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Abstract : Recently, usage of electric and electronic system for car increases rapidly. Consequently power monitoring
supplied to the system is essential for management and controlling. Generally, battery status is monitored through
measuring and diagnosing the current measurement method utilizing Hall Effect. Therefore, in this paper, we analysed
magnetic field to develop the solution of DC current sensor using Hall Effect which is the core of design and
development. By analysing the magnetic field by FEM using Maxwell 3D software, the location of the highest output
current and stable part in the Hall IC sensor was shown. Also, the optimal core design of DC current sensor using
parametric and Simplex method was presented. A car battery charge and discharge process dependant on time effect on
the changing of magnetic field was simulated and compared to the result from the experiment result of actual vehicle.

Key words : Hall effect(Z & 2}), Current sensor( % 54l 4]), Magnetic field analysis(X}3 &} 23), Battery management
(vl Ef 2] #4]), Optimal design(F 2 A A))

Nomenclature LME
B : magnetic field, flux density, T Ak 25 531 9] BFo] 2HE ] o|F
\% : electric field, V/m o)X 7142 uE3e} ZAAX D REZO] 1L
vz carrier velocity , m/s 7153 ¥ a1 B A a1 Q) o xpE R}l ALRE 31
Ry :hall coefficient A= AARZS T YA A2 Q13 Al 7] L8
d : element thickness, m vhol oju]g} A A7 A 874 2 kA S 55
A area,m’ g8 2753k A5t Hx Yo °l 83 A5
B,, :averageofB A2t} F=A 0 o] A} Ao F-2 3 2 F-<]
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where vz : Carrier Velocity ( m/s)
I : Electric Current (A)
Ry, : Hall Coefficient
B : Flux Density (T)
d : Element Thickness (m)

3. DC Cunent Sensor2| FEM Model

3.1 Ring® FEM Model
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Fig. 2 The structure DC current sensor model using Hall
Effect

Table 1 DC current sensor specification of ring type

Core QHA & & 36mm
Core 27 o 4mm
GAP (Hall IC Sensor 3-4) A ¥ 2mm
Current Bar Z o] 40mm
Current Bar 217 o 4mm
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Table 2 Material property

A2
Core Permalloy: PB
Current Bar (Current) Brass
Gap (Hall Sensor) Vacuum
] 5 (Region) Vacuum
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Fig. 6 A magnetic field distribution of the core & Hall IC
sensor
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Fig. 13 A magnetic field distribution of model
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Table 3 Parametric variable of Case I

Variable Description Step
X Leng Linear step from 14 ~ 30mm Imm
Y _Leng Linear step from 8 ~ 15mm Imm
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Fig. 14 The parametric result of B (Case I)

Table 4 Optimization variable of Case I

Variable | Sarting value | Min | Max |Min step |Max step

X _Leng 14mm 13mm | 20mm 0 1.01mm

o

Y_Leng 8mm Tmm | 10mm 1.01lmm

Table 4= Optimization®] W 278 VJElT]

Fig. 15+= Case [9] H A3} 73 & 3l A2 A7}
AR ZEXHE HH5 8 35 o)1, Y2 Cost
functiongkto|t}.

T8 31471 78 H & ol] A Cost functiongto] H 43}
HE A& 18 3, Case Iof] 3k 24 Hojul&
2 Table 5¢} 2t}

——

Cost
S =

5

.

R~

ISR

Fig. 15 Cost function of Case I

Table 5 Length rate to be optimized of Case I

Variable Length
X _Leng 13.17542 mm
Y _Leng 7.87277 mm
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Table 6 Parametric variable of Case I

Variable Description Step

X_Leng Linear step from 8 ~ 15mm Imm

Y Leng Linear step from 14 ~ 30mm Imm
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Table 8 Length rate to be optimized of Case 11

Variable Length
X _Leng 7.93885 mm
Y Leng 14.18404 mm
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Fig. 16 The parametric result of B (Case II)
Table 7-2 Optimization 2] W4 Z A2 Velhdo)

Table 7 Optimization variable of Case II

Variable | Sarting value | Min | Max |Min step |Max step
X Leng 8mm Tmm | 1lmm 0 1.0lmm
Y Leng 14mm 13mm | 20mm 0 1.0lmm
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Fig. 17 Cost function of Case II

Variable Description Step

X_Leng Linear step from 8 ~21mm Imm

Y Leng Linear step from 8 ~21mm Imm
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Fig. 18 The parametric result of B (Case III)
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Table 10-2 Optimization 2] ¥ Z71-& el

Table 10 Optimization variable of Case III

Variable | Sarting value | Min | Max | Min step | Max step
X Leng &mm Tmm | 16mm 0 1.0Imm
Y_Leng 8mm Tmm | 11mm 0 1.0lmm
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Fig. 19 Cost function of Case III
Case II1ol] th3 %) Z o] H] &2 Table 117} 2t}

Table 11 Length rate to be optimized of Case III

Variable Length
X Leng 7.72041 mm
Y _Leng 7.92881 mm

Case L, IL, Il A YERY A7ES vlws)] »a
Table 129} 7t} Table 12004 UYetdl AASS 1B
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Table 12 Comparison of Case I, II, III

Variable Cost function B(Tesla) X Zdol vl | Y Ao B
value (mm) (mm)
Case | 15.906 0.06286 | 13.17542 7.87277
Case Il 15912 0.06284 | 7.93885 14.18404
Case 11 15.880 0.06297 7.72041 7.92881
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