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Abstract

In many manufacturing processes, monitoring tool wearing is an important issue.
As the machining operation continues, tools wear gradually, which deteriorates the
quality of the product/process-and may eventually. cause the product items out of
specification. Hence, a proper.control on tool wear is necessary. Most of the tool-wear
control focus on tool replacement, trying to set a policy to replace the tool at appropriate
times that is cost-effective while keeping product-items in spec. In this thesis, we study
the tool wearing problem from the aspect of statistical process control (SPC) and focus
on process monitoring. The main objective-of SPC process monitoring is to keep the
process in statistical control, which can be achieved by using control charts to detect
process shifts and then find/eliminate the corresponding assignable causes. Since tool
wearing is an inevitable and systematic process shift for the process, it should be viewed
as a common cause of process variation instead of as an assignable cause. Thus, when
implementing a control chart for too-wear processes, it is necessary to adjust the chart to
avoid unwanted out-of-control signals due to tool wearing.

In this study, we focus on Phase | process monitoring for tool-wear processes.
Assuming several sets of historical data were collected, each contains the values of the
quality characteristic of interest when a piece of tool was in use. By treating each set of
data as a profile, we consider applying a Phase | profile monitoring scheme to perform
our Phase | analysis. For the tool-wear process with a linear trend, we study and
compare four existing linear profile monitoring schemes, including the schemes
developed in Stover and Brill (1988), Kang and Albin (2000), Kim et al. (2003), and
Mahmoud and Woodall (2004). Instead of using the usual signal probability as the
comparison criterion, we propose using the false-alarm rate, detecting power, and a



Jaccard index that combines the false-alarm rate and detecting power to compare the
performances of these schemes. We also study by simulation the effectiveness of the
OAAT (one-at-a-time) scheme for Phase | analysis proposed by Shiau and Sun (2009)
in this context, and confirm that deleting one out-of-control profile at a time indeed
reduces the false-alarm rate dramatically while retaining the detecting power when
compared with the traditional delete-all strategy.

Finally, we illustrate the applicability and effectiveness of the proposed scheme
with one real-life tool-wear example and a potential application.
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\\\Xr

ﬁ'{a F]Q*T?W %ﬁmﬁ#

3.1 Jaccard 45 #

= Mahmoud and Woodall (2004) 2 % 8. % 2w F 4L 4 4702 ;I;Je LR =D T
LS (signal probability) & e % 5 % gt o PR TR A B S - 1P B
BT 2R A EROEF RS - AR R oy WA
TRERAETRGE > 4 P wEmBHEATRA LSRG A At irn v B
F-BRE e RA G A AENEF A DR TG VA% E 2 R4 (detecting
power) < #rig & > fL. ¥ i A_F] L BRESR 5 (false alarm rate) < & ik H ¢ ORE
FFAPE LA AR o R AR ArgpE o AR T AR AR 5 AR Sy
AR R ML A AT RS A BRR O U E - RSP ha 2o

T H - BRI o 50 LR R AT AP R R — S il R

ED

?&1
G
e
She
4

ABBEERF T - BRHREES BER A2 G UFE
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%] Jaccard 4 1% (Jaccard index) » #7 %yt dpfRic S R N E 2 F 0P T Hoke

Jaccard 4 #5-d Jaccard (1908)% ¥ #it > — LA XA S G L p A A

44

{6 & o % - f&5 Jaccard - 3k {+ %8 (Jaccard similarity coefficient) > iz - & *

Ktgd kA B & (sampleset)z gp ezt € ¥ N TR ERAEAAKRAE £

2R engp it

|ANB| |

Jaccard - &+ i J.(AB
Tt o= J( )|A UB|

JS(AB) XA 5 & A BAX F Ak g B~k Bl BT LR DA
TRAREDfpiiER -

= #& Jaccard 1 & % Jaccard £ B 4 i%# (Jaccard distance coefficient) » iz &_
- BFARRARAFENALBP DR E TR E R LA RARE L2

IAUB|~|ANB]

Jaccard £ £ 4 % J (AB) =
R = 3o (AB) |AUB]

=1-J,(A,B) > (23)
Jp(AB)Z&GA R ABAmiE A2 BlFL L EARBELFUBME~ B
oo s T LFHIAB) kAT T RFEARAE L DL B PR -

RENFRAREARLFENe FROEALREDEE A BEELE

1o

=\

E e FAHSEEFIRER L A kESESE (LB - ) 7 * Jaccard - R4 ik

BRGFRA BB PAp S 3 A 5 FA B AR DR AR L R T3

B ok eh ﬁkwﬁ’*f{@ifw@%m"‘ﬁ%’ﬂW%&ﬁ%%é
wlaccardg,; s PRy o0 FHEA B LT RLFEREE AR NETRESD
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AR (AR-) - REETRETI RS RESLE-R (L8 18)
FARRBEENL A 2 AT - BAERKAE D L EURE T ke s

Jaccard,, °

IC

Bl- ~ &¥ 4R @ * Jaccard 4p -k 5 R I B H o & B

EFESERE
EERR Qoc IC
B
ocC p q
;:.\
IC r 5

Bl= ~ SRR R * Jaccard 3o 1 R 672 B 4 Bl 52T X R
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AEARFEOLEH P ZAREF e TROFER vt E S A K

RKER Kk ee TR FHEY T W FHIRAER S ARG MR A=t 4

AELFE B o (R4 RIEF R RH DR e TR G R AR E FIR ORI B o B

o FALAR L F FI B G0 B o H S 2 4 A fr s (true signal
rate) » @ EESR  H 48382 g BT (false signalrate) - & Jaccard 4p #kdet #7if

- @i g & 0Rl 4 & BEER S hir g R

3.3 OAAT Ji's #

57 R M &SR 4 > Shiau and Sun (2009) 444 st WA E 41 % - FEE
AAT RN - AR P - B Bl ey 410 R A BLeniTE o LS "OAAT”
% (one-at-a-time method) o %~ ##A 7 B om 0 OAAT 27 + tg's MEE 4R 2 4
40 PR MTE X Ak N FAIMR AL TE R AT RE IR LR AP
kgl o Fpt A4 2 T OAAT 2B ARG » TN i er g F - =X ;vjﬁ T e
A g B (T g o

Vs E’%‘»’#‘ = OAAT md-b,%};?} :
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B PR EFRABALNFHIRANBL - RPIHHe S T RIFIG
P2 b AR E F R A o

WHEZ . d DR AEZRTPE AR T0

ﬂ
1?
ey
F
3
I

HAe D BAoil Gtk ﬂw}tﬁ‘l“,% R WA R R S B ﬂw}tﬁ'l“ff 2 i

GRARFIG AL TR

OAAT ;nj% %:“é {g'foﬁ‘ﬁ"ﬁ :um? 4] B2 ek A:}:i A 2 o f,}ii 7 e

- AR ARE 4 R AR TARE € EEA R oo Blde 2 C A2 B E AR

oA L G TN ERESR SO IR U P R DR e R

REFEEHBOp R Foo) > L3RI HIBIP 30 T Op EoH A

RS ARR 6 AL

34 FOBE B R LB KRS B
AT BT R FEE G FIE ¥ R e S k50 42 C
) D;hg _gjg_?_}v,{,q_@d,uxbg;}ﬁv,le éq_@ﬁg;}ﬁ»&,}gvj\méﬁﬁigg g om i

BB A B =A+AX R T RARFITAZ i § EREREPIEB HAS
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B¥fi-AcmAB T @ * 32 CHrDRZNFEHRATZFFIR > H g L2
GoxpEz AgRek o VbR AfrAz R R ayfra, I B R 50 &
foipl MAL > AP AT R Ty - PR TR A SEE R > DR
NG BHBIT] o2 FFAEHECEABERTHELT €A PE A PPRA
BEXET e Flivs-HBERIARERAEL FEFAIT - B
FARGOPERFLEER T A FUEL > BF - FEIREFAY TR OETE 74

L OPR Ay «}'*K;F#i%#ﬁ{% gH AP TR T 32 ABRY
Bl RE 2 i o B Rk FRE 2 B R AP R G LR
< 3 ERWFINEA B2 R AN o gk o R E e fE 0 2 g0 e iR
TS CSL R ko SR S R A o e NR R R

> L B EEB) A~ A S B AR ERL o A -

RECES S

4 Mahmoud and Woodall (2004) » #t i3k %20 2% — FF & ens 2] 6 T >

—

FiE 118 4 Ak=20 0 n=115 R T G S4B =0,B =1 T

A5 Yy =x+e,i=12,...,n =12,k » 2 EXFL LR iid Ry o A

iid
o4 s, ~NQD & 2 ARE 36 X E5-50-4083520-1:00102

3’4’5 ’/%i_li:{]ﬁ‘mﬁ;}’éod W lﬁ«_

;1

%l X =0 > S, =110 «

FACRAAA AP R K E G T B2 B hiEEE Mo AT 6 PR
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AR AP EFHEM=20km s A B E A SEkE ] T2 R R iR
L5 H v R,1=123 nT Lik# o]
B, > B, +5,0//n >
B, —>B,+35,0/\[S, °
c—>0,0 (24)
#9¢ 5,=6,=05115,..,45575,=1214,...,283 -

g R EESR 5 (overall false-alarm rate) 0 ﬁ*{k 2w FALF %
FEAEES I NG - AP AA RSB S R T 5 =005 doiF § ?[’%
2R E @A B E D E R U RO B EER S o A B F el E o 7
FARPEEEKEN T ERDIRFITK BRI RO BRREF RS
P ERAE R > 4 BRI T L @=0052 T o ¥ & Bk R
= PUERAEE KR LT e A F o g 4 pla=1-(1-a)"
Prfafi@a =1-Yl-a ks £ 2 2hidI R Lo Re ¥ - R k B
F_¥# E 0B 0 i Mahmoud and Woodall (2004) % # #fg it % » 5o ¥ o $H5F
WEERIPFD I 4

SE A B AEHI (7)) 0 (10) E8* gp=a'F THWEEFF [
SECHLIABREEZ B FH A g, =1-l-a 5 4% (14)-(16) *in
BulBEEE > A 4H32 D 2RFRILPET KEL g,=1-l—a * @ T3

AERPHEAIR OB R BEERS L o, =1-fl-a, - TAZFKk=20F 32D

21



Bo B EF AP FREERS c APRZM A X e 5] §F =005 22 A~

B¢ * i EHRF =00026; 7% Cx LA BREAFELH T E

® % 4

B Ui B4R K @, =0.0009 €+t o % 19/) > % 2 D 2R o, =0.0253

Ky FRF KR VA X DESLREERR Y ,=00013 k& FFIM -

Foo v E K20 PFE S E i u] R4S AR AR R AR

a o, a, 0 a,
0.0027 0.00014 0.00005 0.00135 0.00007
0.01 0.0005 0.0002 0.0050 0.0003
0.05 0.0026 0.0009 0.0253 0.0013
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315 TR F IR T I 230 (X OAAT)FI%
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PRI AR RIHRT -

AR CP #b%#}ﬁ"}% kA o Godkt TR (tria) £ F 4 A s
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T8GRl EEF - Jaccardy,, ~ Jaccard, °
AT RS B - W W EliE- F % RS 0 U M § i

2 >
E lp

ki

RIS BESR S s Jaccard B R AH T 0 AT - HAP Y e

p- PN sk

kR0 8
R RRHAREA - 0 DEF RSP RG NI ER > AN F AR
BLF - iRl 4 ~ RE4R S~ Jaccard,, ~ Jaccard,, o ¥ ixT R v M LE 2 A

e IR TE 20k o

B e AR AT AS D AS L3¢ § T e fed B £ T % B

X
H
1T,

18T g R o TS B e TR R R Y 2 R

Fo AL Are 0 Ml R BERSF S F TR A kot s

e
&
5
<

WA R BER PR 2 RERS 0 - F R RS RE

i
hxh
3
=\
1‘“‘

LA o AT Y g 2w 3k Bl e Jaccard dp Rk ER 2 ek o d
SR OURED 0 G A ARG o B hE R R REL R R
ﬁ’ﬁ %Ejg—" é’f‘lfﬁg l,,éf‘ , _7;] m:% ;_J‘Fﬁ—‘ujz—? ;z- ;}'i'f“/ﬁ:t i—"_/’]‘ )

AR IES A BB R 8 F ERANBE G TR 0 RIS EA P IL
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ARG YEORELZHECTRS  EREFIBATELSTEE 0 F R
HEHTA K 2 HocR + ?»”j'*“/@;f A FEwEP A E B AT AP R AR
AAFRSE Y - R kIt e

ACGATE SUENERE R S0 (AR L R T 2 = A aF
BE 2 DA ESE T o AP R LAuH A S 2 DEG ¥
B BRERSF U A RS (RBEOo>4)FF > 22 B & C difpld
Jaccardg,; gRv- 3 2 DB & AT B i H A gl kot s 2 B e g
AEche iR MBI B M=2)Fg%F LF2 k3 2BE>2C AT B
#5257 R4 22 Jaccard,, RIEATH A e & r BAC A 2R AR B A
FRAEPRHLARE A REFIPE A M= FRE RE ] 2P AREFDE S 2
Crf k&3 2B¥= 2D R BMLIEINT L LP A o
RREGHB DA B FIL PR CD 3 U RIRREERS E LK

B AIE o #rre H Jaccardo, &2 R4 g P AR 2 AR BA R CoD 2K

i)

gé}?—f L ﬁ"k_‘ ) fe F] ;2‘ A-B mlp}‘gé’;_’ 1&1?‘5";‘5 It ,F' A-B =& = fz mJ&CC&I’dOUT

*p g SR WA > A A SR 4 grx 2 e X s Aru JaCCB.I’dOUT j\'?]' P E S

et Lo BADERCF RS ABE - F R At BB (BBEG>24) 5 2
FCu B2 D AR CE DA FARIELT o § BB e R

(M=2)/ » B % 2 m=5Hmpipk -

Vb A A 2w B2 53530 00 R Jaccard, 0% 1 ARS D & 5&%
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PaE R4 o "f LS R BRESFF LIRS 0 A g3 T E 2 2 Jaccard
St Boo gbeb s v % Jaccard, kot grw B E o d BLRGRIT L E R ki
Jaccard,; #g 12 kg & o

Mahmoud and Woodall (2004) % # 23k AR e A F R T * 22 Ciuz 3
2 D#RIZEE RZHESI VAN I IOVREBIE S L0 E K Na
22D FEECZER S PRERSF c BERFADRFN A EZ DR D
ZRIEELE IR E AR URF o T R RS E 2 2 C R R

R

by

H—

tk(n—Z) al2 x/(k —DMSE / (nk)
By & (tin 2yai24 (K —1) 1K) x VMSE /

= b, +3.2909x /MSE /n,

d PR Canp P g = BARE XL g 4 U T =

\
<
igﬁ‘g
+%

3
Yoy
~.
3
Z
1.

APEFIB R FARNEFIRIUIRE B2 BER AP I GRS o
ARG Y RBBPEEN SR B Co R F AP DR 2R AR e A
T TREY 3 EDo

2w 7] Jaccard dp R FF g & R4 B BER K DR TP
Jaccard — R fck B E T afrce FA S APRBEI ARIENATY R K
# (2<0<4)pE= 2 D §oaff et > 2 B 43 e 2 4= ™ Kang and Albin (2000)
# 9507 2 B 22 Kimetal. (2003)# 4117 2 C % % & ARIEBS & A 5 it

AT AR H 8 Sk 4E o ¥ b Kim et al. (2003)# ¢ 597 2 C &2 Mahmoud and
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Woodall (2004):9= i D % B #cih# -3 Bt @ = 52 -
ERATCABCA9 X ARFE S AT FLIRREERES R T OAAT §
B P 2300k iRl 2 RE RS W o J HWT 20 % ASB-C* 1 OAAT
g o IR 2 T S MIRESRE S s oy - PR AR hE
FEL T FILAPRERTRUING THA 2 F L F] L FHRPIEH
G ERPENAF R T 22 D it OAAT Kok pr o 3 4 BER S
Mo RN A Fre TR A A 2 GBI e (M) PR T REARE L P A o
@ D AR - B F RARHEE L ad BESAT RS R N

foo PIREAEY © A PIhH S HRRAT F e g NG T A

A
=
&
g
4k
e
=Hh
33
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MEDe FTRE248 FieTMIES » S A MR M X H 2 /B3 e TF
BV ARG TR AR IR e Sl R T L R e PR A - X
PIvg 230e0ind €0 F R LR Tz BlRE L ¢ 418 > 200 s LA g
BRSSPI 0 R RIARED I IRE e s g S S e 0 4 FRAGRIR

BAR S AR BB

o

% OAAT fut 4§15 MIRER S 24 §eb o 0 RET L 200 ik
G Fa GAAER AT R4 5 B 2 D SRR R ST

Pk o S NE Y BAEE A TR AP S H TR 0 SR LA * OAAT

~

s 2 T FAT G R o A PP R & D SRR IR 2T
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RO PGP A SR PR AR A 2 Plg e 0 S5l Pearn and Hsu

(2007)% ¢ HWigspF ~ 2 h Wi EARY SPGB RAZS 0 AR §H 1R
o AR TS T LI rj‘*‘u{i%:&l LR PRGN REF AR R - FE R

B e Ae 3k %5 4L+ 'L (upper specification limit) % 68.4mm - 12 2 HLs T 12
(lower specification limit) % 64.65mm > i ® p & {E K T 5% 66.525mm - @ 1 2 4 5§
Bip ¢ B kR F SRR AR Aol & 2 0T 0 4R E B R EGBEN o

Pearn and Hsu (2007) & % @Azt # 4% (05 En A A > &% 1 L P PFG7E 75
Fo I RHELTIITRG S BIER Y NEAELS IR Tk - 2K
HE L RN RS AL AT B N R A kAR ST BT
TR AT AT Kz 105 S F ARG - BRI LR o
A= ~4EEF B R(H = mm)
Hahk FBMAE (4 ¢ mm)
110 | 66.100 66261 66.147 66214 66.133 66223 66216 66288 66.159 66252
11-20 | 66288 66242 66297 66304 66221 66335 66295 66335 66.361 66314
21~30 | 66.335 66428 66.337 66397 66337 66418 66416 66423 66361 66.435
31-40 | 66470 66387 66456 66402 66468 66430 66480 66428 66413  66.499
41~50 | 66.387 66.504 66432 66.516 66.546 66.542 66.551 66.501 66.504 66.568
51~60 | 66.546 66470 66.572 G66.618 66.625 66.599 66.656 66.596 66.594 66.665
61~70 | 66.670 66.665 66.684 66.644 66.689 66.715 66.695 66.732 66.665 66.606
71~80 | 66.717 66.675 66.727 66.708 66.739 66.722 66.722 66.715 66.777 66.724
81-90 | 66.770 66.803 66770 66753 66.789 66.758 66.805 66.774 66.800 66.781
91~100 | 66.872 66931 66.860 66.836 66922 66943 66907 66900 66929 66919
101-105 | 66.862 66922 66.836 66.929 66.950
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USL=68 4mm

68

67

\

BARzZ SR pEIFEFRAGI LB FLRIM G TEF A
SRR A AFE B R E A A AR . AP F LR B E R R 1B B

7R e SO

s
B

PR RiS TR e B e AL
Arip e AR A oo P N T Eena BB G TR > £ ° i Ljung-Box
AL T p AR S GG L TR A Y e e KNy SRR

TOPRGEY & B3R 0 A e ¢ % Kolmogorov-Smirnov ¥ @ 0 (7 3| eh p (B

0.4345 » #7122 i AR 0 0 AL B RAEE 5 A fie o

%

Alpeig M endp 3 R S8k s D=66.1831 +0.0073x,x=12,...,105 2% %

+ -
T~ —

~m

B2 %R Hc: 000173k 30 ki1 B omiEE B AEAPH R HE

=

FAmT TR EFPFRLEN > BRF LT FRRFIERT B
ERALFEFR ORI GOEH > APF RSB e TEERN L - BRE
BP0 o d BEIE SR K 66.1831 % 5 66.2011 > ARt T oroHCEE A & AL
M AR Bl G F AT
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66.1831 +0.0073i+¢;, j=12,...,28 i .
i = & ~N(0,0.0017),i=1,2,...,105 -

66.2011 +0.0073i +¢;, j =29,30
m SR Yol s R e 1S3 e TR % 5

66.57 +0.0073i' +¢;, j=12,...,28 _
/ i'=-52,-51,...,52 -

~|66.588+ 0.0073i" +,, j = 29,30

P AR AR Y (24) ¢ 2 5, =4.4735 -
ARG e fE2E > FEAF AR GRN RSP ZEFER o F A
ERPHIE AT EROBRERF o XL 005 HFR LML S DL wEEF

FHALNG FHET B2 RNFHBALE BT RBELE L
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PET ] EARPIR NT A o @5 17T OAAT Rug > 4=t § JI% 5 30 8 HF R L
AE F AW B PIG R 2080 6 %2 IRIFIT B A IR :

PEY ARG SR AR o FRAET SZAR I NTOR D RS P 0 S G
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EAEE R
B> -~ Bl= 22 B~ 5d 3% Cord g oh= i Shewhart ¥ 418 - LR T E #2

BB A e FIBD FER (RITI % 29 {0 30 6 FAL A H R A B HIER

g

AP TR o B 2NPIR e OAAT JIvg vk 4RI FEd o b fs B e A 4r 3l
FALPIE o

@720 D AMFLAARRREFE L J ML 2 FHRE L] g R
AT RFLEEFRTARBALT JRFRT - Repin > L ik f

ZRERELSEFIRAS N RS NEES RIS TH - BRERS CFRE 5 F

=K

29 112 % 30 BRE B IR UL IR M PIL LR G - RS ELAR  FRE &G
L e FAL 0 40 95 SRR G T 4 e 2 DA
S o Bl R ER @ 2k DRE RS L B A
S0 AT gt By (BRI  BPEE o bR 7 OAAT Bk o BEFIRENEE P
#2005 5 30 B s LB K g PIFE BB A O RER S -

z

Bt bl Apad hBERIFT RS & EH

f&
w—

’F bxggim o > D
RS F AR RS 4 LRGBSl 0 G i@ 7 OAAT P v
%;_I*? RKae s aF L Aenid pl 4 ,L’ggbgaxgwmg\ﬁrggﬂ o LA Gk B ¥ D

w1 & OAAT Itk feg 87 11 3l dc i cniiok o Pt % 29 v 30 215 o

=
3
\_1,
=K
R
=
il
G
e
Etl
H

> iid
D =66.1836 — 0.0073x+¢ » # ¢ £~N(0,0.0017) -
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Method-A control chart
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Method-C control chart for the intercept
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Method-B control chart
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Method-C contral chart for the slope
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Method-C contral chart for the error term variance
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Method-O control chart far the intercept
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B2 4 A1 pSo g K2 AGARITE  de oS e A o
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CARAREME T ERLPep Rl S R

P2 e B R o BRI R EREB R LTI R ERE T L€
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I
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AFER NN E SR 4 A4 (Ao E 22 4

" E4e B (flank wear) Bl % - # 28

iS4 {7 E S L B RV BT AR FH el 2k SN

Kl o Gl TS S AR F AT RRNE L 0 R
- KT A ERHE

B ek B 2 A e S A R D 2 ot

HALET (2007)% ¢ ok * BRI 4, B 7 $ SE5C B AN MR T EA b2 g5

V@ > 2 a7 HEAI GFrigiT 87 R ehd przF Py

TNMGl60404 ;}'{}.‘-ﬁj ;\‘E}‘l\ﬂﬁ%ﬁ 7 ]1"’ s 1 fi:é_ji:‘_; @665, rp é,]_g: }i 'ﬂff;;‘-\ 300mm R
Ehd e NIRR

e F AL R (F R LA IR R) 27 Rk ¥

W) * 1000 > 600 = 425 rpm -

d#H=z (f=01mm/rev>d=210mm) > i fhig:# » =
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BALE R 7 R v 1 L MR R R RV, 2 i

L

SRR -0 ;

g,p#?;[ﬂf]\ n% gt 7 wﬂﬁ‘—'—#,p y BRiES T dan %gfvjlj::_77
Pi):g'%;h]g o_zy._xy,” ;i»big_:,i'« 7 pﬁ-[@%—“‘aVB\lﬁi&X? :tgﬁ04mm ’J 14% b okp

o RS E I E R e T 7 LR S

Tool wear
0.5 ! ! ! 5 | ! !

R 1 TR ............ ............ ............. ............ R il

Odb ............ ............ B SO SUUURRRRUUUTEINNY = T i

3
[
5
!
\.:.....
o
i

— : : : : : -
=) : : : - :
;_ o3k ............ ............ e Ha'ﬂ’ ............ ........... i
c : : : : o : :

: : : e ! : :
%’025— ........... RPN Lo T By SR TR SRR Eoo _
g 5 : a-7 : 5 :
i o2k ’p,-’ ............ e e [EREE _
= : [ : : : : :
= -
s

R I1 TRy .f ............ e I T S T i
ot
D_1.ﬁ ......... ............. ............ ............ ............ ............ ........... 4

0os k- ............ ............ ............. ............ ........... J

Time (min)
Bl-- =~ pi 452 7 g phid iz 600rpm R F B AL 5 1 A R

BL - &0 Ry GELSERATE D BY B L TR ATRE I S
o d 7 LB g 600rpm T ey SR B SRR G F T 00 e o
AP F S EPEF R LR e T e R 6Ty 0 B 7 R
FEGEEPE G FREDOM G X0 g 7 FEEE DR REREmpE
DA HE T 7 B BT G Bl e A AR O F RS A 4t a dhig i 600 rpm 2
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