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Scanning Induction Hardening of Steel Coupler
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Casing components experienced cracking problems during an induction hardening
process. The casing has an OD of 32 inches and is 20 inches tall. The CAD model of
the component, as well as the region of high cracking potential, is shown in the
figure. DANTE Heat Treatment Simulation software was used to investigate the
induction hardening process to identify reasons for cracking and to determine a
process modification to eliminate the cracking problem.
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dante’ Model & Process Description

* The steel is AISI 4340
e (Case depthis 0.160 inches

 DANTE does not model the physics of the electro-magnetic field. Power
distributions as functions of time and geometry predicted from tools such as ELTA
or Flux can be imported to drive the DANTE model. For this project, power
distributions were estimated from DANTE Solutions’ past modeling experience.

A brief description of the original induction hardening process is described below:
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guenched with a time delay and milder rate.

 The dwell distance for the corner water front was estimated to be 2.166 inches
below the inductor, with half of the heat transfer coefficient that was applied to the
flat and pad faces.

Copyright © 2019 DANTE Solutions. All rights reserved.



dante’ Results: Original Process
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* Figures show Maximum Principal stress (top-left) and
Martensite phase fraction (top-right) at the end of quenching

* Notice the high stress at the location of cracking

 The maximum principal stress along the corner fillet is mainly
in the hoop direction

* This relates directly to the cracking mode observed

* The strength of martensite with 0.4% carbon is around 1300
MPa.
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Alternative Processes

Two alternative processing routes were determined to be viable
methods to eliminate the cracking issues:

1. Shallower hardened case

Reduce case depth to 0.120 inches

There will be less of a bending effect due to the reduced
depth and amount of delayed martensite transformation

2. Preheating before induction hardening

Preheat to 500° F

Thermal shrinkage from the preheat temperature after
qguenching helps relieve the surface tension created by the
quenching process

Preheating can be accomplished in a furnace or by using a
low frequency — low power induction process



dante’

* Ashallower case can be achieved by using higher frequency,

Results: Reduced Case Depth

higher power, and a faster scanning speed

* Modeling results showed that the predicted stress is

approximately the same for these processing conditions as
for the current hardening process and thicker hardened case

* Reducing the case depth was not a solution for this part

* This was a significant finding, saving time and money by

eliminating a physical test
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dante Results: Preheat

* The second option is to preheat the part to 500° F before
induction ha r‘dening s, Ma:m. Principal ‘ ?E\L,IF\F’I%RTENSITE

* Preheating can be done either by low frequency induction
heating or by furnace heating

* Induction preheating has some advantages over the furnace
preheating, which can also be modeled by DANTE
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* To test the feasibility of a preheating approach, a uniform
preheating temperature of 500° F by furnace was assumed

* Preheat temperature can also be optimized using DANTE

* Due to the higher initial temperature, the power used for 900 - | 600
induction hardening was reduced in order to produce a similar 800 | —e—Temperature | 400
. . - —¢—Hoop Stress
case depth as the original process 700 + 200
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* After quenching, the corner fillet reached the highest stress of © 300 | 1009
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approximately 550 MPa, as shown in the figures © 200 + ? 600§
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* With a 550 MPa tensile stress, it was estimated that cracking I S B B R s
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Summary

Three scenarios of the induction hardening process for the
casing part have been modeled using the DANTE heat treatment
simulation software

* the original process
* ashallower hardened case
* preheating the casing to 500° F before induction hardening

The DANTE model of the original case was found to effectively
capture the cracking location and reasons for cracking

The modeling results from the shallower hardened case
suggested that this approach was not able to solve the cracking
problem

Preheating the casing to 500° F was predicted to effectively
solve the corner cracking problem

In addition, the preheating can change an unfavorable residual
tensile stress in the corner for the current process to a favorable
compressive residual stress



dante Additional Studies

1. Optimize preheating temperature

* For different casing sizes and geometries, the optimum preheating temperatures can be different. DANTE
modeling can be used to determine the optimum preheating temperatures for different casing sizes.

 Low frequency induction preheating can be modeled to estimate the feasibility of this method for
preheating, and potential problems can be identified and investigated.

2. Explore thinner cross-sectional thicknesses

e Casings with a thinner section wall may not crack during induction hardening because the bending
moment between the flat face and pad face will be reduced. However, residual tension in the corner may
exist after hardening and this can cause service issues. Preheating of thin wall casings may be used to
achieve a preferred residual stress state.

3. Apply different power to flat and pad regions during induction hardening, with no preheating
* Further DANTE modeling studies can be used to estimate the feasibility and economic advantages
4. The effect of preheating on self tempering after hardening.

 DANTE can be used to explore the effects of a higher body temperature and its impact on final properties
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dante’ Links to Relevant Case Study Material

Material related to this Case Study

* Process Innovation to Eliminate Cracking Problems in Large Diameter Parts with Nonuniform Wall
Thickness (Extended Abstract)

* |nduction Hardening Process with Preheat to Eliminate Cracking and Improve Quality of Large Part

with Various Wall Thickness

e Effect of Preheat on Improving Beneficial Surface Residual Stresses during Induction Hardening
Process

e Solving Critical Heat Treatment Challenges with Practical Process Modeling

 Scanning Induction Hardening of Steel Coupler (Case Study Poster)

Additional DANTE Case Studies

https://dante-solutions.com
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https://img1.wsimg.com/blobby/go/e793bb6d-7bc3-472a-a860-2edb78c47e2b/downloads/1c3g79n4k_702075.pdf?ver=1576846049505
https://img1.wsimg.com/blobby/go/e793bb6d-7bc3-472a-a860-2edb78c47e2b/downloads/1c3g79vp2_832258.pdf?ver=1576846049505
https://img1.wsimg.com/blobby/go/e793bb6d-7bc3-472a-a860-2edb78c47e2b/downloads/1c3g7a96h_888467.pdf?ver=1576846049505
https://img1.wsimg.com/blobby/go/e793bb6d-7bc3-472a-a860-2edb78c47e2b/downloads/1c3g7aoc5_298893.pdf?ver=1576846049505
https://img1.wsimg.com/blobby/go/e793bb6d-7bc3-472a-a860-2edb78c47e2b/downloads/1c3g79ha6_33088.pdf?ver=1576846049505
https://dante-solutions.com/steel-production

