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W.G. Hollowsy, W. Osbourn and P.E. Kurar

SUMMARY

This note covers the develcpment of two straln-gauge balances for use
on the Whirling Arm Facility of the College. The main requirements for
this b?lance were: - (a) to withetand 700 lbs of sideload without it
interfering with the 1ift, drag and pitching moment measurements, (b) to have
a high sensitivity witnout too heavy a structure. The balance originally
desgigned for this purpose proved to be unacceptable because of undue inter-
ference due to sgidelozd and the non-repetitive nature of ite calilbration
curves. With the informatiorn gained from this first bslance a second balance
of exceedingly sinmpler design, was manufactured and was found to give geod
calibration curves and gensitivity, with little interference from sideloads.
A trouble free method of recording the signals from the strain-gauge bridges
is being developed and should be operating within the near future.

It 3 concluded that a new model, with its c.g. lying on the transverse
centre-line of the balance, will be needed if sideload interference is to be
further reduced.
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List of symbols
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S1,2,3

f1-g

gi-5 }'

hy e

L

M

Deflections on recorder due to strain gauge bridges 1,2,3 (in.)

calibration factors

Lift (1bf.)

Yawing moment (1bf. in.)
Sideforce (1bf.)"

Pitching moment (1bf. in.)
rag (1bf.)

Rolling moment (1bf. in.)

Point of application of 1iit load measwed from balance
centre-line (at quarter chord).

Point of application of drag load measured from balance neutral
axis. '
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1.0 Introduction
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Strain-gauge balances are unique in that they are & signed specifically
for a given nodel or a particular tegting facility, and the balance needed
for use on the Wirling Arm facility was by nc means an exception to this rule.
It was decided a 3-component balance to measure 1ift, drag and pitching
moment acting on the model. The reguirements for such a balance were:~

(1) Structural strength to withstand up to 700 lbe of sideload resulting
from the centrifugal forces acting on the model with very 1ititl
deformation of the balance as a whole.

(2) Little or no interference on the balance components duc to this large
gideload.

(3) As high 2 ceneibivity as possible, compatible with (1. to neasur
1ifte up to 165 1bFf., drags up to 20 1bf. and pitchirg mcmente up to

(4} The need to manufecture two identicsl bslances to be mounted between
e model and its strubs.
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attached balance(s) were pivoted about a spindle ri dWy attached
to the svpport strut and precisicn b ’ajiwbear?ng races vere inuorporaued
between the spindle and the 'live' body of the balance. Thie wag in order
to GlelnauC any large friction losseg in the relative 4isp3sccﬂenus between
the spindle and the bslance body. Loads were tranznit hr ough ball-point
o
n

Fig.l chows a general arrvengement and a diagrammatic sketch of the
first design (to be referred to as Mk. I) of the balance. The relevant
dimensions he strainegauged members can be seen in Fig 2. The nodel
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centachs unto the 1ift and noment couponent menbers in the hope of isolating
other interference loads. AlL forces and nonmenbts produced bending stresges
in their relevant struchtural menmbers; but aleo induced compresgive gtresses
due to interference on the other msmbers.

The sirain-gaugss hed been injtislly attached along the neutral axes
of ecach of the balance ccmponent members, in order to eliminate sideload
effects. This proved tc be very rnsatisfavtﬂ“y with regard to the outb it
gignal strength from vhe strain-gauge bridges {Setemined during preliminary
uect;np) and the gauvges were reatvached towards the ' Du;Ltwlm ends of each
balance menber. The balances were then calibrated.

1.1.1 Calivration of Mc. I balances
e callibration rig for these balances can be geen in ¥i y
4(2) and (o). The two balances were mounted on the model strute, which are
veed on the Whirling Arm, and were interconnected by bolting onto a rigid
etal plate simulating the nodel wing The gignals fron the 1ift, drag
apd pitening mﬁmﬂnt brlagec of each baLane were fed into a G-channel
speedomax recorder. A drag load wae applied at the centre-line ol the
rmetal plate and the signals from the strain-gauge bridges recorded on the

3
ﬁ:
'1 oD
™
3 W
S
3
aen




]
N
i

gpeedonax chart. This was rcpeated for succesgively increas

decreasing drag loals and the curves of Fig. 5 were obtained It can
be seen that the moment bridges were most gencitive to drag loads whilst
the drag bridges themselves had large hysteresis loops on application and
removal of the load. This was thought to be due to nisalignment of the

trai ‘ng the balance components and readjustment of these yielded
h

ball tips res e
ume results shown in Fig. 6. Although the dwag balancee had no hysteresis,
e 1ift an orent balances were far too sensitive to drag. loreover,

gince the »LOQE f the traces are different in Figs. 5 and 6, it was
concluded that their repeatability over a period of time would be uncertain
especially when the bail-tips grew slack. Checkes with the 1ift balance
etructurally isclated resulted in Figure 7. The nonent balance was far too
sensitive to drag loads, sideloads (along the balance centre line) and
combinatione of gideloads, drag and 1ift were applied to the balances and
various ninor nodifications, such as removing the balance bearing journalc
and zpace: = The regult were, however, . disappointing

in all caseg with non-linear calibration curves being the ru.e rather than
the exc vie thie it was decided to atbtach the 1ift component
ball re the strute in order to get more novenment on the

rth. This modification resulted in a significant
v of the curves anu the drag balance was found

to be almost free of ind monent interference as can be seen in Fi-. 8.

However, the zcros of the 1ift and moment balanceg kept shifting due to elip

between the ball tipe and the strut and consequently this configuration was

Tound to be wnsatisfachory.

1ift bvalance relal
inprovenment in the

It was suggested that, in view of the complexity of the present balance,
a simplifi & nproach would yield more workable results. A configuration
veing tvo in *andﬂn nounted from a single strut (as seen in
Fig. 9) wa firrtﬁ he drag and nmoment calibration (the latter
due to 14 acting at dlffcr@nu chordwise stations) can be geen in
Fige. 10{ . The curves sre seen to be re ocha?WV lineaxr The
effects © values of 1ift arnd drag loads and their Chﬂblaatlon
with eide it g0 investigated and the resuwlts were found to be linear.
It wae thus thought that a new strzin-rauge balanco based on the tandenw
balance principle warranted further investigation.
2.0 bu~igu of a new straineg agngmﬁijgaig
new balance can be geen in Fig. 11 instailed On
relevant dimencicns and sirain-gavge positions are
the bridge c vsed can be seen in Fig. 12(b).

lance prototype

Typical calibretion curves obiained can be seen in Figs. 13(a), (h) and
(c). There is no inberference on the drag balance due to the application of
a pitching mowent (or 1ift). A drag lcad interferes with the 1ift ard monent
bridzes and a sideload effects all three bridges. Towever, the linearity of
the calibretion is good and it was decided to go ahead with the nev design
and meke two balances for use on the Whirling Arm.

2.1.]1 Celibraticn of Mk. 2 balances
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Tt was decided to calibrate each balance separately at first and to then



calibrate them combined in situ on the whirling arm. This would show

up any differences in signal characteristic due to errors in manufacture
between the two bszlances. All calibrations were made with a bridge voltage
of 6v. and &ll deflections of the speedomax pointer were taken positive to
the right and negative to the left.

The balances were calibrated with the application of 1ift, drag and
sideloads {the latter being applied 2.57 m. aft of the balance transverse
centre lineg and /4 in. below their baqes), in various combinations and
with the applications of each load on itsg own.

General expressions for the output sigrals from the strain gauge
balances can be written as:

S5y = 711 + feN + =Y 4+ T4M + st + fég

] .
8o = gl + goll + ga¥ + g M + gD + ge )& (1)
Sx = hyDL + hzll o+ hsY + hal + heD + hg
Although *ﬁe opresent balance is essentially a 3w-component one (L,D,M),
interferencs effacts due to yawing and rolling moments and sideloads
will effect the nmain 1ift, drag and pitching moment signals being recorded.

The application of a 1ift load alone will give a signal 8; = £3L + f4iL.x
and similearly for Sz and Ss

3.

o]
. iy 3

.. i* = fy 4+ fax
L

ard ¥ = gy + geX .y (2}
et R ')
a.
".i\.i"j = h; -+ hé)f

A drag load acting on its own will, in general, give

Se/D = gaz + 85 | BN G)

5t

Since in the present calibration tests the point of application Ui
the gideload Y was not varied, the values of W and arcse only as-a mesult
of varying Y. Subgegquently it was not possible to obtain (Z ,g,h)2 3,6
discrete.y. Their ccllective influence was obtained from iecordlngs "of
the valu.s of 81 ,»,5 due to verying sideloads.’




Balance No. 1

Fig. 14{a) plots out ons (2) obtained from calibrations with
loads only. It will be seen that Si/L = 0O, in other words the 1ift
ads do not interfere with the drag balance.. Hence f; = f5 = O.

From the graphs:
hy =+ 0.160, hy = - 0.080
gy = = 0.160, ge = - 0.0821
The drag calibration can be seen in Fig. 1h(b). Since fy = O,

fs = 81/D = - 0.178, and fron

‘mesmm:hgme

0.210.

= 0.245 and hg =
Awhumc z =.0.

The gideload interference effects can be obtained frou :ig. 14(e).
Hence surmarising:
oy w= e O.l?SD xR
. ¥
So = ~ 0.160L = .082IM + 0.245D + pa } (%)
S3 =+ C.1EL » 0.080M + 0.210D + p3
where xy = I + f3Y + fg 81, Sz, 53 are recorder deflections
. in inches.
P2 = g2l + gz¥ 4+ g4 L;D are in 1bf.
’ ; . M 1bi.in.
p3 = hzlN + hxl + hg .
(b) Balavce To.

Fig. 15 the following values for the coefficients of equatio

(2).
£ = f5 =0
g1 = - 0:150, gh = ~ 0.070
nf =+ 0.170, hi = - 0.084

From Fig. lE(S) we get
Th o= - G.175
gé =+ 0,212
ni =+ 0.21k

g. 15{(c) gives the sideload, interference contributions.



Sy = -~ 0.175D + x§
. !

So = - 0.150L - .O78M + 0.212D + ph s \ (5)
) : J

Ss = + 0.17CL - .084M + 0.214D + p5

The relations (L) and (5) enable the 1lift, drag and pitching moments
to be determined once the sgideload and S are known.

The errors involved in the estimation of L, D and M entail:

the sensitivity of the speedomex,

the accurate determination of the applilication point for the loads,
ensuring that the sidsload actg normal to the fore-and-aft line oP
the balance, and in 2 bhorizontal plars

the sgtability of the bricdge voltage,

the Tiltering of random mains 1atarf0rence,

the linearisstion of some of the calibration curves
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With a genszitivity of SOMV/inch ard a stable bridge voltage of 6V
the 1ift, drag and pitching moments could be estimated to within % 37,
and this wag found to be acceptable for the tim being e
ginplicity of the design and the method of est

The large difference betwsen the curves of fige. 1lk{c) and 15(c) seems

due vo the difficulitbty in pogitioning the stralne-gauges accurately in identical
locations on the two balances. Thm curve of ps for balance No. 1 is the
worst case giving sidelcoad interfercnce defllectiong of the same order as the
values of Hs.

t be pointed out that the present calibration were done with the
d acting sleng the transversge centre line of the balance and below
e. The centre ¢f gravity of the current model wing, however, lies
7 aft of thi T and °/4" below the base of the balanc
{ . aft of thie centre line and /4 Dbelow T acge of e balance
g reans that both yawing and rolling “orentc result The effect of this

zet c. of g. ig aliowed for in the calibration of Ehe balances in situ

on the Whirling Arm {sze section 3.2.0).

N

3.0 Instellation of new balances cn the Whirling Arm

The balances car ke seen nounted 1t g
wglrl*ng Arn platform in fig. 16.  Description and further
Vhirling Armm can be found in ref. 1.

3.1.0 Instrumentation

In crder to obtain the six signals from the balances (3 signals ver
belance) in the contrcl room it was decided to use the spesedomax as & channel
gwitch and amplifier prior to recording on a chart record in the conurol
TOO. “he speedomax was congequently mounted in the centre of the aim
(as seen in fig. 17) along with ite power supply. The signals from ezch
of the balance bridges were fed to the speedomex, via the channel gwitch, by
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neang of ghielded 6 core cables and the sighal fron the speedomax vas
a _g') -

ransnitted to the control room via the nercury troughs available on the
ritching was remotely controliled

O ct

entral colunn of the arm. The channel svw
from the control room using another set of mercury troughs; a channel

indicator being nounted in the
and the power supply wvere obta
colunn.

G e
control room. The nmaings for the speedomax
iz a pair of e=lip rings on the control

1

angement of the link~up between the gtrain
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calibration of balances

e

2 a
at the ce“*rc of gravity of th
ing 1 t the other end to a 400 1b. spring balance
outeide the channel (the tie-rod passed through a small hole cut in the outer
channel wall). Ensuring that the gideways pull on the no ' . due to the

L
nn@s, tc a 7ug lobabeu

ne hals

sprinz balance (cencrifugal 1load szmulat*vn) acted horizonuvally and at right
angles to the vwing end face, the balances were calibrated separately. The
sideload interference on the 1if't, drag and pitching moment wag found to be
pro\ibitiwc Further rete of strain gauges were nounted onto the model
gtrubes to obtain canczlling sigrale for the sideload interference but these
nroved to be unsatiglactory.

It becane }fﬁ““lt that the way in which the strain gauge balances
had been previously calibrated was not representative of the Wuj'in which
they were now nounted on the wing. Previously each balance had be

ibr n # sgingle strut whereas now cross-interference between uh@ LWO

5o

wag occurring as a result of the main spar of the model.
B

therefore, primed as shown in the sketch below and th
wag reduced to an acceptable level.

BALANCE

\wms SPAR



One of the major problems to date hag been the effect of dampness on
the circultry of the speedomax. As two days produced the same zeros and,
in addition, esarthing problems resulted in more time belng spent trouble-
shooting than in actual calibration of the balances It wag decided to use
a e

eparate system consisting of golid-state arpli*ler g, one for each bridge
he balance, which would elinminate the need for the speedomax and the

Further details of the circuit and equipnent used can be found in
C.o.A. Electrical and Control Engineering Internal Technical Memo. 12 by

B. Moffitt.

In addition to these amplifiers, precision helical potentiometers
enabled each balance bridge to be zc%aed prior to a calibration test (or
a run) and cvﬂsequcntly made the task of gelecting a range on the recording
instrunent nuch easier. ”hese zer01rg notentioneters are coupled to the

train-gauge bridges via mercury tro

m

PISES
\.4

Future progra
One of the main difficulties in the degign of the strain gauge balanpeq
has been the very large side 1cad ag a regult of contrifugal forces on the
model., Moreover, sirce the balanceg are located at the guarter chord 11n~
of thc present nodel whereas the nodel centre of gravity 1icg af't of this,
a yawlng nonent res Both the sideivad and this yawing noment lead
to nonelinear celibration curvee with interference uetmeeﬂ'oalaﬁce bridges.

3

A neenes of eliminating some of these effects would be to manufacture
another lipghter model wing with its centre of gravity at the nodel attachment
L.

point. Thig, in addition to giving snaller sideloads would also be
advantageous towards the sgafety aspect of opsration. It ig to be recormended
that a lighbter model for specific use on the Whirling Arnm be manufactured

in the future.

1

T s the re-calibration of the gtrain gauge balances
lectronics have been proved.

Conclusions

s ) . o S 1 n e

Much work has gone into the d v&lcg went of a suitable strain-gavge
balance for use on the Whirling Arm F 0111ty After congiderable testing
the desipgn of the Hk. 2 balance was fsun t0 be acceptable within the scope

T the reguirenentsg. Calibration of this balance on the Whirling Arm will
be completed ag soon ag the low drift amplifiers, necessary for the strain-
gauvge bridges, have been assenbled and tesited.

and its centre of gravity position, it is
interference on the 1ift, drag and

. It ig concluded that for satiszfactory
ide with, or be as near as possible to,

P
<
2
%




the transverse centre line of the
e

S
yvawing nonent onthe balance due to
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balance. This will elininate the

centr ifugal loads.
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