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A Study of Gimbal-Engine Actuating Hydraulic Servomechanism with DPF . ..
Hydromechanical Compensation Network :

By Shigeki HATAYAMA and Hajime KOSHIISHI

One of the most important problems associated with the design of liquid rocket
thrust vector controlling systems is compensation of resonances, which arise from
mechanical compliance in gimbal-engine mechanisms. DPF compensation is ap-
propriate for this problem, as discussed in our previous papers (5)-(6).

This paper is concerned with the design effort on the gimbal-engine actuating
hydraulic servo with DPF hydromechanical compensation network, which realizes
DPF compensation characteristics. A DPF network composed of orifice, pistons and
springs, has the approximate transfer function 7ss/(Tss+1), as analyzed herein.
The experimental device showed that a DPF hydromechanical compensation network

functions well to compensate for the resonance of gimbal-engine mechanisms.

An analog computer-hardware (experimental device) simulation of rocket pitch
attitude control system by the gimbal-engine is presented to illustrate the effective-
ness of a DPF compensation hydraulic servomechanism.

The results in this paper are general in nature and might apply just as well to
a system that controls a massive antenna or a massive table on a milling machine.
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Ap: Ry 7R UREREK
Ac: FEHEBHICZ + Y REER

[cm?]

Ap: 77 F x>~ REGEH [em?]
ca: A Y7 4 ZOREBE
cq: AV 7 4 AOBEALER  [cm®/kg sec]
cg: AN T 4 EE [cm*/kg/?sec]
dp: Ry 7,2} EE [cm]
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g: EHEX f[cm/sec?]
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or: &R AIIRERE [rad/sec]
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b5V RATEREBE Vi KERSKh S,
Y—HA—TRER L VEMNERS Vy 2MESRILR
B3t -THL 3, Vy olMicEAEAY
Z b YEHES Vo, EMERICREET 5251 DPF
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Ap® | 2K A? Agt
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el
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REWMT T 7 F 2= —9EMNTH %,
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HEREET 218 L DPF FRAMES - KL LT
H432, 77F x-S XEERUT
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bt 3, TDXHR Ap kEDH BB LT, THKER
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Pl LD L EE Y (4.20) AT %o

5.1 DPF »:ihEY—KFROBERHE

lgpl DEKEEZ INEL &2 %L DPF WEMK
EEP/NETE 200, ROWEEZHO L LK 2
REBALT AL EE X B,

1> |qolmax>2|q¢|max (5.2)

ZOBAE, A1) Lk 4.2) b lgv—qa=lgsl=
Igo+gc! <|golmax+1goimax<1.5 L7z 2 H 5, ¥ T
HEEEY ML edIZEK 0.15cm/sec OFALL
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Kn t+7-=o Ko, ===~ -
(3 I
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, _ | DPF I Z R E %
T
K [ Ac TS L1 “I
] MT K (¥ | TSH1 | B | As s
- " R ~ o
KV Q. y + K - l 2
TS+l A,S LT M
Vi Ky
3 M2zoWHt7 oy 7 RE

K3pb, Vet 2 v OEEBERERD 2B LR
Red, 1L, Ka=fp=0 L33,
y(s)  KuKy(s+1/Ts) (s*+oL?)

- 5.3
Vi) Apf () ®-3)
i
f(s)—s3+<—}—+K)s’ +@y3s +£J—!'—i (5.4)
TU\T, Ry
- KnKr;AcK4KvKy
K= KA (5.5)
T3, bL, N5 2A—7 2 PROBEZEMRTE
2y ¢
3’_(;,"—1) +O—1) T —BK=0  (5.6)
3

(5.-4) BREXDZLSELZENTE %,

2 -1 @y,
f)= (s-&- T;—)(SW — Tswr’s +— )

(5.7)
Ibi
s+ 1;1 Tsor?s+ mTl’:ZS’JrZCwnerwn“
(5.8)
LRABE, (& o BRRA LKL B,
(= Topon=o  (5.9)

(5.9 & (5.6) b, Ts & K 2R3 LKA LB
%o

2
Ta—m {5.10)
KnK:cAcK4KyKy _{ Q-1 20,
2KoAp “lezmavzr TVt
(5.11)

UEOEEPLLRD LK, "7 2—-52LLiX
HEROBBSAC T 2B EBROMNBEEED 5, C
TeoT, BEREBLEBEONEBEEEDS 2 L { &
KohiE, (6.10) & (5.11) OEADERREIN S,

¥, BMRT7 oy 7AN Vi x4 3 v oIS
oY, L~ TT A
Ke=KKyKiK,/A, (5.12)
DR Ke® ORIZ, RADIT LB EMT
X% '

_ Kot (1 -t - pst
y(t)_m{Kco +Be~#1t+ (C+Dt)e s

+ Ee‘#st} (5.13)

ZZi, m(E=1,23) 32 L { DEKETH-T,
O<m< s BAEEET S, ¥ B~E it i I
LT EAERTD %,

HEADIEY EIEEHT »OFSHIT b 37 HIC
i, (6.13) ZFWNT e=—Kg°B L3S +H/hE
Thidki, o e LT (6.13) &5k T 2, ¢
B IV Kg® OBAKRIE, B 5) i TRHHNAT
W3, Tk zif, e=0.005 LIEFET 37 b,

1=64.0, {=4.0, Kg°=6.44 (5.14)
b, (5.14) % (6.100~(5.12) AT 2L,
wr=50 Thrhb, T Kn 8LV Ka O Bidk
HoBohxrA L s,

Te=1.3 (5.15)
KmKJ:CAGKAKVKL _
KA =100 (5.16)
KiKyKaKy o 44 (5.17)
AP

T, AS Ve ds 0T, B sELS fo 5
LT3R, K3DERREBEEZX 5 L ROBEFEY
Iﬁl'lb'(b\éo

Ki(ys—Zs)— fp=0

KﬂKPLKL
+

(5.18)

"KleyS (¥s—=5) =0

TeiEl, ¥ 74 7R s EHREBEEDLY, (6.18)
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o oz EROBERK LS,

_(KnKp, 1
Z‘"(A,,KIKI, Ky )f »

EE D, 2=0 OFHERD IR L, Ki OFE
FEPEBOARK X D,
K.Kp, Ki=KiK,Ap
5.2 DPF hEBRERORHEH
(5.15)~(5.17) & (5.20) 2k T, KL & Ap it

(5.19)

(5.20)

Bz 6hERTHY, Ky 138 25cmd/sec Th 3
ZEMBHILR TV BY, £Z T,
Ky=25, K,=4 (5.21)
RIRET A7 6L
KnKz,Ac/2Ke=0.8
KK, =0.644 (5.22)
KnKp,=0.052

18%, THO L TH3DEEBB T NTRET S eh
b, M3n7Fuoryiilb—ya yPaigtiss,
Zo—FlE LT, SELHCHT AAFBENE ZOEL
REFANDLEFADOTLL TH B, MAnD, Iprl &
|Pr| OBAED S I ZHETE 5, & D KERIEL
ZHLTYH, DPF MEMEBERSER 875 &
IECRDBEEAET 5o

{pFlmax=10, lﬁﬁ'lmnx=100 (5.23)
“4.11) ¢ 4.12) 1
_Agt
lQGlmax—‘m |pF|max (5.24)
|gol max=cqlpFlmax (5.25)

Thrinb, (6.23)~(6.25) % (5.2) KRAT L
KA &2,
ce<0.1,

Ag?<0.01 K¢ (5.26)

80

fy=-50

—40

Lo~
<
T

—10

1 y?2 )3 ) 4] 5
OW_/

p, (kg/em?)

M4 M3o7rory:,b—3vgy (Vi=0)

(5.26) DESDF/E L 2z biE, DPF MEREE

FROBFFEHRRA L1 5,
cg=0.1 (6.27)
Agr=0.01 K¢ (5.28)

5.3 DPF hEREROHERDRE

531 #YT7 4 ROEE d

(4.5 KBTFAAV 74 RER ¢ AV 74 2D
WRFEE ca, MOEEE p LT 5L RATHDLYE

%,
it
$re, (4.12) THALIEA ) 7  ABIAER ¢ &
(7™ tcovTprT signtpr) —capr)dpr=0 (5.30)

DEHEHETIORZOHEEBITIRAEE D, /2
L, PFm=|PFlmax :‘_‘.T5o

(6.29)

3 R
C'qz'—;'q_ ‘\/]P[r‘]msx

(65.29) & (5.31) b do ERDHBHLRAER D,

_ 3cq plpF max
do__J RCg ‘\/ 2
cg=0.6 Z{EFELY, 3.3), (6.23) & }B.27) # |k

KRAT 2L do IROIEEL B,
dy=0.018 (5.33)

53.2 Ny 27FA LY DOlEFE dsg ERTIYVY
E¥ Ks
Ry 77 AP ICERIT 2 BRZEE & |P—
Pslmax=|pplmax &L, TOFRAEN % |zBlmax & F
BEE, ROPEOHEABRKILT 50
Ap|pB|max=2 Kp|xp|max
(Ap=ndg*/4)
(4.15) & (5.34) 5 Ts #RHH L KL B,

_ “dB"xBImax
4 cqlpBlmax

(5.31)

(5.32)

(56.34)

3 (5.35)

L7 o7, dp & Kp TREA,TEDLIR D,

dg= 4¢cqTs5|pBlmasx , Kg= cqTs ( [£Blmax )2
“IxBfmax 2 | Bl max

(5.36)
THRELAEAEN LT Ay 7R - RTY
VI RWERCEST X5, 1£Blmax=10 E{TE
T30 |zplmax BERICER DD, TITH dp DK

XX LOBET, lrplmx=1 &¥3, ZOBEA,
(5.15) & (5.27) X LRKRAT 2L, dp L Kpik
RO B,

dg=1.29, Kp=6.5 (5.37)
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5.3.3 EHBHER FOREER Ac 2T
»IUER Ko

EHEBRAICZ b Y IVEAT 5 HAZEED |Prloax
ThHo, TORRKEME |rclmex ¥ 240,
ROBEOHFBEXDHILT 5,

Aglprimaz=2 K¢lzg|max (5.38)
(5.28) & (5.38) »b Ag & Ke &#k$H 3 L RA &
%%,

x \3
Ag =0,005.LP.£|_‘11_8_’_‘_’ Kg=0. 0025( U)Fhmn\)

120 max [0l max
(5.39)
|rolmax BEEICER DD, dc ODXREELOBEH
T, |2¢lmax=0.15 &4 3, ZDFE, (6.23) # K
AT 2L Ac & Ko BROEE L 5,

Ag=0.333, Kg=11.1 (5.40)

6. DPF smFEY—-REBRER

FETHRIELLEBRERBCOVTENS, Zhid
RliRiLizy y ALy v vEEA DPF 5 ME
Y—KOERNETATH Y, RAIELK DPF MEH
HEFOHBEBET X VHTLD %,

EBEBEESNEHES, DPF MEWKER 77

Fax—2, HIREF, AWHATA PRIV 6 @R
HETHREN TV 3, ZOMELEEZRSCRT,
6.1 HiRAM
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