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As the global manufacturing industry moves toward carbon neutrality, improving energy efficiency of machine tools has
become essential. Although machine tools contribute significantly to industrial energy consumption, systematic methods for
evaluating their energy consumption remain insufficient. To address this issue, this study developed an energy consumption
evaluation system based on ISO 14955, the international standard for machine tool energy efficiency. The proposed system
enabled a detailed analysis of energy usage patterns in different operating states, identifying key areas for energy
reduction. The developed system could measure energy consumption of individual machine tool components in various
operating states using power meters and automatically generates reports. This allows users to identify which components
and operating states consume the most energy. We tested and validated this system on three different machine tools and
analyzed strategies for reducing energy consumption. The developed evaluation system can help machine tool
manufacturers integrate it into their equipment, develop energy-efficient technologies, and contribute to sustainable
manufacturing.
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Fig. 1 Energy consumption monitoring for each company
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Energy Consumption Evaluation Reporting
Energy Consumption Evaluation (S/W)

Fig. 3 Energy consumption evaluation system and reporting
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Fig. 4 Hardware configuration of the energy consumption
evaluation system
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Fig. 5 Software for the energy consumption evaluation system
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Fig. 6 Energy measurement process in each operating state
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(b) Power measurement

Fig. 7 Photographs for JIS specimen machining and power
measurement
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Fig. 8 Comparison of power measurements with commercial power
analyzers
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Table 1 Comparison of average power measurement results with
commercial power analyzers

. Measurement accuracy
Commercial power

0
. D:;:::gled analyzer [kW] with r[efp],ect ™

fkw]  YOKOGA gy e YOKOGA by ke

WA 1735 WA 1735

WT-1803 WT-1803

1272513 272921 273330 99.85 99.70

2 274300 274075 274509  99.92 99.92

3 275308 275267 276207 99.99 99.67

4 276627 276461 276460  99.94 99.94

5 274458 274489 276179 99.99 99.38

6 273318 273543 274379 99.92 99.61

7 274435 274165 274339 99.90 99.97

8 275825 275918 276220  99.97 99.86

9 275804 275409 277008  99.86 99.57

10 276551 276030  2.76873  99.81 99.88

Mean 99.91 99.75
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Fig. 9 Installation locations of power meters
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Table 2 Machine tool components for power measurements
Unit ID
0 Main switch

Components

Servo drive power supply
ATC left
ATC right

Oil cooler

Coolant pump

Bed flushing pump

Mist collector

Tool magazine left

O | 0| Q||| BV~

Tool magazine right

10 DC power supply

11 Lubrication pump
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Table 3 Default time share of operating states (Year-round operation)

OFF STANDBY SETUP READY  PROCESSING E-STOP OTHERS
Default time share [%] 5 15 5 60 5 0
Table 4 Default time share of operating states (261-day, 8-hour operation per day)
OFF STANDBY SETUP READY  PROCESSING E-STOP OTHERS
Default time share [%o] 77.36 3.58 2.38 1.19 14.30 1.19 0.00

Table 5 Energy consumption of machine tool components and operating states

OFF STANDBY SETUP

READY PROCESSING E-STOP OTHERS Total

Ratio [%]

Total consuming energy ~ 182.1  2329.9 1553.2 776.6 13433.8 486.4 0.0 18762.0 100.00
Main switch 0.0 1176.6 784.4 392.2 8758.9 304.1 0.0 11416.3 60.85
Servo drive power supply 0.0 131.7 87.8 43.9 1848.6 0.0 0.0 2112.0 11.26
ATC left 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.7 0.00
ATC right 0.0 0.0 0.0 0.0 12.1 0.0 0.0 12.1 0.06
Oil cooler 0.0 27.0 18.0 9.0 107.4 9.0 0.0 170.5 0.91
Consuming Coolant pump 0.0 0.0 0.0 0.0 2723.5 0.0 0.0 2723.5 14.52
energy Bed flushing pump 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
(kWh] Mist collector 0.0 561.6 374.4 187.2 2250.7 187.2 0.0 3561.2 18.98
Tool magazine left 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
Tool magazine right 0.0 0.0 0.0 0.0 35 0.0 0.0 35 0.02
DC power supply 0.0 205.2 136.8 68.4 837.4 48.3 0.0 1296.0 6.91
Lubrication pump 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
Not measured 0.0 251.1 167.4 83.7 974.9 59.5 0.0 1536.8 8.19
Compressed air 182.1 1153.2 768.8 384.4 4674.9 182.2 0.0 7345.7 39.15
170kWh Lubricant Pump Annual Energy Consumption by Default Time Share :
1,296kWh | Tool Magazine Left BT
‘ u Compressed Air (39.15%) Bed Flushing Pump
1,537 kWh u Mist Collector (18.98%) . "cRLe;:
= Coolant Pump (14.52%) £ ¢ aTC R;m
IR u Servo Drive (11.26%) g_ 0il Cooler
’ Estimated Energy el = Not Measured (8.19%) 3 ot :;:‘:v:;
18,762 kWh #DC Power (6.91%) servo Drive
u Qil Cooler (0.91%) Coolant Pump
2,723 kWh u ATC Right (0.06%) Mist Collector

u Tool Magazine Right
(0.02%)

3,561 kWh

Fig. 10 Annual energy consumption of each component
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Fig. 11 Annual energy consumption of each component by operating
states - Machine tools I (Year-round operation: Table 3)
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Lubricant Pump

Annual Energy Consumption by Default Time Share :
7,246 kWh
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Fig. 12 Annual energy consumption of each component by
operating states - Machine tools 1 (261-day, 8-hour
operation per day: Table 4)
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Fig. 13 Annual energy consumption of each component by
operating states - Machine tools 11
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Fig. 14 Annual energy consumption of each component by
operating states - Machine tools 111
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