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SUMMARY

In this note we discuss requirements and details of a few possible schemes for
auto-stowlocking the 45-m dishes of GMRT using a battery backed system, on those
occasions when wind speed exceeds 45 kmph and MSEB power is not available.
Although the structural and mechanical system of GMRT have been designed to be safe at
the maximum expected wind speed of 140 kmph at the GMRT site (50-yr. survival wind),
M/s. Tata Consulting Engineers had advised TIFR to stowlock the antennas for wind
speed exceeding 45 kmph but before winds exceed 80 or 85 kmph at the GMRT site.
As discussed below, a simple scheme using three 24 V, 48 V and 96 V battery banks is
recommended for the 16 Y-array antennas. Some other schemes which have been
suggested by Shrt Hotkar are also discussed. Static and dynamic relations between wind
torques, motor currents, terminal voltage, time constants, etc. are derived for both cases,
namely when wind opposes or aids the direction of motion of the antennas. These

relations are important to evaluate advantages and disadvantages of various schemes.

For the central array antennas, the two 220 kva Diesel Generators which are
operational at the central array should be periodically tested and kept ready for slewing
and then putting stow-lock pins into the antennas within 5 or 6 minutes of the wind speed

exceeding 45 kmph and if MSEB power fails. It may be noted that the purpose of stow- -



locking the antennas is to avoid any mishaps during severe dust/thunder storms (squalls)
that occur in the Pune region when wind speeds can rise to more than 100 kmph in 5 to 10
minutes. These “squalls” generally occur during daytime, mostly during April-June but
also sometimes during September-November. Statistics of occurrence of heavy winds are
available in a file marked as “Wind Statistics in the Khodad office and also in the office of
G. Swarup. It is planned to write a te}chnical report on the subject over the next few

months,

It is recommended that two prototype units for automatic stow-locking of the 45-
m dishes should be developed over the next two months so that the units could be tested

on two antennas during the windy months.

1. INTRODUCTION

Installation of an auto stowlock system was an essential part of the design of the
GMRT drive system. The structural and mechanical system of the GMRT antennas have
been designed to be safe at the maximum expected wind speed of 140 kmph at the
GMRT site ( which is the 50-yrs. survival wind according to ISI design guidelines for
wind in the Pune region). Considering various practicable aspects, M/s. Tata Consulting
Engineers have advised the Tata Institute of Fundamental Research to stowlock the
GMRT antennas for wind speed exceeding 45 kmph but before winds exceed 80 or 85
kmph at the GMRT site (see Swarup et al. 93 for further discussions for wind speeds for
stowlocking). Manpower and time did ﬁot permit TIFR to incorporate a suitable scheme
for stowlocking the antenna at the servo design phase. Later on, it was proposed by TIFR
engineers to develop a scheme using a battery system. Batteries were ordered from
abroad and a trial system using contactors was installed at C-4 antenna in late 1994. A
detailed design report was written by Shri V.G. Hotkar of NCRA and comments were
sought from BARC. They modified the scheme somewhat and approved it in July 1995.
However, further work could not be carried out due to shortage of manpower for

designing and developing a scheme by the NCRA servo group. -



Part of the problem has been that the group wanted to develop a PWM scheme
which can be developed for the motoring mode when wind opposes motion of the
antenna, but it is not clear whether PWM scheme will work satisfactorily for the

regeneration mode when wind aids the motion.

In Section 2 of this report, I describe briefly the mechanical and electrical drive
system of the GMRT éntennas in the elevation axis. In Section-3 are derived various
relations which determine static and dyhamic behaviour of the DC motors for the case
when the wind opposes the motion of the antenna. In Section-4 is discussed the case
when wind aids the motion of the antenna. Discussions and conclusions are given in
Section-5. As discussed, it is important that a decision is taken for developing a prototype
unit at the earliest and two units are developed over the next two months so that they can

be installed at two antennas during the forthcoming windy months.

2. MECHANICAL AND ELECTRICAL DRIVE SYSTEM FOR THE
ELEVATION AXIS

Fig.1 gives a schematic of the Mechanical Drive System for the Elevation Axis of
the GMRT antennas. A similar drive system is used for the Azimuth axis, but we discuss
here only the drive system for the Elevation Axis for which the automatic stowlocking is
to be done. In case of heavy winds, the antennas are driven upto- an-Elevation angle of

90°.0 and then stowlock motors are energized for inserting the stowlock pins.

The drive system consists of two permanent magnet motors of 8.5 hp. capacify
( “Industrial Drive” TB 53810-B see App.1 for data sheet), two planetary gear-boxes of a
ratio of about 821:1 (manufactured by' Mannesmann - Rexroth) and a pin-sector gear with
a reduction ratio of about 30:3. The overall reduction of the gear-system is about

25,000:1. A detailed description of the mechanical system is available with the mechanical
group.



The motors are driven by a servo system which was désigned by BARC and have
been mass produced by the GMRT Electrical and Servo group. The servo system
consists of a servo computer, control circuitry and an SCR-based control amplifier.
Detailed reports are available with the Servo group. The two DC motors are driven in a
counter-torque mode for the purpose of trackmg a celestial radio source. For slewing
both motors are driven in the same d1rect10n A Technical Report (Swarup at el 1993)
and a paper (Joshi 1995) gives relations concerning wind loads, unbalanced load, frictional

torques, motor currents and counter-torque bias.

3. RELATIONS BETWEEN VOLTAGE, CURRENT, TORQUES AND
SPEED FOR THE CASE OF DC MOTORS WITH WIND OPPOSING THE
MOTION.

In Section 3.1 we discuss various relations which determine the static and dynamic
behaviour of the DC motors for the case when wind opposes the motion of the antenna.
Practical implications are discussed in Section 3.2,

3.1  Load Torques with wind opposing the motion.

In Fig. 2 is given a schematic of the case when a battery is connected to the motor

to drive the 45-m dishes against an opposing torque Ty, given by
T = (Tw+ T, +T¢)

Where T, 1s due to the wind load (opposing), T, is due to unbalance load and Ty is the

friction torque.

Ts = Tq + Tr, where Tr; = 1.9 Nm (static friction) and
T = 1.7 0 Nm dynamic friction
Where ©m = is the speed of the motor in krpm.



The GMRT servo motors have permanent magnet so that the field is constant. The

following relations hold for the motor:

3.1 a) Electromagnetic Relations

Tw = ki Iy (1)
Where T., is the magnetic torque generated by an armature current, I, and k; is a constant
=0.56 Nm/amp = (0.56 x 9.81 kg m’ s*/amp) for the GMRT servo motors (see motor
data sheet (Appendix-1). With the rotation of the motor, a feedback voltage, V¢ is

generated:

Vi = kz WOm * (2)

where @, is the speed of the motor in krpm or rad/sec and k- is constant = 59V/(krpm)

or 0.56 V/(rad/sec) since 1 krpm = (1000 x 27/60) rad/sec.

3.1b) Voltage Equation for the Armature Circuit

Vi = Vg = Ve+ LS dl +r L (3)

dt

Where V, is the terminal voltage = battery voltage V. in the present case,

(see Fig. 2) for the case when wind opposes the motion.

L., = 1.43 mH is the sum of armature inductance La = 0.33 mH, an external
inductance, L. = 1 mH, which has been installed in the servo system in series with the DC
motor and an estimated value of 0.1 mH for wires between the battery system and motor,
and r,/ = 0.145 is the sum of the armature resistance r, = 0.045 ohms, and r, = 0.1
ohm, the latter being the estimated resistance of the wires between the battery and DC

motors.



3.1 ¢) Dynamic Equation for the Mechanical System |

T doo/dt = (Tw- Tu) kgm (4)

Where J,, is the total inertia of the motor plus antenna system of GMRT, Jis in

units of kg m” and o is in units of rad/sec.

It may be noted that Inertia of thé GMRT 45 m dish as seen at the elevation axis =
7.33 x 10° kg m®, that of the planetary gear box = 1600 kg m” and of the LD. DC motor
= 0.064 kg m’ (see TCE report and motor data sheet). The overall gear reduction =
25000:1 and of the planetary gear box = 821:1 Hence, for the elevation drive system, the
inertia of the 45-m antenna and gearr drive as seen at the input of each of the two elevation
motors is given by

Jo = [ 05x733 x10° 1600  + 0.064] kg m’

(25,000)? 8257

= [0.0059 + 0.0024 + 0.064 ] kg m’

= [0.0083 +0.064 ]

- 00723 kg m’ (5)

If ® is in radian/sec. It may be noted that inertia of the antenna system
including gear boxes is negligible compared to that of the motor, in view of the large gear

reduction ratios of the drive system.

3.1d) Dynamic System Equation and Time Constants (see Wilson, P. 377)

From (3) we get .

Vi = [Vr + 1 (sL/+1)] (6)

where s is the frequency of the system response.

Substituting for Vrand I, from (1) and (2) and (4), and taking 8, = @, we get
Vi = ky O + Js0m (r." +sL,)

(o



=k Bn[1+(s0wki ko) (r +sLy)
or On { 1/kz)

Vt [LS Ik ko) s +(0 Tk )s+tl]l  (7)

Now if the denominator is written in the form
(1+8Tm) (1+5T,)
= Pttt s{tmtT) * 1

then from (t ), we get

and Tm+ta = msme-

and under the assumption T, > > T,
then electromechanical time constant is given by

T om e (8)

and electrical time constant is given by

T, = L/

- ©
)

For the GMRT case, the electro-mechanical time constant, T n, is given by, (see

Section 3.1 (a), (b) and (c) for values of ki, ko, r.’, L' and J) :

0.15 (ohm) x 0.0723 (kg.m®)

0.56 x 9.81 (kg m* s/amp) x 0.56 (V/rad s



= 0.069sec. = 69 msec

The electrical time constant is given by

Te  mmeeemees : = 95 m sec.
0.15 ohm

3.1 e) Torques due to angular accelération

Torque due to angular acceleration is given by

Tacc = J d(’)

Consider that 96 volt battery is applied whence the motor will reach a velocity of
about 1600 rpm = 112 rad/sec in about 69 msec (Sec. 3.1d). In fact velocity will be

somewhat smaller because of the voltage drop across the armature resistance.

Hence, the acceleration torque on the motor, Ty,
Towace (0.723 x 112/69 x 10*)
117 kg m* s

117 N.m

A 1A A

For a 24 V battery, Tya = 29 Nm. The peak dynamic torque seen by the motor

is the sum of the acceleration torque plus load torque. The rated peak torque of the motor
=111 N.m |

It should be noted that the peak acceleration torque which gets applied to the input
of each gear box (connected to the 45-m dish) i1s much smaller because of the much
smaller value of the inertia seen at the input of the gear box compared to that of the motor
inertia. As an example, the force experienced by a person sitting in a car as it accelerates
depends only on the weight of the person; similarly if a small flexible shaft is attached to a
large wheel or a heavy shaft, the torque seen by the small shaft during acceleration or

deacceleration depends only on the inertia of the small shaft.



~ The values of the acceleration torque at the inputs of the gear-boxes of elevation
drive (Jpacc = 0.0083 kg m?) are given in Table 1 and are much smaller than the capacity of
the gear boxes even for 96 V input to the motors. (for 1600 rpm Tyuee = (0.0083 x
112/69 x 107)

3.1 (f) Static case (Wind Opposing Motion):

Consider the case when V, is constant (e.g. a battery) and acceleration has stopped

(static case), whence we get from (1), (2) and (3) :

Ta = kL
= ki (Vi-Vi)r)/
ky ky k2
= - Vt - - Om
r’ )
= KV - Ki @m) (10)
where K, = (ki/r)) = (0.56/.15)= 3.7 N.m/Volt and
K; = (kiky/r,") = 218.3 N.m/krpm, if @ is in krpm.-
In the static case T = Tt = (T + Ty + T

=Ty +Ty+19+1.70m Tu)
or (KiVi-K; 0 ) = (Tt 19+ 1.70+T,)

Let us consider the case when the unbalance torque T, = 0. Hence

we have
K+ 1.7) 0w = (KiVi-Ta- 19)
or O = (KiVi-Ty- 19K+ 1.7) (11)

= (3.7V,-Tu-19)/(2183+17)
= (3.7V,-19-Ty)/220



Since both the motors will move the antenna in the same direction while slewing
using a battery system, we should consider Ty = 2 x 1.9 Nm and hence Ty is the
combined torque at the input of the two gear boxes which is given by the wind torque at
elevation' axis divided by (the overall gear reduction of 821 x 30.3 = 25,000 and by
efficiencies of pin-sector = 0.93 and of planetary gear boxes = 0.84).

.
The calculated values of o, for three different battery voitages of 24, 48 and 96

volts for various wind speeds (40 to 90 kmph) are given in Table-2.
3.2 Practical consideration for Aute-Stowlock

a) It is seen in Section 3.1 (d) that the electromechanical time constant of the
Elevation Drive System using the Industrial Drive DC Motors is about 69 m sec. As
shown in Section 3.1 (e) and Table-1 the acceleration torque when a 24 V battery is
- applied to the motors is only 3.4 Nm. The acceleration torque when we switch from 48 to
96 V = (13.5 - 6.7) = 6.8 N;.. These torques are much lower than the rated torque
capacity of the planetary gear boxes, being (16,000/821) Nm = 19.5 Nm. The static
capacity of the gear boxes is about 2.5 times the above value. Thus, it is concluded that
the antenna system will be quite safe if the autolock system is designed to operate with
batteries of 24 V, 48 V and 96 V switched ON and OFF for starting the slewing operation
and for braking.

b) The measured braking time of the antenna system are given in Appendix-2.

4. RELATIONS BETWEEN VOLTAGE CURRENT, TORQUES AND SPEED
FOR THE CASE OF DC GENERATOR WITH WINDS AIDING THE MOTION.

1u
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4.1. Basic Equations
" Figs. 3a and 3b gives a schematic diagram for the case when wind drives the
antenna so that motors act as generators. The following relations (Eqgs. 12 to 16) are

applicable in this case. )

Tog = (Tw-To-T9) (12)
Tmg = kil (13)
Vi = ks On (14)
V., = (Vi-Lsh-1'L) (15)
Jsom + Tmg = (Tw-To-T9) (16)

where (T, - T, -Tr) is the mechanical driving torque applied to the motors as a
result of wind aiding the motion. Tmag 1 Opposing torque caused by the generator action as

current flows in opposite direction to that of the motor direction.
42  Battery Across the Motor When Wind Aids the Antenna Motion.

Consider the case shown in Fig. 3 (b) in which a battery of 96 V is connected
across the motor with wind aiding the motion. It can be shown from Eq. (18) in the next
para and Table-3 that a current of about 14 A and 59 A flows to the battery from the two
DC motors acting as generators for wind speed of 45 kmph and 30 kmph respectively.

This scheme is not at all acceptable as it wil] damage the batteries.
43. A load Resistor Across the Generator

For the sake of an iltustration let us first consider a case when a load resistor Ry
(see Fig. 3c) is placed across the motor so as to absorb the generated power. Hence
Vi = LR )

Now, in the Static case

Ia = (Tm.g / k1 )

11



= (Ty-Tu- T/ ke

= (Tw - Teyky (18)
Ignoring T, for simplicity. Further
Vi = Ky O - T 1a

= ks @ - 12" (Tw - Tr ¥ ki)

= LR, .
= Ri(L.-T9/k
HCI]CC
On = 1 [(Tw-Te)r +R)] (19)
kl kz

It seen from Eq. (19) that the velocity of the DC motor which acts as a generator
depends on the wind torque for the case in which the wind aids the motion of the antenna.
The estimated values of w,, for various wind velocities are listed in 'Table-3. 1t is seen that
the antenna slewing velocity is quite low for wind speeds of about 50 kmph which is not
acceptable. In fact if the stowlocking operation of the antenna is initiated with wind speed
exceeding 50 kmph for a circuit of Fig. 3¢, we may have ditficulty even achieving proper.
acceleration of the antenna. 1t is clear that the circuit of ¥Fig. 3¢ is totally unsatisfactory.
This case seems to be the same as Scheme 3-B dated 1/1/1999 of Shi V.G. Hotkar and

does not seem to be satisfactory.
44  Scheme suggested by BARC in 1995

In Fig. 4 is given a schematic of a scheme suggested by BARC in 1995, but in
which relays should be changed to MOSFET or transistor switches. In this circuit, V, is
determined by the external battery and values of R are selected accordingly so that the
maximum current generated by the two DC motors acting as Generators multiphied by Ry,
= Battery Voitage. When the wind velocity is lower, torque is smaller so that L, is smaller.
I, will increase automatically so that (l, + Iy ) R = Vy. For the purpose of soft start, we
firstly connect a 24 V battery and then after 5 seconds or so change it to 48 V and then 96



V tor achieving tull speed. Alternatively; two steps of 24 or 48 V and 96 V may be OK.
Similarly, for stopping the antenna, it may be sufficient to change from 96 V to 24 V or 48
V and then applying brakes to ensure no vibration of the structural and mecha.njcal.
systems. For further details see Technical Note by G. Swarup dated 22nd December 1995
which gives the Note by BARC (July 1995). Appendix 3 gives an Extract from BARC’s

note.

4.5 Scheme by Shri Hotkar

Shri Hotkar has suggested a scheme 3B on 01/01/1999 (revised on 06-01-1999
and analyzed on 14/01/1999) which attempts to provide sott start and stop tfor both
motoring and regeneration mode. A simple block diagram and an analysis of the scheme
of the scheme are given in Appendix-4. Further details of this scheme incorporating a 1
ohm resistor for absorbing the large and variable regeneration current, connected to the
point-A of his block diagram are given in a detailed note by Shri Hotkar dated 6.1.1999
revised dt. 5.2.99. While the scheme is viable for the motoring mode, the scheme needs to
be tested for the regeneration mode and may also require some moditications concerning

the circuit connected to the 1 ohm resistor (see Block diagram of Appendix A4 page 12).

a) Soft Start : say 400 RPM or 50 with regeneration current varying from 10 to 70
Amperes '

b) Full Speed : About 1500 RPM (not iess than 1200 RPM) with regeneration
current varying from 10to 70 A.

Shri Hotkar had made an analysis (dated 14.01.99 Appendix A4 page 9 to 1) for
the scheme in which he has considered only the term L, d1,/dt but not the resistance of the
motor and wires, which determines the time constant of the circuit (see Section 3.1 d)
which is much larger than the switching time dt. in the term LdlL/dt. Also, he has not
considered the steady current I, which depends on the wind torque. When voltage s
applied to the antenna brakes and transistor Q1 is switched by using a pulse train of low
duty cycle for moving the antenna at a low speed (see A-4 page 1-3 and block diagram
page A4 page 12). Thus the voltage of 96 volts will get applied for a short time when Q1

13

P Ladre oy LRg



is on and during which period the regeneration motor current could only pass through D1
as Q2 is off. Hence the voltage at Point B on page 13 will rise above 96 volts due to L
(di/dt) action. Thus the voltage at point "C’ of A-4 page 13 will become higher then 96
volts across the capacitor. Capacitor value should be appropriately chosen for absorbing
this energy. After some time, the value of the voltage of the pulse becomes zero, when
Q1 will become off and Q2 becomes on. Hence when the current will pass through the
transistor Q2. This will tend to short ci;;uit the voltage at point B decreasing the motor
speed but the mechanical incrtia of the motor and its relatively large time constant of 69
millisecond (see Section 3.1 d) compared to the period of the pulse train will ensure that
the motor speed is governed by the average value of the voltage at Point-B with little

fluctuatioin, so long the period of the pulse train is much smaller than 69 ms.

c) After some time the duty cycle of the pulsed train will become high, say 75% so
that the motor will run at a speed of about 1200 RPM (= 96 V x 0.75 x 1000/59).

d) it may be noted that the motor current will depend upon the wind speed. At wind
speed of 50 kmph when the stowlock operation is to be initiated and when the armature
current is 20 amps. See table 3. A total current of two motors is 39 amps (See Table 2)

and at 85 kmph it rises to 87 amps. The servo system should take care of this current.

‘Shri Hotkar has made a test setup with an objective of proving the viability of the
scheme (see A4 - Page 13). However, in this set up a second motor is driven by a PWM
controller at a ﬁxéd speed. This is not the applicable case for the GMRT antennas,
whence the load varies depending on the wind velocity.  For achieving the desired
velocities, it seems essential 1o connect a current generator to simulate the regeneration
currents generated in the servo motors of the GMRT antennas by the wind aiding the

motion say by applying a current generator
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5. DISCUSSIONS AND CONCLUSIONS

In this Report we have discussed relations between voltage, current, torques and
motor speed for the two cases when wind opposes and aids the motors 1.e. for both the
motoring and regeneration cases of the GMRT elevation drive system. We have also
discussed a few schemes which have been proposed over the last few years. It seems
desirable that the both static and dynamic cases are analyzed in order to examine the
viability of a proposed scheme. As discussed in Section 4.5, bench testing of a proposed
scheme for the regeneration case by driving the test motor with a second control motor
which provides the mechanical energy requires a careful consideration. If one wants to
demonstrate the viability of a proposed scheme, there are the following three possibilities:

™

a) Make a detailed circuit analysis considering static and dynamic eqs.

b) Test on the GMRT antennas when it is windy, but this would not be easy to test
the full behaviour. . |

c) Use the second central motor for supplying torque, say equivalent to that for a
wind speed of about 60 kmph (21 Nm : See Table 3) but the question arises as o
what speed should this second motor be operated. In the case of wind driving the
antenna, the torque applied is constant for a given wind speed but the antenna
speed depends on the frictional torque and voltage developed across the terminal
resistor. I suggest that the second motor be driven by a variabie Current Generator
power supply; this 1s quite imﬁortant.

d) Setup a pulley syétem with a load. Lift the load with the test motor and let the
load drive the test motor (regeneration case). This is likely to be cumbersome.
Hence I recommend a detailed system analysis should be made for any scheme

that is proposed and test be made using a current generator (case {(c) above).

Stow-locking is an important requirement of the GMRT antennas. The only

/s



alternative is to install a third gear box, but it would be very cumbersome (although one
may examine this possibility from the long term view point using an economical gearbox)
Auto-stowiocking was recommended by M/s. Tata Consulting Engineers to cut down the
cost of the mechanical drive system. However, it has proved to be very bothersome.
However, it is practical to develop a suitable reliable system for installation on all the Y-
array GMRT antennas. ‘A]though the Schf{ne-BB suggested by Shri Hotkar dﬁring January
and February 1999 is quite an interesting scheme and can be made to work it has many
active devices and their reliability needs to be examined. Shri Hotkar has recently wired it
up and it is quite compact. Shri Hotkar has also wired up the Hotkar/N.V. Nagarathnam
BARC Scheme of 1985 using two high wattage 1.6 ohm resistors of rather large size
which has made the set up rather bulky. For the case of slow speed (soft start) the
wattage of the resistor A-4 and its value can be smaller so that the set up is more cbmpact.
Also some of the contactors could be replaced by power transistor packs. It is true that
Shri Hotkar’s scheme 3B will atiow quite a gradual variation of the speed for soft start and
stop, but it uses much more electronics and the probability of components failing when the

winds are heavy is not negligible.

It seems desirable to me that for the stow-locking system, one should use minimum
number of components so that the probability of automatically stowlocking of the
antennas is very high. In this report, [ have attempted to make a review of two different
schemes by considering various fé,ptors. However the final decision will require an
analysis and test set up and finally a group discussions by some concerned experts, who
may consider all the aspects discussed in this report. It is expressly important to take a
final decision by September 1999 so the that automatic stow-locking system is installed in
all the 18 antennas by March 2000. Due to manpower constraints, we have been
operating the antennas without the automatic stow-locking system. This should not be the
case beyond March 2000.

I' had recommended using the scheme proposed by Shri V.G. Hotkar and Shri
N.V. Nagarathnam in 1994 and improved by BARC in June 1995 (See Appendix 3 and
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Technical Note by G. Swarup dated 26th December 1998) but it could not be developed
further due to manpower constraints. As said above the BARC scheme could be modified
somewhat by replacing some of the contactors by power transistor packs. For the 14
Central antennas Diesel Generators are to be used but it is important to have a detailed
write up for their operation when winds exceed 45 kmph and also periodic inspection and

maintenance.

It may be noted from last column of Table 2, page 19 that the total current
requirement for slewing the antennas at a wind speed of 80 kmph is 79 Amp. and at 85
kmph = 87 Amp. However, in the present servo system the current limit has been set as
35 Amp. for each motor equal to 70 Amp. for two motors. Further, since a bias of 10
amp is provided for the Counter-torque system, the actual current available is only 35 +
(35-10) = 60 Amp. This limit of 35 A was decided as a conservative value during
erection. It is strongly recommended that this value is changed to 48 Amp. so that the
servo system can provide total current of 86A=(48 + 48 - 10), and antenna could be

stowlocked upto the time the wind velocity is-below 85 kmph.
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TABLE-1

Acceleration Torques for various battery voltages and speed of motors

Vb Om Tg—ace
0 (rpm) (N.m)
26 1600 13.5
48 800 67
24 400 34




TABLE -2
Motor speeds for 24 V, 48 V and 96 V battery (input) for various wind speeds (40 to
90 kmph (See Equation 12) : (T.’ ignores viscous damping).

Motor Speed
Wind Wind Fricion T’ oOm for Vi Total **
speed, W  Torque* Torque current of
(kmph) Tu T 24V 48V 96V two motors
(Nm) (Nm)  (Nm) (amp)
x3.7 (4pm)
40 93 3.8 13.1 340 747 1555 23+6
45 11.7 “ 148 336 740 1547 26+ 6
50 . 145 “ 18.3 320 724 1531 33+6
55 17.5 *“ 21.5 306 710 1517 38+6
60 20.9 “ 247 291 695 1502 44 + 6
65 24.5 “ 283 275 679 1486 51+6
80 37.1 “ 409 217 621 1429  73+6
85 418 “ 45.6 196 600 1407 81+6
S0 46.9 “ 50.7 173 594 1384 91+6
* Wing torques at inputs of gear boxes for the two motors combined are given by
Tw = 204 Tm x 1000x (W)* 9.81 1

—— X
(133 30.5x821 093x0.84

Where the torque at the elevation axis of the 45-m dishes, as calculated by TCE =
204 tm, W is the wind speed, the gear ratio of pin sector and gear box are 30.5 and 821
to 1 respectively and efficiencies are 0:93 and 0.89 respectively.

*x We have added 6A as estimated value of the sum of the viscosity {due to oil) and
Column of torques (doe to motor) at a speed of about 1500 RPM.
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TABLE - 3

Motor Speed and Current for the case when Wind AIDS the motor of the antenna and a
One Ohm resistor is placed across the motor

Wind Wind Minimum Total W Armature
Speed, W Torque, T»  Friction* DPniving Current
Torque Torgue '
Te “

(kmph) (Nm) (Nm) (Nm) (rpm) A
(1) @) (3) @) (5) (©6)
40 93 38 55 188 10
45 11.0 3.8 - 79 270 14

- 50 14.5 3.8 10.7 . 366 19
60 209 38 17.1 584 31
70 28.4 38 24.0 841 44
80 37.1 338 333 1139 59
a0 469 38 431 1471 77

(1) * Ignoring Viscosity Losses
(2) k= 056 Nm/A; k; = 59 V/ikrpm

1
(3 on= - [(Ta-T¢) (' +RL)
k1 kz
1.13
52 mmmsm————— (Tm'Tf) x 1000 rpm
0.56 x 59
= 342 (Tm-T¢) rpm
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Fig.1 A Schematic of the Elevation Drive of the GMRT 45-m dishes



-

Fig. 2 : Schematic showing the direction of the armature current T (magnetic) and
"Troan, When wind opposes the direction of motion.
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Fig. 4
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Basic Circuit suggested by BARC in 1995, When Wind drives the antenna,
resistor of 1.6 Q is switched ON using a MOSFET or Transistor Switch. The
velocity of the motor depends on Vi = (V, - Vr, ) and is independent of the
regeneration current. lp decreases as I, increases with increasing wind
velocity. For slow start or stop, another set of switches connects a 24 V and
or 48 V battery and a 0.4 ohm or 0.8 ohm resistor. :
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 PKANTLCL Foo b

GTN-ANT-Brakes/GS/970220"

Time for stopping the 45-m antenna when brakes are applied

F. Swarup

Keywords : Antennas, GMRT, 45-m dish, Brakes, GMRT dishes

1 A Relation for stopping time of the antenna

When brakes are applied, we have the following relation for the rotation of the antenna .
system :

[16="Tg

where [ is the inertia, f is the deceleration and T ' is the brake torque. Therefore,

dé

I(dt) Tp-t (1)

H(E) lmo= Ts - A - CaA)

where 9 is the initial velocity, the final velomty being zero and At is the time taken
for thé anenna to come to zero speed. Therefore,

I(kgm?) x vel(%) 2
9.81 x Tg(kgm) .

At =

2 Measurements

About 2 weeks ago measurements were made on the stopping time for the C2 antenna using
an Indu t{m PC by Shri Ajit Kumar, Ms. Gauri & Shri Hotkar under my general guidance.
In Figs.;1 & 2 are given the plots obta,lned for the output of the Elevation Tachos when
‘brakes were apphed These were obtained for th two elevation tachos one after another and,
as expected, give almost identical results. Flgé 3 & 4 give plots for the Azimuth tachos.
The initial speed was adjusted to about 500 RPM and tacho output was connected to the
PC. The brake was then applied. Data was taken at intervals of about 2 ms. The elevation

1 Aj~GSwarup/stop




of the antenna was near zenith. In Fig. 1; 1 have superimposed the plot of Fig. 2. Similarly,
Figs. 3 & 4 give the data for the Azimuth. : ‘

It is seen that Tacho output first decreases gradually, somewhat exponentially and then

decreases rapidly in a linear way (as predicted by Eq. 1). According to Shri Hotkar, the
antenna stops as follows ;

(a) First the voltage is disconected from the motor and the resulting reverse current is
discharged through diodes to the Mains, explaining the slow decrease of the speed.

(b) After sometime the brake is applied and the speed decreases linearly.

3 Comparison of the calculated and the measured values

-~

3.1 Elevation gear system

For the elevation géar system, the inertia of the 45-m antenna as seen at the mput of the
Elevation motor is given by (see TCE reports) :

_ 733 x10° | 2 x 1600

2
I, = (25, 000)2 + 8257 +2 % 0.064| kgm

= [0.0117 + 0.0047 + 0.128] kgm?

= (0.1444 kgmgl., G Tt ' (3)

The Brake torque for the two motors was measured manually using a torque wrench

and was found to be 53 Nm (=kg m sec™?), therefore, the calculated stopping time is given
by .

afey="L U(rf,f) )

_ (0.144 x 27) (rpm)
~ (60 Sec x 53 Nm) ~ "VP™)

= 0.000284 v(rpm)

= 0.000284 x 394 rpm

Iy)
-t



=113 ms

The measured value for sto
15 109 ms. Hence, it is seen tha
brake torque.

pping time for the C2 antenna from 354 rpm to zero speed
t the stopping time provides a reasonable estimate of the

A

Table 1: EL. drive : Comparison of measured vs. calculated stopping time,

Tacho  Initial  Stopping Time
No. Speed  Calculated Measured
1&2 39%mpm 113 /ms 109 ms

3.2  Azimuth gear system

For Azimuth, Inertia at the motor shaft

9.08 x 10° 2 x 6400
™= 118,000 T Tisop) +2 % 0.064

0.028 + 0.0057 +0.128

0,162 kg m?.

The brake torque as measured ma

nually for the 2 Az motors was found to be 55 Nm.
Therefore, the calculated stopping time

(0.162 x 2r)

A = T Geen 5 Ny * v(rem)

0.000307 x v(rpm)

It is seen from the Figs. 3 & 4 that the

was different for the cases of Tacho 1 and
motors. '

nitial speed at the time of application of brakes
Tacho 2. The results are as follows for the Az

£%



Table 2: Az. drive : Comparison of measured vs. stopping times.

Tacho Initial Stopping Time
No.  Speed Calculated® | Measured

v =334 rpm, At = 109.0 ms 132 ms

v =303 rpm, At = 93.0 ms 94 ms

*Assuming combined torque of 2 Brakes = 55 Nm

L

Hence, the measurements give a reasonable estimate of the brake torque.

4 Conclusion

Stopping time of the antennas can be measured quite readily using an Industrial PC with
an ADC card. The measurements take only a few minutes. The main time is taken to take
the instrument to an antenna for doing the job.

However, antenna has to be stopped from an initial speed of several hundred rpm (Ex-
periment described in this report was done with an initial speed of 500 rpm, but reasonable
estimates may be possible with initial speed of only about 100 or 200 rpm). It is not clear
whether this will result in wearing out of the brake linings, even if such a job is done only
once a month or so.

Secondly, it is not clear as to whether it is possible to do such an experiment remotely
from the Central Room by suitable additions to the Hardware over the next few months or
during the proposed modification of the servo system.

5 Acknowledgement

. Measurements were made by Shri Ajit Kumar, Ms. Gauri and Shri Hotkar.



Measurement of Stopping Time of 45-m Antenna
Note to Shri Ajit.Kumar and Shri lHotlv:a,r3

To establish methodology on 2 or 3 brakes; we can then decide whether to do it as a .
routine or not. o

1. (a) Connect ~ 5 to 1 divider to MIPL and calibrate using a ... was suggested by Shri
Ajit Kumar. '

(b) Connect MIPL to tacho output voltage.

(c) Start stewing antenna at speed 6 (Measure the initial speed).
(d) Start Acquisition of data.

(e) Within a second or less, stop the antenna (applying brakes).
(f) Data acquisition will stop within 3 seconds.

(8) See the display on the screen full; then anlarge near the step and measure approx-
' imately At to see whether it seems measured.

(h) Request Mechanical group to get measured the brake torque manually using a
torque wrench. _

2. Do for both Az and El,

3. Do for 2 or 3 antennas a.nd send results to Pune.

k]



Figure Captions

Fig. 1 Plot of voltage output of Techo 1 of elevation motor when intake is stalled. "The slow
decrease is due to motor current being cut off and the rapid decrease is due to break
being applied. The plot of Techo 2 elevation table (see Fig. 2) intake was stopped
manually from initial velocity of 500 rpm.

Fig. 2 Same as Fig. 1 but for Techo 2.
Fig. 3 Same as Fig. 1 but for Azimuth drive
Fig. 4 Same as Fig. 1 but for Techo 1 and Techo 2 of Az drive.
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APPENDIX - 4

Shri V.G. Hotkar has proposed a scheme for Auto Stow-locking the antenna using
MOSFET which 1s given in his note of st January 1999. A Block Diagram of the . /
!

p—r——————

scheme and his analysis dated 14th January 1999 is included in the next three pages g this
Appendix. For further details please consult Shri V.G. Hotkar.



- 1.

o ] [ A-4/p) | i,i/ad\a
SCREME - 38 K /}7 W \
. &G N

| eaﬂl\‘e/L, mvolves DC cordad oy

' c\\meﬂx O PO SEL
e yaiious S P ]O |
2 PanHmcé e anlerna. The con’mdm'ﬁmsacl cm—n‘ro»L
5&&'\6/”1 Lé\hg ON/OFF CO’TW‘}R*L (Lang/)oang) , mcow)owal_‘f‘hg
rotechon Perdunes Like , overs d hmit Oxz‘en,cuvje/r\{
ilm;{ Yesweﬂ_é})ﬂm , .SO?‘\ ste /S“OP Q:‘C- IS cl;?‘P"\(?AL "
A Jrhm%,b& W0 «3e‘vem lo tm F‘M“WL e

scheme -z [ Prof. G . Swonup vomamed o Scke’mé'n——’ |
N usty  powen homersion s .\"\/v\w\'c.k e qvwla.ue_@?as‘lg-- ®
fhe ?o“w\.nihg c\'%cui{: Mﬁ\“=~; the ‘ccmﬂ\'c%z"ng 7equ"7€‘w~'m"z
og \m0}07\7\3’ oA \/uel‘ws ‘3€-ne,-1u_\_{f\g' GFeij—fcn 0? D&

Stvo m0¥c‘rs .

pac
' | ph
= Fionen
= : YYYI B
T v T [akw
A
| oML
— SR Y 7.7V o

Cv‘rvcm)‘

! o stns\ N
CKT. *.Eip\_an@lim. d © .

NG G Y ne mede , Yo om
MOTORING MODE :- Duning rrotor{

‘}'rvl ™ l‘“‘-"‘l |

< Pl ON/OFF by bwin conkeol-
d. @1 Rl morle oM, undil B5° bemed

A TS "l YR TR SN AU - SV SN 1

nyueh cuwenk &I

ARter Few secm
. . \



/' - e Ay [Pz
Aoneo{ . such thak the OV-.“._.!C\_%Q_ \"9'1(‘&36. 1, = yroto 1S

educed, which will vedyce te moter speed.

AY 9o0° gTp posi%'m"\, Q1 s PI-L}- O FF.
C 53&-‘ the %aphs ’ ?W Vbeﬂo‘\. me}ens-hmolmaj.

Iv_\ ‘.vegwmﬁ’m mode when the loacl o'w\'vea& Hhe_
motor |, the 'Vo{Jragg_ ok ]ooh«l B wil ezceed. thol o? yoljrag,g
ok pord A Thgnsister ®1 will be Fu} OFF cvﬂl.

Rz 1S PL&-.‘ onN’ With ];&.dl-!‘ng YoN - oF Q2. A 162 >20
'Teaisjym [ch coo!eci_] W'l Come acvess ,méJ—c_m.. —-

i‘\e_ Emen,ﬂ\j faefﬁe/?a-_‘e.cl JJ}j 4;,{,& mol-m W,‘);J;e, al:'ssf}ocdr(’_d_

N this vesister Lo L} he mote sloeeA‘

Hemce %3 u&\'ng Juet  4wo paven ‘}76{‘7\6\'5"@% , the.
vegurement of scheme- A will e ek, This wnl
'we‘)olace. Fowtr comfactey an su%es\c:l ic.; RARC.
16T 100B / 600V amd with I6BT davven Premn
MITSUBLSHE (Jaupan) hoe Leon cclecled ?LC/L
.Cmc\m)n-ﬂg @,'xpeﬁ{me/n}ﬁ.[ ( £ phota Cop o} ca}aic;ﬁue_
is ottached herevuith ) | |

L se _
Dal-ashee% o’g. Mmsisjr&u cnicvDY - 12H .
Dot cheeks of dﬂv% Pen above homsisten M7

Quotes obtained. Rom * Vinit E—'n%aqion')e’ Bmul:ctj :

9621 .






MiTSUBISHL IGBT MODULES

CM100DY-12H
Ay — g N O e s rvae

L[] 100A
o VCES ... 800V
® [nsulated Type
e 2-elements in a pack
¢ UL Recognized
Yellow Card No, EBG276 (N)
File No. EBO271

-~

carion | K
& DC motor controls, General purpose inverters, UPS, CVCF, Welders, Servo controls,
Robaotics, Cutting tools, Induction heating.
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7. LRt

Y MITSUBISHI IGBT MODULgg %

" o

Ay~ ps

INSULATED Typg
i T
MAXIMUM RATINGS {1} = 25°C)

Symbel Parameter Conditions Ratings Unit
VCES Collector-emitter voliage G - E Short 00 vV
VGES Gate-emitter vollage C ~ E Short +20 v
ic TC =25°C 100 A
lcw Callector current Puise (Note 2] 200 A
1€ (Note 1) . T¢=25°C 100 A

] g — ]
IEM (Note 1) Emitter curre Pulse ’ {Note 2) 200 A
PC {Note 3) | Maximum collectar dissipation | Tc = 25°C 400 w
Tj | Junction temperature —40 - +150 “C
Tatg Storage temparature : -40 - +125 *C
Viso Isolation voltage Main terminal to Base, AC for 1 minute 2500 v
) 147 - 1.9 N
Main terminal screw M5 5-20 6 kg :“
— Mounting tarqua oo ) e 1.96 - 2.94 Norm | m
ounting screw 20~ 30 kg + om
Weight Typical valug 180 g
”
»>
ELECTRICAL CHARACTERISTICS (T = 25°C)
] Limits
P T i i
Symbol arameter esl conditions in Tva Max Unit
Ices Collector cutof] current VCE = VCES. VGE = QV — — 1 mA
Gate-amitter .
= = 10V
VGE) threshiold voltage Ic = 10mA, Vee = 10 4.5 6 75 v
IGES Gate-lsakage current VGE = VGES, VCE = OV — -— 0.5 uA
Collector-emitter iT=25C | - 2.1 2.8
Ic = 100A, VGE = 15V N
VCEtzat) saturation voltage i Tr= 150°C , © = 1004, Vae = 15 (Note 4) — 2.15 - v
Ces Input upac@nce Ves = 10V — —_ 10 nF
Coes | Sutput capacitance — — 35 nE
Vae = Qv
Cres | Reverse transler capaciance . — —_ 2 nF
Q6 | Total gats cnarge Ve = 300V, iC = 100A. VGE = 15V — 300 — nc
Vd ton} Tum-on delay time | VEG = 300V, Ic = 100A —_ — 120 ns
te Tum-on rise time | Vagr = veez = 15v - _ 300 ns
ta fo) Turn-clf detay time I Ag 26,30 (e - 200 ns
tr | Turn-o# fall ime | Resistive load swilching aperalion i — — 300 ns
VECiNote 1) | Emitter-coliecior voltage I IE = 100A, VGE = OV - | — — 28 v
I _tNote 1)| Reverse recovery lime | IE= 1008 — — 110 ns
Qrinote 111 Reverse recovery charge 1 die / di = ~200A / us — 0.27 . -— pC
Ro-eiQ Tharmal resistance [IGBT part (Per 1/2 module) I - — 0.31 1 omw
Rni<iR | FWDi part (Per 1/2 mogule) b — 0.7 | *CA
Rtnie-n Comtact tnermal resistance | Case to kn, conductive arease applied (Per 1/2 module) | — — . 0.18 SCIW
Note 1. 1&. VEC, tr. O & gie/at FEDresant cnaractansucs ol the anti-paratie!, amar to coligator freg-whae! dioge.
2. Puise width and repetitian rais should be such that the device junction lemp. (T)) do#s not exceed Tima: rating.
3. Junction temperaiurs (T)) should not ngrease beyond 150°C.
4. Pulse width nd repetition rats should ba such as 1o cause fiegligible tempsrature rige. . W
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MITSUBISHI HYBRID ICs

M57962L

A’ g Pé HYBRID IC FOR DRIVING IGBT MopyLES

—_——
i DESCH[P TION o o OUTLINE DRAWING Dimansions m men
l MS7862L is a hybrid integrated circuit designed far driving

n-cnannel IGBT modules in any gate-amplifier apptication. -— 51.0 MAx

This device operates as an isolation amplifier tar these rmed-
tles ard provides the required electrical isolation between
the input and output with an opta-couplar.

: Recammended madutes -

VCES = 600V serieg upto 400A class
VCEs = 1200v series upto 400A class

FEATURES
* Electrical isolation between input and output with opig-
coupler (Viso = 2500Vrms for 1 minuta)

* Two supply driver topelogy

* Buiit-in short circuit pratection circuit (With g pin far fauit
aut)

* TTL compatible input interface

APPLICATION

Ta drive IGBT modules for inverter or AG servg Systems
appiication,
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HYBRID IC FOR DRIVING IGBT MODULES

TEST CIRCUIT AND APPLICATION CIRGUIT EXAMPLES

Vi
Vour tr Lt
S o S o -80%
@ Ms792L D mi\.rcci 0 ) \
=2 1000F T I 0 (e et RO EEEI VN A 10%
O_DO_.@_ o2 100uF —.[r- \
TTL ete. 8 - 1PLH 1PHL
f « 20kHz Vee = 15V
D.F. = 50% VEE = ~10V
VIN = 5V Rext = 3.1}

Dt ; Fast recovery diode
{lr 5 0.2us)

PRECAUTION

(1) Because the 7 3 O @ & pin are the pins connected
between surface and back, the usage with electrical con-
nections from the outside are not permitted.

{2) \f reverse recovery time of D1 is long, ‘T: pin is applied
high voltage. in that case, counterplan for protection
which insert a zener diode between - and & pin are
necessary like above diagram. )

(3) The hybrid IC will output fault sign (*L") until suppiy valt-
age become stable whether supply voltage is on or off,
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