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Measurement and Evaluation of Electric Power Consumption of Feed Drive Systems in NC Machine Tool

Akio HAYASHI, Ryuta SATO and Keiichi SHIRASE

Reducing the electric power consumption in NC machine tools is strongly demanded in these years, because the NC machine
tools are one of the main facilities in the manufacturing field. Thus measuring tests of the power consumption in an NC

machine tool for all components were measured in other studies up to now. This study focused onto the power consumption of
feed drive systems. In this study, electric power consumption of an actual 5-axis vertical type machining center consists of X, Y,

Z, B and C axes is measured. In order to investigate the electric power consumption of feed drive systems, currency and voltage

of servo amplifiers are measured. At first, the measuring tests of each axis are carried out under various feed rate. As the results

of the measurements, it is clarified that the power consumption depends on the motion velocity and torque. In addition,

acceleration-deceleration parameters and servo gains are also changed to investigate the influences of the parameters. These

parameters have big influences on the power consumption during the acceleration-deceleration process. The results of this study

show that the electric power consumption might be reduced by changing the motion and parameters of the axes.

Key words : NC machine tool, feed drive system, electric power consumption, acceleration-deceleration, servo gain, gravity
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Fig.2 Structure of feed drive systems



Table 1 Rated motor torque and output of each axis

Axis Rated motor torque Nm Rated motor output kW
XandY 9.55 3.0
Z 597 2.5
B 950 72
C 200 32
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Fig.4 Measurement results of power consumption
at main breaker and servo amplifiers
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Fig.5 Motion pattern for measurement tests
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Fig.7 Power consumption of X-and Y-axis
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Fig.8 Comparison of measured results
at servo amplifiers and motor cable
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Fig.11 Power consumption of B- and C-axis
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Fig.12 Power consumption of B-axis during stops
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Fig.13 Influence of the motion direction to
the power consumption of B-axis during stops
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Fig.14 Influence of the angle of B-axis to
the power consumption of C-axis
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Fig.15 Influence of acceleration-deceleration time
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Table2 Comparison of energy consumption influenced by acceleration time

Acceleration time Motion time Energy consumption
ms S J
1 8.02 4081
64 8.26 3592
128 8.64 3629
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Table 3 Comparison of energy consumption influenced by position loop gain

Position loop gain Motion time Energy consumption
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10 8.00 3407
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Fig.16 Influence of position loop gain

LI EWTED MLy O ER 16 RT. £, HEE
HOMERERZK 160NTRT. ZD & &, fMEL—T 7 A I
K DRBOLETRD 0, DR EEIT Tms & LTH D,
B 16N & B &, fiffin—T"47 A % 1205" L R&E L LIchh
WZIINRREOTEEE ) PR E 720, BOREHZ B EIRKRE <
WHENWTWS, —F, MEL—F5A % 105" & LB
UL, INBOEREEOHEENTIFN & N TRIBIT NS 25T
WA, EENCET ZRHEIERE S E LTV, Lo T
ARG DN ESR S WA, MEA—T A RN EL
RIET D Z L CHEENCET 2 RER T RV X ZHCE S ATRE
MWRH 5.

7o, EOBEITHEEER P OB ENKE ARFE T
HIVRVA, ZILFOEEBNINDTMNICREL 2o TN D,
Lo DEAC(H 16() 2 225 &, B —T A % 105" &
L7233t od S L2 DNEINDALBN— T 7 A v DBRE &
HEARTRELSFELTEY, 0O LA IS E )3
RKLTWAHZEDFKREEZZ HILD.

NLEN—T 7 A v DR X DN BT B = L
DFENETET S, 100 mm OPEREZ —1EH S 7-FRrony
B R UREEMN U, EBNCEE L7 N LR 0
BfERERIIORT. R3ICLDE, MNEAL—TF A 2E(L
S CHIEICET HIFMITED DRV, —RT A %/
SRRE LIS AITRIEBR = R LDV NS 2D 2 ERNbnD.
Bz, NfEA—T A A 10T ERRE LIZHAITIE, 120!
LBE LB AICHN TR 16 % bl = R L XN EL 2o
TWA. ZHUE, MEL—747 A & 108 LE LA,
TG DY FE I AMH S N & 2o TN AT TH D, LL
FOZEND, NEAL—T A ENSSRETHIET, E
IS ELE 5.2 5 2 e, ZOMECES DT
XEHIRATHETH D 2 & NbonD.



1200
1000 A
800 \ o N NN S
. VA AV A AV
T, 600
2
S 400 p o
200
0 1 2 3 4 5 6 7 8
Time s
Fig.17 Power consumption under circular motion
—— X-axis
1200 " — ——- Y-axis
1000 i —— X
1l - I !
5 800 RN AN NS AN 5
= i VNG VN Yar)
R RS VARV A=
\
= 400 '\’)\/\:;\/\"\/\.'\\'
/2N VA B\ VAR AV R AN
200

Time s

Fig.18 Power consumption of X-and Y-axis
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Table 4 Cutting and setting conditions

Tool type Square end mill
Tool diameter 10 mm
Feed rate 600 mm/min
Inclination angle 10 deg
Half apex angle 15 deg
Center offset 60 mm
Diameter of bottom surface 90 mm

Half apex angle Diameter of bottom surface

A 15°
.
Inclination angle B 7

|/
<

<%m> 8
60 mm X Y

Center offset

Fig.19 Work piece setting for cone frustum cutting motion
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Fig.20 Velocity profile of each axis under
cone frustum cutting motion
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(b) Power consumption of each axis

Fig.21 Power consumption during cone-frustum cutting motion
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