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Stiction Model 27
The improved and extended version of Alberta model

Valve Position fs max. static frictional force

(Elastic Force) - Ty kinetic frictional force
A1 |z _
A 7 g = —
Air Pressure (PZ)/. a) J fs fD

——

Elastic Force

Air Pressure

fo

Frictional Force Elastic Force

I o (bw f Air Pressure .

Frictional Force Elastic Force

i Controller Output
(Air Pressure)

Model Validation with Plant Data

—— Controller Output

—-- Flow Rate (Measurements) — Measurements
2{ ---- Flow Rate (Estimates) 2 «.-. Estimates
(7}
< L
(]
E =
5 g0
@ I
(]
=
2 -2
0 50 100 -2 0 2
Time [min] Controller Output

The flow rate measurements proved coincident with
the flow rate estimated by the stiction model. The
proposed model can describe stiction successfully.
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Stiction Detection - A (GLHEN$KE) =
Valve Position
(EIastij‘.LForce) ' )
Py .57 .”  From operation data of MV and PV,

-

="  find time intervals where PV does not
change even though MV changes.

- L
A Controller Qutput
(Air Pressure)

- Indexes -

o - Total length of time intervals when stiction occurs
total length of all intervals

O = mean of stiction size S

Stiction Detection - B (A TFZ&i%E)

Valve Position
(Elastic Force)
F 3

F(t) = max{min{F (t-1) + Au(t), F, ..}, 0}

The difference between MV and
the line |, at the same PV.
Therefore, MV-F and PV will
have a strong correlation.

b Controller Output - [ .« can be identified from
(Air Pressure) . .
operation data by solving an
- Indexes - optimization problem that aims
to maximize a correlation
correlation coefficient r between MV-F and
PV.

—
I

I:max: S—J
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Stiction Detection - C (ILUTF3%)

E R AR (QSA) ZFI
y (-0,-)
/ AuNAy - 0 +
+ +- +0 ++
0 0- 00 O+
(+0,++) - - 0 -+
u
- Indexes -
O - [E7& B | A R/ N3 — 2 & TR 9 B
RN EFE
§ - EEESEEIL S s
- uBHIC AT S NE—

Application Results: Simulation

S [%] J [%] g“ No- Stiction = Strong Sticton . ]
Case 1: No stiction 0 0 E o\
Case 2: Weak stiction 1 03 = =™ | |
Case 3: Strong stiction 5 1 ’ o ‘ -

Method - A || Method - B
P o |F r

max

[ 03
Controller Output

Flow Control
Casel | 0.00 0.00|/| 0.00 0.03| Notreliable
Case2 | 0.77 0.60|| 0.00 0.18| (not parallelogram)
Case 3| 0.83 3.50|| 0.00 0.11

Level Control - F Valve stiction can be
Casel | 0.00 0.00(| 0.00 1.00| successfully detected
Case2 | 0.56 0.83|| 0.74 1.00| and quantified.

Case 3| 0.79 454 4.20 0.99
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Plant Data for Validation =0

Case 1 : Level Control — Valve Stiction

o iQ

A ow
4

Flow Rate
i
o
N

o

L(n

A

S

900
Case 4 : Flow Control — External Disturbance

10 = MV 10
, \ . A
0 WWWM\'WWW Y 0 Lk;:l
L . R . --- FlowRate |
0 380 720 1080 1440 ——— Level 10 10

=)
<

time[min]

Stiction does not always cause persistent fluctuation.

Application Results: Plant Data

Method - A || Method - B || Method - C
p o |F 1 6 d

#1: LC (Stiction) 0.50 1.72|| 2.12 0.98]| 0.58 0.05
#2: FC (Stiction) 0.31 1.21|/192 0.97| 043 0.20
#3: LC (Bad Tuning) | 0.13 0.89| 0.17 0.95| 0.10 0.65
#4:. FC (Disturbance) | 0.03 0.80|| 0.00 0.13|| 0.02 0.92

Valve stiction can be successfully detected
and distinguished from other causes.

Conventional methods, based on a predefined
probability distribution of a process variable or
a PV-MV cross-correlation function, did not
work in these applications.
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Conclusions =S

v A data-driven valve stiction model is developed.

v Using only two parameters, the model can describe
stiction phenomena with sufficient accuracy.

v Stiction detection methods are developed.
v' The proposed methods are shown to successfully

detect valve stiction, distinguish it from bad tuning or
disturbances, and quantify the degree of stiction.
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88 8. Feedback Controller Performance Assessment: General Interactor

adjustment or testing is necessary. For loops which indicate poor perfor-
mance measures, a second-level study, which may require process identifica-
tion and/or redesign or retuning of control loops, may be necessary. Thus.
the second-level performasice ;
ited number of loops and f
performance (local mi l X 5

phase and control action

performance assessment:
step-type disturbances
level. These issues

8.3.1 Multivariable performance measures

As proved in the previous sections, performance assess
processes can be reduced to finding the minimum variance term, e, from a
multivariate moving average process, which has the general form shown in
Equation 8.5. From Equation 8.5, the covariance between the output and the
white noise sequence at lag i (for i < d) is given by

v Tl 3R

tlme = €0 = Foar +

DY e A+ Faoi@i-gn
solve for Yi|my as

Yilme = q*D~

N(Foar + Fuagoy + -+ + Fa-ya-ag)

mo is the interactor-filtered output under minimum variance control,
and Y|y is the original output under the same control law. Note that from
Remark 8.2.3 the minimum variance control laws of ¥, and ¥; are identical.

For the unitary interactor matrix, we have (D' (g) = D’(rf']) ie.
D™ = (Dog’+-++Da-rg)”!
= DIg*++ D g7} (8.16)
Therefore
Yilme = (D5 + 4 Dya*™)(Fo + -+ Farag™*)a,
L (Bo+Erg 4+ + Bag*Nae (817)

83 The FCOR algorithm for general interactor matrices 89

(Note that for a weighted unitary interactor matrix, D3'(q) # Di(q™"),
a unitary interactor. Thus, D! =

(8.18)

+ Y, under minimum variance control can be

EoSuEY ++ + Bay ZaEf-y

(8.19)
(8.20)

] TE(;

8.20 yiel

X = (Df,Df, -, DI x
Sy @5 Eyad- 15
Sy ()2

Zpd-1)E5
Dy d-1st?
wce control can be calculated from
ace measure (denoted

Since variance of Y, under minim
Equation 8.19, the 7 Tunction based pel
as MIMO perfgwffance measure) can be calculated as
EYYimin
B[V
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i)y = % N000O00O0000] (58)
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000 Oe(t) 0 Laplace 00 L{e(t)} 0 H,0ODO ||[L{e®)}?0000000 (ISE)D0O000000OOe(t)
000000000000

e(t) = L {Her(s) L{r(t)}} (61)
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he(t) = L7H{1- Her(s) L{r(t)}} = L7 {Her(s) L{r(8)}} = e(t) (62)
DOo0DO0ooood|L{e@®}?P0000
L@} = || Her(s)L{r(t)}]
= / he(t)? dt
0
= / e(t)?dt [ (62)000]
0
= ISE (63)
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ooooooo

23.1. ODU00OUo0ooooooobooooon
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gboboobooobooborybooogrTp0obooboboooboo 0Ty 0000000000

T, = T+T (68)
b= 7y
(67)00 (66)00000D00
S
H. (s) = (70)
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ISE = — = ——dx (81)
21 J oo 1+ J22 + 22 cos x — 2z sinw
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2.3.2. 0000000000000 OOOOOOOOn
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00 £{r(#)} 0
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oooooao
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, LT ]t
= K*|t+4+2Te L—ge L

2 1 L
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0000023.1.2.000000PIDOOO
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P =KL (85)
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000000000000000 +()00000000ISE000DODr(#)000000e(t)00000
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gboboobooobooonoooon
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KL
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1
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S

- o [t St a9 830)

K212 [ 1 1
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2.3.2.2. PIDOOOOOOOO Harris Index O 00O

U00b0b0b0b0b0b000 HarrisIndex DO O OO O %DDDDDDDDDDDDDDDDD
ooboprPIDOO0OODOOD HarrisIndex 00000000000 DO0OOOO0O0ODOO

min ISE
Kp,I7,ID (90)

subject to Kp,T7,1Tp >0

goboooboooobogoooboooooooooobooo pPpibO00oooDOoobDOoOISEDOODLO
0oooooooobbodbD sd PadeDDOOOOODOODOODOODOODOODODPIDODOOOOOO
giooooboboobooobooboobooobooboboooboboooboonoobooobooooboao
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gboobobobobooboooooo
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oooboooouobbooobbooooboooobo0UD HarisIndexDOODO O 090000OO0O0ODO
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gboobooobooboboboobobboboobooboboobooboobobooboboboo
gboobooooooood

Ps) = Pls)e b == fTSeLS (91)
Cls) = Kp (1 + Tils +TDS> (92)
LU0} = (93)

00000000 7Too00000o0U00ooU000000ooU0DooUooUoT’o0TOo0Oo0OO
0000000000000 00000000000000 e(t) 0 LaplaceOO L{e(t)} O

L{e)} = Her(s)L{r(t)}
1 1
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L+ T's 5(1 4 Ts) + BE2(1 + Trs + Ty Tps?)

ooboooooo0 l,0000 ISE0OODOOO
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20000000000000000000000000000 10000900000000
000.00000000000000000,02000000.000,8S0XYOOOOO
0000000000,0000000000

0000000 10000000000000,0000000000000000000.0
00, (ISSDDSS)0000,0000000000000000.

0000000000000000,0000000000000000000000000
000, (ISISSISISI)O (IS2S13)0000000000000.

3.3. Uooobooonooooon

3.3.1. 000000

ooooooog,Iso bsoboooooooooooooooo.boboobobooooo,oon
2000000000000 0oboooooooobooooooo.

p1= (715 + TDs)/(Teotal — 75S) (1)

000, oty 0000000, 77s0 7ps0,0000,1SO00 DSOOO0ODOOOO0DOOOO
oo.0o0ogog,0<<pp 100, gooobooooooooo,0coopooboboobobo
oooooooobooboooboobooo,booboboobobboob0booboboboobboooo
gob.00gog,oopooobbooooooooboooobooooboobooobooono
uo.goboobgooog,oooooboooboogboon,p,p=1000.
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contoller 5 / j
€Y (b) (0

valve position

output

0 3 00000000000 00O00O0DO0ooOoOoOoOO0 ((a)deadband, (b)  slip-jump
(c)deadbabnd + slip-jump )

3.3.2. UO0OO0oOouboboonoooon

ooobooogoooboooo X-yooooooboo,o3gooooo.

gobo,boboo0oboooobooobobobob,ooboooooobbogobooboooooo
O,0000000000000D000COC.DO0COO,ISO00NO0O000000 DSO
oo bbbooooboobbooooo,0obobooboooboobbobobobobobbbboo
ooooboogooooDo.

p2 = (715 11 + DS pD)/(Ttotal — TSS) (2)

000 g ;0 7ps pp 00000 (ISI)00 (DSDD)0O0O000O0O0D0O0O0OO.
000 (ISSHO (DSSD)0 000000000000 DN0NDN ps000000.

p3 = (715 11 + T15 51+ Tps pp + TDs sD)/(Trotal — TSS) (3)

000, ns s 0 (ISSHO0O0O00O0OISOOU0O0OOO 7ps pp0 (DSDD)OOOOOOO
DSOOOOO0ODODOOO.

3.4. 0O0OO

3.4.1. 0O0O0O0OUO

gboooboobog,boboboboboobooobobobob,boboobobooboo.obooobo
ooooooooo,00b0 1000 40000000000, DO0D0O0040000. 0O
oo,0oooooboboooo,oooboogoooo, b Xyooooogoooooogo.

ugoo,0booboooboobboobo,boboboboobooooboo,oobboooboboobo
go.boooobooboboboooooooboboooooooooooboo.booboooo
gobooo,obobooooooooboboooobooboo.boooo,bgobgodd 1150000
ogobobobboobooooo.

3.4.2. 00O0O0O

go,00oobooob X-yogogooogoooopoooooooo.ooo,0o0ooboboon
gobooobooboboboob,goboboboobooooooooobooobobo,booboo
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(Loop3) (Loop2) (Loopl)

( Loop 4 )
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o
l\ T
§
Flow Rate
o

P % ][

o
Flow Rate
o

O iy bl sl A AL A mmd«wwf\'m«wwV AR M AN,

Flow Rate

-8 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 -8

time[min] MV

0400000000 (D0O0OU00O0O0O0O0OO0,0000000 (MV))
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U20000000000000

Loop description o1 02 03
Loop 1: Level Control. thought to have a valve stiction. 0.620 0.555 0.587
Loop 2: Flow Control. thought to have a valve stiction. 0.552 0.390 0.442
Loop 3: Level Control. thought to have a tuning problem.  0.296 0.101 0.103
Loop 4: Flow Control. thought to have disturbances. 0.286 0.000 0.024

03000000000 ps0b00d
0.1c 0.50 o 1.50 20

Loop 1 0.377  0.669 0587 0.276  0.007
Loop2 0.158 0.344 0.442 0377  0.226
Loop 3  0.067 0.113  0.103  0.096  0.139
Loop4 0.030 0.021 0.024  0.053  0.013

gooooob,booooboooobobobobobo.obobbobo,boboo0ogbo wbo
00000000000 00. (SS1 bs4 DD1 SD2 SS3 1S3 111 SI1 SS6 DS3).
ooooo0ooo,0oo0o0000oOoIsoc psoogoooooo,boo pobobOboOoooo
200000.
gooooob,boboboboogooooboooooobooo,oboboboboo0obbooon
ogooo.bgoooooobooobobooboooo,ooboooobooogoooDoooo
gbooboobooooboo,boobboogboo.
gg,00bgbooboooboobobooob,bbbbopepooobobbobbob
g.gjoboooboooboboooooooooooooboboob,boboboobooooog
ooobooooooo.ooooboo,0bobobob,0o0oo0oooobobobOobDOoDo
ooo,bo000goobobobobobobobogoog.
ooO0,(ISS)o (bSsSh)0000000O00000UU0UOn ps0000O0DOO, pe00
gobobooobooo,0ogoboooboooobobobobooboboobooooogg.

3.43. 0U0OOODO

gooobooboboobooooobooboooobobbooob,bobooobooooboo
gbdboobooooobuobooooo. b30oubooobooboooon psbboobooa
gooog.

ugbooooga,oooooooboobooo. ooobo,oun 200000000000000
O0D0O,000SsO00000000O0O0O0O0COO0O0O0,0000000000O0O0O0D0OOO
ocooopooooo. 00 oleOO0O0O0DODOOOODOODOOOOO,000D000O0 SO0OO
goboboboboboooooo,oobooooobo,oooboobobooboooboooob.ooo
gboooboono,bdodg obsedlscbobbboboboo,obbo0booobooboonbon
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gooooao.

3.5. OO0

gbooobobooboobbooooboooobobobobboooooo,booobooboooo
uboboooooboooobooooobooobob.bobooboboooooobooobooobooon, o
gooboobogoooboboooobobooooobboo,oooooobooooobobodao
gooobooboooooD.
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BA4E BR|FFEZAVEERBIEOKRE
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4.1. ERIRETE & R IEDE KR

Met®wlL, 7= OEEONMEZTwm LoD, ZROBREBLETHLDOT, WHRI R
T 5 &V HIUIZIE, MEHEICHED  HWr 5 EITE S 203, BLEOES D BRI O KM% fif
H32L0) X5 BMICIERIHRETH L EEZXBND, 22 TlE, mRFGEIEICESL, IE
WO 25 5, Appendix (2. MR ETH D BIRE— AL M. BRF 2 LT b,
AT by NA AT MVDOER, BEWERSHOX 2 57 MO Z R L TWD,

4.1.1. BB AT LEERST

4.1.1.1. B RT LA

ANDGIPELARNHETHDHE. ¥ AT LRFE THOITH ) b L0 & 7%, L
ML, VAT LDBIERIE T HAUTH NI LG IERFRIR A L 72 D,

Wy FIRe/2 BT & 5356 Taylor BB Z W TE . BB D LIROIED I, FERIER S 2 IREA
EoEAERS, B LIERIEE KITE 2,

(BB AT 1)
f(x)=f(xo)+ X?ﬁxo=kf'(xo)
GERIE Y AT L)
X=X - (x=%)* _ .. (x=%)" .
f(x)=f(xo)+ T *f(x0)+T*f(x0)+---+—l*f (Xo)+--
n

BMIROEN DL, 7oL AANDORMBELERIETH > Th, WADHAMITIESFRIC R D, it
PEZMERF CE 2013, FHEE e T, MROENGEHEOL THEIN DL EITROND,
L7edio> T, ATID53A0 O FRIED R TE 258101, HARIESHRTHIUT T AT LD03IE
MEETH D L HETE D,

4.1.1.2. KD %A
BILOBS 2T AT, HIEANZ SV REETELST L TEHE s L TERBRTE 5,

y()= 3 hu(k—)

T SVDRTIDVAT LEZBNT 5L, ZOHNIFEHDOEFEEZER TN Z LIZRY,
ZOEAENATIERSAIE S (FIMBIRERL), ZD7bh, ANPBELAEMFTROGETHEL
IR 2 & < BUUEOAMMIZIER AT S &, EAMBRERD Z NI/ TE 5, Lo T, Bl
VAT LT, REENELS (FE & DHOENE L) . ANBIEIHRTH A 2 Btk b off
RYUAT LD X D E®E L TR, BRIRERZ E< (F—4#%%£<) LbL, HANER
WFRE 72D,

ANDHEER T, MRV AT AOHD ERZ2NB DT, FEERLEL R, T—%%%
WS HEL Lol LT, MIBROMNPER DM ERD & 2 LITMRFETE RV, IREEA
TFUHNRB LTV D 2 ERHIFFTE H5AICIE, BIERTHIVUR, IO 0H 3 ERSARIC
IO EBRZBNDHDT, MADHAN, ERSAANOTEREL T D EAWIZE - T, BN
OFHiETHZ L E LD,
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4.1.1.3. BRMETEIC K HIER S D L D Feht D

BIRIFTED 5 HF 2 LT MIERT D E, —RBFE, ZRP D, ZIRPES, TURA
RO T DRI > T T, ERSMCIEERU RFT_XTERr LD, Db =KL
EOX2 LT UM, HENVEF LT MIESSERFEFELZET 5 Z &k, ESEOA
DO NFHTE 5,

4.1.2. PRTLOHGEIRE ESHAKKS

4.1.2.1. AT LD IRED

RITEN T, IRENES RN TH D Z L 2 BE Li#m e T o 7208, 2 OHICIiE, IRE) S E I
ThLHEEMRFT 5, AHIEEN, 880D A SN 256 MIE Y AT AREE ThiuL,
WP, MO EREER S S EAICEN D, ZRHIEREER L. AJIO RS 720 23 H
W25k %,

VAT LB BRENEZRETIHAEE X THD, KK AT DAPLERBIE R THlER
DF 2—= 22 &0, FFHEBNELELEZOTHNIE, THIZRFIEEITH Y . IRAERED
BHDOJFWER 72D, BAFICRET . Ny 7 T v v 2l EOIRIBIEIZ L > T, FiRE A %
T D5EELHLIN. O XD RIBBIOSE . EARIRE OB O @R R & 0, S IE
B LT RR D,

4.1.2.2. IR K DEMARB D DOHFKE

IR 7e EU. Moy FTRR e BISCTIZ AR WS, T FTREZRIERIE o A 7 A Clk, Al Taylor &
A TE, AMOGEROERBND, EREL 2FT DL, IMEEBRLY . BEEN 240
RENC 2D Z b nD, 3FTHE, RT3 MEFICR D, B AT A, ELEE SN
ADE ZOEROENBIV, ED ATy OFEHEO R & 725,

41.2.3 BRIE B (= & 5B O

3UMEHRE 2T T — ) TR L TELND A ARy MADEE I ORI O
i 2705 2 DE RS DFEIET B>, 3 OOEEEESY fuf, fa 28, fi+ f, = T3 OER &~
THROR, EEHODOT, FHREITYH, U & SOEWES LR 2 0nEa<e, o
B2 7o & ARV BORSY LAMETE LRV AT, /3 A7 BEE ric /i, Bl
5% bORAITIE, A ARY MVEBUET 5%, B R VBAICIE, BUE L&D stk s
HODT. BRSO ASA AT NRE Th D = LRI TX 2,

4.1.2.3.1. INA ARG B

INA AT MVFUTO XIS f,, f,, i+ L, 0AXT MO TERIT LN TES

(Appendix 2 &),

B(fy, f2) = X(f)Y(f2)Z7(f, + f3)

FHERERHES L chrlx, fi+fi=1, fi+f,="FfTRIND T, ;&0 EREK
DAFTET I AL AT MVITEZ D, ZAUTFEE I f OIS O JRRE Ry 2 FF> 2 &
LRIFETHDLDT, WA AT MVEFHTT 2 Z L1280 Sl OFEEZFHMITE 2,

283



A AHIRELE 7 0 AV AT AL 143FB RV — 7V ay 7 No. 25 i S &

4.1.3. R5—)2UDAEE

4.1.3.1. T—RAE2EKDRT—1) 25

ARUR— T, B, AL, MEREDT =2 %W 5, T, MERERE, WELR/:
BRARKIZLEATZF =V 7ORELEBEZLND EITEI N, 2L 0BRSS OT NG, IERIEHE
WK LZRE 2T 260 BEZEEL TV LDOT, WTINOREFIZHE CRELED R r—
U T EBTIFD, WEELOTWEEZ L, KLAR— T, WThoESLH, EYEE e,
ST ITEEE(L LT b SRR B O R 21T o 72,

4.1.3.2. ARG MIVBEDRT—IL

ARLUAR—=FCTIXFFT 2 HWT 7 — ) 2B WOEE 21T > 72, FFT OB TIX, A7 MVEE
EHRHITH0OT, ALT—2Th, TOREKOGEEICL Y, EEKENRLD, 02D/
Wy LinblzianT —2 % FFT (25 &, ZOIRED (FFT o7 —4% &, 2) {03, %
DR 2 EGTIre A N7 T LAOHEBOE S E L THRHEEIND,

ARUR— K TiE, FITREROEKMEND. FFT 0T —FZROEEBRR 2, RU—Z7 hL
& LT, FFT TEMLERY -2 MVEERFFT 07 —F &,/ 2)THlo 2R R LTV
B, ETNAL AT PVOEE TR, 2RE7— YV EHB/EANTNBEDT, /XA R hLd
LT, 2R3 FFT TR L7eNS AT MVEELY (FFT 07 —4% &,/ 2) 2 THoEZ AV
Yo

4.2.22L—23VIC&BNAARY MLOFERBEREEENDDF v

BUGRERIC L - TIHRIEELSRIH CTE D2 ONEREET 272012, VI ab—var&{To7,
RN =27 MVORE I E OB E FFT LTGRO, S 237 ouix ZkAHBRB S E 2 %k
gt FFT L7z, EB008A60, A4y RUAWTIZ, B, FFT ICL VLB L7, WTho
it FFT OF7 — X ElL 256 & LT,

4.2.1. BRMHEICKLDERDTH SO FEEOFE

4.2.1.1. M ATRE IR IERR R D AR M
IR S 2T L DT OERAGH O OTEBE L @RI aH EIC K > CHiiT 2 2 &2k v, Ik
MEHEZRINCE D LN DDT-D, K1LIRTYIalb—var&fiol,

EREO 2L, MMEERLY 2E50REROET LD, TO7d, JARBFETIER, 2%
DHEBPMPD L, 2{EDOREENBENDLITT TH D,

AJTE LR, —#RELE e Bk o 2 FEAZHE LT, TOANIC, BRTL2HEZMZ 256
2. ZOREL VDB TE 202 RE Lz, WINOEZORELUTOR 1 OET
NERWT uw?Or7 A4 Thd Gainl ZEE LN BB Y OLAIZONTITo 7, FIEHK
TiE. AR E DOFEBEEST L WO T, T _XTOREEEICD LIz ST —%2 85720
2, T e, BEEFEZE 0.1 OIERELEE N 7=,
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- = aareom |y
Uniform Randgm Mumber +
Number Gooped wis Soope
W+
1 | {1
Constant Switch Gain
Si U\:'j I
ine Wave o > .
Math Gaint

Constant1 To Wiiokspace

Function

1. W2HO7EHDT I 2l —va VBT

(—HRELED

1 DETIVTRAERDE ST —HREBEZERL, w07 A0, 1, 3OKD3 @Y DV
Talb—varzefTol, TORMREUTIIRT,

Mean, Variance, Skewness, Kurtosis (334 S W 72(5 5 25 HE(L L7 DY), o8k, BEE,
REEDETH 5, data length IZEHICFIHA L7727 —% 0T, nfft 1330 — 237 MLVEHORE
DT =V 2L NA AT PVEHOBED 2k e 7 — ) 2B THE S FFT O7F— 2 R ThH S,
XTI =AY N R AT N VEENENDOR KM & e Kl & DRFO RS (A4 A7
MUIRERE R OR) R LT,

data
Mean Variance | Skewness | Kurtosis
length
Random -2.83E-17 | 0.999512 | 0.0321735 -0.7914 2048
random&u”2(gain=1) 4.47E-16 | 0.999512 0.776984 | -0.144489 2048
random&u”2(gain=3) 7.03E-16 | 0.999512 0.941486 0.179772 2048
power spectrum bispectrum
nfft
max f max (f1,f2)
Random 256 0.03105625 | (0.23828) 0.001292224 | (0.48438,0.48438)
random&u”2(gain=1) | 256 | 0.035710938 | (0.23828) | 0.001424072 | (0.0625,0.48438)
random&u”2(gain=3) 256 | 0.031035938 | (0.23828) 0.001377039 | (0.023438,0.074219)

random 72 1F D1 5 DK, Skewness & 7.5 &, 0.0321735 & 72> TCWDH DT, AR 554 T
bHZENbNhD, TORFIC WOTA AL E, T4 U 1 DK 0.776984, 7 A
Y3 DEFE0.91486 &, DT A UINREL RDIFESMNEALTELAANHRTRS 2> TWD
ZENRDND, KoT, u? ) IO EZ . Skewness (2K > T, W TE 5 AraEMED
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HLZ EBLND, £lo\U
— AN MVERDLE, R
A 0.23828 DL Z AT
RKEZ L >TNDZ ENRE
MBDLINDM, K2-1, K2
S2D/NT— AT VDK
ERDE EEEEEN T
T EERALTO2NI ERD
b, ZOLITNLDHD
AR5y 7 B NE o T
HIEFIZ u? v IERIEE
FEANTEH, KEEEAS
NENTFTNZD 250K
DEZATNHRT—%FFOZ &
ERERT D2 LT TE R0,
W< Db DR A RO
F OB EBEEWB N IE-E D
ELRWERE T, —2—
DRI TORT =0 /hEL
05, DD, A ANY
MVIZT % L 2TOREEED
AR TS 2 E

] =0

2

0

'wmmwﬁﬁwwﬂﬁwm i

YSGE o ot oz mE 03 0% 0 0 o5

/£ F 1 Original Data

LT RTU—A_T f b

£k
HF

H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

i Gl

0 Cuamiant

3F L AT U b

INA AT RV

X 2-1. random D7 T 7

2

0

i W‘..,r“uw«w”‘y“\..,‘| iy

B T R R T

f£ F : Original Data

TR RU—2~7 WL

; 00 g

% Cuamiant

a4 02 0 02 64

% o oz o3 o8 08

HE:39Fa2bT b
ol A O A/ NV

X 2-2. random+u? (gain=3) O T 7

BLDHIEICRD, DFEY, W OUDRABEED IO Lo TV DIEFITIF A AT b b

XA S v nz b,

(IE7%%)

1 DOET/VTRAFRDOEFIFIEKELZER L, w*O7 A0, 1, 20RO 3@EY D3
2 b= arefiole, TORMREUTIIRT,

Mean Variance | Skewness Kurtosis data length

sin 1.19E-17 | 0.999512 | 0.00411886 | -1.03036 2048
sin&u”2(gain=1) 8.11E-16 | 0.999512 0.642589 | -0.736854 2048
sin&u”2(gain=2) 4.50E-16 | 0.999512 0.684846 | -0.613187 2048
sin&u”2(gain=3) 9.59E-16 | 0.999512 0.522317 | -0.767415 2048
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nfft power spectrum bispectrum
max f max (f1,f2)

sin 256 | 1.691414063 | (0.0625) 0.016932428 | (0.0625,0.0625)
sin&u”2(gain=1) 256 | 1.397339063 | (0.0625) 0.311285437 | (0.0625,0.0625)
sin&u”2(gain=2) 256 | 0.920328125 | (0.0625) 0.331032025 | (0.0625,0.0625)
sin&u”2(gain=3) 256 | 1.309389063 | (0.125) 0.252415619 | (0.0625,0.0625)

Z2 Skewness DfE % 7.5
E BB DOHDHEITIF L
A EBATWVRWD u? & A

NG AE XTI S 554 B3
FATWNDLZ ERDND, 1E
T DA, Skewness (2

LT, 2ROENPRHTE
HZENDLND,

Flo wB Ao TERFZITE
BLE B ER D 2 % D JH R HEIT
N =AY MBS Z
EM, HM3-2 DT — A
7 MVORMNHHERTE 5,
FEAR D JEEAD 0.0625 T, 2
FEOEHTHRELZESDHE
WY 0.125 TH D,

2 FOHENIRNGE, ™A
AT N JVITAE & /N S 72
LnEBRVnDiz, 2FEDIE

£k : Original Data
ET : RTU—RA_RT L

X3-1.

0B 81 015 67 0% 03 0® 04 4B 08

HE:39Fa2 6Tk
EHEF A AT F b
sin D777

Fad Toz
ol
0

o il L " " "
G ol 81 018 6F 0% 03 0% 04 0B 08

/£ F : Original Data
ETF R —2_27 kL

i1 0z 03 04 08

HE:3¥XFa T b
EF XA AT b L

r 006 n ]

X 3-2. sintu? (gain=3) O 77

PET D & HADEEE O (0.0625,0.0625) T, K& REEZFOI LICRLDT, /A A
7 AT, HRIBEORHA TE DR H 2 2 LR b D,

LU, BLEOFERRO X 212, AND, 7o SADEREER S %2 b o> T, 20 2
EOEMPFEALLE LTH, ZOBMMIZREET, A 27 huid, FERIEMEO R HIZE S 720
ZERDLNDL, WITNOEHAEL, 3IRF 2T N THD Skewness L. DHDEELEWVHIET,
IR DB IEFTRE Td o 72,
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4.2.1.2. U DR

Mean Variance | Skewness Kurtosis data length
sin 1.19E-17 | 0.999512 | 0.00411886 | -1.03036 2048
sin&u”3(gain=1) 1.46E-17 | 0.999512 | 0.00386201 | -1.02228 2048
sin&u"3(gain=3) -3.64E-17 | 0.999512 | 0.0018177 | -0.90615 2048

Wt power spectrum bispectrum

max f max (f1,£2)

sin 256 | 1.691414063 | (0.0625) | 0.016932428 | (0.0625,0.0625)
sin&u"3(gain=1) | 256 | 1.846201563 | (0.0625) | 0.011272552 | (0.0625,0.0625)
sin&u"3(gain=3) | 256 1.8633125 | (0.0625) | 0.006236188 | (0.0625,0.0625)

M1poyIal—3i g7
N ST u® &) IERIENE
PRITE 250 & 5 RFEZAT o o
77, 1DOFETFILDO u% usd " ] S
cL mERORSREREE L | g
BN L7z, TORERELLTIOR oo ne c Sy
T RO HDEFIZDONT
X w2y Il —y gl
WebDERICTH D,

# D Skewness DfEZE B D &,
u?Z AN G5 TH ERKED
HDIE 5 DEGE LA, EAT
W WAL RFRD 341272 > T =
WHZLBbRDL, FalTy o e
FHIZIFEE OET—EEIC 25 p
TWDZ Enb, IRFIERSAR
ThdeEZILND,
FKDONT—ZAXT fLD LD
AhRDHE WThOEFHE
PR 0.0625 & IELEDJEEEIZ /> TnWd, K4-1 DT =27 LD TIL u? D5
BERNDITTOTEEEWED 3HEORWED L Z AT —RNH5HTFE2RD Z LIXTERN
B, HM4-20/T—=2ZAXY MO TIEFEEBEED 3FEOEAEBTH LAY —%2FRoTnDd 2
EDDODND, 2O ENE 3SRDFEITFZHEID 3EOEREBICRND Z LR TE D,
NARARYT NVOIEZE D E, WTNOFEEHIRTE e &L AR Dl > TN T, /N AR
FVIND BIRDFEE AR T D Z LI TERY, ZHUIAA AT MVOWED, U —%FFD
JAWECE WK LT, f+Hf, =f,%f  Ff,=f 0o 2F, b LITME 22 @K

m 04

/£ F : Original Data HE:3¥XFa2 T b
EHTF XA AT PV

K4-1. sintu® (gain=1l) O 77

ET o RU—ZAXT kL

] Ci]

1

0B &1 015 07 0% 03 0® 04 4B 08 ® 90

o 0z 02 04 0
n

/£ F : Original Data HE:3¥XFa T b
EHTF XA AT PV

K4-2. sintu® (gain=2) O 77

T XTI =27 h L
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A AHIRELE 7 0 AV AT AL 143FB RV — 7V ay 7 No. 25 i S &

BEFOLAIMEEZ RO LV bOTH LT, FEAPH 0.0625 (X LT, €D 350 FEHK
0.1875 LFF7= 72\ 3 IRDFLRD H O IHIUAR 5 TIIME & R 2 FEE Ry OMBMER RN 2o T
bD, £oT, 3ROHBOHOIFMAZHERET 2DIZ, NA AT PMTHS RN EF 2
%o BL. 2RO, b L<FAROEBFET UL, /A AT MVOEPFES 2 JABH D
MAFET D 2 L2 0 | PR RIS 5 2 L IFATRETH 2,

4.2.1.3. WA FRIRE/R IR DR
ZA wF, B, E ATV R, RNy T yia VDo WS R RIEREEED 5 5, Ny
T allONTHSEDEIRET L TYIalb—arairoT,

|- J Ba d(llash1

To fotspaced
1.8s+1.8M2.3

1]

To Wotspaced

0.5+0.5z 1
1

Discrete Filter

z
Transfer Fon

Scoped

]

To o tep aced

g ([
K5 Ny 5v>aO¥3al—YavETIL
Mean Variance | Skewness | Kurtosis | data length
backlash 6.03E-18 | 0.999756 | 0.002524 | -1.46519 4096
power spectrum bispectrum
nfft
max f max (f1,£2)
backlash 256 | 1.824796875 | (0.039063) | 0.000901959 | (0.039063,0.035156)

#F D Skewness DfE % _ :
RoHE RNyrTyva | il ‘
DEFIXEAL TN
EAESHDOSH TH 5D e w-

ZENbNb, X2 lbhT “ |\ 1 %r it o
L RORERTHEE . -

| al e
”“'“‘-\-- —5

2 05 08

61 6F 6a 64 06

=R TR S "

TWAIZ ENRDLNED
T, IFEERSHTHD
LtEZLND, 12X 6

DT —=AXT MLORZRLD & FEBFREUIMNIE —7 ZROEBREITR R0,

/£ L : Original Data
BT RU—=2~7 b L

FlE:39Fa Tk
T : A AT F L

6. backlash ® 75 7
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JAEE D=7 DERIRL 2o TND T ENDND, Lozl HEDIRH Y 23 EEEEI OIS
DEZHETIRNR > TWDH DT TR, EERAPEUN TE—7 2RI/ AT |k
MIFEFEE 1 L ARELEIZR>TWD, SABNRELELAIHRTHY . A AT MLVMEZ FF
RN E VI FERNG, Ny 7Ty vaORBIZIIELL BESRNE NS ZERF XD,

4.2.2. BRMHEIZLDIEFBEOBRE

WIS AT AORFIRENL, ZOREHLIOSITREL, B—DOIEKE LD B2 BN
DM, ML AT LOFFHRENL, T EJERE L 5y DT O JEE Ly & o b DiRE) &
75, mIRFET RO TR ORI ZMEET 5, Z 2 TIIME T AT LAOFHEIRE & LT
BRI, FERIE O I A 4808 L C =AM, BRI, BRI O, 1/4 MEOE., ©Z &Y W
DWREDEFEHANTY I 2L —va v &iToT,

Mean Variance | Skewness | Kurtosis | data length
Vsin -2.15E-17 | 0.999512 | 1.79E-17 | 1.79E-17 2048
tr 1.22E-19 | 0.999512 | -7.48E-19 | -1.18172 2048
sq 6.51E-19 | 0.999512 | 2.17E-19 | 2.17E-19 2048
1/2round | 3.33E-15 | 0.999512 | -0.50821 | -1.04023 2048
1/4round | -7.33E-15 | 0.999512 | -0.47427 | -1.0905 2048
nokogiri 2.17E-19 | 0.999512 | 2.21E-16 | -1.14452 2048

nff power spectrum bispectrum

max F max (f1,f2)

vsin 256 1.999023438 | (0.03125) | 0.002518842 | (0.027344,0.0039063)
tr 256 1.9674375 | (0.03125) | 0.002364648 | (0.027344,0.0039063)
sq 256 1.717282813 | (0.03125) | 0.002426892 | (0.0039063,0.027344)
1/2round | 256 1.8970125 | (0.03125) | 0.198485474 | (0.03125,0.03125)
1/4round | 256 1.295 | (0.03125) 0.25897356 | (0.03125,0.03125)
nokogiri | 256 1.329542188 | (0.03125) | 0.284501776 | (0.03125,0.03125)
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0 =1

Clode Dizplay

gyl

Watriz Tiiganomatric| To'Wakspacal

Aain Function

Soopa

vsin

Repeating
Sequenced

1/2round

ZZTvIal—varliz
6 D DAE T id 4 T HAE I
2% 0.03125 (2725 X 9 ITRE
L7, 2D EDETERT
b FEE R 0.8125 (2725
TW5,

F D vsin, sq. tr ® Skewness
D& WTIVS LRI
WS THDZ ERDND
FleXa T b —FRICIE
FEEeDEE > TWT, EM
PHENWSHTHDEFE 2D,
Z LT, A AT MLOfE %
B25 L, sq 0 tr ITEXENS
THNTWVBEFTTHDITH D
DO, N AT FVIRE
Pu b WHflIZR->TWNWEZ &
NN D, K8-3 D/RT — A~
7 bVERD L FEEEEO
3G DS 0.09375 21T E—
TN D T EIMNDIND N,
DIERIAE DL A L [FIkE,

A AR A a2 AT LA T 143B BT — 7 ay 7 No 25 Bk i s

Repeating
Sequence

tr (=A%)

Repeating
Sequence?

1/4round

M7. ThEhDOBEIE

0 6B &1 08 0@ 0% 03 0% 04 0B 08

f£ F : Original Data

TR R —2~7 WL

X8-1.

L

e

100
ml
k0

2HERCAEDSEB D L Z AT
INT — AT F )V RLAVUZ AR R B OB G O FE R e — 7 3 b

TE 6T WE 05 o0& 09 oE o 66 05

f£ F : Original Data
BT RU—ART fL

X8-2.
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Fepeating
Sequence

tr GERH)

Fepeating
Sequenced

nokogiri (Hi¥)

Gl Casmbrt o Cumiant

T
f ) oz| a¢:¢:¢o¢§ g g
o 21875505 5.5,

0z g"Snrm‘o‘n‘
Hiw" - pase o
i
eeddgdsde
2 05" g " 4 02 [] [F T}
It
[TE — Biscesctrum tram £ of cumulart

o
03

ko 3rdﬂ?:LlA7’//F
ETF "L AT L

T —7 3780,

& :
02
5 I
& S
)=
° !

vsin D75 7

Gl Casmbart

ﬂ%ﬁ “igfmw

ﬁ ¢ 2 A
ff{(“ "8 e

44 92 0 02 04
"

G of Bispectrur . Bimectum tram FFT of cumulant

.nlﬂralun".

HlE:39WXa ATk
HTF "L AT L
tr (ZAWK) o777

ZDlH, 3RO



A AR A o 2 AT LA T 143R BT — 7 ay P No 25 ik i s &

. B THDZ LITMHERT v

: . ] g
X BM, S AT NLTRI - MMWNW\WWWM{MW . L Jleness
: ] HEEARRR
THOIFES VIR TH . mmﬁﬁm?amwr.
HEE2 5, m" oo T T Lmn... s 1 B o 7o o
1/2round, 1/4round &\ 9 2 E 1 3: e o: _ :
DDIEE D Skewness & 1.5 & . o ) ] 4 i .
I/ \ﬁ_ﬂ %_) /\/—( I/ \ é k Z)) bz)) [T s o2 [F3 [E) [ 04 045 [13 © L) f & a2 m [ R TR
/£ E : Original Data FE:39FabT b
b, FTNNA AT MVvERD
ETF XU —A7 b Yl A (-80S 8 I %
&£ 0.19845474. 0.25897356 & L. o
K8-3. sq UEIMIK) 777

W EEFES T ToNA AR

s W

PRI TE 5 K 8-4 Tl &< - TN

RAEZEMNTEROAR, KS8- " _ B
ADRT =AYy bV ERD I . &_

&L EARABHD 2 15, 3, R | ﬁﬂnn" o Gy
AfEDIY TTE—I DD /2L : Original Data T TR
ZENOND, KK 8-5 DA T RO Ay i b
AART PVERD L HHIR X 8-4. 1/2round DT T 7

WEE S Z LN DH DT,
N — 27 b v FERJE R

R
Bo2fE03 0L ZAHTH R
. . < 44 st :':F;F‘s"
PR E—2 525 TNET it

hAh5ZLpETE S, o i Nl [l
5 AR 2 f. 3 f :' | s

REKCE = Db BEFLA
A AT MV TRIET 501
BLTWDEERAD,

nokogiri @ Skewness % 5,

% &, vsin, tr, sq D5 &

£k : Original Data HlE: 3o ATk
AT NU—27 kL ETF A AT F L

X 8-5. 1/4round ® 7 T 7

AR 24K TR A TR ‘ ; * - :"E::‘:';?::f:
venszesons. i | e
L¥=abT s bedb B I e W% o S
IGEWVEIIE R > TOW RV T ] e T T
TERSAH DML TS ' ” | iﬁf > o
S EmbnB, E. AL AN e T
J RV OMEE R B & /7 I : Original Data HlE:39Fa TR
1/2round <° 1/4round & [FlE, T 1 RT =AY h L FF AT h L

BEFEIZEBNbhd, X8- X 8-6. nokogiri (NJg) 77
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6 D/RT =AY MLVTHEGRT 5 L&, K8-5 &Rk, EARBEHOEREGO L ZAICEWIYE
— I PWATNDZERDND, ZOXITELARHFTEATHRNGMTE, /S AT b L
DOMWEIZ & > T2 IR 3 2 FOE 5 THIIEMRIE MR T 52 LN TE, 2O X I REFIC
3R A7 MVEE L TWD E VR D,

ZOFEROFEHNL, 3 kT2 LT FTHD Skewness TIIBH T Z2WIERRIEMEN, A
AR MVTHRHTEDLZ AR LTND,
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4.2.3. ET—F2ERRICLUF-FERBEDORIT

Val—vaili o T, BADERRLNA AT ST X L MBI IERRIE O IR T
ELWRMENR S D Z LRI o, 2T, ERFO 1IBFEEOET —ZEHWTHRFL, 20
fERAE T,

Mean Variance | Skewness | Kurtosis | data length
samplel | 9.38E-14 | 0.999306 | 0.999306 | -0.82188 1441
sample2 | -2.05E-14 | 0.999306 | 1.07038 1.39675 1441
sample3 | 1.40E-14 | 0.999306 | -0.08287 | -1.47741 1441
sample4 | -6.11E-15 | 0.999306 | 0.770792 | 0.062201 1441
sample5 | 3.63E-16 | 0.999306 | 0.161705 | -0.27735 1441
sample6 | -3.40E-15 | 0.999306 | -0.47668 | -1.22913 1441
sample7 | 1.05E-14 | 0.999306 | -0.19488 | -0.35804 1441
sample8 | 2.68E-16 | 0.999306 | 0.260079 | -0.97566 1441
sample9 | 2.63E-15 | 0.999306 | -0.54215 | -0.94514 1441
sample10 | -1.06E-15 | 0.999306 | -0.19908 | -0.59695 1441
sample11 | -1.97E-15 | 0.999306 | -0.02126 | 0.050385 1441
sample12 | 1.15E-14 | 0.999306 | 0.114852 | -0.1344 1441
sample13 | -6.33E-15 | 0.999306 | 1.24221 17.4097 1441

nff power spectrum Bispectrum

max f max (f1,£2)

samplel | 256 | 1.464175 (0) 0.489837793 | (0,0)
sample2 | 256 | 0.3024375 (0.12109) 0.031731934 | (0.12109,0.12109)
sample3 | 256 | 0.948120313 | (0.046875) 0.024393939 | (0.046875,0.046875)
sample4 | 256 | 1.402982813 | (0) 0.30073938 (0,0)
sample5 | 256 | 0.41194375 (0.12109) 0.031506561 | (0.12109,0)
sample6 | 256 | 2.365098438 | (0) 1.218829901 | (0,0)
sample7 | 256 | 1.372734375 | (0) 0.55401355 (0,0)
sample8 | 256 | 0.535767188 | (0.0078125) | 0.701895178 | (0,0)
sample9 | 256 | 1.906420313 | (0) 1.050596094 | (0,0)
sample10 | 256 | 1.562965625 | (0) 0.296275403 | (0,0)
sample11 | 256 | 0.491910938 | (0.050781) 0.01617984 (0.050781,0.050781)
sample12 | 256 | 0.19743125 (0) 0.004326263 | (0,0.046875)
sample13 | 256 | 0.401267188 | (0.011719) 0.354293604 | (0,0)

Skewness Dfiz 7.5 &, sample 3 & samplell VUAMIELARFR TRV, EBHBMNITEA T
HDRATHDHENZ D, A AT MIVOfEZE LS & sample 2 | sample 3 | sample 5 , samplell,
samplel12 UAMIMEZFF > TWD Z ENDND, Ll 2SN AT ML IMEZE RO B O %2
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HCTHD L, HEFF> T 5 sample W71 (0,00 THDHZ ENbND, RU—AXT ML
WK Z & 2 BT h 2 HMARE W S E o & BEEE v UAREARE K> TnD b
DHLBHDMN, TNDBNA AT MUTIERNL TR, LRI/ T — AT MLOKERTH,
o UAN TRROE =7 2o TNDbDTH, N AT MAWRMEEZ LD H O, JEKK
BErDEZATRERE =T EZFSTWNWDLZ ERDND,

£7-. XK 9-13 ® samplel2 DT —2 X7 hLER LD E IRERTOEEE T U —%2F- T
WD ENRDND, TIUINA AT MVEFIAT 201 I RNT =2 Thd L E X5,

a

Y T e - : o My W;
M| Y ll' "Lif'lr?fuj h N ]I"wﬂ\‘r ) “— _k—__iﬂ\-lll{__%_“"f -|L.-'\-\./\1— N - f -

g

3 E
10 00
100
15
w0
- 100
0 ]
ol 0
o o5 01 016 02 0% 03 0% 04 045 05
[l —

o o ol 0f 0% 63 0% 04 o0& 0

R 0e q 01 07 03 04 oh
n

X 9-1. samplel

o

i 'I w .‘ _ : A ' e ‘ i/ﬂl/\/"""m;_,’""l ‘ -
DM#NNWM%‘W " II.T" ]'\III lll\ . .j'll )II \I'. Ifh!' Ilr""\ll ,-"\’“. “ | m«lj
= 1 =~ Vi) oW 2 Ir~

B0 w0 ] 600 w0 ] 60

s 8 &5 8 8

e # [
] 2, [iE]
o - y
(1] 4 [
of o
o . s
b e g 00 p 9 01 0z 03 @4 05
[ n

X 9-4. sample 7 X 9-5. sample 8 X 9-6. sample 9
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A AR A o 2 AT LA T 143R BT — 7 ay P No 25 ik i s &

E
=
rF
%

: : ) M9-17/75H9-8
2, : EAPE TR

ZRFOH D

. : by i
g o
1 -
= 3 [T =
of 1] 1
5 s S
LA o0z 03 o4 a8 ] n o 07 03 o o
L n

X 9-7. samplel0 X 9-8. sampleld

n oo BZ.‘II'J [T g 00 p o 6 0¥ od o

X 9-9. sample 2 X 9-10. sample 3 X 9-11. sample b

. E) B 9-9 7269 -13 133
I T & cgwﬂtmﬁﬁrn;ﬂ?:v} /]) ]/\oy ]\/1/755‘ &i ﬂi'ﬁ“m k

st
% B 8 8
e
8 B
[
st
5 #
L]

o 0z 03 04 0
n

Al Chratent 3 Cumirt 3 Cumiart
0z H -
HILEDMEIZIRD H D
a0
#
1]
a7 0 o o W& ez 0 6y 0%
" "
, Bpectum from FFT of cusuiart s Pepecim o P of cumiant
3 B3
m M 100
:Em w3 ia
[
jm b H
o L] of
08 o 05 4
r” 0 n @ 02 03 04 0§ B 0 g @ 02 @ 0 08
"

X 9-12. samplell X 9-13. samplel2
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FEEFDOT —ZIZONT, TALYFPERNTVIRRIEDORIZLTRT, (?) BO0TND
HDOIX, AP (?2) BONTWZbDTH D,
SNIVTRE sample 1, sample2 (?). sample 3. sample 8., samplel2
Fa—=V7RE |sample5. samplel0 (?). samplell
0 — RIS O sample 9
A1EL samplel3. sample4 (HIEHEL 2 [A])
=S IV A NP sample 6 . sample 7

ZOROABHEABDIAENA AT MVPMEZFFONE S INTHBE LIS ORI IR &
AT 52 LITTERY, N, AT MAREEREr TELFF>E WD 2 8id, HmBEAT
WD ENWIZERDT, ZORENRRKRENEN) ZENEZXLNLD,

~.7 R

PV
PV
PV
Py

MV MV MV
sample 1 sample 4 sample 6 sample 7
z z| 2| (ﬁ |
MV vy, MV MV
sample 8 sample 9 samplelO samplel3

4 10. /~A AT MVDPMEZ FFD sample O PY-MV [¥]
10 &% 11 12341 A
NI MVBMMEEZROLD | ¢ \ i ﬂ
EEITROVWEDIZHE |
LT, ENn<Thd PV-MV
MEzmrLiz, 22507
—7ELET 5 L K10 w = =
DIF T BT R O X sample 2 sample 3 sample 5
IR A DT 72> TV
LZOIZRL, X 11 OFI
samplel12 % [\ C iy
TNV~ L ERIN TS
E2ICRhAD, ZOXER

PV
PV
PV

PV
PV

MV MV
HE, TLHDOGREIIANA samplell sample12
ARG MVBNRICTE S X X 11. /S AT RVMEZEF72720) sample O PY-MV [X]
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BB HNDD, ENWVICTILEZRNTWRWSAAIIHEREALE MR D DT, fRED
SHE L TVDIZImE RN E NI ST 5,

L, ARERMHENAERD TH LR E LT, HAODIEREZE T NS Z DL 2T DI
PERBETE DL WHIZERHDLOT, ZOENLEZDHEXI0 LK IIOXHITHIETED L
WO ZEE, NS AR FAPMAL DL THHTE S A[REMENH D EE X BN D,

4.2.4, TMFETIIERSIN-BXRMAEOFRICET 5L DDKEE

4.2.4.1. INA ARG MILDOFIA

INA A7 MVOFIRIZEE L TIE, BHT 2003 Fi247447= SICE Annual Conference T
Xiaoyun Zang, John Howell 5|2 & - T¥FE 417z “ Discrimination Between Bad Tuning and
Non-linearity Induced Oscillations Through Bispectral Analysis” & 5, Z Z Tlid, AT «
7 a v iR EOIVT DI MRELSE O @I 2 DT, N AT MAREERD, T
22—V TRBIZ L DI ASA AT MABNMEE RV OTHETEL LW Z e E
LT3,

INELSRIOMBRTHRIEL TAHADL L, ET—XIZLDLODRETIILT L SENTES &
W) Z L ITHER T E R o Te D AREE O @i 2 o5 513 AT FABMEEZFFO LN D
N B ¥ G

4.2.4.2. NALaAE—L U XDFA

NA T —L o 2R LIomRFEEH T & D BB ISV Tid, 2002 48 6 A0
AdCONIP’ 02 T Shoukat Choudhury, Sirish Shah 52X > T “Detection and diagnosis of
system nonlinearities using higher order statistics” 23 %3 Z 7=,

ZIT, N2 — LY AEHWEHECOW T Y I ab—ya U EToR, N ak—
UV ADERMIEEDORMICFIATE 5 Z LITMR TE e o T,

(Rfae—LrR)
NAab—L AT TOLIITRSND,

E(B(f, f,)|f
E(X(f,+ f,))E(Y (f))E(Z(,))

WIE L AT AOFHERE Ch 256, TONAL AT MU EBErTHLDOT, Nfak—L v
AOMEIZER & D, ZHICED ., AT ABRBIENE I DEFHET 2 Z LN TE 50, i
WNAAXRT MR DRI E R U D TH D, FETT7 2 N TOT—FTIL, A7 MBS
B% & 2 EWEPAFET DA ERER R <. S 27 MLVORHEOE DMK 72 5 fERR D
B, £, NS b — L AOWEMERICOWTH, MIRAEELY, TDH, ALR— b
TlZ, A 2 b — L ZADOFMITH N5 T,

lbic(f,, f,)|" =
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(RNAf ae—L  AOMBE
B1DOET/NT, EREEZEIRL, w207 A %211 Ty Ialb—yvaraiiol, £z
Random Number 1 |33 o | BEH#EREZE 0.01 OIEHRILEE LT,

Mean Variance | Skewness | Kurtosis data length | nfft
7.50E-17 | 0.999512 0.75188 | -0.983692 2048 | 256
power spectrum bispectrum bicoherence
max f max (f1,£2) max (f1,£2)
1.57695 | (0.0625) | 0.3725596 | (0.0625,0.0625) | 241.1147 | (0.066406,0.066406)

AKX fae—L v ADHE . o
. OM D 1 OMICARBIRT R e '
Thorh, L THREARMEIC : , Ll 3 Bl
o TLE-LTWD, T ’ " . g, st S m"m:i.mt,

A ae—LyROHEIEE T = -
WL R MARMEERR o o -
RCEEKE ST TR T e i
HREXTLEI LD THD, feli s Original bata fik:3UFanT st
ZOREOBRICH, S 2 L BT 2T b

X 12.

J RV BEERoTVD

(0.0625,0.0625) | 1.064166 &\ HIFIT 1 DEAE L S TNDDTHLIMN, /AT =AY bLD
MafoePr R MEEMEEAETHLID, BaBINEE 2R e ThEn, &7T
DAY PVPMEZFF> TOIUTRHRIZATRETH 2725, Z 0 X 5 RffiEA2 5 Z L iIXEOFEHEME
PMENTEOERTH D &0 Z D,
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4.2.5. F&

ARl IEREMEE RN 27202, EROAN D OTEE L SRR OB &V D 2 DO
TR ZEIToT2, TORE, ELODPDPHRINITIFIE THHL LV D ZLIXTX L0, Zoh
IR TH-THLELLIZHL RNV L DD Z ERbhoTz,

BRI ORI TIX, FEEORDDOEE . A AT FUIZRNRN D EBREETE 72720,
IR =AY N VTS O AL 5y DIFAET D 23503 % WL CHIT 3 2 7 IR & Lo 1)
bNAHEELHDLENR D,

TR EIC L VIR AR TE 2B AEE L, v Ial—vay, EF—X T, TO
BRI EBIELT-, I 2L —3 3 Tld, Skewness (FEfFE) &34 A7 ML T, BEH T
LHAREMENSH D Z LR LN, ZOBRHEBEHEL MRS LZ bRz, ERIEFENLDT —
ZTlE, MV-PV NS, AT 4w 7 B3> & 4T d % % Smaplel,Sample8 7 —4% TH, J&
WP a DL Z AL AR FVRNBND T T, EREEOTFIEE T DT — X2 0, faaft
F5HZ &k, HEL o T, EREEERIT. IR A R DREN A AT S LIk, B HND DY,
ZOFHEMENS, IR ELZHW T2 LT LN EEXBND,
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Appendix

Al FKHERE
ALl FRE—AV b
X DAEDS X A T D ez 2 BAEATPX(X) & L, BHEAMASXICE L T HETH D & &,

px(x)_iPx(x)%‘:ﬁE BE LS, X <X<X, THDHMERIT, MFEEEHAEEHNT,

j pX(X) LR D,
Z DOREREI X Omiktat &iT, RSB pX(X) ZHWT, LTO LS IZER SN D,
ki kE—RA2 b mfﬁgxpﬂw ﬁwyzﬁxmﬂ@m\*&%~xyk
WEHEN D OO OF— A > NI, FLE—RA Y b E XiEH,
k keE—A>r k C, =ro x—u) px(x)  Hlko? :J-_w (x = ) px(x) 12, e —
AU RTHD, T—AL MEeHLE—AL FOMICIE, LLFO X S BRAKRNLT 5,
C,=m,-m’ C,=m,—3mm’+2m°’ C,=m,-4m,m, +6m,m’°-3m*
C313fm U EE(skewness), Cy i fm - (flatness) & FEIXIL D,
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pX(x) = N(u,0°%) =
N 27o?
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A2.4. BREEEXILSVPDBEBARIML
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Case 1 : Level Control — Valve Stiction

2 2
2
20 2
0 2
9 0 4
0o 10
MV

‘ ‘ ‘ °

0 360 720 1080 1440
. -

Case 3 : Level Control — Bad Tuning

Flow Rate

720 900 1080

1

‘ s s - - - Flow Rate 4
0 360 720 1080 1440 | ——m Level

time[min]

w

0
— MV 0
0
-1

s oooooooog

U5 0000000000000000000O00 10000000

A B Kaseda Horch
Case P o Foaz T & MSE; MSEs Stiction
1 LCO stiction 0.55 1.77 2.06 0.98 1.80 0.20 0.52 Yes
2 FCO stiction 0.28 1.02 0.00 0.31 1.81 2.01x10% 1.70x10* Yes
3 LCObad tuning 0.00 0.00 0.00 0.98 1.19 0.45 0.79 Yes
4 FCOdisturbance 0.00 0.00 0.00 0.34 1.41 0.00 0.04 Yes

oobo2000BO00ODO0OOO0OOOOOODOOOOO0O0OO00O0O0O0OOOODODDOOOOOOO
ggogoooooboooooooooboobooboboooobobobobobobobooooooobDboooD
oobobooooboogBbooboobobobbooooboobon

5.5. U000

gooobboboooobboobboboooooooobobooboobobb 2000000000 DbO00
gboooboooboboboogo
HorchOOOOOOOOODOOOOOCOCOODOOOODODOOODOOOODOOODOOOOOLOO
gooooboooooooogoooboboooboooboobboobooobobooooobobooobobobo
gooobbooboobboogoobooooooobooooboboooboboobooooobobobooboboon
cooooooobobboboobooooobobboooooooobb bbb booooooD
gooobooooboboooooboooboboboboboobobooobDboboobObOo0obboooobUooUoo
goooooobbooboobooooboooboboobboooboobooobDoboooUoooOooDOoo
AOODOD p0 sO0O0O0O0DOOOOOOOOOO0OOODOODOOODDOOOOODOpODOODODODOOOOD
gooboobooboobobooboboooboboboboooobooboooobbboobbdbebbOOO

318



H AR A 0 AL AT AT 2E143EER Y — 7 ay 7 No. 25 B ik ik &

000000000000000p0000,0000000000000000000000000000
00000000000 00000000p0000000000000000000000000000
O000000000000000000000ACOOOOOOOOOO000 ¢,6,,6,000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000

000BOOOOOOOOOOOO0O r000000000000000 F000000000000
0000000000000000000-0000 0900000000000000000000000
000000000000000000000-000000000000000000000000000
O0BOOOOOOOOOOOOO0O0O00O0000000000000000000O00O000000000
D0AODOOOOOOOOOO0OOOOOOOOOOOOO0OO

000000000000000AODOO0 BOOOOOOOOOOO0O0O0O0000O00000000000
0000000000000 000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000
[10]0

000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00O

godd

[1] Harris, T.J.: Assessment of Closed Loop Performance, Canadian Jornal of Chemical Engineering, 67,
856/861 (1989).

[2] Qin, S.J.: Control Performance Monitoring — A Review and Assessment, Computer and Chemcal
Engineering, 23, 173/186 (1998).

[3] Harris, T.J., C.T. Seppala and L.D. Desborough: A Review of Performance Monitoring and Assessment
Techniques for Univariate and Multivariate Control Systems, Jounal of Process Control, 9, 1/17 (1999).

[4] Huang, B. and S.L. Shah: Performance Assessment of Control Loops, Springer, London (1999).

[5) D0000O000000: 00000000000000000000000,00000000000,
35, 594/599 (1999).

[6] Horch, A.: Condition Monitoring of Control Loops, PhD thesis, Royal Institute of Technology,
Stockholm, Sweden (2000).

319



H AR A 0 AL AT AT 2E143EER Y — 7 ay 7 No. 25 B ik ik &

[7] Muller, F.: Simulation of an Air Operated Sticky Flow Control Valve, Proc. of the 1994 Summer
Computer Simulation Conference, 742/745 (1994).

[8] Choudhury, M.A.A.S., N.F. Thornhill, and S.L. Shah: A Data-Driven Model for Valve Stiction, IFAC
Symposium on Advanced Control of Chemical Processes (ADCHEM), Jan. 11-14, Hong-Kong, 261/266
(2004).

9 O0:00000000000000O0UOO000DO0U0OO0O0OUOO,000000004,29/30 (2001).

[10) 00: 00000000000 DO0OO0OO0O0O0OOOUOU0OO0UD, 000000000000 O0OOO
00 1430000000000 No250 13000000 (2004).

320



H AR A 7 0 AL AT AT 2E143EE RV — 73y 7 No. 25 B ik ik &

TSUT =D

FERALF TR DT T v — 2 et A A 7T,

T—%1 FAEHH (FR)

AT — LY —E T A EREE DT 47 22— P
FERIE T, T ERIEE DDA —NHERR 72> T
Do B—H—BRENCT 4T a— VP AEEEZTE
V)| B R D NI ) 0D 43 iR HE D 7= 60 b Bt
ROEEL TS, BH O PID TIHEEINEES
72X vy 7 fHE PID S# S,

PV

MV

T—52 RERE (FR)

.

n_,

\”\ -t LA \.‘[‘l ‘ Jlml TN
I EL AR O PR B AE T, — BTl & Ao T
W5, AIBEORZ MEREHIHOF 2 — =T RRE

> T, EIZBEMMZRAELA N> T, MV D4y
RO DHY | FERI /2B AR L TS, SRR
REATERASVT OREML—T LOF PO A HE

MV
LD,

321



H AR A 7 0 AL AT AT 2E143EE RV — 73y 7 No. 25 B ik ik &

T—43 mEFE (FR)

PV

>
=
RZ 2K E HIE T $h& L)L 7 Tk i % il
LCW5, NIVT AT 47 DTFT —H T MV-Flow 7
> 2 Ty MZZEOWMBIE R R BN TWD, — 5,
[T
MV-PV 7oy MIFEH WA, < Blg4 5L
I USRS A ND, ST ERIELIZR 0T

MV MV i
— P27 =2 12 TR,

T84 RERE (SELD

r Bl TR

68

Z b TR B2 G 3272 o it Bl
T TR THZOFEERME DL TVD, B—RZ%
HRHCELE DE NP EALT D70 EHERIC
MV-PV DEIRAKESLZEL TD,

PV

MV

322



H AR A 7 0 AL AT AT 2E143EE RV — 73y 7 No. 25 B ik ik &

T—45 HEGE (Fi—ZUIFR)

RZ 2R HIAE T, P L o2 L7 Tk i % il 48
LTW5, I OF 2—=2 7 BREDT-0 JE
/ BB AR LTV D, /LT AT Ao K
MV-Flow 7'my MIEh Ve g A% MV-PV 7
1y NI THE IS B 2 R LTV,

PV
Flow

MV

T—%6 EAKE (EFE)

| L
N

b T Z

PV

[ Pc

N

MV

Bl s DWRIR O E A< 0 Z AL C
WD, JESIHFT 2 A B IS TELL T D, ISR
i EE ORI (R L X BRI LR) C 7 — 203 )
DFEMZL TN, NSV T AT 4y 713

PV
Flow

<, REFHMEIZ A X%E A TVDTD MV-Flow
Zay SRR E T IE S DN TN,

MV MV

323



H AR A 7 0 AL AT AT 2E143EE RV — 73y 7 No. 25 B ik ik &

T—87 RERE (EE)

PV

A3

% IR

TRl 5 7 R OFE AT B B 72 it B2 o )
ThD, —ERETHESNTEY, "VT AT 1y
71370 BRI /A XD REND,

PV

MV

HEZEN 7T
i L

/FEC

S ORTEHIE T, $E L O3t B HlE#E Do A
RIS TND, NVT AT A I DT —4
T, MV-Flow 7'myMIZOMBIR 227384 C
W5, IEFEICIE, BEERIC LDV T AT 4o 7 TR
< BB ORI LB 2 Hid,

PV

MV

324



H AR A 7 0 AL AT AT 2E143EE RV — 73y 7 No. 25 B ik ik &

T—%9 EAFE (EFE)

Pc Y
N A

=
=
T

e

Sl —

JERERE O I HE A HIE T, % TROMEHEICE-

TOJEIR 7 IVARIZEALL TS, INEEFEEE DR
2 3 / JECTT — &ML, BRI R B0, LT
[T
AT 4w 713732 . MV-Flow 7 my NI e iz
HiDTWD,
MV MV
T—R210 EAFIE (Fa—=2FFR)
b =
> \
a
'pc
N
.WWW Ll @ g T |

MV

JERERED Y7 > a JENHIEIT, PV & MV (ZJE 1
PRAEE N RIS, AT TR S i A
NEDHY, BiRHF a—=2 VR ED, E RIS
BHIEOTFEREDLND, NIV T AT 49 7 F 20
23, MV-Flow 7" R 5 13 T LB~ (O B B 28

T BNIVTIN20H5728) .

PV
Flow

MV MV

325



H AR A 7 0 AL AT AT 2E143EE RV — 73y 7 No. 25 B ik ik &

T—211 REHE (Fi—ZUIFR)

PV

R SR HIE T K& L0007 Tk % IR
LTW5, I OF 2—=2 7 BREDT-0 JE
HR7R BB Z L TNVD, 7SV T AT 4w 713724
TEEFHAEIL /A X% 8 ATV DHT2 MV-Flow 7’1
v ERE L OIIES OV TNVD,

Flow

MV MV

T—H12 REHE (EFE)

KT LR IEHIE T, T — X 3DV T EHELT- 1%
DT —=H T, SIVTERMELT-ZET VT 2T
S DREE N, B EED Abhelizo
77

PV
Flow

MV MV

326



H AR A 7 0 AL AT AT 2E143EE RV — 73y 7 No. 25 B ik ik &

T—AR13 REFE (EF)

I L

(N

B 7T IAH O EFIE T, —E iR & THIEI
TWD, &, BITRROM A RENEBL (FHEL) |
MV DAL TS, 2L T 2T oo 21373, T tE

TMEIZ /AZXD RSN,

PV

MV

327



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

$F6E Wavelet BZAVW-ZKBEEiT—X DR

Wavelet fEATZ VN2 28 B E5 B AT — & DENT G S &

HEH
AR “IHHEEFEER) KRR TS 2T LG
[LERENRL —ZE bRt U H TR ERT

328



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

6.1. IZL®IZ

BRI ATy OMRAE QREE | JEJ), AR LB, BN 1T BT % AE LT 2Bk
2720 TCNDIENLZ N, ZDTZD FEEEOT T MTIL, BB B ERB BN 8108 ENHNEL A
BEOMRBEDE B T2 LABH< T2 I HlEI R (BN B IS & RS DikER) 3 STV,

— Iz, HER IZPIDHIEN AR S ND L7 7 4+ — R 7 OIEEE R TRY | 503 B EED
EEDIREDE LTS EITITE D EEZ DK T HEEBEIMTONDINTERFT NS TS, LLE
BROHIE R TIL, HEA R B3RO R RARSICED AT REBERRE N2 B ERKREDMEFL
T AR T MR MR T T 228 b I D, HEICdo T, AU HI S EICL0E
HFDO—HBIEDT 4—R /3y 7L TN 52812720 RZETKR T DEIERREDME T3 213720 TR
7R 722 (FEGEREY) 2872 IC 8 AET 5280 b D, TITHNZ LT, REEITA 7 OREN T
HERICIR S TWBZEDD, HilHR O CRAE LT RBINEHIE 2RI ETHER B E RELE
(235, DT HIHFR L B AR E B E A M T b ne | HIEEES R IR CHi- /2 A 8%
A B LR BB ALE RIS L\ o7 A7l AR &2 D,

ENTIHEDIDNTUIES, HilRICER T 2L 82 BT HZLNTELDEAINN 2 HiliEl R Ik
K9 2B IR IREN DR R D | RN T — 2 % SR B BT 5 2 & CREGEI IR B Al 50 % B
PRIZ 3 BIL CHRIE R DR BEGE RT3 ZENTED, 3R, 7 mEADIE B2 DWW T O EHEAT
TEE 7 — V=B (FFT) &2 AW TZRET AW O T CEINY | 22 CILEBEO R B OiEiR T
—ZEENDEENR LT, FTLWEE BRI FIEOD = — 7 Ly MEHE IS T 52 L THIERIC
R DR IRVl 5 2 2 &AW RE/R 2 &2 n 7, £ LT, IR &R I B D BRI G BB D FE A T
LANEREDHIIALE 1T ONTDOELEET),

6.2. L7 T MO G AR DB fR

LF7 T ME RSN TSI T UK EH DM, LFX 2T L~V TREIITNDOEPID
AR ZETHY 7 o ZHIEOFA L2 > TWA P | PIDHIEIIAHE & AN B THREL LV HIE S
KTHLN, arbe—7 i, 7 atR6e5/0— 7 WIZFERIEE, (BN E R L RTA—H2D
TR REOFIET, YRy M A NARE D JSHIEIFZZ R A LT UVEE IR TS (K1 /),
EBEOT TR TH, NIA—FOPHEREL NVT DAT 472 a REAT VU A 7w ADO IR
DIRE CTIRBINZEIEA R AEL TODHELZ N, Fo, Tt ARREO B TIL, KRG, 7
HYENEL, B ATS E OB L AR R L SO R 2 OB BEL CRMMEEN 77 M
RIZIERDZEB DD, ZD I OO ERNZ LD IR E 5 Lo 7 b IRBEILE HEMFEIZ M <
TV, PR T =2 OHIINKONDE B NEIEL TWDTD IZIREN Z i HLUIZ L 328
R, FRIR T 2~ E i EOREN RSN TODIENZ VDL FEFIETHD,

329



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

5 &L
W/\/\/V\/\‘N\/\/\N\‘ (white noise)

JEHR T 1
TN

% VAN MV || ~HlE IV T EE
2| LEARE >l | - mERBSRI + 1 BN
¥ Controller Plant
- BRI
HE

HEDIA —KN\YILRATLTOEFRBIIBRGECZIRE

R

(1) NEICDEEHIHBRTLOEIBELTOCADFRMERTEES D
(2) T4—RNVIIZEYNELICEFNOIBEORRBAD L. ROPFTHRAT S
(3) ABEAKBAFRIEFLLTEND

—®iEZEBEH: | Gw) | =1, LG(jw)=—7r(3)

—RIZEBEH DT A FRAH—THFRER(—1, 0)ZRBT HEEFRIRTHS
WEEIHEEERET D

X1 TA4—R 7S 2T NMNZBITAREIFEED AT =X

BT T MI BEBNHRESN TODRFITIR R DA PFERN RN RS ND LD —RBIT, e
D BT T O EVEE B 20 THIMEWEZ BAFIZOR O ZLIIRGHET T MO BEE 25
BTHD, ZDTI= | HRITT T MG EB 2 L TRIBZ ZE IR D IO TS R B
(272> TNWDZENEEND,

6.3. —ARZT ¢

I T AREORNBIE T AR B 2T = —7 Ly MEHRIC KON L7 S22 01F L
E0HIT 5,

BARNDOFF] (Fr—A1) TIE, AR ICBT DM E T RATOIL TR, iR L AERE EOARE
BlEHEVREL TR, I —DDHER (r—A2) Tl EOREED HICERSNLTWDED
72, BB REILDOG R EIRIZIEDN->TEY, EZBFRKTEDIHTE B AT B KIFL T
WDDDERFET HZENHR TR,

LN UCL A, RN OB 2 L CEZEZRIRIBICT 22813, ZRBEOLA 13 E T
LB THETOBRE N ST KT HH RO FAX =B EZR/NITHIET RN, R DM
BE (RAZEMFRIE CIET AR T 4 — <V R) B EIC T HZEICEN D,

6.3.1. ZEMNGEIRIILCWDREE (r— A1)

330



A AHIRELE 7 0 AV AT AL 143FB RV — 7V ay 7 No. 25 i S &

(1) FatAOER

BREIRIGOET T OME L K2 (TR T . ZAUTRTIR D, 4. 1. 6. 2. ORFIHHRIGOZK B L[F)
— TN AKETIE, 7TV MOHLP LB DB AT T 52 L2 AREL T, =7 /L T4
FROEEROIIET | BT TR RICE N TORWERITH L THRENT 21T T\, 7083,
HEEI D B A, HIEEE SR TR @ Th D,

MV MPCOEEEH ZBP70tarn-

FF MPCONEZTH PC
006

CV MPCOHMEH

IR

X2 AR (r—A1) et Arrm—[

(2) B D IR RE

KRB ORET —2 (X2 OFRERDOT —&) R BRI T vy LR (VR 7 57) L0 F
(K3 IR, LLINBDMMNLIE, W O EFTOREES R A 2D OB &> TV DI LT
DInDN, ENHDORIOBIR (TH5) 122V TiE, N R T 7055700,

331



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

276 S i —— FCOFY Reflue Flow 75 - AT011 1 = &
FOODLGEARE)  [| ooty R fiew - S N T
a7 T4 L‘ﬂ
55 72 vﬂ.ﬂq’“ﬁ‘ﬂuw
i 72
36 ! T,
71 "
355 - i b]n., 1
35 59 H'W"Jw
ad5 1 } ] Hlﬂﬁm n.ﬂ."lllk
3 1 i L
34 | 67
325 56 .
1 R T Y R ST ) YR IR ) 1 477 053 14201005 2381 2857 3333 3200 4235 4761 5237 671:
LON3gmES L —— LE0 IRV Reflue D RE - R e =
B4 S e ATy P9 [Py — Loy o | ooy PIOOTC IS Fods 7T ﬁg:w Refluz Crum
63 57 i .
B2 I A 56.5 i
§1 | 4 ‘J L 13
50 I. BA.E
- |’|| 55
Y1 | T 1| 545
5& ' 54
57 B35
56 5
1 476 951 14261901 2376 2851 3326 3801 4276 4761 5226 670 1 488 975 14621343 2438 2923 3410 3897 4384 4371 5358
= o —LGoIEY Bothew Lavel | | 28 o POODAC S — PUO0ERY Frass.
;g LCOI2CREEL )L ey i (BRI —— FEDESY Fross.
66 g | J
64 1 Il i 1
o - T
EE ! T w i!' 'l1|-'| N |I'| r’||'
55 | I !1.'[ f
54 L T l
52
0 .4
1 476 951 14261900 2376 2861 3326 3801 4276 4751 6226 671 1 433 75 1462 1045 D47 2007 3410 2807 4384 4371 5353
(| FOIO( D A 4
el FCODS(AF — L i ——FEU0IRY Faballar Flow
ad Go —— Fb0aY Fab lar Flow
a3 i 1 1. L i ] RE 1
82 Iu!wl 56 -
&1 4 ' i — t 54
L | I |"| T M 52 T L it
74 1 | 50 ,
73 43
1 476 951 14261000 2376 2851 3326 3800 4276 4751 5226 57 1480 961 144 1921 2400 2881 3361 3941 4321 4801 5281
5 - .. —FCQ0EPY Aweyzls Flan
FOOD3CUA D)~ bR B —— FCO035Y Rusyels Flan
5
30 Ly el . 1l ] I 1T ||||.
Ry I Xeg: FUFULS EEIOS) x 4B H
41
a3
an
25 ! !
20
1 439 &77 131517532191 2529 3057 3505 3943 43381 4819 5237 559

X3 »—RA1 TITUMDEESDOWRT —% (LU RTT7)

332



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

62 = FCO05(RF—LiRE)
FCOO5PV Reboiler Flow
60 i FC005SV Reboiler Flow [
58 =
56 g “\‘\ “\ ]
i e an I “‘ “ Il i ‘ ! |
54 [P0 b LR w ] || Ju i
\ | : | ‘
., L MBS
R
50 [ i
48
1 481 961 1441 1921 2401 2881 3361 3841 4321 4801 5281
LCOI?,(E}HLF‘%A[/&}[,) i LCO13PV Reflux Drum
64 LCO013SV Reflux Drum
63 —
| Ll N
61 —
w.ul'liﬁm ] I’lmhna 1 1L A

A Lk WIHUe

1 476 951 1426 1901 2376 2851 3326 3801 4276 4751 5226 570

75 AI011 (B4 ERR)
74 ™
73 L"'LJLLI‘L,LH.J'W‘"I]LR

L | o
79 | %
|

71 W

69
68 |-
67
66

AIO11PV Btm Impurity

1 477 953 1429 1905 2381 2857 3333 3809 4285 4761 5237 571

X4 P R7T7 OYER
XSO RTTT7M5, 3RIEEREH LU THLRL TR Lz, FILEN_N—ATA L DX HNE-S

A
TV AT —# (AIO1 1) 13 7V 7 RN B2 D2 L (2047 JAH1) 226 B HE O B
DA IR R T T T 51 L0 57200,

333



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

(8) U =—T Ly NEBUZ LD BB OfFHT

FDRBEEAVDOI LRI T7 (M3 IZDNWTY = —T Ly MEMAAT > TIRFZATY, T I3RHEE
MR D121, FRFEMRPL R T —ZE LT FC005 (B JEIRE HIEI AT — LI &) 238 Y, Thiv =
— 7Ly NEHLT-H OE KSR T,

SRS cLy RT5 7
S GE+1—

5.6E+1—

S4E+1—
S.2Ee1—
S5.0E+1— 1
11:59:00 4
—_—

1 1 1
IBHILTM| Wavelet 25 [ 030000 WM 11390 4
FCOOSPV TEx185RY PO0Z/0317 00:00:00 |
Dimuta ¥ =%
T2 O0G.csswy

_orTEET POSSG2E-6 | [EHA ME70E+G | | J

LA B4

1.0E-3

Tmin

51.5E-6 —]
12:00:00 “FJ{iy
a3A15402

]
J:2:03:00 - {T

]
J2:03:00 -F{T
a3 15402

]
0:2:003:00 “F /T
o341 7,02

a3s18402

<>
@© ZERLIITIE, 80 73 D—EDJEHIDIREN A E ATV D,
@ 80 Zy EAMIDIRIEIZ, B & EHITZE(LL TS,
X5 AF—AjiE (N RT —4) DOy =—T7 Ly M)

BRI TGT7HT =T Ly MEHLTEb D% M6 ([TRT, Nl N7 T700IE, R R o0
PRI T8, R — & B BOREI CBLER 958 FC004, FC003 Z B & 25 IR BIZZ N4 80min O
JEHITIRBIL TRV, EDAERIHIRDOZAIL 7 H—FH L CTHDZENHRIZ L TEND, (FC003, FC004
(21, 80min D IAMRZLHREN A T ALY 725700, ) FC004 (22T, — 6, 80min L DHREY DIE BT
MROENDEZALDHDN, FEDET] (PC006.PV) DALFHEX L T T D L8 D28 EFLTZRFIC
FC004 D7 —R &N T 285705t S BRI > TRY, BDE S OEBTFHFEIN T7r— i &
(FC004) DEB M AET TWDINTHEIR T HZEMNTED,

ZD72, 80min DA M AFHUE T HEEN T ORI RICIB OV TRAEL, ROFUIERHEL TNDHILE
NEZHID,

334



LZ012PV

H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

o

1 5601
o B e B AR T L -
vt VH ST airiad "hme e o e ol

RITIAN POOZ/0I/TT 00000 | wil PTOOTPY
L% 1D | MRy COTESTESS | MUA HEIOESD : | LR BOTEOTE=

woao oeousg ra0a0s 4
S e T

L BT

i S S e
ST SOGRARATT G000 | D 30W Gmisa VEEV

AR EOT | MLSEY COTEOTE-S | WONA HETOE+S 5 IFie SWI02 08 cav

[ ]

Ll okl ]
EEET

T

taxo- 8
]
Tasmes

Ausc-o -8 =
ARGRGD P
[EHT

T -
= ‘ i ] S
Ssce . sasncam v i e

FRITIAAN DO02T0U T D000 |
| iRy DOBTICEG | MEIRA WETOED

[OF BOW Crmita ¥ ¥
D002 (306 e

A Bl

HRL R T —=2IZI3, 80 43 A OIREN 35 %
NTBRY, FCE R ZR T,

({EL. FC004, FCO003PV [L1#727)

it i bl
RIS SOOEATY GO0000 |

| Wums EOEHEE

| MR HETOED

var e

X6 7—A1F Tk AL RTF—HDy=—7 Ly MEH

335



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

(4) ST DIEERRILDNCDE 52

FHEL—F DR 7T O BEE (SV) LHiliEE (PV) 028281459 54, FCO05DSV, PV
DZEE (8057 DIREN) 1 TIFIE —EL TRV, o/ —7 TIISVOIEZ H LI L CHIEE (PV) 23
804 DA TIREIL TWAHZ LD, ZOZENG, 804 DIRENINZRZEB)IFCO05DSVINLI A
L TCWAZEDIRIESND, VT, (T, FCOO5DSVITH IZIRBIR e fa /R EZ H L THD D72 59
2 ? K8IZ, FCOO5MDSVEPVD R R T7 %777, FCOO5DSVIEIE LMD ICA TS TEH
D2 LT EAE (PV) IXBRET HE1272 5 TWDH3, FERIIC LA LS VIZRTL CPVIZHIS i FE &
DIENEFF> TS, SVEPVOBIZE  X— Y7y NCRERS 5L HIN7 MERD J7 18 (TEEIRD)
DRI D2 N CTBVEART IV ADRHE A FFOZ L RSz, (K9 SH)

&

LCO128Y
LCO12PV

FCO058V
FCO0SPV

53

| "Fentnm 1o
/\\II

\ i
\ f 1
W /! \
! {f \i

| it r.:
- u“ﬁ = . e
i g W . e/ FCO0SSV_10MA

FCO0S8Y W oo A .
FCO0SPHe vrn .| e SCURRIINLS

.L1

X8 FCO005 (RAF—LAjif) D% EfE (SV) &l (PV) O N7 57

336



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

FCO0SPyY.
S<4.00

SO G FCODSSV” B S ¥ L Y, ';1 7.i . 7; ” SR N = S

" \
SO0 e e L e e
49.35 -
53.71

s=.00
sz.00 :
A VU SO, WSS SO

I o ———
SOILOICN Geeerommmmeeemmme e L‘,\\"“"t‘._r ......................................................................................................................
T a¥18,12:57a =318, 200a - ans8, 3:S0a

Time

FBEITEY (10min) & X-Y7AYE

N —— SO SO OOOOOROOPUPNUOOT SR SOOI
S0.00 S1.00 S2.00 S3.00 53.36
T FCOOSSW_10MA
—

FC005SV_10MA

9 FCO005 (AF— L) O EE (SV) LiliEE (PV) O X—Y7myhX

KIZ, FCO05 /ST AEE DRI OV TOME AT 272, FCO05D{ii & (PV) L& (MV) (2>
WTOX =Y 7 By hebolzbD%R3(2002/3/18 0:00~ 24FE[{H], 15:00~ 2.5 FEfE]), Ak, &
ELTOINVTEHAENE B (MV) ISR LT, XIS T 2B EBMRFESI TV DT EN BRI THY |
MVIEDHE K, D OBEEPIRREIZSH > TEMVIZKIS T 5/ V7 DRV v a3 — BRI EDLRET
5, EEAR VLT EETL, MVEPVOBIER, X—Y 7 vk ET—20MIT25)

PSIVT IR a AW TOIFRITARFT O T — 2 TIFERIS I TV 7L TR var Ofh
BLELTORENEAETLIOT, HEIZOVTEMVOBX TG L T Bk EDLZENE T T
%o LLT (X10) (2, FCOO5D #ff & (MV) LHillE (PV) OFEfRZ L F7T7  X—Y 7y MIT
T~

337



A AHIRELE 7 0 AV AT AL 143FB RV — 7V ay 7 No. 25 i S &

, A TR A '\ '
54.00 ¢ 1\‘ ’! ] F Y I" £ ! \“ i S400 t
!\{‘*g;;%;ﬁ‘%;\';:rJlﬂf‘-‘A* ?“MMN
Lk Ui} 6‘{

F
bE'UUEH;E :,‘EV ] szan
:j;' H ‘J L *.‘ 5m1n(D ‘_‘1\[
et - EEFoE o U U
57‘.3\ ECONSEY, . . I// s gg FEIOSPY_maves
} | 56.00
00 FCO05PV ,‘ # iﬁ‘j‘ A FCO0SPV_MAVES N N’Lﬁ y
54.00 "E .&! S400 i ,,!J \1{
se00 hk N &‘IH ’f s2.00 L’ \‘Fyvlﬁ | .\; 1\'; “; :
SD DU S0.00
78 1200a angzooe | FEAC ans, 12008 ane, 12008 ezt | AN 13, 12008
- \_ _ - ok
—~ "
— e sl X-y7Owh
BTk T (245% FEﬁ) . 5658 FCO0SPY_menes (245% FEﬁ)
%00 . 'n. 3 | soo0 !
Ecoospv ‘
3400
5200 |
sa0 w7 i iy
VTN FCO05MV 5000 W = FCO05MV_MAVES
P 5200 Bty m;;f\g S sm 5200 5400 =ﬂ:m;m5i3§

+
' |
H 1
1 |
1 H
P
sags FCUOSMY, H H sag FCOOSMY_maves
5400 P R E E 5400 S ®
N B T, ®
sa00 | s \ L ” : : 5300 O 4 *
1 ¢ N
Wl N S D e e
L FC005MV | i ! @ i S
st ! : 51.00 |
5026 |- ol Smin® | s /"] FCOOSMV_MAVES5
FCOO0SPV_eavef
gg ;‘3 i i e igm;gl 56.00 _—
Iy f N \f‘j\;‘m A th/ 55.00 L
i/ A I -
s400 . i W -r\v' - 5400 o
WY, {\\/\ / \ Ty NJ\( VY S . / gy
53.00
52.00 A]r‘/ |_FC005PV | 200 WI FC005PV_MAVES !
L% 300p 318, 400p 318,500p  3/18,530p L% 300p 318, 400p 2118, 500p  3/18, 5:30p)
AR ., Tme ., 230

(2.58% )

5653 sa0p FEU0SPY maves,
5600 AR :
3
FC005PV | 3 [ \ i FCO005PV
——d Y M
AN \2\\
sq00 “\ /;J \‘ N 5400
e\ R, )
/ \\ X 3 \I\I\? =4 \l
Nr\ [~
5200 \“\ = om0
- ~
FCO0SMV S FCO05SMV
%0z 5100 5200 5300 B0 sase 035 o0 5200 5300 5400

FCO0SMY_r ma\/eS

X-y7awk X-yZFavhk E

K10 FCO005 DO#RfEE (MV) LHEE (PV) DBIt%

338



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

ZITHRLNTX =Y uy Ml 58 MVDSR/IN B INZ B 4 D — & HI ] LR B %
BALET 2 —EHM, MVOZERHHIZH0 DL T EDOZELAFE AL, FIZMV O INEHA
(ATELIRY) TMVEF E O BRITR R DB AN T D, ZHnh SV T EF IS L TEE RS
FOASNT DEVER —EHNHELRWIGE (AT 47 al /gl a2 TODIE) OB/ e 27
ARSIV T RIS N TODZENHELZS LD,

K1DT7 =Ry 7L 2T DORIER G (T T 1) TSIV T AL T 2D T, VT EEL S
D THIERZ S 2%, FHRNHOE S (MV) 23R Dk, 7SV 7 B ERE L TIFET 5
BIE MVRT 7 F =2 &N LTV T EHEN LR (CV) ~EEHL T, 20L& L7 OEE
IZEAT VY 235 L MVINLCV O IR 72 1035 A2 LPLANTIZHEBRF M 23 FEL TV D
BB LIRERIZ 705, — MR RIS ST BRF R 3 25 6. 74— R 3y VN EEL <72 5T &0 B
DINDINT, 7SNV T DEART UL ATHE R DRE ) AR TS 52 L1725,

B DR " G TRV AT DMIBIT D —AAX T 4 TlL, 7 ALK& E ] (150
minfir) DIREAMEREL CTEY Z DS O — DD SV 7 ZE B O IERIEHEIZ KL TODTER
WESN TS, © Ar—2(r—21) ORBEDOEA O/ IV T DEAT VL ARG R ) O B 152
DFEA R EIDNTHFE TERVD, LUV ORIEPERER K TS BB AIEEMEN S DL B LS,

(5) FEEAREN D F A S RNZ DN T DB LR

Ky —2(r—A1) DINZREROFHGRIRB N AONDH A1, ROEZHITIRBIORA KK
(Root Cause) AV, ENNRBIRIERHEL CNODIENEZBND, KT —AARZT 4 TIEAFNHD
E 51TV T Wavelet BB THILTEY, K6DTEL Wi — JE IR AL MR COANRT LS — 3
PRIZAFHN TV DD TIIEFIAL T, FEHREEID Root Cause ZHFE T HZEF A5,

TatAD ATE B E MG B &R B3 L CRl— O JE e Tl 35L&, 115 5O
X7 e e 2D R R (7oL 20T, BEERIREE] + 1IRIEN) IS T BN & b, £D72D, ATk
71 JE I HR R o3 A R il 5 1812 D L 722 2SO A BAGREA #H R 5 2 & T [l DR O 3 L& E
FTHIENTEDY, Fo, TreAA N =FE R, 7reA =R LV B XL TR 72
NE S8 RS AT T D RIR RS ET DN TED, (HDNVITh - LHMIC, R ELR 1K
TFET D86 R 7o FRIIR O FROFREE X HZENTED, )

ZZT, K61 RSN DI — B I B REIR 0 A7 MUAZ DT JE I $ka Brge IR B0 B I Ak I e
WFEI A o 7 b SR 303U T (R M), JE 3, RIR DR EE) O FHBIMREAMIEL | K15 5 DRI 72
5% BoFTovotz, (K11, K12 SHR)

339



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

RSN BB RRERE AR T
@ (EERDOBIIETD)

FC005PV
AR BN MAE NE

iéiﬁllzgzgigggzzgzzzi

o3/18/02 VR
s o SEXTNANN PO0/05/17 000000
O06csv LA BAd | Ehgksh DOSS32E-6 | BIM) ABTO0ESE

PICAETI D .
Sl g - a0 fog ESHE
R A, [l I BLR&EE |ﬁ1ur§:94.34%
\/ZZ“} ‘f)ZJZZ(gI,j -g )2 T BsfHIEEE
=1 ;=1

=l =1 =1

MDIEEEZWAVELETZE L T, Beff] — ELR AR EH#<,
QLB HIEBS DM — FIRREREEZIVET,
QELUEMET. MEDEUELEEMICEHTS,

I J
S - Pae2)

B R - —
) \/22(}%1 _f)z\/zz:(gi,hk_ g )2

— fg: EERE

I FEksssE
LB 44 % B RSB 5 1A (< I B
POOOSPV | 5 L CIEMERRIET B ke BRI
[0 5 =
Pt
/ fiss P HAEARS (FCO05PV) |25t L TR AR SH 5 [ (=
IE, L HEA4 (PCO06PV) T HL TEHEUEEETE
941 ERIGRBEID)TLTBENFEE
04 | —(YA4FR)ELTLNS,
-15 -10 -5 . 0 5 10 15 (min)

11 15 5O MAIERF OB 714

340



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

| Fcootpy | | AlO11 |

| PI007PV

il R [=—P1007pV]

94.95 /
+5.0min

-5 0 5 10 15

, | Lcoi2pv | PC006PV

T

99.3

998 |+

99.25 =

92 4.4

99.15 4.3

99.1

500 . 1
99

/ 9895 +2.5min
989

-10 -5 0 10 15

K12 #1550 FC005 (Zxf 3 HRi#% MR (+: B, —EW)

FCOO5PVODE A FEHELL T, ZIUTKT 58515 5 ORI T NENE LT LA, K15 5 DIEH
7RI LL F X227z, (FEINNIE, FREE B OO TR,  +: 5, — 8

PI007PV (+5min) —FCO001PV (+3.5min) —LCO13PV (+3.0min) —LC012PV(2.5min)—FC005PV (Omin)
—PC006PV (-2.5min) —AI011 (~10min)

ZHIUCEDE, FHBHREIO Root Cause (Z—FITWVEDEL T, PIOOTPV | ZDIKIZ FCO0IPV A3/RSFL
TW5, £ZC, PIO0TPV, FCO00IPV DBHRIZOW TR E T 72,

PIO0TPV [FE LR 7 LD ) THY ZiudEs O 71l (PCO06PV) D FiitL/e> TWDNZZDET]
DOHFFNIATOIL TR, ZD72 | BIER T LDE NI /AT A R EEA LD ED,

FCO01PV X MPC Ol # L 72> TWDT21Z, EALO MPC MBEREME (SV) 13 52 52
KIS Ui &2 13502 EFES N TnD,

F£9°. FCO01PV @ FCO01SV (9218 HENE (P AL AT LORIEE) 2 <725, SV T35
PV OBHEMENEL, PVOMEITENTWS (K13 ), 22T, #AEE 5 (FCO0IMV) L4z 5
(FCO01PV) DRARZFR 7L ZA MV IZx L CPVARD TN TR AL TRIE — 7 ONL#E T3
5E30mintZEDENNBRS N (K14 Z2M), ZOJRKRZERD << EHito £ ) (PI00TPV) &
FCO01PV ® BR &7 ~7=L 2%, FCO01PV (X PI00TPV DZEBIIZ R E RSN TRY, VTGS
(FCOOIMV) EDBIRAZFLEL TV DI e ESNT-, (K15 &)

341



A AR A o 2 AT LA T 143R BT — 7 ay P No 25 ik i s &

) s |
. L T FC001PV
FC001SV
13 FCOO1PVDOEREME (SV)ITHT HiBHEM:
X-yZovhk
a8.36 D %qFEﬁ E—
et /\/ Py FC001MV
\\ /\/\\/ [ £5710min BT HME
37.00 \é} TN
- MVIZXHT B
T “«- PVDEN?

35,nu[ FC001PV \f—;{l (30min)

as.o0 M\ -ﬂ:\ e
A /
T 23AR. s:50p 3/17, 12:00a 317, a3 FCOOISV

— -— -—

D

FCO01RY_MATD T ———

TN

I . . N
MV-PVORISEN A H D E
TN Xyunorsmizes
(75 T BAsKEOLRILEES)
| \ ) )‘““" B
B,

34.500

35.949

FC001 MV-PV MOX—YZFOwvk

294080 A a7inn amnn HRas
T FCOOTMY_MATD

14 FCO0IMV & FCO01PV OBt

ss.7o [PIQO7RY PIOO7PV
ss.00 i 73,

WA N Y v TV
.

o.2zoo0 n
el NP ;”"1};

Ficm W ry =
B W 6 W W

il S A Y O, S V. A W {
AL W A M. o .
S Y | FC007PV— FCO07SV |

K15 FC007 ~o L/t 7] (PI00TPV) D52k

342



HAFHHER S 7 0t AL 2T A TR E 143 B RV — 7 a3y 7 No. 26 il s

ZIETORMREEIL THD,

MPC 2250 1illfE B (FCO01SV) 23& it & (FCO01PV) ZHl#HI L L2 ELTWAH A, iR 7 A0
J£ 73 (PI007PV) DA BT IS EFE T D9 & (FCO01PV) ~KE/RAMELE A2 D7 6012 it B il i o0 BE 4R
(FCO01DMV —PV) IZHill4# EDidEI (30min) Z4E U5, SVEPVDEZEIET H72DIC, MPCHbH
IXHEICSVICEVE IEA BRI RESNDD, SMELOT=DIZSVEPV R —E 22 L3 M, Zhs, &k
R AZBT HEHGERE) (80min & H) OFAIZ D72 3> TS RIEEMED @V,

B, SO CRALRHE IR L, BRI & O LB L72-> THE IRV EOL ~ VI T 5 M4
Ffo, B5OL~LHIHRIZ NV T DEAT IS AR HTDIZZOZEE) (LCO12PV O ZEB)) {8 [ 4 H il
FTDRSIN+57 TR, 2D CIRREDZEB) IS O 1 ) Z58) (PCO06PV) IZE TIRIEL | B RIRDF;
FEIREN 72> QU DTEAD,

A& 5. Wavelet (Z&DKEM — B BEEIL D AT ML bR O TET-FHGRENO Root Cause DIGHT
2. i ORI (V7 28N D, MV-PV ZEOIERIEME) 237 o7, ZLTED MV-PV 28
FOIEFIEIET, ST BFOE S ZZEENC L5 IS TRY ., Zoi & HlENZ B3 2IEHIE N

FHOREN R AE DR RIZ72 > TNWDHEE 2 HILD,

R EL TIL, FCOO1PV OS2 EAHEZ HZ & (T2 21, MPC O#ESHYIVEEL T, FAL
DN —7 TOEMEFIE) . 5DV PI007 OJES Z BRI —EIZT 57212, PI007—PC003 @
BN T DE DI A —REIEZATHIZENRDIT HID, Lol EEOT T N TOZEB IO BAKK
IRRF PN TOMREHIAR S — AAZ T A DFEFH TITZR0,

HARBY 2GS DO RRFHI RO TIE, ZBEOKESICEV AL TODREADORESCTHEIEEZE DI AR,
T E D TIRBILD IR DK ES | 228 1T DN TORME IR HIBN ISV TRIS SR O FE i A3 d Hi
Do PRI KRR DGR ZFNZET HELL T DI b DD D,

©) RIS EIEEL T ALY AT AL D FCO0T i 4
@) TR T AE ) (PI00TPV) O EfE 48 (PC007 —FC003 DA A4 — R iill4H)
® FCOOSD /)T D SR, AT T A5 i

6.3.2. FZRENEEL TOBHREE (r—22)©

(1) 7m0k

AREOT o ATBWTHFTORERE (FIEL -~V BIES BIEIRE, 7 —F&) O URT
—RZOWTHRET A, UL TFIcraex7o—%53, (K16 HR)

343



BASHHERS 7 ut AL 27 A T EE143E B AT — 2 a9 7 No. 25 R ik s =

RLGEE (TIC304) 72°CT
- Bl oS HOXNRDITEHS

Separation %
& 50% Y

Product

STM

Feed

K16 ZREE (r—R2)7akAr7n—[X

(2) ZEYOIREELHE FORIEE A
P& )4 (PIC304.PV, PIC304.MV) | BEJEIREE (TIC304. PV) | HJEL~L (LIC304.PV) , 74 —R
I (TIC2010. PV) DIERF DR R 7 —F AT, L R7 T 708 R IROA TR AR &2 R E)
LTBEIRBEPRNLZEILRS>TNDIENDND, — R T 5L, R BIRICHERHLIOICHAD
D, DT =R THIFEI D/ RT A= FFHE B ARE YT, AR RE T BICIRE DFE AL TED
EERRBRIABREL TOD AL H D, Lol JRIK L2 > TODHIEL— 13 E 2T, EO#iH
THENMREEL TODONENV RTI 77210 TIEbNbH7en, B, ORI 7 OARREIZLL T O
FONTEFHL TRY, ZOEENIELR TH BTV,
PIC304.PV (B5J£ 7)) : 26+2 kPa abs (JBER), TIC304.PV (BJEIRE) : 72+2°C
LIC304.PV (B EL~L) : 50+2% , TIC2010.PV (7 r—RiEEE) : 86.3%0.3C
(3) U =—T Ly MR L DB O fEHT

ZNENDI T —=FZONT Wavelet ZHAZATWZIUBITOWTO L ZAT o7 L2 A, R —
JE BRI AR T R E = BT, BEIE DI (PV,MV) SEEIRIREE /37— 42 4
T OAREY A S @ L CTRY | B EL LI, 42 013 8E< 24 3 OIREY A H % F5, Feed 12134
EOREERENTRONIR, ZNHDTEND | HEN EEEIREOZBNIBIRL ThY, FIEL~L
& Feed IR I T ENZ VS L2 A E THHZ EDVRIES LD,

344



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

5.2E-3—

g

42 min
104.0E-6—‘ i
0o 18

BEEI D EA R L

PICI04PY

BEA (PV)

o LCIHPY
| al L
EELAIL |5uu L e
a5
f oo g
Feed:BE W 4
A ] L4
&, fan 8 12 8, 12an 65 5
T Tirne
R T
- N
1eo Pl s | — » /\
| BERN (V) i ANVA Y 1 \B—ANZKBT =T+
- S R A W1 |PIC304APV, PIC34MY, TIC34PV; HEDEHEBIEEORELE ‘BEJ|
BERE |0 TN i
| SN |
FeediBRE |__ U;J e ok A e T

BB HHEMED RE R A TR

K17 r—A1DiElHLRT —H#E Wavelet 2

(4) ZEEF KON TDOHEER

BT & BIRIRE ORF—U A rIcBlEE T 58 BIES ITITBEIRE IS R THE R
DIEE (2053 3L D EH) BIFAEL TOBZENDN D, (S5 NBEEICFETHZ8E, BEOJFIA
(Root Cause) IZITWZEAEMRL THY, #5H/) OFIHR D405 L DIRBY O FE AT TIINBHA
LIRS BERIREOZEBIEIEL CODEHEESND, UL EORFHZIES& | B 7 il %
(PIC304) IZ DWW CPID/ RT A= DO EEZ AT o712,

PID/ ST A= OFFEIL, JENHIHREZ~=aT VE—RIZL T, AT v T TANIOLDOIREE LD | HE
W72 BRI . e E B O [A) & )7 12 AT, FREERIT /37 A= IRy B EDS IR, ZNE 53D 507
A C LA R OEEIZFREE L 7=,

FEAE: P304 P:240—120, 1:60—600sec D:0—0sec

INTA— LRI OZREEE DOIRIEZ XL TTR T, /STA=FFBE O/ LN DHLN 2 LI,

345



A AEAHRRA T AL AT L LEE 143K BT — v ay 7 No 25 Bl i it

EFE IO 8T A= 2 OFREAATI L B E SN BT D IRBY AR % 0 LRGBS IR FE O RS
M 72%, ZUC, L~ L OIRBN T 2 & I BRI CHERR L TV,
LD Wavelet ZEHDHERSIUIZBIHR (LLT) 23PID/ ST A— 2 FEIC IO flERR STz,

(P304 & T304 X THLTHY, L304, T2010 1TENEIFMSLIZEBL THDHI L)

WRARIRBDIVE, Ir—A207 T2 M 3T A= SR, B ORI MBI TN LI
V., EEREREICE 42597 JTHIEE . 22 IR B iR ORI L R R A FEMM TN D X~ T2,

INSA—BD
Before Bk After

Bloanan

ey S X1 ot

R R R DY
VIR VAR VIRVE 4V

AT T EEJE T MV

Zﬁ%ﬁjﬁ{ L \_J[ UU \j

2q77 TIG304PY I

-
-
A
N

PIC304 My

A WA (W WA WA
ARVAVIAVATETA Vi
V ¥

W

;EE Licandpy B L~
N0 xvaw/\ A N NSNS
4500 wﬂt.'l U i ¥
1015, 1200p 10115, 300p 1015, B:00p
T_. - Time

X18 REBEOENHER TR TA—HREE LD

346



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

LC304.PY [f4

LC304 MV

F1304.PV

PC304.PY

PC304 MV |-

TC304.PV
LC307.PY

LC307.MV |

FI307B.PVY

] ] [ | 1 I I 1
0 500 1000 1500" 2000 2500 3000 3500 4000
time/sample interval

resolution

position

INT A — L E

T"'""“"""’"T" 'I"'I'F"'l'"'r"r'" WWH :

=E oy iz .—.:r.-n

K19 7r—A17TUh K& iRT —2 2D 2 —7 Ly MR (FEIX)

347



H AR A 7 0 AL AT AT 2E143FE B2V — 73y 7 No. 25 B i b &

6.4. flim

(1) R OHIE RO NDRERINT — 2T = —T Ly MEHA IS AT 52 8T, filRORRIC
FoFrftREN A o I 2 e AT REIC R0 T,

(2) FftIREN A 2 L TN D R O JE I — R FE I D A7 ML DRI 72 BER 75 | Root Cause %
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Fig.1 Model Driven Two Degrees of Freedom PID Control System
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Fig.5 Various conventional PID control systems
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Fig.8 Distillation column temperature control using MD PID Control
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