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Design of a six-component strain gauge balance for testing aircraft
models in the hypersonic wind tunnel

Dragan Marinkovski, BSc (Engg”
Marija Samardzi¢, BSc (Eng)*

A six-component strain gauge balance is designed for the purpose of testing aircraft models in the hypersonic wind
tunnel T-34 of the VTI VJ. Stress and strain analyses are presented, as well as the values of the output signals ob-
tained from the measuring bridges. All the problems related to providing required test conditions and the ways of

overcoming them are described.
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Designations and symbols

— axial force, N

— side force, N

— normal force, N

— rolling moment, Nm

— pitching moment, Nm

— yawing moment, Nm

— force, N

— bending moment, Nm

— length, m

— area, m?

— moment of inertia, m*

— polar moment of inertia, m
— moment of resistance, m®

— tangential stress, N/m?

— bending stress, N/m?

— yield stress, N/m?

— tensile strength, N/m?

— modulus of elasticity, N/m?
— modulus of elasticity in sliding, N/m?
— elongation

— factor of safety

— straing gauge sensitivity factor

— measuring bridge output signal, V

— measuring bridge supply voltage, V

— width of the rectangular cross section, m
— height of the rectangular cross section, m
— width of the internal beam, m

— length of the internal beam, m
— width of the external beam, m
— length of external beam, m

— strain gauge distance from the center of strain
gauge balance - for RY, RZ, DN, DM, m
— half of the height of the internal beam, m

— height of the external beam, m
— longitudinal distance of the external beams, m

Indices

X — axial force

y — side force

z — normal force

4 — rolling moment; external beam
m — pitching moment, internal beam
n — yawing moment

t — strain gauge

uk - total value

max — max. value

Introduction

The internal six-component monobloc strain gauge ba-
lance VTI-10C is designed for the purposes of testing air-
craft models in the hypersonic wind tunnel T-34. The per-
formance of the strain gauge balance must be in compliance
with the following requirements:

- Deformations in the particular section of the balance
caused by the primary component must be significantly
higher compared to the deformations caused by the sec-
ondary component

- Symmetry of the measuring bridges, i.e. the strain gauge
position symmetry must be obtained

- Sufficiently high value of output signals must be ob-
tained under stationary operating conditions.

The design load of the strain gauge balance is presented
in Table 1.

Table 1
RX RY RZ DL DM DN
(N) (N) (N) (Nm) (Nm) (Nm)
71 112 224 2.35 3.8 1.9

The strain gauge balance is manufactured out of one
piece, by shaping particular sections to obtain 'single com-
ponent’ transducers. Strain gauge balance material is high-
quality ARMCO PH13.8-Mo steel, with high mechanical
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Description of the strain gauge balance
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Figure 1. Sting, balance and the model installation
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Figure 3. Internal six-component straing gauge balance VTI-10C

elongations at the area where the strain gauges are ce-
mented and the expected value of the output signal from the
bridge are presented in Table 4.

Figure 4. Measuring bridges

Table 4
1, (m*) 1, (m*) w, (m?)
1.333.10" 1.49.10 2.721-10
¥, (N) x; (N)
10.97 12.26
€, e, (V)
3.024.10" 3.629-10°

Stress analysis at the backward measuring station
for the components RY, RZ, DN, DM, DL

The maximum values of normal, tangential and total

Table 3 . X .
stresses at the farthest point of the rear measuring station of
1, (m') 1, (m%) W, (m) w, (m) W, (m’) the balance and the corresponding factor of safety, with re-
1542100 385610 | 3.95510° | 1.977.10° 3.041.10° spect to the maximum work done for the deformation [1],
are presented in Table [5].
M. (Nm) | M, (Nm)| M, (Nm) M, (Nm) M, (Nm)
3.808 38 1.904 1.9 2.35 Table5
o, (N'm?) | o, (NIm?) | o, (N/m?) o, (N/m?) 7, (N/m?) %
962.929-10° [960.906-10°| 963.293-10° | 960.906-10° | 772.5-10° N i Tuk = VOmax +3 Ty v =t
.929. .906. 293 .906: 5 (N/m?) (N/m?) (N/m?) Cu
€. € €y €, € 4721.10° | 772.5.10° 4907-10° 1.43
4815-10° | 480.5.10° | 481.5.10° 480.5-10° 5.099-10™
e. (V) en (V) e, (V) e, (V) e (V) st Ivsis at th t b fth ial
5.778:10° | 5.765-10° | 5.77810° | 5.765.10° 6.118.10° ress analysis at the external beam ot the axia
force element

Level of the bridge output signal for RX

The beam geometry characteristics, forces applied to the
internal and external beams of the axial force element,

The external beam loads with respect to the components
RX, RY, RZ, DL, DM and DN are presented in Figs.5,6,7,8,9
and 10, respectively. The cross section characteristics and
the load distributions are presented in Table 6.
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Figure 5. Components of the axial force
Figure 6. Components of the side force
- _RZ
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Figure 7. Components of the normal force
Table 6
4 Wys W M, O Fy
(m%) (m?) (m*) (Nm) | (N/m?) | (N)
0.019-10* | 3.041-.10™ | 5.896-10™° | 0.0368 |1210-10°| 28
M, Gy G £y Gy Fy,
(Nm) (N/m?) (N/m?) (N) (N/m*) | (N)
0.084 1425-10° | 300.75:10° | 195.83 | 1052-10° | 79.1
S im Fln Mln S
(N/m?) (N) (Nm) (N/m?)
424.816:10°|  39.55 0.1187 |2012:10°
Fu Fi
Figure 8. Components of the rolling moment
__DM
Flm - 2n,
/
DM
= Q/ |
ls;- n, (b, +1g,)

Figure 9. Components of the pitching moment
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Figure 10. Components of the yawing moment
The value of the total stress in the external beam is
Cu =0, +0, +6, +0, +0,, +0,, =6424.10° N/m? (1)
The safety factor of the external beam is

V=20 =11 )

G upi

Stress analysis of the critical cross sections of the
balance

Cross section (C-C), at the end of the axial force element,
and (D-D) at the beginning of the taper for the connection
with the sting

The cross section characteristics and the load distribu-
tions in the plane RZ-DM and RY-DN, as well as the corre-
sponding factor of safety are presented in Table 7.

Table 7
Plane I, 1. c. G, Vo
(m*) (m*) (N/m?) (N/m?)

Cross section C-C

RZ-DM | 2.7.10™° — 1241.10° — 5.64

RY-DN — 44101 — 3050-10° 2.39
Cross section D-D

RZ-DM | 8.10™ — 4845.10° — 1.45

RY-DN — 810 — 2422-10° 2.89

Distinctive features of the hypersonic wind tunnel
test of the aerodynamic forces

Due to a high total temperature created at the top of the
model, behind the shock wave, heating of the model down
the air stream and air circulation from the model basis to-
wards the area of the balance, the bridges of the front and
the rear part of the balance will be exposed to different
temperature levels.

The measuring bridges are formed from foil “self com-
pensating” strain gauges, of the Micro—Measurement com-
pany, series TK, manufactured from Karma, Ni-Cr alloy,
with kz=2. They are designed for static measurements with
either a long duration period and the temperature range 4—
493 K, or a short duration period and the temperature range
up to 673 K.

The strain of the internal beam of the axial force element
caused by ununiform heating of the front and rear parts of
the balance is presented in Fig.11a by a dotted line. A con-
structive way of decreasing this deformation is presented in
Fig.11b.



D.MARINKEIVISKI, M.SAMARDYZC: GN OF A SIX-COMPONENT STRAIN GAUGE BALAN STING AIRCRAFT MODELS.... 79
Lwodel /
! N
L= =S,
I [ IV —
Heat flux ] u) I
\T[\K]673
/]
| /- \W) i 1
i Swirei H
— M
473
373 o
273
0.0s Figure 14. Color ¢ f
of temp atur ]
) 05s
tpu €9
o he ba | n the/cross sec-
= 205 d
7 DL have out
e/levels ley 1. The lower
453 i
by the/capacity |
the_resul ] presumption that
_ durjng a run-of A 1) iations cannot cre-
10:0:5 atg significan tile theresults.
black
blue \ green f
beige
KOVIC, na
7.
F DT,K i |l alan
tical rc eqen|(
[3] JANJIK dH
katalogom vgd t. dok
Vojngtehnicki edgr
[4]\ .., Achevé d'i ON. €gal
n° 329, Apri
[5 OARK,R.J., r stre.
aw-Hill Bo 5.
[6] MERZKIRCH, u itute for
Dynamies Ru Bych any, 1974.
Received: 9.12.200
F— ]
\ u -
| i Blnis il
g CaE
‘ mimin |




80 D.MARINKOVSKI, M.SAMARDZIC: DESIGN OF A SIX-COMPONENT STRAIN GAUGE BALANCE FOR TESTING AIRCRAFT MODELS...

Projekat Sestkomponentne monoblok aerovage za ispitivanje modela
letelica u hipersoniénom aerotunelu T-34

Za potrebe ispitivanja modela letelica u hipersoniénom aerotunelu T-34 u VTI VJ projektovana je Sestkomponentna
monoblok aerovaga. U radu su dati rezultati proraéuna évrstoée aerovage kao i nivoi izlaznih signala sa mernih mo-
stova. Navedeni su problemi vezani za uslove rada u hipersoniénom aerotunelu koje aerovaga mora da zadovolji i
naéin njihovog prevazilazenja.

Kljucne reci: vazdudni tuneli, merna oprema, aerovage.

Projet de la balance aérodynamique monobloc a six composantes
pour examiner les maquettes d’aéronefs en soufflerie
hypersonique T-34

Une balance aérodynamique monobloc & six composantes est congue pour examiner les maquettes d’aéronefs en souf-
flerie hypersonique T-34 dans PInstitut Militaire Technique de PArmée Yougoslave. Les résultats de Panalyse de résis-
tance sont donnés aussi bien que les nivéaux des signaux de sortie provenant des jauges. On a aussi décrit les pro-
blémes concernant les conditions de travail en soufflerie hypersonique et les méthodes de les surmonter.

Mots-clés: souffleries, équipement de mesaure, balances aérodynamiques.
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