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１，Introduction 

Digital transformation in automobiles such as CASE is accelerating, but the conversion of 

manufacturing sites to DX (digital transformation) has not yet progressed. IoT/AI software led by Sier and 

expensive automation equipment are the efforts of some large companies that can invest, however the 

effects are unclear at the manufacturing sites of many small and medium-sized companies, which are the 

on-site issues. In this paper, we will introduce an example of introducing an inexpensive manufacturing 

DX solution that directly leads to the solution of the problem developed by our company by facing the 

manufacturing problem that the site has. 

 

２，Manufacturing industry DX implementation method「Densho FACTORY」 

１）Manufacturing industry issues and manufacturing DX implementation method 

Issues at the manufacturing site are roughly divided into "management issues" and "on-site issues". There are 

two main points that management expects from manufacturing DX, the first is to increase sales and the second 

is to reduce costs. Behind this are major management issues such as the once-in-a-century revolutionary period, 

changes in business models due to digitization, manufacturing processes that can handle mass customization, 

and a shortage of human resources. Many managers feel a sense of crisis that they will be kicked out of the market 

if they make a mistake in their approach to manufacturing DX. 

On the other hand, at the manufacturing site, in order to realize "Smart factory", that is, automation of 

production, it is required to consider the introduction of various manufacturing DX solutions such as IoT, M2M, 

AI, and the reality is that it is going back and forth. Although some successful cases of efforts in large companies 

and specialized industries have been reported, the introduction of manufacturing DX in the field of parts 

manufacturing/raw material industry such as automobile parts, precision/equipment parts, and molds, especially 

in small and medium-sized enterprises, has been reported that it is not progressing yet. The first issue at the 

manufacturing site is cost reduction, which is not usually adopted unless the solution is commensurate with the 

return on investment. When implementing, specifics and examples are required, such as how much defects and 

cycle times can be reduced, and whether man-hours and personnel can also be reduced. Therefore, we are 

advocating Smart Engineering (Fig. 1), which is an approach method of "taking data-> viewing-> analyzing-> 

utilizing" as a way to solve and proceed with the manufacturing problem. 



 

More than 98% of the manufacturing equipment at the manufacturing site is old equipment, and there are 

many special equipment customized by different manufacturers. Therefore, in order to realize manufacturing 

DX, it is essential to support existing equipment, and the manufacturing DX solution to be implemented must 

support "old existing equipment, different manufacturers, dedicated equipment, and data acquisition from lines". 

Furthermore, in order to realize cost reduction and productivity improvement, not only for the parts to be 

produced, but also manufacturing DX solutions compatible with each construction method such as machine tools, 

presses, resin molding, die casting, etc. are required. 

 

２）Introducing "Densho Factory", a manufacturing DX solution that collects, views, analyzes, and utilizes data 

 ①Introduction of Densho FACTORY 

 Efforts and expectations for smart factories at manufacturing sites are increasing for the once-in-a-century 

revolution. However, the digitization of existing old equipment has been a major obstacle due to modification, 

additional sensors, and their wiring. Therefore, we are promoting the development of manufacturing DX 

solutions that can promote the conversion to smart factories regardless of whether the machines are new or 

existing. The aim is to pass on the technology and know-how accumulated in the conventional field with new 

digital technology and to create a foundation for sustainable management. We have named this "Densho Factory" 

and are promoting manufacturing DX technology consulting that supports research and development, sales, 

proposal of solutions according to this purpose, and estimation of the effect of implementation. Figure 2 

introduces our manufacturing DX solutions for problems and solutions at manufacturing sites and digital 

transformation. 



 

The main equipment of manufacturing DX solutions are firstly a high-performance sensor and equipment-

specific sensing system for "taking and viewing data", and secondly an integrated data logger "Σ M (Σ Machine)" 

for "collecting and analyzing data" and thirdly, “Machine IoT” that utilizes data have been released. In addition, 

there is an introduction example of the integrated 4M information management "production electronic medical 

record" of a factory that combines machine IoT and mold IoT. Figure 3 shows a list of our manufactured DX 

products. 

 



３，High specification sensors that can be attached to machines：「STETHOSCOPE」 

We will introduce from the data sensing of the manufacturing site, especially the old existing manufacturing 

equipment. At the parts manufacturing site, there are sensing needs for various machinery and equipment such 

as machine tools, forging, injection molding, and die casting. Although specific needs differ for each equipment, 

they are generally divided into control devices, equipment drive units, power units, housings, and others. In 

particular, there are many consultations from sites that suffer from poor processing accuracy due to aging old 

existing equipment, insufficient equipment maintenance, and sudden short stoppage due to equipment failure. 

The reasons why sensing does not progress are because there are concerns about the durability of wiring with 

wired sensors and that the equipment cannot be repaired. Therefore, we have developed a wireless sensor that 

can be retrofitted with a single touch, and started full-scale sales in FY2020. Currently, we have a lineup of 

temperature, vibration, current, pressure, and strain sensors (Fig. 4). 

 

１）STETHOSCOPE features 

  〇Realizes highly flexible equipment sensing by utilizing the ultra-compact MEMS wireless sensor tag with 

built-in battery 

   〇Provides a set of wireless sensor child tag + parent tag and data display software such as graphs 

 〇The standard specification of the battery is 7 years for temperature and 0.5 to 1 year for vibration (with 

external battery) 

  〇Easy installation without power supply panel and wiring. Possible to operate from that day 

    〇It can be implemented from 180,000 yen with a set of sensor and data display software Σ M Mini 

  

２）STETHOSCOPE application examples 

① Productivity improvement by grasping the operating rate: "Operation monitoring" 

Understanding the operating status of equipment is the basis for improving productivity. There is also a method 

of acquiring data from the patrol light to grasp the operating time of machine tools, but it has been pointed out that 

the data that can be acquired is limited to ON / OFF data and that the setup time data cannot be acquired. 

Therefore, we have developed "Σ M mini" that automatically recognizes the standard mode of automatic driving 

and the negative mode of setup though the software using the acceleration sensor of STETHOSCOPE (patent 



pending). It was demonstrated that "operation monitoring" can monitor the distinction between mass production 

and setup even for grinding machines that are mainly manually operated. Not only the setup time but also the 

difference due to individual differences can be grasped, and it was judged that it is possible to increase the operating 

rate of the entire grinding machine work by additional education and guidance. The same has been demonstrated 

for lathes and single-shot presses. 

 

The effect is clear, and the actual operation rate has increased by 25% or more. Furthermore, it was effective 

in reducing the setup time, and the scrap cost was reduced by 15% to 30%. In the future, it is expected to have 

effects such as improving overall productivity and reducing costs. 

 

② Defect reduction by grasping tool life and detecting spindle shake: "Spindle monitoring" 

In cutting, there are great expectations for understanding the tool life. Finishing on new machines and rough 

and medium finishing on old machines are common sense, but managing tool life is an essential issue in both 

types of machining. By attaching a "wireless vibration sensor with a cord" to the appropriate part of the spindle 

where the chattering of the tool is easy to measure, and monitoring the waveform with the Σ M mini, the 

chattering state of the tool can be grasped in chronological order, and the tool life and chattering can be grasped 

and in turn be evaluated (Fig. 6). 



 

The vibration sensor data has a function that can manage the upper limit threshold value, and it is also possible 

to stop before a tool abnormality occurs. In addition, there are many demands for the combined use of a vibration 

sensor and a current sensor that monitors the motor overload together. 

As an actual implementation effect, it was evaluated that defects due to tool wear could be reduced by 30% or 

more. In the future, there will be a demand for systematization of deterioration judgment and life management for 

each tool. In addition to this, "Spindle Monitoring" has been requested to be introduced into cutting machines such 

as machining centers, drilling machines, lathes, and electric discharge machines. 

 

③Application example of "spindle monitoring": spindle temperature sensing with STETHOSCOPE temperature 

sensor 

In addition, as a request for sensing around the spindle of a machine tool, there are many voices who want to 

monitor the elongation of the spindle by sensing the temperature of the spindle. Generally, it is common sense to 

perform warm-up operation before mass production, but it is not easy to measure the spindle temperature 

accurately. Therefore, using the wireless temperature sensor with a cord of STETHOSCOPE, the temperature 

sensor is directly attached to the appropriate position of the spindle, and the data is transmitted wirelessly to the 

"Σ M mini". You can decide to start mass production when the spindle temperature became stable. 

As an effect of the implementation, it became possible to manage not only through the feeling of the worker 

and the warm-up time but also through the actual spindle temperature, and the defects due to the variation 

among the workers were reduced. The application example shows an introduction example of a sensing system 

used in combination with the vibration sensor described above (Fig. 7) 



 

④ Significant reduction in start-up inspection man-hours before mass production: "Start-up inspection 

monitoring" 

Attention is being paid to the issues at the manufacturing site in the automation of equipment inspections, 

especially the start-up inspections before the start of mass production. For example, one factory has 30 processing 

facilities, and the start-up inspection time for each unit took 10 to 15 minutes. In addition, inspection records were 

required, most of which were handwritten. In the case of machine tools, it is often the case that the inspection is 

performed by relying on the five senses of veteran maintenance personnel, mainly for abnormalities in the drive 

unit such as the spindle and bed / guide rail in empty (no load) operation. Of course, it is also necessary to check 

the pressure of liquids such as oil and water. Due to the shortage of personnel and man-hours related to inspection 

work, and the sophistication of equipment functions, the site start-up inspection time is extremely tight. 

Therefore, we have developed a "start-up inspection monitoring" that enables remote maintenance using the 

vibration wireless sensor of STETHOSCOPE, automatic recording by the Σ M mini, and abnormality warning by 

threshold management. (Fig. 8) 

 



 

 

In addition to the above-mentioned "spindle monitor", temperature sensors, motor load measurement current 

value sensors, and pressure sensors can be upgraded as start-up inspection sensors upon request. The effect of 

the implementation is that in the case of the above-mentioned 30 processing equipment, if one unit is 15 minutes, 

the man-hours will be reduced by 7.5 hours / day and 1,650 hours per year. In addition, since maintenance 

personnel can focus on the original equipment repair, it is expected to have the effect of preventing sudden short 

suspension and production suspension. 

 

⑤ Take the surface temperature of the mold: "Thermo Monitoring" 

In resin molding and die casting, various defects such as poor appearance, deformation, etc. occur due to the 

effects of cooling, gas, mold release agent, etc. Defects during mass production molding involve changes in the 

four elements of equipment, mold, material, and worker, but the effect of these four elements can be measured 

by measuring the surface temperature of the mold closest to the part. Normally, trial molding is performed at the 

start of work to set conditions, and then mass production molding is performed. However, defects occur due to 

changes in conditions such as mold cooling, mold heat accumulation, and gas during production. Therefore, there 

is a great need to monitor changes in manufacturing conditions during mass production by monitoring the surface 

temperature of the mold to monitor abnormalities and points of change. Conventionally, the mold surface 

temperature is measured by an operator using a thermal sensor or an infrared camera, but the workability is poor 

and it is not possible to monitor all shots. In addition, measurement using robots and commercially available 

automatic temperature measurement devices are expensive at 20,000  to 3 million yen, and cannot be installed 

in all equipment. Furthermore, it is also necessary to acquire the mold opening/closing signal from the 

casting/molding machine and measure it for each mold. Against this background, we have developed "Thermo 

Monitoring" as an inexpensive mold surface monitoring system (Fig. 9).。 

 

 



 

 

 

 

The following points can be raised as the effects of implementing "Thermo Monitoring". 

・ Automation of mold surface temperature monitoring (reduction of work man-hours) 

・ Prevention of spreading of defects by reducing defects and interrupting production by monitoring change 

points 

・ Since the measurement results are obtained digitally, stable production during mass production is realized 

and the reliability of the products is improved. 

・ Since it can be introduced at low cost, it is possible to monitor the surface temperature of the mold in all 

production equipment. 

 

３，Newly developed "Σ M II": Centralized management and visualization/analysis system of equipment data at 

manufacturing sites 

 On the other hand, as the sensing of equipment data progresses, the search for data utilization will continue. In 

particular, in order to respond to the automation aimed at by Smart factories, "how to process the collected data 

and how to utilize it" is becoming the theme along with the sensing of equipment data. We developed "Σ M I" in 

2013 by the Ministry of Economy, Trade and Industry's strategic basic technology advancement support subsidy 

project, and started selling it in 2015. It has already been adopted in more than 500 production facilities at domestic 

and overseas production plants. From November of this year, we will start selling "Σ M II" with an updated version 

of data collection function and expansion of data analysis and predictive monitoring function. 

（１）Data import function that enables aggregation of each sensing data and one-piece guarantee 

The drawback of FA equipment called data loggers used in equipment data collection systems is that old existing 

equipment and multiple manufacturers cannot be supported. The output data format and format from the 

equipment, output timing, analog/digital output, etc. are unique formats that differ depending on the manufacturer, 

and centralized management of such data requires extremely advanced software processing. 

Simply purchasing a data logger cannot process data in those different formats and it requires the user to create 

it themselves. To put it simply, even if you purchase a PLC, you need to create the ladder program for the internal 

data processing unit yourself, which is difficult for ordinary users to handle. Furthermore, there is a big obstacle 

that it is necessary to have the formats of each manufacturer machines. 



 

The data import function of "Σ M II" developed by our company has the following features. 

・ Data aggregation PLC supports Mitsubishi, KEYENCE, etc. and provides a ladder program. 

・ Direct data collection of control device data for each facility. Data from additional wireless/wired sensors can 

also be centrally aggregated 

・ Data can be centrally aggregated to guarantee each piece 

・ Not only processing equipment but also mold data for peripheral devices and hot runners can be centrally 

aggregated. 

In "Σ M II", the manufacturer, model, and processing equipment type (resin molding machine, press machine, 

processing) can be managed in one system. It enables centralized aggregation of different data. First of all, we have 

made it possible to start compactly the efforts to collect and visualize data from specific equipment and then easily 

expand it to the entire factory while observing the situation after that (Fig. 10). 

 

 

（２）Data analysis, predictive monitoring function 

However, data collection and visualization alone cannot be linked to solving problems at the manufacturing 

site. It is necessary to utilize the collected data, understand the causes and tendencies of defects, and derive 

countermeasures. Experienced and skilled workers may be able to investigate the cause from many years of 

experience and intuition, but experience and intuition will result in individual-dependent quality, and it will not 

be possible to create quality as an organization or company. It is important to create quality from the collected 

data (facts). 

Therefore, we will first compare the various equipment data in the vicinity of the defect from the collected 

equipment data with the various equipment data when no defect has occurred, and start the analysis from the 

point of confirming the difference. If a difference or change tendency in the data is found, it is possible to study 



permanent measures and monitor signs by identifying the cause of the difference and change. 

"Σ M II" supports data analysis and predictive monitoring by having the following functions for various 

collected data (Fig. 11). 

・ Tag information (example: defective content, etc.) can be added 

・ Comparison of various tagged data is possible 

・ Threshold (upper limit, lower limit) can be managed 

・ Trend value (magnitude of data change within a specific time) can be managed 

・ It is possible to manage the outliers (how many times the set value is exceeded within a specific time) 

・ Composite waveform management is possible 

 

（３）Machine monitoring range/Linkage function with the upper IoT system "Machine IoT" 

The monitoring range of the equipment depends on the role of each person in charge. If you are a person in 

charge of the site, you will be limited to the equipment that you are in charge of, if you are a factory manager, 

you need to understand the situation of the entire factory, and if you are a manager, you need to understand the 

situation of the entire base. 

In our "Σ M II", it is possible to set up a server in each factory, aggregate each equipment data and use it only 

in the factory (on-premises), but our upper system: "Machine IoT" system can collect necessary data and is 

managed on the cloud server, and the status of each base can be grasped (Fig. 12). 

The "Machine IoT" system supports the utilization of collected data with the following functions. 

・ Line monitoring at domestic and overseas and other bases  

・ Centralized monitoring of machines is possible 

・  Graph display of productivity, operating rate, manufacturing data, abnormality data, etc. by dashboard 

function 



・ By linking with our "Mold IoT System", the number of mold lives and production is automatically linked to 

machine maintenance information. 

・ Digital recording of machine maintenance forms and defect forms (paperless) 

・ Threshold batch management for each part (setting of management items for each part and setting of upper 

and lower limit values) is possible 

 

 

５，Conclusion 

What kind of future will the manufacturing industry create in the once-in-a-century transformation period? As 

a source of competitiveness, data sensing at the current site, especially production equipment, and operation 

monitoring during operation of machine tools are indispensable. Utilize the acquired data for daily digital Kaizen 

and run the PDCA cycle to raise the level of manufacturing capacity. I think 100 years from now the point is 

corporate competitiveness. 

 


