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THINGS TO REMEMBER ABOUT

INDUCTION

I¥s important fo be mindful
of some basic tips when
induction heat treating
parfs. Aftention fo certain
process details will keep
the results of your process
consistent and within

specified folerances.

Fred R. Spechi*
Ajax Tocco Magnethermic Corp.
Warren, Ohio

“Mewber, ASM Heat Treaking Sociedy
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b PL'LN_'I:‘EE-f.Jf induction provides
exact repeatability from one part
to the next. Proper set-up is re-
quired to duplicate previous pat-
tern and hardness results within
acceptable limits, whether it's
done by expleriem_n,d personnel
or by novices. The importance of
a repeatable set- up cannot be stressed
enough. Set-ups can take from 2 to 10
mintes on properly desigied equip-
ment. Coils can be designed to pro-
duce a lifetime of repeatable set-ups
without the use of tools. Contrals can
be as sitnple as operating a home com-
puter. These factors make induction
hardening and tempering the process
of chioice for most engineers that face
the tough cost competition of today's
global markets.

Repeatable set-ups
The set-up is the starting point from
which to consistently achieve patterns

Figidi— Coil stipport tabs lelp preveni fubing- .u,m cofls from rr.'-.:uu-., ar being dmmaged.
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and hardness within acceptable limits.
The position of the workpiece within
the coil, the precise amount of power,
the f.[ul:"l'lf.‘]'l volume, and exact pl,ﬂl:g:—
ment of the quench play important
roles in the resulting hardness pattern.

Many coils use quidk disconnects to
allow fast, easy changeover. Water
connections can be made with quick
connect hoses or O-rings. O-rings limit
inductor adjusunent and can be a
source of water leaks, Use of petroleum
jelly on O-rings can help seal them and
hold them in place. Ouench hoses
should use “Hansen” quick couplings
bor conmect to the coil. Use a different
stz coupling for quench water than for
woil cooling water to eliminate the pos-
sibility of getting, the hoses confused.

Tooling cups and centers for part
support should require no tools to
change, vet should be rugged enough
to steady the part.

Newer induction systems have a
precise control system that stores
recipes for each part. Password-pro-
tected operator control systems are
available to prevent anyone from al-
tering the reape. The set-up sheet and
the system control recipe should yield
a good part from one set-up to the
next. This starts with the accurate
coil f workpiece relationship.

A rugeed onil, quick discommect, bus
work, and fixture are of great impors
tance in achieving repeatable set-ups,

Coils can last a lifetime

Machined integral quench coils are
the most ex pensive type. However,
tht‘}r generally last longer. Tubimg-type
roiils are the laast expengive, hut can
be bent with the bare hand around a
mandrel. Tubing coils may need
added support to prevent them from
moving as a result of the mechamcal
forces exerted on the copper during
induction hﬁ:atinb These forces are a
function of power density and fri-
quency, coupling to the workpiece
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and other turns of copper, and copper
fatigue. Radio frequencies nsually do
not exert a mechanical force great
enough, but coil tabs and gussets
should still be used ko prevent the
copper from bending during han-
dling. Many RF coils are made of
small [0.25 or (L5 in.} copper tubing.
These are extremely fragile without
support sussets and tabs (Fig. 1). Sev-
eral brass screws brazed to the sepa-
rate turns, with corresponding nuts
and washers, will prevent movement
of the turns during set-ups. The coil
burns can be adjusted during devel

opment and then locked into place.

This makes it easy o make initial ad-
justments and repeat the position of
the coil relative to the workpiece there-
after. Well-designed, rugzed tooling
used for a set-up should result in an
acceptable pattern and thus should
not become an experiment for each
set-up.

Coil cdleaning: Cleaning  the in-
ductor after every use will remove
;m[», mier quench and scale before they

dry. Itis 1elalwe1}-' easy to clean while
the inductor is still wet, but the
polymer quench and scale will even-
tually “bake on” and become difficult
bo remove, Having a clean, shiny cail
for diagnosis of cooling problems is
important. The copper discolors at
high temperatures and this discol-
oration can be a diagnostic tool to
identify specific problem areas. In Fig.
2, the copper U.S. cent chart shows
varving copper discoloration that oc-
curs at different temperatures,

Every six months, the internal water
cooling path of the coil should be
flushed with Lime-A-Way (Reckilt
Benckiser Inc, Wayne N.J.) CLR (Jel-
mar, Skokie, 111.), or a dehumidifier-
tvpe cleaning solution. This will re-
move internal build-up of calcium
deposits that precipitate out of the
water at 135°F (35°C), These solids take
thie form of o white, puwwidery it
that adheres to the inside of the coil-
cooling path. This is similar to the
residue left inside a pot after waler has
boiled off. The residue insulates the
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Fig. 3 — Chemcinnnt is diverfed by simiple eomes, precertting ouerspriny,

copper from releasing heat through
the water, causing the coil to run
hotter until it fails prematurely. This
is seen on high-power-density appli-
cations, especially with lower effi-
ciency cails such as pancake-type, 1D
hardening, and tooth-by-tooth coils.
O I hole applications, the tailure
often vecurs on the inside leg (down
the center). This is where the water
temperature is hottest. Make sure the
water path enters down the center leg
first om [D codls. Flow can be increased
and additional heal removed by the
addition of a booster pump in the coil
water circuit, If the coil is discolored,
especially down the center leg, it is
from owerheating, In such a case, more
water-cooling or a lower power den-
sity is required.

Cuench is everything!

For consistent hardness results,
check the polymer percentage every
morning with a refractometer after the
quench pump has been on and recir-
culating a few minutes. This is done
before any heat treati ng takes place,
:!I'Id I-'I."Ill ‘\I.H IJ I LIULI ILl:l L } ILIL] el ciC-
curate percentage reading. Itwill also
TEmove any air trapped in the quench
lines. Use a timed quench-tempera-
ture heater, set up like a program-

makle home thermostat This turns on
the heater in the morning an hour or
50 before vou plan to start production
to ensure that the first part sees the
proper quﬂnch lemperature.

The quenchant ternperature should
be automatically controlled with a heat
exchanger and solenoid valve. Tem-
perature variation greater than 10°F
(6°C) may result in more-than-ex-
pected distortion, or even a crack in
the workpiece.

The volume, or flow rate; of quen-
chant is extremely important. The
more quenchant, the faster the part
can be processed. Spray shields, doors,
and enclosures should prevent the op-
erator from getting wet and prevent
quenchant buildup on the floor. The
shields need to be placed very dose to
the coil in single-shot applications. The
shield can be as simple as a piece of
clear PVC pipe. The less quenchant
splashed on machinery the easier
maintenance is accomplished. In scan-
ning applications, flanges and the re-
sulting upward spray can be restricted
by adding simple plastic cones upside
down lo diverl the quenchant back
dowwn, as shown in Fig. 3.

MNever place rag-type shields in the
quench area, as the polymier attacks it
and devolves the rag into the quen-
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chant. As a result, the small holes in
the quench barrel may become
clogged, and higher pressure and less
quenchant comes out of one side of
the quench barrel than the other, Un
even quench is a cause of distortion
and low, uneven hardness. This can
show up as excessive total indicated
runout (TIR) and collapse the size of
ring srooves and keyways,

A removable, easily deaned quum’:h
faceplate can be ineorporated into the
same designs. If the quench head is
continually being clogged, it usually
means a bigger problem exists in the
bottom of the quench tank, Seale from
the heat treating process is a natural
occurrence in carbon steel. Scale can
clog quench holes and can be re-
mowed by bag or bed filters. Full flow
bag filters generally are used in ex-
treme cases of scale buildup, such as
hardening hot rolled or forged steel
surfaces (Fig. 4). beale is abrasive and
erodes holes,

Tlugged holes: Cuench barrels and
nbegral coils should have at least four
water inputs for even quenchant dis-
tribution. If in doubt, stick your hand
into the quench barrel and feel the
sides to see if there is more force on
one side than the other. (Before doing
this, make suire that the power supply
is off, the workpiece has been
removed, and the quench is set on
manual.) An uneven quench will
result in more distortion. Use a stan-
dard ball valve to adjust for even flow
around the quench.

In scan heal treating applications,
the quench impingement point is of
utmost importance. If a single hole in
the guench head is off its correct angle,
it can cause a barber pole effect. Some-
times foreign matter can become
Indged in the hole and cause the same
effect. The smaller the diameter of the
workpiece, the more important im-
pingement is. For deeper case re-
quirements. quench impingement can
be further away from the coil. The
maore shallow the case, the closer the
impingement point should be to the
1600°F (870°C) surface (Fig, 5).

If the quench has a bad smell, it is
growing fungi, Agitation or operation
of the pump will oxygenate the
quenchant and usually kill the fungi
and the smell. This is only a quick fix,
as the smell will come back when the
pumps are shut off for a while. Dis-
posal and cleaning should be done
every 6 to 12 maonths, or as recom-
tnt*n(fed b}" ﬂ'IE maj11t[actu1‘u]’. {j'ﬂ:‘L’k
with your quenchant supplier.

Never use the quench tank as a
parts washer. Chips and tramp oils
can foul the polymer quenchant.
These chips cause the ground de-
tector system to make unnecessary
production stops. Heat treaters throw
out thousands of dollars worth of
quenchant due to carry-over contarm-
ination. Qils and lubricants used in
grinding, cutting, broaching, homing,
drilling, and extruding, and the use of
dic lubricant, ¢an causc this contami-
nation. As the quenchant becomes
more contaminated, the cooling curve
changes. A slower quench results in
progressively lower hardness or more
distortion,

Contamination: [ have been told
many Hmes: “We get good hardness
for a day or for a week and then hard-
ness falls out of acceptable limits. Then
we change the quenchant and hard-
ness jumps five points.” This is not
magic. The cooling curve or the rate
(speed) at which the steel quenches

Fig. 4 — Quenchant flsration wifl sepa-
rator md yp-peas bag filfer fo remone seale from
qutertch systems,

Fig. 5 — Qwench ipingement! point at bothorn of red herted ring.

Temperature

Time (Logarithmie Sealel

Fig. & — Cooling curves for fast ol versns slow oil. The curoes can be used to analyze contam-
itted quenchiors, Conrfesy Hougluon Bifernational Tic, Vadley Forge, Pa,

HEAT TREATING PROGRESS o JULY /AUGUST 2004

3z




ot is slowing. The cleaning and
addition of new quenchant estab-
lishes a higher quench rate and
hardness is high again. This
sloveing of the cooling curve can
cause more distortion. The slower
the quench rate, the longer heat is
retained in the workpiece, and
even more distortion is caused.
Sending a sample to your supplier
(who usually offers testing free or
for a nominal charge) is one way
of analyzing and identifying the
contamination. The supplier com-
pares the cooling curves (Fig. 6)
and generates a computer printout
of the report.

Refractometer readings of
polymer quenchants are easier to
check than the percentage reading
of the more precise viscosity tube
test. The viscosity test uses a tube
filled with quenchant and a stop-
watch, This test shows exactly the
percentage of polymer, bait must
be comducted by (rained personnel.
The refractometer test uses light
reflected through a lens to yield a
percentage. If the quenchant is con-
taminated by tramp oils or scale in the
lens, the refractometer test yields in-
correct results,

Refractometers are used o nany
other applications, such as checking
antifreeze in a car and for rust in-
hibitors. Many refractometers used in
checking quenchant percentages must
multiply the reading by a factor of
two. A reading of 4% in the window
of the lens is really a reading of 8%.
The higher percentage results in lower
hardness than would be expected. It
is ideal to have these instructions dose
to the operator. One possibility is to
use a tie wrap and attach a laminated

plastic card with the instructions about
the mulbopher onto the refractomerer.

Solving distortion problems

O sran or single-shot |‘n"ﬂiing ap-
plications, a workpiece will not remain
straight during hex thn;., and quenching
if it does not remain straight during
heatng alone. This is usually due to
pre-stresses in the part that are relieved
during the heating process, If you are
having distortion prohblems, try run-
ning the normal cycle without quench
apphﬂd Let the part air cool before you
check for distortion, If your quench
head is made out of FVC, you must re-
e it for this test, as the radiant heat
will melt the quench head without
quenchant runming through it.

Give spedal attention to parts that
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Fig. 7 — Sandilazted heal treaf patfer,

require hardening over keyways or
holes. To avoid overheating, melting,
or cracking, keep adjusting the power
down and scan spoed up. Look closely
as the part is actually heating, Only ex-
perience teaches what 1550°F (845°C)
looks like! Onee you have “the eye,”
VOUL can Se¢ the difference between
1550 and 190°F (845 and 1040°C). For
those just leamning, temperature-sensi-
tive sticks or paints work well, Paint
small stripes of different temperature
values (for example: 1500"F, 1550°F,
1650°F, 1800°F) in the area to be heated.
Leave the quench off, and pay dose at-
tention to the part as it heats. You will
see the paint actually melt and change
culor, I e paint does not change color,
then temperature was never achieved.

Mever attempt to induction harden
frozen workpieces. The parts should
be at room temperature. Your part
recipe is based on material at 7('F
{20°C) heating to 1550°F (845°C). If
[roeen malerial is processed, the same
power input will yield a lower final
temperature and full hardening trans-
formation may tot ocur.

Induction tempering,

Induction tempering using the
single-shot process is usually done with
|‘||;,jf‘|-wil.lmx. parts because of the time
spent o developmg the recipe and the
additional cost of equipment. Hard-
eniny cvcle imes can more than double

when scan tempering is added.
Small lots of parts of similar steel
grades can all be set in a basket
and placed in the same oven at the
SAITE tumpe:".uur-: at a lewwrar cost
than induction. In the cell ap-
proach to manufacturing, induc-
tion tempering is a valuable tool,
providing the material can be
quenched nmumediately after tem-
pering to a consistent temperature
before the next manufacturing
step. These subsequent steps
may include grinding, burning,
honing, and broaching. A room
temperature workpiece is essen-
tial for tight tolerance sizirng work.,
Do not atternpt to develop a
temper cycle until a good hard-
ness pattern and an acceptable as-
quenched hardness are achieved.
During scan tempering process
development, the workpiece is
induction hardened, and at the
end of the heating and quench
delay, the part goes back beyond
the original start point with a re-
duced power level and scan rate.
Make sure the part iz allowed o
cool to at least 150"F (65°C) after the
hardening cycle before the temper
cycle begins. This consistent work-
piece temperature is essential to a
good temper. Any residual tempera-
ture above 150°F (65°C) left from the
hardening process will unevenly raise
the temper ternperature and affect the
final hardness readings by several
points. When developing temper
recipes, usually no more than one-half
to one-third of the hardening power
is used to induction temper. The scan
speed can be the same as hardening if
the case is thin enough or a minimum
hardness change is required,
Te_rml_m;r'mg,'.:mne:u]ing,. stress re-
Tieving, and normalizing are all ways
to temper back original high hardness
readings toa lower specified hardness.
A range of hardness values is usually
specified by engineering for a partic-
ular application or use. AISI 145 steel
that quenches out at 60 HRC and re-
yuires a hardness of 60 TTRC min-
imum does not techmically require a
temper. Good metallurgical practice
does require at least a stress relieving
at 300°F (150°C), which only drops the
hardness one to two HRC points. In-
duction tempering temperatures ust-
ally need to be higher than that for an
oven temper to yield the same results,
but from a hardness standpoint, these
results are consistently comparable to
ovens. Check yvour ASM Handhook,
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Vol. & on Heaf Treating, ov ASM's Heat
Treater's Guider Proackices and Procedures
for Irons and Steels for accurate tem-
pering temperatures. The heat-sensi-
tive sticks {points) are used for checking
temper temperatures as well as during
first-time recipe development.

Nondestructive testing
Sandblasting, glass bead peening,
and shot peening all can yield iden-
tifiable hardness patterns on the sur-
face of a steel workpiece., These
simple processes can bring out the
heat treat pattern without the use of
dangerous acids. [t only takes sec-
imds of sandblasting and “moments”
of glass bead or shot peening to bring
out a nice crisp heat treat pattern on a
cut sample. You can spot-check pro-
duction samples without the use of
acids by having patbern lengths
checked with a light sandblast. A
$1000 investment ina 3 K36t (1x1
m) sandblast booth can be much safer
than handling the acids used in case
depth analysis. The resultant pattern
on the sandblasted sample lasts much
longer than that on the acid-etched
sample. The acid-etched pattern
blackens over time and becomes

unidentifiable because of residual
acid (Fig. 7).

Do not cut the sample workpiece
unless e lenglh of pallern is correct.
Use sandblasting to see the ends of
the hardness pattern. Reuse the same
set-up pieces; they can be saved for
the next set-up. Fully anneal before
reuse at I0FF (540°C) and slow cool
for reuse.

Hardness readings: Do not be
fooled by decarburization at the sur-
face, this is like a dead sldn surface and
can result in erratic surface hardness
readings, Un rough-machined work-
pieces, grind to the finished size and
check the hardness at the final depth
and not the surface.

After heat treatment, look for sus-
picious rings with uneven colors —
silver (hard) or blue {soft) that are
more than (L1235 in. (3.2 mm) wide.
Check hardness across and between
the rings for a soft barber pole effect.

One quick way to get a feel for a
part’s hardness is to use a file. It does
take some practice to become pro-
ficient at the use of files. Most
purchased files are 65 HRC. You
will need to temper each file at a
different temperature. After slow

w

cool, check with a Rockwell-type
hardness tester and inscribe the han-
dles with the corresponding hardness.
This will result in a set of files of
varying known hardness. A file that
is 45 HRC will skate across a surface
that is 55 HRC, yet will dig into a part
that is 40 HRC. Files must be replaced
as teeth wear off from use. The files
are used as a quick surface check
only, but they are especially wseful
in checking corners, flanges, and be-
tween gear teeth of large workpieces.
Sets of these quick-check files .
are available on the Internet.

For more information: Mr. Specht is south
central regional sales manager, Ajax Tocoo
Magnethermic Corp,, 55836 Lorenzo Trive,
Grand Prairie, TX 73052; mobile: 817/ 456~
T063; fax: 817/ 557-3307; e-mail: fspedu@
ajaxtooco.com

This article is based on “Induction Heat
Treating, What Is Important to Remem-
ber,” a paper presented in the George
Prattmann Honorary Symposium at the
ASM Heat Treat 2003 Conference & Ex-
position (Indianapolis, 15-17 September),
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Mikron®s Myy Series is a one plece infrared temperature

1509060 Certied
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