Induction Heating Devices

for High Frequency Induction Soldering, Brazing and Joining

Clean - Economical - Reliable - Suited for automation



The Nature of Induction Heating.

I'he working principle of high frequency inductive heating,
is based on an alternaling current flowing through a single
or mutiple turn coil also called inductar. Thisinductor crea-
tes an allernating magnetic field, in its prosamity. VWhen
electncally conductve malansls are immersed in thesa
magnetic fields, secondary cuments are induced within
these malerials. According to Joules Law (Q=E-R - 1)
heat is generaled near the surface of the workpiece.,
Viewed practically, aninduction arrangement works on the
principle of a lranstormer, whers the inductor acts as the
primary winding and the workpiece as a single turn secon-
dary.

Attributes of Applications:

1. Transfer of energy, principally takes place to electrically
conductive materials onhy.,

2. Energy transter coours withoul contact.

d. Oirect induclive hoating occurs anly in the mmadiate
vicinity of the inductor.

4. The high Irequency currents, induced in the workpiece,
{l = 10 kKHz) are largely concentrated near the surlace
iSkineffact).

it 1a, Penetration depth of induced current as a
function of the frequency of difierent materials.

Thisis the result of selfinduction in the core of the work-
piece, which rzises the electrical resistance and theare-
by displaces the currenl oulward. The penetration
deplh ofinduced current as a funclion of the Irequency
of different materials is shown on picture No, 1a.

§. Flow ol hegh frequency current takes place mainly in
those parts of the workpiccae, where magnetic field
strenglh is grealest and magnetic resistance is smal-
lest.

Factors Affecting Efficiency

The effectivensss and therefore the efficiency of induction
heating are mainly dependent on:

1. Ganaerator dependon! lactors of miluence,

2. Factors of influence caused by constructian.

d. Factors of influence, characteristics ol the workpiece.

Generalor dependent faclors are, operating requency,
oulput capacity etc, They are datermined by the equip-
ment manulacturer. They have to be oplimal for a given
apphcalion.

The warkpieces to be heated are mostly shaped by their
own requirements, rarely can they be shaped for (he hea-
ting technoloay.

Fictorial 1. shows tha influence of the mataeddal on efficien-

cy at given temperatures. The value of specific resistance
and magnetic permeability should be large.
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Fict. 1b, Specific resistance and permiability dlepen-
dent on lemperature for vanous malenals as per Trp-
macher.
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Fict, e, Thermef efficiency as a funclion of diamefor
ratio Lyd for various workpicces (D = Inductor diamater,
o = Wiwkpieoe diametor).
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Fictonal 15, shows that steels are ideally suited for in-
duction healing.

Piclorial 1¢, shows the influence of physical altributes,
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The following pages contain construction hints, influen
cing induclion soldering/brazing.

The advantages of induclion trazing rasult mainly from
the physical characleristcs of this process, contrary Lo
other processes, heat is genaraled directly wilhin the
workpiece itself,

As aresult, large amounts of energy can be transierred
at relatively low losses. The power densily is grealer
than with olher heating processes, sea pict #3. The
heating cycles, for given workpieces are shorter wilh
high requency heating, when comparad 1o olher me-
thods (see pict, §2),

These principal advantages make induction soldering/
brazing particularly economical.
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Fict. 2, Time raquimed for heating for soldemnagdbrazing
with various methads (A High frequency induction bra-
Zing, B...Manual lame brazing, C...Hesistance soldering,
D...Flame lwkd soldening, E...Oven brazing scidering).

Fcl. 3, Energy transior for vanous heating methods as
per Benkowsko)

Specific Advantages of High Frequency Soldering/
Brazing.
- Very economical
Clean and non peliuting {no open flame)
— Good repeatability

Workpiece properties virtually unaffected in immedi-
ate wicinity of healing zone

- Reduced formation of oxides and dross

- Heating of inaccessible areas and shapoes is mostly
not a problem

~ Linn high Irequency installations raquine minimal
space

- Gas or vacuum shialding is possible, special reguire-
ments of workpieces can be accommodatad

Ideally suited 1o aulomation and mechanization,




Resulting from the enumeraled advantages, induction
heating has become a well established sector ol the in-
dustry. Having been in use for many years, il anjoys an
excallent reputation.

Examples of induclion heating in industrial manulaciure
are; annealing, soldering, brazing, welding, melling,
hardening, tempering, shrinking, drying, preheating,
surfacecoating, accelleraled curing of adhesives,
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Fict, 4, Induction solderng/brazing processes.

Fict. 5, Strength of mellsolder joints S1LV and combina-
tior maltsclder and meftweld joints KFV

High frequency induction heating is very successfully
used for soft soldering/brazing and high temperalure
brazing.

Induction soldering can be applied under different pro-
CEFSES!

~ inair with or without flux,
— inreducing or inerl almaospheres,
— aswall as in vacuum,

For example, brazing steel with copper solder, high
strenglh joints are abtained, under controlled conditi-
ons, special grain structure can be allained, lzading to
yel higher strength.
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Fict. 6, Grain boundry of a high strength melt-weld joint.
Average seam width 40 micro meter.




The most cammon process in practics is, soldering in

air. Advantages are an uncomplicated arrangemen| of =

the soldering station resulting in a cost ellective pro- ; i
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When tho use of self wetting solders is not leasible, the
use of lluxes is mandated. These fluxes are wicshy avai-
labde in the lrade, they are sclectad in accordance wilh
the warkpisce requirements and solder to be used,

Al e e
One of the disadvantages occurring when using flux, e
I the need lo chemically or mechanically remove
residues.

Application examples:
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Fict. 7, Brazing of active ool paris.
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Fict, 8, Silversoldering of pipe connections for hydraulic  Pict. 9, Brazing of tools for die punches by using of a sil-
tlevices. ver soicler,




Hict. 10, Protective gas/vacuum melting chamber for
meiting of pracious metal alloys,

Workpieces to be joned, often have special require-
ments that can only be satislicd with controlled almos-
pheres, during the soldering process.

The use ol gas shielding or vacuum, avoids Lhe formati-
on ol oxides or dross and aclually removes the same
cluring the heating process.

he effects are thal workpieces have excellent surlace
quality and appearance aller soldering, but place a hig-
her demand on apparatus.

Induclion soldering can be achieved in various ways:
1. The induclor is wilhin the gas shield or vacuum.

2. The incduclor surrounds Lhe gas or vacuum cham-
ker.

3. The inductor is used as a diffuser applicator for the
shielding gas.

4, The soldar jointisimmersed in a gas shickl via a spe-
cial conduit.

In the case of # 2 the gas vacuum chamber can be ma-
tle of quartz (Pyrex Glass).

The workpiece is within the glass chamber, while the
coil is lashioned Lo surround the sama, healing through
the glass.

An alternative to he preceding is the use of a sealed
chamber, where the workplece within creates ils own
reclucing almosphere,

Fict. 11, Coating of fool in early production stage, by REHE
wdiechionbrazing in "Autashiclding Gas™ fseff generaled gas),
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Picl. 12: Principlas of diffusion soldening copper 1o alumi-
o tubes as per Pater, 7 coppor tube, 2 shielding gas
zone, 3 auminum tube, 4 shielding gas in, 5 inductor,

The warking principle of diffusion brazing is based on
Lhe fact that during the process an autectic alloy is lor-
med, whose melting point is lower than that of efther pa-
rent material,

IPraclicing dilfusion soldering, of aluminum ¢ copper,
lhe coppar end is healed (o 950 dag. G, at the same ti
me the aluminum is heated to just balow the malling
el

Having altaned (he desred temperatuee, the BEHE is
lurned off and the copper end s forced in to the alumi-
.

By adiffusion process, an eutectic alloy is formed, al the
nterface hawving the composition of (A-Cudl) this alloy
has a malting paint of 545 deq. C. The process is pro-
tected against the detrimental influance of oxygen, by
immersion ina gas shield,
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Fict. 13, Diftusion soldenng of copper-aluminum joit
macha wilh gas sfeeks
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Pict. 14, Micro pofished section view of a copper-alumintn conneciion.




Prict. 15, Small nitting machine parts brazed in recucing
atmosphiere by AFHE induction soldering. (Works Pho-
fo: Elite Diamant Genbi),

Senall subp-assembies, of vanous kinds are ollen joined
by induction brazing for medium production require-
ments in industry.

By malching lhe inductors to Lhe jolz at hand, varying
paris can be joined, economically, having single ar mul-
tiple scams.

Steels, hard metals, copper, brass and aluminunm can
b successiully joined by the HF induction haating pro-
GE5S.

Pict. 16, Measuring probe (1,5 01 lg.) 58.5 inches, RE7HF
induction saldered in reducing atmosphera using a
special oal resistant solder,

Ficl, 17 Gas shictded induction soldered parts. Fipe nozzle = coated semy mished parls = burner jel = drills with
carticle inserls — pipe connectorn,




Pict. 18, Consiruction of plug conneclors for compu @
ters, pasarmangel
Particularty economical manulacture is possible, wien 0

special shaped induclors, adapted to the job al hand, Ubstiitiom
permit the simultaneocus scidering of many connections.

The use of 5o called needie mductors, equipped with
Plug in connections, for examplke permit the simullane-
ous brazing of “U" bends on heat exchangors,

Fiet. 20, REHF induction brazed U tums for heat ex-  Pict. 19, Simultaneous sofdenng of 24 conneclions, n
changer. the manulfacturing of electical connectors




The suilabiiity of RFHF induclion heating apparatus, lor
mechanization and aulomation anse from the lollowing
o achvantages:

Immediate operational readiness,
- ahel cyele imes,

Heproducible operating parameters,

= HEHE units are adaplabile 1o systams, inlegration
ancl control,

— Simplifiec optical temperature moasuremant is fea
sible.

In accordance with type of parts and working paranme-
lers, as for example cycle freguency, rotary indexing
lables, or incremental Incar Comveyors are used 1o hold
e paris. These may be combingd with ifting devices,
1o mechanically posilion parts in to moe complicated
inductors, Special tunnel inductors permit extendead
[izaling, brnaing to brazing temperature, as well as he-
al treating where needed and possible.

Lightsaight compact Linn RE/HF induction selups, as
prart of industrial rebots, allow optimum uss: for all appl
cations, such as bwazing, annealing, harclening and
accekaaled cunng of adbwsves,

P, 21, Rotary indexing table for induction brazing

Wonics Photo: Eite Diginant G-,

Pl 22, Arranogment for induction soldenng and simulta-
neous heat realing of hard metal dels vaith carbndemserts.  Reis, 8753 Obemburg Germany for perfect tracks and
stper accurate postionng,




Since the parts to be brazed and the BRHF heating
equipmenl on hand is usually lixed in character, efficien-
oy can only be affectod by the user, malching the induc-
tor to the workpieos.

Depending on the parts {0 be brazed, one dilferentiates
between inlernal field inductors, (the workpisce s
wilhin the coil} and exlemnal field induciors, {the work-
piece sumounds the ooil) and swiace inductors, these,
in singles or multiples, acl on the surface of the
WOrKpIECe,

Inductor type Effectivness
Int. figded 0.5t00.9
Ext, linld 03105
Surface indct. 031006

- Single sided surface indel. 015103

- Dauble sided surface indot, 041608

Pictarial 24, Efficioncy of varnous induclors as per Ben-
kowsky

Pictarial 22 shows the elfectivanass of the various ty-
pes. From this pictorial can be seen that the internal hield
types achieve the highest efliciency.
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Fict. 25, Efficiency dependent on coupling distance at
vaious lemperalures as per Krelzrman

Coupling Distance

The distance belween the Inductor and the workpiecs
(coupling distance) has an important influence on tha
overall efficiency. Reducing the coupling distance raises
lhe efficiency, see picl. 25.

However the coupling distance cannol be reduced 1o-
ward Zaro, as voltage induced flashover will ncour ba-
lowy & certain poinl.

Hints for Inductor Configuration

1. The leads to Ihe inductor, should be kepl as short as
possilde 50 10 100mm,

2. The leads should be an one picce construction, pre-
lerably without any intermediate connections,

3. Inductors should be made from materials having a
high elecincal conduclivily. Copper is the usual choi-
ce. s advantageous Lo siverplale 1he inductor, see
pict, 26,

Pict, 26, Silvarpiated and watercoolsd inductor.

4. Al the inductor surface current flows in the order of
300 Amp./from? to 800 Amp./mme are encountered.,
For this reason, il is necessary 1o cool the inductor
with Tlowing water (Temp, in max. = 25 deg. C,
Temp. cul max. = 40 deg. C).

5. Inductor cross-section, round or rectangular, to ba
selected lo minimize pressure drop, 50 adeguate
cooling media flow is assured,

"



The Linn high frequency generators are: HTG 1500/0.5,
HTG 3000/0.4, HTG 6000/0.3, HTG 12000/0.2

They are free running push/pull generators utiizing Po-
wer FET tlechnology. Stepless output control 15 10 100
2. BH suppression as per VO and FT1.Z,

Ihe use of transistors rather than vacuum wibes for lhe

oscillators offers some essential advantages. Transi-
stors do not require filamen! vollages. The dimensions
of component parts are notably smaller Than would be
the cass with vacuum Wwbes. The operating losses of
Ihix transistors ore decidedly smaller, redusing cooling
requirements. The overal efficiency of the facility is
apprex, 20 % higher than comparable vacuum tube
moclals,

Transistor drive voltages are lower, this reduces the
equipmenl size, as well as the weighl ol the power
supplics.

I even smaller device dimensions are nesded, soparali-
an of power supply and BEHF section are necessary.
Frequently the retralitting of inductive healing devices
becomes impractical owing to exlormal dimensions,
Use of semiconductor typa devices makes retrofitting
posable in most cases, even il space availability is lmi-
ted.

Vacuum lube type generators are high internal resistan-
ce devices mandaling high culpul voltages, in the kilo-
voll range.

These high veltages make necessary extra guarding to
pravent accidental contact with lethal voltages. Also an
increased demand exists for BFI shielding.

Transistar lype generators, having low inlernal resistan-
ce elimnate the possibility of accidentally contacting
dangarous vollages. They can be salely louched,

Two lypes are available:

* Compact unil with integrated RE/HF section

* Control unit wilh separate REHF section max. sepa-
ration dislance 10 meters or 32.5 feet.

* Explosion proteclion maodel in preparation

Salety featunes:

* Rapid overload disconnecling

* Caontrol voltage maonitaring

* Drain® voltage monitoring

* Cooling water llow monitoring
Operating temperature monitoring

LLED indicators for:

* High frequency

* Overload

* Insufficient cacling water flow
* Over temperature

(T alal
High Therrm

Options for the HTG -sarias

* Heat exchanger lor better cooling of the REHF-part
{al high surrounding temperalures or conlinuous
operalion)

* Potential free oullets of the conlrol functions

© Padal swalch

* Cantral unit HTG-REG {also available with RS 232,

sce pict. 27)

Oplical pyromeler

Adapiion transformer for small inductors

Far low Ohm inductors an adapter plece (transfor-

miar st be usod between inductorn and the REH!

generator. Note lhe characteristic curves of the frans-

former inpicl. 28.
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Fict. 27, Control unit HIG-RFG.
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Series indutivity Ly, and resistance R, of the transfor-
mer when connected to an inductor of S0 nH.
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Fict. 28, Charactenstic curve of fransformer,
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