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The Stabilizing Effects of Stick Rate Signal on Hovering of an
Unstabilized Moving Iron Bird and Human Transfer Functions

By Chikara MURAKAMI and Mitsuyoshi MAYANAGI

Described in several papers!<® are the fact that introducing a restoring moment propor—

tional to the stick velocity causes some stabilizing effect on unstabilized V/STOL aircratft.

This paper presents some experimental results using N.A.L. Moving Iron Bird (a seesaw

type test rig)¥, and shows that the stick rate signal actually has a stabilizing effect.

This paper also presents some P.I.D. coefficients, or the transfer function of a human

pilot in the hovering condition. The coefficient P has nonlinear characteristics and introduces

limit cycles of stick control together with the dead time. It is found that as the stick rate signal

increases, the coefficient P, as well as D, notably decreases; small P means a small natural

frequency, and therefore, this means steering in “relaxed” conditions. The coefficient 1 is

unnecessary for maneuvering, but is necessary for stabilization against step disturbances.
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Stick Rate

Rs

B A1 A I’} Output

— 2

Disturbance  Vehicle

] 1 Pitch control system block diagram.
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& 2.1 Moving ‘Iron—DBird’ (a seesaw type test rig)
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2.5 Stationary cockpit and analog computers.
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1 L TN & ClX motion cue T O{LD RN
FRERZFA—DL0 L LTHRETTORMETDH
50, DIEEOH#RITE I bOLEDLRS, ZC
TR 2. 5 IR T REERRE L 7 v JEHEER, MY
FEBIESLT, IBEL-EE,»L0BE, ALz
I ABEOBMESEZHEAL TV — METFO RV
AL,

HE R Ao Y IcA v r A a -7 R R
L. KELBSIEFOLTHTEY y FAXBREN K
MTXBHE5ZLCTFHu V5 ERLERL, 747
PR FTOERLARTERE TR ERN
2.6THh D, ZOBFEOBERFIIR2. 30FE LM
MIZR7E -~ TL %, TRLLEBREEOBESIZIIE
KNS X2 & 5 motion cue RL L RVDT, ROFF
ELRVESIZREFO 5 LIZ LTS CBREBTRET
Hotes LIFTHLET LS, BEEL LT VAR
FHEHOLOBRVINRBEHEDIO L ENS I LR
HxhloThB, ZOBBTLEBOREIFREY
ERRohAWE, BECHEIRT A7V AA-FET
BRVCHAHERROND,

K2 Tix a0 5 2, TORBMLLTEDRET
HL KPRz LY L TEOERE TE BT ERR
ATRET 2 XORAULBEOERTHS. 2O
e R ORBEOREERS, L ITEEREOHMAITIX
HEDHRPRTWS, ZORIBY 2X5$BREHSO
integrand ¢’ I 2.8 IR T LSRR X 1I°DFREHEH
T oA TH 5, TEHEE A EHIL, KFERD
oot 2a—7OBOKERLFY 7 MO
FoEnic. BBE L 1UNRETENTIREFTH
HLBHONDI L L. BREHESEN—EEHEDD
LOERBLTH2dTH5, TOFERIZBTLT
AT A—-FEBRLFERIC RO M L L HICHRED
BRNEL B, BEORMESEZIR — o Ro E
Ty, ROOBRE () » oYU TE (BE) ~oY)
DEZDBI LI TDORT Y FICL > TEBORFHE
NA—R 2= IRV T F Y a— Mo
DT BOTHE2IIFTEORATYINRALND,
2.7 1% OFSHEIEVIBRY RLIELDTH 5,
[M29i2k5 3k (EHTITFSED R=0.4 £ TREE
RELNANFRULETIRIZILALY —ETH T IHE
MR TER,

X2 I EERAEBPLOETEARLL L TNZ X
BEoBRREOEET, Z0LX0OBREEHIFIIH
A FIZTEBRRETKPEFIF T L TH 5. S
7 —7va—-Fir—EREL TERL 2o THAR

€ {deg)

[ 2.8 Integrand of error.

2 4

100 l
o
.|
Jea $
jf; odt b |
(%] ° ¢ : :
| ' : | e
60 | oo
! 6 °: °
H l 1
! ° ° M
40 e y
-] T ©
20’
i |
0 0.2 04 0.6 0.8 1.0
R {(sec)

X 2.9 Time integration of attitude error.
(Step steering).

100

80
fe’dl

Jer odt

N

(%) 90

40

20

0.2

0.4 -0.6
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0.8 10

Time integration of attitude error.
(Noise disturbance).
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B 3.1 Simulation block diagram including human pilot’s P-D model.

d; + +
oo
Multiplier

Absolute-value circuit

[ 3.2 Simulation block diagram of human

pilot’s arm.
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ATHBIDEIBREFAZRIELZY ZOMI
RO BB ER I P oM B 73 D 123 T i3
HTHHEICEFRBICPKL, 280D L S/ ox
O DIRENIEFAICRSHFEL L E>TLE D, %
TTMOPDEB L LI XFRAGFET 23T TH
DLEXATRHUIKER, 2FEOTAT7 13— FJB
KETHELNDIDEDHII—FEOV Iy M A IAT
HHLEZON, TOFEEEL TR & A A
TSRS A v R BRI L B
bOLEZLNRDINLTH B, 1 vy FOHRBWER
L3 3.1 & ~OAS (Input) THE 2 605, 71
B, [M2.30 R=0 nFH{E LR35, 6 DEHHT
EREO LIBAEOERBSELZ - T3 X 5IRz
35, ZHRERBEOEEXHOT TE X Vbl
~NDOANBFICHET 2EBHTH Y, BEEII O
V— KB L L TORBBMEN S ALV DD X 5z
Exbhd, BELUIBREEC LI EMAEREOY —
FRHEL L TORBBELE LD 2 558, FofizE
ERIHOIDDEYVOBRED L > BB& L5515 T
»o, HEREATCERETEL LY nBMALOTR
WIZ LB TESN, T TREHEOBIIEOE
HEER3 1E /233 2R T LSRR E LIz &
DZRFRIITY — R & U CTOREDKRHEIZ i
2FETEELTH B, 2DHEBIZOERICH
Wi, REDORVE Y EREBICH 5 L icHitEN
ELVEVBEFSLELTBZESICEZON, WicEls
DRKECHERICHBELAE O TED LICE VI
EMmx CEREY ZhLl BRI T ANERRV L E
2NN ETH D, B, K3 1TDA 5 A —2iik
HBISMERE ORI RE, P, D, telsRep L, i
o BEENDN, MEOHI L0 1HBL00.2
BO2HEE, on I 23EZ, R=00DBOA
on=20 [rad/sec], Dl CiZwn=14[rad/sec] L& L**
P OIGRHE CRIABH 0. 5% 30, WEEAT
A=F L LT, POFBEEDIZNICP, DiZid L
Lico THuI2yF UV ORREYE 3.3 (LR
L=0.1%) £X3.4 (L=0.28) itz = o F v

* W3 1Rt X5z, & o TREFIBIHERE P
TRHEEZ I c DHRBR L HEBP LOBT
HDELTD; £z ¢« OIEBHEEIIE WO,
CREBMUNAD AT X — 2 I EBRI—ETH
&35 (R 3.1,

OTAT VA FTOEBRKELODE 512 Bz
wp & LT 20 [rad/sec] Jijgao i ik U 72554,
ZDEE T,

&pomm]

===t 8 € ldee)
20
[
30
L] ©
Z 50 (a):L=01(sec)
(b): L=02(sec)

3.5 Nonlinear characteristics of coefficient P.
(R=0, P-D mcdel)

1

:Step steering

----:Step disturbance
(ak L=0.1(sec)
(bEL=0.2(sec)
_@x220--14(rad/ sec)

)
/ ) ¢
|

mm-°sec

3.6 P’-D vs. R curves.

TREEBEFBRETRL, AFvy7HIIALLES
{EBBLIEEEREOBRICERZEB-OTES
DA =Y 2~ " BERK2.3DEBREERLEDPRE
Bo Ty F U OKE, HEBIEREROFEHEHEHED
AR 3.5 IR T X o nEEA T b DL o
7co £, RHT 2HBBHERKO BFAK P L
W D OfEDO LR K 3. 61T DT F
vy F U SIRBOTEGED Iz SEREAERR
DIZEE3ETIEP ORIZEER. ThabL H
BERE PRIV~ MEE R LRE« L ORI L
L, ZhZ ROZDEIRT « (2 BEARAE5 P/(R) &
RIZEERART ¢ ORDIERIVEE ep(e) LiZHBIL
P (R,¢)=F'(R)-cp(c)[mm/deg] 3.1)
EBCTTAT A —FTOEREZEER2.3 585 &
SR F U T ETR-TELDTH B, DizonTH
PIRRIZ IR 2 B D 2 LN TE D05 jiike (1.2)
ATLRLAEDE, RO ETIVEP R E TS
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Arm Disturbance

& 3.8 Simulation block diagram including human pilot’s
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g 3.11 P-1-D vs.R curves.
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[¥] 3.12 Nonlinear characteristic of coefficient
P (R=0, P-I-D model).

F' {L:QZESOC]

N
AW

P-1-D model.

{—- . Step steering
—== Step disturbance

we=20~14(rad/ sec)
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