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Advanced Non-Rotational
Induction Crankshaft Hardening

Technology Introduced to

Automotive Industry

A REVOLUTIONARY NEW
INDUCTION HEATING SYSTEM
IS BEING INTRODUCED TO THE
AUTOMOTIVE INDUSTRY

FOR THE HEAT TREATMENT

OF CRANKSHAFTS. THIS
TECHNOLOGY INVOLVES HEAT
TREATING THE CRANKSHAFT
JOURNALS USING STATIONARY
INDUCTORS RATHER THAN THE
CUMBERSOME METHODS OF
CONVENTIONAL CRANKSHAFT
HARDENING PROCESSES. IN
CONVENTIONAL METHODS,
THE INDUCTORS MUST FOL-
LOW THE OFFSET ROTATION
OF THE CONNECTING ROD
JOURNALS, REQUIRING THE
MOVEMENT OF MASSIVE
INDUCTION FIXTURES AS THE
CRANKSHAFT ROTATES. IN THE
METHOD DESCRIBED HERE,
BOTH THE CRANKSHAFT AND
INDUCTORS REMAIN
STATIONARY, RESULTING

IN IMPROVED HARDNESS
PATTERNS AND A SIGNIFICANT
REDUCTION IN FLOOR SPACE
REQUIREMENTS FOR THE
EQUIPMENT.

ell,
have chang-

times

ed and things
are modern,”
said one user
after an evaluation of a newly
developed non-rotational in-
duction crankshaft hardening
machine. He later added “A
non-rotational approach makes
sense from all perspectives. It is
somewhat similar to simply
pushing a remote control but-
ton to start your car compared
to using a manual crank as in
the good old days.”
Crankshafts are widely used
in internal combustion engines,
pumps, compressors, etc., and
are among the most critical
auto components. A crank-

shaft, typically cast or forged,
comprises a series of crankpins
and main journals intercon-
nected by webs/counterweights
(Fig. 1). High strength, good
wear resistance, geometrical
accuracy and low cost are
among some of the crankshaft
requirements.

CONVENTIONAL
TECHNOLOGY

A majority of the existing
induction crankshaft harden-
the

rotation during

ing machines
crankshaft
heating. Each crankpin and

require

main journal is heated by
bringing a “U-shaped” induc-
tor close to the crankpin or
main bearing surface while the

V6 and V8 crankshafts.

crankshaft is rotated about its
main axis. Since the crankpin
axis is offset radially from the
main axis, the crankpin will
orbit around the main axis.
The crankshaft’s rotational
speed varies between 24 and
32 rpm; consequently, the “U-
shaped” inductor, as well as
other massive components of
the

machine

induction  hardening

including output
transformer of power supply,
busswork, cables, etc. (which
often weight over 2,000 lbs),
must travel with the orbital
motion of the crankpins.!” The
circular orbital motion of such
a heavy system must be main-
tained precisely, resulting in
the complex, sensitive, bulky,
noisy and costly design of the
conventional induction hard-
ening machines.

Equipment maintainability,
reliability and harden pattern
repeatability are among other
concerns expressed by users of
the existing technology. In par-
ticular, the short coil life was a
dilemma. There are several fac-
tors that led to short coil life
while using conventional crank-
shaft hardening technology:

e Traditional technology is
required to have a small air
gap (in some cases less than
0.5 mm) between the coil
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and surface of the heat treat-
ed feature. The combination
of small air gaps, relatively
prolonged heat time (7 sec to
12 sec), crankshaft surface
temperature (1750°F plus)
and a moist working envi-
ronment provide a favorable
condition for stress corro-
sion in the coil copper;

On the other hand, complex
brazed coil geometries with
numerous joints in combina-
tion with significant heat
exposure and the existence

encircling clamp-type coils. o

The first machine has been
built for one of the world’s lead-
ing automotive manufacturers
and a second machine is under
construction. The advantages of
the non-rotational system over
the conventional hardening sys-
tems were recognized immedi-
ately by the customer’s materi-
als, manufacturing and quality
engineers. Some of these fea-
tures include:

e The stationary method of

of electromagnetic forces
create a favorable condition
for stress fatigue coil failure
and crack development;

® Due to small air gaps, the
uncontrollable wear of car-
bide guides (locators), or to
an error of the non-contact
coil position tracking system,
the coil often makes acciden-
tal physical contact with a
rotating crank surface (a coil

on the crankshaft
This

results in physical damage to

“rides”
feature). sometimes
the coil and often leads to
premature coil failure.

STATIONARY HARDENING
PROCESS FOR CRANKSHAFTS
To improve on the above
mentioned drawbacks of the
conventional induction crank-
shaft hardening systems, a
new, non-rotational technolo-
gy has been introduced by
Inductoheat, Inc., Madison
Heights, MI. The Stationary
Hardening Process for Crank-
shafts (SHarP-C Technology)
eliminates the need to rotate or
move either the inductor or the
crankshaft during heating and
quenching while at the same
time eliminating high current
contacts required when using

heating without crankshaft
rotation provides several
practical benefits such as
simple operation, reliability,
maintainability, compact-
ness (using only 20 percent
of the floor space required
by a conventional method),
horizontal or vertical han-
dling, and cost reduction
(Figs. 2 and 3).

Reduction of shape/size dis-
tortion - one of the most
important factors in the heat
treating of crankshafts is the
amount of heat generated
within the crankshaft body
(including mains, pins and
counterweights). The great-
er the amount of heated
metal, the greater the metal’s
expansion, which in turn
causes greater distortion.
The non-rotational technol-
ogy requires a shorter heat-
ing time (typically in the
range of 1.5 to 4 seconds)
than that required conven-
tional machines (7 to 12 sec-
onds). This results in less
residual heat build-up in the
crankshaft (allowing for the
elimination of special cool-
ing systems that are typically
required for conventional
systems)
expansion to minimize size

and less metal

and shape distortion (typi-
cally less than 0.025 mm).

Short heating time improves
the metallurgical properties
of the hardened zone by
reducing grain growth, de-
carburization and oxidation
of the pin/main surface. The
hardened zone is clearly
defined without the “fuzzy
transition zone” that is pres-
ent when longer heat times
are employed. The case
depth consists of fine grain

martensitic micro-structure
with a negligible amount of
retained austenite without
any traces of free ferrites.

¢ Short pulse induction heat-
ing can also lead to “super
hardening,” a phenomenon
where hardness is increased
by 2 to 4 points HRC over

the normal maximum

SHarP-C Technology

250 Square Feet
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Gantry

Station
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Fig. 2 The stationary crankshaft hardening technology requires only 20% of the floor space required by a conventional crank-
shaft hardening systems.



hardness for a given grade
of steel. This may allow a
user to apply a lower steel
grade without sacrificing
surface hardness.

e With regard to electromag-
netics, any heated feature of
the crankshaft (main, pin, oil
seal) “sees” the stationary
inductor as an encircling
“closed form” coil with
induced eddy current flow
along the circumference of
the heat treated feature.
Using the conventional induc-
tion coil design ap-proach,
the heat sources are limited to
local eddy current loops only,
resulting in reduced coil effi-
ciency, especially above the
Curie temperature. The elec-
trical efficiency (or coil power
factor) of stationary coils is
therefore higher than “U-
shaped” coils and electro-
magnetic  field exposure
(external to coil) is negligible.

Since the features of the
crankshaft (main, pin, oil
seal) are exposed to sym-
metrical heating patterns
through the
hardening coils, the hard-

stationary

ness profiles are more con-

Fig.  Photograph of the non-rotational (SHarp-C)crankshaft induction hardening unit.

sistent (Fig. 4). When apply-
ing a “U-shaped” coil, there
is a non-symmetrical heat
mode. At any given time,
heat is applied to only one
half of the crankshaft fea-
ture (i.e., main or pin). The
second half of the pin or
main under goes a “soak-
ing-cooling” mode. The
non-symmetrical nature of
conventional inductors can
result in non-uniform hard-
ness profiles and possibly
egg-shaped distortion of
pins or main journals.

The stationary induction
hardening process is not very
sensitive to the irregular
shape of pin/main adjacent
masses (webs/counter-
weights). Coil design com-
bines a number of innovative
electromagnetic  solutions,
which makes the technology
insensitive to differences in
adjacent masses. The hard-
ness pattern shown in Fig. 4
illustrates this feature.

The controllability of the
stationary hardening pro-
cess is excellent. It is possi-
ble to modify the hardness
profile along the circumfer-

ence of the pins and the
mains as well as across the
width of the heat treated
feature. This controllability
can also be used to prevent
localized underheating or
overheating. For example,
where an oil hole is angled
relative to the surface, there
is less metal mass on one
side of the hole than on the
other; thus, a need to induce
different amounts of heat
within those areas exists.
Also, when the counter-
weight to the left of a jour-
nal is not identical to that
on the right, the heating can
be controlled to prevent pat-
tern drift from one side to
the other.

“Top-to-bottom” and “left-
to-right” cross-sections can
also be controlled. This
includes the so called “fish-
tail” area (or “split region”
of the coil) where in tradi-
tional induction systems
there is a distortion of the
electromagnetic field due to
a current cancellation phe-
nomena. As a result of this
phenomenon, a soft spot or
“necking” of harden pattern
could appear. As seen in Fig.
4, there are no soft spots or
hardness pattern “necking”
evident in the stationary
hardening process. In addi-
tion no “double-hoop” pat-
tern is seen using the sta-
tionary hardening process
(Fig. 5).

Some conventional “U-
shaped” inductors use car-
bide guides (locators) requir-
ing specific setup training
and experience in the proper
adjustment of the locators
allowing for human error.

o
=
a

Fig. 4 The hardness pattern on a
V6 crankshaft journal resulting from
the stationary hardening process.

Fig. 5 Schematic diagrams repre-
senting the hardness patterns on
crankshaft journals. The “double-
hoop” pattern in the top diagram is
typical for conventional crankshaft
hardening methods. The pattern in
the lower diagram is typical of the

stationary crankshaft induction
hardening process.
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These carbide guides ride on
the surface of the part being
treated at high temperature
and can introduce inclusions
into the pin/main surfaces
creating stress risers (this
particular factor can be dis-
missed if final grinding is
used). It is necessary to mon-
itor the wear of these car-
bides and their location.
Otherwise, the hardened
pattern can be shifted or the
induction coil can rub the
crankshaft surface, which
shortens the coil life.

e To achieve electrical effi-
ciency in an inductor, the
existing technology must
apply a variety of lamina-
tion packs in close proxim-
ity to the heated surface

(air gap between heated
surface and surface of the
laminations is often less
than 0.5 mm). The combi-
nation of radiation and
convection heat exposure
from the hot crankshaft
surface, along with the
inherent thermal cycling,
can shorten the life of these
lamination packs. With the
advanced stationary coil
design, these laminations
These
advanced coils utilize spe-

are unnecessary.

cial flux concentrators that
are much more durable,
have less chance of magnet-
ic saturation, and are not
exposed to as much heat or
magnetic forces as the lam-
inations used by conven-
tional methods.
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SUMMARY

In general, the stationary
hardening process for crank-
shaft hardening and temper-
ing is quality oriented and
more reliable because (1)
there is no rotation of the
crankshaft
requirement to move heavy

and thus, no
structures through the orbital
path during heating; (2)
coil/inductor design is more
robust meaning higher relia-
bility with a lesser number of
parts; (3) no wearing of loca-
tors or guides since the induc-
tors do not require contact
guides or complex coil posi-
tioning tracking systems of
any kind; and (4) crankshaft
pins and mains have superior
microstructural properties as

compared to conventional

crankshaft induction harden-
ing processes.

The SHarP-C is a cost effec-
tive technology. This novel
crankshaft hardening/temper-
ing process is designed with
ergonomics in mind, including
compact designs with reduced
floor space requirements down
to 20%. Machines are easier to
maintain and operate with sig-
nificant reduction of industrial
noise and a major improve-
ment in coil life. The use of cel-
lular approach (coil nests)
allows for simple and quick
changeover. [H
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