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1. This test was zutherized by refessnce (g, and 2irsr al-
dl4ignal reforence nertinent to this oproblem is listel oo reference (b)-

]

Feference 3 (a) Budng.let. 365-5/18{11-u=~ds; cf €
Lovember 123&.
(b} Tuvy Jenertument specifications
563{65)10 ¢ 13 Azril 1934,

T T | r“"‘*‘*rn
CRJECT G T

20 The object of this test W
of ihe irstantarieocus iype shaft revelw
Laval Service end corm ui.ance with ﬂavy
(65)10 of 15 April 1%24.
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tc determine the suitebility
on indicstor systerm for the

5
lution
Jevartmernt specifications oG3
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3. The system was set up at tnis Laberatory and its operction
ciosely cbserved while under test for endurance, sccuracy and shock
integrity. At the start and finzish of the 50U neurs endurance test
tue reccrded revclutions on the port and starboard transmitter
vecharicul counters anl the pert and starboard and averaging counters
sere lorced. while under endurence, the system was operated at an
cverage Jneed of 317 3P and the direction of rctaticn of the transmitter
shafts wes reversed for one hour in every twerty-four. At the conclusion
of tris test, the system was operated for amccuracy. Then one cf the
spaft trensuitiers was subjected to shock and the systes sgain operated
for aceuracys




Genclusions

{a)

(b)

{e)

(d)

L/

(£)

The raster transmiiter under test nroved tc be rugged in

esign and accurate in cperation. lHowever, the eguipment
sulnlt ed is not & Cinished product and was submitted for
preliminary tests itc determine the suitability of the
instrument design end its practicability.

The system as submitted requires the master transmitter
instruments to be located at the shafts and repeater instru-
rents at all other stetions. £ syster of this type depends
entirely on the friction drive, as described in paragraphs

8 to 13 inclusive, for positioning the selsyn transmitter
moter which drives the selsyn indicator motors in the re-
peater instruments.

In the event that one or more of the selsyn indicator
motors becomes sluggish or stuck, the accuracy of the
entire system would be affected. False RPL indications
would be given at the gauge board (throttle stations) where
accuracy is most desired. Also, in a system of this type,
should a minor repair on the master transmitter become
necessary while the system is under operation, it would

be recessary to de-energize the entire circuit from that
transmitter. Furthermcre, troubles such as sluggishness
of motor, damege, high resistance grounds, etc., in any
other repeater on the same circuit (and in some cases in
any repeaters in the system) will immediately destroy the
accuracy of the gesuge board instruments. In order for
the throttleman 1o be sure of the accuracy of the gauge
board insiruments, he would have tc clock total revolu-
tions frequently.

A system with the master instrument instelled on the gauge
board will zllow for better instellation, accessibility and
maintenance than & system, such as the sulject system, heving
the master instruments located at their respective shafts
where space is often limited.

ihe naster instruments should incluie two pointers, one
indicating hundreds, the other units. This festure gives
greater accurecye.

The average RPL indicator, as described in peragraph 19, is
not satisfactory due to the gearing of the differential
motor to the pointer (1 to 2 ratio). It has the fcllowing

‘disadvantage: If the system is set up properly and then de-

energized and the average RPK indicator pointer displaced
180°, or one tremsmitter motor displaced 356C°, ths pointer
will “lock in" 180° out of its proper position when the
system is again energizedo.







4, The subject system, =5 submitted, is incompnlete and was
submitied for & orelirinary test in order tc study the design and
deterrine its ruggedness and accurucy cf cperation in conformance
with *avy Jepertment srecificstions 3G3(£5)10. The manufecturer sub-
mitted the Tollowing eguipment:

1 starcoard shaft transmitter

1 port shaft transmitter

1 RPY indicatcr with direction of rctation signal

1 averege RFH indicator

1 two shaft averege counter transmitter - indicator
Do “he shaft transmitter is encleosed in a wateriignt case

naving =zr extended shaft provided with two ball bearings and a
stuffing box. “he case contains the following equipment:

constant speed motor

selsyn transmitters

mechanrical six digit counter

uni-directional gear mechenism

positioning roller and friction disc assembly

(B Sl VI

6 The operaticn of the transmitter is as follows: The
transritter drive shaft is driven at three times the speed of the
propeller shaft and drives, threugh uni~directional gearing having
‘& total reduction ratio of 8:1, a master screv shafti.

Tre uni~directionsl zear arm operates backing signzl contacts
for cneration of the backing signals located in the indicators.

e The master screw shaft is fitted with a coarse pitch male
tnresd which cerries the friction roller carriage and, through a
2-1/2:1 gearing, operates & mechanical total revclution counier and
totel revolution selsyn transmitter motor.

Ge “he Triction roller carriage which is pesitioned by the
ester serew carries the friction roller (39141 diameter) and & finely
pitched rack which engages a steel pinion and nositions the RP
gelsyn transmitter motere.

9 i Burgess micro-switeh, nermally closed, is mounted on one
end of the carriage rack which is provided with a slot suitsile for
the bail bearing gu*de of the friction roller assembly. An sdjustable
device is precvided on the carriage for operating the 3Burgess switch
when the friction roller is at ihe center of the friction disc.

10. "he friction roller is secured to the bronze nut, located
in tre carriage, by means of fcur screws, one of which extends aprroxi-
zetely 5/16" so as to engage a mechenicel .stop on the master screw.

-2«-




11. The synchronous motor (1320 RF. at exactly €0 cjcles; drives

the friction disc through suitable zearine at exasctly 100 3P,
(3 i g j

12. as the friction diaec is driven at = “ﬁﬁ’ﬁﬁnt speed of 100
APY, the rmaster screw, operating 2l a variable soeed, causes the
friction roller to sesk a position on the fricticn disp Tasre:
Yeriable RPY x 27141 = 100 RPY x azetive disrmeter of tne friciiocn
dises

13, The transmitter is so designed ihei, witn a progeller speed
of 400 3FL, tue transmitter zhafi rotates zt 17200 AP and the master
screw shaft 1£OOX’ or 150 3P. Thus with the friction dise rotating
at 100 RPE ccustant speed: 150 x 29141 = 100 x £°712. The geiive
diameter of the friction disc is 49712 and the displacement of the

i
friction rolier from zero is 219356,

1%. The RPU selsyn transmitter pinion has 38 teeth -~ 48 nitch
and rotates 3609 when the friction reoller is displaced 29356 from rerc.

15 & mechanical device,; in the foru of a ratchiet, is located
in the gear asseably of the friction disc drive. This safely device
is operated when the mechanical stop, secured to the master screw
shaft, engages the projecting screw providsd on the {riction roller.
wnen the shaft spsed exceeds its maximun speed (450 RPL), with or
without failure of the constant sneed motor, the screw head on the
friction roller enzzges the sinp, causing the friction roller %o drive
sue friction disc. The friction disc, which is normelly driven through
a ratcnet mechanism, is %then driven at a spesed greaiar ithan nomaal
speed and the friction roller takess conirol, causing ine raichei 1o
function as & safety device.

6 «n electrica) dsvize is provided, so that when the pro-
pellier shaft is stooped waile the constant spsed mofor 1s energized,
the friction roller will scob the center of the friction disec (zero)

cauding the adgusga“le device on the carviage to open the contacts of
the Burgess micro=switch, thereby de-cnergizing the coustant spsed moior.

1% The synchronous motor is5 of the split phase iype, znd has
3.75 LNFD condenser conuacied in seriass with cne of its sbtaitor windings.
L3
18- the APE indigator, sn2lossd in an alusinum alloy cass,
consists of one selsyn indisstor motor with a sultable dial, nointer and

£

backing s'mual. The dial is maeked from O to 400 APY in one XPM
radugtions. 3ix argon lamps are grevided for dial illuminstion.

9

19. The =av ﬂ;e 2FY indigator is also enclosed in an aluminum
gliny case and consists of one differeantial iyve salasyn melor provided
7ith a diml and 2 pointer. The 1'al is marked from O to 400 RPY in
vraduations of one HPM. The windiangs of the differential selsya notor
are ens-~zized by tue port and siarboard transrifter motors and are so
connacted as to add the totsl RPU of the shafts. The pointer 1is con=

nected to the diffsrential aelovn motor through a gear voiuction of 1:2
so thet the resulting indication will show the average P of The two

B it RN

Q3




20, “re "two shaft revoluticn counter and average ccunter and
average iransmitter” consists of two selsyn indicater motors, cne selsyn
transmitter uctor and three Veeder tyre counters. Thesz countsers record
the nort shaft teial reveclutions, starboard shaft totel revolutinons and
averace totel reveluticns. “hs total revclution countsrs are driven by
their respective selsyn motors. The total aversge reveluiion ccunter is
driven through & mechanical difierential which also drives a total
average selsyn transmitter moter. 7This instrument was submitted without
an enclosing cass.

21. ro tell-tale indicator or constant frequency contrel unit
was submitted with this equipment.

22. The selsyn motors submitted with the equipment are manu-

{factured by the Arma Sngineering Ocrporation; the constant speed (at
exactly 60 cycles) motors by Holtzer Cabot.

KETHO) OF TI5T

23 The system as submitted was interconnected electrically
to & 115 volt, a.c., 60 cycle frequency controlled supply. ‘iwo constant
speed motors, connected to the same sunoly, were used to drive the
shafts of the transmitters throuvgh reduction gears of suitable ratios.

24, The system was first tested for endurance by operating it
for 500 hours at an average speed of 317 RPY; the direction of rotation
of the transmitter shafts being reversed for one hour in every t{wenty-
four. For the period of this test, the total revolutions on the port
and starboard transmitter mechanical counters were compared with the
totel revolutions recorded by the two shaft revolution counter and
averaging counter.

25. Next, the accuracy of the system was ascertained by
onerating the system at speeds corresponding to shaft speeds of &0,
133.33, 200, 266.56, 333.33 and 400 RPY for periods cf two hours each.
The totel revolutions of the port and starboard meochanicel counters and
the transmitted total revolutions were compared to determine the ac-
curacy of this part of the system. The RPY indicated on the RPM
indicator and on the aversge RPY indicator were logpged.

26. For determining the accuracy of the system, it was neces-
gary to drive the port and starboard shaft transmitters at known speeds.
for checking each spesd, readings of the shaft transmitter counters
were taken at intervals of two hours, while the system was under opera-
tion, using & chronometer as a standard. The speed was computed by
dividing the totzl revclutions of each counter by the time elapsed
between readingse. '

27. The shock integrity of the shaft transmitter was deter-
mined by placing the unit on a Navy standard shock macinine in the
horizontal position and subjseting it to 20 = 250 foot pound blows

=
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sbsarvers were stationed at egch of the remai
any change that might ccecur due ic the shock.

wnile connccted in thne system and under onerztion.
25!

28. it the conclusion of the shock te
checked for accuracy at & known shaft sveed of
the same a2s outlined in narspraph 25.

5l

29. In view of the sysiem not being submiited as g Finished
product, but for preliminary tests only, the temperature compsnsaition
test at ambient temperature of 135° F. and the insulation resistance,
dielectric, and watertight integrity tests were omitted.

Zundurance Test

20. ‘‘ne total revolutions transmitted by the sort and star-
board shaft transmitters, during the endurance tesi, was 9,510,000
revolutions. This checked with the revolutions recorded on the two
shaft revolution counter and average counters.

Accuracy Test

21. There was no difference between the transmitied revolu-
tions and the reccrded revolutions that could not be attributed to
the human error in reading the counters while they were cperating.

32, The zeximum error in the RPY indicator and the average
RPL indicetor was plus 0.25 ZPY and minus 2013 BF regpsctively. Dats
recerded during the accuracy test and explanation of table are given
in paragranhs 34 and 35.

33. The meximum time required for the system to funciion
properly and indicate true 3PN was approximaeiely 16 seconds. This
value was obtained by zhecking the time interval between the siarting
of the transmitter shaft and the time the APY pointer had indlcated
the correct shaft speed (400 RPY).

-5-—




34. Accuracy Test.

Revolutions Duration

Indicated Revolutions per liinute
Average RPX

of Test RPM Indicator Indicator

Standard  Actual Hours Transmitted Recorded Selsyn Average Arror Average Errer

__RPK RPL Time Rev.e Rev.  Error Readings REM Readings RPM
80.0 79.97 2 9,597 9,597 0 80.1 + 413 78.2 =1.77
133.3 123.40 2 16,008 16,008 0 132.5 + .10 131.7 -1.70
200.0 200,04 2 24,005 24,005 0 200.2 +.16 198.3 =1.74
26606 26662 2 31,994 31,994 0 26608 +.18 265.4 =1.22
333.3 83373 2 40,048 40,048 0 333.5 =423 331.6 -2.13
400.0 400,20 2 48,024 48,024 0 400.2 0 398.5 =1.70

%*200.0 200.05 2 24,006 24,006 0 20043 +4.25 198,5 -1.55

1 2 3 4 5 6 i 8 9 10

* Readings durinp shock test.



35 Zxplanaticn of Table (varagrank 34).

solum 1 - The speed at whicn il wvas desired to test system

o

ctual speed as determined by dividing revolutiocns of
haft by nursber cof minutes cf test. The shaft trans
aitters were driven by synchronous motors, through
roper gear ratios, connected to the commercial
power supply. This gave for all practiesl pursoses,
a constant speed. 4n electric clock in parallel
with synchronous motor drives was nsver obssrved to
te more than one second out with <the standard
chronometers

:im .':-

’d

Solumn 3 - Juratiom ¢f test.

Uolumn & - Revolutions acuually transmitted du*lng test (mechanical
counter at shaft)

Jolurm 5 - Revcelutions recordsed on selsyn contrclled revelution
counters in insiruments.

column 6 - 3elsyn errory zero in all cases. This shows that the
selsyn transmitters at shaft and receivers in instru-
ments were in step at all times. (Does not apply to
selsyns connected to RPI pointers.)

Column 7 - Average of readings of RPM indicetor, taken at intervals
of 15 minutes during test. These readings were practically
consiant.

Jolumn B - Average error in RPY indicator.

Column 9 - average readings of average RPH indicator taken at
intervals of 15 nminutes during test.

Solurm 10- Same as Colurm 8.
36. The system was again checksd for accuracy at the completion

of the shock test on the shafi transmitter, but did not show any
zreater error then vhen previously tested at the same speed (200 RPL).

37, weights and dimensionse.
Instrument {eight Case Jimensions
haft transmitter. 185 1bs. 20-1/2" x 21-1/8" x 9-9/16"
1 indicator. 20 lbs. 2 oz. 11" dia. x 9-1/8"
Average RPY indicator. 19 1bse T oz 11" dia. x 9-1/8"
Two shaft counter and
nvarpca cnimtan, an Tha. 12 n2. Ha rags anhmittad.

.-7—-




33. “he current recguired to epsrate the systex was =3
follows:

-ongiant soeed motors G.90 amperes

Jelsyn motors 3.250 amperes
SCKCLUSICKS

39. The master transmiiter under test prc?cd to be rugsed in
design and accurate in overaticn. Howevsr, the equ ipment submitted is
not & finished product ard was submitied for sreliminary tests te
determine the suitability of the instrument design and its praciicebility.

£0. The systerm as submitted rcquires the moster troansmitter
instruments tc be located at the ghafis and repeater instruments at all
other stations. A system of this type depends entirely on the friction
drive, as described in paragraphs 8 to 13 inclusive, for positioning
the selsyn transmitter motor which drives the selsyn indicaticr nmoters
in the repecater instruments.

41. In the svent that one or rore of the selsym indicator
motors becomes sluggish or stuck, the usccuracy of the entire system
would be afrfected. False RPM indicetions would be given at the geuge
board (throttle stations) where accuracy is most desired. 4Also, in
a system of this type, shculd a minor repeir on the master transmitter
become necessary while the system is under opneration, it would be
necessary to de-energize the entire circuit driven from that trans-
mitter. <Jurthermore, troubles such as sluggishness of motor, damage,
high resistance grounds, stc., in any other repeater on the szame cir-
suit (and in some cases in any repeaters in the system) will immediately
dastroy the accuracy of the gauge board instruments. In order for the
throttleman to be sure of the accuracy of the gauge board instruments,
ne would have to clock total revolutions frequsntly.

2. A system with the master instrument installed on the guuge
board will allow for better installation, accessibility and maintenance
than » system, such as the subject system, having the mester instru-
ments located at their respective shafts, where space is often 1imited.

43 The nmaster instruments should include two pointers, one
indicating hundreds, the other units. This feature gives greater ac-
cu?acy .

44, The average 3Pl indicetor, as described in paregreph 19, is
not satisfactory due to the gearing of the differenitial motor {o the
pointer (1 to 2 ratio). It has the following disadvantage: If the
system is set up properly and then ds-energized and ths averege JPU
indicator pointer displaced 1809, or one transmitter motor displaced
3500, the pointer will "lock in" 180° out of its proper vosition when
the system ig again energized.

45, In order to cvercome these faults in design and suitability,
it is recommended that the Bureau advlise the manufacturer to redasien
Lie equipment, smoeaying the use of master transmitter instruments for
location at the zauge boards. A deacription of such instruments is
given in NRI, Report B-1082 of 10 Cctober 1934. B
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