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1. Introduction

This report will concern itself principally with the electrical requirements of the rotating
portion of the telescope enclosure.

2. Rotatable Enclosure Power Feed

In order to get 480 Volt three phase 60 Hz power to the rotating dome which is equipped
with overhead lights and about 40 large motors, a system of sliding electrical contacts is
needed.

The recommended rotating dome sliding contacts are those manufactured by the Duct-O-
Wire Company of Corona, California.

All the Duct-O-Bar "figure 8 series” safety enclosed conductors have a 600 Volit AC rating.
The catalog number FE-5008-2HT is rated at 500 Amperes continuous and 750 Amperes
intermittent.

These conductors are the exact same physical size as the ones used so successfully for the
past 15 years in the du Pont 100-inch dome. The proposed FE-5008-2HT conductors have
a much higher current rating because they use an extruded solid copper bar as a conductor.
The du Pont 100-inch uses galvanized steel conductors with a rating of only 90 Amperes
continuous.

The four Duct-O-Bar conductors will be mounted on the rotatable portion of the enclosure,
the collectors on the fixed part of the building. Three of the four conductors will have the
three phase delta 480 Voit AC on them and the fourth is grounded.

Area of conductor cross-section = 315,000 circular mils.

Note: In this proper mounting orientation, with the contact slot pointing down, the Duct-O-
Bar also has the advantage that it is difficult for falling debris to make contact with the 480

Volt conductors.
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Figure 1 - End view of Duct-O-Bar conductots.
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The recommended sliding collectors to be used with the above conductors are the Duct-O-
Wire CB-400-2TLT. The individual collectors are similar to the single spring loaded long
arm collectors used in the du Pont 100-inch, but have two collectors mounted on each spring
loaded double long arm in a whiffle tree configuration. Each collector is rated at 100
Amperes, with four collectors in each configuration. This gives a total of 400 Amperes per
conductor.

All of the long arm twin tandem collector assemblies are designed for vertical mounting,
The du Pont 100-inch is using the proper vertical mounting configuration.

Additional reliability can be achieved by using two sets of sliding collectors feeding each of
the conductors. The second sliding collector should be located about 180 degrees away from
each other. The advantage of mounting the collectors as far apart as possible is to avoid any
possible surface imperfections on the Duct-O-Bar conductors.

If the enclosure rotation motors are mounted on the fixed portion of the building the need
to power them through the rotating sliding contact system will be avoided.
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Figure 2 - Side view of the long arm twin tandem collector assembiies.

The suggested three phase main circuit breaker on the rotating dome load center would be
a type 400A-LA.
3. Serial Communications

The serial communications (RS-485) going to the numerous control boxes will need a
separate sliding contact system (see Magellan Project Report No. 23).

The recommended Duct-O-Wire modular four conductor low profile conductor system uses
economical 1/4 inch copper tubing carefully installed in the M-40-4E extruded plastic cover.

The recommended sliding collector shoes are the M-40-MC2. These are paired in two
collector modules with two spring loaded shoes riding on each conductor.



Identical Duct-O-Wire systems have been in
use in both Solar Towers at Mt. Wilson for
close to 10 years. Ed Snoddy discovered e e

that careful installation was required. The — |°_
1/4 inch tubing must not be damaged or
kinked when it is being installed.
DUCT-0-WIRE

H-40-4E
MODULAR LOW PROFILE CONDUCTOR SYSTEM

The serial communications sliding contact
system should be mounted with as much
physical separation as possible from the
previously discussed power system. The
Duct-O-Wire modular low profile system is
designed to mount 90 degrees to the power
sliding contact system.

3 INCHES

THIS HODULAR E£XTRUSION WILL BEND
1o THE RADIUS OF THE DOME GNLY
IN THIS ORIENTATION.

The RS-485 standard wuses balanced

differential receivers and drivers which give

excellent common mode rejection. The Figure 3 - RS-485 serial communications.
concern is the 90 foot diameter unshielded

loops of the 1/4 inch tubing,

4. Dome Azimuth Encoder

The dome azimuth encoder system that has strong appeal is the one that would use some
form of bar code on the skirt of the enclosure. The optical reader would then be mounted
on the fixed portion of the building and read the code as it goes by, This system has the
advantage of no additional moving mechanical parts, and no need to transmit the code over
the slip rings.

The du Pont 100-inch dome uses a 50 turn rotary encoder. Its mount has a nice design
feature in the ability to adjust it in or out on the radius of the dome for fine calibration.
The spring loaded roller can easily be pulled free to set the encoder to the proper value,
This design does have the disadvantage of moving mechanical parts.

5. Integral-Horsepower Motors

The physical arrangement of the integral-horsepower motors used to drive the shutter doors
and windscreen (wind attenuators) has not been detailed yet.

The most interesting state of the art trend in integral-horsepower motors is the mass move
to standard three phase AC motors rather than DC motors. This move has been promoted
by the development of giant transistor technology. Virtually any three phase AC becomes
an adjustable speed motor with the new microprocessor based controllers.



4

When connected to the new controllers, the three phase AC motor’s speed is proportional
to the frequency output of the controiler. Also, when used with the new controllers, the
motor produces constant torque and draws constant current over the output speed range (0-
60 Hz). As the frequency of the output is ramped up from zero to the desired speed there
is no excessive inrush current which is normally seen with a large three phase motor,

Table 1: Typical 10 Horsepower 460 Volt AC Three Phase Motor

Frequency Torque
(Hz) RPM VOLTS AMPS (Lb.-ft.)
60 1800 460 14 30
50 1506 380 14 30
30 900 230 14 30
20 600 153 14 30
15 450 115 i4 30

This elimination of the motor starting current surges results in a much smoother line voltage.
The steady line voltage is appreciated by the local computers. The nearly constant line load
is also appreciated by the generators in the power house.

The new controllers rectify the incoming AC voltage to DC then generates its own output
frequency. The generators in the powerhouse are happy looking at power factors of 0.95
or better, regardless of the motors operating frequency, or the motor reflected load.

The new controllers can also be field programmed to produce proper output for the
following three common load types: constant torque, constant power and variable torque,
as the individual application dictates.

The giant switching transistors can easily generate a square wave output. The only problem
with a square wave applied to a motor appears at low speeds. At low speeds the corners
of the square wave show up as a torque pulsation called "cogging." Through the use of their
internal microprocessors, AC motor speed controllers are now built with pulse width
modulated (PWM) outputs. When PWM is used, motors run smoothly down to zero speed
without cogging.

With PWM the high frequency, high current switching does generate radio frequency
interference back on the AC feed line. Part of the solution is to mount the controller close
to the motor, so the noisy output line to the motor is as short as possible. The other part
of the solution is to install EMI/RFI line filters on the AC input line close to the controller.
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Figure 4 - Wave forms.

The debate between the use of integral-horsepower AC or DC motors comes down to the
usual engineering trade-offs. AC drive controllers tend to cost more than DC drive
controllers. On the other hand, DC motors cost more than AC motors for the same size and
they require more maintenance. The trade-off is most easily expressed as: do you want to
put your money into the motor or into the electronics? The continuing improvement in the
performance of power semiconductors, coupled with their declining prices, is making variable
speed AC drives more and more attractive in the larger sizes. The AC controllers have the
additional advantage of having two-way digital communication built in. The Parajust
controllers have ASCII, RS-232 as standard, but RS-485 is optional.

Frank Perez has been field testing a new controiler from ASEA Brown Boveri on the du
Pont 100-inch dome rotation motors, Before the installation of the Parajust E #6013
controller the line voitage would dip a considerable amount whenever the enclosure would
rotate.

6. Passive Nighttime Ventilation

One of the more desirable features of the octagon shaped enclosure is the flat sides. The
flat sides allow the use of economical conventional flat doors, without the added expense of
conforming to compound curves.

Eight large bi-folding doors in addition to the two shutter doors that the telescope looks
through will provide an excellent flow-through ventilation system. These bi-folding doors
were originally designed as airplane hangar doors. These doors will be well insulated and
will have weatherproofed seals around their edges when closed.

All eight bi-folding doors will be computer controlled. The computer can determine the
optimum configuration, depending on where the dome is pomted which way the wind is
blowing and at what velocity.
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7. Daytime Enclosure Temperature Controls

If the enclosure were perfectly insulated, all ten doors had perfect seals and no lights were
left on there would be no need to air condition the enclosure during the day.

The 24-hour refrigerated observing floor is not part of the rotatable enclosure, the subject
of this discussion. The refrigerated floor does influence the daytime cooling of the dome.

The new telescope Tripod Disk mount has an even larger azimuth disk, about 50 feet in
diameter. The larger disk dictates the need for cooling its rotating portion of the observing
floor. Refrigerant line will have to go up over the maypole wrap-up anyway since the
electronics boxes need to be cooled.

The fixed portion of the load bearing observing floor which is less than a 20 feet wide strip
around the telescope azimuth disk will also have to be refrigerated.

Horror stories have circulated regarding the long term degrading of copper tubing embedded
in concrete floors. The refrigerated rotating azimuth disk design (with no concrete in it)
might be used as an example for the fixed portion of the observing floor. The coolant tubes
would be thermally bonded to the underside of the steel floor plates, with the necessary
amount of insulation below them. If the insulation panels were removable, it would aid in
servicing the coolant tubes from below. Massive concrete floors have high thermal inertia
which makes it difficult to control their temperature to the required accuracy.

The most economical method of cooling the enclosure during the day would be to mount
eight modular wall air conditioners in each corner of the octagon shaped rotating dome.
The flat vertical sides of the octagon shape provide a convenient mounting location for the
modular wall air conditioners. The air conditioners are mounted high on the vertical flat
sides of the rotating dome. This location is about mid way up in the telescope chamber.
With this mid height location and a unit in every corner total coverage of the telescope
chamber is provided. When the dome is closed in the morning the modular air conditioners
would turn on only their indoor blowers to maintain a uniform temperature throughout the
dome.

The air conditioning codes for office buildings require that a percentage of outside air be
blended in with the recirculated air. There seems little need to do this because the
enclosure air gets completely changed every night when the telescope is in use.

The recommended Bard 49WA-C15N modular air conditioners do have a manually
adjustable outside air damper assembly as standard equipment. The factory does
recommend using their blank-off plate in place of the above damper assembly for maximum
energy conservation.

All eight of the modular air conditioners do not come with RS-485 interfaces, but the factory
will wire the units to the customers configuration. We would then have to add our standard
8752 serial controller to each unit.
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With all eight of the air conditioners running at the same time, the air conditioners total
output easily exceed the estimated total cooling load compiled by Eric Melsheimer in his
interoffice memorandum of 6 November 1989. This has also been confirmed by Ed Snoddy’s
calculations.

The computer would select the optimum number of compressors to be turned on at any one
time during the daytime hours. This gives the computer a choice of eight levels of cooling
throughout the daytime hours.

The inside daytime temperature of the closed chamber varies only a couple of degrees
during the day when no cooling is provided. The air conditioner compressors will only be
operated for a relatively short time in the heat of the afternoon, from 11:00 to 19:00 hours
at the most.

All of the Bard modular air conditioners have provision for built-in electrical heaters. The
heaters have no application regarding astronomical observations, but would be most helpful
during extended winter engineering runs.

In addition to the refrigerated observing floor and the eight moduiar air conditioners, two
exhaust fans with weatherproof motor driven shutters can be mounted in the top of the
dome. These two exhaust fans would be useful in removing any hot air trapped in the top
of the dome. These two exhaust fans would also be individually controlled by the computer.

8. Overhead Engineering Lights

Telescope engineering functions need the enclosure illuminated to a high level. Twelve 250
Watt mercury vapor flood lights are proposed. The 12 flood lights are split into four groups
of three. Each quadrant of three will have individual switching capability.

There will be 16 low level incandescent lights on the ﬁxed part of the building. These lights
will illuminate the observing floor and the Cassegrain instrument area. These 16 lights may
be on a dimmer so the astronomer has full control of the desired light level.



T T 4 3 € I El ]
s e 12895066 T £I _JBQUBdlIdaG [a3w
HIH FHNSCADNG ONILWLoN 4
AZ muer #1T 4 JBUNN  1UBRHIOQ AT TG

L PNH  JPEVTRMI] oNINGTLIGNOD MIW IdNSeTIINT
HYM 3% T3uaTog LINA LHSH13 =11t
£ZT-TOTI6 "BD ’ENIQYSUd

133¥1S Yupayyd YINYS ST
NOLONIHSUM 40 NOTINLILISNI FIDINMUD

S3ITH01I8AH3SEH0 3HL

ST0HLINGD FHNivd3diNGl IWNIL-APd :@ FdN3II 4

TH NOTIo3S
U3y
AYMIZI TN
N3d0
1]
—— U0 “EEE] 131 Ry € F)
WIZO SNELYLOD < TIATT J00 14 DNIAZISED
TIWM ¥od Y DNINOOT IUNSGTIONT IJOOSITIL IOISNI

u T H. M- YW RTINTT SIHT 34589 JONSOTSNT

1 i

i w hmu ﬁmu
o

\ )

///rr P
B !
e

i
- 4 M3IA doL
o
3 N et
T T t4 3 3 I -1 ]




T FA I z 1 & 1 i) 1 k-] I P 1 g

T
3 FE) EELE T T3 ¥ S al L) ECEL |
4 a3 3HGa INTIYLON E
muwy BET4 ABUNN  JLUBMENDO0 B T
UL JeBUTeU] SLIND DNINGILIONOGD ¥IY
MHM 18 TiusTOS 40 HUYDYIQ ININ 3INO B13 vy
IE27-10T76 90 ‘UN3IA9EEd
133M1S oywENYE YINUS £T8
NOIONIMSYM 40 NOILNLILSNI IISAMNUD
LO3LONd H3L1TW-0 NYITIOUH
i
WI1SAS ONINOILIANGD dI” IWNIL-AE3 5 3¥HM9I 4
¥O10Y QIHD0T dHY O°TE MOLOH QIADOT JWY DT HOLOY 3HD0T dWY 0°Tt 8010d gDUDOT JHY DTt HOL0H AUD0T dHY 0°Tt HOLOH AMN30T 4wy O-Tb UOLONM JINO0T dHY G Th HOLOM gINDOT dWY D-Tt
Gyo1 N4 JHY 078 QYo N3 WY 079 GY0T N3 dwy o8 dyoT N4 dWy 0°8 a0 R4 JHY 0°B dgoT N4 dWY 0°8 ayo FINd JWd 0B dy¥oT Nd dul 0°8
HOSSIULHOD HOSTHIHOD VOSSIUIHOD HOSSIULWOD VOSSIULHOD HOSSIINOD HOSSINAHOD HOSSINLNOD
E
MO ZH HO'ZE N0 ZS ELAEY NO“Z% Mo-zs HO“Z8 HOo'Zs
¥INOILIANOD VIANOTLIANGD HINOILIANGD HINOTLIANOD YINOILIANOD HINOILIANGD HINOILIIGHOD YINOE1LIGNOD
HIg AOB-IH HIY A08-IH ¥IY AOS8—IH NI LO0B-IH HIY X&G-TH YTV ALo8-IH AIY Aoa-IH HIB LO0B—IH
HeINaoW HYINGOH dbridon WY INAOH HuINdoH qUNdon HYINAoW BYINAGH
nH18 005 9y MH18 0DS* 3¢ NHLE 005 9t NH1g 00S°9r NH1E 005° 96 NHLE 0059t nH18 005 “9b NHLIB 005”9t
R NST2—YMEE NSTO—BMEY NSTI=BMED NSTI—UMED NSTD-YMEE NSt OmuMEr NST—UMEd NSTO—UMEY
OIHO “HYANE O1HO ‘NYANS OIHO NUANE OTHO ‘NwANE OIHO “NYAdG OIHO ‘NoiNE OIHO *NUABE OIHO “NUANE
"HaM Guve "Dl Quul "D4W quua “Did gdua *SA4 quvud “DaW auva "94H Ques ‘D4l AxbE
== =] =] == =] o= o] =] =] =)
- - - = - - [ -
il = - - - - - -
3 = 5 > 2 E 3 2
o a (=] @ o [=3 [« [=]
° z g 2 g 2 z 5 z
E|v° I|e |0 I|e £l° le ile £l°
I = I I x x I x
Lo = [ —-
= z - "I E 1= B iz “1x =
g gl gl ¢l g, - gl $te
I T T I F T x
sl 5% K o1 > | % |3 1§ ol &
- - - e m.. = m_. = m =] m =] .lu. 5] m =
* [\ * \e * v » s » e » [\ . [\ * h7
= L) < ) - L) + L) - 2] A ) - " - M
3ASPHA £
; HINYINE LT 3SUHY £ 3SUHL £ 3IsuHd g 35¢Hd £ ISUHD £ ISPy £
: e O] v VINYINE LINSUTY u ¥INYI¥E LINDHID v ¥INUINg  1INDUID u ¥IMGINE LINDAID v MINYINE LINSULD u ¥INYING LINDVID v y¥INwING  LINOMID v
i wog n«nmu— V4-HOE mqnmu— B4-50% mqlmo— M Elmv— [t malmu— B4-90¢ mqlmo— B4-40g .:...mu— 93-G0E .__._.lmoP
HIMOE FHOG DNIINLON ,— FSUHY £ AHOD DUAY,7 08v
i 1o dod WmwgINa zumzu
i YI-9o0r 1-82 YIINTD U0 IWOAQ BNILUIOH
A e e e
£ LIFHG WOYA AINNILINOGD
SNONNILINGD SdWM 005 LY DY SIT0A D02 CSHOLONONGD IHZ—B000S-Td43 HEE—0—150d ¢b> FSHHd € ZHOS YA 09k WILSAS LOUINGD DNICITS 3W0d DNILYLON




A 1

b

T
1) P Ty

Z 3Eh&ny XL

>ML

SLIHZ I
e BT Y

IHOd INILYLON e
S3unN  Jusunsag 32 Tg)

%]

areUTRUZ

SIHDET DNINIINIDNG

HOM

12 TiuRTog

HOdUA AHNIYIH 31T

NO LONIHSHM

SIAIH0EEAH3ISEHO JHL

ZEZT~TOTI6 “Ud "oN3Igvswd
£133¥15 YEUENYS VINYS £T8
40 NOILMLIISNI IIDINNLD

2

S1HITT DNIMIINIONG UIHEIAD @7 IINDTI 4

ANy BOOd

TSASQOHD UIWONOHLISY HHL S UINY INIUNALISNI NIUEDISSUI SHL
INIAMISEE IHE JLUNIWNTII 19IM SIHDIT 353IH1 "DNIGIING IHE

40 1¥Pd Q3XI3 3WL NCO SIHDIT INIDSHANYOINI T3A3T MOT 2T 3§ 7IM SMIML

TIATT 25013 SINEASISAS

TP ¥Y2 1Y DNIMNOOT 3WOd IAISNI

N

dN DNINOOT 3Wed IAISNI




T ] 4 1 L. T i 1 -1 | I < I )
[ FE 334 DEET “6T _1sneng a3en]
63 IWOA DNILYLON E]
AZ MUwTU BT HBRUNN FURENDOG BX TS
oW tmeurlus WYNDHIQ INIT INC
HHM  19TIuaTDg LATRP!
ZELT-T0116 90 UNIOUsSEd
133415 vEvEYYE YiNES £Tg
NOLDNIHSYM 40 NOILINLILSNI JIoaNyud .
L1330 0¥d ¥I1AW-8 NUTIIDUW
SIHIITT ONIHIINIONT =TT 3IHN9DT S
SEIHDIT0607d SIHOIVG00 TS SIHD IS0 SINDIIJ001d
YoduA AaNDuFM ¥odHA ANNINTEN BOdYA AENDAIW Hodun ANNOYIN
11UM OS2 FFUHE 11¥M 0SZ 33WHL L1YM OSZ 338H1 LIUM 05T J3uHE
! [ 1 i I ! I i | ! [
N / ™~ e ™~ e ~N Ve ~ i ~ e ~ e ™~ 7 ~N ' N V' ~ Ve ~ /
7 N a AN 7 . 7 N Vd N Ve AN 7 ~ i AN ~ N Vi N 4 N 7/ ~
1Sw1vE LSUI08 1S¥ e j3-Uh alts] 1sY7TIv8 1S9 ug 1SUTIYE 15UTWE 1SYT Yy 159Twg FR=Ch T 1sYTwe
S1SYTTYE | avuliuM Sisvlva ]l IsyLaium S1SuM-wE | 3ouL LuM SASUTIBE | IDYLIYM
INULISNOS T LiuM OS2 INULSNOD | 1LUM Os52 AINGLSNOD { LLIOM GSE INULISNOD | LIUM OS2
DYA 0Bb | TauH1 YA D8Y | 33HHL Sun 08b | I3UHL OUA 08b [ 33uMHL
X083 XOg xod X08g
TONINOD TT0M ENOD TJOMINGD TIO¥ ENOD
INYAJUNDS AINBHAYND ANDYGUND ANGHgune | |
~ TSIIRGS S5F—59 TOIINGY S8b—5F WIINGS S5p-5d
- = [ -
- bl - [
2 2 - 2
z Q z ] r4 k=] =z o
|z Itz Iz x|z
I 3 x < X < x <
- o - [¥] - < - o
v T o = o [ o -
p = x I I
i z|u gfu g |u
Iz 3z S|z Iz
L * |z * |z + 18
- - <« L + Lo} T la}
o o~ 4 N
N N ~ ~
- - - -
3ISYHY T 3SUHd £ 3SHHd § ISUH £
Y¥INUINE LINDNID u ¥INYTHE hu:umuu.u ¥IAYINE ATNDNID v EENCET:] ,G:umnou
vi0Z qwmuH g30Z nwmu_ Y30z mﬂmu_ vA0Z a._.mu—
YINOd FHOG DNILWLONH — 3ISwHI £ ZHMDT DUAT OBt
Y W04 ¥3XUANE NIUW
U-H00t T-83 UIUINZD QYO FHOA BNIAYLOH
¥ 133HS NO Q3INNILINOD % 133HS WO AUANILNOD
SAONNIINGD SdWy D0S 1M S170A 009 CSHOLOINANGD LHZ-B005w3d3 HYE—0—10Na@ (D 3SUHd £ ZHO9 OvAYL nBb HALSAS LOUINGD BNIGITS IHOO BNILTioN




15
REFERENCES

1. "AC Motor Speed Control" Applications Manual (AM6018) Parametrics: A Unit of
ASEA Brown Boveri, Orange, Connecticut, February 1988,

2. D. M. Carr, E. R. Koch "8752 Controller System", Magellan Project Report No. 23, June
1990.

3. E. Meisheimer, "Dome Cooling Load", Interoffice Memorandum, November 1989,



