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1.1 Lead-Acid battery Specification Z§ Technotogie:

S W R e

GS YUASA's Lead-Acid : MSE-100-6

Nominal Voltage................ 6.0 [Vdc]

Capacity......c.ccceeeevneeeinnennn, 100[Ah]|@C,,, 65[Ah]@C;
Rated Charge
Input Voltage..........c...........

Charging time
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1.2 Discharge Time Characteristics

2z Bee

i\ Technologies

6.6V
6.0V : i+
0.1C (10A)
5.4V
1C (100A)—>
0.6C (60A)
1.8v MR
EII]
4.,2v — e = ——
10ms 100ms 1.0s 10s 100s
0D o v V(HTI)
Time

S S RS S ——

PARAMETERS:
Idch = {Rate*CxAh}
CxAh = 100
Rate = 0.1
Hi
q
LG INe
U1 [T =
— PLUS 9 Gl
R3 - C1 | GVALUE
§ 16 10n MINUS limit(V(%IN+, %IN-)/1m.0,Idch)
MSE-100-6
TSCALE = 3600
NS=1
SOCl=1
L L L TSCALE=3600
0 0 0 means time Scale

(Simulation time :

Battery Model Parameters Real time) is 1:3600

NS (number of batteries in unit) = 1 cell
C (capacity) = 100[Ah)@C,,
SOCI1 (initial state of charge) = “1" (100%)
TSCALE (time scale) , simulation : real time
1:3600s or
1s:1h

Discharge Rate : 0.1C(10A), 0.25C(25A) , 0.6C(60A), and 1C(100A)
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1.3 Charge Time Characteristics #§ % Technologies
SOC [%] CiA
140V 7.8V~ 210mA PARAMETERS:
1 CxAh = 100
Ich = {0.1*CxAh}
1200 7.5V 180mi Hi
U1
—| PLUS
1007+ AT 150m#& — | | R3 c1
L limit(V(%IN+, %IN-)/0.1m,0,Ich) MINUS § 16 - 10n
- Sov2 MSE-100-6
—_ 6.69 TSCALE = 3600
80V &. GV 120ma T NS=1
SOC1=0
607 6.6V SO0ma. FY OT To TO TO
/ Battery Model Parameters
ao0v{  6.3v 60ma: A NS (number of batteries in series) = 1 cell
C (capacity) = 100[Ah|@C,,
SOCL1 (initial state of charge) = “1” (100%)
20 . o — TSCALE (time scale) , simulation : real time
1:3600s or
1s:1h
> \K“‘\-...____H_‘_‘_
i/ 5.7V QR =
0s 4s s 12s 16s 20s  24s Charging Time
o V(X UL.1)*100 V{HI) v I(&1) /100

Time
Input Voltage = 6.69 Vdc
Input Current =10 A @0.1C,,
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2.1 Solar Cells Specification i Bhe.gees

S W R e

BP Solar’s photovoltaic module : BP365TS

o  Maximum pPower (P p)--eeeeee-. 65[W] t
 Voltage at Pmax (Vp).oeeneenee 8.7[V]
« Currentat Pmax (Iyp).coeeieeene 7.5[A]
e Short-circuit current (Ig.)............ 8.1[A]
» Open-circuit voltage(Vy.)- - -------- 11.0[V] §

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 6
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2.2 Output Characteristics vs. Incident Solar Radiation *

i\ Technologies

S S

T

BP365TS Output Characteristics vs. Incident Solar Radiation

10A
SOL=1
QA 4@ SO SO SO ST RPIOE SON
<
S~ GR A Tt LTSS TRPNTHIN | [ TN NT NI
5 . 5
: . _£5soL=05 LN\
U2 :

(7 N

SOL — 1 " oo v I(Sense); |

100w
BP365TS
=T OSSOSO SOOI OIS SYSYUORESSOOE SN SRTUITIIIS SNIRTTTROUOINS SRS
S i
- B ; - 1 S A PP
Parameter, SOL is added as g AN I S
normalized incident radiation, .
where SOL=1 for AM1.5 SEL>>
diti v — ks 1
conditions 0% >V av Gy 12V 14V
o ¢ v L{zense)* Visense:+)
v V1

Voltage (V)

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010



e
3. Solar Cell Battery Charger i~ Bee

S T e | e T =

« Solar Cell charges the Lead-Acid Battery (MSE-100-6) 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 battery charging voltage.

e MSE-100-6

— Charging time is approximately 24 hours with charging rate 0.1C or 10A
— Voltage during charging with 0.1C is between 5.93 to 6.69 V

| MA0Vy , 7.8V7 . 210mA
0.1C or 10A

120V 7.5V 180mA ; ;

100v4  7.2v4 150mA{— ‘ -

80V 6.9V 120mA

60V 6.6V 90ma /5<""_'""""5"'"""6'69\/

tovd 6.3V 60mA / \

7 60 >>T/-§--"--------§\-*~ak;;:""----—---5-93V

v 5.7y 0A =S S P

Os 1s 8s 12s les 20s 24s
o V(X Ul.1)*100 V(HI) v 1(G1)/100
Time
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3.1 Concept of Simulation PV Lead-Acid Battery Al Bee
Charger Circuit 1% Technalogiee

S W R e

Over Voltage
J Protection Circuit

Short circuit current g
depends on condition: SOL

\

6.84V Clamp Circuit

|
Photovoltaic ® Lead-Acid
Module Battery
BP 365TS (BP Solar) x 3panels MSE-100-6 (GS YUASA)
Vmp(system)zvmp(panel):8'7v DC6.0V
Imp=22.5A (7.5Ax3) 100[Ah]@C,,, 65[Ahj@C,

Pmax=195W (65W x 3)
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3.2 PV Lead-Acid Battery Charger Circuit #§% Technologies
D1
>
DMOD £ Voch
—‘l'_. 6.84Vdc
pv o
O
PARAMETERS: / J_ .
sol=1 ?0
C1
_-I__ 1n n ol Ul
2 2 MSE-100-6
+ u2 + u3 + U4 ?0 o =
BP365TS BP365TS BP365TS
SOL = {sol} SOL = {sol} SOL = {sol} TSCALE = 3600
BP365TS| BP365TS| BP365TS| SOC1=0
o o o

* 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

S W R e

100V

SToLT28 N

L

60V

A0 e --;l_‘,--;l
207 sol = 1.00
~~sol=0.50
<rsol=0.16
oV ' ; ' i ' i : i : i :
0s is 8s 1253 1653 20s 24s

oe v V(X UL.1)*100
Time

»  Simulation result shows the charging time for sol =1, 0.5, and 0.16.
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3.4 Concept of Simulation PV Lead-Acid Battery Charger Circuit e Bee
+ Constant Current Iﬂ\ Technologies

S W R e

Over Voltage

Short circuit current g Protection Cireut
depends on condition: SOL —
\ 6.84V Clamp Circuit
N
Constant
Photovoltaic Current ® Lead-Acid
Module Control Battery
Circuit
BP 365TS (BP Solar) x 3panels  lcharge=0-1C (10A) MSE-100-6 (GS YUASA)
Vmp(system)zvmp(panel):8'7v DC6.0V
Imp=22.5A (7.5Ax3) 100[Ah]@C,,, 65[Ah]@C,

Pmax=195W (65W x 3)
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3.5 Constant Current PV Lead-Acid Battery

S W R e

Charger Circuit

2z Bee

i\ Technologies

N
PARAMETERS: g .
CxAh = 100 D1 J_—
Ich = {0.1*CxAh} DMOD - Voch
| 6.84Vdc
pv -0
(+ 1)—s o Hi
PARAMETERS: ] | |
sol=1 59’:' ?0
o O C1l
1n n on| Ul
£ | 3 2| MSE-100-6
+ /] u2 + /] us + /] ua = 3 =y a =
BP365TS BP365TS BP365TS | [ [ 0 ic=56 =
SOL = {sol} SOL = {sol} SOL = {sol} Gl TSCALE = 3600
BP365TS BP365TS BP365TS GVALUE SOC1=0
limit(V(%IN+, %IN-)/0.1m,0,Ich)
-0 -0 -0

Vm p(system)zvmp(panel)=8 yAY
Imp=22.5A
Pmax=195W

* Input the battery capacity (Ah) and charging current rate (e.g. 0.1*CxAh) in the

“PARAMETERS: CxAh =100 and rate = 0.1 " to set

the charging current.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010
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3.6 Charging Time Characteristics vs. Weather Condition iz Bee

- J) o

(Constant Current) F§ Technotogies

100W
I — T Db . . v K IR R S T D e

T s sol=1.00
] i s | : ; _ sol =0.50

7 S S S S S S S S S S T S S S S S S A S S S S S S S S | |
0s 2s is Gs 8s 10s 12s 14s las 18s 20s 225 245
oe¢ v V(X Ul.1}*100

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 (0.1), battery can be fully
charged in about 9.364 hour.
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4.1 Concept of Simulation PV Lead-Acid Battery System in 24hr. #§ % Technologies
Over Voltage
The model contains 24hr. Protection Circuit
solar power data (example).

6.84V Clamp Circuit

Photovoltaic PA ® Lead-Acid
Module T Battery
LOW_Vo|tage MSE-100-6 (GS YUASA)
BP 365TS (BP Solar) x 3panels | shutdown DC6.0V
Vmp(system)zvmp(panel)zs'7V Circuit VOpen: (5.72V) 100[Ah]@C,,, 65[AN]@C,
Imp=22.5A (7.5Ax3) V ose= (6.35V)
Pmax=195W (65W x 3)
Inverter v
(DCIAC) Load
V\\=4.5~9.0V PLoap = 60W

Vout=100Vac, 50Hz

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 15
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4.2 Short-Circuit Current vs. Time (24hr.) i~ =155

S W R e

The model contains
252 24hr. solar power data

B f \ (example).
/ \\ ST

+/| U2 +/| U3 + /| U4

BP365TS) BP365TS) BP365TS)

52 ?0 ?0 ?0
o / \ BP365TS 24H TS3600

0s 1s s 1253 163 20s 243
o I({sense)

Time

e  Short-circuit current vs. time characteristics of photovoltaic module BP365TS for
24hours as the solar power profile (example) is included to the model.
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4.3 PV-Battery System Simulation Circuit #§% Technologies
o D1
DMOD _" Voch
j—__ 6.84Vvdc
v D2 ?0
] ] @ NDMOD J_ batt ul
ua No/]us N/ u2 i i c1 "0
BP365TS_24H_TS3600 Low-Voltage Shutdown Circuit ; 100n ? é aéE_lOM
"0 =| TSCALE = 3600

SOC1=1.0

Cc2
Solar cell model 100
with 24hr. solar

power data.

SOC1 value is initial
State Of Charge of

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

Lopen value is load Inverter (DC/AC)
shutdown voltage.
Lclose value is load
reconnect voltage

out_ac

PARAMETERS:
Pload = 60

Rload
{100*100/Pload}

60W Load

7. 17)*1IN)/(V(irms)+1u), V(LVAC)*100) |
0

X Simulation at 100W load, change Pload from 60(W) to100(W)
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4.3.1 Simulation Result (SOC1=100, 60W load) 5cBEe

S —

254

0A ﬂ/‘//

PV generated current

SEL>> : |
o T(pv) i P\./[module charge the battery i
| B.0V7 , 20AT . : ¥ -
Battery voltage - —==ch
N QAFB=— = F T B - - =
Battery cugr%>rvﬁ . Ny —2

Battery supplies current when solar

o V(batt) o T(Ul:PLUS) |
power drops.

IOOV-‘\\é
SOC1=100% i /
Battery SOC RO ey Hﬂh"”‘“\_‘_‘_‘_‘__‘_aﬁf

0V

1
1
|
:
1
|
1
1
1

1
o V(X U1.1)*100 '

200V 12A
1 2

DC output voIBa\l/g 10A
DC/DC input curfent >

-200V . i ; i i i i |
0.1s 4.0s 8.0s : 12.0s L 16.0s 20.0s 24.0s
a V{out ac) oT(IN i< t(i:ntle;rglng >!
| Time '
. .Options
. Run to time: 24s (24hours in real world) . RELTOL=0.01
. Step size: 0.0025s . ABSTOL=1.0u
. ITL4=100

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 18
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4.3.2 Simulation Result (SOC1=70, 60W load) 5cBee

S . —

253 :
- 1
PV generated current | ,
L 1
0a :
o I(pv) !
3.0V 204 - +
Battery Yoltage| 2 V=Lbpen \ | |
6.0V O Tt S ‘ :356 I ‘ | =
[ i =l e 1
Battery cugr%;\wgt . : (4.1308,5.7245) V=-Lclose : 1 ;
) o V(batt) o T(Ul: IPLUS) i : i Battery supplies current when solar
100V ! ; | |___power drops.
i T ] ] i :
| | % : T
Battery SOC 507 A e o i “““ ' ! Eu‘l‘ly..chargeégid........mm ““““““
seLos|  ROSHTOR TS A i |
ov : ; . -
o VX U1.1)*100 | Shutdowh Reconnect ! '

200V, 204
DC output voltag
0V

102
DC/DC input curfent -
~200V 02+ i . i i i i .
0.1s 4.0s | 8.0s 12,08 16.0s 20.0s 24.0s
o Viout ac) o I(IN) |
A Charging time .
. .Options
. Run to time: 24s (24hours in real world) . RELTOL=0.01
. Step size: 0.0025s . ABSTOL=1.0u
. ITL4=100
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4.3.3 Simulation Result (SOC1=30, 60W load) 5cBee

S S —

254

PV generated current

0A

5.0V 204

Battery Voltage| *

Battery current
5.0V

- K B P e v

i

HU H
i Battery supplies current when solar
| power drops.
i

H

H

X

l:u‘l‘ly..(.;harge.d........mm ““““““

Battery SOC

200V
DC output voltag
0V

10A
DC/DC input curfent -
~200V 024 — . i .
0.1s 4.0s 8.0s 12.0s | 16.0s 20.0s 24.0s
o V(out ac) o1 L (IN) )
Charging time Time ™
. .Options
. Run to time: 24s (24hours in real world) . RELTOL=0.01
. Step size: 0.0025s . ABSTOL=1.0u
. ITL4=100
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4.3.4 Simulation Result (SOC1=10, 60W load)

b

==Bee

i'\ Technologies

S

258 , 5.
L H
PV generated current | : i
3 ' '
0a ' :
1 1 !
o I (pv) ! !
8.0vy 20A . -
Battery %/oltage 3 ! ! ! - -
6.0V 1).¢ , ; ; .
Battery current|  sgrs>>t ‘ | (8.4763, 6-3001) | ’EK :
4.0V -20A : . i i q —
o V(batt) o T(U1:PLUS) : : ! Batterydsupplles current when solar
100V : : ! ! |__power drops.
' I | i ‘_\‘_\"B\._,__
1 1 1 !
Battery SOC 50V uum‘,‘“ll SOOEy i FF/:’_IH/— : FU”VCharge(? “““““““““
47 SOC1=10% IS ey : :
0V ; ; ; .
o V(X_UL.1)*100 ! ! Reconnect ! |
200V 104 Shutdown ! | ' :
DC output voltag | |
. Y 54 T !
DC/DC input curfent - | !
~200V 024 ! ' — i i |
0.1z 1.0 8.0s 12.0s | 16.0s 20.0s 24.0s
o V({out ac) a I(IN) R
1w . ”
I Charging time 1% 1
. .Options
. Cl:IC=5 P

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

. Step size:

0.0025s

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010
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4.3.5 Simulation Result (SOC1=100, 100W load) #§\ Technologies

S —

250 T
PV generated current I |
oal :
o |
8.0vy 20 —— —
Battery %/oltage | V=Lopen {19 .:44%7/5.7226)
6 . OV OA = el B d sl g . . . ..... =
Battery current SEL>> ! | A
1.0V ~20A : ' ! ' ——
o V¥ batt) & TIUT:PLUSH ! Battery supplies current when solar
100V — - : ' power drops. 1
Battery SOC [STULT S Dottt E i “““
1 : =l
oV i
200V 202 , I
DC output voltag |
0V 102 '
DC/DC input curfent - !
~200V 024 ; ! : i i
0.1s 4.05 8.0s 12.0s 16.0s 20.0s 24.0s
o V({out ac) o1 T (IN)
E Time
. .Options
. Run to time: 24s (24hours in real world) . RELTOL=0.01
. Step size: 0.001s . ABSTOL=1.0u
. ITL4=100
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4.4 Simulation Result (Example of Conclusion) Fi~ =155

e T ——

The simulation start from midnight(time=0). The system supplies DC load 60W.
If initial SOC is 100%,
— this system will never shutdown.
If initial SOC is 70%,
— this system will shutdown after 6.1308 hours (about 6:08AM.).
— system load will reconnect again at 8:50AM (Morning).
If initial SOC is 30%,
— this system will shutdown after 1.4987 hours (about 1:30AM.).
— system load will reconnect again at 8:42AM (Morning).
If initial SOC is 10%,
— this system will start shutdown.
— this system will reconnect again at 8:59AM (Morning).
With the PV Panel generated current profile, battery will fully charged in about 8.00 hours.
The simulation start from midnight(time=0). The system supplies DC load 100W.
* Ifinitial SOC is 100%,
— this system will shutdown after 4.697 hours (about 4:42AM.).
— system load will reconnect again at 7:21AM (Morning).
— this system will shutdown again at 7:27PM (Night).
*  With the PV Panel generated current profile, battery will not fully charged.
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Simulations index Z1% Technotogies
Simulations Folder name
1. PV Lead-Acid Battery Charger CirCUit..........cccooevevviiieiiiiieeeciiiee, charge-sol
2. Constant Current PV Lead-Acid Battery Charger Circuit............... charge-sol-const
3. PV-Battery System Simulation Circuit (SOC1=100, 60W)............. sol_24h_60W_soc100
4. PV-Battery System Simulation Circuit (SOC1=70, 60W)............... sol_24h_60W _soc70
5. PV-Battery System Simulation Circuit (SOC1=30, 60W)............... sol_24h_60W _soc30
6. PV-Battery System Simulation Circuit (SOC1=10, 60W)............... sol_24h_60W _socl0
7. PV-Battery System Simulation Circuit (SOC1=100, 100W)........... sol_24h_100W_soc100
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