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This study proposes an energy consumption monitoring system for machine
tools that complies with ISO 14955 and implements energy-reduction
technologies. The proposed system synchronizes electrical power, pneumatic,

and ambient temperature/humidity sensor data with CNC controller data in real
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time to identify operating states and generate standardized energy consumption
assessment reports. Using PMC DIO control technology, adaptive on/off
control algorithms were implemented for major auxiliary equipment, including
coolers, mist collectors, and chip conveyors, based on spindle temperature,
enclosure humidity, and machining status. The auxiliary equipment accounted
for over 60% of the total energy consumption. The control system reduced
standby power and processing power consumption by 31.4% and 9.4%,

respectively, achieving an overall annual energy reduction of 13% without
hardware modifications and demonstrating immediate applicability to
industrial environments.
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Fig. 1 Overview of ISO 14955-based energy measurement methodology for machine tools
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Fig. 2 System architecture for machine tool energy consumption
monitoring
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Fig. 3 Machine tool energy consumption monitoring program
interface
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Comparison with Commercial Power Analyzer (#1, JIS Specimen)
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Fig. 4 Measurement accuracy validation against commercial power analyzers and component-wise energy consumption distribution

for JIS TS-B 0024 specimen machining
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Table 1 I/O channel configuration for auxiliary equipment
control in the machine tool PMC

/'O Components Function Read/Write
D900 All 1: On, 0: Off Write
D901 Spindle cooler 1: On, 0: Off Write
D902 Mist collector 1: On, 0: Off Write
D903 Chip conveyor 1: On, 0: Off Write
D904 All - Read
D905 Spindle cooler - Read
D906 Mist collector - Read
D907 Chip conveyor - Read

Table 2 I/O channel configuration for auxiliary equipment
control in the machine tool PMC

Activation condition
Spindle temperature > Ambient + 2°C
Machine enclosure humidity > 60%

Machining duration > 10 seconds

Components

Spindle cooler
Mist collector

Chip conveyor
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Fig. 5 User interface of real-time auxiliary component control system and power consumption during standby operation
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Auxiliary Component Control

(a) 3.0

o

Standby state Activated
Deactivated
25
—— e/

20
3
2 S

515 o= : ———

3

o
o

1.0

0.5

0.0

0 50 100 150 200 250 300
Time (sec)
(b) 25
Processing state Activated
—— Deactivated

20
215 | ‘ |
&
=
[
3
o 10
o

u 4,
400

0 200

Time (sec)

500

Fig. 6 Power consumption comparison with auxiliary component
control in (a) standby and (b) processing states
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Table 3 Annual energy reduction with auxiliary component
control

Standby
30 %

Ready
20 %

Processing
50 %

Time share

Average power

. 2.25 kW
(without control)

2.25 kW 3.69 kW

Average power

1.54 k
(with control) W

3.34 kW
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