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ABSTRACT  
The research work aimed to investigate the effect of machine modules and auxiliary units on the power and energy 

consumption for machine tools. The total electrical current consumption of machine modules and NC codes was measured. 

The power demand was evaluated and analyzed statistically to define the significance of machine events on power and 

energy consumption. The paper provides valuable information on the impact of machine modules, auxiliary units and motion 

states on the energy demand budget for a machine tool resource. This knowledge is fundamentally important in developing 

energy models for machining, in process planning for machining and in re-designing the machine tools to make them more 

energy efficient. The paper’s contribution should feed into the knowledge base for redesign of machine tools and decision 

making in planning energy efficient machining processes.  

 

 Key words: Auxiliary units, machining, machine tools design, carbon footprint, energy in machining, environmental impact 

of machine tools. 

 

 

1. INTRODUCTION 

 

It is obvious that manufacturing industries consumes electrical energy during the production processes. For example in 

Nigeria, manufacturing contributed 6.3% to the GDP between 1996 and 1998 [1]. Also, Corporate Nigeria [2] reported that 

manufacturing contributes 4.2% to the GDP in 2009, up from 3.6% in 2008. There are an increasing trend of electricity 

demand in Nigeria and globally. In the year 2010, 17.3% of energy consumption in the UK is attributable to industrial 

sectors [3]. This places a high demand on the supply of electricity. In most cases, this electricity is predominantly generated 

through the use of fossil fuel. The use of carbon rich electricity generation sources is of critical global interest as these 

processes produce CO2 emission. It simply implies that the higher the consumption of electricity in manufacturing industries, 

the higher the carbon footprints left by such processes and end products. As a result, the Global communities, comprising of 

all stake holders (i.e. UK government, European Commission and other nation’s), through the United Nation Environment 

Program UNEP [4], states policies and sometimes laws for an increasing demand for energy efficiency throughout the 

manufacturing cycle.  

It is reported that the bulk of electricity consumption in manufacturing is due to the use of machine tools for machining 

operations. The European Commission cites machine tools as a top three priority for inclusion into the product categories to 

be regulated through the eco-design directive [5]. Hence the urgent need for manufacturing sectors to reduce the demand for 

energy to meet eco-design directives and CO2 emission targets cannot be overemphasized. For designers of machine tools 

and manufacturing companies, this calls for an increased understanding of energy use by different design features of a 

machine tool and optimizing the use of energy in available numerical control motion states.  

The Cooperative Effort in Process Emission (CO2PE!) proposed a unified taxonomy [6] and methodology [7] so that energy 

data collection could be standardized and presented in a globally compatible approach. In this paper the author build on from 

the CO2PE! approach and adopted the strategy for classification proposed by Balogun and Mativenga [8].  

Initially, the various states of machine tools are reviewed in relation to CO2PE taxonomy [6]. In a case study on a MHP 

Open CNC lathe, power usage on a machine tool was characterized focusing on power consumption of the machine tool 

modules and auxiliary units. An assessment of the critical machine tool processes was made and this information is 

discussed with the vision to integrate NC codes into machine tool energy models and to improve the detail and utility of 

mathematical energy models for machine tools.  

 

1. 1. MACHINE TOOL STATES CHARACTERIZATION 

 

According to According to CO2PE! [7], screening and in-depth approach was identified as the approaches to studying a unit 

process and the development of acceptable dataset. CO2PE! classified machine tool states into two categories of ‘Basic 

State’ and ‘Cutting State’ based on operational characteristics of the processes. In the ‘basic state’, electrical energy is 

needed to activate required machine components and ensure the operational readiness of the machine tool. In the ‘Cutting 

State’ the electrical energy is demanded at tool tip to remove workpiece material as well as for modes of energy loss e.g. 

through machine noise, friction etc. Furthermore, a new ‘Ready’ state was proposed by Balogun and Mativenga [8, 9] to 
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represent a third and intermediate state. This is required because after the machine is started more electrical energy is needed 

for the drives and spindle of the machine tool to bring the tool and workpiece to the correct, about to cut position and to set-

up the necessary cutting velocity.  

Researchers are constantly investigating, analysing and modelling power and energy consumption of machine tools with 

much emphasis on reducing energy consumption during the machine idle stages [10, 11]. The energy consumption of 

machine tools during actual cutting processes was 14.8% of the total energy consumed by the machine tools throughout the 

machining process of a unit. The auxiliary units consume 85.2% [10, 11]. This implies an increasing carbon footprint and 

cost of the product produced with the equipment.  

Vijayaraghavan and Dornfeld [12] used event streaming of energy in machine tools to predict energy consumption in 

automated machine tools. In the analysis, it was shown that energy consumption increased during the start-up and idle states. 

Diaz, Nancy et al., [13] also reported that among the auxiliary units, the servo and the spindle consumes the most energy in 

the basic and idle states as investigated on the Mori Seiki NV1500DCG milling machine. However, to further prove and 

identify the auxiliary units that consume the most energy and modelled to an acceptable criterion in machine tools 

development, it is important to conduct more research to further analyse and validate the model using other machine tools as 

required by CO2PE! and for standardization. Li et al., [14] and Li and Kara [15] reported that the energy requirement of a 

machine tool consists of the tool tip energy also refer to as the cutting energy and other numerous auxiliary units. 

Kara and Li [16] modelled energy consumption for material removal processes of a unit process called specific energy 

consumption SEC. The SEC can be defined as the specific energy consumption to remove 1 cm3 of the workpiece material 

during a mechanical machining process. The authors further decomposed the SEC into specific fixed energy (SFE), specific 

operational energy (SOE), specific tool tip energy (STE) and specific unproductive energy (SUE). The decomposition can 

account for the various energy consumption of machine tools states as defined by Gutowski et al., [10], and Vijayaraghavan 

and Dornfeld [12] categorizes the energy state as basic, idle and cutting energy. However, the model cannot be generalized 

as it varies with machine tools and process parameters.  

The work of Mativenga and Rajemi [17] analyses the impact of optimum cutting parameters on energy consumption and 

energy footprints of machine tools and further classified the energy consumption of the auxiliary units as ‘idle energy’ with 

the assumption that each of this units contribute to the total energy consumption. Hence, Equation (1) was modelled as: 

 

         (1) 

 

Where, E is the total energy consumption, E1 is the energy consumed by the machine during setup operation (Idle energy), 

E2 the cutting energy, E3 the tool change energy, E4 is the embodied energy of the tool and E5 the embodied energy of the 

material. However, a clear distinction was not mentioned of machine tools energy states. Mori et al., [18] went further and 

modelled the total energy consumption during the manufacturing processes as it includes several processes (i.e. positioning 

and acceleration of the spindle following a tool change, machining, returning the spindle to the tool exchange position after 

machining, and stopping the spindle). Rajemi et al., [19] suggested that machine modules are a major power and energy 

consumers during the cutting process. The authors reported the machine module and idle power consumption to be within 

the range of 25% to 36% and 34% to 38% respectively. This further proved the high energy consumption of machine tools in 

the idle mode which in this case goes up to 74% of the total energy demand of machining processes. Li et al., [20] however, 

disintegrated energy consumption into fixed, operational, tool tip and unproductive states of machine tools. 

 

1.3. ENERGY CONSUMPTION OF MACHINE MODULES AND AUXILIARY UNITS OF MACHINE TOOLS 

The improvement in machine tool development over the years has shown that considerations have been given to the 

optimization of machining processes and improved functionality to reduce electricity consumption and CO2 emission 

associated with it. In line with this systematic approach, machine tools can be disintegrated into states to enable machine tool 

designers and manufacturers alike to quantify energy use and analyse ways to optimize its uses for Life Cycle Analysis, 

LCA at the use phase [21]. The proposed and expanded disintegrated model is as shown in Figure 1. The basic and ready 

power consumption of the machine tools encompasses the power consumption of the auxiliary units [18]. This is the work in 

progress for many researchers in reducing energy consumption during manufacturing processes. At the same time, energy 

reduction during the manufacturing processes will ultimately reduce its electricity consumption and carbon footprints.  

The basic power consumption is the power demand of machine modules for start ups, computers units, lightings, fans, 

lubrications and unloaded motors. This power demand could be somewhat constant for specific machine tools and efforts to 

reducing its impact on the total power demand are being investigated [20]. 
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Figure 1: Machine tool energy consumption model adapted from [8] 

 

2. STATEMENT OF PROBLEM 

 

Since energy demand for each of the machine tool states can be said to be machine tool specific, generalizing the energy 

demand of mechanical machining processes might be futile. It is therefore obvious the need to clearly define the machine 

tool state and auxiliary unit’s energy consumption of the machine tools to determine the contribution of each unit towards 

the total energy consumption during a machining operation. Hence, the needs for this research work to clearly define energy 

consuming units of each brand of machine tools. This is required in order to populate the database used for the evaluation of 

life cycle inventory and analysis of a manufactured product.  

 

3. OBJECTIVE 

 

The aim of this research is to investigate the effect of machine modules and auxiliary units on the power and energy 

consumption for machine tools at zero load and idle states. In view of that, the total electrical current consumption of 

machine modules and NC codes was measured. The power and energy demand was evaluated and analyzed statistically to 

define the significance of machine events on power and energy consumption. 

 

4. METHODOLOGY 

 

4.1 The Research Design 

The MDSI Open CNC Lathe machine was used for the study. At zero load cutting, the electricity demand for each 

disintegrated machine module were classified and evaluated. The electrical current consumption was measured with the 

Fluke 345 power clamp meter attached to the machine tool power buss to monitor various events/tasks during the machining 

processes at both zero load cutting and idle states. The machine tool auxiliary units comprises of operation computer, fans, 

three phase motors, hydraulic pumps, coolant pumps, tool change units, servos, lubricating pumps and other relatively 
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smaller units of negligible power consumption. The electrical current were recorded when the machine tool was switched 

‘ON’ and at this stage individual auxiliary units were been isolated through the electrical panel at the back of the machine. 

Each measurement was recorded using the Fluke 345 power clamp meter. The readings were recorded without cutting. The 

servos and spindle were then manually indexed through the jog mode to measure the electrical current for positioning of the 

cutting tools, acceleration and deceleration of the spindle. 

 

5. RESULT AND DISCUSSIONS 

From literature [7], the power consuming units of machining operation can be divided into three groups, basic, idle and 

cutting power. The basic and idle groups are the power for non-cutting operations which is the scope of this study. The non-

cutting operation includes the power required to switch ‘ON’ the machine modules and auxiliary units without cutting. 

Figure 2 shows the power consuming auxiliary units of the MDSI Open CNC Lathe machine while Figure 3 shows the 

contributing percentage of each of the power consuming units. The electrical current needed for switching on the machine 

modules was 1.71 A (i.e. P = 410.4 W). The machine start-up consumes 3536.5 W. This is due to the fact that at start-up, 

most of the auxiliary units are powered and at the ready position for actual cutting. The power demand for the rapid 

movement to home (axes jog to home) was 799.2 W while for rotating the spindle without cutting (idle condition with 

spindle ‘ON’) consumes 1200 W. It can be observed that the power consumption of the auxiliary units are comparatively 

higher compared to actual machining power demand reported in literature [8, 10, 22] which is between 10 and 48% 

(depending on the cutting load and material characteristics of machining). 

  

 

 
 

Fig. 2: The power distribution of MDSI Open CNC Lathe machine. 
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Fig. 3: Auxiliary Units Power Consumption in percentage. 

 

The results also shows an interesting fact, that machine start-up, spindle, servo home location, hydraulic pumps and coolant 

pumps consumes over 80% of the power demand on the MDSI Open CNC Lathe machine as shown in Figure 4. Note that 

power demand was evaluated at no-cutting and idle condition of the machine tool. Thus switching on such a machine has 

major impact on the energy consumption, optimum cost criterion of products and carbon footprint of the entire machining 

process. It further proves that the MDSI Open CNC Lathe machine should not be left in ‘stand-by’ or ‘idle’ position from 

energy footprint consideration for a considerable amount of time. 

 

 

 
 

Fig. 3: Power Consumption of MDSI CNC Open Auxiliary Units. 
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The chart above shows an examination on whether members of the family browse the internet to solve school work. The 

finding shows that 18.6% of the respondents said they strongly agreed that members of the family browse the internet to 

 

The chart above shows an examination on whether members of the family browse the internet to solve school work. The 

finding shows that 18.6% of the respondents said they strongly agreed that members of the family browse the internet to 

solve school work; 13.1% were also in agreement to that while 10.1% of the were undecided; 15.2% of the respondents 

indicated their disagreement while 43.0% of them strongly disagreed that members of the family browse the internet to solve 

school work. The result signifies that majority of the respondents agreed that members of the family browse the internet to 

solve school work. 

 

6. CONCLUDING REMARKS AND CONTRIBUTIONS TO KNOWLEDGE  

 

This research investigated the power consumption of machine tool states using the MDSI Open CNC Lathe machine as a 

case study in order to provide data for energy demand modelling of machining processes and to track the source of carbon 

footprint during mechanical machining processes for optimum performance. From the study, the following conclusions can 

be deduced: 

1. The basic machine state of the MDSI Open CNC Lathe machine consumes 63% of the total power during a zero 

cutting operation. Bulk of the power demand was for the machine start-up (45%), spindle power (15%), servo 

home location (10%), hydraulic pumps (8.9%) and coolant pumps (8.2%). The machine can therefore be 

redesigned to target a lower power footprint resource.  

2. Fluid pumping is a major power consumer as it required 17.1% of the total power at zero load. The design of more 

energy efficient pumps should be a target. 

3. The MDSI Open CNC Lathe machine power consuming units are also in agreement with the CO2PE! methodology 

of power consumption characterization of ‘Basic’, ‘Ready’ and ‘Cutting’ states. 

4. Machine tool designers can improve on the technology development to reducing power consumption of the 

preparatory units; however more research is needed to optimize power consumption of the auxiliary units for 

sustainable machining processes. 
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