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Inverter for Plastic Melting with Induction Heating
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ABSTRACT

A band heater was usually used for melting in the plastic recycling process. However, this
kind of heater had low efficiency. According to this problem, the induction heating was designed
into the process instead. A series resonance circuit full bridge inverter with pulse density
modulation (PDM) technic was used to test the plastic melting efficiency.

To test the plastic melting efficiency, a band heater and a 1-kilowatt induction barrel
heating application were used to melt three kinds of recyclable plastic - Polyethylene terephthalate
(PET), High-density polyethylene (HDPE), and Low density polyethylene (LDPE). The power was
controlled by adjusting pulse density modulation to 60%, 80% and 100% with the Frequency
Modulation of 400 Hz.

The research revealed that the pulse density modulation based resonant inverter for an
induction barrel heating application had an average melting efficiency of 77.73% which is higher
than the band heater which had the melting efficiency of 25.86%. The installation of this induction
barrel heating application in a factory used an average power of 5.1 kW. It could save 198.03 units

of power a day with a high efficiency of 72.16%.

Keywords : plastic melting, induction heating, pulse density modulation
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2.4.2 wihilvesndyg i PICI6F877 [5]

MCLRIVep —=[] 1 / 40 0 -— RrB7/PGD
RAO/AND ——[] 2 39 [] =—» RB6/PGC
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0SC2/CLKOUT wrenihmihidundyapadmivdenianea lunsaifieglulvua

mﬂ%’ﬁnujmummﬁm%mmﬂuaﬂ (Crystal Oscillator Mode)
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A o < a . oqe .

Port A H3mau 6 v iflunesanuuaeaiama (Bi-directional 1/O Port) Ao
= v ¢ a ¢ ¢ : v 9
ihuldnamesadunauazwesammna s lumsawazSudoya

- RAO0/ANO FSudyaadunad iy ADC %03 0
- RAI/ANI Sudyaadunad iy ADC %04 1
- RA2/AN2/Vref- FSudyaadunad iy ADC %03 2
- RA3/AN3/Vref+ Fudggradunad sy ADC %94 3
- RA4/TOCKI FUdya Il Input Clock Y94 Timer 0
- RAS5/AN4/SS/LVDIN | Sudagnadunad1#iu ADC %04 4
SS Fudayas Slave Select 1M IAAABYDA Serial Port L1111 Synchronize
A o a I a [
Port B wosa B iiwau 8 v1 vua 8 i iunefauuuaesiiania 19lunsas
4 1
uagSudeya uenanilunduiiinsudyg adunaainnsou
Jou (& Y
(Mo371/4 (Interrupt) 91NNBUBNAIY
- RBO/INT fudaaauduyennmsoumes sldninaouen
- RBI Sudanudunn-einn 12l
- RB2 Sudaarudunn-o1inn w2l
- RB3/PGM SudyanudunanssaudlumstiuiinlUsunsy (§15n15 Enable)
- RB4 Sudaanadunn-eivn il
- RBS Sudanadunn-e1minm w 'l
- RB6/PGC dyaaurmIumsiuinlsunsy
o 9 @ =2
- RB7/PGD Ny vvoyalumsunnlisunsy
4 A o a < 4 a U
Port C Wosa C Uswau 8 ¥1 1A 8 D Wlunesauuudesiianis lilumsda
) Ao o g dd ' o &
uazSudoya uennildiminou quewaazAsae luil
- RCO awsnrhad 3 dyanude
T10SO NFYY IO NAUDINTOOATAIANDS Timer 1
TICKI NTYYIVBUNAYDITYYIVUINNIVDI Timer 1
o d
- RC1 CCP2 1| QJJQJJQ!LE]WI‘V!@]"UENT?J@Q CCP2 (Capture2, Compare2. PWM2)
NFYYIUDUNAVDINTOOATAIANDS Timer 1
T10SI
- RC2/CCPI mwﬁmmwmam&i’wmaﬂuaa CCP2 (Capture2, Compare2. PWM1)
- RC3 awsnriem1d 2 dyanude
SCK N FYYIUUIANIVDIIIT SPI
SCL NFYYIUURAMVD92905 §°C
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- RC4 awnsnrim1d 2 dyanude

SDI ndyanuvesszuul i °C

SDA Ay IUOUNALAZ Serial Data YOI5ZUU SIP
- RC5/SDO N FYYIUOIANAUAY Serial Data YDITZUY SPI
- RC6 aunsoianuld 2 dyanaie

TXD Y190l Serial Port

CK YA RYRIVUUINNT HUD Synchronize
- RC7 aunioianuld 2 dyanade

RXD V15U Serial Port

DT W15 udeyalU Synchronize

Port D WS D H§11au 8 1 va 8 da Huneauuuaesiiama 149l umsa
uazsudeya venvniiduimrhioun vewdazuse il
- RDO/PSPO NdyanaveewesatuuuuIY 0 0
- RDI/PSPI NdynavnenesauuUvLY da 1
- RD2/PSP2 NFyanaveenesanuyu ia 2
- RD3/PSP3 NFyanaveenesauuyuIu ia 3
- RD4/PSP4 NFyaNaveeNe ALY Un 4
- RDS5/PSP5 NFYUVIoHOS ALY 10 5
- RD6/PSP6 NdynaveonesauLuIIL 0 6
- RD7/PSP7 M FYRIVVEND AUV 1A 7
Port E woia E i wau 3 w1 ifuwesauuuaesiiania 15lunmsdaazSudeya
wenmntigai e veausazndsio T

- REO aunsohnuld 2 dyanade

ANS5 Fudygraduned sy ADC %04 5

RD NFUFYYIBVGIIND T AULVUUIUAILANNTEIU
- RBI aunsoinuld 2 dyapaie

AN6 Fudyaadunad iy ADC 503 6

WR NFUFYIVVNOHOSALLVUIUAIIANM TN
- RB2 aunsoianuld 2 dyanade

AN7 FSudygradunad iy ADC %03 7

cs NdyanavnonesauuuvanIuauMIHenglnsal
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| - \
. ,
! | Metal B
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2 v

4 1% = a A 9 K] a [ 9
mosluallalvarestialvi@en uaiuadiuguuginazanyasnisleay lagnny
' N dyQ @ A o v 1Y Y Y o Y wa J
HANANYDIFUALNANTAQUDI Tans MINUYIAENU s lviguauiaveuned luaol)
Qy ~ Y v [ dyw Y [ a Yy 9 @ A [ A
Aad lduanarenu’ll uennntidsldlimsnanTangariadrenuiodSulsenuainia
a Sldds! A d' 9 a d' Y o 1 Aa ] a o d' =\
vod Tanzaulavy visee lsunu Tans uaxiian lgihedian suuwaiiy 11ea91ns1A1ga
(9 d’ a da! v A a a =1
aTarigwauninaviusuIasma (Cromel) A TansHauvoItdnia 90% tuag Insmon 10% 0
1wa (Alumel) Ao Tanswauyestinina 95% oglition 2% uuaniia 2% uazdanou 1% noud
UAULAY (Constantan) AB 1ANLHEANVBINDILAL 60% Laziinina 40%
4 [} le [ 3’; A { a
msldnes lualilanasiden ¥ Idgndewazmingaunuauiiug Tagasinisnosuidl

v
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9 1 1 9 o 1 ~ 4 o 2 v W Y 9
nagUuo Hﬂ!ﬂ1@’[2111’7ﬂll'sj\ﬂ@:ﬂ‘VIGLGIN11!,51ﬂ1,ﬂ3111ﬂﬂﬂi@lﬁ]ﬂ\iﬁ15‘ﬂlfﬂﬂiillﬂﬂlﬂaﬁllﬂﬁ, @]f’]\ﬂﬂf

G

4 A T A 3 N P . A I 9y
maﬂmaamﬂllm, anyuzUTTMANY U Oxidizing, Reducing, Insert 130 Vacumm Wuau

d' L2 = J o (& a 1
M13194N 2.10 ﬂﬂlﬁuﬂm‘iﬁiﬁmL‘V]EJ‘UL‘V]ﬂiiwﬂﬂlﬂalm‘ﬂm1(515;‘12114%1!@@11@G]

Type CRITALEY NI usanaeulWihnla
°c = (mYV)
a o =) =4 = =

B | uwaniin- 30%lw@ey | 099 1820 32943310 004913.814

UWANHY- 6% lasiae
R | uwaniiu- 13%lan@ey | -50 49 1768 -60 94 3210 -02.26 94 21.108
S | uwaniiy - 10% Ia@ey | -50 49 1768 -60 D4 3210 -0.236 14 18.698

UWanyu

< =1 =1 =2

J IMAN/AD UL UL -210 949 760 -350 94 1400 -8.096 D3 42.922
K | Taswa/ezgua 270891372 | -450 992500 | -6.458 14 54.875
T | nouaymouauauuay | -270 93400 | -450 84 750 -6.258 D14 20.869
E | Taswa/mouauauuay | -270 99 1000 | -450 94 1830 -9.835 014 76.358

54




m319h 2.11 annzedenlumslFaumed TuddlavuuuasgiuTaslidesls Thermowell

anurnzaulumslyau
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B & ai'le 1 1&Tuae i@ ai'le ai'le
& 9
R 1 il & i@ i@ il il
S ¢ Tai'le i Tai'le Tai'le Tai'le Tai'le
] 1 15 & 1 13i1¢8n > 108 &
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K 18" il & i@ i@ 1 1
T 1 1 & & i@ 1 1
E 1 il & i@ i@ 1 1
WL # ¥ I AnT i EJ ua T dlegaimgi > 550 “C

# Taammzn UMYl < 0°C
e . A AR a 9 o ana o
Oxidizing : N3ZUIUMINMEALNAERNFIUI MU Tl fnseny
Y
150U
. dd‘ a =4 ?1}/ A’ o aan
Reducing : N32UIUMINIIANNDONTIIUYNAORNIINETUMND T vi1lRA5en
AUAITNIBUBN
Vacuum : AIANUAUNRINITLTTOINMAIUDITA I gy InIA

A A 1 a ann =
Inert : E‘Tﬂ'l’J%LﬂE]EJVIUhJLﬂﬂTJQﬂiEJHmJ

4 @
2.5.2 Qﬂﬂim@]iﬂmﬂﬂizuﬁ (Current Sensor)
Hall effect current sensor 8131303aA N1 d Iasmsiandosaousenszuai lva uay
I3 < o 3 a a A o o
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M15199 3.1 American Wire Gauge (AWG) Cable / Conductor Sizes and Properties

Max Frequency
Diameter | Diameter |Area Resistance Resistance Max Current
AWG linches]  [[mm] [mm’] [Ohms /1000 ft] | [Ohms/km]  |[Amperes] for100% skin
depth
0000 (4/0) |0.46 11.684 107 0.049 0.16072 302 125 Hz
000 (3/0) 0.4096 10.40384 |85 0.0618 0.202704 239 160 Hz
00 (2/0) 0.3648 9.26592 67.4 0.0779 0.255512 190 200 Hz
0 (1/0) 0.3249 |8.25246  |53.5 0.0983 0.322424 150 250 Hz
1 0.2893 7.34822 42.4 0.1239 0.406392 119 325 Hz
2 0.2576 6.54304 33.6 0.1563 0.512664 94 410 Hz
3 0.2294 |5.82676  |26.7 0.197 0.64616 75 500 Hz
4 0.2043 5.18922 21.2 0.2485 0.81508 60 650 Hz
5 0.1819  14.62026 16.8 0.3133 1.027624 47 810 Hz
6 0.162 4.1148 13.3 0.3951 1.295928 37 1100 Hz
7 0.1443  |3.66522 10.5 0.4982 1.634096 30 1300 Hz
8 0.1285 3.2639 8.37 0.6282 2.060496 24 1650 Hz
9 0.1144 [2.90576 6.63 0.7921 2.598088 19 2050 Hz
10 0.1019  |2.58826  |5.26 0.9989 3.276392 15 2600 Hz
11 0.0907 [2.30378 4.17 1.26 4.1328 12 3200 Hz
12 0.0808 |2.05232 [3.31 1.588 5.20864 9.3 4150 Hz
13 0.072 1.8288 2.62 2.003 6.56984 7.4 5300 Hz
14 0.0641 1.62814  [2.08 2.525 8.282 5.9 6700 Hz
15 0.0571 1.45034 1.65 3.184 10.44352 4.7 8250 Hz
16 0.0508 1.29032 1.31 4.016 13.17248 3.7 11k Hz
17 0.0453 1.15062 1.04 5.064 16.60992 2.9 13k Hz
18 0.0403 1.02362 0.823 6.385 20.9428 2.3 17 kHz
19 0.0359 10.91186 [0.653 8.051 26.40728 1.8 21 kHz
20 0.032 0.8128 0.518 10.15 33.292 1.5 27 kHz
21 0.0285 0.7239 0.41 12.8 41.984 1.2 33 kHz
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M135199 3.1 American Wire Gauge (AWG) Cable / Conductor Sizes and Properties (Gll 9)

22 0.0254 0.64516  |0.326 16.14 52.9392 0.92 42 kHz
23 0.0226  |0.57404 |0.258 20.36 66.7808 0.729 53 kHz
24 0.0201 ]0.51054 |0.205 25.67 84.1976 0.577 68 kHz
25 0.0179 |0.45466 |0.162 32.37 106.1736 0.457 85 kHz
26 0.0159 10.40386 [0.129 40.81 133.8568 0.361 107 kHz
27 0.0142  10.36068 [0.102 51.47 168.8216 0.288 130 kHz
28 0.0126  10.32004  [0.081 64.9 212.872 0.226 170 kHz
29 0.0113 10.28702 [0.0642 |81.83 268.4024 0.182 210 kHz
30 0.01 0.254 0.0509 [103.2 338.496 0.142 270 kHz
31 0.0089 10.22606  [0.0404 130.1 426.728 0.113 340 kHz
32 0.008 0.2032 0.032 164.1 538.248 0.091 430 kHz
33 0.0071 ]0.18034  (0.0254  [206.9 678.632 0.072 540 kHz
34 0.0063 10.16002 ]0.0201 260.9 855.752 0.056 690 kHz
35 0.0056 |0.14224 |0.016 329 1079.12 0.044 870 kHz
36 0.005 0.127 0.0127 (4148 1360 0.035 1100 kHz
37 0.0045 ]0.1143 0.01 523.1 1715 0.0289 1350 kHz
38 0.004 0.1016 0.00797 [659.6 2163 0.0228 1750 kHz
39 0.0035 10.0889 0.00632 |(831.8 2728 0.0175 2250 kHz
40 0.0031 0.07874 0.00501 (1049 3440 0.0137 2900 kHz
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Abstract

Induction heating innovative is high performance heat up than traditional heating . Such as
heating coils gas using and heat in other forms. The induction heating reference magnetic induction
principle.. By entering high frequency alternating current to the coll to generate a magnetic field to
hold the material to be heat related . This material must be gualified Ferromagnetic materials. Induce
eddy currents in the material is a closed path. And the loss due to eddy currents . The cause heat to

build up. Current induction heating is used in a variety of heating induction such as induction cooker ,
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kettle, hot shower. Hardening machine, plastic and glass melting etc.. Inducticn heating is developed
through cngoing research . In terms of power or inverter circuit viz half bridge inverter ,full bridee
inverter, Three- level circuits , A single switch circuit | This has developed to reduce switching losses
viz zero voltage switching (ZVS), zero current switchineg (ZCS) and the zero voltage and zero current
switching (ZVZCS) , which is also loaded with different features such as the serial resonant load, The
parallel resonant load and quasi- resonant load. The control electrical power to each circuit can be a
variety of ways viz the frequency adjusting. The phase-shift angle control And controlled by the
pulse density modulation. The use of thermal energy in industry,restaurant, mall, and residential have
energy consumption is high. Induction heating has developed a process that makes heat efficiency
and it is important to develop better performance due to heat in other forms. It is also an approach

to reduce the energy needed in the future as well.

Keyword: Eddy current, Inverter, Resonant Load,
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Performance Tests of Melting the Plastic by Induction Heating
for Melting Recycled High-density Polyethylene with a Class E Inverter Circuit
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Abstract

This article presents an application of the principle
of induction heating to melt the plastic with the class E
inverter circuit rated power input of 1 kW. Perfarmance testing
by computing with power output of band heater compared to
the power output of the induction heater. Test results of
melting high density polyethylene at temperature of 150 °c
with equal power input. Melting by band heater takes 15
minutes 10 seconds equal to 233.85 watts output power,
efficiency 23.39%. And melting by an induction heater take 4
minutes 50 seconds equal to 733.79 watts output  efficiency
73.38%. Shows that the efficiency of induction heater had
better performance than band heater. The result can be to
applied the induction heating class E inverter circuit for

industrial melting plastic te save energy and reduce costs.

Keywords: band heater, induction heater, plastic melting
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The Application of Induction Heating to Melting recycled plastic
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Abstract

This article presents the optimization process of melting
the plastic recycle with the principle of induction heating. The
test with melting high density polyethylene (HOPE) and
polyethylene terephthalate (PET). By melting by band heater
compared with the induction heater. The test results showed
that a band heater has power to 315.33 kWh/day ,and the
induction heater power consumption of 117.30 kWh/day. It
can reduce power consumption by up to 198.03 kWh/day,
72.16% of efficiency. While band heater has effective 26.84%
when compared to the amount of real power required to
heat it.

Keywords: Induction heater, Band heater, Plastic recycle
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Abstract

This article presents the optimization of the melting of
plastics recycled in manufacturing plastics resin process by using
induction heater replaced band heater. Using high density polyethylene,
tested by comparing the power consumption of the band heater
compared to the induction heater. The results showed band heater has
efficiency of 29.76% and Induction heater has efficiency up to 73.71%.
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