22 DEC 2005 HYDRAULI C SERVO TYPE MATERI AL TESTI NG APPARATUS Background of
the Invention Field of the Invention 5 The present invention rel abgsed b
hydraulic servo-type nmaterial testing apparatus. Description of the Rel ated
Art Ina hydraulic servo-type material testing apparatus, 10 generally, a

| oad 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 maveforn1generator or the Ilike. At

t he sane t| S0 trarget rigay Pl ied to the
test piece fee i ng%gm@ﬁ (ﬁgect eg ue o%' %ﬁgt 3@([3;90% rol'l'ed vari abl e.

For exanple, t he physi cal value selected as the controlled variable is a
di spl acenent of the | oad nechani sm the load applied to the test piece in
consequence of that dis Iacenent or the like. In the hydraulic
servo-type material tes&ts %roﬁﬁﬁ%f%fu§ ﬁaJFHﬁagﬁéﬁna f eedback | oop,
so-called PID control is conventionally perforned in which a deviation

obt ai neliBydf ofditiye hABW e ePBct ed val ue to a target 25 value is subjected

to 1 22 DEC 2005 )
) The present 1invention relates to a hydraulic

servo-type material testing apparatus.

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 1s 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 adisplacement of the load mechanism, the load applied
to the test piece in consequence 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 which a deviation

obtained by feeding back a detected value to a target

(8]
ct

value is subjected to



proportional - integration-derivative(PID) operations so as to obtain a

mani pul ated vari able. To show an exanple of the configuration of22 DEC 2005
control system as shown in Fig. 3, the arrangenent provided is such that a
detected 5 val ue (observed variabl e) obtained by detecting a physical
gquantity selected as a controlled variable z, such as the displacenent of
the | oad nmechanism the load applied to the test piece or the like is fed
back to a target value r outputted fromsuch as a waveform generator 31. 10
Then,. its deviation e is introduced to a PID ad{ uster 33 to perform
propor t | BFZIRS ht égPatl oho BeenAdti ¥R~ d6Ferat F 61§, | ¥ hEP ebpe5Bttdi it iF Ca
mani pul ated variable u for changing a valve opening of a servo valve 34, so
as to cent £l obtta igr iavimig bib ua athedt aid 1§ takéeuat dro I d@ran 16 ehe liepad
mechanism It should be noted that w denotes a disturbance. Specifically,
vari ati ons ithe lomfidganlatcl opressukes, come meehr s gb taensea s pphowan iof t he
hydraul ic actuator, and the |like are conceivable as the disturbances. This

control gyst.em,i $hshewr aRgenspecidi calyd 0s 2@ dthe Hd ek db ageamdf Fi g.
4. In Fig. 4, reference nuneral 1 denotes a proportional elenent; Kp, a

propaoy ti gRaluJabhis eldve HRILO 8b 16 ®hH t 2ihed BY ddt BARaln £hy®ps i chQ,
derivative time; D(s), a derivative elenent; and P(s), a transfer
char act el ;St{iCi + ¢55@h A €At Ll | Ld-§¥%$L@M1&d variable z, such as
the displacement ofvthe 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
adisturbance. Specifically, variations in the hydraulic
pressure, the wear of a seal portion of the hydraulic
actuator, and the like are conceivable as thedisturbances.
This control system is shown more specifically in
20 the block diagram of Fig. 4.
InFig. 4, reference numeral 1 denotes aproportional
element; Kp, a proportional gain; T;, integral time; 1/s,
an 1integral element; Tp, derivative time; D{(s), a

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

25 of a controlled system.



22 DEC 2005 Incidentally, wth the conventional hydraulic servo-type
material testing apparatus adopting the above-described PID contrgpethgpg
is a problemin that it is difficult to optim ze both the target val ue
response and the di sturbance response. Nanely, if, as shown in Fig. 5A
adjustnment is nmade in which the response to the target value is optim zed,
the response to a disturbance becones |arge, as shown in Fig. 5B. On the
ot her hand, if, as shown in Fig. 6B, 10 optinum adjustnent is nmade so that
t he response t rbance beco

t he, di st smal |, the.response to tgﬁ_target
val ue becones ?ﬁ‘&rld%%f@myl’ar d"el,tlé\s”gﬁ(?vmcioﬁ“ﬁﬁngR nsréﬁﬂirtaiu Cin the
conventional hydraulic servo-type material testing apparatys adopting the
PID 15 €BRMDT EYPRe PAttEgratlel efEitiMd s RPPREINTRd dHOPRE T arster
characteristicFﬁs) of a hydraulic drive system which is the controlled
system abowes 1 a§ i ¢ dtefParondlent tRLE & A sard @(}]Q@itieﬁ‘gl@nitthat
Therefore, the term of 1/s2 is included in the transfer functions of inputs
20 and outpussii fHEnce,ltt herepits ma pe byl ©mtihe tthatgebnita blle bespwess ainst abl e,
and in an extrene case there is a possibility of the occurrence of hunting.
Sumer y efdt heh ¢ ndésttivarb 25c dhe eistvems eon has been- devised in view of the 3

Namely, if, as shown in Fig. 5A, adjustment is made
in which the response to the target value is optimized,
the response to a disturbance becomes large, as shown
in Fig. 5B. On the other hand, if, as shown 1in Fig. 6B,

10 optimum adjustment is made so that the response to the
disturbance becomes small, the response to the target
value becomes 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 1is included in the
transfer characteristic P(s) of a hydraulicdrive 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

25 The invention has been devised 1in view of the



22 DEC 2005 above-described circunstances, and its object is to provide a
hydraul i c servo- type material testing apparatus which is capabl g2
optim zing both the target value response and the di sturbance resp
of stabilizing 6 the control. To attain the above object, in accor
with the invention, there is provided a hydraulic servo-type nate
testing apparatus having a feedback loop for controlling a hydraul
oper at ed-type | oad nmechani sm 10 which applies a load to a nmaterial,
apparatus conpri sing an ad%usting unit in the feedback | oop, the

unit havdpgve Gt pBed on

FEMMSTFRREPSY a2 obbFt i ORAR Cdct +6n A

derivative action with respect to a.target value and a second port
-ef f ect iIRWP B1 88 phojsbr 2y bl S @EVPort YHRIMg tdef | 9at 9etastd eRP@itht vespect  to
a detected value. In the hydraulic servo-type material testing apparatus,

it is prwefiechblies t havapdranefercp f bnizherg propdr tibaalt aacy € bny ahde
derivative actions of the first 20 and second portions are indepen

set.

applied to the first portion and a weight to be applied to the sec

port ron.t h& Ebhetinventi on,

of the adjusting unit in the feedback | oop both

10 .

15 -

20

To attain the above object, in accordance with the
invention, there 1s provided a hydraulic servo-type
material testing apparatus having a feedback loop for
controlling ahydraulically operated-type load mechanism
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 a:target value and a second portion for .effecting a

proportional action and a derivative action with respect
to a detected value.

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

portions of the adjusting unit in the feedback loop both

DEC 2005
onse, and
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the fact that the first* and second 25 portions



4 22 DEC 2005 effect proportional action and derivative action neans that
proportional elenents and derivative elenents function in the fipsbE@®Ebos
second portions of the adjusting wunit. Accordingly, as for integral

el ements, the 5 invention includes both a configuratibn in which the
integral elenents are absent in the adjusting unit and a configuration in
which even if they are present, the integral tine is set to be long to such
an extent that they substantially do not function. 10 In the invention, the
adj ustin in the feedback | proportional action and

unit Qp. eff cés
derivati géfé&"i oMt CBRJ tddus? oi‘cgflpébtar? t @§F Al et Y 63 SNl yR e By S
substantially adopting PD control, the termof 1/s2 is elimnated fromthe
t r ansf er thefnc PITeRe B 1oPddut € leiier 5 Soutpet s degfl YAE isyest éhepentife sane
time,..-the adjusting unit consists of a first portion acting with respect
to a tafygerchadmerahdeal sesdndnpos ecomncapririg o s o  ddpeerdJ ust andet ect ed
val ue. By setting paraneters for the proportional actions and the
derivatiueiacti onscobrtdhen@Dyfirat afdrsedarik poali oas emedependenhley,
especially, applying weights to the first and second portions
i ndependenlen t OPhi Ainzalt b @8 s adjdrst mantc o £ batult 4 heo hariget whialiuet hesponse
and the di sturbance response is realized. Nanely, in the hydraulic
servo-typgtRRtefi ab1 bRt are absent in the adjusting unit and
a configuration in which even if they are present, the
integral time is set to be long to such an extent that
they substantially do not function.
10 In the invention, the adjusting unit in the feedback
loop effects proportional action and derivative action,
and does not effect 1integral action. Namely, by
substantially adopting PD control, the term of .1/s? is
eliminated - from the transfer functions of inputs and
15 - outputs.of ‘the system. At the same-time, .the adjusting-
unit consists of a first portion acting with respect to
a target value and a second portion acting with respect
to a detected wvalue. By setting parameters for the
proportional actions and the derivative actions of the
20 first and second portions independently, especially,
applying weights to the first and second portions
independently, optimizationadjustment of both the target
value response and the disturbance response is realized.

Namely, inthehydraulicservo~-typematerial testing

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



25 apparatus, since 1/s is included in the transfer 5 22 DEC 2005
characteristics of the hydraulically-operated | oad nechanism wh2zDECS2008¢e
controlled system if the integral elenent 1/s were made to function in the
adjusting unit, the ternof 1/s2 would be included in the transfer functions
5 of inputs and outputs. In the invention', however, since the integral

el enments are not nade to function in the adjusting unit, the termof 1/s2
is not included in the transfer functions of inputs and outputs, thereby
making it possible tqo elimpate a factor for instability of 10 control. In
addi ti on?h€E§Cft'i€F§fS|Bdlcts1 orP hict TR \Mgtyﬁirrae‘ébéi?tall%'?ﬁértaé}eg‘ét Y8Ffe and the
second portion acting wwth respect to the detected value are provided

separ at M§Chpm ke, évg]lfélt‘lilrfgt@rﬁ EONEAP L AT T YePar bfdte? 4 P UEIE3Peci al | vy,
wei ghts are respectively.. applied to these portions. The snaller the

wei ght felenkatf /st woreiradei 59 fhacdharpern chaaged]us tolnpusitan be
suppressed even if there occur sudden changes in the inputs of the target
val ue, ttiee elsyrmeki hg sitwpobdidsd énted sigries s hiehier 28 sdeot fuencei ohs
overshoots. Neverthel ess, the rise of outputs becones slow. On the other

handjs ifothenpptepantd enalpwasn wWnhchhiesi ageald yoapphba@éteor paitnet the
first and second portions is nade | arge, the feedback
the integral elements are not made to function in the
adjusting unit, the term 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 portion acting with respect
to the target value and the second portion acting with
respect to the detected value are prowvided separately

.in the adjusting unit,. and -arbitrary parameters,
15 . 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 1is 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



is reinforced and di sturbances are controlled nore 25 powerfully. However,

if the proportional gain is nade 6 22 DEC 2005 excessively |arge, 22 DEC3HIBEM
beconmes oscillatory and becomes unstable. For these reasons, by performng a
sinmulation in advance, the weight, which is to be applied to the first
portion acting with respect to the target 5 value, of the two portions of
the adjusting unit, and the value of the proportional gain are
appropriately adjusted, and the value for controlling the disturbance is

determ ned and set .in a state that shar hanges will .naqt occur in the
out put s SHE TR E§dten HOBE  not et bite ofb RECPIER (15C it 3 'Ot KeFdby

possible to realize a control _ system which is capable of controlling
di st ur baREESL™PHOWERFHARL @nd FRwhi RRSEh&GP TRARgeL HoP RS DTRURY |/ t he
out puts. Consequently, it is possible to obtain a :control system which is

able to simlkahéonsty advangels threweigh getwiarhel pespdnecagéhess t he one
shown in Fig.. 5A and the disturbance response such as the one shown in
Fi g. 6B. tBritéfe Debscsicppioart vdnt he tDmrepi mgsh2@ efigepct te dalscheamgiedc di agram
of an apparatus in accordance with an enbodi nent of the invention; Fig. 2
is adlogkldiaagram ithaustwat bg tthendebd |ede aadnfdoutati am of , aaeent r ol
systemin accordance wth the
the value of the proportional gain are appropriately
adjusted, and the value for controlling the disturbance
is determined and set in a state that sharp changes will
not occur in the outputs and the system does not become
10 oscillatory. It is thereby possible torealize acontrol
'system which 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
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
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 thé detailed
configuration of a control system in accordance with the
invention;

25 Fig. 3 is a block diagram illustrating an example



invention; 25 Fig. 3 is a block diagramillustrating an exanple 7 22 DEC
2005 of the configuration of a control systemof a conventional bydrgsdes
servo-type material testing apparatus; Fig. 4 is a block diagram
illustrating the details of a control systemshown in Fig. 3; 5 Fig. 5Ais
a graph illustrating the target value response at the tinme of an adjustnent
in which the target value response is optimzed in a conventional hydraulic
servo-type material testing apparatus adopting the PID control; 10 Fig. 5B

is agraph illustrating the disturbance response af the time of the
i ustront 1RV EhL NG A GBiST Faf a8 Hash oVt T8 el A PaE e PRe
conventional hydraulic ..servo-type material testing apparatus adopting the

PID conbreirausic seryodgaPe Bagedpte si fRS4IRY i PPRSIEE R t he target
val ue response at the tinme of an adjustnent in which the disturbance
response is opfifizédisnathéosdnddrity vaal 1 1Rypdrtand féngetde tdgplea rmaser i al
testing apparatus adopting the PID control; and 20 Fig. 6B is a graph
simlarlyfikl usintat o hg styteet erdi shombanice Fegporise at the tine of the
adjustnment in which the disturbance response is optim zed in the
5 Fig. 5A is a graph illustrating the target value
response at the time of an adjustment in which the target
value response is optimized in a conventional hydraulic
servo-type material testing apparatus adopting the PID
control; -
10 Fig. 5B 1is a graph illustrating the disturbance
response at the time of the adjustment in which the target .
- value response isoptimized in the conventional hydraulic
.servo-type material testing apparatus adopting the PID
~control; - ...

15 Fig.: 6Ais agraphsimilarly illustrating the target -
value response at the time of an adjustment in which the
disturbance response 1is optimized in the conventional
hydraulic servo-typematerial testing apparatus adopting
the PID control; and

20 Fig. 6B 1s a graph similarly illustrating the
disturbance response at the time of the adjustment in
which the disturbance response 1is optimized in the

conventional hydraulic servo-type material testing

apparatus adopting the PID control.



conventional hydraulic servo-type material testing apparatus adopting the
PID control. 25 8 22 DEC 2005 Detail ed Description of the |Inventi @gaDEC 2005
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
accordance with an enbodi nent of the invention, and F g. 2 is a block
diagramillustrating the detailed configuration of its control system A
testing apparatus body 1 has a structure in which tw colums 12a and 12b
are provided on .10 bot h endagortions of a cross yoke 13 are

supported by thgb‘%gglﬂ'lﬁﬁidlﬁggg’ﬁd'a’?bSmAqfoa RecHRfeB PR in which a
hydraul i ¢ cylinder operated by pressure oil supplied thereto through. a
servo valve Reseiddd@shan 56t GRordr§¥ipESvi FeONCERS ttdnewdsdli1. A
| ower gripper 15a is fitted on this |oad nmechanism 14, while an upper
gri pper 4Sbgiiy&n t © édano ereodafmendnent | bhed igrosstyoke 13 through a | oad
cell 3. A test piece TP is used in the test in a state in which its both
ends are gri ppeilghy 1t Hes upperhand tlioweti ggrpperst t20e 15apanch ibb. in
) accordance with an embodiment of the invention, and Fig.
2 1s a block diagram illustrating the detailed
configuration of its control system.
A testing apparatus body 1 has a structure in which
two columns 12a and 12b are provided on a table 11, and
10 both end portions. of a cross yoke 13 are supported by
the columns 12a and 12b.
A load mechanism 14, in which a hydraulic cylinder
operated by pressure 0il supplied thereto through a servo
-valve 2 is used as an-actuator, is provided on the table
:15 '11. A lower gripper 15a is fitted on this loaalnechanism
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

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



Nanely, as for the test piece TP whose both ends are gripped by the upper
and | ower grippers 15a and 15b, a load is applied thereto by theadijpd dgo=f
the load nechanism 14, the |oad applied to the test piece TP is 25 detected

by the | oa

d cell

3, and the displacenent of the 9 22 DEC 2005 | oad nmechani sm

14 is detected by a displacenment gage 4. Detected signals of the | oad and
t he di spl acenent detected respectively by the load cell 3 and the
di spl acenent gage 4 are consecutively fetched into a b5 controller S. The

controller
displaceﬁ@
gener at or

shown in Fi

gener at ed.

5 stores consecut.i

ad .cel | and t he

1
a8 S n S T S A S e B e 22 ke oo A8 et or m

51 for

outputting a_target value r and an adjusting unit 52, as

ig. Petrdardce banellgﬁnaqf Toheeppresentichgt e pﬁ9‘§’lpcleﬂc‘€ﬂ§§ﬁttl ty
selected as a controlled variable z, such as the |oad detected by the | oad
cell 3,deseseieds aedeﬁedﬂeﬁebalueY(obbervédﬁvhrkablé) y aadd i §hient r oduced
to the adjusting unit 52 so as to structure a.feedbaack |oop.. Then, a

mani pul atléd plag ¢ ebke tu.dogbe 4152 sapplarese cud i.vee Tontfredd ¢leddsyistteon 53 i's

- The characteristic of this control systemlies in that the

adj ust i ngounrirto bPekks $or medhby aohitrsd1 Bdpusti ngtopest i @Bnxkac@eiivag W th
respect to the target value r and a second adjusting portion 52b acting

With resggeéouts from the load cell 3 and the displacement gage

4 as test data. The controller 5 includes a waveform

generator 51 for outputting a target wvalue r and an

adjusting unit 52, as shown in Fig. 2. A detected signal

10 representing aphysical 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

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 adjusting portion 52b acting with respect

200 to the detected value y, and an arbitrary weight (1 -

x

) can be applied to a proportional element of the first

adjusting portion 52a while an arbitrary weight (1 - )

can also be applied to a derivative element of that

adjusting portion 52a. These two adjusting portions 52a

256 and 52b include a proportional gain Kp and derivative time

10



20 to the detected value y, and an arbitrary weight (1 - a ) can be applied
to a proportional elenent of the first adjusting portion 52a whibepg&e 2005
arbitrary weight (1 - ~ ) can also be applied to a derivative el enment of
that adjusting portion 52a. These two adjusting portions 52a 25 and 52b
include a proportional gain Kp and derivative tinme 10 22 DEC 2005 TD, which
are the sane paraneters as those included in a conventional PD adjuster.
Since the structure is such that the aforenentioned four paraneters can

canbe arbitrar .set and applied, it is possible to |ndependentI¥ set all 5
the magnfeude8i&ondtdih etﬁ%“b?o%@F?Wﬁﬁé?rﬁc?loﬁréﬁﬂe tRe lded¢datPve action
wth respect to the target val ue , as well as the proportional action and

the deri @a@@%enécmroﬁlvﬁ@m%gﬁé&r t o IhecgetBEt 68 rl ier §. 1 EondERuent |y,

an operational advantage is offered in that it is possible 10 to optimally
set bot hthhé¢ tle gdto vaheae triegpod e wngd atrfeene de ssur dateea rospomse} 1as wil |l be
described later. In the above-descri bed enbodi nent, since both first and
second aglpuséhagaperltiiens HRai anso S52khbdenstd tiutd egentdhe tady usétngliunit 52 do
not effect the integral action, 15 the termconcerning the integral elenent

i ncl ydedtha mtargﬂ‘ﬂﬁifaﬁeféﬂlﬁéh@@&annq NPHES b ot pWrss Of athe ANthne system

is only the termof the integral elenment 1/s included in the
hydraul i ggkl yearerat edel @ad MBahaRitsMIdk p¥RkCRo the target value
r, as well as the proportional action and the derivative
actionwith respect tothedetectedvaluey. Consequently,
an operational advantage isoffered 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
andvsebond adjusting portions 52a and 52b constituting
~the adjusting unit 52 do not effect the integral.action,
15 the term concerning the integral element -included in
transfer functions of inputs and outputs of the entire
systemisonlythe termof theintegralelementl/sincluded
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 1is not 1included in the
hydraulic servo-type material testing apparatus of the
present invention. Accordingly, 1t 1is possible to

eliminate the instability of control.

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

11



is the controlled system Therefore, the termof 1/s2 20 which is included
in the conventional hydraulic servo-type material testing apparapppecs2oust
included in the hydraulic servo-type nmaterial testing apparatus of the
present invention. Accordingly, it is possible to elimnate the instability
of control. 25 In addition, in the above-described enbodinent, if 11 22 DEC
2005 the paraneters a and 3 in the first adjusting portion 52a acting with
respect to the target value r are made large, i.e., if weights of the
proportional elenent and the derivative element with respect to the target
val ue 5 ENgr @akafeeEREIN O sRAYD Ehddgdd ¢ nfihe ot PUE Sy a9 thRt ticRe of
sudden changes in the target value r becone small, thereby nakin% it
possi bl e°t8 SiptedsWird JcREPEEACE O dFh VBRI sVaabEhdugh: € hBafiese
beconmes slow. On the other hand, if the proportional gain Kp which is
equal |y 1ergspl iledeto thewevarhdll$ @f eheatBriop avmdeonarlge lémens apéessible to
control disturbances nore powerfully, but if it is nmade excessively |arge,
t he syst ehebdeanesat dsei Ellamzyt andthetemsgse uhst abkbe Aecorei nghyueby
perform ng a simulation in advance, such a conbination 15 of paraneters that
the dj sturbarcendat saklliing slagabi kintah gbecomes HoSéupeweds fyula tstdet er m ned
within the range in which the delay in the rise is small and overshoots do
time of sudden changes in the target value r become small,
thereby making it possible to suppress the occurrence
of overshoots, although the rise becomes slow. On the
other hand, if the proportional gain Kp which is equally
10 applied to the overall elements is made large, 'it 1is
. possible to control disturbances more powerfully, but
if it is made excessively large, the system becomes
oscillatory and Dbecomes unstable. ‘Accordingly, by
performing a-simulation in advance, ~such a combination
15 ofparameters-that thedisturbancecontrolling capability
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 value

response 1is adjusted to the optimal state such as the

25 one shown in Fig. 5A, it is possible to suppress the effect
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not occur and within the range that the system does not becone oscillatory.
The setting of the adjusting unit 20 52 is effected by using thesezpEHgIER5
Consequently, it is possible to obtain the target val ue response in an
optimal state such as the one shown in Fig. 5A. Mdireover, in the state in
which the target value response is adjusted to the optinmal state such as
the 25 one shown in Fig. 5A it is possible to suppress the effect 12 22
DEC 2005 of a disturbance input w. Wth respect to the disturbance response
as well, it is thus possible to obtain it in an optinmal state such as the
one showf fiddpigfusBange 4N dvbe Wit LR © af tHoddie fAS BroeRNdicagram 5
shown in Fig. 2 is expressed by a collection of blocks representing the
functi onsegParheeraspetal ve portivnshusi tPypesbiie Hout ob&w iy t hatllt he
circuit configuration for attaining these functions nmay be arranged such
that anahogpdiircailt stedre espohdiarsy thet he er edpeeni ve Hiocks6BO are

provi ded, or software for executing the functions of the respective bl ocks
maybe provi dedI bysnusiunigl dconptkérthaknadaddidwgh, takt baughk tdiea blraak di agr am
shown in Fig. 2 in the foregoing description is expressed by a general

equatg onspeelel iof Rigwoodeds esxptelisar @doprantoal]l edbisystemp 1 Beksbl ock
di agram can be expressed equivalently.. by a feedforward nodel, a | oop
conpensat-LaR JWdel i ng the functions of the respective portions,
it goes without saying that the circuit configuration
for attaining these functions may be arranged such that
analog circuits corresponding to the respective blocks
10 are provided, or software for executing the functions
of therespectiveblocksmaybeprovidedbyusinga computer.
In addition, although the block diagram shown in
- Fig. 2 in the foregoing description is expressed by a.
‘fgeneraleéuationmodelofatwo-degree—of~freedomcontrol,'
15 . system, this block diagram can be expressed eéuivalentlyhf
by a feedforward model, a loop compensation model, a
feedback compensation model, 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 all models which adopt the two~degree-of-freedom
PDcontrolwhichcanbeappliedto thehydraulic servo-type
material testing apparatus.

Further, although in the adjusting unit as shown

25 in Fig. 2, the arbitrary weight (1 - «) and the arbitrary
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f eedback conpensation nodel, a target value filternodel, or an el enent
separation nodel. It goes without saying that the difference in phepreidmd
of its expression is 20 irrelevant to the gist of the invention. The
invention includes all nodels which adopt the two-degree-of-freedom PD
control which can be applied to the hydraulic servo-type material testing
apparatus. Further, although in the adjusting unit as showmn 25 in Fig. 2,
the arbitrary weight (1 - n ) and the arbitrary 13 22 DEC 2005 weight (1 -
(3) are applied to the proportional elenent and the derivative el enent of
the firsveadhdstiing pbnticcre &2aliekedas Hhdiprapy nfei ghtd edremenapplied to
the proportional and derivative elenents of the second 5 adjusting portion
52b. As @edctheate abvad il e edegrhmee tWie i itthet iafbusitémy poet hdpust i ng
unit of the hydraulic servo-type material testing apparatus includes two
portionsS2hi chtleéfect apbodpamthonak igdtion cand Yeriappilvie dctioontiaad do not
10 effect integral action. The two portions separately effect the actions

W th respeebolra idonbar gehdvadieeiand ive ded pehed bl beE tespectd vehy. The
weights are applied to these two portions independently. Therefore, even if
the term @fustlhigy GfoaRibnt egrl elenent is included in 15 the. transfer
functions of the hydraulically operated-type

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 termof.1/s of an integral element is included :in

15 thetransferfUnétionsofthehydraulicallyoperatedftype'
load mechanism itself, which is the controlled system,
the termof 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 1is
possible to obtain outputs in which the rise is sharp
and which is free of overshoots, while with respect to

25 the input of adisturbance it ispossible toprovidecontrol
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| oad nechanismitself, which is the controlled system the termof 1/s2 is
not included in the transfer functions of inputs and outputs, whpglpdmasoapt
been the case with the conventional art, thereby nmaking it possible to 20
elimnate the instability of control. At the sane tine, 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 input of a

di sturbance it js possible t rovide contraql. 14 22 DEC 2005 excelling in
the cont PGPS REPHBIER §OPFRGHE] bR, C 7D 203dssh Bt 6 THEHEA % Se bdth the
target val ue response and the disturbance response. 5 15 22 DEC 2005 What

i s claine@siss:bhe ponpaKaAMiize &2 Vb- E)petragtdat afat st reFRPpPacatd havi ng
a feedback |l oop for controlling a hydraulically operated-type |oad

mechani sthehiddls appbeesea 1osplondea 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

3]
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to a target value and a second portion for effecting a proportional action
and a derivative action with respect to a detected value. 2. Thexhpdcagosc
servo-type material testing apparatus according to claiml1, wherein
parameters for 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 claim2, wherein the paraneters are
a weight to be applied to the first portion and a weight to be applied to
t he secon®#hpsr tisorladmethdshydraul i ¢ servo-type material testing apparatus
according to claim2, wherein the paraneters are a proportional gain for
the proportional actions and a derivative tinme for the derivative actions

of the finst antyseeond perrvensypanthatewdiaght: elst ibey appdredtuo t he
proportional action and a weight to be applied to the derivative action of

the first NeFirRoR. fe6P2BEECRROT S, CPRE Y drad Pc WemAttyAse nat er i al
testing  apparalus :3eeondi e iShAgh L eheneid] 12 Qutpia afs the  second

portion is introduc to an output of the firs portion. 6. The hydraulic
servo-t ypeatetrérilal thes tippgragpes atcoeprisdcgr:ding to claim 1, wherein said
adjusting unit further
an adjusting wunit in said feedback loop, 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
proportional action and a derivative action with respect

to a detected value.

2. The hydraulic servo-type material testing apparatus
according to claim 1, wherein parameters for 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 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 are a
proportional gain for the proportional actions and a
derivative time for the derivative actions of the first
and second portions, and a weight to be applied to the
proportional action and a weight to be applied to the

derivative action of the first portion.

16



conprises a conparator that conpares an output of said first portion with
an out put of said second portion and generates a mani pul at ed varpapEe 2005
therefrom the manipul ated variable being used to control said apparatus.
7. The hydraulic servo-type material testing apparatus according to claim
6, wherein paraneters for the proportional actions and derivative actions
of the first and second portions are independently set. S. The hydraulic
servo-type material testing apparatus according to claim7, wherein the
paramet ers areb5a weilglet hmdbeuéppHcﬁbIthwmpéir§EQﬁnﬂakwléﬁ@tén@eight to
be applied to he second porti The h dra C..Sery, p ria
testing aﬁﬁgﬁgﬁ S &CCoTC l%?t %?ﬁ??g mﬁéFgenqt?n 5u9 6¥e§£n%kg
proporti oralcogd rnod:etideipr quﬁfﬁddiltaéd aedi ems anthat dﬁrltw&?él ¥erkikme for

t he derivative actions of the first and second portions, and a weight to be
appl i ed t ®E®&ONproporti onal action and a weight to be applied to the
derivative action of the first portion. 17

6. The hydraulic servo-type material testing apparatus
according to claim 1, wherein said adjusting unit further
comprises a comparator that compares an output of said
first portion with an output of said second portion and
generates a manipulated variable therefrom, the

manipulated variable being used to control said

apparatus.
7. The hydraulic servo-type material testing apparatus
according to <c¢laim 6, wherein parameters for the

proportional actions and derivative actions of the first

and second portions are independently set.

8. The hydraulic servo-type material testing apparatus
according to claim 7, wherein the parameters are a weight
to be applied to the first portion and a weight to be

applied to the second portion.

9. The hydraulic servo-type material testing apparatus
according to claim 7, wherein the parameters are a
proportional gain for the proportional actions and a
derivative time for the derivative actions of the first
and second portions, and a weight to be applied to the
proportional action and a weight to be applied to the

derivative action of the first portion.
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