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This article focuses on some subtle aspects of induction hardening of powder metal parts.
Majority of materials presented here has been adapted from Handbook of Induction Heating by
V.Rudnev, D Loveless, R.Cook, and M.Black (published by Marcel Dekker, Inc., NY, 2003,
800pp.).

One of the most common applications of induction heat treatment is the surface
hardening that may be done for purposes of obtaining certain mechanical properties including
hardness, wear resistance, strength, etc. As an example, Figure 1 shows an induction system for
hardening gears made from powder metals (Figure 2).

Figure 1. Induction system for hardening powder metal
gears (Courtesy of Inductoheat, Inc., Madison Heights,
Michigan, USA)

Figure 2. Powder metal gears suitable for induction hardening



Induction hardening of powder metals has several principle peculiarities compared to
hardening of wrought steels and cast irons [1,2]. Microstructural heterogeneity, low density and
essential porosity are major causes for poor heat treatment results. A marked difference in
material properties of powder metal parts is another factor that noticeably affects the metal
response to hardening by induction.

It is important to remember that, when using induction, the results of hardening are more
sensitive to a chemical composition and part’s prior-microstructure compared to using alternative
hardening processes. The electrical resistivity, thermal conductivity, and magnetic permeability
strongly depend on the porosity of powder metal. This leads to the fact that the results of
induction hardening of powder metals are more sensitive to variation of material properties of
powder metals as compared to parts made by casting or forging. Table 1 shows an affect of
density reduction and porosity increase on some material properties and their influence on the
induction hardening,

Table 1. An affect of density reduction and porosity increase on some properties and process
parameters [1]

Property Change Influence on induction heat treatment process
Less soaking action from the high temperature toward low
Thermal D . :
o ecrease | temperature regions. Larger temperature gradients and thermal
conductivity 4 3 ; : :
stresses during heating. Slower cooling during quenching
Elffm.m?m Increase | Larger current penetration depth.
resistivity
Magnetic . . : :
p bility Decrease | Larger penetration depth and lower coil electrical efficiency
Structural o Inconsistency of heat treatment, variation of the surface hardness,
homogeneity case depth, scattered hardness and residual stresses data. |

Low density negatively affects hardenability of powder metals. When indumion
ha.rde:nng of powder metal parts, it is a good practice having the density of at least 7.0g/cm’
(0.251b/in). This will help to obtain consistent heat treat results particularly when hardening of
the ID surfaces that have undercuts, teeth, splines, sharp corners and other stress risers [1].

The low-density powder metal parts are prominent for cracking because the
interconnected pores lead to decrease of the workpiece strength and part’s rigidity compared to
wrought metals. In addition, the low density and porous powder metal parts have poor thermal
conductivity and, therefore, require using the quenchants that provide severe cooling rate.
Former also results in crack development.

It should be mentioned, that although it is stmngl}' recommended that induction hardened
parts should have a density of not less than 7.0g/cm’ (0.25Ib/in’), there are several successful
applications where an OD hardemng has been conducted on the powder metal parts with density
reduced down to 6.8g/cm’. Inconsistent and unstable heat treating results (including a variation
of the surface hardness, case depth and crack development) are often take place when hardening
internal surfaces of a low density parts [1].






