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(Cost Estimation and Economical Efficiency Analysis of Impulse
Magnetizer using Semiconductor Switching Device)

ag%\_a . a %u. ° HJ1£'\_8J.. . ;.‘_J_J'L:_Ett. - Tﬂi”"
(Pill-Soo Kim - Yong Kim « Soo-Hyun Baek + Soon-Do Kwon » Suk-Ho Yoon)

2 ¢

WA 29073 2248 o]83 AHAE WA P2 AA7)e Axaad] £7H49 TAF YY2E HHAA
oA F79 F7ANE dstet ARETh 92E o2 Ayl vl As| Trlelt).
2 AFAME =R 294 2AE o83 AdAE BH dH2 ZR7)Y Hl%t*é% Aty 2 1 A
*ﬂ“ A dist] AA AT oE At 5 RAAROR TAHHE H]E PEE o] &ANUT) E3)
Learning Curve& ©|8% d¥: FA719 vl4zta § Brbdslol o3 w49 WMEFolE BHAAY. 34
F A9 d29 BAL3 (HNH2 AREEY 85 A} 4 4)E olgste} MY + = ARE
AU

Abstract

A capacitor discharge impulse magnetizer using semiconductor switching device is used to produce a
high current impulse of short duration in a magnetizing fixture for magnets of the various shapes. The
price of today’s magnetizer is relatively expensive.

This paper described a method for cost estimation of capacitor discharge impulse magnetizer using semi-
conductor switching device and the economical efficiency analysis. We used a cost structure consisted of
five major subsystems. Especially, we estimated the potential for a cost reductions in impulse magnetizer
as a function of time using the learning curve, and the potentials of cost by depreciation. The reliable
results were obtained by using iron-core fixture coupled to a middle-voltage magnetizer.
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1. Introduction

Capacitor discharge impulse magnetizer using
semiconductor switching device has been under
development for magnetic applications. The re-
quired magnetic pole pattern is produced by plac-
ing the magnet in wire-wound fixture and dis-
charging a large capacitor bank through the fix-
ture.!”” The price of this magnetizer is relatively
expensive for industrial applications. The objec-
tive of this study was to evaluate the possible
cost reductions of capacitor discharge impulse
magnetizer for industrial aspects. A major part of
the effort was to estimate the cost and the physi-
cal dimensions of these impulse magnetizers. We
made costs estimates based on today’s technology
and projected how the costs might be reduced due
to increased production cost savings (l.e., learn-
ing curve effects) or Increased competition® '?
and we estimated the potentials of the cost by de-
preciation.'” Also, today’s costs and projections
at one, three, five and ten years were calculated,
as discussed later. The cost reduction guidelines
presented n this paper are general in nature, and
may be applied to any type or size system
through small transformation regardless of the
driven magnetizing fixture. Examples used are
middle-voltage magnetizer and 8-pole magnetiz-
ing fixture In industrial applications, but the eco-
nomic tools are also applicable for commercial ap-
plications.

2. Capacitor discharge impulse magnetizer

The circuit shown in Fig.]l is a capacitor dis-
charge impulse magnetizer using semiconductor
switching device.¥ Since a typical magnetizing
fixture 1s essentially a fixed configuration of wire
loops, its impedance can be modeled as a series R
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-L. circuit shown in Fig.1. The rectified power
supply providing the initial charge for C and the
gate triggers for the SCRs are not shown in the
Fig.1.

Initially, the capacitor C is charged with the po-
larity indicated in Fig.1 and SCR1 is off. In order
to transfer the energy from the capacitor C to the
R-L load (equivalent circuits of magnetizing fix-
ture), SCR2 must be turned on. Therefore, the re-
covery diede D prevents the capacitor voltage
from dropping below about 0(V). Capacitor C is
recharged through SCR1 to its original voltage
and polarity. The firing of SCR2 delivers the load
impulse again and the whole cycle is repeated.

SCR1 SCR2

I
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Fig. 1. Capacitor discharge impulse magnetizer using
semiconductor switching device

Magnetizing Coll

3. Cost modeling

Economic evaluation is a useful tool to deter-
mine the relative merit of system proposals with
different characteristics. The resulis of the evalu
ation help the user to choose the alternative that
is most profitable for the business.

We used the cost structure that consisted of
five major subsystem: 1)capacitor bank, 2)step-
up transformer, 3)semiconductor devices (SCR1,
SCR2, freewheeling diode, bridge diode), 4)mag-
netizing fixture, 5)related electronic circuits.

3.1 Capacitor bank

The cost of the capacitor bank is based on the
energy of capacitor.
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where C.=total cost of capacitor ($ )
E.=energy of capacitor (J)
U.=unit cost of capacitor { $/J]
The energy of capacitor EC is expressed as a
capacitance, C(F), of the capacitor voltage, V
(VI

E.= ; . C - V) (2)

3.2 Step-up transformer
The cost of the step—up transformer is propor-

tional to the electric power requirement of the
transformer, PT(VA).

CT=PT < Ur (3)

where Cr=total cost of transformer ( $ )
Pr=electric power requirement of
transformer [VA)
U=unit cost of transformer { $ /VA)

The transformer power is estimated from
P:=P./(7+/100) (4)

where P, =apparent of the load (VA)
pr=transformer efficiency (%]
Generally, the efficiency of the transformer is
about 98.5( % ], assuming a small transformer.

3.3 Semiconductor devices

The semiconductor devices consists of SCR1
for charging switch of capacitor bank, SCR2 for
discharging switch of capacitor bank, freewheel-
ing diode D for circulating currrent of load, and
bridge diode for convert AC to DC. The cost of
the semiconductor devices are based on the power
ratings according to the number of various devic-
es.
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C=P,- U, {5)

where C.=total cost of semiconductor devices
($]
P,=electric power capability of semicon-
ductor devices [VA]
U,=unit cost of semiconductor devices

($/VA)

3.4 Magnetizing fixture

The magnetizing fixture includes the winding
coil, and the steel structure for magnetic path.
Therefore, the cost of the magnetizing fixture are
based on the manufacturing cost of magnetizing
fixture with yoke shapes and the mass of the
steel and the wire.

CF:PF+M51 ‘ Usl+Mfﬂ : UC“ <6)

where Cy=1otal cost of magnetizing fixture
($]
Pe= manufacturing cost of magnetizing
fixture with yoke shapes [ § )
M, =mass of steel (kg)
U, =unit cost of steel { $ /kg)
M=mass of copper (kg)
U,=unit cost of copper ( § /kg]
Among the above three components, the mag-
netizing fixture is dominated by the manufactur-
ing cost of fixture with yoke shapes.

3.5 Related electronic circuits

The related electronic circuits consists of gate
driver circuits for SCR, heat sink for sinking of
SCR, and stabilizing system for stability of capac-
itor charging, et al. The cost of the related elec-
tronic circuits are almost contant because the cir-
cuits are control equipment. In this case, the cost
of related electronic circuits is about 200~375
[ $ ), assuming a related system. These costs are
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{b) capacitor discharge impulse magnetizer

Fig. 2. 8-pole magnetizng fixture and impulse magnetizer

based on discussions with conventional users.
Support components were not included in the cost
estimate.

4. Cost estimation results

4.1 Application case studies

As a application case studies for cost estima-
tion consider a middle-voltage magnetizer (charg-
ing voltage : 1500(V), capacitor bank : 3000

— =1 =

{(F)) coupled to iron-core fixture (8-pole rotor
magnet of brushless DC motor). Fig.2(a) shows
the 8-pole magnetizing fixture (8-pole rotor mag-
net of brushless DC motor). Also, capacitor dis-
charge impulse magnetizer shown in Fig.2(b) is de-
signed to magnetize the magnet of Fig.2(a).

4.2 Today's cost estimation results

The estimated cost using the basic cost assump-
tions described above and below, are given in
Table 1. Results are shown for four different en-
ergy levels ranging from 1 to 10{KJ).

All five major cost components Increase in In-
creasing energy level. Labor costs for assembling
them are not included. But, the estimated cost of
today’s real system is about three times of Table
1, assuming a small-size manufacturer’s gain
based on KOREA industrial structure. The
results are referred to as “Today’s costs”, no
credit is taken for future price reductions due to
the benefits of mass production, technology im-
provements, or competitions.

5. Potential cost reduction estimation

We estimated the potential for cost reductions
in capacitor discharge impulse magnetizer as a
function of time. The assumptions and results are

summarized in this section.

5.1 Learning curve analysis

. Capacitor Step—u;; Semiconductor Magnetizing Related N
Energy . . . Total Cost
(KJ) Bank Transformer Devices Fixture Electronic ($)
%] (%) (8] Circuits {$]
1 2,500 125 1,200 2125 4,662.5
3 4,375 250 1,200 250 7,075
5 5625 300 1,200 3125 9,700
L 10 | 75w 750 1,200 375 11,700

Table 1. Cost estimation of capacitor discharge impulse magnetizer
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Table 2. Assumed production schedules and learning

curve factor

[Magnetizer Total Leaming
End of Year Magnetizers

per Year Built Curve Factor
1 1 1 1.000
2 4 5 | 03%
3 8 13 0.438
4 14 27 0.346
5 2 9 0286
6 4 @3 0232 |
7 44 137 0206 |
8 | w | 0.188
5 | a | 25 017
10 REE: 0165

We assumed that the magnetizer cost is re-
duced by 20{%] for each doubling in total
systems produced (referred to as a 80{ %) learn-
ing curve). A 80(% ) learning curve is a assumed
estimate based on KOREA industrial experience.
Consequently, this leads to the following genera-
lized relationship.'!

Cp:CI * P“' (7)

where C,=cost of total magnetizer produced
p=total magnetizer produced
C,=cost of the first magnetizer
n=n08/In2

therefore, C,=Cl » p70 ¥ (7-1D

In order to determine the learning curve
savings, we assumed a production schedule
shown in Table 2. It assumes that production is
ramped up rapidly in the first six years and then
is constant is years 6~10. The learning curve
analysis was applied to the capacitor bank, semi-
conductor devices and related electronic circuits

as discussed below.

70 (464)

Since today's magnetizing fixture and trans-
former are fairly mature technology and its capa-
bility is not expected to improve greatly in the fu-
ture, we did not apply a learning curve reduction
to the costs. As a results of this assumption, we
chose not to assume future cost reductions in the
above two component’s cost. We assumed that
the cost of the capacitor bank, semiconductor de-
vices and related electronic circuits were reduced
by technology development with design Improve-
ments, mass production and competition. Increas-
ing energy saving capability of the capacitor
bank reduces the cost of capacitor bank. There-
fore, we assumed that technologies of capacitor
hank can be improved to give 5{ %] by year 3, 10
(%) by year 5 and 20(% ) by year 10. Also, we
assumed that the costs of semiconductor devices
and related electronic circuits could be reduced
by 50{%] for the first commercial system. We
assumed that this can be achieved for the smaller
systems with impulse magnetizer as the market
and technology develop. For years 2~10, the
learning curve factors from Table 2 are applied
to the year one cost. Fig.3 shows the cost of a
semiconductor devices and related electronic cir-

Fig. 3. Relative cost vs. time for a semiconductor devic-
es and related electronic crouts of 3(KJ) mag-
netizer
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End | cost Discount Present Value
Y(c);r {$] Factor (3]
1 100 0.952 95.2
2 100 091 91.0
3 100 0.864 86.4
4 100 0.823 82.3
5 [ 100 0.784 | 784
6 | 100 0.746 74.6
7 100 0.711 71.1 |
8 100 0.677 67.7
9 100 0.645 64.5
[0 | 100 o614 | 614
( Net Present Value = $ 772.6 J

Table 3. Cost reduction by depreciation

cuits of 3(KJ] magnetizer as a function of time
relative to today’s cost.

5.2 Estimation of cost by depreciation

A dollar available today 1s worth more than the
same dollar available tomorrow, or next year, or
ten years from now. If a cost of 100( $ }/year for
the next ten years is discounted at 5[ %), it will
have a present value of 772.6( $ ) as seen below:

The cost for the first year is 100{ $ ). This
amount is multiplied by the discount factor of 0.
952 to yield a present value of 95.2( $ .

The discount factor is calculated by eq.(8):

Discount Factor=1/(1+(D/100))" (8)

where D=discount rate in { %)

n=number of years.

The discount factor is calaulated for the re-
maining years in the above example, and the dis-
counted values are totaled to obtain a net present
value of 772.6( $ ] for the sequence of cost dur-
ing the ten years.

In case of considering the cost depreciation in
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this study, the total cost of magnetizer was more
reduced by depreciation. We assumed that dis-
count rate of cost is 5( % J.

5.3 Summary of cost reduction

Table 4 summarized the results of the cost re-
duction analysis for the cases considered. As indi-
cated, there are four energy levels ranging for 1
to 10{KJ). Fig.4 shows the results for the 3(KJ])
magnetizer graphically. For our assumptions, the
overall cost is reduced by 83(% ] by year 3, 79
(%) by year 5 and 71.45( %) by year 10. There
is a significant reduction in the semiconductor de-
vices and related electronic circuits between 3
and 10 due to the technical improvements in the
design.

Table 4. Final estimated cost for capacitor discharge
mpulse magnetizer

| Energy Final Estimated Cost [$)
(K31 Today year 3 year b year 10
1 46625 38834 3693.8 3394.1
3 7075 5880 5566.3 5063.1
5 9700 7440.7

0017 | 63495 |
w218 | 8156 |

| 10| 1700 | 95678

Fig. 4. Cost estmation for 3[KJ) magnetizer with time
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6. Conclusion

The method for the cost estimation of capacitor
discharge Impulse magnetizer using semiconduc-
tor switching device and the economical efficien-
cy analysis has been presented. Today’s magnetiz-
ers are dominated by the cost of capacitor bank,
with a second major cost component being the
magnetizing fixture. Technology improvements
and cost reductions from mass productions and
competition are expected to improve the costs
over the next ten years. We project that a reduc-
tion to one-quarter of today’s cost could be possi-
ble with aggressive market and technology devel-
opment. Finally, we estimated the potential of
cost by depreciation. Also, hand, operating costs
should also drop with system automation using
MICroprocessor.
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