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Abstract

In this thesis, a dynamic simulation modeling was employed to determine the effect of
electrical parameters such as resistance(R), impedance (L) and capacitor (C) values to life time of the
lead-acid battery for a small wind turbine application. The variation in electrical parameters can limit
the performance of the lead-acid battery when we use to store the energy especially in low wind speed
turbine resulting in short life time and discharge problem to the battery.

Thus, the formations and analytical data of the stability of lead-acid battery in low wind speeds
turbine are required. A RITAR RA12-70 Sealed Lead Acid Battery was characterized at room
temperature using Machine for the Battery (MTB Series) with threshold pressure of 12 V, I0HR/10AH
according to standard IEC 61427. It was charged at 14.4 V and discharge at 13.2 V at the current of
10A for 7 hours. Then the resulting of state of charge (SOC) and state of discharge (SOD) was
simulated through a mathematic model using MATLAB 2008b Program.

It was found that it was important to take into account the internal parameters results from

experimental and simulations are similar. The internal loss (R, ), charge resistance (R ), discharge

ohm
resistance (R,), internal induction (L) and capacitor (C) obtained from simulation were 5.2 mQ,
0.4867Q, 0.6177Q, 0.9 1H and 1.5F, respectively. The study resulted in dynamic model well suited for

the system that can be used to simulate the internal electrical behavior for any current of lead —acid

battery in future.

Keywords: Valve Regulated Lead-Acid (VRLA),State-of-Charge(SOC),State-of-Discharge(SOD)
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convert Plate
to surface
PbSO, PbSO, converted

Pb +2H,SO, +PbO, — 2PbSO, +2H,0
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Ugnsenlgugl:  PbO,+4H +S0,”+2¢ —»  PbSO,+2H,0 2.9)

UpnTemaenl . %0, +2H +2¢ —> H,0 (2.10)
HHUaY

Ugnsenlgugii: ~ Pb+SO,° —»  PbSO,+2¢ @.11)

Ugnsemasnl:  H, —»  2H +2¢ (2.12)
Cell:

Primary reaction:  Pb+PbO, +2H,80, """ X 2PbSO, +2H,0 (2.13)

Secondary reaction: 20, + H, — HO (2.14)
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Rohm: SE (217)
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S = I_C_ (2.18)
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1 |Seq Loop Step StepTime |Instruction | CH/DIS Run Time Volt (V) |Current(A)| AH (AH)
21 1 1 00:00:00 |CA Di 0000:00:00 |12.89 10 1]
3|7 1 1 00:30:00 |CA Di 0000:30:00 |12.35 10 3
4 |13 1 1 01:00:00 |CA Di 0001:00:00 |12.25 10 10
5 |19 1 1 01:30:00 |CA Di 0001:30:00 |12.15 10 15
b6 |25 1 1 02:00:00 |CA Di 0002:00:00 |12.05 10 20
7 (31 1 1 02:30:00 |CA Di 0002:30:00 |11.94 10 23
8 (37 1 1 03:00:00 |CA Di 0003:00:00 |11.83 10 30
9 |43 1 1 03:30:00 |CA Di 0003:30:00 |11.72 10 35
10 |49 1 1 04:00:00 |CA Di 0004:00:00 |11.59 10 40
11|55 1 1 04:30:00 |CA Di 0004:30:00 |11.46 10 45
12 |61 1 1 05:00:00 |CA Di 0005:00:00 |11.31 10 50
13 |67 1 1 05:30:00 |CA Di 00035:30:00 |11.1 10 33
14 |73 1 1 06:00:00 |CA Di 0006:00:00 |10.72 10 60
15|79 1 1 06:30:00 |CA Di 0006:30:00 |6.38 10 63
16 |83 1 1 06:30:00 |CA Di 0006:530:00 |0.7 7.0 68.2
17 |84 1 1 06:55:00 |CA Di 0006:55:00 |0.68 6.3 68.8
18 |85 1 1 07:00:00 |CA Di 0007:00:00 |0.67 3.8 69.3
19 |87 1 2 07:00:00 (EMD 0007:00:00 |0.67 i] 1]
20
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Curve

FileName:1-3-019-20A_5HRchargefinaltest.xkh
Programe:c:\xkhsn\prog\pi_right\20A_5HRchargefinaltest.prg 2.Power
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3 g
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A
7191 3.13 unu x A1 t(s) uUNU y Voltage 11ag Power (Wanaaoilszy)
A o ~
AT NNN3.2 G]Ti"lﬂwaﬂﬁ‘l/lﬂﬁﬂﬂﬂﬁ@ﬂﬂigi] NISUEN 20 A
A B C D E F G H | J
1 [Seq Loop Step. Step Time |Instruction |CH/DIS Run Time  |Volt(V) Current(A)| AH(AH)
21 1 1 00:00:00 LV Ch 0000:00:00 |12.78 20 0
3 |16 1 1 00:15:00 |LV Ch 0000:15:00 |14.4 1.6 0.6
4 (31 1 1 00:30:00 LV Ch 0000:30:00 |14.39 1.5 1
5 |46 1 1 00:45:00 |LV Ch 0000:45:00 |14.4 1.3 1.3
6 |61 1 1 01:00:00 |LV Ch 0001:00:00 |14.4 1.3 1.7
7|76 1 1 01:15:00 |LV Ch 0001:15:00 |14.4 1.3 2
8 |91 1 1 01:30:00 |LV Ch 0001:30:00 |14.4 1.3 2.3
9 (106 1 1 01:45:00 |LV Ch 0001:45:00 |14.4 1.3 2.6
10 (121 1 1 02:00:00 |LV Ch 0002:00:00 |14.4 1.2 3
111136 1 1 02:15:00 |LV Ch 0002:15:00 |14.4 1.2 3.3
12 (151 1 1 02:30:00 |LV Ch 0002:30:00 |14.41 1.2 3.6
13 |166 1 1 02:45:00 |LV Ch 0002:45:00 |14.4 1.2 3.9
14 181 1 1 03:00:00 |LV Ch 0003:00:00 |14.41 1.2 4.2
15 |196 1 1 03:15:00 |LV Ch 0003:15:00 |14.4 1.2 4.4
16 (211 1 1 03:30:00 |LV Ch 0003:30:00 |14.4 1.1 4.7
17 (226 1 1 03:45:00 |LV Ch 0003:45:00 |14.4 1.1 5
18 |241 1 1 04:00:00 LV Ch 0004:00:00 |14.4 1 5.3
19 (256 1 1 04:15:00 |LV Ch 0004:15:00 |14.4 1 3.5
20271 1 1 04:30:00 |LV Ch 0004:30:00 |14.4 1 5.8
21 (286 1 1 04:45:00 |LV Ch 0004:45:00 |14.4 1 ]
22 1301 1 1 05:00:00 LV Ch 0005:00:00 |14.4 1 6.3
23 (303 1 2 05:00:00 |EMD 0005:00:00 |14.4 1] 0
24
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