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Utility Evaluation of a Prototype Hydraulic
Analog Loading System of Pressure Control System

By Mitsuei IKEYA

ABSTRACT

The feasibility of an analog loading system utilizing a hydraulic servo valve of the pressure
control type was evaluated. The results of the first study showed that the system had excellent
applicability, but prototype system encountered a drawback in that the system had a relatively low
frequency limit, fu , for practical use. To investigate this problem, simulation studies on a digital
computer were carried out and the results indicate a high dependency of f5 on the time constant
of the servo valve, which is also experimentally confirmed. Based on this evaluation, it is shown
that the frequency limit, f, can be made 10Hz or higher. In addition, the results will provide
useful data for the fundamental design of the analog loading system.
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beem) | ()| © | @ | ¢ | @
0.0
0.01 ||>10 >10
176 0.05 >10 J >10
0.1 1.6 1.3
0.2 0.9 0.8
0.0
0.01 |[>10 }NO
320 0.05 >10 2.5 >10
0.1 1.9 1.6
facar 0.2 1.3 |) 1.0
(Hz) 0.0 )
0.01 ]>10 }>10
640 0.05 3.8 |[[|>10 3.1 |[>10
0.1 2.5 2.0
0.2 1.7 1.4
0.0 }
>10 >10
0.01 ]
1000 0.05 4.5 |[>10 3.9 >10
0.1 2.9 2.4
0.2 1.9 1.6
%7 ENHEY— xHoHR
b | 8 (& f1) # %
BiEE Moog S.C. 1.
B4 # 15~ 010 ~ 2
AR AR (kg cm®) 315
EREN (kg em?) | 315
BKWE ( 70 kg om? #WEIETKT) ({/min) | 3.79
ERED (mW) 50
YEgHR E# 5 °c) | —s4~136
L RAF ) R (%) <5
BEE (7 «v—%L) (%) | <2
2 BHETED V5~ 24
RERM 11 (Qupm) (eni/sec) | 0.021 : 1
2 E (BERKKECXL) (%) | <3 :®m2E
27 b ( FBEEDBEM) (%) | 15
BEEH (— R LRE ) (Tem) (sec) | 0.0106

(#) 1) BEHR,
2) ERRIfE (RBRE),
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210 ,
Moog, 15-010~2 )/
b8 G i ;
Pg=210 kg cnf 140 l
y=38°C FLp |
(kg/cnf} ;
70 '

,il X 0 8 12
‘ Ipp (mA)
/ _140
|
(a) AHIHE®E
1 > e = 0
20log Prp \’\ ®
LPs_oH,
4 0 L [ \" -40
.\ \
®,
-1 \\ -80
G c .\\ ®@
-2

-120
{dB) : (deg)
Moog, 15~010~2
-3 -160

Ps =70 kg /cnd \
4} tH=25°C '~ 200
- —c— HRE (FH)
T o5 1 2 5 10 20 240
f (Hz}

b) FREEFE (ZARE)

K7 EDHEY — FF O ( Moog #15—010)
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BAROTEBTHLY, TOFMEBEEF v 5ED
TR LR, BOHNHEZRKTHAR &5
DPOLFERRT — 2 LR —NHT A LB TR RN,
XEBRTF - 25RDHEXTOVOLHBLEL LB,
CNTREBREEE LT v 2da0nss, EB LR
EBROCRHT 240 CERTEL D ETH, Qc @
FPRBAFAH TR ok BRER Y 257 4 ( MEY — K
FOREEE Tppyy= 0.0106 sec ) DKBRER (X9 ) 0
BER, &y 25 4 ( Tp=0.169sec ) KT 5 %
0% (H11) KA~ THBIC I n, #oTEDL 5%
RE, T2bYL AP/ Qe NI VGG LHILDOB
BCE, KEEBECEW T Q- DEBYZRBIAN
T nRINC & HBBITRR, B6 2 LIdER6 1 FH
fEHTE L, BMERMITERARTRD Q- 23 (3
A, HIMOHEEN Ypax PRI—THNE E 2 b
Y OXEER Ap € H3 TRV, FE—OHER
FINF 5600 CHBRES Py B0 548055,
Lo LEBRATREEBRT 2 Lrbld, RMEOBENLE
E 5 ToMERCGHABEZS (Faf ) BLmE—
DD L AT EHEFFELEL OGN, ECERHIKK
Ps=70 kg, e THEIIZITHEALTCnE, 2L LD
TEpb, ERE, MEY -+ FLERINC 4 PLp Q.
HEIBNCNINSORHEL, RILCERT AN
Tdr, RBERCING, Tp2/hIn D THEQD
PRORITERTLIENTE L, TOBALL L KR
Y—FKRDO Tp BB NENIONET LT &
=i b,

NENHERE, £62: 02 OBEBAMMBEEL LTE
BOINKETHRBEKC, Fhka b REEN
AR ET L ENIDHLE, TRDOLETOBHERE
FEECEFL CEILL, CoZ S RBHCERMIC 388
LR INKBRTSL, OO LHLERF— 5 &
BB LEBRBAET A, REK Qp Kt HERS
6, Ap R ABN NI TAXE LR LA LD
24 TH 5,

FRHHHE A B TRNAREREIEO LB % 5 F
BROFHUZL BT 2REE 20 2WER Y — #
AT IEBRATECEWIH D ZRERT 52 &A
T2HZWHEDOIDOTHE,

BXENFAZTOBHCEBLRITTERE L,
E5 HTRAXENTE Y — *HOBFER Tp £E LV,
BREENER (REBY) 2F0BEOBRH TR T
FTOEBERLHIC Lk, FOR b KEEHHER o« %
EOIBEOEAR BRBRA fa, 3, BEe7r, R
@5 LEBHRELELEN L TFHEINLADIR

bBW LtdifE T s, BE, 05, RS5HLER
F— AL > T A, BHBIENC S 200 b 63, 8§
FIIC fAau 3T 10Hz L E R 5% 5, FICHESHRY
MEFEDIBER, Ri1Ip oL hEABERE TLL

AR TR W EFBAIN L, ThSORERDW
TREBROBRHBLETHE,

%R0 EZBRLT—RC 51 ~ Kyp, EBY kg,
MENEN LR NOER A COERB TN sBRLD 2, B
K Kyp R OBFHCRITTEBE KRB W L 25T
ANb, Lo LEMBECE L TRBEE Ps= 70 kg cnf
BETCARXSIERTE L Eabh b, RENFHZ DK
DNTRE UL(FRALEBIRTEL b B, BE, R
FERBCOWTHEL T > kBRI T hid, BEBR
B f=3H: KD LBMENLES 4P pay, IHEEL
T310 *kg/em® LT TH - T (HBER), Mo, 11
WRINLECENTREESOBET S 5,

7. & -

AWEL, —HEOWMEY — <M ERAL (EROB
By, 3, 9)( y3FENL) 2 aROEEAFIBESL
HETE HMEXENHES XERAHFE OB RS
THNMENTR 5 7c, AVERBICL 2806, ENH
Rt EBRAMRICER L TOEBRH LTI BEK
FH A EEATTRELRE TR 2 AARRAEK fu
HBMENC &, chicBiE L TBfFRECL L TR
B EEFT L EO_ABE TREATERET S
EFRBINLMBETD 5k TOADCERE THEN
B OFHELOFREBITHCKRE L, ToFHD
ERY - *FRORER Tp KB (EKHF LKL T AT
EEXBOLBIC L, pOERICE 5 TIHBL o BICE
DO KA LOMBEI DT IREF & A kSR, 20
LBEOBBRAFROBAE 20 b I RAERBORK
HMEE LT, 1) fadEBY —NHORERTp A TE
AR Y I L, ORI E Qc ICHT 2 AHENED
APp/ Qe 3FTER NI Y — KR EERHLABCE LS
CEACE, 1) TOBBCHERARBIESL L ORI
REEEBHNE, fu 3 F OENEICH0H L TFSH
10Hz , REFTWU L2 L TRW T LEEHLLIKKL
#o XINLOMFKERSLL, EANZTEICRL O
R 57— 25 BRRTZBIENTE R,

# &

b K PREAEELBb> TWAERKEER KB
BRIKER, R TEAFERE #AbiRk, HHR=0CHK
L, BB, ERICBD I AERIEKRY REANEE
KEL LT H LT 5,
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X ®

1) ME BT AEBARE 7582 p.113 (#E50.5)
) A BT SBERE 7504 p.137 (#B50.4)
3) MA MBS TR- 422 (B 50. 8)

) #h, HE: MESE p.21, 80, 89, 107, AE
(PR 42.2)

5) HBEELSKE  BBEIEHER p.491, =7
#(m337.8)
6) Connelly : IRE Trens. EC-11 p.31 (1962)

M EHHBRCREITRENENEZHO
L2

ENHERATIER T 2MENEN R NOEBEERD
LB, MEY—FFDOA 7 —rZEBT 2084
W E RO, TOERSRAR TR cRbanLY
AEPEBCB LA T« vERZM T &L TEFTES
bDEEL B,

mp Xp + 4 Ip + k. xp
= ap K, (E;p-Kgp Prp)
—2 ¢ wp xp(Ps—Ppp)cos ¢ +DZPQP (M1

Zpld AT — N OFEN, w i IEHEBEE, Ep AN
55, Kgpld7 4+ — V- u 2 414, Ps BHBEN,
Pp CBTTET, ¢ dBKRA, [pABERS, Qpidtit
hkETH 5,

EDHEYy — x ORISR, ANBBKHLTA
FENENHRECBEEFIT 22 L, $2bLEp %
WLH (Erp—Kgp PLp ) » R EL Taplt PLprisle
BRTCETHE, 5T, R (M) K 2ETSE
3HEEADE 1 HO—KRBEREBRI W, BEOZEE
LTExODo b oMU LEL T BR L 2 85,
INLREAF1EOR 7 -2 BT, FEHEOKY
B, H0FE2, 3FEOALX{OHOER, HEFEE
Td b,

SANRADIOEREF g OE BT ROLOIT, X (B
P E_ARAOHOI EFER LB Y, HiEER O
AETERL CTRXOL SKEDLT,

Foc=Fgs + Fy4 (Ff2)
P —

Qp=cpuwpxp / STPLP (B3)

Fc=cc Ep

Fg, =cg Qp v Ps—Ppp (BfH4)

Fy=a, Pp

ZZTCeg=—+/pcosd Thh, TOBF FecdEpitk
> TR =nTlinbdN%E ., FidPp CIs>TRXT— 1K
B NEROITT L RD A (F2) , (H3) 55,
cc Eip=c8Qp v Ps —PLp +a Pp (K5
R (B5) A LRAAF 1 BT ANE X, BELTHD
Pip T TEEBTIE,
PLP:'%_ [{a% cc Erp— ( s Qr )2}

e,

2

c 2
s fren @3]

- 75’2{(% Erp) - (cp Qp)gRs} ] (B6)

T TS BREN Pg 8B, $%2bb Ep—0 &
T, Ep KL BT &% AR LERBIRIKHNBIZE
By g GHh B, ~n 24 ONOEEIAFp IR
KRBT 2BHENEL 4P, B RObhHT LK
%o

sh= g (2T E [l PR

(B7)

X (7)) KR IWGRLABE* 5L (SHET AL, [
ROLEDE1REFHERE | AA LT ERT 2 LEE
OKEITH T,

cp Qp VPs

a,

_n A DO EEIEFp, OB, MEY —KXF
OILHSCUEROEE EHIDOR N TH—KRCEDIE
soREREs Y, (T HECHRLE - TRAMERTE
LEEOK2ATHLEEbND, TTTHpOKREIE
BREBACEDT fp=1.T14+1071 2R8EL, Fpt
Ap THRLARD 2 Ch W ESCARENEB AP, L&
20,

APLu:M (ﬁﬁg)

Ap
Ex b ZmbABEN F, 55456401, mp &,
V) EREHEL TWDEBTHROER my OFmpp T
Bb, FukAp TR LAIDEChCE S ARENE
B4 Pn&E2NE,

i
Mmrp =Mmp+my , Y=Y, sin2zaft T2,
WHUEENEF, L LT, thtae, THRLAVDEZT
hWCESCRTENEB AP, EFEANH,

4Ppm= (Fff 10)

4P,=" xp (B 11)

2.
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£2, BEILIGRLATEICES (K (M8) ~ (Bf)
K+ 53 ER/EREE—E L Tk 2 KRT,
E2 06, BEARY f=3Hz KFrnT, Tok

k1 EOFBROHEER(+02)

BB IVWREK, WHENFEO % j]ﬁ;PLp"C&fE
B A Ppyu, it HELTH10 kg hm* UTFTHS

Z EHHB,

fiR2 WMENFOENOKE

b=} B (&Bf1) 53 E f& B 5] #H E (kg omt)
cg  [(Vkg sed/mn') |—6.85x 10°° 4 Prs 4.6 x10°

Qr (mm¥sec) |3.69X10° fsin2nft 4 P, 4.3x107

a, (mm?) | 27.8 4 Pin 6.9%x10°

lp (mm) |9 4 P, 3.4x107°

mrp (kg sed/mm) |5.03x10° ) f=3Hz, y=+1.5sin27f¢ mm Off,
u { kg sec,/mm) | 0.02

Xp (mm)

0.25 sin 2w f¢

() lpHCEILREARAREBEREX, L7, L™ okst

{EDF0,
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