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Abstract

This paper introduces design method and working principle of grinder cooling device for mechanical numerical
control machining. By analyzing the problems of grinder cooling in mechanical numerical control machining,
technical solutions for the problems, model construction and specific implementation pattern are proposed.
Compared with the traditional cooling device, this device is simple to use, uniform in cooling, and has better
coolant cooling effect. While cooling, it removes a part of metal chips and impurities, avoiding adverse effect on
accuracy of the machined surface, which provides important guidance for production practice.
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l. Introduction

Domestic grinders are mostly based on model equipment. When the grinder is used in a mass flow production line,
regarding cooling flow of the workpiece, effect of cooling water filtration, whether the iron filings and sand
particles on the machine tool can be washed away in time, and whether the iron filings and sand particles in the
cooling tank can be removed in time, the grinder imposes high requirements for the chip removal cooling device,
which reflects the importance of chip removal cooling device at this time. Therefore, various chip removal cooling
devices designed according to actual needs continue to appear, such as: cooling devices with magnetic separators
and scrapers for chip removal, chip removal cooling devices with non-woven filtration, and other chip removal
cooling devices with automatic filtration, automatic cleaning, automatic chip removal functions. Due to the
different focuses on cost, function and practicability, chip removal cooling device has respective characteristics. At
present, there are two basic forms of chip removal cooling devices by domestic grinder manufacturers: one is the
natural precipitation type (see Figure 1); the other is the scraper type (see Figure 2).

I1. Problems in Grinder Cooling Device

In the machining process, various technological methods are needed, such as turning, milling, planing, grinding,
etc. To reduce the roughness in machining and improve machining accuracy, grinding is usually adopted to
improve flatness of the machined surface. In the grinding process, to improve the machining efficiency and
accuracy, grinder is often used for machining. During the machining, due to the extremely high-speed relative
movement between the grinding wheel and the blank, the machined surface temperature rises sharply, while
temperature of the rest part of the blank is relatively low, so the blank deforms under the uneven temperature,
which affects the machining effect. At the same time, too high temperature will also affect the mechanical
properties of the blank, which goes against the follow-up use of the machine parts.

2.1 Problem description

At present, the use of some commonly used surface grinders and vertical grinders often involves a large workbench.

After the workbench is energized, a strong magnetic force will be generated to firmly absorb the blank to the

workbench, thus avoiding blank movement. However, the grinding wheel will move to grind the machined surface

of the blank. During this period, a coolant pipe will be guided to the inclined top of the blank to spray coolant and

cool the machined surface. Nonetheless, the method of spraying coolant from the coolant pipe has a limited range

of action. It can only directly cool a small area, and the rest can only be cooled by the gradual flow of the coolant,
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which cannot guarantee the uniformity of cooling during the blank machining, so machining effect is affected to a
certain extent.

Existing coolant is pumped from the coolant tank for use. The used coolant will flow into the coolant tank again.
After repeated use in this way, the coolant will contain more metal powder and various impurities, which will
damage the machined surface and affect the machining effect if it is sprayed on the blank. In addition, after the
coolant in the existing coolant tank is used uninterrupted for a long time, due to the lack of sufficient energy
exchange with the outside, a certain temperature rise will occur, which reduces the cooling effect of the coolant.

2.2 Problem analysis

To solve the above problems, this paper proposes a grinder cooling device for mechanical numerical control
machining, which is possible to achieve relatively uniform cooling of the blanks during the machining process and
good cooling effect of the coolant. At the same time, it removes a part of metal chips and impurities, thus avoiding
negative impact on the machining effect of the machined surface.

Such grinder cooling device used for mechanical numerical control machining consists of cooling tank, cooling
nozzle, circulating pump, coolant tank, air pump, magnet, sponge, etc. The blank is placed in the middle of the
cooling tank. As the circulating pump starts, the coolant is sprayed through the cooling tank inlet. As the cooling
tank is cylindrical, the coolant will rotate rapidly in the cooling tank to speed up the liquid flow and cool the blank.
As the coolant increases, the liquid level in the cooling tank rises and gradually submerges the blank, so that
overall cooling of the blank is possible. As the coolant temperature rises, the density will decrease. The upper
coolant in the cooling tank has relatively high temperature. With the increase of coolant, hotter coolant will flow
out from the cooling tank outlet, and the heat generated by grinding will be taken away during the continuous
inflow and outflow, so that the blank temperature during the machining will not be so high as to affect the
machining effect. At the same time, the cooling nozzle can be rotated at any position and angle. By spraying
coolant to the key positions of the blank, key part cooling is possible, which further improves the cooling effect.
The coolant flowing out of the cooling tank enters the coolant tank, the magnet will adsorb the iron filings in the
coolant, and the sponge will filter the impurities in the coolant to ensure cleanness of the coolant. The air pump
will blow air into the cooling tank, so that the coolant in the coolant tank "boils", which speeds up the loss of heat
carried in the coolant, and avoids the overall temperature rise of the coolant during long-term use.

I11. Design of Grinder Cooling Device for Mechanical Numerical Control Machining

3.1 Technical solution

The grinder cooling device for mechanical numerical control machining consists of cooling tank, cooling nozzle,
circulating pump, coolant tank, air pump, magnet, and sponge. For its features, the cooling tank is a cylindrical
tank, which has cooling tank inlet and cooling tank outlet in the tangential direction. The outer side of the cooling
tank has a track along the circumference. A cooling nozzle is connected to the track, which can slide on the latter.
The cooling nozzle is long flat nozzle; the coolant tank is divided into three parts, namely purification zone,
cooling zone, and standing zone. The purification zone connects with the lower part of the cooling zone, the
cooling zone connects with the upper part of the standing zone. The upper part of the purification zone has a
coolant tank inlet, and the purification zone has magnet and sponge. The lower part of the standing zone has a
coolant tank outlet connected with a circulating pump, and an air pump is arranged under the coolant tank. The air
pump is connected to the bottom of the cooling zone with air pipe. The circulating pump pipeline is connected to
the inlet of the coolant tank, and the outlet pipeline of the coolant tank is connected to the inlet of the coolant tank
and the cooling nozzle. The cooling tank inlet is close to the bottom of the cooling tank, the cooling tank outlet is
close to the upper opening of the cooling tank, and there is a height difference between the two. The cooling nozzle
can be bent at any angle. In the purification zone, the magnet is not in contact with the sponge, and the magnet is
above the sponge, while the sponge is above the part connected with the cooling zone. There is a one-way valve on
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the pipeline between the air pump and the cooling tank, and the cooling tank occupies an area larger than the
working range of the grinder.

3.2 Model construction

103

Figure 2 Schematic diagram of the cooling tank structure
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Figure 3 Schematic diagram of the coolant tank structure
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Figure 4 Schematic diagram of the structure of the new coolant tank
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Figure 5 Schematic diagram of the cooling nozzle structure

Where: 1 cooling tank, 2 cooling nozzle, 3 circulating pump, 4 coolant tank, 5 air pump, 6 magnet, 7 sponge, 8
branch pipe, 101 cooling tank inlet, 102 cooling tanks outlet, 103 track, 201 nozzle, 202 groove, 203 connecting
rod, 301 circulation pump inlet, 302 circulation pump outlet, 401 purification zone, 402 cooling zone, 403 standing
zone, 404 coolant tank inlet, 405 coolant tank outlet, 406 shelf, 407 partition, 524 one-way valve.

3.3 Implementation

The following describes the embodiments of the device in detail with reference to the model diagram. In the
description herein, it should be understood that the orientation or positional relationship indicated by the terms
"upper", "lower", "left", "right", "front", "back", "vertical" and "horizontal" is based on the orientation or positional
relationship shown in the drawings, which is used only to facilitate and simplify description, and does not indicate
or imply that the mentioned device or element must have a specific orientation or is configured and operated in a
specific orientation. As shown in Figures 1-5, the grinder cooling device herein for mechanical numerical control
machining consists of cooling tank 1, cooling nozzle 2, circulating pump 3, coolant tank 4, air pump 5, magnet 6,
and sponge 7. For its features, the cooling tank 1 is a cylindrical tank, which has cooling tank inlet 101 and cooling
tank outlet 102 in the tangential direction. The outer side of the cooling tank 1 has a T-shaped track 103 along the
circumference side. Track 103 is a three-quarter circle, with baffles at both ends of the track 103. A cooling nozzle
2 is connected to track 103, and a T-shaped groove 202 is provided at the lower end of cooling nozzle 2. The
cooling nozzle 202 can slide on the track 103. The cooling nozzle 2 is long flat nozzle 201. A connecting rod 203
connects the groove 202 and the nozzle 201. Coolant tank 4 is a cube tank, which is divided into three parts by the
partition 407, namely purification zone 401, cooling zone 402, and standing zone 403. The purification zone 401
connects with the lower part of the cooling zone 402, the cooling zone 402 connects with the upper part of the
standing zone 403. The upper part of the purification zone 401 has a coolant tank inlet 404. The purification zone
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401 is arranged with three groups of shelves 406. There are two square magnets 6 and a sponge 7 in the
purification zone 401. The magnet 6 and the sponge 7 are placed on the shelf 406. The lower part of the standing
zone 403 has a coolant tank outlet 405 connected with circulating pump inlet 301 of circulating pump 3, and an air
pump 5 is arranged under the coolant tank 4. The outlet of the air pump 5 is connected to the bottom of the cooling
zone 402 with air pipe. The circulating pump outlet 302 of the circulating pump 3 is connected to the branch pipe 8
through a pipeline, one outlet of the branch pipe 8 is connected to the cooling tank inlet 101, and the remaining
outlet pipes of the branch pipe 8 are connected to the cooling nozzle 2. The cooling tank outlet 102 is connected to
the inlet 404 of the coolant tank via pipeline. With the operation of the circulating pump 3, the coolant in the
coolant tank 4 is pressurized by the circulating pump 3 and enters the cooling tank 1 through the cooling tank inlet
101 and the cooling nozzle 2, which flows out from the cooling tank outlet 102 to enter the coolant tank 4 again.
Through magnet 6 and sponge 7, impurities are removed, and the air pump 5 operates to add air to the coolant for
cooling effect. The cooling tank inlet 101 is close to the bottom of the cooling tank 1, the cooling tank outlet 102 is
close to the upper opening of the cooling tank 1, and there is a height difference between the two, so that the
coolant can rotate in the cooling tank 1 for a sufficient number of times to enhance the contact with the blank. The
connecting rod 203 is made of aluminum alloy with strong plasticity, so that the cooling nozzle 2 can be bent at
any angle, which increases the spray coverage of the coolant. In the purification zone 401, the magnet 6 is not in
contact with the sponge 7, and the magnet 6 is above the sponge 7, while the sponge 7 is above the part connected
with the cooling zone 402, so that iron filings are absorbed first, and then the remaining impurities are filtered to
facilitate secondary recovery of iron filings, which reduces the cleaning and replacement cycle of the sponge 7.
There is a one-way valve 524 on the pipeline between the air pump 5 and the coolant tank 4, so that the gas
generated by the air pump 5 can enter the coolant tank 4, while the coolant in the coolant tank 4 will not flow back
into the air pump 5. The cooling tank 1 occupies an area larger than the working range of the grinder, so that the
cooling tank 1 will not interfere with the grinder or cause damage.

3.4 Working principle

Before use, place the cooling tank 1 on the grinder workbench, place the blank in the center of the cooling tank 1,
turn on the power of the grinder machining platform, so that the electromagnet will absorb the cooling tank 1 and
the blank to the grinder workbench, thus avoiding movement of the blank. By adjusting the spray position of the
cooling nozzle 2, the coolant sprayed by the cooling nozzle 2 can cover some important positions requiring cooling
on the blank without affecting the rotation of the grinding wheel. In use, during the grinding process of the grinder,
the circulating pump 3 is started, and the circulating pump 3 will extract the coolant from the coolant tank 4 and
transport it along the pipeline to the branch pipe 8. Part of the coolant will reach the nozzle 2 along the pipeline
and be sprayed from the nozzle 201 onto the blank. Another part of the coolant will enter the cooling groove 1
from the cooling groove inlet 101. Since the cooling groove 101 is circular, the coolant will rotate and elevate in
the cooling groove 1 to cool the blank in all directions. Plus cooling of key part by the nozzle 2, the blank can be
well cooled. As the liquid level in the cooling tank 1 rises, the coolant in the cooling tank 1 flows out from the
cooling tank outlet 2 and flows into the coolant tank 4 along the pipeline. The coolant first enters the purification
zone 401. The magnet 6 and sponge 7 in the purification zone 401 will absorb iron filings and filter impurities of
the inflowing coolant. As the coolant continuously flows into the cooling zone 402, the air pump continuously runs
to inject gas into the cooling zone 402, so that the coolant in the cooling zone 402 is in a "boiling" state, thereby
carrying away partial heat of the coolant and lowering the coolant temperature. The coolant continues to flow into
the standing zone 403. The coolant in the standing zone 403 is not treated in any way, so that the coolant maintains
a stable state and can be easily sucked by the circulating pump 3, thus avoiding damage caused by excessive gas in
the coolant sucked by the circulating pump 3. In this way, the next round of coolant circulation is possible. It is
noteworthy that the fixed connection and fixed installation should be understood in a broad sense unless otherwise
clearly specified and limited. For example, it may be welding, gluing, or integral molding and other common
practices well known to those skilled in the art.

V. Conclusion
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Compared with the existing cooling device, due to the contact with the blank by immersion rotation, more heat can
be taken away from the blank, and the cooling is more uniform, which avoids uneven cooling speed distribution
and the resulting slight deformation of the blank due to the direct injection of coolant by the existing cooling
device. At the same time, the long flat nozzle can achieve a large range of local spray cooling, which facilitates
cooling in key areas of the blank. The magnet and sponge can be used for impurity removal and filtration of
coolant, which avoids the impact of impurities on the grinding effect and reduces the coolant replacement
frequency. The use of air pump to cool the coolant can reduce the rate of coolant temperature rise to a certain
extent, avoiding weakening of the cooling effect caused by the overall temperature rise of the coolant during the
long-term use. The device is convenient and simple to use, with stable and uniform cooling speed. Moreover, the
coolant has long single use cycle, and the overall effect is desirable.
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