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MELBOURNE AND NETROPOLI TAN TRAMWAYS BOARD
TESTING BRANCH

DATE:

REPORT WO, B15/1/133

Requested by: Designing Engineer
ons

DYNAMIC BRAKING ON TRAM 977

1. PURPOSE
The Designing Encineer requested that an investigation
be carried out to determine the suitability of the dynamie
braking as fitted to Tram No,977 for general use in the service,

24 INTRODUCTION

The report comprises 4 sectionsi-

l. Design of test ineluding instrumentation.
2, Summary of vesults,

3+ Discussion of results,

4, Recommendations.

Tram No.977 was tested for retardation under various conditions
of load and gradient, The effeect of dynamic braking on the tram
equipment was observed. The results are discussed and
zrc%?mandations are made to improve the effectiveness of Such
raKing,

j : DESIGN OF TESTS

The tram wes driven over gelected gradients with
various loads, was equipped with the necessary instruments as
got out in Section 3.2, and carried a test staff of 10.

See Appendix 4, .

3.1 Cradients and T.ocads.

Trem 977 was tested under 3 sets of conditions,

A. On approximately level track (Miller St. Preston)
(a) with light load (£ ton)
(b) with seated load tons)
(¢) with erush load (10% tons)

Bs On steepest gradient available for test
(Riversdale R4, Wattle Park)
(a) with light load (% ton)
(b) with seated load (3% tons)
(¢) with erush load (10; tong)

G, A gories of runs each approximating to 24 miles
of gervice running.

362 Ins trumentation.

The trem was equipped with the following instruments,

(a) A Murday Traction Recorder consilsting of Volt-
meter, Ammeter,K Speedometer, Alr Pressure me ter
and Marker Pens.
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(b) Two Voltme ters to measure the voltages across
@ach pair of motors,

(e) Two Amme ters to measure the current in each
pair of motors,

(d) Two Stop Wateches to time the stopping period.

(e) Two Spring loaded whitewash brushes to merk o ;Z‘/"‘/ ool
the point of brake application,

(f) Two Measuring Chaing to measure 8 topping
distances. 4t 7 rpail

(g) Ductor and Brlidge Megger to measure resistances
of motorsy and contactor colls, to determine
temperature rises.

(h) A pyrometer and thermometers were used to
determine wheel tyre temperatures,

(1) The travel of the piston of the brake cylinder
was measured at specific times, before, during,
and af'ter the tests.,

Detalls of the connectlons and application of these instruments
are set out in Appendix 3,

3¢3 Dersonel .

THe tram was driven by the usual test driver from the
workshops and was staffed by electrical and mechanical staff
from the Testing Laboratories and the Drawing Office, The list
of staff and the duties performed are get out in Appendix 4.

4 SUMMARY OF RESULTS
The main facts made evident by the tests were:-

4.1 Retardation (&) The retardation by this dynamic braking
was of the order of

Ievel track light load 1,2 mepP.hepPsS. |

seated load 1.0 mgp.hpoSU
y erush load 0.)8 MePehRePsSs
7% Gradient light load
(down grade)seated load O Sggggd;u.ald
crush load 0
7% Cradient light load 2
(up grade) seated load 2.2
crush load 1.8

(b) It was found that with a crush load of
10} tons on a grade everaging approximately 7% (down) the
dynamiec braking held the speed of the tram to 24 m.p.h. from an
Initial speed of 25 mepsh. It was further found that a pressure
of 55 1lbs, sqe. in. of alr in the brake cylinders held the tram
to 23 mepshe from an initlal 25 m.p.h.

4,2,1," Bffect on lMotors

4:2.1.1 The current developed durilng braking was of the same
order as the current used in motoring. Consequently there were
"5 no special difficulties with commutation. It 1s realised
that just as abnormal driving cen cause severe current flows
during motoring, so abnormal braking, such as would be met with
iIf tram speed were allowed to rise above 35 m.p.h. could cause
short time peaks in the braking current,
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Such conditions were established on 11 occaslons during the
tests without the motors requlring any attention whatsoever.

4.2.1.2  The heating of the motors was not materially affected
by the dynamic braking, The tempersiure »§@e after 2 hours
continuous testing with 10} tons losd was 639°C, The temperature

pime of MOTOTSs in & servige car al'ter 3 hours of pegk service
running was Tound to be 60°¢. . .

4.2.1.3  The maximum voltsge generated by the moturs under the
most adverse test conditions was 1500 V. (Note. This

voltage was a peak lasting less than one gecond. The current
corresponding to this voltage was 93 emps.) At this voltage,
generated at a speed of 43 m.p.h,, the motors did not flash over,

4?202 E o to

During the 3% ton load tests at Wattle Park, facilities
were avallable for accurate determinstion of the temperatures of
the reslstors in the motor cirecuits and of the wheel tyres
(see 4.2.5). The maximum temperature mime recorded on the

resistors was 80°C. This is negligible relative to the materisls
employed in this eguipment,

40203 fe ontact

The contactor contacts showed no gign of wear due to
the extra duty. However 4 eoils failed during the tests and
all coils attained excessive temperatures.

4.2.4 ect o oe We

The increase of piston travel over the wholé test was
1-3/16%, and was ceused by 155 test braking applications and
1162 accompanying normsl brake applications. The distance
travelled during these tests was estimated as 190-200 miles
corresponding to 18 hours of normal service running. The
increase in piston travel after 18 hours normal service is of
the order of 7" fbr?gﬂoea of similar hardness (see Appendix 5).

4.2-05 I c e

It was observed thet after 3 hours continuous runni
requiring 108 brake applications and including 2 hours testing,
the temperature of the wheel tyres was 43°C. Some service cars
were tested on their arrival at Wattle Park., As the readings
were taken between 12 noon and 12.30 p.m. the service ears
would have been earrying light loads and running to easy schedules
get the temper turesoof their wheel tyres were - Tram Vo ,409

29C and No.24g - 807¢.

5.  DISCUSSION

501 Re e S e

From the figuresset out in Appendix 6 it can be seen
that although the ton-miles for tram 977 areé 960 compared with
ah estimated 540 for a comparable service tram, yet the brake
piston travel was 1-3/16" compared with Zg" for the service tram.
Also, the temperature of the wheel tyres of tram 977 was 40°G
whereas that of service cars on light duty was at least 800¢.

This indicates that brake shoe wear per ton-mile for tram 977 was
V.26 of that on the shoes of an air-breked tram.
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5.2 Smoothness of Avplication

The speedometer chart showed .a uniform retardation
when dynamic braking only was used. - There wasno feel of
Jerkiness on the tram and persons standing had no difficulty
in remaining ereot. — Because of the low retardation (approx.
1 m,p.h.p.8.) there was only a slight recoil if the dynamic
braking was cut off before the tram stopped. The rises in

cur{gﬂt ag each registance step was cut out were relatively
amall.

5.3 Overvoltage at hi apeeds

When dynamic braking was applied at a speed of over
4C m.p.h., the voltage generated rose to not lese than 1500 V
with a current of over 90 amps. Although the motors did not
flash over unger thls condition it must be remembered that
they were in "as new" condition and that weather conditions
being fine and dry were favourable to good commutation.
There was a clearly audible squeal from the commutators at
this speed. In view of the high voltage between commutaton’
segments 1t 1s elear that with the normal deterioration due
to service, the motors would be likely to flashover on the
commutator if the dynamic brake was applied at high speeds.
Ag they would be acting as generators in parallel snd without
any eircult breakers to isolate a defective unit, the extent of
the damage attributable to flashover could be considerable.
The possible deameage to gears, suspension and undercarriage as well
as to motors warrants the taking of precautions against the build-
ing up of such excessive voltages.

5l Braking and Power Supply Interruptions.

The contactors used in the control ecircuits for both
power and braking are supplied with current from the overhead
line. Itwas observed that the interruption due to the trolly
wheel passing under a Section Insulator would allow the contactors
te open and cut off the dynamic breake. On restoration of supply
there would be a delay of #-2& seconds depending on the speed of
the tram before maximum braking was reapplied. As approxi mately
3/5 of Section Insulators (over 70) are placed near Stop Marks
(to reduce wear on O.H. fittings by placing them in positions
where trams will not be drawing power) there will be many places
where breking effort will be reduced Just as a driver is making
a stop.

5.5 Effect on Emergency Braking

The dynamic braking was not generally effective in
emergency stops because the shoe brakes frequently gripped the
wheels so firmly as to cause a near skid. Under these conditions
of low r.,p.m. of the wheels, there was of course little current
generated, with consequently little retardation from this source.
Under heavy loads and/or down steep grades the skidding was less
and the dynamic braking was operative.

5.6 Reliability of eguipment used.

The only portion of the dynamic braking equipment
which proved unreliable during the tests was the contactunit.
It is recorded that four contactor coils failed. Of these,
three coils, were on Resistor contactors RR2, RR3 and R3, and
one was on Braking contactor B4. The aﬁxiliary contacts on
the contactors alsc falled on several occasions.
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Be T Driver Reaction

5.7.1 "Feel of braking,

The smooth action of the dynsmic brakinz together with
the delay in building up does not gigg the feel of "bite" to
which drivers are accustomed, Therofore they feal less secure
then with clasp brakes so that 1t 1s to be expscted that they
will use someé air with most applications, As a result, when the
dynamic braking does build up, the tendency is for the driver to
release both air and dynamic monentarily, bthen have to veapply

them, thus causing jerky sto . This could be Wveided o7 with
traiﬁing and practice, pping R °

5,7.2 Continuity of Braking Effect.

The loss of dynamic braking due to Interruption to the
600 Volt supply such as would be caused by pessing under an
insulated overhead fitting, by the trolley wheel leaving the
overhead wire or by failure of the power supply would cause some
drivers to regard the equipment as unreliable,

57«3 Use of Interlocked Power@rak;gg

The drivers wlll soon learn that the first movement of
brake handle will cut off power, and there will be a tendency to
use this method of cut off, instead of using the controller in
the aprroved manner, _

An advantage will be that there will be less tandency
for drivers to hold the motors on lst noteh at a stop with the
air brakes applied, This will be iImpossible - unless the foot
switeh 1s used., It 1s noted that switching off the "Brake"
switch on the canopy will not obviate the use of the foot switech
in holding power on with brakes applied, The footswitch is used
legitimately for such purposes as holding some air in the brakes
with power on to operate Automatic Points Controllers,

6. RECOMMENDA TT ONS

6.1 Protection against overvoltags.

The power circults used for dynamic braking should be
redesigned to provide either (a) approximately double the
resistance in the main circult, or preferably, (b) a measure of
fleld weakening, Thls addition should be so designed that the
voltage generated at 35 m.p.h. would not exceed 900V, The
current Control relay should control this additional equipment
in one or more steps according to the method used,

6.2 Redesion of Contactors.

The contactbrs should be ®edesigned using an Improved
type of armeture hinge in order to reduce the rumber of ampere
turns, and hence the heatling, In the coills, - To provide against
demage due to peak voltages induced when the coils are opened off,
they should be layer wound on dilvided spools with speclal care
against glip of end turns. They should be insulated every 10
layers with ,003" Cellulose Acetate., Opportunity should be taken
in the redesign of the carcase to provide improved auxiliary
contacts, The maka-before-break contacts should be of the
positive overlap type. All suxiliary contact faces should be of
silver: with the stationary contacts faces serrated. The
contactors shoudd be so designed that they will operate
contimiously with not more than 6000 rise on a voltage range

betwesn 400V and 650V,




- -

REPOR! 15/1/1°

6.3 Braki and Power Suppl nterruptions.

A 1000 Ohm 600 watt resistor should be provided to
act as a discharge resistor o delay the decay of flux from the
colls of all contactors used for braking. The cirecuit should
be 80 arranged that the coils are free to release guickly in
response %0 the eperation of the brake controller, while providing
for delayed release upon failure of the 600V supoly.. A possible
cireult is shown in general form in Appendix 8.

6.4 Rearrangement of Braking Steps.
The wvalues of resistance per step at present are as

feollows. :

1 - 3.8 ohms (all resistanece in eireuit)

2-~-2.9 RR2 closed. ;

) = 2.0 ¢ RR2 & R2 glosed. ' -

iI-LEx ¢ RR2, R2, RR3 closed. -

h =08 * RR2, R2, RR3% & R3 closed.

6 -0.4 * RR2, R2, RR3, R3 & RR4 closed.

T =G * RR2, R2, RR3, R3, RR4 & R4 closed.

In order to achieve more even steps in the braking,
it is recommended that the sequence should be as follows -

1 - 3.8 ohms (=2ll resistance in eircuit)

2 ~-2.9 RR2 closed.
-2.0 ¢ RR2 & R2 closed. |
4 --1.0 * RR2, R2, RR4 closed.
5 =0.0 ¥ RR2, R2, RR4 & R4 closed.

In order to protect sgainst excessive voltage at high
speeds, it 1s further recomménded that one step of field
weake and one step of extra resistance should be added ahead
of thé/steps referred to above. Then the sequence would be -

1 - Field weskened & 6.8 ohms in eircuit
2 - Full field & 6.8 chms.

3 - i 1] & 3.8 it

e 8 5 & 2.9-1* RR2 elosed.

- W " &&.0 " RR2, R2 closed.

6 - * % &.0 }* RR2, R2 & RR4 closed.
Tet * &2B.0 ¥ RR2, R2, RR4 & R4 clesed.

- These 6 steps should be controlled by the Current
Limit Relay as at present.

Report prepores by

L Lt Mo, oy,

Jéwesfgnzﬂé¥7,ﬁk9¢05wv: jfgi j@sﬁég?lﬁ%ngfeﬁ
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CAR N0©.977 CLASS S,W.,6.
Tare of Car 16,8 tons
Seated Load 3.5 tons
Crush TLoad 10,85 tons
Motors s No, & Type 4 XGE247

Relay Walve

TRAMCAR BRAKINC TESTS

SEATED CAPACITY 52 TRUCK TYPE 15
Brake cylinder dia, "
Alr pressure range: 60 -« 70 pe.s.i.
Brake Diagram drg. Re 5553A
Braking ratios % at 1lbs,

Brake Eff'cy 3

% of Theor. press,

Votorman's Valve Shoe hardness 2 Av. 227 Range 197-255
Emergency Valve Wheel diameter, 28-3/16"
Resistances of Motor and Contactor Colils at 12°C (Ambient)
Registances of Motor Windings. ! -Registance of Coils.
_ ] i
Motor Arma ture Fleld | Coil Resistance | Coil Resistance
|
No.l Hotorgrrom No.l end 0.54 . 0. 342 . i B2 4378 RR2 4610
2 ) 0.58 0.344 | B4 4270 RR3 4013 ol
' iz g g
3 )from No.2 end ~ 0.54 04348 -l R3 6680 | RR4 4099 .
) 4 | _ ‘,
4 ) 0. 52 0337 | R4 4143 - a

T/4T°9 *ON THOdSM

=t



(a) Murday Receorder

(b)

(c)
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ANSTRUMENT CONNEGTIONS

1. Veltmeter. The instrument was recalibrated by adding
external resistances te read 1500V full
scale, It was connected from terminal
B3-B4 to Earth, It thus recorded the
voltage of the motors above Earth.

2. Ammeter. The instrument was connected to a BGC amp
shunt which wes inserted between terminal B3-
B4 and the current limit relay. It thus

recorded the total current from the four
motors,

3. Speedometer.
The instrument was connected to the Murday
generator which was chain driven from No.l
a&xle. The diameter of the wheels on this axle
was measured and the ccmpensator adjusted
accordingly. The generator, compensator &
instrument were then checked for accuracy
and found to be within 25% in either direction
of rotation. The lnstrument thus recorded
the speed of the tram as determined by the
revelution of Ne.l axle,

4. Alr pressure Heter.
This instrument was o nnected directly te the
brake eylinder and thus recorded the air
pressure applliled to the piston.

5. Marker Pens.
The magnets of both pens were connected 1in
geries with each other and then connected in
geries with the coil cf Contactor Bl. The
pens thus indicated, one on each cnart of the
recorder, the time at which the Braking Con-
tactors wer€e energised.

Two D.C. kcdel Avometers set to 1200 voli range were
connected (1) from Terminal B3-B4 to Terminel Bl & (2) from
Terminal 1B3 -B4 te Terminal B2. They thus indicated (1) the
voltege generated by motors Ncs. 1 & 3 & (2) the voltage
genersed by motors Wos. 2 & 4. These instruments were used
to determine the balance in voltage between the two groups

of motors. They were alsc used 1n an endeavour to determine
the maximum vpeaks in the voltage generated, as the pointers
of these instruments moved more freely than the pen of the
recorder. After several days testing, 1t was realized ths
there were no ccgnizable differences between the readings
from the two groups of motors so one meter was dispensed with.

sd & VignolXes Millivolt meters were_connected W
z:gzgge::g:ghuntagﬁhich were inserted (1) in the cable
connected to Terminal Bl & (2) in the cable connected to
Terminal B2 They thus indicated (1) the current flowing
from motors.Nos. 1 &3 & (2) the current flowing from motors

- i ; s were used to observe the
Nos. 2 & 4. These 1nstrumeg: o8 Smtss SPALOLEEY. - S
realized that there were no ccg-
nizable differences between the reedings from theot:o gigupa
of motors end so one meter was digpenged with. whng Lt
the relationship between the millivolts drop over the 8 8
and the seale of the meters, it so happened that the reading

several days testing it was
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(e)

(£)

(g)

(h)
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o

of the meters con
current in ampere

Twe Heuer Stop Watches measuring 1/5 seces. were used by
two testers practised in the use of these instruments.
The time wss measured from the moment of hearing the
signal to "Brake" until the trem came to & final stop.

1d be taken as a direct measure of the
8 of each motor,

A sultable brush dipped in whitewash was fitted to the

front offside corner of the tram and so arranged that it

was normally held againet a spring so that it was clear of
the roadway. A cateh cperated by a wire attached to the
brake lever was arranged so that the first movement of the
lever released the cateh and the soring caused the brush

to swing down and touch the roadway sc¢ as to-leave a white
mark at a spot closely corresponding te the point at which
the brake was applied. A similar brush was mounted at each

end of the tram so that the readings could be taken in each
direction of travel.

Two 66 ft., surveyors chains, handled by two testers, were
used to measure and to check the distance from the Brush
mark teo the point of stendstill of the tram.

An Evershed and VignolXes Ducter having scale from 0-5C0
micrchms to O-H chms was used to measure the resistance of

the flelds and armatures of the motors. It was found that
there was negliglble difference between the readings thus
cbtained at the moter terminals and those at the reversing
barrell in the controller, provided that the readings of motors
Nes. 1 & 3 were taken at the controller at No.l end and Hotors
Nos. 2 & 4 were tasken at the controller of No.2 end. From
the readings thus obtained with the motors at ambient tenm-
peratures and agaln at variocus times during and immedlately
after tests, it was possible te calculate the temperatures of
fields and armatures.

A 1CCCV Bridge-Megger and decade box was used to
measure the resistances of some of the contactor coils.
From the readings thus obtained with the colls at ambient
temperature and again at varicus times during and inmediately
after tests 1t was possible to calculate The temperatures of
the coils.

Two 200°C Mercury in glass thermometers were used to deter-
mine the temperatures of wheel tires at various times during
and immediately after tests. The thermcnmeter bulb was hal
against the tire by a piece of plasticene, and was kept in
contact until the reading became steady for 1 minute.

The same arrangement was used to determine the temperature of

~"the resistor R3-R4 — this belng the last section of the

(1)

registor to be shorted out during either motoring or braking.

On one day of the test, Wednesday 26th March, 1t was possible
to obtainythe use of an Ethor Surface Contact Pyrometer. The
readings obtained from this instrument confirmed the order of
temperature obtained from the mercury in glass lnstruments.

The travel of the piston of the air brake cylinder was marked
before zge oommencgment of the tests, and was checked at
verious times during the series of tests, and agaln after the
tests were completed. In each case the original marks were
uged in determining the inerease in travel.
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PERSONNEL

e S A S it

The following personnel were engaged on the tests
and carried out the obgerwations as shown.

Barry J.
Coates I.
Collins E.
Drummend G.

Foster G.
Fouvy L.

Hopkinson 5.
Ken-Allen R.
Miller J.
Steele C.
White B.

Flagman
Steppling Time A Stopping Distance Al.
Ampg Balance.
Supervise & Assistance (Temp) Tests & Stopplng
Distance B2.
Stopping Time B Air Pressure.
Murdey Recorder; Resistance (Temp) Tests
& Brake Piston travel.

Driver,

Stopping distance Bl
Stepping distance B2.
Records, Wimperis.
Velts Balance.
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APPENDIX 54,

BRAKE SHOR H‘{\J{DNE

S5_AND WRAR.

The recorded
5 inerease in Piston travel for 200 miles
on Tram 977 wes 1

with shoes of Brinnel Hardness No.227,
and the tcn miles traveliea were 960

This is compared
with the increase in piston travel fon

| & service tram for the
firet 200 miles with a set of new shoes.

Report S3/1/2%47
_ inches for the first 200 miles
with new shoes on a2 tram with similar brake rigging to Tram 977.

Fié.? shows am increase of 1}

However, the shoes in this ease had = Brinnei Hardness No.160.
from Fig.1l2 of the same report it is found that the ratio of

wear for shees of B.H.N.227 against shoes of B.H.N.160 is

75/123. Thus the corrected piston travel for the service
o 2 2?’23
tram would be 'Igg of 12 inch. = 26 or .8789. This

corresponds elogsely with a check taken on Tram 928 at Preston
Depot oh 2ist. and 22nd.June,1954 in which an inerease of ¢
was observed for 18% hours service with shoes of normal hardness
but. which had done more than 200 miles.

5 From this it is found that the brakke shoe wear per
ton ﬂile on the tram with dynamic braking expressed as a
percentage of $hat on a service trem with air brakes only

was of the .ﬁrdér of

100 1900 - . :
N
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Iram 977 travelled a distance estimated at 200 miles
and carried various loade as follow:—

Tests 1-42 and 126-155 74 miles at ton = 37 ton-mlles,
3-062 and 100-125 56 miles at 3§ tons = 196 * R "
=99 71 miles at 10% tons = 728 " ¢

961
The distances are estimated, $o say 960 ton-miles.
Service Tram:

To obtain compareble figures for a service tram,
reference 1s made to Report No. 85/1/2347 Fig.2 which relates
brake shoe wear expressed in terms of piston travel, to miles
run in service. In erder to obtaln ton-miles for a day's
service running the following schedule of loadings was adopted.
This schedule 1s based on figures obtained from the Trafflc
Branch giving probable loadings on the Brunswick lines in 1946
when the above report was prepared.

For trams on these routes, schedule speed was 11,69
m.p.he. with a running time of 70 minutes for the round trip.
The route distance is 6.369 miles giving an aversge speed over
the day of 10.92 m.p.h.

Sche e
Hours Time (hre.) % Hour-tonsg
din s)
0530-0 0.25 .25 0.062
o A
0630-0715 0.75 2.0 1.5
0315-0 00 0.75 5.0 3e(D
0800-0845 0.75 2.0 1.5
0845-0930 0.75 4.0 '%' .0
0930-1230 %0 2.0 .0
1230~1400 1.5 25 3+75
1400-1530 1.5 g 9 5.35
1230—1 15 0.75 4.0 2.2
1615=-1700 0.75 8.0 .05
1700—1&45 0.75 . 0 i
1&45—1 30 0.75 2,0 1.22
1830-1915 0.75 1.5 125
1915-2000 0.75 4+5 34375
e i i3 ¥
G"“ ® L] °
23245-2400 0.25 0.25 0.062
18.5 hrs. 49 «40
11 er day of 184 hours would be |
ig?i ﬁ?igfgg'ﬁ 523 %ondmilea.l
o= (Hote. The estimated loading is the average ’

over the whole of each period and is
%ggdtgg peak load ecarried during those periods) .
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CONTACTORg 3
It ¢ >

the tests, So;egggded that.4 contactor eoilg Tailed durin

RR2, & RR3, ang o* 3 ©0ils wepe on Resistor Contaectors R

4’560 S ;011 ogn;:’)w;:sonhBrak ng Contactor Algo the '

ubsequent to tng Soiks a*-‘- anged for a 6,000 ohm coil,

varied by & D 354 f‘rhe resistance of the coils tested
6,000 ohm cojlg tested varieq by + 2.9% to - 3.64

4,500 type 6,000 type
l. No. of CCils tested. 10 10
2, No. of turns. 36,000 46,000
3. Gauge of wire, 37 8sWG 34 B&S
4. Size of wirve, <0068 in. 0.0063 in,

5. Area of wire, 36x10~68q.1ns.  31x10-6sq. ins.

6. Current density. 3700 amps/sq.in. 3260 amps/sq.in.

e Cylindriecal radiating : 34.9 8qg.ins. 34.9 sq.ins.
surface,

8. Resistance (average of 4,520 ohms, 59945 ohms,
10 eoils). :

9. Current @ 600 V (av). 0.133 amps. 0.1009 amps

10.Am§ere turng " "* ® 4,788 4,641

11, Watts e 79.8 60.5

12.Watts radiation per 2.29 1.73

8q.ins.(av).

. ick up and drop out
s were then tested for p
2325.&3:11:331:;;'&: up and drop out times. There were 10

contactors of each of two tTypes. |

{A) One complete car set of RC2 equipment LSl, RR2, RR3, RRY4,
182 & JR, R2, R3, R4, C. o

(B) Contactors on Tram 977 - Bl, B2, B3, B4, RR2, RR3, RN, R2,
R3, R.4.

Laboratory. :
) e 6000 ohm coile and were tested in situ.
Set (B) wer

The same eguipmen
of tests.

t and procedure was used in both sets

e T e —
——R Ry By P
- R
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figures were obtained,

R.C.2 EQUIPMENT,

The following

PICK UP
| DROP QuUT
tactor Cont act Full

Time Coil Dats Armature Full Gont.FullJ
Al Gole
No. v n/A vV m/a m/A v

m/A ohms. V. m/A V m/A m/8 m/8
R 225 47.5 305 64.5 140 600 125 4,800 130 27.0 15,0 64 108
IR2 180 42.0 370 86.0 118 600 135 3:450 1%0 3;.0 %g 1?.5 63 150
R3 180 42.0 335 78.5 126 €10 140 4,250 150 32.0 68 15.5 64 126
R4 185 43.0 390 89.5 124 ¢goo 130 4,620 167 3.5 75 17.0 54 128
; 195 44.0 475 105.0 130 625 132 4,730 152 33.0 90 20.0 64 150
S1 180 41.0 275 62.5 120 603 133 4°ai0 150 358 61515.5 68 96
2 180 42.0 265 63.0 124 610 139 4,390 120 28.8 65 12.5 28 128
R3 205 47.0 315 72.0 126 600 134 4,480 150 36.0 70 16.0 60 126
R4 175 42.5 325 80.0 132 60p 135 4,450 125 32,0 60 15.0 70 96
182 185 40.0 325 74.0 116 600 133 4,510 170 39.0 65 15.0 58 124
3
i Contaet pressure with full exeitation was 16 1bs. - 1 1b.in each
gcase.
DYNAMIC BRAKING EQUIPMENT,
Bl 170 29 265 46 134 585 102 5,730 85 15 75 14 = 8
| B2 160 2 285 43 130 560 96 5,830 <~ - 85 15 - 70
|B3 165 2 215 35 120 590 96 6,140 -~ - 35 %3 2 5@
| B 1%0 28 270 45 136 585 99 2.910 145 54 103 15 =5
RR2 180 28 210 33 - 570 94 6,060 110 2 2 { - e
iRR} 180 27 250 39 = 575 94 6’%’30 190 %B 88 i4 i
me. 160 27 215 36 - 550 92 2. 0 go : 5 o
e R S S e
(ML TN SRk = Smam D i oHiG £ Y F
) R4 175 2 280 45 «-: ‘50" 96 5,
On examination it was found that the magnetiec circuit of
efficient because of relatively large air gaps at
?ri: ggﬁ;:?tom waghir;e was a strong leakage field in this area when the

! de between a
0il was energized. The following compariso_n was ma
’ifjéé of'x:l cgntator and one of the PCC car having similar duty, i.e. 100
amp capacity.
4

T.B. 00 T.B. 6,000 P.C.C,
Watts 79.8 60.5 27
56. 4 47.1 37
I&::agg ;?'iggufe 16 1l1bs. 11 1bs. 15-25 1bs.
Vatte/eaq.in, e . 2
Watts/sg,in.as % 266.0% 201% 100%

failures were due to

Examinat 0ils indicated that the

exilgeggviogegiiggiiighcconseauent movement of end turns ghug pe:mitting

EvitempgEeianeen end vurids egpﬁ?éﬁlﬁﬁggzga;;ggigg ;unggur: the

switehing. These transien i B :

1nau1ati§n and fuse turns from different 1ay3rstg089£he§in and!‘z;e

resultant decressed resistence would set up fur e;‘ eawhigh R

decreased number of turng increased the volts per tursbles are avoided if
further failures on subsecuent switching.  These tro LRI et

(1) the coils are designed for adlgwg:tgog.tggemg:‘: }:ggtigns Lol it
resistors, (2) the spool is divide n to ensure that end
5) the with special care taken to

-g?xz-na c&::g% igiéaﬁgznfo?ﬁ? the layers are insulated with 003" Cellulose

Asetate every 10 layers. . ,@%7’%&%’{/—



