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AUTHORIZATION

E This test was authorized by reference (a) and other
additional references pertinent to this problem are listed as references
(b) and (c).

Reference: (a) BuBng.ltr. 58172/565-(10-31-Ds) of 31 Aug.l935.
(b) Navy Department Specifications SGS (65)-10
of 15 April 1935.
(¢) Contract H0s-37790 - PORPOISE and PIKE.

OBJECT OF TEST

2. The object of this test was to deotermine whether the systenm,
jntended for submarine application, conformed with specifications,
reference (b), end its suitability for Naval use, under reference (e).

ABSTRACT OF TEST

2 The equipment, shown by Plate 1, was interconnected electrically
to a 115 volt dircct current supply and checked for conformance with
specifications, reference (b). The complete system was tested for
endurance by opcrating it for 500 continuous hours, at a speed of 300
r.p.m., the approximate surface speed of the ships for which 1t is
intended, reference (¢). Upon completion of the endurancc run, all
remaining tests wore made in order, as outlined under reference (b),
paragraph I-2.




CONCLUSIONS

(a) This system, as manufactured and submittcd by George Walker
Company, for suitadility test under Contract refercnce (e), failed to
comply with the requirements of the speeifications, refercnec (b),
as noted under "Comments" of this rcport.

(b) The electro-chronomeiric control unit, which is the heurt

of this system, is too frail. Undcr shock, the rosct snd clutch relays
shift and producc crroncous indications in the system.

RECOMMENDATION

(a) It is recommcnded that this system bo not approved for use
in the Naval service, due to non-conformance with the specifications,
=#s noted under "Comments", paragraphs 41 to 45 inclusive.
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DESCRIPTION OF MATERIAL URDER TLST
DECLILLY

Ais The system, shown by Plate 1, is one of two intended for
installation on the USS PORPOLSE and USS PIKE, 1t is designed to ucisure
the speed ond average speed and totul revolutions of the shafts.

5. The equipment submitted consists of the following:

2 - Shairt Transmitters

1 - Two Shaft Revolution Indicator

1 - Two Shaft Revolution Indicator
with Mechanical Counters

1 - Two Shaft Revolution =nd Average Revolution
Indicator

1 - Electro-Chronometric Conirol Unit

SHAFT TRANSMITTERS

6 These two units are identical, cach being enclosed in o
watertight composition BE casc. The cuse cover ig removable and cubodies o
watertight glass window for rcading the six (6) digit mechanical "Vecder"
counter und cllows free access to the mechcnism for adjustmcnts or
replacements. + ig driven from the propeller shaft through suitable
geers having n ratio of 3:1, so that 2 speed of 300 r.p.m. of the pro-
peller sheft produces o specd of 900 r.p.m. ot the main tronsmitter shaft.
The motion to the contact moking deviec is trunsmitted by several brass
gears and two (2) shafts. The ratio of these goars is such that the canm
shaft rotates 100 r.p.m. when the propelier shaf't rotutes 300 pip-n, The
contact making device consists of 3 pairs of flat phosphorous bronze
springs provided with tungsten contacts, mounted on insuluting natericl.
Each pair of contucts, excopt tho direction signul conteets, is shunted
with a 1 MFD. 1000 V. condenscr in scries with o 25 ohm resistor. Three
insulating cams, spaced 120°, oporate the contacts. The transmitter shaft
is equipped with ball bearings and o wutertight stuffing glund where it
extends through the case. This unit is showm by plates 2 and 3.

THO SHAFT REVOLUTION INDICATOR

7 This instrument indicutes r.p.m. of the port and starboard
propeller shafis. It has 4 disls, each provided with 2 pointers. Bach
dial has 2 concentric scales, the outer graducted 0--100 in steps of 1 r.p.m.,
the other 0-600 in steps of 100 r.p.m. The dials hove & Ml.ck Dackground
and the gradustions, numerals, and pointers are painted with radiwm
luminous material, activated by 6-VG2-A lamps. Two direction signal targets
are provided, each being operated by contacts located in its respective
chaft trencmitter. When the shafts rotate "ihead", the target is white,
when reversed, "B" painted with luminous material on a red background is
visible. The case cover is rcmovable and hes 4 windows for reading the
dials and 2 smallor ones for reading the direction tergots.

8. The entirc mechanism of this instrument is mounted ona hinged
aluninum plate sccurcd by machine scrcas. Mounted on this plate cre 2
indicating units, 2 ball typc clutches with electro-mognetic relecses,
and 2 direction targets, as well as the lamp sockets. Fach unit is
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operated by a step by step motor and 2 mechanism which functions at
alternate intervals. Thus one dizl indicates the revolutions of the
propeller sheft during the preceding minutc, whilc the other is counting
the revolntions of the shaft during the present minute. The system is so
timed that the counting period is 1 minute and the indicating period is
55 seconds, 5 seconds being allowed for resetting the pointers to O.

9 Each unit has & dial shaft, moving magnet, armature disc,
clutch disc, escapement deviece, roeturn spring and stop, and the necessary
gears.

10, The motor is geared to 2 large gears, cach supported on 2 dial
shaft, but free to rotate independently of the shaft. Secured to each of
these gears is a drum containing an clcetro-magnet and provided with 2
glip rings and brushes so that the magnot way bo cnergized. Adjacent to
this magnet is a steel armeturc dise having e sclf-uligning feature and
being supported on a stesl clutch dise. This disc is secured to the dial
shaft and is frec to rotate the pointers in a clockwisc direction #zainst
the tension of a return spring. & ball-type clutch is providad to provent:
the return spring from rosetting the pointers whon the counting perioed is
terminated and the rotating mognet is de-energized. & magnetic rclease
is provided so that the pointers will return to O at the end of their
indicating poriod of 55 peconds. To regulate the rote of return to
0, an escapement is provided end = pawl type stop engeges a knotch in the
clutch disc. The pointers arc provided with suitable geers so that one
indicates units, the other hundreds of r.p.m. This instrument is shown
by plates 4, 5 and 6.

THO SHAFT REVOLUTION INDICATOR kITH HECHANICAL COUNTERS

1% This instrument is identical to that described in paragraphs
7, 8, 9 and 10, except that it incorporates 2 six digit "Veeder"
mechanical counters, figures painted with radium lumincus material. These
counters are driven continuously from their respective step by step motors
through suitable gears. The counters are vigible through 2 additicnal
windows located in the case cover. The instrument is shown by plates 7,
8 and 9. '

TWQ SHAFT REVOLUTION AND AVERAGE REVOLUTION INDICATOR

12. This instrument is slso identical to that described in
paragraphs 7, 8, 9 and 10, except that it incorporates an additional unit
for indicating the average r.p.m. of the port und starboard shafts. This
is accomplished by driving the unit through a mechanicel differcntial
from the 2 step by step motors. The instrument is shown by plates 10, 11
and 12.

ELECTRO-CHRONOMETRIC CONTROL UHIT

iy This instrument is housed in 2 cast aluminun alloy case
provided with four mcunting luzs and two bosses tappud for 3/4" terminal
tubes. Two three-pole, double throw relays, and = double pile, dcuble
throw relay are incorporated. Two Homilton-Sanzans scven Jewel clucks
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with electrically wound mechanisus are mounted on' plates higned in the
cabinet. BEach clock operates & pair of contacts, prote.ted by shunting
with a 0.5 #FD condenser in series with & 100 ohm resistor. These

contacts operate the double-pole, double throw rclay, which operates the
clutch and reset relays, which s.rve as master switches to control the
jindicating units in the systonm. These relays huve roller type coin silver
contacts mounted on the sruaturc and stationary contucts of coin silver
mountzd on {lat phosphorous broaze springs. The contucts are protected
with a 1 MFD condenser in series with =z suitable resistor. An external
switch may be used to transfer the timing of tae system from one clock

to the other. Buch clock is provided with a black dial having white
numerals and hands. The dials are partly cul out so that the balance wheel
may be obscrved. The rcmovsble casc cover is provided with 4 windows, 2 for
the clocks and 2 for the 3 pole rclays. The instrument is shown by

plates 13 and 14.

METHOD OF TEST §

14. The entirec egquipment, shomm by plate 1, was interconnectaed
clectrically to a 115 volt direct current supply and the system opcrated
for the required 500 hour cndurance run. During this test, the 2 shaft
trensmitters were driven by synchronous motors through suitable geurs, at
a speed corresponding to a propeller shaft spued of 300 r.p.u. The
dircction of rotation of the drivingz motors wes reversed for one hour in
every twenty-four of oporation. At the oxpiration of each 100 hour period,
of the requircd 500 hours, the test was interrupted for a short period
to allow for oiling.

15 Upon completion of the cndurance tost, the system was checked
for sccuracy, ot shaft speeds of 60, 100, 150, 200, 250 and 300 r.p.m.,
for periods of three hours clockwisc and threc hours counter-clockwise.

16. It was next tested for its shock intcgrity, by subjecting
represcentative instruments to 20 blows of 250 foot pounds, while moumted
on a Burcau of Engincering standsrd shock stand and glectrically
connected in the system, and cperating at a shaft speced of 300 r.p.m.

i7. Following the shock tosts, the test for accuracy was repeated,
as outlined in paragroph 15.

18. The temperaturc compenscation tests were next conducted by
successively placing the electro-chronometric control unit and the two
shaft revolution and average revolution indicator in a compartment for
twenty-four hours. For the last two hours of this pericd, the system was
energized from = supply of 115 volts dircct currcnt and operating at a
speed of 300 r.p.m. Thc ambient tcmperature for the control unit was
115°F, and 135°F. for the indicator.

125 The system was next tested to note the effect, with respect-
to accuracy, while operating at a shaft spced of 300 r.p.m., when the
input voltage was varied + 10%.

205, The dielectric test was next made b} gubjecting each instru-
ment ka EON walba A0 erale sltornating enrrant. betwecn ceach turminal and
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ground for a period of one minute.

21, Succeeding the dielectric test, the insulation resistance
between cach terminal and ground on cach instrument was measurcd with a
500 volt ucgger.

22. The efficicncy of the dial illumination was determined by plac-
ing each instrument, except the shaft transwitter, in e totally dark room
and obscrving thoe distance at which the dials could be read when the type
VG2-A lamps were energized vith 115 volts, direct current.

23. The test was concludod with the ususl test for watertightness
and a general inspection of the equipment to detcrmine its conformince
with the specificstions relative to design and workuanship.

RESULTS OF TEST

Endurance: Specifications, Par. F-2¢(2).

24. The systom was operated for a period of 500 hours ut a shaft
spced of 300 r.p.m., the approximatc maximum surfacc spced of tho ships
for which the cquipment is intended. However, beforc this test could be
made, it was necessary to vreduce the spring tension on the armaturces of
both the reset and clutch relays of the electro-chronometric control unit,
to allow them to function when cnergized. It wase accomplished by placing
washers, 09012 thick, underneoth the armature rcteining springs. The
maximum crror observed during this test was 1 r.p.m. It was also noted
that the direction signals on the two shaft revolution and avorage
revolution indicator did not operatc due to open magnet windings.

25. Over the period of the 500 hour endurance tesht, the indicator
revolution counters checked with the propeller shef't trensmitter counters.

ACCURACY AFTER ENDURANCE TEST

Specifications, Por. F-2¢(7).

26. The date recorded during this test are ziven below:
Shaft Speed Port R.P.H. Starboacrd R.P.id.
R.P.M. Indicated Error Indicated Error
60 59.5 0.5 595 0.5
100 99.5 0.5 99.5 0.5
150 149.0 1.0 145.0 1.0
200 199.0 10 199.0 1:0
250 249.0 156 249.0 1.0
300 299.0 0 299.0 1,0

Note: There was no differencs in the transmitted rovolutions and the
recordcd revolutions that could not be attributed to the nunman error in
reading the counters while thsey werc operabing.
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SHOCK TEST
Speeificutions, Par. F-2¢(5).

27 The instruments subjected to 20 shocks of 250 foot pounds,
while mounted normally on a staadard Bureau of Engineerin; stand, while
electrically counected in thec system and operating at a shaft speed of
300 r.p.m. verc as follows:

(a) Shaft transmitter

(b) Two shaft revolution indicutor with mechanical counters
(¢) Two shaft -revolubtion and averase revolution indicator
(3d) Electro-chrononctiric control umit

28. The shaf't transmitter was unaffected when subjected to the
shock test.

29. The two shaft rovolution indicator with mechenicel counters
failed .0 withstand the test. Upon cpplication of cne 250 fcot pound
blow, with the past minute count of 300 r.p.m. indicating, the pointcrs
moved counter-clockwise to 270 r.p.m. snd did not return to O at the
time of the reset period. Therefore on the next minute count, the error
becamc additive and the dials indicated 570 r.p.m. instead of 300 r.p.m.,
true shaft spccd. This was due to the ball-cluteh device releasging for
a short period at the instant the shock was applied. Although the
instrument vag inoperative, the remaining 19 shocks werc given to determine
additioncl defects. An inspection disclosed that the only defect arising
from the shouck test was o bent roset bur which provented the reset meagnet
from releesing the ball clutch device. This was corrected by stroightening
the bar, after which the instrument could bho operszted.

30. The two shaft revolution and aversge revcelution indicator also
failed to mect the shock test requirements. After cpplication ¢f 2 blows,
the instrument became crratic, failing to reset end thercforc indicating
erronecus r.p.m. on the next counting pericd. 4&fter applicaticn of the
required 20 shocks, the instruucnt wes exauined and it was found that the
leads to the upper reset magnet were poorly connected. ¥hen the leuds
werc properly soldered, the instrument could be operated.

SIS The electro-chronometric control unit was not satisfactory
under shock as one of the clocks failed upon spplication of the seventh
blow. After the tenth blow, the timing of the system was transferred to
the starboard clock, but the indicators continued to operate crratically
due to the shifting of the releys under shock. This clock operated
satisfactorily following the shock test, but it was observed that the dials
on both clocks were bulged.

ACCURACY AFTER SHOCK

325 There was no observable increasc in the error of the system
after the application of shock. 1n order to conduct this test it wus
necessary to make minor repairs, outlined in paragraphs 29 ond 30.
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TEMPERATURE COMPENSATION

Specifications, Por. F-2e(3)

33. This test wus tnde os oubtlined in peragreph 18 snd it wus
found that the control unit did not funetion zt cn zambicnt tewper: ture of
115°F. This was attributed to the failurc of the reset wnd elutch rileoys
to function 2t the tiue they werc cnecgized. To verify this, the spring
tension was further decreaszd by ploeing additioncl washers under the
armature rctaining springs cnd the roluys functioned properly.

3l The specified smbicnt tewperature of 135°F had no effect on
the operation of the two shaft revolution und aversge revolution indieator.

VOLTAGE COMPENSATION

Specifications, Par. F-2c(4).
35+ Voltage variations of +10% caused no apparent chenge in the
operation or accuracy of the system, when the ambient temperaturc was
approximately 72°F.

DIELECTRIC TEST

-Specifications, Par. F-2¢(9).
36. Under this teet no breakdowns cccurred on eny of the instruments
when 500 volts, 60 cycle, slternating current was epplied botween cach
terminal and ground for 2 period of one minute.

INSULATION RESTISTAHCE

Specifications, Par. F-2¢(10)

37. The insulation resistance, succeeding the dielectric test,
was 100 mcgohms plus on all instrwscnts when tested with a 500 volt negger.

DIAL, TLLUMINATION

Specifications, Par. E-3a(6).

38. This test waes mede as outlined in paragraph 22 and the maximum
distance that any of the dials could he read was threc feet. The maximum
angle from which the entire dicl could be vicwed was 30°. The specifi-
cations require that disl graduations be visible st = distaonce of 10 fect
within 45° of the norm:l to the instrument fact during daylight, twilight,
or derkness. The mounters could be read from o msximum distance of two feet.

WATERTIGHT INTEGRITY

Specificutions, Par.F-2c(6).

39. Und.r this test, represvntative instruments of vach type werc
submerged in water to a depth of 3 feet for & period of ovne hour und were
:\-' l.LLAN: :.t\-l L\— II’E-L'VJ. L;{;:A:—--

-



40, The equipmunt submitted complies with the specifications
relative te materials and workmanship.

Heights ¢nd Dimensions -

Instrument Weight Heizht hidth Depth
Shaft transmitter 55 lbs. 8 oz. 14%0 1315 910

Two shaft revolution
indiecator FARS e M o 1515 1845 10425

Two shaft revolution
indicator with counters 74 1bs.3 oz. 19%5 18U5 Toeas

Two shaft revolution and
average revolution
indicator 87 1bs.10 oz. 1945 23u5 104825

Electro-chronometric
control unit A2 1bs.2 67, 15%0 19125 6125

COMMENTS ON RESULTS OF TEST

A1, As received, the system was not operative end it was necessary
to reduce the tension of the retaining springs on the reset and clutch
relays of the electro-chrononetric control unit, as decribed in par. 24.

After which, the system satisfactorily completed the 500 hour endurance
test.

A2 The accuracy of the system before and after the shock test,
~was within the specification requirement of + 1 r.p.m. However, the
operation of the system was unsatisfactory during the shock test and it
was necessary to make minor adjustments, outlined in parsgraphs 29 and 30,
beforc the latter accuracy test could be conducted.

43. Under the shock test, the two shaft revolution indicator with
mechanical counters, two shaft revolution and average revolution
indicator, and the clectro-chronometric control unit failed to comply with
the specifications. One of the clocks was badly demsgzed and the disls
on both were bulged.

L. The electro-chronometric control unit failed to comply with
the .‘3pec:ii‘iu::a.tions(5 requiring satisfactory operation st on smbient
temperature of 115°F.

45, The dial illumination is not in accordsnece with the specifi-
cations, although a heavy coverage of a good grade of radium luminous
material is used. The results of this test arc given in paragraph 38.

46. The rcsults of the tests for voltage variations, diclectric

strength, insulation resistance and watertight integrity were satisfactory.
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CONCLUSIONS

47 This system, as manufactured and submitted by George Walker
Company for suitability test under Contruct, reference (c), failed to
comply with the requirements of the specilications, reference (b}, a8
noted under "Comrcents" of this report.

48 The electro-cihronometric control umit, which is the heart
of this system, is too frail. Undcr shock, the reset und clutch
relays shift and producc erronsous indications in the system.
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