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Analysis of Self-oscillation in Roll Channel
Using Describing Function Method
LIAO Huannian. JIN Yihuan, PENG Jiping, LIU Lu, TIAN Ye
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Abstract: The quality of flight control system was affected by the self-oscillation of the backlash nonlinearity of rud-
der system. The problem was analyzed from the aspect of flight control system. A mathematical model of rolling
channel based on description function method was established, which was contrasted and analyzed from three
aspects of rapidity, damping characteristic and inherent damping of the vehicle. The results showed that the increa-

sing of inherent damping can effectively reduce or even eliminate the phenomenon of self-oscillation caused by the

backlash nonlinearity of the rudder system.

Keywords: backlash nonlinearity; self-oscillation; description function method; inherent damping of vehicle

0 3

REPLVE N CAT I R G AT LA, LT Rg
SRR 7 R GG R e 4. W HIAE LT 3h,
Fﬁi*ﬁ@ﬂ’ﬂ O\ DT S AT AL Bh R

REALE TR RR M 4 ST Bl R, T
%zJW*E}E% sl Bk . 45 FE 2R G0 4 0 000 R R 1k
S KNG A B KAE T £f 2 B2 55 PR RE 48 A . JJT
b RGEZEIE. BT N TAEZ AN
M, fAEAE R PEER AT, QngE X, A AT, fE) R A,
UL MR M S B RS AR SR EA

[

x JKAE B . 2018-08-04; B e A . 2018-09-04
Y& F A
E-mail: 862870811@qq. com

Bty (1989—), %, MEARAE, TRIF, £BAFFHETITHEH

PR PR IR . 4R i) 2 2 TR 2l 1 AR AR i R B B
PR B BRI L AR R A R B B BR 3E R ¥
BRI, EEPmW CEREMEREE".

BEXHAIE 28 GE A vk ok B BR3P IR . ER
e MAE R GEA B R T EIT o087, Blin 2 4 53
Pt TR AR 2k AN 2 5 ME & I T E AR A R AR
veit, AR, SR AR L A B Ty
IE TR A BN N AE, A SO AT 6 RS
M. BEXSAER GUAR Lk, b R ik, X R
P R GE IR 2l 1 G B BRER R R R AT TR SE. O
T AEREE

|ZAHR .



BELIAE, 5. BETHAREBENREE ARG R 29

%2
1 FhBEHFEE
AT RS TR shm a8 /N Bh 2R v Oy R o
J. %L—M%m+M?& (D

X T, O RAT AR I O I e S 15 0.
T 5% #41

]
E
hrii

Y
=

Loi=—M/],
IR HAL 6 R BN
<;u>=37127 (2
TR 1 R LS 0 PD etk 0y, 155
WahEEE R RE AW EmE 1 s, B R
G G, () MR £ k.

voes=—M> /] ARA (D

, SRR TR
| s e
K (%)a"i G —{ f H G)
. b i i
A MR S T |
K | Lwa |
1 Uw\ w,
¥ TP IR -
Bl RYEEEHREENE
Fig. 1 Structure diagram of the roll channel control system
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Fig. 2 Structure diagram of the roll channel control system in description function method
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Tab. 1 List of control parameters under different rapidity

i c3 K, Ky BH e L7 3%
FEAE A 1 2 10000 0.08  0.004  0.74 0.08
FRAE A 2 2 10000 0.0240 0.0021  0.74 0.17
FEAEAT 3 2 10000 0.0048 0.00083 0.74 0. 39
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Fig. 4 Nichols graph of the linear part of the control

system at feature points 1~ feature points 3
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Fig. 5 Response of rudder under 1° equivalent rudder

interference at feature points 1~ feature points 3
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Tab. 2 Summary of limit cycle oscillation performance of

different rapidity characteristic points

ISR % SRR HIBIR PR R

Wi/ ¢ WEE, O $ 3R /Hz W% /Hz
FEAE A 1 0. 24 0. 24 3.47 4.17
FRAE A 2 0.22 0.19 1. 64 1.55
FEAE AL 3 0.17 0.17 0.45 0.29
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Tab. 3 List of control parameters under different rapidity

e s K, Ka FLfe Pk
FEAEAT 4 2 10000 0.0220 0.0017 0.6 0.18
FRIE A 5 2 10000 0.0240 0.0023 0.8 0.18
AE R 6 2 10000 0.0250  0.003 1.0 0.18
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Fig. 6 Nichols graphs of the linear part of the control

system at feature points 4~ feature points 6
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Fig. 7 Response of rudder under 1° equivalent rudder

interference at feature points 4~ feature points 6
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Tab. 4 Summary of limit cycle oscillation performance of

different rapidity characteristic points

B IR SRR MR IRR G

WRIE, ) RS O 4i# /Hz Bi# /Hz
REAE 1 0.22 0. 22 1.73 1. 74
FRAIE A 2 0. 20 0.20 1.58 1.47
FRAE A3 0.18 0.19 1.35 1.23
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Tab. 5 List of control parameters under Tab. 6 Comparison of characteristic point limit cycle
different inherent damping oscillation performance with different inherent
Cc1 C3 K, Ky BHJE e T damping
FRAE R 7 0 10000 0.0240 0.0023 0.74 0. 14 iR SRR iR SRR
RS 2 10000 0.0240 0.0021 0.74  0.14 EE/ O WEE/ O BR/He  MUR/He
H 4
FEAEAS 9 6 10000  0.0240 0.0017 0. 74 0. 14 BT A 7 0.22 0. 20 191 1. 86
%5 th, 3 AMEE S 9 Nichols BNE 8 i . FRAE AT 8 0.21 0. 20 1.59 1. 56
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Fig. 8 Nichols graph of the linear part of the control

system at feature points 7~ feature points 9

0 N
— Bk T
02 O THET:
- = FE{IEAL9
—~—0.4f ,
= _
£ -0
208
R
® 00
A En ]
_1.2,
M 3 4 s 6 7 8 9 10
tls
9 BIEST~HITESIE I'ZEHANETH THEEMR
RI #h 2%

Fig. 9 Response of rudder under 1° equivalent rudder inter-

ference at feature points 7~ feature points 9

HE4E 1 8 5 1 9 X Wi B 141 355 19 1 g a2 47 % LE
mEEK6,

RYEE 8~E 9, F 5~ 6 n[ %0, AR FE
ABRIE 1 B /INKE ] B A7 R (9 4 B BR 41 355 52 Tl 45
Ko Mooy KB @M, At R G R BEEL MK A
SR ARG LS .

3.4 RIS

3.1~3.3 LR S & N o AT XF 4, JE i Xt
AT EZE R AT, I RATHE R RE ok FH, #
il 28 48 1) BELJE X 1 B A 4 35 19 e (L R4S 236 5 ) 4
N5 FaE R G DR T T R B B R 35 1 AR 5
BORK, PREVE RS, HiR AR, TR
HARBEIE ¢ R/NKIAR PR BR IR 3% B 52 38 K, o0 R
Ko W35 WEAE AR AR, Y o RTHR—EHE,
e FRERR 3 T 2% . 3 U W 24 8 R GE A7 A AE L PR
PR W5 ) R Gk RE L EL PR M 48 bR g
A3 AR AT AR BT AR 4 O UR B 1A A R
JRHRF . BRI R 2R G0 R 4 M e R R S

S
4 2 it

BEXTAIE AR G0 A9 AE AR RE PR R A5 T R G A
TR AR 22 ML FRFF IR 57 5 A AR PE . AR SO RAT
P R GER R T S, DATRAE R G IR Bl E D iF
FEXFGE . NI A pR R . o o DA ) AR S
PEL BHJE . AT AR [ A B e X A R ER IR R Y
ERHEAT AT O X L. D7 FA R RN, 3 ORIR
)38 38 1[5 A7 B JE RE AT A% [ IR AE 28 58 A 4k o 4%
il R Gk BE A2, L 2= ] DUIE BR B BR 6 4R 35 B
o MWW AR R AT RSN B, R 2
AT I A ORGP DR R T B R &
R L oA 1) B R 2P 4IR 35 Xof A8 R 45 T R ek e Y
Wi BRI s AT B R A TR L A (L

S Z X #k (References)

[1] E4&, mMMFA, 20, % . T E R IR R LR
W HOF R [J] . S5 MRE{/E A, 2016 (5)
92-95.

WANG K, TIAN S L, LI Q, et al. Simulation research on



5% 2

LA, S ST R RO IR SE B R IR TR 33

[2]

[3]

[5]

low speed performance of servo system based on brushless
DC motor [J] . Missiles and Space Vehicles, 2016 (5) 92-
95 (in Chinese) .

Aoilie, A8, 77, % BERARARSER BN RS
o 00 . V9% T REE 24, 2009, 29 (6): 528-533.
YUBG, LI Y, WANG F, et al. Simulation and analysis of
clearance characteristics of numerical control servo system
[J1 . Journal of Xi’an university of technology, 2009, 29
(6): 528-533 (in Chinese) .

WER, AL . g e IR LA e LR vk R i e gt
(1] . fizs 5228, 2007 (2): 39-43.

YANG ] J. XIANG H A. Optimization design of nonlinear
factors in electric servo mechanism [J] . Aviation weapon,
2007 (2): 39-43 (in Chinese) .

Bl BEM, P, F . ET AMESIm 89 AT A% dL B AR R
MR L E R R GF B0 [J] . UK S W R, 2015, 43
(7): 161-164.

NIE Q, YAO C Y, LUO Y. et al. Simulation analysis of
electro-hydraulic
mechanism based on AMESim []J] . Machine tool and hy-
draulic pressure, 2015, 43 (7). 161-164 (in Chinese) .
TR, BRK, XVF . H LR HUE IR R 58 i3 i3 0 T B
F¢ (1] . PRGBS 6 . 2006 (12): 9-11.

WAN H J, WEI T S, LIU L.

nonlinear factors of aircraft servo

Design and application of
linear motor servo system [ J] . Mechanical design and
manufacturing, 2006 (12): 9-11 (in Chinese) .

WA AT, XUE, R, . fd R R L3 & 05 5 R AL 7
ATSE (1] . PRt S5 HEE, 2009 (1) 193-195.
FANJ W, LIU L, ZHU X Y, et al. Research on dynamic

simulation and optimization method of servo system [J] .

7]

[10]

[11]

Mechanical design and manufacturing, 2009 (1): 193-195
(in Chinese) .

o829 I <IN | S S I 1 - (a1 ] 2 e N =t R R
g2 [J] . bRt T R2E224 . 2000, 20 (3): 317-320.
ZHAO ] Z, HE C, ZHANG Y H. Research on nonlinear
compensation algorithm for servo system gap [J] . Journal
of Beijing Institute of Technology, 2000, 20 (3): 317-320
(in Chinese) .

BOLME, SRR, AR . TR R AR G AR HL IR B R e i R
xR B [J] . RAT 1%, 2012, 30 (2): 132-134.
HUANG L M, WU CF, MA S H. Design of nonlinear com-
pensator to suppress the influence of actuator clearance in
flight control system [J] . Flight mechanics, 2012, 30
(2): 132-134 (in Chinese) .

SRPGE . TLRM, I . TR R G R 0 X e B R Y
R [ . RATJI%E . 2009, 27 (4): 39-42.
ZHANG X T, JIANG F H., ZHAO H. Calculation of actua-
tor performance requirements for limit cycle suppression of
flight control system [J] . Flight mechanics, 2009, 27
(4): 39-42 (in Chinese) .

B Y, MRERAE, BRWTS . SR AT e (ML deat. dt
TR A, 2008 243-244.

QIAN X F, LIN R X, ZHAO Y N. Missile flight mechanics
[M] . Beijing Institute of Technology Press, 2008 243-244
(in Chinese) .

i, RPR . A EE (M . RRE R Tk
KA EE . 2006 394-396.

PEI R, SONG S M. Automatic control principle [M] .
Harbin: Harbin Institute of Technology Press, 2006: 394-
396 (in Chinese) .



