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ABSTRACT

A magneto-voltmeter type shaft revolution system was submitted
to the Laboratory for an investigation of its performance and to
permit obtaining information for specification development. The
system included an induction-type generator and two indicators. Its
functions and general design were investigated under simulated Service
conditions and checked against applicable performance limitations and
Service requirements of specification, reference (b). Performance of
the system was investigated over the temperature range LO°F. to 130°F.
The initial accuracy of the system under ordinary temperature conditions
was not within the broadest limits allowed by the specification (for
type "B" systems) even if the span of the errors were equally divided
by adjusting the zero reference. DBoth the temporary and permanent
effects on the system of the simulated Service conditions (except
extreme temperatures) were relatively small., The higher extreme
temperature condition had large permancnt and very large temporary
effeets on the accuracy of the systeme The permanent effects were of
the order of 100 rpm decreasc in indication, The low cxireme of '
temperature had no appreciable permancnt and only small temporary
effects on the accuracy of the systcm. In addition to the major design
deficiency of temperature compengation, the system even under ordinary
conditions did not have the accuracy required. While the basic
principles involved and the actual design of the transmitter are sound,
considerable improvement would be necessary for satisfactory accuracy.
Pending new developments in the design of instrument rectifiers, the
feasibility of obtaining the desired accuracy is questionable as the
limits of accuracy of rectifier-type indicators is of the order of
1% of full scale rcading under favorable tcmperature conditions. The
expected accuracy for the size indicator employed in this system is
about L%,
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INTRODUCTION

Authorization

1. This problem was authorized by BuShips ltr. JJ17-1-18(335)
of 28 February 19L6.

Purpose

2e The purpose of this work was to procure information on

the subject magneto-volitmeter type shaft revolution equipment for
specification development as well as to ascertain the suitability of

the design for Naval use. In addition to the dctermination of
performance with respect to the applicable requirements of specification,
reference (b), the effects of temperaturc conditions, requested in
reference (2), were investigated.

escription of Materia
Descript £ Mate 1

s The shaft revolution systcm is of the magneto-voltmeter
type consisting of a gencrator and two indicators. The tachometcer gener-
~tor is an ac e employing pcrmancnt magnets for excitation. The
housing is 2 hecavy cylindrical iron casing that appears to have becn
copper plated prior to the application of a black paint finish. Cork
gaskets arc used to maeke the scal between a cover plate at the cnd of
the housing containing the terminal block and between the other cnd
of thc housing and the stator structurec. No scal was provided between
the shaft and the housing. The stator structure consists of two pairs
of poles made of laminated stecl and arranged with two permancnt
magnets between them to form a cylindrical structurec. These are
assomblod betweon two brass rings and sccurced by through bolting. Each
polc structure has two salicnt polc faces. This structurc results in a
total of cight salient poles in the stator, The magnetic circuit of
onc of the permancnt magnets is provided with a shunt for adjusting the
air gap flux and therefore the generated voltage. The stator winding
consists of four coils cach cncircling a double pole face. The coils
are connccted in series, with the common terminals brought out to the
terminal block. The rotor is a laminated stecl core with ten salicnt
pole faces and is mounted on a hollow rotor shaft which is supported by
ball bearings that arc mountcd in the cnd plates that arc bolted to the
stator structurc. A coupling shaft with a flat on onc cnd and threcads
on the othor fits inside the rotor shaft and is held in position by
two washers and a mut. The speed of the generator is four times that
indicated on the meter. All the scrow heads of the bolts holding
the beoring support plates and sccuring the generator in its housing
srere threcaded with wires to sccure thome

L. The indicators arc rectifier type voltmcters houscd in
heavy ‘tnclosurcs of bronze, painted blacke The full wave roctificr
¢lemeits are probably copper-oxide piles. The cover assembly, consist-
4ing of a glass window, phenolic ring, arid a gosket, screws on to the
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TNTRODUCTION (Contd.)

housing. The glass window is held botween the cover flangc and a
phenolic ring. The phenolic ring is painted white on its inside sur-
facc. The gasket seal is located between the phenolic ring and the
enclosurc. A black scaling compcund is used between the glass window
and thc cover flange, The dial markings indicate the scale range from
0 to 500 rpm with large division marks and numerals cvery 100 rpm, and
division mariks for cach 50 rpm and 10 rpm. The dial face has a white
background with black identification numerals, division marks, and
pointer. The voltmeter has a D'Arsonval movement (a pcrmanent magnet
and 2 movable coil of approximately 850 ohms resistance). It is
mounted on a phenolic plate together with the circuit resistors and
rectifier, One resistor of 830 ohms is connected directly across the
movable coile The other resistors arc in the rectifier circuit as
shown in the schematic circuit diagram, Plate 1. The phenolic mounting
plate is fastened to a metal platc by screws threcaded into lcad inscrts
(all other screws have lock washers). The metael plate is in turn mounted
in the housing. The terminal block is in a scparate chamber of the
housing acccssible from the outside by removing a small plate cover. A
sheet of stiff paper under the cover plate is probably designed to
sorve as a gaskot.

PROCEDURE

Method of Test

b The subject equipment was mest nearly similar to the type Lo
shaft revolution system of specification, reference (b), and the tests
performed wore sclected on this basise Somc of the specification
requiremcnts and conditions werc not applicable as rcvolution counters
and shaft rotation direction indicators were not provided with the
subject cquipment. Changes werc also made in the spced limitations
for various tests as the top rangc for the subject equipment is 500
rpm as compared to ;00 rprm for the types noted in the specification,
Both indicators (number onc and number two) were tested concurrently as
a switching arrangement allowed cach indicator to be read separately or
hoth together. -

B The accuracy of the indicators at various specds was
checked by means of a drive using various gear ratios. The power te
this drive was supplicd by a tuning-fork-controlled amplifier, accurate
to onc part in 26,000. As some differcnce was noted in the readings for
clockwise and counter-clockwisc shaft rotation during the first
accuracy checks, the indicators were checked for rotation in both
dircctions throughout the remainder of the tests. The accuracy of the
indicators was checked during some of the tests and following complction
of oach at cither ton speeds (overy 50 rpm) or at threc speeds (50,
250, and 500 rpm)e. Five conseccutive readings were rccorded at cach speed.

Te Both indicators were initially checked for accuracy cvor
the ontire range. Then to determine if the additional linc resistance

-2 -



PROCEDURE (Contd, )

corresponding to approximately 750 feet of Ne. 16 copper wire would

affcct the indicators, a resistance of an cquivalent value (2.%8 ohms)

was inserted in cach indicator circuit and the accuracy checked. This

was not required in the specification but was donc for previous shaft
evolution systems tested at the Laboratory and reported by reference (c).

. & serics of tests was conducted to determine the cifect
of various tecmperature conditions by allowing the indicators and
generator to reach thermal equilibrium at ambient temperatures of 70,
L0, 130, 20Q and 0°F. and checking their accuracy. To determine which
was affected by temperature the most, the generator or the indicators,
two accuracy checks were made at the same ambicent temperaturc, onc
with the indicatoers and generator at the ambient temperature and the
other with the indicators at the ambient temperature and the generator
at room temperature, The generator shaft was greased and oiled after
the 0°F, temperature condition caused it to stick.
Fe The indicators were next checked while operating in the four
different positions of the inclination test: (L) L5° forward from vertical
(2) 45° backward from vertical, (3) L5° to left of vertical and (L)
U5° to right of vertical. Following this test, the indicators were
subjccted to fifty heurs of continuous operation at 450 rpm. Accuracy
was checked during the test and after the test,

10. A1l of the equipment was subjected to the specified 250
ft. 1b. shock test of 20 blows and the shock-vibration test of six 30-
minute pericds at frequencies of 100 to 350 vibration/min. in steps of 50.
The indicators were bulkhcad mounted on the shoclk machine and on the

ibraticn machine while the gencrator (mountcd on a metal angle

bracket furnished with the cquipment) was mounted on a woeden angle
brackct. Standard spacers were used for meunting, The indicators and
generator were operabing at L50 rpm while being shocked and vibrated.
The accuracy of the indicators was noted after cach shock blow, after
each half hour of the shock-vibration test, and following completion of
the shock test and the shock-vibration test. The inclination test
described previously was repcated after the sheck-vibration test,

11, Upon complcticn of thesc tests, both indicators and gencrator
were conbimuously operated for L50 hours by using a drive varying from
60 rpr to 190 rpm at an average rate of 60 rpm. The accuracy of the
indicators was checked several times per day throughout the test and a
complete accuracy check at ten speeds followed the cndurance test. This
was 2lso the final accuracy check rccorded on graphs, Plates 2 to 5,

2 Following endurance and the final accuracy test, the system
was opcrated continucusly for four hours at an overspeed at 562 rpm (112,5%
of full scale reading). Accuracy was noted at five speeds after this
teste To check if spoeds in excess of 112.5% of full scale rcading would
cause jarming cor damage to the instruments, the system was operated at
585 rpm for five minutes and the accuracy recorded after test. The
crror was not cheocked at values of shaft acceleration or deceleration
of or less than 80 rpm (paragraph E-11b of specification, refercnce (b))
or the damping time recorded (paragraph E-llc of spceification, reference
(b)) as the observed pertformance indicatod that increasce in crror duec

.



PROCEDURE (Contd.)
to lag or slow responsc was negligible as is usﬁal in such a system,

13, A partial material inspcction was made. The cquipment was
submitted to the specified diclectric test before and aftcr the
insulation teste At this point the gencrator was disasscmbled to
determine if provisions were made o prevent entry of water. Due to
the observed lack of shaft scals, the watertight test was onitted,
however, beoth indicators were subjected to the specified splash-proof
test and eoxamined afterwards for lecakage. Indicator No. 1 was then
completely disassembled, reassembled, and rechecked for accuracy. There
was some discrepancy in the indications noted before and after dis-
assembly of the gencrater and indicator No. 1 so the nagnetic shunt
of the gencrator was adjusted to produce the previous gencrater veltage-
output/speed values and the indications were found to be similar to
those previously recorded, except in the case of the indicator No. 1.
The rectifier unit of the latter was injured in disassenmbly.

Results of Test

1h, The results of the initial accuracy chcck as given in the
graphs, Plates 2 through 9, are used as a basis for comparison of per-
formance under the various simulated Service conditions. The results of
all tests are graphically presented in detail in Plates 2 through 9,

The data presented are readings of indicators when only one indicator
was comected to the gencrator-transmitter, As there was very little
change in indication when two indicators were connected, (onc rpn or
less) data for this condition in combination with the simulated Service
conditions are not presented. The same reason applies for not
presenting the data when the indicators were under a particular ambicnt
temperature condition and the generator-transmitter was at roon
termperature cxcept for the one condition of 200°F.: ambient temperature,
In the selccted data that are presented, the crrors shown arc the
naxirmm of five consecutive readings at any one rcference speods
(Deviation of the maximum from the average error of five readings was
less than 3 rpm except under the temperaturc condition of 200°F, where
deviations cof about 6 rpm werc recorded.) Becausc there was considerable
difference (up to L rpm) in readings for clockwise and for countcr—
clockwisc shaft rotation, data for both dircetions were included in

the grgphs and this difference can be especially noted by comparing Plates
L and 5,

! i =



PROCEDURE (Contd.)

15y The following table conbains sclected data from the graphs
or the purposcs of compariscn and discussion:

Maxirmm Brror (rpn)

#¥Indicator No, 1 wTndicater No. 2
CW —CCwW CW CCW
Speced Speed Speed Specd
Test Cenditions Iow High ILow High Tow High Low High
Initial Accuracy -10 -5 -10 -2 ~12 =2 -13 0
Resistance Effcct -10 =L -10 -2 -12 -2 =12 0
Tomperature - LO°F, =10 47 -10 48 -13 +10 -12 +10
Tenperature - 130°F. ~13 =35 =13 =32 -18 -Lo -18 -38
Temperature - 200°F. -32 =128 <32 =130 -48 -170 L8 =172
Temperature - Roon -11 =S -11 -8 -19 -10 -18 -9
Terperature - O°F., A2 -4 -13 0 -19 -1 <19 ©
Temperature - Roon -10 -10 =10 =9 -20 -13 =20 -12
Temperature —~ 200°F . 30 -113 =30 -111 =49 -138 -L9 -138
Temperature - Roon -10 -9 -10 =5 -9 -11 -19 -9
Tnclination  Position No. 1 -11 -9 -10 -8 -38 13 -38 -13
Position Mo, 2 -10 -9 -9 =B -19 -16 -19 =12
Position Ne, 3 -10 -9 -10 -7 -19 -13 -20 -11
Position No. L4 =11 =9 -11 = <19 -13 -18 -11
After Endurance (50 hrs.) -9 -8 -9 =9 -19 =15 =19 =17
After Shock -9 =3 . S -19 -1 =19 -10
After Vibration -0 -9 ~10 -k ~-18 <10 -18 -5
Inclination Position ie. 1 =10 -8 -10 -L -18 -10 -18 -3
Position No., 2 =10 -7 -10 -3 -18 -10 -16 -9
Position No. 3 -10 -9 -10 -8 -15 -9 -15 -3
, Position Ho, 4 -10 -8 -10 -3 -12 -10 =12 -2
After 450 hrs. Endurance
(Final Accuracy) -10 -k -10 =2 -18 -b -17 -1
Aftor Oversoced at 552 rpm =9 =5 -9 =2 15 -3 =15 -1
After Overspoed at 585 rpm -10 -8 -9 -2 -18 =9 -18 -6

0'1
s, generator at roon

Notes: 3 Both indicators at 200
tenperature
Low Speed -~ 50, 100, 150 rpn
High Speed - L00, L50, 500 rpm
Al ovable Error == 4+ 3 rpn

16, At the O°F, =nbient temperature some trouble was encountered
with the gencrator when low temperatures causcd the shaft to sticke.
This was rercdicd by oiling and greasing the shaft and bearings and by
runing the generator continuously for soverel hours before continuing
the teste

L, Tndicator Ne. 1 accurmlated crrors after the clcventh blow
of the shock test with indicated crrers changing fron consistontbly
negative values of the erder of 7 rpn to positive valucs of the order
~F AN v ant then o 4 1R ™™ N ftor the Tl fHh. The indicabions.



PROCEDURE (Contd.)

in addition, werc erratic, since out of five consccutive rcadings
(reference speed, 450 rpm) taken immediately after the 1lth blow,

two were of nearly zero crror and, aftcr the 12th blow, four were cof
ncarly zero error. Indications reverted back to normal after the
succoeding blows until, after the 19th blow, when they again were in
srror by + 20 on the first two of five consccutive readings, changing
back to nornal for the succeeding three readings. No change was noted

a5 a rosult of the 20th blow. The pointer of indicator Ne. 2 stuck
bolow zero several tiumes and would not register until a tap on the
glass frecd it.

18. Shortly after the vibration test began, the ncter cloments
of sndicator No. 2 becane loosc in the casc. Investigation showed that
the serewe in the lead inserts sceuring the meter element phenolic
nounting basc te the netal wounting plate had become loosc and cntirely
worked out, These wore replaced and tightencd. The zero position of
the pointer was accidently shifted during this process and was resct.

_ 19. The olectrical circuits of the indicators and the gencrator

corplied with the diclectric and insulation test requircments., During
the splashproof test about 1 cc of wator leaked into the housing and
sbout the sane anount into the terminal block chambers The stiff paper
gasket under the cover plate of the terminal block chamber was soaked
around the cdges. Wetor was found in the space between the phenclic
ring and the windowed screw COVCT. Examination suggested the leak to
have occurred between the flange of the screw cover and the slass
mindow and since the black scaling compound was wetted, between the
glass window and the phenolic ringe

20, A complctc material inspection and check of the design details

1

anc worknonship were not made sincc, as indicated by many of the minor
design details and materials of the subject equipment, the systoen was
prcbably not initially designed for Navael usc. The actual construction
end arrangenent of the components arc not such as to make corrective
modifications prohibitive. The following arc a few of the deviations
fron the specification requircments that are indicative of thelr
naturc. The cnclosure for the gonerator is cast iron or steel; sonc
serews arc not suitably protected against corrosion; lead inscris are
uscd instead of lock washers; dial markings, the glass window and

the nancplate are not in accordance with specification requirements; the
torminal block is not of the approved type; no rcvelution counter 1s
provided; no dial illumination is previded; the internal components

of the indicator are not arranged so as to permit casy withdrawal as a
sinzle unit fronm the enclosurc and operation while thus removed; no
provision is nade to indicate dircction of shaft rovolution; and the
terminals are not of the approved types

21, The overall dinensicns and weights of the systen erc as
follows:
Dinmcnsions Weights
Generator 6-1/W" X o-L/0" x L-=3/L" 18-1/L 1bs.
Tndicator 6-3/4" x 5-3/L" x 3-5/8 9-1/l 1bs.
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Discussion cof Results

22 Refercnee to the graphs of errors, plates 6 to 9 and to
the sumaary of crrors in the table in paragraph 16 will show that even
under ordinary conditions the system did not have the accuracy required
by specification, reference (b). The specification allows maxirmum errors
of + 3 rpn for the master repeater indicator in a typc B system. The
generator voltasge is adjustable by means of the megnetic shunt and could
probably be varied to shift the span of the indicated errors so as to
dispose then symetrically with respect to a zero reference. It will be
noted from the initial accuracy data that indicator No. 1 has a span of
errors of about 5 rpm and indicator No. 2 has 2 span of errors of about
13 rpm, Shifting the lovel of the 5 rpm span would at best give errors of
+ 2,5 rpn, and X 6,5 rpm for the 13 rpnm span.

23s ° The rccorded data show that the extremes of the temperature
conditions, particularly the upper cxtreme of 200°F,, had the greatest
effects on the accuracy of indications of the subject equipment. In
general, higher temperatures caused negative cerrors and lover temperatures
caused positive errors of indication. Since the effects of the various
temperature conditions were relatively small at the lower speeds (below
100 rpn), the graphs of the errors have stecep slopes. Although data are
not presented to show the separate effects on the generator-transmitter
and the indicators, except at the temperature of 200°F,, such data were
taken and showed that the tempcraturc effects on the generator-transmitter
were relatively slight except at 200°F, Comparison of the twe scts of
accuracy data taken at 200°F, ambient temperature, Plates 6 to 9 and Table
in paragraph 16 will show that the separate temperature effect on the
generator-transmitter is of the order of minus 5 percent error of indications
out of a total combined effect on the system of about minus 30 percent of the
scale reading,

2l Cormparison of the data of the initial accuracy check with
the data taken after the first 200°F. termperature condition shows a
pernanent effect of the order of minus & percent error of indication.
This permancnt effect may explain to some oxtent the smaller effect of
the O°F, temperature conditicn as compared to the effect at LO°F. It
was particularly ncted that the second 200°F, tempcrature condition had,
relatively, very slight permanent effects on the indications of the
systen. This observation suggests conditioning the indicator, or norec
specifically, the rectifier elements at the extremes cf the scrvice
tenperature conditions at the time of manufacturc before the final
calibration of the systen.

25 The offochts of the oxtremes of the temperature range LOCF.
to 130°F. on the accuracy of indications of the system werc cxcessive.
The moxirun error of indication at the LOCF. temperaturc condition was
of the order of minus 10 rpm. This figurc is the same as the maxirmn
orror recorded during the initial accuracy check indicating no cffocts.
The graph of crrors, Plate 6, however, shows that the cffects of the
LOOF. termerabure condition became more epparcnt at the hirher specds.

L J
i



PROCEDURE (Contd. )

For cxamplc, at LS50 rpn reference spocd on initial accuracy check

(roon temperature) the error was plus 6 rpm, a change of 11 rpnm, which
is cxcessive when compared to the specification requirenent of

+ 3 ppn for the master rcpeater indicators in the type B shaft
revolution systern, The effects of the temperature condition at the
upper oxtreme of the range LO°F, to 130°F. were proportionally grcater,
On the basis of a room temperature of about 85°F., LO°F. is L5°F, lower,
and 130°F, is higher by the same anount, but the effects of the higher
tenperaturce on indications werc nore than twice as great. The error

at 150 rpn at 130°F, for indicator No. 1 was minus 32 rpm as compared
to minus 5 rpm at room temperaturc or a change of minus 27 rpri.

26, The data prescnted in Plates 2 to 9 inclusive and in the
sumary table in paragraph 16 werc obtained with one or the other
indicator connected alone to the zenerator-transnitter. Data alsc were
taken with both indicators as a load on the sencrator-transmitter and
are available on request, The diffcrences in indication produced
by the additional load of one indicator werc appreciable but small
when compared to the total offects of the temperature conditions below
and above room temperaturc. As an cxample of the relative effects,
indicator Nc. 1 showed an crror of mimus 30 rpn at 100 rpn at 130°F.
when connected alone and an crror of minus 31 rpm when indiceator
No. 2 was alsc connected to the gencrator-transmitter.

2% The rectificr elcments used in the indicators cof the
subject systenm appear to be of the coppcr-oxide types Current
1iterature on the subject of rectificrs for instruments indicates
that the copper-cxide typcs still cro superior for this .application.
This impression was emphasized in discussions on & paper on seleniun
rectificrs, reference (e)e The stability of the copper-oxide rectifier
is dependent on the frequency, curront density and the ambicent
temperature, refercnce (d). The Ifrequency and density effects at a
given temperaturc can be calibrated out, Temperature cffects, however,
will requirc that other clements in the circuit have compensatory
impedance - tenperature characteristics. The upper linit of ambicnt
terperatures for which compensatory clercents could be empleyed is
1imited because the rectifier eloment characteristics becane
orratic cbove temperatures of 110°F.

28, The data of indicated crrors, table in paragraph 16, taken
during the tests for cffects of inclination show that the novable
element of indicator No, 2 did not maintain its deflection when
inclined from the vertical. The maxirun discrepancy was of the order
of 5% when inclined forward fren the normal positione. No attenpt was
nade to determine the cause except to note that the novable elenent
including the pointer was in no Way directly obstructed, It is
probable that the novable element including the pointer was not in
proper balance or alignnent. '

-8 -
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