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FIG. 1

(57) Abstract: The invention relates to improvements in the induction hardening of crankshafts made from spheroidal graphite (SG)
cast iron containing an orifice. At least one selected portion of the crankshaft is heated by induction heating from ambient temperat -
ure, at which the structure of the spheroidal graphite cast iron is pearlite, to a temperature at which the structure of the spheroidal

graphite cast iron transforms to austenite. The crankshaft is subsequently cooled in a gaseous medium, such as air, to a temperature
at which the structure of the spheroidal graphite cast iron transforms at least in part to martensite.
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METHOD FOR INDUCTION HARDENING OF CRANKSHAFTS MADE FROM SPHEROIDAL GRAPHITE

CAST IRON AND INDUCTION HARDENED CRANKSHAFT

TECHNI CAL FI ELD
The invention relates to inprovenents in the induction
hardeni ng of crankshafts made from spheroidal graphite (sg

cast iron.

BACKGROUND

It is a known practice to inprove the wear and fatigue
characteristics of conponents, such as crankshafts, by
i nducti on hardeni ng. I nduction hardening is a form of heat
treatment which uses an electromagnetic induction coil to
produce | ocalised heating. The heated conponent is
subsequently cooled by quenching with a liquid to induce a
nmetal lurgical transformation to produce a hardened surface.
I nduction heating is a particularly convenient process to
achieve this as it is a non-contact heating process which
can target a specific area, or areas, of the conponent. This
is particularly desirable for crankshafts which have a
nunber of bearing surfaces provided by the main journals
("mains") , and the crankpins ("pins") , the axes of which are
offset from that of the main journals, wth oil ducts

connecting the mamins and the pins.

When induction hardening conponents such as crankshafts
and the like, which include oil ducts or other orifices,
surface cracking may occur in the conponent particularly
where the oil duct is not at a right angle to the conponent
surf ace. This may be attributable to the masses of netal
between the oil duct and the crankshaft surface being
| argely unequal, though various other causes have been

proposed .
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Cast iron has a nunber of advantages for use in
autonotive parts, such as crankshafts, in that it is |less
expensive than steel, is easy to cast and machine, has good
wear and deformation resistance and has a reasonable tensile
strength. However many cast irons tend to be brittle. SG
cast iron, on the other hand, is nore flexible and elastic
than nost varieties of cast iron, and has a simlar stress

strain curve to that of steel.

The prior art induction process works well for forged
steel conponents, but it has been found that surface
cracking can occur within the oil duct of components nade
from other materials, such as crankshafts made from

spheroi dal graphite (s cast iron.

SUMVARY

According to the present disclosure there is provided a
met hod of induction hardening a crankshaft made from
spheroi dal graphite cast iron, conprising the steps of
selecting at |east one portion of the crankshaft to be
hardened; heating only the at |east one selected portion by
i nduction heating from anmbient tenperature, at which the
structure of the spheroidal graphite cast iron is pearlite,
to a tenperature at which the structure of the spheroidal
graphite cast iron transfornms to austenite, and subsequently
cooling the at |east one selected portion in a gaseous
medium to a tenperature at which the structure of the
spheroi dal graphite cast iron transforns at least in part to

martensite .
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The present disclosure further conprises an induction
har dened crankshaft in which at least a portion of the
surface has been heated by induction heating from anbient
temperature, at which the structure of the spheroi dal
graphite cast iron is pearlite, to a tenperature at which
the structure of the spheroidal graphite cast iron
transfornms to austenite, and subsequently cooled in a
gaseous nmedium to a tenperature at which the structure of
the spheroidal graphite cast iron transforms at least in

part to martensite.

BRI EF DESCRI PTI ON OF THE DRAW NGS

A non-limting enbodinment of an induction hardened
crankshaft produced by the nethod of the present disclosure
i s now described, by way of exanple, with reference to the

acconmpanyi ng drawings in which:-

Figure 1 is a side elevation of a part of a crankshaft
for an internal conbustion engine;

Figure 2 is a schematic diagram showi ng |localised sites
of induction hardening; and

Figure 3 is a schematic diagram show ng additiona

| ocalised sites of induction hardening.

DETAI LED DESCRI PTI ON

Figure 1 illustrates one exanple of a conponent which
may be induction hardened by the nethod of the present
di scl osure. The conponent is in the form of a crankshaft 10
for an internal conbustion engine and includes oil ducts.
Crankshafts 10 generally conprise main journals 11 aligned
on the crankshaft axis 12 which provide highly polished
radially facing circunferential bearing surfaces on which

the main bearings may be nounted. Located between the main

4354670
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journals 11, and offset from the crankshaft axis 12, may be
crankpins 13, which may be highly polished surfaces to which

the connecting rods can attach.

The main journals 11 and crankpins 13 may be connected
by webs 14. The webs may have opposed surfaces, each
defining an annular face arranged inmediately adjacent the
respective journal 11 or crankpin 13 and which may serve
during machining as a reference plane. Were the main
journals 11 and crankpins 13 attach to the annular faces
there may be a radiussed fillet 15. Each adjacent pair of
main journals and crankpins 11,13 may be interconnected by
oil ducts which may extend away from an orifice 16 in the
surface of said main journals and crankpins 11,13 to

distribute |lubricant therebetween.

In an alternative arrangenment, the fillets 15 may be
undercut, as shown in Figure 2. This may be to accommodate
fillet rolling, which is a nechanical process used to
conpress the material in the vicinity of the fillet radius
to strengthen the crankshaft 10. Furthernore the orifices
16 may have a chanfer 17 at their nmouths in the journal

sur f aces .

The crankshaft 10 is made from SG cast iron, which is
al so known as ductile iron or nodular iron and is available
in different grades, which are characterised by their
tensile strength and el ongation. For exanple, the
crankshaft 10 may be made from SG cast iron material grade
850/ 3 which would have a minimum tensile strength of 850MPa

with a mninmum elongation of 3%

4354670



10

15

20

25

30

WO 2013/087650 PCT/EP2012/075131

_5_

The induction hardening process may be carried out by
an induction machine. The crankshaft 10 may be held in the
machi ne and arranged to rotate about the axis of the main
journals 11. The machine may include a nunber of identical
(or at least simlar) tools arranged in a row, each tool
bei ng designated for a particular journal 11,183. The tools
assigned to the main journals 11 may remain substantially
stationary while tools assigned to the crank pins 13 may
nove therewith as they rotate around the axis of the main
journals 11. Each tool generally conprises a "heating

portion” and a "cooling portion".

The heating portion of the tool may conprise a copper
i nductor having a semcircular recess at its |lower face
which is sized to locate around its respective journal
11, 13. The inductors provide an alternating nagnetic field
whi ch induces an electrical current within the netal,
thereby creating heat. The inductors may be generally
fork-shaped and may be designed for the geonetry of the
conponent being hardened, the desired hardening requirenments
and the material of the component wundergoing treatnent. The
copper inductors, wusually with steel l|amnation flux
intensif iers, receive electrical power for a pre-determ ned
period in order to generate sufficient heat to raise the
crankshaft tenperature to the required |evel. For exanpl e,
it may be necessary to raise the tenperature of the required
portion of the conponent from anbient tenperature (about
20°C) to approximately 850°C to achieve the desired initial
netal lurgical transformation, i.e. pearlite to austenite.
The electrical power and pre-determned period may be
inversely proportional such that greater electrical power
results in a reduced heating period. For exanpl e,

approxi mately 40-50 kW of electrical power may be directed
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to each copper inductor over a pre-determned period of 16
seconds for the crank pins 13 and 20 seconds for the main

journals 11.

Optionally, the process mmy include a brief pause
between the heating step and the cooling step to allow any
| ocalised tenperature gradients to equalise. This step my
last for as little as several seconds and during which tine

no power or coolant may be directed through the tool.

The cooling portion of the tool may include various pipes
carried on the tool and nozzles provided on the end of the
pi pes may be arranged near the semi-circular recess for
delivering coolant to the heated surface. In the
aforenentioned prior art process the liquid coolant typically
conprises a specially formulated polynmer quenchant and may be
delivered at, for exanple, approximately 3.5 bar (350 KPa)
pressure and at a quench tenperature of 25°C Quenching time
may vary according to various factors, such as quenchant
pressure, quenchant tenperature, the initial material
tenperature and the desired quenched tenperature. Typically
the quenchant tinme may be around 10 seconds to bring the

conponent tenperature to around 100-°C

Once quenched, the crankshaft 10 nmay be nmoved to a cold
shower to renove any residual heat and reduce its
tenperature for nechanical handling, although this step is

opti onal

According to the present disclosure, induction
hardening is achieved at one or nore selected portions 20 of
the crankshaft 10 using a nodified version of this prior art

process. The nodified process conprises heating the
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crankshaft from ambient tenperature and cooling it using a
gaseous nedium to a tenperature at which the structure of

t he spheroidal graphite cast iron transfornms to martensite.

In the first exanple shown in Figure 2, the selected
portion (s) 20 may include portions of the surfaces of the
main journals 11 and crankpins 13 of the crankshaft 10. I'n
the second exanple shown in Figure 3, the selected portions
20 may include portions of the surfaces of the main journals
11, the crankpins 13 and also the radiuses 15 and possibly a
portion of the annular faces 21 proximal to the radiussed

fillets 15. Hardening of the aforenentioned surfaces helps

to inmprove, in particular, wear resistance. Hardening of the
radiussed fillets 15 helps, in particular, to inprove
fatigue resistance. |In both exanples, the induction

hardening process may include the steps of locating the
copper inductors over the journals and crankpins 11,13,
rotating the crankshaft 10 and then directing electrical
power of a predefined magnitude through the copper inductors
for a predeterm ned tine. The shape and |ocation of the
copper inductors may vary slightly depending on the size of
the selected areas to be heated and, as such, the copper

i nductors used to heat the different crankshafts 10 shown in
Figures 2 and 3 are of different shapes. The el ectrical
power and the pre-determned time my be selected according
to the desired tenperature of the selected surface of the
conponent 10, which may be in excess of 850°C For exanpl e,
the electrical power through each copper inductor nay be
around 40-50kw and the pre-deternmined time may be

approximately 20 seconds.

The cooling step of this nmethod requires the crankshaft

10, or nore particularly the selected portions 20 of the
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surfaces, to be subjected to a coolant in the gaseous phase.
For instance, the coolant may be at atnospheric pressure and
applied to the selected surfaces for a predetermined tine.
Alternatively, the coolant may be pressurised so as to
reduce the predetermined tinme for which the selected
surfaces are exposed to the cool ant. The cool ant my

conprise air or alternative gaseous conpositions.

In terms of nmetallurgy, as the SG iron is heated from
anbient (room) tenperature its structure transforns from
pearlite to austenite. Wien the SG iron is cooled or
guenched to a certain tenperature the austenite transforns
to martensite, which is hard. It is the metallurgical
transformati on, either in full or part, that produces the
har dened potions 20. Wuwere a partial transformation occurs
austenite is present with the martensite. As austenite is
relatively soft, whilst nartensite is significantly harder,
it my be desirable to have a greater proportion of

martensite in the selected areas of the conponent.

The tenperature to which the crankshaft is cooled nmay
be 180°C, or 150°C or 100°C. The cooling rate may also
affect the metallurgical transformation and may be at | east
5°C per second, or at least 3°C per second. Faster cooling
rates may be chosen for comercial reasons to speed up the

production process.

The size of the crankshafts 10 may vary according to
the size of the engine in which they are to be installed.
In one of the exanples shown in the figures, the dianeter of
the main journals is 76mm and the dianeter of the crankpins
i's 68mm In the other exanple shown in the figures, the

di aneter of the main journals is 84mm and the dianeter of
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the crankpins is 68mm The above described process results
in a hardened portion 20 of approximately 2mm deep, although
the depth can be adjusted by varying the paraneters

associated with the tools and the process.

| NDUSTRI AL  APPLI CATI ON

The process described herein has been shown to reduce
the severity and speed of quenching and to produce |ess
stress in the oil ducts 16. This provides a corresponding
reduction in surface cracking. This process produces at
| east a layer of hardened material through which any cracks
occurring in the unhardened material below this |ayer cannot
pr opagat e. The SG iron "hardenability"” is very high and the
gaseous cooling allows the netallurgical transformation to

occur .

The nethod has industrial applicability in the
production of crankshafts 10 and other conponents made from
SG iron which require induction hardening to reduce
distortion, to limt wear and nechanical damage and to

enhance strength.

In many prior art processes, the whole conponent is
heated in a prelimnary heat treatnment prior to induction
hardening, to effect desired netallurgical changes prior to
the induction heating step. This neans that there is a large
mass of material at a high tenperature (both before and
after the induction hardening step) . In the process of the
present disclosure the induction hardening step is conmmenced
when the conponent is at anbient tenperature, and on
sel ected portions only, so the overall tenperature of the

conponent is lower. This has an inpact on the required
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cooling paraneters, in particular the cooling rate.
Furthernore the operator does not have to handle very hot

conmponents to place them in the induction machine.

This process enables the use of a gaseous nedium for
guenching, which provides a less severe quenching effect
than liquid. However the cooling step nust be perforned in a
manner which enables sufficient netallurgical transformation
of austenite to martensite to occur to avoid the
aforenenti oned cracking problenms. |f the cooling conditions
are not right, the transformation may produce bainite, which
does not have the desired properties of martensite, or

pearlite may reform
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CLAIMS:

1. A method of induction hardening a crankshaft made from
spheroi dal graphite cast iron conprising the steps of
selecting at |east one portion of the crankshaft to be
hardened; heating only the at |east one selected portion by
i nduction heating from anbient tenperature, at which the
structure of the spheroidal graphite cast iron is pearlite,
to a tenperature at which the structure of the spheroidal
graphite cast iron transfornms to austenite, and subsequently
cooling the at |east one selected portion in a gaseous
medium to a tenperature at which the structure of the
spheroi dal graphite cast iron transfornms at least in part to

martensite .

2. A nmethod as clainmed in claim 1, wherein the gaseous

medium in which the selected portion is cooled is air.

3. A nethod as clained in claim 1 or claim 2, wherein the

gaseous nedium is above atnospheric pressure.

4. A method as clainmed in any one of the preceding clains

in which the selected portion is heated to at |east 850°C

5. A method as clainmed in any one of the preceding clains,

wherein the selected portion is heated for about 20 seconds.

6. A method as clainmed in any one of the preceding clains,
wherein the main journal or journals define a crankshaft
axi s about which the crankshaft is rotated during the

heating step.
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7. A method as clainmed in any one of the preceding clains,
in which the selected portion is cooled to a tenperature of
180°C or |ess.

8. A nethod as clainmed in claim 7, wherein the selected

portion is cooled to a tenperature of 100°C or |ess.

9. A method as clainmed in any one of the preceding clains,
in which the selected portion is cooled at a rate of at

| east 3°C per second.

10. A nmethod as clained in any one of the preceding clains,
in which the selected portion is cooled at a rate at | east

5°C per second.

11. A nmethod as clained in any one of the preceding clains,
wherein the selected portion is cooled in the gaseous medi um

for a duration of between 5 and 120 seconds.

12. A method as clained in claim 11, wherein the selected
portion is cooled in the gaseous nedium for a duration of 20

seconds .

13. A nmethod as clained in any one of the preceding clains,
wherein the crankshaft further includes at |east one web

di sposed between an adjacent main journal and crankpin,
wherein the step of selecting a portion to be hardened
includes selecting at least one main journal, at |east one
crankpin and parts of the webs imediately adjacent the

selected main journals and crankpins .

14. An induction hardened crankshaft in which at |east a

portion of the surface has been heated by induction heating
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from anbi ent tenperature, at which

PCT/EP2012/075131

the structure of the

spheroidal graphite cast iron is pearlite, to a tenperature

at which the structure of the spheroidal graphite cast iron

transforns to austenite, and subsequently cooled in a

gaseous medium to a tenperature at

which the structure of

the spheroidal graphite cast iron at least in part

transforns to nmartensite.

15. An induction hardened crankshaft as clained in claim 14

conprising at least one main journal and at |east one

crankpin with an oil duct forned between adjacent nain

journals and crankpins .
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