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1 %4 (Introduction )

BT AL 45  Industrial Control System) AR2MA LR — 2 00 B B e
(Measurement and Control Instruments) , B IREH RGN EERM, WU 5E R &7
T RS H(Process Parameters) B &, FH-5C 8B ¥R £b 38 ( Data Process) ; ##{NFE R L
REMERRTFBRMELS, WA 1SR % IE #7158 4L 2 (Operation Process) , SLBUXT
#3575 B ( Controlled Variable) BiE35

L1 {8 3R E % ( Measurement and Control Instrument System )

N E A R R AL ] R A R BRI B s R UK RS, WA L1 TR,
FEAE = AR R AR R ISR AE S — R R (R 88, AART— N I Fp 3k £ 30 4k LA O 2 ( Flow
rate) Q. LA BTHIBA R+, HPOBELURE Q. i, BAT—-TF#HTMI, X4
Q.M Q.. VR, HHEHBMNSRFER-FENTEH b, BY Q,R Q.. B30, WAL
e, MEAEE (Desired Value) H, 3 T ARFRMEREE L, REAMTEEUME
RO ERAEdEAR, LASCAEH O ITJTBE (Valve Openness) Jo# i FBt, A 1.1(a) Fim,
RBREWALIT (Level Meter) Tt AR EIWAL b, AL EFHOT, BU A >HE, K OB
FR, BAEEABE, WITTFHBER, RZ, SHA TN, B A <HE, BHOBIX
N, BATRERE, BITXREBEAD, UNRERFEEBA L =H, XRBRATEHRSE
(Manual Control System) , 2fE A5 BT H) TAEGIE =77 :

S
/

Valve
() FEIMAr s HRE (b) BEAEER S

Bl BWiEsRS
@ #&W (Measurement ) —HREE FIRBEMEFBERALTFBALK L b, FETH
ZRGEIFRKIN,

@ B*%. B&. 4 (Think, Operation, Command)——Kf& KR EREF B 0K
PR b, HITEEIFSHENBAME H H1THE, BHRENMIES, BERELR
by, arhi o

® AT (Actuation) —F BFAM K H S, AFEUERIINIFE, UBER
AR Q... BRARFEHRFENEEH L,




RES . KREFAIFo5HEA TR, SBEMPIT=TI/E, ZRTHME. KRIW2E (Error) |
BHRITRMIEREN2TRE, HASMERERRE LRATERE, ATEHRERAHE
#1( Automatic Control) T, #IE 1. 1(b) 7k,

HTERRE . KEAFNIAE, asiiekE—-RELLE=1H0, SHIFAREDA
HIERER . RRAFHIIEE, =100 52 :

@O WEAE%RS (Transducer) BB b W R, H—HHHES

Transducer—Senses the value of the controlled variable and converts it into a standard and uni-
form signal.

@ R (Controller) EBEXRBERNGES, SHFERFFNBALAE H BB
Rz, HEEMEEARERER, AFMEERBAGE,. f—HESREHE,

Controller—Computes the difference ( error) between measured value which comes from trans-
ducer and desired value (or setpoint) , converts the error into a control action or controller output
that will reduce the error according to some algorithm.

@ BuATEE (Actuator) B ShHHHEES I 23R M5 SEDRBUERITTHIFE

Actuator—Regulate the manipulated variableautomatically according to controller output.

—BBRT, FHANBNRREWHBREAMHER, ARETRABELZEARR, kA
IR MER S NERAEAR ., HEWERMA 1.2 Fix.

FH
s
O— BHs [— i |—| umg—@g

WERARE

Bl2 RBAMENRRLTRE
MESAIEY, —MERRNENRREMOSE AR N RARS. HHS
AT AR

1.2 FBEHENXEiITiEH A (Significance and Content of
the Course)

BEEHERE L ENATEREFHE NG, RHAET WA YRS, KT HRIE
FRNFERAER, TUVAIBREEAEN T ZA G TH#HT, MAXSHEBA—ENE
Ko BTRFEEXESHEARTE, RREAER—BEN, EBERNMNEEL, ABEXTEMNZHE
Tl AT MPRESRE, BEREFRE, RESHNFBRAKER, RNBERETIRE,
BEFT R, RIERLSEF, LHUH A SMIGRBICA THREXRHET A 3.

HEIEHNERRERESNE AL ATPNTR, £ A3EHRERTEMN
MasieiiR. BaEHRAZLBBRREHBOR, HRER ., FRTREKN AHLNER
Hul, BHit, ¥FAEFASEROANRRG, THHEIHR A 3B H R R RE Y
£, MUEREFERMTHHRLEN,

FRBURB T VNBENRRENER, REVEE TR AEITRL K EHNSF

W R KR, TEARFEE: WENREFARE, ROELEREE, FHEAR
2



B KN B, YRS HTIUROEARGH, TS, EAMRER. B4, &H
WH ., ZEEREEFTMER N E, MREAERFARHEE. PITH%,

Y4117 (Key Words and Phrases)

(1) MERFEHLE Measurement and Control Instrument
(2) AL H Process Parameter
(3) #Ean Data Process
(4) ##z%F Controlled Variable
(5) #9%F Manipulated Variable
(6) #E/4 Desired Value
(7)) AIFE Valve Openness
(8) AL#EH A% Manual Control System
(9) azhaes Automatic Control
(10) £#£ S Transducer
(11) #H B Controller
(12) A7 E Actuator

2Ji8i ( Problems)

1-1 kB8l RZarR421ERM?
1-2 BANERAHFEIRTHR?
1-3 BANBREFEFRTHERARMTA?



2 LA AL A & B P RR 4R A
( Basic Concept and Performance Index of
Measurement and Control Instrument )

ETHTAREBNNANMEZBENZE, RIRITEMAFUERESRESULE R
HIPEM IR S tEtr, BRNERE. ETRAERR, TATBMERTE, REE
MoPR, RE, KUEE, BEMEESS, X, HFXMEZ, RNAE, EEEMER

2.1 WEEE. £ TRKE*R (Measuring Range, Upper and
Lower Range Limit, Span)

BERATHRMRBEWEEE, EXMF:

B 75 B ( Measuring Range ) SR 48 (U R H L HOME BEREATIU B A0 st I B T

Measuring Range: The region between the limits within which a quantity is measured, re-
ceived, or transmitted according to instrument’ s specified accuracy, expressed by stating the lower
and upper range values.

B B O B RAE AR 9 T B L RR{EL, fj#K L BR (Upper Range Limit) .

Upper Range Limit: The highest value of the measured variable that a device can be adjusted
to measure.

P BEIEE B/IMERR SR T RE, RIFR T BR( Lower Range Limit) ,

Lower Range Limit; The lowest value of the measured variable that a device is adjusted to
measure.

XK B R (Span) A LIAR R R HIUBHEE KD, RHAUE FRESTREMRK
=, 0

CEE =R ERE-WETRE

The measuring instrument can measure any value of a measured variable within its range of
measurement according to specified accuracy. The range is defined by the lower range limit and the
upper range limit. As the names imply, the range consists of all values between the lower range limit
and the upper range limit. The span is the algebraic difference between the upper range limit and the
lower range limit.

Span = upper range limit — the lower range limit

Bl2-1 —GREANRAME ERER 5000C, TRER -100C, MHNEEE
MBS HEL?

& ZACROWERIEY - 100 ~500C,

B =g FRE - AETRE =500C - ( -100C) =600C

Example 2 ~1 A temperature measuring instrument, its upper range limit is S00°C and low-



er range limit is — 100°C, then, what is its measuring range and span?
Solution: Its measuring range is — 100 ~ 500°C.
Span = upper range limit — the lower range limit
=500C - ( —100°C) =600°C
R BEERUMNERPR-TEFEEOES, E5NERNEE. HESERMNEN
HwRERAE X
SR B R T —F R ITE RS BRI FT R (Zero) RER, URMTHENUEN
METRE, AETEHRSHTH, REERNFANEERET, HUEREURBET.
RXR—MERERARNFRRIT .
Bi2-2 —HRERUMERATLE-50C, BER300C, NHEMENE L7
. TR -50C, HBIHMETRER -50C,
h BE-0EERE-MNETRE
A WEERE=-82% + MR TRE =300C + ( -50C) =250C
XA RERR R IEE R -50 ~250C,
Example 2 ~2 A temperature measuring instrument, its zero is — 50°C and span is 300°C,
then, what is its measuring range?
Solution: Span = upper range limit — the lower range limit
Then Upper range limit = span + the lower range limit
_ =300C + ( -50°C) =250C
So, its measuring range is — 50 ~250C.

2.2 BERITEBIMEIZIT R ( Zero Shift and Span Shift)

FEERRE AT, BT RERSN &AL, BERSENTARER, T
R MR S MBS TIEE (Adjustment) , B H R AW TR AR SEH (Zero Shift), B
B HAALFR A B F (Span Shift)

DA AR FRBAE SOV AGR, 08 X, LU ERE B R AEN TRR
KEME IR, TR Y, TERIRKH AR L4514 (Input - Output Character-
istic Curve) X - Y, MR TRAFH ML REHEWN, WA 2. 1 LB 1 TR,

PALER ST SN 2.1 hR B 2 FiR, Y
HEHYERBARE, HARIMRERE, RE2 100% fo-mmommooms T T :
HR4E 1 WTE, B LRATERITERA ’ '
MBI -25%, FRETBEDITESAMBEDY , ;
75% , TR 100% , pd o

Zero Shift; Means provided in an instrument to  _,s0, 75%

100% 140%
produce a parallel shift of the input — output curve.

PR 2. 1 hRB3 PR, o TRIBRRBEEREH
WA ERFRAE, KEESBRRRES, BRFERETRA, ERETBITREAHE
f)140% , BBRET N 140% ,

Span Shift ; Means provided in an instrument to change the slope of the input — output curve.
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FRIHMBRIHE AT U ROURKERE, B, EaAMEFLTIL#HTER, UR
BEBAEZRNEBE, ERWRELRKLEM (Structure) FIEEE ( Performance ) T E

2.3 R & B4 ¥ ( Sensitivity and Resolution)

2.3.1 R E (Sensitivity)

RYE S RFTRUEX B R (Measured Variable) ZLH R R, ¥ LAEHN B BE
B, 20t R RMURIE R HE B R IR (Steady State) J7, (U345 (Output) B /L&
Ay 55[EIAEHHA (Input) BEL B Ax Z L, BJ

_Ay _
s_Ax (2-1)

Sensitivity : The ratio of the change in output magnitude to the change of the input that causes
it after the steady — state has been reached. It is expressed as a ratio with the units of measurement of
the two quantities stated.

B EERE XA, REEEER R ABRAB KRR, ERAHERINELT, X
RABUERBERK, HEHRRTENSEELRRE,

oAt AGR, WRBEARE ST RUSNSHERARTTRENIEREH BN
BEES (BHA) .

REEMAE2. 1 PHAR, TAIBAMEAE, MEETBUNERERHUER
A,

2.3.2 433 ( Resolution)
SPERE R REIR, 2R e N A 4 B B/ M AL E

Resolution: The least interval between two adjacent discrete details that can be used to distin-
guish one from the other.

HENERORERAN KT AFEINREN—F, NEMEX Lif, RHREEFRER
X

SPERRUEN R, —RIBERORBES, HOoRRDERE., ELEREMAY,
FHERESNERHREE, NTTRIEEAERHIHE,

bEREIRIE TR RER, ERFERTE RSP R R R B (a5
) HEK.

2.3.3 4¥7(Resolution)

MFHFREMNE, TRORBERNBRMEFRIR RN SHELER,

BT ERAR AL EIFEY 10wV, WIHESBES00 100V,

XN FEENTBENYEE, FARERMIFARAREK, HETREEBEKIFAHRAX
RUBREIH T, MEFURME, BHREXRORYE, 0, EEHNREREREO ~
1. 00000V, NPT BR. RAVBFHFHAENR 100V, WELRKREEHR 10uV,

BRI PR A RMESEHEBRNOMANE, EROERKBEFRR 100V/1V =
107°, EHIT5rZ—

6



2.4 & iR = ( Measurement Error)

ETBRERMBEFIE S, X— P SHHTHER, SERBXE—ARE, BIFrkE
B B 45 5 2 5 B B 28 ( Measured Parameter) ( ELSL{H? TR A {FHIEE R E T

MM SHEETENNR, BRABELREBRMHENAEZERNERSHE K
MBI, H4EASRRZLHENLE, IEATHEIBRIRAFEELSMNESHENEY
MEE. fl, BEHEIAREREN., BEWH/AMKEER, ST RAF VRN AN T2
M, RAMKMNTREAT45EE, UERMEBREAREREERNRS, HAEREGHNR
ZREALEZHNSEFEE —ENER, X—E2RMERE, TRENEIBFT ALK
ERFEBERE,

SRS ER R A, . EESNIRE, MNEERETIX
— B T H, {{FEHE R0 EFK AR E (Indication Value) , ‘&2 3 il & FH {H ( True
Value) IR R, B BEMEREENYHEBEWAENELEE, ™Kk, ER-R—I L5
BAEISE, HALERAMAMCERNBIAEERGAIRZE, TR A AR RSN
W H BB, FR WA E EAE (Conventional True Value) KU EAH., Bl A ERc#ETHEILWH
PriE it HIARHE{Y F (Standard Instrument) #F4THE, HWEMBEBAEIAEEE, HIERE
BRgEREMENERAEZE, SEFAE—ENEE, X—-ZEMRNEIRE (Emor),

WEIREFBHENRFR T, BIEHREMHETRE,

2.4.1 #a%tiR%E ( Absolute Error)

#HITRERBNERNESANNAEEEZE, B
A=x-z (2 -2)
A A—HNHRE;
nE, #RFEAIESME ( Calibrated Instrument Reading) ;
YIEEAE, IMERECEES) 19iE8{E (Standard Instrument Reading) ,,
#SHRZE XA HFRORE, EXHRERAIER A, MARRENEINE, KRERE
AHERNEANRERK, RZM/N. EINHRELH RN, CRRA 58NN AMHER,

Error: In process instrumentation, the algebraic difference between the indication and the ide-

x

%9

al value of the measured signal. It is the quantity that, algebraically subtracted from the indication,
gives the ideal value.

Note: A positive error denotes that the indication of the instrument value is greater than the i-
deal value.

S LI B 715 1B P 4% o R 4 X R 25 Y IR KL FR O B K 48 X 1R 25 (Maximum  Absolute
Error) , Bf

Amax = (x_xo)max (2_3)
2.4.2 %R 2 (Relative Error)

TR B B TAEREAIRREE, ¥R RERUGINERKNEME, BIRMIRER
FR, HMREGWRAAIERS, BLRHN, AESIEEER. B TRENERE, LhrEREH
7



AR RERRBEME, ENES, dTH5IHEENARR, MEXRERUTRARTTE:
(1) SCER4E3$iR 2 ( True Relative Error)
True Relative Error: Error expressed in terms of the true value.

5y = 2 x100% = T2 x 100% (2-4)

0 %o
(2) ~EHEXIRZE (Indication Relative Error)
Indication Relative Error: Error expressed in terms of the indication value.
85 =%x100% =x;"° x 100% (2-5)
ANEAXT IR ZE WA N IRERAE TR 2

2.4.3 EBEXIRESMKNiIRE (Basic Error and Additional Error)

E AT B B R 5 358 %44 ( Environment Condition) 3K, XS FAAQEFHEBE . M
SHEE . BIREEMERTRE, (RN ELE R REEGINS L TIERG
(Reference Operating Condition ) #ATIIE, MW KBHRERIELRRE, HESHIIEX
HTRUERBRIRE, REXRREN, ESAFPIMIRE, FRARMRE, B

RE = BFIRE + WMiRE (2-6)

Basic Error; Error caused in reference operating condition.

Additional Error: Error caused by a change in a specified operating condition from reference
operating condition.

PA_ESHEERE S XU R B # SR 22 (Static Error) , BI{GRE ILREMHIRE, RELKE
THAREN T RIMIRE, A AE BRI B (Inertia Factors) R, EREH R/ RE
(Dynamic Error) , hZ&RZERBUREREIER 5RO RE, RTAIBIHIRE,

2.5 £&1% & ( Linearity)

Ve RE PR N IEL ¥R 2= (Nonlinear Error) , FRAAEL M BE (Nonlinearity )

P FHEE FAAKEFENRINE, FEHTEMHERRER, FHIRFHEREL
£, WE 2.2 fin, KEERERELIFERBERERENIER, HECH: (FRaL—5H
ARHE 1 2% ( Calibration Curve) SH Rl HLZ BIMEXMIRENBERE A . SUEHER
ZHEE s, B
i HE%'&E&E:A = % 100% (2-17)

5 B
SRR i i3

Linearity; The closeness to which a curve approximates
a straight line.
A nax Note 1. It is usually measured as a nonlinearity and ex-

T pressed as linearity; e. g. , a maximum deviation between an

A average curve and a straight line. The average curve is deter-

mined after making two or more full range traverses in each

E2.2 SepErRER direction. The value of linearity is referred to the output un-



less otherwise stated.
Note 2: As a performance specification, linearity should be expressed as independent linearity,
terminal based linearity, or zero — based linearity. When expressed simply as linearity, it is

assumed to be independent linearity.

2.6 FHEMBEZES(Accuracy and Accuracy Grade)

BERMEMI B BPEHAENRIRE, BAENANEMNEN T LSBT HER, R
REMESCRRE R E, &R RNE B CRAERE, BT BE808 KL E A=
B, UEMTRRRENRAD, FEmMbHuaERRN,

MEBMREANBWE NS RIERH A IRE, —BEARHER (Standard Instrument )
AR (Calibrated Instrument) [ — N SHCHAT BN TR B W B MERZ 2. BTAER
MR (ERER) AN S ERNEIRER X, ES5CRHNBRERA X, HILAE
RAEHRE R RIGRMAERE, Fln, ERENER, 4XxiREA=1C, MERME
FKFRA AN, TXUESKBEREDRE—MUFHUELSER, Xpm, F—68EH
BIFE, HIBRIEE N 0 ~100g, F—GAEFE, MERE N0 ~ 100k, GRENTHB KL
REEE £10g, WRHBANAFEEAER, LR, RALMNRERFMREIRE, FRRLKF
HiHANRRE KR, HENEHEARNME, MRENNRRAXIREMEFNE, W
BB R CRENE BN ER.

AR 2 RA ] LARIAHXT R 220 A &SGR MERR TR ? AEXRZ T LAFR BRI B4R
B, ERNEMREARUERE —MEEENMENE, MARERMERX-EER/PH
gEK, ME, R—MRNETRE, EREMIBRERTEEZEAKR, BRBERLA
BEAR K, XHAMMIRZERLBER, FHit, AN RERGRICGRRERBEREATEN, A
FHERW, EHHTIHRERGREURAERIERE,

2.6.1 3|Hi&Z= (Quote Error)
B iR E AR NHX B 912 (Relative Percentage Error)8, F{UFRMIAITiRE A 5{UFE
BREZHENBESBORERR, B
C A 00w )
6= B x 100% (2-8)

Quote Error: Error expressed in terms of percent of span.
2.6.2 m K5 HiRZE (Maximum Quote Error)

FAERERNETEEANERENIRE A, SUREBZ LW ELECRRR,
A

ﬁ,‘% x 100% (2-9)

2.6.3 RIFHEATI HIRZE (Permissible Maximum Quote Error)

RIEARHEAZKR, E - MEEEHL FATHRRIRE, XNTAFHBRKIRER
BRARFRE, Apap. RTFRESIERERZ LNA M MRTRENEREARFHRERFIHIR
9

Opax =




#Z, RIEEAENEFHELT, RFNHENEMRENRE, B

A
5y = é}‘é x 100% (2-10)

2.6.4 FEE(Accuracy)

KRNV RESERE, RIENBZERNLRE—-BNWEE, RAMNFRRENL/N
KRUEHAHBERNESEMNBEEZANFSEE, BXAATNEBRRSI HRELREAS
(£)FEDS(%)E, FTHRFREGRE, HREERKX, R NUROEERK, BEZE/D,
FNGRAE RS .

Accuracy: In process instrumentation, degree of conformity of an indicated value to a recog-
nized accepied standard value, or ideal value. It is the maximum positive and negative deviation ob-
served in testing a device under specified conditions and by a specified procedure. It is typically ex-

pressed in terms of percent of span.
2.6.5 FEEZEZ(Accuracy Grade)

BERMUERTUMME, NROEEMSAETER, FEESR, REEHNEES
%<} '

0.005, 0.01, 0.02, 0.05 0.1, 0.2, (0.4), 0.5 1.0, 1.5, 2.5, (4.0)

I RebrrER I ZtrER T AHE

EESNERLEN KA, il 1.0 &K, BENERAFHBRRHMEMNREN 1%,
Hp2k,

UERESREHBRNERREMRN S WEERIR (Index) Z2—, BWESHNBFE/, X
ROBESHRRE, WiHHZEAEES.

NERBEFE —BRITHARFSEA G ELEREREKER L, In1.0 BUEERHN
@, ANER +1.0% %,

TEMAFIREE B —F UL T il & (RS EER

Fl2-3 BEEWBFE, WEERE SN 0 ~100°C F1 100 ~300C, KB EA]
MR KAIHREL R £2C, AHEXINEGNRNEESHR,

+2
B Buet = 100 _ 0

x100% =+2%

Buve =:ﬁx100% =2 1%
EHIERSHESS, 20821, HAMESRPERE 2 RIR, MERROREL
HET 1 RFHFAFHRKRE, B2 M RSFEH EEEE 2.5 %, FFUXENENHEE
HHRRE25%, B-BHIK,
Example 2 -3 There are two temperature measuring instruments, their ranges are 0 ~ 100°C
and 100 ~300°C separately. The maximum ahsolute error A__, of both instruments are all 2°C from
calibration, please determine the accuracy grade of these two instruments.

+2
100 -0

Solution ; Orant = x100% ==+2%
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