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METAL URGENCY: Case depth determination

Methodology to ensure  
design intent is satisfied
By Lee Rothleutner

Surface hardening heat treatments have 
been shown to significantly improve strength, 
mitigate wear, and enhance the fatigue per-
formance of wrought, cast, and sintered fer-
rous components  [1]. As a result, surface 
hardened components are often placed in 
challenging applications that demand addi-
tional scrutiny to confirm specific design 
requirements such as surface hardness, case 

depth, and case microstructure. Case depth is of particular interest to 
the product designer because it characterizes the gradient in material 
properties near the surface, where stresses tend to be the highest. 

Case depth can be defined a variety of ways, but is routinely quantified 
by measuring both the total and effective case depths of the component 
via physical testing, chemical testing, or microstructural examination. 
Total case depth has a well-accepted definition, but effective case depth 
can be defined in several ways — and, in some instances, defining it is 
unnecessary. Although an assortment of surface hardening technologies is 
available in industry, this discussion will be limited to defining case depths 
resulting from the carburizing and induction hardening of wrought steel.

MEASURING CASE DEPTH
Accurately measuring the surface hardened case depth of a 

component is not a task that should be trivialized. Consequently, 
metallographic specimens are typically specified to validate a 
surface hardening process, with hardness testing being the most 
widely preferred method of characterizing the surface hardened 
layer. Figure 1 shows three preferred techniques for determin-
ing case depth profiles via hardness testing. 
All three techniques require careful sample 
preparation and sound hardness testing meth-
odology to ensure data validity. Although the 
cross-section procedure is the primary method 
used due to its simplicity, the taper and step 
methods can be very useful in specific scenarios 
such as characterizing shallow case depths or 
very coarse microstructures that require higher 
loads (larger indentations) to reduce variability 
in the data.

Figure 2 shows an example of the use of hard-
ness testing to measure carburized and induction 
hardened case depth profiles. During carburiza-
tion, carbon is diffused into the surface of the 
steel at austenitizing temperatures, followed by 
quench hardening. During induction hardening, 

the surface of the steel is rapidly heated using a high-frequency 
alternating magnetic field, also followed by quench hardening. 
The shapes of the hardness profiles generated from the two surface 
hardening techniques are very different; this difference results 
from the method by which the case is created. Carburizing results 
in a relatively gradual hardness profile, dictated primarily by 
the carbon diffusion gradient. Induction hardening results in a 
more pronounced hardness profile, controlled primarily by heat 
conduction. Even though the profiles in Figure 2 look markedly 
different, both can be characterized with hardness depth refer-
ences, which ultimately define the case depth.

DEFINING CASE DEPTH
Understanding the design intent of a compo-

nent allows aspects like case depth validation to be 
appropriately defined. Following are some commonly 
specified values used to characterize surface hardened 
case depth profiles: 

• Surface hardness: Typically specified as a range 
(minimum and maximum).

• Depth to minimum specified surface hardness: 
The beginning of the case-core transition region.

• Total case depth: Generally defined as the 
distance from the surface (measured perpendicu-
larly) to a point where the differences in the chemi-
cal or physical properties of the case and core may 
no longer be distinguished [1–3].

• Effective case depth: Approximately 66 percent 

Figure 1.  Three commonly used methods for quantifying case depth profiles via 
hardness testing. Case region is shown in green; case-core transition region is 
shown in red; core is shown in blue with white dots illustrating example hardness 
testing locations. Details regarding implementation of each method are available in 
SAE J423 [2] and ISO 18203 [3] .

Figure 2. Schematic showing examples 
of carburized (solid line) and induction 
hardened (dashed line) case depth 
profiles.
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to 75 percent of the total case depth [1], but often specified as the depth 
to a specific hardness.

Of the four terms used to define case depth, effective case depth is the 
most ambiguous. In fact, one could argue that induction hardening does not 
require effective case depth to be defined because of the relative abruptness 
of the case-core transition. Simply determining the depth to the minimum 
specified surface hardness and total case depth should adequately define 
the hardness profile of the majority of induction hardened components. 

Figure 3 shows an example of this justification in an induction 
hardened 10V45 steel shaft in which the effective and total case 
depths have very little separation. However, with the carburizing 
technique, having the effective case depth defined verifies the cur-
vature of the hardness profile with an additional point of reference. 

Figure 4 shows two industry standards that are often referenced 
to define effective case depth (also known as “hardness limit” in 
ISO 18203) in the surface hardening of steels. The SAE standard 
defines the effective case depth as a function of the carbon content 

of the case, while ISO specifies effective case depth strictly by the 
minimum specified hardness of the case. Literature justifying which 
method is more appropriate from a strength or fatigue improvement 
perspective is very limited, suggesting either definition is sufficient. 
However, a paper by Fett [5] concluded that the torsional strength 
of induction hardened medium-carbon steel shafts more closely 
correlates with effective case depth, while the fatigue performance 
more closely correlates to total case depth. 

This observation makes sense after further examination of the pro-
file shown in Figure 1. The total case depth of an induction hardened 
component is the location in the core that has the lowest strength and 
highest stress, assuming the stress is highest toward the surface — an 
assumption that is valid in nearly all loading schemes. This provides 
some evidence to suggest that if strength is one of the key design factors 
being addressed by surface hardening the component, then specifying 
effective case depth may be prudent. 
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Figure 3. Optical micrographs of an induction hardened case in a 10V45 steel shaft. Hardness values and locations relative to the surface are indicated for the effective and 
total case depths [4] .

Figure 4. Graphical summary of values specified in (a) SAE J423 [2] and (b) ISO 
18203:2016 [3] for the effective case depth hardness/hardness limit for surface 
hardened components.
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