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Student: Chih-Hui Tseng Advisor : Chang-Pin Chou
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College of Engineering
National Chiao Tung University

ABSTRACT

The thesis describes the behavior of battery discharge and how to maximize battery
capacity usage becomes an essential key influence to the entire power management design
for lithium-ion battery. This thesis subjects a controller along with a lithium battery
module to build up a platform to experiment. With this platform, we measured the whole
cycle life and further to analyze how different cycle times influences the discharge
characteristics of lithium battery. This battery management system designed for managing
7-Series and 3-Parallel cell battery system, provide a complete battery system control and
battery capacity prediction. This technology can estimate the behavior of discharge of
battery by cycle life. Through the model’s parameters, battery life prediction curve, are
measured from the experiment under cycle times. The battery information interface use
LCD as the display device, the battery communicates the info to MCU8051 controller via
the interface. It reaches the complete management system design and improves the battery
performance and life cycle. It also can be set the interlock including over-voltage
protection, over-current protection, short circuit protection and thermal protection.

When discharge process starts, the battery module controller will be used to
estimate the capacity and life-time, calculate the battery terminal voltage under particular
state of discharge to be a reference of battery life prediction curve. This technology can
imitate the behavior of discharge under discharging cycles and estimate the operation time
accurately from the experiment result. The entire architecture and the data of this
experiment platform and result will be further explained and described in this thesis.
Keywords: lithium, batteries, controller, discharging cycles, terminal voltage.
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Source DC to DC Converter

Industrial Supplies:

24V unregulated(18V~36V) General Purpose

12V lated(8V~18V Power

unregulated( ) Digital (ex:FPGA microprocessors)

Portable Battery operated: Management Analog (ex:PLL,A/D,D/A)
Li-lon 3.6V/(2.7V~4.4V) Integrated T
Ni-Cd/Ni-Mh (0.9V~1.2V) Circuit P P

Telecom: (ex:LDO, S/C,SW) Common Load Voltages:
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Automotive 1.5V 1.2V
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Bie>F & Znt2NHC1—Zn(NHs)2CLA2H +2e
It E 0 2Mn0:4+2H:0+2e —2Mn0O(OH)+20H
e >k Znt2Mn0:42NHCL—2MnO(OH)+Zn(NHs ) 2CL:
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Hi&( anode ) :Zn (s) +20H- (ag) — 7Zn0 (s) +H20 (1) +2e-
t£4&( cathode ) :MnO2 (s) +2H20 (1) +2e-— Mn (OH) 2 (s) +20H- (aq)
A FR O Mn02 (s) +H20 (1) +Zn (s) — Mn (OH) 2 (s) +7Zn0 (s)

Wl T DT TR R R

2.2.38%# ( silver cell )
RPN 1ei e 1y M RGREY > TR F PHZ L5
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Hi&( anode ) :7Zn (s) +20H (aq) — Zn0 (s) +HO (1) +2e

I24&( cathode ) :Ag0 (s) +HO (1) +2¢ — 2Ag (s) +20H (aq)

T rFR C Ag0 (s) +Zn (s) — Zn0 (s) +2Ag (s)

HLA TR R ERAER R LFE LRI AP R F AR

Sakfed SRR A Rt -

2.2.4 &% # ( mercury cell )
B FEATH Ao 2 BT eS8 F P RARE D E4 0 B 25T
IR SR VES I S
Hi&( anode ) : Zn(s) +200 (Cag) — 7Zn0 (s) +2H20 (1) +2e
I24&( cathode ) : HgO (s) +HO0 (1) +2¢ — Hg (1) +20H (aq)
A >FR ¢ Hg0 (s) +Zn (s) — Zn0 (s) +Hg (1)
AT S B AT S B K
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2.3.1 &BELSE£EFT® ( lead storage battery )
BT R AR Y 0 AL EA RSB L AER ) F R

Pb02(s) + 4H'(aq) + 2 ——>Pb2'(aq) + 2H:0(1)

Pb2+(aq) + SOi«(aq) ——>PbS0:(s)

Pb02(s) + 4Ht(aq) + SO«(aq) + 2e ——>PbSO:«(s) + 2H:0(1)

AhAEiE s At E R
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Pb(s) Pb2+(aq) + 2e ——>Pb2+(aq) + S0:(aq)+PbS0:«(s)

Pb(s) + S0:«(aq) ——>PbS0:«(s) + 2e
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3.2.1 8051 ¥ & # P
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31RACRREE

Specification Min Typical Max Units
Capacity 4300 4400 4600 mAh
(0.2C discharge, from 4.2V - 2.75V)

Recommended Charging Voltage - 4,20 4.30* v
Nominal Voltage - 3.7 - v
Energy Density (Gravimetric) - 180 193 Whikg
Energy Density (Volumetric) - 420 440 WhyL
Cell Impedance (1kHz, AC) - 17 - mQ
Discharge Current (continuous) - - 12 A
Charging Method CC-CV

Voltage limit of 4.2V, to 50mA or 2.5 hours

Charging Current

Standard charge: 3.1A (0.7C)

Fast charge: 8.8A (2C)

Charging Time

Standard charge: 2.5 hrs

Fast charge: 30 - 35 minutes to 80% capacity

Discharge Cut-off Voltage 2.5° 3.0 - v
Cell Weight as a0 92 g
Swing ™ 4400
POWE
. Vent Side
g?//@ Made in Taiwan
/4
B 3-6 T# <7 B
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7 3-2 T A EERR

EP [tems Conditions Value | Units
BEd R Voltage Average Vol tage under 1C rate 29.4 Volt
HEREFE Capacity Voltage at 25C 92.4 Ah
FITER Operation Temperature Charge State 60 T
G R Cycle Life 1C cycle at 25°C 2000 Cycles
FHE R Warranty 1 Year
WTREE Trigger Points 4.2 Volt
Over-Voltage Detection Delay Time 2 Sec
Release Points 0.1 Volt
%R R R Trigger Points 2.8 Volt
Under-Voltage Detection Delay Time 4] Sec
Release Points 0.2 Volt
T E_F (Ist) Trigger Points 200 Amp
Discharge Over—current Detection Delay Time 2 Sec
Release Points 8 Sec
WENFE_AR Trigger Points 25 Amp
Charge Over-current Detection Delay Time 1 Sec
Release Points 8 Sec

=55

=

- 6//‘/-.

Bl -7 % e ¥ H
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3.223 DC/ACH#H#=

DC T0O A C#3# F ¥ 45 INVERTER > % 8 S H4cBI3-9477 » H ¢ I % B oh
AR EH F - BRAZ & o MAFehr 2 (L Ao i gt B (Band
pass filter, BPF) - P|¥ { E rxs %gi'likiiﬂﬁﬂﬁgj e R P B R BRI BE
FLiUnR O ORERTOT ALY i“fé oo HY A3ANTF G Am T AP AT b

inverter#f % 4@ 3-10%77 = INVERTER® #2 B P& & o

<]
+
L S1
Vdi2— E —
: FEd At
_ EE
S2 ﬂ\
+_ 1 + +
Vd;‘2_—__ [jD i[:2 \Vi c | Ro
_ ae T <Vo
- < o a _

Bl 3-9 INVERTER % &7 & B
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% 3-3 Inverter ##

#Pp [tems Value | Unit
ﬁs?J & Continuous output power 500 W
ﬁi%l Ia R Output voltage 115 Volt

4 5 Output frequency 60 Hz
TR R DC input voltage 24 VDC
TR F DC input voltage range 20~24 VDC
TR Output wave form 60 Hz

B 3-10 INVERTER 5 % 4p &R
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3.2.4 LABVIEW & DAQ 4 %

LabVIEW #z % Laboratory Virtual Instrument Engineering Workbench
FovE- BRAARNET > TU g s S EEAR 0 BF e G 4wt @
FRHEFE TR E S5 TR o LabVIEW T & =2 2|1 crilicF A 47 2 B2 o1 # 5 o

FIHNERFLR? TERNFRSRE- BEE DG T KRR R

2.9-5 FLpEEt L

£ P A
zﬁ;{;bﬁ;f])\ 8 B (48 kS/s~14 = ~)
A g O 2 (12 =~ ~150 S/s)
gnff_éi%] ik 8B#i= [/0
gnff_éi%] IN A= 1/0
Counter 32 A EE
[t =Rt PoAE I ERE LA
1} 48 % >t LabVIEW NI-DAQ mx =&# #ix%8 22 Signal Express
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LabVIEW £ DAQ +4ppeis » & M+ 1o %%’%"’DAQ + Kok B R 0 % 3 LabVIEW

festenfe & o [T A KPR A B2 E A 4 Bans iy " RF R R
Ptk A2 b o BE R IR D T D A TR AN i H -

LR A R R FHR S A B 08 R B AN -

% 5 F A (multithreading) * SiEB Gt cnE 8 [/0 a7 H/ 3 22 A
N IE G E B 4eLabVIEW ~ LabWindows/CVI ~ Visual Studio . NET ~ &2C/C++ > #5+

FAp R VIS A o 4eRIS-11 5 2 B R RIR B R+ (DAQ T M -

4
e
"
¢
L
¢
o
L
e
o
c
¢
‘
o
¢
e

-
.
L
-
’
-
¢
-
c
s
s
"
.
2
-
L

B 3-11 74+ 7 4 H

3.2.5 T o
JEB 3-12 LabView g K £ 324 o B > F M2 p & i 353 2 fAldp b
R TR T T AT 0 RS PR RS e TR

Rl P E 1 FRER S EAFE FSRR -
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B R BE $A R d AR

Lam V-T Graphic loto [N DCA Capcity
5 2 3 ]
| 1 v ‘ 4 ]
f 45 Running Count DCA o b \ \5 i
4+ o -
\) b |168 |168 -~ 4
=2
ON/OFF &, VDC ACA . 45
) S Power Consuption
b = |25.8 |25.8
VAC Time 0 50 100 150 200 250 300 350 400
0 5 10 15 20 25 30 35 40 45 S0 55 60 |25.8 |36
Time, Min Status
Running Time Countdown time Processing
Power
325
LE 338
“ 375 Vl
4
~425
45 ALARM A { JINAL
42 il AP

Rl 3-12 LabView #ihtk % 541383 % o
3.2.6 § Rt

pspents S ER Y REFERP T AL P

& Vena Press VP 500 4r R

S-13 f =T Bl - FRFRBRED KT 2 SR G SRR TS i 2Pk

TN

PRI FP ISR ERI R ALY 2 m ke PRt BERRS o A

ey

% 5000 > #5~ B 5 110AV -

F3-13 4 549 W
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YrE RAREFELH
ARG EBAET S L TER L TR RLET TR
1 5N % T rEa BAER _ﬁ%)\_,_gi\.«w ,;ﬁﬁb kL ET f’%ﬁrﬁ‘%l‘

CRME I B A i VR 5k d PR

R s A EET TAE RN S RF PR S
MI e EImoumag R il AR AN ;]‘;K &' # T FERRE- T
B 0 i RTE T f R R e

YoB 4-1 77 5 R %I ARE o Hin RSP e T o A g R - R RAT

# e B o FFEAY LM A T RET TG RNAT R JE BRATLATE
AL ATER IR W AT RZREEER o AT BIFEPE  #% hik

ThoTRMBO0.20ATEFEFRIEAR  FER L TR BVE £ F o
B RBRATT  EEEETRE 2.4V £ 0 F 05 200mA » 4eit g 6 T4 A
g7 (Fm LTI T T B G AT -

ST ABE 1L 130T B TR L 21V Bt iR AT h
PR TR S (TG VR 8 e 2 e - HIE IR KT R

R4 2R RR DOD | 80%BF & 100% 5T 1200 = 7k > » R %1 BB -
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)7-??

T i AR

¥ Ao B 4-2 1T e

CUPCIY

L LR S

TRIE %mmi% bem Wk

= )‘”ﬂ‘ﬁ HZIRA e Fle T 8 -

FRRPILEFET

LR ZA T AT E AN RS

Z4-1 427 4 B R s T iy

evKAv\i

e b Fpt R

M Z IR D

L H h4mips

BeiBhod A1 17 0 ©od 4-] Slicdh A

Pl IR | % 300 = PRk | % 600 =% gk | % 900 =t IR | F 1200 ¢ %
PR R RE | PR | TRE | BFF TRE | FEF | TRE | FPF | TRE
(min) | (V) (min) (V) | (min) ) (min) | (V) [ (min) V)
0 26.98 0 26.95 0 26.92 0 26.9 0 26.88
1 26.88 1 26.78 1 26.68 1 26.65 1 26.6
5 26.03 5 25.88 5 25.82 5 25.75 5 25.68
10 25.56 10 254 10 25.2 10 25 10 24.9
15 25.2 15 25.1 15 24.8 15 24.7 15 24.6
20 24.9 20 24.8 20 24.6 20 24.5 20 24.3
25 24.65 25 24.45 25 24.2 25 24 25 23.9
30 24.42 30 24.3 30 24 30 23.8 30 23.7
35 24.23 35 24 35 23.8 35 23.6 32 23.6
40 24.03 40 23.8 37 23.6 38 23.3 33 23.5
45 23.74 44 23.25 42 23.2 40 23 35 23.1
47 23.59 46 22.7 44 23 41 22.85 37 23
49 23.3 48 22.2 45 22.6 42 22.5 39 22.5
50 23.07 49 21.9 46 22.2 43 22.2 40 22
52 22.17 50 21.5 47 21.8 44 21.6 41 21.3
53.2 21 51 21 484 21 45.4 21 41.2 21
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4.2 #irebeniz RN
AExr RERAH AR -« ABF > ERPEF R pE 0 v HE R
AipRai R  FEAHfeSP o P ENE RSP F F Ren b RERaAl F

P BE T gt R B R T DR AR R o T A A T R e R

RHRA G - LM AT o H Gy ARG X R T L
e HAE L ARk FH R x o Sy phoomid K B (AR T e
) o DREAAHRT LA A B B E D Renpl Fam g - foene A

TAeRidh (CRTR) Ak d (Fithd o> - HiF) » A& o v Pl
% = ; M=tan@

BRARFY Mo B ET s X TRETS Yih - 24iF5 X
R KRR R ARG R A A AL R R D A

W2y eIt EE o

M=(Y2-Y1)/ (X1=X2)=/AY/ A K everervnreennneeunnennnnenineeiieetienieenieennens (4-1)

K A1 R 4-3 ¢ I B A% 1 2 BT LY - 48 A 48T
A9 el A w3t B 4o B ¢ % H M=Slope £ F H 18 % - #F 5kl ¥ o2
= mﬁii ﬁifﬁqﬁ"ﬂ?’:ﬁ&?\! B

Mi-47-46=-(23. 45-23. 59)/1=-0. 14 AP tan@=0.15 G=T.97 ++eeeeeeees (4-2)
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Mi-18-19=—(23. 3-23. 45)/1=-0. 15 HY tan@=0.15 G=8.53" ++erereeeee (4-3)

Mi-19-50=—(23. 45-23. 07)/1=-0. 38 HY tan@=0.15 G=20.8] +eceeeeeeees (4-4)
Mi-s0-51=—(23. 07-22. 62)/1=-0. 45 HY tan@=0.15 G=24.22" «--ceeeeeees (4-5)
d P g8, APErRFAIE LRSS A R ED 244%F_ A Miag50 27

Misos1 22 FF » s A2 & % 1 =x B{HREITEL A& 5 (48, 23.45)

g 300 = AT R o A3 A 4BT| AT ehR K s w3t B et 8 ¢ 2 & M=Slope

MR 300 BT D RTRAM 0 B o i A RMAPER R -
Mooo-43-40=(23. 6-23. 68)/1=-0. 08 # ¥ tan0=0.08 G=4. 57 w+rereseeve: (4-6)
Moo 445=(23.5-23. 6)/1=-0. 1 B9 tan@=0.1 =5, 71 wwereeeee: (4-7)
Mooo-s546=(23. 1-23.5)/1=-0. 4 # 9 tanf=0.4 =21, 8 - eereeee- (4-8)
Mo ss-=(22. T-23. 1D/1=-0. 4 29 tan@=0.4  §=21,8 +eeeerss (4-9)

d it B APRERRASIE RS A SRt 381 Ml us e
Ml-s506 22 B > g2V i 2 & % 300 =% 5%k s 37 8L A 1% 5 (45, 23. 1)

g 600 = AT R o A3 A 4T 49 R F s w3 B heT i 8 ¢ 2 & M=Slope

AxHSS 3008F 5 BRE 5282 SlF S EROFERFRR -
Msoo-42-43=(23. 2-23. 4)/1=-0. 2 HY tanf=0.06 0=3.43"---c-eee (4-9)
Msoo-43-44=(23-23. 2)/1=-0. 02 HY tanf=0.06 0=3.43"--c-eee (4-10)
Meoo-44-45=(22. 6-23)/1=-0. 4 P tanf=0.3 OG=16.T -+-eeeeeeees (4-11)
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Meoo-15-46=(22. 2-22.6)/1=-0. 4 HP tan@=0.3 O=16.7 -ccceeeeeees (4-12)
d P E N AP ERRAFELRF A &5 L] 200%E_ 7 Meooa1-45

29 Mooo45-46 2_ ¥ > 23V 2 & % 600 = E3 edE 37 B R 5 (44, 23)

AEHLSS 900 8F 5 BRE 582 SlkF ZEROFERFRR -

Msoo-39-40=(23-23. 15)/1=-0. 15 BP tanH=0.15 G=8.53 ++-+rvreeee- (4-13)
Msoo-40-01=(22. 85-23)/1=-0. 15 B P tanf=0.15 6=8.53 ++-+r-eeeee- (4-14)
Msoo-41-42=(22. 5-22. 8)/1=-0. 3 P tanf=0.3 OH=16.7"--c0eceeee (4-15)
Msoo-42-43=(22. 2-22.5)/1=-0. 3 BP tanf=0.3 O=16.T"--co0ceee- (4-16)

d PN E APRRRAZE LRSS A FhE ] 200% Moo a4-57 27

Mooo-45-46 2 FF » #3% i 2 3% % 900 =% 8 T i 3T BE A AR 5 (41, 22. 85)

B H (5% 300 83 5 R H ¥ Bz ks B BRISBETRE o
M1200-36-37=(23.1-23.2)/1=-0.1 £ tan@=0.06 O =5 71 -+ (4-17)
MI1200-37-38=(22.8-23. 1)/1=-0.3  # ¢ tan=0.3 O=16.7 - (4-18)
M1200-38-39=(22.5-22.8)/1=-0.3  #° tan=0.3 O =16.T - (4-19)
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M1200-39~40=(22-22.5)/1=-0.5 HY tan0=0.5 6H=26.56" ----- (4-20)
d P g8 APErRRAIS LRSS S R ED 292% Mioo-37-38 £7

Mi2oo-sg-39 2_ FF » #& 2V i T 4 % 1200 = (R edE 37 8E A 5 (38, 22. 8)

4.3%7 & R E
Bk d MR LT F TN R FHREF AN = fEY AP F

BAEATEES S PO I BB, R E B A R Y T I S B el

(4-19) -
Y=AX"+BX+CX*+DX+E

VRS e ¢ T BERBAR ke 41 A S S (4-19)F < d T 2 gt

f2d ABCDE T Bd#icie WP E AN ZfE AT EF e S R AR o

24-2 & ATRY SUEATELECE

$ 1% | %300 =% | % 600 = o5k | % 900 = 7% | % 1200 = 45 5%

PR TRE | PR TRE | #R | TRE | BF | TR | BR | TRE
(min) | (V) (min) (V) | (min) 4D, (min) | (V) | (min) 4D,
48 23.45 45 23.1 44 23 41 22.85 38 22.8
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o AR 3 o (4 20) =& * Matlab ‘L-?-r BRL Ul ﬁii\“ :
Y=0. 0000000018333X"+0. 00033699X°~0. 0359X*+1. 2752X+7. T056 «--+-+--- (4-20)

&3 Matlab H#-d Sfa- B %R > o REA)4oF] 4-5 o

Bl 4-5 & B
DR X RFEFNLIFRAT S S ERF D EBITRAAHEE > SR g
Sl AEIERT S BB E S LR - TR Al 0 R

- Ew A R ARG o

4.4 Gk = B

Bk M A e 4T R Bl R P ST vz SRl TR L e

AR, EEEAE Y T MY AR E 4o 0 (4-19) -
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F 4-3 427 ¢ B R 4 T By

1A%k | % 300=xiEak | % 600 =% g8 | % 900 =x /¥ | % 1200 = pA3k

PR TR | PR | RRE | BR | RRE | PR | ZRE | BF | TRE
(min) | (V) (min) (V) | (min) ) (min) | (V) | (min) D)

0 26.98 0 26.95 0 26.92 0 26.9 0 26.88

10 25.56 10 25.4 10 25.2 10 25 10 24.9

30 24.42 30 24.2 25 24.2 25 24 25 23.9

45 23.74 44 23.25 42 23.2 35 26.6 35 23.1
53.2 21 51 21 48.4 21 454 21 41.2 21

g8 (4-19)8 4 4-3hEAE* 3 5 DR A Bod R AR A WA T &oon

W H 1 R B M RS 4T

Y=-0.0000045174X"+0. 00032843X™-0. 0044X°~0. 126X+26. 98 ++---eeevreeeeee (4-21)
g % 300 = TR e R AR 4o T
Y=—0. 0000035831X"+0. 00021185X™~0. 0004828X°0. 1678X+26. 95++++--+++vev--- (4-22)
R % 600 = TR Hochd A2 AR 4o
Y=-0. 0000047313X"+0. 00026983X°-0. 00061758X°~0. 1881X+26. 92 «++++vveveeeees (4-23)
g % 900 = TR Hochd MR AR 4o
Y=-0. 0000046355X+0. 00021401X+0. 002X°~0. 2264X+26. 9 ++vvevveeeeereeeeenn (4-24)
R % 1200 = TR = B M AR 4o
Y=-0.0000079957X"+0. 00039437X’-0. 00075367X°-0. 2219X+26. 88++-+++---++- (4-25)
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d B 4-5 ¢ W A 250 (4-20)22 (4-21) (4-22) (4-23) (4-24) (4-25) ¢ 937
EVETRCT W ABHRS TE S FDIW 460 d B 4-6 A1F § KT 0 SRLT] W A
250 (4-1) > BRI TRE T 1473 T 10%07 78 0 3 A2 CHF 7 %R

(e x 8051 & ¥ WT ETEIE E A T RE LS PR Ak o

27 T T T T T

251 _

24 .

| \\\\\

21

20 I I I I I
0 10 20 30 40 50 60

] 4-6 75 k2T o AR R

YR 4-T 5 TP RF TIREDR F R BT el B Ui R &
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m i3 AVR (Automatic Voltage Regulator) » T /B %6 pF € o 63 £ > 1

Cell Capacity, mAh
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