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UNITS (71)   We, ILLINOIS TOOL WORKS INC., hesively secured to the surface
of the a corporation organised under the laws of automobile. By eliminating
the holes, the the State of Delaware, United States of amount of rust and
corrosion which would America, of 8501  West Higgins Road, otherwise occur
is substantially reduced. 5 Chicago Illinois 60631, United States of
Because of the high  rate  of mass 50 America, do hereby declare the
invention, production of automobiles, such clips must for which we pray
that a patent may be  be adhesively secured to the surface of an granted to
us and the method by which it automobile quickly, i.e. within a matter of
is to be performed, to be particularly de- seconds. This can be
accomplished  by 10 scribed  in  and   by  the   following  coating  the
clips  with  thermosetting 55 statement:-
materials  of the  kind  which  become Induction heating is a known
expedient strongly adhesive when heated- either for heating localized areas
of metal objects dircetly or indirectly   to a sufficiently by the use of
RF (radio-frequency) power, high  temperature. However, the  term- 15 which
develops a varying electromagnetic  perature at which the materials become
ad-. 60 field within the metal to be heated. In- hesive must not be so high
that any paint ternal energy losses within the metal cause  on the
automobile surface is damaged or it to heat up in a relatively short period
of loosened. time.                                     It has been found
necessary to control 20  One of the primary disadvantages of in-  the
amount of applied heat to within precise 65 duction heating units
heretofore utiliied is  limits if satisfactory results are to be ob- that
the RF power, which is generated by  tained. For example, with one
particular an oscillator circuit, has needed to be de-  thermosetting
material which becomes ad- livered over a transmission line to the  hesive
at a temperature  of [err]  to 25 heating element. By so transmitting the
RF  [err], the time taken to heat a clip 70 power, much  of the energy
generated  (coated with that material) to that tem- within the system is
lost and the general perature must not be in excess of four efficiency of
the system is greatly reduced. seconds. Because of the short time dura-
This is not a significant disadvantage when  tion of the applied heat, it
is. advantageous 30 utilizing induction heating units which have  to use a
heating unit which can be con- 75 large receptacles in which metal objects
to  trolled either electrically or electronically to be heated are placed,
and about which the  the precise limits necessary. Also, the heat- heating
elements are positioned. However, ing unit must be small and easy to
handle, when merely localized areas of large sur- and energy losses over,
the transmission 35 faces are to be heated, this problem of line between
the power supply and the 80 transmission line losses becomes significant.
heating element must be minimised so that One particular use of the system
is economically feasible. induction heating is in connection with the
According to the present invention, a automotive industry. Heretofore,
fastening  hand-held induction heating unit comprises 40 chrome or
stainless steel decorative strip  an elongate body having a handle at one
85 to the side panels or doors of automobiles  end thereof and a nosepiece
at the other has involved  drilling holes therethrough  end thereof; a
radio-frequency oscillator However, the drilling of holes can  be  located
within the body and capable of avoided by fastening the decorative strips
connection to a power source; a first coil 45 to clips which have
previously been ad- which constitutes both an inductance in the 90 [Price
33p]    1 421 470 circuit of the oscillator and a primary a control circuit
for use with the induction winding of a voltage transformer; and a  heating
unit shown in Figure 4; 



second coil which is concentric with and    Figure 8 shows schematically
part of an insulated from  the first coil, and  con-  alternative
electrical circuit associated with 5 stitutes a secondary winding of the
voltage a  power ampifier:                     70 transformer: the
nosepiece being connected    Figure 9 is a fragmentary longitudinal 70
electrically to the second coil, and con-  section through an alternative
form of vol- stituting a heater element for inducing cur-  tage
transformer, for use with the hand- rents within a metal article to be
heated.    held unit shown in Figure 4, in which the 10   The nosepiece is
preferably removably  second  coil also  constitutes part of a 75 attached
to the second coil, being formed  capacitor; with a peripheral wall
defining a recess   Figure 10 is a simplified electrical circuit which can
receive an article to be heated.  diagram  of the voltage transformer shown
A base of the recess can be connected to. in Figure 9; 15 either an air or
a vacuum line which is  Figure 11 shows schematically the elec- 80
operable, at different times, to both hold  trical circuit of control means
for turning an article to be heated within the recess  on and off, and
timing the duration of en- and to eject such an article therefrom
ergisation, of RF power applied to the first Preferably, the circuit
including the oscil-  coil; 20 lator and the first coil also includes a
Figure 12 is a plan showing an alter- 85 capacitor, the arrangement being
such that  native construction of the first and second said circuit will
electrically resonate in use, coils, and heater element, for use with the
Preferably, also, the capacitor is partially  hand-held induction heating
unit shown in ccnstituted  by the second coil, the  Figure 4; 25 capacitor
and the second coil compg        Figure 13 is a perspective view showing 90
three  sheets of a metal each sheet being  a helical coil of a metal,
formed on an in- wrapped  around  the first coil to form   sulating
substrate, which is used in the thereby three longitudinally-split and con-
construction shown in Figure 12; centrically-arranged cylinders;   the  in-
ure 14 is a fragmentary sectiontaken 30 terposed  cylinder being
electrically  con-  along the line l4-14 of Figure 12 and    95 nected to
the first coil, the inner and outer    Figure  5 is a plan showing the
electrical cylinders being electrically connected along  circuit
arrangement of the voltage trans- first corresponding radially spaced-apart
former shown in Figure 9, also showing the edges and electrically
disconnected along  heater element. 35 second corresponding   radially
spaced-apart        Figure 1. show,s,in block diagram form, 100 edges, and
the nosepiece having one ter  the basic layout of an induction  heating
minal thereof connected electrically to said  unit. A  tank circuit and
heater coil as- firSt corresponding edges, and the other  sembly 1 can be
energized by a power terminal thereof connected  electrically only  supply
2 over a power feed line 3. The 40 to the radially inner of said second
corres-  assembly 1 may be constructed in such a 105 ponding edges.  manner
that it can be used as a portable. Hand-held  induction   heating   units
unit. according to the present invention will n ow     The electrical
circuit of the induction be described, by way of example only, with
heating unit shown in Figure 1 is shown 50 reference to the accompanying
drawings, in  sche cally in Figure 2. The assembly 1 110 which:-
includes a single loop heater element 4 Figure 1 is a simplified block
diagram   of  connected to a single turn secondary wind- an induction
heating unit;ing 5a of a voltage transformer 5. The Figure 2 shows
schematically the elec-  primary winding 5b of the transformer 5 is 55
trical circuit of the induction heating unit  connected in parallel with a
capacitor 6, 115 shown in Figure 1;                     power being
supplied to the parallel circuit Figure 3 is a perspective view showing a
over a pair of feed lines 3a and 3b of a second  coil connected
electrically  to  a  cable 3.   The power supply-2 includes a heater
element;   radio-frequency oscillator  valve 8  of the 5   Figure 4 is a
longitudinal section through    tuned-plate  and tuned-grid  type, the 120
an induction heating unit, according to the  arrangement preferably being
such that the present invention which can be hand-held;  electical circuit
includding the  oscillator Figure 5    is a fragmentary longitudinal valve
..8, the primary winding  5b (con- section of the nosepiece shown in Figure
4, stituting the first coil of the present in 60 but taken at [err]
therefrom;       vention),  and the capacitor 6,  will elec- 125 Figure 6
is a fragmentary plan of a sheet  trically resonate in use. The circuit for
the metal surface, the dotted lines indicating  plate electrode 7 of the
oscillator valve 8 the outline of a peripheral wall of the  includes the
primary winding 5b and the nosepiece which is to be laid thereagainst;
capacitor 6, the oscillator valve 8 also hav- 65   Figure 7 is a simplified
block diagram of  ing a circuit 9 connected to the grid elec- 130    
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3 trode thereof. Necessary feedback for oscil-  as being formed  of a
relatively heavy lation is  obtained by means of a  gauge copper wire or
tubing having suit- capacitance connected between the  grid able insulation
thereon, such as a polytetra- and the plate of the oscillator valve 8.
fluoroethylene or a varnish coating, which 5   Preferably, the secondary
winding  5a  electrically insulates it from  a sheet of 70 (constituting
the second coil of the present  metal 34 which -itself forms a single turn
invention) compises a single sheet of a  secondary winding or the second
coil of conductive' material which is wrapped  the voltage transformer. The
second coil 34 around the primary winding 5b and has  receives RF
electrical power from  the 10 the form of a longitudinally-split cylinder.
primary winding 28, the power then flow- 75 Terminals of the heater element
4 are con-  ing through the nosepicee 18 which is nected electrically to
respective opposed  secured to the second coil 34 by screws 36. and
confronting edges of the sheet (see  The second coil 34 has the form of a
longi- Figure 3). The single turn secondary wind-  tudinally-split
cylinder, to respective op- 15 ing Sa can be located radially inwardly of
posed portions of which are connected cor- 80 the primary winding 5b. Also,
the con-  responding spaced-apart electrical terminals nections of the
heater element 4 to the  of the nosepiece  18 The circulating -en-
secondary winding 5a can be located at  ergizing  currents thus flow
through  a either end, or intermediately thereof     closed loop, as is
shown more clearly in 20   A  hand-held  induction  heating  unit,  Figures
12 and 15.                      85 according to the present invention, is
desig-    The helical coil 28 is connected, either in nated by reference
numeral in Figure 4.  series or parallel with a capacitor 32. The The
induction heating unit 10 is barried  RF energy supplied to the capacitor
32 within  an elongate body comprising  a  and the inductor 28 is
preferably in the 25 cylindrical body 12 having a component-re-  form of
square wave pulses of a frequency 90 ceiving housing 14 secured to one end.
A  corresponding to the resonant frequency of handle 16 is secured to the
housing 14, the tuned circuit, this being approximately and at the other
end of the body 12 is  one megahertz. An RF oscillator and con- located a
nosepiece 18, which constitutes  trol circit are mounted on:a circuit-board
30 the heater element and, is preferably  for-  38 which is located in the
component 95 med with a peripheral wall defining a  housing  14. Therefore,
only' a  single recess which canreceive an article to be   power cable need
beconnected to the body heated. For example, the article can be a  12,
which cable does not carry RF energy clip 20 which is to be secured, by
ther-  and therefore does not suffer from high en- 35 mosetting adhesives,
to the surface of a  ergy losses over its length. Since the circuit 100
metal sheet 22.                          board 38 and capacitor 32 are
connected The induction heating unit 10 can apply  close together, within
the same component heat energy to the sheet metal 22 for a  housing 14, and
since the helical coil 28 is short period of time, of the order of two to
connected to  the capacitor and  circuit 40 four seconds, so that the sheet
metal 22  board through a pair of relatively short 105 itself will then
transfer heat the clip 20. flexible leads 40 and 42, there are sub- The
clip 20 is shown only generally, a  stantially no RF energy losses within
the main  body 24 thereof including, resilient unitand great efficiency is
thus achieved. clip means for fastening to a decorative   In the preferred
embodiment of this in- 45 strip. The body 24 of the clip 20 has a  vention
the nosepiece 18 is formed with a 110 thermosetting adhesive 26 coated on
to one  peripheral wall l8a, having a thin terminat- side  thereof: which
adhesive  26  is  ing edge 18b so that maximum transfer of thermally
activated. by applying ' a tem-  RF energy is achieved'into the metal sheet
perature of the order of [err] to [err]       F  22. The peripheral wall
18a can take any 50 for. about two to three seconds, to sets the  form to
snugly fit about the clip 20. The 115 same. When the unit 10 is  removed,
the  nosepiece 18 is removably attached to the sheet metal 22 rapidly
cools, the time taken  second coil 34 by the screws 36 so that the being of
the order of one to three seconds. nosepiece can be quickly interchanged
with The unit 10 can hen e    used for rapidly  others for  receiving
clips of different 55  applying clips 20,or the like, to the verical
shapes. The nosepiece 18 has a recess 18c. 120 side. panels or doors of
automobiles with-  the base of which is connected by a con- out fear that
the clips will fall off while  duit 44 to a flexible hose 46. Only'a frag-
the thermosetting adhesive is curing.   '    mentary portion of the
flexible hose 46 is Within the body 12 is located a first coil  shown
connected tothe conduit 44, most 60 28. which forms both the primary
winding  of the hose 46 being eliminated -for: pur- 125 of a voltage
transformer and the  in-  poses of clarity. The other end of the ductance
in a circuit, which  will resonate  flexible hose 46 is connected to  an
outlet electrically,in use. The coil 28 is  wound  48 of a valve 50 which
is located in the helically about a high dielectric support component
housing 14.              - 65 cylinder 30. The first coil 28 is here shown
The valve 50 has a threaded coupling 52 130 
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4 which is connected to either an air or a  therefrom and engageable with
the flange vacuum line, depending on the construction  34a. The switch 60
is electrically connected of the valve 50. If an air line is used, the  in
series with a second switch 64,which is valve 50 will have a bypass outlet
which  the trigger switch of the unit 10. The '5 causes air pressure
passing over an orifice  switch  60  is closed  by  pressing  the 70 within
the valve to create a vacuum  nosepiece 18 against the sheet 22 i.e. by
within the hose 46 to hold a clip 20 in the  urging the nosepiece 18
against its resilient nosepiece 18 until it is secured to the  bias to
actuate the element 62. The trigger metal sheet 22. After heating of the
ther-  switch 64 is closed by depressing a trigger 10 mosetting adhesive
26, the valve 50 will 66 manually. The trigger 66 has an ex- 75 cause a
positive pressure to be supplied  tended portion 66a connected to the valve
through the hose 46 to thereby facilitate in  50 for simultaneous operation
thereof. ejecting the clip 20 from the nosepiece 18.   Figure 7 is a
simplified block diagram of Alternatively, the valve 50 may be a two- a
control circuit which can be mounted 15 way valve, with both a positive
pressure  within the component housing 14 shown in 80 inlet and a negative
pressure inlet, so that Figure 4. Here a primary winding 70, vacuum  and
pressure can be utilised, at which corresponds to the winding 28 of
different times. to hold the clip 20 within  Figure 4, is connected in
series with a the recess 18c, and to eject the clip 20  capacitor 71, which
corresponds to the 20 therefrom immediately after securing it to  capacitor
32 of figure 4. to form a tuned 85 the sheet metal 22..
circuit for receiving square wave pulses  - The slotted cylinder forming
the single  from a power amplifier 72. The winding 70 loop secondary
winding 34 is continuously  also forms  a  primary  of  a  voltage
resiliently -biased away from the body 12  transformer, which  has a
single  turn 25 so that the nosepiece 18 can be maintained  secondary
winding . 73  positioned  in.90 in  flat pressure contact with the sheet
close proximity thereto. The winding 73 metal 22 during energisation of the
in-  corresponds to the slotted cylinder 34 of duction heating unit.': Upon
pressing the  Figure 4, and is coupled to a looped heat- nosepiece 18
against the surface of the  ing element 74 which applies inductive 30 sheet
metal 22. the primary and secondary  heating energy to the surface of the
metal 95 windings 28 and 34, and all components  sheet 22. The circuit
shown in Figure 7 in- fixed thereto, move upwardly into the body  cludes an
IC  (integrated circuit) square 12 against the force of a helical com- wave
generator 76, which receives oper- pression  spring 54 located (as, shown
in  ating potential from  a terminal 77 and 35 Figure 4) at the lower end
of -the body 12  supplies RF signals to a preamplifier 78. 100 exteriorly
of the secondary winding 34. An  The components comprising the IC square
insulating block 56 is secured to the lower  wave generator 76, the
preamplifier 78, and end of the secondary. winding  34  and  the power
amplifier 72 are of conventional provides means for connecting the conduit
construction For example, the IC square 40 44. and the flexible hose 46,
while also  wave generator 76 can be formed as an in- 105 providing
structural support means for the  tegrated circuit supplied by Motorola
Cor- nosepiece 18 and the slotted cylinder 34.    poration under Part No.
MC1648. Figure 5 is a section, taken at [err] from    The preamplifier 78
and the power am- that shown in Figure 4. further depicting  plifier 72 may
be conventional transistor 45 the rectangular configuration of the per-
components. For example, Figure 8 shows 110 ipheral wall 18a of the
nosepiece 18 -   a power amplifier transistor 80 having an also showing.
the thin terminating edge 18b  emitter electrode 81 connected to a positve
which in use engages the surface of the  potential to supply RF pulsating
power to sheet 22. This is best illustrated in Figure  an associated tuned
circuit In this in- 50 6, the dotted lines in which indicate the  stance,
the tuned circuit has the inductance 115 outline of the edge 18b of the
peripheral  70 and the capacitor 71 reversed. When '' wall  18a The  curved
arrowed  lines  this is- the case the capacitance 71 may be directed
inwardly are intended to indicate  located radially inwardly of the first
coil the direction of heat flow within the sheet 70. or alternatively be
partially constituted 55 metal 22 during the induction heating  by the
second coil 73 (as will be described 120 process.
below). Referring again to Figure 4, the second   The capacitor 71 can be
formed by a coil 34 has a radially outwardly extending  number of metal
sheets, each. being formed flange 34awhich normally engages a ring  as a.
slotted cylinder similar to the single 60 58 secured within the body 12.
The ring 58  turn secondary winding 34 shown in Figure 125 provides a stop
for that assembly which is  4. This is illustrated in Figure 9, in which
being continuously urged downwardly (see  an insulating cylinder 82 is
shown support- 



Figure 4) by the spring 54. Also located  ing a helical coil 83. Positioned
(radially) within the body 12 is a switch 60 which  outwardly  of the
helical coil 83 is an in- 65 has  an actuating element 62 depending
sulating    sleeve 84,upon  which is 130    1 421470
5 positioned a conductive layer or sheet 85  or disabled. to form a slotted
cylinder. A second in-    The trigger circuit of the silicon-con- sulating
layer 86 is applied over the sheet  trolled rectifier 94. 'includes a
voltage-de- 85, and a second conductive layer 87 is ap-  veloping. resistor
99 connected across the 5 plied over the insulating layer 86 to. form a
gate cathode junction thereof and a re- 70 second slotted cylinder. A third
insulating  sistance/capacitance   network   100   to layer 88, and a third
conductive layer 89, provide a trigger pulse when both of the are formed as
the outermost layers of the  switches 60 and 64 are closed. Switches 60
cylinder structure. The reader should note  and 64 of Figure 11 correspond
to switches 10 that the slots of each of the slotted (or  60 and 64 of
Figure 4, and operate in the 75 longitudinally-split) cylinders are
arranged  manner described above. Whenever both to be in alignment one over
the other as  switches are closed, the silicon-controlled shown in Figure
15.  .       :          rectifier  94 is rendered conductive to con- The
interposed cylinder 87 is electrically  nect the line 96 therethrough to
the other 15 connected to the bottom  portion of the  side of the bridge
rectifier 93, thereby com- 80 helical coil 83 by means of a conductor 90;
pleting a circuit through the load 92. the inner and outer cylinders 85 and
89    At the time that the rectifier 94 is ren- respectively being
electrically connected to dered conductive, a charge path is one another
and to the top portion of the  provided from the output of the bridge 20
first coil 83, by a conductor 91.The sec-  rectifier 93, through the timing
circuit 98 85 tion shown in Figure 9 is only a fragmen-  which includes a
timing capacitor 101 con- tary portion of the entire cylindrical struc-
nected in series with a variable: resistor ture the equivalent electrical
circuit, of  102, and finally through the rectifier 94. which is
illustrated in  simplified form  in  The timing circuit is voltage
regulated by a 25 Figure 10. The electrical circuit arrange-  zener diode
103. Upon reaching a pre- 90 ment is shown more fully in Figure 15,
determined charge -value- the capacitor 101 which  also indicates the
electrical con-  renders unijunction transfsistor 104. con- nections. of
-the heater element 18. It can  ductive  to  deliver a. pulse  of current
be seen from Figure 15 that the inner and  through the primary winding of a
pulse 30 outer cylinders 85 and 89 are electrically  transformer 106. The
pulse transformer 106 95, connected along first corresponding radially
will then render a second silicon-controlled spaced-apart edges - and
electrically  dis-  rectifier: 107 conductive which, in turn, connected.
along  second  corresponding  causes a commutating capacitor 108 to
radially. spaced-apart edges, the  heater  apply a negative-voltage to the
anode of 35 element 18 having one teminal thereof  the silicon-controlled
rectifier 94. The rect- 100 connected electrically to said first corres-
ifier 94 is thus turned off to de-energise ponding  edges, and  the other
terminal  the circuit shown in Figure 7. A resistor thereof connected
electrically only to the  109 is connected in series with the silicon-
radially inner of said second corresponding  controlled rectifier 107 to
limit the current.' 40 edges. Alternative arrangements of con-
Closure of the switches 60 and 64 thus 105 nections could be used, if
desired. The  initiates a supply of direct current to the structure shown
in Figue 9 can replace the  load 92 which supply is turned off by helical
coil 28 and the slotted cylinder 34  means of the output pulse from the
trigger shown in Figure 4.    -      -  .          transformer 106 -and the
silicon-controlled 45   Figure 11 shows a control circuit used to
rectifier 107. The variable resistor 102 110 control precisely the time
interval during  allows adjustment of the time interval, dur- which the
circuit of Figure 7 is energised.  ing which power is applied to the load
92. The -power  supply  of  Figure 1l may have  from between a fractional
part of a second several different voltage value Outputs, or a  to five or
more seconds. 50 single voltage value -output, and  may be    A safety
switch 110 is shown in Figure 115 connected to one or more of the circuit
11 Connected in parallelwith the variable components of Figure 7 The entire
circuit  resistor 102. and is open whenever both of arrangemennt shown in
Figure  7 is illustration  the switches 60 and 64 are closed.Should trated
in Figure 11 by a  load 92 which-  the heater element 18 then be removed
`55 has  one terminal thereof connected to the  prematurely from  the
surface of the metal 120 output of a bridge rectifier circuit 93 (a sheet
22, the switch 110 will close to DC voltage source), and the other terminal
quickly charge the  capacitor 101 to render thereof connected to the anode
of a silicon unijunction transistor 104  conductive and controlled
rectifier 94 via a line 96. The  provide a gate pulse on ilicon-controlled 



60 line 96 is also connected to a resistor 97,  rectifier 107. Thus wi1l
immediately com-  125 and a timing network 98, which controls  mutate  the
silicon-controlled rectifier 94 the time duration for which the  power
off, and de-energis the load 92. supply is operative. Silicon-controlled
recti-    Referring  now to  Figures 12, 13 and 14, fier 94 is maintained
in a non-conductive  a further alternative constriction  of first .65 state
when the power supply is turned off  and second coils and theater element,
is 130    6                                     1 421 470
j illustrated. Here an induction heating coil centric with and insulated
from the first- arrangement 120 is shown, which is de-  coil,and constitute
a secondary winding signed for use within the body 12 shown in  of the
voltage transformer; the nosepiece Figure 4. The arrangement 120 comprises
a  being connected electrically to the second 5 number of layers of
conductive sheet coil, and constituting a heater element for material
either formed on insulating cylin-  inducing currents within a metal
article to ders or deposited thereon; the first coil be heated. being
formed by depositing a helical coil of   2. A heating unit according to
claim 1, a metal conductor, of one-half inch' width  in which the first
coil is located within the 10 and between 0.010 and 0.030 inches thick-
body and extends helically along the length 75 ness, on to an insulating
substrate. The en-  thereof, the  second  coil comprising  a tire structure
is integral,and provides both  single sheet of a metal which is wrapped the
inductance and capacitance necessary  around the first coil and has the
form of for the tuned circuit whilst also forming  a longitndinally-split
cylinder, with ter- 15 the voltage transformer primary and secon   minal of
the nosepiece being connected 80 dary windings.
electrically to respective opposed portions The arrangement 120 includes a
cylin-  of said longitudinally-split cylinder. drical insulating support
cylinder 121 upon      A heating unit according to claim 2, whibh is placed
a conductive layer 122. A  in which not all of the second coil is 20 first
insulating layer 123 is formed over the  located within the body.  85
conductive layer 122, and provides the     4.  A heating unit according to
any pre- dielectric component for a 'capacitor for-  ceding claim, in which
the first coil is for- med between the plate 122 and a second  med by
depositing a helical coil of a metal conductive layer 124. A'second layer
of in-  on to an insulating substrate 25 sulating material 126 is formed
over the    5. A heating unit according to any pre- 90 conductive layer 124
and provides a sup-  ceding claim, in which the circuit including port
surface upon which is deposited a  the oscillator and the first coil also
in- helical coil 128. This is best seen in Figure  cludes a capacitor, the
arrangement being 13, which shows the helical coil 128 as  such that said
circuit will electrically re- 30 being formed of a rectangular conductive
sonate in use.       '               95 element helically being formed
about the    6. A heating unit according to claim 5, insulating layer
126.As mentioned above, in which the capacitor is formed con- the width of
the conductive elements form- centrically with the first coil. ing the coil
128 may be of the order of   7. A heating unit according to claim 6, 35
about one-half inch wide and between  in which the first coil, the second
coil and 100 .010  and  .030  inches thick. The flat the capacitor are
formed as an integral ribbon-like helical coil 128  forms the  unit.
primary winding  of the voltage trans-   8.  A heating unit according to
claim 6 former and the'inductance element of the  or claim 7, in which the
capacitor is par- .40 tuned circuit,the capacitance element thus  tially
constituted by the second coil.  105 being formed by the plates 122 and
124. A    9. A heating unit according to claim 8, final insulating layer
130 is formed over in which the capacitor and the second coil the
ribbon-like helical coil 128,a single  comprise three sheets of a metal
each turn longitudinally-split secondary winding  sheet being wrapped
around the first coil 45 132 being located over the entire assembly. to
form thereby three longitudinally-split 110 In Figure 12 the slotted
cylinder 132 shows  and  concentrically-arranged cylinders; the
confronting' edges 132a and 132b, in close  interposed cylinder being
electrically con- proximity to one another, which provide  nected to the
first coil, the inner and outer terminating ends to which are connected
cylinders being  electrically connected along 50 the open end portions of
the nosepiece  first corresponding  radially spaced-apart 115 (heater
element)18. The nosepiece 18 is  edges and electrically disconnected  along
located as shown in Figure 12 to save  second corresponding radially
spaced-apart space and provide a more compact in- edges, and the nosepiece
having one ter- duction heating unit.                   minal thereof
connected electrically to said 55  WHAT WE CLAIM IS: -
first corresponding edges, and the other 120 1. A  hand-held induction
heating unit terminal thereof connected electrically only 



comprising an elongate body having a  to the radially inner of said second
corres- handle at one end thereof and a nosepiece  ponding edges. it the
other end thereof; a radio-frequency   10. A hearing unit according to
claim 6 60 oscillator  located within the body and  or claim    in which
the capacitor is 125 capable of connection toa power source;a  located
radially inwardly of the first coil, first coil which constitutes both an
in- whereas the second coil is located radially ductance in the circuit of
the oscillator and  outwardly of the first coil. a primary winding of a
voltage trans-    11.A heating unit according to any 65 former; and a
second coil which is con-  preceding claim, in which a power ampli- 130
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6 illustrated. Here an induction heating coil centric with and insulated
from the first arrangement 120 is shown, which is de-  coil, and
constitutes a secondary winding signed for use within the body 12 shown in
of the voltage transformer; the nosepiece Figure 4. The arrangement 120
comprises a  being connected electrically to the second 5 number of layers
of conductive  sheet coil, and constituting a heater element for 70
material either formed on insulating cylin- inducing currents within a
metal article to ders or. deposited thereon; the first coil be heated.
being formed by depositing a helical coil of    2. A heating unit according
to claim 1, a metal conductor, of one-half inch width  in which the first
coil is located within the 10 and between 0.010 and 0.030 inches thick-
body and extends helically along the length 75 ness, on to an insulating
substrate. The en-  thereof, the  second  coil comprising  a tire structure
is integral, and provides both  single sheet of a metal which is wrapped
the inductance and capacitance necessary  around the first coil and has the
form of for the tuned circuit whilst also forming  a longitndinally-split
cylinder, with ter- 15 the voltage transformer primary and secon-  minals
of the nosepiece being connected 80 dary windings.
electrically to respective opposed portions The arrangement 120 includes a
cylin- of said longitudinally-split cylinder. drical insulating support
cylinder 121 upon    3. A heating unit according to claim 2. which is
placed a conductive layer 122. A  in which not all of the second coil is 20
first insulating layer 123 is formed over the  located within the body.
85 conductive layer 122, and provides the    4. A heating unit according to
any pre- dielectric component for a capacitor for-  ceding claim, in which
the first coil is for- med between the plate 122 and a second  med by
depositing a helical coil of a metal conductive layer 124. A second layer
of in-  on to an insulating substrate 25 sulating material 126 is formed
over the    5. A heating unit according to any pre- 90 conductive layer 124
and provides a sup- ceding claim, in which the circuit including port
surface upon which is deposited a  the oscillator and the first coil also
in- helical coil 128. This is best seen in Figure  cludes a capacitor, the
arrangement being 13, which shows the helical coil 128 as  such that said
circuit will electrically re- 30 being formed of a rectangular conductive
sonate in use.                        95 element helically being formed
about the    6. A heating unit according to claim 5, insulating layer
126.As mentioned above, in which the capacitor is formed con- the width of
the conductive elements form- centrically with the first coil. ing the coil
128 may be of the order of   7. A heating unit according to claim 6, 35
about one-half inch wide and between  in which the first coil, the second
coil and 100 .010  and  .030  inches thick. The  flat the capacitor are
formed as an integral ribbon-like helical coil 128 forms the  unit.
- primary winding of the voltage trans-   8. A heating unit according to
claim 6 former and the inductance element of the  or claim 7, in which the
capacitor is par- 40 tuned circuit, the capacitance element thus  tially
constituted by the second coil.    1O5 being formed by the plates 122 and
124. A    9. A heating unit according to claim 8, final insulating layer
130 is formed over in which the capacitor and the second coil the
ribbon-like helical coil 128, a single  comprise three sheets of a metal
each turn longitudinally-split secondary winding  sheet being wrapped
around the first coil 45 132 being located over the entire assembly. to
form  thereby three longitudinally-split 110 In Figure 12 the slotted
cylinder 132 shows  and concentrically-arranged cylinders; the confronting
edges 132a and 132b, in close  interposed cylinder being electrically con-
proximity to one another, which provide  nected to the first coil, the
inner and outer terminating ends to which are connected  cylinders being
electrically connected along 50 the open end portions of the nosepiece
first corresponding radially  spaced-apart 115 (heater element) 18. The
nosepiece 18 is  edges and electrically disconnected along located as shown
in Figure 12 to save  second corresponding radially spaced-apart space and
provide a more compact in- edges, and the nosepiece having one ter-
I 



duction heating unit.                   minal thereof connected
electrically to said. 55   WHAT WE CLAIM IS:-                     first
corresponding edges, and the other 120 1. A hand-held induction heating
unit terminal thereof connected electrically only comprising an elongate
body having a  to the radially inner of said second corres- handle at one
end thereof and a nosepiece  ponding edges. at the other end thereof; a
radio-frequency    10. A heating unit according to claim 6 60 oscillator
located within the body and  or claim  7, in which the capacitor is 125
capable of connection to a power source; a  located radially inwardly of
the first coil, first coil which constitutes both an in- whereas the second
coil is located radially ductance in the circuit of the oscillator and
outwardly of the first coil. a primary winding of a voltage trans-'  . 11
A  heating unit according to any 65 former; and a second coil which is con-
preceding claim. in which a power ampli- 130 [err] *C   L  M   S   *    7
1421470                                         7 fier is located between
the output of the  formed with a peripheral wall defining a oscillator and
the input to the first coil.    recess which can receive an article to be
12. A  heating unit according to any  heated. preceding  claim, and
including  control    16. A heating unit according to claim 40 5 means  for
turning  on  and  off  the  15, in which a base of the recess is con-
radio-frequency power applied to the first  nected to either an air or a
vacuum line coil, and for timing the duration of en-  which is operable, at
different times, to ergisation of that radio-frequency power.    both hold
an article to be heated within 13. A heating unit according to claim  the
recess and to eject such an article 45 10 12, in which the control means
includes a  therefrom. DC voltage source, a first silicon-controlled    17.
A  heating unit according to any rectifier having the cathode and  anode
preceding claim, in which the nosepiece is thereof connected to the DC
voltage source  continuously resiliently biased away from through the
oscillator in such a manner  the body by a helical compression spring 50 15
that the oscillator is rendered operative  acting there between. upon
conduction  of the  first rectifier,   18. A heating unit according to
claim switching means connected to the gate of  13 and claim  17, including
a first switch the first rectifier to render it conductive, a  which is
closed by depressing a trigger, second silicon-controlled rectifier which
is  and a second switch which is closed by ur- 55 20 also connected to the
DC voltage source, a ging the nosepiece against its resilient bias,
commutating capacitor connected between  the arrangement being such that
radio- the first and second silicon-controlled rect- frequency electrical
power is not applied to ifiers, and a timing circuit which is con-  the
first coil until both the first and the nected to the first rectifier and
is energized  second switches, constituting said switching 60 25 upon
conduction thereof, the timing circuit means, are closed. including means
connected to the gate elec-   19. A hand-held induction heating unit trode
of the second rectifier to render it according to claim  1 and
substantially as conductive, which action commutates the  described
hereinbefore with reference to first rectifier to a non-conductive state,
Figures 1 to 3, Figures 4 to 7, Figure 8, 65 30 thereby terminating the DC
voltage applied  Figures 9 to 11 and 15, or Figures 12 to to the oscillator
14 of the accompanying drawings. 14. A  heating unit according to any
For the Applicants: preceding claim, in which the nosepiece is     GILL.
JENNINGS & EVERY removably attached to the second coil.
Chartered Patent Agents, 35   15. A  heating unit according to any
53 to 64 Chancery Lane, preceding claim, in which the nosepiece is
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