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Thesis Title Development of an Induction Heating Machine
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Level of study Master of Engineering in Electrical Engineering
Department Electrical Engineering
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Abstract

This thesis is the research and development of an induction
heating machine. It is based on the principle when magnetic field varies
with time,resulting in induced emf.in steel. This cause the eddy current
to flow in the steel,which make the steel heated. The eddy current move-
ment in the steel is concentrated at the region near.the surface and
hence the produce so called "Skin-Effect". The depth of skin effect,or
skin depth,depends on the vary of frequency of magnetic field.

The induction heating machine,is operated by power transistors
connected in pusb-pull switching with a high-frequency power transformer
using a ferrite core. The rating of machine is 50 KVA , 25 KHz ; and
a skin-depth of 1-6 mm. The output coil is designed to be suitable for

a particular workpiece.
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Hy(y) = Hgy exp(-y).exp{jlwt-ay)}
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2N JE} = 1+j = V2.exp(j %)

Jy(y) = JEHom.aexp(-ay).exp{j(wt-ay+%)}

901289 A UUNNSSUE  azLifuAl real part

J,(y) = JEaHom.exp(-ay).cos(wt-ay+%) (12)
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JoJy(y) = JomeXxp (-ay) .exp{j(wt-ay)}

v 1
AMUAILFINITANIAY A NMUIUUUNT L ULE ﬁm'mﬁnmq 1M

Jz(y) = Jom-exp(-ay).cos(wt-ay) (13)
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<o Ep(y) = pJgp.exp(-ay).cos(wt-ay) (14)
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]
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7N Jom = JE.uHomexp(j%)

AMTEUE 7D LNAS

I

Re[ H,.exp(jut) ]

= Hop-cos wt (15)
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artiulaanssuamalutiandn eUATMAND AIAINL 2NVRIFUINWN LVANTR?
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ZDILNAN URY inphase NU
ST, = Hg (16)
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P = p —E—' .J exp(-2ay) dy
o
J gm ®
= p i exp(-2ay)
4a
o
2 2
J J
om om
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P 2 P 0
V2.
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2
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X = 1- exp(-2ay)
P
Aoy = % - 6
P
FX = 1.2 - 1-0.135 = 0.865
y=2 = 26
* p
FX - 1- ™4 - 1-10.018 = 0.982
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1 ]
° v =
Tagn 'wmm'mﬂmﬂirmwaw'\uuag N 92U

N
emf . = N g—g
dt
= - . wt-——
Tra sin( 4)
emf, = WNOHom . cos(wt+ﬂ) (19)
20 4

2.8 N199U(MIA1TALT s3I

) v v ] 1]
v ° @ o
1nOe] TUN1IMIAIZAY skin effect MWETINMUAY LITUULALLMENTINAIME12
! P v ¢ ' - v ' ¥ v !
Munun1e 9 g133udeetta ualuadraduas g2 la it dutiuasa 9 (un158519gA3a819

1 v v )

1
M8 9 ua ey NN s1g9mase a0 21ae Y lueanih

temperature p M, 6 -_-‘/%_g

(C) (Q-m) (mm)

20 0.160 x 107° 60 0.164
200 0.290 x 1078 60 0.221
400 0.483 x 10° 60 0.286
600 0.755 x 10~° 60 0.357
800 1.095 x 1078 1 3.33
1000 1.165 x 10~° 1 3.44
1200 . 1.22 x 1078 1 3.52

]
A1519 2.1 A228NN15AMUIMA skin depth (6)
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Vnax = puNubHoZ (20)



- 16 -

coil

z SR

o 4 44
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ﬂouunizuﬂquuﬂiuﬂuqqu =  Hgp -X%
A R H om*
nsrusnavuan natananain = N (21)
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nhasng deluindn P . (WuNRI229LMEN)

2

Iom

P26
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< o w o v v o wd <
nsanwn1aonﬂau1nnUﬂﬂa1ﬂ%oa:lquunqaqwgmLRHWuLnan
v !

nqaqwﬂaulﬂqﬁﬂﬂaQﬂ v,
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I mg Cos ©

= % Vmax - Imax Cos 1/4
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1 v v 1

L] d
nvan autﬂﬂgwﬂﬂdﬂ

M MO = gg

o

1 v v 1

N8 Wau L 21gEARIn

AMENNIT (20)
v ! e
AU YN IAUINUN LNAN

ﬁwuwsnnﬂnwﬂqwawﬂ1nnULnan
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2
HwHGm

e cos 1/4 (x.z)

uae ¢ =

01_1

2
PHoy

5 (x.z) (22)
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National - " Display Drivers
Semiconductor

DS75491 MOS-to-LED Quad Segment Driver
DS75492 MOS-to-LED Hex Digit Driver

General Description Features
The DS75491 and DS75492 are interface circuits 8 50 mA source or sink capability
designed to be used in conjunction with MOS per driver {DS75491)

integrated circuits and common-cathode LED's in ® 250 mA sink capability
serially addressed multi-digit displays, The num. per driver (DS75492)

ber of drivers required for this time-muitiplexed . . .
system is minimized as a resuit of the segment- 8 MOS compatability {low input current)
address-and-digit-scan method of LED drive. ® Low standby power i
® High-gain Darlington circuits

Schematic and Connection Diagrams
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DS75491 DS75492

Absolute Maximum Ratings ot 1)

DS7549 DS75492

Input Voltage Range (Note 4} -5V 10 Vgg -5V to Vgg
Collector Output Voltage {Note 5) 10v 10V
Coliector Qutput to Input Voltage 1o0v 10v
Emitter to Ground Voltage (V, 25v) 10V
Emitter 1o Input Voltage sV
Voltage at Vgg Terminal With Respect to

Any Other Device Terminal 1ov lov
Callector Output Current

Each Collector Qutput 50 mA 250 mA

All Collector Outputs 200 mA 600 mA
Continuous Total Dissipation 600 mw 600.mw
Operating Temperature Range + 0°C 1o +70°C 0°C 1o +70°C
Storage Temperature Range ~-65°C to +150°C +=65°C 10 +150°C
Lead Temperature (Soidering, 10 sec) 300°C 300°C

Electrical Characteristics
DS75491 (Vgs = 10V, T = 0°C 1o +70°C unless otherwise noted) {Notes 2 and 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Vce on “ON' State Collector Emitter Voltuge Input = 8.5V through 1 k{2, To-25C 0.9 1.2 v
) Ve =5V, Ig = 50 mA 15 v
lc ofF "QFF* State Colicctor Current Ve = W0V, n = 40LA 100 HA
vy =0V Vi = 0.0V 100 »A
i, input Current at Maximum Input Voltuge Vin =10V, Vv, =0, Ic *20mA 22 33 mA
te Enutter Reverse Current Vi, =0,V =5V, Ic 0 100 A
lgs Current Into Vg Termunat 1 mA
DS§75492 (V= 10V, T, - 07C to +70°C uniless otherwise noted) (Notes 2 and 3)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Vou Low Level Output Voltage tput = 6 5V thiouyn 1 k€2, T.*26°C 0.9 1.2 v
lhut - 250 mA 15 v
lon Hign Level Output Current 1,0, = 40uA 200 HA
: Van = 10V
Vy, - 0.5V 200 HA
I Input Current ot Maximum Input Voltage Vin = 10V, 15, = 20 mA 2.2 33 “mA”
lss Current In10 Vg Terminal 1 mA
Switching Characteristics
DS75491 (Vgg = 7.5V, T, = 25°C)
PARAMETER CONDITIONS MiIN TYP MAX UNITS
o Propagation Detay Time, Low-to-High Level Output {Collector ) Vi =45V, v, =0, 100 ns
thre Propagation Delay Time, High-10-Low Level Qutput {Collector} R, =200, C, = 15 pF 20 ns
DS75492 (Vgg = 7.5V, T, = 25°C)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Lpog Propagetion Deley Time Low-tu-High Leve! Output V.. * 7.5V, R, =390, 300 ns
[Py Propagation Delay Time, High-to-Low Level Output C,_ ~15pF 30 ns
Note 1: “Absolute Malnn:num Ratings” are thos values beyond which the satety ol the dewice cannot be guaranteed. Except lor “Operating
Temperature Range” ey are not meant 10 imply that the cevices should Le uperated at these imits. The table of “Eluctricat Characiensigs™

provides conditions tor ectual device operation.

Note 2: Untuss uthyrwise spucifiod min/max limits apply across the 0°C 10 *70°C tempurature renge for the 0575491 and D§75492.
Note 3:All currents into device ping shown as po
values shown as max or min en wbsclute value basis,
Note 4: The input 1s the only device termingl which May be negative with respect 1o ground.
Note 8: Voitage values are with respect 10 network ground terminal unless otherwise noted.

utive, oul Of device pins as negative, ull voltages referenced 10 ground unless otnerwise noted. All
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