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Abstract: To realize the energy consumption predictions and simulations of CNC processing, the
energy consumption model of machine tools was built by using the method of specific energy con-
sumption based on Vericut Force module, and the CAD-CAM-ECS energy consumption simulation
platforms of energy consumption were built by combining the UG CAM module and Vericut Force
module, the energy consumption simulation of parts were realized in the machining processes. The re-
sults show that the energy consumption of machine tool model may effectively predict energy con-
sumption of machine tools in the part processing based on IPW (in process workpiece) conditions. The
CAD-CAM-ECS energy consumption simulation platform may accurately shine upon design character-
istics of high energy consumption in machining process simulation. which may provide the basis for
part design and processing optimization,
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Fig.1 Work diagram of CAD-CAM-ECS energy

consumption simulation platform
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Tab.1 Laboratory equipments and tools
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Tab.2 Experimental results of machine spindle

no-load power

n(r/min) P spindte (kW) S A ] (ms)
500 0.18 400
700 0.23 1400
1100 0.29 2 700
1 500 0.34 3 700
1 900 0.46 4 700
2 300 0.54 5 800
2 700 0.63 6 600
3 100 0.72 7 600
3 500 0.82 8 600
3 900 0.94 9 500
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Tab.3 Experimental results of feed shaft no-load power
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Cx e Cyte C Zdown fe Czup e
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Tab.4 Experiment design

n (vi(mm/min) ,
500 900 |1 300|1 700|2 100

(r/min) h(mm),W(mm))
18 18 18 18 18 (120,1.5,6)
Y 42 42 42 42 42 (140,2.0,9)
) 4 4 4 4 4 (160,0.5,3)
(mm® /90 10 | 10 | 10 | 10 (200,1.0,3)
33 33 33 33 33 (220,1.5,6)
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Tab.5 Experimental results™
s i mm) | Wmm) | P (kW)
(r/min) |[(mm/min)

1 500 140 2.0 9 0.93
2 900 140 2.0 9 1.00
3 1 300 140 2.0 9 1.10
4 1700 140 2.0 9 1.19
5 2 100 140 2.0 9 1.29
6 500 120 1.5 6 0.89
7 900 120 1.5 6 0.93
8 1 300 120 1.5 6 1.03
9 1700 120 1.5 6 1.13
10 2 100 120 1.5 6 1.24
11 500 220 1.5 6 0.91
12 900 220 1.5 6 0.98
13 1 300 220 1.5 6 1.09
14 1700 220 1.5 6 1.19
15 2 100 220 1.5 6 1.30
16 500 200 1.0 3 0.89
17 900 200 1.0 3 0.93
18 1 300 200 1.0 3 0.99
19 1 700 200 1.0 3 1.09
20 2 100 200 1.0 3 1.19
21 500 160 0.5 3 0.87
22 900 160 0.5 3 0.92
23 1 300 160 0.5 3 0.98
24 1700 160 0.5 3 1.06
25 2 100 160 0.5 3 1.15
26 500 240 0.5 9 0.89
27 900 240 0.5 9 0.93
28 1 300 240 0.5 9 1.01
29 1700 240 0.5 9 1.12
30 2 100 240 0.5 9 1.21
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Fig.2 Diagram of milling diagram
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Tab. 6 Coefficient fitting results of P,
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Tab.7 Parts size parameters and machining parameters
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Fig.5 Energy consumption simulation flow chart
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Fig.6 Results of energy consumption simulation
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Tab. 8 Comparison of pats features simulation results
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