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1. Introduction to TAPTITE® Fastener Products in Cast Iron 
 

Cast iron, in general terms, is strong in compression and relatively weak in tension and in 
pure form, such as gray iron, it is a relatively brittle material.  
As such, thread formation in cast iron is more suited to thread-cutting, rather than thread-
rolling, but there are grades which have enough ductility to be receptive to thread-rolling 
taps and TAPTITE® thread-rolling fastener products.  
TAPTITE® fastener products and most thread-rolling taps utilize TRILOBULAR geometry to  
roll-form internal threads through plastic deformation rather than thread cutting. In cast iron 
materials, the success of this process—and the resulting installation torque—is governed by 
the material’s ability to flow under high localized pressure. This guide details how graphite 
morphology and matrix microstructure affect the torque requirements and thread integrity. 

 
 

2. The Role of Graphite Morphology 
 

The shape and distribution of graphite within the iron significantly impacts the material's 
"formability." Since TAPTITE® fasteners form internal threads by displacing volume, the 
internal "voids" or lubricants provided by graphite play a dual role. 
Graphite Flakes (Gray Iron) 
In standard Gray Cast Iron (e.g., ASTM A48 Class 30), graphite exists as sharp-edged flakes. 

 Torque Impact: Extremely High / Unpredictable. 
 Mechanism: Flakes act as severe internal stress concentrators. When a TAPTITE® 

fastener attempts to displace the metal, the flakes initiate micro-cracks. This lack of 
ductility leads to poor internal thread formation. Since this material grade resists 
plastic flow, thread-rolling taps and TAPTITE® thread-rolling fasteners are not 
recommended. 
 

Graphite Nodules (Ductile/Nodular Iron) 
In Ductile Iron (e.g., ASTM A536), graphite is spherical. 

 Torque Impact: Moderate to low, depending on the cast iron grade, but it will be 
higher than that experienced in cold-rolled steel applications. 

 Mechanism: The spherical shape allows the surrounding metal matrix to flow around 
the nodules and is less likely to initiate cracks in the cast iron or deformation of the 
TAPTITE® screw threads. The nodules can be physically compressed or displaced 
during the thread-rolling process. This provides the necessary ductility for high-quality 
thread forming. 
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Graphite Morphology vs. TAPTITE® Fastener Performance 
 

 
 

 
 

3. Matrix Microstructure: Ferrite vs. Pearlite 
 (Ductile / Nodular Grades) 
 

While the graphite structure determines if you can roll a thread, the matrix (the metal 
surrounding the graphite) determines how much torque is required. 
 

The Ferritic Matrix 
Ferrite is essentially pure alpha-iron. It is highly ductile and has a relatively low yield strength. 

 TAPTITE® Fastener Performance: When using TAPTITE® Products in a fully ferritic 
grade (like 60-40-18), the material yields easily. The energy required to displace the 
cast iron material into the thread flanks is reasonable, resulting in a fairly low 
installation torque. 

 

 
 
 
 
 

Graphite
Type

Common
Grade

Ductility
(Elongation)

TAPTITE®
Fastener

Suitability

Torque
Profile

Flake
Gray Iron

(Class 30)
<1% Poor High/Erratic

Vermicular
CGI

(Compacted)
1% - 5% Marginal High

Nodular
Ductile

 (65-45-12)
12%-18%  Very Good Low/Stable

Nodular
Ductile

 (100-70-03)
3%-6% Acceptable High/Stable
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The Pearlitic Matrix 
Pearlite is a laminate of ferrite and cementite (iron carbide). Cementite is extremely hard and 
brittle. 

 TAPTITE® Fastener Performance: As the pearlite percentage increases (e.g., in Grade 
80-55-06 or 100-70-03), the overall hardness and yield strength of the iron increases. 
The lobes of the TAPTITE® Fastener experience significantly more resistance pressure 
to reach the plastic deformation threshold. 

 Torque Impact: Torque can be excessive depending on the pearlite-to-ferrite ratio. 
High-pearlite grades may not be suitable for forming internal threads by thread-rolling 
action. 

 
 

4. Mechanical Influences on Torque 
 

The following table summarizes the primary metallurgical factors that cause thread-forming 
torque variations when using TAPTITE® fasteners, or thread-rolling taps, across different cast 
iron batches or grades. 
 
 
Summary of Thread-Forming Torque Influencing Factors 
 

 
 

Factor Effect on Torque Engineering Logic
Higher Pearlite 

Content
Increases Higher yield strength (Sy) requires more work to 

initiate plastic material flow

Higher Elongation
Percent

Decreases
Higher ductility results in better material flow, 

reducing the internal resistance to material 
displacement.

Hardness
 (BHN)

Increases Directly correlates to the resistance to thread 
forming.

Nodule Count Decreases Higher nodule count often improves the uniformity 
of metal flow.

Work Hardening
Rate

Increases
As the thread is formed, the local area hardens, 

increasing resistance to material flow during thread-
rolling.
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5. Engineering Recommendations for Hole Design 
 

To maintain consistent torque when transitioning between different grades of cast iron, 
engineers may need to adjust the pilot hole diameter (𝐷௛). 
 

1. For Ferritic Grades (lower Torque): Use the standard recommended TAPTITE® hole 
size to maximize thread engagement (approx. 75% − 80%). 
 

2. For Pearlitic Grades (Higher Torque): Increase the pilot hole diameter to decrease 
the radial thread percentage, from REMINC’s standard recommendations - see the 
Through Hole Calculator on www.taptite.com.  
 This reduces the volume of material being displaced, effectively lowering the torque 
to a manageable level without significantly sacrificing joint strength. Note that the 
suitability of a material for thread-rolling internal threads is determined by a 
combination of hardness and ductility.  Generally, the maximum hardness is HV250, 
but there has been success in steels as hard as HV300, but the lower ductility of cast 
iron could lower the limit to HV200, for example. 

 
. Fastener-Side Variables:  
While torque variations can often be attributed to the base material, the structural integrity of 
the TAPTITE® fastener is a critical variable. Documentation of field failures has sometimes 
identified that improper heat treatment and geometry selection can lead to "soft screw 
thread crests" resulting in fastener thread deformation or brittle failures. 
 

5.1 Design Intent and Material Limits 
 

TAPTITE® fasteners were primarily engineered for ductile, non-heat-treated steels, aluminum, 
and zinc alloys. Applying them to cast iron—even ductile grades—places the fastener under 
extreme stress.  

 Application Testing: Because cast iron properties (nodularity and hardness) can 
fluctuate within allowable specification ranges, a TAPTITE® fastener that functions 
successfully in a "low-end" hardness sample may fail in a "high-end" hardness 
production batch.  
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   5.2 Critical Heat Treatment Parameters 
 

To successfully roll-form internal threads in high-strength ductile iron, the TAPTITE® fastener 
must possess a specific hardness profile. Analysis of fastener failures has identified three 
primary metallurgical "root causes".  

1. Surface Carbon Control (Decarburization): Inadequate carbon atmosphere control 
during neutral hardening can lead to decarburization. If the surface of the TAPTITE® 
fastener is depleted of carbon, the thread crests will be "soft," leading to probable 
fastener thread break-down (deformation) during installation. 
 

2. Induction Hardening Zone: The thread-forming point threads must be induction 
hardened per WD952 (TAPTITE 2000®) or WD957 (TAPTITE PRO®) to a minimum of 
480HV (~HRC48).  Case studies indicate that a process aim of 510HV-560HV 
 (~HRC 50-55) provides a more robust safety margin. 
 

3. Quench Consistency: Improper control of the quench medium or temperature) 
results in an incomplete martensitic transformation, leaving "soft spots" in the 
induction-hardened thread-forming point threads. 

 
 
   5.3 Inspection and Quality Assurance 
 

Engineering specifications must require micro-hardness testing at the crest of the thread, not 
just the root. 
 

 The Crest vs. Root Error: A common failure in quality control is measuring hardness 
only at 0.2mm below the thread root. However, the highest stress during thread-
rolling process occurs at the thread crests of the TAPTITE® fastener. 
 

 Micro-Hardness Protocol: Verification must ensure a full martensitic microstructure 
at the fastener thread tips. Any presence of "free ferrite" at the thread crests indicates 
a fastener that will likely fail to successfully form an internal thread.  
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6. Conclusion 
 

Successful thread rolling of internal threads in cast iron is a "system" performance situation. 
While the microstructure of the iron (Graphite morphology and Pearlite: Ferrite ratio) 
defines the resistance to material flow, the metallurgical integrity of the TAPTITE® 
Fastener (Crest hardness and Carbon control) defines the fastener’s ability to overcome that 
resistance. Component engineers must consider if the base material has suitable ductility and 
hardness for successful thread-forming with TAPTITE® fasteners.   The fastener supplier must 
ensure that the fastener’s induction hardening zone has adequate length and hardness and 
possess no decarburization to ensure a reliable joint. 
 
 
 
 
 
 
 

Summary of Fastener-Related Torque/Failure Influencers 

Fastener Variable Failure Mode Corrective Action

Decarburization
Fastener Thread Break-Down 

(Deformation)
Tighten carbon potential control in neutral 

hardening.

Low Induction Temp
Fastener Thread Break-Down 

(Deformation)
Increase induction hardening temp

Incorrect Measurement Undetected Soft Crests
Perform micro-hardness checks at 

the thread crest.

The standard TAPTITE® 2000 / TAPTITE 
PRO® fastener 5-pitch point is 

recommended.  A 3-pitch version is 
available if space is limited.  

Note: The “SP” (Short Point) is NOT 
recommended in cast iron.

Point Geometry High Torque / Galling


