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BRIET SUMMARY

The Ooty Radio Telescope consists of 24 nos. Parabolic

. frames each mounted on 24 supports called Bent Supports. There

are two bearlngs on which each frame-axis is gituated, called
Pivot Axis and Pivot Shaft Bearings respectively. There are 3
speeds for the telescope called Slew, Scan and Track. ' The Slew
mode can be operated on both Bast and West and the gpeed at
which the antenna rotates is 6.25 degrees per minute or 25 mts
of Hourangle in a minute with the drive shaft rotating at 75
RPM., The scan mode also is operatéd both ways with the shaft

8peed being 9 RPM or the antenna moves 3 minutes in hour angle |

per minute. The track mode is operated only from Bast to West
with the antenna moving 15 minutes of arc in a minute with the
shaft speed at 3 rpm. Further the track motor is operated

‘through a servo control which adjusts the speed, while tracking

sources. The slew mod 2 is operated by 4 motors of 12.5 HP each ::

gsituated at Frames Wy s Wy, 8, and 8, (Frames are numbered
' towards north and south starting from servo structure), called

drive platform. The slew drive system consists of the motor

 driving a gear box of ratio 9.6:1 and the output of gearbox has

a sprocket of 1" pitch and it is connected to anothe r matching
sprocket on the drive shaft with twice the no. of teeth making
the speed reduction in the ratio of 1:2.

The track and scan drives are situated in the centre of

”the whole antenna frames called 'The Servo Structure'. The Scan

motor is a 5 HP motor which drives a 5.3 gear box which is
connected through the output'of 5:1 gearbox and is coupled to a
gearbox of ratio 250:1, The track motor is a 2 HP motor which
has a braking generator and is driven through servo to suit the
speed of earth 215 connected to the output of 5:1 gearbox (see

Fig. below). To disengage track motor when scan motor is
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on either side. The northern and southern shafts (considering
one particular frame) have matching flexible couplings and arc
coupled. But the northern and southern ends of these two shafts
have two rigid couplings, supported by 2 bearings. On the
northern side, the other half of the rigid coupling carries a
ghaft which passes through a bearing and has a welded square
shaft on to which the body of a universal joint, called 'Type C
Coupling', is mounted. The southern shaft from rigid coupling
is same but the southern end of the shaft is welded with a
gquare bush through which the square shaft coming from the

Type 'C' body passes in and is free to move, axiallyf¥~Though-
this is the general arrangement the drive platform (Nlo, N4, 84
and Slo) differ a little in that on these frames the brake is
shifted to south to suit the sprocket of slew drive and having
2 type 'D' joints (they are similar to type 'C' but unlike type
'¢! both square shafts are welded) and one flexible coupling.

The Pivot axis has 2 bearings called Pivot Shaft bear-
ings and there are 48 nos., in the system. The pivot shaft
bearings of end frames are designed for more heavier duty than
the other 22 frames called intermediate frames,

The reflecting surface of the parabolic cylinder is
made up of 1100 wires of 28 SWG gtretching from end to end and
pagsing through holes in the bakelite strips attached to the
parabolic frame. The focus of the antenna is made up of trusses
from end to end and these trusses are supported by 24 towers
which are hinged to parabolic frame. The tower is movable up
and down through hinge by turn buckles and guy rods to get the
correct heights and also in north-south direction by 14 mm guy
ropes and turn buckleé. The trugss between two frames is fixed

ns follows. On to the northern tower it is rigidly fixed and to
the southern tower it is movable axially through two pipes and
bearings called end connection. This is to allow for any mis-
Blignment movement of pivot axis of each frame. There are 24
08, of 10" brakes (Electromagnetic) in -the antenna, one for

each frame to hold it in any position when motors are not working.
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i The whole antenna could be rotated for about: 143
egrees of arc from east to west,

SAFETY DSVICES

There are following safety devices in the antenns:

) Qverspeed and Non:operative (undervolbage) achos:-
here are 3 tachos for slew,

2 at the ends of shaft and 1 at the
Prvo, Tor gscan and track there is one tacho in servo.,
he common clutch

In case
slips while tracking, there is another tacho

N 8ervo. All these will stop the antenna
inc tioning of speeds
ELC,

if there is any mal-
or the speed of shaft increases beyond 85

) Migalignment Synchrog:- The two ends of the drive shaft
e conmected with a gearbox of 16:1 and to this are fixed two

tnchros which will detect any misalignment, breakage etec. of
e ghaft and will stop the antenna.

1) Misalignment loop:~ If the frames get misaligned there
[e two loop systems;one at east and one at west,

iternatively ring and insulator through which a w
lich is engrgiséd.
le ring

which have

ire passes

When frames get misaligned the wire touches
and it operates a trip device and antenng stops,

) When the antenns comes to e

ast and west ends there aretwo
8 nt Nl and S

1 which will operate switches and antenna stops,

In case the antenna overshoots the limit switches there
F Crush~type 1imit switches which will stop the antenna.
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Daily :

Monthly

Half yearly/

Yearly

MATNTENANCE PROCEDURES

i)
i)
fidd)

1)

ii)

i)
1,40
i)

iv)

To avoid any undue -damages and to check the healthi-
oo of the system and its safety the following maintenance
hedule is adopted.

Helpers and mechanics check 6 frames a
day, while running, the brakes, any
noise, chains and sprockets etc.

Helpers in shift keep log book for 24
hrs and note down any abnormalities and
the working of the antenna. :

Daily clearance of antenna - both mecha-
nical and electrical - to be given to
observers.

Every week the antenna is brought to stow-
lock position and the foll, measurements
are taken. Q-point height, N-S5 and [-W
plumbs, stow lock gaps, X, Y and P read-
ings, Type 'C' gaps and flexible coupling
aps. Any deviation in the measurecments
%ime in all cases except Q-point which

iz +10mm) should be viewed seriously and
the cause checked before clearing the
antenna for observations. Also a table

of comparison of these has to be maintained
for a quick check by senior officers.

Senior persons in Engineering Department
should check 4-6 frames in full rotation,
for any sounds, chains, sprockets and
frame behaviour and should note down X,Y
and P readings, brakes etc. ‘

Checking of brakes, cleaning the coilsg of
dust ete, to be done,

Check clutches and air gaps, servo drivo.

Check motor connections, safety circuits,

devices etc.

Check 36 mm turnbuckles for cracks etc.

Take radial gaps of frames.R __6mm R . lmm
max min

Check gear boxes and gears.

Check drive shaft weldings (Dye penetrant).

Check drive shaft and pivot shaft bearings.
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| Half ye%rlyﬁbmlyv) Check structure weldlngs and Drive’
contd.. gector joints, counterwelght joint,

pivot shaft Sq. to round, shaft joint,
pivot bearing seat, tower point at -
parabolic frames and bent supports
gplices. :

vi) Check motors etc.

For all the above, relevant files have to be maintained under
RAC/183 series.

vii) Apart from the above, the vertificality
of bent supports and its level to be
checked once a year to note down any
deviations,

REPAIR AND SERVICE INSTRUCTIONS

ICHANTOAL

Whenever any repair as also changing of any parts etc.
to be done, it is necessary to fol'low certain precwutions S0
to avoidany mlsqllgnment and any damages during repairs. Ths2

Hllowing pages give the necessary instructions:

Whenever any work is to be done on the drive shuft like

pe C flexible coupling, rigid coupling bearings, 36:1 gearbox,

and 57-teeth sprockets and chain, drive pinion ete. (in short

y work on the drive system of the frames) it is necessary first
' bring the antenna to WEST END LIMIT (stowlock) position. Then
erever the work is tanken up,say in a particular frame or in

tween, the two adjoining frameson either sides should be locked

8tow lock bolts and packers. Further it is necessary to take

asurements like stowlock gnps, Q-point measurements, X,Y and P
. before and after repairs to check that nothing has deviated.
go, note the diff. synchro voltange - this will'give you if the
Aft has rotated while repair was going on.




) Now the broader instruction for each work is given
lows

1) Chaping coupling bushes in flexible couplings -
move one bolt at a time,change bushes and fix back: Then
)tate to next bolt and do the same until all 8 bolts, bushes
le changed. Rotate by track to get the positions. Never
move All Bolts.

2) Chechlqg_Drlve Shaft Bearlng“ Drive shaft
arings at centre columns, north and south brackets can be
ecked thus: Open the covers andcﬁ? %ﬁmfleeve nuts and also
lacer rings. Check bearings. If/any suspision of foreign

terials in grease, change grease, But when you check bear-

g8 on platforms - the bearings on either side of the brakes
Id sprocket - first put the stowlock bolts and proceed as
ve.

3) Changing Flexible Couplings, Rigid Couplings -
inp the antenna to stow lock and do as per instruction at

. Then mark the 2 halves of couplings (Match Mark) and
connect. The one half can be changed and,while fixing,it is
jolutely necessary to fix the Match Marks.

In case you are changing both halves of the coupling
F match marks as also match marks on the other ends and see
at these match marksccoincide.

Further, while fixing coupling on the shaft, it is
ressary to ensure the following:

‘i)  The key's taper is progressive from end of
the shaft.

ii) No undue hammering on the coupllng to force it
in;

iii) Neither it should be slide-fit.
1v) To put back Thimble screws from coupling to key.

V) That the shaft is flush with the face of
coupling.
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4) Changing CQoupling's Stub Shaft - Proceed first a8

r instructions (A), then put match mark on couplings and remove
ft, Now Remove coupling and key. Put centre marks of keyway
the main shaft-line, Measure the exact distance within +lmm
le length of shaft. Gouge out the welding and then remove stub

1aft, I'ix new shaft. Measure the length with same tape and
lep the length.,

Also align the keyway centre line to the centré_
ne on the shaft. Spot weld. Put the whole shaft on two paralled
' Blocks. Put a dial gauge on the newly fixed shaft., Take

otweld on 4 sides. Recheck dial readings. Recheck the length
d centre line. = If everything is in order Weld L'_on'4 gides
continue welding 2 runs, After cooling check welding by Dye-

netrant test. Fix back the shaft and align match marks and
nect. '

5) Changing Type 'C' bodies, shaft and square bushes -
Type 'C' Square Shaft: Follow instruction (A). Then
ove Square Shaft. Check Bushes. The Vernier measurement

uld be 1-75"+ 0-001" only. Take a new Square shaft which
uld also be within the tolerance.

Then slide through square
h, Fix type 'C body and put cotterpin after greasing., ' Put
bottom split pin. _

i Type 'C' Body Changing: Follow ingtructions (A). Then
rove the pins on both sides. Remove the body. Fix another

Y. This should go in slide fit. Check the measurement of

b¢ 'C' gap., It should be within 10mm+30mm, Put back the cotter—
48 and split pins.

Changing Square Bush: Follow instructions (A)., Then
kK the centre line of the square faceon one gide and'get this
€ right through the shaft to the other side of the rigid
ling and on to the coupling.

Thig ig a must since the square
8 turn by 90° ana rigid coupling turns by 60 ° (6 bolts), to
 Matching,  Further take the length over ends within +2mm and

8 'C' gaps., Then Gouge out the welding and remove the square

adings of out. By tapping adjust within +2 thousands eccentricity




, buah. Get a new sQuexe bush, mark the centre of bne‘eide;
‘and match it to the line on the shaft. Measure the leng
keep it to orlglnal as far as possible within +2mm,
gauge and set the eccentricity on the square bush to +2
gands of an inch, Check all the measurements like length and
match line and weld with Eutectic 670 or 680 rods. Check thq
welding with dye penetrant. - '

6) Ohangi g or _Setting Drive Sprockets° - .Fifeﬁ[

the sprockets to ensure that matching is 0 L.
instruction (A) and remove the sprockets.
~and align the straightness within ilmm, Then pub the chal

. 7) Chain Chansing, Re-rivetting - Follow instruct~
 ions (A). Then remove one of the rivets and chain. For rive*

ting, check the rivet link first that the one side is: properlyl-

_rivetted and put it. Put the cover plate and with the %ool, .
rivet _the outer side while ‘placing a flat plate agalnst the'
other gide. Mark thls and check while running. It is adv1aable_
' always that rivettlng is done with chain on the sprocket teet

' frame is flrmly locked and the load released from the pinieu;pn
'~the drive sector.' TFollow instruction (A).,  Then whenever any $§
-;bearlng or shaft 1s'to be taken out it is hlghly important

"edges, note down the packlngs under and 1lst ‘
returned), Please note that these gears are shrunk fif and,
they cannot be removed from shaft. Do Not Hammer @xx;nng_

Remove Gears. ! 7"5”;

‘-k




ey once in'a month, The recommended air gaps are:

! SclllSO_ 24 thou of an inech
lid 807450 0 w14 'thou of an inch
s le 550 '14 thou of an 1nch

For detalled adJustments see Fawick Service Inst
‘tions in file No, RAC/101—14 Roughly : iengage the olutch a
- between the two halves check the gaps by feeler gauge, L
gap is not eoncentrlc adjust by bolts (there are 8/6 b

. i
e

whlch the gap as well as concentricity can be adausted)
50" adgust the gaps once in 3 or 4 months only, and the P8

HL

be adjusted 3 times. After 3 times by removing the aBove b”lﬁi

. the frlctlon dlSCB have to be removed through and new diﬁcq
fltted

A

| If 'the spline is loose there willbe sound and’fhi;5
“has to be set right. If the bore is loose we have to give

shim in31de but not in pleces but in one plece coveringu;.;
.lget no eccentrlcity. i

i

be on the pinion and preferably in the middle. Then loogé';~
; nuts and bolts and hang the sector by long bolts (in 1ntgrv

- Then put the shims, The shims should be so cut that 1t;p§§§
through one bolt. The shims are to be given for alterﬂgtp'
bolta 80 that all gaps between bolts are covered.

8top with precedlng bolts since some of the bolts :]
”'through the j01nt of the sector, In case shlmmlng 18 hotw
uniform say at one end 6 mm and at the other end 3 mm;j'
jreduction must be gradual Tighten the bolts.

i In the last sector (184-208 pins) you cannot 0;
Sector to wes Lol thls case keep the sector in eastJ

In the concrete portlons some of the bolta ma
ZThese things have to be cut off.,’ Now, to put freeh bo




.as'followe° Once you have removed the old bolt, place a)
plate to get the centre of bolt. The jig plate will hav
sides of the bolt holes open. DPlace the bolt through th
Lin the channel (The hole has been made blgger) and wel“
bolt Check the oentree. ‘
b to pass through the bolt

ing from the eurface.

11)
X_ngzggiiga

When X or Y becomes lees than 1l mm theq Ty
the Ly readlngs as follows. ‘Min X plus Min Y. Suppos""

pinion north by 3 mm. For this break the pinion locks”ang-fv
the P = pinion distance measurement (initisl), Now Push_the
pinlon north or south as the case may be and check pinloﬁf
‘ance agein to ensure that. the required amount is pushed

down the oorrectlon in Readlnge (weekly) Reweld Locks.
X and Yidn: full rotatlon.

Sometlmee both X and Y will be low. 1In euch'”
oannot puoh pinion.-' Then the sectors have to be moved
cases etudy the readlnge carefully, If both X and. e 1
ings do not a pear in concrete portion, and only one 51¢
ing lcw, draw a tabular oolumn Proceed as followe.-Ay
example is ngen below: !

: The concrete portlon is between 61 pin‘- 157 pln
X readlnge are low at say T4th pin being O mm, You oan‘
pinlon by 2 mm.- In that case study what will be the readi
l o= 61 pins and 158 - 208 pins. Here you can slot the“ o
there is'no cone: Check the table and preforably gq“
1“t0‘r§?'eck iF before taking a decigion. '

I oaee the free portlon is to be slctted prooe ﬁ
_ j(l) loosen all bolts. Put longer bolte at .5 ple
*hen ‘Qownvthe sector.m Now cut slots to the requlred diy
tOW&rde the dlrectlon i which the sector has to be moved




3 il ; |
ﬁ channel, NEVER CUT SLOTS IN SECTORS. Refit sector. Now plaoe_
5 or 6 stoppers on either side of the sector between the channe"

and sector and weld them, The stoppers should not project, eu‘;”
channel web, and should not be welded to any drive pineﬂ;ﬁ”

Sometimes both X and Y will be 0 in the concrete
portlon. In such cases decide to take one sector only and th*
other readinge can be adjusted by moving pinion. In this case
remOVe the sector and remove the bolts by cutting. Now whlehevl,%}
way the sector has to be moved cut slots in channel (whenf":a ,
continuous cutting the concrete will get heated: up and brak
and will not allow metal to be cut. Do it in short: spells,
the bolts as in the case of shimming. ;

Then refill the slotted”"
area, Fix back sector and put stoppers,

12) ghanging a_Brake or Shoes etc, - The usual’probw
lems in brakes are as follows: (1) Coil burnt (2) brake ehOe“

lining worn out (3) if the coil is burnt the brake will not
and the antenns will stop with brake

the coil for continuity and' if burnt
pare coil from Magneto Electricals,
nd check that the gaps with plunger 1ns1de is equal Thieﬂl
ssential elhce the brake is mounted on 11° slope. Keépﬁtﬁéﬁ
1unger ‘gap to 16 to 18 mm, | ' ol

failure annunclatlon.ilﬂr‘ S
remove the coil. ;Fip‘thgi“

If the brake ehoe is to be .hanged remove the ehoee

aking ou% the Dowel pin and take off the rivets, Fit new Line
nd mark rivet holes.- Drill andcountersink the holes. Thcn‘pu
Jhe countersink ‘rivets from liner side so that the head ofi i

L8 well in51de the liner and rivet on outer side.

eep 0.5 mm (EOth) gap on all ‘sides between liner and drum’
reaeing the plunger.

djuating the brake torque.‘ If the brake torque is to be aajus
this can be done by adjusting the 8pring. There are Two nutHﬂ
the washer of Springs between bars. Loosen check nut and . 1f

re torque is needed tighten the inner nut or vice versa. Check M%‘
he length of spring before and after
P 1b-£4. of static torque).

(6" length gives about 70
Now the plunger gap will be varyingh




3Adjubf.these gapsiby ad justing outer nuts on‘shoe bar tqlismﬁaf
18um and check the released shoe gap (0.5 mm), i
1 1 .‘ A 3 i | | [

"Whenever new brakes are to be fitted it is esséntiaiﬂté‘

check the coil for 1000 operations with circuit available. | Alg
la micro switch has to be fitted on

the plunger is pressed the microgwi
it goes off,

plunger and bar so thatt
tch operates and when relea

it

13) ‘Adjﬁsting 'Q! Heights — 'Q' heights have to be
;djusted by 36 mm'guy rods turnbuckles, Supposing.the'qu
is . to be say 1600 mm and it is 1580 mm only then it-haS?ﬁql_,
uyl20‘mm. Now arrest the stow lock and put packers, ,Tpéééhq

iottomjguy[rod.by turnbuckle till the guyrod is loose.““Theffwr’
buckle is to be<lopgened by putting arod between the bodyﬂgﬁVﬂ
BY HAMMERING, Now take the height, Let it be say 1591 mm,

Put a jack under the tower and 1ift the tower to theheigﬂgﬁgﬁ?_
1620 mm, To tighten top guyrod put two wooden poles_th?QﬁéﬁfJ:
‘aﬁgﬂdnglés‘andﬂtié‘them taking care to insert the pdlgéf%ﬁggyf
.S;‘wiré§;  Now'with a rod through turnbuckle tighten,_llfﬁ.wﬁJ
kcoftight hamm§r:at;the end of the rod and NOT the BODY OF 1
QGFLE;‘szEAN.TngEEDs;IF NECESSARY, sl
tlf Now, aftefgtightehing the turnbuckle loosen the'jadk. h
ower will gét ldw6r,'and stay at a height, Thig height ig to
P K8t +Bim, than Tequired. If this height is not achieved
- y gl the value, Once the height
' d he i ' etc, and tighten
! t

:L;§0§,GF§?;PQ¢31¢ P6;get the required height (+ 8mm ad jus
Wer guy' rod gives about 1 T tension in 1o i

W °d ‘glves ‘about : wer guy rod),
.aé'mayﬂbé);§;f§'¢“f;:. DS e
! l4}fy$p'gdjﬁat‘ndrth—south of 'Q' point -_These'eéﬁfbg
f}4‘mm’ggjﬂropes'ohféithe '
;kleq.i..gﬁﬁPOSé‘one'toﬁer is to be adj
) Plumb readings of 2 aqj
ghtening the north o sou

r side of the tower and their tux

usted north firgt
acent towers' 'Q! points,  Then'b
th rope and loosening . the qﬁhé""‘




l just the plumb, Sometimes the end connectlons may be Jammed
such cases loosen slightly both side ropes and by a wooden
le between tower and truss ease up the end connections,' If

.ﬁhb. Take again readlngs of the 5 towers for plumb, ﬁith EJT?
wer ad justed belng the middle one.

a5 T Repair or servicing anchor tower bearings - Under ‘
circumgtances Anchor Tower Bearing covers are to 'be opened
less the follow1ng Precautions are taken: - ' tﬁ

#4) ".Dr. G, Svarup and Shri M.K, Bhaskaran must Be' informed

ii) Shri M.K, Bhaskaran to certify and check that the
_ten51on plate to which the ropes are attached 18 pro-
perly anchored and tension released from Thrust bear;ng‘

iii) A 36 mm bent rod to be welded to protect the shaf't
from liftlng up.

iv) To anchor the plate, weld a plate and fix bolts from'
the tension plate and release the thrust from the ;
bearing.

Now the bearing covers can be opened and any repairs may be
ey as in the case of pivot shaft bearings. . e jhr

£17) Structurgl - To ensure proper checklng 0P fsn:ruc“r;m:'a“I

Bbers and to keep a watch on the deviations, it is necessary“t
the following checks, i

Bent supports verticality:

The bent supports may deviate both in north-gsouth and eastj
it directions.
ports (Vertical legs) on either side. Survey is being done
rly for verticality and also the deviations. The dev1at10n'
‘noted by puttlng a theodollte to the bottom mark and vertlea—
shifting the collinator to point at the top mark of legs;“
north—south face and east~west face, The dev1at10ns are




'eadiﬁgSQ For this, in the feed tower on the 4 main angle sides
flat has been welded at two ends. These flats have grooves’at
'00 mm dlstance from the side face of the angle. The 28 Sw”
‘1re is stretched between the flats with one end carrying 4ukg f
.eight through the grooves. There are markings (Centre punchz‘
Ahe angles at equal dis tance. - Starting from east or west‘th

In the same proceedure the truss straightness is take% on
he 3 angles. : _fo'p“

)_Ghecking of Turnbuckles:

_ ropea have to be tested visually for any cracks and loose
f threads etc. yearly. :

_ Whenever a turnbuckle is to be adjusted please proceed
1lowa. Wy
By ) o ana l9mm turnbuckles can be adjusted easily'as
11 as bottom 36mm guyrod turnbuckle. First put a bar in tha
_elet towards the rope or rod as the case may be and put anéth

ioaened fully and also clean the threads, If necessary hg
DW bar from]the body of the turnbuckle, Never hammer th"

‘e tqrnbuckle direct After adjusting, tighten the ar

rﬁwa and a1 the threads. to be réaged., Further fix'bac
r088 wire ?éI? and geal & il

- The 36mm turnbuckle (top) can be adjusted in the sam

t care must be taken not to cut wires (8.8. reflector). wh

tting Wooden poles. Further remove tension in the guy ro

fting the feed tower by putting a jack under it
ver hammer the turnbuckle body. If the load and tension

loved from guy rod it will be easier to rotate
rabuckle, ,

at nose’pojk

vot




or checking. ;ﬁ

16) General Servioe and Repair Inetrugtlons"-

i‘,
i) Whenever any welding ig to be done on a ehaft situated ‘
earing please ensure that a separate good earthing is given;
he ghaft by! paesing the bearings. On NO occasion the bearlng

hould become a part of earth connection,

?x”

‘|“.‘:J

Under NO Ciroumstanoes, a brake is to be by paeeed.

WHENEVER ANY SAFETY DEVICE FAILURES OCCUR STOP THE ANTE A

Lilnd ‘F}J& H‘ ‘

' bl Dr. G, Swarup
‘ - Dr. M,N,Joshi

Or. V.R.Venugopal
Mr. M.K.Bhaskaran

f-" NEVER HAMMER A TURNBUCKLE ON ITS BODY.

)i “NEVER OVERHEAT EITHER BY CONTINUOUS WELDING IN SAME

Dﬂ BY GAS WELDING, ANY STRUCTURAL MEMBERS UNDER LOAD
ESPECIALLY BENT SUPPORTS

| ) by y ) ] Sl
g [Ny i ) . o
1 ' | (] 1 g




ONGE A REPAIR, INSPECTION OR CHECK ‘IS DON"E 1)0 NO’.D'
TO PUT BACK SAFETY COVERS, RAIN COVERS E1C. |
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SECTION 1

IMPORTANT INSTRUCTIONS FOR OBSERVERS ek b vl
NEVER YOU START OBSERVATION FIRST CHE
Check in Oontrol Room ®

1CK THE bOLLUWING

ooh and Board for rot
there is no clearan(e DO NOT START,

Check a1l lamps are burning especially (1) DS oN, (11) Mal ,
(1ii) MA2 ON, (iv) D4cHO Of. il
Check clutch by 1ing

pressing the clutech test buttons. The' “ffi“
icator above should move, s Not move '

OENSTART, ‘
WHENEVER 1THE TELB3COERR I5 STARTED, before s starting, check
LIGNMENT LOOPS 1 and 2 scpqrately by pressing Tegt Buttong'

the annunciations should come. If not, do not Start
tenance.

WHILE THE TELSSCOPE 15 IN OPERADION LF ANY ArUNCIATION

S IT SHOULD BE INVESTIGATED. DO NOT 1RY OVER AND OVER T0 RUN.
ISALIGNMENT LOOP COMES CHECK WiND SPEED.  ALLOWED SEERD AR '_ i
i = 35 Knots p.h. and SLEW - 40 Knots p,h. . If the wind speed il o

piand Still M.4, window glows 0 NOT START AL ALL. THERE Iz i
PJOR TROUBLE. [NFORM A1 CHOE

VERSPEED. WiEN THESE REE ¥AUL LS
I ON ANY AGCOUNT
 The helper on. duty s

ation clearance., |

e indicator Doe

o Inform

i

SAME ARPLISS 70 W, A BINGHRO , (i
ARG A4uOUNCED YOU SHOULD NOT

€OPeé area and check for vibration etc,

et
get the report, If na reportg f?”

1d be stopped imiediately and

raat i

any unusual mOQﬂd,
- two hours the observer should

Durinu operatlon sWwatcllh the a

ially seconds Synchro,
Wery minute the Second s

ntena position indicator i 1 e
Check with time., During slew, R
yachro will rotate 25 times to 26
18, 8top
tion per minugte ana
Ihis is very important.

REET R 4 + is more than tlid
taek one rota

the telescope similarly
for scan 3 rotations pep

{

o oy
Mot | (p kst

!

ML /min: 270773 MAINTENANCHE SUPHER/ISOR!

MAINTENANGE BENGINEER




SBCTION 1T,

“GENERAL OPERATING iNSTRUCTIONS

.: The power for the ORT control
1e 200A TPN switchesg

lOCr_.L'LH in the

‘V Fanel in the "IN" Pogition.

(b) Switch on the 200AMATN

lays upwards and the red stripes
pt covered by the white card even
L the sticks. In red box,

(a) Keep the handle or 2004 “WFu switch

oWITCH IN

dystem s obtained through

switeh gear room.

(MCU) ofthe

THE MCC RACK

(e) Push the sticks on the two instantaneous undervoltage
on the undervoltage relays 15‘.

if you taha cut your handg
I _white card dopu not hold, do

t procee& fuffher and czl11 for assistance.

(d) It (G) is OK switch on (i)
[

(i)

(iv)

(v)

(vi)

(vii)

(viii)

.COME UP 10 ACP in Control oo,

Llowing lampeg:
(1) Undervoltage
) cluton Power
(d81) hia-1 Janp
(iv) Ma-2 lemp
(v) DS lamp

(Vl) Tacho lamp.

atter (d)(1) 1is done thegontrol gupply

On the control panel check out for the

Control Bupply,
Servo Raclk Supply
Supply

SLl Heaters

Tacho

Brakes

Scaaning liotor
Tracking Motor
Jlewing Motors
(four Green Start Switches

N1O, N4,! 84, blO)

Lanp will &low.,

glowing of the

Of the slewins motors marked «*




A If ‘lamp (ii) dees not olow chesi the clutch powef
supply situated at the bottom o the left 'side of ACP whether
heswitch is in "ON" or "OFM position and restore it to the

TON" position. The bower supply meter should read around 135V
D s Checl the fuses,if the lamy does aot

Sic come gf'ter the

witeh is put to "ON'. C(Call ior assistance if;geplacina fuge
T &1

oes not help., Ffuse should have s

2 Amp. ratiﬁg forID.C.,anq
Amp. rating for A.C. '
B, Lamp (i1ii) and (iv) indicate the healthiness of
;saiignmeut .Loop System. Uhey anoulJ normally o e L
ihey do not glow corresponding annunciation will come. If you
0 not get any annunciation but the l=up does not glow, change

he ' bulb and see. Check the power suppiy which is above the

lutch power supply. Noie down the readings of i.A Loop Volt-

eter.,
d Wwatch out for the lamps to gslow. I
mp not glowing adopt the foilowing test procedure;

I fress MA-1 Test push button and see whetner the
lamp gluwa, If it dges not &glow then it means that
the +ve wire or ~ve wire ig out,
Stainless steel wire through the centre of the loop.
-ve wire is a PVC wire running along the truss or
frame conanecting the loops. ;

II = Now press PB = _Test and PE - fest

MA +Ve wire.
and see whether lamp glows. If it olows, it meang
tVe wire 1s 0K, | If it does not glow +ve wire ig i
cut. To see whethor +ve wire is eut, check physically
the wire by walking alony the telescope..

ITII  Now press PB ~ Test and FPS-Tegt

HA -Vve wire
see whether lamp ¢lows
Lfdt does not glow -ve wire ig cut,

On berforming these tests, one should be able to fing
t what igs wrong with the migal

Sistance.

similtaneously and =\
N J §

igument system. (all for

If i1 does not read any value change the fuse of (AC) /DO

ncage of aununciation an g vt
+tve wire means the

simultaneously\ 7

o If it glovs ~ve wire 1ig OK,




Lamp (v)
should not bg beyond the red msrk,

kept on the Bervo Rack # 2 in servo Hoom, It
it is. 0K and 'still the lamp is mot coming CALL
FOR ASSISWANCE AWD DO NOT PROCEAD WITH THE

ottt ML, it ot o 2,50

ROTATLON

Tacho Lamp;

If tacho latp does not come check out for the
sorresponding HRC fuse in 1CC, If that is O£ and you do not
et the lamp indication CALL FOR ASSISTANCE.

If all the six lamp indications are 0K you are through
to switch on CONTROL SUXrLY.

£
2, Also make sure whether Master cut out/in the "ON"
ogition.
oL Energise Control Bupply by operating PB=CS |
' ON

The Control Supply lamp will come "ON'" and the
ystem is ready for operation. !

. 5 Brake Meters will be indicating position 1 oxr 124
n Aor B. If the pointers are no*% moving chect the power ““
uple whlnn is located in the'li.A.lovp chasis pelow. = Check
the fuses. '

4.4, . FOR SLEW MODE. Press 3TART ®A3D/WRST - till.
the EAST/WE“T lamp comes "OW'. The SLEW lanp also will come
' ON, ‘

(i) Check if the braKe meters register the value 0.X,'
(i1 Watch out for the variations in the Differential
ynchro error meter. They should not exceed 1.5 volts.

(i) Check the Antenna Position Indicator for smooth
running,

 4.B. SCAN MODE: Before pressing dScan start push button
ﬁhe following tests are to be performed.

Push Button and watching out for the indication of

Scan lamp and meter resding upto the value marked
sScan. A

(i) Check the reading of the D3 Meter. The reading .
Q i

(1) Checlt the fuge in the Migalijnment detector box '

L Checking the scan clutch by. pressing the Scan Clutch |

vk B

ka

it
i R




5

Checking the comuon clutch by pressing the COMNON
CLUTCH PUSH BUTTON and noting the common clutch Pk
-indi cation lemp, the meter reading upto the value'
marked common. : Vi

. If the above test performances are 0K then proceed with:f,
he rotation, ’ .
NOW FPRESS TH& SCAN START BAST/WEST Push button till you t
ret the BAST/WEST lamps glowing. The SCAN lamp also will come °
OIS ‘
The scan and common clutch lamps wiil be "ON" and the

eter reading should be above the "red mark".

In case 1t goes below red mark immecdiately inform 7
aintenance personnel and one of tne scnior scientists. Per-
ormance of brake meter, diff.lsynchra error meter andA,PsI
hﬁuld be watche d as in slew mode.

4,C. TRACK MAINS 'The following iegstis are to be done
efore starting the telescope:

itk Testing of track aand common clutches should be dom
done by pressing the respective push buttons, and
lamp indication, meter rcading must be checked.
Now you press Btart Track WEST push button till you get
he west lamp and track lamp comzs'"ON'. il il R
‘ The clutch lamps will also come "GN" and the meter reading

hould be above the red mark, | | : | il £ A

The same observastions of | brakes meter, misalignment‘f
ynechro réading, and API to be made as in Slew Mode.

5, What to do when yoq Zet following annunciatiqn§:[;

uring the above operations: | | , i T

IR RRake FATIURE U If(it 16 not pessible. %o rotate |

e telescope and you get thé.aﬁnunciation brake failure,'try3?'

€ rotation agein and watch out the brake meter reading in
th A and B posi tions of North and South brake meters.The
lue at which the pointer stops gives the brake which has
ltered, If you get différent values at A and B vosition
0th the brakes have failed. Whenever the brake fails and :
lescope stops press Wait a iiin.Button. Sometimes it may be
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omentary fault and after 2 or 3 operations if you cannot get " |

ng with the telescope call for assistance.
b OLUTCH CURRBNT FALLURE - If you get this annuncia-

n; watch out for the clutch power supply fuses. If the fugekiiy

found OK call for assistance.

@ MISALIGNMENT LOOP - This is the taird important
unciator in the system, the other two h:sing lidisalignment .
chro and overspeed in order of importaace. If thisg annuncia— ;
n comes one should become 'very alert imnediately. Before
etting note wind speed. If wind speed is low (i.e. <20 ¥n)

the annunciation has come, sonething is seriously wrong. b
NOT PROCEED FURTAER.,  1f the wind speed is around25-30 Knots @'\
e unci ation has come, try to reset it. The faultiin i

g case.is likely to be because of high wind. If wind exceedéﬂﬁLT”
knots brihg the telescope to west position. Inform one of | : ;
senior scientists immediately at whatever time of the dayr0r ﬁfJ“¢
nt. ' ' |
" Also watch out for the indicating lamps; ii they do not
v (1) Check the power supply fuses : A
(i1) Perform the tests described in 2 B, Bl

ettty g

But if you observed that wind speed is low, the +ve and = 1y
wire indication lamp and power supply are OK but still you
the annunciation and cannot energise control supply, CALL FOR' :

ISTANCE AND DO NOT STARYT ANY OPERALION DILL YOU GED CLEARANCE i 1
DO 50 FROM CONCERNED PBRSONE 1 WRITIWG N

d, When you get Antenna Bnd position anminciation,
telescope will be stopped auvtomatically.

@y WAIT 4 MINUTE - Whencver you stop the telescope f
8 annunciation will come snd it will go ofi after a minute.“%
Fing thé flashing of the window you will not be able to start
- systen, e K it

o OVER SPEED - When you get this annuaciation during

i

n/Track or Slew operation, you MUST CALL FOR ASSISTANCE AND i




T
MOTOR TRIF ~ If you get this try to reset it; if

g ;
t is not getting reset and the annunciation remains permanent

all for assgistance.

. Differential Synchro annunciztion 18 the mogt
“important of all annunciations and should never come during . Mg,
e'normal operction of the telescope. If it comes. Ffirst ,j‘ Wl
form the Scientist-in-Charse impedistely shd record in log
ok. ‘lhen check the fuse of the misg

Llignment detector box ’Fi“ _f
@ated in the .servo room. If that is 0K, CALL HOR A““IQT&N”W ;f 5
VD DO IJOT ROTATE.

6 Bypasgses in the Control Panel

(a) Misalignment bypass - By using this rotary
lector gwitch on the control panel one can bypass BAST or WEST
lgalignment incase of emergency.

i (b) Blewing liotor bypass

- This selectorswitch
tlowg one to run the telescope on three motors alone in case
failure of any one of the four motors.

The selector switch
S50 be placed in the position of the motor to be bypassed and
hé'corresponding motor has to be switched off at li.(.C.
H Both operations (a) and (b) may be performed oniy 
ter written approval is obtained from the senior scientigt
esent at the time of cmergency. |

o) Bepgt Limit Switch, west Limit Switch by PdSmB

CBe can -be done in case of need without npproval A ruoord

auch bypasses should be maintained in the log book as woll aa
B Separate file in the control

7 Ny RED STOP BUTTON IN THE OP”RATLNG }ANEL\‘
i bTOP THE TEL ISCOPE.

room by the observersg.

i

eor L 0B-0Pk ALSO WILL STOF TaER TRLAGSCOPHE,
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INSTRUPTION MANUAL - CONTQOL SYSPEM'

i. Introductlon.

The Ooty Radio Telescope is a paraliolic cyllnder

530 metreslong in North South ‘and 30 metres wide in Bagt~ wgst'

Tha telescope consists of 24 parabolic frames each plvoted ona“?

a rectangular pivot shaft at +the top of two supports.

telesaope is driven in the East-~West direction by a drive sha;

- through AC induction motors with suitable gear reductlon.

'tTwenby31ght electromagnetlc brakes of fail

~safe desipgn are useg
- to hold the telesc

ope in any desgired positian,

The ba81c desihﬁ
- of the telescope requires that
BN the notors and brakes be interlocked

(ii) all the 24 frames be driven in uni
All the safety featur

301,

@8 in the control system are berauseyoff
’theae design requirements, ' , i,

—— e e b L

2. Basic OEeratlon.

S e — e S o

Dependlng upon the speed requnremcnts the Radio Tele~ﬂ  ;

scope can be driven in the Eaut~weqt
1ng three modes,

Mode

direction using the followih

opeed of Coverage angle of

drive shaft antenna in sky,
Slewing 75 rpm 205 /hr.
Scanning 9 rpm 45° /nr.
Tracking (a) mains 3 rpn 15O/hr.

Bl (b) servo (around 3 Tpm) 14° /e to 159ﬁr. i
(See Flgures 1,2,3 for Block diagram of Electrlcal/Mechanléail
Systems, ) | ]

' In the 8lewing mode four induction motors of 12, 5 HP
These motors are located on l1p, N4,
latfdrms. These motors,

FIg used; , 84 and 89q |
through sultable gear reductlons,

otate the drive shaft at 75 TP,

e o



The scanning monde consists of & 5 HP induction

motor located at the servo structure which is between N1 & b 11
51 towers, The scanning motor is also supplied through the

‘motor control centre., This motor drives the drive shaft at .
9 rpm through scan and common clutches and sulitable gear rodu-

c'bionﬂ-.

In the track mode a 2 HP AC reluctance motor ig
:ﬁsed. This track mode can be done only frnm Esgt t0 West,'
-Fufther, in this mode, the telescope can be driven coﬂtrolladi
either by meins. frequency in which the speed is eons tant, or
'a gervo sytem, in which the speed i1s variable - for tracking |
' 5un, gtar and moon, The tracking motor is placed at the ‘
. gervo structure of the telescope., For .details of the Beryvo i
#Ejaton please rofor to Fig, 4(a) & (b). The drive shaft is.
 rotatad at 3 rpm by this motor using track and common clutcheei

and requlred ggar reductlon.

3, Pr1n01ple of operatlon'

The major electrical components of the drive systeh
'fare the motors, brakes and clutches, Electrical power to’ thes
’flow through contactors located at tho Motor Control Centre: !
.o, ) in the switchgear room. Only cont rol wires requixed
for operating the contactors are brought to the Antenna Contr
(0. C.P.) in the conbrol room,

The design requirements of the telescope damands that.
(i) motors be enereised firad _'”'W
(ii) brikes be released next

(iii) motors and brakes be interlncked.

Therefore the comtrol logic has been de81gned a8 such, That |
is, brakes are releasocd only after electrical energlzatlon of

motor, To test whether brakes have been roleased o not mlcro-ﬁ*?
Switches have been installed on each brake and these together ]
interlock the motor. Thus any failure in eith r moton onerpl—"

zatlon or brake relea5n stops further operation and gives ‘alarm
or 1ndlcatlons. ;




In case of scanning and tracking motors, in addltlon*

50 the above, two clutches have to be engageds.: These are (i)

'interlocked.

Summary ~f the cortrol system logic is given in Flg
5(3) and (b). For stnpping the moving telescope for whatevalw

Ireason any one of the red push buttons located at the control :
panel or M.C.C. or at-the base of Wi, 54, N10, S10 and gervo :hﬂ‘Jf
: a_wera can be pressed There is one atv the top of Servo Structurp-l
i B, - L e U TR RS . f SRR

-4 Intcrlncked nperating dev1ceb.

The motor, brake, clutch system is tested fm‘ fail—- “‘“

Hafe operation mainly by three interlocking devices:i

Undercurrenb relays: These test whether a minimum current

‘wpey produce an alarm and stop furthcr operationsi

1(11) ‘Brake microswitchos: Therce are 28 brake mlcroaw1tchea Ga.

sen51ng one brake releasc. These microswitches are connectad‘l

J

ﬁeries and actuatb a relay which allows thc continuous energlaa

'of motor.

14ii)-01utch current relay: This senscs the curront passings:
through the clutch coil. In case of failure it cubs off the m

‘brake aperatlon.

fl‘r For initial energization of the systom a gate puls_

ﬂsec. At the end of this period, if the system is healthy cdp

nuoua rotation by any one of threce modes is aubnmatlcally achi“

follnws. ‘ : -
i - Main contactor which supplies power to slew, scan
:£“¥SCM/TKM track motors. ' : ‘ A
L ' Main contactor which supplies power to brakesg, '
9CL ) Clutch current sensing relay. %
: Undercurrcnt relays genging motor current.,
Contactor actuatzd by brake microswitcles.

Pneumatic time delay relay. ol

)
1111



5_ Bverall uafoty DLVleS- bt : |;1r.4

The follow1ng devices are installed in the tr,lesc'opf:-!';:_‘5‘_.i
gmmeafoty and are used in tha control system with various other 1
interlocks.‘;h‘ : oy . -“ﬂﬁ

‘5.8, Limit Switchea:

! 1
. The limit switches are fixed at both cnst and west ends |

of the felescoﬁé and are used to s top the tels SCOPL automatlcdny ‘ﬂ{
at the extreme positi~ns.) These limit switchos are of anap :«.
action type and are actuated by cams fixed on thre drlve sector._"
The east limit switch will s top the' telescope at - 4 Q5%

west limit switch kXX xzkmpxihexkrixsrapmxatxe at +5h27m ; If i
;1t is degired to go further, the cast and west limit switches ' ,
‘gan be bypassed and go up to Caub und and west end limit switchea';
fTheir p031tlons are respectively - 4 07™ and +5 g 58

rGSpecti
vqu. There a ro also Crushing typo emergency limit switches !
'after end limit switches to stop the telescope st in case of
failure ar any damage to the abov ¢ limit switches

Py : R
..\- .‘ ¥

The east, west and end limit switches are fixod at ﬂf{
and 81 towers (S1 only east, woest) ena emergency limit swithhesr;
are at N4, S84, N10 and 810 towers '

Normally the telescope will be rotated only upto.: the
east and wes st limit switches,
5.bs Over Speed Tachos:

{F
|
&%
Ry

The - over speed tackos arsc ing talled in the talbscop
'o monltor the drive shaft speed, AR
3 These tachos at N12, S12 and servo siructure are used.
n the slew modc and one tacho at servo stnuobure for scan/traok
ode, | The slew tachos ate coupled to the drive ahaft through :
uitable gears and a chain and rotate at 150 rpm and the scun/tr
Tacho also rotates ap 150 rpm and is coupled to the pcan/‘
vrack motors through 25011 gear~box and a chain,

The output of the speed tachos are used to actuate

elaya through electronic circuits,  Under normal specd tho

‘alays will operate, In case of over speed the output of tha



tachos will be more which will trip the relays, and the entire

gystem willcome to a stop. There is

ctronic circuit to trip the relay in case of no voltage from

tachos,. -

v In gean/track modo rver speed will occur if one of the :
glutches fail to engage due to mechanical damages In thisg caaa“f
“iﬁs telescope will be falling fro

"and the motors are not treng smitting +hisg torque. Then the acap/V[

track tacho will be driven to overspeed and the electronic *1rn'

tcuit will trip the entire system ar- esting the rotatlon of h¢ u3f‘

{telescope.

45.3. Differential Svnchrn'

f
.‘#\

This system is uscd for detoating misalignment in- the

main ‘drive shaft of the telescope s . The synchro conbrol'trans-nlﬂ

former and the transmittor are fixod at both endg of
shaft of the tele scope and are coup
reduction. The differential

the drlve[fé
led to it through 16:1 gear

error voltage from transmititor at

N12 is fed to an electronic circuit which operates a relay, The‘f

relay contacts are used in the control system to trip the systemff’

The misalienmment detector 01ralit
rade by BARC is kept on the sarvo rack

incase of a misalignment,

2 in the servo room
The ralay is det to trip if the drive shaft mis

50° in either cast or west directl ons, Misalipnment w111 occur
'f tho shaf

t or the shaft jntcrconnpctlng coupl:np brﬁak B S'
hig_ig_one of the yery impor tant safet

aligns m013 thgn~

...._._.__._._.... ......_..___—._.._...______.—o-—.-.-

_nd the teloscoPG should be stopped immoediately if the mlsalién-
_ept detector trlps the control system.

';d. MlBalignment 1oops‘ e

This consigts of two systoms (1) Eagt misglignmant ;§6p
ii) West misalignment loopa. P

@itnie 1g'g very simple system uscd in the telbsnop@ to
letect the misalignment of frames,

The system consists of
tainless steel loops of 2040

diameter fixed on alterrate fram

also provision in the ele-‘".

¢ly as the brakes are re]eased‘h‘




4 contral wire (18 gauge) made of
‘inless steel runs through the centre of the loop and 1s

“rﬁed by insulators fixed in the frames w
né 2y “ P e _’! 20 s {1.\ {,'_.y . c ,

il ity R +ve e oy
l./ “*. } .‘.“ e .-""- "".

here there areﬁhn

." ,_ 1} ! ]
| AT N W8

The ba81o funct:on of thig

: system can be undera‘
e above diagram, A

de supply of 28 V 4g fed gt one
ralay is connected acrose the

dry ‘The 28 V supply and the

'E@ntrog panel, Under normal

h and/When a frame misaligns the central wire, touchea”
thereby shortlng out the rel

ay ° which trips.thequn’

Test facilitics are

31,,hgalthiness of this detuctlon system,

_Ihe antenna position 1nd1qator dlroctly glves the
of the telescope in ter

ms of hours, minutes and seco'
ated dials,

Tho system consists of throe magter syn
_usd at N1 structure amd

g.at the control panel. The master and slave sy'k

ted electrically through vireg, The mechan;cal qph

\e“master synchros is transmitted electrlcally‘to th
‘ynairos which in turn rotate the point
uitable gears.

ers on the;d g




R e R Sl e R i

3;t Indicators:

i

The fault indicator or the annunulator Hig f&xﬁ

Brake Failurc

Clutch current failure
Misalignment loop o i
Misalignment synchro (Differential Synchro)
Wait a minute ‘ Rk
Over Specd

Antenna End Position
‘Motor Trip

Spare

Mech,

Malnhonancc.




t bl
'ion will also come during opcration if one of the brfkm

tch ovitent sensing rolay drops out. The 1ndication wilw

ﬁ”lignment synchro. (Differentinl Synchro) .

i:This indication will come only when thore is nctual
%m;pﬁ in the drive shaft, 'ﬂ“ﬁ
't a_minute:
1

'»ﬁThis indication will come whenever the tolescopé iB:‘



st ar west limits. This is not a fault butb 1nd10at,s5j

Thig window flashes whenever tho‘telnscoﬁe'féaé

¢ N.V.Nagarathinam qw}ﬂhiaLmMmQﬁfwa

i AJ/Hiruthayara]

..S.Ananthakrishnan'
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FIG. 5(b) - Condensed Logic &f Hiz . 50a))
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Explanatory notes for Figures 5(a) and 5(b):o

i ~When a green Start button (E/W) ig pressed the auxiliary
contactor 42x/ SLM is energiged. ] , ARt g B

¢ I{

Ry 42X/SLM‘anergizes the preumatic time delay relay.g‘/BR‘l__l""<
st '@?QO;@gSQc. R

3 "2/§Raénerg°zes X/BR (Auziliary contactor forp Motor/Bfg

combination). : ' i

4. X/BR energizes 42/8LM (Main Contactors of Motors),

Aa 37/SLM_Senses whether current ig being fed to motors;fl

B LR B B0 ST o 42/BR (Main contactor for Brakeg

' i ; : o0

ey 'Release'of‘brakes is sensed by brake microswitcheg and they

' énergige X1 & X2 ., These two together provide hold on for

R ER TR (o
‘X/BR. i .

8.  42/BER alst provides hold on for 42X/uLM, . R

9.  Thus the cycle is closed ang continaes to operatefhe

‘motor/brake system, i
10. JFor gtopping the telescope & red stop push button il
1 .breaks-this Coliay L



