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The Operation and Vibration Characteristics of Tail-fan Performance Test System
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ABSTRACT

This paper described operation and vibration characteristics of a ‘tail-fan’ anti-torque performance

test systemn, KARI (Korea Aerospace Research Institute) developed a ‘tail-fan' anti-torque system of

a helicopter and a performance test-rig to test the performance of the tail-fan. The performance

test-rig consists of driving, supporting and rotating parts, In the process of the performance test,

firstly, operation test of the test-rig were carried out to verify design specifications, Secondly, natural

frequencies of fan blade and test-rig were measured respectively. Lastly, to find the operation

rotating speed for the performance test, vibration test were carried out using accelerometers on tail

gear box. The performance test conditions of the tail-fan to avoid a resonance were found from the

fan-plot and vibration test results. The tail-fan performance tests were well done safely.
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Table 1 Required thrust and rotating speed

Lynx CTR Tail-fan
ThrustNET - 7173 N
Rotating speed 1885 rpm 3514 rpm

{b) TGB

(a) Fan-duct
Fig.1 Tail-fan design

(c) Pitch control unit
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Fig. 3 ATS test rig design
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Table 2 Specifications of components

Part Component QT. Spec.
Electric motor 2 | 4P, 380V, 60 Hz, 200 hp
HPU Hyd. pump 2 225 cm’/rev, 350 bar
Hyd. circuit 1 Mass/pressure control
Hyd. motor 2 160 em®/rev. 350 bar
Increasing 1 Gear ratio 1.857:1
gear box 2 input, 1 output
Main [ .
dr lorque sensor 1 10000 1b-in, 4-20 mA
rive

part Speed sensor 1 5000 rpm. 4-20 mA

i‘;ﬁi};ﬁf | [1100Nm, +/-10mV/V
. T200N, +/-1.0mV/V
{torque, thrust)
Support | Hyd. actuator 1 63, 145 mm
part | Fixed balance | 1 {11000 Nm,+/-05mV/V
S Index 1 15 dea. step (d) Fan-duct installation
part Auto clamp/unclamp Fig. 4 ATS test rig
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Table 3 Number of blade straingauge channels

. Torsion Lead-lag
Straingauge | Flap mode mode mode
Blade root 6 2 2

Lowee surfiecs Lewer surfaos

Uppur swrface

(a) Flap mode

Uppaor surlace
(b) Lead-lag mode (c) Torsion mode

(d) Instrumented fan
Fig.5 Straingauge installation
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Table 4 Blade natural frequency

) Torsion Lead-lag
Natural freq. | Flap mode mode mode
1st mode(Hz) 73.5 365.1 144.1

Table 5 Dynamic balancing results

i Before After
Dynamic - - - -
balancing Hub  [Pitch link| Hub | Pitch link

lower upper lower upper
Unbalance} g 139 | 006 | 004
(g)
-
Position | o, a8 | 23 | 209
(Deg.)
Result Reject Reject | Accept| Accept
2P QNABE BT e ANT FF
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Fig_ 6 Test rig operational test results

Table 6 Non-rotating test results

Non-rotating Lst 2nd drd
mode{Hz) | mode(Hz) | mode(Hz)

Y -direction 105 15 54.25

Z~direction 12 29.75 65.75
T%% W3(Y-direction) &8 7IEEAE 233 &
H3HA JHE A@s §dA dAF 3 ANEE
3839t} Table 69 A2 g v AA] JdHE A g
ANERE EAE fanplotS Fig. 83 zZow w3
o 2HE HAMN AN FAFo] & F7HE AEF)
At

g SA ARRE AME 23 on fAs

Fig. 701 ®AI3I9

- Model : Type 4371 (B&K)

- Sensitivity : 1,015 pC/ms-2

- Lower frequency limit : 12.6 kHz

- Amplifier : NEXUS type 2690(B&K)
-FFT analyzer : PULSE 3250 (B&K)
- 93] : TGB 4K Z-Dir.), RH(Y-Dir.)
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Fig.8 Fanplot of ATS

Table 7 Test subjects for vibration measurement

(b) Y-direction

Fig.7 Accelerometer location

Sequence Test subjects

Case 1 Test rig + TGB + Fixing bar
Case 2 Case 1 + Duct

Case 3 Case 2 + Fan blade
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(e) Case 3 test result : Y-direction
Fig. 9 Vibration level on TGB
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Fig.11 Performance test results on ground
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