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THE GRINDABILITY OF SEGMENTED GRINDING WHEELS
PRODUCED BY VIETNAM IN ROUGH MACHINING ALUMINUM
MATERIAL

Y cmammi posensinymo newjodasno pospobaeni y B'emnami ceemenmosani winighysanvhi kpyeu, 3
0NOpPOIO HA OCHOBU NEPEPUBHACIOT MEXAHIUHOT 0OPOOKU, 3 MEMOIO NIOBUWEeHHs WTiPYIOUOol 30amHocmi
3epen. Heuwe «3acanio8annay WniQyeanvHo2o Kpyea, fKe SUHUKAE NPU HATMAHHI  waighoeanoi
CIMPYIHCKU 8 MIDICIEPEHHOMY NPOCMOPI, NPU BUKOPUCMAHHI MAKUX KPY2i8 3MEHULYEMbCs, 0COONUE0 npu
06pobyi amominito. Jociodcysanucy Kpyeu 3 piHUM CNIGGIOHOWEHHAM nepepusiacmux OLISTHOK ma
pobouoi nogepxmi Kpyea. Bunpobyeanns kpyeié npogoounucs Ois anloMiHIE8020 CHIAGY, A MAKOIC
3aKAIeHOl Mma He3aKaneHol cmai npu pisHux pesxcumax 0opooku. Ilpu ybomy GUsAEIEHO, WO MEXAHIZMU
MexaHiyHoi 00poOKU Oewjo GiOPI3HAIMbCA.

Kniouosi crosa:wnigpyeanns, nepepusuacma o6pooKa, ceemeHmosanuil wnighyeanbHull Kpyz

B cmamve paccmampusaiomes ceameHmuposanHvie WAUMOSATbHbIE KpY2U, paspadomanHuie
HedasHo 60 Bvemmame c Onopoil Ha OCHOB8bL NPEPLIBUCMOU MEXAHUYECKOlU 00pabomKu, ¢ yenvio
noeviuienus wau@yrowel cnocobnocmu 3epen. Sflenenue «3acanusanusy WIUGOBAILHO20 Kpyed,
603HUKAIOWee NPU HATUNAHUU WIAUGPOBAHHOU CIMPYIICKU 6 MEJICIEPEHHOM NpOCmpancmee, npu
UCNONIL306AHUU MAKUX KPY208 YMEeHbUulaemcs, ocobenHo npu obpabomke amomunus. HMccredosanucs
Kpyau ¢ pasiudyHelM COOMHOWEHUEM NpPePulUCHIbIX YHACMKO8 U paboueli NO8epXHOCmuU Kpyed.
Hcnvimanusa kpy206 nposoounucy 0 alloMUHUeB020 CRIABA, A MAKdiCe 3aKANEeHHOU U He3aKaNeHHOU
CMan npu pasIudHbIX PeXCUMax o6pabomku, npu IMoM 6blA6NEHbl HEKOMOpble OMIUYUS 8 MEXAHUSME
MexaHuueckol 06pabomxu.

Kiouesbvle cnosa: uinighosariie, npepblsuchas 00padbomxa, ceameHmuposanHblil WTUGOBATLHbILL Kpye

Recently developed in Vietham segmented grinding wheels is base on the fundamental of
discontinuous machining is used to enhance the grindability of abrasive grains. The phenomenon of
grinding chips adhesive to space between grains, that make the wheels became “dull”, was reduce,
special machining aluminum. In this paper, the evalution of segmented grinding wheel is based on the
cutting performance. 7 is defined as a ratio between the discontinued regions and the. of the grinding
wheel’s working surface. There were five newly developed grinding wheels with (10.91%, 16.37%,
18.19%, 20.01% and 21.83% respectively) and one conventional 7 different 7 = 0%) were used to grind
unhardened steel, hardened steel and aluminum. The results showed 7 grinding wheel (that segmented
grinding wheels obtained a smoother surface in compared with conventional 7 = 20,01% for machining
unhardened steel and at 7 = 18,19% machining aluminum material. On the other hand, segmented
wheels with a less number of abrasive grains, show a higher efficiency for obtaining the smoother
surface roughness than conventional wheels in the same working conditions. However, the mechanism
of machining hardened and aluminum materials is a little bit different.

Keywords: grinding, discontinuous machining, segmented grinding wheel

1. Introduction
Nowadays, the fabricate industry is using numbers of new materials with the
difference in hardness, from hard ones such as thermal steel, alloy steel, carbide
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alloy or ceramic material to soft ones like aluminum alloy, magnesium alloy and so
on. All of them need the fine final machining in order to reach desired surface
quality and dimension. The grinding process and grinding wheels are using as an
effective way to reach the precision and surface roughness as expected. [1, 2].

Improving the fine final machining process can help in the job of enhanced
products’ reliability as the whole system. In this situation, as soon as machining
conditions should not be taken out from properties of the material, we cannot
ignore the impact of the grinding process to the material in real. In addition, we
have to take notice of characteristic of treated surface of material, before and after
machining process [3]. This paper mention the grinding process with Aluminum
Alloy, C45 and C45 harden steel using segment grinding wheel. Surface quality got
from the process is compared with the process using normal continuous grinding
wheel. Effects by process variables are also researched.

2. Segment grinding wheels

In this experiment, a formal grinding wheel and 5 segmented grinding wheel
have been used. Wheels have the same diameter, width, adhesive, dressing
condition, grain size, grain density and stiffness and producer (Hai Duong grinding
wheel producer). The formal griding wheel have continuous working surface
(segmented rate 1 = 0%) while other wheels are slotted equally in order to make
different segment rate.

Table 1 — General parameter of grinding wheel

1. Wheel’s serial: Cnd6 MV2 350x40x127-35m/s
2. Outside diameter: 350 (mm)
3. Inside diameter: 127 (mm)
4. Wheel’s width: 40 (mm)
5. Wheel’s velocity: 35 (m/s)
6. Abrasive particle: Cn46 GV6 MV2
7. Adhesive: ceramic

Table 2 — Segmented grinding wheel’s parameters

No | Number of tracksz Angle betwee(r; Eé\gig;ted continually Segment rate (%)
1 12 30 10.91
2 18 20 16.37
3 20 18 18.19
4 22 16.36 20.01
5 24 15 21.83
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Figure 1 — Geometry parameter of segmented griding wheel
with angle B slot’s width w and slot’s depth b

The griding process is performed by flat grinding machines OKAMATO
made in Japan with the specifications of the grinding machine are listed in Table 3.
Fig.lis the photographed of the wheel on the machine

Table 3 — Specifications of the grinding machine

Length Width Height
Parameter (mm) (mm) (mm)
1. Machine dimension 4.280 1.850 2.190
2. Pallet dimension 2.150 800
3. Working space 1.200 520 350
4. Capacity of main spindle motor: 11KW

Figure 2 —The wheel on the machine

Workpiece material used for the experiment is C45 with 2 type materials,
harden steel with the hardness of 42-43HRC (5 patterns) and 5 patterns
unhardened, 5 patterns aluminium alloy produced by Van Xuan Co., axbxc size =
100x35x40mm. Figure 2 is a screenshot of the workpiece used in the experiment
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100

Figure 3 — C45 steel with 100x35x40mm dimension, the hardness
42-43 HRC and unhardened 82 HB , and aluminium A6061

The chemical composition of aluminum alloy A6061 is shown in Table 4.

Table 4 — Composition of chemical elements in aluminum alloy A6061

element Cu Fe Si Mg Zn Cr Al
0.40 ~ 0.04 ~
Content% |0.15~0.40 0.7 080 0.8 0.25 035 The rest

For all experiments, cutting velocity v and feed rate s are fixed at the value of
v = 32m /s, s = 12m/min, while cutting depth t be changed to 0.015 mm;
0.025 mm and 0.05 mmrespectively. Each machining process is perform with 10
double cruises. The depth of the layer of removal material after 10 double cruisesis
measured by an electronic caliper from Mitsubishi.

3. Results and Discussions
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Figure 4 — The relationship between surface roughness Ra
workpiece when changing t machining aluminum

When the cutting depth change respectively from 0.015mm; 0.02mm;
0.025mm, the feed rate is f = 12m/min, the process with Aluminum Alloy did not
follow the rule. Theoretically, increasing the cutting depth will decrease the surface
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quality [4, 5, 6]. When the cutting depth is t, = 0,025mm surface quality is better
than when the cutting depth is t; = 0,015mm, even with t= 0,03mm, and z=18.
In the process with continuous grinding wheel, grits on wheel’s surface tend to
close together, lead to the decreasing of efficiency in grinding process and surface
quality.
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Figure 5 — The relationship between surface roughness Ra of the workpiece
when changing t machining steel C45 hardened

With segmented grinding wheels, not all of them always better than traditional
grinding wheel. But when the segment ratio increase, the surface roughness reach a
peak at the segment ratio change from # = 18,19% to n = 20,1% (as in figure 5). At
this point of #, the surface roughness is lowest even when compared with
traditional grinding wheel
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Figure 6 — The relationship between surface roughness Ra of the workpiece when changing t
machining steel C45un hardened
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When cutting depth enhanced in the process with C45 harden and normal
C45, surface quality reach a highest point at Z=20, surface quality still remain even
when increasing cutting depth. This is one of pros of segment wheels.

Characteristics of harden materials grinding process are lower residual stress,
lower grinding power, short shavings while soft materials come with slide material
layer, scratch, higher energy, long shavings. So that as long as the cutting depth and
the contact length is big, the surface quality is low.
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Figure 7 — The relationship between surface roughness Ra of the workpiece
with 3 type of workpices when machining t=0,02mm; Ss= 12m/ph; v=30m/s

Surface roughness measured when machining with the z=18 segment wheel as
the segment ratio of n = 16,37% show that the segment help arranging abrasive grit
in the right way to avoid the same moving trajectory of the grit, give us higher
surface quality compared with traditional grinding wheel at process variables of
t=0,02mm; fs= 12m/ph; v=30m/s. This thing give a pros to the z=18 segment wheel

4. Conclusion.

This paper mention the grinding process with Aluminum Alloy, C45
unhardened and C45 harden steel using segment grinding wheel. The result show
that:

1. The segment wheel with segment ratio of » = 16,37% show the best

cutting ability compared with traditional grinding wheel. When increasing the
cutting depth with the Z=20 process, the surface quality is still remain with 3 types
of material

2. When machining harden material as C45 harden steel, crushed shavings
created and combine with the segment space on working surface of the wheel help
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shaving easier to move out from the machining space, coolant entered to the
machining area through this way too, help increase the cutting ability of grinding
wheel
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