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the material and the property
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GEAR HEAT TREATMENT TODAY

oday, atmosphere carburizing of
gears is the de facto standard by
which all other hardening tech-
niques, including induction, are
measured. The process will con-
tinue to be a dominant tech-
nology well into the future due
inpart to its proven results, wide
acceptance, high productivity capa-
bility, energy choice (primarily gas),
and an established equipment and
empirical knowledge base.

It is important to note that atmos-
phere carburizing of gears can be
made better through techniques such
as preheating of loads to minimize
case depth variation, and improved
atmosphere control methods such as
multi-gas analyzers. Vacuum carbur-
izing, by comparison, has been slow
to make significant in-roads but is
rapidly gaining momentum due in
part to its appeal as a “CNC” heat
treatment technique where the knowl-
edge base resides in the equipment
rather than in the operator.

Process selection

Process selection is one of the im-
portant considerations in gear heat
treatment today. It is often dictated to
us by existing heat treating equipment
ormachine tools and these can play a
major (negative) role in the resultant
microstructure — that is, the case, core,
and surface properties obtained.

For example, off-highway trans-

Fig. 1— Off-highway transmission gear.

mission gears, made of AISI 8822[1
material (Fig. 1) and weighing 12 kg
(26 Ib) each, required carburization to
an effective case depth of 1.27 mm
(0.050 in.) with a surface carbon cor-
tent of 0.85%. An as quenched hard-
ness of 65 to 67 HRC was desired,
tempered back to 58 to 64 HRC. The
core hardness requirement was 28 to
44 HRC.

Although these gears have beenat-
mosphere carburized and press or
plug quenched for years, today an al-
ternative technology, vacuum carbur-
izing with high pressure gas
quenching is being specitied. The use
of variable gas pressure and flow tech-
niques has successfully replaced oil
quenching. The process parameters
(Fig. 2) used for these gears can pro-
duce different core microstructures
(Fig. 3) and different case depth pro-
files (Fig. 4). With high pressure gas
quenching, the core hardness can be

Carburizing method
Process parameter Atmosphere Vacuum
Temperature 940°C (1725°TF) S40°C (1725°F)
Boost time 300 min. 32 min.
Diffusion time 120 min. 314 min.
Hardening temperature 845°C (1550°T) 845°C (1550°F)
Quenching method Qil @ &0°C (140°F) Nitrogen gas @ 20 bar
Tempering temperture 175°C (350°F) 175°C (350°F)
Tempering time 2h

Fig. 2 — Carburizing process parameters,
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GEAR HEAT TREATMENT TOMORROW

Tomorrow’s gear industry is de-
manding higher power output from
smaller, lighter, more versatile pack-
ages. This goal requires optimization
of performance related issues, such as
noise and weight reduction, dimen-
sional control over geometry, and cp-
timization of service life issues, such
as bending and contact fatigue
strengths and surface wear resistance.
Reducing noise in spur gears, for in-
stance, requires designs with a greater
number of thinner teeth for higher
contact ratios. As a result, heat treating
processes that yield shallower case
depths and high (0.90%) surface
carbon levels are required.

The technology triangle (Fig. 6) tells
us three things: product engineering
is fueling precess development (such
as vacuwm and induction carburizing);
materials engineering is demanding
new equipment development (via the
creation of modular systems with de-
coupled efficiencies and total variable
monitering and contrel); and, perfor-
mance engineering is giving rise to ex-
pert systems development (intelligent
sensors and model driven simulators).

The North American carburizing
market today (Fig. 7) is dominated by
atmosphere carburizing equipment
and will remain so tomorrow (Fig. 8).
Yet the rapid developments in
vacuum carburizing technology will
continue to add a dramatic element to
the industry in the near future.

Applications

Nothing illustrates the change
taking place in the heat treating
process selection area better than to

look ata number of challenging gear
applications where vacuum carbur-
izing has been found process capable.

* Automotive. AISI 4820 sun gears
(Fig. 9) are vacuum carburized at
930°C (1700°F) to an effective case
depth of 0.75 to 0.90 mm (0.030 to
0.035 in.) and then pressure quenched
at 12 bar using nitrogen. Load weight
is 500 kg (1100 1b).

Made of powder metal (AISI 4142
equivalent), transmission gears (Fig,.
10) having areas where the density is
775 g/ om’ (028 1b/ in.3) are vacuum
carburized at 880°C (1650°F) to an ef-
fective case depth of 0.36 mm (0.014
in.) and high pressure gas quenched
using 12 to 15 bar nitrogen. As an al-
ternative, these parts can he oil
quenched. Load weight is 315 kg (700
1b).

» Off-Highewoay, AISI 8620 transmis-
sion gears (Fig. 11) are vacuum car-
burized at 980°C (1800°F) to an effec-
tive case depth of 1.15 to 1.65 mm
{0.045 to 0.065 in.) and pressure
quenched at 20 bar using nitrogen.
Load weight is 430 kg (950 Ib). As an
alternative, these parts can be oil
quenched and plug quenched.

AISI 9310 ring gears (Fig. 12) are
vacuum carburized at 960°C (1750°F)
to an effective case depth of 175 to 2.30
mm (0.070 to 0.090 in.) and pressure
quenched at 11 bar using nitregen.
Load weight is 500 kg (1100 1b).

* Heavy Truck. AISI 8620 transmis-
sion gears (Fig. 13) are vacuum car-
burized at 960°C (1750°F) to an effec-
tive case depth of 1.15 to 1.65 mm
(0.045 to 0.065 in.) and pressure
quenched at 7 to 10 bar using nitrogen.
Load weightis 160 kg (350 1b).

AISI 9310 pinions (Fig. 14) are
vacuum carburized at 960°C (1750°F)
to an effective case depth of 115 to 1.65
mn (0.045 to 0.065 in.) and pressure
quenched at 7 to 10 bar using nitrogen.
Load weight is 225 kg (500 1b).

* Aerospace. AISI 9310 transmission
gears (Fig, 15) are vacuum carburized
at 960°C (1750°F) to an effective case
depth of 1.40 to 1.65 mm (0.055 to
0.065 in.) and pressure quenched at6
bar using nitrogen. Load weight is 360
kg (790 1b).

Engineered materials

Another driver in the gear tech-
nology of tomorrow will be n the area
of engineered materials. In the past
materials have been developed by erm-
pirical means, tomorrow they will be
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developed from a fundamental un-
derstanding of all aspects of material
science. These design based materials
will offer a broader range of perfor-
mance but also demand new and dif-
ferent heat treatments.

Conclusions

The heat treatment of gears has en-
tered a new era of rapid evolution.
This bodes well for the future of the
heat treatment industry as the revolu-
tion in materials development neces-
sary to meet even more stringent per-
formance demands is being met by
equipment with extrerne process tlex-
ibility. If heat treatiment is to survive
in the 21st century, it must be the most
cost effective technology available. The
changes now underway in the heat
treatment industry will assure its cor-

tinued growth and prosperity. ~ HIP
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Fig, 15— AISI 9310 brnsmission gears,
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