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Development of High Performance Low Pressure Carburizing System

Won-Bae Kim', Sang-Keun Dong, Byoung-Lok Jang*, Hyoung-Ki Han*,
Han-Suck Kim**, Han-Chang Cho***
KIER, 71-2 Jangdong, Yusungku, Daejeon, Korea
*R&D center for Energy, SAC, Cheonan 303-807, Korea
*KIMM, 172 Jangdong, Yusung, Daejeon, Korea
**RIST, 32 Hyojadongsan Namku, Pohang, Korea

Abstract The development of eco-friendly low pressure carburizing system with high pressure gas quenching
(LPC-GQ, 500kg/charge) led to new stage in‘the fundamental case-hardening treatments. This is due to its ability
to provide tighter tolerances on the carburizing process with notable reductions in distortion of the carburized and
hardened workpiece. This system is characteristics by high uniformity and reproducibility of heat treatment
results, absence of an intergranular oxidation layer, carburizing of complex shapes, reduced cycle time, low oper-
ating costs, simplified production, eliminate post washing, and reduced grinding costs.

(Received September 1, 2006; accepted September 26, 2006)
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Table 1. Comparison of new process and old rpcess

New process Old process
(LPC &HPGQ) (Atmospheric carburizing)

Structure Pressure vessel(insulating + metal ) Fire bricks
Carburizing gas Pure gas(C;H,, CH, etc) RX (C0O20%, H,40%, N,40%)
Gas Generator No necessary Necessary
cooling High pressure gas (N,, He) Oil quenching
To be treated Gears with complicated type Gears
Control Carbon mass flowrate(Mc) CO contents (C%)

- Short time of process

- Wider flexibility for het-up & down
Merits - Cut down O.f post process - Low cost for investment

- Energy saving(gas electricity)

- Homogeneous carburizing

- Eco friendliy facility

- Long time for heat-up

Demerits - High cost for investment - Environmentally problem

- Non homogeneous carburizing

20D5/06/27 18:26

Fig. 1. Batch system of low pressure carburizing and
high pressure gas quenching.
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Table 2. The design concept for carburizing furnace.
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Items Main concept Detailed contents
« No leakage » O-ring groove machined without horizontal wrinkles
8 » NBR used as door sealing material
Structure -
- Double iacket » Water cooled double jacket
J » Separator for strength and homogeneous cooling
« Materials » Graphite felt used and designed to easy dissemble and assembie for

the maintenance.

Inside structure
« Manufacture

» Cross over type manufacture to have heatloss.
» Fixture as special holts

Bridge roller » Traversing roller

» Separate driving mechanism with independent motor
« Carbon steel used as materials

Carburizing gas « Direct injection

« Install symmetrically

Recirculation fan | « More active diffusion

e Graphite used as material
* Keeping speed in 1,000 RPM

Fig. 2. Section view of carburizing chamber.
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Fig. 5. Monitoring screens of control system.
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Table 3. Specification of transmission gears to be
carburized

Material SCM722H2
Requirements Present level
Carburizing depth | 0.4~0.7 mm 0.65~0.7 mm
Hardness Hv650 | Hv750~800
Inter-granular under 20 pm 5~10 um
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Fig. 6. Heating pattern of this system.
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- energy consumption rate

Fuel consumption rate {16 4 keal/ton batch]
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Fig. 7. Fuel consumption of LPC_GQ.
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Table 4. Heat Balance
Input [10" keal/ton] (%) Output [10* kecalfton] (%)
1 LPG 72.0(89.1) 1 Workpiece 15.4(19.1)
2 Preheat air 8.8(10.9) 2 Exhaust gas loss 14.8(18.4)
3 Cooling water loss 34.8(43.1)
4 Radiative heat loss 5.0(6.0)
5 Others(roller, tray etc) 10.8(13.4)
sum 80.8(100.0) sum 80.8(100.0)
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Fig. 9. Hardness profiles of carburized and hardened
sample.

Fig. 10. Microscopic structure.
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