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Condition Diagnosis of Lead-Acid Battery and Its Management

— A Case Study of UPS in High-Tech Factories
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Abstract

Title of Thesis: The Study on Condition Diagnosis and Its Management of Lead-Acid
Battery
Name of Institute: Tunghai University
Executive Master of Business Adminstration
Graduation Time: January/2013

Student Name: Chih-Ming Lee Advisor Name: Tzer-Shyong Chen

Lead-acid batteries have been widely applied at present that it plays a critical role
in human demands. For instance, it appears on the equipment in communication,
telecommunication, transportation, industry, and medical systems. Lead-acid batteries
can also be utilized in high-tech plants and medical industry, particularly for
uninterruptible power supply. A large amount of budget is commonly spent for battery
replacement in high-tech plants every few years, and the processing of used batteries are
likely to produce the pollution of heavy metal lead and sulfate, causing huge impact on
the environment. For this reason, the effective management of lead-acid batteries has

become an important issue.

The dynamic characteristics of lead-acid batteries are complex, which would
change with the aging of batteries. With the research on the inspection management of
lead-acid batteries, the utilization efficiency is explored for the users understanding the
health condition and the availability of lead-acid batteries and the time to replace them

so as to ensure the stability of the system for the maximal utilization efficiency.

Instantaneous Current Discharge, an online inspection method with high reliability

and low destruction, is introduced to this study, and the parameters of internal DC



resistance, floating charge voltage, discharge voltage, and recovery voltage in the
discharge process are recorded. Single battery capacity and capability are further
analyzed. Moreover, online inspection is available for the reliability of uninterruptible
power supply in a plant. It is expected to ensure the reliability of the system by
accurately estimating the usability of the battery and replacing the worsened batteries in

advance.

Finally, according to the experimental results, the technology plants adjust the
regular Time-Base replacement in advance to Condition-Base maintenance strategies
according to actual discharge inspection to maintain the system reliability and reduce
the maintenance cost. Such a method allows accurately understanding the exchange
time of batteries, ensuring the reliability of uninterruptable power supply, and

inspecting online without affecting the normal operation of systems.

Key words: Lead-Acid Batteries, Peak Let-Through Current, Battery Life, UPS
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BRBEFAZTEERAAALEE R RATTOLAFAKRE TR &%
THRBFAE AT > UHRTLTHEFAT S LBORE > EHFELEHLEE
RELEREBBRGE R - A —EREFAZFORBARLEE » BELZK
HEmREBBROBEERE  SEREFETRTLRRBE —£mT > F
& LI 10°C  Eib ey iF &5 44§ M — F(Chalasani> 2000 3k K & »2003) -

B FEREGRBE G4 E 2-8 FFx o
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10

a O ©o

" (D Charging Voltage |
2.275 V/Cell

Service Life (Years)

o
(3]

20 25 30 40 50
Temperature (C)

. & 2-8 @,/’i’;/?‘ﬁr—f ﬁ%«ﬁﬁféﬁ%ﬁ{%l

HARAEFT FABEEUETHARERES  UTARATLENHEZ X

% & B (Misra ~ Holden » 1991 ) :

i\

REME  BEMAEZNEHEB/EZT

REMAKE  AIAEEREX L AUBRRKERARER] eHEERE4 -
REAALE " BALEETREALNARA T EFH > eRBTHLRLEFR

BHENERES > ABKZEHIE  REEFRBAEHL EELNE

f R B E AR R R TR AR e

BAEFEALBALER  HEANLaFEE R EARKAMTAE -
BRBEDE  AEBEASKmRELEAMHZ 5L sAXERLE

THAREL W ARELGFNIFBRAYRRERRRD » THREPHED -
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FUoE  ALERE AR R RRI R

BATT @ L ERABRE kBN 20558 "THRERE -TER
e ESE T AEAER T ATRAETRERE T i Off-line A, BE
RN B E AR BT IR B e R BRI ik B BERE BRATE R o) =28 ik (Toll -

Moore > 2002 ; 7&K & > 2003) °

— ~ BA#%-E B % (Open Circuit Voltage )

T AR T EAMB TR AR -GN % 0 ATl T bl B 3% T B 7T 1 & H| 7
TRk EOEFE > EARBRTOARTARESL  ELOHBITRGH — AT
Bl &% 30 5482 — B/ 0F > FAEAINAR R - 540 E R IR A B oA KB 25 B R AR
Tk B TaR B AAMERENSRLE FATREATHER SR EYM
Bisa Tt BIEFBHRTLNRTERS HBERESATEHRETE 2 0
HERRRIETH > ABAERERTREA - ANERE T 247 > BiofriFiF
TAKARE AR EREBRFER

=~ ik tb E3H& (Electrolyte Specific Gravity )

E AR B AR ES P A KL B S0 F X T o2& E A 1.280¢ kb

FHEAARNEELEARNL TSI BANBRELEARETN  HEMRPEER
é’]/ﬁ /%"Tﬁkci ’ ﬁiﬁg@t/ﬁbﬂkﬁ%ﬁk@"bb@‘ %j’fﬁ" » A A tbé#ﬁ]i%ﬁ?&é’]bb

o FTRAZELHRAREE (Aylor > 1992) 12 4k 7k 0 #R 8L & L SR B RREAT
FRERRRE  FRLEBRKOERE  HEEmT eRkSEANREL  LEAR
AENAHEKRENRS] > BATCAKETHM  HEBRRLE LR BMAD TR
By A Rk /B At (Stratification) #9384 > NEH Tk BFRIGEEEARE o
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= ~ R &£ % (Internal Resistance )
NIEREXEAFA AR EYE > NAE AL RERTEYEHBTZ
(Hlavac ~Feder> 1995 ) & &K E E REAF > AR £ &3 Hw (55470 2002) »

FroAg Rl Eh e BN E B e > PTRAATLEECERY BT A

RN E AR BN BTN BEEZNTRAE — T4 ERAMAZ

TRETENME D AR TR 6%
BRIk

c BHANMEH XL LERLEERA
CEEGEBERME (BHEY 20-25%) NI ETHE—THNEE
HERM o AT AR ERHE R EZ — o

W~ AEEKETIRER K
BB A T EILHMLE  EAENAEG e EATTRATHEEE
FETRIRPHE TS MY > BEEME—TLTMDE - 75

REERETRAERE - LEK - ARYIL -DCBus EERBAEARE > #F

% ~ Fb Off-line & 3% £ 7%

E o Ld Off-line & HB[BEATERK TR R BANAFEE 2 SKBRIR M  2E

BREELET AL TRERULIBE T

73 0 H?T’#Faﬁ %/ﬁﬁi%/i‘

T TILEREAEE > &4 05H RG22 T RE > LA T % E kiR K

B8 EARRI L HARRIURIEAF R SR & BT BT K 0 AR

BN ERREBREPHEARANMA S FAER - KEER -UATR - L1F

BATRAGKRETERERN - HFRERTLEIHIES -
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WBEARARHEREBNER SR ECERHLEE "R ERREL 0 H
HEBEACRFOKRE  BEIRIFS RLENEFREME  ERABFEEE
A AR AT AR B 6 IR BE BB A S L BAR AT 0 RIBARIE A BAR A

WEB BT EE > NEFABRT AN ETEZ B -

17



B=% LEBEHAEANFTELRTHE

F—f RS EHEEK

— ~ R IR

}@_ﬁ\

RFAAROEE - TR~ BB - THREAMARYEE > UTHENLHAR

SR B mARIE AR ERIETE  AEREL THF

1. &aK%E (NO.)

2. EifE AR (Time; B4 /)
3. F#REER (FV; V)

4. #EEE (DV: B V)

5. ®EEHR (DA; Efr 1 A)

6. ExmWm (R; B :mQ)

7. FkAE (Check > 1: EF 2 8EF 3 &%)

~ B SRR
A RARIE TR BT > UAHER — e R F SRR FH - RAR
BRI ABE S LT AP RERR
L. EEmerk (Time) X » KEEER (DV) K -
2. AR (Time) X > Exmra (R) MG -
3. FTibdkEHE (Check) #E ik A BFH] (Time) - HEEE (DV)-~

e (R) #8Rf o

ﬁi;ﬁﬁ m%nxé+

BT R BARPIFBRG REE A SR BHRRTCRERKERS » ARE
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RIFEXRRAT RGBS B B AR R 7k » BB AT HLE > EERREEARE LA E

BRIy ik - BB FARBEWRBERGKE » R EATREBIFER KRB RETS

Moo B 3-1 ARFFEGEEE TARBIEERE -
EAAE R E A St & BB

B 3-1 488 & i Bl i €42

RIBUBRTORBEERE  EARAPTEERARL ) UEHRLEE
ARG RRAR c AR ERREETARMG R ATRANKE 8%
ERAREELAAZBEN ARG ELALXBAETHER > AEZHRKALE
PATECRB T - BREETABBRFRRERGE > UHERBEABHLEGR
2o D EBAERMEO AT BRXE R AR 0 AR 2R S8 R R RS
AT EARRIEE TP HEE Cell X 0S5 R ERELKEHM > BIFLR 05 £
AR E RSN > A B Cell 893 FERZEILE 5 Rk 0 A
R E R ERERA R TRBEZE TN T BRETATHAKEABEITEE
ik FE SR L AREREERTA RS ERAFRESRE FTHRMEY > A

RS ERERBERFEAL > WHREERS ) REAR I DT HEAT
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MREROBIFEIV > UFEFTH AR RHIBEOA LT N EH R E ABBITH
R IR LR R A e

A REE THMTARE R AERPIR L R4 R AR
BT E A QAR TR E > HIEEA
— B ERARERARXTERERE LTI RERBE LN -
S EATRATERGERNASMIBRS LR E ~ & Ehem B R RBIFE 1
3] B BF %, 3R P9 FALSR £ B AR
ZHAFAERBERARLEERGEESM BEE T -
W HEERBIETERERRLICRRER S
AR FAR A B KB AR B AR BT TR R B2 ERANR B 9 B A E 3-2
Fiow 0 A8 A SRl 6 A SRR 4 1 ey Tt > BARIEASEE Tt B AT oY BF R 1

KA

-
me;

GEATE R 0 AR B AR ER AR EE -

-
& @ o

E i B

|
& @ %
% E= 3 PR

7 T Q
>| CPU > A
> Q‘\Q
L |8
% by B ARA R

B 3-2 mEll A EHRAME B EHEE
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R wE ] B E &

HEdE )

-

WESEE B TR a4 (B 3-3 88 ELRE

ERRR AR R AT o4 0 TR AR T BN Tk

TER TFRER ) GRERERBITHN - moh HEER KRG 54

SFa AR B, RbE  LER AR EFEZ B -

BIE (V) EMHENS
136
134
132 "y
130 l I/"'!"' e -
128 \‘-
128
124 _
0 250 500 750 BRS¢ mey 1000
3-3 L EE TR B A dh 4L
Fmi ARRHRE
WMAFA LR RIRAR » AN T ERIRHERE T REREE L SR
THAEANBZES T ERARBLAERE T FAERAE CTRERE ) BXNS

B RERTE > UMK ERE > B EM AL F ik > R

AR E o

—~ FREHERE

B 46 B ATAE R
WERETE A %
EnsERKREER

B R RS

TRIZ AT A E R EERARGEREEFZ RGN AIEEY
THRE > EHAEHRDZEMAXETA - BIHFERMA
IEREMRM > MERAXGHLS TREATR, CTERER T
kR e T I3mm AR F T AT EEE 0 W T E 34 A7
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T mAMERTAOK T ZATE AT KT REEIEET A

RE IR X SR}

WMEMHABFA LT A% > AIHBBTERGRE > MAMNRERABL T

* 3-1 AT ©

B T RoEa e

CRURS

BERER - 13mm4r ¥

EREANLA

3-4 ERI%H

*3-1 ERlBmtEe

| USB/RS232

R A HEARE /A%
WREAEEE | ARATEAALRELAL DC6~12V
<] i % #:4F > 88~ LOW BATTERY
WREBZRFERAER | FHFRTEL EALETS ALE | DCI2ZV (9.5V L)
30 m484% 0 EHAE R ILF R
FEE A AMEE s | RS232C {2 #4291 USB #4358 B3 ARGR 4R F
R F R T mEEER 13mm
I b D
(é;§i2> REZEHURES L R B R TR A P
FR=ZRAERAENT R H
ERERFEREE | RECERM + 1% N
(+£0.15V (tb# 1mV))
WMEERER |ERA_RAELRTHEAMLER #ER| N
Ta 1 AT R FRA BRI
WMERERESE KREEBORFELBLERNSE | |, .
s g Ay AR
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Z-RERET T R SR HE

AARAFHIEE R E AR BXB AR BAR > SHRAATET " HRERE
ThG ) AREEAAZXBKE (B 3-5/7) AELHATRREL 8
HEERABNRE -  BHH#ARIGEAAXGBHEESTH AR 4 > HERER
04 TR E 2 %IEHIKE TR TR E TS T AERTME -
"HEEEM ) mEETEARKAS  TZRETR T AEEAG%ER,TBRE

ot EREgEF -

3-5 FHEE RETE & Stk

WMEBFAHRF A LT B - QIR AT B sER T4F - M B8k T4F
BB TF&32AH -

%32 AETE A% EHEEB

A B HEAE BE/AE
®EEEKAE ERES e R ER WHEELLE T REE
TRYREETAR & Rk
MM EANEABREARERE 2 & 25 +£5°C &
#ﬁéé’éﬁﬁ%i&iﬁiﬁ 7}%«7@ N K’% ﬁ 7]‘1‘—% N

AL Tk @R
FHABBHRE LK bARTHMR R

a.FaN (EHFH+3°CLT)

WY A EHIE 3 RN
BETRE RS B E 7 RN

HHBRREXEERLEREGE |TRA

AN ¥ % R HE R BT R B R RRFHREANBHRBEEE
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Z - HRABERE

& Azl BARAKELA Z ARERR B b B Z M2 &0 B mEH T
DHBARARNRE - FHRABFREEHAGFRHA B =04 HFHAE
0e T8%TE  CTRMETHER,TRBGK TR > MRE T EAREFM, X
HRETHBEARFR  BIHAERNRENTERE - R ERTAHIFE > AIH
AT AR AR T AR > T ARy FE R TARTA B 4o F & 3-3 AT o

& 33 ERANBHRBHRED

R H uELaE:3 /A%

FRZHEHARTABLIER R LR

o 7 59N B
47’5‘3 -ﬁ-l{‘ /\ ﬁ F;xfaoa i/i
sy | TOHC RIRN B AL RS | MR E AR T

RE AR R

BRARBFE 2BAK - FR | BERETER

BAZLEA REFE I RBBYTFE A

B85 RAMTER BRATAR
F Ry 4 E FREET
Tk #ﬁ:}: :;Fﬁt@imi%&ﬁ@fi 5 R 4B 8 9 TR
2B L B AR e AR B B R 1% A 43 & 3k
F3 COL ik K S B AE &ﬁfﬁﬁfv&%’l
ZRRABRHER | B CO, Mk &Rk R FRREIME
WA B8 AR AE R FRREPIME

W~ AR SR

AT EAE R AR > RIF T FARRMG ) S8 SUFERIE R R 0 &
X ey £ B 424 "DATE |~ TUSER CODE | ~"BATT GROUP ;- "BATT NO. |

"DATE OF MFG |~ "CURRENT | H S 83 # &) 2 3% £ @AR 4w B 3-6 °
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5]
power§3t

3-6 ERIXMBEFEER T @R

SHOBTARE " EAARKE TERAKE T ERAREFM XM

REAT S BRI - MBI e T & 3-4 P o

k 3-4 SH eI

t-: | HERAE B/ AR
DATE % 70- A - B #7-8F R R
USER CODE | #4F %X 3% 4 fi $AE B AH
Yo o ot A8 BATT GROUP | % ,@% ;:E'J ?E ;:tbf"},fﬂ Max 30
BATT NO. HEFR TG Max 300
DATE OF MFG | 3% & “t5- At 4 31 3 4 25
CURRENT TR EERMA ERIRAE LR
AC FRATR S BAEFER | ST REHER
RESET S R ] B2 B BIERG
DATA CHECK | & & # ek 3 o) s # FINISH 2 #b %5
FINISH I Re kR R HR2PDA A
FLOATING ¥ LB A # FINISH 2 # % %
DISCHARGE | % &R Z e 4% FINISH 2 #b %
S B READY Wiﬁnﬁ*ﬂ iET READY _
START B T BA 46 3 3sREE AR B85~ READY 48
NEXT BlEERMET — %% | %Bikm 1
RETRY &R g A F 3% READY 42
AUTO MODE | B ## R, B AT R 4E F
CL HHREA R LN Y=Y
1 BEFTMNASR Mk (Hok 1)
1~9 Bt BN B B A
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A~ FRERAE

ARERENZA > FRETFAERYAT - R L ERREBBATFAER

TR AARETHAEGLET L AT HERESHOEREHE  BEBRERA

Ak B aamEmALBREN AR RBLS T ERAAMEE -

"ERTA-ERFSE T ERAKE T ZRREFM MARGK TR L E

4o F & 3-5 B o

)35 FRBIEAEE

B H “ENE Zu/iE
EREEEAREAEE A AR
BLEREES ATREARRBELETHRE | w
57
3 B FLOATING =4 #& 4 P& =
| AF A A5 R B 3% - B
BREEE
— BT el
2.3 & READY - it % & & R B 45
@ik #8;~ READY
& B B T
3.4 % START ( B ks %1
ES RN W) REEERERHEATE | @RBTEATEMA

s#r—k&..%

4. 5B Bk B3k AR &3

HiE T EHHR

54 F NEXT (Rl E4EaEHm])

R 4 S8BT 2 R

SEET—BFRAEAL > ETuF 5k
1> ML r  #HR
FINISH 42354 2 b

88 R E AR R T
B AR S 8
TR

32 & DATA CHECK 4 & AR
§ . FATEEAEPHAFLRMAE R o
wa g amg e | BERBER ARG R o b o s g
AR BV BERERE R R T
FINISH 4245 4 2 % AR R
METHERE )
" %;¥“f BB A EHE RIS

7N~ CE R E

LR ER T HBE RMEERERES > BEHERLBRTOETKEAR

26




R BB ERR R | (4HE 05 #) BRTAER 0L RKEH -

R Reyapas T ERABEE T ERBESM T REE-EHRESE

"ERTE-ER AL

*3-6 KEREZAFE

g M B RE 09 E R R AF E ko T K 3-6 AT e

A H ENE EE/LE
A E IR TS B AR A
2 B CAREREERAS 13mm 4% 2 % 8
BRERERAA K ELEE SR AR
wrgman | CATRENAAAZEZHRE | Lo vy
#5
4 & DISCHARGE # fic 4o ik =
.k BB FREAENBHELER
EAE R T
— BT A ekl
QR ERBER AT ABEL
S " 5 L HAE R B
%1% 4% 8 o
3.#% B READY - it % & & Rk B 4
& 45 88 = READY
& B B T
4.4%& START ( 8 Bt fFe sk &
50ms/500ms/1000ms &R AE ~ TR
T AR AR BE R B
CHRAR KBTI BN ) gy | T
N T ( 50ms/500ms/1000ms )
e Y SRR T
k.. B
5.8 %R EEIEMNBHER G KESETEHR
0. B TR &k B B3 BAHR 8 kB R
7.4 F NEXT (B4 BESm 1) | Ré%IRIEF ZA]

SHET—HARANEL T 5B
1 M Eapcsdr &R
FINISH 4235 4% 2

S A REART
BRI B A F
TR

1% & DATA CHECK 3/ %&

I

FRATEEREETHAREETRE

& 8 0 H AT
#IA NEXT 42453277 A %8 T A o
N TR ERE R @L@ 8 F I RA R
o g o =B E &

FINISH 245 4% 2 #)
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¥w¥E ERLERESH

£ SHEHNURERRE

FHRERRRAMREER © AARXUAFRREERZREE L2 #Tib kT
it EEETHRERAPTER T > £tk 16 BT REA > ENTRENMMEAF
84989102 18 A BRI 2 » - %l35e4k T bR 3E (NO.) > it A 5 F (Time ;
Bt A FRLER(FV; B V)~ HETE (DV; B V)-KEER (DA
Bt A)s Fwmra (R B4 imQ) > kB H % (Check; 11 E% ;248
EAE3ERYT) FYE O A3 64 2335 MmTHEKE AT (Check) F) B
doF L BAREREEMRINRTMA 100A 2 80% (80A) HEHETAHAEE L BE
UK EERE DV<EARE 13.5V 2 90% (12.15V) 27K EER R BAEMHRIL > =
LUE ALY P AR HT Sl 4mQ 2 175 4% (TmQ) 2R EANAR RIS R &5
— R RARAM AR ILEF > Check A b 1 B46 B3t hw 1o 7 Sh B &8 £ RI6F iF L ER(FV)
LAREMATEREE > MUASRBEEBRSET Y RIINA G Fia B i

Tk 41 p o o

41 mEEREER (F5)

Time NO. FV(V) DV(V) DA(A) R(mQ) Check
1 13.588 12.647 100 4.016 1
2 13.603 12.624 100 4.125 1
3 13.563 12.623 100 3.988 1
- 4 13.624 12.612 100 4.089 1
* 5 13.588 12.618 100 4.089 1
1, 6 13.614 12.627 100 4.043 1
A 7 13.571 12.682 100 3.906 1
8 13.571 12.648 100 3.997 1
9 13.564 12.677 100 3.970 1
10 13.591 12.681 100 3.934 1
11 13.623 12.633 100 4.098 1
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B4l METHEE (8)

" 12 13.603 12.606 100 4.143 1
- 13 13.559 12.631 100 4.116 1
48@ 14 13.515 12.695 100 3.970 1
A 15 13.562 12.647 100 4.107 1
16 13.531 12.642 100 4.207 1
1 13.365 12.58 100 4.309 1
2 13.348 12.63 100 4.345 1
3 13.323 12.614 100 4.300 1
4 13.381 12.671 100 4.092 1
5 13.333 12.507 100 4.571 1
6 13.326 12.659 100 4.128 1
Ed 7 13.370 12.621 100 4.345 1
49 8 13.338 12.623 100 4.327 1
18 9 13.385 12.649 100 4.155 1
A 10 13.374 12.665 100 4.219 1
11 13.356 12.621 100 4.462 1
12 13.319 12.617 100 4.155 1
13 13.308 12.607 100 4.399 1
14 13.292 12.661 100 4.146 1
15 13.353 12.623 100 4.381 1
16 13.292 12.591 100 4.453 1
1 13.5 12.535 100 5.045 1
2 13.319 12.381 100 5.188 1
3 13.427 12.478 100 5411 1
4 13.382 12.243 100 6.885 1
5 13.374 12.298 100 6.403 1
" 6 13.393 12.412 100 5.662 1
* 7 13.370 12.361 100 6.046 1
j; 8 13.363 12.243 100 6.644 1
A 9 13.375 12.219 100 6.599 1
10 13.366 12.292 100 6.412 1
11 13.377 12.206 100 7.001 2
12 13.355 12.432 100 5.501 1
13 13.350 12.531 100 4.822 1
14 13.374 12.247 100 6.930 1
15 13.403 12.395 100 5.983 1
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41 mEAMEE (5)

16 13.383 12.442 100 5.662 1
1 13.380 0.666 14 461.551 3
2 13.461 12.035 100 7.558 3
3 13.366 11.977 100 7.116 3
4 13.413 11.960 100 7.846 3
5 13.397 12.036 100 7.165 3
6 13.424 12.100 100 6.835 2
& 7 13.421 11.677 100 9.371 3
102 8 13.441 11.999 100 7.804 3
18 9 13.457 12.130 100 6.898 2
A 10 13.435 11.911 100 8.162 3
11 13.428 12.045 100 7.186 3
12 13.449 12.059 100 7.340 3
13 13.494 12.220 100 6.554 1
14 13.455 12.141 100 7.095 3
15 13.393 12.092 100 6.807 2
16 13.333 11.311 100 11.682 3

WIFUALESMEA ~49M8 A ~89 @A ~ 10218 A eh4sm Tivshst BT » K
ARFEERGEAUE ET (B 4-1) TR4oE H S8 B E LY TEE
TRMA > b A BE MR ECBERS A FATRAT AR FHEA &

8.
BN WP RRARPATHRIEBAEERDEMK -

E (V)
14.00

——FV-8

p" b/‘ ——FV-49
13.50 ——FV-89
——FV-102

12,00

1z.80 -
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ERRBRECHRETE  KETREMERRE » EBHEAN P2 BEL
12.7~12.2 2 f - {2 Efem E 102 18 A 214 > S L tb H B a0y 85 Bk B b b e >
TR EREETREH B R HE 42 KEERITEBTE L » % E 1028 A
MR EATRARIGIL S EAAKBKR TS LEFR] RIEL -

BE(V)
13.00
12.50 —e—DV-8
'\ﬁ\‘ -~ '/‘. —— DV-49
---------------- R e S i S
12.00 \ \/ t

11.50
}

11.00

- o~ ® ~ w © ~ @ > = - ~ ® - - ©

BRES

4-2 ZEERITHRE

KERARE SMEA - F49EA - £89EA - % 12 BANELRE > &
HBFEETF S EANERNRMAE ) 0 F 102 B A s Ebia e R - HHAR
A B LB A G o HEE 4-3 NIRTEIITRE R AR AN TL &N
AL S L 0 FRELNAEME LA -

AR (mQ)
14.00
12.00 ! = == =R-Limit
g R-8
/ —t—R-49
10.00
—o—R-89
/ / —a—R-102
8.00

o [TTTAR R A ]
4.00 F—F—F=—= %

.00

> =

4-3 P33R PRI SR
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BAFEZ AR H T ORAGBERET > Thaesd 8 MAN > Tiummns
RBEICBEELEAHET > R 8 BEANEEFORIBIK bk 89 @A
2N AR ISBEECALY BB IBRECAEEE > ATFELREHBLHERSL
KEE > BT MRARRNZEHEN > EEEEZFMEETHREGILER
DR EEIE mMECLFR I2MEAR FIBARLEE BAF 2HNTLHE
¥ REATERLRERE Tk 102 BAXG S CRBER  Bi5gEy

5L HBEITERNKIBRR -

A S
RA2RAMRESAEHZTHE PR BAM R REERET

MERGE -
& 42 ARGt E

BYLE | EARRE | FAETR | AETR | AEETH | ThAm | KREHAR
% BRIR Time FV DV DA R Check
T3 8 62 13.431 12.224 98.656 12.605 1.438
A3 B 69 13.393 12.533 100 4.697 1
R KA 102 13.624 12.695 100 461.551 3
& /ME 8 13.292 0.666 14 3.906 1
REE 37.081 0.097 1.496 10.750 57.032 0.794

HEBREAZANEHBE PO ELERAEHE (TIME) #XEER (DV) #47
WEF AT AR AR B AR AR (2o T & 4-3 AT ) A B SR 3 BEBEE AR -

(43 ERASHMARKEERGAF oA EE (REEHR)
B¥ | ABAENME | BEZE | t-Value | p-Value | #aFH¥ | R-Square
Const 12.937 0.354 36.54 <0.0001 o

Time -0.0115 0.0049 -2.34 0.0224 *
TR SUUBEEKE R 1D BaE KE

0.0665
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FEBRAARZ A BN P AR AL B > BT ERERR (TIME) #
HEER (DV) @@ o4 - BAAMAEIIRS A 0.6072 » T4 > BERELKE
TREXEECERAFHOTE  £5%NBERETZRAQNBEEMA > bk

TEEAFHAR > REERGTHE > o TR 44577 -

* 44 AR EKEER @G oA AR (DIFRBEEAE)
SH | ABAENME | BEZE | t-Value | p-Value | #aFH | R-Square
Const 12.787 0.0450 283.93 <0.0001 ok

Time -0.0062 0.0006 -9.84 <0.0001 Hk
T RR SQUBAE K R 1% BaE KR

0.6072

BERAAZATHBE T E LA G (Time) #ERNME (R) #fTE
o A R4 %A 0.6538 0 T340 0 A5EE TN MR &% B E 4B A B R
BBE > A 1D EKRETEREONBEMNG LA TETRERAFHMBL > &

AP g R > o F & 4-5 Ao o

& 4-5 4 A 05 R 1 E P9 ALY 38 B 5 0T LR
SH | ABAENME | BEZE | t-Value | p-Value | #aF M | R-Square
Const 3.2847 0.2354 13.96 <0.0001 ok
Time 0.0358 0.0033 10.87 <0.0001 o
PRSP BAE KR R 1D B KR

0.6538

HERAAARZHERBIE P ERREF T (Check) HEENME (R) HE
G (DV) #AT@EFHAH > AA A8 M 0.7507 > T4340 > 4585 T3k Ak A6
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