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Microwave Heating Device
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Pioneering Limitless Potential




<1 U OERINEAD BT RE Microwave Heating - A New Heating Method for a New Age
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Pioneering Limitless Potential
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As a pioneer of electromagnetic heating, Yamamoto Vinita is developing and providing clean technology solutions that
utilize high-frequency heating through to microwave heating—solutions for improving efficiency and energy savings in
heating processes, solutions vital for tomorrow's industrial environment.
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Microwave Heating—Ever-increasing Applications in All Sectors of Industry
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The application of microwave heating is progressing even further as a heating source in a wide range of fields—food, wood, rubber,
ceramics, chemistry and textiles, to mention but a few. Microwave heating rapidly achieves even and uniform heating, something that
has been impossible with conventional external heating by hot air, stream and electric heat.
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SVEBINZR External Heating

Electric resistance heat /
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Heat treatment for heating and drying is widely used in almost all product
manufacturing processes. Generally, hot air or flames from combustion and steam or

MIERANZR Internal Heating electrically heated wire are used as heating methods for heat treatment. All of these
Microwaves / High-frequency methods heat the substance from the outside, and heat is gradually transferred from
RA OO BER the outside to the inside of substances by thermal conduction. This is why these

\ methods of heating are called "external heating."
On the other hand, dielectric heating using high frequency or microwaves
fundamentally differs from external heating in that the heated substance itself
becomes the heating element and is heated from the inside. So, this heating method

is called "internal heating." Heating by internal heating is possible in a shorter time at
N\ J a much higher efficiency than by external heating.
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Tood Heated cooking, Sterilization, Fungicides, Drying, Thawing, Bubbling
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Wood Drying, Joining, Bending
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Rubber Vulcanization, Expanding
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Textile / Paper Drying
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Chemistry / Plastics Drying

—(__ED Bl ) -wzig

Print Drying L —

—(8 8 ) o sam

Drying, Eradication of insects and pests
Cereals vine P
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Ceramics Drying, Joining
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Thermo-therapy, Hyperthermia (cancer treatment)

1O KED
ISR E
Microwave Fields
of Application
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Medical Treatment
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Drying, Melting
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Industrial Waste Disposal
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Other Plasma, Atomic power (melting, breakdown)
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Features of Microwave Heating
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With conventional external heating by hot air, steam or electric resistance heat, the center of the heated
substance rises by heat transfer from the outside to the inside by thermal conduction. Microwave heating,
however, is internal heating-the heated substance itself becomes the heating element. With this heatin
method, substances can be heated in a short time since the temperature at the center can be increase
regardless of thermal conduction.

9 ig_hu;-ﬂ'b‘—c‘: 3 % Uniform and Even Heating
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With external heating, a high external temperature must be set to raise the temperature at the center. Asa
result, there is a large difference between the outside and inside temperatures. With microwave heating,
however, electric waves almost uniformly penetrate all parts of the heated substance and all parts
generate heat simultaneously, enabling relatively uniform and even heating.
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The heated substance generates heat by conduction loss, which means that the calorific value increases
proportionally as the loss factor increases. So, substances with a large loss factor can be selectively heated.
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Highly efficient heating is ensured since almost all microwaves are absorbed by only the heated substance
and the ambient temperature is not directly increased.
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Start and stop of heating, or heating temperature adjustments can be made accurately and with quick
response by electrical control.
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Kinds of Electromagnetic Waves
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What Are "Microwaves?"

A 3&1 £ ) i d I#Fﬁ? RAVORIE BEE300MHzA S5 30GHZ CEE Lem~1m) BE D EREK
Frequency Wavelengt Name Industrial Applications ) Tt — N o - . = s
Hz~3tz | 100Mm~100km | BEERTER| @E-BEER THBDEBRDHEINTY, i@lﬁ/ﬁﬁﬂlmo)E&lI\éﬁETﬁbhéE?I///’P

3~30kHz 100~10km A B & ow| TEMBADOMIC HEHERE. UHFTL ERGE A - RATROMITP S RER
0~300Hz | 10~k B w|meit | oreoL—4 FEEERCICHASNTVET. CREOBRENATS
300kHz ~ 3MHz 1km~100m i fid _ . N . . - _ Co e
: bl = 9N YD IREAE = | CHICEBEICIMSN
S0 10010 sy LB | AR IR BEVDRGEYPHIHE 28 7“%7 DICEHE S /&I~
30~ 300MHz 0~1m  |Eectomaghetic] 8 58 B | b heating (Industrial, Scientific and Medical use) BEID BTSN TVE T 1 IOK
s00MHz~36Hz | am~toem | C [ 8 8 # | wrommms | A0ACIZ—ARAIICIZ2450MHZ LI IS MHZARALINTLET,
3~30GHz 10~1cm £y Fx—phig | Microwave heating

307 300GHz Lem~1mm = - If | ’& "Microwaves" is a generic term for electromagnetic waves within the

300GHz~3THz imm~100um 4 YIIVE frequency range 300MHz to 30GHz (wavelength 1cm to 1m).

* EOR O R | Hoemz Electromagnetic waves in this frequency band are used in a variety of

J 4 | & # 4 s | Infraredheating applications-microwave ovens in homes, industrial heating, cellular

3THz~30PHz | 100um~10nm Light T kR phones, UHF TV broadcasts, ship and airplane navigation, radar for

* weather observation, and aerospace communications. For using these

£ % ® radio waves, ISM bands (Industrial, Scientific and Medical use) are

A Xig allocated internationally to avoid mutual radio interference and noise

30PHZU £ 10nmuF [ vig disturbance. Generally, practical use of microwaves is limited to 2450MHz
adation ¢ and 915MHz
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In today's age of dwindling energy resources and ever-increasing CO2 emissions, microwaves are the energy for

unfolding the future for Earth and Man.
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Principle of Microwave Heating
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When an electric field is applied to metal, for example, the flow of electrons (that is, current)
does not occur when a so-called insulator is placed within that electrical field for an electric
conductor having freely moving electrons. However, the phenomenon of polarization, where
positive and minus electric charges are displaced from the equilibrium point resulting in a
separation of the charges, does occur. Substances with this kind of nature are called a
"dielectric." As frequency increases, the component electrons of a dielectric spin, collide,
vibrate, rub against each other, and otherwise move violently. Changes in polarity at this time
are intense, occurring several ten to several hundred million times per second. This energy
becomes "heat," which causes heat to be generated inside the dielectric.
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Available Frequencies
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For the use of radio waves used in various applications, operating frequency allocations
have been determined by the ITU (International Telecommunications Union) according to
specific purpose to avoid mutual radio interference and noise disturbance between
applications. "Dielectric heating" which includes microwave and high-frequency dielectric
heating is designated as ISM bands (Industrial, Scientific and Medical use) as shown in the
table on the right.

Four bands are designed for microwave heating, of which two, 2450MHz and 915MHz, are
already in practical use. In Japan, 2450MHz already in use in microwave ovens also can be
used without any problem; however, radio wave shielding measures must be implemented

and regulatory values in accordance with wireless facilities' standards must be observed to
prevent interference with other communications facilities, in the same way as 915MHz.
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Electrical Field and Movement of Molecules in Dielectric
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Permanent dipole
N J
HmISM/AYER
ISM Bands
& % 7 ISMA VR ¥ & | DHETORDEL
Name of Heating ISM Bands Wavelength Handling in Japan
e . + . i
= m) |13 56MHz TkHz | 22.12m | O #MH
Highfrequeney | 27.12MHz £163kHz | 11.06m | O 3EA
Deecickestng ™40 6gMHz + 20kHz | 7.37m | O @
915MHz  13MHz | 32.80cm | A #slasn*
TAHOgmE | 2450MHz £ 50MHz | 12.25em | O @A
MicrowaveHeating | 5800MHz £ 75MHz | 5.17em | O &
24125MHz £125MHz | 1.36em | O &M
MR REIRBE 6 58 -8 YA ORMBMEBH5100m DA T
DERBEDRATAMEIZL00pV /MU T (=40d BuV/mTF).
SRR DRENEE T VT T B EIEBR B TRBDFE A Hit
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Conversion of Electromagnetic Wave Energy to Thermal Energy
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Microwaves are reflected when they strike metal. Some of them, however, are reflected when they strike a dielectric
(electrical insulator) such as food or wood, and the remaining microwaves penetrate the inside of the substance itself.

(& B) Metal

{FEEIED Dielectric

{FEED Dielectric

vr ZAsb:3 & &
Icrowaves ‘ Reflected

J SR G |
Dielectric
ﬁMetaEf (generation of heat:small)

XA UOK & 5%

Microwaves

# Reflected
/ b

Transmitted

A0
Microwaves &5
" o Reflected
P2 4
’ /

Dlelectrlc

(generation of heat: large) Transmitted

RETTBDTHALBL

FEACERTZD T REBUIDAL

FEALTRINENB DT RHBUFAEIL




BXEETZIE BHORE

Generated Electrical Power Power Penetration Depth
RAVRIRILE — 3 HWNEY GEER) ICRINE 15 EHE RAVORIRILF—DNWINEW) GEER) DR ZEHEA T L,
LETH ZOFEBEBP THEINSHEAEBEDDES (P)IE. FEBICEDRRICEALADSHARLTVEFIARDESG

KRR TROSNET, KETZEN I BB (F) WHEBE(e) & E RS LOFERDIBRGEEK (er-tand) ICEDERDE T,
FERIBKA (tand) DHETH BIBLHI (er-tand) . ERIGME FEARRECOBNEENL2ICERTEETOEIETHY
E)IcHBmLET, FEE (D) LEVCAR TROSNET,
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Calorific power (P) generated by microwave heating BNFRFRE (D)
Power penetration depth (D)

P=5/9x10"X € retan &-f+E wm

7
Er-tan § : AAMK - 3.32x10
f : Bk (Hz) f,@tan 5§
E : BR5ME (V/m)
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Loss Factor of Substances Electromagnetic Waves Absorbed by Substances

BRGH (er-tand) 13 AIRBUC Lo TRAD T IBREHDKE BRFEH (er-tand) DRZTVWHEIFE YA IVORIRILF—D
THIEREVRERETZEN (FEAR) IFREBRDETIEK BRDPAREPEORBESTRINTNEATEDTRCET

FREIS MEICEBDETI D REPERBICEI TR LET, M#ATEZ N TEEEA,
3000MHz 300MHz
gl BREH Sr-t;!ns (X107
Substance Name (Examples) s i) ig@fgz
e Ar 0 0 Transmitted wave
K(25°C) Water (25°C) 120,400 12,400 PNip:
K (-13°C) Ice (-13°C) 29 110 Incident wave
AW (BKE15%) Wood watercontent 15%) 490 590
1 Paper 1,500 1,800 el }%%TJ‘;BZ
I S eflected wave D Penetration
’_’3;—?‘” — : ! SHFE depth
7= SEEIA Dielectric

M 2450MHz X 915MHz D E S iFEE (D)
2450MHz, 915MHz Power Penetration Depth (D)

BAFREED (m) BHHRRE D (m)
Power Penetration Depth (D) (m) 2450MHz Power Penetration Depth (D) (m) 915MHz
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Configuration of Microwave Heating Device
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— JEREt
Indicator
(24
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Magnetron Incident electrical power
t | |

NT—E=X REIESH

Power monitor  Reflected electrical power

- 5
pa— — meA4—27>
T T Heating oven
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Microwave generator TAYL—4
Isolator

<% kOY Magnetron
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ICEBHAEZEDMITTHD E, FHFm IS TRRE.

AL —4 lIsolator
RAVOBF—TVEHER->TKBRHAENZ|INTZHD T Y1V QEFEIRSEAD
ROV ERET BB HARBENLSKWISRIFEHIZ S SKWL LKA
B TCWET,

JNJ—FE =4 Power monitor
RAUVOKERERDASEN(RIER=>V1 I RBHE) RUORSEL (R1I0K
BHEIM>RIER) 2 E-4—9500 T AAMES R 8T . R#MTr—JILALTT
ITVET,

BEIW(Fa—7F) Tuner
RAVOBERERDRHEEHEDVBLL I IORRIGHIRE 7Y T3 DDRERE
HERTT. RU—ZXXTREEHR D BDE T,

EIHE Waveguide

EBTIEONIPFZEDONA T T XTIV OREIRSR CIMEAA —T VEBOMZHEFRL. 1
JOBIRINF—ZEETIHDTIERIE MEIAEATTH BRNICKDARPE
HOEOHDHHOET,

INZEA—7> Heatingoven
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Specifications of Microwave Generator

F 4R JB 38 $1 Oscillation Frequency 2450MHz = 30MHz 915MHz = 10MHz
BARRLS Mo Oscillation Output | 15kW | 3kW 6kW | 30kw | 60kW | 75kw | 100kw
% # A 3 Cooling System 2243 Air gl:‘;llﬁafajélﬁ 7K B Water

FIRER HARER Power Supply/Oscillator Int;yg?g(%pe SYBERY Separate type ‘ — {& B Integrated type
ANERER InputRated Power Supply 3® 200V 50/60Hz

ERANBE InputPowerCepacity | 2.5KVA | 5KVA | 10KVA | 45kVA | 90kVA | 115kvA | 150KVA

W 3RS R LIS ARy =

Generator Efficiency and Total Heating Efficiency

FEHREREL FHRH 77 (kW) FHIR2FRNZE (%) XA Y ORIRIEDE (%) HREMEBAE (%)
Generated Frequency Oscillation Output (kW) Generator Efficiency (%) | Microwave Absorption Efficiency (%) Total Heating Efficiency (%)
2450MHz 1~6 55~67 27~47
50~70
915MHz 30~100 67~T7 33~54

*FIRERE= (RIRER TRE LICEN) / (RIREBADHIEES) X100 (%)

kYA U DIRIRINGHEE = (RN ICTRIN S M= EBF7) / (FEIRER THE L7EH) X 100(%)
—RRINE DY BRFEEL ) TRGBENRARAIC L > TEFHL XY,

KRB INEARNE = (INEWICTRINE NI=ES) / (RIRERADHIEE ) X100(%)
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There are many different types of applicators for devices that apply microwaves. Select the optimum method best suited to
the heated substance parameters including (1) Shape (size, thickness), (2) Electrical characteristics (specific conductivity), loss
factor (er-tan §), water content), (3) State (liquid, solid, powder, etc.), (4) Purpose (preheat, heat treatment, drying, bubbling,
vulcanization, etc.), (5) Treatment mode (fixed or continuous), and (6) Pressure control (vacuumed or pressurized).

I B R LD RV RIS S SRS 3 OICEL TLET:,

%
~

RAVOR
- Microwaves
) 4» -
Z RITF7Y 5
Waveguide [ Stirrerfan B Freqﬁncy 2450MHz | 915MHz
& K H 7B
< / l \ 7 Max. output kW 30kw
RAVOKA—T > W:60 W: 90
Microwfve oven/ M =7 OAEE (cm) H:60 H: 90
- 2—>57—7) Size of heating oven (cm) X .
(” Turntable D:60 D:100
*—flERLIEHDTY,
BERDWBEZHFICEDE THIEWLET,
=
2 i 50 Conveyer Type BB AILR T SR 7 TR LA DS BRI AL, A BARICEL TLET,
rﬁ‘rau,& 7 5 B
Icrowaves 5 Y
ARSI YT e l 74’M?D,&I~7‘y7 Frequency 2450MHz | 915MHz
Microwave trap Waveguide icrowave trap E T
6kWx40%& | 100kW
Max. output
W: 120 W: 90
MBF-TYOAEE(m) | . 90 H: 90
Size of heatingoven (cm) | |y . ggg D : 480
JYRTAJLME (cm)
A OEA—T Conveyor belt width (cm) 90 60
Microwaveoven *—flERLIEBHDTY,
BEROWBEZEICEDETHBWEL i?o/
EREER Waveguide (Ladder) Type EERERET Standing-wave waveguide Type RAEINE VLiquid Pipeline Type
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ERE DS LREBRZED RMEAY
IFERERBEELTRIELE T,
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Vacuum / High Pressure Type

BEEEFRFIEEEEEORT RMEAY =
EZE/MERETRIELET,

7L 2 Press Type
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27k Mixing Type
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Hybrid Heating and Pressure Control

W 2E. AR FRMRE E E OHAMmE
Hybrid Heating by Hot Air, Steam and Infrared Rays
BRABMOBRETA I ORMBEHBT B LICED,
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Pressure Control under Microwave Heating
HE/BEQFAERTYIVORMATEEHTER
TS EERTMATNIIERZEDNTE e
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Comparison between Microwave Heating and High-frequency Heating
RAVOREBERIG AREDEL BT TMADRIEISF LTI BRBDEBVICEIDMBAS EDNRERD,
WML EZZRHEDRBD T MMBYOIR PR EE. BRI MABNICIDEE5ELIEDD
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Microwave heating and high-frequency heating differ only in terms of frequency; their principle of operation is
the same. Heating methods, however, do differ depending on differences in frequency, and the effect that each
of these methods has on the heated substance varies. Select which of the two heating methods is better suited
according to the shape, size, electrical characteristics, and specific requirements of the substance to be heated.

EEEFEEME  High-frequency Dielectric Heating XA I DEME  Microwave Heating
ﬁfﬁﬁ 13.56MHz / 27.12MHz / 40.68MHz 2450MHz 915MHz
requency
1 W OEMIR THRATINARINS LHEHSIAIORORGE 2 ITMATND
Heated objects are heated between a pair of electrode plates. Heated objects are heated by irradiation of microwaves from all directions.
MDA ——
Heating Method ’ ‘ _Eﬁg
e —
NERDEE RMATES KRECORANKEL PRHRNATES
(BFEREE) Deepest Surface Deep
Heating =z \\_//
Penetration Depth
( power half reduction depth )
¢ BEOKSISCHRENZZZETHRAMADLTES SR DINEAD R D 5 0\
MED S o MADRARDEMENS FIG—IBICRDF N o B ASB NS (Ty SHE) rAD S L
Features * Partial heating is possible by changing the size and shape of the « Solid, bulky objects can be heated easily.
electrodes. « Edges tend to become overheated (edge effect).
« Irregular shaped heated substances tend to be heated unevenly.
whH INEADSREAETHIG (~200kW/B) INBFITHIS (~6kW/E) FICABAICHIE (30~100kW/B)
Output Range Low output up to high power compatibility Low power compatibility High power compatibility
5 (up to 200kW/unit) (up to 6kW/unit) (30 to 100kW/unit)
i Z
= BRI GRS RRBEAN  ANERS
Generator| BRI Wireless facilities standards: Applied Wireless Sé'gmgies(}an ards:
Radio Wave
Leakage AR . ZERIOERB R THIS
Human protection: By applying shielding measures on the device
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