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1.1 Lithium-lon Batteries Pack Specification i~ Beg
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BAYSUN's Lithium-lon Batteries Pack : Power Battery Plus (PBT-BAT-0001)

o CapacCity.......ccoeveverrernnnnnnn, 65[Wh], 4400[mAh] (Approximately)
 Rated Current.................... 3[A]

e InputVoltage............cceuvnnene. 20.5 [Vdc]

e Output Voltage.................... 12.8 ~ 16.4 [Vdc] (4 cells)
 Chargingtime.......c............. 5[hours] (approximately)

=

22.5mm

wwpz

UFILAAZICF U= 0D

DC12.8 ~ 16.4V 4400mA h
27T0(W) = B6(D) x 22.5(H)mm

51049

| GEmm |
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1.2 Discharge Time Characteristics rFa Bhe.gees
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18V
D1
pMoD _L*
PARAMETERS: “Voch

rate =1 ?016.8Vdc

CAh = 4400m

Hi

-

U1 0

l C1
1n + - | PBT-BAT-0001
-0

5 g £C (880 mMA )
BT 2200 A

Gl TSCALE = 3600
GVALUE SOC1 =100

1C (440h mA)

5 limit(V(%IN+, %IN-)/0.01, O, rate*CAh )
12V~ ----------------------- -------------------------- -------------------------- ------------------------- -------------------------- L TSCALE=3600
¥ : 5 f 0 means time Scale
_ (Simulation time :
: ; ; : Batteries Pack Model Parameters Real time) is 1:3600
V5 RTINS ST ST T .
: 3 : NS (number of batteries in series) = 4 cells
‘ C (capacity) = 4400 mA
SOCI1 (initial state of charge) = 100%
8V i i i i TSCALE (time scale) , simulation : real time
Os 1.0s 2.0s 3.0s 4.0s 5.0s8 6.0s 1 :3600s or
D e v V(HL) 1s:1h

Discharge Rate : 0.2C(880mA), 0.5C(2200mA), and 1C(4400mA)
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1.3 Single Cell Discharge Characteristics
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Single cell ]
Measurement
45 .
| 02C( 360 mA)
| === 05C( 900mA)
» SO R S S [ 1.0C ( 1800 mA )
40f~< SO SN [— 2.0C ( 3600 mA )
~ .,
::' sl ..‘.."..‘a-...-'.
H
-4
; 30
FER 1800 mA max , 4.2 V max , 25 hours , 20 °C
BE.EREE . 20T
#*BRER B0mA 25V cut off 20 °C TOMRERE 1008 EL1-E0
20 70 0 50 T 700

HEER (%]

VOLTAGE [V]

4.50

4.00

3.50

3.00

2.50

2.00

Simulation

———0.2C(880mA)
----- 0.5C (2200mA)
----- 1.0C (4400mA)

s

100 90 80 70 60 50 40 30 20 10 O -10

SOC [%]

» Single cell discharge characteristics are compared between measurement data and simulation

data.
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1.4 Charge Time Characteristics
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SOC [%]
100V

40V

20V

SEL>>
oV

Vbatt [V] ICharge [A] o V(X,UI-SOC)
18V 5.0A _ :

V
1 z

16V4 4. 0Adw

14v4 3. 0B

s
gy 02 ; i i i ; i

S W R e

D1
PARAMETERS:

rate = 0.2 +
CAh = 4400m DMOD L
Gl Voch

GVALUE = l6-8vde
Limit(V(%IN+, %IN-)/0.1, 0, rate*CAh )

L
=0

l C1 Ul
1n + - | PBT-BAT-0001
o

TSCALE = 3600
_ SOC1=0
Vin
20.5Vdc

0
Batteries Pack Model Parameters

NS (number of batteries in series) = 4 cells

C (capacity) = 4400 mA

SOCL1 (initial state of charge) = 100%

TSCALE (time scale) , simulation : real time
1:3600s or
1s:1h

Charger Adaptor

T
Os 1.0s 2.0 3.0s 4.0 5.0s 6.0z 7.0s
o V(Hi) o I(Ul:PLUS)

Time

Input Voltage = 20.5 Vdc
Input Current = 880 mA(max.)
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2.1 Solar Cells Specification i Bhe.gees

BP Solar’s photovoltaic module : SX330

o  Maximum pPower (P p)--eeeeee-. 30[W]

 Voltage at Pmax (Vyp)..coveenee. 16.8[V]

« Current at Pmax (I,p).ccoeereenne 1.78[A]

« Short-circuit current (lg.)........... 1.94[A] B
» Open-circuit voltage(Vy.)- - -------- 21.0[V]

595mm
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2.2 Output Characteristics vs. Incident Solar Radiation i~ Bhe.gees
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SX330 Output Characteristics vs. Incident Solar Radiation

Z2.5A

2. OA": ; i
<
- LS —— _
o
Ul
0 5A A |
SX330
SX330 SOL =1 vA
| Ao ! ! :
. oY 0] = TS— |
Parameter, SOL is added as 2 | —— SOL=0% '
normalized incident radiation, . o
where SOL=1 for AM1.5 & SOL=0Y. ‘
conditions e . . ! .

T T
oV 5V 10V 15V 20V 25V 30V
o e v L{lsence)* V(V1l:+)

v V1
Voltage (V)
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3. Solar Cell Battery Charger i~ Bee
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« Solar Cell charges the Li-ion batteries pack (PBT-BAT-001) with direct connect
technique. Choose the solar cell that is able to provide current at charging rate or more
with the maximum power voltage (Vmp) nears the batteries pack charging voltage.

« PBT-BAT-0001 (Li-ion batteries pack)
— Charging time is approximately 5 hours with charging rate 0.2C or 880mA

— Voltage during charging with 0.2C is between 14.7 to 16.9 V

14.9V

14.7 V

>>>>>

o= 1.0 2.0 3.0s= 4.0s s5.0= §.0= 7.0s
o WV(Hi) o I (Ul:PLUS)

Time
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3.1 Concept of Simulation PV Li-lon Battery Charger Circuit = <% twewiogis
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Over Voltage
} Protection Circuit

depends on condition: SOL

\

{ Short circuit current Ig

16.8V Clamp Circuit

N
Photovoltaic ® Lithium-lon
Module Batteries Pack
SX 330 (BP Solar) PBT-BAT-0001 (BAYSUN)
Vmp=16.8V DC12.8~16.4V (4 cells)
Pmax=30W 4400mAh
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3.2 PV Li-lon Battery Charger Circuit
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D1
PARAMETERS >t
: pMoD _ [+
sol=1 —
Voch
— 16.8Vdc
pv 0
G ) Hi
+ 1 .
\8) 1
. — cC1 U1 -0
U2 1n . - | PBT-BAT-0001
SX330 N
sx330 | SOL = {sol} —
0 TSCALE = 3600
SOC1 =0

Input value between 0-1 in the “PARAMETERS: sol =" to set the normalized incident
radiation, where SOL=1 for AM1.5 conditions.
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3.3 Charging Time Characteristics vs. Weather Condition Z1% Technotogies
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100V

p— . ............................

PRI WU SRDY oSS SIS S SRS S oSS S B

sol =1.00
“ 50l =0.50
, | | <>sol=0.16

Os 1ls 2s 3s dg 55 6s Ts Bs 9s 10s
o o v V(X UL.S0C)

[210,7 8 T S << <<< ............................. ..............

Ov

e  Simulation result shows the charging time for sol =1, 0.5, and 0.16.
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3.4 Concept of Simulation PV Li-lon Battery Charger Circuit e Bee
+ Constant Current

|

Short circuit current Ig
depends on condition: SOL

|

\

N

Photovoltaic

- J) o
i\ Technologies

S W R e

Over Voltage

Module

SX 330 (BP Solar)
Vmp=16.8V
Pmax=30W

Constant
Current
Control
Circuit

Protection Circuit

16.8V Clamp Circuit

Lithium-lon

loharge=0-2C (880MA)

Batteries Pack

PBT-BAT-0001 (BAYSUN)
DC12.8~16.4V (4 cells)
4400mAnh
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3.5 Constant Current PV Li-lon Battery Charger Circuit
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D1
PARAMETERS: PARAMETERS: 1J>I|
' ' DMOD _1*
sol=1 rate = 0.2 —
CAh = 4400m 3
Voch
bV = l6.8Vdc
(N Hi
+ 1 .
NS RN l 1
> TO
+ o O Cil Ul
U2 ‘ n + - | PBT-BAT-0001
SX330 + 1
s@s0 | SOL = {sol} = = —
T L 0 TSCALE = 3600
1 Gl SOC1=0
?0 GVALUE

Limit(V(%IN+, %IN-)/0.1, 0, rate*CAh)

Input the battery capacity (Ah) and charging current rate (e.g. 0.2*CAh) in the

« “PARAMETERS: CAh =4400m and rate = 0.2 " to set the charging current.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009
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3.6 Charging Time Characteristics vs. Weather Condition alepee
(Constant Current) Z4 Tednclogies

S W R e ——

100 t t t T t t t T t t t T t + + T + + + H ) :. = 7 i . <

p— . . ............................

BOV b G NS W S S oS S B

sol =1.00
“ 50l =0.50
, | | <>sol=0.16

Os 1ls 2s 3s dg 55 6s Ts Bs 9s 10s
o o v V(X UL.S0C)

[L 017 << <<< ............................. S—

Time

*  Simulation result shows the charging time for sol =1, 0.5, and 0.16. If PV can
generate current more than the constant charge rate (0.2A), battery can be fully
charged in about 5 hour.
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4.1 Concept of Simulation PV Li-lon Battery System in 24hr. Zi~ Bhe.gees
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The model contains 24hr.

Protection Circuit
solar power data (example).

} Over Voltage

16.8V Clamp Circuit

Photovoltaic Lithium-lon
Module T ¢ ®

Batteries Pack

Low-Voltage PBT-BAT-0001 (BAYSUN)
SX 330 (BP Solar) Shutdown DC12.8~16.4V (4 cells)
Vmp=16.8V Circuit 4400mAh
Pmax=30W
Vopen: (V)
Vclose= (V)
DC/DC DC Load
Converter
Vour=5V Iy = 1.5A

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009 16
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4.2 Short-Circuit Current vs. Time (24hr.) i~ =155

e e | e Tl i

The model contains
24hr. solar power data
(example).

U2

sx330 | SX330_24H_TS3600

oA - -
Os s Bs 12s les 20s 245
o I(X Ul.I I1)

Time

*  Short-circuit current vs. time characteristics of photovoltaic module SX330 for 24hours
as the solar power profile (example) is included to the model.
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4.3 PV-Battery System Simulation Circuit
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Solar cell model
with 24hr. solar
power data.

D1

DMOD ]__*
-Voch

?016.8Vdc

Set initial battery
voltage, 1C=16.4, for
convergence aid.

D2
N

[l
DMOD

batt

pv
A

N\

.
=0

C1
100n
IC =16.4

N

Ul
PBT-BAT-0001

+

U2 Low-Voltage Shutdown Circuit

SX330_24H_TS3600

VON =0.7 0
VOFF = 0.3
RON = 0.01
ROFF = 10MEG

TSCALE = 3600
SOC1 =70

E1l
EVALUE
IF(V(batt1)>V(dchth),5,0)

Ronoff1l

VWA
100

battl _

C3
10n|

—
T

SOC1 value is initial

Conoffl
100n
EVALUE

IF( V(lctrl) > 0.25 ,Lopen ,Lclose) ?O

State Of Charge of
the battery, is set as
70% of full voltage.

|

PARAMETERS:
Lopen = 14
Lclose = 15.2

DC/DC Converter

Lopen value is load

shutdown voltage.

Lclose value is load

reconnect voltage

7.5W Load
(5Vx1.5A).

PARAMETERS:
n=1

out_dc

1

0

E3
IN+  OUT
N-__ OUT
EVALUE
IF(1(OUT)-V(I

\_/_

1.5A€

+, %IN-)*I(IN)/(I(OUT)+1u), 5 )

lomax
IN+  OUT:
N-  OUT.

ecal_lomax =
EVALUE 0
N*V(%IN+, %IN-)Y*I(IN)/5

I\ QUT

GVALUE

max) > 0 ,n*V(%IN

Limit( V(%IN+, %IN-)/0.1, 1m, 5*I(out)/(n*limit(V(%IN+, %IN-),10,25)) )

|

X Simulation at 15W load, change 11 from 1.5A to 3A

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009 18



4.3.1 Simulation Result (SOC1=100)

PV generated current

17.5v

Battery voljtage
15.0V

Battery current .

12.5V

Battery SOC

DC output \Aolgaa\é 2
, 5.0V
DC/DC input current
2.5V

0w

e

T

e

==Bee

i\ Technologies

1
1
|
4 i X |
1 1
1 1 1
0R 'E"/:/ ' \‘\a
a I(pv) ! PV module charge the battery |
2,08 ! ' ;
0BT | . - :
F ! : —\‘T\"“‘-ﬂ—-—._ ]
0A E & :—-"‘Eﬁ :A “*q_:q__ — _‘——a-
C ! | | % +
o 1
—z.oaL ! ; ! Battery supplies current when solar
o Vi(batt) o T(U1:PLUSH i i power drops.
100V ! N .
e : A ¥ E —T‘E\“\-_—m
0v .. 80612100 L i | i~ Fully charged, | T~
257 TR | stop charging I e
““““ ' T : |
0v ! : : :
o V(X_Ul.s0C) | ! :
600mA . L .
- | 1 1 4
- I 1 1 E
Fa = . L L ;
S i G “\__h_ﬁ\ “““ s F—f ]
SEL>>[ i L .
400mA{ ; : :
0s ds 183 12s 16s 208 24s
o V{out dc) o I(IN) @ Charging Vr:['j_me
time

. C1:1C=16.4
. Run to time: 24s (24hours in real world)
. Step size: 0.01s

. .Options ITL4=1000
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4.3.2 Simulation Result (SOC1=70) i~ Beg

S W R e

PV generated current r ! : /’//\d:_ﬁﬂ\ :
1-0R1 e [y i N —————"
oaL ; —/‘/: ! \“\
o I(pv) | ! PV module charge the battery |
17.5Vq  2.0AT e : : — _ :
Battery voltage —open (7873 % = M
15.0v 0T ——H—H\,A:r —--"°%\ , S S — —
Battery current : =< 1™ V=lclose ! ;
SEL>>E N (5.1850,14.000) . BN :
12.5V -z.0aL . : s el . : Battery supplies current when solar
o V(batt) o :I(Ul:PLUS): i i power drops.
100V ; N !
+eyr] o SOCI=T0 : : .
Battery SOC 50v LS | ... Fully charged,
| | stop charging
25V 161520, 69 0T et
ov :
o V(X UL.S0C) :
7.5V 1.0A -
DC output voltage | 2 - !
. 5.0V E= . : =
DC/DC input current  0.5A+ . ; .
2.5V i . ! |
>>F ! .‘E/ Reconnect !
ov 0Rt : = -
0s 4s | 85 1125 165 205 245
1 v (out d 2 I(IN < - g
o Viout_de) o U Charging ' rime
time

. C1:1C=16.4

. Run to time: 24s (24hours in real world)
. Step size: 0.01s

. SKIPBP

. .Options ITL4=1000
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4.3.3 Simulation Result (SOC1=30)

e

e
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T

PV generated current - i ! /’//hr‘g\ E
L p———— 4 n N
0a [ 1 - \ 1 _A’n/:/ L 1 L ! i 1 ) \IKA_ A f 1 A
a I(pv) ! PV module charge the battery |
17.5V7 2.0AT— ' —t —— — ——t —
Battery voltage r V=Lopen (7. 618 O% ) N\ ]
15.0V 0L g L L R —_— —
E e W i ! ]
Battery current »;b‘h "™\ V=Lclose | N :
125y B 1.6328;14.004) ! . L L i Battery supplies current when solar
o Vi(batt) o T(UL:PLUS) i i power drops.
B = ~ ]
Batterv SOC (12.800m, 29.854) ! i ¥ Fully charged, |
y 30C1=30 ! | i stop charging i
SEL>> ! o ! !
DV 1 : 1 1 1 1 1 . 1 1 1 : 1 1 1 : 1 1 1 1 1 1
o V{X_U1.500) | ! :
DC output voltg\ggv o 10R - : T i ' : : '
5 0y [ / Shutdown L ! = . = 5
DC/DC input curren 0.5Rf—— —— :
2.5v s 7 Reconnect ! !
0V 0n L 1 1 L 1 1 1 1 1 1 : 1 1 1 [ 1 1 1 1 1
0s 4s 1Bs 12s 16s 20s 24s
o Viout_de) ¢ LM " Charging time |
Time
. C1:1C=15

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009

Run to time: 24s (24hours in real world)
Step size: 0.01s
Total job time = 2s

.Options ITL4=1000
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4.3.4 Simulation Result (SOC1=10)

e

T

e
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PV generated current - : ! /”/f‘g\ :
L [ Vi E “““ ‘ N
0a N 1 ! 1 \ 1 _A’n/:/ i 1 ) ! i 1 ) \IKA_ A )
a I (pv) ! PV module charge the battery |
17.5V7 2.0AT— : — — — —— —
Battery voljtage r ! - 61?3% 4:\5\ ]
15.0v N S EJ__—::'% . e .
Battery current sELss P , "N\ V=Lclose | :y\ :
12,5y oopal b e L L L Battery supplies current when solar
o Vi(batt) o T(UL:PLUS) i i power drops.
Loy — : — .\\B\
| | ‘?\ Fully charged, |
Battery SOC = |
y l‘\/sodll_lo ! | i stop charging | \
e mr— - L .
o V{X_U1.500) | ! :
DC output voltg\g?ev o 10R : ' i ' : : '
. 5.0V Shytdown ' = : = | =
DC/DC input curren 0.5 4~ == = :
2.5V ! , ! !
> ! Reconnect ! !
OV OA | 1 L 1 1 1 1 L L L : L L L L L L L
0s ds 183 1125 16s 208 24s
o V{out dec) o L(IN)

. Cl:IC=144

. Run to time: 24s (24hours in real world)
. Step size: 0.01s

. SKIPBP

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009

Charging time : ‘
Time

.Options RELTOL=0.01
.Options ITL4=1000
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4.3.5 Simulation Result (SOC1=100, IL=3A or 15W load) Zi Technologies

S W R e

TN

PV generated current

' ’ : O
0A : . ! \54\
a I(pv) ! ! PV module chaige the battery |
17.5v 2.08 ! . / ! !
L T T X V=L 7
Battery voltage . : |, V=Lopen (7.6086,15. 200 'LBG—\L.\ open ]
15.0V 0 \“h\_ (318973, 4%0{5:1—:;:2———’ ] (20.473, 14.003)3

T [

Battery current
12.5V -2.0R

] o —
SEL>> \ih:‘l’ ]
Battery supplies current when solar
power drops.

chargpd, ™.
chargih

t T

100V+
75y ‘Ei\“\.. I
Battery SOC 507 o éO ....... =100....

25V
o

o Vibatt) [£] o I(Ul:PLUS)

o V(X _Ul.s0C)
2.08

DC output voltg\g?ev 2

/ Shutdowrj

' 5 0y - / Shutdown 5
DC/DC input curren ) e g g
2.5V
o
ov JAF: =
0s ds 185 12s
(P71}

o V{out dc) o I(IN)  Charging »

time

lés 20s 24s

. C1:1C=16.4
. Run to time: 24s (24hours in real world) . .Options ITL4=1000
. Step size: 0.001s
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4.3.4 Simulation Result (Example of Conclusion) i~ Bhe.gees

e T e

The simulation start from midnight(time=0). The system supplies DC load 7.5W.
* Ifinitial SOC is 100%,
— this system will never shutdown.
* Ifinitial SOC is 70%,
— this system will shutdown after 5.185 hours (about 5:11AM.).
— system load will reconnect again at 7:40AM (Morning).
* Ifinitial SOC is 30%,
— this system will shutdown after 1.633 hours (about 1:38AM.).
— system load will reconnect again at 7:37AM (Morning).
* lIfinitial SOC is 10%,
— this system will start shutdown.
— this system will reconnect again at 7:37AM (Morning).
*  With the PV generated current profile, battery will fully charged in about 4.25 hours.

The simulation start from midnight(time=0). The system supplies DC load 15W.
e Ifinitial SOC is 100%,
— this system will shutdown after 3.897 hours (about 3:54AM.).
— system load will reconnect again at 7:37AM (Morning).
— this system will shutdown again at 8:28 PM (Night).
*  Withthe PV generated current profile, battery will fully charged in about 5.5 hours.
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Simulations index Z1% Technotogies
Simulations Folder name
1. PV Li-lon Battery Charger CirCUit...........ccccuviiiiiiiiiiieiiiiiie e e charge-sol
2. Constant Current PV Li-lon Battery Charger Circuit...................... charge-sol-const
3. PV-Battery System Simulation Circuit (SOC1=100).......c........cc.e sol_24h _soc100
4. PV-Battery System Simulation Circuit (SOC1=70)........cccccceeeeeennn. sol_24h_soc70
5. PV-Battery System Simulation Circuit (SOC1=30)...........cccevvurrens sol_24h_soc30
6. PV-Battery System Simulation Circuit (SOC1=10)...........ccevvurrnenns sol_24h _socl0
7. PV-Battery System Simulation Circuit (SOC1=100, 15W)............. sol_24h _socl100_15W
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