
OIAGRAM (D
[ ) *
my = F, coswt -cy -kkj

SINCLE OI\FFEREN T\ATION \s. EQU\VWALENT
TO MULTIPL\CcATION 8Y J’w, PouLALE
D\FFREREMVTIATION 1S EQUIWALENT TTO
M\)L‘C\PL\CAT\OthB‘(- -Fw“'-eswt

AL-SO, Fo oS - 0 S(Nt*v‘) :\Nt

THLs (- mw? xjwe +k)ujoe _Foe
pwioInG By e

[(x - met) +iuc] yoe'¥ _r,
n t

"HAXH‘\UM OIS PLAC EMEVT Yo AND PHASES ANLLE

h
P AN B8 PETERMINED FTRoM THE A@ove
RELATIONISH\ P,

PREPARED BY APPROVED BY SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES. INC.. UNDER CONTRACT WITH THE NATIONAT. SOCTRNOE FOIINDATION



Narionar. Rapio AstroNomy OBSERVATORY

Post Ormosx Box 2 REPORT no._"'"l&
GreEN Banx, West VIRGINIA 24944 conTmact no. RAC~T9
TELEPHONE ARBOVALE 456-2011 PAGE Qo' °

'
DATE
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suslecT: DRIVE SYSTEM

THLS, \ﬁo = Fo
Vik-muwt)? & w2e?’

IN TRE AROVE EXRPLESSION NLMERATOR AND
ODENDMINATOR ARE DivivEn BY k. 2% s
SUBSTITUTED FoR THE RATIO K WHERE
L \S THE NATORAL FREQRULENCY. ALsS O,
Ce\TIeaL DAMPING Cec= 2Vgm' \S
SLOBASTITUTEDN N TWE ERVATION,

QWINGQ:

Fo
K

T e e (o1

W RERE F°/|< \S THE STATIC DEPRLECTION
ONDER CoONSTANT FoLE Fo,

RE ARRANCING TWE WORcCE E‘QUAT\OI\),

[(K mwz) -\-chjlje ¥

AND SULUAST\TUTING e. = cosp + | Sin Y
GQ\VEDS
eJ‘Pl Fo

3 o e Y o)

TO COMNVERT THuew DEVOM IVATOR \NTO
A REAL BCXPRESSSION, NUM SRATOR AAND
DENOMIATOR Age MLULTIPLISD WY

(k= mwt) - jwe.
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THUS,

Fo [Ck-mw?) - jwc] = jOCwsV,+J§'% V\)

(K~ M) ¢+ w22

Sin Y,
cos ¥,

‘EQV\ H}‘ =

EQVUATING THe ReAL AND (HMAGINARY
PARLTS N Twe FI\RST EQUATION AQRove
QWES

- waQ
(K-mwd)*wict

- 5?’ _ K = muwt
© ! -(K~mw7')7‘+ wte®

SIVY =

—wC
TH\J$, ta—\'\ w‘ - \<—mw2’

SUBSTITLTING 39% AND Cc= Z‘ka
INTO THe AROVS EXPRESSION C\WES

tan Y = ‘2<%) (EC?

| - ()

IN THne Aove BXPRESSI00S

m = MADS

\3 = ACCELERATION
5 = VeLOoA\TY
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Y = D13 PLACEMENT
Fo * DISTURBANCE FORCE

W 2 DISTURRANCE FREQLVENCY
K 2 SPRING CONSTANT
L o=

NATURAL PRREQUENCY
C = DOAMPINCG

Ce = CR\TICAL DAMPING
C'/Cc= pAmMPING RATIO( “&)

NECATIWVE s\4aN

D Twe NUMSRATOR
INOWCATESS

PRASE LA a.

CALCULATION S

PRASE ANCL.E S CALIVUATED Fok

TELESCOPE AXKIS NATURAL FRCQUENOSS OF:

C.a 0. & 0.7 PSS
DA MPING RATIOS OF : 04 ,0,5 aog¢
DISTULUREANCE

FRAREQUENC\ES OF ;
0,03 T O 2.0 RAD PER SE€C,
THE RESULTS ARET

S HOoOWN ON)
TARBL.E I AN O

FlaLURES NO.\ g V0.2
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TASLE I
iyl “fee w toan ¥y Y2
30050 -4 2 —.871 A4A\°
\" ] 0.5 -\ 3 8°
" 1) 0.\ -.02 \ °
" " 0.03 -, 002 [ h A
1" ) e —-.a8 44°
W W 0.5 ~.\6 q°
Y W 0. - .028 \°
" " 0.03 -, 001y NEQL,
" . 6 2 - 1,30 s2°
" " .S -Jd4 W\ °
“ " o. | -,03 2°
i\ " 0.03 —.00% NEG -
AA(Tws| -4 A — A4S 24°
\ W 0.S - .09 s®°
“ " 0.1 — .02 e
“ w 0.03 — . 0D4& NEGL
W 6 2 —.67 34°
u " 0,s -, \4 ,83* |
v " 0.\ —.03 2°
w w 0.03 - 009 NEGL
2.5 (4 ) ‘4 2 - 1.8 €\ |
\ \ 0,5 - \7 q°
" " 0,1 —.03 2__‘1_"
\“ w 0,03 — .0\ 0° 33!
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SUBJECT: DR(\/E SYS‘TEH
Tasre I (conT)
a “/cc L tany '
2,5 (4uws) -6 2 —2.4 | ¢8°
L] ] 0. - .’Z s \ 4 °
W “ O\ \ - DS 3 °
w “ 0.03 -.02 \ °

OBSERVATIONS:

LESS PRHrASE ™MARAGIN IN TWE

SERVO RECLAUSE N TWE
AL AN CSMENT THS
PLESEN TSD

TS
ToTAL OPEN LoBP PHRASE LAC

POR A TELSESCOPE
ow oS CPS A GBGOLT
wilnu ResuLT

40°

THIS CAN Be

INCREASED PHASE ANGLE WiLL RESULT
PRAVE

OPenN LOOFP
PISTURRANCE \S
W SERIES 3 AND Tuene FoORE,
PHRASE LA O\WRecTLY A00S —To THv

NATORAL FREQ UENCLY
PHALe LACG

FoR anao/ssc DISTURBAN CE,

REOVCED TO APPROXIM ATELY
TELESC OPE MNATURAW

W\

28° \F O\71 ¢CPS
FREQUEN Y CANY (B3C VBTAINED,

FoRk OISTURBANCE FREQUENCGEY OF 0.5 RA0/sg
THE PHAsSe LACG \ S ARQULUND D TO &
peaReEeS.
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THE TABUVLATION BELOW 1S FoR A STRUCTURAL
NATURAL FReEQUENCY OF WO CPS WHRNERE
DAMPING RATIOS .4 , .§ AND .6 ARE PLOTTRD
FOR DOISTORBANCE FRe QUENCIES 1N THE RANCE
OF ,03 TO 2,0 RAD /sec.

L S/cc w ton ¥ Y

€.3 RADAseC] 0.4 2 275 ok

" 0.4 0.5 - 064 3°

; 0.4 0.\ . 013 | °

" 0.4 0.03 .004 nveal,

w 0.9 2 » 345 Q-

" 0.5 0.s .08 4°

“ 0.5 0.\ . 016 \ 9

“ 0.5 0,03 . 005 NECGL,

" 0.6 2 -4 22°

\ 0.6 0.5 . D46 5°

" 0.6 0.1 » 019 | ©

u 0.6 0.03 . 006 NEQL .

OBRSERVATIONS

A NDATURAL FRe® VENCY OF (CPS WwWiLL
RESULT IN AN MPROVED PHRASE LACGQ
ONDOER OPERATING CONMDVTIONS | DULUE TO
DLSTURBANCE FREQULENCOES, OF 22°,
THIS CoMPARES VERY FAVUORAKBLY wWu\TH
B4° LAG Fold A NATURAL FREQUENCY
OoOF 07 CPfPS.
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TELEPHONE ARBOVALE 458.2011 .

PROJVECT: ZoO T DIA. HOMOLOCGY RAD\D TELESCOPS
SUBJECT: PR.\VE SYSTEM

g2  AZIMUTH AX|S DRWE SYsTE™
811, USE OF 16 -5 HP MoTors - B DRIING - 8 BUCKING
SERVY PERFORMANCE AND ANALYSIS

1- HARDWARS AVAILAGLE ¢

A~ GE FfrAME 286 EsD RemMm , DRyp PRCoOF
SEPARATELY VENTIVWWATED, RoTOR \NER TIA
0. 087 LB, FT,S€ECt | OVERLOAD CAPAC\TY
4007, NOT EXCEEDING 0.5 SEC.

B- G& FRAME 286 | 8SD RPM| DR\ ¢ proofF
SEPARATELY VENTWLATED, ROTOR \WERTA
©.087 LB.FT, sect , OVERQLORD cAaRAQTY

2007, NOUT &R CEEMING 0.5 S€C,

C- Q& FRAME 286 , 85D ReM , ToTALLY
EVCLOSTD ¢ FAN  CoOLED | 900 % MAX,
OVERLOAD CARPAUTY ok 0.5 sgc.
COMPEVNSATEO Fok LINCGAR TOREGUE — AMP,
CHAZACTEIST\C S,

vy

ALTERNATE C ABDOVE \WILL BE ULVSEP AS

IT HAS THE BesT CHARACTERISTICS. wWWeN Moge
THAN  ONS OR\wWE 1S USED, DRrRIVES L TEND
TO GQET LOAD FRoM GEACH oTHER 1N TRANSIENT
PERIDO S, LNDER THESE CoNOTIONS OVERLLY AR ING
CAPACITY BECOMES IMPARTANT., FOR Tne S Ame
AEASON OF UNERUAL LOADNG, LINEAR

FINALLY, TOoTAWY ENCLOSEND CONSTRUCTIOAS (WATH
INTEGRAL FAN 1S SUPERI\LR TO DPR\P -PRoos
CONSTRLVLCTION W\TH S<SCPAeATSE VENTI\LATION .

TOLQUE — AMP CHRARACTESTICS ARE I1MPOLTANT,

PREPARED BY APPROVED BY SUBMITTED BY
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oare AN 3769

PROJECT: 300 FT. DIA. HOMOLOGY TELESCOPE
SUBJECT: DRIVE SYSTEM

THE PowerR AmMaarier (SERVD AMPLIFIER)
TO BE VUSTD S OF SOoL\D STATE VEIIGN
AND NoT ROTARY ELECTRO - MECHANICAL N
NATURS, TAs SETLETTION \S MADE B EcAauLsE
oF ResPunsE Time (BAND WwidTh) \F
SokD STATE AMPLIFIERS .are NOT USED.

L~ ToraL System werTIA &

WoRST CASE LOAD INERTIA 1S5 2.5 x10? Le-rt.sed
To i TR E N ST IA REFLECTEN TO THe
MOTOR  SHARTS THIS VALUE \s OwWipeED By L=

1 2.5 7&\0’:‘ -2
S o, . = |0 <

THIS 19 THE TOoTAL INERT'A  SCEN Y
8 DRLwinvG  STATIONS., O, PER  STATION
INERTIA = 0.\3 LB, BT, secl,

TOTAL INERTIA NQERLECTED TO EACH MoToOKW
SHATT (S 14

Iy = 0.07 +0. 13 +0.0l +0p2 =0,2§Larrs]
(MoTor)  (Lomp) Cerr BoxX) (coe‘.;‘gs.wc,)
c

THE ABOVE 1S WORST cAsSE

PEST 0SS \oLE ( LowesT )NM‘T)A) couln
BReE .

It 20.09 40,13 4+ 0,01 + 00| = 0,24 L8rT s

T Cear BOX CHARACTERISTICS :
AZIMOVUTH CEAR RAT\IO 444/\

STIFFNESS 62.5 L&-FT /RAD

EACH . .Boi AT MOIOL SVAF
INER T .\;k N LB sec? Per umT
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PROJECT: 300 FT. DIA. HOMOLOGY TELESCOPE
SUBJECT: DRIVE SYSTEM

o0
BLEVATION QEAR RATIO 3 /\

STIFFNVESS 295 Le FT/RAD
EACH GEAR BOX AT MUTOR SWAFT
INERTIA 3,3 LR FT, 6 /umnT

ReQuUIRED MINM UM CGEAR Box NATURAL FREQ, .
S.2 RAD|[ sec

THUS, TRE HPAXIMUM ALLOWARBLE INVERT\A

PER CE€AR BOX AS LEFLECTED TO TRE MOTOR

SHART \S o

-

1 X
- wz 62\5. - ‘7’8{{A0/Se(‘

AZ\MUTH; Wa = o

[
) - )
ELEBvVATION. We = ‘\} ?f;\% = 4,5 (.LAO/St‘

PO TH1S REPORT 0.4 LB FT sec™ aeme
B0x INERTIA S USED Fopz AR 4FARL RBOA
ON EITHER AX\S,

T TORKVE REQUIVRED T OVERCOME FR\CTION

WORST CAGE FRCTION ToRgue VS \,ozx\oéLB,F—T
AT AZIMUTR  AXIO,

TORRQVE PeR MOTOR

RemM

= 3\ Le. gT (RATGO TORQUE AT RATED sPEED)
ToTaAL RATED ToRgUE \S: 8 x 48,600 x B x _};

WHERE £ 1S THE NUMRS 0F STATIONS AND
48,600\5 SERvO MOTOR TO ANTEMNA AXIS
REODUCTION) RATILO.
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PROJECT: 300 FT. DIA. HOMoLO06Y TELESCOPE
SUBJECT: DRIVE QSYITEM

=) 1S TORAQVE PER MOToR  ANO

2/:5 1S LVUSED TO ALLOIW wo&k THWE

REV ERSE o\ € (6\JC\<\NG§ QeEAL Rox and
MotoR (1.6, Tws BuckKING PoweR \s

\[a ©OF THE OwWING Pows‘&)

3
THUS, ToTaL QRATED TORAVE \S 8 X106
TORQVE ATQUIVRED TO OVER CoMe RACTION 15

1L02% 108 LB-FT
RATED MMOTOLZL EXATATION RO RATED
oUTeUT \'S 240v ©OC
EXCITATION ReQUIWRED TO OvERcoME FCTIoN
[
Ve = LO2x10" _ 240 =31 V
8 xi10 &

wATH 7 Y. mMmaAagaw A3V \S USED For
TW\S REPORT.

Y oPer LooP G AN

FR2OM POS\TION) REFEER ENCe PLATFORM 21 BI1TS
OR NATURAL QGBINVARY RsSowuTion DERINES
POSA\TION) WHELE eEACY COONT 'S 0662 Mtsec}

(s€e efePoeT HTA-T POS\TION REFERENCE PLATFORM]

T™ME D\GITAL TO ANALDG CONVERTER
ACCESPTS T 12 B\TS OF NATURAL GV ARY
AND PoviDES +* 1D VOC OF OuTPUT
W REeE THE INPUT \S OiwavTAL O\FEFRERIENCE.,

\Z BITS = 4098 COULUNT S = 1OwvDC
| COUNT = 0.62 ARC S€¢C =2 2. mV

PREPARED BY . APPROVED BY SUBMITTED @Y
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PROJECT:

SUBJECT:

300 FT. DIA. HoMOLoeY TELESCOPE
DRIVE SYSTEM

AR

T™E oPENY LoOP AN Oesrennd ON TWO
FEACTORS

- ROW MUCH SERvVLU DEAD BAND CAN
BC TOLGRATSD.

2-How RAR CAN THE GAIN Rc
INCREASE D , USING PREASI\RLE

COMPENSATION HMETRHRONS RBTSFRORE
UNSTABRILATY 1S CAUSED.

IF WE HWAVE T2 CcOUNTS A A OES\CN
GOAL, THE QEQUIRED CcAMN S

A= 33

5.0%x0"3
OR. 4400 VOLTS /yoLT FoR V.9 ARC $Ec, WYsTerRE s\ &,

WHERE 33 VOLTS RePRESENTS THE EXO\TATON
REQLIRED AT EACH SERVD MoTOR SO THAT
ALL 8 OF THEM ACTINCG TLOAETRSR canN
OVERCLOME TAUCTION. A GAIN OF 4400=2730Db
1S LVSED N TWIS RESPORT,

= 6600 vm.*rs/v .
0

TRANDS FER PRPUNCTION
THE TRANSEESR FUNCTION 'S EXPRESSED BY
f
50 _ /Ka
EC 37
sy 4+ —T L
[ K@.KT)S] (\ M T—s>
e T
T
WHERE
I‘r 'S TOTAL WORST CASE INCRTIA

REFLECTED TO TRE MoTOR SHAFT

PREPARED BY

APPROVED 8Y SUBMITTED B8Y
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PROVECT: 00 FT. DIA. HOMOLOGY TELESCOPE
SUBVECT: DRIVE SYSTEM

ON Pefl CQeEAR GBOXx BRBAS\S,

Iy = 0.26 Lo T 53(—1

g 'S BACK BELECTROMOTIVE Folce Bor TRE
SELeCTED MoOoTOR,

Kg = 2.69 voLts/ RaD /sec
KT IS MOTOR TORQUE CoMNSTANT
Kg=1.73 L& FT /AMP

RT 1S TOTAL LOOP RESISTaNCE INCLUDING

MOTOR, ALMATURE RESNSTANCE , AMPLIFIER
QUTPUT RES\sSTANCE AND CABLING .,

THE MOTOR ALMATURE RENSTANCE S TAKEn
AT 120%F.

Ly 1S TOTAL LOOP iMPEDANCE

Lm= o0.0\2 HENMRIES

c Y269 .37
> 7 26 )
S\ .,.m](‘ + .c;:. S) 5(\-:—.\\5)(\-\».005,)
2

FRoM TwWE NSOVE) MECHANICAL TiMe€ CoNSTANT

'S ©0.\\ s&c. ELECTRICAL TIME ComSTANT S
c.006 sSEC.

TO IMPROVS THE AROVE , TAWMOMSTRR RIE0-BACK
1S CoNsINERED NSXT.

PREPARED BY APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NationaL Rapio AstroNomy OBSERVATORY 1179-8
Posr Orricx Box 2 REPORT NO. -t =9
GreeN Banx, WestT VIRGINIA 24944 CONTRACT NO. _%e_ﬂ_"

TELEPHONE ARBOVALE 486-2011 PAGE ) oF

oate AN _13'€9

PROVECT: 00 FT,. DIA. HOMOLOGY TELESCOPE
SUBJECT: DRIVE SYSTEM™

a
|+t QW

wueRe o = qu \S THE TAROMETER

FEED BACLK, G \S MaTror PLLS LoAD
TRANS FER FUNCTION.,

Qs =

SURSTITUTING Ke = 20 voLTs /ean/sec
GWES |MAGINARY ROOTS,

SUBSTITUTING Kg = 1O \//mo/ssc

- .079
Qs =
S(\ + .025s + .0001452)

- , 079
S+ . 0165s)(\ + .008Ss)

We = \ x 84,5 RAp/s€c
n L, 00014

g = 025 - 1. 05 DPAMRING
+00014 X 2 x 4,5 RATIO

SOBST\TUTING  Kg = | Vv [eap [ sex

CS - .27
S(\ + +985s 4 .o000485t)

.17
s(v+ . ov‘ls)(\+ L00659)

PREPARED BY APPROVED @Y SUBMITTED BY
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NationaL Rapro AstroNnomy OBSERVATORY
Post Orricx Box 2

REPORT no._'ilq_:_s_
GreeN Banx, WesT VIRGINIA 24944 contmact No. P =29
TELEPHONE ARBOVALE 4¢38-2011 PAGE 80 or

oare —3A) V% '69

PROVECT: 200 FT. DIA. HOMOLOGY TE\ESCOPE
SUBJECT: DRIVE SYATEM

l -
Wn = .00048 = 456 A0 Jssc

\g ) (085S

- |, 45 PAMPING RATIO
L0048 x 2 % 45. 5

THUS, Keg = 1ov/ rAap [s€c  cves qoop

REesSULTS A0

RePRESENTS THE ZoNE
OF FeEED BAK ResQU\R D,

oOvER ALL oo P TRANSEFER. SUNCTION

\S e
Ceo - 73 Db

(rr.029)(1+.V6s) (| +:0135) 5L +,0165)(1 +.0085%)

L EA L 4
PLATPORM  STRuCTURE 45T MOTOR +L0AD + TACH,
A2ivTH

AS “TRE Albove SXKPRSSS10A)] CROSSES —THE
O Ob AY1S witH APPX,

80 Db /0ECADE sLopg,
STRONEG COMPENSATION 1S ReQUIRED,

COMPENSATION NETWwoRK W\
FRoM RBLOE

PLoOT,
TL'\Q = aO‘Zs = 40
Teemo = L = 1258

) (| +1259)"
Ay = C\V +4095)*

PREPARED BY

APPROVED BY

SUBMITTED BY
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Posr Ormox Box 2 REPORT uo._ﬂq_'i_
GrEEN BANk, WasT VIRGINIA 240844 CONTRACT NO, RKAf-~-T719

TELEPHONE ARBOVALE 438-2011 PAGE 8_32”_]2___
DATE 3NN R { ‘(2

PROJECT: 390 FT. DIA. HOMOL06Y TELESCOPE
SUBJECT:  DRIVE SYSTEM

PHASE SHIPT = 73+73

40° +90° +3°+22°+2%+ 90°+2°+\°

—, O ved e o e

comM P PLAT- STRuUt, QEAR MpTo

NETWORK  Fotm Go¥ oA
TACHW

- M4é . 54 LAacq
300 .
PHASE MARAIN = |80 -154 = 26

COMPENSATION pPETWoORK * 2

TLAC‘ - -:I‘ = 62.
ViLeao = -"-\',—5— = 2
<
ClL +62 )2

PRASE SHFT = 142° _acqg
PHASE MAaRaIny = 38 °

NETWORK NO.2Z 'S MORE APEQVATE

AS,BFCAUSE OF DISTURBANIE FREQUEN-
CIES LP To 22° PRASE MARIIN MAY
REC LOST,.

PREPARED BY APPROVED BY

SUBMITTED B8Y

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



i-

PAacE w.N_lo..u 70

9. = = = =l A == =7
8. . = B = S == == S B = = = ==
7 == B EaSEEcSMESE == =
6 — + = ey == L +—— = 1 =3 W 7
5 ==SS - e ES=o=s i =2 =t =
4 = EES I S== =E=SSEEESE = = = = = = =
S e e e e e === = = = =]
3 = =] TS 2
] SESE- g 7 :
[Tt T =L ] B A I S 0y 4
EARER== ENENE) SRS NEE! /
T T 7 T -
1 g ! -+ 1Y
] I | [
1 1 -
R = SESS = = S =
8._— = B = — 5 = =
7 S T — = = = — SE=Ts = ——i— = =]
[ = = =5 ES i
= 3 ? & T
5 == EEE ! : EEEs 7 =
LN == == E= = == = =E===E=
3 S= SEETE = 3 = — 1 == —— =
2 SR E el S lrxﬁ an le —ti T e =
_“JI! P i - 1 +—— L \Hv iy S B
g Al —— Ch m e s Sl o I e I m 4“ o e B e S TF g o s
1 1= T 1 L R
D N O e 1] T AT ] 1 T I I f
[ 3 ! [ 1] | .
1 ] i ;
9 SERE: = = =ES= S = :
8 o = L E 2= SSE=1
7 E T EE======= = RN e S e e e o g +
6 E= = 5 = e 1 b =
s F A = E=
Ex E —t R e Ay S \\mﬁ%uﬂ = =
4 = P e e = = = & e
S o == - e S = = A R = EESEaaE
3 ==E== . T £ 7 =4 =1 e
A — — 1-\ 1 T =T 3 . —— JH\AH\’ — b o —3 — |M —
, == AN EEE=E
- — R S — F— — 4 F—— F——F +—
SEE== F S EREer ey EnSNRE eeppEER ==aol=s
| 1 e A il
£ -+t i AN
iNERRsAPZEERECENLE BVINSEEEE
1 - - -
LR S == = =F == = E =5
=== : 17 = .o = ===
M S==E=o==—sooe = e == e B ==
5 mE==a ;i SENSSESeEceS et = == -
L 5 _= = S ltu,hx”,nm_rxuu SEm=——ESESSSSSc=— =
=SS0 Ef et T —
e STSEESSEEeSTERE=_SC. ES==—=ces
EESEE ERa e 7 e e e N e s R e
S 31T 7 7 T - —
2 4 AW 4 ~$ ¥ o
S s i = T F 1 o S e e g T — E o el o o o e —
1 T il el i il & [ o i e e [ o s T R e
1 T . - 2 Mt — 1T T
T T 7 B N g
i ! 1 [ ¢ B F 1] A O I O O I |
N R - | B O FH4 = ; | 4J|w ] _
9 =SSNk E ES = e === = E G e
W JW“HT =8 S S = = £ fo e —H = = —+—=1%
1 E= = oy == SES = = = e e e ww =
6 =3 4 ——F g 28 — <+ o -1 — P =]
e EEE=S - SESSsssest
R S s SaSmoass . S s ——=——CSf==sE
= = == e e == ===
e e e e e e ==
I e e i N = S e T e e S e i e S e S e i Sy e g o o e = 1 = 1
=t e 2 o e o e I O O o e et e e e e e e i = e e
o b TohAcEp 7 i AR T o e e s U 1 4 R s =
EESEE S e = T ey P P - i e s s A e N s A s N s O
i s ] I il T 4| e s e A e e vl B S s e A
CE T T e e % -+ T
| = Banbd e e
1 I - _ L _

rRAD/seC \00

10

.0} A

. 0Q\



Nariona. Rabio Astronomy OBSERVATORY

Posr Orrice Box 2 REPORT no._\j_:l‘_q:}_.
GrEEN Bank, WEsT VIRGINIA 24944 CONTRACT NO. Mq

TELEPHONE ARBOVALE 4868-2011 PAGE oF -‘ o

oATE — AN Z20' €9

PROJECT: 200 FT. DIA. HOMOL06T TELESCOPE
susvecT: DRIVE SYSTEM

RESULYS FROWR S BwWe SERvV0O Mo TOoOR,

\— \6 mMoToes ARe LSEP, 8 prR\WWiING 8  BUKIN

2- DC MOTOR W\TW FRAME 28 6 , 850 Rem

TOTALLY ENCLOSED, BAN <QOoLED, 00 Ts MAXIMUM
overLoAn CAPAC\TY COMPENSATESD FOR LINERAR
ToRRVE — AmMeere CHARACTENSTICS \S LSSD,

3~ SOL\D STATE POWER AMPILIFIER \S NTE0 €D,
4~ TACHOMETER FEEDR ALK S NEEOE0O,

S- BXKTEEN \OENTICAL QAR ROXES ARE ULED
Foll SACH AR S, EACH  W\TH THE TonLOoWING

CHARKACTERST\CS
AK\S ST\PFNGSS LNERTIA RATIOD
Az 62.5 Le-Fr/enn 0| LBETSe 444 /0
Eu 24 S W 3,30 300/

AZ GEAR BOX CHARACTHRAITICS AZLE AITRUATS,
ELEVATION GEAR G 0X CRHALACTERISTICS WiLL BE
OISCUSSEGD UPDIDBR 20 WP OR\VES.

G — nozmu‘l_e FT OFR TOoQVE REQUVWEMENT FOR THE
AZIMUTH AXIS DIRETTLY INFLUERNCES SERVO DYAD
BAND AND GAN) REQUIREMENTS, & PIN REQV IREMEKNTS
IN TORN INFLUENCE DRI\VE STARILTY,

THUS, REDUCOING THRE TORKRVUE BY 30% WILL IMPROVE
PEAD BAND BY THE SAME AMOUNT,

7 - THE STRUCTURAL CHARALTER\STICS ULSED Awes;

V.0 CPS FOoR AZ2Z\MUTH AND ELEVATION.
AS STEN FROM THE R00F PLOT, THE
ANTENNA DORIAVE AND STRUCTURE ComMBIuATIN
WILL BWAVE A CcLudD \woof QOAND wiOTH
OoF ,APPROXIMATELY O 4 (PS. TH\S
CReQUVENCY S ONE OCTAVE ABOVE TTHE
UP PER LAMATS OF <THE DISTOURBANMCE
FRGQLUENC\S Sy AND THe RESVLTIN G
OPERATION AS BHOWM, IS DSATISEACTORY,

PREPARED B8Y APPROVED BY SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NarronaL Rabio AstroNomy OBSERVATORY h-T9- §

Post Orrics Box 2 REPORT NO.
GreeN Banx, WEsT VIRGINIA 24944 CONTRACT NO. eAP-79
TELEPHONE ARBOVALE ¢58-2011 PAGE 8.};30' T
DATE
PROJECT: 2300 FT OIA. HOMOLOGY RAOID TELESCOPE

SUBJECT: ODRI\VE SYSTEM

8.2.2 e SLEW RATE
AZIMUTIY DRIWVES

N TH\S REPORT THE Poss1BilitiIES OF VS ING

V6 OM\TY OF 10 HEe ,1750RPM ) H 226 FrAme
MOTORS FOR OBTAINING LP TO .2°/$8EC scew
RATE \6 LIVTS OF IS HP | 2S0D0RPM

B 3¢S TFRAME MOTORS  Foll  , 3% /SEC ; AND
16 LO\TS OF 20 Hef , 3500 RPM | M 3¢5 FRAME
MOTORS For ,4°/58C’ SLEW RATE ARE IWEST\GATED,

THE 6 LNVTS ARE ULVSED AS 8 dDRwina AND
8 BudkiInNg ONDOER VottMA L oPeRATION, FoR
SLewwa, ALL ‘&6 UMDTS ALes IZ2WING.

THE MESMANVAL  TIME COMOSTANT (Tm) OF
™S DRAWE tTMoTorRS AND LOAD CWARACTER\STICS
AS REFLECTED TO The MMOTOR SHAFRT
INFLUOENCGING THRE VALVE OF Ty A2e THS
onLY LA\MYT VA PACTORS vve TO Twue
CHANGE  DOF  DEWING MOTORS

THERE FoR € TMms Fo THE NEW \ORP,\SHP
ANVD 2L 0 WP MOTORS ARE CALCUOLATED % €Low):

Tr a__g.I__. wner e,

K
(X_%;_I_) ]T 1S TOoTAL WUEST Case Loan
INGRTIA RAEFLECTED TO TWE
MOTOR IRART IV LB-FT ~s8C
Ka 1S BACK- ELECTROMOTIVE
FORCE® FTOR THE SELECTED
MoTOR N vm:rs/ano/sec

Ky 1S MOTOR TORQUE COnSTANT
N LB FT /AmMe

PREPARED BY APPROVED B8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCiENCE FOUNDATION



Nationar Rabio AstroNomy OBSERVATORY
REPORT NO .‘:\:lo-‘;S__

Posr Orricz Box 2
GREEN Banx, WasT VIRGINIA 24844 CONTRACT NO. 2a0-79

TELEPHONE ARBOVALE 456-201t PAGE L OF

oare L€ R '69

PROJECT: 200 FT. DIA. HOMOLOGY TELESCOPE
SUBJECT: DRIVE STLTEM

Ry 'S TortaL AQMATULURE LooP
RESISTANCE INCLLU DING AMILWF\ER
OUTPUT AND POWER CARLING,

PATA
He | ReM | Frame| g Ko | Kq Ry
s 850 286 | .24 | 2.4 | 1.73 2
lo |1 7s0 | 286} .24 | 1.31]| .B4 \
5 | 2 sco| B3¢és | DT 88| .59 .7

20 | 3 soo| 365 | .37 63| .42 .§

THE CALCUWATED MECHAN\NCAL TIME CONSTANTS
FROM TWE AROVE DATA ART

FoRk THE S wBe VT Tm = oV

{} " ‘0O YW * = 22
w " IS w " u =~ . 4 ﬁ
W n 20 & " w = .68

AS SECTON 8.2 SHOWY THE ANAWSISIF THE S We uUnT
N DeTAn.) NAD TwEe OTHER. VALUES rBgesn)

B€.ow ,1Il| S€C > TS\ SATIS FACTOLORLY QPERATION
couLD WwWAVE ReEeEnN ASSOUMED WwiTwoUuT FURTWER
CAALCOLATIONS,

N THR'S PARTICLLAR CASEy, AS THE 20 WP
UNIT  wiThR Tz .68 REPRESENTS wDRST
CASE , CALCOLATIONS Wikt E LiMTEND TO
THWIS  ON\T,

PREPARED BY APPROVED BY SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nationar Rapro AstroNomy OBSERVATORY

Posr Orrice Box 2 REPORT uo.&:ﬂ'_g
GreeN Banx, WEsT VIRGINIA 24844 CONTRACT NO. Q’ﬁf‘—]ﬂ
TELEPHONE ARBOVALE 456-2011 mshor 0

DATE &

PROJECT: 350 FT. DIA, HOMOLOGT TELESCOPE
SUBJECT: DRIWE SYSTEM

\E BY TACHOMETER Feed BACK COMPENSATION
THE NATURAL FREQUENCY OF THE 0OR\WVE
CAN BE INCREASED TO SL Rap/sec ok
BMGHER § WITHROUT CAUSING TRE WANER
LooP (( VELociTY wEe0BACK Looe) TTo oscu.LATe)r

THe ULse OF Tue 20 NP moTtoR (AMD
ALSO \SWP o’ |oueP Muroas) SwooLD NoT

PRESENT ANY ADD I\ TN oM AL PolRrems
COMPARED TO THE S BP UN\T,

e TRANRISFER. FONCTLION OF THeEe 20 wNe
MOTOR \S

90 \‘gﬁ

£ 5(\ + .ézs)(\ + .oo\\s)

IF TACHOMETER FEED BACK \S USTD WITH
Ka = \0OV /eap/sec, THE DR\We TRANSFEeR

FUNCTION \NCLUDING Mo*co‘z) 1-o0A0D AN
TAHROMETER BECOMES ¢

.01 4
Gs =
5(\ + .04 %0000?-‘\5‘)

TRe Q0TS OF THE ODINOMIWATOR AQe
—. 040 AND — 0005 s THLS,

Gsa .04 4
s+ »045)(\ +.000S5)

THEe NCARESST ROLL - 0FF FRERUENCYE &
Wa = x 25 RApfssCc  cComemakesp TO

04
SO RAD /S5&Q OBTAINTD Fol Twe S NP VT

TS 1S NOT ADFQUATE. A WKa VALUG of
20V /em0/ S€C  wiLL BE  TRreD NEXT.

PREPARED BY APPROVED 8BY SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nationar Rapio AstroNomy OBSERVATORY

Posr Orrice Box 2 REPORT no.m
GreeN Banx, WesT VIRGINIA 24544 con‘rqncr no. RAP-T9
TELEPHONE ARBOVALE 456-2011 PAGE \z oF 0

DATE &

PROJECT: Jng FT. DIA, HOMOLOGT TELESCOPE
SUBJECT: DRIWVE SYSTEM

\E BY TACHOMETER e BACLK COMPENSATION
THE NATLRAL FPREQUENCY OF ThEe 0DR\WVE
CAN RS \NCRSASED TO s© (Z.Ao/sec_ o

WGHER § WITHROUT CAUSING THRE WAER
LooP ((VELoCiTY ¥FEe0BACK Loop) To OSC\LLATF,ﬂ

THE USE OF THE 20 WP MoTOR (AMD
ALSO S WP DR |oWe MBTO(ZS) SwouLO NoT

PRESENT ANY AODDI\TioMAL PRoBLEMS
COMPARED TO THE <SS KMP UN\T,

ne TRANSFER. FONCTION OF THeEe 20 WP
MOTLUR \S

90 “9‘\

-

£ 5(\ + .é&s)(\ + .oo\\s)

IF  TACROMETER, FEED BACK S VSSD WHI\TH
Ka = \DV /RAap/secy, THE Dl\wwe TRANSFeR
FUNCTION INCLUDING MOTOR Lo0AD A0
TACHOMETER RECOMES ¢ ’

01 4
Qs =
5(\ 4+ .04 ¢ +.ooool‘\52)

TRwe Q0TS OF TWe DINOMINATOR A
—. 040 AND — ,0005 5, THWUS,

Gsa .044
sQi+ .046)( \ f.oooss)
THE NEAREST ROLL=-0OFF FRERLENCY &\
W 2 ‘4 : 25 RADfssC  Comemesp TO

\

SO RAD /S&EL OBTAINTD FoOZ THe S NP VNIT,

THS s NOT ADEQUATE. A Ko VALUE oF
LoV /eAa0/s€c Wil BE  TR\ED NEXT.

PREPARED BY APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



INATIONAL RADIO ASTRONOMY (OBSERVATORY

Posr Orricx Box 2 REPORT NO. \LI'.L—
GreeN Banx, West VIRGINIA 24944 CONTRACT NO. M—l\
TELEPHONE ARBOVALE 456-201t ’Aotg.\ﬁo'_l__

oate TES 2'¢9

PROJECT: 200 FT. DIA. HOMILOGY TELSSCOPE
SUBJECT: DRWE QYSTEM

o 049

Qs =
6(\ + .0%ls + .c000I5¢Y)

. 049
s(i+ .020s5)(\ + .0008s)

]

FROUM THE AGBOVE EXPRESSION, THE LEARET
ROl - OFF FRERUENCY S

We = = S0 RAD /SEC ,Twis 15
" 020 / ?
SAT\SFALCTORY.

Twe INNGER  LooP OAMPIVG RATIO 1S :

.o
g = 21 = 4 Ty 1S
D000 \S XK 2 %X S5O

MORE THAN AOTQAVATE , INOIcATING Bhaner

VALUES OFf Ka Fok  wWauwel VALUES
OF Wn ARE A PosHiginTY,

CONCLVUMNON

SINTEEN) UM\TS O 0, 1§, oR Zowe

MOTORS caNy BRE VSEen ON AzZimMuTw AXNS
Fo wiawer SLew RATES wiTwout CAVSWE,
PER PoORMANCS DEARAODOATION,

PREPARED BY APPROVED B8Y

SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NatioNar Rapro AstroNomy OBSERVATORY

Posr Orriox Box 2 REPORT no._\'*_—’_q;g_
GreEN BAnNx, WasT VIRGINIA 24944 CONTRACT NO. RAP-719
TELEPHONE ARBOVALE 486-2011 PAGE MOF [0

DATE ‘LA—N-D 7 .éq

PROJECT: BOO FT DiA HOMOLOGY RADIO TELESCOPE
sugJecT: DRA\VE  SveTEM

B3 ELEVATION AX\S DRWE STSTEM

830 USE OF 20 HWe MOTORS
WITH 2. DRWINCG 2 BUCKING CEAR ROXES

I - BARODWARSE *
THE SAmME CLASS O &€ OC-™MOTOR
\S UsSED whrics vow Becomes Feame 368

THE POWER. AMPLIPIER REMAINSGS SOL\D STATE

T ~-TOTAL SYSTEM \WERTIA:

MOTOR  \NSRTIA 0,41 LA.FT sec?
CGEARBOX INERTIA

AZ REFLECTED TO 3,30 "
MOTOR SHART

LOAD INERTIA PER 0.2.4 y
DRAWVING STATION

MAREN) 0.25 "
TOTAL 4.2 0 v Pek

A€ Q0K

M- GEAR BRox CcHALACTER\STICS
RAT\O. 300/,
ST\FEppEesS - 245 LG FT /ﬂ»AD
INERTIA Y 3.3 LB FT sec%

T - MOTUOR  EXCITATION ReQUIRED TO OVER -
COME STATIC FRIWCTION ANO Twe GAN
DESRA\WVSD FRom THLS RELATIONSHIC 1§
EXPECTED “TU BE N THE ARSTA OR
GAIN = 2400 VOLTS/AVOT As  piscuss g0
IN SECTon 8.2 @masen ON A FRICTION
ToR@QUE OF $§60 obo L® FT,

PREPARED BY APPROVED BY SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION




Nationar. Rapro Astronomy OBSERVATORY

Posr Ormoex Box 2 REPORT uo._‘:‘_-r_q_'j_
GreEN Banx, WesT VIRGINIA 24044 CONTRACT NO. Mq
TELEPHONE ARBOVALE 486-2011 "ggm' "o

oare BN 7' €69

PROJECT 200 FT. DIA. HOMOLOGY TELESCOPE
SUBJECT: DRIWE SYSTEM

X - STAR\LITY AMNALYSS

THE NEW MOUTOR CHARACLTEASTICS AQRE

J'M = 0.4\ L3, FT, SGC..?'
Ke = 2.60 V [emp/sec
Kt = L\79 Le8-fT /AmP

Rm = o183 OHMsS
LM = o 0036 HENRIES

see PALE NO 2 .16~ %.\7 FOR THE EXPLANATIN
OF THWeE ARQVE SYMBoLS,

TOTAL LOAD INERTIA USED \s 4,2 L8 gv, secH
TOTAL LOOP RESISTANCE USED 1S 0.5 OmmMS

INCLULUDINAG AMPLI\FIER OUTPUT IMPcOANCE AND
CAGBGBLING,

THUS, MOTOR PLUS WOoAOD ~TRANSFENL FEONCTION
\ S

6. /e
£, = L
s
[\ T e KeK'r ] ( VT : s)
\/2 €0
= 4. 2
S _— « 00136
(1 + 2eox\.ﬂs)(‘ t o=
. 5
.38

S(\+.59)( \ +.00729)

PREPARED BY APPROVED B8Y

SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Narionar Rapio Astronomy OBSERVATORY

Posr Orriox Box 2 REPORT uo.HM_
Green Banx, WasT VIRGINIA 24944 CONTRACT NO. BAP-79
TELEPHONE ARBOVALE 486.2011 ".;Mo'

i
OATE

PROVECT: 300 FT. DIA. HOHMOLO€Y TELESCOPE
suBiecT: DRIVE SYSTEM

THNE TIME C(COoNSTANTS ARE

MECHANICAL TIME CONSTANT .S
ELECTR\CAL TIME CoNSTANT ,0072

USING TACHOMETER CGCENTRATOR FEEOBACK
To (MPROVE —THESE CI\WES THE ReSUL.TS
SHoW N oN TAGLE I BELOW FOoR VAR\OVS
VALUES ©ofFf g N VOLTS /RrAD [sec
FOR THE TAMOMETER Feed BAcK.

T m Te W

MecH, ELELC, NAT,

TimM S ™8 OAMPING
V/MD/SEC. c<:u§'1'. Eow‘:‘r Fee RAT\O

2 .28 » 008 22 3.2
| o . 0C7 . 039 29 [, 9
30 .032 .009 59 \. 2

THUS, Weg=30v/rRAD/sec 1S AcequUATE
THE RESULTING TRANSFER FupNnCTIioN) Fo
MOTOR, LOAD AND TACKHOMETER < ¢

Ca = 0, 031

= s(\+ .0325)(\+,o°q$)

THE CONTRA\BUTION) OF TM\S PFUNCT\ON TO
OVERALL  PHASE LAG \S Duve To

Tm= 4032 2 0ec. Laa VS, \° Fol THe 5 e
Ta =2 .009 i w “ “ 1 ° W W “
Te » s \0S & " " 1%« AZ.Kere BoX

PREPARED BY APPROVED BY SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nartionar Rabio Astronomy OBSERVATORY

Posr Orricn Box 2 REPORTY uo.ﬁ-e-_
GreeN Banx, WesT VIRGINIA 24944 CONTRACT NO. _Eaf-_'L"\
TELEPHONE ARBOVALE .46-3011 PAGE m”J_o__

oare —AAAY 25" €9

PROJECT: 290 FT. DIA. HOHOL0GY TE\ESCOPE
SUBJECT: DRWE SYSTEM

OPEN LOoP QAN OF 2400 = 47.6 Db
OVER ALL LODOP TRAMOSESR EQNCTION \s:

Gro = €760 b
= Cv+02s)(V +.165) (V +41055) 5(1+.0325)(1 +.0095)
\—Y_——J \___.Y 4 \o ~ 5 I )

PLATFoM STRUCTURE GEAR Boxn MOTOR-!»:AD'!-TAC.H.
AS THIS EXPRGSSION CROSSES THE 2er0o Dk
AXIS O THE 3006 PLOT  W\TW 80 Pb /pecade
SLOPE, COMPENSATION NETWDORKS ARE NEE0ED.

USING Ce) = (L +29)% AS

COMPIENSATION

Cl+595)2
NETWORK ERovioesS A PRASE LAG of 65°
AND A PHASE MARCIN OF 25°, T HIS
1S MARGINAL UNDER DISTURBANCES.
2
SEYINTA G(sy = (\ +33s) CG\WES A

(\+ At s)?

PrAase LAac OF Y47° AND A
MARLIN OF 339

THUS, WWTHIN THE AREA OUTLINGD RBY
THeS«e NE€Tw OoRKS IT S FEASIBRLE ToO
OBTA IN 20" = 40° PRASTE SHIFT For
ADE QLVATE PeErRroRMANC E,

THE  ANALYSS IS ALSO RASED oN \.9

ARC sec MNYSTEeR ES\S AND 560,000 LG-FT
OoFr FRICTIONMAL TOLUEQ UVE

PH ASE

PREPARED BY APPROVED 8Y
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OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION
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NationaL Rapro AstroNnomy OBSERVATORY

Post Orric Box 2 REPORT No.—H-—M
GreEEN Bank, WEsT VIRGINIA 24944 CONTRACT NO. Bpe- 79
TELEPHONE ARBOVALE 456-2011 PAGE 6'3);0;_10_.______

oare AN 2569

PROJECT: 200 FT, DIA. HOMOLOEY TE(ESCOPE
SUBJECT: DRIE CSYLT=M

TH\)S) VSINA 20 B MoTorRS wiLl CAUSE
A PRASE WMALZAGIN DECLADATION OF AfPX S ©
LoOOKING AT vace 8B.19

THIS 1S NOT
THE ANTENNA

PRoOVN IR\ TIVE.

STRUCTURAL NATURAL FReQUENCY
OF (.0 cPs LS (NFLUEBNAING THE PERFULURMANG

MoRe SEVERAWNY —TuAN ~THE 4TAR >ox%,
WWOIWCATING THAT PReSENT GEAR YRoxr

cuaracTeR sTIcs (5€6 PARA T THIS R epoRT)
ARE SATISEACTORY

CONCLUSI0OA)S

\- FOOR MOTORS ARE LVSED, "Two DRIWINCG
TW O BBucKINCG,

2~ EALY MUTOR. \S 2 0 WP , DPC exaTraTion
Feame 38 y 850 RPM , Q00 MAXIMULUM

OVERL OAD A PAC\TY y LINEAR TOLRUE - Ame
CHALACTER\STICS 5

3 - 5S0L10 ISTATE CPLOWERR AmMPeLIFieR AN O

TACHOMETER., Feed OACK ARE VUs<€0,

4- NO CHANGE 1IN ceaR (BOX RATIY
Ok STIFFNESS | S N e e O, ’
REDUVOIDO GeEAR BOoXK WNEZTIAS Yeom 3.3 To
0.5 LB ,FT, S€C? Wil |MPRDvE P ER Fo MANCE

BUT IS AMOT  ABRSOLY TELY N CEDED. (PHAss MRARGIN
\MPRLOVE MENT OF ABDUT 5 °

5~ 1.0 CPS OF 3STRUCTURAL BAND 'WWA\DPTH
Witl RESULT IN APPX 4 CPS oveRanl
ANTENNA BAND WIWOTRHR ., TH1S s AL™MOST
ONE OCTAVE ABOVE ThAE WwWORST CASE
DISTORDANCE FRE QULUENCCY | A S ANALIZED

ABOVE, SATISFALCTORY OFPERATION
S EXPeCTED.

{0 ERTIA

PREPARED BY APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nationar Rabio AstrRonomy OBSERVATORY
Posr Orrice Box 2 REPORT no.ﬁ-ﬁi
GreeN Banx, West VIRGINIA 2444 conTracT no, BAL:

TELEPHONE ARBOVALE 456-2011 pA@gg_\.a_ior__-Lg___ ,
oare MARCH 25 '69

>

PROJVECT: = BT PIA. WomMoLOGY RADIO TELESCOPE
SUBJECT: P RIVE SYSTEH™

8.3.2. DOVBLING OF THE ELEVATIIN AXIY
SLEW SPEED FRoM 6°/Mu. To 12° [NIN.

THE DRVING UNYVTS USED 1IN THE ANALYTYSIS
CONTAINED IN SEQUN 83 HAVE THE FoLLOWIN G
OVERAL.OAD CHARACTERA\ST\CS .

OVER\LOAD SAFE TiIME SPAN
2s Y, \WWOEFRINVTELY
35 % S MINUTES

\ 00 %, I MINULTE

AS THE RKREQUI\RED DOUBLING THE SPEED
REPRESEN TS |00 %, OVERLUAD FOR Time
SPANS CONSIDERABLY N EXCESS OF
ONE MINUTE, O\WFRENT RARODWARE OR

TECHNOLOAY S N EeDED. Fouvlh ©oF Tdese
ARE VISCUSSED QELOW WITH THE IR RKREATWE
MERV\TS .

I- IN THE ORIIDASET-UP THERE wer® Two
OR\WING TwoO BUCKING  UNVTS, EACR 20 8P,
IN THE SLewWw Moo ALL OUMNTS ARe
DRWING , THUS 80 wne \S uUseED., To
DOUBLE THE SPEED, A TOTAL OF 160 we
Wikl BE€ pEeEedeED,

W APPROACH N0 L, AS 01SCUSSED 1IN THIS
PARAQRAPH’ AN E)\GHTY WoReE POowER
MOTOR 1S ADDED To ©EACH DR \VINCG
LNAT.  THE A(D\TION cAN B¢ TR e
PARALLEL RY -TApPPING FROM ANOTHER
POINT \D Thue Cen@ GOX , V. SsEericS
W HER & THGE NEW MOoTork S ARS MMOyATED
N TTANP EM WATH THE Ol SERVDO MoTORS
ON THE SAMGT SRHRAYT, N TS CASE,

PREPARED BY APPROVED B8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION
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GREEN Banx, WEsT VIRGINIA 24944 CONTRACT NO. ¥ =
TELEPHONE ARBOVALE 488-2011 PAGE Q,}jro,__j_Q__

oate LAARCH 25;6}‘

PROJECT: 290 FT. DIA. HOMILOGY TELESCOPR
SUBJECT: DRIVE GSYLTEM

T \S MANDATORY TO BREAK - QP THE 0w
CAAYT  TO Tw©O 40 HP OLOMNTS AND VUSE ONE
CN TRE BUCKING UNT aNO ONE ON TWE
PRAVING UNYT ; THUS, Tpe TWO UNTS wilL
B 1DENTI CAL AND FodwAZD- REVERSTE
PRUVE CRAMACTEUSTICS CF TRE ARNS wikL
RE Si1MIUAR |

(IF THIS METwo0 VS yseED, THE 40 ue mMoTold
SHouvlLpD 61 BETWEEN) THE GEARK BOX AND TS
SERAV/D MOTOK, THIS APRCACKH wilLL PRovIDE
MAXIMUM  SHAFT STIFFANERY BETWEEN Selwo
MOTeR AND TACHOMETER AS WELL AS S ervd
MOTVR AN Qe BOK BETAUNT DURWG NOIMAL
CPEQATION TUeEe CQEAR B0o¥ Wikl NE weTATeD
THROUGH THE HEAVIER SLEW MopToe SHAFT
AND THe SLEW MoTor ARZMATUOWNE wikl AGT
ACT AS A TDRSIOAN PENDOULUM BETWERN TuHE
SERVO MOTOoOR AND THE TACHOMETER,
ANOTRER CONSIOER ATIio) FToZ MeTwon AL.I
1S TO INTER LUK THE SERVD Mo—Tod AND
TACHOMETER. CONNSCTIONS S UCH THYAT
DURING THE SWLEW Mope AL THEIE ARES
_‘_’t"'ﬁ'})’gp"_’—riV\‘MT\zNa A‘:UY VOLTAGE Levels,
wiiw € NGd A CVvew L,y o —

Fep INTO —<we E‘LECTQ—OM\’cs, M B ENG

IT - A SO0 METHOD TO S OLVE THLS P 2o3LEMm
\S TO ReEePLACE —THE BSO RPM y TRAME %)2¢
368, 2ZO0HP MOTORS WwWI'TH |75 S
SAME FRAME <S\2E€, 40NP UN\TS,

IT - THs SAME RESULTS Ccan BE R TAINGD
BY RETAINING THE FPResepT 20 RKP DR\Ve
20 BP BUCKING ONVT DESIGA BLT
OOLBLING THE NUMASBR. o UN\T S,

PREPARED BY APPROVED BY SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Narionar Rapro Astronomy OBSERVATORY K-8
Post Orrice Box 2 REPORT uo._l_"__
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TELEPHONE ARBOVALE 456.2011 PAGE = oF
oare AMLCH 2549

PROJECT: 200 FT. DIA. HOMOLOGY TE\ESCOPE

SUBJECT: DRIWE QYSTEM

N -

IN TRS
BE CHANGESD
S\28 BEE LN\TS.

CONCLUSI\ON

CASE, THE V8SD RPM UNTS SHOuLD
TO 17750 RPM, 20 WP, FRAME

AN OTHER. POoSSIBILATY S To UsSE €0oY
CORRESNT < OUPLINGS "W conN YUNCTLION
WITW APDED OA) SLEeW MLTORS.

ThIS METHOO YWAS WNMTTLSE CHANCE OF
Success BELAVSE THE EDDPY C(LVRecNT
COUPLING RATINGCS DO NOT G0 ARovVvE

20 BWe. THOLS, Fok \to WP ] OVMN\TS
ALE N EEDED. ALLANAING THeM Ao unD

CEAR. BOXRES wiltt ANOT WBE SimoLE, I\E.,
Two UNYTS AROUND ETAcH O¥E\wiNg VR BUCKING
SERVO MOTOR OF ™MeTHOO T , oR ONG LNT
WithH EACR Servo MoTel o MeTwoo IO
IV ADD\TION TO TwE A@»Dve) THE EDOY CUVZAGNT
COULPLWWA S NEED SEPALATE VENT\LATIONJ.
THEIR MAIN AOVANTALE \s e26 LB-pT~58C2
INeRTiA Pk 20 48f OVONMT CoOMPARGESD TO
4 X THAT MUCH FoA 40 HP SLew MoToR.

THE VARIDUS APPROACHES DESCRIBESD AROVE
ARE CoMPAREDY IN TARULATED FoRM ON)
THE FoLLOWING PAGE .

From TAALS I T cAnNn BrE NCL
THAT, ALTHOUGH T s NoT Tioc-' CL:’:S‘:‘Q
ExXPeN) S\wv A??ﬁ—o/\cﬁ, USING Fouvd 4powne
S E€VO MOTLVRS \NsTeAd OF THE 20HP ULNVTS
PROVIDE THE BlaHeEST SeErVO PerrrorMANCE
AND RELABI\L\TY, MORSOVER, \E ONT UNT FA\LS#
The REMAINING UNITS CAN cARY ALL TeACKING
AND SLEW DPERATIONS AS THEY cAnN nh\TasTAMUD
35 Y, LOVERLLVAYD Fo VY TO S MIN,

PREPARED BY APPROVED 8Y

SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION
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Green Banx, Wesr VmomNnia

TELEPHONE ARBOVALE 436-2011

Posr Ormox Box 2

24944

REPORT NO.E—-’EL&—

CONTRACT NO.
PAGE
DATE

L4079

oF

NARCY 2569

PROJECT: 29) FT. DIA. HOIHOLOGY TELESCIPE
SUBJECT: DRIWVE SWHTeH

TAGBLE OF COIMPARISON
METHOD SERVO MERAN TiMe SPARSE S CoST
PERFORMANCE | , TO FAIWLURE PERFORMANCE | PERFORMANCE
(ReLiABLIT Y)
\ LowesT REST loweEsST REST
2 ReEST BesST PesT MEDIUM
> BesT MED UM ResT O WEST
A MeDiuM ResT LOoWwEST MEDIVUM

PREPARED BY

APPROVED B8Y

SUBMITTED BY
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Post Ormcx Box 2 REPORT uo.m
GreeN Banx, WesT VIRGINIA 24344 CONTRACT NO. M
TELEPHONE ARBOVALE 486.2011 'A.(mo'_la——-

DATE

PROJECT: OO FT HoOMOLOAY RAD\O TELESCOPE
sugJec: DRWE SYSTEH

8 3.3 SERVD DR\WE PeRrFoRkHANCE

ANALYS\S
FoR 40 HP_DRIWE LMWNTS

THE HALODWARE ULVSED 1S GE FEAME 348,
40 HP, \750 RPM  ,TOTALLY ENCLOSED,
FAN COOLED UNMITS W\TH COMPENSATED
WINDINGS For LINEAL TORQVE- AMPERE
CHARALCTER\S T\CS.

CEAR B OX CHARACTERISTICS ARE GWEN BE.0W 3
RATIO: 300/
STIFFNESS ! 295 L& FT /RAaD
INERTIA: 33 LB-FT Scc?

LOAD CRARZACTESRISTICS ARe :
MOTOR, INERT\A : 0.4\ LB- FT- Sec?
GEARL (RO0X \NERXTIA 3.30 "
REFLECTED TO
MoOToOR., DSHAFT
LOoAD INERT\A 0,24 h
REFLECTED TO
MOTOR SWAFT
MARG N 0,25 v
TOTAL 4,20 LB-FT- sect

PER CGEAR MmOX

REQUIKED SYsTEM™ OPEN) L0O0P AN TO
OVERCOME FR\CTION AND CAUVSE ND MoRe
NYSTERES\S THAN ALLOWED 1IN THe cRrrol

ANALYSIS VS CAIN. = 2400 voLTs /voLT=¢€8Db

PREPARED Y APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NationaL Rapro AstronoMy OBSERVATORY
Posr Ormoca Box 2 REPORT no._H:]i-_g_
BgAP-79

GreEN Banx, West VIRoINIA 24944 CONTRACY NO.

TELEPHONE ARBOVALE 486.2011 PAGE op_J.O_—
A/\5]é9

ODATE

PROJECT: 3g9g FT, DIA., HOMILOEY TELESCOPE
susvecTt DRIVE SYSTEM

PouiA UN\T OF DRIWVING MOTORS ARE O5%0.
UNDER. NOLZMAL OPERATING ConD\TIONS TwO
VO\VTS ARE DEeWING ANDG TWO UNTS ARE

BLUCKING,

STABI\LITY ANALYS\S

THE CHARACTEGR\I\STICS OF THE SELECTED LT
ARE AS FoLLOwWS:!

.42 LB-FT. scct

dm e

Ke «~ 1.26 V/Ran/scc
KT = .87 LB8-FT/ AmP
RM = . 04 onMS

Lr e . 0008S HEMRIES

THE ABO0VE BYMBRLLS ARES exXPLAINED OM
PALE B.l6.

TOTAL LOAD INELTIA USED 1S 4.2 LR-FT se&t
AS SHOWN on PAacE ND0WRT TOTAL  \DDP
RESISTANCE VseD S 0.5 OHMS, TwS

VALLE INCLUPES ALMATURE WRES\STANCE o

POWGER. AMPLIF\ER. DUTPUT RESINSTANCE AND
AMPLIFIER = MOTOR POWER CABLING RESSTANCE
THE MOTOR PLUS LoAD TRANSFTER PUNCTION IS

Be - Vs
€
s[\ +(E_3;L<:.)$] (1 + -%L."}-s)
'/\.24

5(\+‘?‘3£)(\ + +0085 o)

s(\ + |-‘\s)(\ + +001759)

PREPARED BY APPROVED 8Y SUBMITTED BY
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TELEPHONE ARBOVALE 4i6.2011 PASE .oP

DATE

PROJECT: 209 FT. DIA. HOMILOGY TELESCOPE
suBiecT: DRWE SYITEM

USING VARIOVUS LEVELS OF TACHOMETER
FEED BAMLK GIWES THE ELECTR\CAL AND
MecnAanNICAL TIME COoNSTANTS TABULATED

1511+ 1VN I
TACHOMET R MEGAANICAL ELECTRICAL
Fee0BACK TIME CoNST. TIME CONST.
Kg = V/eao/sec a ~Ye
to 2\ .002
20 . 087 022
30 O3 ., OO0 \S
4 o . 056 . OOI|'S
Lyle] ., O AS « OO0 \'S
70 + 0 32 , O o\S§
. 02
FoR& Kg= 40 G 4

) s(\ + .05‘65)(\ +.00 tss)

THE INNGR LODP CHARACTERI\ST(S AQRE
Wy > = 7 rAp/sec

\
<058

g: . 058 = |7 DOAMPING RATIO
2% ,0001 ¥\7

FoR Kgz 70 Gs=: : 014
“ SQ\ +.0325)(1 +.00159)

THE IVNER LooP CHARACTESRI\STICS AoAnE

w“ - \ - 30 KAO/SEC,
+ 033

§'= . 033 = 10 PAMEING RATIO
2%X.0000 56 %30

PREPARED BY APPROVED ©Y SUBMITTED BY =
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GREEN Banx, West VIRGINIA 24944 conTRAcT No, BRAE=T719

TELEPHONE ARBOVALE 456.2011 PAGE QI&“ or ! Q

DATE

PROVECT: 300 FT DIA. HOMOLOGY TELESCOPE
susJecT: DRWE STSTE™

ON THE RODE PLOT Keg = 40 AND Kg=70
ARE  SHOWN. INVER Loop PERFORMANCE
WISE THGEWRE 15 L\TTLE D\FFENENNCE BETWEEN
THEe TwWO LEVELS. “THE IMNEFWUENCE Of THIS
SPAN ON PR ASE MARAIWN) \S  APPROXIMATELY
3° OUT OF B39° AS 3SHOWN GELDW!

.. (! +3,3s)7'x 68 Db
® Cr+1005) = (1+.029)(1+16) (1 +.1055) 5(1 +.032 $ ) (A +.00155)
\_______Y-——J MW__J\__W__}\N J \w — 4
COMPENSATION REF.  STRQUCTULE : MOTOR 4+ LOAD +
VETWORK PLATFoR M GEAR BOX TACROMETER,

SINCE THE 26RO Db CROSSING OF TWE COMPENSIATED
®00€ PLOT 1S AT 2 RAD/S€c  For 5= juw= |2
THE PRAASE ANAQLE \ D?

%_ 820 + 82° - SDSO-‘64°
A0° +90°+2°+17° +12°+ 20°+3%|°
= \14|°
THE PHASE MARGIN \S : (\8Bo-14\ = }9°

CONCLLS\ON

FOLR 4o HMP |\750 ReM  3£8 FRAME MUTORS
ARG USED WIYTW  SoLip STATE POWER AamMfLiEeRS
NO CHANGES ARE REeEQUIRED IN THE cCeAR GoXx
RATI\O, STIRFNESS AND WWERTIA CRHALACTER\STICS
TO OCBTAIN THE NECESSARY PELFOR MANCE
TACHOMETER COMPEN SATION AN LEAD- LA
COMPEN SATI\ON AQRE N ceDe0,

THE ANTEMWNA  C 05D . 00R BAND wWI0TH 'S
Cw.0%§ TO Twe SYSTEM WITR 20 MP UNTS
ol THIS RaNGE OF GAND W\ 0TH PeELTLULBANCE
ERLOLS ARS WITWHIN THE Rror. BUDAET.

PREPARED BY APPROVED BY SUBMITTED B8Y

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NarionaL Rapio AstroNoMY OBSERVATORY

Post Orrica Box 2 REPORTY no._"—_‘-lq;8
GreeN Banx, WrsT VIRGINIA 24844 CONTRACT NO. ____QA"‘ ~319
TELEPHONE ARBOVALE 486-2011 ,“!8_\5-5_0,, 14

oare —JBN) 2.\ 64

PROJECT: 200 BT DIA. WOMOLOAY RADID TELESCLPFT

SUBJECT:  OR\VE SYISTEWM

8.4 ALTERNKTE DRWE CONCEPTS

g.4. | DC TORQVSR FOR
ANTENNA 0OR\VE
AZI1MUTH ONLY

\E A TORQUE MOTOR S USED DIRECTLY

covpPLED To THe WHEELS, THe 4QenR

BoX wW\TH A RATIO OF 444 [\ wowr

EACH onE OF THWe \ & PRAVING OUMTS
CAN BE TLIMINATED, THULUS, THEe NEW
ANTEONA AXIS ToO MDOTOR SHAFT RATIO
INSTEAD OF 48 600 IS

44 4

THES LO0AD INERTIA REFLECTED TO THE
MOToL SHRAET 'S
1 . o2, %1% 9 i %0
A 109 ¢ i
FoR ALL (&g DRWING UN\TS,

\

5

UDNGA S\XTeEn) DRwWiING UNYT S, Tork&ve

REQALVIRED From EACCH VUNAT S
b4 x | pé

Tq = = A,600 LB BT
| 6 x V104

6. ToTAL TORRVE AT MoTol SHAFTS
= 73 o000 LB FT

ALTHOUAHW TORQUERS WTW UP To \{ ooo
LR BT  AXe AVAILABLE ; THIS wiLL
ReQuiee 5 VDevw'ng UNOTS vs, V6

L0 RT s

!
<

PREPARED BY - APPROVED BY SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Narionar Rabio AstroNoMy OBSERVATORY 79 -
Posr Ormcx Box 2 REPORT no._H_._q__g.
GaueN Banx, Wasr VIRGINIA 24044 CONTRACT NO. 2AP-719

TELEPHONE ARBOVALE 486-%2011 PASE oF

oare A 2\ 'Cq

PROVECT: 200 FT. DIA. HOMOLOGY TELESCOPE
susiecT: DRIVE SYSTEM

PREVIOUSLY ULSED 5 RBne MoTors AND
CEAL BOXES., S00p0 LS ®T woulL?D
Re MOLURE ADODSQUATE Fok <sS\2Z2& AND
POWER AMPLI\PIER,

THEe OATA CAN BE SUMMED UP AS FolLlowsy
| — \b OR\WINA TOROUERS NYEPED
DIRECTLY CLouvPlEn TO THE WHRELLS

2. = MOTUOR SHRAFT TO ANTENONNA  REOUuCTion

RATIO 1S L oA /\
R~ LOAD INERTIA REFLECTEN TOL EACW l
MOTOR SHAF T | S t3)ooo LS RT s8¢
4~ Toegue OF &ACH OUNMT s Sovuo

L PT HAXIMUM (STALL)

S~ TorKug ReQuUIRED To OVERCeME MAX,
STATIC FTR\cTON AS PER C&VT OF
TCTAL AVALVWARLE TOoREQ OE ¢

L0Zx10% L0 = 13 7,

¢ _ s
H?NT épm‘"r‘c. ER1CTION EXPELTED,; §x10 LB FT.

6 « RATeEn MULTOR VOLTAGE
ITR 'S gwEeENn ASs 23 oo (STAL.\.>

R SIVEN AS 1,6 THUS
M<
L= 23200 _ 122 AMPS MAX
G

KATED VULTACE IR = 195 vouTs

PREPARED BOY . APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Narionar Rabio AstroNomy OnsErvaToRY
Posr Ormicn Box 2

REPORT NO. -ﬁM—
Graan Banx, Wast VIRGINIA 24044 CONTRACT NO. _@&ﬁ_j A
TELEPHONE ARBOVALE 436.2011 ’A.lllﬂo’

DATE ._Q_;A_'_‘)__z_‘.‘_é q

PROJECT:

300 FT. DIA. HOHMIL0GY TEL=LCOPE
SUBJECT: DRIVE STSTEM

77— GAIWN RE§QUIRSD
139, ©F 14§ = 27 vVoLTS

For \WB A@RC SEconD DEAD BAND

AT 2.5 mV / , b6 ARRC ¢EC
- 27 2oo  _ 13 ooV
OHPSESN WLoOP L ATN =
! 7.5 /i

& — TRANSF&EL FONCTION
AND LOLAD

Y. . /<

X sE‘ \4,3\<T)‘}<\ +._-.s>

Keg = 57V /rvap[sec
J = 26 LB FT sect

JT = 36+13,000 o~ \3000LB FT-sect

KT = 4AlS LR-rT/AmP
Rt = W6 ORrRmM S INCLUDING

CABLE‘S) AMPUITIETR DU—TPU’T,ETC
lep = L 0\4 HENRIES

OCF MYTon

MOTUOR CONLY

‘-"“/rz'r CIWEN AS T = 022

\30060
T = S 7 <« ALS

\. 6

g.38

PREPARED BY

APPROVED ®Y

SUBMITTED BY

NADTRATER RV ASNCTATED NNTVRRSITIER. INC.. UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Narionar. Ranio Astrononmy OmsErvaTory

Posr Orman Box 2 REPORT no..H.JM_
Gaxan Banx, Wast VImorea 24044 contmact no. RAP~T9

TELEPHONE ARBOVALE 436-3011 PASE wo'

DATE - AM&‘ Lﬁ

PROJECT: 309 FT. DIA. HOMOLOGY =I'E(,E&Ct)F'E
susiecT: DRIVE SYSTEM

TRANSFTER PUNCTION:
Ce = «a O\T7S

s\ + 22:) (| +.022s)

THE MECHANCAL TIME CoMnSTANT 1S EX(SSI\WVE,

qQ - USING TACromMETER. FEED BAcK AVD
TRYING To BIND o0PTiMmizsD AN AE OF
OPE‘QATlOM) THE MoTOoR PLLUS WAL PLUS
TAHOMETER TRAVNPRS. FunNCTIionN (S
]

o 75 a
G S) = op s
( ) SC\-{-X\Rs)(\+.0129+,0\7S‘K¢\S V4G Y
WHSRE G' = MOTORL +LO0AD TRANSRER PUNCT.

B 2 TACBOMGETER. THAMSEER PUNCT.

A= Pol K¢ a2 \00 V[eao/sec
Q(s) = » 00 64
sS(V+ 3,25 +.0752)
,o0064
s (\+3.2s) (\+. 019)

Wn =[5 = 3B rae/ssc

€ - 32 = & (Pameina AT
077 %2 x 3,8

R~ Ty 1Lgq = (tooV /A /sec
Gs « 002 S
= SVt vasu)(1+.025%)

PREPARED BY APPROVED BY

SUBMITTED BY

NPERATED RY ASSNCTATED UNIVERSITIES. INC.. UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION




NarionaL Rapro AstroNomy OBSERVATORY
Posr Ormics Box 2
Grexn Banx, West VIRGINIA 24844

TELEPHONE ARBOVALE 436-301

REPORT NO.

HTa-8
CONTRACT NoO. AP~T q
PASE or

DATE J')AN 2---4.4q

PROJECT: 200 FT. DIA, HOMOLOGY TE\ESCOPE
suvECcT: DRIVE SYLTEM

Wa = \O orao/sec
€ 2.3
C - o2z ¥G = AOOD\//W/SE‘C

-6
24610
G(s) ~

Whe \A,2 wap/sec €= .2

ALCTH OUA Y A vAaLue OF YXga 4000
See™M S He\C\H, \F WE Comnsi0ar THAT

MAXIMUM  ANTENNA $SPSED 'S . 1059 sec
RespLTinag  IN MoTOoL. SWART SPEEP
oR  \W.§°/sec = 2 RAD /sEC ,

THUS THE MAXIMUM  VOLTALE S
00 VvOLTS,

FoR SIOSREAL SPEED TACHY FeE0 8acK
'S .29 VOLTS AT MWIMUVMN sSPEED
(g sipEveAL) TAW REEDBACK 1S

24 tM\LL\VvolTS. \T S SUuE L E3STED
THAT ot SLEWIVL conOiTIONS
ABOVE 33K SIOERTFAL THE TALN,
Lo0P (BRE€ AUTOMAT\CALLY D\SCONNETTED,

THS TRANSTESTL FBUNCTIVON 0 TYQYVAL

[5) W

C 195 SeLECt Ted ot PURTH &
ANALT SIS,

PREPARED Y APPROVED BY

SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nationar Rapio Astronomy OzpsErvaTony
Poer Ormcz Box 2 REPORT NO. %i
Green Banx, West Vmonaa 24044 CONTRACT NO. KAP-79
TELEPHONE ARBOVALE 488-3011 PAGE

84, 10 .
oare _AAN 2.4%619

PROJECT: 200 FT. DIA. HOMOLOGY TEIESCOPE
SUBJECT: DRIVE QYSTEM

\b=- ~Tae OVEXL ALL OPEN LDof TRAMSPER
ROUNCTION \S &IWVEND BELOWR

Q€00
N
QC) (\ ozs)(\+ \65) 5(\-\- OQQs)(\ﬂ- 0285)
Qc?ev.encs S'ttwcruflf - v
PLATPOLM TOLQUGETL + LOAD 4+ TACH,
AN = Beo0 = 2LoxLkLoa ¢oo = 71,2 Db

THeRE \s VO ademk B0x TrAp sSPRS Runction)
N T™ME AfBove ExPRESS10N),

SINCE ThRe Go0E€ PLOT CROSSES Toe
O Db AXIS wi\TW A sLofPE oF loo Db
PER OETAOE, coMPENSATION S RIQUIRSD

A4 o\ S
T tea0 = A
« 5 * 2
COMPENSATION) NETW ORWK TRANSTEER
BonCTioN) LS ¢ |+ 25)%
Geo = £ ),_
C\+&7s)

THE CoMPGEOSATSD R OOE PLOT Ceossss
wE © Vb A%Is AT 25 vao/sec,
PHASE SHI\PT  Fol 2SRAD [s&C S

¢ = (\ +)5)* 4
(\ +J\67)7- (l-.-_\ 05)((+J¢4)3(\+J-2-4)(\*3 DTJ'j
- 3l2°LAG — I1S8°LEAD= 154°L A
PHASE MaROIN 1RO %= \S4° = 2¢°

PREPARED BY APPROVED 8Y SUBMITTED BY

ADTD ATEN BV AANCTATEN ITNTVRRSITIRR TNC  UINDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Narionar Rapio Astronomy OBSERVATORY

Posr Orrion Box 2 REPORT uo.ﬂ-—e—
GreeN Banx, WasT VIRGINIA 24844 contmact no. BAE=T 9
TELEPHONE ARBOVALE 4882011 PAGE 2_\9'_\7_19—

oATE ABN 24169

PROJECT: 390 FT. DIA. HotMoL0GY TEESCOPE
SUBJECT: DRWVE SYSTEM

TEYINA A Sstomd COMPENSATION NeTwORK,
-T LA‘C\ < NI ;q = \\ o
B~ - . - 3.2

3
t
a - i\"-g\?:S)
=) P T T oot

PHASE SH\PT = V46° LACG
PHAse MARGIN = 3 4°

DECAUSE OF THE OI\STURBANCE Frc®UENAES,

THIS SECOND COMPENSATION NETWORYK \s Mok e
ADEQUATC .

W= cobNCLUSIoN

o~ |6 TOARVC MDTORS cCcaAN B used)
TO DRIWVIE THE AZIMUTHY AX'S,
b~ F 0WRECT MOUNTED , ALL GgesAaR

BoxES CcaAN Be ELI™MMANATE O,

REDES\GANING OR THESE UM\TS MAY
BE R&EQUI\RSD TO ReoUlE DiAMETeR

AND TO ADD TO THE RNE\GWT Foa
DIRECT coufPrLiNG,

A = THE RATED <TORAUE PER UNIT S
S000 LA, BT. THE HOUSED OMT
'S 1200 TO 2400 LB ©ACH.

€ - A PHRASE MARGCGI\N QOF APPX, 34 °
CAN BE O0RTAINGD VSING ProPER

PREPARED OY APPROVED oY

SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION
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Namionar Rabio AstronoMy OBSERVATORY
Posr Orrics Box 2

GrEEN BANX, WEsT VIRGINIA 24944

H 79-6

REPORT NO. e

CONTRACT NO. RAP-T94

TELEPHONE ARBOVALE 456-2011 "esgﬂo'
oare VAN 24'¢9

PROVECT: 200 FT. DIA. HOMOLOGY TELESCOPE
suBJECT: DRIVE SYSTEM

TACHROMETER COMPENSATION AN

COMPEN SATION NETWORKS,

_?.. APPX, 0,4 CPS (CLDSED Lovof

BAND WADTH SEEMS FeAasSIRLE P

THE CEALCULATED
\S EXPECTED o
PERFORMANCE .,

03 - THE LNO\T
NOo., 30 219
O\AMETER AND

THE ANTEMNA  STRUCTURAL RESONANT
FREQVENCY 'S AZOUND 1.0 CPS,
THLS  FAsQUEMNCY |S APPRORIMATELY

ONT OCTAVE RIAKRER TRAN WORST
D\STURBAMCcE FREQLENCY, TH IS, AnD

vsen
WITH

CASE

BA° pupase MARGIN
PROVIOE SATI\SFACTORY

1S &«¢© ©AME
204" BousinG

W\ INCHES HEIGHT,

PREPARED BY

APPROVED ®Y

SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nationar Rapio AstroNnomy OBSERVATORY

Poer Orricx Box 2 neront wo. A 13-4
GreEEN Banx, Wast VIRGINIA 24944 CONTRACT NO. K__ﬁlh =119
TELEPHONE ARBOVALE 456-2011 PAGE g\ﬂo' 0

DATE AN 27'¢69

PROVECT: =00 PT DOIA. HOMOLDGY RADIO TelLe ScofPe

suBvECT: PRIV E SYSTEM

8.4.2 EODY CURRENT COOUPLINGS
FOR DOr\WE TORKRULE AND
<SPSEY MOOULATION

THESE COLPLINGS ARs VUSE0 IV CoN ILCTION
woTH AC o PC MOTLURS RUNNWNING AT
CoN STANT sPseD, TREORSE T\CALLY THE
MoTo RESPONSE CanN) RE ELIMINATED FeoM
Th« TRANSF YL FoONCTION IT WS ASSUMFE
HACor INGSRTIA MOTOR ARMATOLUORE. AS AC
MOTORS ARES MORE EConNOoOM\cAlL. AND THegRkc
'S w~O DIEFFERENCE BeTweeN A cC AN DC
PERFOMLMANCE | AC |\S USED IN MOST CASES,

OTHER. pPOTE S

a - ThHe REST OPERATIONAL RAMVCE OF A
20 BWEe LWNMWT S 300 TO 600 RPM AS
SL1P CAUSES HEART 5 YeT, \T \S AFe0xD
Fork coNTROW ANTENNA SPeEeD gV~
IREMENTS ARE .0\7%5 R PeM TO
‘/\o SioeEREALC ok A RATIO O
250 TO ., TH1S RANGE \S N OT
DESIRABLE FoRkR EDDY CVRRENT coufLINGS

b < THE MOoTORS ARE RUNMING AT FuLl
SPEED ALTHOUANR MOST OF THE TIME
ANTENNA MOVEMENT \S veERY sLow,

C— BEACH LVO\T NEEDS \WoO0O <CFM
CoOoOLINLG An\K.,

PREPARED BY

- APPROVED BY

SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Naronar Rapro AstroNomy OBSERVATORY H 79-8

Poer Ormox Box 2 REPORT NO\ ol
Green Banx, West VIRGINIA 24944 CONTRACT NO. B&l"
TELEPHONE ARBOVALE 456-3011 rase 2Sdor

DATE ANL7 69

PROJECT: 300 FT. DIA, HOMOLOGY TE\ESCOPE
SUBJECT: DRIVE STYyEM

A- THE WESIGHNT OF ©ACWY ULNT \S
\ROD LBS

€. ~ TALYOMGETER ComMPESNSATION \S NOT
POSSIBALE Fo TWS APIL\CATION,

_g- THE SI\MPLIFIER TRANSFER FUuNCTioA

'S G (s) C\-\\-.Zs)

W\t 0% OVveEr ©XATATION THe
TIME CONSTANT \S .2 . ACTUAL
TIME CONSTANT S .34,

COMPAREY TUO TWE OTHER APVQOA(H&‘SJI

,0\6 o TWYE S BY 1noToRr + TACH

. 032 I " 20 ‘s W
09 € N TORQUER =+ TACH

T REPRESENLTS A VALULUE I X WORSE
EVEN 1P T 1S CoMPAREN) TC TWE TuQQ\)etﬁ
VT \S ALSO LDWER THARN THE ANTENVA
STRUCTURAL NATURAL FRERLENCLY
W OCATING THAT T wilth RenuceE
THE PHASE MAERCN B Alpx IS°
OOWN TO 25 °, WHICH 1S MARAGWAL

CoMPARED TO 40°

4- OveSRLOAD CAPAC\T Y
= BC MoToRs (SHP LR 2.0 He)
ANE USED, P ToO 400 Y/,

PREPARED BY APPROVED 8Y SUBMITTED oY

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NarioNar Rapio AstroNoMy OBSERVATORY

Post Ormox Box 2 REPORT NO. 19~
GreeN BAnx, WEST VIRGINIA 24944 CONTRACT NO. LA~ 79
TELEPHONE ARBOVALE 484-301) race 830,10

e _ANN 277 69

PROJECT: 309 FT. DIA. HOMILOGY TEIESS(OPE
SUBJECT: DRWE SYTSTEM

INSTANTAN E0US OVERLOAD CAPLAC\TY S
AV AVLARLE

IN CASE  OF CouflLINGS, THIS \s PossiBLE
ovLY \F COLPLINE AND MUTOR ARE
OVERS\ZED,

£ -A TI\ME CONSTANT OF ,34 MeaAnS A
RoLL OF FrEQUEANCY OF 3 RAO /sec
CoMPARED TO 3.8 RAP/ Ssc OF TweE
ANTENNA STRUCTURE |, Now THRE VRVWE
IS LIMYTING THE ANTENNA P RORMANE
RATHRER THARN TRE STLUCTOURE,
THIS WILL FolThigl RENDUVCE THE
CPENATIONAL ANTSNNA GANYD W\OTH
ARND INCREASTE \TS VUULNSRABLLWTY TO

DISTUR BANCE EREQRQ VEVC\ES AR oveE
oS RAD Per 3s€C,

A= CONCLY S\O NS
RECAULSE OF VPERFORMANCE A&EQUIRE -

MENTS ), THE ODY CORRENT APPRIACH
\S coNSipeERsed T RAe \NWREeR\0o&A To
DC MOTORS O <ToR{VELS,

PREPARED BY APPROVED BY

SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NarionarL Rabio AstroNomy OBSERVATORY

Post Orrice Box 2 REPORT NO. H19-¢
GreeN Bank, WesT VIRGINIA 24944 CONTRACT NO. M_‘J_ﬂ

TELEPHONE ARBOVALE 456.2011 no:mor i 0

oare AAR e 169

PROJECT:® 3 COFT HomowLocCY RAO\O TELF&COPG

SUBJECT: DRWE SYSTEM
8.5 REFPINEMENTS OF SERVO STAMLTY
' AND LooP COMPENISATION
AN SECTIoNS 8. 2 AND 2.3 T WAS SrowN

TRHRAT STABRBLE OPERATION \'S fPossweLe BY
VSING TACHOMETeR FESOBACWK COMOPENY SATION
ANO DOUBRLE LEAD - LAC COMPENSATION
FORL EBACY AXIS DRI\VE.

THE ANALYLHS W THE ARDVE REPOLTS 'NWOVCATES
THAT THE CLused vrvof BANO wDTH W\LL @¢
AROLUND 2.5 RaD/ sec,

\T WAS SHOWN 1IN SECTINS 8.1

THAT INCRSASING THE cLOSED \VWoo¢ SERvo
VRAWVE BAND WIDTH wWiLL KEDUCE THE
D\STLURBANCS FREQUENCY EFESCTS AND THUS
WiLL Qeouce THWE PHASE MAQAIN REQU INeMe
TO COUNTER-ACT THE WIND QuUST ODISTURBANCES,

THE DoougLe LEAD — LACG COMPENSATION
NETWORKS 1N SECTUONS 8.2

AND 8.3 Age
EXPRE s ‘
€9S5cp dv TRE F‘QLL—QN\MQ RS\—AT(QNS“QPS‘
O+ 2s)% oo
Qs = . AND Cs = ( \+3‘3s)
(V+625) CVv+avs)t
IMPLEMENTATI\ON OF A TIME CONSTAN T AkoveE
S LSUALY S WAV IDED IN THE \WOUSTRY, SINCE
Re&EssTo vALVES ABDVE | M8 oMM ARE N OT

CONS\OERED AOVSRUATELY SETLECTED RBECAUSE
DUST, MOLSTURE ETC, COLLECTED ON TwE RESISTOR
OR. ABSOABED @BY THE REIBTOR CELEMENT

C AN CAVSE ORI\WT AND ACE ING L S\M\LAQLY’
CAPAC\TORS ABDVE S ME ARE NOT wWeLlome
IN COMPENSATION CIRCUNTS. \F CaAPAC\TORS
AGOVE S MF ARE USED, THEY BEcoMFE
PROPORTILONALLY RULKY, TANTALUM OR

PREPARED BY APPROVED 8Y

SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nartionar Rapio Astronomy OBSERVATORY W 74-8

Posr Orrice Box 2 REPORT NO: emmm 20
GREEN Banx, WEST VIRGINIA 24944 conTRACT No. BAP-T A

TELEPHONE ARBOVALE 456-2011 PAGE oF 70

oare MARCY )69

PROVECT: 209 FT. DIA. HoMOL0oGY TELE SCOPE
SUBJECT! DRIVE STITEM

ELECTROLY T\IC CAPAC\TORS CANNOT 3¢ USED
RECAULVSE OF SEVERAL VIS AOVANTAGES, \E,
HICH LEAKAGE, RAP\D ACEING 4 SELF -

GENBRATIED VC POTEMTIAL BETwEEN THE
TER MINALS  AND WIDE TOLERANCE LIMATS,

THUS, IMPLEMEN TATION CF A “TIME CONSTANT
Y =2 62 WL REQUIRE AS AN EXAMOLF,

5 ME OF CAPAOTANCE AND 12,4 MEG otmMms
OF RENITANCE OR | M€ oMM OF REV\STANCE
BUT 67T MF APACIT ANCE | DPEPENDOING wWRLICKH

PARAMETER \S CONTROLLED OR LimyTeD,

HoweveR , S MF  AND 1MEc OR Y= S
WOULD BE MURE DESIRARLE.

\F THE BLOE Pl.oT oN pAce 8,20
1S RECONS\OERED AND TwO OTHER

TECHN\ QUES ARLE USED, BT ResuvLTIVG
TIME COMSTANTS AN BE LIMITED ALVT TO
EXCEED S SEC, AND THE CLOSED | pof
BAND wWA\DTH ZERO0 OB CROsSSING OF THE
Boos PLOT) EAN BT \MeloyED.

FiRST, TR\PLe LEAD ~LAG NETWORKS AQg
USED., THESE ARS RC NETWORKS ALQOUND
OPERATIONAL AMPLIF\ERS. TWHESE NETWOHRKS
00 NOT WAVE EXACTLY ThHE SAME RUOLL-OFF
FREQUENCIES BETAVSE OF CoMPDON ENT ToueRavey
SUCH A REQVWEMENT POES NOT EXIST. !
O\;F\s Fiw;{gc TEO THAT &€ WoIViOVAL RokL+
VENCIES wiLL 8¢ \

TO EACH OTwWeER. TRV s T
, S6ConD, THE EFFECTS OF I1INSeRTWA A
VoL E NEAR THE STRUC TuraL TReQUENCY
AND A "ZeROY  APPROXIMATELY 33 OCTAVEY
AWBY AeG VEMONSTRAYTSO.

PREPARED BY APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nartionar Rapio AstroNomy OBSERVATORY
Post Orrice Box 2 REPORT uo.."_"_.’.i"_%..
CONTRACT NO. .@.ﬁf_‘.lq

GREEN Banx, West VIRGINIA 24944
PAGE mo'.-]g-——"— q
tAaaen 1§

TELEPHONE ARBOVALE 4562011
DATE ¢

PROJECT: 300 F7T. DIA., HOMOLOGY TELESCOFfE

SUBJECT: DRIVE SYSTEM

i
y 1
0. RAn/sEc Lo

UN COMPENSATED & OOE PLOT (PA@E 8.20 )|

COMPEN SATION N&ETW oK ("‘"285)3 usen
Ci+ 2s)3

) +
ALSD "POLE 1S INSERTED AT 6.3 a}«»o/sn AND
TZErR" 1s IVSERTED AT 20 RAD /SEC

@ COMPENISATION NETW ORK _S__‘_‘:__z_ér s
(1+ 62)°

(\ 675)°
@) COMPENSATION NETWORK T -675) hvw
(A + 5§98

"PoLe AND “zero” INSeRTION AS$ ARQVE

LN OER. ITeE™M B 3},

@ COMPENSATION NETWORK AS < powhN
UNOSR. \TeE™M N0 4 LESS PoLS” AND

20  INSBWNTLION,

SUBMITTED BY

PREPARED B8Y APPROVED B8Y

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NatioNnar Rapio AstroNomy OBSERVATORY
REPORT NO. -ﬁlﬁi—

Post Orrice Box 2
GreEN Banx, WesT VIRGINIA 24944 coNTRACT no. Ra€~T9
TELEPHONE ARBOVALE 456-201) PAGE 1y} oF =
Malcr 169

DATE

PROJECT: 290 FT. DIA. HOMOL06Y TELEL(OPE
SUBJECT: Npv /= SYLTEM

THE TRAMSFE@R FONCTION OFf THE ODRIWE SYsTemMM
SEXCLLVOING THE LEAD~ LAG COMOENSATION ANSTwORK

s
G <
>° Q+.028)( 1+ abs) (\+.0138) s (A+.016s)(1+.008Ss)
~ J - J . v d v J—
MOTLVR [ TTACWOMETER, LOAD

PLATFORM STRUCTURE CeTAR Aox

Foel PL.0TS NO, 3 TO0O NOS Twe z2e&e20o Ob
CROSSING 'S AT &6 RAp /Sec,

REPLACING @ B W ARND uUaSTI TUTWG

W= 6 RAQ/SET G\VES THE FOoLLOWING
RESLLTS Fuol THE COMPENSATION NESTWORKS

TABUVLATED O©ON PALE NOLWQ OF THIS KREPORT :

PLoT @ PRASE Lac = 212°
PHASE MARGWN * —32°
PERFORMNANCE P OUNSTAGLE

PLoT @) PR ASE LACG = 158°

PHASE MARCIN = +22°
PEREOAMANCS =2 STARLFE

PLOT (5) PHASE LAG = 18E®
PASE MARGW = - ¢ °
PEXFoa MANCE = ypstadle

CONCLUOSION

1= REFINEMENTS ARE POSSIRALE ON THE COMPENSA -
TIOAN) NETWORKS USED 1IN RE PORTS NO.2Z Awnp M03
AN EXAMAE 1S SHOWN AGRDVE (| TRE Renef\Ts

ARE

A= INCREASEN BAND WIOTH , RESULTWG 1N
BETTER. OveE ALL OYVAMIC PEREORMANCE,
IN GENERAL, PERTVRBANCE ERRon
REPUCTION 10 PARTI\CULAR ,

D~ REDUVCTIOAY OF NETWORK TIME
CONSTANTS; THUS | PROVIDING EASE
oF (MOILEMENTA TILOAN.

APPROVED 8Y SUBMITTED BY

PREPARED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION
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Post Orrice Box 2 REPORT uo._l:\ﬁ;g_
GreEN Banx, WesT VIRGINIA 24044 CONTRACT NO. K&&Jj
TELEPHONE ARBOVALE 486.201 ,‘“8,510, 10

oare MAMRCH 8'Cq

PROVECT: 300 FT DIA. HoMOLOLY RADID TELESCOPE
SUBJECT: D RI\VE SYSTEM

2. < =RvOo ODRAVE \N TER L O CKT

THE FoLLOW ING  INTERLOICKS RKEQLIREMENTS
RAVE TO BE CONSI\DERED

l— TRHE POS\TIONING DSESRVDO VNITS ALL WYAve
A COMMUN REFERENCE WPUT DERIWED
FROM THE REFPERENCE PLATEORM., THUS,
'R OUNG OZ\WING UNYT QETS ARSAD OF TwE
OTHERS PLUE TO TOLERANCES N HNACOWART
O’  DISTOURBANCE, THERE SHOULLD BE A FETOBACK
BUANAL CORAESCTING THRE (NIIWWIDUAL OUMT,

2~ THE SAME UN\T wilL PERFORM AS A
OR\WING UNMT AS welklL AS A B iva UMmT
wheree THE BGouckivg UMNMT ACWAYS WA S
A TI\X €0 QA TIO oF OCUTPUT ToR&UE
COMPARED TO THE  DR\WWGq U MT,

BETALSE O VAR ATIONY 1IN TwE HAQDWARSE
THE PuUcKING RaTo SHhouLD @RF€ AOLUSTA(M?C-‘

3 - THE DSELECTED SeERvo MoToRS <dan) Bayve
Ve TOo Qoo %, oOveRLOLAD FOor L¢P TO 0.5
SECONDS, HOWEV R TO PBRFORM uNnOER THgse
c,gworrmuS, THE POoweN AMPLIFIGR SHOoLLD
HAavEeE SirLAR overuoAad CAPAR\L\TIES . THIS
AFTER A CeRTAIN LiM\T BEcomMeSs PRoNBITWE]

THEREFORE, OVER LOAO ConTROL (S NEEDED N
THE WOWIOUAL LNVTS,

Flquee No, ) ON THE VoUW, PACE R EPRes EnT s
THE DRIWE sServo INTefLEACE WITH THe
REFERLENCE  PLATFORM, AENSRATION Of Tue
PoSNiTION Eegolk  si1anvAL &ND THE METHANICAL
FEe0~ HACK  PATE.

FIGURE WUO.2 SHoWwWS A (BLoclkk oviAGRAM Fol
DRAVE ~BUCNX RAT IO STLECTIVOR ANY LVMAT
TUIRQVE (ONTROL,

PREPARED BY . APPROVED BY

SUBMITTED BY
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NationaL Rapto AstroNomy OBSERVATORY
Post Orrics Box 2 REPORT uo._H_M
GreeN Banx, WestT VIRGINIA 24944 CONTRACT NO. =
TELEPHONE ARBOVALE 456-2011 PAGE or 10

DATE A_M ﬂ

PROJECT: 29 FT, DIA, HIMOLOGY TELESCOrE
SUBJECT: DRiyE SY.TEM

REFERENCE COMPUTER OR
|'* PLAYT & OR M TAPE READER
‘ ; CIGVT A |
SUBTR ACTOR
MECH AUNCAL '
| Feep~aAcK
‘?ATR
‘ D\G\TAL TO ANAL OG
C ONVERTE R
. I‘ \r ERROR, @:IUS
| SERVO C\RCUVTS SERVD CI\RCUVTS
' AND INTERLOCKS AND INTERL OCKS
’ POoWSR PoOweR POWER PowerR
I AroL. Al AL, PP L
‘ DRI\WE | BucKiINgG ] PRrwe
| ] BUCKING
L NAT * ) UNIT W VAMAT® 2

FIGULURE N O, |

PREPARED BY APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NartonaL Rabio Astronomy OBSERVATORY
Post Orricn Box 2 REPORT no._H.E:_g_
GreeN Banx, West VIRGINIA 24944 CONTRACT NO. _&ﬁﬁﬂ_\
PAOEY—‘6—°°'L

TELEPHONE ARBOVALE 486-2011
L]
oate —ARLR 10 69

PROVECT: 35n FT. DIA. HOMOLOGY TELES(OPE
SUBJECT: DRIVE S{YSTEM

2c

‘2a. | 8|
Tl * ‘U )
8(;

o 2 3a| |3b
3
— 4 (= 7
"2b
2d

FI\GURE NO., 2

| - ERROR BUS, SE€E F\q. VO \
2 - ERRoR PoLARITY MISCRIMINATOR,

2a- ANALOCG DRrIWING SLQNAL ,POSITIWVE ERROR .
2b~ ANALOG DRI\WINAG S\aNAL | NEQATIVE ERROR |,
2Cc~- Lo\ C ‘S\GMA\_, POS\T\wWwg ERR o |

2d- Loa\C SIaNAL, NECATIVE ERRLR.

3 - BUKING TOURQUE RATIV seETTING
Ba-BueKING SIENAL, POS\TIVE ERROR

Db- BUCKING SIAMAL NEGATIVE ERROC.
DriwvEe or gucecxing ANAL O SICENAL SWITCHING
COMPARATOR » ERCOR Vs, Torgue oUTPLT
- SERVU CoOMPETNISA TION) CA\RCUNTS

- POWeR., AmMoLi\vreR

-~ TORKVE seNSs O

SERVO MOTOR

D= TORQVE LIM\T SsTTING

b
A

4
S
(3
-
8
a

SUBMITTED BY

PREPARED BY APPROVED BY
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NaronaL Rapio Astronomy OBSERVATORY

Posr Orrice Box 2 REPORT no.—-HB—i
GreeN Banx, WEsT VIRGINIA 24944 CONTRACT NO. ~79
TELEPHONE ARBOVALE 456-2011 PAGE &!&lop_lL_

oare OARCH R'69

PROJECT: 3ng FT, DIA. HOMOLOGY TEIESCOPE
SUBJECT: DRWIE SYSTEM

FIGURE NO.2 (EGCPREIENTS SOME OF Twe
FUNCTIONS IN THE Y SERVO CIRIUYTS AND
WTERLOCK S BLuocK OF¢ Fiwcuone NO.\

THE OFPERATION) OF PIG. N0. 2 (S DESCRIBED
GELDW

THE €EZROoR SICGNAL FROM THE SRROR Bus \$
FED TO THE ©RROR PoLAZTY OISCR IMINATOR.
THIS CLREUIVTRY wAS TWO FUNCTIONS ¢
A~ PROVIOG POS\TIWWE ANDO NEGATIVE AN AL DG
ERROR SlanvaLS 6N SEPARATE TeRMINALS
b- PROVIDE  sSwi\Tcmwing  sianvacs (Loavc
SIANALS) INDICATIVE OF POSITIVE AND
NECAT\WVE EX- .o .
THE RLOCKS ™3 0N FlG.NO.Z PROVIOE ADIUS -
TIOLE QBUCKING SIGNALS TO AN ALOG SaNVAL

SW\TCHING  C\RcurTS =4 WHERE  THE coreecT
SIiVAL IS  SELECTYED ¥ Loci StawmvALS 2c AnD
2a .

THE ComMPARATOR RECEIVEY Two yoLTACLE
SIGNALS OF WwHlCHY ONE \S PRLOPORTIONAL T O
eraaea.._Awo THE Se€comn P ROPORTIVNAL TO LVWT
‘é‘;&i\;z,;ueie TWO VARILABLES can BT coMPAZED
- BeE 3oTH
Servo tiprmers. CAN B SCALED IN TeRMms oF
THE S\avauw THuUS QAENSWNTED IS F&gd —+
T™He SERVO COMPEN SATION C(fLLU\'t‘:s A’SSDUG“
POWER. AmMoL\w\eR —To ENERAGIZE THE sServo
MoTOR , THE TORRUGE SensSu NAS V\SoLaTeD
FLOATING 1O PLT BUT REFeReCED ocureuT
CONVER TING M OT O TORKRVUE TO A volLTAGs
S\GNAL., \TemM nNOo. 1O G Fla. M0 S
AN ADIUSTABLE ScCALSZ AN LiMmiT SETTER
FOR THE TOZQUE S\GQGAOA W

PREPARED BY APPROVED BY SUBMITTED BY

NPFRATEDN RV ASSOCTATED UNIVERSITIES. INC.. UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NarioNar Rapro AstroNomy OBSERVATORY
REPORT NO. ﬂ;&_

Posr Ormcx Box 2
Gruev Banx, West VIRGINIA 24944 conTRACT No, BRAP~T 4
TELEPHONE ARBOVALE 456.2011 PAGE Mlo' I a 6 ﬂ
8

DATE

PROVECT: 30O FT DA HOMOLOAY RADID TELeSCOPE
SUBJECT: DR\WV S SYSTEM

8.7 ER ROR CALCULATIONS

THE OVER ALL DYSTEM BRROR CoNS\STS

OF THREE MAIN COMPONENTS ¢
REFERENCE PLATEORM €EXRoR
DRIVE =SERVO HYSTEREH'S ERRoR
WIND AQUST VISTLURBRANCE BERELROR

THE REFSRENICE PLATFoRM ERRoR WAS
CALCcULATED AS APPX 4.0 ARC sec,
RooT SuUM  SEUARE COMBIN ATION OF ALL
INDEPENOENT ERRLR S,

DR\WE SERVO HYSTERES!S €k RoR wAS
D EEA) LiM\yTED TO W3 ARC SEC AS

S How N ) ReEPORTS NO. 2 AND NOY
FoR THE SHEe AND 20 wP OR\WE <servD
ANALY S\ S,

THE WIND  QusT DISTURGANCE ERRORS
ARE CALCOLATED EFELLW USING  TwoO
METHOVS.

METH 0D NO. \

TH\S METHOO \S A WORST CASE APPLOACH,
\'T DDOES NOT TAKE “THE ANTENNA STRUTUN
(pisH)  FILTERING EFFECT 10TO  ACC OUNT,

PREPARED BY APPROVED Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Nationar Rapro Astronomy OpservaTony

Post Orrics Box 2 REPORT uo.i‘i‘i—
GREEN Banx, WEst Virornia 24944 CONTRACT NO. M
TELEPHONE ARBOVALE 458.2011 PAGE 6 or
_Fce R'69
DATE

PROVECT: 390 FT. DIA. HOoMOLOGY Ti=IESCOPE
SUBJECT: DRIVE STSTEM

TRom ReEpPorT NO.\

Fo /k
\30 ‘-’-V = = C )-1
W w
[+ ?z'f)] + [2(8) (z—;)]
WHERE
‘jo T MAXIMUM DS PLACEMENT N RAOIANS
¢
Fo, = DISTURPBANCE ForcE 2.&%X10 LB-FT
W = DISTURBANCE FREQUENCY, ZKAO/SEQ
k = COMRINED EFrecT OF servo AmD

STRUCTURALU STI\WWFANESS

AZ. STRUCTURE : LAxi0'" LB FT/RAD
AZ. DERVD s L xip" \l

EL. STRUCTURE % 3,0x10'% W

EL. Servo ¢ .6ix10" 0

SINCE IN EACY L£ASE THE STRUCTURA
STIEFNESS 1D BY AT LeAST OwnE
ORPER. OF MAGAQMTULUNE NIARneR
TRAN SERVO STIFENESS, oOwnLY
THESE LAST VALLEDS ARE LsSEO,

L = BanDd WD TH | STRUCTURE PLULS
PR\WE = 2.s RAo/sec

A = GAUST FACTOR ., THE NUMERATOR
IN THE ARDVE EXPRGESSI100 \D

PREPARED BY APPROVED 8Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION
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Posr Orricz Box 2 REPORT uo.ﬁll:.&..
GreeN Bank, WEsT VIRGINIA 24044 contract no. JaP=24
TELEPHONE ARBOVALE 486-2011

rnee8:6%c, 10
oare LSER 8'64

PROJECT: 300 FT. DIA. HOMULOGY TELESCOPE
suBECT: DRIVE SR TEM

A
SR ¢

MULTWPLIED
THE
(V1 1 N W

THE

NMOT ENTER ThHe ERROR BULUOAET,

e F

METHOD NO. 2

AausST COMPONGENT 1IN THE WIND wWcH
CAUVSE A DISTURBARNCE rekolk,
STAT\C WiIND VW OAD wikl BE cowrecTed

Y = .20 BECTAUVSE, \T 15

RESPER.ANCE PLATEOZM AND WiLL

9.2
Vo \77

1. 6 ARC SEC

-6
0

¥ \ RAD

TV S

P\SH
THE
™ E

DATA

METH 0D UVSES A STATISTICAL APPLROACH
OF wing TOR QUE AND TAKES TwE

E\LTER EFFEECT \WTO Acc OLNT, |,€
aQuUsST

CENTIRE DPIAMETER OF THE DISNH,

FRoNT PROGCRGE SSING OVER

WIND VELOCITY SPECTRAL ORNSI\TY
= 2 RAD/SGC

STRUCTURAL F\WLTeR EFRFPECT

= L wnrere Y \S THE TIME

Re QUI\RED FoRk THE wWIND STEP
FERONT TO PASS AbLongGg THRE
MARIMUM S TRUCTURAL D)MEeNSION,

VY= 300RT_ - 1.4 S€&c¢
\XM\/HK

PREPARED BY

APPROVED B®Y SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



Narionar Rabio AsrroNomy OBSERVATORY

Post Orrics Box 2 REPORT NO\ e H 7q &
GRrEEN Banx, WEST VIRGINIA 24944 CONTRACT NO. Saﬂil.‘l
TELEPHONE ARBOVALE 456-2011 PAGE MOP—Q—-——

oare _FER R'€9

PROJECT:

200 FT. DIA. HOMoLoGY TELESCOPE
suiEcT: DRWE SMST=M

To = WIWND TURAVE anUT’Z,anoé LB-FT

X = GQUST FACTOR, RMS vELOC\TY
VARI\ATIUN AS CoMPARTED TO AVERAGE
WINDO VEWOCTY.

C, = WORST CASE ADMITTANCE OF

SEN VO pLUS STRUCTLRE cCcomB)-
NATION

C,= -— , ELevATION 'S WorsT

W\TH Sé60 o000 LB-FT ol 1.4 ARC
SEC WH\cH CORREesSPONDS TO
Ik = 6. \xlom L3 x::'r/raAo OR

THE RMS SRRoR 'S A\wWEenN BY ex¢Presson|
\

Erms = f - T°C‘ [E Pow ER $P€CT£\3V\]E

INTEULR ANT

TO BRE APBLE To COMPARE MESTHR o0 NO.\
AND  METHOD NO.2 WRESULTS | METHOO VO Z

WiLL € CALCULATED WTHOULUT THE BENTFA\T
OF THwWe POWER SPECTRULUM |NTECGRANT,
Erms = 4 % .2 ¥ z.sxto"x.\(,mo“"

Vezg <z

= |o.zx|o"sQAo = 2.1 ARC SEC

TH\S COMPARES ©vTAVORABLY wW\TH |16 ARC SEC

PREPARED BY APPROVED B8Y

SUBMITTED BY

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NartronarL Rabio AstroNnomy OBSERVATORY

Posr Orrice Box 2 REPORT no._ﬂjq_‘g_
GreenN Banx, WEst VIRGINIA 24944 CONTRACT NO. RAP-T a
TELEPHONE ARBOVALE 456-2011 P‘OEMOQ—JO—-——

DATE _E_EB___R_'_‘_‘\

PROJECT: 300 FT. DIA., HOMOWGY TELESCOPE
susecT: DRWE SYSTEM

OF METHOD NOL V.

CORRBCTING THEe 2.0 Alc S€C FoR THE
POWER SPecTRUM

AMPOLA\TUDE
s OO0V

Wy Wo Wjp
.0%8 2 2.5 RA%/sec

THE ABoOvEeE DWACRAM  RePRESENTS THE Power
SPERCTROM oN) o4 - Lol Scawte,

THE AMPLITULOE RATIO \S DETERMWED QY
A -.( )z' WHERE W, IS THE ANTENNA
ODRIVE CLOSED L OoOP RESPONSE
AT 2.5 RA0/gec AND W, s .08
RAD /SEC AS SB0ownN oM PALE I .
A = ( 028)1 - ,0012
2.5

W,
Wa

THE ArReAS SeLow . 083 AND ABove
2, RAD/[/sec ARS VGG \BLE,

THe INTE arRANT FRoMm 0838 To 2 S
0012 (2 -.088) , SIMILARLY FRoMm 2 TO

2.5 THE INTEARANT 1S .00\1.(.3.:.5:_3_..
2, 5% %

PREPARED BY APPROVED BY SUBMITTED B8Y

OPERATED BY ASSOCIATED UNIVERSITIES, INC,, UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



NationaL Rabio AstroNomy OBSERVATORY

Posr Ormocn Box 2 REPORT uo.H1_q'g_
GRrEEN Banx, WesT VIRGINIA 24944 contract wo. L7 9
TELEPHONE ARBOVALE 486-2011 PAGE &——"570’ :

DATE __&ﬁ_j_‘j

PROJECT: 200 FT. DIA, HOMOLOGY TELESCOPE
suBJecT: DRIVE Q1STEM

THUS, THE SQUARE ¥ooT ©OF Thase SLM
OR ~THE POWER SPECTRUM \NTEQRANT
ReTcomMES:

] \ \
2¢ = /\)5007.3"‘-000\ - .0%

THUS 2.0 % .05 = .1 RARC SEC RMS
WING &UST PERTULUR BANCE ©GrroR S
O™ TA IN ED,

CONCLUSILON

The RSsS  (“ooT sum SQUARE) CoMBINA=
T\oN)  ©F PLATEOZM , DRI\VE SERVD
HYsTOESIS  AND  WINDG GUST ERRLRS
wiL\ 3¢ ‘N THE  RANGE !

4.9 <TO 4.9 ARC sE€EC
WORST case

PREPARED BY - APPROVED 8Y SUBMITTED B8Y

ADFR ATEN RV ASKNCTATED IINTVERSITIES. INC.. UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION




Narronar Rapio AstroNomy OBSERVATORY
Posr Orrice Box 2 REPORT NO. 14-
GREEN Banx, West VIRGINIA 24944 conTRACT No. RAP =79

TELEPHONE ARBOVALE 456-2011 PAGE S‘LLOF lo

DATE

FROVECT =00 FT OIA. HDOMOLOCY RADIO TeleScoPE

SUBJECT' > \vE SYSTEM

8.8 C OST- ESTIMATE

THE COSsT FlGURES LISTED IN "THE FOUWOWING
PAGE APPLY To ELEVATION - N\\Do AZ\HVTH DRI%E*
SSTEMS HAVING SLEW RATES OF 12°/miN. AND \8%/MN,

RESPECTIVELY ( 4-40 HP, 1615 WP, UNITS)

HALZDOWARE OESCR W TIOA L

ELEVATION = FOUR ULNM\TS OF 40 HP) \7 SO Req
NOo. 368 FRAME S\2¢ DE sServO
MOTOR S,

FOOUR WOUSTRIAL TYPE PERMANENT
MAGNET TACHOMETER S

FOou R SCRTYrPe SOoLyW sTaTe
FTOWER. ApMPLIFIERS

FOUR  ANALQG SERVD ClRCu\TRY
AND (N TERLDCKS

FOUR 56TS OF AC POWER
SWITCH- QEAR AND DELTA - DEUTA
POWETL TRANIFORMERS

Pows AND coNTROL  CABRLING,

AZIM UOUTH =~ SIXTeEen) LVMTS OF \S WP 2500 ke
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COST SUMMARY

A) AZIMUTH SYSTEM -

M0ToRS : $ 45 000.-
POWER AMPLIFIERS ~‘ 12,000 .
AC - POWER EQUIPHMENT L 13,000~
CONTROLS \ 490, 000,-
MISCALL. HARDWARE : 12,000.~
ToTAL CosT o= EQuipMEnT @ $ 182 ,000.-

B) ELEVATION SYSTEM !

MoToRS ) $ 22,000 .-
POWER AMPLIFIERS ‘» 48 ,000.~
AC- POWER EQUIPMENT : 6 ,000.~
CONTROLS : 4,000 ,~
MisCALL. HARDWARE : 4  000,-
ToTAL (ST OF EQUIPHENT :  $ 94,000.-

ToTAL (OST OF CRWE Stsews : $ 276,000~

VsE  $ 200,000.~ W ESTMATE |
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