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[5 7] ABSTRACT 
A system for utilizing electrical energy to induce eddy 
currents in an electrically conductive article, e.g., the 
metallic member of a hot melt type fastener.- An ultra 
sonic frequency generator circuit utilizing a single 
SCR and having a maximum power output of about 1 
kilowatt includes in circuit therewith a coupling coil 
for providing directly a high concentrated magnetic 
field which induces eddy currents in the electrically 
conductive article for rapid heating. 

2 Claims, 7 Drawing Figures 
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INDUCTION HEATER APPARATUS AND SYSTEM 

This invention relates to induction heating apparatus 
and systems, and more particularly to an induction 
heating system having a multiturn coupling coil con 
nected in circuit with an oscillator circuit. 
Heating of hot melt type fasteners has in many cases 

been effected by the use of soldering iron type devices 
to cause heating of the metallic portion of the hot melt 
fastener thereby causing the adjacent adhesive portion 
in contact therewith to be activated by melting and 
wherein subsequent to cooling, the fastening is ef 
fected. Apparatus for inducing eddy current in conduc 
tive materials or materials containing conductive mate 
rials to support the eddy currents have become avail 
‘able in the commercial market place, however such ap 
paratus is cumbersome, requires complex cooling, is 
heavy, requires expensive shielding to prevent radio in 
terference and further lacks the simplicity and com 
pactness desired in many applications. 

It is accordingly an object of this invention to provide 
a simple, compact system utilizing semiconductor de 
vices for efficiently developing and transmitting electri 
cal power at relatively high levels to conductive struc 
tures for heating by eddy currents. 

It is a further object of this invention to provide an 
eddy current generating system for heating conductive 
structures utilizing a multiturn magnetic ?eld concen 
trating coupling coil connected in‘ series circuit in an 
oscillator. 

It is yet another object of the present invention to 
provide in an induction heating apparatus, an ultra 
sonic frequency electrical generator having a primary 
coupling coil connected in circuit for providing about 
50 to l transformer ratios with respect to the eddy cur 
rent conducting secondary. 

It is a further object of this invention to provide in the 
secondary circuit of the present system, eddy current 
heat dissipating structures useful for fastening together 
a plurality of components. 

It is another object of this invention to provide in an 
induction heating system a primary coupling coil hav 
ing a high transformer ratio with respect to the conduc 
tor secondary and of relatively small diameter for pro 
viding high peak currents in the conductor displaced a 
predetermined distance from the primary and embed 
ded in a hot melt type structure. 

It is still a further object of this invention to provide 
a primary coil having a plurality of air cooled heat dissi 
pating members arranged concentrically about the cen 
tral axis of the air flow path and coupled to the coil in 
heat exchange relationship for extracting and dissipat 
ing heat generated in the coil. 
The above and further objects are achieved in the 
present invention by coupling in an ultrasonic fre 

quency electrical inverter circuit, a primary winding 
comprising a multiturn air cooled coil utilized for in 
ducing currents by air core transformer action in the 
secondary circuit comprising. the article to be heated. 

Other objects, features, and advantages of the pres 
ent invention will become apparent from the following 
description read on the accompanying drawing 
wherein: 
FIG. 1 is a schematic diagram of an embodiment of 

an induction heater apparatus and system in accor 
dance with the present invention; . 
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2 
FIG. 2 is a cross sectional view of a sandwich assem 

bly for holding together two metal sheets prior to heat 
ing by the present induction heating apparatus of FIG. 

FIG. 3 is a ?nished sandwich structure for bending 
together the two metal surfaces shown in FIG. 2; 
FIG. 4 shows in cross section an assembly useful in 

holding together two nonmetal surfaces; 
FIG. 5 is similar to FIG. 4 but shows the structure 

subsequent to heating by the system of FIG. 1; 
FIG. 6 shows in cross section the method of assembly 

of metal and nonmetal sheets prior to completion of 
lamination of the parts by the induction heater appara 
tus of FIG. 1; and. 

FIG. 7 is similar to FIG. 6 however shows the lami 
nated structure subsequent to heating by the apparatus 
of FIG. 1. 
Turning now to the system of FIG. 1, there is shown 

a plurality of circuits comprising a timer circuit 20 for 
controlling the application of DC voltage from power 
supply circuit 22 to ultrasonic frequency inverter cir 
cuit 24, and a pulse generator circuit 26 coupled to in 
verter circuit 24 for triggering the SCR in inverter cir 
cuit 24 into conduction. A primary coil 30 in primary 
coil housing 28 when connected in circuit with ultra 
sonic frequency inverter 24 induces currents including 
eddy currents by transformer action in the current con 
ducting secondary portion 32 of the article and bond 
ing of secondary portion 32 to a nonmetallic surface 36 
comprising, e.g., the wall portion of an interior panel 
structure of an aircraft as shown. 
When primary coil 30 in the system of FIG. I is cou~ 

pled to eddy current conducting surface sheets 101 and 
102 and a hot melt adhesive sheet 104 is interleaved 
between opposing surfaces of sheets 10] and 102 as 
shown in FIG. 3, the heat induced by the eddy currents 
is transmitted into abutting hot melt adhesive sheet 104 
causing it to melt and secure upon subsequent cooling 
the opposing portions of the surface areas of sheets 101 
and 102 which are in contact with the surface areas of 
adhesive sheet 104. Sheet 104 may be in the form of a 
narrow rectangular strip or in the shape of a spot and 
circular in shape depending upon the extent of securing 
together of sheets 101 and 102 desired or required. In 
the case where sheet 104 is a spot or of circular shape 
and of a diameter less than primary coil 30, a single 
time interval of heating may be required whereas when 
sheet 104 is in the form of a long narrow strip, coil 30 
may be moved along the strip for the predetermined 
time interval required to melt each portion thereof so 
that a complete melt along the strip is achieved. 
The present system of FIG. 1 may be utilized to se 

cure together two nonmetallic sheets 105 and 107 as 
shown in FIG. 4 when a laminated structure having an 
inner eddy current inducting sheet 108 and outer sur 
face coating sheets 111 and 113 is positioned between 
nonmetallic sheets 105 and 107 and in contact with the 
major surface areas thereof as shown in FIG. 5 and heat 
inducing eddy currents are induced in eddy current 
conducting sheet 108 by positioning primary coil 30 
against the outer surface of nonmetallic sheets 105 and 
107. 
The present system of FIG. 1 may be utilized to se 

cure together metal and nonmetal sheets 120 and 122 
respectively in the manner shown in FIG. 7 when a hot 
melt adhesive sheet 124 is positioned between metal 
sheet 120 and nonmetal sheet 122 as shown in FIG. 6 
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and the sandwich assembly is held together as shown in 
FIG. 7 and then heat inducing eddy currents are in 
duced in eddy current conducting sheet 120 by placing 
the primary coil 30 of housing 28 against the exposed 
outer surface of metal sheet 120 so the eddy currents 
heat the region of metal sheet 120 abutting hot melt ad 
hesive sheet 124 thereby melting sheet 124 with the 
subsequent cooling thereof causing soliditication of a 
thermo or thermosetting of plastic adhesive to the re 
sultant sandwich structure of P10. 7. V 
The technology of hot melt thermo adhesives and 

heat activated thermosetting adhesives is a highly de 
veloped art with selection of particular adhesive de 
pending on the type of materials which it is desired to 
bond together, e.g., see US. Pat. No. 3,612,803. Adhe 
sives are synthetic resins with thermoplastic or thermo 
setting qualities. That is, they can be softened or cured 
by heat, and bond materials together upon cooling, the 
adhesive portion 34 on the back of the eddy current 
conducting portion of fastener 32 of FIG. 1 used com 
prised polyethelene whereas polyamide can be used for 
adhesive sheets 104, 111, 113, and 124 in the sandwich 
structures of FIGS‘. 2 - 7. Epoxy resins are examples of 
thermosetting plastics which can be used for adhesive 
sheets 104, 111, 113, and 124 in the sandwich struc 
tures of FIGS. 2 - 7. The adhesives, both thermosetting 
and thermal plastic, may be in sheet or powder form 
and applied and sintered to any component acting as 
the secondary of the induction heating system. 
Proceeding now to a more detailed description of the 

induction heating system of FIG. 1 and the means and 
method of generating ultrasonic frequency electrical 
energy in circuit means 24 and coupling this energy 
from coil 30 acting as a transformer primary winding to 
metal disc-like member 32 of fastener means 37 in 
which member 32 which is the article to be heated 
forming the secondary circuit, it should be noted that 
the diameter of primary coil 30 is equal to or larger 
than the diameter of disc-like member 32 so that a 
complete exposure of the surface area of member 32 by 
the ?eld from primary coil 30 may be had from a single 
positioning of primary coil 30 above and in registry 
with the member 32. When the object to be heated has 
a diameter or width if rectangular shaped less than the 
diameter of primary coil 30, less of the ?eld or only 
part of the field of the coil is intercepted by the article 
to be heated. When it is desired to heat a rectangular 
or strip like object having a length greater than the di 
ameter of primary coil 30, then repeated exposures 
along the length of the strip, a coil diameter at a time 
are required to heat the article to a predetermined tem 
perature and thereby cause the melting of the associ 
ated hot melt material. From the preceding it can be 
seen that in an optimum utilization of the ?eld gener 
ated by primary coil 30 coupled in circuit 24, the arti 
cle 32 to be heated is positioned to intercept over sub 
stantially all of its entire surface area, the concentrated 
lines of ?ux provided by primary coil 30 thereby realiz 
ing a maximum heating effect. 
Primary coil 30 within housing 28 comprises a plural 

ity of turns of an insulated copper conductor having a 
rectangular cross-sectional area wound about a central 
axis 200 having interleaved between selected turns a 
plurality of spaced apart metallic heat conducting ?ns 
201, 202, 203 extending from a ?rst of the two major 
faces of the primary coil 30 into an air chamber 205 
within housing 28. An air communicating channel 207 
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4 
within housing 28 is coupled between air chamber 205 
and a source of air pressure for causing an air flow to 
be directed against heat conducting ?ns 201, 202, 203 
thereby causing the dissipating of heat brought out 
from the coil turns by the heat sink formed by ?ns 201, 
202, 203 and the remaining ?ns extending from be 
tween these and other turns in directions parallel with 
the central axis 200. The second major face of primary 
coil 30 is faced with a polyimide insulating sheet 213. 
Where primary coil 30 comprised a winding of 50 turns 
and had a diameter of 1.4 inches, a 50 to l transformer 
ratio is thereby provided with respect to the secondary 
comprising metal disc-like member 32. As a conse 
quence of this transformer ratio, where a current of 5 
amperes is caused to flow through primary coil 30 then 
a current of up to 250 amperes is caused to ?ow 
through the member 32 of fastener assembly 37. It 
should be noted that coil 30 may be considered a cold 
heat source even when switch 500 in housing 28 has 
been depressed and ultrasonic frequency current has _ 
been applied via loads 501 and 503 to coil 30 from cir 
cuit 24 provided coil 30 is not coupled to an eddy cur 
rent conducting metallic surface. The reason that coil 
30 is wound from rectangular cross-section conductive 
material sometimes shown as ?at ribbon wire and has 
the aforementioned small diameter is to enable concen 
tration of magnetic ?ux and thus further improve the 
ef?ciency of the system. When coil 30 is connected in 
circuit with ultrasonic frequency current generator cir 
cuit 24 utilizing a single high speed SCR 601 within the 
predetermined frequency range hereinafter described, 
eddy current heating becomes optimized in the case of 
the present system. When compared to the prior appli 
cation of heat by soldering iron to the hot melt type fas 
tener, it may be noted that in the present system, the 
melt time becomes constant allowing control in appli 
cation of heat over a predetermined time interval con 
trolled in the present system by timing circuit 20. Also 
with the present induction heating system, the melt or 
cure time is reduced approximately 75 percent thus af 
fording ef?cient and precise control of energy in the 
fastener application process. 
in more detail, primary coil 30 in a successful em 

bodiment of the present system, was wound from ?at 
copper strap having a dimension of 0.010 X 0375 X 90 
inches covered with 0.004 inch polyimide ?lm to pro 

~vide insulation between turns. Heat conducting ?ns 

50 

201, 202, 203, etc., were made from three 1 inch 
lengths of 19 conductor ?at cable (type MlLC 
55543/9A-H4El9) with three fourths inch stripped 
from the 0.004 X 0.062 copper conductors thereof to 
form the actual heat conducting ?ns. 
The strap material is wound on a three eights inch 

mandrel with adhesive applied between each turn. 
After one complete turn, the based copper strands of 

. ‘one width of the ?at cable was interleaved in the wind 

60 

ing- process, and after two more complete turns of the 
winding process, a second length of ?at cable was in 
serted while the third length of ?at cable was inter 
leaved after three more complete turns after which the 
remaining length of the strap material forming coil 30 
was coiled. Coil 30 was faced with insulating sheet 213 
and the entire coil assembly cured for approximately 2 
hours at a temperature of about 180° F. after’curing, 
coil terminals for coupling to leads 501 and 503 were 
formed by cutting off an insulated part of the end and 
center of the strap material forming coil 30 and a pin 
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connector 580 type BACC47CN3 at the center of coil 
30. 

In the induction heating system of FIG. 1, a timing 
circuit 20 is utilized to provide application of energy 
from ultrasonic frequency generator 24 to primary coil 
30 during a predetermined time interval since as recog 
nized earlier, the melt time is a constant for a particular 
type hot melt fastener system. It is also desired that 
when the operator closes switch 500, energy will be 
coupled from generator circuit 24 via leads 501 and 
503 to primary coil 30. It is also desirable that timing 
circuit 20 when coupled to'alarm means 203 (compris 
ing a 115 volt, 60 cycle buzzer) provide an audible 
alarm at the end of said predetermined time interval so 
that the operator is aware of the expiration of the heat 
ing interval and may proceed in time saving fashion im 
mediately with coil 30 to the next fastener. Upon re 
lease of switch 500 (which was held down in closed 
contact position during the heating interval) subse 
quent to the alarm, the timer is reset and switch 500 
may again be depressed for a succeeding heating inter 
val with primary coil 30 above the next hot melt fas 
tener. Timing circuit 20 was a motor driven type utiliz 
ing a magnetic clutch to initiate the time delay period. 
Timing circuit 20 comprised a Model K4l30-U4-W1 
time delay relay circuit manufactured by the A. W. 
Haydon Company of Waterbury, Connecticut (the nu 
merals_l2 correspond to those in the wiring diagram of 
the manufacturer). 
When switch 500 in primary coil housing 28 is de 

pressed, 115 volt AC. power is applied across termi 
nals 1 and 2 of timing circuit 20 energizing the clutch 
and timer motor and moving the switches from the dot 
ted line now energized state so that DC. power source 
22 is coupled to ultrasonic frequency source 24, more 
speci?cally, positive terminal 801 comprising the out 
put terminal of DC. power source 22 is connected by 
lead 803 to terminal 9 of timer circuit 20. Continuity 
provided between terminals 9 and 5 internally by timer 
circuit 20 causes this DC. power available at terminal 
5 to be connected through lead 907 to a first terminal 
603 of capacitor means 605 and directly to lead 503 
coupled to a ?rst terminal 581 of primary coil 30. DC. 
power source 22 is a full wave SCR type utilizing a 
zener diode 807 to clamp the control circuit portion 
808 to a predetermined level. Since the triggering volt 
age of a unijunction transistor emitter is a ?xed fraction - 
of the interbase voltage, the capacitor 810 will charge 
until this trigger voltage is reached with the time being 
proportional to the series resistance 812. By varying 
variable resistance 812, the DC. voltage applied to ter 
minal 603 of the generator circuit may be controlled. 
Upon expiration of the heating interval, the timer 
motor will open the circuit between terminals 5 and 9 
and DC power will no longer be applied to terminal 
603 via lead 907. Also AC. power will be applied via 
terminals 2 and 4 of timer circuit 20 across the alarm 
203. Then upon release of switch 500 the clutch will be 
reset and the switches in timer circuit 20 driven by the 
clutch will return to their more energized condition 
(the dotted line position as shown). 
Pulse generator circuit 26 is frequency controlled by 

the values of variable resistor 911 and capacitor 913 
which resistor is adjustable to provide output pulses be 
tween leads 915 and 917 having frequencies below the 
frequency of the output coupled by leads 501 and 503 
from generator circuit 24 to coil 30. Pulse generator 
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circuit 26 is a unijunction transistor relaxaction oscilla 
tor type circuit with zener diode 926 regulated D.C. 
supply. A pulse transformer 937 provides means for 
coupling pulse from pulse generator circuit 26 via leads 
915 and 917 to the gate 941 of silicon controlled recti 
?er 601. 
Turning now to ultrasonic electrical frequency gener 

ator circuit 24 operation, it will be noted that when a 
pulse from pulse generator 26 is applied to the gate 941 
of silicon controlled recti?er 601 triggering gate 941, 
a current ?ows through the series circuit comprising 
silicon controlled recti?er 601, capacitor means 982 
comprising parallel connected capacitors 983 and 984, 
and primary coil 30 which series circuit is connected 
across the DC. potential from variable voltage D.C. 
supply 22 appearing across capacitor means 605 com 
prising ?rst and second capacitors 857 and 858 con 
nected in parallel. This series circuit current flow 
charges capacitor means 982 to a peak voltage and 
then capacitor means 982 discharges via the series cir 
cuit path including the capacitor means 982 coil 30 and 
diode 867 thereby providing the negative half of the 
output ultrasonic energy waveform. A series circuit 
path comprising diode 868 and inductor 777 is coupled 
across capacitance means 982, and another series path 
comprising resistance means 650 and capacitance 
means 989 is coupled across silicon controlled recti?er 
601. This type of circuit as utilized heretofore with low 
impedance magnetostrictive loads, high impedance 
magnetostrictive loads and electrostrictive loads in 

coupling to ultrasonic transducer may be seen where 
reference is made to G.E. Application Notes 200.49 of 
2/67. 
The hereinafter disclosed table of values for system 

circuit components including those utilized in ultra 
sonic frequency generator circuit 24 provided ultra 
sonic energy in coil 30 within the ultrasonic frequency 
range between about 25 kilohertz and 30 kilohertz. It 
was found that below about 25 kilohertz, air core trans 
former coupling between primary coil 30 and the eddy 
current conducting secondary was ineffective while 
above frequency of about 30 kilohertz, blocking of sili 
con controlled recti?er 60] occurred. Best results ap 
peared obtainable when the pulse frequency of pulse 
generator circuit 26 was about 0.8 the frequency of the 
ultrasonic energy output from generator circuit 24. 

In the exemplary system of FIG. 1, according to the 
invention, components and electrical values are as fol 
lows: 

RESISTORS 
l 20K ohms variable 

9| 1 20K ohms variable 
650 100 ohms 2 watts 

CAPACITORS 
85 7, 858 200 mfd 450 volts 
983, 984 2 mfd 600 volts 
989 ‘ .015 mfd 600 volts - 
‘H3 .033 mfd 200 volts 
810 . 22 mfd 200 volts 

Zcner DIODE 
IN2984B 

926 lN2984B 
SCR 601 2N3653 

TRANSFORMER 
937, 800 pulse transformcr. P.C.A. Electronics, Inc. 

Mod. No. MPT-l 1 1-5 

COIL 
777 250 turns l6 AWG copper wire; on torroid 
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controlled recti?er. 
2. In combination: 
an ultrasonic frequency current generator for gener~ 

-Continued 
fcrritc core: 
coil inductance =4.25 milihcnrics 

DlODE ating ultrasonic frequency current at a frequency 
:2; 232g 5 higher than about 25 kilohertz, said generator hav 

What is claimed is: 
1. In combination in an apparatus for producing in 

duction heating: 
an ultrasonic frequency current generator (24) for 
generating ultrasonic frequency current at a fre 
quency above about 25 kilohertz and having ?rst 
(603) and second (691) input terminals and ?rst 
capacitance means (605) coupled between said 

ing ?rst and second input terminals and ?rst capac 
itance means coupled between said terminals; 

a DC. voltage source; 
?rst means for coupling said DC. voltage source be 
tween said ?rst and second input terminals; 

a ?rst series circuit path coupled between said ?rst 
and second input terminals, said ?rst series path 
comprising a silicon controlled recti?er. second ca~ 
pacitance means and a primary coil of an air core 

. l5 . . . . 

33211104118; transformer disposed in an air-cooled housing; 
a - - Voltage Source? said air core transformer having a secondary com 
?rst meansfor Coupling Said DC‘ voltage 59m“? be‘ prising a metal disk-like member, said primary coil 
“We? Sa'd ?rst (603) and Second (691) Input 9"‘ having a diameter equal to or greater than the di 
mina s; , - ' - . 

a ?rst series circuit path coupled between said ?rst 20 (meter of Sald dlsk-hke member’ 
(603) and second (691) input terminals said ?rst a plifjse-lg-enerator c???“ tQf-the gate electrode of 

. . . . . .. ’ sai 51 icon contro e recti ier; 

l5m;5852px":i‘sarltorgeiagtgggj a second series circuit path coupled across said sec 
.‘ . p . ’ ond capacitance means, said second series path 984) and a primary coil (30) of an air core trans- . . . . _ 

fo r m er; 25 comprising a ?rst diode and a ?rst inductor, 
said air core transformer havingadisk like secondary a Second d'qde Connected across Sa'd slllcon Con“ 

( 32); ‘trolled recti?er; - ' _ 
a pulse generator coupled to the gate electrode (94) Sam ?rst mefans mcludmg a t'mmg C‘rcmt f0? cfm‘ 
of Said Silicon Controlled recti?er (601); 30 nectmg said DC: voltage source between said ?rst 

a second series circuit path coupled across said sec- ‘ind second termmals for 2‘ Predetermmed “P16 W‘ 
ond capacitance means, said second series circuit "0d less than QbPUI 3_O sFcPnds». 311d swltchmg 
path comprising a ?rst diode (868) and a ?rst in- 'means_ for. energlzmg 531d tlmmg ¢1rC_'-"t§_ 
ductor (777); said switching means arranged in said air cooled 

a third series circuit path coupled across said silicon as hOUSmg; and 
controlled recti?er (601), said third series path “ said timing circuit including alarm means for provid 
com risin a ?rst resistance means (650) and third in an audible alarm at the end of said redeter P. g g . . P 
capacitance means (989); and mmed time period. 

a second diode (867) connected across said silicon * * * * * 
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