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AUTHORIZATION FOR TEST

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

References: 5&} Bu.Eng.ltr.65-5/L5(1-21-Ds) of 22 Jan. 1936.

b) Specifications SGS(65)10a of 1 Mar. 1935.
(¢) NRL Report No. B-1203 of 14 Oct. 1935.

OBJECT OF TEST

2. The object of this test was to determine how closely the sample
shaft revolution indicator complied with the specifications, reference (b);
and its suitability for the Naval service.

ABSTRACT OF TEST

3 The subject indicator, shown by Plates 1, 2 and 3, was set up
at this Laboratory and carefully observed while under test for conformance
with the specifications, reference (b), in so far as they were applicable.
The shaft transmitter, shown by Plates 4 and 5, recently tested by this
Laboratory in connection with propeller shaft revolution indicators and re-
ported under reference (e), was also used in this test. The order in which
the tests were made is outlined in paragraphs 17 to 23 inclusive.



CONCLUSIONS

(a) Although not covered by the specifications, the subject indicator
under test proved to be rugged in construction and accurate in operation,
having &n error of approximately 1 r.p.m. It is not a finished product &and
was submitted primarily for study of its design &nd its practicability for
use in connection with propeller shaft revolution indicator systems. It is
believed that a more carefully built instrument would give greater accuracy.

(b) There was no controlled frequency unit furnished with the equipment,
therefore the meximum error of 1 r.p.m. does not include & possible error
arising from this source.

(¢) The faulty operation brought sbout by connecting &n additional
type M motor, with a locked rotor, in parallel with the indicator as de-
scribed in paragraph 20, is a condition which will exist in any system where
more than one Synchro-Moter is driven from a shaft transmitter, and a Synchro-
Motor rotor becomes locked.

(d) No backing signal is provided..

(e) No switch is provided for cutting off the friction disc motor at
zero shaft speed or above maximum shaft speed.

(£) In a system using equipment of this type, each instrument would be
a "master indicztor" znd interchangeable with any other instrument. There
would be no repeaters and hence no follow-up system or master indicator to
drive them.
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ggCOMﬂENDRTIONS

() In view of the satisfactory test results, it is recommended thet
the Bureau consider purchasing & system incorporating this type of instru-
ment end installing it aboard ship for a service test. This type of indi-
cator is rugged and produces &8 high & degree of accuracy as the larger
friction disc types. In addition, due to its simplicity, it is believed to
be more relisble then any such instrument tested by this Laboratory.

(b) It is further recommended that, should such a system be installed,
there be provided &t the gauge board & cut-out switch for each indicator
circuit for use in case of such & casualty as described in paragraph 30.
1f one of the indicators became locked, it would affect all other indica-
tors until it was removed from the system. No alarn for such faulty oper-
ation is necessary, since there is an oscillation of the pointers of &pprox-
imately 36 degrees under this condition.

(¢) It is also recommended that the indicator dizl be at least 8
inches in diameter in cese a single pointer is used and thet if =z dizl of
less diczmeter is desired that it be divided into two concentric sczles, one
reading from O to 4 and denoting hundreds of r.p.m., the other from O to
100 and denoting units of r.p.m. It is not believed thzt the load of &
second pointer gesred 4 to 1 would be objecticnable.
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ggégﬁlﬁilgﬁ OF MATERIAL UNDER TEST

& This indicator was munufactured by the Electric Tachometer Cor-
ration, Philsdelphis, Pa., and was not submitted as a finished product,
put &s a bench-made model, for a study of its design and its practicability
for use in connection with propeller shaft revolution systems. The unit

contains the following equipments

1 - Type M Synchro-Hotor, Pioneer Instrument Company, Manufecturer.
1 - Synchronous Motor, Capaciter Type, Holtzer Cabot Compezny, Manu-
fecturer.

1 - Mechanicel six digit counter.

1 - Positioning roller and friction disc assembly.

1 - Pointer and shaft sssembly.

1 - Diel graduaeted from 0 to 400 r.p.m. in steps of 2 and in numbered
divisions of 20, the cipher being omitted on all figures between
even hundreds.

5. A1l of the indicator units are mounted on & 1/4" brass circuler

plete.

6. In operation, the type M synchro-motor is connected¢ to the type

i synchro-motor transmitter located in the propeller shaft transmitter instru-
ment. This motor runs continuously in phase with the transmitter motor and

ig connected through a 1:1 spiral gear to the right hand lead screw, sup-
ported by ball bearings, on which moves a rack embodying & hardened steel
roller epproximately 1¥60 in diameter.

e The roller, attached to the rack, engeges a friction disc driven
by & Holtzer Cabot 1800 r.p.m., 60 cycle, synchronous motor, capacitor type,
at a speed of 80 r.p.m. through sulitable gearing.

8. The constant speed disc, approximately 290 in dicmeter, is forced
against the roller by & steel spring located in its housing. With the pro-
peller shaft in moticn, the roller will seek & position on the friction disc
where the surface speeds of the disc and roller are equal. For propeller
shaft speeds up to 400 r.p.m. there is & definite position for the roller
along the axis of the screw shaft.

9. The pointer is positioned from the roller assembly by means of
a rack engaging & pinion located on the pointer shaft.

10, The total revolutions of the propeller shaft are registered by
2 six digit counter driven from the screw shaft by means of a chain and
sprockets. A window cut in the dial allows the counter to be read.

11. The ratio between the propeller shaft and the indicator screw
shaft is 5t1, so that & propeller shaft speed of 400 r.p.m. produces & speed
of 80 r.p.m., at the indicator screw shaft. Thus, with the friction disc ro-
tating at 80 r.p.m. constant speed, the active dismeter is approximately 196
or & roller travel of OY002 per r.p.m. of the propeller shait,

1z. For aligning the roller rack assembly, & pin attached to a brack-
et located on the circuler brass mounting plate slides in a groove cut into
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13, Further description in the design end construction of the indi-
cator is given by Plstes 1, 2 and 3.

14. Plates 4 and 5 give a description of the shaft transmitter used
in connecticn with the test, which is fully described under reference (c).

150 The approximate weight of the sample indicator is 16 pounds.
METHOD OF TEST

16. The sample indicator was first interconnected electrically to a

propeller shaft transmitter and energized from & controlled frequency supply
of 115 volts, a.c., 60 cycles. The constant speed motor driving the shaft

transmitter and the synchronous motor driving the indicator friction disc were
also energized from the same supply.

17+ It was then tested for endurance by operating it at a speed of
approximately 300 r.p.m. for & period of 500 continucus hours. During this
test, the totel revolutions of the indicator were recorded and compared with
those indicated on the transmitter counter.

18, Following the endurznce test, the indicator was checked for zc—
curacy at shaft speeds of €0, 100, 150, 200, 250, 300 and 400 r.p.m. for
periocds of three hours each.

19. The indicator was then tested for shock integrity by placing it
on & Bureau of Engineering shock stand in the normal position and applying
2C shocks equivalent to 250 foot pounds each. During this test, the indica-
tor was energized and operating at 400 r.p.m.

20, At the conclusion of the shock test, the indicctor was again
checked for &ccuracy, as described in paragraph 18.

212 It was next pleced in & compsriment having an ambient tempera-
ture of 135°F and tested to note any change in its accuracy at this tenpera—

ture under conditions specified by paragraph F-2c¢(4)c of reference (b).

22. A test was then made to determine the effect on the accuracy
of the indicator of en additional type M motor connected in parallel and
heving its rotor locked. This test simulated a jammed indicater motor.

23. The test was concluded with zn inspection of the indicator rel-
ative to design, materisls and workmenship.

RESULTS OF TEST

24. The indicator under test for endurance, as ocutlined in para-
graph 17, complied with the requirements, having operated satisfactorily
for 325 hours in eaddition to the reguired 500 hours at a shaft speed of 300
r.p.m. At no instance was an error greater than 1 r.p.m. observed during
the pericd of this test.

25. Under test for accurecy, ss outlined in paragraph 18, the in—
dicator also complied with the requirements, the maximum error being spprox-
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mately 1.0 r.p.m. There was no difference in the transmitted revolutions
&znd the recorded revolutions that could not be attributed to the human errcr
in reading the counters while under operation.

26. The accuracy test results follows
Driven Speed Irdicatecd Error
R.P,il, R.P.ide R.P.M,
60 61.0 +1.0
1co 101.0 +1.0
150 151.0 +1.0
200 201.0 +1.0
250 249.0 -1.0
300 299.0 -1.0
400 399.0 -1.0
27. When tested for shock integrity, as cutlired in paragraph 19,

there was no apparent change in the indicated r.p.m. or damsge to the in-
strument. However, upon applicaticn of each shock, the pointer was momen-
tarily displaced, but returned to its normsl positicn within approximately
3 seconds.

28. Under test for temperature compensation, as outlined in para-
graph 21, the 1.0 r.p.m. error remained unchanged.

23. The irdicator was unaffected when the type M motor supply was
varied #10 percent in voltage and #5 cycles in frequency.

30. With the indicator operating &t 400 r.p.m. and an additional
type U motor connected in parallel with its Synchro-motor znd having its
rotor locked, the pointer surged back and forth, the maximm surge being
approximately 36°, equivalent to 40 r.p.m.

31. The time required for the indicator pointer to return from max-
imum speed (400 r.p.m.) to zero position was epproxicately 17 seccnds. At
& speed of 60 r.p.m., the time required was 11 seconds.

Bl The insulation and dielectric tests were not made on the indi-
cator in view of its being an unfinished product.

CONCLUSIONS

23. Although not covered by the specifications, the subject indica-
tor under test proved to be rugged in construction and sccurste in operation,
having &n error of approximetely 1 r.p.m. It is not a finished product and
was submitted primarily for study of its design and its practicability for
use in connection with propeller schaft revolution indicator systems. It is
believed that & more carefully built instrument would give greater eCCurscy.

34. There was no controlled frequency unit furnished with the
equipment, therefore the masximum error of 1 r.p.m. does not include a pos—
sible error arising from this source.




35. The feulty operation brought about by connecting an additicnsl
type M motor with & locked rotor in parallel with the indicator, as de-
seribed in paragraph 30, is & condition which will exist in any system where
more then one Synchro-Motor is Griven from a shaft trensmitter and a Synchro-

Motor rota becomes locked.
36. No backing signal is proviced.

37. No switch is provided for cutiing off the friction disc motor
et zero shaft speed or above maximum shaft speed.

28. In & system using equipment of this type, each instrument would
be & "master indicator" and interchangeable with any other instrument. There
would be no repeaters and hence no follow-up system or master indicator to

drive them.
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