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ABSTRACT 

In this paper, an adaptive and controlled oil bidirectional separation filter system is designed to
realize the adaptive switching of the corresponding filter module according to the results of cutting
fluid type, and complete the filtration process of different types of machine tools under the conversion
of dual-module filter module. 
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1. INTRODUCTION 

With the rapid development of modern precision machining technology, cutting fluid as the key 
process medium in the mechanical manufacturing process, its performance stability directly affects 
the processing quality and the service life of equipment. Under the background of intelligent 
manufacturing, multi-variety and small batch production mode puts forward higher requirements for 
cutting liquid treatment system. Traditional filtration devices generally adopt a single modular design, 
which is difficult to adapt to the differentiated treatment needs of different kinds of cutting fluid 
(emulsion, semi-synthetic liquid, total synthetic liquid, etc.), leading to increasingly prominent 
problems such as filtration efficiency fluctuation and rising maintenance cost. This technical 
bottleneck has become a key factor restricting the development of high-precision processing process. 

2. MAIN INSTRUMENTS AND EQUIPMENT 

In order to ensure that the filter amount of cutting fluid meets the requirements of daily machining 
use, the length range of the tubular membrane group used by the regular filter processor is generally 
700-1200mm. However, the tubular filtration module used in daily machining has a large processing 
capacity, usually reaching 200 L/h, and the use of large filtration components to complete the 
exploration of the membrane flux change law will cause the huge consumption of cutting waste liquid, 
sampling difficulties and incomplete experimental results and other phenomena. 

Therefore, we chose to build a small cutting liquid filter prototype to complete the membrane flux 
experiment and explore the loss rules of different membrane elements. The cutting fluid filter 
prototype is shown in Figure 1. The prototype can assemble small ceramic inorganic membrane filter 
elements with an outer diameter of φ 40mm, the length of the membrane tube is 200mm, and the 
membrane area is 0.11m2. Built-in pressure regulating pump to meet the 0~1.6MPa membrane 
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pressure inlet and reflux pressure adjustment. Among them, the maximum pure water treatment 
capacity of a single film of the prototype membrane device is about 65 L/h (the cutting fluid treatment 
capacity is adjusted according to the situation). 

 

Figure 1. filter prototype structure and physical drawing (a) filter prototype structure; (b) filter film 
physical; (c) prototype physical 

3. DESIGN PRINCIPLE OF CUTTING FLUID ADAPTIVE AND 
CONTROLLABLE OIL TWO-WAY SEPARATION AND FILTRATION 
SYSTEM 

The cutting fluid adaptive controlled oil bidirectional separation filtration system is a device with 
efficient filtration and intelligent regulation function, used to treat solid particles and oil pollution in 
the cutting fluid. The system design principles should follow the following points: 

1. the principle of efficient filtration: the system should adopt efficient filtration technology, 
combined with the aforementioned semiconductor inorganic film filtration material and control 
variable method, in order to realize the effective filtration of small particles and oil pollution in the 
cutting liquid. By optimizing the pore size and material selection of the filtration medium, the system 
can efficiently remove suspended particles and fine oil droplets, improving the cleanliness and 
stability of the cutting fluid. 

2. Adaptive regulation principle: the system should have the ability to monitor and adjust parameters 
in real time, so as to automatically adjust the filtration speed and pressure according to the change of 
cutting fluid, to ensure the stable operation of the filtration system under different working conditions. 
Through the sensor and automatic feedback control, the system can sense the flow rate, concentration, 
temperature and other key parameters of the cutting fluid in real time, and independently adjust the 
filtration conditions according to the preset control strategy, so as to achieve the best filtration effect 
and energy consumption control. 

3. Two-way separation principle: the system should have the function of two-way separation, which 
can switch the corresponding filter module according to the results of cutting fluid type, and complete 
the filtration process of different types of machine tools under the conversion of dual-module filter 
module. 
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4. Realize the drainage and treatment of solid particles, waste liquid and circulating liquid 
respectively, and reasonably plan the equipment operation pipeline sequence and liquid storage space. 

5. Sustainable development principles: The system should be designed considering energy 
consumption and environmental impact, and adopt sustainable technologies and materials as far as 
possible. By optimizing the utilization efficiency of energy use, reducing waste generation and 
adopting environmentally friendly materials, we can reduce the environmental load of the system, 
and improve the sustainability and economic benefits of the system. 

4. OVERALL STRUCTURAL DESIGN OF THE FILTER MACHINE 

4.1. Preprocessing Mechanism 

Waste liquid pretreatment mechanism including stainless steel filter tank and nano oil separation tank, 
stainless steel filter tank with side in bottom out (also using side in side out), filter liquid medium 
through the pressure in the pipe into or into the filter barrel, the filter liquid medium to punch through 
the filter, produce the ideal solid-liquid separation to achieve the liquid medium filter effect. Use 
stainless steel filter core, filter accuracy: 0.5um, used to intercept solid impurities and protect the 
pump and pipeline. Stainless steel coarse filter tank can protect the normal work of compressor, pump, 
instrument and other equipment. When the fluid flows into the filter cylinder with a certain size of 
the filter screen, its impurities are blocked, and the clean filter fluid is discharged from the filter outlet. 
When it needs to be cleaned, as long as the removable filter cylinder is removed and reloaded after 
processing. 

The nano oil separation tank is hydrophilic and oil hydrophobic, the membrane material water passage 
speed, high oil separation purity, high separation efficiency, low separation cost, the product supports 
repeated use, the other end of the oil nano oil separation tank is connected with the other end of the 
oil nano oil separation tank. 

4.2. Cutting Fluid Bidirectional Separation and Filtration Mechanism 

The cutting fluid bidirectional separation filter module is a controlled hydraulic fluid bidirectional 
separation loop device, which includes cutting oil pipeline, cutting fluid pipeline, control bin, rotating 
paddle, driven gear, rotating rod, etc., as shown in Figure 3. The bidirectional separation circuit device 
of controllable hydraulic oil does not change the original filtration treatment conditions, but combines 
two independent pipelines of cutting oil and cutting fluid to realize the accurate identification and 
efficient filtration of different kinds of cutting fluid by one equipment. After pretreatment, the waste 
liquid enters through the inlet pipe of the filtration membrane group mechanism. The oil concentration 
detection sensor detects the concentration of the cutting oil in the liquid to determine the passing 
cutting oil or cutting liquid, realizes the type identification through the separation mechanism, and 
sends the waste liquid to the appropriate filtration module to complete the separation. 

 

Figure 2. A bidirectional filter device 
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The schematic diagram of the structure of the membrane tube is shown in Figure Figure 4. Water 
based cutting liquid inlet, oil base cutting liquid outlet and water base cutting liquid outlet are 
distributed in the shape, the oil base cutting liquid outlet and water base cutting liquid outlet are set 
relatively, and the cutting liquid inlet is located at the top of the shape. The movable valve disc uses 
the rotary paddle as the working face, and the same side of the rotary paddle side of the rotary paddle 
as the working face of the oil base cutting fluid outlet and the oil base cutting fluid facing the outlet 
of the water base cutting liquid. When used as the oil-based cutting liquid working face, the cutting 
liquid inlet is connected with the oil-based cutting liquid outlet to form the circulation path of oil-
based cutting liquid. When used as the water-based cutting liquid working face, the cutting liquid 
inlet is connected with the outlet of water-based cutting liquid to form the circulation path of water-
based cutting liquid. Through the swing of the rotating paddle, it can easily realize the selection of 
the circulation path of oil base cutting fluid and water base cutting fluid. As shown in Figure 4, nine 
semiconductor inorganic film filter elements with size 6150 were filled. 

 

 
Figure 3. Structure diagram of ceramic inorganic membrane filter membrane tube filter module  

The distinguishing principle of control compartment classification is to use the characteristics of high 
concentration of cutting oil in cutting oil and less impurity composition, while the concentration of 
cutting oil doped in cutting liquid is low. According to the oil concentration in the cutting fluid can 
refer to the data analysis, summarize the concentration content range, the sensor parameters are set to 
a fixed value, when the range of the detected concentration, the system determines the pipeline 
through the cutting oil, then the sensor sends electrical signal and passed to the drive motor, the motor 
drives the positive active gear rotation, and the active gear control to the specified position, to realize 
the sealing of the cutting oil pipe, and complete the cutting oil recovery. Conversely, if the detection 
concentration is below this threshold, the sensor controls the drive motor to reverse and the paddle 
also rotates to the opposite side and switch the pipe to the other side of the corresponding cutting fluid 
pipe. 

4.3. Overall Structural Design 

According to the technical requirements of the cutting liquid processor described above, the three-
dimensional solid shape of the cutting liquid recycling filtration equipment is conducted. In the 
process of assembling the parts, the modification of some parts and the optimization of the structure, 
the overall model structure of the cutting liquid processing machine is finally determined. 

The structure of the whole machine is shown in Figure 5. The working process of the cutting liquid 
filtration system is as follows: the cutting liquid wastewater is mixed evenly and poured into the 
sewage liquid pool, and the pumping pump is started. After the driving force of the pumping pump, 
the wastewater passes through the waste liquid pretreatment mechanism. During the filtration process, 
the internal filtrate will be filtered out from the filter tank tube body through the filter membrane 
surface, and the remaining filter liquid containing impurities will be sent away from the filter tank 
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along the membrane surface, which can be reasonably discharged or returned to the sewage liquid 
tank for circulation and filtration. In this project, a maintenance backwashing mechanism is added for 
the late cleaning and maintenance of the cutting fluid filtration device. When the circulation in the 
filtration tank is detected, stop the pumping pump to suspend the cutting fluid filtration process, and 
use the reverse washing pump to clean, the normal filtration function of the filtration membrane can 
be restored after the impurities and the tank internal hydraulic out of the filtration tank. The collected 
dirty liquid can be precipitated, the upper cutting liquid can be returned to the sewage pool to 
participate in filtration, and the lower precipitation can be cleaned to the centralized treatment of the 
slag collection box. 

 

(a) (b) 

Figure 4. Model structure of the cutting fluid filtration device: (a) Appearance diagram: (b) 
Structure diagram 

5. CONCLUSION 

This paper puts forward five design principles of cutting liquid adaptive and controllable oil 
bidirectional separation and filtration system, models the circulating filtration equipment of cutting 
liquid university, and completes the modification of some parts and structure optimization, and the 
overall model structure of the cutting liquid processing machine is finally determined. The cutting 
liquid filter system of high strength and toughness steel based on semiconductor inorganic film is 
built. 
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