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1.0 Tniroductiion

4o

vher bewting turbo-machines, 1t 1s sometimes prefersbie to take
readings al delinale urreciad gpocds rather thon sbswluite speeds., 1ot
only Goces bhas surmingy plotiing, UOTipaI'_LSO?‘l of resalte ond chbtaining check
peinwbs but 2t also evowls warrlo.lises wloch arise ip inter preting results
when tle inZet lorpsrature filuctiates Guring a long teost,

Few divect readiocg tacho etors can altain an accuracy of £ 0.1 per
cent, Fien with an accouroie nsirument of lhiis sort, relerenr o a Jhars
or teole 15 neneasary to devcrnine ine regaiced shaft specd at tie inict
oture peovalliag before the sial't sreed can pe sot,  As, i geaeral,
the Cf]_U.".E‘C(l abaoiule shalt spces adl be Lotweer vilucs markccl on the
tacroneter scale. ihe process off sosling end monta nang this speod will
be tedicus.

Tachonctors which crtiwy wount the mumber of reveluteons of the
shaft (or sone mulliple o “ho mmecs of vevoluticons) sn s fiven tme or
neasurc the time for a fael v -mher or rovolutions ere cavable of attain-
ing an accuracy of beiler then 0.1 per cont but because the speed 1s nct
1adreated wontiauonsly, they zice more &' I07zavlt to use fov the selting of
a fuxed spcod than darceet resdisz anstruments,

The Gevice o be degoribea sveids any da sawa,nuat:,u 0i lhe above
rrotruments. Yhe oporaclons n;csauaryr src the gotling i o dial to the
measuicd ois anlet lempescinre and Lhen the adgustment of the shaft speed

.\

1o opave a sled Lonars T»ﬂt*n,rn on oo 81rChoscopIe INALCATOL.

Trus correoted gpecd tachoserre woes deazgned spoeciinceally for use
tewliny surcoacrine and troooonic Lgomlvrussor . As the opereting conda-
“tanS of iho s i conprosscer cer chanpe rapilaly with relative Mach
usial 11 this cooe thobt tosts ghoutd be at constent
relative Jiach aumber will be andependent of

~

2.0 " Shov or oper daewn

fn eccarale Lo neney o oot whriar onn e comparced with the
sho oo oo oy agtroboscepile mee~s, I (he Jreguercy o this scurce 18

depcoddent on thr sy alee tuovossue guch thet toc corrected frequency

1
(acluval Froquency x [S2z, <here [ oas the obsolule 1alet serperature)
r1
L

ceartarlt at sor e oonve.woat valae, .l Isllows that the chaft ecpecd wall
alzsc he L:or"r‘a,f‘t“q vheonove™ a stationary wmege on the stroboscopice disc is
oplazaad

Aoesmtenaont 3.:1:.1 nr;ya"mr t1 accarote method of generating this fre-
(=]

mecey s to add o s acourcic, cosland ;r‘cq&ency source a varizble
STt wrnich oo i'unu‘u_ow ol o arael Loperatare., In ‘_practlce, the
oI L xr?ue ot th s oaners aal @ o og all Jractaon of the accuratc con-

slany I zguoney (1/ o for & rangz ol <O O, Lo 405 L.) and. uhc‘"mor'e the
Toocioor nom by do e Zarge (abomil 23 rer cont) aibout oxceed-
per ceut tobal orror. 14 necepsary, ihe range of the instrument

-

can bo LOrtonced provad sl bre morurent error 18 redaced or i allowable

voror ot be prrenler chan D1 oner cent



Frooguency qenwrators naing a taning fork or a quartz crystal as the
convroliing clement can aibein the Acsired scavracy {crror < *2,01 per cent).
The econtact msirtained tuning rvori. s probebly the least exponsive, canplest
and most yellable ol the above freguency gencrators.

The particular instrument to be described uscs an Elanver contact
maintainced tining fork wrd an ulGthOKlu811V controlicd molor Lo rencrete
the inorameit Croyvco rre The agscuracy of ibe Tarst froguenrcy s 25,01 per
cent and of the senund < X1 per cont, Ty froqrenlly checking the instrusent
calzbrat.on, tac last Lignro can o roaecsd to aswut =C. 1 per cent {seu
Sectzon 9.0). In this particulec duS]FT wiere the ronso s -9°%C. to +35%C,,
the mecisam tobtal crier (% =5 or +25700) will be sbovt 0.0 per cont. This
crror will of course reduce as the ,n¢LL lemperatiure approachoes 1580,

5.0 Gencral descerintroy of dnsirvaont

M-

The ancerement freguwenyy o8 delemiiacd by the speed of a shaft draven
through the mcar box U b” (he robor A (oo Faywe 1), The motor mpouc 18
governed clectrically by ilw Jlect-onie sorvo—ampWLf:er B. Tho capacity
Treruoncy addor J) oswny tﬂis irerieney and Lhe frocuency genccoated by a
tuning, fork (aot shown) sno Fecds the regvl.ant simaal to +the treigper circuit
Mo Thrg crpcnit gonorateso pulses shach trogger tine stroboescope lubc J.
This atroboscope bhe 1lluiinates a dis. draven at the snaft apced, oc a
Pracuion of af, by o gvuchronous clee'rie coupling.  The streboscopic rings
vhich are printed on this dzse (wosi converuenily by a photosraphic vrocess)
arc derisnod g0 1het one or more cx the rings appcars staticrary ot the
shaf't opceds ol which 2t s desized to take rcadinga

A wtandard cngila. speced indicator e also regurrcd to provide an
approxiiave indicetron of the shaft arced,

rould a fauls dovelop i *he correcting clrouit, testing can be
continazl st copstoal aclial spest ag p”DV“SlOH 13 nade for operating the
stroonagcooe inbe crreclly Jrom tnu tuning rovl: contacts.
Provislon 13 aleo nade Tor tho checliing of the increoment fregquency
~ulibration (so2 aleo 5,0

=

A grpralder techanpe bo the dbovl' esn be used i it is more convenicnt

to conirsl the stroboscore ke by the sliwlt speca and the stroboscopic dise
spzed by ihe instrumoni.

3G Lotazls of eircuat  (sec Fooure 25

b /

LA Volor ond druve

The molor sreed o oloh iiscd by a suwic elocetronice servo-ampliiier
vhich eagbles e Lotor gpocd 1o Lo accuralcely controlled and causes the
specd to bo vartualiy wndopendent of svpoly volsages and lead,
ror 2 2" wolt direct current supply thwcugh

The nwobor srrathre s {ed £
211 ts to roduce armature current variation

8 2y volt 2 woit bulb., Tals b
with motor Toad aund spucd,
The motor flcld cxzeourtstien 1 grcjorilonal to the culout of 1lhe serve-
mplasier vl 2a turr, s mroportionsl Lo the amplifior input an applied
conirod voltar. T3 thm {,Cner thL vie.lase, Theg pencrator in secarately
grerted Jranon t L —Juud hiapl 3 Lon c"wn1y and 18 divectiy coupltd to the
motor. If the rotor e 1o g.ti’ Lozded and 1t tne emmlifaer gaan is hagh, 3t



1
(o]
1

x 41

cen wesily bu wecn thnt whe rotor opeed w.ll increase or decrense uantal
the gencratnr velbare cquals the applied control veltage. 18 this coirol
vol'age s obtouned oo ~a Faipuio 2 Yrom o potontiometer, the orteutiometer
wnll form an offectax a1 Lo speed control., Thas control s coli-
brabed direoetly irn deprocs ooutaTracde, the anr inled terperciare { soe
Appendon T,

T oso desired, this conlicl ooyl be owerated resole dren the iastru-
ment tor Lomocced thronsh a lonpth ol sorocned crble, The metor speed can
be cenlrellicd autoastically frou the inlet air teqperature 1 the control
voliess 1s deraived rrom a torpereture saasctive c'lcx ce.  As the control

vol-ame 1s suout -20 b0 +4C velto. a very sensitave clovent o nscossary.

The wpedance 07 the ocrrevnt 33 howover wery nifh and iereflore a

_ 14
nrch rrpedeace elaaont (o sovers o sories) can be vsed, Sutlsble ele-
nents are che therrootor ot ke ros ostance alb,  The first s aon~l-near

CNLICU0 e BSOS 20l St Peelslors an the hermeoster crrocunt are
oooosLars to obloin tae desivea outrut/ Lomroral e characceristie.  Cieilar
it gmollor CorreoTiou A0 NEelesreryy 1d stoace bold g uscd. Ao
the cecwresey of ouerab.on of an assonalic COYTOCtios Clridal
.L
L

t would be
carciwidt o chcck, suen o ciroat hro zmt hocn 1ncorporsted in thas parti-

ciler deg. gz,

g ulus of the rencrotor s nct sure direcl current but
conteing an avorecwanle awaat of ripgle, a 5:.}711“1(, f1licr rustl be ancor-
Loreted botwoeen thic gonwerator armswce and bhac amplifzor.,  Othermase the
eriicacacy od the mf:-;or cortrol would be wmerred end hzgh alternating

g ope Cerodoisd o loo robor Paclds. Thas falier introduccs
paase shats su 1o servo~loon ardl fherefore the syston os

o to lmal. Slabulaty w8 casured by attachineg o £lrwvhceel on the
rotor she’l, A reduction xe the vate of rospons. causced thoereby is unavold-
5w no oy doblomenterl .. tlue swulication,
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Thes dovace cdod 1o Jre aencion., one tho speed of the rotor and
e obacy & Uovr phase Coashant Jre voose,s olectrical sigueld opnlicd to thne
stoler L. MY ospmearla, (8 o single phas. cldetrical sirral on the rotor.
The siclor is snlotl 11bc four ’*uod*‘mlts, cach ol vhich 38 fed irath
an el volloge ot Jrol o goagstant frodqueacy source.  The phase of the
sronolta on the goadecnils advonice roand the siator an GG c° sieps. These
8 mial i o Ivrcter; two by

3 oe obbonaed Trowm tho out u" o the phese gl
e £ohe oot 2 0 1 and The otlors Dy posgs.ny, tacoull. resistance-
sienal atbenuntzon)

—_

. .
- - N (3T o1 A Lo
cantoiiir.oe notwesks Cgavean 90Y rhese shoit oond 2 :

\ e B 1 " 1 [P, _ a =
the rolcr, vlnd 1s doavea by 3o melcr v ¢ geor box,ceansists of a single
3 - - [
C.BC 0% vol A0OUT &5 85.5
-

PES LT TGy beweon tThe cuntre 8nd Clroui-
u The cloarancss batozes Une wlso ond bao stalors sre shout C.02
in. This Cezice ip bosicelly tho sanc as that described in Reforence f.



Beecauze 1he capocitance boetreen 1he plates is smoll and the workang
frecguency low, 1t 1s essgential that the output of the cdder e fo{i :Lnto o
high impedance - low copacitones circuit (:L ocdance of the erder of 37C I0).
The ecpocitonce of the acder deviee could, hovcvcr, e 1neredsod, ‘_1 neces-
sory, by £1lling 1 th an mmsulating {1uid such o tropsformer o. .

A further type of oadder ushug o Mlogslip” was tested bat 1t proved to
be unfordeor to the cipacuty tyrve in lris pooticnlear applacat.on,

a3 —irh rmedanze - lov canncitancs cuircuirt

Thig coneiste of a high u (srplaficotion factor) velve connecto
& cathodc f’o? lover., %o avexd "r*‘;ro“Lf'ng, acrocs lhe inmut the copacat
ol tho scrcened lend botweln the alder aad the cathode felleower, on anter-
sheath s us Ll vhuch 1s fod Ifroa the crdnede of il valve, Thus ihe
shicathh potonticl wall follow the aaput velleze in tne same phase cnd thore-

-

forc this Icved voll inbrcducs laittle frwiher capacutance znvo the caroect.

The aticnectioa off the sargmal throuph the pance chorger, adder and
input cirenit ol the mreototyoe wes sbouy £ ¢ .

LS Bloctronzc {r:mrer clrvcunt

This cireurt cenleoys rogitive feedbear to moke the ¢ffcctive vwolleg
goan 1alinole ond co oL wall conwertd the ciruscrdcd vaveiorn from the uCl'LllOdC
follovrer anto o square wove., This stuore wovs is daflerentiated by a

rosistance—capocriance m,iwor: to c.ve o scrics of palses - one positive ond
caec neratire por cyele. “haracterisiics of the stroboscope tube cre

sucl, that on. tro I-CC,&LJ_VC Tulse con cousc 1t to conduct.

4.h Tri zer corcuit for the tuning rork contocts

The power supzly lor this clrovit us c"_cr-rmd *"rom the ssroboscome
tube sunsly vze o potentel o wvider mnd v taw cisance carculiv. VWhen
the tm.ny fork controts cocao, o condorscr s 3":133_111*' dischnrred - thoreby
3 hav)

% ~ - 3 a1 . . - - ¥
giritg o nofe wve volta . pulae vl oo trigger the 57

& \,oosc me tube,
Upon wpenung tie tuning fork coalocts, the dhove mentioned conlencer will
rechir e rondy for the noxl oo,

WG S loevor avohch

“hig suitch selechs the soursce of polscs - cather from the electronic
trogper o the lundine Covk % cr - ond {223 them to exther the internal
cadibratinz siroboscouwe o the coterntd tuke on the tachoscoroe. Then on the
farst position, the calibraticn cheo: posiloion, pulses fron the tuanang 1'orlk
trigoer operste the antermal Lime sircuungy the motor shaft., Cn the second
he norral opersbt.ar position, oulses Trow the elecironic Traglow

U OBCONE r'trohc:acop tabe,  On 12
Y 1

a % ho thard position, uscd uf the
rest of the sysretus develons a fauli, the funine fork trogrors the tacho-
scope swraboacews tube Cireotl .

b Pouvsr ~mits
Ywe entiicly so:;e:e.’te orer unlts e nacorporated, oae suplying the
stroboscope tdbe and t.o tuning ork tripser and the other the rest of the
roarsiig. Le wrell es oa ZIC vo"H 50 cuones. supply, & 2L velt direct current
sw,ply 15 required., Thus sursly .n usuelly derived Trom a communal power unit
P 4

and 8o IC SaMArate Jdnlt L8 showr
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Colibroizon chedl.

\n

Am wentionced previously, rrovision is made so that the notor shaft
can e stroscd at tle swe frowucney as thet of Lthe ftunins fork. Thas
cuables en eceucats cich 4o be made on thw calibration n.ar botn ends of
the teaperabure scele (at moicr ssecds of 3,000 rop.m. for a 50 c.o.s.
fork).

Y SQuarent

N

o
-
13
&,
*'AJ
d
,_l
£

1
Ls the oroeroors Loquiics o pure sinevave signal wput {of about &

VOt Luilane), Mofns have o he wiravided to obtawn thus i‘rom tm, contact
naxntainid Ponangy ok, Two woetaccs have bosn successlully tried, onc
ustig m elocbronn nevic pra-ts {iraw o headphone esrpiece) and the othor
ugLas o 7o ogectlon 7 FLloer o rowove harmonzes from anacproximete squore
ave o’ toinee by 1mlcirup.iag (bY reans of the tuning fork contacts) e
voltere suwrly Pron o pabtor. I the Tarsl type vere comnecied to the

arpiae would reauld ond thoe fregquency stebility
would bo ma.rcd,  To ovorcoue vk Juficaldy, 1t was Jixed to a slave
vibrasor whech vas rewntained vivealing. clectromasnetically usang the Tuning
forlt contacts (sce Fapurce L and 5 and goneral layouts Figurc 6),

l_.f

e - ) .
10T Lcl.{.b\.«b-iq“’, ChOCEB3L S

& o

homy other motheds vould no doubt ve gust as satisioctory.
Ve Cong'uaicns

L devlice has boeen cescribeld wiath whozh a durbo-machine con be scd at
scelectod correot 3 with an crror of consilerobly less than 0.1 per
- s
cont .n 1he —al ature range -H to +357C.

.

- O
+

O

I

T

[

Tiae rngwrument by no moeds doronstrates the lomet of the techoigque
and lavror fompses Ccan be accomaocataed by ouitobhlic desizn.

Thag tedmagac by vhech o cal ted varicbie froeguoncy 1s added
an cecuratc constoat Jrequenay noy faind other soplicacions an other Ticlds.

o
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Ir dre acwal phocd 1s set using a ciroboscopne indicoting reens as dos-
craved in the mosn lext, the roequeasy volat onohip as lhe seme ng the speed
roiationzhag.,
: T I
1hot 18 Tgtpehoscepe = fanaias foris = = Thunany rork [T+ wee

- ; ~ 230 258

5

Expandinr Dy meens cof the Liomanl thooroy we owloin

i
_ [ i v\t }
Latrcboseope = Tiaun . fork 11+ 2 } T e s
g AL -OTR 204 ,233 }
. 2
oadA 4‘{' 1
= ' N R 3t . - =i —- ] —— ————
Louraag forls © Tduiann fmi{i 2\ 052 SELEE) *
Therefore the ploorc wnl “rogvency s

2
= 7 P {lff-m-t l:i...-’(-.-.-----..-‘t ) + ........}
-lanny fond: Aoas /7 o

—

LA MAST eral

Y A AR
. o - - - L - KE i
or Wolor speed = 00 x conr box ratio T fi.a i’or“:{ T ) - ) + - }
- LY

T - oA [ S sy LT - - - -
Uguol y, oal” o forus .o fhin oLansion ains neccssary.
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T motor spooes e Llva ool
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