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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 'Tail-Fan’ performance test system. KARI(Korea
Aerospace Research Institute) developed 'Tail-Fan’ system as a kind of helicopter anti-torque system(ATS) and designed
ATS performance test-rig for Tail-Fan system performance test. Test-rig consists of driving parts, supporting parts and
rotating parts. For Tail-Fan system performance tests, firstly, test-rig operation tests were carried out for verification of
design specifications. Secondly, natural frequencies of fan blade and test-rig were measured respectively. Lastly, to find the
operation rotating speed for performance tests, vibration tests using accelerometers on tail gear box(TGB) were carried out.
Through the fanplot and vibration test results, Tail-Fan performance test conditions to avoid a resonance were found and
performance tests were well done safely.
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Table 1. Required Thrust and Rotating Speed

T ¥ Lynx CTR Tail-Fan
Thrustxer 4604 N 7173 N
Rotating Speed 3508 rpm 3508 rpm

(b) TGB  (c) Pitch HO{ DI

(a) Fan-Duct
Fig. 1. Tail-Fan Design
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Fig. 3. ATS Test rig Design
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Table 2. Specifications of components

7 TAHE 53 A A
oot Electric Motor | 2 | 4P,380V,60Hz,200hp
%Tﬁr%il Hyd. Pump 2 | 225cm%/rev, 350bar
Hyd. Circuit 1 &/ Ao
Hyd. Motor 2 | 160cm¥rev, 350bar

Gear Ratio 21(%%)

Z 2 ololur
s&7lol 2 1 2 input, 1 output
F7&% | Torque Sensor 10000 Ib-in, 4-20 mA
Speed Sensor | 1 5000 rpm 4-20 mA
S s 1| 100 Ny +/-L0mV/V
{(Torque, Thrust) TXON +/-10mV/V
Hyd. Actuator | 1 63, 145mm
AR R
I wH A 1| 11000Nm, +/-0.5mV/V

Auto clamp/unclamp

(d) I AL (IiIAIHIE-)
Fig. 4. Test rig Installation
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Table 3. Number of Blade Straingauge Channels

> Flap mode | Torsion mode {Lead-lag mode
Blade Root 6 2 2
e bOWEOE SUMtACO e loworswmlage ... oL

7 Uppor satace “Uppos nrface

(a) Flap mode (b) Lead-lag mode (c) Torsion mode

d) Instrumented Fan »
Fig. 5. Straingauge Installation
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Table 4. Blade Natural Frequency

Flap mode | Torsion mode |Lead-lag mode.
735 365.1 1441

T ¥
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Bdol=g s A, ARtz & YA
2 LIS Yt 54 2@y FuE gLy
1937 rpmell X YA WAHAFE ZAsn 5L Ay
Z=£(Balancing Grade 1.0, Refer to KS-B0612/1SO-1940)
o REEE HH HUH AXYI Adg sHFete] B
AAFE WA table 59 37 wdy ARE g
srAom wAFE gL 017 go] =R

Table 5. Dynamic Balancing Results
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Table 6. Non-rotating Test Results

7 % | 1st mode(Hz) | 2nd mode(Hz) | 3nd mode(Hz) -
Y -direction 105 15 54.25
Z-direction 12 2075 65.75

23 3 23 A
T ¥ w | Pitch Link u | Pitch Link
Unbalance (g) 1.65 1.39 0.06 0.04
Position (Deg.) 226 218 223 209
Result Reject Reject Accept Accept
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Fig. 6. Test rig Operational Test Results
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Fig. 7. Fanplot of ATS
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Fig. 8. Vibration Level on TGB
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Fig. 10. Performance Test Results on Ground
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