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Abstracts A dynamic load simulator which can reproduce on-ground the hinge moment of aircraft control surface is an essential rig
for the loaded performance test of aircraft actuation system. The hinge moment varies wide in the aircraft flight envelope depending on
specific flight condition and maneuvering status. To replicate the wide spectrum of this hinge moment variation within some accuracy
bounds, a force controller is designed based on the Quantitative Feedback Theory (QFT). Through the analysis on hinge moment
dynamics, a design specification for the force controller is suggested. The efficacy of QFT force controller is verified by simulation, in
which combined aircraft dynamics/ flight control law and hydraulic actuation system dynamics of aircraft control surface are considered.
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Fig.2  Variation of Hinge Moment in Flight Envelope Fig. 3  Linear Modeling of Hydraulic Dynamic Load Simulator

1685



2a} AFoolgo] AIAX 4 @)} FYF FF
o] HEHETt 4 (5)8 MEEr LEEANY FF BA o] 1
" 23l TEFAY NEE $F2ER ¥ Aojrje FxI}
2% 39 =A "AATh vl @ 71FgEe we} ¥Ee IR
RAE A5E (= MJR) QFT Pre-filter 3 A& § AoJFZY ¢
HAE7} g 2F3d FrHa%0 A gHE w8 Load Cell o
st &%/ A HojAth BEAHH eFL QFT-A &
A MEUBE FE3A dot

A&

3. QFT £ ©]&3l Force Controller A 7|

A&7t =g BT e IANEAE Halo] @
g My EsAE TEAANe 29w HAIAE uFo=R QFT
Force Controller 2 A3t} QFT Aojo]& & & A9 A
7} AgHo AR MFEEZ ZHE gy, vy A" A
AMAE BHEAL F AZTE AAE AAE F Ae B A
o71goltt [2,5, 8] 2 30l EAlE & QFT & ©]& 3 Force
Controller 2} 2Al= 4 (HF AAHY § AL = R34
TEHA FRE Bdo gt thgodA === dATE
HEY F JYRF 2 MY AiriE AASA dcth

o &

3.1 QFT #ol7] §4 a7Z&

% 39 stgRe] FAY B Aade HREZ Fo4
SEHEAL dd AIPTFERZ e B Tye) 2 e
(Ty(5) AA ol EAjgtcdeot et o] AAZHL RaAd I

e} A Eo] B 10Hz 7t HESR 8h7) skl AYE ol

3 7,059 DC ol150) 09952 ARE AL g AolAe DC
QA5 05%IHE AFFEEA QFT FXo AHao]Eo] YT #
Nz A B E] fgeln)
(s/151+1) 7,(s) = 0.995

(s2/632 +2x065/63+1) ’ (/63 +1)(s/88 +1)(s/1257 + 1)

Aol HET g9 aF2Y od RiAH e ALAR7
450, O1S AR E 5 dBRT 27t AXE HA o g} o] A
< 3 AojA MNFZ Nichols =7 2§ 404 AHdoz F
©{ 7 2dB M-circle 9|50 EAstdol st AL gn|Ty.

Ty (s) =

60

40

20

QFT Loop Gain (dB)
%
Q

" . L L s
-400 -350 -300 -250 ~200 -150 -100 -50 0
Phase (Degree)

a9 4
Fig. 4

QFT AA1E $#13 Nichols A%
Nichols Plot for QFT Design

32 QFT Aol7] 47

A 2 oM RdBE REHANE A= 4 (HE FoAAe A
Bado "dy B0z st Z FuedR AJd o AN
o8 BdEY E 4 49 (Plant Template)E z2tA €} ¢ 4
ol wq (r/s) € [0.1, 048, 231, 11.1, 534, 256.5, 12328, 2086.6,
3511.2, 5925.5, 10000] o} A 9] Template & 2}z =A18AT A8
Mo ufFae dHolA (270 ~ 480 r/s) THY T B #4 F
Hol EAEH, DC & T TS5 G4 dA WH FFHAY
o] Wsl@Fnto 2 Template 7+ A ET}H ©] Template A o2
EANE HEL 2 FHAQQ 2HAFSy 9388 2= zdo
2 ZAHE NFZ AT dd o oA 2 Nichols AX
FEZ Yudty, o] zHqAY MFZ EIES T3 ZIE
(Nominal Plant)2} 31 A 2] &} 2}

QFT A71E A9 22 & F44E 2= ARz ZJEV}
31 AN HE AolA A% 9 AAE Afol B HAzA
& WEAF F UALF dAFHoot @t o]F Hate], fojA
Hog ¥#3 ZWEQ Nichols MEx= ER

FaF (F, w,
(r/s) € [0.1,048,231, 11.1, 53.4,256.5, 1232.8] ) o4 2¥ 44
AMog BAE 3% ZAAM (Tracking Bound) Aol ¢35
olof ¥t o] WG UFIE AL oy B FojAe %9
F3h5o] it Template 27 ( CNRZ B day AA) &
E WolM, HRzY FoE FPEAC]l s(wi= 1w -T.(w)
o 2o AAHE AA Wl EAgoe A& YuiFg gL
F ZE 3 AY AZIE AAHY, 2¥ 4dME YElYKo]
wy @ FoFo] sl F3 ZAE] Nichols HEE BF &
FT AAN Fao) AAANE = Ut

0.0002475(s2 /3427 + 2 x 0.455/342 + 1)

G(s)= e
(s/1450+ 1)(s” /2040 +2x0.455/2040+1)

(6

2 (6) 22 ZAY QFT Alo7i7t Agd d AAAE w, 7t
534 2 2565 /s Y W, Template ¥ FHo] 2 dB M-circle 5
2 AXNEHE g 29 40AM B F Aok o] AL AoA A
= °11°r L7ZA FTAAN F2 JHARE “*&*1717‘] 3=
AE AuistA, £ =1F f3AdFY A7) Fxr} ol 2t
< Fo]7] wige} FAE 5 Yot

oA HAWE Gi= 1Y 49 Templatei Foixs ¥ &4
BEE ZE NFEE EUE dEdo, dFX Fax £YEA]
DA S(w)E AT A Wi ﬁ‘lﬂ%q\_ As 2gan
mebA, QFT 8 AlolAI7E 2% 29 Adied ZAH nlg e
AL SHEAS 7] 9%t 93 2 1 A9 QFT Pre-
filter & A &t

1

F =
©= e

(M

At gol ZAHE Fryt G)E HE8tad Pojn QFT Y Aol
A2l HFIZ Bode WETt Tys) B Ty)E FAXE AAzAD
A 2" 50 TAIHUTY HMoZ FEAE Bode HTEe 4
(5) oA Folzl AEwue B4 gEo) 2 AAY A gk—g
T 69 Aol didled iz Aeltk 2 Fkg thHol A
Bode % AAZA AR E 2A T8 gov, A4
Fubg didQ e 130 1/s (20 Hz) 74X e AAE A A7} 737#1
Z238E% ¢F3n 7] Wi, 99 HAE woleda £ ot

1FL

1686



Closed Loop Force Control Magnitude (dB)

-100-
-120- A
\.
Am:o” 10' 10° 10° 10
Frequency (rad/s)
3¥ 5 QFT ¥ AA Fo5 FE54

Fig.5  Closed Loop Frequency Response of Force Control System

4. Simulation and Evaluation
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