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Diamond Whee

Milling and grinding
with a single-layer,
metal-bond diamond
wheel.

ommon aluminum machin-
ing typically involves mill-
ing. To achieve fine surface

finishes, grinding is performed as a
secondary operation. However, a sin-
gle-layer, metal-bond diamond wheel
has been developed to effectively mill
and grind on the same setup at the
same time. This wheel is capable of
quick cycle times while imparting a
precision finish. This product consists
of a “planted field” of diamond grain
with a specific size, location and grain
exposure, giving it the ability to effi-
ciently mill and grind.

There has always been a require-
ment in the manufacturing market for
high efficiency, productivity enhance-
ment, lower cost and high precision.
This includes the cutting and grind-
ing of aluminum parts. Lightweight
cast aluminum has recently been in
much greater demand as fuel costs rise.
Consequently, the manufacturing mar-
ket can use a specialized tool able to
provide both heavy material removal
and the accuracy common to grinding
practices.

When grinding a part after milling
it, the goal is to efficiently provide
a suitable finish while achieving di-
mensional accuracy. There have been
several case studies conducted with EP
(electroplated) CBN grinding wheels
run at variable wheel speeds and with
the CBN grain conditioned by mi-
crotruing, but we aren’t aware of a
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Figure 1: lllustrated cross section of diamond grain and brazed layer.

Flgure 2: Dlamond grain grit rows.

specific case study with metal-bond
diamond wheels.

This article discusses the structure,
features and truing condition of a sin-
gle-layer, metal-bond diamond wheel.
This wheel was specifically designed
to grind die-cast aluminum, though
diamond grain can also be applied to
machining and grinding many com-
posite materials and some cast irons.
The wheel’s performance results and
how the truing and grinding conditions
affect the grinding force and work-
piece surface roughness are discussed
in detail.

Basic Structure
The top of the diamond grain pro-
trudes well above the brazed base

layer. At the interface of the diamond
grain and brazing material, there is a
strong chemical and mechanical bond
(Figure 1).

The amount of diamond grain diam-
eter that’s encapsulated, or wetted, by
the bronze bond is about 50 percent.
However, due to the strong chemical
attraction between the bronze bond
and the diamond, the effective protru-
sion height of the diamond grain is
about 70 percent. Therefore, high-ef-
ficiency grinding can be achieved with
a deep cutting depth and high grinding
speed without fear of the diamonds
being pulled out of the bronze bond.

The single-layer, metal-bond dia-
mond wheel has diamond grains, or
grit rows, specifically placed on the
core material (Figure 2). The grit place-
ment results in grinding chips being ef-
ficiently ejected and heat being quickly
discharged from the grinding zone.

Truing Conditions

The goal when grinding is to ef-
ficiently produce a workpiece surface
that is highly accurate and stable.
Microtruing of the diamond wheel

All images: Noritake



Flat area

/

Truing
wheel

Diamond
wheel

Figure 3: Truing diagram.
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Figure 5: Relationship between total truing depth and surface roughness.

Table 2: Grinding parameters for test to show relationship between
truing depth and workpiece surface roughness.

Grit size #40/50

Grain spacing (mm) 0.9

Wheel speed (rpm) 1,760

Feed (mm/min.) 800

DOC (mm) 0.3

Workpiece material ADC-14

Total truing depth (um) 15, 30, 45 and 60

enables the workpiece to have contact
with most of the available diamond
grains during the first cut instead of
contact with only the highest protrud-
ing diamonds. This enables a precise
and stable process from the start.

A case study shows the diamond
wheel is able to perform high-effi-
ciency grinding without sacrificing
work surface integrity. Microtruing was
performed only on the “flat” finishing
area of the single-layer, metal-bond
diamond wheel, not the lead angle.

Table 1: Truing Conditions.

#40/50
SD140
Depth of truing (um) 5
15, 30, 45 and 60

Grit size

Truing wheel

Total truing depth (um)

The truing conditions are shown in
Table 1, and the truing schematic dia-
gram is shown in Figure 3. Truing depth
was created by taking a total DOC of
60um via three passes of Sum each and
repeating that four times (Figure 4). As
the DOC was increased, the flat portion
of the diamond ““grain face” was formed
and the surface area increased.

A grinding test was performed to
show the relationship between truing
depth and workpiece surface rough-
ness (Figure 5). Grinding conditions
are shown in Table 2.

When the truing depth was in-
creased, the workpiece surface finish
improved. Also, the surface finish did
not change greatly after truing to a
total depth of more than 30um, so a
truing depth of 30um was created for
the following test.

Grinding Ability and Evaluation

The high-speed precision grinding
of die-cast aluminum was performed
using a single-layer, metal-bond dia-
mond wheel (Figure 6). The wheel
had a diameter of 116mm, a hole di-
ameter of 31.75mm and a rim width of
12mm. The test investigated how the
main spindle rotation speed affects the
grinding force and workpiece surface
roughness. The grinding parameters
are shown in Table 3.

A relationship exists between spin-
dle rotation speeds and grinding force.



The test results are shown in Figure 7.
It was found that tangential and nor-
mal grinding force components were
reduced when infeed per revolution
was effectively reduced by increasing
spindle rotation speed.

Figure 6: Cup design of single-layer,
metal-bond diamond wheel.

Workpiece surface roughness was
measured for each wheel speed. The
results are shown in Figure 8. The
single-layer, metal-bond diamond
wheel imparted a surface finish of less
than 3um in all conditions tested. Feed
marks appeared, though, when the
main spindle rotation speed was too
low. However, as the main spindle ro-
tation speed was increased, feed marks
were reduced, and workpiece surface
finish improved.

The microtruing procedure set at
about 30um significantly improved the
surface finish. In addition, grinding
force decreased as the spindle rotational
speed increased. A
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Table 3: Grinding parameters for test to investigate how main spindie
rotation speed affects grinding force and workpiece surface roughness.

Grit size #40/50
Grain spacing (mm) 0.9
Wheel speed (rpm) 1760, 3500 and 5500
Feed (mm/min.) 800
DOC (mm) 0.3
Workpiece material ADC-14
Total truing depth (um) 30
500 50
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Figure 7: Relationship between wheel speed and grinding force.
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Figure 8: Relationship between workpiece surface roughness and wheel speed.
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For more information about the com-
pany’s products, visit www.noritake.
co.jp/eng.

CUTTING TOOL ENGINEERING Magazine is protected under U.S. and international copyright laws.
Before reproducing anything from this Web site, call the Copyright Clearance Center Inc. at (978) 750-8400.




