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TECHNICAL PRODUCT

Introduction of a New Heat Treatment System

1.  Introduction
On the JTEKT heat treatment lines, people manage not 

only production but also quality checks and equipment 
maintenance, and there have been issues in recent years 
including a labor shortage and delays in transmitting 
the knowledge and experience of skilled technicians. 
Therefore, as a form of factory automation (FA), we 
constructed a new heat treatment system that controls and 
manages all processes related to heat treatment in order 
to improve productivity and quality, and for predictive 
maintenance. This report introduces this initiative.

2.  New Heat Treatment System
The constructed new heat treatment system is a system 

that manages everything from setup to the inspection 
process based on part numbers. The range of management 
includes control, monitoring, and recording of evidence 
based on loaded part standards (processes, equipment, heat 
treatment conditions, inspections). Control is carried out 
in the sequence below. (1) The product is installed in the 
heat treatment jig, and lots are formed. (2) The treatment 
equipment is selected and heat treatment conditions are 
controlled at the heat treatment process from cleaning 
through carburized quenching, cleaning, and tempering. 
(3) Automated transport between equipment is performed. 
(4) The operating status is visualized. Monitoring 
is also possible when an abnormality occurs. (5) At 
the inspection process, the history is managed in the 
inspection sequence, and electronic data is created of 
the quality results and automatic trend management is 
performed. This allows detection of quality abnormalities 
and automatic judgment of equipment stability without 
relying on human judgment (Fig. 1).

2. 1 Lot Forming
The part number and quantity are input from a 2D 

code reader or keyboard, and lots are formed to check the 
consistency of the heat treatment process and treatment 
conditions, and to form corresponding equipment 

information. At the carburizing furnace, the furnace entry 
time and reservation status for each lot can be checked. 
This allows a reduction in furnace idle time and wasteful 
overproduction.

2. 2 Control of Treatment Conditions
The same equipment conditions are combined from 

the formed lot group, and control is handed over to the 
system. With two lots as one set, the equipment conditions 
and other elements are controlled automatically, and 
information management is conducted for each lot. In 
order to prevent overheating, warning information that 
was registered in advance for each equipment is output, 
and process records are regularly monitored (Fig. 2).
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Fig. 1  FA system

Fig. 2  Record monitor

2. 3 Automated Transport Between Equipment
Based on the treatment process pattern that was 

registered in advance, the FA system considers the 
optimal combinations that reduce idle time at each 
treatment furnace, and gives instructions to automated 
guided vehicles (AGV) to perform automated transport. In 
addition, a mechanism is in place to prevent loading onto 
the heat treatment line when an equipment abnormality 
occurs. Because a stock conveyor is provided in case a 
delay occurs at the destination, it is possible to have the 
products temporarily stand by (Fig. 3).
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Fig. 3  Automatic transport system

2. 4 �Making the Operating Status Visible 
(Equipment Load)

The  equ ipment  opera t ing  s ta tus ,  equ ipment 
abnormalities, and other operating conditions are 
monitored, and are displayed by communication 
(treatment start) with the management server. This allows 
the temperature inside the furnace, the treatment progress, 
and other heat treatment pattern conditions and their 
operating status to be identified (Fig. 4).

Fig. 4  Equipment status

At heat treatment equipment, having the furnace empty 
under conditions when operation is possible is considered 
a cause of energy loss. This system can identify the 
operation results of each equipment from a signal which 
is output every five seconds, and makes the operating rate 
visible, leading to everyday improvements (Fig. 5).

Fig. 5  Operational status

2. 5 Product Assurance by the Inspection Process
At the inspection process, the required characteristics 

(standards) of the products that were produced by the 
FA system are judged. In order to improve the reliability 
of this judgment, the quality level is visualized based 
on information such as irregular events that occurred 
in the treatment process, the treatment profile, and the 
quality level for the past 100 treatments (upper control 
limit (UCL) and lower control limit (LCL)). This allows 
detection of quality abnormalities and automatic judgment 
of equipment stability. If data which deviates from the 
standard upper and lower limits is input, the input field 
color changes so that the user can recognize there is a 
problem. The management graph for subject part numbers 
is plotted automatically, and trends in the inspection data 
can be identified (Fig. 6).
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2. 6 Control System
When creating automatic, or unmanned, control of the 

heat treatment line, the main focus was on preventing 
serious accidents from a safety first perspective. In order 
to minimize the number of operators, the system was 
equipped with failsafe functions that minimize the extent 
of the system effects when trouble or other malfunction 
occurs during operation (Fig. 7).

Equipment CPU Overall transport CPU

Higher level commands

All equipment
status monitoring

Autonomous control for each equipment

Controller

Washing
machine AGV

Carburizing
furnace

Higher level commands

Tempering

Fig. 7  Parallel system



−Introduction of a New Heat Treatment System−

152 JTEKT ENGINEERING JOURNAL English Edition No. 1021E (2025)

This was accomplished by adopting a parallel system, 
in which only the equipment where a problem has 
occurred can be disconnected from the system. As a 
result, the operator can intervene at the malfunctioning 
equipment, and production can continue.

3.  Measures for Improving Productivity
On an existing heat treatment line, the operator controls 

the transport system in order to transport the workpieces 
between the equipment. In order to prevent a process 
from being skipped at the transport in and out work 
for each equipment, the operator scans a 2D code and 
checks the conditions table, check table, and equipment 
display to make sure all three match when inputting the 
conditions. However, this process requires a large number 
of man-hours, and much waste is generated in operation, 
transport, and other processes. To resolve this problem, 
the new heat treatment line introduces automated 
transport in and out work and AGV at each equipment 
(furnace) using the FA system.

3. 1 �Productivity Improvement Resulting from 
Automated Transport

On the heat treatment line where the use of the new 
heat treatment system was considered, there are 13 
treatment furnaces, and transport in and out work at 
each equipment is performed 672 times/day. Because 
transport between equipment requires approximately 
three minutes each time, it requires 33.8 hours = man-
hours for approximately 2.8 persons. However, unmanned 
operation through automated transport was achieved by 
introducing AGV. Based on the treatment process pattern 
that was registered in advance, the FA system considers 
the optimal combinations that reduce idle time at each 
treatment furnace, and gives instructions to the AGV to 
perform automated transport.

4.  �Measures for Improving Quality 
Assurance

To improve heat treatment quality, it is important 
to execute the predetermined processes and treatment 
conditions (temperature, time, atmosphere) with good 
reproducibility. With the FA system, when performing 
automated transport between predetermined processes, 
the transport destination equipment must be selected 
based on the processes and required functions that were 
decided for each part, and we created process logic that 
satisfies first-in-first-out, and other requirements (Fig. 8).
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Fig. 8  Process logic
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4. 1 Process Guarantee
With heat treatment, performing treatment under 

stable, highly reproducible conditions is essential, and 
this requires that the health of the heat treatment furnaces 
and other equipment be maintained. With a FA system, 
equipment characteristics are monitored and recorded in 
real time, and in the event of an abnormality, treatment is 
stopped and an operator is notified (Fig. 9).
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Fig. 9  Warning

5.  Measures for Predictive Maintenance
In order to carry out safety first, monitoring of the 

equipment operating status is carried out in real time. 
JTEKT incorporates the sequencer start and end signals 
for each equipment as times in the FA system, and the 
operating time database is plotted in a graph. Operation 
changes and conditions are monitored in real time, and 
deterioration over time and stability are visualized. 
This allows the detection of abnormal operation, and 
enables action to be taken before operation is stopped. An 
example is shown in Fig. 10.
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Fig. 10  Operation monitoring system

As a secondary effect, performing repairs before 
equipment malfunctions prevents the energy loss that 
occurs at equipment stop and startup, and contributes to 
carbon neutrality.

6.  Conclusion
In order to address the labor shortage in production and 

the delays in transmitting the knowledge and experience 
of skilled technicians that are also issues at JTEKT, 
by improving productivity with the introduction of 
automated transport between equipment, and automating 
and digitizing conditions and quality control, we 
introduced a heat treatment FA system and constructed 
a new heat treatment system, aiming to create a heat 
treatment line that did not overly rely on human senses 
and the knowledge of veteran operators.

At present, we are proceeding with visualizing and 
digitizing production conditions within the company 
using JTEKT-SignalHop as an initiative utilizing IoE 
(Internet of Everything). Using this new heat treatment 
line as a model, we will apply the technologies to existing 
lines and actively work for new technologies in order to 
contribute to better manufacturing.

(Production Engineering Dept., JTEKT COATING 
CORPORATION)


