==Bee
v 4 i\ Technologies
a S=lE
8 cadence
OEH 8 c v AAA8 el s ?
SCHEMATIC] tions ~harB LRR2L V. ILW

cadence © *
L

Design Kit

PV Lead-Acid Battery System (DC Out)

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010



2z Bee

Contents ZiN Technotogies
Slide #
1. Lead-Acid Battery
1.1 Lead-Acid Battery SPecCifiCation...........ccooviviiiiiiiiiiiiiii e 3
1.2 Discharge Time CharacCteriStiCS.........iiiiiiiiiiiie e e e e e e e e e eaaes 4
1.3 Charge Time CharaCteriStCS. ........oiviiiiiiiiiiiiiiie ettt 5
2. Solar Cells
2.1 Solar Cells SPECITICALION. ........cii i 6
2.2 Output Characteristics vs. Incident Solar Radiation..............cccccceeiieiiiiiiiiiieeiceeiens 7
3. Solar Cell Battery CRarger.......ooouuuiiiiiiiiiii et 8
3.1 Concept of Simulation PV Lead-Acid Battery Charger Circuit................ccccuvvunn.... 9
3.2 PV Lead-Acid Battery Charger CirCUIL...........ccouuuuiiiieeeeeiiiee e et s e e eeeeainne s 10
3.3 Charging Time Characteristics vs. Weather Condition.............cccoeevvvviiiiieeeenennnnn. 11
3.4 Concept of Simulation PV Lead-Acid Battery Charger Circuit + Constant
L1 U T o | S PRSPPI 12
3.5 Constant Current PV Lead-Acid Battery Charger CirCuit.............c.ccviiieeiieininnnnnn. 13
3.6 Charging Time Characteristics vs. Weather Condition + Constant Current.......... 14
4. Simulation PV Lead-Acid Battery System in 24hr.
4.1 Concept of Simulation PV Lead-Acid Battery System in 24hr...............ccceevvnnnnn.n. 15
4.2 Short-Circuit Current vs. TiIMe (24N1.)....coiiiiiii e 16
4.3 PV-Battery System Simulation CirCUIL...........ccooiiiiiiiiiiiiiiii e 17
4.4 PV-Battery System Simulation ReSUIt..............uiiiiiiiii e 18-23
SIMUIALIONS INAEX. ..ttt e et e e e e eeeeabaa e e e e e eaeennes 24

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 2



2z Bee

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] §
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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)
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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

o 2B
Charger Circuit i~ he.gees
Over Voltage
o Protection Circuit
Short circuit current g
{ depends on condition: SOL J —
\ 6.84V Clamp Circuit
N
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[Ah]@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

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 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 100[Ah]@C10, 65[Ah]@C1
Imp=22.5A (7.5Ax3)
Pmax=195W (65W x 3) Vopen: (5.72V)
Vclose= (6-35\/) DC/DC
Converter DC Load
Vy=4.5~9.0V Vioap = 3.3V
Vour=3.3V lLoap ~ 18A

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.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 16
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4.3 PV-Battery System Simulation Circuit =:cBee

pvop _L+
l 6.84Vdc
pv D2 "0
. . I N . batt
=}
] ] N4 DMOD l —;—
- ua N&/] us -/ u2 c1 0
BP365TS_24H_TS3600 Low-Voltage Shutdown Circuit 0.1n 0w wn| Ul
> 2| Mse-1006
= g Z
0 2| TSCALE = 3600
SOC1 = 0.7

SOC1 value is initial

Solar cell model
with 24hr. solar
power data.

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

60W Load

DC/DC C Tt
ONVETTer | (3.3vx18.181A).

Lopen value is load
shutdown voltage.
Lclose value is load
reconnect voltage

11

60W Dis.161a

+, %IN-)*I(IN)/(I(OUT)+1u), 3.3 )

0

X Simulation at 100W load, change 11 from 18.181A to 30.303A

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 17
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4.3.1 Simulation Result (SOC1=100, IL=18.18A or 60W load) #iv wamdose:

S W R e

25A 7 T T
L f 1 i
I H
PV generated current - i | )
L 5 | E.
H 1 i
OA L i 1 i
! PV module charge the battery !
o Iipv) ' / |
, 8-0vy , 20A ! ’ é
L : ]
Battery voltade oA e s “"ﬁ'\
6.0V = —— i —E——
Battery curfent > N
L0% —20%

:Battery supplies current when solar
1power drops.
I

o V(batt) o T(U1:PLUS) 1
1

100V

Battery SOC SOCT=100%
Y I Lo

(100.000u,100.d00)
0V i

o V{X U1.1)*100

LoV 12A
DC output voltag r

1
DC/DC input current r
SEL>>[

; {

oV 5A i i
Os is g

o V(out dc) o T(IN) !

T
Charging 12s l6s 20s 24s

time

v : 5

2
<

Time

. Run to time: 24s (24hours in real world)
. Step size: 0.01s
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4.3.2 Simulation Result (SOC1=70, IL=18.18A or 60W load)

e

T

2z Bee

I i\ Technologies

25R T T T
1 I 1 I
1 1 E]
PV generated current : i : !
. | i | I
o I(pv) ! i PV module charge the battery !
' | "4 I I
g VT, e \i=Lopen ! ! i ! !
{6.0621,5. | —:———ax\.
Battery voIFa&é{ D2 s oo ST VOO S0 s U SO e —— ;
6.0V a— E ) V=Lclose : —— 8 ]
Battery curfent, _25>A> 5 | (B.8432,6.3495) : X :
) T 7 (batt 5 T Ul':PLUS ! ! 1 Battery supplies current when solar
100v P c ) : ! ': power drops.
(60.286u, 70.000) : : :\ :
Battery SOC i ! : i
5 07 R i b T NOEe <ot TS WS V14 charg;ed
SOC1=70% ! ! ! !
ov i E i :
o V(X UL.1)*100 : | | |
L LoV : i : A - T :
i ' utdow ! ! f
DC output voltag 20AT= E e ;: = =
DC/DC input currént : —
SEL>> Reconnect ! ]
0V 02 : ; f i
Os ' 125 ! les 20s 243

oV (out_dc)

¢ I('IN)

Charglng time

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

Time

. .Options ITL4=30

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010
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4.3.3 Simulation Result (SOC1=30, IL=18.18A or 60W load) Zi% wmaose:

S W R e

25A T T T T
: : |
PV generated current | i i : ;
SEL>> i i ! :
DA -== | & . | JI ............... =
o I(pv) ! ! PV/moduIe charge the battery
| 8.0V 28R i : i . ¥ : i
= 1 I
Battery voIFa&é{ AL 5.?,,3 227258 ; ] ;
6.0V l
Battery curfent, L (§.7577,6. 3497 ;
) (U1 :PLUS) ' Battery supplies current when solar
: ' power drops.
1 ’|
Battery SOC | Fully charged
: 8
1 ! i
LoV — _ . E :
: 1 L ] -
DC Output Voltag ZOA—""E""""'"""‘"""‘: r, : =
. = Shutdéwn | : :,
DC/DC input current - el i _ Reconnect. : !
oV 0R i : i — ¢ ;
0s is 8s 125 | 16s 208 243
h >

o V(out dc) T(IN)

Charging time ]
Time

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

. . .Options ITL4=30
. Step size: 0.01s
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4.3.4 Simulation Result (SOC1=10, IL=18.18A or 60W load) i wensioge

S W R e

252
1
1
PV generated current i
|
03 . =
chalge the battery
1 1
6.0V 252 . ! !
1 2 f | ]
[ i
Battery voltage LT
OA- ............... I| ............................... ..................................... e
Battery curfert SEL>>[ : f (58 .9743,6.3500) i i \ '
5.0V -252 = = : ‘ —
| ] i i 1 Battery supplies current when solar
1oov o V(batt) o ¥ (U1:PLUS) : : : power drops.
T | | l\ '
Batter : : : f: e
attery SOC sovlsoci=tow L4 b e EUIYGRAIGRA
1 1 ]
é | | | ;
oV — I I -
o V(X U1.1)*100 | | | |
LoV — ! : 5 -
H 1 1 3 1 k]
DC output voItag N g . - téa : T = =
1 econnect: 1 :
DC/DC input current - | 5 ; §
P /Shutdown : ! ! !
0V 0R i L i i : { 1
0s s L 85 125 los 20s 245
o V(out dc) S T(IN) Charging time . !
lme

. Conoff: IC=0
. Run to time: 24s (24hours in real world)
. Step size: 0.01s
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4.3.5 Simulation Result (SOC1=100, IL=30.30A or 100W load) % s

S W R e

25A T T T T T T
- N : | :
PV generated current - Lo i il i
r - i _ i |
02 — : = o :
o I(pv) to ! PV module charge the battery !
1 ! 1 / 11 1
8.0V 254 -
2 F I 1V=Lclose] 4 o '
L [ voE(7.33098,6.3459 H ! =
Battery Voltage b s, 720@ ! i : || V=Lopen| 19-1752;3.7200) ]
Battery cursent; N [ % q%\/ 5 '
SEL=> HIR i 1 ]
5.0V 25 . V=Lopen : — '
) ! ! IBattery supplieg current when solar
T V(batt) [2 T(U1l:PLUS
loov o e 0 ) : :powerdrops !
H [
Battery SOC i
50V e
: a
1
ov I
LA 0V a0 :
1
DC outputlvoltag : Shutdown
DC/DC input current o f t | Reconnect ;
- ¥ : ! H
0V 0R i i : i
0= 83 12s 1 los= 20s 243

o V(out_dc) Charging time

Time

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

. . .Options ITL4=30
. Step size: 0.01s
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4.4 Simulation Result (Example of Conclusion) Fi~ =155

e T e

The simulation start from midnight(time=0). The system supplies DC load 60W.
* Ifinitial SOC is 100%,
— this system will never shutdown.
If initial SOC is 70%,
— this system will shutdown after 6.062 hours (about 6:04AM.).
— system load will reconnect again at 8:51AM (Morning).
If initial SOC is 30%,
— this system will shutdown after 1.553 hours (about 1:33AM.).
— system load will reconnect again at 8:46AM (Morning).
If initial SOC is 10%,
— this system will start shutdown.
— this system will reconnect again at 8:58AM (Morning).
With the PV Panel generated current profile, battery will fully charged in about 8.087 hours.
The simulation start from midnight(time=0). The system supplies DC load 100W.
e Ifinitial SOC is 100%,
— this system will shutdown after 4.491 hours (about 4:30AM.).
— system load will reconnect again at 7:20AM (Morning).
— this system will shutdown again at 6:45PM (Night).
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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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