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The Importance of accurate tom meaaurnorL  
i3 wall tom . +evera1 deViaeti aze avai;awle for this 
puzpso, logit of thorn suffer from the c 	ng troubles. 

Magnetic*couplcd orquneter, original2r 
developed Dr z. # Lar i s ;fie fran s pøiuin4 and can 
ue used ibr ht&h  pcedu. 

Zhie diisorttion mainly doaU with the dOv+e 
locent of a ManOttc*icotled toyqucm.ter. The device has 
been de&ggned end U d fbr the recording of 8teefty + d 
tranetent tor.*e8w 

This in preceded by a brief review of dnp.► 
motors and torquernetera developed from time to tire.► 
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Sho rA d to meaSure the torque, or the torsion we snPt 
accurately in a aft either in a static condition or during 
rotation, has exercised the Ingenuity of engineers for mwW 
yea . Brous devices have been eu&ømted and produced 
from time to time for the purpose* 

'die torque ratio on ,sur ► of the machine  ma&tx elements can 

be either statics  In r 'at a couple is applied to the element 
without rotating 1t; or d,ynaic, in IIith the torsion int 
La applied to the element that. is r ►tatin . The measurement 
of the tam► of a rotating mine presents considerable 
di ` cu It y, particularly in it is required to record the 

instantaneous values under rapidly varying conditions, 
'Upto about lViD, the devisee used for torque ► ra-

went were purely moth nicalt. Capacitance stern 
ewers developed by C 	r and .m *n and found a useful appli- 
eatien for the acoirste measurement of torte; lith the advent 
of resistance atrain"n torquemeter5, the industry t a 
convenient tool for the torque measurement. These motor organo 
not very suitable under the extreme conditions of temperature, 
ht idity and speed of the m4  c. Mneticcouplad torquemetsr12  
was developed by Langer. Modification has been stated 
herein and a torquweUr has been deli, d,, :fbricated and 
teStd in the laboratory to prove the efficatty of this mods. 

cation: 
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In most h 	axing , ., it is the 	rsg* vs]as 
Qt to 	during cycle vhich is of intsr.st to us yet 
art the stand point of Basi*jn of shaft anti other atresMd 
a* srs, their life and strength, it I s desirable to have 
a 	w t plot whtth is invaluaM. to an car 	r• The 
dev.3opSd to u r serves the ewe requirement. 
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rquo mea urenent iu often s sociated with 
determination of mechanical  mothanicQl power• In thiE connection, 
torque measurin;devices are corrnonly reförred to as dyneno i 
meters* 'hon io applied, uoth torque and angular ;peed must 
be determined. Another important reason for moasurir ; torque 
it, to obtain load inforriation mcetaazy for stress or det?.ec-
tion analysis. 

Zero are three basic types of dy c tern, 
absorption, driving, and tran+niseion typo. Absorption dyna- 
ureters did -tpato mcion eal energy as torque is me ur sd, 
hence are particularly ueeftel for measuring power or torque 
developed vy power vourcoo such as anima or electric motors. 

 as their n rno indicates, both measure 
torque or power and al -o euppl, energy to operate ie devices 
under test. They are, the faro, uiofl in doter train per-
forinance characteristics of such thin aas p pn end ccipre,» 
+ eors. 2ran*i ion dynancine tore may us thought of as passive 
devices placed at an appropriate location within a machine or 
between machines, simply for the purpose of sensing the torque 
at that loctio. 'hhcy neither add to nor subtract,  fran the 
transmitted energy or power,, end am sometimes  referred to as 
torque que meters« 

The most sirploat type of absorption dynes ter 
is the familiar prorW brake, vhic iL: strictly a mechanical 
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device depat*1.ing on dry friction for converting the mecheni-
cai .nerdy into beat. 

,Another form of dynamometer op®retins on similar ' 
principles, is the star brake# which uses fluid friction 
rather than dry Friction for dissipating the input on~er.  r. 

The dynaaasetsr casing is mounted on turnaton bearings, 
so that it is !fir to rotate about the aiaft except for the 
restraint  provided by the torque lover arm. The capacity in 
a ;unction of two fa res„ speed and water Wil. 

The hydraulic dynamornetar has the advant s of hig 
poi r sorption capacity in *mall Spars and at "low cost* It 
Is tntte srntly unstable and requir & constant manipulation of 

the control vera to maintain constant torque during a run. 
It is wall adopted to testing engines and autamotive propul*- 
ston leads. 

2.2• 	tn..~Xiitare 

most arty form of rotatini electric machine can 
be used a a driving c*ynueceter, or as on resorption rno' 
meters, or ae both. 

Eddy current dyxztometsrs are of the absorption 
type. Thay are incapable of driving a test machine such as 
a pump or cressor, hence they are only useful for measuring 
the power frza a source such as an 1. C. ergine or electric 
*oto?. 

The eddy current dynamcrostsr emprtass in essence a 
metallic disc, driven by the shaft, rotating in a magnetic 



field. The otic field ire produced Ley el ctrmagmts, 
Th. rotation of the caonductink$ disc In tho ma stir field 
Induces circulatintyeddy curront(,: in the disc* Mechanical 
env y► 13ipliod uy tho shaft t u thus converted to electric 
•nerjW in the disc, %hic.h in turn 10 dissipated by of nto xe$w 
js' 1ce And comar'ted to heat. The field structure is mounted  
on trunnion baarir o so that It Is foo to rotate about the 
shaft,, The torque reaction of the field structure Is equal 
anti opposite to the torque Input to the -shaft# loss the fric' 
tion torque of the trunnion ion rhe. 

The torque absorption of the eddy current 4rnsnrteter 
Is Proportional to the square of the urn tic flux and dire c.» 
" 1. proportional to the mod* The tomato at htLi speeds to 
limited  ter the ne box4 cal otronth and the heat comer ; ca 
cit of tho coolant. 

In ,enema, the field of operation of od4y*■curront 
dYncxricter U,a much tor, and tho control Uy w eir the 
field current to quite convenient. 

Maorptton dynancneters are used only in toot ,
1 ng en $n x , ' etc► of fps or compressors require that the 
meehino be driven Ly a source of meehantcrl power. A drlvir3 
wmotor iz useful in such a case, because It provides the 
methantcal po er required ens the measuruent of the fir. 
Mostly the d rivl n ,~ dynr0meter6 are the electric motors. Meas 
canCcu elsa uo used as &nerator' and than are particularly useful 
for testtni one4neL itch require an external source of power 
Or st arttr . The dynomoter 1 werked as a motor to start 
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' T 	. if r 	, .TV• t r tYT 	rT% 
3i*   

Vbtttng.rts tor'queneter is an* of the earliest 
types of torque meter. It Is a mseha cool device and marc met 
e +aars rkjnj an the principle on ttich this meter qmr tel» 
me r e't a i& ?i shown in flg.3"l* It consists of two split 
deeps a wA c, encircling the shaft a ose torque in to be me&- 
suredo mss c3.eepa axe rigidfixed (D' pine or screws) to the 
shaft t o deflnte gau r points on the shams, d distance 
app* A s3ave to fixed to the cep car hich tranefpre the 
notion of the gau point c on the shaft to a disc b,, close to 
the disc on c3anp a. The relative angular dtsplaceiient of the 
disc a and D is a measure of the torque acting on the eft_ This 
angular r disp3acement i s rrant fled Dy the link System and recorded 
Dy a pencil d on suitaDie paper wrped round the c.szta . Cylnu 
due, ,►ich is stationery and can +o moved clear of the pencil 

sn xequir d* • i*n there is no torque on the shafts  the pencil 
tri* a etre rential Ura and this Is the zero line of the 
di.. then the -torque is trsn tted by the shaft the pencil 
moves to . the risht or left, according to the direction of rotation 
end tree a more or loss vy line at 	distance frri the zero 
line. The at 	Stsr screw. r lløw8 the ordinates to be c i s► 

ted in angular movement. 
Forton r s motor ms developed for the me. ram nt 

of torque transelt,t.d through the propeller shaft of a ship. 
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The main dilsdvantaa, of thio motor i' that a Lsrs 

free length of the shaft i ► required, 	,chi may result into the 
bending of the Shafto It can only b► used for slowr moving 1a 

'ts and jeco$ of rtd11y 'variing torque tb not possible• 

TI 	t ii 

light co'm ial shafts - are mounted In bearings parallel to the 

main shaft and driven from It bt Paring with a hji ratio. 
is ca  es the gnu length h snc hence lerga filer twist to 

obtained vhich increases its sensitivity. The meter is shown to 
,g.3' 2 and flg.3« • The end of one of the shat # a, to scot 

and carries a nut b, ick is ap nmd to the other sue, v#  and 
can slide upon It for a limited diatanc, The notion of the tut 
is. trap fitted to a pointer, i .ch asui'w a mechanical 

cation of the mint. ieu the satn &Jt ti45ti under load# 
one of the + ►aft advances or zeds In angular position with 

regard to the others so screwin& the Taut one w W or the other 

by an amount proportional to the torque tra ranted. 
The tzwtrunent tb not appltc ►*vs the Spam is 

limited. Also the accuracy of measurement is not high* The on ]y 
acxvantaga is that a direct readtnr ' on the 'pointer is obtained. 

The motors described so for were In use b. re 1910  
and possess the fbU+wing disadvantass 

t. 	A Long l*ngih of shaft is required in most cams; in 
most of the machine&#  today such a length is not .av .leb2o. Also 
Mpurious std ct* are introduced through the bonding of these long 

shams. 
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I* Most of the devices mm only Wpldabls to slowrunn  

Ing ah fs! and in l►nsml, the degree of Accuracy I s not him. 
3. The readings an non'contlnuous. 
4. In says carie there is no pointer reading end In others 

no pexnansnt record. 
5. The Instruments need skilled operation and 1nterpreta«► 

tion of the results. 
Pbr the preaentday application the torquieters should 

b ecpaet, havin hiIh demos of accuracy, higher response, a 
psrmsnsnt record, a pointer rewding, robustness and etakjijty. 
'b achieve this electrical means of tranatnitth ind ma&miring 
the angular strain of a ga'* lend have t*en used. 

We have a relation Leten the torque " the total 
angle of tilt as 

Thus the Utionshtp between the applied torque end the angle of 
twist produced is linear end as if the angle of twist is measured, 
it is as good as measuring the applied torque. 

An el ctrics . strain geuW could car made use of in 
order to measure the torque by the above method. 

The principle reason for the popularity of electrical 
x s is their ltty to record data at a station remote f 
the point of application of the gau# thub allowing the a 	to 
be st wd*d in position which would as inaccessible for direct 
aessursment by mechanical or apttcal mean* and hth dynanic re a*-
Me of the 'electrical i which renders the uIP invaluab3 il,r 
dynamic rk. 
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An ølectrl cal g*we has► men defined as a device J4dt 

convert. a p ysieal magnitie into an electrical wegnitudsw AU 
electrical circus for aegidfl tion and .-eeaur tint. of +mil 
eovre me Involve ms. or all of the three basic electrical units 
of tnductencep capscitenee JYI realstanc*e Theretbre, Obriet *2y v 

t circt t tic do nt 	value can be ted by a aeeaharicel 
phannenon can be used for mea ring purposes. Electrical aau a 
are therefore t d fled according to the principle of operation 
ouch as variable tuductanoep variaDle capacitance end variable 
resistance types. 

of 	~..- 	1 •: 	1 	!1jier . 

stem gaut is Wised of a condor sr,. the amity of Bitch 
can ae mew to very with &train* A capacitance is A*ndentsl2y 
taD plate& separated by an inwulator (often aira. the iespedance 
to an alternating i current, depends won the capacity of the eonden-
ser, vAith in turn depends upon the distance betae.n the plates 
and the erie of the planes. Either va table can be used as a atrte► 
sin transducer. 

' e capacitance  o f a capacitør may ue, varied by c*1u ► 
ing either the ,g p or the effective . area of the electrodes or by 
chen 1.ne' the dielectric constant of the materiel separating the 
plates. Aeatzning that there is no. chanm ie1e in the dielectric, 
the capacity can therefore be varied by altering the separation 
of the plates or the area of ths overlap• 

for. parallel plate condenser the relation -ship b,turen 
the capacitance and the separation of plates ii given by the 
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islatien 	C rye 	 t K A 	 fat u T. 
3.6i t 

Zt is usual for the capacitance changes  to be caaa.d 
by cites In the gap, the changes in gap being stricted to 
*ia11 fraction of the totaal gp in order to prevent undue dspar» 
tura from 12neextty. Once the relation ustva*n the capacitance 
and separation Ueteen plates In kiperbolic,, it it necessaz7 to 
us* very n*1. ape and a *nall range of movant, to obtain 
rozisately linearrelattarhip. 

The capacitance strain mgr consists of four 
parallel Plates condensers acted in parallel. Four plates 
are fitted to one ebonite circular dine symotrica 2y a mtoim 
In fjg.3*4, T o such pieces are mounted on a circular shaft so 
that the twD ebonite disc& are gated by a distance n the 
plates of one halt are placed diel to the plates of the other 
foxing raft air gaps. Thus four capacitors are tanned. !home 
capacitors are connected In parallel. An I',. potential is appli.. 
ad teras+ the taxminala of the condensers. One is in*l in broug' 
ht through a slip-ring  nnection " the other (fin) tanninal 
is the body of the machine itself. 

The torque unit i6 coi3aci to the shaft of the motor 
under investigation. hen the power to tranemsttt.d the sheaf. gets 
td d. "tau* tbw plates get nearer or , a► n'thsr &sey finding 
von the direction of the applied %OM*, causing a change In caps, 
ettanea of the Unit. 2118 char a in c*eitane. is a me.aurs of  
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r , 	-1 



the ,S hod torque. 
1hoapplication of tat'- typo of torque motor i at 

piaeee ,iera it it requ ,rod to me i8uro to torque of wall maMda* 
tarda. taro tsould be t&On to cWoi1 cont~rmination of the geugo 
by oil, oll Vopour or witor vapour, cinco they may appreetabiy 
alter its c fit+€ nco by chanCini the dielectric eoruetant+ 

The corious di c uivanta of the netor is that the temlo 
peratur ohcno s in the haft open the ap tet n the plates. 

G1wF.cy :'k DA:. 

convenient nothot1 of varyioj the aroc of overlap In 
by the help of sorrW ondoner tu►. She &iouo 	dov'olopod 
by Cert benmu and F►r rw, wxd i w iomn in 	k» abu- 
lar rno n r a is of 	tool r b fine lon8itudinol Internal 
uexratton in tho ro on of the trailer Ooro. 2bo80 sorrattons  
are formed by outtio rooter + r elotc, uotn a trail clottinij  

moire her j an en acarnto indexinj arrz nt. to inner tubu«U 
* fiber b, i+0 alto of mild stool and has oo: cpordinj external 

*rrationG, fbrr3od by uuinu., a Tsiliin cutter. 	tw3on a and b 
there i& P tm air ap i1 ieh to accurately maintained by pro-
loaded L all besris .;O and th©to Haters constitute a condenser. 
The capacity of the condenser chime with roiatiuo eneulor ei ►la.. 
int of the runuer& as own in fin, 3 	► 7. 'the Fabere 
a and 0 are re, storod to the ihaft at a certain distance, ich 
reprsent.. the 	 iom, ,h* Under the full load torque the twist 
of the r aft uatwen the Zoo p 4nte should we onou i to &4vo a 
fdrAy 1aro deflection on the oscilloroph record. 1hie has been 
sdtevsd by the use of an cvnplifler. 
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The sensitivity of the Instrument +should ue constant 
for the Z1 range o f maveriont due to the e haft twist. Thin 

j  that the c; aacity displace nt rolation 4Sp should be 
llr*er over t i a z'an, th i, condition can be met by deeiAjning 
the eatjon8 uitabLy. In the varja,4eaugp condoneer type 
torquer,etor, exeectvo movement will c0u130 contact of conden-
tor el ont1 or of corrobponding 6topo, iIo a as in the present 
ease tyre 16 no limit for mechanical movement end hence no 
stopo are +est* The pick up unit is normal1r fitted so 
tit inner and outer tooth halt over4ap r ►on the imp, to 
trantmitting approximatoiy fu . moantorque, this gives the 
tl, lioit rarer of linear ty for positive or no Live toga. 

The capacitance of a Zoe; plain annule.r condonasrannul  
is proportional to the orou, the dielectric constant, and tho 
loWithIm of the ratio of outer to inner amu&. In thIL partt-
cu'ar coie,, since the ,ap bet en outer and inner evurdors to 
very Gall cnpazed to the iap  radius, the curvature of the 

condenser surThcew can be inoredp and tht calculation can W 
done on tho bass*; of cin lo plate comlense►r tbzula 

C- "V1X  o uuX 
3.61 

If the char distributor. itself un1 foxn1 y, the  
anae of capacity with relative position of the toeVi mould 

u0 linear, but, due to end ef1ctc the actual sensitivity end 
the ran of linearity is to uo determined a orimenta]iy. 



Spica. unit have 60, 90 or ;) tet th anti can Uo lrcm 

4" In diAaetor 1W 3/4" long. blip-►rint trouble Is not ser1- 
oue in inerol, cinco hiii4requony hiih"1nipedoneo circuits 
are used for enerrieing the condenser and for detecttnij and 
w plii"tnij the s1 nal. 

Capacity pickupL pickup require spocial cane t it t details 
of tho circuit. Thi L aurawas developed before the advent of 
the rosi+~tenoe strain 	and o they can now have their 
useful application only in epociai ire. Iaoso , au aD+i are 
most ! to ia to caGe0 oro the tiporaturo is beyond the 
]4tmtt fbr wire-roL.itoncoVis* In the capacity We pi -
va, the ren, of linearity Liu - not intimately asiociatod th 
the properties of the materia # aS in the tzv Zoeiet nco auiis 
and thus the capacity y typo mr.r eon for moacurorente under 
extr e cor4i tiara veru the re rosictonco typo could bo over 
LiZ 'T 

y 

The resistance strain iaugc, unlike other inetr ante 
based on the emetic twist of a shaft, makes uco of the point-
to point stretch or ccmpree:4on of the our co of the shaft. The 
cau exhibits a lirEar relatioflLhip x3tmOn the change in Its 
electrical roeietonc o and t &train applied to it. It proDHly 
tx~aetriseted and applied, it Is free f rw hyoteresie• 	en the 
material on vice it i wed is wrkod within the Strain 1imt , 
then its properties do not chert r easurably with tiro or mater 

of cycles L: of operation. 
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'i.n a shaft it subjected to tor►iont  the principal 
stre w L occur at 46 to the ams of the shafts, the stresses 
being  at rijht angle and equal in int itudo but opposite in 
slang  that i, tho, are ton4 and ccx pros ivs. If a tinjjlo 
bended wtre izje t eo placed that it ib110 ve a 	helix on 
the surface of the shaft, the 	1 ► &m subjected to meati-► 
mum btrel n duu to the torque. A bi o'e could therefore 
be used for the moue. ont of torque. UO►Vr, any +J tin 
or trust applied to the shaft would o iouiy elba mot the 

UIW) raspotlep and ear duos in taporturo vuld ceruse 
j ac ins mss tho - t+ perst u ro coefficient  of the 

eue'lucre Nero* MoSreov 1", unlo s 'ieloi4Gw,, of tto +auije 
wore vo-,j ht, it d►uM not 8ü pa tical to enploy s p 
eM bruib connections to the external moaourinn circuit, since 
the erratic and vari€ ulo bnwh contact resistance con + i be 
at least aS lar a the total resistonee change of the Sau,o 
of usual resistance Value. 

Sze auova nieutiomd 11znitation of the einj gauge 
can be rsnoved by the use of the aria t ent of the ,aw&ps as 
shown In ni;* 388. Four u pe are now used and are placed 

ora;4P helices on the theft surface. Tao s c subjected 
to the stern ► of the Sane ain duo to the torques  f+z oppor4te 
anr5 of tie teat atom fid. 'Zhu £x'jdi is unaalanccd due. 
to the torte and rho un*lance is additive by oil the mss. 
Tho a fbr , oto output of this 	oc e►t is four t1&es that of 
the brIdtO with only oroactive awn. 
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dctng iitz$beii am hiLh a* 4aty r u1rcent poutt vAen 
bi*ieot accuracy to e8Lentiel. 

M a pneral rule the streas  old wo at least 6000 

lbs/in2  iben the accuracy of meaeurerent ib to be t 1% of full 
scale. Preferably the otrou should be €X)00 to 10,000 pat. Vten 
ow torquemoter to to covr 4Ievaral raneo of r!eaLuremont, sueb 
that tho &nAUGSt range to U3 of full ise,,:Lot then it is deeIrwo  
ahle to uoe a shaft strest, of auout 16000 pal for full oc -,3.e. 
Uibtrn3th alloy stool thould to used for such prick-up 
shaft* to provida sufficient Safty-factor. 

MI&WUM St 
00 

The zet stance 	Jbr i4reine corrependinj to 
maxim= allomolo atroaw(j in Qoth the &haft and the wize"roeie-
tenco olcontv Geldr*n OC9Q6 3j' of the initial z'esiL4anco. Thor 
fcre x of c3onotttvo potnticeter and bnlanctnG brtdLj3 to 
required vAth srO resistance 6trair1ouEJOe, or htLh in amliow
flennut Le used with direct Indicatins instrLrnonto. A f,rthor 
disadvantaGo Is tho relatively larLp temperature cooffietont of 
resistance of nest of the mire reL4stnnco strain gaus. It is 
therefuro not of xuth use for air craft ?not tozquureterc 
Qero tomperature 'iartstion IL hit. 

XV. 3.6. 	totr W= micve 	_________ 
2CAUSLU 90 

The Cavity 2'050flGthrLI Used 

unItL or vnVOtnQt4rLi are very uemitivo to L4uU thQkQLi in their 
denjon. Thio mothod can tiarofore uo used for any purpose 
requtrin, a sensitive method for moa*ur1nu &uch amall chazso. 
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Is he:. OQon u cad for tho conutruction of e. vary 
tive tratnae 	for torque moasurnont. ilt:iow t the gaw. 
i4 compQrativoly ranpiicate l than the re44etance strain Up, 
but aometllnab it tIeccznote nece*eary to use It there tho sceuireis 
iteeaur ant is ~ruaentl • 

;s 	 1 t 	 'i4i. 	 t`.w,: ti' 	t 	ik .„ m AI'ii;G f 

A cavity Is a space totally enclosed by v lle of b1 P* 
electrical. conductivity, the cavity en ding The ecttntiofl of 
hi o-f equency alternating, electromagnetic fields vtthtn the 
enclosed apace. The condttion of xaonenee exist at fixed 
frequsnctobp 	it Is the extreme cheapness tth itd those 
points aze define+cl,, or % hat I& known as the hilt Q factor of 
the cavity# which makes it so u+ sial. The point at whish r so 
nance occurs are a function of the dlinenoioiw of thc cavity. 
Fig.3*ij hove a cavity formed by a cylinder closed at one end 
vith an acljuetaAle pluur at the other, ao that tho lance of 
the cavity can be dionoU. Input and output paints are provi-
ded near tho moo. If the pot*r at fixed frequency is ted into 
tho cavity and the output connected to e. data, detoctor,4di  

mea roe the power tmittod throuj► the c V# then Lbr vaW*. 
Ing the dress X, between the be.eo and the plunder, the ctris 
as Evan in f1€.33.2 to obtinod. 

TWO methods are used for the mee.eurerent• 2bo first 
to the ccmierieon method vihi ch Iv useful only for ate 	state 
recording. The directi'raadir method IL: used for transient 
torque recording. 

1 	3~t 	Provided that a chi splaeament of 10 v! l for fes, 
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load *rqe can we oUtaird, an accuracy of +± 2$ can be ras.• 
sad with eavitiou that are readily constructed. 3ho inmtrtre•. 
me vA 1 give rriaOonnble output ',thout the use of sensitive 
i adi catt ni Instrumentsor higain mpii Ciera. 

Apart from the meaaurient of torch there are eeveml 
aplicationa of di sg cemenct tuoaurement to t ch the mtcrovvo 
nethotl can oe eppliod with a itamadmu onsittvity. 

venal ezperr enUrs have mado attempts to utilize 
viriou4- coupling schmnea to permit the uGo of struinreEiative 
or &t n'copacitive au mounted atroct y on 10 notatin i 
shy without ueir altprint . L- ,ruin sontttivo cnpocitors  
have been mount directly on the torque loaded 8 afth with their 

iWlb Connected to tho wonary coUL of txraa  fommw,.theee 
coils c*npletely encizchLn the shaft ar1 rotating with the sib 
the primary eoil of the tran5fbunora are stationa ' anti also 
encircle the Shaft absemblie+I and the rotating coils. Mutual 
inductance etr nn the primary onti secondary coils of the rotat-
ir ; trwwfo hers thus, Pond constitute the link beta the 
statiorztry lnatru nts circuit elements and the strain Ooneiti r 

capacitor on the load shy. 
It has ben proposed oy F*D. jth nd C.. writ  that 

the effect of pras4uze on the znaccnetic proportie.e of come fbrro"P. 

magnetic  mtoriaie could us used for the neaeuur a nt of torque. 
Shen the bhaft made of nickel or nickel allay is twisted,, its 

rmpaiUti it,  modified. 'This cauge in pormo 4lity to proporr 
tion. to tho appliod torque on the shaft. If a coil Lu bound 
arouM the shaft ani is fed from an a• c. source then the chane 
in pormeaulhity will result in the chi of inductance of the 
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circuit and hence tho change in the currant. Thio char In 
Current can +o trplified and calibrated on the peter. 	The 
erppUeation of this to limited becaa.nao the 6haft ha.o to be or 
a materiel ahowiry; good mount of matreto-trictivo ef'tct. 
The power i to be limited by the $trop a whith tha*e mater' 
ial +man wtthitan . The magrito'skin oUbct method of torque 
measurement is sGflt4tiVe to taporaturo, Shy beat , modms. 
nicer. end Mme ►tic hterecit, and thrust ]oed . 

lativol j hWL frequencr kt cs. po r supplies are 
required for the acro montiomd titichoneen3 rmpli #Tiers 
are equirec1 between tho o r aft unit an,i the indicat1n ,•, itutru- 

rnt. tN; n+ tic Skin a eet or maneto atriction torte. 
instr*znent SIS elecOnt Toa aL, the 4tJiriato in de t 	•M 

plicity, and It rmeani of eIiminatir trporature errors and 
hysteresis of bad can bo un ., the simplicity of the shaft 
elerent may offsôt the di 	antao and dtfilcultiee of high 
frequency supplies and csnpli ftevs. 

The recent developnont In the destn of totquemetere, 
has produced a supra and sensitive re tar.' he torque of the 
machtm is trsnnitted alon,j a stool tube that to matiaed 
ctrc*rentislly uy a toroidal wtndinj 1d f slip rinLe at 
sbo,xt 1000 q/u* The effbct of torque on thu nagn•ttc properties 
of the tubu is to cause the f1uzg  provioubIj paSL4n a concentric 
ci rc3eu around Vto azia of z'ota4on, to take 4 &piral pati, and 
a cciponent a at In thu space around the tube. A stationary 
pick up coil Ourrounds the rotstinw tube and has induced in It a 
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vol e. c1oebr proportional to torque. A sialt uflit htt been 
f ricat ! W tested In the 1a4oratori. Die unit has not 
given 	rc8ulti ua to the trouv1e i-1 aliprtn& contacti WA 
br.iCbOO. Aliio o.s It t éouplPd v ith 1i4 H.F. We - the vart&-
tion In f3ia around the tuUO with lo& is eztrMl4y small wsl 
+o the variation of the output sitnl with load i c very little. 

'Ahe unit I L ov= Ire 	• 3-j3. 

0 
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#rsiniee ►nttc elenente lewd themselves to the eaau-
xeement of. di.placement much more reatlilj than do aiw of the 
albrementioned ztrsin-'sensitive device& on it is desireble to  
connect direct4ndicattna in dents to the strain snt4tive 
circuit without int rposinas evpli ;flers. aneiic , fin-►&mere 
operate at sufflciently hiO exw,ry inwl ont so its output can 
be utilized to drive an indica ,r, , nstnmont directly. The 
~& areall and oporato at navel iply froquoney. 

. , #.c 	+M... t  

rr 	t. 	re 	 ' 	r s 	i` : 	. 	y 	a s 

change In the arbor of nke ea tJet n the flux In a nma3netle 
path anQ the colt generating the flux. This chanua in the link-* 
eaar; produces a chane in tho eurrent, 	i eh to a nieaoure of 
torqu3. 

then a coil, in vhtc? a current .move, is sound on an 
Iron core thich fbrs a part of anaLnsttc circuit,, a ilux ie set 
u + In io core. Z f the eore i& split up into two parts so that 
there exist& a *nal. air ep Uton the two per, then the m 

tic 	c ib a ► r to pa& t, throu i the air sap. Tho reluctai. 
nee oLrpd by the 	i+ rary tktos more than the reluctance  
ofibrud uy they iron part of the Tnajnotic circuit. 1 VOn a enall  
change in db a sill re'ult In an epprectalo the In the 
flux i~tnkin  the circuit. If the power ibd to the coil is !'yam 
on a. c. source, then the chi In Uio flux ltnkgos will cause 
the chen&o in the inductance of the circuit. This win result 
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into the CW*P Of current drawn 4ram by coil, and the thaws 
of current Xn we proportional o Qie chan in air tap,pzovi4► 

dad the me ►tic circuit i& not saturated. The Indication can 
be ea*i1y Ali tied if nece& ary. 

The above mentioned principle baa been weed for the 
mewuNment of torque a& Shown In figo4»l' The achene conatete 
of a laninated airaturo or tnovaUio part of the core e#  shich in 
carried oy one of the dept y • 	identical eml ,c posite 
eleetr,gnetic circuits bj arxl b2 are held by another c1inp x. 
Tien the torque tran&nittod by the shaft iQ zeros  the pe on 
the two sides are equal• 'nth the application of torque one air 

p is increased and the other cap its decreased. In order to 
hoe a linear reponso of the motor, the thane in the air ; p 

hats -. n Ownd that even ► % +ria In the air #V the devi- 
ation 	linearity is neA• The Circuit used for the meesuro 
sent Is bhot In A. 	o motor Zi is of roctiflor two 
and t,he output Is measured wtthout asr auplfmation. 

12,32. 
4.2.  Dauw ftx! e1ctinLc Ut&uiniWi9 	rçpi.rt. 

Of the auw described So far, most of tht*n require 
81ip rir b anti brushesu to energize the elcentS iich rotate 
with the shaft. In many cis, tho slipring& cannot Do tolera-
ted tie to the presence of oil in the region surrounding the 
shaft car due to the i .I h speed of the shaft. For ex plo,, In 
measuring the torque delivered to an airplane propeller in f1iE1t 
the propel3mr shaft is usually enclosed in the reduction Bear 
housing aiv y instrcmentU attached to it are subjected to a 
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continuous *ray of hat oil. In toQtin, 	turol ne r ed$ 
gppro inx  40pO0 ► r.p.e o are orb encountered. 4lp 
rings are practically inoporativo under such condltioim and 
inHtrucfnnt8 attached to the r haft are apt to ue d aWd by 

centrifugal force* The slip ring does i is e1i o Uke y to be 
difficult from the stand point of ierrtco trauLlo and contact 
resistance, lhrr inagnettescoupled orquanotor hac been devetoped 
arr de4gned to eliminate slipringt and to ,pkat a continuous 
record of the torque r ich iL Doing trancnIttod by the shaft. 

The deaf i ► most suitable for air craft a 'lnea %here the 
engine output i&. to ue known at every Instant of its operation. 

44. showS tho isometric viev of the torqucmeter. 
" c dovic cansiutt, of a 4haft of stool, ti u LQinft is provided 

4th three fns on jith a mountot three toothoO rtna of 
magnetic materia#  but separated fr n contact &th the shaft by 

means of nonimanotiC spacers. The yrs are made of a metal 

Such as . mnze or £zeaa. Overlapping tooth or projections tem 
aa► of the three magnetic rini s tom ti ► note of active air 
One set of gap is formed bet en the outer ring 1 and the middle 
ring A, and the ether set is formed between the outer r1na and 
the middle ring As !'ben the torque is tranmmitted by the shaft, 
one set of air gaps are iortenad and the other sot of air gape 

are le 	on; d do3; n .7i ng Man the direction in + ti t t the maft 
is t,jstod. ' 1 stationary coils Z end Z2 are provided thiel 
completely encircle the shaft ahssnbly. lean the coils are  
energized tram a n a. c• Source, the Thaz flew across the two sets 
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of airs gaps. U ie magnetic flux completes its path as aboi n k► 
the dotted lines in the diegr.  o The flux completes its path. 

t rouah the encasing shell. of a Mtic material for the state. 
ienaz7 coil. and across the radial air gaps between the coil 
s*aamb2 and the rotating raft, assembly. The area of1brsd for 
the flux the radial saps is very lard compared to the area 
offered by the active s. As the lend of the radial 	Is 
Aualls the pezneences offered by their radial gap.i are quite 

1E'as compared with the permeants+ of the active gape between 

the toothed rim. Consequently, the insertion of the radial 

air gaps in the magnetic  circuit has out mall effect upon the 
characteristics of tai sire ngau , The effect of eccentric 

movement of the shaft in its earing& relative to the atator barn 

got a very little effect on torquecieter celiU a►tion. The re r 
as of the motor is independent of bond1tn and thrust loads on the 

shaft. 
'fin strain tga stents are mounted on a rotating 

of # precautions must be taken to avoid error's due to bending  
moments and session or tension . loads on the shaft, so that 
only pure torque is measured. This require ► that a balanced 
magnstic circuit be used with both Zi and Z2 responsive to shaft t 
torque loads, and it also requires that the se nei tive air gaps 
be distributed uniformly around the circumference of the shy. 

If the coils h, and 44 are connected In such a fashion 
that they form the two sides of a ase& rin bridges then with 
the  application of torque,# the uridge is thrown out of balance. 
This out of balance effect Is the desired reeponse,a the devi-
ai many be as1ibratod to record  this reaponse 1hich is propartiom- 
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,;y151 to tom The method adopted for calibration in this 
sass is e3iihtly different and is discussed In Chapter VX* 

In effict, the msgwtic-coupled tore nater consists 
of a. as tie *train'gauas in which the portion of the mag tic 
ci i t Jdch carries the coils rw ai na stationary while the 
variable sir gps are mounted on the rotating shaft. The rag-i 
retic flux is t? mmnitisd from the atstor to the rotor through 
rsdis1 +sir, ids. On the z'otatin ieft the flux rs thr u 
s yrs.*tics path reluctance distribution of stab varies with 
torque tranmdtted thrcujh the sheer* Thus the torque motor 

requires no 8lipring and the rotating part doe& not contain 
electric coil& or other elrisrlia i4th right be ds ,aged Lr 
csntrift 1 farmer. 

4 
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One of the most *mportsnt pis of thi torque astir Is 
its shy. the design of the shaft influences the amrking 
sensitivity at aha motor to a lare extent* Fig. 5.j thorn a 
solid shaft and fig. 52 ahoy► a theft shish to hollow at the 
test section. The hallow ,shat improves the sensitivity with a 
possible : car r dieter at the text section. The hollow theft  
Is ,hei'ef►re aeleetid for the roger. 

The llowing calcubitton will show that with a given 
torque 	trWMitt*d, the twit In a hollow shy is more 
pronounced than In a solid shaft end thus the hollow shaft is more 
sui#.sble for the proposed torque =*ter• 

l dr a hallow circular shalt, am have 

4W 	) 

0  

For a particular value of torque, lar the value of e, 
the angle of t$, more ill be the sensitivity of the mstmr. 
'Therefbre in order to obtain l*rer output 	increased sonst 
tivity of the meter ve must h t$-. 

(1) 0, as anal as possible. 
(ii) beetion aodilus as *hall as possible. 
(iii) lhe gsu length as large as possible. 
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raibre a hollow , .ham of diameter tiuitiWle i 	the 
styes, + aneiderstion firYl Lection r duiu reduced to obtain mot. 
imun en$itivit.y i e used. 

Eoi.ver, care et ue taken to me that the stye sEt ng 
of the shaft Should br within the oiaetic limit, otherwise plat 
tic de'bzmation of the shaft might result. fleZQfore, v rust 
esiect eultaule material havin,;, 14h yield point etre+it and aood 
twilit, {logy viibxa of 4 • 1rin tt oso co aside rationu 

ordi,r~sac r mild teol 18 quite bust 2a. It hei been ,bund that 
mild a of 4vao tatttactory zesult # oWcieliy► if vie std 
Is aubjocted to a t at► øll auove the value corzoeponding to the 
me a ► did tc uo boibzci calibration, without oxcooding the 
e3utic limit. 

'D4a torque motet h . to r tntolDoeod Oot en the drive 
anti tho driven. Der. Thee fibro, it should not 	'tally affect 
the performance of the oqutpnont under test* This requires that 
it must have a very low it rtta end 1ii1 stif ss, This Implies 
that the shaft should uo 1t1it and mall in diernoter. AU parts 
includinu the couplina should uo made liaht, fl1Lh stiffness 
requires tialler longi of the &haft, thus ocoiuriisjng in length. 
Out should be liters" In choo4n the lord as it inns 
the Sensitivity of the device. horoforo a ccnproriso iv to e 
me. 
Deaii of the shAfti 

ae meter iu to to coupled with a 7.5 U.P. 060 rp,m. jr 
Vs 3 ph. ixductiou motor. Aho motor i3 to uodosi&nd in 

+ems a ;,* that it can ue a eri up to the wove rating only. oo 
the deei, n will have to we an optimum or for the above rating. 
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This sating its chosen because of the facilities available for 
tooting its, viability, though it is arbitrary otherwise. Ofeo-
ur+s the assign consideration n d heroin for this particular 
meter vAII us spplicai* to motor& of &hilar type but of diff- 

erent ratings* 
2 NT 

0*i 7.5 - 
2TX 960X T 

3300 

• 33000X'7.6 
 lb, 

27 X 960 

The drawing of the shaft is shown in fig. 5-3» The 
maximum twist t-b contributed by the sectionsa and b,, the *exi-
rum ear + teUU wtU also occur at these sections. Th.xwfbra, 
if the twist in those se ion* are within safo limitsf other 
sections will automnaticnlly to so* under most mevue condition* 

Oiostn the rs of the shaft -! thrr,uiout, and th* 
taigas of thU sections a tune ► • 14. vb ham, the outer 

dimeter of lrctionb a 	b 	`« 
Polar moment nt cit InertiaOf the sections s 

,r.,~, 7 #_ (4)4] , 	.586 0.314) 

.s 0.0'06 In 

maximum Shear stress at 't 	sections 

•
. t+ 	? - 8300 3 s/in2. 

.4966 X 16 
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The ultimate  s 6trOL for mild steel #11 20,000 Jbisil 

Qioosina a factor of safety of 2, the elloimMe mad 
shear strafe - 10,,000 lbe4zA+ 

Al owtn fbr the stress concentration etc., t e Iflali«. 
noun sheer straie in the materia will &o about the maximtw 
allot ie dtear stress. He= the de+ l a Jig eptirita AM eab►. 

A bore of to chosen to keep don the polar int 
of inertia aa an&11 as posiblo. `,tbe Ueortna used are Iz. b. C. 
JWP  stn a bore dieoier of 1N. Qonaid.rin& the horsepoyar 
capacity of the sot those bsarin ;v are not &unable• Ott as 
thgy enc, just *o'upportirk-o the 1nLjUA of t o motor only oi1 Most 
of the load Is COfliflLj on the mOIn LOaZ'inS of tho I. t. anti D.C. 
machine, thole bearin 6 can we used. Arthor reason for uutng 
thew bo *'1n c to to wise the diameter of the shaft. Hance 

r bore dtixnetr IS quite suitable. ab1Q. 
'b avoid aen nw the total longth of the shaft should 

be as oiell as oi4blo th butler 6ttff en. 	this will 
reduce the twist "sultin in 3.o or Sensitivity. Extension of 
I" to provided on bath sites for c oupltnj. as bearings are fig. 
orted In their place by " collars. 'be driest carries three 
cssflars br eupportin rearms tic spacers with toothed rings 
over thorn. Marrow collars may not Give the rigid support to the 
r,ni. 2e length of the sections a and b Is decided entirely 
by the Wired twist oi the shaft *itch slew the sere sir 

Leri. This +ham in the active p should us about 
1$.)-20% e " the ori lnal p. this limitation  of diana in air Gt► 
will depend on the deem of satuiation of the s notte path and 
sl 	the jinnlgap. Provisionally the length of the se - 
ens a and 0 is dioson at 2" each1 so that the total logit of the 
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it to net last. 
No,oagmwtic Spacers are to be set on the .ollas+r. 

With r thin vers there is a possibility of flux 3sakaa, into 
the shaft tie the rings through the spacers. The increase in 
their thickness will result in reduction of twist contributed 
by the three colisrs. As has been stated earlier,, the i ,*t 
is aainl.y contributed l r the sections a and b azxl therefor p 
the increase in thickness of the spacers will affect the tryst 
V5T7 little. Prc*it these considerations, the yrs are taken 
sit " thick• 

the 	tie toothed Argue r Lch are placed above 
the spars am to be designed for carrying a particular vales 
of flux. Tae flux density In the toothed portion will mrd 
upon the thickres& of the rings and the length overwhich the 
tooth sysrlep• Aessaing the thickness of the rings as i/8, 
the outer dieter at collar sections is 

Polar cmsnt of inertia of the collar sections 

4 

* .:(?«*0.314) 	O.6$8in4. 
32 

Polar moseant of inertia of sections a *bd b 

• (0. is - 0.314 ) 	0.0286. in4.  
32 
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Total twist in the gsu length will us the a ai of the tit sta 
at the tharr►i collars and that in sections a and b. Thare IM 
be ysry ilii it error introduced in assuming the tae value of 
0 for idid steel end for non-e ►tic tmrfa satsrial (Qw- 

ts in this case). 

T.L T L L
L 

o V a IP1 test 

41X12 3X0.6 4 
12 20 0. 	0.0266~sns 

41 • C2. )z .des. 

a O.388. 

Twist for halt ;au length to 0.1?. 
Iia active lop Esta n the, teeth should be is a U 

a. possible. Under extreme Z* n6 conditions.. with the proviso 
that the troth should not touc ► each otter. The gap Is the r.wo 
1bre initiaUy kept 1/+4*. 

Roan diareeter of the rings + 1.8' 

Mein ciretafaronce a x 2 1.8 w 4.?". 

3600 correspond to 4.?'. 

.' . 	0.17 	correspond to +.+.+...,..w * • i,'7 i 
-0.0234'. 

a 
Chngs In the •active gap = 0.00 0. 
Original active gap • O.O '. 
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M' * Charge In gap s* percentage of original gap 

0*00234 
x 100 a 1s S. 

0.0156 

This change In gap vAll occur under the desired full 
load conditions, therefore the variation in the gap will nor. 
sally be in the linear region. 

The aabez' of tooth on the rings is ra matter of choice  
within close limit for r t*r to ue used in laboratory. How r, 
the large nambsr of tooth tAs very effective in averaging out 
bending and thrust loath on the propeUer shaft in the case of 
air-craft erns torque meters  but leads to excessive aajjnetic 
leakae around the teeth and also to Increased manufacturing 
difficulties. .culties. with *aller n b►r of teeth, the sensitivity 
of the Instrument will Increase due to the better magnetic design 

d the reduction In the leakage flux around the rotor* 
In ° this design., two sets of rinds are used* The first 

fret to having 10 troth on each ring and the other met is with 8 
tooth on each ring. This  .. is done to see the effect of riaibsr of 
teeth on the sensitivity and performance of meter. The aabrr 
of tooth is chosen such that the gap between the two consecutive 
pairs of evsrl pping tooth is lire enough  szuh so that there to no 

flux (leaks*) flowing Ana the circunfrence of the rings. The 
teeth provided are tapered s .. ht.1 fy to have tri a utilisation 
of material with an eye on proper flux density at the neck antt 
ictently Wow the saturation level. The 1 nga are shown In 
fig. I . 'fir pr sition Shown is m. as 411 be In the unit in 
operation. The detailed drawings of the rings are shown In 
figs. 54 and !mow The three rings are to cover a gauge length 
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at 40 	qtr tn dd a rind 411 have et on both the 
ft a .l1 overall d2meniiona are to us hi ss than the other to o 
rias • dao tooth ton U iv 3j4"• 'D axi . ,s Wts n the 
t, rinL it, 18'. 7uu its tnteutiali r kept hieh to avoid flux 
Lam. 1Iis 	provides a 3or rcluct ace and to the flax 
is forced to CroLi3 the active air 	• Tho area of overlapping 
of tooth i 	$f8" z i/8". 	In ca&o of teeth rinij # the 4dth 

of the WOW at on section is 3.410" arXI at the other' section 

it is 1/8"• In the case of &taoth r .n ap the width of teeth 
is j16" at one section and 1/4" at the other. This is because 
the ,!'"Lux carried by each tooth 411 be increased  `or the 
value of ata tor  pere« urns. 

The stator consi bto of tw similar parts. One extends 
fram the rias I 'tom the middle of the ring; A# and the other fran  
the middlo of the rir A to tit end of the ring; » As has Won 
indicated earlier,, the radial air Grp kotyaen the stator and 
the rotor bela a vez litt31 effect on the u1uctauco of the ~-
netic path, so radial p of 1/s" is provided. The and covers 
of the tea► pares of t 	tator are so desixi that that leave 
a spm of 1/8" exial],y on the rinds, o that the flux is forced 
to pae& throu , i the active air 6WL o The drawin&s of the stator 
pats are ehourn In fl  t.5-'?. .5J►. The depth of the stator hou3ir 8 
is taken to ue Urge en,uifl so thzt two coils ofSuMclently 

nu nUor of turns can tae conveniently aecoranodated. The 
idea of wain c too coils is to use the Second not of coi3.8 in the 
tipo halves conrected differentially for asurtrz response i i1e 
the firs, set of coifs is used to provide the excitation for the 
device. 
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As there is no data avai l aQle on the design of thee 
steter, so to start with ay eui taulo valor for various quan*. 
titles hats to uc &ODum =d. bgsrding the r * ber of turns to be 
provided in ea coil, a fairly large vr~lte i& chosen. the 
current in the primary coifs to varied and the volt* i induced 
in the secondary Coils in noted. The current is adjusted to 
such a value that the urs tic circuit i,& not aturated. Xn.-
tcrnplete tears ai avoided in the windirs. As the current to 

t expu cad to ue large, 26 ia. tj• U,. v , re i b chosen  and dx 

la1yars of it aro provided in eath of tt u wtator coils. the 
total nun+ r of turns in each coil t 565. '4h primary andt 

secondary coil& in the tea &tot.)rm aru pound in +uuich a t ion, 
that ien the currLmt i8 pa&U with the primarieu aoaunacted in 

aerie+ f the ,f]ux produced 	 thorn flow In tho &me di ction In 
the twohalves of the stator• tour if the eocondari eu are conn'► 
odd In series opposition then the volts not n the  
available 411 be the out of.ba3.ance.Volta a of the two halves 
of secondazy. Die otator eectton i& taken 1148 thick throui *out. 

Iron path of the magnetic circuit is not lwtinated the flux 
donoitleb in it could uo as low as po&oibla to reduce eddy 
cunt losses. 

w For the calculation of 
rroluctwICSe of various paths, it i6 asaun ii that to Iron part 
to of infinite pounos41tty, so that all the aupeze'turzw are 
utilized by the aim in the ma tic path. 
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Tom are to r4ial air s and one active 
for the flux to aOIplsts Itis path. 'Itto area of cross section 
provided by the stator end ccsysrs is different ibr two radial 

gee. 
Fram the dry ng of the stators: 

Ares for the radial flux on one side 

• N ( is • 	) z i. aq.tn» 

* sc z 1.606 s 	- &89 5q•i.n. 

Area, for the radial flux on the other side 

► Z 1.666x 	• 2.6* +fit» in• 
2.ngth of the radial ap - USO" 

A . reluctance Of the path 

I ~AIIIi 	
•1 

  1• 

4„ 	aDz6.$ x2.84x2.  

• 0.00134.  

• 

w2 AL 	& x 20 62 z 2. dpi x 2. !fit 

~► 

 

Area of o n ingofone teeth* 	sq. in. 
Lard of active air gap - 1j64". 

," « AWluctsmr of each active sir Sap 

a 	
1X 2.548 	 •o.ovee  

44 x 00 U5 x a z 2#54 x S* 54 

Zero are ID teeth on the ring and so there are 10 
sative Sps. The total flux from the stator distributes itself 
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Into teen diffiz nt path&• Al all the teeth are iiantieal aid 
the area Of Ov.r1apifl8 etc* is rear all over, us can as 
that 'shire are ten ais13ar paths In palal2Ul. 

4' 1 luetance of alt the active- rs 

a 	* 01 ies a Q.OGY?e. 

Ibtal reluctanc. of the path 

a 0.00134+ 0.00312+ 0900780 

a 0.01232. 

The current In the excitingcoil* In series Is 0.16 ire. 
Th js current  is allowd so that saturation does not occur at 
points of otic circuit. ahem the mac den4ty is +ampara* 
'v.t► h* 

No ** F0 	0.4)'1l 
Reluctance 	It 

4.I` x fSZz 0.2 
0.0 

The voltsa induced in one of the seeordarlea has been asa.sured 
and i6fOundtous 12 olta. 

. Noor 
I ► #*44 	f N z. 

12 a 4644. ct + !' z Qom+ x1. 

22 
44x 1z $S$x 2D 
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The value of flux calculated from the dlnsions of the teeter 
sM from the volts&& Induced in the s econdery coils, is s1ig. 
btly +i ffrent, because the leakage'flux has not been taken 
Into int. Comparison of the calculated and exp. 	ental 
values aboiS a 3asks4P of nearly %bich is within allasb1 
halts. 

The value of useful flux Is taken fbr the c*lcula 
tions of flux density in the rotor teeth, and the total flux 
is taken fbr the calculation of flux density In stator* The 

amount of flux Uaixed to Do passing th rou the rotor boor is 
the ciatr  possible under the physical disposition of the 
diffrtrent parts of this device. 

Flux thra►u each active , 	+" 2 a 928 htz*a 

& * 0 lux density in the rotor 
teeth at ovez*3sppins section * 

xx
-- * 211 nsailn 
ii 

88 

The value is quite low and can thsrsf re be ah rd. 
7h. above -  flux passes through the 	 of the tooth 

at a section 3/i6" z 1/8'e•Mr shown• At this section the flux 
density is expected to i* maxi. 

flux density at aüove section 

• * 39O liras, 3n2. 
18 8 

Ai'a of cross section of stator core 

- 	(4,x„552  • 3•0662) a► w (17.35 —w 13.4)- ,' x 3.98  

a 3*2 fte 
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71u* 4ensity in the stator can 

W - 3#080 li*iitn2. 
3.1 

mer value i6 CrAt. lar. 
In the *jt cov.yS of the stators , the ux density will be 
I!a*du at s section  iR"re the supports for the wir dim 
.t.re.. 

Area of cross + ection at that section 

- T' ~c « • 16 5 x 	*~ 20' sq. in* 

Mt density 	 ►. 63O lin o fin2. 
107 

Length of the radial sip •  

Area for the r*Ital jip f ba on or aide 

IS T z e z 0/6 *ø.$eaq.tn. 

Area for th* iial flux on the other Old* 

2.5 sq. In. 

~. 	I' us 	 ir-r- 

a1 A' 	l 	s 2* 	MI6 10 54 



oo z 2 e z 20 34 z!• s4 

As the ov.rlappintd area of the War$ is ame U with lOteeth 
rings# the reluctance of each love air -gap 

Ig * 0.0785. 

1R1uc# e. of *11 the active saps 

to US x * 	a 0.01572  

Total reluctance of the path i - *0010 • #0020 
• 0.01572 a 0.019  

The current In the xeitine 00114 a 0,16A 

0.4 , NI 
luc t anon 	R 

04 MR 0* 
6 	lines 

*a19 

The vain induced in one of the secondaries Is 
measure(5 end is fount to a 7#9 volts, 

Now  a m 4." CE i" N t 10we• 

7109-4.44 xcx a) * S* 1O. 

the cUffTSne. b*t*Wft the calculated 	measured vies of 
flux is very sail. 'his indicates thereduction in L.aka r 
flux with $.4seth rings. 
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Flux through each active 	* JM 
S 

Flux denitty In rotor tooth at overlapping section 

- .,..,. i 	,, «• 10O ltnessin2 
88z Il$ 

This value 1s well 4thin th 2*it,. 
Arai of cross-section at the neck of the tooth as 81ø x 1i8 

Flux density at the neck 

..w~~,..~► • 31800 iinesin2. 
ii x u„/$ 

Area o f state r co = 3.isq4n. 

P density in the motor core 

6 
- 	a $000 i►nsa/int 

3.1 

Area of Asa section at the stator end covers here the 
supports for the winding starts. 

a 1.? sq4ne 

Flux density iLnesj 2, 

TT 

The effects of cnb ent tseiperature chana.s 
,upon magnetic strain gas can to divided into those aria&-* 
noting in the instruwent circuit ad those originating In the 
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ahaft pick unit* The temPrratuxe ffct.s In the instrui 
ment circuit are readily corrected by conventional moans. 
The temperature chane* in. the shaft . tnt are aotw df  ft.' 
cult handle ordinarily # particulsr3,y since temperature may 
change from .430p  to +QDeF, fbr air--craftapplication. 
The changer in the modulus of elasticity of the shaft dater» 
i.e. are usually +man over the nonytal tea r ;ice res. 
ierious 12nbsl*nci a of the Impedance bridge may result from 
large Ment temperature thanwa around the shaft pick I 

► .; this s may 1a particularlymttcoable hen low 
rature differentials appear from end of the abaft unit to the 
other'. These celibration chanes can 1e hold to small omits 
with proper care in de*ion to prevent large hyetereats and 
eddy current loans& in the mw*,ttc parts of the atLaft can't. 
'hose losses are hlabV temperature  I vo,, so that torque 
Instrument scairacy iut trs from temperature chess. Thosi 
temperature  eff 	can be hold within actable its by 
the proper cam in design and epplica on. 





$i. 	The Circuit 1br tho calibration of tho torque-  
meter is to U► sensitive and accurate• As the orory level 
at v tch t lu motes operates I& Who calibration can be done 
without the use of an eixpliftor. 

12- 
The circuit used oriinelly IV Lar In hic 

per i no doubt an eztrerely simple ores  lig.8"3,. But the 
out-of lanco + #n-. balm very +mall, a nodi tied circuit is 
used vMch is comparatively more consi vn than used by Lan sr. 
jho Idea of puttinz t 	coils In each rotator to actu- 
al y to 	vo the sensitivity of thl L motor* The output 
ei,nal it measured Uy both the circuits, flrt by u4 n circuit 
uujastod by Leap and then by conrctin t,o secondaries in 
o otition and ttndtn the out"!tbc3.anco stna3. It haS been 
Q rvud that modified Circuit Is more sensitive to +h +s. 

AS there are two seperate stators sondinj .flux 
throe tva dttLn vnt 4.otG of active air p#  there is always  
a po$s#bi13t.y of uliLht unbalance in the tic► tna&jnetic circuits• 
Duo to this unbalances  Sane outtof ala c e volta r (or crept) 
is obtaircd even without any torque trananisaton. Umber of 
thins have been tried to, eliminate this zaroerror, as 	call 
It# but It could not &e aminated. This to t,tiiton as the irt-P 

tial: re&in or the "zoro-error" of the motor. It depends upon 
the cixcitirn current In the a ery coils and the dears of  
assymot!y in the tv+o sections of the device. 

M 
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w)~ 	• t A 	tt a►~ 	 t 	r t ti 	i' 	'«  

rr 

The calibration of this toter has been dot* by 
various methods* The first method adopted is by reading the 
output directly. The secondaries are connected in series eta• 
osition through a' milli-exreter. They initial re Ming of this 
mots* is noted for an exciting current of 0.16 A. The eonnac-
tions are ,rhon In flg.62. 

The .motor is interposed bet*sn, an I.M« Q.D.C. 
nerator set. The D.C. machine works ai a +e ret ly excited 
nezat rr and tor various values at load current, the readings 

on the ailliupere tooter axe noted* The torque trannitt d 
by the shaft is calculated for di Mrent 103db 	the celibrsu. 
tion curve is shown on gra,h 6-3. 

*t fbr the zero error ►ich may cover a ter 

portion of the meter scale, the above method i* quite simple. 

The OutWt of the motor varies linearly ly witt the tome trans. 
mitted by the ghetto 

*ith a linear relation between Siowl and response 
i t is desirable to read tom directly from the calibration 
curve with initial zero reading corresponding ding to zero signal. 
sum in this particular mower the initial reading for zero torque 
is not *are due to flux leaks r and uflbslanee in magnetic ctr~► 
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` 	► j ~"is" arc caret zuttaci to wa 	Ana ibrenee 
potential under akxwe cond1tion . The characteristic of a 
sonar diode 1s shown in fig.8~4« Once the breekdot voltege  
has bean readied' the voltaga acrc&.t the diode i& e3moct ir~diw 
ep rn nt of the current throe it* Even in the for 	dire' 
rttion larse chnn es of current result In only trail theme 
of volt . The voita at i c i the sudden inereae in curr- 
ont occurs xt, call rd the senor voles end its a etImoe 
rred to ao the break do n voltaD. In thU case e are not 
vozy much ifltOYOLt4Od In a con1taut voltae amt tho senor, 
awl so own lAo tiOdu can put l a r xl: dir ctIon. The 
voita required for the nation of the clove in the Zbrwd 
direction  it, cixiparattvely tElall. 

As the out.ofuelance voltw Is very ensll, the signal 
is ønpiified with the help of a transistor npUflor. The out 
put of the wpttfier tL rectified and then noothod. A bridge. 
is fonnod, one ann of which contains a toner diode end i 
supplied the d. c. output of the circuit. The midge is  
danced fbr the Initial re&dtn j of the meter output* 	A d. e. 
inicroiuoter ie used to measure the outoof4xlance einn1 
with 3oad. The cor ction tib is shown in tj 9G,*3; and the 
calibration cures on craph 64. This method of calibration  10 
quite good* as it Z$voa the zero initial roadini end also the 
m4cro.ømneter is very sensitive to the dam' occurinl3 In the 
circuit Clue to the torques 

The naturuof the variation of the output tit al with 
load Is a3..ao aeon on oscilloscope. . liu rectified Output of 
the tnetcr to given to *-platus and a 'tonal proportional  to 
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0 

Us 	 trqunetar vh1ch has been 
fabricated and tE3tOd ii a very useful device for measuring 
both GtSady and transient tol'quebo xcepttnG tho toothed 
rtiigi, other part.i are very simple aa3 ic, there Iv not !1'Jd 
difficu1tf In tabricattn the unit* 

Me modiflcation introduced In the Stator for 
hat.,  zi.toci Into htter aenøttivity 

cnpar4 to to arranacnt u6od .y Ln-r, 7ho ttiuction 
In 	r*xnr of tooth oa..ho rotor a'in hoi rolucod to 

Jcn3 flux amyl 	 rotors vIiich re6u1t& in i&io:' zero 
error and reduction lu nDibea dut roducl.ton in the rrior of 
tctJi may reoult In lowier aonAdUvIty of the motor 4ecauøo 
of the ziduction in total cha4ko of flux duo to torque* 

1ic ci1iirctioa haQ vow Cbno by mowis of verj 
6" le ctrcuit. Lho roowo of tho motor to truiiant 
corwittlorw i,,  sood. Iran&ient rocor'dc of otartina and p1ug'i 
in indicate that the tiovico Iu quite aullaUlo for tx'ni4ont 
?OCdiflje 

From the transient recorO it will oo aDen that 
there Is xainitority in the mve chope, even under steady 
etato condition of ront&n of tho machine. The probebe cause 
of thti noaznifoznit.y iii the mnuntib*yn radial atr.gip .m! 
rnnunifbrn teeth sM on the rotor. 1an&icnt torque record 
for plun QZo6 hit) plu&4n torte ane al&o the Increased 
torte vihon motor atarLa to run in th cppo4te tiroctton. 

. 
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Preceding the plugging  ttorgue record there i s & 
slight depreu4on in the response wave tuft* This Is dui to 
e entry decrease, In torte rin ftr the purpose of pluming 
the *upl,y to motor is broken for & brief shil.. 

In addition to ping torque starting torque of an 
induCtion motor has also been recorded. The records brings 
out the expected nature of torque variation, during starting  

c ►' period of on ordinary Induction motor. 
The menmitivit.y i4 high even for 	.1 values of for 

q as ad so the ao wr*,te m*asursftsnt Of torte is possible Bron 
with knee of lower ratings. 

The accuracy with which the measurausrits are poses 1. 
with *otic' coupled torquwnetor is of course dependent on 
the liattationa of the circuit used to measure the response of 
the torc a star» 

It is expected that the m 	tie"ceipled torque 
meter will find It main field of applicntion in permanent 
#nom' tone such as (i.) Laboratories %hgree rotating machi-
nary Is being developed , (2) test, Moore where rotating mach-
ines are usingiven acceptance tests and (3) air craft 
~e 

 
use pimr plants where a continuous checkon the perfo a' 

n+e of the plant is desired* In those fields it flUe Several. 
gape Bch CiS not Ue handled by axy other device and often 
can be substituted for much more oxpiMive sq ,p rnt. 

In moms s plications it has bcen .found desirable 
to split the stator axially so that it can be rceoved frse 
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th• rotor vith©ut &lipping it over an open shat' *nd. 
. this show that with better +worftmnahip In ib' 

rieatian and proporting in design#  the meter with the mdi-
Acation suggested in this work will prove to be more uaefil 
and popular *rmvsr there i6 a necessity br recording torque 
titer static as yiif d nm1c coalitions of operation., 
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1 " 	i 	4si y4 

T a 1brque tutted br tho +hafts ft-lb . 

a a Mo4ulw or riøidity of the £ice mr 	+ ,lbs/ int. 

Polar mmunt of inertia of t e saaUon 

L 	a 	Length of the shaft-► in. 

0 a  M lsrtyAstof the shaft  

A • Area of overlap of plato of a condenser* 

a The dielectric const* 

t a 	data of the SM between the plate a. 

a Coeffelent to allow edo offbcte. 
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