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Investigation on Test of Helicopter Torsional Vibration Natural Frequency Measurement
ZHU Wenjuan, YAO Wenrong
(AECC Aero Engine Control System Institute, Jiangsu Wuxi 214063)

Abstract: The coupling between helicopter torsional vibration and FADEC control has a horribly destructive effect. Effective measures
must be taken to prevent this torsional vibration in FADEC. Therefore, it is necessary to measure the natural frequency of torsional vibration
by test. A new scheme for natural frequency measurement of helicopter torsional vibration is originally proposed and designed, which
excited the given value of power turbine speed in FADEC system by utilizing sweep—frequency technique of shimmy. The torsional vibration
frequency of helicopter torsional vibration system is able to be distinguished under different working modes by means of the excitation to

power turbine speed of engine through the closed—loop system. The result show that the new scheme can measure the natural frequency of

torsional vibration precisely on the helicopter platform.

Key words: natural frequency ;torsional vibration; measure; closed system; sweep—frequency excitation; helicopter

0 3lF

IR R 3l ) BUG W3d A7 6 T3 1 A 2R 41
i AR R Ge o A I HLEUR - i AR AL S
I, TR SRR, 0 IR A BERE T [n A AL BT
AR AN AR AR R R S AR A 2
R — R AERERE T 0] B AR S YREN ISR K B F1E
(14 52722 Jo) 390 1 Je- i 2R LR [0 A 3 A 25 O
BB W 28 2 AN ke St A SERY.

LI ETHUHIRA 2 AT AT G 3 o [
(4 TR A A SRRl A Pl G . RAT
SURPER BB UL K sl 25, J& T 647 iR
TE W ER AT PR, S, 0 T e IR R e 5

AAELEIA BN 7, FHIR [ G 4505 AR AFAE  HAN 23X R
e AT 5, A FADEC B, e s Bt
MUER R | DR e B i 3 5 P 2 0 i e e
R MG H AR, & ShHLE il 32 038 1o 998 55 A T
I, B S ) AR R T TR A, RV R
RG05 K SHUBR I G A PR i 3 RGE 0 R
S R Sbl D SRR RS A DG . 2k
Sl RiTR e i R e By e LIRS R R B B P R S p T S pr i
ANRERE RGO, T 3B TR [ 4 5% 8 o i e
MRy R A i AT T ZR 8, SR IS ks e i v 9 ok
W sl , LA A BRI GR35 | 4% sl AH B 52 3l
HER, BRERGIBIRZE, =AMk, S RZH
BEIAHLN S IR E AL R 2 ~ 5 He, IEUFIEAE

Wis BHA:2018-01-02  EE TR iz s SERIFFE I H BT

YEE I : RSCUH(1968) 2, =g TR , ARl & 2Ll R Ge05 H A T4 2631089000@qq.com,

S| A I, Yo E AL IHAR A0 1 1006 T 72T AL 55 22 55401, 2018, 43(3) : 71-75.ZHU Wenjuan, YAO Wenrong. Investigation on test of

helicopter torsional vibration natural frequency measurement[J] . Aeroengine,2018,43(3):71-75.



72 it =

ko Bl

5 44

Je S 2R G R AR S R 5 S R N
kS B HLHLAR 55 A sh LR Tih 2R Sl 57 A=

el , T5 ZOR U it FADEC A 13 B A HLHL 4R 1

[ AT WA i R AR T ST SR R S

BTS00 , O 7E FADEC ti i 3 1 7 sC I R
PRSI, R T TR A I e 25
S-S

SRAT PR IR 08 E] FADEC JC im0, i FEJEE , DA f#
PRILIIR ] A1

AT G T FHARATAS 0 AT U ) 123, %o Lo
$e BT LRI 07 35, I LRIk .

1 BEANAREAHENER 7%

shrimiehn 2 R R G a2 R RS, FEA
B RS SRR RAGMNT 1 4%
PRI, S RIHAE A9 AR I 207 A — R 1 A AR R

Jie 3 RGN AFHAR R AT L [ AR e 5l )
2EEIE R GIHR.

E%?AM)L
EL

B 1 BN SRR E AR

ETHIUHIR A R A s LR e 3 4%

T HERLA AT 5 o % B WLECE S LR A 3503 L
FUNF A A % S5 s s R Bt | %) B 1R

SRE A MIE , 2 6 RSPl AR E A Y T2
ASRFEIFIE, 155 B R AR I , KR 5 EE T AY Js el
R B, A RN . I, 72 BTHIL L
AR By REFL | JF 1A AR L 22 iy Sl e 3 it 114
AR o W REFRAL S R G AT R IR, ]
HESEIE— WL

ANTF] R 67 2T BT HILAHH IR [ A AR B AN ]
FHLBEANS - BeFAEE R , QU AR IR | e 38 Ko

R | ERVERE OB 13 AL S R R s
- WK R G, PRI ] 2R G e sh R el

RIS, A Y TSR A 1 12 Sl A A ) A

N AR ARG PRI TERER L T —E R
CBUNITEBLT AR Y A AR BT R BB Y

A, SRR ANARET , B B0 6 SRR Y

SR T R R I T AT D, TR

GREN B . AR ETHLTARRE T,

TG ELTHHLHLAR [ 537 i B AT

AR, S AR R SRS W 2 R,
e AARBEIT SRR, o AR TG S L
SR, RIS AR RS

FITFOLOSh 1SRG (RN 1 PR BSBL gy T A A 0o 1507 U5 4

ST HIRSE 1L SRR SRS ABR AT IO i B (4 2 7045 il R 4 H P
- OHUTER RGN 1 WA R B R GRS e
LR I TERG PR R TR RS UE MR R T IR . R
 THHUREBLRGERY 1 WA SR R 1 B T i
8l , HAT — 8 1 A B350 G & shlLsh o h loxss : i?iﬁ]Vp}?iﬁ?E%UﬁifEW:, A3 IHE B S 25 M FIA i 25
ORI N S R R AR
BB SO 1 AR W N, Fid

HRNHRE M, T8 2 (o B AR I A 5 A T A

AT AR | BRI . BoE LR M Tk
LR AE N, IR ISR S R S iR 2
MRS N I TE M S A B TR A 1
SRS I N, M, L R
R PRI . LRI RO 2R
BE AR A TR R s RSB N, RIOTER
L ARAEE R S R S S B THILR S TR
ARG T RS AR AR

Vi
TATIUH
— kil

k)

l s

7R B
Ji

x«zﬁ;zu;]

B2 tapliRkEEMENESE

2 MIREASRNENT AL

ASSCHE 1 BT B HLAR I 487 1, BRI K Bl



3

RSUIH A « BT LR A 3 A 0 vk 73

HARGRIRS), FREAE 3 Fs.

TR
JEn
ayiftt | [

ZE
|

NpDen | 2 /34

B3 1N EREENENESE

MNP a] UL i B R R 48, HA%XT FADEC
ARG NpDem {5 S 2 73#. R I ETHLRGR
1 B AT AR B T 7R 2 AR N, PR RIRECR , 20501
TEH R A NG MR RS T, 1l 7E NpDem {55
BB NN LTRSS, N, Fe B s S AN K
AR PR 1 Bl IR, DR N, A R M, T8

TR A TR A, 4R H R AT . SRR

TR EPE T B A N, PRI, 50l
PR S ERINUE 28RS, i AE NpDem _FiZ
BNIE LB FIE S, D N, A M, SO 5
P BRI HITEE N

AU PRI 1R AT AT 3 R O

(1) & Bl D328 At EFHILIERE R GtRe
g 385 ).

M1 HE] UL A E LR R G A 2 DIMER
FHAE AR AR S AT < 1 S o BB 9 22 A s g
A R RGHIR; 55 1 ANk SR R 8
Jyibke i B AR 5 | R SR AL SRl ok
LR BRI AR o Ng PHERFA, i  Zh A< 0 45
ANAS G PR SR ERE R g AR Bl ) o [
MEBEAT AR BRI, SR AT N, RIS & S b
L RERT R G A B BT

CLREHiFF

} o
H3F wamfrqu& MR E AR
fels L [ gk it
Btk

NgDot

NgDotDem

4 RN, AT RE

(2)7E N, BIEREERIR N, % 3 1) 22 1 RE - 2L
RERIIBUR

N, SNEREE T 1] 8% A AR AE 1 Hz PUR , NgDot
PRERA ] el AR AR AR 1 ~ 2 Ha, R A7 i/ PA]
IRYHEUEARAN 4 ~ 5 Hazo 24 N, Fe 3l i sh i 5 7e

AR EA (2 ~ 5 Ho)JEFERE, BARERT N,

AR L AT (H R R IV, S A5t B 40 5l , B I 1%
FIRIART R/ NPT, AR I W O T A 330 3 A iR 5l
A 4 K NpDem 350l i (51 SE il F 22 F 8], N,
Fed p AL RES T RE R R, SR T LR G A 3
PRI S

(3) 042 X G2 IR R AU 7 A A B 7 A R

R

RIABIHL N, PRI il Sl i 77 32 E 57

 SOREE RS TR R, R

GUAFAEIARA IS o ASUCHAR IR N, PHER il
VRl )N T3 B R 9 HE BRI AR XU B9 D AT 2 A
ELTHURERE 28 g A B AL A AAe 88 18], AL REA
ROE S I AR, 3 BEAT R 2R, BHLJE I AF A
ROEW T HIRARAL B N, Feimm iy, iR e e fl
ANTR 5 SR PRI 77 12 , 7 42 o e il v -5 1 7
fa], i 2R 28 HH R SR SCREAR PRI

3 HIREIFMERMNEF 77 ERIN _LIIE

FESEBRIEA T HH IR [T A 45040 i o 2% 35
EE—EREIE

(DB EAE R WU AT, 3l fgiat s
% 3 A, % NpDem BEA TN , S LR 147 4315 5

(2 )t 3 PRIt A5 S0 A 4t T Il i Y
LAIE SR SRR AR D 10 s, DR{H 1%

A (R 1.5%) . RIS S AT, )
RS T LR AR A E AR T
IR B

BT e IR PG A J5 |, TERL b 8 5 AR
FAHH, DAIO IR e 184 e e RO RO < AN 25 PRI R 1T
PR AR

FERIBA WUR B ETHHLET X LR 2548 BUR 25 1%
S THR IR A R AT L B R 258 e 25 AR
K5 ~8 fiR,



74 =

5 44

e

I
RN
VA

5 BREZ|Sis 0.25 RE 6 Bk =818 0.5 IE(E
1.5%F357% 20 s AIREMAIREE  1.5%$35% 15 s RGNS
I | \ 1 ‘ 1 ‘M H 'HH!U‘H”
AR N
\ * il “"H\ TNt | Mgy W/MWWWN'I ‘W -
|

1 | i T
I\ ‘H‘ M‘W (Il MHIH“JHI\ ] R |

I [

H
‘\

B 7 BEz(8iE 0.75 IEE
1%$357 20 s HIREAIRIE

8 BATiBIEE 1 1RE
1%$357 20 s HIREAIRIE

5 ~8 Hn] UL, N, [a] B il 386 25 8, N, U
SRR . XTI 8 BRI THARIIUR S B AT R
N, T R 52 R 3, A5 A N, KPR AR A AR
(R R (RTE — B AR %‘/ﬂﬁﬁ’ﬁ‘/ﬂi%’% WEAHAE
BRI R, i iR . DRk 25 18 AR
A RN A T i R BIAL , F2hil A2 5%
1E3.3~3.6 Hz Z[A], & TAEE T BAG k25 184
P& A 5% 8 3.417 Hz,

XU 23 8T R4 R DL e KRG 445 SR R 451, 4n
K9~ 12 s,

T

W

HHI .w ”\ \UM\“H

Rt

“‘ ‘\‘ H\ \\ ’J \“M \I'W‘H‘

B 10 Whk=BAKIEE
0.5 TE{E 1%f35% 20 s iR

B9 Wik=IBEXEE
0.25 IE{& 1.5%393%1 20 s 1
IRB R iL &

,,,,,, '

I ‘ M” |\l
i
" “WH\ il \ H
B11 WhkzZEAXEE BE12 WEXTEELKIESHE 1
0.75 TR{E 1%333% 20 s {itk WR{E 1%FA5M 20 s H IR Fh
[FFE, MR 9 ~ 12 Hml UL, N, [a] B4 i 384 7 bk
KN, BB . R 12 sh A R T XUk 2 18

| ‘\‘” “H\

W |
v[ ny \'% PUVIEY M‘W\WNM ”NN ]IWW\

\u . LR EN

FHIRIRIINT, BT iR 5 5 A 0L 4 e I
PG 1R A e R AT R SR B IR A a5, (ELAE
— R FORLAR T B, SR D R D58 , U W7 S B

Rl FHAR B ok T TR AU 23 18 B LR [ A
BRNARAEPE S RAL , F-ahil iz i R e 3.3 ~

3.6 Hz Z[a], % TR B T AT th AUR =5
WiAN 3.308 Hz,

FHR ARG 2 BIBEE 2 A A 505
PEHEZS FADEC #EA TRA SN . LABURIIRAES 1% .49
ARESHE] A 20 s BRI ZE R, UL 2518 DL A KR g6 4
kst REs R 13,14 FR,

mej

“‘\ ‘IH HM” ‘U“
vi

! (11t it
1/ Mwwwwﬁ"oé&hnnrrw\}éﬁw m #K‘WW

l ‘ “ ‘ H‘ J

e I [ A7

;

13 BATEBARIEFE 118 B 14 WATIBAKLIEE 118

B 1%3357 20 s HMIRMAHRIE & 194357 20 s HIRERIRIE
ORGSR N, RUBHNT 4h e (E i e W& 1,
1 BERBBEERNEAIREIRIEE R L

B Np AU E (B S DL
+0.637%

RS A HEBIE T (99.651% ~ 100.378% )

+0.687%

Mgz 28R UH MG I i 28 (99.651% ~ 100.276%)
R 25 W F A W 2 £ 0420%

(99.441% ~ 100.589% )
TR M A s UH WL a8 £0:331%
(99.581% ~ 100.519% )

AR 1 H AT UL ARG IR A IS SR A 18 Ok
EF N, FRI K £0.05%, WEZE LT N, 205
R +£0.105% , bR B0 2 B B B e i R B I
YER, RERSHOE KT N, BE.

W5 45 SR B, SR TR A FH IR VRl 7 st 2 A
MU E IR E N, RURE 5 5 i8I 2 e 155
R AK

b SR, R SR T R e 25 R H A HLE
HWARGIRMEN FEAA 24 BHERG KA N, 16
e Y TR RGN a 8 1 A ERA
R A SR B R i AR s N, i sl v,
Tk PR RS 5 | R AT 2 e 1 Xof g A48T 58 1) I8 B, e 2%




RSUIH A « BT LR A 3 A 0 vk 75

AR, s Rgtid Xt N, il 55 U TR g
W, TN, Fe i PR IR B HLIR (G 43 f , AT B
PR R G S e R AR BT IR B I i
Py EBE NpDem A TR, IS IAE N, $ 820,
A3 AP R SRR i f e TR AR, X b 7 v
BoBEILIR . TEMITET B2 IR A R 1
N, SR e i B I 8 g A T AR
SRIG AR N, PR ERF i B E 25 2 {1 1] 1 A8 1 R/ N R
RIS, BRI RCR A s EF X Rk
Bl JE NpDem #3355, HXF N, (55 #17Fa G
LM BRIA B 75k B FER , TR AN B I 8 U we AOCR 1
ik

P RALAE g BRI 52T 5L X BT HLaE
ArkeE YR 2RI, 2che e e BV ok 4 1 R 40
(IR A2 75 BB TR 25 ELFHHL R G 1 B A A%
BT 2 /AT DU “ 10 8% 4 REIR 2 1 A R 4
OB, DASSUE ELAHL A R SIPL TAERR e M A%
S AR ey ik B R AR X A S RO A i T
T 25 F iR, T L4 B R LS AT B R iy itk A 7
BE T U8 0 AR IR B IE -

4 #ig

HRAEI A AR A A0 B 70T, A5 B LA R 4518

(DB N, PRI BR800 N, %4
FEARLI 5 ¥R AL [ A%, X 45 SR B X e
T RECR U, FHARACR T T B Gl N, R
e Bk ) 5

(2)FEAY B B T PRI e e i T BT HL
FHYR A AR AL, 2 T 1 R E TR AT A5
RN 5 AR

(3) B 7 B IR /2 NpDem %% {5 5, H Xt
N, 155 #E AT B I TC R IH BR A 30 1 ISk s, XA
SN B PRI AR R RIS UE  Ji5 2k ] 2 pE e B R ATLE A
R B A TR IR A AR B R

SE 3k

[1] Valenzuel M A, Bentley J M, Villablanca A, et al.Dynamic compensa—
tion of torsional os—cillation in paper machine sections [C]// Pulp and
Paper Industry Technical Conference,2005. Conference Record of
2005 Annual:2005.

[2] Muyeen S M, Ali M H, Takahashi R, et al. Blade—Shaft torsional oscil—
lation minimization of wind turbhine generator system by using STAT-
COM/ESS [CJ/IEEE Conference on Power Tech, Lasanne, 2008:
184-189.

(3] M. . KRBT RS 5 8 IRS SR M) T
At G Tl A, 1976:42-46.

M.JLMWJIb. BEPTOJIETBI PACYET U TTPOEKTMPOBAHMUE [M].
Beijing:National Defense Industrial Publishing House,1976:42 —46.
(in Chinese)

[4] AP, IR 5 RSN S MIERZE £33 JUat: A RZTT Akt , 1981
53-56.

A.P. French. Vibrations and waves [M]. Beijing:People's Education
Press, 1981:53-56. (in Chinese)

[5] Sanders John C.Influence of rotorengine torsional oscillation on control
of gasturbine engine geared to helicopter rotor [R].NACA- TN- 3027
93R13117,1953.

[6] Ruttledge D G C.A rotorcraft flight propulsion control integration study
[R]. NASA-CR-179574,1986.

[7] Sellers J F,Baez A N.Army/NASA small turbo-shaft engine digital
controls research pro—gram [R].NASA-TM-82979,1981.

[8] Delosreyes G,Gouchoe D R.The design of a turboshaft speed governor
using modern control techniques [R].NASA-CR-175046 88N10339,
1986.

(9] ML AT LD, PME L 2 Ui T BT U B TSN ) 1% sl Bt
HHRREE I3 8 117441, 2006, 21(3) : 606-609.

LI Shengquan, YANG Zhengshan, SUN Jianguo. Elimination of cou—
pling instability using few parallel connection notch filters for heli—
copter rotor/power train [J].Journal of Aerospace Power,2006,21(3):
606-609. (in Chinese)
[10] B3, EIHILALYR B [ A SR ML S 2 (0] shordadl,
2013,19(2):15-18.
HUANG Hao. The introduction of torsional oscillation natural fre—
quency measurement [J]. Engine Control,2013,19 (2):15-18. (in
Chinese)
[11] P.M. SR AR5 A M]ALS B i, 1974:155-169.
P.M. Morse.Vibration and sound [M]. Beijing:Science Press,1974:
155-169. (in Chi-nese)

[12] %% B, MVAREL. ETHHUER 3 )t S oA 5k, Bt
HLALA 2003 (2):7-11.
LING Aimin,SUN Donghong. Analysis and test of torsional vibration
for helicopter rotor/power train [J].Helicopter Technique,2003 (2):
7-11. (in Chinese)

[13] HRBZF, P A3, XU . T URE R AL 3 R 5 A PR s et i B oY
] BLBARRE: 54 AR, 1997, 16 (3):523-525.
SHAO Renping,SHEN Yunwen,LIU Geng. Study on dynamic char—
acteristic of transmission system for helicopter rotary wings [J]. Me—
chanical Science Technology,1997,16 (3):523-525. (in Chinese)
[14] Landi A, Nicholson M. ARP4754A/ED-79A-Guidelines for develop—
ment of civil aircraft and systems—enhancements, Novelties and key
topics [J]. Sae International Journal Of Aero—space, 2011,4 (2):
871-879.

[15] H [ R AAMLZE R
52 F], 2003.

Civil Aviation Administration of China. Aeroengine airworthiness

Wizs K SPLE ATELS]. AL s dem i

regulation [S]. Beijing: Aircraft Airworthiness Approval Department,

(i - =40 30)

2003. (in Chinese)



