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National Radio Astronomy Observatory

Very Large Array
November 21,1983

To: J.Findlay,H.Hvatum,P.Napier,G.Peery,T.Legg

From: W.Horne VLBA ANTENNA MEMO No. 4

Subject: Drive Design-VLBA Antennas

Attached for. your information is VLBA Antenna Memo No. 4covering the
drive design for the VLBA antenna. This design was performed by O.HEINE
of Systems Development Laboratories. We will make some revision in the

area of the pintle bearing and perhaps in the azimuth gearbox/support
wheel interface.
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Systems Development Laboratory
Encingemng ConsuLTants
13372 CaLLe Coumna
Poway, CaLIFORNIA D2064

“P4tr 485-5657
/4

Mr. Michael J. Hardiman October 12, 1983
Manager, Snecial Products Division

PHILADELPHIA GEAR CORPORATION

King of Prussia, PA 19406

Dear Mr, Hardiman:

Attached are preliminary Azimuth Axis drive requirements for the
VLBA Antenna as discussed with you during our recent telcon on the 10th
of October.

Please review these requirements and indicate the ontion you would .

srefer and also »rovide the needed information as indicated on sheet 28
at your earliest convenience.

Very truly yours,
SYSTEMS, DEVELOPMENT LABORATORY

Otto R. Heine

PS : Tie ELEV. CEARBOXES Wour OF METICAL To “Tg VLA LN
o M
WITH EXCECTion oFf THE MAXIHUM SLEW Te STow ouUTTUT TeRAVE

RECOIAEHET Wit Wiy €€ Fa e VLBA :

3“- Wik tongu? @) 601 & 1 com TCC VOIFALAWLE
19° ELevaTied ANGLE

J,0,137
Me qax = W." () = 70,300 e

D n = 17% RPH et seeeo (37 R D Eev. My« jo /i)

HOd . Guew Stege 15 232 Rer (wer) Ra V64 ; ToTal £iev. 60
RAatio 18 27,86¢ 3 )



\oules
VLB A ANTENNA o02x.

AZIMUTH AX\s DRIVE Re@UIREMESTS :
HELAL ok RavgETaaY Gepr VN

4 o0 L vwwTy ((DRvEn VIR DC- SEave MoToks WiT4 2500 RPr MAX. 1T $fteo)

BZ- Xy SPeEco RANGE z Swoeten. T .15 RPM (360 :!)
MAX. ToRauE D A2- AXs(Teos)® 374,107 Fr8 o) .25 ReM

Hox, %&Qo€.’3 D2 - By (mw:'r.mv)-. Gie, Q$3*Pr-u D .1eT ’PH

THeC 0= oawe Aeandserent - Binside | AnTi-gartam ((Buiviw)

WhezL (TRMK RATo : 20.827 | (.‘»u.»wtm on G2a.8t 0 Teax)
OPTioN |

prwWE THrover tuTEAWDAL Buu 6EALS BUILT To 3o 1y WHERDS

No. oc Gea Tamuus 4
Pt DIA, oF cen g 25 . - 6 . N = IS0
Crvenssac SQM.eumm wn&?-.) ‘ i Po Vo TeEH
PiRv DiB. OF Pivrows : 5.833 W { Nygem = 3V
RaTe BULLGEM{ fidion : 4. Qb 1

NeTg « gamo had S Wj;tofba.
RATIO of SPece CCOULERS & loo : ) ’;‘:“—:g"“&::"_-‘ oT ¥
ToTor ReTo : %425.86 ¢ ,
Mox. INAVT Shego = 2232 RoM (@ .25 &en outevT Steep)
HMaX. wWroT POvutlL(mu vavr) ¢ I WP Q) 223LRM WITa 202, G%mdl-

e QaJg
Sy CousTawmT o€ S6Cco Q€oder. * 1.5 x\o" /lao (mmmu)

RXFCACYy T SUTOUT SHAFY
0PTiend 2. .
SoreE ny OfTiow | tW\Tr( CXtgPTiond O TME Fouowids @
No. 06 GeptTaRwsy ¢ & o
MAX IWAUT Powen (Eoxaynit) - 2L HP D 2LILRPM W 2 Bl
¢ WwWig

SALule ConyTanT oF Sefep REpata ¢ Is xto /ese (m.sm.m)

Resonge T SUTTUT Srart



S.

P WD N -

0P TioN 3:

DRIVE WHEELS DiQETLY

No of Gena Taowus
RAaTio 0¢ SPEED REOULERS
ToT €8T

MaX. witut Segee

MoX, T Powen (A unw)
SCande CondTast 06 KeEce Qeoutn

09 Tond 4

loln{¢3
oax.

4
NeTg : 2ATio taY 8C Cdasces
450 :) T AwEE A HAK. AT
S0LCo 9% LSoe RPN

431115 : |
LIS4Yd R
11 W Q 2143 ReM W, 100, Burtide

T 18 Todass
3.0 Xt oo, (Hisnen)
QCrcAto Ta OVTEUT SHawY.

SaME B) 0fTiod 3 WY EXCEFTion 06 THE Fotiosstaly ©

No. o Ceaa Taaay
MAX . WOIT ?mca_[uom

SPNe Co0sTONT of Sr€Ee Acontn :

NoTg : %

A

L HOD 2343 RO W, 2% Bulrids

“ToQug,
7 e
6.0 . X oo (Mwwmwm)
fcveare To OUTEUT Samy

WHEs 0w T STow, BULKISL 13 T R2aE0 , Taus AL 4 (R 2 Reserow)

VO\Te Swade THE LoaD.

INFaarATow NEEPED

OUTLINE DIMEtoVS , SHAFT DiMEwious | MovuTide AAASLEHENT,

WEWWKT

PR . O Foa 4v (eoscaTwedt Zo) VNITS

(Weex Wu.cem.\l’w\ou Dinguiwt | DETERTiVE FAUE WIOTH RCeviace
Ba)ep Ont HivH STREWVT STEEL & 'S¢ RC SuRFALE HRROWES.

Bfeasx . C0S 0F BULGERL & DRWE €luion. '



VLBA AMTENNA

ELeupMod DRIVE REQUIREMEWTS:

Covisioea VLA - BLEVATMOY DRWE

GEOR Box RATo

Buu ¢gal !?NNJ RaTo
ELeUsTisd GEnl RATo
Butcena . (Amaaa) :
Piaion PITCH BIA
Diencoar PiTcn | P

Gena B STw GUYTAGY  °
GEML BoX WEATA

to)i2}e3
oW

So4 1 (541 .0m)
1% I (3e100)
20,04} oveenw (1, geo. M)
31z
£.51a
2
3.5 X10° FT18 [ eno D ourer
T qu 8- Erey. AN

VLBA EeVATes) DAWE : (nssone VLA Genagox s u‘(u\zeo)

Buu eEaa. ATH DA
Max. AX\y Steee

Buw eeon,'[ o RATo
ELEVATY CeEAR ROTIO

MAx. Wlw Seeee

) Mok, Wide MorENT D Eu-AXy DT HPH , O =t2o”
'L) [ " “ Q 6o M™MH q Ot\z.o°

420 W

n Ren (307 [ma)

20
q4 &) :| L_%-Q-;

7, 868.14: | G"-“”‘ Sea) 16736:1

1,322 RN (o-c V. 2500 AI\ONMLE)
2126 Rt

v HMw, = 3061310 FTe

\ Hw"“ v 617,367 «

JOE VWBMANE Mortst = 4.4 X0 W0 B0e0  Mpr o do3asm v @ eewo”

HAL. Morteyt puc To Wiwo @ 6ot + low 1eC

(Uun‘ 1y oAwEw \Ib. 804 DAWE vt AT Tas lom)
& \0°(Hw.

. Muag = liozy 111 Fre



ol 7{ 03
o

3L), %o
Nimeorg, = TS o 7w 2 = 120 WP AT weanaw ofezatih

CorvsorTion , BShurmae Aw oveasiL CeraTeAl ErRnent o {¢% A Bia)

Torve o 2o }o .

Lou v
xS ¥ A4y
CodprThow (q.o wen & u‘]mo.)

2.8y He AT DawWE Te SToW OfEART IO

N et Q) = i

\
(Meatia D Gy, AX (aov.oss) @ T, = 15.44xw0 te-w©
Go xt0” 16-w-sa’

1,88 v
TGENU}A)&.S = LxT )(\01 2 194) g 1 1% S %10 L8-w-3&

= 'l’m”c'ﬂ D e
(L % .0V x\t\!\l‘h“‘ s Q,O.ﬂ ) x\o m Wn' 2-1411 BT
T
Ty = 2 x 1.3e(1%4)3q (27,99) = 74q.lxw b -r0msec
1
REncra  Cepay nobey 185,98 x40

. [
Tew tm = (900 + tca +Teea)l® = 843.4 x0 \-wosed

b "
= UXITXY xiz X aa.mt = T.0V xv\o \mclauo

2.55 ¢ O
..L 'Los’x\o
o ¥ u vus&x\o = L9 Cfs-

Us. (v Comeaaisey = (ER VLA Rsteuwn)

K GL\EN.

1. - 2
I {840 = 45 xlo Fge . ® 2243 Xto (& W-S6L
.l . .
X cerrOaNes * L X TJox\e 1es = L3 X0 18u4En

43S x0° 8as’

N 3
T HaTan = T »xV3Lx\uy ans (20,10‘?)



11 )es
oay

. ¢
I&a_ ToTa,., = (Zl.‘h * 3.3 . ‘\'35.9)\0 - 424.13 a0 WBaese”

. . !}
K‘.\E\l. 2 L xS xw x\W ox e = L3 xee m\glg“
J. L.V xe®
} h T at4ixw’ ¥ LM e (F"‘L Via)

THIS 3 18 GooD RGAEENENT WY Fn & 1.4 CP; (AUVLATED
For. THE Viga nDovaulee DESton .

Heutt; THE VLA - CERZQeXeS ARE (snnotats WIThAE Fot THE
BevaTew 0AWE o THE VIEA ANTEMNA,

Metx PclvaATqY

@)
fo - o (BB a)

{.025 00 (025w ). 02w xwe \.) v 4xl ozs'x\o T
4
fn =T i%ﬂ.c 0t At T Taene® [Z““ B RETTD

i

Tnge™ 170 HZ

Lg% Tnger = 1TTo M2
Fol VLA

Avnd | Boop Acteerent ((ox)

VG. 2.07 HZ OLOAM feadues Fol VLA AITEUNAY .

THe Actoar Lotey RoToa RF)UANT FEAVCIT Wiy (odadty
¢ PAouNd 2.1 Mz Fon T VLOBA Rovasvep priw,



&E__
LECTROSPACE
N

BYSTEMS, INC.

83-RNW-0242
18 October 1983

Mr. Otto R. Heine, Consultant
13372 Calle Colina
Coway Roway, California 92064

Attention: Mr. Otto R. Heine

Subject: VLBA

Reference: 0. Heine/R. White Telecon of 10 Oct 83
Gentlemen:

The following information is enclosed in support of your VLBA
study efforts:

1. Reliance Electric DC Motor Dimension Sheet

2. Stearns Brakes Series 87,000 Data Sheet

3. Proposal for A Standard A Antenna Control System
with Linear DC Drives

The DC motors can be purchased for C-Face or D-Flange mounting.
The 1750 RPM motors are currently optimum in terms of availability
and price. We have encouraged most designs around them, but we
also have recent applications with 1150 and 2500 RPM motors. In
this VLBA case, the 2500  RPM base speed would increase the drive-
train ratio and help on the minimum smooth velocity characteristic.
As we discussed, the Reliance motors with the special options in-
cluded with our orders have proven to be excellent torque sources
for antenna drives. .

The 0il1 filled helical gear main speed reducers used on VLA have
provided the best compliance and minimum smooth velocity character-
istics of the various approaches that we have experienced. The oil
shear losses are higher in these reducers at high speed, but their
other advantages justify them overall.

In addition to the servo interface with the radio telescope drive
train, another critical interf-~e is the axis position pick-off
design. Assuming an accurate position transducer is used, its
mechanical tie-in with respect to the true antenna boresight is

P.O.BOX 1359 ¢ RICHARDSON, TEXAS 75080 o (214)231-9303 o TWX910-867-4768
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83-RNW-0242

Mr. Otto R. Heine
18 October 1983
Page 2

very critical. Making sure no or little main load paths are in-
;g};ed ;n the pick-off attachment design has historically been
jcult.

The proposal enclosed addresses an INTELSAT Standard A commercial
communication antenna control system (32 Meter diameter antenna

. operating at 4/6 GHZ). The control system hardware presented

would be applicable to this VLBA requirement. Photographs and

block diagrams depict our existing designs. We are an engineering
house and can design to meet most requirements, but taking advantage
of ?s much as possible of our present equipment will keep the costs
minimized.

Please contact Don Heitzman o~ myself if we can be of further
assistance.

Very truly yours,
ELECTROSPACE SYSTEMS, INC.

Ralph N. White
Divison Manager,
Antenna and Control Systems

RNW/djm

Enclosures



Systems Development Laboratory
EnGineEmnG CONSULTANTS
13372 CaLLE CoLINA
Poway, CaALIFORNIA 92064

714) 483-3657

Mr. Ralph N, White 21 October 1983
Division Manager

Antenna and Control Systems

ELECTROSPACE SYSTEMS, INC.

Box 1359, Richardson, Texas 75080

Dear Mr, White:

Thank you for the information you supplied with your letter of
18 October,

Attached are the presently anticinated VLBA drive requirements,
the applicable operating conditions and environmental conditions,
along with pertinent information on the Harmonic Drive (AZ option RA)
to be considered. Please review this material and provide the follow-
ing information, needed for budgetary purpose and to prepare realistic
design specifications, at your earliest convenience.

1. Recommended DC-servo motors for AZ- option A and or ootion B,
and EL axes. Please include specific information on motor
characteristics, brakes and tachometers.

2. Estimated performance of Servo/Drive system under the various
operating conditions, Please provide sunporting englneering
calculations where applicable,

3. Estimated cost of control system hardware excluding, but inter-
facing with data system, considering the VLA control system
hardware requirements as a guideline., Please consider that 10
Telescoves would be required, as a minimum,

A system description will not be necessary if the control system
hardware described in your INTELSAT Standard A commercial communication
antenna control system would indeed be applicable to the VLBA require-
ments.

Very truly yours,
SYSTEMS DEVELOPMENT LABORATORY

Otto R, Heine

cc, William G. Horne, NRAO
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P.O. Box 1016 « 11 Madison Rd., Fairfield, NJ 07006 - Phone: 201-227-4800 » TWX 710-734-4301

October 21, 1983

Systems Development Laboratories
13372 Talle-Colina
Poway, California 92064

Attention: Mr. Otto R. Heine

Reference: Telecon Heine/Nigro

Dear Mr. Heine:

Thank you for your interest in Northern Precision
Laboratories' product line. Per our recent telephone
conversation, enclosed please find copies of Northern
Precision Laboratories' most recent Encoder and Drive
literature. I have also enclosed a copy of a letter
I previously sent to Mr. William Horn at National Radio
Astronomy Observatory and some of our drawings which I
feel may be of some assistance.

Should you have any questions or require additional
information, please do not hesitate to contact me at
your convenience.

Very truly yours,

NORTHERN PRECISION LABORATORIES, INC.

Michael P. Nigro
Product Development

MPN:nls

Encls. Catalogs 82900, 78900,
Model 25 104P SCR Servo Amplifier
Drawings 801404-1, &uvl342-1,
801342-2, 801908
Copy of NRAO Letter 8/31/83
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Systems Development Laboratory

EnGineeming CONSULTANTS
13372 CaLLE COLINA
Poway, CALIFORNIA 92064

t714) 485-5657

Mr. Anthony Tartaglio November 2, 1983
Sales Manager, Enclosed Drives

PHILADELPHIA GEAR CORPORATION

181 South Gulph Road

King of Prussia, PA 19406

Dear Mr, Tartaglio:

Enclosed is a 1/4 scale sketch showing the prefered Azimuth Drive
Arrangement for the VLBA Antenna, option # 4 as indicated in my letter
of October 12, Please review this concept and let me know at your ear-
liest convenience whether the VLA Elevation Drive Gear Box can be modi-
fied and mounted as shown on the sketch or whether the 30 inch diameter
drive wheel would have be provided with its own bearings?

I am assuming that the VLA Elevation Drive Gear Box Ratio could
easely be reduced from the present 541:1 to 450:1 by changing the in-
put stage ratio and that mounting the reducer overhead and at a slight
incline would not be problematic.

At the present time I feel that utelizing the VLA Elevation Drive Gear
Box for both the Elevation- and Azimuth Drives of the VLBA Antenna would
be the most cost effective and practical solution in this case, Please
concentrate your efforts on this concept and provide the information on
options 1,2 and 3 at a later date. As mentioned before, the VLBA Eleva-
tion Drive Gear Boxes would be identical to the VLA Units with exception
that the input speed would be raised to 2322 RPM and the maximum drive
torque required would be 170,300 in-1b at 774 RPM. :

Very truly yours,
SYSTEMS DEVELOPMENT LABORATORY

Otto R, Heine

cc,: William G. Horne, NRAO
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