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of the Rel at edgddgd= | N ahydraul i c servo-typematexi al testing app#farus, 10
generally, a load nmechanismfor applying a load to a test piece is driven
by a hydraulic actuator. A target value , concerning a physical value
selected as a controlled variable is supplied froma. waveform generator or
the. |ike .pYdRADeITAEERVORTYPEE MOFRAACOMSITIING AbeaRangR 15 value is
applied to the test piece by feeding back a detected val ue of that
controll ed vari able. For exanple. the physical value selected as the
controlled variable is a displacenent of the | oad nechanism the | oad

applied to the test|m§g§%%poggg§que@§g EQJngiéHsplacenent, 20 or the

like. In the hydraulic servo-type material. testing apparatus having such a
feedbacgigq o BOER Ik @gmggg ntrol is conventionally perforned in which a
deviati0ﬁ—0§£arﬂed-gy-§éeé¥ﬁgigack a detected value to a target ~6 value is

subjected to ropartional -inteqgration-derivative (Pln) operations so
as to obtain %hﬁanﬁg)ﬁﬁ F0&d VAT HD ?—:\g.n TSG%ﬁgc\ﬁsanate%(ar?pl yC#ra[\Engc
configuration of its contral system as sho in Fig. 3, the arrangenent
provi ded SFY SSUTHP ¢ hlR t& T q%d?%ﬂgﬁnﬁmﬁﬁ?%Eéggfved vari abl e) obtai ned by
det ecti ngaphysi cal quantity selected as a controlled variable z, such as

t he di spl acenent of the |oad nmechanism the |load applied to the test piece

or the like is fed back to a target
Description of the Related Art

Inahydraﬁlicservo—typematerialtestingapparatus,
10 generally, a load mechanism for applying a load to a test
piece is driven by a hydraulic actuator. A target value .
concerning a physical value selected as-a controlled
variable is supplied from a waveform generator or the.
like. At the same time, the load according to the target
15 value is applied to the test piece by feeding back a
detected value of that controlled variable. For example,
the physical value selected as the controlled variable
is a displacement of the load mechanism, the load applied
to the test piece in conseguence of that displacement,
20 or the like.

In the hydraulic¢ servo-type material testing
apparatus having:'such a feedback loop, so-called PID
control is conventionally performed in whieh a deviation
obtained by feeding back a detected value to a2 target

26 value is subjected to



value r outputted fromsuch as a waveform generator 31. 10 Then,. its
deviation a is .introduced to a PzD adjuster 33 to perform
proportional -i ntegration-derivative operations, thereby obtaining a
mani pul ated vari able a for changing a val ve opening of a servo .valve 39,
soas . - -to .control the driving of a hydraulic .actuator 35 for. 15
"the | oad nechanism It should be noted. that w denotes a disturbance.
Specifically, variations in the hydraulic pressure, the wear of a seal

nor 1 9By ghotha ygzaubie ArtupbaLa AndLbe, LT ker aKs cancel xgll & as the

di st urbances. ystem'i's 'shown no icalTyTin 20 the
bl ock %i'gat%ao ‘?figi 'm4'i|anai . %‘a:[f.fa Lence .nu roz%J 1 denotes a
propor¥ 7 onal “ et enent ;P RPPE pﬁ%ﬁ%rtlona ~®gai n° TrCY Afe§ra™Ri%e; 1/s, an
integra% e&enent;,Tn derivativettine; é%s%, a gerivativ el enent; and P
(s) , @ tPEnSPBI iGHT 3kt 8P 8Fi ¢ 85 6 W Lont YBFFBY Sfsdfvm in
Incidentallé, with the conventional hydraulic servo type material testing
appar at b€ - adopt PR F RE TESRAR HREPY HER LD S8Rty Shat Refe tieEt Brobl em i n
that it is difficult to optim ze both the target val ue response and the
di St urpahse rdepenyed narepple)obha istrrhRyideFegting 2 pbjvisstamsht i s nade
in which the response to the target value is optim zed,
quantity selected as a controlled variable z, such as
the displacement of the load mechanism, the load applied
to the test piece or the like is fed back to a target
value r outputted from such as a waveform generator 31.
10 Then,. its deviation e is introduced to a PID adjuster
33 to perform proportional-integration-derivative
operations, thereby obtaining a manipulated variable u
for changing a valve opening of a servo .valve 34, so as
to control the:'driving of a hydraulic actuator '35 for:
15 'the load mechanism. It should be noted that w denotes
a disturbance. Specifically, variations in the hydraulic
pressure, the wear of a seal portion of the hydraulic
actuator, and the like are conceivable as the disturbances.
This control system is shown more specifically in
20 the bloeck diagram of Fig. 4.
InFig. 4, reference numeral 1 denotes a proportional
element; Kp, a proportional gain; T;, integral time; 1/s,
an integral element; Tp, derivative time: D(s), a

derivative element; and P(s), a transfer characteristic

25 of a controlled system.



the response to a disturbance becones |arge, as shown in Fig. 5B. on the
other hand, if, as shown in Fig. 6B, 10 optinum adjustnent is made so that
the response to the disturbance beconmes snall, the response to the target
val ue becones inordinately |large, as shown in Fig. 6A. Tn addition, in the
conventional .hydraulic servo-type nmaterial testing apparatus 'adopting the
PID . 1~ control, the integral elenment 1/s is included in the transfer
characteristic P (s) of a hydraulic drive system which is the controlled
system as wehkigdeddellptegrakrel emant dédsventanmad] ustiydgaubite

Therefore, the teamof 1/s2 is included in the transfer functions of inputs
Z0O andsukRilSypeHeRG B e YiNEr € ! Ss @i AGObLBMar tlat LodbtehPeenres

unstable, and 1h an extreme case there is a possibility of the occurrence
of MunLigc SUIUBLY Ol e IQWERELAN Ahee 1 aveiop1basibeenadevised in
view of the 3 above-descri bed circunstances, and 1ts object is to provide
a hydraylj 2L ¥O- e tertal. t kN j i | e of
optim g:ﬂnfbgtﬁilt{ﬁ;'%HQYLB:a};g&fé%ﬁhezergéggxng%@gﬁ%f?Egs\(ﬁ\g%\%r %% gﬁrg%gponse, and
of stabil, zi.n he control. To attain the above,object, in accordance with
thé’in@&ﬁtﬁﬂﬁg %héF@rF§”E?%VF8§3° %ﬁ§draulic servo-type material testing

apparatus havi ng.a feedback | oop for contrgolling a draul.i cal ly
oper at ed- t yp&B&Ed Yredtfaniasn® .w’i}\kﬁrbfﬁaﬁ)pl %%5gx\e&% &5n8f8S al . the

apparatus ,conprising an adjusting unit in the feedback | pop,. the

' adj ustPny it Th&i ﬁ@sﬁoﬁsr%ttcbo‘%?? oh2 FBF tef/RddtS ng® aP%FUBgFFiddnal action
and a derivative action. with respect . . . to a : target value and a
second tper t1 ospposceffect i Ad 54 unEARCHr HFFITDRal 28 on2 &ndh8Yder i vat i ve

action wth respect . . to a detected val ue. , _
in Fig. 5B. On the other hand, if, as shown in Fig. 6B,

10 optimum adjustment is made so that ‘the response to the
disturbanceuﬁecomes small, the response to the target
valﬁe becomés inordinately large, as shown in Fig. 6A.

In addition, in the conventional .hydraulic
servo-type material testing apparatus-adopting the PID

15 control, the integral element 1/s is included in the
transfer characteristic P(s) of ahydraulicdrive system,
which is the controlled system, as well as the integral
element 1/s in an adjusting unit. Therefore, the term
of 1/s? is included in the transfer functions of inputs

20 and outputs. Hence, there is a problem in that control
becomes unstable, and in an extreme case there is a

possibility of the occurrence of hunting.

Summary of the Invention

20 The invention has been devised in view of the



In-the hydraulic servo-type material .testing apparatus, it is preferable
that paraneters fox the proportional actions and derivative actions of the
first ZO and second portions are independently set. Further, it is
preferable that the parameters are a weight to be applied to the 'first
portion and a weight to be applied to the second portion. In the invention,
the fact that the first and second Z5 portions of the adjusting unit in the
f eedback | oop both 4 ef fect proportional action and derivative action

means ibaoRanott iBedl el PaRale: Ade doriyabl ug £ BRIl fygction in the

first and second portions e adjusfing unit.” AC ingly, a
integral ek S, . the ioveption includes h a.configuration in which
the i earélgrég%]tg i asué?g a Egﬁt %iyﬁ%ﬂg%gtﬁﬁfgfitcﬁﬁ%l}mqaﬁ%&ra?tc%'ﬁfi guration
in which,eyen if they are present, . the integral .tinme is set to be long to
such 4T bePerk® t RGP 3 QBB AFFPIIP TR Fifcts RIS E0 YAt ihe
invention, the,adjusting unit in the feedback | oop, effects proportional
act i ont @RE°4ES 386 theti F BHEPARF YSES RIS of faged oifnt babal i&dndn. Nanel vy,
by'_ ,substantiakéf adopting PD control, the termof.l/s2 is elimnated .
frém thee €eafgiek. functions of of einput and :15 ~, ~, outputs: of 'the
system At the .sarne-tinme,the adjusting , unit consists of a first
portion actil® afttdinesheceboy e otdreet , vah vec aaddansecoridlpdriié on acti ng
,Wth respect to a detected value. By setting paranmeters for the
proporihvaaltizati otthearsl tike depiviadtdd/eaadtydnsudfi ¢t hee 20of-trngie and second
portions independently, especially, applying weights to the first and
secondnpberiars iaseperdeyp yrapuisnitzativaad] ftadtyd ok bobbiphegar get val ue
response and the disturbance response is realized. Nanely,in the hydraulic
servo-¢ypergatlen@la hgdkbRd ically operated-type load mechanism
10. which applies a load to a material, the apparatus
.comprising an adjusting unit in the feedback loop,. the
"adjusting unit having a first portion for effecting a
-~proportional action and a derivative action with respect
. to aitarget value and a2 second portion for .effecting a
15 - proportional action and a derivative action with respect
to a detected value.

In the hydraulic servo-type material .testing
apparatus, it 1s preferable that parameters for the
proportional actions and derivative actions of the first

20 and second portions are independently set.

Further, it is preferable that the parameters are
a2 Welght to be applied to the first portion and a weight
to be applied to the second portion.

In the invention, the fact that the first and second

25 portions of the adjusting unit in the feedback loop both



Z5. apparatus, since 1/s is included in the transfer 5 characteristics of
the hydraulically-operated | oad nechanism which is the controlled system
if the integral elenment 1/s were nmade to function in the adjusting unit,
the termof 1/s2 would be included in the transfer functions 5 of inputs
and outputs . In the invention however, since the integral elenents are not
made to function in the adjusting unit, the termof 1/sz is not included in
the transfer functions of inputs and outputs, thereby nmaking it possible to

i aEeea ! 3o 1 Of ohast %@ﬂtié%(hgﬁdlge%%}{ ve aLR:BUILIAN, the T11st

portion actin respect target ue and "t he SECOI’]d portion

act i ngigh £ ?[:SE% 88a%th§%g%te%°ct ac[uede%rjlgglew dedygsparatel v in the

adj usting un rary parane ers wei ght s

are r Is plied tao these rtions. The . i ght for

t he flelﬁglt%%cl)rot%l %H F@B %%Sgrﬁi} & ?i‘gﬁé’srvnoﬁﬁt%?gacﬁﬁjﬁéqﬂb%r essed even
if there geeur sudde nges in the inputs of the target value, thereby
maki ng Pit possnAtﬁCeo"F 15‘6’ es@% hed 0 JdtifTEALe B eBFarshootidre
Neyerthel ess, the rise of outputs becones slow,  On the other hand, if the
pr dporJtIHSﬁﬁltlgj’aﬂ nt R e S Eam 13 appiicd Kt berh i6F Yhachi ridie and second
portions is nmade | arge, the feedback is reinforced and di sturbances are
cont r ot} REYFGre LArepenEst @Hy 2hpaebein ithe waliivbbnoi sndlt gdid i s nade 6
excessively |large, the system beconmes oscillatory and becones unstable. For
t hese # ea@bfAd Ui heehodm wdhiclsiement idn the admaceyesketueitghg, which is
to be applied to the first portion acting with respect to the target 5

val ue.imteghe It vioiper L sose toft d Nee alipngt tivg sndt , amnextbe tvalhet of the
proportional gain are appropriately adjusted, and the value for controlling
the disbeybanteisnttbeiy mrd e Sehcitioh state that- sharp changes will

not occur in the outputs and the system does not becone |U oscillatory. It

i 40t hereby passhll enve dtepdh Zecite cRNU Ot i ngyeh M MhitelR Esedparabl e of
control ling disturbances
loop effects proportional action and derivative action,
and does not effect integral action. Namely, by
.Substantially adopting PD control, the term.of.1/s?
. eliminated - from the transfer functions ofainputs and
15 i outputs.of ‘the system. At the same-time,..the adjusting:
unit consists of a first portion acting with respect to
a target value and a2 second portion acting with respect
to a detected value. By setting parameters for the
proportional actions and the derivative actions of the
200 first and second portions independently, especially,
applying weights to the first and second portions
independently, optimizationadjustment ofboththe target
value response and the disturbance response is realized.

Namely, inthehydraulicservo-typematerial testing

25 apparatus, since 1/s is included in the transfer



powerfully and in which sharp changes do not occur in the.-outputs.,
Consequently, it is possible to obtain a ~~: control systemwhich is able
to simultaneously obtain 15" the:,.target value response such as the.one
shown in "Fig:, 5A and the disturbance response such as the one shown in
Fig. 6B. Brief Description of the Drawings 2Q Fig. 1 is a schematic di agram
of an apparatus in accordance with an enbodi nent of the invention; Fig. 2

is a block diagramillustrating the detailed configuration of a control
syst emyj, r i ththe.,invention, Fi.g._ 3 is_a b]ock diagram
i1l ustn&r a?f%%ct%nrdggggrrﬁ}é‘e gf gfhe[ hg‘&%ﬁ?%é;&ﬁ%’n %?eﬁa%&ﬁ;t r§1°% stem of a

convent i opal .hydraul.ic servo-type material testing_ apparatus; Fig. 4 is a
bl ock%%ggP%%/rT'l ¥ J‘r“g}ilﬁgtlfﬁéydgb*fﬁ?ﬁ e&fs%sgﬁﬁ%’rb?t LtBHMESHA™ in Fig. 3;
Fig. BAis a ting the target val ue response at the tinme of an

graph illustr s )
adj ust TR eRT Wit ke mtaéfeg&o Vet + 8BpdRskn f s2 8pRFFiiey Ui

conventional hydrauljc servo-type materjal testing apparatus adopting the
PI D cort#dierig I §5° 5Ruld Begimphuprrust the hyanhd odi Sunchdmas . |, ..
.response, :at the tinme of the adjustnent in which the target ~. value
redporde IRPBEE ARdedUiRUIFe corivdhie dmalien hidnaubp b eyervo-stiypze nat er i al
testin%‘apparatus adopting the PID _ ~:GOntro~; ~.. ~ ~ '~ 5.

= ~ Fithe BAtiegral geasmesits | arky nidt usadat kg fumesttangém the' ' val ue

response at the tine of an adjustment in which the disturbance response is
opt i ma@just itnhe wohwventhendlerm of 1/s* is not included in the
transfer functions of inputs and outputs, thereby making
it possible to eliminate a factor for instability of
10 control.

In addition, the first po?tion acting with respect .
to the target value and the second portion acting with
-respect to the detected value are provided separately

»..in  the adjusting wunit,. and -arbitrary parameters,

' 1§ . especially, weights are respectively..applied to these
portions. The smaller the weight for the first portion

is, the sharper changes in outputs can be suppressed even

. 1f there occur sudden changes in the inputs of the target
value, thereby making it possible to suppress the

20 occurrence of overshoots. Nevertheless, the rise of
outputs becomes slow. On the other hand, if the
proportional gain which is equally applied to both of

the first and second portions is made large, the feedback

is reinforced and disturbances are controlled more

25 powerfully. However, if the proportional gain is made



hydraul i c servo-typematerialtesting apparatus adopting the PID control; and
ZOFig. 6Bis a graph simlarly illustrating the disturbance response at
the tinme of the adjustnment in which the disturbance response is optim zed
in the conventional hydraulic servo-type material testing apparatus
adopting the PID control. 2J 8 Det ai |l ed Description of the Invention
Referring now to the drawi ngs, a description will be given of an enbodi nent
of the invention. Fig. 1 is a schematic diagramof the apparatus in 5
accor dange sWitve By eaRedi Mt e Oégtsh;%nx nYesbnes, A Fidtoy Sardy bl ock
diagramillustrating the detailed configuration of its control system A
testi rat 1 h t 1 i t I a and 12b
axe pp%3?g§%E§HH§S?§ %g'lléQgﬁdéggggbg{ %ﬁﬁggoﬁgﬁJﬁgrggrgﬁgﬁ%ié yoke 13
are s % by ... _....the c : a ] . 0 nism19, in
whi chugpﬁglé%%u cly% lcrillaidﬁ’ enr&.a’ %E%gi?%%%ﬁ’ g?/h;})rggslsé\réeo ?;)% g%%g;jlél%d thereto
t hr ough a.gervaq va{ve 2.1.s _used as an.g tyat or, {s gr%ﬁ%d d on the table
~ ~.5 19 PR fodlett PP pper Bt 507 FEED 37 IHTST | bRACHECHATISHT 14, while
an _upper _gripper 15b is fitted.to the aforenentjoned cress yoke 13 through
a I5oadV%é8F'3.°§A ERSt thie P EPIPES U TSt REINSH R A ARdttat ARG which its
both ends are gripped by the upper and | ower grippers ZO 15a and 15b.

Nanel yEh s WeokUe he Tt g5t € pPEe@ ot WBad RN eRdE #RPEPPBEEEDYY t he upper
and | ower grippers 15a and 15b a load is applied thereto by the driving of

t he |o§@3ﬁ§@w£¢' FndLhecevabad &ppl F@éttr@lt]}%nge*slﬁepﬁiéé§u$ﬁfsc§s det ect ed
by the load cell 3, and the displacement of the 9 | oad mechanism 14 is
det ect b8 Bytaraispdcartmegabe d.sDetecikdtssypapscbendsws [Wadl and t he

di spl acenent detected respectively by the load cell 3 and the displ acenent
gage 4nhakeoconsedut ithed yodbpuohedaist dhe cyrstohl @pes. nTiebegmnel [ er 5
stores consecutive outputs fromthe load cell 3 and the displacenent gage 4
ad 0t estsdatld.atideyconl tal $ eh e elng lnmiesi bl walve frorad Hrae aoort 541 f or
outputting a target- value r and an adjusting unit 52, as shown in Fig. 2. A
det ectegssiegmavhich is capable of controlling disturbances

powerfully and in which sharp changes do not occur in
the.outputs.. Consequently, it is possible to obtain a
“:control system.which is able to simultaneously obtain
16" the.target value response such as the.one‘shown in Fig. -
5A and the disturbance response such as the one shown

in Fig. 6B.

Brief Description of the Drawings
20 Fig. 1 is a schematic diagram of an apparatus in
accordance with an embodiment of the invention;
| Fig. 2'is a block diagram illustrating the detailed
configuration of a control system in accordance with the
invention;

25 Fig. 3 is a block diagram illustrating an example



10 representing a physical quantity selected as a controlled variable z,
such as the load detected by the load cell T 3, is set as a detected val ue
(observed variable) y and . . is.introduced to the adjusting,unit 52 so as
to. structure .. a. feedback | oop Then, a manipul ated variable a to be 15
supplied .to- a .controlled system53 is generally The characteristic of
this control. systemlies in that the adjusting unit 52 is forned by a
first adjusting portion 52a acting with respect to the target value r and a

secondo adf Wstd dWr PRLLAN 2R Astd NG ¥blhs ¢ £8BRCY £ Z4cbAviehs det get ed val ue
y, and an arbitrary weight (1 ~x ) can be applied to a proportional

elenenﬁy@&tJTiéi§§Ev%m%§?énﬁaggﬁyé¥15%§E¥ﬂgigp§%fﬁéﬂérary wei ght (1 can

al so be apglled to a derivative el enent adj usting portion 52a.

These two adpuigti 0; 0OL1) 0051583 2% A0 52b: LOCkUdS, &y Gy Dal gain Kp

and derivative~tine are the sane paraneters as

i nclud i.n a conventional_ P puster.._Since the structure is such that
t he afggeﬁéncﬁaﬁﬁ ffg FnﬁﬁPaﬁggg?siéaﬁuﬁ%'a?bitrariIy set and applied, it

is possible to ing pendently set , 5, the .magnj .t udes concernjng the
prébortionalﬁégti amd ?h8¥&8%\£ﬁf@§tﬁéﬁ%ﬂé%$?ﬁ E@EG& Y%ﬁ?%e t ar get
"value r, as well as the proportional action and the derivative action with
respect eE& ahEe &l ddied g @ ¢n efddedisen t\in it oplerehe dergabivant age i s
offered in that it is possible 10 to optinally set both the target, val ue
r espon¥é lared narponsdi ssupbaddd 7edpdhse covenf Lope lddyshiaeliCater. . Tn
t he above--described enbodi nent, since both first . and second adjusting
porti oA$ r¥Za- avde52b tesurmst i tatfhyg. appatwtad) adrptg nmith&2PHB not ef f ect
the integral action; 15 the termconcerning the integral elenment~;included
i n trapshdrrdluncti ons of inputs and outputs.of the entire systemis only
the termof the integral, elenent 1/s included in the
hyldr aul i cal | yigpers® eds| eadg v@phadildm gt natihicchthie dheteoiantked system
Therefore, the termof 1/s2 z0 which is included in the conventional
hydraukkecmetyo:dtyphe time of the adjustment in which'the target
~value response is optimized in the conventional hydraulic
.servo-type material testing apparatus adopting the PID
control; ..
V16 Fig. 6A is'a graph similarlyiXlustrating the target .
value response at the time of an adjustment in which the
disturbance response is optimized in the conventional
hydraulic servo-typematerial testing apparatus adopting
the PID control: and
20 Fig. 6B is a graph similarly illustrating the
disturbance response at the time of the adjustment in

which the disturbance response is optimized in the

conventional hydraulic servo-type material testing

apparatus adopting the PID control.



material testing apparatus is not included in the hydraulic servo-type
material testing apparatus of the present invention. Accordingly, it is
possible to elimnate the instability of control. 25 In addition, in the
above-descri bed enbodinent, if m the paraneters a and b in the first
adjusting portion 52a acting with respect to the target val ue x axe nade
Large, i . a. , if weights of the proportional elenent and the derivative
el enent with respect to the target value 5 r are nade small, sharp changes

in the output ypataiihedipeselrixilen efanges rAvidecienget val ue r become
smal |, thereby making it possible to suppress the occurrence of overshoots,

al t hough _theR@if%erlbpﬁgnﬁéws!tQWth@&mﬂwsr hand.sddi g heoprQpent i onal gain
Kp which is equally 10 applied to the overall elements is nade l'arge, 'it

S - PRSidl eh0ogO li) SLHERANGES. PRLCLAQURIAY, but (f it [S made

excessively | arge, e system becones oscillatory and, becones unstable

Accordi . nglyg; Iéﬂ 'Qghgmgkmgzgfg n%goﬁgvﬂﬁ%§W§ﬂ§#%F§§ i onbi nati on

y per;
15 of paraneté S ?hé’ the di Sturbance ¢ i ng.ca econes nost
power ful . | etermn withint range.i.n Which the delay.n.the rise is
srr\gfl %I’? %5%?gﬁ&of'%%g‘oaﬁo?mggéaﬁ%%a%ttrrhen *t Qveel?ghag’t ﬁéf‘i ?F\g'syst em does
not becone, oscill atory,. The _setting, t he adjusting uni 0,52 is effected
by usi (r\%g tlh%seava% s“.yk @H%é&&@rﬂlyffiﬁilsitsra%o}s%?bl ggteo o‘%?é?h]‘?feﬁle t ar get
val ue reﬁgfnse in.an og%inal state such as the one shown in Fig. 5A

Mor eovECR T HILRETLCR €7 n* Whi ERPHHER Y aF Y2t ¢®al ue response is adjusted to

the optimal state such as the Z5 one shown in Fig. 5A it is possible to
suppress t hePekpgéingp apparatus body 1 has a structure in which

two columns 12a and 12b are provided on a table 11, and
10 Dboth end portions:of a cross yoke 13 are supported by

the .columns 12a and 12b.
A locad mechanism 14, in which a hydrazulic cylinder
.operated by pressure 0il sypplied thereto through.a servo
+-valve 2 is used as an-actuator, is provided on the table
:15 1l. A lower'gripper 15a is fitted on this loaé:nqchanism
14, while an upper gripper 15b 1is £fitted to the
aforementioned cross yoke 13 through a load cell 3. A
test piece TP is used in the test in a state in which
its both ends are gripped by the upper and lower grippers

20 15a and 15b.

Namely, as for the test piece TP whose both ends
are gripped by the upper and lower grippers 15a and 15b,
a load is applied thereto by the driving of the load
mechanism 14, the load applied to the test piece TP is

20 detected by the load cell 3, and the displacement of the



of -a di sturbance input w Wth respect to the disturbance response as well,
.1t is thus possible to obtain it in an optinmal state such as the one shown
in Fig. 6S. It should be noted that although the bl ock diagram5 shown in
Fig. 2 is expressed by a collection of blocks representing the functions of
the respective portions, it goes wi thout saying that the circuit
configuration for attaining these functions may be arranged such that
analog circuits corresponding to the respective blocks |U are provided' or

sof tvare, {1y SKRCUL 09 £ hiey L URCLLORS d 1oy laillier Leshecld v Pl orks maybe

provi ded by using a cornpu on, "althoug ck™ di agram
shown in Fig. in_the ~.foregoipg, description, .0,s expressed by a .
General equalShHDHER. SR A bh-HhorBE. of Pt & BB T oP L3 cren €y Sy em
this bl ock diagram can be', expressed ui val ept | y f eedf gr.ward nodel
a Ioop‘§%§585§ i&ﬁ%&%%F}VﬁﬁﬁbegﬁhCQ%gbné ti%%ﬂﬁndgha t &t val ue
filter deh., or an elenment separation nodel._ It goes w thout saying that
the di f$EFRAGESNER he Ifdthotl 6F S tSORRBFESSI B Y s T26GH 9@ P&t 30 the gist
of the invention. The invention includes all npdel swhich adopt the
t wo?dedf @Bt spllradedom PD Tdomt cointnpitRIcan betappki eelonsechd ¥air aul i c
servo-type material testing apparatus. Further, although in the adjusting
unit ascshpwisszE&damFige 2cacheskbiIrang Wbiegldtl gdlacampndngad®e arbitrary
13 weight (1 - (3 ) are applied to the proportional elenment and the
deri vat4 veselterint daf at.he Thier stomtipodtlieny polthicdmddn, at WeseL carmbi trary
wei ghts can be applied to the proportional and derivative elenments of the
second $endraxtamgsports oncaputting a target value z and an
adjusting unit 52, as shown in Fig. 2. A'detected signal
10 representing a physical quantity selected as a controlled
variable z, such as the load detected by the load cell
3, is set as a detected value (observed variable) y and
is.introduced to the adjusting unit 52 so as to.structure
a. feedback ‘loop. ' Then, a manipulated variable u.to be
.7 15  supplied .to a controlled system 53 is .generated..-* .. ', .
The characteristic of this control system lies in
that the adjusting unit 52 is formed by a first adjusting
portion 52a acting with respect to the target value r
and a second adjustiﬁg portion 52b acting with respect
20 to the detected value y, and an arbitrary weight (1 -
@) can be applied to a proportional element of the first
adjusting portion 52a while an arbitrary weight (1 - B)
can also be applied to a derivative element of that

adjusting portion 52a. These two adjusting portions 52a

25 and 52b include a proportional gain Ky and derivative time

10



As -descri bed above, in accordance with the invention, the adjusting unit of
. the hydraulic servo--type material testing apparatus includes two portions
whi ch effect proportional action and derivative action and do not |U effect
integral action. The two portions separately effect the actions with
respect to a target value and _ . a detected value, respectively. The

wei ghts .are applied .. to these two portions independently. Therefore,
even if . the term- of 1/s . of an integral elenent 'is included in 15 .

the transf Qin{URCRAONS I §hRCNYALANd CaLLY PUAEL. 1L ¥REded Q3 MeChani Sm

itself, which is the controlled system ' the term of I's not included

e i (AN EACTUACT 19,05 JIPULS 20dn PGS OGN 23 S ieen, (e

case with the conventiona ere maki ng It possi el imnate

the i AN f t . At th ti b i at el y, tti th
e gt SRR (Y a8 paa b nae LR M4 BB YHBBE SrothESEAt val ue it
i ible to obtain outputs in _which the rise is sh ichis f
of overihbgtes SRSt 1T ASpBEC T 5 The TABRPRARAS 1 Sk Bree i1 15
ible t i d trol 19 Iling in the controlli bility,
ThePer 0res TEIFSSIBRE £67REAMI 28 b RAEPPAFGON Al 1651 68pGLE and t he

disturbﬁgce response. 0 J. 5 VWhat is clained is;
the derivative action with respect to the target walue

r, as well as the proportional action and the derivative

actionwith respect tothedetectedvaluey. Consequently,

an operational advantage is offered in that it is possible

10 to optimally set both the target.value response and the
~disturbance response, as will be described later..

. In the above-described embodiment, since both first

and second adjusting portions 52a and 52b .constituting

. the.adjusting unit 52 do not effect theintegral-action,-

15 the term.  concerning the integral element:included'in

transfer functions of inputs and outputs of the entire

systemisonlythetermof the integralelementl/s included

in the hydraulically-operated load mechanism 14, which

is the controlled system. Therefore, the term of 1/s?

20 whichisincludedintheconventional hydraulicservo-type

material testing apparatus is not included in the

hydraulic servo-type material testing apparatus of the

present invention. Accordingly, it is possible to

eliminate the instability of control.

25 In addition, in the above-described embodiment, if

11



1. . A hydraulic servo-type material, testing apparatus having a feedback

| oop for controlling a hydraulically operated-typel oad nmechani sm whi ch
applies 5 a load to a material, the apparatus conprising: an adjusting unit
in said feedback | oop, the adjusting unit having a first portion for
effecting a proportional action and a derivative action with respect to a
target value and a second portion for effecting a XO proportional action
and a derivative action with respect to a detected value. . 2. The

hydrauke $MORLYRedTakCardl gl eRt kG £ APDRT b5 AAGH didged gncl alm 1

wherein . paraneters for the proportiona ction erivative

act| onsz ol diieng UH AN 3EEORS RS IoNsgate vhndependent Iy, 5gt . 3. The

hydraulic servo-Typé material testing apparatus accor cl'aim 2,

and o Gar’ o ber appi red ore § e ER AP pRRriBnn L SnRr RS abl S
servo-type jmaterial _testin parat us _accordin o ¢laimp, erein the

par ame%}éres dfgla‘%gévﬁr S;L)L(?F'fqﬁrgﬁa"flgﬁi EGFBFCtthé:OErt%ﬁoﬁﬁ%%%f %%I:TFSns and 16
a derivative tinge fox,.the derivate actions of the first and second
poﬂfioﬁs?%ﬁu?%@%e?ﬁﬁ@%w)ék@%ﬁngéEQ%Fth% bREpSMERHalY &% i BR®and a

wei ght  to be applied to the derivative action_of the first portion. 5. The
hydr auti@ & 8Evousfss FRASEST 1PekhengR BERAr KR4S CaE RACPRE §®2 Elai m 1,
wherein an output of the second portion is introduced to an output of the

first poeHny meking it possible to:suppress the occurrence 17
AF_.A9. AL. Al f. AyUf L. AAy% A. f _. ASr. A@ . AAf L. AhSL. AUf _. AUy9. Ahy9. A9f 9. Af 9. A@
_2Ne. GrBGaViersyooits’, [ ) cupbalkdas] oo va] batoalesa]ladwa] @ chhea] ca] ca] ca]
cal] ca] ca] ca] c”a] cha] cMa] ca] ca] c™a] calca]calcaljcRa]jcRale B
other hand, if the proportional gain Kp which is equally
10 applied to the overall elements is made large, 'it is
. possible to control disturbances .more powerfully, but
1f it is made excessively large, the system becomes
oscillatory and. becomes unstable.. . .Accordingly, by
performing a-simulation in advance, ~such a combination . -
15 ofparametersthatthedisturbancecontrollrngcapability ST
becomes most powerful is determined within the range in
which the delay in the rise is small and overshoots do
not occur and within the range that the system does not
become oscillatory. The setting of the adjusting unit
20 52 is effected by using these values. Consequently, it
is possible to obtain the target value response in an
optimal state such as the one shown in Fig. 5A,
Moreover, in the state in which the target wvalue

response is adjusted to the optimal state such as the

25 one shownin Fig. 5A, it is possible to suppress the effect

12
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eapcd @Al capyalich ] ETEZEY RRFECIBRESEL on

Lﬁﬂ fld?] F?%JJE\(]:J!JJJJJJ]:K;K]E%Lsn% d_];] 2a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c
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NedC 1 ym'10%&' ()-yn 1096& ()- smlO%& ()- S109%& ()- @10%& () -

OFQ0%R 9 -pkbeiicldYBo £) sl tw a8 YRofl) -dRec e DXE (hrd # L#20Y8NE) - pPLH#L0%
*& ()- 10%&' ()- GABDEA?4 10=s109%& ()-!L7"10%& ()-y5z 109%& ()-![Ylz

109 (Jf LHelPYEpEXt ite BOUE K mEFBE £ roVide d 0%0E (1 ¢ alO8@BLER 2

10%g& ()- &M 10%& ()- 10%g& ()- "10%9& ()-M 10710 B~ ~?nN/,g 10,L'z

10%9& () -! 13@ @& (b, 9'dll 0FEEN( I h 32 1088 E&Al g refn 198&wh) 1nS 10%& () -
EwdEniV , g 10S3 10%g& () - 110%& () -/ 310%& ()-y-- 109%g& ()- @+ 109%g& ()-,S)z

igggg%igg @g? n?g;ygg(ﬂ%’;._%/@%;&'g@f&g 18g5104 pkgbrt 10%8& e s S4878¢ @) - STT
w1 general-equationmodel of a two-degree~of-freedomcontrol .
15 . system, this block diagram can be expressed eéuivalently
by a feedforward model, a loop compensation model, a
feedback compensationmodel, a target value filter model,
or an element separation model. It goes without saying
+ that the difference in the method of its expression is
20 irrelevant to the gist of the invention. The invention
includes allmodels whichadopt the two-degree-of-freedom
PDcontrol whichcanbeappliedto thehydraulicservo-type
material testing apparatus.

Further, although in the adjusting unit as shown

25 inFig. 2, the arbitrary weight (1 - &) and the arbitrary
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bCrbC, g 10sz10%& ()- LmlO% ()-@ 10%& ()-@ 109%& ()-@ 10%& ()- gl0%&' ()-
*5p}A?mbC, g 10f " z&10%&' () - S109&' ()-!t-#10% (& ()-!t-#109%& ()-S 10%& ()- Sy
10%&' ()-p"; 1 aBnbC, g 1099#10%& ()-7109%& ()-L310%& ()- 1 109%& ()-

$-#109%& ()-@F$-#109%&' ()- @nopqO ~ @g 10 10% & () -

SS10% & ()-!9109xX& ()-f 10% & ()-m 10 10 10=10%& ()-1Q'<~ @', #%40%

& ()-191110%h& ()-110% & ()-!"10%z& ()- 10% & ()-

10% & () - QEsdE~_ @!y/10% & ()- -z 10% & ()-1+g

e L e
e e i B el ekl e
ek T e b
10% &HHORS ﬂ% éqp@k) an deniegieve éle%e%ﬁ%P/; Kéhg) second

5 adjusting portion 52b. ’

As described above, in accordance with the invention,
the adjusting unit of the hydraulic servo~type material
testing apparatus includes two portions which effect
Proportional action and derivative action and do not

10 effect integral action. The two portions separately
.- effect the actions with respect to a target value and
"a detected value, respectively. The weights .are applied
to-these two portions independently. Therefore, even if
" the "term 0f. 1/s.0f an integral element:-dis included in -
15 .thetransferfUnetionsofthehydraulicallyoperatedntype'
load mechanism itself, which is the controlled system, °
the term of 1/s? is not included in the transfer functions
of inputs and outputs, which has not been the case with
the conventional art, thereby making it possible to
20 eliminate the instability of control. At the same time,
by appropriately setting the weights, with respect to
sudden changes in the input of the target value it is
possible to obtain outputs in which the rise is sharp
and which is free of overshoots, while with respect to

25 the inputofadisturbanceit ispossibletoprovidecontrol
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an adjusting unit in said feedback loop, the
adjusting unit having a first portion for effecting a
proportional action and a derivative action with respect
to & target value and 2 second portion for effecting a

10 proportiocnal action and a derivative action with respect

to a detected value.

2. The hydrauli¢ servo-type material .testing. .
apparatus according to claim 1, wherein.parameters for .
15 © the proportional actions and derivative:actions- of the .-

first and second portions are independently set.

3. The hydraulic servo-type material testing
apparatus according to claim 2, wherein the parameters
20 are a weight to be applied to the first portion and a

weight to be applied to the second portion.

4. The hydraulic servo-type material testing
apparatus according to claim 2, wherein the parameters

26 are a proportional gain for the proportional actions and
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5. The hydraulic servo-type material testing
apparatus according to claim 1, wherein an output of the
second portion is introduced to an output of the first
portion.
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