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USE OF A RESISTIVE NETWORK
TO MEASUKRF AND DISFLAY THE ANGLE OF A VARIABIE CHONETRY
INLET GUIDE VANES OF A TURBOPROP ENGIMNE CCMFPRESSOR

W+
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ABSTRACT

This‘paper explains an experimental apnlication carried ocut in Engine Factory
Instrumentation Lab., to develop a pure resistive network and use it as a tra-
nsmitter converting angular displacement into a linear electrical signal that
tracks the angle of the 1nlet~gu1da vanes ( IGV ) of the first scage of a tur-
boprop engine compressor. The measuring is to be achieved during test rumming
of the engine inour test cell. The trarsmitter semsitivity is first .calculated
and then used to estimate the other network parameters . the setup is theh con-
ssrueted to coyer a measurimg span of (- 99.9% to + 99.99 deg. ) with accuracy
+/- 0.T & of F.S. The stability of the results umder varing ambient temperature
is studied snd verified experimemtally. Other figure of merit : repeatability
was checked. Immumrity from moise and parasitic signals and durability ofthe
eomponents weee also verified .The selected digital indicator cam display the
results in the desired engineering umits and can mateh any limearitatiom eq.-
It is shows that our system costed only I/3 to I/5 that of a similar comvent-

ional imported system of the same class of precisions.
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I. INTRODUCTION.
T.I. Objective

General El-ctric Turbopros Engine (CT 64-820-4) is to be tested in Engine Factory
test cells. The test procedure includes the check of the correct operation of a
Variable Geometrv Inlet Guide Vanmes (IGV )system acting on the L Tst. stages of
tﬁp engine compressor. The check necessitatcs the continuous measuring and display
of the relative snguler positions of the I0V, during engine test ronn in test zell
at different rotationnl speeds. Recause the motion of the 4 stapas TGV's d8 rigidlv

intercornected , the mensuring of the position of the Ist. stage is sufficient.

Our trails explained hereimafter were directed to realite asimple locally construct-
ed measuring and dicplaying setup tobe used instead of importing the exnensive long-
term deliverv setup used normally insuch situation , and keeping the sama degree of

measuring precision end repeatability.
1.2. Variable Resistance Nissplacement Detectors : (VRDD)

VRPD were the first electromechanical trasmitters used since lomg time ago for a
rumber of electromechanical measuremeats e.g. : pressure , torque, force , etec.. .,
Abundance of circuits were developed either of the potemtial divider tvpe or the
Wheatstcne bridge tvpe, emergized by either DC or AC voltage. As the potential div-
jder circuits are mot adequate for steady and quasi-steady sigral ecases owimg to
the presence of a large steady voltage at the transmitter tgrminals .3 Wheatstone
bridge networks ers in commen use , also due to its abilitv of sensing very small
resistance changes and producimg either floating or groumded sigmals owing to its
aymetrical circuit commection. - i

Although & lot of new displacement deteetors have beem invented during thelast
deeades implementing other circuit critera like : Synchro pairs, AC resolvers,
Phase sensitive circuits , etec...; our trails were directed to the field of

VRND to make use of their advantages namelv : Robustness, simplicity, need no
special voltage or frequancy and having better rormal and common mode rejection.

Or the other hard they are very sensitive to energizing voltage variations and
also change of ambiemt temp.may imtroduce errors , hence the meed for using high

grade resistors and/ or temp. compensation circuits.
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IL. THE WIASURING SYSTEM.

The svstem cempases of .: a tramsmitter, nn irdiester , wiring amd u messuriag

watehivrs pad at the imput ef the jmdieater . The excitatien veltage is drivenfrem
s highlv repulated pewer supplv imtegrated with the indieater sase, ‘eechnical data

af the svatem ecsrpanerts Are given helew.

e s Transn{tter ’

Tvpe : Hetarv [0 turns -lipear wire weund

Medel :  Beckmar - Heliepat A 8805 .

Trlue ¢ .25 Fahm at 25 deg. U,

Telaranee: +/- 0.03 % reselutier ; +/- 0.25 ¥ linscarity.

i
Temp. ceoff. : ™2 per deg. G.

11.2. 1mndieater s

Type + 1gital pregrammable tramsducer irdleatoer.
Vedel : DORIC 420 - ENMKHSUN ELECIRLIU Cu. U,S.A,
Raxge : L dights + dead zere +sigm LED,

max. eeunts 9999 with = reselutiom of enme ccumt.
Ac uracy: Spam : +/- 0.03% ef readimg +/- 0.02 ef F.S. F.
Offset: +/- 0.02% ef set value.
Semsitivity : T te I2 jpv por active seunt (odjustable).
Prepram range: OCainm : 24 te 270 V/V. er 10.4 Pv/eou:t te 0.9 Pv/count.
Offset: -0 te IOIOO eounts,
Built-im pewer supply : 4 seleetable veltuge values : 7,5 - 18 - I5 - 20. VLG,

Self pretected agrimst shert eireuit conditiens.

17, 3, Wiring

neoded ens cable censisting ef 3 straeded ecepper eemducters , eaeh I.5 mr. mq.

cress-sectiem +cepper shield + suter plaztie jaskaet.

1. 4. Vatching pad

-

It compesaes of .3 hish grade , lew temp. eceaff. resistors . Their value amnd way ef
senncctien will be diseumsed in the mext paragraph.
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ITT . DESIGN CALCULATIONS.

T7T. T. Equivalint eireuit

Refars te fig. I%2&3 ard te memenclature
Fig. 2 shews the equivaldnt eireuit diagram of the setup . Fig. 3 shews the
same eireuit after simplifieatiem by replasiasg the nezh A B C bv ar equivalent

star ( Y) eemsoctien

Ri xR Y .
Given : R(BC)= -gyz=g=- = Ry i R(CA)= R(BA)=Re
Re” Re x B
We got : R(OA)=-e--ocewmmm- ; R(0B)= R(0C)= wwﬁnpg-éﬁ;-
Re + 2 Re 2
- £ x R(OB)
Output. V.lt‘g. V= V(BC) A V(OB) I x R(OB) = ——---er:‘-‘:—-ﬁ‘((—)B-y—I—Rtﬁnjn—
; v Re x R
Defining . S = -——E-- 'Ef'?(ﬁ:‘éﬁa"‘ “;--'E;Q:-ﬁ;—ﬁ-—. V./V’.
S ig defined asz eireuit semsitivity expreased in velt eutput per velt exeiation
Ri xR .
Usierg the values RI= Rp- R Re'""ﬁI"I'R'
3 te N1 | - B
- 'IEE’Zﬁ)'(ﬂi—ﬁf'i'ﬁ5§'7-3—'(ﬁii{“i'Riﬁ'l'ﬁiﬁi'(ﬁz ITRpTETR) T
r Rﬁ Ri R - _
T o - — - —— % ————— "!"'5—"'"‘"--""'""‘"" ""—-—--——--_——“ ------------- -.‘2—-
(2RpiRe.Ri + Re“Ri) + ( Re” + 2RpRe + Rp Ri - ReRi ) R - (2Re + Ri) R
PRPRECI: = O—, | .
L + MR - NR
Where : K = ReRi ; L= ReZHi + 7RpReRY ; K = 2Re + Rij}_
M =Re® +2RpRe +RpRi + ReRi (2)

The 2 terms MR & NRz intreduee memlinearities im the S-R relatiemship. We are -

zoixg te make the mecessary assumptiexns in erder te rsduee their eextributien

te the tetal met value ef the dememimater ef equatiex () .

2] . thes the dememimater = L +G(R) .

1t : | (®)]=|ur -nr
G(R) ceuld be megleeted if its max. mumerieal value satisfies the relatien :
1000 |Q(R)| = L. _ (3)

mnax.
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Te find the max. value of Q(R)

d o(R) _ LR = oM -
-~ M-2NR=0 giving : R = -3-¢ : Q(H)naz‘ '=%E'
cubstitute ir ecuvtien () M2 M2 ‘
L = 1000 yg--= = 250 --g= (4)

TF we nepleet Q(R) im the derem. of equaticn (I) , we cam rewrite it as

T o s ke I; —————— ér S = "——z-ﬁi—-g-ﬁ;—— Y. /Va (5)

Te estimate the wmax, errer resulting due te this lirearizatiem presedure ,we shall

defixe the guamtity (6) expre=szed as

R KR
6 = Sactunl - S linesrized "£§16766T"i B i
€6 =0.00I x KR /L. = 0.00I x S 1inearized. (6)

Tquatien (6) shews that the max. errer ef this appreximatier < 0.1 % of the

new valus .

III. 2. Eastimatien ef Re , R1 & S

Te simplify ealeulatiensz we are geing te use seme numerieal values selested
en phvsical eecuramee bazes We agsune
Rp = 30.25 Kehm . (measured ef the exsistirg petemtieneter)
Re < Rp 230 Kehn.
Substitutisg i» equatiem (5) s = II.0L9T R nv. /¥. 7

Ri is sheszen usimg equatiem (4) by substitutiex ef mew valuss ef : L, V &N:

, 2
3
TRe° RY = 250 --%3%%;_ 517"

R12 + 2 Re R ~ 750 Ro2 == Q,

Selvisg fer the Pesitive (Renl) values eof Ri
2

Rt =1/2 (-2 Re + LR02 + 3000 Re

Or i = 26.4044L Re == 792,13 Kehnm .
Surmarizine these results ! Rp = Re = 30 Kehm.

: Ri = 792 Kemm.
S = II.0497 R mV./ V.
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TIT.3 .Setting ef digital imdieater :

Kquation(7) can now be modified to give a relation between sensitivity in mV. /V.
and the zngle of rotation @ .

Assuming a linear variation of pot. resistsnce , if R(®) is the value of R in

Kohm at 2pnv angle of rotation measured from ' he outer stop datum
3

R () = (Rp /10) x (@ /360 ) = 8.4027 x 10~  (deg). ( 8 )
Equation (6) 1is rewritten as
S (p) = II.0A97TR (&) = 92.8,7314 O Deg. x 10”2 mV/v. (9)

111.3.1I. Gain setting

fquation (8) is the basis of calculating the gain setting of the indicator using
basic irdicator amp'ifier formulas, . ref[1] , page 2-6 '

Display Counts.
Preamplifier Gain =e—mmeceoccce e e . V. /V. (10)

-3

If we consider the number of counts / deg., =100 representing I.oo deg. , und if
we choose K = TI0 volts , using equation (9)
100 | .
Preamp. Cain (C) = ccocemiiimmncvmnm e 2 = 26.926. V/V. (11)

L0 x 9<=§A/31h x IO

The required gain setting is ( 26.926 ) V/V or 9.2847 uV / count . Using the
table of ref [I]- page 2-6 ; choose the setting of the 2nd. row : ( I0I0000 ).

This setting gives a gain :(29.52) V/V ,- 10 % = 26.568. This value is fine
tuned usirg internsl adjustment pot. R49.

I11.3.2. Offset Setting

To allow for -ive angle settings , the zero datum should be moved forward beyond

the outer pot. stop . This means that equation (8) should be modified by usirg
a transforration ﬁi ¢ + 20, This means that for a valuee20 deg. @ =0 and
this will be the datum for measuring rotation sngles , i.e. : For all values of
g > 20 m is +ive while for sllivalues 0. @ .0 ¢ P is -ive.
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Fquation (8)’ becomes : R (O) = 8.4027 x TO"3

(¢p+ 20 ). (;2)

Tquation (9) becomes : S (B) = 92.8,47314 x 10_3 (qD+ 20 )

~[92. 807314 = T0™ %+ I.856%63] nN.  (13)

Equation (9) & (I3) represents a straight line equation with the same slope , The
gt. line of eq. (9) passes through the origin while that of eq. (I3) intersects

the S-axis at & vealue = 1.8569463 .This value represents an offset which should
be tared using the tare (offsst) adjustment.

To find the amount of taring needed in counts. . : 20 deg. x I00 = 2000 counts.
This is trus since itcan be calculated by eq. (I0)

Display Counts = G x 4 x E x offset value (mV/V)
=26,926 x L xI0 x 1.8569463 = 2000 counts.

Refere to table 2-6 page 2-9 ref.[I] ; choose the setting ( OIOIIII ) giving the

value of 1984 counts , the exact value can later be fine tuned using internal adj-
ustmentpot. R33 &R3T .,

1V. THERMAL STABILITY.

If the smbient temperstures changes from To to T , the resulting change in Rp & R

causes a change in the value of S as calculated before.

The following analvsis shows how to estimate the value (S +AS ) when the temp.
changes from To by an amount A T such that : T = To + A T.

The R-T relationship of the metal used in manufactﬁrtng the pot. resistor wire
(Rp & R ), can be expressed by Callender-Van Dussen eq. Ref. [ 2& 3]
T T T T 3
R(T) /R (T0) = T +p¢[(T-8(555 1) 155 ) - Plazs - D300 ] (14)

o% 5 § &P are constants of the metal ; B = 0 for all temp.> O.
IF we assume

£m = (T -5 (555 - D+ 155 ) - '

(18
R(T) /R (To) = I +o< £(T).
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: % |
Rewrite eq.( 5 ) in the'form : S =R . (2Rp + Ro) . Diff. w.r.t. T :

35S (2mp+ R0 2Rec (), - g ¢ (2800 R0 )T R(TO). w-a-’ém

g..f%l - (1 -25T x 1074 4+ § x 107%) = £(T) So
'..‘.‘d..;- - R.(2Rp+Ro)T e LL(D). _BS\ 2) . -?éﬁgg?sa )
—¢ .S, 21 . ( ----E---- - = —~--§--- x ------ aee),
. 8. . raret 1G] 1773 o tF) * "1I77# Ro/Z2Rp
Since Ro = Rp » (RO / 2Rp) = 0.5
ds o< S
e = n ‘ (15 )
D WS = 3. T ML L
T 41 1) B g - S L
’-‘ 102

From elementry cuiculun

AS = 9-.;- AT = 1/3 . o SAT D
It we define £ asthe value of the 4 chunge in sensitivity S per deg. C. temo.
change -

£ =bns/ (S ) . T00=I/3KD. Te0 % (17

i i
4 pood approxmation can now be made if we consider the numerical values of o</ §

{
vhare ol = 10 ) & 8 -

‘a. (I6) reduces to D ;’“"FTE?Ti;T (18)

.q. (I7) reduces to 4 (100 ¢/ 3 )(I -XT) . (19)
If o = 1072 , higher power of ©¢ can be neglected and the value of € 1s very
close to ¢ € = 2,23 ppm. /deg. C.

- Fjs for Eicpgr.' menkal  vesults. : ' i
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V. SYSTEM CALIBRATION.

An ad justment and calibration sequence was made to realize the relationship between
celculated data and physicel (actual) performance . First a static check was made
bv using compressed air supply to sctuste $h¥ VG mechanisim . The results taken are

¢cmpared to-that taken by s pracise protrac or fixture (measurement resoiution 5 min.)

Thia protractor was supplied by GE under p.N. ( 21CI66L2-p03 ) for ground check

purposes. Our resultis Ware checked again during actual engine ron in test cell.
The calibratipnn.relation i1s shown in flg. 4 , 8nd the data taken were used to find

the best st. line equation using the least equare method of lireerization.

[f the protractor reading == X (deg) ; Digital indicator reading = Y counts.

The relation is stated as ¥ e X - 60.40 (207‘

< .
247
o
W v
2 3
(Sn('lc

fo

g 1 L N ; >L D.'_y[(‘qQ
2o toe }_tAA:qdbr
-io
Ao -2i.3
i {.‘q.‘q CQ“ b ra "-‘on EQSU“'S :
7
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VI. CCNCLUSIONS,

The setup discussed heres was practically realized apd used in Bngine Factory test
cell facilities under actual field envirorments. Rough estimation of cost reduction
could be made comparing the approximate cost of our system and one of the readyv made

gystems proposed to be imported from abroad.

The cost of our system composed of the followiizg
Beckman ' -pot. $ 130,
DORTC indicator $ 800.

Wiring hardware
. §

etc... ) yL7Gs
‘The total cost emounts to about$ IOCO. (n the other hand the cost of a system
Same
of the - . accuracy cless , e.g. ': Gi. P.h. ( 2ICI520GC02 ) was about & 8500.

One main feature of our system is the use of prgrammable amplifier which meake it
easy to check periodically the gninlanduﬂffaet ad justments . Change of these values

is done on the spot with no need to circuit-components replacement.

Sprious emisson isa sctually negligable while common mode rejection is good and further

tmproved by screening . thermal stabilitv in the temp. band ( O - 70 ) ¢ can Be

sgaumed with fairly enough correct rasults.
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NOMENCLATURE

¥
G

Fxcitation supply voltage in volts DC.

Indicator preamplifier gain im V/V .

I = The total current drswn fron. the supply in amp.
R = Electrical resistance in Ohm,
next letters designstes specific poimts &s showr in fig I ,2 &3 .
S -= Network sensitivity in mV/V .
T = Temperature in deg. centigrade ( c® Y
V = Voltage at specific points as ;hwon in fig 1 , 2& 3 .
/A = Small change in values of S &T.

of yb= Resistance temp. coefficients .

{ = % change of sensitivityv S per deg. Co temp. change.,
9 = Angle of pot shaft rotation measured from outer stop in deg.

5~ = Max, percentage error in calculation of S due to linearization of eq. (1)
i.e. , using eq. (5) .

q’ = Angle of pot shaft rotation neasured Trom an srbitrary datum chosen to allow
+ive & -ive angle measurements. J
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