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Hybrid Heating and Pressure Control

Hybrid Heating by Hot Air, Steam and Infrared Rays
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Pressure Control under Microwave Heating
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Comparison between Microwave Heating and High-frequency Heating
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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.
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Heated objects are heated between a pair of electrode plates. Heated objects are heated by irradiation of microwaves from all directions.
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Features * Partial heating is possible by changing the size and shape « Solid, bulky objects can be heated easily.
of the electrodes. « Edges tend to become overheated (edge effect).
« Irregular shaped heated substances tend to be heated
g INEFTDNSKEBNFETHIL (~200kW/E) INBAITHIG (~BKW/B) | EICKBAICHRE (30~100kW/A)

5 DutputRange Low output up to high power Low power compatibility High power compatibility

= compatibility (up to 200kW/unit) (up to 6kW/unit) (30 to 100kW/unit)
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Human protection: By applying shielding measures on the device
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Microwave Heating Device
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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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Heated cooking, Sterilization, Fungicides, Drying, Thawing, Bubbling

Internal Heating and External Heating

WBWBEBHDZEENET 2 TIEDFEAEIC MNFEAPEEDHDEMEH DLTED
DEY . COMETTEEL T IRIEICRDHAR PR AF — LAFTCFBHIREE D —AR
BICEDNTERLIC. INSDFERSENDYEDOHED SINEL. BUREFEICKD
THEBDSHENERLICHZRR TOK DT HERIIZ] SIFEENE T .

—73 AR INEAE [BARARICRIED . R AR B S NE B A D FARICIED 1)
FEREDSINZASTND DT [RERINZA] EIEENT T . WEBINZIFABINZAICKS T,
ERE CHFBEICHROBV DA EEEDTY .

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 electrically heated
wire are used as heating methods for heat treatment. All of these methods heat the
substance from the outside, and heat is gradually transferred from 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 a much higher efficiency than by
external heating.
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Drying, Joining, Bending
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Vulcanization, Expanding
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Drying, Eradication of insects and pests

FIR B
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Thermo-therapy, Hyperthermia (cancer treatment)
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Drying, Melting
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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 heating method, substances can be heated in a short
time since the temperature at the center can be increased regardless of thermal conduction.
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With external heating, a high external temperature must be set to raise the temperature at the
center. As a 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
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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
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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.

B IORER

What Are "Microwaves?"
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Kinds of Electromagnetic Waves
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Frequency Wavelength Name Industrial Applications
3Hz~3kHz  |100Mm ~100km | REFKERST | @i SBRRK
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: m 2R R manm
30~300kHz 10 ~Tkm & & |Induction heating
300kHz ~3MHz Tkm ~100m h i
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30~300MHz 10~Im Electromagnetic # %8 & |dielectric heating
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"Microwaves" is a generic term for electromagnetic waves within the frequency
range 300MHz to 30GHz (wavelength 1cm to 1m). Electromagnetic waves in this
frequency band are used in a variety of applications-microwave ovens in homes,
industrial heating, cellular 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
allocated internationally to avoid mutual radio interference and noise
disturbance. Generally, practical use of microwaves is limited to 2450MHz and
915MHz.




YA O EMERICDWNT

IXIF—EROMGEEZ T HC02,

Microwave Heating-Technical Information
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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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ISM Bands
IEEL ISMIXVR R & | DOETORDHL
Name of Heating ISM Bands Wavelength Handling in Japan
— 18.56MHz=  7kHz | 22.12m O #&EA
BER RN .
High-frequency 27.12MHz £ 163kHz | 11.06m O #&EHA

DielectricHeating | 40,68MHzt 20kHz | 7.37m O EHA

915MHz £ 13MHz | 32.80cm | A &l b™

NAOO%ME | 2450MHz* 50MHz | 1225cm | O &M

Microwave Heating | - 5800MHz+ 75MHz | 5.17cm | O j#EF

24125MHz £125MHz | 1.36cm | O @M
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Generated Electrical Power
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Calorific power (P) generated by microwave heating

P=5/9x10 X Er-tan & *f+Ewm)
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Power Penetration Depth
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Loss Factor of Substances
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T 3000MHz | 300MHz
Substance Name (Examples) Eﬁsﬁ‘gofrgﬁgng(& ].l C?"_; )
R Air 0 0
K(25T) Water (25°C) 120,400 12,400
XK(=13C) Ice (-13°C) 29 110
RH7 (2K%15%) Wood (water content 15%) 490 590
# Paper 1,500 1,800
RUIFLY  Polyethylene 8 7
Fo0Ov PTFE 3 3

Bl 2450MHz &9 1 5MHzDEAHEREE (D)
2450MHz, 915MHz Power Penetration Depth (D)
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Electromagnetic Waves Absorbed by Substances
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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.
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BHHEEE D (m) IEZENEE
Power Penetration Depth (D) (m) 2450MHz
10 5 3 2 1 050302 0.1 0.050.030020.01
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<A U OELREE Microwave Applied Devices
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wEo [l IR (KES EY). Bl ERMME (FEIBXREKer-tan 5. 2KEK ). BIREECRi. BiF. Hik) .
4 B (P, B0, 8508, 53, NG . Bl sk (BE. &) . B FEHIE GRUE. ) iR E(CEh Y. Bl
HAREERLET .
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Configuration of Microwave Heating Device
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4 \ 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 0),
THR RO <— femat water content), (3) State (liquid, solid, powder, etc.), (4) Purpose (preheat, heat treatment, drying, bubbling, vulcanization, etc.), (5)
~ AHEH Indicator i i
Magnetron . : Ao Treatment mode (fixed or continuous), and (6) Pressure control (vacuumed or pressurized).
Incident electrical powe] BEs%
ﬁ Iﬁ.l 17 Tuner
] ] ] == |
- R, — |_| |_| o 5 /("ya'-:‘:t‘, Batch Type = = * YT 5 =3 \
O A4 —2J> P &L - [E I E DILARIFRINE A LB REEET 2DCBLTVE T,
I 1v I T I T I Heating oven
NKO—E=% R&tES A TR
Power monitor Reflected electrical powe - Microwaves
ol |l| [ R5577Y

* FEMRAR I = (FEIRER CHAE U EH) / (IR DHHEETT) X 100(%)
* XA O ORIRINGNEE = (ANEAD ICIRIR S NT=FEF)) / (FeiRas THRE LTES) X 100(%)

—RRINE DS BRFEEE) AR OBE. MBS EC R > TEFH LTI,
* RS INFRDEE = FRINFN [CIRINE NI EFD) / (FEHRSENDHHEETT) X 100(%)

Microwave generator TTs;JlaI;)r—:v Waveguide - ' Stirrer fan Jjﬁeqfi ncyﬁ 2450MHz | 915MHz
< / l \ ? i 28 1 2 BkW | 30kw
. output
Y TR0 Magnetron TAUORA—T | i —Tvoxsaem V80 | W: 90
VA UORERESEZEFEDTET. ERBFIRIF—EYA I OREAICEHE Microwave oven P PSR kizt of heating oven (160 | H: 90
TREDTTNEDEHDE KAME CHIEERES B TOET D ABDE DS I Turtable ey D:60 | D:100
- i A *— N[ 9,
[CEMAZIRDM I THDOET  FII5EmIFE TR, BEROIMERE - ADE TS LET
AV —% Isolator \\ /
YA OORA—T VSR> TCLDRHFEHNZRING DED T, V1 I OERERSBRAD EER \
YORNOVERET D FEEH 1 SkWH S RFHHIZES, BkWB EFKaTHE ik conveyerType WINBAMEEN VSOV THREUED SERRICUE, ABIEISELTVET .
BToOTWVET,
) 2AO0R .
J\J—FE=4 Power monitor o rMicrowa\{es A R B 2450MHz | 915MHz
YA UOEERERDAFEN(FEiRBF > A IDERREE) NORFEN (X1 708 V'I\fﬂ 55\5\,:2;7 Wﬁiﬁﬁde 1 7& gml:lﬁvl;?a\g7 EFrejc;ue;jcyjj
RBEE=>RIRER) ZEZ5—9 DT, FALEESE. I8net. B#o —JILEEXRD E EiMaX‘Output BkW x40&| 100kW
FOTLET, W:120 | W: 90
M#A=TYORESCm)| H: 90 | H: 90
B8R (F1—7) Tuner izeofheatingoven(cm} ;900 | D:480
VA UORERERDRFEHNZNEL U YA I ODRIINNZERZ T v TS DIch DI JYRPAJLME (om) 90 60
SR TI  AU—RYTREEHK D HBDOET . oA —T Y Conveyor belt width (cm)
i Microwave oven *—flERLIEBDTY,
BB Waveguide ! A BERONERHCEDETHRLVELET, )
EETESNICHRZEDI\A T T YA VDR Rk EMEA —TVEBDEZZFEL. <1 - <,
JORIXRIVF—ZEET DD TT BRI MTEHHA A TIH. BRICKDARPE s s e
%‘EHHZ@EUDE&SD%; BEER Waveguide (Ladder) Type EERERET Standing-wave waveguide Type RARINEC VLiquid Pipeline Type
INEA—T>/ Heating oven _Ill_ —
BB RA I ORI RIVF —ERE T B85 TH 2. WBENIC LD/ WwF, IV Q <INl ¥
AR, BRI, SR ME - RER S CEEDBONBOFT . . %
—_— ¥
\_ J | ([
B~ 10 OERIRSEDEIETE IR Y — MR DB EY & E S (CLEL gf&%@ﬁﬁﬁ?ﬁﬁﬁb?ﬁ%ﬁ%f'ﬁb\ HANZAA) =T VRO A TICRIFEEFL TEDAH
Specifications of Microwave Generator *9, [FERENSEBL TIUELET, MEBUFT,
F IR B JE $1 Oscillation Frequency 2450MHz £ 30MHz 915MHz £ 10MHz
BAFEIMRE S Max. Oscillation Output| 1.BkW \3kW\ BkW 30kW | B0kW | 75kW 100kW Ez": 5ﬁE)/EEﬁ Vacuum / High Pressure Type 7 I/Zit Press Type E:F:J yait Mixing Type
A AR Cooling System E}% Air %’lﬁ/\,\zﬁf 7J< ;% Water o -
ERER - BARER Power Supply/Oscillato Inte;'ftse%ype SBEEY Separate type ‘ — {K B Integrated type — — =
ADEBBEER Input Rated Power Supply 3® 200V 50/60Hz < l N1 l > l\ /l
EEAHBE Input Power Capacity | 2.5kVA | BKVA | 10kVA | 45kVA | 90kvA | 115kVA | 150kVA q
B EiRBZANR LS INETNER
Generator Efficiency and Total Heating Efficiency E%":EW%{'&L&"%EEW@EFT\?ﬁ?]l]?&%ﬁ' B E L 2 CIE LS DS IELES . TR ORI =4 T LI
FIREREL FiRE 7 (kW) FiREEMZE (%) N4 7 ORI (%) B IMEGHE (%) BZ/NERETUIELE T . H—(CINEELET .
Generated Frequency | Oscillation Output (kW) Generator Efficiency (%) Microwave Absorption Efficiency (%)  Total Heating Efficiency (%) ” .
2450MH ~ ~ ~
z 1~6 55~67 50~70 27~47
915MHz 30~ 100 67~77 33~54




