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1.0 INTRODUCTION 

Heat Seal ing, o f  which High Frequency Welding prov ides one method, i nvo l ves  
the  con~b ina t ion  o f  two o r  more l aye rs  o f  s o f t  thermo p l a s t i c  m a t e r i a l .  The 
m a j o r i t y  o f  products,  t h e  manufacture of which i nvo l ves  Heat Sea l i ng  l i e  
p r i m a r i l y  i n  t h e  t e x t i l e  f i e l d .  

Some examples a re  ----- 

INDUSTRY APPL I CAT I ON 

Automotive Veh ic le  Door Trims, Seat Covers, Sunvisors, 
Carpet We1 d i  ng 

S t a t i o n a r y  

Garment 

Book-binding, Transparent  Envelopes, 
Bank-book Covers, Desk Pads, Wa l l e t s  

Rainwear, Baby Pants, Yacht ing Gear, 
Waders, Be1 t s ,  Buc k l  es 

Packaging B l i s t e r  Packs, Sachets 

Footwear 

Medical 

Embossing, Overshoes, Welding uppers 
t o  so les  

Dr ip- feed Bags, Plasma Bags, Ur ine-  
bags, A i r  S p l i n t s ,  A i r  Mattresses 

F u r n i t u r e  Q u i l t i n g ,  Embossing, Seat Covers 

L e i  sure 

I n d u s t r i a l  

Bui 1  d i  ng 

Swim Pool Covers and Biners,  Outdoor 
Fu rn i t u re ,  I n f l a t a b l e  Mattresses, Toys, 
Luggage, Water Beds 

Tarpaul ins,  Bu l ke r  Bags, Awnings, 
E l e c t r o p l a t i n g  L iners ,  Dunnage Pi1 lows 

Tension St ruc tu res ,  Airdomes, Caravan 
Annexes 

A g r i c u l t u r a l  Dam L iners ,  Tank L iners ,  Greenhouses 

M i l  i t a r y  I n f l a t a b l e  Boats, I n f l a t a b l e  Br idges,  
L i f e  Jackets, A i r c r a f t  Escape Chutes, 
I n f l a t a b l e  Jacks, Radioact ive P r o t e c t i v e  
Su i t s ,  Radioact ive Disposable Pouches 

C i v i c  Reservoi r  L iners,  Reservo i r  Covers 

The i nc reas ing  market f o r  p l a s t i c  has r e s u l t e d  i n  decreased cost ,  which has 
l e d  t o  a f u r t h e r  inc rease i n  demand. This  has c rea ted  an economic s p i r a l  
l ead ing  t o  new uses f o r  these v e r s a t i l e  m a t e r i a l s  f o r  a  wide v a r i e t y l o f  i tems.  

The i nc reas ing  p o p u l a r i t y  o f  p l a s t i c s  has r e s u l t e d  i n  t h e  need f o r  s o f t  d u c t i l e  
and semi -duc t i l e  c o l o r f u l  p l a s t i c s  f o r  c l o t h i n g  products on t h e  one hand. On 
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t h e  o the r  hand i t  has l e d  t o  woven-based r e i n f o r c e d  p l a s t i c s  w i t h  phys ica l  
s p e c i f i c a t i o n s  t o  compete w i t h  metals, i n  t h e  b u i l d i n g  f i e l d .  

I n i t i a l l y  a l l  techniques used i n  Heat Seal ing were o f  t h e  Thermal type.  A 
h o t  wire, h o t  k n i f e  o r  h o t  ba r  were used w i t h  l i m i t e d  r e s u l t s .  

As the  i n d u s t r y  grew, and as p l a s t i c s  dropped i n  pr ice ,  automation o f  machinery 
began. The process has now reached such l e v e l s  t h a t  automatic machines make 
p l a s t i c  bags a t  t he  r a t e  o f  6,000 per  hour. 

Since many p l a s t i c  products have t o  be sealed together  o r  made t o  adhere t o  each 
other ,  the  sub jec t  o f  Heat Seal ing i s  o f  g rea t  importance. Heat Seal ing a f f o r d s  
an econo~ii ical means o f  product ion a t  h igh  r a t e s  o f  speed and w i t h  t h e  u t i l i z a t i o n  
o f  semi -sk i l l ed  labour.  

2.0 HEAT SEALING 

Heat Seal ing may be def ined as t h e  process o f  welding se lec ted areas o f  f i l m  
together  by the  use o f  ex terna l  and/or i n t e r n a l  heat. 

Most o f  t he  p l a s t i c  f i l m s  employed i n  Heat Seal ing are  o f  t h e  Thermal P l a s t i c  
va r ie t y ,  s ince welding i s  u s u a l l y  performed when t h e  product i s  being assembled' 
r a t h e r  than when t h e  p l a s t i c  i s  being manufactured. Heat Seal ing i s  used t o  - 
s e l e c t i v e l y  weld po r t i ons  o f  t he  sur face o f  t h e  ma te r ia l .  
Among the  f i lms  which can be f a b r i c a t e d  by Heat Sea l ing  methods are  - A c r y l i c ,  
Ce l l  u lose Acetate Butyrate, Ce l l  ophane, Nylon, Polyethylene, Polypropylene, 
Polychlorotrifluoroethylene, Polystyrene, Polycarbonate, P.V.C., Po lyv iny l  
A1 coho1 , Polyurethene. 

I t  i s  important  t o  understand t h e  r e l a t i o n s h i p  between Heat and Temperature. 
The heat sea l i ng  process can u t i l i z e  heated appl i .cators which a re  a t  a h igh  
temperature compared t o  t h e  me1 t i n g  p o i n t  o f  t h e  f i l m  t o  be sealed. The 
a p p l i c a t o r  must r e t a i n  i t s  heat i n  order  t o  main ta in  t h e  proper opera t ing  
temperature. 
Heat may be def ined as t h e  product o f  the  temperature and the  s p e c i f i c  heat o f  
a ma te r ia l  and i t s  mass. Temperature on the o t h e r  hand i s  merely t h e  thermal 
s t a t e  o f  a ma te r ia l .  It i s  f o r  t h i s  reason t h a t  a stream o f  p e t r o l ,  i f  
admitted d i r e c t l y  t o  an automobile c y l i n d e r  head would no t  be i g n i t e d  by the  
spark. There i s  no t  enough stored heat i n  the  spark t o  r a i s e  the  temperature 
o f  t h e  p e t r o l  t o  t h e  i g n i t i o n  po in t .  On the o the r  hand t h e  same spark w i l l  
q u i c k l y  i g n i t e  the  p e t r o l  a i r  vapour provided by t h e  carburetor .  
I t  i s  apparent t h a t  t h e  thermal ly  heated a p p l i c a t o r  must have t h e  a b i l i t y  t o  be 
heated a t  t he  sur face contac t ing  the  ma te r ia l  t o  be sealed t o  a temperature 
requ i red  f o r  sea l ing ,  based on normal opera t ing  speeds. The a p p l i c a t o r  must 
have s u f f i c i e n t  thermal c o n d u c t i v i t y  t o  t h e  heat ing source t o  overcome t h e  heat 
absorbed by the  welding ma te r ia l  a t  t he  r a t e s  required, , 

When a p l a s t i c  becomes 1 i q u i d  due t o  any form o f  heat ing, i t  w i l l  tend t o  f l o w  - 
away from areas under mechanical pressure, and upon beiqg exposed t o  cool  a i r  
i t  w i l l  c h i l l  and set .  This extruded p o r t i o n  of p l a s t i c  i s  r e f e r r e d  t o  as a 
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bead. Some f i l m s  such as P.V.C. r e q u i r e  subs tan t ia l  beading t o  ensure a 
good weld, whereas c e l  lophane requ i res  v i r t u a l  l y  none. 

For t h i c k  sec t ions  o f  p l a s t i c ,  post-seal coo l i ng  i s  required.  The c o o l i n g  
e f fec t  keeps the  surfaces fused together  from separat ing immediately a f t e r  
the  welding cycle. The cool cyc le  t ime need n o t  be long, because i t  i s  o n l y  
necessary t o  lower t h e  temperature o f  the  p l a s t i c  i n  t h e  sealed area below 
the molten s ta te .  Imnediate hand1 i n g  a f t e r  t h e  coo l i ng  pe r iod  can be achieved 
Crisp, uniform, we l l -de f ined seams a re  then obta ined w i thou t  bubbles o r  
wr ink les .  

The l a p  seal i s  made up o f  two laye rs  o f  f i l m  over lapping s l i g h t l y  where t h e  
seal can be w i t h i n  t h e  area o f  j u x t a p o s i t i o n  o r  extending beyond on one o r  bo th  
sides. This type o f  seal j o i n s  together  two wide sheets o f  f i l m ,  where the  
u l t i m a t e  i n  s t reng th  i s  required,  and where appearance i s  n o t  important .  This 
seal can be achieved by any method o f  heat seal ing.  

2.2 B u t t  Seal 

The b u t t  seal i s  obtained when two laye rs  o f  f i l m  do n o t  overlap, and i s  c reated 
by pushing the  edges o f  t he  two f i l m s  together .  Th is  i s  the  weakest t ype  o f  
seal, s ince a depression a t  t h e  b u t t  i s  l ess  th ic 'k  than o the r  p o i n t s  i n  the  
f i l m .  I t  i s  a l so  d i f f i c u l t  t o  obta in,  because o f  t h e  problem o f  p roper l y  
l o c a t i n g  t h e  edges o f  t h e  f i l m .  This seal can a l so  be obta ined by a l l  methods 
o f  seal ing. 
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2.3 Fol  d-over Seal 

The fold-over seal i s  usefu l  i n  waterproof ing fabr ic-supported p l a s t i c s  a t  t h e  
weld l i n e .  The s t reng th  o f  such a seal i s  high. Sewing i s  usual as a pre- 
assembly step before  t h e  heat seal ing.  The most common use o f  t h i s  seal i s  i n  
ou te r  wear and i n  c o n v e r t i b l e  tops f o r  automobiles. I t  i s  predominantly 
obta ined by using thermal heat sea l ing  and d i e l e c t r i c  heat sea l i ng  methods. 

2.4 Tear Seal 

A t e a r  seal deeply penetrates the  thickness o f  t h e  p l a s t i c  f i l m ,  i n  o rder  t o  
r e a d i l y  a l l ow  separat ion between t h e  sides o f  t h e  sealed area. The d i e  face 
i s  sharper than i n  o ther  areas a t  t he  p o i n t  o f  t h e  t e a r  seal and i s  u s u a l l y  
a t  a d i f f e r e n t  e levat ion .  It i s  i n~poss ib le  t o  use t e a r  seals on p l a s t i c  
which has been combined w i t h  f a b r i c s ,  though recent  developments permi t  t h e  
t e a r i n g  o f  p l a s t i c i z e d  nonwoven f a b r i c s  when sandwiched between a d d i t i o n a l  
p l a s t i c  layers.  Tear seals are  most r e a d i l y  accomplished w i t h  d i e l e c t r i c  
heat seal i ng methods. 

2.5 Applique Seals 

The appl ique seal o r  sur face t e a r  seal can be achieved by welding two laye rs  
o f  p l a s t i c  together .  One o f  these laye rs  i s  t o r n  away s e l e c t i v e l y  from t h e  
other, l eav ing  the  base l a y e r  i n t a c t ,  w i t h  po r t i ons  o f  t h e  upper l aye rs  
sealed t o  it. Applique sea l ing  can be u t i l i z e d  w i t h  f a b r i c s  as t h e  base 
mate r ia l .  Zippers f o r  handbags are  fastened t o  a p l a s t i c  body and t h e  area 
o f  t he  t e e t h  o f  the  z ipper  i s  exposed by the  waste p o r t i o n  o f  t h e  sur face seal .  
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3.0 HEAT SEALING METHODS 

I t  has been shown t h a t  Heat Seal ing i nvo l ves  t h e  use o f  i n t e r n a l  and/or ex te rna l  
heat and pressure t o  bond l aye rs  o f  ma te r i a l s  together  i n  se lec ted  areas. Force 
i s  exer ted t o  the  d ies  dur ing  the  heat ing  c y c l e  and can be app l i ed  a f t e r  t h e  
heat ing  c y c l e  t o  e f f e c t  cool ing.  

Thermal heat sea l i ng  i s  the  method i n  which the  d i e  i s  warm a t  a l l  t imes, pre- 
c l  uding the  p o s s i b i l i t y  o f  post  seal coo l ing .  Thermal sea l i ng  i s  t h e r e f o r e  
genera l l y  inadequate f o r  t h i c k  f i l m  sect ions.  Hot a i r  sea l i ng  i s  another method 
o f  thermal heat  seal ing,  as i s  h o t  wedge seal ing.  These w i l l  be d e a l t  w i t h  i n  
d e t a i l  i n  t he  paper t o  f o l l o w i n g  immediately today. 

Thermal Impulse i s  a  more s u i t a b l e  method which employs heat ing  and c o o l i n g  under 
pressure. Here a  low i n e r t i a  thermal element i s  brought  up t o  t h e  des i red  
temperature f o r  a  c o n t r o l l e d  pe r iod  o f  time, and then w h i l e  t h e  work i s  s t i l l  
under pressure, al lowed t o  coo l .  This  technique i s  s u i t a b l e  f o r  t h i n  f i l m s  
and u s u a l l y  employed i n  s t r a i g h t  l i n e s  o r  i n  open moderate curves unconnected 
t o  o ther  d i e  segments. 

High Frequency sometimes known as d i e l e c t r i c  weld ing i s  a  method f o r  heat ing  a  
ma te r ia l  f rom w i t h i n ,  by e l e c t r i c a l  l oss  c h a r a c t e r i s t i c s  o f  t h e  work when i n  
the  presence o f  a  very  h i g h  frequency a l t e r n a t i v e  c u r r e n t  f i e l d .  It i s  poss ib le  
t o  o b t a i n  post  c o o l i n g  s ince  the  d i e s  employed operate below the  m e l t i n g  
temperature o f  t he  f i l m .  Th is  method cannot be used on a l l  types o f  thermo- 
p l a s t i c  f i lms ,  s ince  the  f i l m  must e x h i b i t  s p e c i f i c  e l e c t r i c a l  c h a r a c t e r i s t i c s .  

U l t rason ic  weld ing u t i l i z e s  mechanical v i b r a t i o n s  t o  b r i n g  about i n t e r a c t i o n  
o f  the  molecules o f  t he  two f i l m s ,  by means o f  a  v i b r a t o r y  anv i  1  o r  t o o l  a t  one 
face and a  s t a t i o n a r y  p l a t e  a t  t h e  other .  Welds a r e  l i m i t e d  a t  present  t o  s h o r t  

- bars o r  po in t s  w i t h  subs tan t i a l  power inputs .  Seals can be made i n  most 
p l a s t i c s ,  d e t e r i o r a t i n g  i n  e f fec t i veness  as t h e  f i l m  th ickness increases. 

CHARACTERISTICS OF VARIOUS SEALING METHODS 

Continuous seal s  
I n t e r m i t t e n t  seals  
Work l o s s  c h a r a c t e r i s t i c  
Work th ickness range 
Machine c o s t  
Cycle Time 
Usage 
Product r e p e a t a b i l i t y  
Rad ia t ion  
Set-up t ime 
Warm-up t ime 
Tear seals 
Textured d i e s  
Stepped d ies  

a Long d i e s  
Large d i e s  
Cost o f  d ies  

.. L i f e  o f  d ies  
Maintenance costs 
Opera tor 's  s k i l l  r equ i red  
Combination o f  d i f f e r e n t  

m a t e r i a l s  

THERMAL IMPULSE DIELECTRIC ULTRASONIC 
f 

N o Modi f ied  Yes Yes 
Yes Yes Yes Yes 
Unimportant Unimportant Unimportant Unimportant 
Moderate Thi n  A1 1  Th in  
Low Low Moderate High 
Long Moderate Shor t  Moderate 
Moderate Wide Wide Some 
Exce l l en t  Exce l l en t  E x c e l l e n t  F a i r  
None None Yes None 
Long Shor t  Shor t  Moderate 
Long Shor t  Sho r t  Shor t  
Yes No Yes Yes 
Poor Poor Yes No 
N o  N o  Yes N o  
Moderate Very long Very long Very s h o r t  
Low Low Low Small 
Low Low Low High 
Great Moderate Great Shor t  
Low Low Moderate Moderate 
Low Moderate Low Moderate 
Some Some Some Some 
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The machinery used t o  make seals can be broad ly  charac ter ised as i n t e r m i t t e n t  
seal i n g  devices, cont inuous seal i n g  appl i c a t o r s  o r  mod i f ied  i n t e r m i t t e n t  
cont inuous sealers. 

The cho ice  o f  method t o  be used i s  l a r g e l y  dependant-upon the  f i l m  t o  be sealed, 
the  type o f  seal des i red  and the  machinery ava i l ab le .  

4.0 HIGH FREQUENCY VERSUS CONVENTIONAL WELDING SYSTEMS 

I n  order  t o  apprec ia te  f u l l y  t he  i nhe ren t  advantages o f  h i g h  frequency welding, 
a comparison w i t h  t r a d i t i o n a l  heat ing  techniques may be o f  i n t e r e s t .  With 
convent ional  heat ing  methods thermal energy i s  generated e x t e r n a l l y  t o  t h e  
product, and i s  then t r a n s f e r r e d  t o  i t  by conduction, convent ion o r  r a d i a t i o n .  

The essen t i a l  f e a t u r e  o f  t h e  convent ional  heat ing  techniques i s  t h e i r  r e l i a n c e  
upon a heat  energy t r a n s f e r  from an ex terna l  source t o  t h e  su r face  o f  t he  ma te r ia l ,  
and then a somewhat slower t r a n s f e r  from t h e  sur face t o  t h e  i n t e r i o r .  

The r a t e  o f  heat  t r a n s f e r  i s  dependant upon the  temperature g r a d i e n t  developed 
i n  the  ma te r ia l .  So, we see t h a t  i n  many i n d u s t r i a l  processes, convent ional  
heat ing  methods cou ld  present a number o f  ser ious  l i m i t a t i o n s ,  i n c l u d i n g  m a t e r i a l  A 

sur face damage through over-heat ing and extremely slow heat  t r a n s f e r  r a t e s  
through t h i c k e r  mater ia ls .  (Remember t h a t  d i e l e c t r i c  ma te r i a l s  a r e  good thema ' l  
i nsu la to rs .  ) 

High frequency weld ing can overcome these d i f f i c u l t i e s ,  so l e t  us now l o o k  a t  
some o f  t he  advantages o f  d i e l e c t r i c  welding. 

5.0 HIGH FREQUENCY WELD1 NG ADVANTAGES 

5.1  U n i f o r m i t y  o f  Heat 

An o b j e c t  o f  un i fo rm s e c t i o n  and composit ion can be ra i sed  evenly t o  temperature. 
This i s  obv ious ly  advantageous when the  ma te r ia l  i s  t h i c k  and i s  a poor conductor  
o f  heat. 

5.2 Fas t  Heating Rates 
e 

Because a1 1 pa r t s  o f  the  product  a r e  heated simul taneously throughout,, progress 
t imes can be minimised. - 
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5.3 Ease o f  Control  

The amount o f  heat generated i n  t h e  work i s  p red ic tab le .  Power i n p u t  and 
heat ing  t ime can be e a s i l y  c o n t r o l l e d  e l e c t r o n i c a l l y .  

5.4 Energy Saving 

Product ion can s t a r t  almost immediately a f t e r  swi tch ing  t h e  equipment on. A1 so 
l i t t l e  power i s  used when t h e  a p p 1 i c a t o r . i ~  unloaded o r  on standby. 

5.5 F l  e x i  b i  1 i ty  and Compactness 

F l e x i b i l  i t y  of l a y o u t  makes i t  poss ib le  t o  i n t e r g r a t e  d i e l e c t r i c  heat ing  equip- 
ment i n t o  the  product ion 1 ine. The equipment i s  compact i n  r e l a t i o n  t o  
a1 t e r n a t  i ve sys terns. 

5.6 Improved Working Environment 

A more congenial working environment i s  achieved through reduc t ion  o f  heat  leak-  
ages normal ly  associated w i t h  thermal systems. Also the re  i s  no no ise  o r  o t h e r  
forms o f  p o l l u t i o n .  

A l l  o f  the  above fea tures  o f  d i e l e c t r i c  welding are  important.  Bene f i t s  
i n v a r i a b l y  1 ead t o  increased produc t i v i  ty. 

6.0 H IGH FREQUENCY WELDING THEORY 

High frequency we1 d ing  (d ie1  c t r i c )  ma te r ia l s  e x h i b i t  two types o f  p o l a r i s a t i o n .  
I n  the  f i r s t  type, c a l l e d  d i s t o r t i o n  po la r i sa t i on ,  t h e  induced f i e l d  c reates  a 
d i s t o r t i o n  o f  t he  e lectrons,  known as e l e c t r o n i c  po la r i sa t i on ,  o r  a displacement 
o f  t h e  atomic nuc le i ,  c a l l e d  atomic p l a r i s a t i o n .  This type o f  p o l a r i s a t i o n  i s  
temperature independant and the re fo re  the o v e r a l l  d i e l e c t r i c  constant  i s  t h e  same. 

The second type, o r i e n t a t i o n  p o l a r i s a t i o n ,  i s  due t o  t h e  permanent d ipo les  
obta ined w i t h  var ious chemical conf igura t ions ,  and i s  temperature dependant. 

D i  l e c t r i c  m a t e r i a l s  are usual l y  poor e l e c t r i c a l  and thermal conductors, and are  
ve ry  d i f f i c u l t  t o  heat us ing conventional techniques. 

D i e l e c t r i c  heat ing  can be used on any non-e lec t r i ca l  conduct ing ma te r ia l  w i t h  a 
d i - p o l a r  molecular  s t r u c t u r e  i .e. one i n  which one end o f  t he  molecule has a 
p o s i t i v e  charge, and t h e  o the r  end has a negat ive charge. Some p l a s t i c  m a t e r i a l s  
no tab ly  P.V.C. e x h i b i t  t h i s  p roper ty .  
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During normal condi t ions,  ma te r ia l  molecules are  a t  random o r i e n t a t i o n .  When 
placed i n  an e l e c t r i c a l  f i e l d  however, r a p i d  changes i n  molecular  a1 ignnient 
generate heat. 

L e t  me exp la in  what we mean by h igh  frequency. The f l o w  o f  e l e c t r i c i t y  i n  our  
power g r i d  changes d i r e c t i o n  50 times per second and i s  s a i d  t o  have a frequency 
o f  50 Hertz ( cyc les  per second) i .e. I f  we cou ld  watch c u r r e n t  f l ow  i n  a wire,  
we would see i t  go from l e f t  t o  r i g h t  f o r  1/100 seconds, then f rom r i g h t  t o  l e f t  
f o r  1/100 seconds. 

The r a d i o  power emi t ted  by a broadcast ing s t a t i o n  i s  a l so  an a l t e r n a t i n g  c u r r e n t  
(A.C. ) nature, b u t  i t  has a frequency o f  several thousands o r  m i l  1 ions o f  Her tz  
( i  .e. changes o f  d i r e c t i o n  per second). S i m i l a r l y  d ie1 e c t r i c  heat ing  i s  c a r r i e d  
o u t  w i t h  a l t e r n a t i v e  frequencies, which a re  o f  t he  same order  as those used i n  
r a d i o  broadcast ing. 

The f requencies a l l o c a t e d  by I n t e r n a t i o n a l  Agreement f o r  i n d u s t r i a l  use i n  
i n d u s t r i a l  use i n  d i e l e c t r i c  heat ing  i n s t a l  1 a t i ons  are - 

13.5 MHz ) 
27.12 MHZ) - Radio drequency range 
40.68 Mhz) 

The Telecommunication Department i s  the  governing Aus t ra l i an  a u t h o r i t y  on r a d i o  
frequency a1 1 ocat ions.  Se lec t i on  o f  these s p e c i f i c  frequencies avoids i n t e r -  

D 

ference t o  communication bands. 

7.0 H IGH FREQUENCY GENERATORS 

Because the  frequency has t o  be h igher  than t h e  mains (50 Hz) i t  i s  necessary t o  
prov ide  a h i g h  frequency generator.  

The hear t  o f  t h e  system i s  the  o s c i l l a t o r ,  which can be a valve o r  sometimes a 
s o l i d  s t a t e  device. The requ i red  frequency o f  o s c i l l a t i o n  i s  determined by an 
inductance - capi tance type o f  c i r c u i t ,  genera l l y  known as a tank c i r c u i t .  

The o s c i l l a t o r  can o n l y  operate i f  i t  has a h igh  d i r e c t  vo l tage inpu t .  To achieve 
t h i s ,  we must connect a s tep  - up t ransformer and a r e c t i f i e r  i n  the  i n p u t  power 
c i r c u i t  t o  t h e  o s c i l l a t o r .  

I n  order  t o  t r a n s f e r  the  maximum power from the  generator  t o  the  work, t h e  l o a d  
must be matched o r  turned t o  t h e  same frequency as t h e  generator.  Th is  process 

r' 

can be compared t o  rece iv ing  a programme on a r a d i o  se t .  I n  t h i s  ins tance t h e  
transmi t t i n g  s t a t i o n  i s  sending r a d i o  waves a t  a p a r t i c u l a r  frequency,* and when 
t h e  rece ive r  i s  tuned t o  t h e  same frequency, i t  p icks  up the  r a d i o l ~ s t a t i o n .  
To tune a r a d i o  rece ive r  t o  a p a r t i c u l a r  s ta t i on ,  i t s  tuner  inductance/capacitance 
product (known as t h e  L.C. product)  has t o  be t h e  same as t h a t  o f  t h e  t r a n s m i t t e r .  
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The same app l i es  t o  t h e  h igh  frequency welder system, where t h e  product  has t o  
absorb the  frequency produced by the  generator.  

The scope o f  h igh  frequency machines employed i n  t h e  a r t  i s  wide and pe rm i t  a  
v a r i e t y  of  operat ions t o  be performed. Most of t h e  machines a re  o f  t he  t ype  
known as bed and d ie ,  and a re  plano- p a r a l l e l  as i l l u s t r a t e d  i n  t h e  c h a r t  
below and e f f o r t s  have been made t o  use sea l i ng  e lec t rodes i n  t he  form o f  
wheel s  . The convent ional technique has the  advantage o f  exact rep roduc t i  b i l  i ty , 
as compared t o  t h e  wheel o r  continuous sea l i ng  method, where the  same i t e m  i s  
reproduced cont inuously .  Unfor tunate ly  t he  wheel method shown on t h e  c h a r t  i s  
u n s a t i s f a c t o r y  f o r  t h i c k e r  sec t ions  o f  f i l m  because no pre-heat i  ng o r  pos t  seal 
c o o l i n g  can be e f f e c t e d  and speed i s  thus l i m i t e d .  

F ig .  C i l l u s t r a t e s  the  p o s s i b i l i t y  o f  sea l i ng  f i l m s  No.2 and No.3 together  
w i t h o u t  i n v o l v i n g  f i l m  No.1. Under the  l e f t  p o r t i o n  o f  the  press f i l m  No.1 
has been int roduced through a  s l o t  i n  the upper p l a t e  and t h e  sea l i ng  i s  
accomplished f o r  the t h r e e  f i l m s .  I n  t h i s  case t h e  e lec t rode  i s  mounted i n  
t h e  reverse p o s i t i o n  and sea l i ng  i s  accomplished aga ins t  t h e  upper p la ten .  

F ig .  D i l l u s t r a t e s  a  f l o a t i n g  p l a t e  method. Here t h e  upper f i l m  - beneath the  
upper die, and t h e  lower f i l m  - above the  upperlldie, and the  two U-shaped 
sec t ions  o f  work a re  a l l  sealed together  s imul taneously w i t h  one generator .  

F ig .  E ill u s t r a t e s  how the  capac i t y  o f  a  generator  can be increased e f f e c t i v e l y  
i n  such a  way as t o  seal extremely l a r g e  areas o r  sec t ions  w i t h o u t  removing 
the  work from t h e  press. The work i s  l a i d  down on a  s l i p  p l a t e  which mounted 
upon the  bed. The d i e  seals o n l y  those po r t i ons  on the  s l i p  p l a t e  so t h a t  most 
o f  the upper and lower d i e  sect ions a r e  sealed as i l l u s t r a t e d .  When t h e  s l i p  
p l a t e  i s  r o t a t e d  90 degrees the  l e f t  and r i g h t  sec t ions  a r e  under d i f f e r e n t  
po r t i ons  o f  t he  d ie .  Dur ing the  second c y c l e  t h e  d i e  w i l l  s e l e c t  o n l y  those 
po r t i ons  which 1  i e  over  t h e  s l  i p  p la te .  This  method can be used f o r  s i d e  t o  
s ide  o r  f r o n t  t o  back r e g i s t r a t i o n  o r  i n  t he  r o t a r y  method as i l l u s t r a t e d .  

F ig .  8 F  i l l u s t r a t e s  another s l i p - p l a t e  technique us ing  the  tapered method. 
The work i s  l a i d  on a  tapered wedge o f  metal and a  p l a i n  a r  i s  dropped on t h i s  

by the  d i e .  
4) wedge. 'The seal takes p lace o n l y  on t h a t  p o r t i o n  o f  t h e  s l i p - p l a t e  o u t l i n e d  

I t  i s  sometimes advantageous t o  seal t h e  d i e l e c t r i c  work i n t o  a  tube as i l l u s -  
t r a t e d  i n  F ig .  8 G. 

9.0 ELECTRODE DESIGNS 

I n  order  t o  del  i v e r  h igh  frequency power f rom a  generator  t o  t he  product,  a  
l a r  e  number o f  e lec t rode  con f i gu ra t i ons  has been devised t o  s u i t  var ious  9 app i c a t i o n s .  
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HIGH FREQUENCY MACHINES AND TOOLS 

D i e l e c t r i c  s e a l i n g  methods inc luding  t h e  c o n v e n t i a l  bar ,  ro tary  
wheel ,  over  under p l a t e s ,  f l o a t i n g  p l a t e s ,  ro tary  s l . i p  p l a t e s  
and tapered s l i p  p l a t e s  t echniques .  
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Elec t rodes  should be pos i t i oned  as c lose  as p r a c t i c a b l e  t o  t h e  h i g h  frequency 
generators t o  minini ise inductance and s t r a y  r a d i a t i o n  i n  t h e  i n te r - connec t i ng  
power 1  eads . 

E i t h e r  brass o r  aluminium e lec t rodes  may be used. S t r i p s  o r  p l a t e s  o f  w id ths  
ranging f rom 0.5 t o  25mn are  gene ra l l y  used, depending on t h e  shape s i z e  t h e  
mechanical l oad  t o  be expected, and t h e  na ture  o f  t h e  work. 

10.0 REGULATIONS 

I n  cons ider ing  h i g h  frequency equipment, one must be f a m i l i a r  w i t h  t h e  f o l l o w i n g  
regu la t i ons .  

Wi r ing  Regulat ions (AS 300 - 1976 and AS 2065 - 1977). 
Screening o f  generator  o r  e lec t rodes  ( t o  m i  n i m i z r  s t r a y  r a d i a t i o n  e f f e c t s  on 
t h e  ope ra to r ) .  
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11.0 ECONOMIC CONSIDERATIONS 

L e t  us now look  a t  t he  economic considerat ions associated w i t h  h i g h  frequency 
welding. 

High frequency we1 d ing  i n v a r i a b l y  achieves - 
an increase i n  p roduct ion  w i thou t  e x t r a  labour  
U n s k i l l e d  opera tors  can be u t i l  i zed  
Improvement i n  product qua1 i ty  
Reduces bot t lenecks  i n  p roduct ion  (due t o  i n -1  i n e  c o n f i g u r a t i o n  o r  equipment) 

The f o l l o w i n g  fac to rs  should be looked a t  - 
Equipment c o s t  
Investment a1 1  owance 
Equipment dep rec ia t i on  
Maintenance 
Qua1 i ty  Contro l  cos t  saving 

Analysing the  economics o f  h igh  frequency welding, t h e  f o l l o w i n g  f i g u r e s  can 
be used as a  guide - 

1 k i l o w a t t  o f  h igh  frequency power would product a  25 square cent imet re  
weld w i t h i n  a  3  second weld cyc le .  
Weld d ies  cos t  approx. $1.511 i n e a r  cent imetre 
Machine r a t i n g ,  range f rom $kw t o  120kw ou tpu t  
Equ iva len t  cos t  about $lliiOOO per  k i l o w a t t  i n p u t  
Equipment e f f i c i e n c y  about 70% 
Stand by  power consumption about 10% i n p u t  power 
Component replacement and maintenance about 2% per annum. 
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