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ABSTRACT

A mathematical model of a battery is presented in this paper. This model takes into
account self-discharge, battery storage capacity, internal resistance, overvoltage and
environmental temperature. Nonlinear components are used to represent the behavior of the
different battery parameters thereby simplifying the model design. The model components are
found using manufacturers specifications and experimental tesis. A comparison between the
model and experimental results obtained from a battery evaluation test system was wsed for

verification. This model can be used to accurately evaluate battery performance in electrical

systems.
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4.1 HAMINARBINALANNTUWHTIUMIV1T0(Charge)

dl o Ei o' 1
M13197 4.1 HON5Y159 (Charge) YBUAMDTT00UA LUlIsiazYyA

a1 % A % B 4 C
(nda /30 Taavime Tavine Taavine
uIH) (voltage) (voltage) (voltage)
1 5.5 8.0 9.5
2 8.0 10.0 10.0
3 9.5 10.0 10.0
4 10.0 10,0 10.0
1 55 9.0 9.0
2 8.5 10.0 10.0
3 9.5 10.0 10.0
4 10.0 10.0 10.0
1 5.5 9.0 9.5
2 8.5 10.0 100
3 9.5 10.0 10.0
4 10.0 10.0 10.0




My YA A 4n B 4 C
(1 nfa/30 Taaviae Tavine Taaviiao

mﬁ) (voltage) (voltage) (voltage)
1 5.5 9.5 9.5
2 2.0 10.0 10.0
3 8.5 10.0 10.0
4 10.0 10.0 10.0
1 5.5 9.5 9.5
2 9.0 10.0 10.0
3 9.5 10.0 10.0
4 10.0 10.0 10.0
1 5.5 8.0 10.0
2 8.0 10.0 10.0
3 9.5 10.0 10.0
4 10.0 10.0 10.0
1 5.5 8.0 9.5
2 8.0 10.0 10.0
3 9.5 10.0 10.0
4 9.5 10.0 10.0
1 5.5 3.0 9.5
2 8.0 10.0 10.0
3 9.0 10.0 10.0
4 9.5 10.0 10.0
1 6.0 8.0 9.5
2 8.0 10.0 10.0
3 8.5 10.0 10.0
4 9.0 10.0 10.0
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Gl %0 A %A B 4n C

(1 n31/30 Taanian Taniae Tannime

un) (voltage) (voltage) (voltage)
1 55 8.5 9.5
2 8.5 10.0 10.0
3 9.0 10.0 10.0
4 9.5 10.0 10.0
1 6.0 8.5 9,5
2 8.5 10.0 100
3 9.0 10.0 10.0
4 9.5 10.0 10.0
1 5.5 9.0 10.0
2 8.5 10.0 10.0
3 9.0 10,0 10.0
4 9.5 10.0 10.0
1 6.0 9.5 9.5
2 8.5 10.0 10.0
3 9.0 10.0 10.0
4 9.5 10.0 10.0
1 5.5 9.5 9.5
2 8.0 10.0 10.0
3 9.0 10.0 10.0
4 9.5 10.0 10.0
1 5.5 9.5 9.5
2 8.0 10.0 10.0
3 9,0 10.0 10.0
4 9.5 10.0 10.0
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Ay M A YA B % C
(1 734/30 Tranine Thavine Taanias

M) (voltage) (voltage) (voltage)
1 5.5 9.0 9.5
2 8.0 10.0 10.0
3 9.0 10.0 10.0
4 9.5 10.0 10.0
1 5.5 2.0 9.5
2 8.0 10.0 10.0
3 9.0 10.0 10.0
4 9.5 10.0 10.0
-1 6.0 9.0 9.5
2 8.0 10.0 10.0
3 9.0 10.0 10,0
4 9.0 10.0 10.0
| 5.5 9.0 9.5
2 7.5 10.0 10.0
3 1.5 10.0 10.0
4 7.5 10.0 0.0
1 55 9.0 9.5
2 1.5 10.0 10.0
3 7.5 10.0 10.0
4 7.5 10.0 10.0
1 5.5 9.0 9.5
2 7.5 10.0 10.0
3 1.5 10.0 10.0
4 1.5 10.0 10.0

30
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Ay %0 A 4n B 4 C
- o g s
(1933730 Tanine Traniae Tanine
TRET)) (voltage) (voltage) (voltage)
1 5.5 9.0 9,5
2 7.5 10.0 10.0
3 75 10.0 100
4 7.5 10.0 10.0

2a A (21453 2 A)

Timhaa(Voltage)

T AT N IR T A T I I i A AT I o e A Ty AT T T I T T T I i T o i e peaT T

1 7 13 19 256 31 37 43 49 55 61 67 73 79 85

vaalhours)

] =)
319 4.1 n3UAAINS charge YOMUAHDIYA A

¢ K - v 4 v
vinnsmIniuameiga A dsnszualumsnion 2 wend wsudIm

cls A i : 1 1 Aﬂl ] 1 I
TanimlunsSunseweiui 5.7 v Tavmbo daumganonialdvzeglusas 10 v uase

4 at e I :
gamoidaldtinnThrhezasasien



32

2ia B (21143 4 A)
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Twavilaa(Voltage)
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Charge Diagram
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4.2 HAMINABRURZANNTUNUS UM IANY130 (Discharge)

M3l 4.2 HaMIATN3Y (Discharge) VBANIAABI TOOUA TULADZYA

a9 7n A YA B % C
(nfa/30 Taavime Tavine Taviae
'N'Iﬁ) (voltage) (voltage) (voltage)
1 3.0 3.0 1.5
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 L.5 1.5 1.5
| 3.5 2.5 3.0
2 1.5 1.5 1.5
3 1.5 L5 1.5
4 1.5 1.5 1.5
1 3.5 30 2.5
2 L5 1.5 1.5
3 I.5 1.5 1.5
4 1.5 L5 1.5
1 < 3.0 L5
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
1 3.5 3.0 25
2 1.5 L5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 L5




GRCIT, %n A 40 B %M C
(1 n¥3/30 Taavine Trariae Travine

mﬁ) (voltage) (voltage) (voltage)
1 4.5 2.5 2.5
2 2.5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 L5
1 3.5 2.5 2.0
2 1.5 .5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
1 4.0 2.5 2.0
2 A5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
1 3.5 2.5 1.5
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 L5 1.5 1.5
1 3.5 2.5 1.5
2 1.5 1.5 1.5
3 1.5 .5 1.5
4 | 1.5 1.5
1 35 2.5 1.5
2 L5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
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GG %A A YA B 4 C
(1 n¥a/30 Taavimn Tnvian Tranine
YIM) (voltage) (voltage) (voltage)
1 4.5 2.5 2.5
2 2.5 1.5 1.5
3 1.5 1.5 1.5
4 L5 1.5 1.5
1 35 2.5 2.0
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
1 4.0 2.5 2.0
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
1 35 2.5 1.5
2 1.5 1.5 L5
3 1.5 1.5 1.5
4 1.5 1.5 L5
I 5 2.5 1.5
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 L5 1.5 1.5
1 3.5 2.5 1.5
2 L5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 L5
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a1 %" A Y0 B 9@ C
(1 a¥a/30 Travime Tranian Traviae
mﬁ) (voltage) (voltage) (voltage)
1 4.5 1.5 1.5
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
1 4.0 3.0 1.5
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
1 4.0 2.5 1.5
2 2.5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
1 4.0 2.5 1.5
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 i.5 1.5 1.5
1 4.0 1.5 1.5
2 1.5 1.5 1.5
3 1.5 _ 1.5 1.5
4 1.5 1.5 1.5
1 4.0 1.5 1.5
2 L5 1.5 1.5
3 L5 1.5 1.5
4 1.5 1.5 1.5
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GRLST Y0 A 4n B 4n C
(1 a¥a/30 Taavine Taavine Taoviae

i) (voliage) (voltage) (voltage)
1 4.0 2.5 1.5
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
1 3.5 3.0 1.5
2 1.5 1.5 1.5
3 1.5 1.5 1.3
4 1.5 1.5 1.5
1 4.0 1.5 1.5
2 e 1.5 1.5
3 1.5 1.5 1.5
4 1.5 1.5 1.5
1 4.0 2.5 1.5
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 1.5 13 1.5
1 4.5 1.5 1.5
2 1.5 1.5 1.5
3 1.5 1.5 1.5
4 L5 1.5 1.5
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2a A (Discharge)

N Ww A O

-—

Traviima(Voltage)

[=1

T TR e e e e T T T T T W A e TP T IR e e T e T P TR T T T I T T R o T

1 9 17 25 33 41 49 b7 65 73 81 89 97 105

na (hours)

4 -:l
11l 4.5 n3lIAAIN1T Discharge VOIUANBTHA A
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2{» B (Discharge)

©
tn

Travilma (Voltage)

T O T T T g T T o I T T T e g v e s

1 10 19 28 37 46 55 64 73 82 91 100 109
vaa1 (hours)

S = 0N
O = th N 0 W

v
=4

31/ 4.6 031163013 Discharge YBUWLRIATIYA B
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2ie C (Discharge)
3.5
@ 31+
[+2]
8 25 ——0—
g2
@154 - - -
g
\§ 4
c 0.5
0 T T T T T e T T e e PO T T A T I T i e e Ty e T
1 10 19 28 37 46 55 64 73 82 91 100 109
11a1 (hours)

51/ 4.7 n3Wluansns Discharge ¥0UAABTYA C

P 4 = o @ T
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& A o a A i v i ar [l [
T lumssuRaninesun 2,52 v Taumde tazaiganondaldeseglugan 15 v

1 d oA o 1 A 4 1
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Discharge Diagram

5.0 -— - -
15 + - — - e ool o &
40
35
0 R 11 TERIEEREG H
25 HHehifhed

lariae (Volmge)
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|' J % ; 4 ,; ;: .wl‘ I i i.w il ﬂ |I i in I i| “ i l 1 1 l —'—“.ﬁB('ﬂhilA)
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where;

where:

where:

(Vs - V)

Bl = 6ok + {not{+ Im)[kp—vr- + kd(Vp-Vb)

aol = analog outpul

kd = derivative lerm conslani
kp - parlicular fenn constant
kas - steady stale current at end
of constant voltage charge

Vb - battery vollage

¥p - previous ballery vollage

Vset = sel voliage

g

BE= ke[wf(v m-Vuo)] &
BE ~ battery element being modelled
k - gain mulliplier
wr - width facior
Vm - mean voltage level
VOC- o pen circuit vollage
ff - flainess factor

Twt+ T
el Ter
- Ru @
TC - temperalure compensalion

T - temperature of environment

Trel - reference temperature
R - resistance at temperature T
Rref - resistance at temperature Tref

@
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