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Few of our customers provide i
details of the savings made ‘ ¥ 4 “"I | Y| I-h-'i B
traditional case-hardeni T

low-pressure carburizing. B
of them readily acknowl¢

occasionally in these colu

Today, we are waQ
modeling the cost ¢
processes, taking into,accoun
decisive variablesio I
after the heat treatment stage. Productvity gains resulting in enhanced process capacity
Before, given thesenhane

treatment performang In opting for low pressure, Sun Hydraulics has secured
be_made In terms 9 complete control of its carbonitriding process. Over the past
materials: better mec four years, the hydraulic valve manufacturer has been treating
properties can be obtained large production runs with this method, making it one of the

less expensive ste mainstays of its industrial expansion.
After, the perfect surface state o

“capability” and the |m has proved its worthonan  involved. In theory, the parts treated by
contr(?l of deformation \,N' industrial scale at Sun  Sun Hydraulics have an ideal profile for
quenching Iea_d Ly GAMEEN Hydraulics, which uses it for over  carbonitriding: they are made of mild
in non-quality cost. 10 million parts every year. The  steel, subject to fatigue, with a complex

cartridge valve manufacturer first and elongated shape. But the compo-
used the process in 2002 and nents are so small that the case
has since made impressive gains  hardening must be very shallow, only
in terms of productivity and reliabi- ~ 10/1,000th of an inch (0.25 mm), three
lity. In the past three o times smaller than the
years, the company has Slgn'flcant commonly observed ave-
maintained an annual improvement in  rage. Low-pressure carbo-
growth of about 25% uniformity nitriding is precise enough
without having to call on to control this parameter.
subcontractors for heat treatment. ~ "A shallow case depth is very difficult to
obtain consistently and accurately, espe-

Complex parts cially with long deep holes", Surry

treated parts, the better prg I ow-pressure carbonitriding ~ However, there were several difficulties

On heat treatment alone, savings
can exceed 10% for parts with a
considerable case-hardening
depth. Looking at the whole
process, potential savings go well
beyond: downstream operations
can be limited, and even cut out,
and these are often more costly
than the actual heat treatment.

Our job is to improve your
process as a whole. This is much

more interesting than just selling In the early 2000s, Sun Hydraulics ~ McFaul explains. "ECM low pressure car-
ICPB installations! was looking for ways to give a new  bonitriding is very effective at that.”
breath of life to the heat treatment
Laurent Combaz process it used for its components.

ECM, Chief Executive Officer The technology used at the time,  [aAUS SN eI R RZ00L)
plasma-assisted vacuum carbonitri-
ding, often failed to give satisfac-
tion. "We often had to re-run part of
the load because of poor consis-
tency", recalls Surry McFaul, metal-
lurgical engineer and heat treatment
process leader at Sun Hydraulics.

"We were looking for an alternative."
The company carried out its first low-
pressure tests at ECM. The results
showed a significant improvement in
uniformity.
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Step gas quenching
The ideal formula for reducing

deformation

To minimize deformation, ECM has developed an innovative step
gas quenching process that takes advantage of the flexibility of
the installation. Much better quality can be achieved by ensuring

[ TECHNOLOGIES

that the quenching process follows the continuous cooling

diagram of the steel as closely as possible. This has been confir-
med by tests on deformation-prone components.

process can be controlled by varying

two parameters: the gas pressure and
mixing rate. This flexibility opens up
some interesting prospects: "On compo-
nents subject to distortion, step quen-
ching with variations in intensity can be
used to minimize deformation™ explains
Benoit Rossignol, ECM R&D manager.

I n gas quenching, the intensity of the

This has been confir-
med by the latest
series of tests, carried
out since spring 2006
with General Motors.

Conclusive results
ECM compared the

ECM R&D manager:
“Developing a step
quenching process is
a quality-assurance

results of step quen-
ching with so-called
"direct" quenching at
constant intensity. On
transmission gears, the
measured distortion
range on lead variation was reduced on
average from 13 to 4 um, below the tar-
geted deformation threshold. On trans-
mission ring gears, out-of-roundness
defects are reduced by a factor of four.
Moreover, in both the above cases, the
results obtained are highly consistent
throughout  the  furnace  load.
"Deformation and consistency are dealt
with at the same time" says Benoit
Rossignol.

Benoit Rossignol,

procedure

How can such improvements be explai-
ned? Step quenching enables the pro-
cess intensity to be adjusted at critical
stages where deformation is more likely
to be produced. Viewed as a whole, the
formula can be likened to a three-stage
cooling process, “closely following the
continuous cooling transformation (CCT)
diagrams of the steels, that are well
known to metallurgists”, adds Benoit
Rossignol.

Avoiding residual stresses
For maximum consistency, the furnace
load temperature is first lowered at the

The importance of the material

end of heat treatment and - as a
first step — quenching is initially rela-
tively gentle with moderate gas pres-
sure and mixing. Quenching
intensity then gathers pace, to avoid
the formation of bainite and pearlite
phases as much as possible.

Then — for the second, more criti-
cal, step — quenching is paused for
a few seconds before the marten-
site transformation stage. Gas
mixing is suspended, thereby pro-
moting conduction within the
component. This prevents an
excessive temperature difference
between the surface and core of
the component, a factor inducing
residual stress factor, and thus
deformation during this marten-
site transformation.

Finally — the last step — with maxi-
mum quenching. The faster the
martensite cooling rate, the bet-
ter the mechanical qualities of the
steel.

By anticipating and minimizing
deformation, step quenching
optimizes the entire heat treat-
ment process and thus reduces
the total production cost: fewer
rejects, less straightening opera-
tions and fewer defect repairs.
“Developing a step quenching
process is a quality-assurance
procedure”, explains Benoit
Rossignol. Is that a reason for
making it standard practice? "It
all depends on the shape of the
components" replies the expert.
Some parts which are not sub-
ject to deformation do not need
it. For other components, step
quenching opens up new pros-
pects. ECM has a specific
method and tools, such as the
QuenchAL quenching simulation
software developed by Air
Liquide, to help its clients esta-
blish the ideal formula.

In the field of deformation control, alloy composition plays a determining role.
For certain steels, more suited to gas quenching than others, a fairly low gas
pressure can be applied, between 5 and 12 bars. This reduces thermal
shock and thus minimizes distortion. In addition, the CCT diagram for steels
of this type may exhibit bainite and pearlite "noses" shifted to the right.

As a result, the cooling diagram crosses practically only the austenite and
martensite phases, thereby approaching the theoretical ideal case.

"To optimize deformation, both the quench and the material need to be

adapted" specifies Benoit Rossignol.
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"Cycle times divided by
four for our truck axle

components!"

Interview with Jean Merlin, heat treatment specialist,

Renault Véhicules Industriels

Production manager with Renault Véhicules Industriels (RVI), Jean

"Our market requires case-
hardening depths of one to two
millimeters, with high sub-layer
hardness values™

Merlin initiated and led the changeover to low-pressure carburizing
at RVI's Vénissieux plant (France). This heat treatment expert looks
back on the productivity gains achieved in the manufacture of pinion

and ring gears for truck axles.

ot News: By installing an ICBP at its
H Vénissieux plant in 1999, RVI became one

of the pioneers of this technology for the
production of Heavy Goods Vehicles (HGV) trans-
missions. How was this changeover decided?
Jean Merlin: A series of trials was conducted for
technical validation purposes. These trials showed
a substantial reduction in treatment time for our
components compared to atmosphere heat treat-
ment. The first ICBP was commissioned when the
"axle" activity was transferred to Vénissieux,
thereby avoiding the incidental costs involved in
relocating and restarting the
atmosphere heat treatment
facilities. A second unit
followed in 2000.

HN: Cycle time was reduced
from 31 hours in an atmos-
phere unit to seven in an
ICBP. How do you explain
this enormous difference?
J.M.: Several factors contri-
buted to these substantial gains. Trucks rings and
pinions are voluminous components subjected to
high bending stresses and pressure. It was there-
fore necessary to produce case-hardening depths
of one to two millimeters, with high sub-layer hard-
ness values. In these conditions, the considerable
increase in carburizing temperature and penetra-
tion speed that are
characteristic of the
ICBP play their role
to the fullest. The
process also proves
to be extremely uni-
form and precise.
As a result, the desired case-hardening depth is
obtained without having to aim for greater depths,
a factor that used to increase treatment times.
Moreover, with ICBP there is no longer any waiting
time for restoring atmosphere quality between
loads in a continuous furnace.
And finally, another major
change: treatment is no longer
a question of number of
pushed/pulled trays, but rather
loads of variable weight
(125 kg to 500 kg). All in all,
the process lasts a quarter of
the time. A word of caution
however: these results are
possible only if steel quality is
carefully controlled prior to heat
treatment.

"Joint action on the
steel and on the
heat treatment”

A pioneer of low pressure
technology for HGV
transmission components

HN: Does this mean that you had to refine the metallur-
gical properties of the steel used?

J.M.: Yes, this is essential to the whole process. The pro-
perties of our steel - 18NiCrMoS4 (8620) — were refined
because of the simultaneous adoption of gas quenching:
we optimized its quenchability in order to obtain the
expected hardness and case enrichment profile. The key
to success was thus a combination of improved steel
and improved heat treatment process!

HN: We've seen truck rings and pinions withstanding
severe conditions. What was the impact of low-pres-
sure carburizing on their fatigue
strength?

J.M.: In certain cases this was dou-
bled or even multiplied by 2.5. This is
an important gain because fatigue
strength is a pivotal reliability crite-
rion for this market sector. After pre-
liminary homogenization of the steel
batches, we improved the bending
fatigue strength by optimizing the
tooth root hardness. In addition, the

VO’“’"’”"“? case-hardening curve enhances pres-
components . .
subjected to high ~ SU'® fatigue strength. This leads to a

substantial reduction in pitting, case-
crushing and other defects.

bending stresses
and pressure

HN: How would you judge the capacity of the ICBP to
reduce deformation?

J.M.: From the earliest industrial tests, we found extre-
mely low component deformation rates. Here again, this
results from the initial work on the steel and the flexibi-
lity of the ICBP, in particular temperature ramp and coo-
ling rate adjustment, coupled with strict control of the
profile of the case-hardening layer. | should add,
however, that for this type of component, the question of
deformation is of lesser importance. With experience,
we realized that a deformation of one or two microns has
a negligible impact: the success of the process lies
above all in the hardness and service life of the compo-
nents produced!
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A sufficiently
precise process to
allow shallow case
hardening: 0.25 mm

Surry McFaul, heat treatment process
leader at Sun Hydraulics: “Equipment
failure rate has plummeted by 90%"

Doubling production

In 2002, Sun Hydraulics decided to
convert the first of its two existing carbo-
nitriding installations. The second one
was converted in 2003.

imagined that we might double
the number of parts in each
load", the metallurgist outlines.
"It gave us a tremendous boost
in productivity providing increa-
sed capacity.”

Not only was output doubled,
but Sun Hydraulics also found
that low-pressure carbonitri-
ding has made it simpler to
maintain its installations.
Preventive maintenance ope-
rations can now be performed
just twice a month instead of
every week, while servicing
can be carried out annually
instead of every 6 months.
Even better, the furnace fai-
lure rate has plummeted by
90% in comparison with the
former equipment.

Summing up the

The process would now Return on situation, Surry
be performed at low pres- investment has McFaul has no
sure and plasma-assisted hesitation in clai-
vacuum technology aban- taken less ming that the
doned. In addition to grea- than a year return on invest-

ter uniformity, other areas

for improving productivity that had been
pinpointed during the tests could now be
exploited. "We obtained promising
results with denser loads, but we never

Target: 5,000 psi/345 bar

ment in changing
over to low-pressure carboni-
triding has taken less than a
year. And certain other, non-
quantifiable, aspects should
not be overlooked either: "In
the early days, we tended to
ask ECM to prove every fact
they gave us. Over time, we
now feel that we can trust
what they tell us."

Over 10 million cartridge valve components treated every year

Ma Xiaoli has just joined ECM's team
in Beijing, as customer support
engineer. Ma spent more than 10 years
as metallurgical and heat treatment
manager at Xian Aero Engine Co. Ltd.,
a post that gave her the opportunity to
invest in an ECM low-pressure
carburizing installation! Ma will
therefore be
providing expert
assistance to our
existing customers
and will be
leading test
programs for our
future projects.

ECM recently participated in the congress
of the Associazone Italiana di Metallurgia
(AIM) which was held from 22 to

24 November 2006, in Milan. Devoted to
the mechanical properties of heat-treated
parts and to low-pressure carbonitriding,
our presentation was a resounding
success, in front of an audience of

150 professionals.

If you would like a copy of this
presentation please write to us at
ecm@ecm-ip.com

In September 2006, ECM took possession
of new offices in the center of Detroit, the
cradle of American car-manufacturing.
Located in close ]
proximity to our o g
. .
customers, this = “ kN
new branch oAl - v
office is run by F .
Bill St Thomas, By |
key account
manager.

This will be our second installation in
India: the Fiat-TATA joint venture has
decided to purchase an ICBPy 600 TG/TH
unit for the heat treatment of manual
gearbox components. For the same type
of application, Volkswagen Argentina
has renewed its trust in ECM by
ordering a third ICBP 600 TG unit.
For its part, Bodycote is establishing
itself in Mexico with the acquisition
of an ICBPy 500 TG unit designed
for the case-hardening of automatic
transmission components for GM.
Finally, in the military aeronautics
sector, the Chinese OEM Factory 143
will be acquiring a Fulgura Duo 644 TH
installation.




