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1. Introduction

In the making of a masterpiece, the artist may use a rough and
unrefined surface to present depth and meaning. The imperfection
of appearance reflects reality, an imperfect world that often touches
the heart of the viewer. Such a presentation is highly subjective and
depends very much of the cultural and artistic interpretation and the
story behind the masterpiece.

The brilliant rays reflecting off a diamond draws our immediate
attention. Attractive though it s, its brilliance also blinds the viewer. It
is uncomfortable for us to keep our eyes trained on the brightness for
more than a moment. But at the same time, its irresistible appearance
attracts our eyes to return to if incessantly. Its beauty 1s delightful to the
eye. And so we become blinded agaimn and again.

Across many cultures, artifacts with a shiny and highly reflective
surface are accepted as beautiful and glamorous. The difference in
charisma between a rough, lack luster black surface and a finely
polished gleaming black surface suitably illustrates this point.

Finer polishing technique are usually more expensive and time
consuming; hence, they are only used in the manufacture of high
quality goods to produce beautiful appearance. more time, effort and
resources are invested in the grinding and polishing process, a better
surface finishing can be achieved to satisfy the ever increasing demand
of high quality products.

%%%?@é% 7

However, this also implies that the cost of production will be
substantially increased, which is not in favor of the manufacturer.
Optimization of the grinding and polishing process with reasonable
control of the manufacturing cost is thus the desirable balance to
be achieved. Understanding of the basic principles of grinding and
polishing mechanisms enables the surface finishing process to be
manipulated so as to satisfy the demands of customers, while limiting
cost and time.

Currently, the training of skilled and semi-skilled polishing technicians
18 a lengthy and slow process. It takes 2-5 years for a technician to gain
sufficient knowledge and on surface finishing techmques. Furthermore,
most of these apprentices are not knowledgeable enough to handle
more complicated problems that arise when varied finishing techniques
are required.

The objective of this handbook is to provide a scientific approach to
understand the technology most polishing factories and technicians
are using nowadays to optimize existing surface finishing processes.
This is not a handbook for frontier scientific researchers. There are no
new scientific findings included. Nevertheless, this handbook can be
used as a introductory guide for training technicians and undergraduate
students.
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2. Fundamental Metallurgy

Metals and alloys are widely used in the manufacturing industry due
to their superiority compared to other materials in various aspects. To
name a few, metals and alloys are:

= Strong and hard

+  Thermally stable and durable
»  Formable, malleable

+  Hardenable, heat-treatable

»  Chemically resistant

+  Can be alloyed

«  Ductile

Not all metals and alloys possess the above advantages over other
classes of materials such as ceramics and synthetic plastics (polymers).
However, metals can be melted and combined (i.e. alloying) to form a
wide range of alloys with many of the superior properties listed above.

The most outstanding properties of alloys include their being hardenable
and heat-treatable. Some alloys can be hardened by deformation such
as hardening of relatively soft alloys or metals can be formed by simply
hammering or forging. The simple hammering process renders the final
product stronger and more wear resistant.

Alloys can also be heat-treated heating in a high temperature furnace

for a designated period of time. The required temperature depends on
the alloys composition and required properties. Usually, a longer heat
treatment will result in softer material upon slow cooling. However, a
fast cooling rate produces materials many times stronger. These alloys
are known as heat-treatable.

In simple words, two or more metals can be melted and mixed to
form an almost unlimited number of alloys to cater industrial and
domestic needs. The strength and shape of alloys can also be changed
at appropriate temperatures.

2.1. Mechanical properties of metals and alloys

In general, the strength of the three major classes of materials can
be arranged in the following order:

Ceramics > Metals & Alloys > Polymers

Describing metals as  “stronger” , is subjective and qualitative,
which may lead to confusion because new engineering polymeric
materials are created to be “stronger” than metals. Hence, it
1s important to use objective and scientific engineering terms to
describe the “strength” of materials.

2.1.1. Strength

A wire with a 10mm diameter 1s expected to be approximately
100 times stronger than a wire with a Imm diameter. This is
because the cross sectional area 1s 102 times bigger. The above
relationship is described as approximate due to other factors
affecting the strength of a component such as length.
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A simple inference due to probabilistic consideration is Table 2.1 List of mechanical properties of some pure
that the larger the component, the greater the probability melals (anncaled, 1.e. heat-treated and sofiened).
of defects existing within the component, thus the strength : - : )
would Iikely be lower. On the other hand, the properties of Materials Young S* Yield . Ultimate Appro.
smaller components are more varied because one component Modulus Strength Tensile HVg:kers &
may contain more defects than the other. However, since the égg&gr (MPa) Sg%nsgil ! ar(;\iis
variation 1s relatively small, this consideration can be neglected 1 2)
. . S (MPa)
in most light metals manufacturing industry.
The strength of a component is defined as the load (N: g o 47 el B0 i
Newton, kef, Ib  --- etc.) that it can withstand before plastic Aluminum, Al | 70 15-20 40-50 17
deformation or fracture. The strength of material is defined as
the maximum stress o ,,, (Maximum force divided by cross Gold, Au 79 - 120 40
sectional area: Fpu/A). Silver 83 124 207283 | 70

¢ =F/A Titanium, Ti 120 100-225 | 240-370 200
The larger the cross sectional area, the higher the force Copper, Cu 130 33 210 50
requi{ed-to deform 1t or break ‘it. However, the.strength of Phtinnm 163 _ 125-240 130
material is almost constant for different cross sections. Hence,
when specifying how “strong” a material is, its strength Nickel, Ni 170 14-35 140-195 130
is described by the international units are MPa (or MN/m?
or 10°N/m?) for metals and alloys. Table 2.1 is a list of the Tantalum, Ta | 186 180 200 200
strength of commonly used alloys. Tron, Fe 11 80-100 350 100
When something 1s said to be strong, it could mean that it
. ) , B 411 550 550-620 360
1s stiff (high Young' s Modulus), can resist to change shape Tungsten, W
permanently (high Yield Strength) or cannot be broken easily * The properties of some pure metals depend sensitively on the
(high Ultimate Tensile Strength, UTS). The UTS is always inclusion of other elements. Hence, it is difficult to find the “accurate”
larger than yield strength. values of the “pure” metals.

r 11
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As shown in Table 2.1, when the Young’ s modulus is higher,
the yield strength, UTS and hardness are usually also higher;
however, there are many exceptions too!

The stiffness (Young' s Modulus) of a material is usually not
highly sensitive to the composition. Yet, the yield strength,
tensile strength and hardness can be very sensitive to addition
of foreign elements. Elastic deformation would lead to no
change in mechanical properties. Young' s modulus of metals
and alloys will be increased due to severe plastic (permanent)
deformation; however, the changes are usually within 50%. In
many alloys, such changes are less than 10-20%.

On the other hand, the strengths of alloys can be easily raised
5-10 times by alloying and/or thermo-mechanical treatments.
Metallurgists can choose the right addition of alloying elements
and alter the mechanical properties dramatically without
changing other physical and chemical properties substantially.

For some “soft” materials (ductile and malleable), the
difference between the yield strength and the UTS is very
large. This usually implies that these alloys can be hardened by
plastic deformation (changing the shape permanently). It means
metals can be shaped by hammering and forming without
experiencing damage. In fact, many alloys can be strengthened
by hammering/forging. The process is called strain hardening
and 1s very useful.

For “hard” material (usually brittle), if it is deformed
beyond the yield strength, cracks or micro-cracks would often
be introduced to the material. Micro-cracks are small and
hard to observe and are prone to sudden failure. Hence, hard
materials are usually not formed to the final shape by simple
mechanical force. Casting from melt or powder metallurey

methods are usually employed to obtain a form similar to final
shape.

Cracking might also occur in ductile materials after strain
hardening. In order to prevent cracking of strain-hardened
materials, heat-treatment (annealing) process 1s required
to soften the material before further mechanical forming
procedures.

2.1.2. Hardness

The Young' s modulus, yield strength and tensile strength
of materials are usually provided by materials suppliers.
These material properties can be obtained by tensile tests.
However, tensile tests are not convenient, as well as costly, for
manufacturer 1n the quality assurance of incoming materials.

The hardness test 1s a simple and fast method to sample the
hardness of a material. The hardness testing machines are also
much cheaper, more robust and durable. Hence, 1t 1s desirable
to use hardness test results to qualify the incoming materials
before using them.

There are many types of hardness tests. Indentation hardness
tests are used to find the resistance to deformation of the
metals and alloys. The primary principle of choosing an
appropriate hardness test 15 to obtain a hardness value/number,
which correlates linearly with the UTS. The following are
some popularly used hardness tests:

+  Vickers hardness (HV)

»  Brnnell hardness (HB)

+  Knoop hardness (HK) for small area and thin films
»  Rockwell hardness (HR)

+  Janka hardness for wood
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*  Shore hardness for polymers
*  Barcol hardness for composite materials

There is no simple relationship between the results of various
hardness tests. However, conversion table can be used to find
the approximate hardness values for comparison. Vickers and
Brinell hardness values correlate quite well over a wide range.
Vickers hardness test has the widest testing range and will be
used in this book for most discussion.

The Vickers hardness test can be used for all metals. The
hardness value determined is known as Vickers Pyramid
Number (HV) or Diamond Pyramid Hardness (DPH). The
hardness number is determined as the load divided by the
contact area. The shape of the indentation is rhomboidal while
the diagonals (/) of the rhombus are used to calculate the HV
number. (Table 2.2)

HV=01891 F,/F

where F,, and Fy, are the force applied in kgf and Newton (N)
respectively. /is the diagonal in mm.,

Vickers hardness numbers are expressed as xxxHVyy, e.g.
200HV 50, or xxxHVyy/zz if the duration of force applied falls
outside 10-15 seconds, e.g. 200HVS50/30, where:

200 1s the hardness number,
HYV is the hardness scale (Vickers),
50 1s the load used in kef.

30 1s the loading time if it differs from 10-15 sec

Table 2.2 Examples of the Vickers Hardness Values (HV) of
some materials.
Materials Vickers 3471 s.s. 180HV30
Hardness
Number 304Lss. | Upto 210HV

Lead 4HV Tungsten 350HV
Aluminum 17HV Silica 800HV
Gold 22HV Martensite 170HV

(steel)

1 26HV

pIver o8 it 1000HV
Copper 37HV (silicates)
Iron 30-80HV5 Zirconia 1150HV
Carbon steel 55-120HV3 Emery 1400HV
Platinum 56HV Zirconia- 1500HV

alumina
Tantalum 89HV

Alumina 2000HV
Zirconium 92HV

Boron carbide | 2000HV
Titanium QOHV

Silicon carbide | 2500HV
Cobalt 106HV

Cubic Boron 2750HV
Chromium IOSHV nitride
Nickel 130HV Boron 5000HV
316L s.s. 140-225HV30 Diamond 10000HV
Beryllium 170HV (Carbon)

S.8. = stainless steels
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Sometime the HV will be given in GPa or MPa. They can be
converted to HV numbers by

MPa divided by 9.807 = HV number
GPa divided by 0.009807 = HV number

When the Vickers Hardness is expressed in SI units (MPa or
GPa), it can be used to estimate the yield strength:

Yield strength ~ HV/c = HV/3

where ¢ is a constant determined by geometrical factors usually
ranging between 2 and 4.

More details of the testing method can be found in the ISO
6507-1 and ASTM E384 standards.

2.1.3. Brittle or Ductile

Materials can be strong (high stiffness, high yield strength, or
high UTS) but easy to break. These materials are called brittle
materials. Brittleness is due to the incapability of the materials
to deform conveniently by any efficient plastic deformation
mechanisms, such as dislocation movement, deformation
twinning, or shear band formation. An everyday life example
is the fracture of glass (silica), which is strong but brittle.

On the other hand, if a material can be deformed plastically, it
will not be brittle under normal loading conditions. This type
of materials is known as ductile materials, Ductile materials
are most welcomed by manufacturers because they can be
formed into various shapes without cracking. Pure gold, silver,
aluminum and copper are ductile which can be pressed, rolled,
forged into different shapes easily. This properties is also
described as malleable.

When materials are hardened by strain hardening, alloying or
heat-treatment, they will become stronger but usually more
brittle. However, it is sometime possible to soften these alloys
by suitable heat-treatment to reduce the brittleness before
further cold working or forging. Such softening heat treatment
is known as annealing which may include three stages,
namely recovery, re-crystallization and grain growth. Higher
temperature and longer time will usually give more rigorous
transformation; hence softer and more ductile materials will
be obtained. Furthermore, the grain size might become larger
simultaneously.

Not all alloys are heat-treatable. Carefully designed heat
treatment programs should be established after consulting
the suppliers and materials engineers. Other undesirable or
irreversible change in properties might be introduced when an
unsuitable heat treatment program is adopted.

Brittleness of material is a qualitative term. Fracture toughness
1s the corresponding quantitative term used by materials
engineers. A higher toughness value infers less brittle
materials. Table 2.3 is a list of fracture toughness of some
commonly used engineering materials.

Fracture toughness is related to the resistance to fracture of
material with an existing crack. Larger fracture toughness
implies tougher (less brittle) materials with better fracture
properties. It must be noted that there are different modes
of fracture failure and the correct mode and geometry of
component must be chosen to ensure accurate prediction of
fracture failure behaviors.
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Table 2.3 Fracture toughness and hardness of some commonly
used engineering materials.

Materials Fracture Toughness (MPa m'?)
4340 Steel 50
Titanium alloy 44-66
7075 Aluminum alloy 24
Aluminum 14-28
Cubic boron nitride 5.7
Boron carbide 3.2
Silicon carbide 2.5-5
Emery 2.4
Aluminum oxide 235
Silica 1.14
Garnet 112
PMMA 0.7-1.6
Polystyrene 0.7-1.1
Soda-lime glass 0.7-0.8
Concrete 0.2-1.4

The fracture toughness of some materials is sensitive to temperature.
For most metallic materials, fracture toughness is higher at high
temperature. However, it must be noted that fracture toughness of
some materials will be reduced substantially when cooled down to a
critical temperature known as glass transition temperature.

Fracture behavior and fracture toughness are also sensitive to impact.
Usually, higher impact rate (strain rate) results in lower fracture stress
for the same material. Below the glass transition temperature, impact
fracture will also become easier.

Gl
BT 1 y///!

£o%a

2.1.4. Wear Rate

When two materials were “rubbed” against each other, both
materials will wear. Softer materials usually wear faster. Although
there is no simple relationship between mechanical strength and wear
rate, most often materials with a lower strength will wear faster.

Wear rate would be higher if the same material is “rubbed” against
another material with much higher hardness such as aluminum oxide
or silicon carbide (SiC).

Table 2.4 shows the UTS, Vickers Hardness and approximate abrasion
rate when the pressure applied is about 30kPa. A higher the hardness
usually gives a lower wear rate (abrasion rate). However, there are
many exceptions because the wearing mechanism is quite complicated.

2.2. Physics of metals and alloys

Our everyday misconception might be that heavier materials are stronger.
However, there are plenty of “exceptions” such as gold (Au) and lead (Pb)
which are heavier but not necessary stronger.

19

- - E




Handbook Polishing Technology for Watch Industry

Table 2.4 Approximate abrasion rate using P240 silicon carbide paper

Materials UTs® Approx. Vickers | Abrasion rate
(MPa) Hardness* (HV) |( #m/m)

Lead, Pb 8 6 12
Tin, Sn 14 10 3.5
Aluminum, Al 70 17 2.5
Gold, Au 79 22 0.08
Silver, Ag 83 26 L1
Copper, Cu 130 37 0.6
Nickel, Ni 170 130 0.1
Pure Iron, Fe 28° 30-80 0.1
Titanum, Ti 120 99 0.05
Chromium, Cr e 108 0.05
Tungsten, W 411 350 <0.05

a The properties of some of these pure metals depends sensiti ve]y on r/zc‘
inclusion of other c]ements Hence, 1t 1s difficult to find the “accurate”
values for these “pure” metals,

The strength of materials depends on the bond strength. In | ayman terms,
this 1s equivalent to how the atoms are “glued” or “stuck” together.

There are three main types of bonds namely covalent, ionic and metallic
bonds.

Atoms in ceramic materials usually are bound together by covalent bonds
and ionic bonds giving them higher strength. lonic bonds are sometime
weaker in specific solvent. Metallic bonds of metals and alloys are slightly
weaker, yet strong enough to make structural materials. Furthermore, the
unique properties of metallic bonds make them more ductile and malleable.

In general, stronger bonds contribute to materials with higher strength.
However, there are other factors controlling the mechanical properties of
metals. The physics of metals and alloys will be further discussed in the
following sections.

2.2.1. Crystal structure

Besides the characteristics of the bonds, the regular and periodic
arrangement of atoms (crystal structure) in three dimensional 3D
space 1s key to the strength and behavior of metallic structures.

Iron-carbon alloys (steels) have face-centered cubic (FCC) structure
at high temperatures which 1s relatively softer and can be hammered
(forged) into different shapes easily. The FCC structure of steel is also
known as austenite.

When austenite 18 slowly cooled down to room temperature, it
transforms into body centered cubic (BCC) structure that is harder and
1s more difficult to be forged into various shapes.

The crystal structure of steels at room temperature can be changed to
FCC structure by adding nickel (N1) and chromium (Cr). The most
widely used stainless steels are 304 and 316 stainless steels. They have
FCC structures and are classified as austenitic stainless steels. 300
series stainless steel 1s softer than high carbon steels. They contain
less than 0.15% carbon. More than 16% chromium. Nickel and/or
manganese 1s added to increase its thermal stability. Chromium and
nickel are essential to achieve the corrosion resistance property.

Both of the FCC and BCC are symmetrical crystal structures, which
are usually softer than less symmetric crystal structures. (e.g. such as
hexagonal close packed and body centered tetragonal (BCT)).

2.2.2. Deformation and fracture of metals

When stress 1s applied on an alloy crystal structure, the metallic bonds
will be stretched (lengthened), compressed (shortened) and sheared
(bent). Below the yield strength, the change 1s recoverable and the
material is only elastically deformed. Further increasing the stress

21
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might lead to slipping of crystal planes in the metallic crystal that
results in yielding and subsequent plastic deformation.

The theoretical yield strength, calculated from the bond strength
between atoms, of metals is usually 100 to 10000 times higher than
the actual strength. This is usually due to the present of defects in the
crystal structure, such as dislocation on slip planes.

Different crystal structures have different numbers of slip planes.
Dislocations can slide preferentially on some slip planes along specific
ship directions. Slip planes and slip direction for dislocation movement
are known as slip systems. When there are more slip systems, plastic
deformation would be more likely to occur,

FCC and BCC crystal structure have 12 slip systems and can be
plastically deformed and thus softer. HCP and other crystal structures,
which have less slip systems, are usually stronger. Table 2.5 shows a
list of commonly used pure metals. The FCC metals are more ductile
and can be formed into different shapes by forging.

Table 2.5 Crystal structures of various pure metals
Materials Standard atomic | Vickers Hardness |Crystal Structure
weilght (MPA)
Aluminum, Al |27 167 FCC
Gold, Au 197 216 FCC
Silver, Ag 108 251 FCC
Copper, Cu 64 369 FCC
Nickel, Ni 59 638 FCC
Pure Iron, Fe 56 608 BCC
Titanium, Ti 48 970 HCP
Chromium, Cr |52 1060 BCC
Tungsten, W 184 3430 BCC

Dislocations assist the plastic deformation. Furthermore, when
dislocations glide along slip planes, more dislocations will be produced
through the Frank-Read Source mechanism. Consequently, this will
lead to avalanche and “traffic jam” of dislocations, leading to the
strain-hardening effect. With the dislocation density ever increasing,
further increase in stress will cause the breaking of the bonds. Cracks
will be formed and propagate, leading to the final fracture.

In metals that do not have viable slip systems, there will be no plastic
deformation. Consequently, the yield strength would be higher. Right
after exceeding the yield stress, cracks will form and propagate. The
propagation of these hard materials 1s usually faster because less
deformation energy is required to form larger crack surface when
plastic deformation takes place around the crack tip. This explains why
stronger metals are usually more brittle.

2.3. Heat treatment of metals and alloys

Alloys that can be hardened by hammering (plastic deformation strain
hardening) are known as hardenable. Strain hardened alloys are more
brittle and further forming and shaping might not be possible. These strain-
hardened alloys can be softened (annealed) by heat treatment at eclevated
temperature. Annealing of deformed alloys will lead to three different but
overlapping stages namely recovery, re-crystallization and grain growth.

The most important mechanisms responsible for the softening of deformed
alloys 1s the re-crystallization process which lower the dislocation density,
thus the hardness. The recovery process might not be noticeable if the
annealing temperature is high. The grain growth process leads to larger
grain size alloys. Deforming large grain size (>100 1 m) alloys can produce
the undesirable orange peel effect. Extra efforts will be required to grind

23
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and polish such a rough surface to become a mirror surface. Hence,
annealing treatments with unnecessary high temperature should be avoided.

Heat treatment can be performed in vacuum, air (or gas), liquid (or molten
salt, oil). The maximum attainable temperature of heat treatment in liguid
i1s the boiling point of the liquid. Hence, heating some materials in a bath
of boiling water (100°C) using a heater at 300°C is similar to the effect
of using a 120°C heater. However, the 300°C heated water bath will
introduce more vigorous convection and is similar to adding a stirrer (forced
convection) in the 120°C heated water bath.

The efficiency of heat treatment is higher at:

Ligurd > Gases > Vacuum
Forced Convection > Natural Convection > Static
Higher temperature > Lower temperature
Smaller component > Larger components

Some alloys can also be hardened by heat treatment alone. Precipitation
hardening (age hardening) and harden by fast cooling rate (quenching) are
the most popular hardening processes because no forging (changing shape)
1s necessary in the hardening processes.

Some steels and alloys can be hardened by a high cooling rate (quenching).
The alloys should be heated above a critical temperature that allows it to
transform to the high temperature phase. Cooling down it slowly will give
a softer metal which is more suitable for machining. After machining,
the alloy should be heated above the phase transformation temperature
again. When cooled down quickly (quenching), a non-equilibrium phase
(martensite phase) might form which can be extremely hard.

Alloys to be age hardened should be heated above the solid solution
temperature to dissolve all precipitates and cool down slowly to obtain the
softest properties suitable for machining. The machined component is then
heated above the solid solution temperature again. However, the component
should be cooled down quickly (quenching) to low temperature prevent
the formation of soft phases. The component is then aged at intermediate
elevated temperature for a relatively longer duration (ageing) allowing the
formation of some hard precipitates from the quenching hardened alloy.

A proper heat treatment process should be carefully designed after
consulting the materials engineer and materials supplier. Improper heat
treatment process downgrades the mechanical performance, as well as
making the machining, grinding and polishing process more difficult and
time consuming. Some heat treatment processes, such and the grain growth
process, 18 irreversible and result in sub-standard surface finishing of the
product.
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Section A Fundamentals E Polishing processes using harder abrasives are more effective and efficient.
| In fact, only aluminum oxide (Alumina: Al,Qs), silicon carbide (SiC) and
| Diamond (C) are used most industrial processes. Zirconia-alumina (ZrQ, .

Chapter 3 i Al,Os) is occasionally used.

In the polishing process, these hard abrasives create scratch the surface of the
; workpiece. When the scratches are very fine, they become invisible to the

3. Mechanical Polishing mechanisms f naked eye and a mirror surface is produced.

Polishing is a process that makes use of hard particles (abrasives) to

smoqthen a surface. The final surface can be made mirror-smooth when i 3.1. Mirror surfaces of metals, roughness and measurement
a series of coarse to fine abrasives are appropriately used to polish a -
metal. | A perfect mirror is a surface that can reflect light rays without distortion

The hardness of the abrasive should be at least 1.5 times harder than ‘ ?md Wlt?out ii)sorbm};gl lfht. Iﬁwz\jgiécpte‘rie;tl'mlomz:rasurgl:eec?%e; ;g;;mﬁ
the material to be processed. In practice, only abrasives wi L i 712 e 2 L TR T Sl : !
P > Only abrasives with hardness | light for a specific range of wavelength, while a simple mirror may reflect

less than 3 times of that of the workpi o : ;
polishing. Table 3.1 is a list of abragi\?;erizt:;};%ﬁdagg tuhsgd for efficient up to 99.9% of light covering broader wavelengths. The reflected combined
| . CULLRIIEE. ' wavelengths contribute to the “color” of the materials

. , Another factor that affects of the quality of a reflecting surface 1s the
Table3] HV ; . ;
¢ hardness of various abrasives. 1 percentage (%) of diffuse reflected light. A matte surface, such as plaster or

*A*_b_faSlVCS Hardness (HV) | woven cloth, reflects almost 100% diffuse light. On the other hand, a glossy
Sl.hca 850 surface, such as polished glass or metallic surfaces, can give close to 100%
Zirconia 1150 5 specular reflection.
iﬂﬁnum p—n 3388 When an apparently flat surface is magnified thousand times, a lot of
; . j scratches and can be seen on the surface, which form mountains and valleys.
; B'o.ron carb@e 2000 5 These scratches increase the amount of diffuse reflection and distortion of
Sth_On carbide 2500 ! the reflected images. Abrasion (grinding) using finer abrasives can reduce
Cubic boron nitride 2750 | the “height” differences of these scratches and the corresponding diffuse
Diamond 10000 | reflection. Consequently, more specular reflection is achieved with less

’ distortion of reflected images.

Eyes of people with perfect vision (20/20) are sensitive but still cannot
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clearly distinguish two lines closer than 70um (i.e. 0.07mm) at a 20cm
testing distant.

Grade 120 silicon carbide paper (sandpaper) can produce scratches with
depth and width of about Sum. Although the human eye cannot see these
fine scratches individually and clearly, it can still see such scratches
made. This is because these scratches are not of uniform width and are not
distributed uniformly. They produce sufficient contrast to be observed. In
fact, a lot of undetached debris can be seen on the edges of these scratches
using microscopes. The “rough” surface produces a high percentage of
diffuse reflection leading to poor reflected 1mages.

The easiest way to examine the quality of a mirror surface is to examine
the reflection of a sharp straight line, e.g. a long and straight fluorescent
tube. By rocking the polished workpiece to and fro, the distortion of the
straight fluorescent tube can be observed. Bumpy area and areas with
unacceptable scratch marks can be located.

A more scientific way to describe the roughness of a material is by finding
its roughness parameter using contact type equipments such as profilometer
and atomic force microscope. Other non-contact equipments include
Interferometer and confocal microscope. Roughness profile parameters can
be quantitatively determined for easier reference and comparison with the
aid of these equipments.

The most commonly used roughness parameter to quantify roughness is
Amplitude parameter (Ra). Ra is the arithmetic average of the vertical
deviations of the peaks and valleys from the mean line. Ra is expressed in
units of height such as millionth of an inch or um. It might be inaccurate
to use only one number to describe the roughness. Other roughness profile
parameters like RRMS (root mean squared), Rv (maximum valley depth),

Rp (maximum peak height) etc., should also be considered whenever
necessary.

In general, the smaller the roughness profile number, the less diffuse
reflection produced. Hence, the polished surface is shinier giving less
distorted reflected images.

3.2. Grinding, polishing and buffing

After the workpiece is shaped and formed into the final shape, surface
finishing 1s usually performed according to the product design requirement.

Grinding is a process using a hard grinding wheel (e.g. sandstones or
abrasives bonded disc/wheel) or manual grinding aids (e.g. sandpapers)
to abrade the surface removing a small amount of material. The expected
outcome of grinding should be a flat surface or a desired curved surface.
The main purpose of grinding is to abrade and cut so that unnecessary
materials (e.g. burrs and oxides) are removed from the surface.

Polishing, lapping and Buffing are mechanical surface finishing processes
that use abrasives and work wheels in the metalworking industry. The
term polishing 1s very often vaguely defined as a process to produce a
smooth and shiny surface. Hence, any finishing cut process leading to a
mirror or near-mirror surface can be classified is polishing. Technically
speaking however, sanding is defined as smoothing a surface using fine
abrasives coated on a paper or cloth substrate, which is adhered on a rigid
work wheel. We can use coarse sandpapers to grind the surface and fine
sandpapers to perform sanding leading to high quality surface finish. The
sanding process 18 similar to grinding. Sanding using sandpaper with grade
P1500 or above can produce mirror surfaces to the naked eye and should be
classified as polishing.

As shown 1n Table 3.2, only the abrasion process using grit no. P1500 or
above can produce surfaces of a near mirror reflection quality. However,
fine scratches can still be seen when magnified using a good magnifying
glass or optical microscopes. In fact, most mirror bright finishings are
actually buffed, or lapped instead of polished. Lapping and buffing usually
refer to the use of loose abrasive applied to the work wheel and flexible
wheel respectively. Fixed abrasive lapping is also available; however, the
surface quality usually 1s not as good as loose abrasive lapping. All lapping
refers to loose abrasives lapping hereafter.

A

A i s



Handbook: Polishing Technology for Watch Industry

Table 3.2 Sandpaper Grit standard (ISO/FEPA) vs. particle size for
various surface finishing processes

Quality ISO /FEPA Unit Abzaiz;iv?;an?)lcle Processes
Extra coarse P20 1000
Coarse P50 336 Grinding /
Medium P100 162 Abrasion
Very fine P220 68
Extra fine P400 35
Superfine P800 22 Grinding to
Ultra fine P1500 13 Polishing
Ultra fine P2500 8 Polishing

The proper order of mechanical surface finishing after machining should be;
1. Remove oxide, de-burring and flatten (Rough sanding)

2. Grinding Abrasion (Fine sanding)

3. Polishing (Ultrafine sanding)

4. Buffing or Lapping (Mirror effect)

In the final surface finishing process, sandpaper is very often used to
abrade the surface. The objective is to enhance the shine of the surface,
to remove oxides, and to create flat surface. Sandpapers of different arit
standard are made by bonding abrasives particles of different sizes (Table
3.2) to the backing materials such as cotton, polyester, rayon, PET film and
rubber. Waterproof backing is more durable if water is used at the lubricant
in the abrading process. The finely sanded surface should be buffed or
lapped to produce a good mirror reflective surface.

3.3, Wearing mechanisms

When hard abrasives are pressed onto the surface of the workpiece, the
abrasives make indents on it. When the abrasive particles travel along the
surface, scratches will be made leading to the removal of surface material
(grinding and abrasion). Usually, the abrasive particles are single crystals
with a random sharp fracture surfaces. The sharp fracture surface is ideal
for cutting and abrasion.

The shape and orientation of the abrasive particles will affect the
effectiveness of abrasion. Round particles with obtuse cutting angles cannot
abrade the surface effectively. Particles with acute cutting edges at the
Inappropriate orientation cannot abrade effectively either. The number of
effective cutting points is much smaller than the number of contact points.
Table 3.3 shows the number of contact points and cutting points of various
SiC sandpapers.

The force applied to press the workpiece against the sandpaper will affect
the depth and width of the scratches made. A pressure of 20-40 kPa is
recommended. Table 3.4 shows the force required to grind workpieces of
various sizes in ke and 1b for reference.

Table 3.3 Characteristics of S1C sandpapers

w SiC papers
Characteristics 750 280 400 500
Contact points /cm’ 50 100 400 450
Cutting points /cm’ 10 14 52 55
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Table 3.5 FThe relationship of estimated width of scratches under

Apart from pressure, the depth and width of the indents will also depend AUtCTe presize
on the hardness of the materials. Assuming the indentations are square 1in Pressure (kPa) 20
shape, the diagonal of the square can be approximated using the no. of Area (mm?) 506.7
contact points from Table 3 and the following formula for materi i
different hardness. ’ el v EORE O
Force (kgf) 1.033
HV =18544F, /& ' Sandpapers 600  |400  |280 150
| Contact points/cm” [450  [400 {100 |50
HV of workpiece |Contact points 2280 12027 |304 253
Table 3.4 Force conversion table for circular workpiece of d*(mm?) Diagonal, d ( £ m)
various diameters ‘ ) 0.03831 4 4 9 12
Diameter (mm) Area (mm?) |Pressur Force 2 o 3 3 ; 9
e (kPa) 1 S 200 0.00958 2 2 4 6
54 5067 20 00 10|23 400 0.00479 ! 2 3 4
(x10 pieces) 067 0 R TG 800 0.00239 1 1 2 3
254 507 20 10 1.0 2.3 600 L0 l : - 2
(1 piece) '
507 40 20 (21 |45 P (P 40
127 253 20 5 05 |LI Area () 506.7
(1 piece) .
253 40 10 (11 ]23 Force (N) 20.27
635 127 20 3 026 |06 Force (kgf) 2.066
(1 piece) o s : AR HV of workpiece |d*(mm?) Diagonal, d (£ m)
50 0.07663 6 6 12 17
100 0.03831 4 4 9 12
200 0.01916 3 3 6 9
400 0.00958 z 5 4 6
800 0.00479 1 2 3 4
! 1600 0.00239 1 1 2 3
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Table 3.5 shows the relationship between the estimated width of scratches
when different pressures are applied during the abrasion process. When
higher pressure is applied, the width of the scratches will be larger. The
width of the actual scratch might be smaller because scratches also have
elastic recovery when the imposed stress is removed.

The estimation is calculated using the number of contact points of new
pieces of sandpaper. It is also assumed that the abrasive particles are
approximately diamond in shape. The approximations shown in Table 3.5
are close to experimental findings. Furthermore, the value of contacting
points increase when the sandpaper is used for a longer period of time and
reaches a stable value after a relative rubbing distance of 20-100 revolution
(for 160mm diameter sandpaper disc). Sandpaper of a larger grit number
tends to produce the stable surface roughness more quickly.

34. Deformation depth and abrasion parameters

In sanding, polishing and buffing of softer materials, lower pressure and
finer grit sandpapers should be used if smooth and finer surfaces are
desired. Table 3.6 shows the depth of the scratches produced by different
sandpapers on Cu30%Zn at 40kPa using SiC papers.

Table 3.6 The depth of the scratches after abrasion UsSing various
sandpapers.
Sandpaper Grit[220  [400  |600
Max. depth of

scratches (& m) Fresh sandpaper 3 3 13

After 20m 24 1.5 0.9

Table 3.7 I Dl
Cu30%zZn by various machining, grinding and polishing methods.

Depth of plastically deformed layer produced on

“m
Grade Cutting fluid Wil
D D,
scratches
Hand hacksaw 18 teeth/in. None 100 55 750
Cutoff wheels Alumina 60 mesh Oil-water emulsion | 4 16 700
Cutoff wheels Diamond wheels Proprietary fluid 1 14 -
Filing Bastard cut None 70 55 450
Filing Second cut None 30 50 370
Lathe turning 0.001 in. feed Onl-water emulsion | 1 15 150
Machine surface | Alumina 28 mesh Oil-water emulsion |6 50 350
grinding
Hand grinding Alumina 38 mesh None 15 40 170
Belt surfacing Alumina 100 mesh | None 15 35 250
SiCP120 Water 55 25 19
SiC P240 Water 35 15 95
SiC P400 Water 1.2 9 60
Sand-papers SiC P220 Water 2.0 7.5 77
SiC P400 Water 1.5 6.5 43
SiC P600 Water 0.8 5.0 22
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The values shown in Table 3.6 are the depth of the scratches that we can
see or measured. However, the effects of machining, grinding and polishing
are not merely reducing the roughness of the surface. Plastically deformed
layers are produced beneath the surface. Immediately under the scratch
grooves, there is a layer of materials called a significantly deformation
layer (shear band layer, D,) which is full of shear bands deformation
structure. The next layer is the deformed layer (Dy).

The depth of D, and D, can be up to 14x-50x of the depth of the scratches.
Table 3.7 shows some known significant deformation layer and deformed
layers. The actual D, and Dy depends on the pressure applied on the
abraded surface and can usually be minimized if lower pressure 18 imposed.

Table 3.8 Depth of significantly damage produced on austenitic

steels and zinc by various machining, grinding and polishine methods.
(Pressure: 30kPa)

_ D, (£ m)
Abrasive | Mesh/ Conditions .
type Grade Jol Austeni-tic 7
steels
. 25 1t m feed
Machine Alumina 38 | with cutting 35 125
surface fluid
grinding -
Alumina 38 | Hand held dry 43 130
Manualbelt | ina | 100 |Handhelddry| 12 85
surfacing
S1E 220 6 50
Manual sic 400 |Handhelddry| 2.5 45
abrasion
SiC 600 29 15

The hardness of austenitic steel such as stainless steels 1s higher than CuZn
alloy and the significant deformation layer 1s much more shallow. Table 3.8
shows the damage produced by manual various abrasion processes.

The presence of significantly damaged layer usually does not lead to
immediate obvious abrasion defects if the surface is smoothened by
subsequent polishing and buffing. However, the deformed surface 1s more
susceptible to corrosion and chemical attack. This will lead to accelerate
deterioration of the mirror surface when the workpiece is exposed to the
corrosive atmosphere.

Furthermore, if PVD, CVD or chemical polishing are performed on the
surface with a significantly damaged layer, an undesirable rough surface
might be produced. Hence, it is important to minimize the thickness of
the significantly deformed layer by adopting appropriate grinding and
polishing processes.

A simple method to minimize the effects of the deformed layer is to lower
the abrasion pressure. Besides, between one abrasion and the next, the
direction of stroke should be rectangular (i.e. perpendicular to the previous
stroke). When changing the grade of the abrasion, the abrasive marks
generated by the previous abrasion must be completely removed before the
next abrasion 1s applied.

T T
i
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3.5. Abrasion rate and abrasion parameters

Abrasion and removal of surface materials is in fact a very complicated
process. Hence, there are quite a lot of exceptions. However, the abrasion
rate of the workpiece is roughly inversely proportional to the hardness of
the workpiece. Table 3.9 shows the relationship between abrasion rate of
iron base alloy and the corresponding hardness.

Table 3.9 Abrasion rates obtained with various metals using
various abrasive papers. (Pressure: 40kPa)

Table 3.10 Abrasion rates with various grades of abrasives
on annealed Cu30%7Zn. (pressure: ~40kPa)
Abrasive grade Mean particle Abrasion rate
diameter ( ¢ m) ( £ m/m)
P1200 15.3 0.25
P800 21.8 0.37
P240 58.5 0.75
220 63 0.95
150 90 1.00
100 150 0.90
80 120 0.70

Hardness Abrasion rate (£ m/m)
N Ai,“szona Diamond 220

Aluminum:
High purity. annealed 24 2,61 1.93 1.76
Alloy, heat treated 105 1.29 0.85 0.65
Chromium:
High purity, annealed 200 0.25 0.20 0.16
Copper:
High purity, annealed 50 0.61 0.28 0.19
Brass 30%7Zn annealed 45 0.81 0.72 0.40
Brass 40%Zn leaded 155 2.06 1.48 0.77
Aluminum bronze 200 0.78 (.66 0.40
Gold:
high purity. annealed 22 (.26 0.16 0.18
Nickel:
Commercial purity, anncaled 130 0.08 0.17 0.08
Steel:
Austenitic, 304 155 0.09 0.36 --
Titanium:
Commercial purity, annealed 200 0.25 0.15 0.11
Ti-6A1-4V, heat treated 295 0.25 0.15 0.07

Abrasion rate is linearly proportional to the mean particle diameter of the
abrasives. A larger particle diameter will usually give a higher abrasion
rate. However, the maximum abrasion rate available is found in abrasive
particles with diameter ~100 ¢ m (between grade 220 and 150). Table 3.10
shows the abrasion rate of various grades of abrasives.

A higher applied pressure can also lead to an increase in abrasion rate.
However, the deterioration of the sandpaper will cause problems in rapid
reduction of the abrasion rate. Thicker and deeper scratches will also be
produced, which 1s not good for high quality polishing process.

3.6. Polishing, lapping and buffing

Distinctions between grinding and polishing are not as clear in practice.
Using SiC sandpapers of P00 or smaller grit number to abrade the surface
will leave clear grinding marks on the surface and thus should not be
classified as polishing. On the other hand, sanding by erit 1500 or above
to abrade the surface may leave unnoticeable scratches to the naked eyes.
Should it be classified as polishing? If yes, what about the range from grit
600 to 15007

This ambiguity cannot be overcome easily because these processes produce
surface finishing with overlapping quality. The term  “polishing” 1is
generally used to describe a process where a surface is rubbed against
abrasives to produce a surface with mirror-like reflective abilities. There is
no clearly defined objective roughness to qualify that a surface has attained
the “polished” quality. The purposes of various industrial processes are
listed in Table 3.11.
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Table 3.11 Purposes of various mechanical industrial DIOCESSES.
Operations: Shaping, forming |Grinding, abrasion Polishing
Fine tune dimensions
Purposes: Produce the shape |and/or produce Surface finishing
surface texture
Cutting .
Turning Wire brushing Sandnjg (1500-
Drilling (texturing) e
Examples: Boring Honing Eufﬁpg
—— o
Milling Sanding (50-1000) | roro -
Latfing ectro-polishing

*  “fine grinding”

A mirror reflection constitutes mainly of specular reflections with diffracted
light rays reinforcing one another; hence, these rays should be refracted in
parallel and with regular spacing. Theoretically, repeating parallel grooves
with regularly spacing can give good reflected images if these grooves are
fine. However, the spacing, depth and contour of the Srooves vary over a
wide range on real surface.

In practice, when abrasives are bonded to the backing materials or matrix,
the chances of having irregular and non-uniform scratches are higher. It can
be technically defined as  “fine grinding”

If abrasives of similar sizes are applied loosely on the work wheel, the
random abrasion due to these fine abrasives usually produces a much

“flatter” and smoother surface. It can be defined as lapping-polishing.
The main purpose of this process is not to fine-tune the dimension or to

produce surface texture, but to produce a good reflecting surface with less
image distortion.

%%%%%m

All mechanically ground or polished surfaces carry scratches. Scratches
on ground a surface can be observed easily without visual aids. The
scratches on a polished surface are finer but can still be found using optical
MICroscope.

Lapping and buffing can be defined as surface finishing process as that
use loose abrasives to produce high quality mirror surfaces. Therefore, the
sanding process using sandpapers can be classified as grinding. In lapping,
the backing material (e.g. paper, cloth, felt) is relatively more rigidly held,
while the buffing process make use of more flexible held fabrics, cloth or
paper.

Lapping and buffing both involve rubbing loose abrasives against a
workpiece. The abrasives will roll on the workpiece compressing the
immediate surface layer beside making scraiches on it. The abrasives might
also break into finer particles during this process. This combined rolling-
breaking-abrasion process will usually gives smoother and shinier surface.
Hence, more specular reflection and less diffuse reflection will be obtained
from the processed surface.

In general, lapping and buffing can achieve an average roughness in the
range of 0.4-0.05 1 m. Of course, 1if coarse abrasives are used, the abrasion
effect may dominate producing a rougher surface instead of a smoother
surface.

Abrasives used in lapping include:

. Alumina (Aluminum oxide)
: Diamond
9 Magnesia (Magnesium oxide)

J Silica (Colloidal)

4]
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3.7. Friction and lubrication (binder) ‘ Dispersant; Localized abrasion will leave machine marks and

_ i produce a poor surface finish. The corresponding abrasion rate will
The abrasion and polishing processes will be inefficient if the friction § also be lowered. A good selection of abrasion fluid can help to
between the workpiece and the work wheel is high. Jerky motion of the disperse the abrasive more uniformly on the polishing mat and buffing
work wheel will also lead to a rougher surface finj st 1 wheel. When kerosene is used as the polishing fluid instead of water

with diamond abrasives, the polishing rate can be 5 to 10 times higher.
Tabie 3.12 Effects of lubricants on abrasion rate.

F— , In a typical buffing process, the elevated temperature leads to higher
Relative - fluidity of the buffing compound (wax); hence, the abrasives can abrade
Hloing Sits ?b(;asm rate - and polish faslter, more ;venly. and- better. If_ the temperature is not high
Silicone Timid 1‘0 - enough, localized abrasion will give prominent undesirable scratches.
Extreme pressure lubricating ol 0:7 . However, if the temperature is too high, the buffing compound will be
Dry (no lubricant) 03 1 burnt and hardened leading to undesirable localized abrasion and scratches
Waxed but no liquid 04 \ as well.
Stagnant water 0.4
P240 SiC paper, on annealed Cu30% 7 3.8. Protection of the polished surfaces
! The addition _Of appropriately chosen lubricants (binder carrier) can | In the polishing workshop, the work wheels of coarser and finer abrasives
make the rubbing process smoother giving higher quality mirror surface. should not be put together. They should be ordered progressively putting
i However, the abrasion rate might be altered by the nature of lubricants and coarse work wheel at one end of the room and fine work wheels at the other
| ways of applying lubricants. Table 3.12 shows the importance of selection R o the room.
| of appropriate lubricants, Different work wheels should be used for workpieces of different hardness.
| The liquid applied may also serves other PUIPOSEs, such as acting as & ‘ Otherwise, debris from the harder workpieces could create scratches on the
| coolant, etchant and dispersant: ) ' softer workpieces.
| _ The airflow in the workshop should be minimum such that debris from
\ ((ifoolant. ‘ The flowing hquic_i can carry away heat generated grinding and coarse polishing will not contaminate the polished surface.
| thl;:ee t.(? colrcltmuou§ and rigorous rubbing of the surfaces. This will limit The airflow directions should be from ceiling to ground, as well as
: fise of temperature and prevent damage to the workpiece surface unidirectional from coarse work wheels to fine work wheels. If possible,
Etchant- If the Liquid _ _ debris (dust) should be directly collected from the grinding/buffing wheels.
| et L2 : l1quid can react with and dissolve the The debris on the floor should be cleared regularly.
| orkpiece matenals: mildly, the abrasion rate might be Increase : .
i without dan increase mn pressure. Less scratch will be produced and The polished surface should be cleaned and kept in places where no
g a murror like surface can be produced more casily. However, the & abrasives are present. Clean and soft packaging should be used to contain
; workpiece must be F}}OYQUEle cleaned to remove the etchant that wil] these polished products. The container should also be free from vibration
corrode the surface if left on the workpiece. : and impact.
42
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Section B Grinding, Polishing and Buffine

Chapter 4

4. Abrasion, Polishing and Buffing techniques

The primary objective of the grinding process is to give the surface
dimensional accuracy, which machining cannot achieve. Reasonable
surface finishing can also be realized by proper fine grinding practices.

If a surface full of oxide is buffed directly, its process would be more
difficult and ineffective. In fact, more shape distortion would be
inherited if coarse abrasives are used to replace the sandpapers grinding
and polishing processes. The dimensional accuracy and repeatability
cannot be guaranteed. It would be a waste of time and effort if a proper
surface treatment sequence is not carefully designed.

Coarse grinding machining is taught in metal cutting and shaping
courses and will not be covered in detail in this book. Fine erinding
using sandpapers, or buffing using work wheels and wax are popular
metal finishing techniques in watch making industry, which will be
elaborated in the following sections.

A typical metal processing route can be summarized as:
L Forming and shaping
Machining

2
3. Grinding with erinding wheel
4, De-burring (Section 4.2)

Oxide Removal (Section 4.3)
Sanding with sandpapers (Section 4.4)

Lapping with loose abrasives (Section 4.5)
Buffing (Section 4.6)

S N S W

4.1. Preparation for grinding, polishing and buffing

Prior to choosing the sequence of grinding and polishing, the following
information must be given:

Q Material composition

e Previous thermo-mechanical treatment and hardness
¢ Previous machining and forming processes

. The desired surface finishing to be achieved

Using the above information, the following erinding and polishing
parameters can be estimated by consulting suppliers, handbooks and
literature:

. Abrasion rate with various grinding and polishing methods
. Corresponding deformed layers thickness
. The cost and time required for various available processes

Grinding and polishing sequence should be proposed and iteratively
evaluated to minimize the cost and production time. If the deformed
layers are likely to affect the future appearance of the polished surface,
the deformed layers must be removed either by fine polishing or electro-
chemical polishing.

Machining chips must be removed from the surface before grinding. Grease
and o1l will affect the grinding and polishing processes and must also be
removed. Coarse abrasive particles and debris need to be rinsed off the
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surface before finer grinding and polishing. If possible, the workpiece should
be demagnetized before fine grinding and polishing; otherwise, the debris
will be cluster on the surface leading to poorer finishing quality.

4.2. De-burring

Burrs can be removed by filing, wire brushing, abrasive belts, abrasive
Jets. Batch type processes such as vibratory finishing and barrel finishing
processes can be used to improve the surface finish and remove burrs from
large numbers of workpieces simultaneously. These automated processes
can be performed by pre-programmed robots can provide consistent surface
finishings.

Buffing should be avoided in de-burring whenever possible because buffing
1s a slower process. If coarser abrasives are used in order to increase the de-
burring rate, substantial distortion in shape (especially at the sharp edges
of the workpiece) would result. Sanding process should be adopted only
if the burrs are relatively small and can be abraded effectively using the
sandpaper polisher.

4.3. Oxides and surface layer removal

If the workpiece is heat treated, oxide films will be formed on the surface.
The thickness of the oxide film should be considered when choosing
grinding abrasives, abrasion parameters and abrasion time. Furthermore,
the surface composition might be altered due to out-diffusion of composing
elements leading to a change in the microstructure of the surface layer.
Grain size, hardness and corrosion resistance might also be affected, leading
to poorer surface properties.

Many oxides are harder than the metals. If possible, the oxides should be
machined off the surface before using sandpaper to process the surface.
Grinding with abrasives bonded onto solid grinding wheels is more efficient
in removing hard oxide layers. The wearing and consumption of sandpapers
would be too high and not cost effective.

After the oxide layer or the deformed layers are eround off, the oxide and
debris must be thoroughly removed from the workpiece due to the oxides
being much harder than the metals. Otherwise, the hard debris will create
undesirable scratches on the surface.

Table 4.1 election of abrasives for various grinding-finishing operations
Operation Abrasive grade
Stripping 12-20
Stock removal Heavy 24-40
Medium 50-80
Light 100-150
Finishing 180-240
Polishing 280-600

Various grades of abrasives should be used for different purposes such as
stripping, stock removal, finishing and polishing. Table 4.1 is a summary of
various operations and the corresponding grade on the coated abrasive belt.
Clear abrasion marks and lines are still visible after the above processes.
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4.4. Sanding with sandpapers

After various processes of machining, shaping and removal of oxides,
the thickness of remaining deformed layers to be ground off should be
estimated. Good and durable surface requires the total removal of the
significantly deformed layer (Dy). If the best surface quality is required, the
whole deformed layer (Dy) should also be ground off carefully. Information
in Table 3.6 may be used to estimate the surface thickness considered
necessary to be removed.

The abrasion rate of SiC sandpaper is higher with larger abrasives.
However, maximum abrasion can be achieved at the abrasive grits between
P240 and 150. 150 grit is a classified as the screen grit size range, P220 is
classified as the macro-grit range, while the P240 is within the micro-grit
range. In order to produce the ultimate “polishing” grade surface, micro-
grit range sandpapers (P240 or finer (i.e. larger grit numbers)) should be
used because the size range of abrasive particles is better controlled. With
narrower range of particle size, more uniformly distributed scratches can be
formed, which will also affect the final polishing/buffing quality.

The pressure applied should normally be in the range of 20 to 40kPa. The
actual force required depends on the size of the polishing surface. Table 3.4
can be used to estimate the force required for the grinding process. Higher
pressure will usually give a higher abrasion rate. However, the surface will
also be rougher with deeper deformed layers to be removed in the next
grinding or polishing step. Furthermore, higher pressure will increase the
rate of deterioration of the sandpapers.

The abrasion rate using P240 on Cu30%Zn alloy is ~0.8 ¢ m/m at the
pressure of ~40kPa with flowing water lubrication. If no lubricant is applied,
the abrasion rate will be lowered and the sample might overheat causing
other undesirable effects. When a previous significantly deformation layer

(Dy of 50  m is to be removed, the abrasion stroke should be 62.5m long.
If the grinding track on the work wheel is 0.5m per rotation and it rotates
at 1000rpm, then the grinding stroke is 500m/min. Hence, it will take ~7.5
second to remove the D thickness.

Abrasion rate is approximately proportional to the square root of pressure.
When the pressure is doubled, the abrasion rate will be v~ 2 (i.e. ~1.41
times of the original rate). When the pressure is halved, the abrasion rate is
~().7 times of the original rate.

Table 4.2 Time required to remove the deformed layers for Cu-30%7n.

Process Abrasion rate | Preceding Preceding Required Approx.,
(4 m/m) process D, & abrasion time*
scratches stroke (m) (sec.)
(4 m)
P240 SiC | 0.8 Machining | 50 62.5 1.5
surface
grinding
P800SIC 0.4 P240 SiC 9 22.5 2.7
P1200SiC | 0.25 P800 SiC 5 20 2.4
P2500SiC | 0.1 P1200 SiC | 4 40 4.8
6um ~0.05 P2500 SiC | 3 60 7.2
Diamond
lapping
lum <0.01 6um ~1 >100 >12
Diamond Diamond
lapping polishing

*work wheel speed = 500m/min
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The new D, layer due to P240 SiC sandpaper grinding is ~7 £ m. The
depth of the scratches left is ~2 £ m. At least 9 ¢ m of thickness need to be
removed. If P8O0 SiC is used to grind it, the abrasion rate is ~0.4 1 m/m
and the corresponding abrasion stroke should be ~22.5m. Using the same
work wheel setting, the process can be completed in ~2.7 seconds. The
scratches and D, layer left are lowered to 0.7 1« m and 4 1 m respectively.

The surface can be further refined using P1200 SiC sandpapers or above if
necessary. When the speed of the work wheel 1s doubled, the time required
will be halved. However, overheating might occur if coolant 1s not present.

Furthermore, if the abrasion rate i1s 10 times higher, the time required
to finish grinding may be too short and difficult to control accurately.
Abrasion rate is approximately inversely proportionally to the hardness of
the workpiece. If the workpiece 1s hard, the work wheel speed or the work
pressure should be increased. Appropriate lubricant and cooling should
be chosen. The working parameters and polishing time of these processes
are summarized in Table 4.2. If the whole deformed layer (Dd) should be
removed, the abrasion time will be several time longer.

4.5. Polishing/lapping with loose abrasives

The main purpose of lapping is to produce smooth and shiny surface on
either a flat, spherical or gently curved surface. This 18 a relatively a low
speed process while the abrasives are pressed lightly between a hard (rigid)
surface and the surface to be lapped. Soft and fine felt cloth can be put
between the hard backing and the surface to be polished to produce a better
surface finishing.

Sanding 1s used to remove grinding lines and scratches that affect the
flatness of the workpiece. It allows relatively more ageressive abrasion than

%%W%

lapping. Lapping or buffing should be used after grinding and sanding for
best quality and minimum shape distortion. Lapping and buffing can be
used on metals and some nonmetals to refine the surface, thus producing a
more accurate (lapping) or decorative (lapping or buffing) mirror surface.

Usually, loose abrasives are carried in an appropriate binder carrier such as
water, oil, grease, wax or water-soluble compounds. The role of the binder
carrier 1$ to retain abrasive in uniform suspension and prevent abrasives
agglomeration. The binder carrier also helps the abrasives to adhere to the
polishing surface and minimize wastage.

Table 4.3(a) The use of abrasives and wheels in different

finishing processes.
Process Wheel backing Abrasives Abrasive
Bond
strength
Grinding Hard and rigid Bonded to High
orinding
wheels
Sanding Flexible and softer | Bonded to Low
abrasive belt
Lapping Hard wheel with Not bonded Usually
optional softer loose
coatinga
Buffing Flexible and soft Not bonded Loose
wheel
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Lapping 1s an expensive and slow process, which 1s not commonly used in
the surface finishing of watchcases. Buffing is usually adopted because the
equipments are much cheaper. However, buffing may lower the dimensional
accuracy.

In general, lapping and buffing can achieve an average roughness in the
range of 0.4-0.05 ¢ m. Of course, if coarse abrasives are used, the abrasion
effect may dominate producing a rough surface instead of a smooth surface.
Table 4.3 (2)&(b) are a list of fimishing processes with different effects.

4.6. Buffing

The working principle of buffing is similar to lapping. However, loose
abrasives are applied on relatively flexible wheels instead of rigid wheels.
Grease 1s a popular binder carrier for holding, as well as spreading of
abrasives onto the surface of the workpiece. Abrasives of various grits can
be used. Generally, finer abrasives give finer surface finishing.

Table 4.3(b) The quality after various surface finishing
DTOCESSES.

Processes | Abrasives | Abrasives | Surface Dimen-
particle bonding finishing sional
size shininess accuracy

Grinding Coarse Strong Bad Coarse

Polishing Medium Low Good Good

Lapping Small-fine | Loose Excellent Excellent

Buffing Small-fine | Loose Excellent | Shape

Distortion

Appropriate buffing produces smooth and reflective surfaces. The random
scratching of the surface by fine abrasives is the key to a shiny mirror
surface. There are several reasons leading to this highly reflective surface:

(D The flexible cloth buffing wheel lIimits the pressure applied. This
results in finer scratches that are less visible to naked eyes. This creates less
diffuse reflection.

) The random vibration of the flexible wheel gives more uniform
distribution of clusters of scratches.

(€)) The debris is blown away by the airflow during buffing. Hence,
there will be less localized scratches.

4) The fibers in the buff are flexible and will not deepen existing
scratches. Hence, the surface will become smoother.

There are various kinds of buffing processes to serve different purposes as
shown 1n Table 4.4.

Table 4.4 Various buffing processes
Buffing compound/ — .

Purposes - Finishing quality
Hard Cut and polish Hard buff, coarse Smooth and semi-
buffing abrasive, fast bright
Contact | Automatic Hard buff, coarse Smooth and semi-
buffing |imitating manual |abrasive, fast bright

movement
Color Refine surface Soft buff, fine Lustrous, shiny,
buffing abrasives, slow murror, scratch-free,

final finish

Mush Automatic, slower |Soft buff, fine Shiny, scratch-free,
buffing |and finer than abrasives, slow mirror finish

contact buffing
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The following factors should be carefully selected and controlled to produce
the desired surface finishing effects:

1s Buffing wheel hardness (flexibility)
2. Buffing compound (wax, abrasives)
3, Buffing pressure

4, Buffing speed

5. Buffing duration

In general, harder buffing wheels provide a faster abrasion and smoothening
rate. If the buffing pressure 1s too high, shape distortion and loss in fine
details in the workpiece might be increased. Optimum pressure should be
applied when using rigid buffing wheels. However, since the control of
buffing pressure is more difficult for harder wheels, hard wheels are usually
not used for final buffing. The more rigid buffing wheel can also be shaped
into the desired geometry providing higher dimensional accuracy.

Softer buffing wheels with finer buffing compounds should be used if
a finer mirror surface is desired. More flexible wheels such as a loose
cotton wheel or string buff gives higher quality and more reflective surface
finishing. However, the abrasion rate will be very low and not be suitable
for removing rough surface grinding marks, machining deformation layers
or scratches.

Cut buffing: In cut buffing, the workpiece can be moved quickly
against the direction of the rotating wheel. When medium to high
pressure is applied, the relatively higher buffing rate will give more
cutting with smooth and semi-bright surface.

% VA ,‘
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Color buffing: When the workpiece is moved along the direction of
wheel rotation with a light pressure, a bright, shiny and clean surface
will be produced.

Sandpapers of grade 600 should be used prior to buffing. Sandpaper
erinding/polishing usually leads to less shape distortion and is much faster
than buffing. If design features are to be retained, sandpaper grinding up
to P600 to P1000 grit should be applied before buffing watchcases. On the
other hand, contact buffing may be used to substitute sandpaper polishing
for watchbands if detail features are not too critical.

Buffing compound (wax) contains abrasives firmly cemented in grease.
The buffing compound 1s the lubricant, coolant, as well as the dispersant
for the buffing process. Abrasives are hard for abrading the surface, while
binders must not react, etch, corrode or leave marks on the metal surface.
Fatty acids and wetting agents are used to make the buffing compound.
However, they must be suitable for the cleaning processes prior to plating
or anodizing operation.

The buffing compound should response to the change 1n temperature so that
1t changes from grease to o1l under slight heat and pressure during lapping.
[t should also revert back to greasy characteristics quickly when lapping
pressure 1is released. The appropriate viscosity is important to the uniform
distribution of scratches.
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Table 4.5 Various buffing compounds (wax)

Color

Composition & applications

Black

Emery compound with coarse abrasive for cut (abrasion) and scratch removal in
hard buffing

Brown

Tripolifsilica compound for general purpose cut and color buffing on soft metals
and plastics

Green

Green chromium oxide powder used almost exclusively for high quality stainless
steels color buffing. Also used [or plastic product, brass, aluminum, nickel and
chrome. This is considered the best all round buffing compound.

White

White calcite alumina [ine abrasive, cutting lightly and usually used for color
buffing of chromium. nickel. stainless steels and ordinary steels

Red

The original jeweler s rouge (meaning red in French). Red iron oxide powders

for color bulfing of gold. silver, mickel and precious metals. Used with very soft
cloth wheels loosely stitched for ultra smooth [inishing. It stains gold and gives
sunny glow,

Blue

Drier, almost greaseless compound also known as jeweler’ s rouge. For fine color
buffing with no cutting effect used on steels, aluminum, brass, wood, lacquered
surface, plastics. gold, platinum, silver and plates after white bar.

If the viscosity of the binder is too high, the agglomerated abrasives will
form clustered scratches on the lapping surface leading to poor surface
finishing with clear scratches. However, if the viscosity of the binder is too
low, the abrasives will “flow” to the outer edge of the lapping wheel

leading to wastage of buffing compounds.

Buffing compounds are usually color-coded and should be adopted for
various purposes. Table 4.5 shows the characteristics of various buffing
compounds.

There are also different ways to classify buffing compound according to

ther role in buffing (Table 4.6).

Table 4.6 Butting compounds for different buffing purposes

Purpos Description

Cutting Black emery, brown Tripoli
Intermediate Gray Tripoli

Polishing Yellow, white, green

Super finish Blue, red rouge (1-5 ¢z m)

The fineness of the buffing compound depends on the grit size of abrasives
in the binder. However, some manufacturers use different abrasive size for
the same color. Hence, the buffing compound must be tested before being
adopted for the mass production process. It is confusing and risky to rely
solely on the color code. In fact, the fineness of buffing depends critically
on the grit number (particle size) of the abrasives in the buffing compounds.
Table 4.7 and Figure 4.1 are information about the coarseness of abrasives
and their applications.

Table 4.7 Bufting compounds with different abrasive size for
various buffing purposes.

Purpose Relative Grit # Particle Roughness

coarseness diameter (~Ra pm)
(pm)

Cutting Coarse 8-24 800-2000 --

Cutting & Medium 30-60 250-650 >3.5

polishing

Pre-Polishing Fine 70-180 80-230 0.5-3.5

Sanding Very Fine 220-1200 15-68 0.1-0.5

Lapping & Ultra fine >1200 <15 <0.1

Buffing

Fioure 4.1  Grit number vs. Abrasive particle size.

| 10000
i = Abrasive particle size i
} (um) '
3 |
1000 +—— ™
100
10
1 - e — |
1 10 100 1000 SGIt# 15000 |
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It 13 a general rule that not too much buffing compound should be applied
to the wheels. If brown Tripoli compound is used for contact buffing to
remove obvious scratches, excess buffing compound might be left on the
buffed workpiece and need to be removed because the coarse abrasives
might leave scratches on the surface in the subsequent color buffing.
The buffing compound removal process 1s time consuming and will also
increase production cost.

Masking part of the workpiece to allow more extensive buffing of the
recessed (shadowed) area might be necessary if sanding is not preferred due
to other constraints. Softer buffs should be used so that mush buffing can be
performed by pushing the workpiece into the mush buffs for more than 0.75
inch.

4.7. Buffing compound removal and coating

Buffing compound remover can be used to clean the excess buffing
compound. Buffing compound remover solution is a blend of surfactants,
detergents, and emulsifiers to be mixed with water and applied at
recommended elevated temperature (e.g. 80°C). The optimum cleaning
temperature should be recommended by the manufacturer.

[f possible, rough buffing should be replaced by fine sanding or choosing
buffing compounds that can be removed easily. Furthermore, buffing with
cutting compounds will lead to more severe shape distortion.

Removal of buffing compounds is difficult but essential,if further coating
or surface finishing 1s necessary. If no further surface finishing is required,
we can consider putting wax, oil or lacquer on the buffed surface to
prevent further unwanted oxidation. This is more important for copper

alloys such as brass and bronze with lower corrosion resistance. Excess
bufting compound must be removed; however, complete removal of buffing
compound 1s sometimes not necessary because the greasy oily binders
can also serve to protect the workpiece from rapid corrosion. If buffing
compounds are not removed, we must ensure that the binders have NO
etching effect on the workpiece.

The following are typical steps for buffing compound removal:

1. Dilute the Buffing compound remover according to
recommendation
2. Increase the temperature as recommended

Switch on the stirrer/agitator

4, Allow for degas for about 10 minutes. Use ultrasonic degassing if
appropriate
5. Put the parts into the Buffing compound remover solution for the

shortest possible duration
6. Dilute and rinse the parts thoroughly several times

T Dry the parts completely

Buffing compound removers are usually mildly acidic, or alkaline; hence,
step (6) 1s indispensable because Buffing compound remover residue
might corrode the surface leading to immature deterioration of the surface
shininess. Buffing compound removers suitable for stainless steels, copper,
aluminum alloys might attack zinc and leave a slight stain on brass surfaces.

The buffed workpiece can also be vapor degreased or cleaned with whiting
(calcium carbonate), powdered chalk, dehydrated lime applied on soft
flannel cloth.

A
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Section B Grinding, Polishing and Buffing Waviness is the measure of irregularities with a wider spacing relatively
: to roughness. The cause of waviness is vibration and workpiece deflection
during machining and buffing.

Chapter 5 Flaws are defects such as cracks, nicks (small notches), scratches and ridges
made on the surface due to unintentional, unexpected or unwanted process.

_ ‘ _ Table 5.1 Examples of mill finishes specification for steels.
5. Selection of Sanding and Buffing Equipments

. L. Finish Processes
5.1. Specification of surface finishing No.
o i o ) Unpolished finishes
Surface finish should be specified clearly in the contract. It can be e
specified using ASME Y14.36M or ISO 1302. | 1 Hot rolling + annealing + de-scaling
— a Tiay a[Surface parameter | 2D Dull cold rolling + annealing + de-scaling
a R DFS-L/RZNC V _ ] ] . ) ) ]
eN/d b el T owes seain iooe B or e 13 | 2B Bright cold rolling + final light cold rolling using polished rolls

M| Muki directional i S reritipe, :"'_;;"’;:“";"?chq -

c irCular S | Shor: filer cutoff, for remmowvirg r . X . . .
ey surtace parameter 5 E":.“’k' _ Ll st Gr et wmgens : 2BA  |Cold rolling + bright annealing (in controlled atmosphere or vacuum) + single
= | Minimum material remaval Parliculate e | Parereie type, for cxtergte "4 o e AL AR light skin pass cold rolling (good for architectural application)

q/—"_ ro.altu:_::xfg«uv.;\ # x‘_aqr&;.eaj:mmnva S gumeaf;n:r-‘r..; ':—T:a-:-' 'o-t 100%, ".;%:’T'g-‘ ‘. 1-'6%"' -
- et it b bt - Polished finishes
- ; s 3 Polished with 100 mesh (~150 & m) abrasives

Surface finish, also known as surface texture, can be defined in ki
terms of roughness, waviness, lay and flaws: 4 Polished with 120-150 mesh (~105-125 12 m) abrasives (good for kitchen

; ) . . equipment
Lay is the direction of the predominant surface pattern such as ‘ quipment)
vertical, horizontal, radial, cross-hatched, circular and isotropic -+ ‘ 6 Brushing #4 finish with abrasive and oil. A dull finish having reflectivity lower
etc. The pattern is a repetitive impression created during a specific than #4.
manufacturing operation. . . . .

£0pe i High degree of reflectivity produced by buffing finely ground surfaces. Not all grit

Roughness (surface finish) is a measure of the finely spaced lines are removed. (good for architectural applications.
irregularities. The profile roughness parameter Ra (amplitude 8 The most reflective finish obtained by polishing and buffing extensively with

parameter = arithmetic average of the vertical deviations of the
peaks and valleys from the mean line) is the most commonly used
parameters. (See Section 3.1 for other roughness parameters.)

successively finer buffing compounds. Surface is free from grit lines.

- 61
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Another way to define the surface finish is to adopt the sheet fimishes with a
system of number according to Table 5.1.

Similar machining and surface finishing processes can achieve a range of
roughness Ra. The roughness depends on many processing parameters.
Hence, a more scientific specification can be specified using Ra. Table
5.2 shows the range of Ra obtained from various machining surface finish
Drocesses.

Table 5.2 Roughness (Ra in « m) achieved by various manufacturing
Processes

Ra(um) |50 [ 25 [125]63[32 16| 8| 4] 2] .1 [005] 0.025

Casting

sand

Investment

die

Forming

hot roll

forging

cold roll

burnish

Metal cutting

sawing

drilling

milling

Sanding with various higher grit numbers will give better roughness in
sanding. See Table 4.2 and Table 5.3 for more information.

Table 5.3 Roughness (Ra in « m) by various buffing processes

Abrasive grit no. | Average Roughness, Ra ( £ m)
500 0.1-0.25

320 0.15-0.38

240 0.2-0.51

180 <0.64

120 <l1.14

60 <3.56

Obviously, these polishing lines (groves) cannot be seen with naked
eyes. Only the non-uniform distribution of polishing lines with different
reflective-specular ratio can be observed. For example, if the 500 grit
sandpaper 1s used and one area achieve 0.2 4 m Ra while another area
showing 0.5 £ m Ra, the contrast produced will be easily observable.
Hence, the waviness and the range of Ra due to sanding and buffing will
control the quality of the surface finish. The finishing condition of various
operations are listed in Table 5.4

Table 5.4 Surface finish conditions of various belt sanding operations.

turning

Abrasion

grinding

barrel finish

sanding

buffing

@

lapping @

@ Sanding lapping and buffing can achiever smaller Ra when carefully performed with finer
abrasives.

Operation Grade Condition

Stripping 12-20 Removal of rust and old finishes

Heavy cutting | 24-40 Rapid abrasion rate

Medium cutting | 50-80 Medium abrasion rate with rough finish

Pre-finish 100-240 Require only minor dimensional changes and polishing
Finishing 180-240 Desired appearance of surface for plating

Polishing 280-600 Near-mirror finishes for buffing

Buffing Mirror finish
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5.2.  Polishing and buffing wheels

Both polishing and buffing wheel setups consist of the bench, the motor and
shaft, and the wheel. The motor must be fastened to the workbench securely
for the sake of safety. The vibration of the motor and wheel for grinding,
polishing, and lapping must be minimized because rigid wheels are used.
Hence, the shaft connecting the motor and wheel should also be as short as
possible. Vibration problems are relatively less serious in buffing. However,
if less vibration can be achieved, the desired quality of surface finish can be
attained faster.

Polishing can be performed using sand belts or wheels. Endless fabric
belts pre-coated with abrasive have the following advantages over bonded
grinding and polishing wheels:

. Fast

. No need to balance the wheel

. Large belt surface area for flat surface

- Easy to setup and change abrasive belts
. Smaller inventory of accessories

Belt sanding 1s good for large flat surface. Extremely fine-erit belts can
produce near lapping-polishing quality. The coarsest grade is usually used
to achieve the acceptable finish.

The abrasion rate is approximately linearly proportional to the sanding
speed when the sanding speed is below 30m/s. Normal sanding speed range
from 18 to 40m/s. Fastest abrasion (cutting) can be achieved at the sanding
speed of 30-40m/s. Lower sanding and lapping speed usually give a better
finish quality. Lower speed should also be used in processing softer metals
and alloys, ¢.g. 18-20m/s for Zn alloys

When using a balanced flat sanding wheel, the sanding rate depends on the
diameter of the sanding path. A larger sanding path diameter will give a
higher abrasion rate. Sanding wheels are better than sand belts for higher
quality sanding because the same wheel can be used for sanding at different
speeds.

Table 5.5 Sanding speed with respect to sanding diameter using
motors with speed 2000rpm and 3000 rpm (rotation per minutes)

Sanding path Speed (m/s)
diameter
nch mm Perimeter (m) 2000 rpm 3000 rpm
102 32 11 16
6 152 0.48 16 24
203 0.64 21 32
10 254 0.80 o7 40
12 305 0.96 32 43
14 356 112 37 56
16 406 1.28 43 64

The surface finish 1s usually better with lower sanding speed. Table 5.5
shows the relationship between the sanding path diameter and the sanding
speed. A motor with speed of 2000rpm 1s usually acceptable if substantial
cutting (abrasion) is not always required. The high sanding speed above
40m/s 15 not encouraged because overheating may happen. Furthermore,
the rise in temperature due to high sanding or buffing speed might cause
burning of buffing compounds and melting of plastics.

Sanding can also be performed using the edge of the sanding wheel.
Stick-on sandpapers can be adhered on the rim of the wheel. The sanding
speed 1s constant and relatively high. Hence the quality of the polished
surface would only depend on the pressure applied, sanding time, sanding
temperature and whether the technician can hold the workpiece firmly with
the assistance of the fixture, if any.

The power of the motor must be high enough so that the speed of the
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motor will not vary substantially when pressure is applied. If the rotation | 5.3. Buffing wheels selection and usage

becomes jerky, the surface will become bumpy and wavy. Table 5.6 shows 5 ‘

the information for the choice of motor and wheels. If possible, use only one buffing compound for a 2-3 steps bufting process
by changing the diameter and hardness of the wheels, say 30-20-10mm

| heels:
Table 5.6 Maximum diameter and thickness of wheels to be used Wheess

with different motors for sanding and buffing 1. 30mm diameter harder buffing wheel at high to low buffing speed

Whedl - — for cut buffing (contact buffing)
Diameter 416 [s]1wo]n]i]7s5]20 125 [ 30 : 2. 20mm diameter medium-hard buffing wheel for smoother buffing

ool - s WhcolNilne o (odac) | 3. 10mm diameter soft buffing wheel for final color buffing.
HP. inch mm
1/8 05 x | x x |15 x | x X The use of only one buffing compound for multi-step buffing saves time
1/6 1 105 x x 25115 x | x X and resources as the buffing compounds removal process is only done once.
1/4 1511 [05 x |40 25 | 15 X Such benefit 1s sometime huge and should be considered. Buffing can be
1/3 251 2 I 05 x [65(50 2515 x ‘ achieved by skillful technicians moving the workpiece either against (cut
1/2 351251 2 1 (0519 [65]50 25115 | buffing) or along (color buffing) the direction of wheel rotation. Slower
3/4 5 |35 |25 2 I (125190 | 65 | 50 | 25 I buffing speed between the buff and the workpiece will produce higher luster

2 916 |45 3 |15(230|150(115| 75 | 40 through color buffing.
*1 HP. = 746W output, X = Insufficient power

The efficiency, quality and cost of buffing are significantly affected by the

: . . . . . following:
It is essential to choose the motor with sufficiently high power to give a

steady speed for polishing and buffing. Using a 1/8H.P. motor at 1800rpm ; L Density and rigidity/flexibility of the wheel
1s ideal for buffing because slower buffing rate would lower the chance i
of burning of workpiece and buffing compounds and melting of plastics.
Polishing wheels with variable speed between 3000 and 6000 rpm is
desirable. Applying paraffin during sanding can produce a finer finish.

Wheel balancing
Wheel abuse due to improper use

Wheel speeds

LA W

Type and grit size of abrasive

Buffing can be performed using a less powerful motor. Buffing wheels
with 1200-1800 rpm is more appropriate so that accidental overheating can
be minimized. Lower buffing speed gives a better surface finish.
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The functions of different types of wheels are listed in Table 5.7. The

simple rules of buffing wheel selection are:

L Hard wheels for hard materials, soft wheel for soft materials
2. Hard wheels for cut buffing, softest wheel for final color buffing
3. Softer and finer wheels give better finish
4 Use all buffing wheels with compound 2-steps process: cut and
then color to save time and resources
Table 5.7 The function and various sanding and bufting wheels
Buffs/ Cutting Coloring | Description/materials
wheels
Flap wheels | Coarse No Tightly packed sandpapers for shaping, sanding and removing rust
Abrasive Coarse No Strands impregnated with tough aluminum oxide abrasive for rust
nylon removal, ideal for wood,
Scrubber Coarse No Flexible material impregnated with abrasive, very aggressive for
removing rust
Finger Coarse- | No Aggaressive wheel for buffing irregular contour metals with less
medium distortion on thin plates
Sisal Coarse- | Low Hard, cellular strand of fiber for removal of orange peel grit lines,
fine light die marks, use with black emery compound for de-burring
Spiral sewn | Coarse No Continuous spiral sewing with 0.25" spacing made from white
cotton, long-wearing,
Denim Coarse No More durable than cotton
spiral
Sanding Coarse- | Medium | Rubber spindles for sanding, shaping, finishing, polishing depends
drum fine of the abrasive grit
Vented Medium | Medium | Folded pleats hold more compounds and keep the part cooler
Cushion Light Fine mush and collapse under pressure, ideal for object with fine
details, sewn with 2 rows, finish between spiral sewn and loose
cotton
Loose Light Fine One circle of stitches close to the centre, very flexible, getting into
cotton, hard-to-reach areas, use with white or red rouge
Mushroom No Fine Buffing contoured shapes
Facer No Fine Buffing flatter arcas, good for removing casting marks in Al
Canton No Ultrafine | Very soft, loosely stitched, Use with rouge to color gold, sewn by
flannel 2-4 circles, used with BLUE or RED compounds, for gold
String No Ultrafine | Thin cotton string strands for plastics, give shiny surface, cool
buffing
Felt bob Medium | Medium | For different shapes, surface finish depends on abrasive
Felt No Ultrafine | Compressed wool fibers for maintaining sharp edges

7
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The following practices might be useful in improving the efficiency of
sanding and buffing:

1s
2

10.

11.

12
13.

14.

Sanding with 600-1000 grit sandpaper before buffing

Buffing compounds should be applied sparingly on the buff (NOT
the workpiece) and let it revolve for a few seconds before buffing

Hold the workpicce firmly and increase the pressure slowly to
prevent workpiece from loosening

Apply minimum pressure and allow the wheel and buffing
compound do the buffing

Lower the pressure or change the motor if the motor slows down

Slow sanding and buffing speed for plastic to prevent from overheating
and melting

Move (swing) the workpiece along the motor axle direction for more
uniform buffing

Hold the workpiece firmly and move against the revolving wheel for
faster cut. (A mixture of metal debris and buffing compound produce
black soot.)

Remove the workpiece in the direction of the revolving wheel to
produce color buffing from the same buff

If the buffing produces thick black streak marks, lower the pressure and
clean (rake) the buff with file or knife edge

Use pressurized jets of air to clean the buff regularly. Reapply buffing
compounds before further buffing

Change the wheel if the diameter of the used wheel 1s too small

Use a smaller and softer buff with the same fine buffing compound if
appropriate

Use different wheels for different buffing compounds and store these
wheels separately
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15. Never use a wheel for coloring when it was used previously for coarse cut
buffing.

16. A larger softer and looser buffer increases buffing speed, improves quality
and shortens buffing time

17. Repeat step 2 with finer buffing compound if necessary

18. Only color buff plated work and precious metals, never process by cut
buffing!

19. Wash the workpiece in warm soapy water to remove excess buffing
compound or dirt

20. Dry the workpiece thoroughly to prevent corrosion

21. Coat the workpiece if necessary

5.4. Buffing compounds selection

Buffing compounds should be applied from coarse to fine. The coarse
compounds are more efficient in removing the deep scratches. If possible,
only use one buffing compounds to eliminate the buffing compound
removal process and save manufacturing cost and time. For example,
buffing of soft metals such as aluminum can be completed using only white
rouge.

Buffing compound should be applied lightly and sparingly on the buff.
The heat and pressure due to rubbing will melt the grease and transfer the
buffing compound onto the buff. There is no need to soften the compound
by heating and water. Table 5.8 shows the suggestion buffing compounds
for different materials.

Blue buffing compounds are made free of grease, oil or wax. It contains
abrasive blended into animal hide glue and water. When applied on the
revolving buff, rubbing heat softens the compound and spreads it. This
coating dries immediately forming a flexible and resilient cutting surface.

No or less cleaning is required and the buffed surface allow subsequent

painting or plating.

3-stages buffing are sometime adopted:

l. Stage 1: Rough cut buffing
2 Stage 2: Final cut buffing and pre-polish
3 Stage 3: Final polish and color buffing

Table 5.8 Choices of bulling for different materials.

Coarse < Buffing Compounds — Fine
Black |Brown |White |Green RED |Blue
Materials Emery |Tripoli Stainless | Rouge
Acrylics
Ni, Cr plate
Platinum
Hard rubber
Wood
Thermoset

Silver
Gold

Brass & Cu
plate

Pewter
Iron
Nickel

Steel
Aluminum
Copper

Brass
Stainless steel

Greaseless BLUE bufting compound is considered all-purpose.
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Each stage can be performed in sub-stage A (cut buffing) and B (color

buffing) to increase the efficiency and improve the quality of buffing.

Buffing compounds should be sealed in airtight containers and stored in

cool places to prevent from drying or hardening. Table 5.9 shows a list of 3

steps processes for buffing of some materials.

Table 5.9 Choices of bufts and buffing compounds for different
materials

Al Ag, : Cu, brass, .

Msiats | PEics | Aud N$1§e(s:r & soft Stﬁ_‘:)ln& Sﬁggss
plates metals

stacE | 1] 2[3]1]2|s] 1] 23] 1|2]3]1]2]3]1]2]3

BUFF

SISAL

SPIRAL X

LOOSE

BUFFING COMPOUND

5.5.  Sanding and buffing parameters selection: force, temperature and time

Lubricants and coolants should be used in sanding to prevent overheating
of the sanding wheel and workpieces. The pressure of 20-40kPa is
recommended. Table 5.10 shows the forces required for polishing of
workpiece of different area.

The pressure for cut buffing with rigid and coarse buffs is similar to
sanding and can be estimated using Table 5.10. For final fine buffing and
color buffing, the buff is soft and high pressure will only cause collapse
of the buffing wheel. High pressure will increase the rubbing and heating
of the buff and buffed workpiece leading to black streaks and waviness of

the surface. Hence, buffing should be performed using the lowest possible
buffing force.

FLANNEL
STRING h

BLACK

BROWN

WHITE

GREEN
BLUE
RED

Table 5.10 Required force for with respect 1o sanding area for
20-40kFPa sanding pressure
Sanding pressure
Sqaure 20kPa 40kPa 20kPa 40kPa
Side(mm) | Area(mm’) | kef kef Ib Ib

1 1 0.002 0.004| 0.0009 0.002
g 25 0.051 0.10 0.023 0.046
10 100 0.20 0.41 0.093 0.19
1 | 0.002 0.004|  0.0009 0.002
40 1600 3.26 6.52 1.48 2.97
100 10000 20.4 40.8 0.27 18.5
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Surface buffing is applied on a flat surface using fast rotation and a slight
penetration of the buff for regular shaped parts. The shaft speed can be
greater than 1500rpm. Parts should be pushed into the buff for less than
10mm. This can ensure better uniformity of the surface.

Mush buffing is used for buffing complex shaped parts with softer and
more flexible buffs so that detailed features remains after buffing. The shaft
speed should be lower than 1200rpm and the buffs used should have the
largest possible diameter. The parts will be pushed into the revolving buff
so that a larger surface can be buffed. The parts should be buried 0.75-3.5
inches nto the buff. Mush buffing can also be divided mto light, moderate
and deep mush.

Continuous buffing for one minute or more will usually produce a very
hot surface and workpiece. The bufl and buffing compound might become
burnt. Hence, it is essential to design the buffing stages carefully so that
prolonged buffing 1s not necessary.

Prolonged manual buffing is also tiring, leading to shaky hands and
waviness of the buffed surface. Buffing usually lead to loss in detailed
features if the buffed surface is not flat. Hence, it is recommended to
shorten buffing time if possible.

Y

5.6. Fixture design and selection

Simple fixture design to be used in sanding and buffing can lead to
substantial improvement in sanding and buffing quality. The main reason
15 that 1t will lower the vibration of the workpiece, which 1s held manually.
A fixture including a spring pusher will also limit the pressure applied
according to the designed working pressure. This will prevent overpressure
during sanding and buffing. Pressure control is particularly important in
controlling the surface quality for almost all sanding and buffing processes.

The fixture can be designed to allow translational motion and rotation
motion giving flat or curved surface respectively. With the help of well-
designed fixtures, more accurate dimensional accuracy can also be achieved.
It is also a step toward semi-automated or fully automated manufacturing
for high quality surface finishing.

5.7. Cleaning before and after sanding and buffing

Most cutting and grinding fluids are oily and will affect the subsequent
sanding efficiency. Thorough degreasing and cleaning 1s necessary before
sanding to ensure efficient sanding. Water-soluble chemical cutting fluids
or water-soluble cutting oils might lessen the difficulties of cleaning prior
to sanding and is recommended.

Most sandpapers are waterproof and can be used with water lubricant.
Water lubricant 1s the cheapest and serves to carry away debris that might

/5
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clog the sandpaper. A continuous flow of filtered water that is free from
debris should be used for environmental reasons. When soap or very dilute
alkaline lubricants (e.g. ammonia in water) are added to water, corrosion
rate will be lowered. Mild acidic lubricants are sometimes used to increase
the sanding rate. All sanded workpieces, including wet and dry sanding,
must be thoroughly washed to remove large debris and abrasives for finer
sanding.

Cleaning after sanding 1s relatively easy for flat surfaces because abrasive
can be rinsed off easily if water based sanding lubricants are used. Soaking
in neutralizing solution is necessary if the sanding lubricant is not neutral.
For more complicated geometry, an agitated flood of water should be used
to remove the unwanted lubricant from every recess. The cleaned workpiece
must be dried completely before buffing.

Cleaning after buffing 1s more difficult 1f a greasy buffing compound is
used. Buffing compound removal process has been discussed in Section 4.7.
It would be more problematic if overheating had occurred during buffing
leaving black streaks on the surface. The black streak need to buffed away
carefully again without losing the dimensional accuracy and detailed

features.

?fxzf/;:-i/
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6. Defects in polishing: Inclusion / Scratches / Surface

Material defects in metallic materials may be inherited from the poor
workmanship in casting, forming and shaping (e.g. rolling, forging, extrusion,
powder metallurgy--+), and machining (e.g. cutting, milling, lathing---). Most
of the internal defects carried over from prior manufacturing art will not be
removed by polishing and buffing. These defects may appear randomly in
the workpiece and lead to high scrap rate. Surface defects inherited from
machining are relatively less serious but will still affect the surface finish
quality.

6.1. Internal defects

Internal defects cannot be removed by polishing and buffing. If these
defects are near the surface, cutting, milling, lathing and other metal
removal processes can be used to remove the defective portion. Internal
defects are very often primary production defects formed during the melting
and casting process and cannot be remedied.

)
i
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Segregation (non-uniform distribution of elements)
Holes and porosity

Shrinkage

Inclusions

Shrinkage and hot tears

Cracks

Residual stresses

Oxygen embrittlement (e.g. Ti alloys)

B0 1 Oy W oobe o9 kO s

Forming and shaping defects are secondary production defects. Some
examples are listed below:

Cracks (forging burst, rolling cracks)

Lamination (inclusions elongated during deformation)

Hydrogen embrittlement

Cracks due to extrusion

Wrinkle after deep drawing (earing of anisotropic/directional materials)
Extrusion tails (inhomogeneous materials)

Heat affected zone (welding defects)

Quenching cracks

2 jee M oN LN b i I

6.2. Surface defects

Surface defects can be removed by grinding or intensive sanding. If these
defects are not removed by sanding, a poor surface finish is inevitable after

/7 %%}%ﬁ”?’

buffing. The following are some surface defects that must be removed

before buffing or lapping.

Surface blow hole in casting

Laps (oxidized surfaces rolled nto billet)

Mill-shearing (feather like lap)

Rolled-in scale (oxide inclusions after rolling)

Seams (long patches of loose metals rolled into the surface)

Scabs (long patches of metals rolled into the surface)

BOogN o= i R e

Hot tears (rupture of materials during forging due to the presence
of low melting or brittle phase)

8. Blisters (due to expansion of sub-surface gas bubble during heat
treatment)

9. Mottled surface (orange peel effect due to large grain size after
annealing)

10. Stretcher strain (Luder lines due to localized yielding and non-uniform
deformation)

11. Burn marks (overheating during cutting-grinding with insufficient
lubricant and coolant)

6.3. Prevention of lapping and buffing defects

[f defects cannot be removed by proper lapping and buffing processes, it
is very likely that they are materials manufacturing defects of the material,
which cannot be removed. However, the following sections and respective

measures to remove or prevent defects should be considered before jumping
to such conclusions. More detailed definition of surface imperfection can be
found in BS EN ISO 8785: 1999 “Geometrical product specification (GPS),
Surface imperfections, Terms, definitions and parameters”
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6.3.2.

B.5.3.

6.34.

6:3:5:

Orange peel refers to fine peaks and valleys that give a rough
surface effect like orange skin. If the grain size of the materials
1s smaller than 50 ¢ m, orange peel effect might be due to
buffing prolonged or excessive buffing pressure.

Haze is less shiny surface due to deposition of abrasives and
buffing compound. A neutral pH process should be chosen so
that no undesirable chemical reaction will take place. Lower
working pressure can also lessen the haziness.

Pitting (dimples) is due to the presence of many small holes
distributed on the entire surface. This might be due to the
corrosive nature of abrasive, sanding lubricants or buffing
compounds. Non-corrosive abrasives and binders should be
used. The workpiece should be washed, rinsed and dried
thoroughly. Non-constant working pressure might also be a
cause.

Relief is the differential removal of different materials phase,
or different orientation, having different hardness. Material
homogeneity should be ensured before lapping and buffing.
Harder polishing buffs should be used to lower the differential
material removal rate.

Edge effect is the undesirable material removal at the edge of
the workpiece. Sanding and lapping with more rigid backing
and lower pressure will lessen the edee effect. Softer buffs used
with shorter buffing time and pressure can also help.

Hydraulic cut is a defect that appears at the edge of the lapped
or buffed workpiece due the higher localized wear rate. This
defect can be minimized by using less abrasives in the lapping
or buffing compound, but it may lower the material processing
efficiency.

6.3.6.

8.3

6.3.5

6.3.9.

6.3.10.

6:3.11.

Bl

Waviness is the deviation from the desired flat or curved
surface in the mm to & m range. It usually happens during
manual lapping and buffing when the working pressure is not
steady, which lead to uneven removal of material. Vibration of
wheels 1s also a major cause.

Grooves are aligned marks much deeper than the roughness Ra.
[t is caused by incomplete removal of the deformation layers
(damage) of previous machining, grinding or sanding processes.
The working pressure of grinding or rough sanding might be
too high.

Cracks are very deep and sharp edges as a result of wrong
casting, forming, cutting or grinding processes. This kind of
problem cannot be solved by sanding, lapping and buffing.

Holes (pull-out) are irregularly formed holes appearing on the
surface that arise if non-metallic inclusions and carbides are
present in steels. Lower working pressure or the use of more
homogeneous steels can lessen the problem. Fluoride-free
lapping and buffing cloths should be used because this can
prevent carbides and inclusions from being pulled out.

Peaks are uneven elevations due to uneven removal of material
or high working pressure. Uniform and lower pressure
should be used. May consider using lapping fluid and buffing
compounds with higher viscosity.

Comet tails are due to mclusions that leave a trail behind along
the polishing direction. A higher buffing speed can prevent
comet tails from forming.

Foreign material present on the buffed surface is usually due to
insufficient cleanliness in the polishing room.
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6.3.14.

B6.3.15.

6.3.16.

63.17.

Corrosion of the workpiece is the result of incomplete cleaning
of the reactive sanding medium and buffing compound.
Insufficient drying of the workpiece after cleaning process is
also a common cause. The humidity of the polishing workshop
must be kept low.

Bum marks will form if the buffing temperature is too high due
to high pressure, insufficient buffing compounds, insufficient
sanding coolant, prolonged rubbing, low viscosity of lubricant.
Low working pressure and vented and more flexible buffs
should be used.

Discoloration of a localized area may be due to chemical attack,
which damage the surface.

Foxtail at the edge of workpiece might be introduced due to the
presence of irregularities. The irregularity at the edges must be
removed by proper de-burring before lapping or buffing.

Inappropriate buffing practices

« Too much buffing compound applied:

Large quantity of soil sticks on the workpiece
Long buffing compound removal time

Thick buffing compound residue on the surface
Leaves smears and streaks

c O O O

» Etching binder in buffing compound

o Etching of surface revealing microstructure
(e.g. orange peel effect)

« Insufficient sanding up to grit # 600 or above prior to bufting

o Long buffing time
0 Grinding and machining marks cannot be removed
o Large distortion at edges due to long buffing time

« Sanding pressure too high
o More obvious sanding marks
0 Sanding marks cannot be removed easily by buffing
6.3.18. Wrong buffing compound removal processes
 Buffing compound remover solution temperature too high:
o Component metal attack
Etching of grain boundary and exposure of different grains
and phases (e.g. orange peel effect)

o Surfactant separates from the solution leading to a poor
cleaning effect

« Buffing compound remover soiution temperature too low:

o Cloudiness of Buffing compound remover solution
o Poor cleaning effect

- Low concentration of Buflfing compound remover solution:

o Poor cleaning effect
0 Long cleaning time

83
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6.4. Case Studies

6.4.1. Waviness

Figure 6.1 shows a typical buffed watchband. The surface is polished
and buffed. However, a mirror surface cannot be produced. The
waviness 1s parallel to the polishing direction with substantial distortion
of the reflected images. The edges and comers of the parts are rounded.

Fioure 6.1 Surface waviness atter buffing (Courtesy of Mr. John Mak)

+ Insufficient sanding before buffing
= Excess uneven rough buffing
» High cut buffing pressure
+ The buff for cut buffing 18 not clean. Abrasives and binder clogged
the localized area of the buff.

Recommendations: \
+ Workpiece should be sanded up to 600 grit sandpaper
+ Avoid prolonged rough buffing with coarse cut

- Use fine buffing to produce the mirror surface

6.4.2. Orange peel effect

QOrange peel effect (Figure 6.2) shows diffused reflection due to surface
rough after buffing. It 1s different from waviness created by grinding
and bulfing processes because the waviness is not clearly directional.

Fioure 6.2 Orange pecl effect atter buiting (Courtesy of Mr. John Mak)

+ Dual phase alloys with different hardness of the composing phases

+ Large grain size materials due to incorrect heat treatment processes
- Insufficient sanding and rough buffing to flatten the surface

+ Buffing pressure too high

» Prolonged buffing time too long

+ Chemical reaction with buffing compound, cleaning reagents
Recomm 10DNS:

+ Lower the heat treatment temperature to ensure finer grain size

+ Flatten the surface by sanding

+ Apply gentle pressure for sanding and buffing

- Review the pH of the buffing compound and cleaning reagents




Handbook: Polishing Technology for Watch Industry

6.4.3. Edge effects around holes ! 6.4.4. Concave comers

Distortion from flatness is obvious around holes. The trapping of Figure 6.4 shows concave corners inaccessible to sanding, buffing and
abrasive in the holes increases the local removal rate giving comet tails most mechanical polishing techniques. Polishing pens with vibratory
along the direction of lapping or buffing. Typical tear holes are shown motion can be used to polish the concave corners manually.

in Figure 6.3. i

Tombd  heeramnd ks (Gl T i) Ficure 6.4 Inaccessible concave corners (Courtesy of Mr. John Mak)

= =

S ses
+ Recess area trap grinding and buffing compounds leading to comet tails. 6.4.5. Defects due to internal defects
+ Prolong lapping or bufting 1 Internal defects (Figure 6.5) may be formed due to various primary
« Use of loose abrasives ‘ production processes during casting and subsequent shaping processes.
o Micro-cracks and inclusion might appear throughout the workpiece
Rocommonicizs: or at localized areas. These defects cannot be repaired or removed by
= Fill the gap or hole if possible ; polishing and buffing.

+  Use sandpaper with abrasives bonded to paper or wheel
»  Avoid rough buffing

«  Use less buffing compounds
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Fioure 6.5 Defects due to infernal defects (Courtesy of Mr. John Mak)

6.4.6. Edge effects around holes

Two titanium samples (A & B, shown in Figure 6.6) were polished and
buffed. Sample A gives a marginally acceptable surface finish. The
butfing quality of sample B is not acceptable.

{“ ‘ 88. ,

Floure 6.6 Polishing and buffing defects on titanium (Courtesy of Mr. John Mak)

(¢) Titanium A 900x (154Hv)
tgss-jb & causes:

« Orange peel effect due to large grain size as a result of high heat
treatment temperature between cold working

(d) Titanium B 900x (225Hv)

+ Insufficient sanding to flatten and smoothen the surface

+  Lower annealing temperature and short annealing time to control the
grain size

+ Longer sanding time with appropriate lubricant to smoothen the surface

+  Use fine sanding to replace coarse buffing
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7. Polishing 304 / 316 stainless steels

Table 7.1 Typical surface finish processes for stainless steel
Operation Wheel Grit, abrasive Finish
Rough Solid wheel, rubber or  [20-30, Al,Os, SiC, | Flat
erinding bakelite bonded dry
Fine grinding | Solid wheel, rubber or  |36-80, AL,O;, SiC, | Flat, no deep

bakelite bonded, or sand | dry scratches

belt
Rough Sand belt, or sanding | 80-100, Al,Os, Rough
sanding wheel SiC, dry polished
Medium Sand belt, or sanding 120-150 ALO;, No. 4 mull
sanding wheel SiC, dry finish
Brushing Tampico brush Pumice pastes No. 6 mill
No. 4 finish
Satin with | Stitched cloth, harder | Various grit, Satin finish
buffing lines |buff oreaseless buffing

compounds

Cut buffing | Stitched cloth wheels 180, buffing No. 7 finish

buff compounds with scratches
Cut & color |Loose cloth wheels buff | 240, green buffing [ No. & finish
buffing compound without

scratches

i
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Researchers found that the amount of carbides and non-metallic inclusions in
steels have a decisive effect on the quality of the polished surface. If there are
phases with substantial different hardness and strength, lower pressure should be
applied to achieve good surface finish.

Stainless steels have high tensile strength and high surface hardness; hence,
hard abrasives should be used. The heat conductivity of stainless steels is low.
Precautionary measures preventing substantial rise in temperature should be
adopted. The rapid work hardening properties should also be noted because
more residual stresses the surface might be built up during erinding and sanding.

Table 7.1 shows a typical set of surface finish processes for stainless steel.

Table 7.2 (it size and polishing surface speeds for sanding
stainless steels
Product Grit Sanding speed | Lubricant
(m/s)
Blade-tapering 180 28 Grease
Forks or knives 1500 26.5 Grease
Spoons 150, 200 26.5 Grease
Hypodermic needles 320, 400 23.5 Water
soluble oil

Airfoil jet blade 120 28 oil
Coil 120, 150 17.3 oil
Pots & pans 220, 320 25.5 Grease
Press plates 120-320 20.4 Grease
No. 3 finish 100 20.4 Grease
No. 4 finish 150 204 Grease
No. 7 finish 180-280 204 Grease
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For rough polishing, the sanding speed can be as high as 40m/s. When better
finish is to be achieved using finer grits, the sanding and buffing speed should
be substantially lowered. Table 7.2 shows the grit number and sanding speed
with the recommended lubricant. Since loose buffs are used in buffing, the
sanding speed for hard buffing can be as high as 50m/s. The corresponding
color buffing speed 1s ~35m/s.

Passivation or cleaning is not always necessary after fine color buffing if the
surface 1s chemically clean and free from oil. The clean surface of stainless steel
passivates gradually when exposed to air. If iron particles are present, they must
be removed by pickling.

7.1.  Hot working, cold working and heat treatment of stainless steels (304 & 316)

Proper heat treatment on stainless can improve the mechanical properties,
lower residual stresses, restore corrosion resistance when these properties had
been adversely deteriorated by previous thermo-mechanical treatments. 304
and 316 stainless steels are the most commonly used steels for watchcase
making. Both stainless steels are conventional austenitic stainless steels.

Table 7.3 Suggested annealing temperature ranges of some austenitic
stainless steels (for carbide dissolution)
Designation Temperature (°C)
201, 202, 301, 302, 303, 304, 304L, 304LN, 1010-1120
303, 308, 316N
2545MO 1150-1205
300, 316 1040-1120
310 1040-1065
316L, 316LN, 3171 1040-1110
317 1065-1120
317LM, 317LX, 317L Plus, 317LMO 1120-1150
321 955-1065
347, 348 980-1065
9041 1075-1125

Conventional austenitic stainless can be hardened by cold working but not
heat treatment. 304 and 316 stainless steels used are usually in the annealed
or cold-worked state. The cold worked state is harder, while the annealed
state 1s softer. Chromium carbides might form due to improper annealing,
which leads to more inter-granular corrosion, and but can be dissolved by

proper annealing. Annealing temperature range depends on composition
and can be found in Table 7.3.

Mechanical forming processes can harden 304 and 316 stainless steels.
Softening heat treatment is always required. Higher annealing temperature
can soften workpieces faster for the next mechanical process. However,
it must be noted that higher annealing temperatures will also lead to
undesirable grain growth. Larger grain size beyond 50-100 ¢ m is the cause
of orange peel effect in subsequent deformation and buffing processes.

Unwanted chromium carbide might form at temperature between 425-900°C
leading to lower corrosion resistance. Carbide might form at 425°C for cold
rolled stainless steels. Carbides should be dissolved at higher temperature,
say ~1090°C (which should dissolve the carbide efficiently with limited
grain growth), and cool down rapidly to prevent carbide formation. It
must also be noted that the high cooling rate, such as water quench, will
cause distortion. In fact, thin sections should be air quenched to minimize
distortion.

Time for annealing at the suggested temperature should be as short as
possible to prevent unwanted grain enlargement. Workpiece should be
held at the desired temperature for 3-5 minutes per 2.5mm thickness. For
example, a Smm thick workpiece should be annealed for 6-10 minutes,
followed by rapid air cooling. Thick sections should be water quenched.
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Annealing temperature, annealing time and cooling rate are the three
important thermal processing parameters for annealing. However, we must
note that they must be properly selected because:

«  Higher annealing temperature to dissolve carbides
VS,
Lower temperature to limit grain growth

*  Longer annealing time to dissolve more carbides
¥S.
Shorter time to limit grain growth

+  Rapid cooling to prevent the formation of carbides
Vs,
Slower cooling to prevent shape distortion

Prolonged annealing at high temperature leads to more oxidation. Bright
annealing of austenitic stainless steels properly in pure hydrogen or
dissociated ammonia gives an oxide free surface. The bright annealing
furnace must be clean, moisture-free and tight. If the process is not properly
controlled, a thin greenish oxide will form on the workpiece, which is very
difficult to remove.

7.2.  Surface hardened or coated stainless steels

Stainless steels can be surface hardened by mitriding. The surface can also
be modified to improve hardness, scratch resistance, corrosion resistance,
color and appearance by ion implantation, laser surface processing, laser
alloying, plating, surface blackening, coloring, teme coating, thermal spray,
diamond like coating --- etc. All mechanical polishing and buffing processes
should be performed before these surface hardening and improvement
processes.

In addition to the normal grinding, sanding and buffing processes, nitriding
and coating of stainless steels requires the removal of the surface chromium
ox1ide film by pickling, chemical reduction in reducing atmosphere.

BT
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8. Polishing Titanium alloys

Titanium is unigque because of its low density (4.5g/cm’), high strength
(434MPa), and excellent corrosion resistance. On the other hand,
pure titanium has poor wear resistance due to its relatively low shear
strength and high coefficient of friction.

The oxidation resistance of titanium alloys 1s excellent at low
temperature. However, when heated to around 430°C, oxygen will
be taken up by the alloys causing embrittlement. Titanium alloys can
be aged in the temperature range 370-540°C, and may be unstable at
temperature above 260°C.

8.1. Cleaning and oxidation of titanium alloys

Heavy oxide scales can be removed by grit blasting. The oxygen
rich metallic layer must then be removed by grinding to avoid
cracking in subsequent cold working processes. The cold worked
titanium should then be cleaned with detergent, solvent washing or
vapor degreasing.

(Gas absorption is a major problem of processing of titanium and
1ts alloys. The titanium surface can pick up gases such as oxygen,
hydrogen and nitrogen, which can embrittle the alloy.

Many titanium alloys will be strain hardened quickly during cold
working and several softening annealing might be necessary. The

95
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oxide layer formed during the annealing can reach the thickness of 0.05-
0.07mm and need to be ground or sanded before buffing. The oxide layer in
hot rolled titanium is even thicker and might reach 0.15-0.2mm. The brittle
surface is usually removed by acid or electrolytic chemical picking.

8.2. Grinding and buffing titanium alloys

Dry belt grinding (sanding) of titanium is dangerous because fine titanium
powder may ignite and explode. 5% aqueous solution of K3PO4 or
highly chlorinated water-soluble oils (must be rinsed thoroughly) can be
used as the lubricant. The belt speeds should not exceed 6-8 m/s. S0 arit
sanding belt can be used to remove 0.07mm material from the surface, A
recommended sequence is:

80 grit sanding to remove defects

100 grit

180 grit

. 240 grit to achieve the finish of Ra=0.5-0.65 4 m roughness
Clean/pickle with 20%HNO3, 2% HF and then rinse with water
Polish using SiC abrasive, mineral oil lubricants and coolants. (Dry
polishing is also possible.)

Fine polish with several progressive polishing steps

8. Wet blasting with fine slurry for a matte finish

9. Buff with loose cloth buffs

O o
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Buffing might cause noticeable distortion for soft titanium alloys.
Sufficient buffing compounds must be applied to lubricate the surface;
otherwise, overheating, burning and severe distortion of workpiece might
happen. After buffing, no further cleaning is required except buffing
compound removal. The buffed surface will become dull gradually due to
oxidation.

9. Polishing Aluminum alloys (soft alloys)

Aluminum and aluminum alloys are relatively soft and more easy to grind
and sand. The yield strengths of pure aluminum and aluminum alloys range
from 7-11MPa and 200-600MPa, respectively. Pure aluminum 1s very light
with density of 2.7g/cnr’. Sometimes buffing with a sisal wheel and a loose
cloth buff can achieve the desired surface finish.

Typical conditions for sanding wheel operation for sanding and buffing
of soft alloys:

Wheel speed: 180-2000rpm

Hard-felt wheel diameter: 350-400mm

Greasy lubricant

Polishing speed: 18-40m/s

Light pressure

o e

Slower buffing with lighter pressure for soft aluminum will give a
better surface finish. Aluminum alloy surfaces can be cleaned by
organic solvents. Heated solvent with agitation, or stirring can give
higher cleaning quality. Neutral mineral oil can be applied over buffed
surface to remove buffing compounds. Emulsifiable solvents, alkaline
cleaner, acid and electro-cleaning can also be considered.

Chemical brightening (bright dipping chemical polish) can polish,
smoothen and brighten the surface in a bath effectively. The chemical
brightening bath is an acid solution (e.g. sulphuric acid, nitric acid,
phosphoric acid or acetic acid) with oxidizing agents.
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10. Alternative surface finishing techniques

Surface finishing techniques can be categorized into abrasive and
nonabrasive methods. In previous chapters we focused more on
abrasive methods. We will discuss other abrasive, nonabrasive and
combined methods in this chapter.

10.1. Chemical Mechanical polishing

Chemical-Mechanical Polishing is a mix of chemical etching
abrasive polishing. The process is faster than normal mechanical
polishing. The finished parts must be neutralized and cleaned
thoroughly before subsequent processes or storage. This method
is widely used in the polishing of semiconductor wafers. If the
chemical is not chosen properly and the parts are not cleaned
properly, stress corrosion cracking may occur,

Higher concentration and temperature usually give higher polishing
rate and should be carefully controlled because the polishing rate
might be too fast. The polishing temperature should be lower
than 1000C. Small amount of hydrogen is produced; hence, the
workshop must be well-ventilated.

10.2. Tumble (barrel) finish

Tumble or barrel finish makes use of the rubbing or sliding of a mixture
of parts, compound and water in a rotating barrel. Faster rotation usually
produces poorer surfaces and edge conditions. This is a mass finish
method that takes long time if a good surface finish is desired. The ratio
of the parts and the compounds will also affect the quality of the surface
finish. The advantage is that this is less labor intensive.

10.3. Vibratory finish

Vibratory finish is also a mass finishing process making use of the
rubbing of parts and compounds to achieve de-burring de-scaling,
burnishing and cleaning for relatively small workpieces. Parts are put
inside a vibrating tub and the vibration causes the rubbing and polishing
effect.

This process can be utilized in internal features if finer abrasives are
included in the media. The operator can check the quality easily because
the tub can be opened without disturbing the process. Mild chemicals can
be added to increase the polishing rate when needed. The frequency (15-
60 Hz) and amplitude (0-5mm) of the vibration can be altered for various
qualities of finishing. High frequency and low amplitudes can be used for
delicate parts and finer products.

10.4. Ultrasonic polishing
The principle of ultrasonic polishing is similar to vibratory finishing. The

main difference 1s the use of ultrasonic frequency at 20kHz up to several
aigahertz (GHz) in ultrasonic polishing. Slurry carrying abrasives can be

ﬂml=l99l m
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directed on the surface of the workpiece leading to the desired polishing
effect. Piezoelectric actuator can be used to produce the required micro-
rubbing for superior polishing quality.

Very little heat is produced during the polishing process and the
corresponding force required is minimal. Hence, there is almost no
deformation layer after polishing. Figure 10.1 shows a schematic
diagram of a typical ultrasonic polishing process used for polishing
hidden corners. Simple engravers can also be used as the vibrator. High
frequency, large amplitude and coarse abrasives provide high cut rate.
Smaller amplitude and finer abrasives will give a finer surface finish.
Less viscous slurry is recommended.

Figure 10.1 Ultrasonic polishing using ultrasonic actuator or simple
engraver with vertical movement. (Courtesy of Mr. John Mak.)

k EHER
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10.5. Abrasive jet polishing

Abrasive Jet polishing is categorized within abrasive jet machining when
fine abrasive (e.g. 2500 grit glass bead) is used. High velocity gas is used
to propel the abrasive that erodes the materials surface giving polishing
effects with limited cutting . This method is good for polishing hard and
brittle materials.

10.6. MMP Micro-Machining Process

MMP is also called micro-finishing or superfinishing. This 1s used to
remove about 1 £ m of the deformed layer left by previous process. The
abrasive 1s oscillated or rotated while the workpiece 1s rotated at very low
speed of 6-14m/s at very low pressure of 20-70kPa. (Normal grinding
is at 13-140MPa at 1800-3500 m/min.) This can give a surface finish
of 10nm (0.01 1z m). Suitable lubricant, e.g. kerosene, must be used to
minimize heat production. Aluminum oxide, silicon carbide, cubic boron
nitride and diamond can be used progressively to obtain the desired
surface. Average grain size of abrasive 1s usually 5-8 ¢ m.

10.7. Electro-polishing

Electro-polishing is also known as electrochemical polishing and
electrolytic polishing (for metals). This 1s a electrochemical process that
1s effective for polishing, passivation and de-burring. It should be used
after appropriate mechanical polishing for the best effect. No mechanical
damage will be left on the surface. Electro-polishing is a very important
manufacturing process that consists of a wide scope of technical
knowledge.
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11. Safety concerns
Environment:

1. Vacuum the workshop with efficient ventilation and dust removal
system for health and quality finish purposes.

2. Should check whether the metal and metal oxide dust are toxic or not.

Sufficient ventilation if volatile organic solvents (VOC) or other
organic solvents are used.

4.  Proper disposal of gaseous, liquid and solid waste to minimize
pollution.

Cadmium and chromium elimination in surface engineering.

6. Dust collecting systems should be set up as close to the sources as
possible.

Equipment setup:

7. Mount the sanding and buffing wheels securely.

8. Ceramic grinding wheels must be free of cracks. High grinding pressure
may lead to disintegration of the grinding wheel with debris flying out
at high speeds. Such accidents could hurt the workers around seriously
and cause fatal industrial accidents. The sound produce by cracked
stone wheel is sometimes different from crack-free stone wheels.

Worker s clothing:

2.

10.
11.
12.
13%

Wear safety glasses.

Wear dusk mask.

No loose clothing, rings and watches.
Wear gloves to protect hands 1f possible.

Put on appropriate hard workshop shoes.

Operation:

14.
15.
16.
17.
18.

Hold work firmly at all times.

Never have eyes off the workpiece and wheels.
Never leave rotating wheels unattended.

Never touch a revolving buff.

Polish and buff below the centre of the rotating wheel (for vertical
wheels), while the wheel edge facing the technicians should rotate
downward.
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DV A 2K T AN 28 AT I B 1 4 T AT R 4RI 100% B B T B AT
7\[6 o

=N ECT TR AR Tﬁﬁiﬁﬁﬁﬁw%“ﬁﬁﬁ%
T T FR AT W B o FR 2 O - 18 TR R R
5T B9 R AL B EOR ﬁ)ﬂ%ﬁbﬂﬂﬁ’]ﬁ%ﬂk)ﬁfﬂ(%ﬁﬂ)ml .
FIRSBRERML M > 18 OCH R - E RSt R
T EMRTEHNERE - R EHMm DT

20/20 B AW A RIS » (HIRRES HEW &% 20cm FhAH
B> F 70 pm( B 0.07mm) B ZK 5% o
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1 WEFUTERRER

128

120 ZWARAEF H R 5 pm W ER ; WIRBEARAREE R
rHIX RN ER > HXERRANE NS RET R
100% > fin £ 43 A7 A SRR > f5x 6 2 ) A BE 15 B 3 F 55 %
R o ERBET - ACLETPRENZ W0l IL o

WA A S R A » AR E K HLK - W2
HEREE » K THRMER - EREGRERE  BERR
BHRSRRIET S - FHEBEKREAFHOME -

R A A0 LAY A st 77 R B A R DR B EUR T 1 B4
EEEMANREAE RO EEEZ S FRASHMNEE
JeER AN - MELERHE - REANROHEEESYEM
REWE B Z L Ra o MEEE 2 HE/D » BADEEREMR - FHERAR

3.2. BEHI - TSI

BRI TR AMBERERE > &EENLTFEEREITESE
FrfIeigE - TAESRBFEEMR > ATUETERT - R@
T EFEEH (grinding) MFTEE (polishing) B & {75 °

PE 38 AR R AR 09 B D SO B AR AR LR -
P PEE ) B R T R R B 5 O A R DR R BT o {7 MR D AR
GlERmK E NS WRERME REERREE . E6HTE
MEDLER o

110 ~ BB (lapping) 5 #l5% (buffing) #R 2 HUAR 2 B fN Lk %
JN T (finishing cut) L7 » 38 % {8 FBC4h 4N R B S ) o 4T BE AN il
TR S WIHIZ RS TG R LA RN TR E M T o M
POl A BER 2 - PP ARITEE 5 A S WP 4R B8 1 TR R -
H B2 (0 T G AN 5 6 AL B D 4R R B R U R BE
THERFERST > HIREHI T - NOH#E A P1500 4L E
AL AR B LA Re s B AR AT AR -

& 3.2 5 T 4R UKL 2R 51 5 1 ) THT B AR AL 4y 356 o
S M P1500 LA E RIS ERFT BE (sanding) & » — A HR B A BE
SRR > AP R MI BRI AOR AR BT - SR
V2T AT L o KRB AL R R R > B AL ES
P o T 2052 ALAYT o BIF B 55 055 R A 40F S L Y A L E B R A
Bl TERRNBE —RERIHN  HERES THNRARE
RHE > FFERE - EHAEEETHEAERFORTRE - 2
WA RSB HEE R BOR 5 WOEAMIEI T LUFE % R 5k > |
BEARA »
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BROVTERMRFHR

# 3.2 WHHF NG (ISO/FEPA) ZHIERM L LT 7%

fil JoT ISO /FEPA | WFESRHEURL JCEE I L

A RSF (pm) TF

gk P20 1000 EEMR

HLKE P50 336 =B

Hh BE &2 P100 162 B

44 P220 68 V& ]

o B 4 4 P400 35 JE 1

B &) P800 22 e

Besham P1500 13 T

44 P2500 8 I

IE LR ECE M TRFWT

1. ZEE - EBUWRET (CHIDHKE )
2. BEH / BB (4R )
3. ITHE (44D 4K )
4. WOCERTEE (AR )
EREM LYW LY > GFEOHEEAMNTRETR > £

EHKREEZRAEMBEL - AR¥ THERTET > #HE
LM By RPN R RS ER - B E AT R A F Al

3.3. BEEHibLE

LR TR E RN - RAERFERBAT X
T > A5 BB RE TR X R - I [ B b R
BF PR 00 2 B R EAOURE - AT BEALR T S A > X SR R Y
KT 5 50 AR B RE A AL I o < SR D

BIF JEE R B9 T2 R0 7 o 7 2 92 W 2 ) S - [T WO R R R
REAT S0 P T > AT B A RO T B A0 B D R AR o A SERRIE TS
R FA S 7E w0 0 B RD 4K _E i A 5 R} B AN 4 7% T A
He R RN TSR T miE s > EEAMYEN - 3.3
FUH T WA SiC Wb 4R [ Rr i o

AR EE I AN R D2 mE T4 ERRBIREEME - —i
FEJIRIA 20 & 40kPa © 3% 3.4 W5 T AR K /NAYE Y FTEE o

# 3.3 SiC BPLUE P

SiC W4
e 150 280 |400 | 600
e /em® 50 100 400 450
YIS /om? 10 14 53 55

131
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WEFUTERRER

BT LAA - EIR A BE AN BE 2 52 A AR B BE BE B
o BIRMERRNER - FIAE 33 LU TEETE > &AT
AT LLHE ) B RR A9 A o

HV = 1.8544 F,,/ d

# 34 [ETELAFRLAET A AT

- 1B
HHE mmz 5 (kPa)

254 5067 20 101 10 23
(x10 4)

5067 40 203 21 45
254 507 20 10 1.0 2.3
(14

507 40 20 2.1 4.5
12.7 253 20 5 0.5 1.1
(1 )

253 40 10 1.1 2.3
6.35 127 20 3 0.26 | 0.6
(1)

127 40 5 0.52 | 1.1

%35 R E ST R F
JEH (kPa) 20
M (mm?) 506.7
B (N) 10.13
N (kgf) 1.033
W s 600  [400 |280  |150
Bfih 2% /(cm®)  [450 400 [100 |50
THHV BE | Bl 2280 (2027 304  |253
d’(mm’) M ALKE d (pm)
50 0.03831 4 4 9 12
100 0.01916 3 3 6 9
200 0.00958 2 2 4 6
400 0.00479 1 2 3 4
800 0.00239 1 1 2 3
1600 0.00120 1 1 2 g
JE/1 (kPa) 40
MM (mm?) 506.7
HE (N) 20.27
N (kef) 2.066
THHVEE |d(mm’) ALK d (pm)
50 0.07663 6 6 12 17
100 0.03831 4 4 9 19
200 0.01916 3 3 6 9
400 0.00958 2 2 4 6
800 0.00479 1 2 3 4
1600 0.00239 1 1 2 3




HRT W ERMRFMH

3.7 BEEHISITE Cus0%Zn &g a9 ML IR

% 3.5 WE T FIIE Y R B B AR o RN S AR TE - —_ pm
(0 5 52T B AT AR/ - 60 MO B 6 3.5 - — - e T
3BT SE o Y 160mm B 2K BEARME A T 20-100 8 2 | ) S
YT A AL 16 M i e Rl 4 16 700
I k HMaoMmEREHE > A2ESHETENLARE - = pr=—rerry — ; Vi
E—“féﬁkﬂ{]% QEAE'EQIXEF.}'\ E@ﬂ_@}i% =n beRaael)| I 70 55 450
4 EerRa | Jc 30 50 370
ERZEH] 0.001 bR | AR FL I 1 15 150
AT 5 AR ) | ki 28 AL 6 50 330
3.4. HRERESEMER T-IE%’U At 38 M 7 15 40 170
. . it TS Sk 100 M % 15 35 250
RO - 4TI 906 7 BB M o BRI R = : - =1
W REi%(E AR E ST EE S R E M R RE - % 3.6 7 SIiC P240 * 3.5 15 |9
HH H SiC BT 40kP 7E Cu30%7Zn 72 i 50 SR R JE - S agl % L2 5 |60
LA SiC P220 7K 2.0 7.5 77
. SiC P400 7’ 1.5 6.5 43
#3586 FHIFFIH SIC #PACT 40kP 7 Cu30%Zn 2¢ i 89 51 SiC PG00 7K 0.8 5.0 929
. . 7 3.7 KK 3.8 KF T HLAKTIHI - B HI A0 FT B B i ALY BIR
SiC A& Grit 220|400 | 600 e RE RN E - {ELj 25 R TR BE 7 L T4 52 7 AR o AL
YRR IE R E PR 5 3 1.3 WATH| ~ BEH M KITESRSE TLHEmM T 2T —EARRBRA
(p-m) BN BHEAILE  RAHEXATHN NP BERE (IR
A 20m J5 2.4 1.5 0.9 significantly deformed layer, D,) 1 EZ (D)

| D.5 D, MIEENT LEIRA 14-50 1% > HEAEZM - £ 3.7
| T Cu30%2Zn TN TFOFT B i} BT 1 B AR TE 2 R B » 44 il i
D, 5 D, BRIZWEEBYE 5 KK D, 5 D, BRERKEE
R BRAREWNOFEELL Cuzn 84 RE » BREMEWE o
% 3.8 R T AR S HIFEP B X TR s IR IR R




HROWTERRFHR

3.5. BEihiER5EmER

# 3.8 BB GITIETE R T 897 B A& i 2T R E

(FE7) : 30kPa) BE GBI 4 5 2 - IR G R 2 55 RS B - T EL A U4

BER | Gric | HERE D, (pm) B — A5 foh o 5 T AR B AU b o 3 3.9 W91 T — 263 i 4
At 1 8 B0 3 2 FLRTE
PLAE X B | AfkdE |38 25 pm H B E|35 125 : N ) N
1l 2~ Al Y JEE i S R BFF S R A0 SR B AR 4 R PE TR BL > RURL B
| REIAE RSB MER - HEMSEENE > FHERZL100pm Y
ahE | |54 oEw e — BREERL (B 220 Z 5 150 40 ) M9 10 55 - % 3.10 Wi 51 T
| FADEN |AE |10 | T WEm |12 85 LRI A BRI SR -
FEEMLA |SiC 200 | FE - UIHIH |6 50
SiC 400 95 45 #3539 AL E IS EAE
SiC 600 2.2 15 )
B V) 5  aa0 | % p240 | &M% 220
ST SR - BRENEERMETT > K@ LAS e — — — —
R BLE R o B3 2675 T2 HO HUAE i T 20 A — SRR - 7% BT 0 129 085 05
HLHHRBETEMSAT B2 RERM > REOLE LK - .« N
g A R - ;}%E Hk 200 0.25 0.20 0.16
FAE B 50 0.61 0.28 0.19
= A 30%7Zn 1K 45 0.81 0.72 0.40
A - e LA SIF PVG~ GVD SUESFHRMTE - R B 40%7Zn FHE 155 2.06 1.48 0.77
AR B S - REEEEEE N R STHUR - B > A &
| PR R A - AR R AT R AR - R Bk 2 s o 8
; ol | Bk [130 0.0 [0.17 [0.14
| AR TE IR BN R 32 Y 5 ) 507 IR R R RE MR M
| LT AT (MR BT I 6 00 FE) » BIRRBRA ARATEN o = TR (T
w A S o Tk | iRk 200 0.25 0.15 0.11
;. Ti-6Al-4V, AL ed 295 0.25 0.15 0.07
136 137

BT o R R
G e LY



BRTUWTERRFMR

K 5.10 HERTFERK Cul0%Zn X1 EEH# 2098 10

(/& : ~40kPa)
BEREEL grit FX WUBL A2 (pn m) PEME R (1 m/m)
P1200 15.3 0.25
P800 21.8 0.37
P240 58.5 0.75
220 63 0.95
150 90 1.00
100 150 0.90
30 180 0.70

5295 0 5 17 4185 BB M SR A ) {ELHL 22 AT 4 MO B
Ko ERPEERMBIATE » BTSSR E > WL
B o

3.6. TR - RS

BEHI S TTEE #9433 ¢ AR BA & » i A SiCP600 Wh4C B 2 7E T4 1
AN BRI - ERCEEOVEEE] 5 A SiCP1500 #h4E
B T BB RBA R BIE > HERRMETEY » HiX
NIHZENFTEESESENS 2 HRER P8O0 ~ P1000 ~ P1200 X % 3L Un{a g ?

IXLLRMEHN T T 756 bR b BE & HiAR T B S I Y S 5T > Rt
FA Ml B A B LB BE Al 8 - ARMEVE N B E B AT - FL R
Ot e A > BATAT LAE RORRIN L LY BAsVER2E > £ 3.1 31
HT—SEREEMTAET TR EEEM -

7 311 HHEENLLEFETFRETEAL

IR I JEE L, Al
H#4 - il S 7 | R ML L
" FJEel]
Cutting HilE TREE (1500-2500)%
Turning ThEE (50-1000) U
Boring it
Milling W1 et
Drilling
Lathing

* Ly B

ZH BT B - BT RATRIE AR T > SRR i
B SR o 5 BT AR 2 /N LS - T SCHL AT K
ANFEAMR » MR AEE - W RERESEHTENIAF
E o

LB R E S ARESER L > BT AT 040
JE8 ok L A AR S AR AS 24950 L 707 T LA 58 0 0 P AR AR ol P ke o
TR o WHARE R B R — R A AT -

1 [l /N B R A EBTEE of » FREE R AT B LS T
TR B - (HEVB TS AL B0 TEIR B BR 1 » {58 o il i A B AR R
TR ATEAR - 58T J6 0 R 9 RTHEBE o A5 TR I T 41K
B & LD AMRORF R - A B BE RTAR IR RO B MBI 5 X e 2
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| HEFUTERRER

AR BN S - BAEAT L - BFE SR0 B A9 AR [ R
HATF -

FrAAMIT Lir#i2 = A R EIR » SR AR /NE G2 G
jZEE%Lﬁﬁ’ftqj{ﬁﬂﬁ R - 23 7l R 23X 26 TH BIJR A9 #L4h R/NFn 43
mEEmE -

BB 5 i 6 B9 B s 2 Ak - 7E 08 AR A B O B RO BT S

*L FELATL b 70 557 357 27 e ) ) L SR T - 3 L 1 8B Y- 4 R T

BT X TR RN o BB A BN - BT R AT 7

WREEFCAN T2 ) B B iiFsh  JOLRH I TR » BRE— R
AR ETAR > — SRR ~ R B s A R A

RS 5 6 LA OB R 4 L BT E RS T i =
FEAER o BTEERIER T I TH-RE S » BOAEH EREE « BF
JEE LI AT BEAE i J AR 2R R S /N BB X R [ ) - T - P o
MR FRIIRE » REFAET 6% BARM-FIEEmE -

B S H0OL AT LUK ZE T MBS £Y 0.4-0.05 pom AURR - 2444
AAIRE FERSN AR D B > 75 > 0 22 B9 BB 12 (T (R 3R T MRS o
R BIPTE R -

o Hftfh
o ENIA
o« AfE
« R

.
m G

3.7. EEEHSEEN (#EH)

JE S $T B AT PEBR WS S A T HEAT o MR AT EA

F 312 RIS [ SR Y R

i A FH X B o i
MENEK 1.0
i 1.0
1 1 3 91 0.7
R Rzl 0.5
[ A 0.4
1Et K 0.4

P240 SiC 4L, EiBK Cu30% Zn

&Y BRI (FEEA ) BECERT BRI L OG- IE » [FAf e
BB R o 3K 3,12 FYERLER T IEMEBEB R W E R -
WASHE AR R S EF - DAy Be aER

I - T Bl B VR TR R BT P A B FABE AT A - U
1 L X AR B 0 B0 A X P A T R

izl - /N E R A 2 E R sk - ATER S O
HE > BB R EIEH - M EBE i B aRIF LT
> DRI LA GR 8RR T T -
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BRTWTBRMRFH

g - Joy B B ko> W HE 2R E AT R B R B R
B R 504040 » 7 A SR AT BE M B RCR - 3 AT
kerosene {E HGH » HHEKITERERELT > BilERE {2
TH5 &= 10 £ -

FEPSEIERRH > WIEHITE TR BE SR PR PR THR R » B4
PERKAR S« T P67 A BT S KL B e BEATL A B O A > 38 A
THE MR E MR » TAREABFIEGR - ZHiRER
15 > BTEERREET-H 045 > S EAR T o SR ENE S
RRMTHEL R - ATRES BRI R # - BN s b - Bk
P IERR o

3.8. BRPCITEMNEM

T TN R R R GRS > LT B IE RL A R 40 BE U HE 51 -
A FIHLSh BE R BE R A T 2R 73 2800 AR AL - LA SRR I AL 15 S 40
AR E LT -

AN B2 R AP 1 AN TRT B AR AR > S [ Ay i ) 10 AR R
RT—1ER L BRI & B BRI T -

WARFTIE TN R SRR » ST MM BT - AR 4
BE o AAEH BT X R » SRR - BB
RUFRERL A AN ES - b B EEHEE BB ERT
THA -

BTG LR RIE T - M ST B MR - B
MR E=UE > FREE TR &N - RZRGMEL -

LB FEAR

IS

4. JED - FTRESHCEAR

PE I B9 T B RS2 B T RS B O 1F o /DR SR BTAE I H R
P SRR R I TRCR - (ER LR g > W 8RS
BT BE PG A R ME B - 42 11 7= i AR RE T

BRI ETTE RO EBRERENELE - SRR
[ A THRERE  KERRITNESLRER > THN
N =N N

HLUBUE HI (grinding) & & & i 1L FE a9 IRFETE B » RZ EB
PEA MR - EXBEABFER - RALGRERR TS
DA R AE A it e s AR OL A B9 e HE T R AT gah Rl &
RATHA > BRAEHEAAE

1. HUBAUE (Forming)

2. YIEIIN L (Cutting)

3. FE Kl (Grinding)

4. BREM (De-burring, Section 4.2)



| HEFUTERAER

| 5. BREULE (Oxide Removal, Section 4.3) | A HL ARSI M 7 2 A B A B M 54T BB BT G Y B o
| 6. B4 (Sanding, Section 4.4 S 1 0 983 T B SRR R - LRI SRR o

B0 PR ML RE O BF I RN B B B B vk > AT AT E 4D A AT B
WO Ty - W REAAHBEYE > BOPERERRESBERH
8. Y5t (Buffing, Section 4.6) : SEHMEIR -

7. B (Lapping, Section 4.5)

4.1, BEE ~ 37BN w0 o & 4.2. BEMN (De-burring)

TERCHATIE LT 21 A FERAR LA T YERY - ‘ EBREBRE T EORES - WLREE - BWEY - B
| o APEEM W BFMGENLLAERELE  RATES - Gakm
O —— | TR EmI M TMREFERETE -
| o FEHBLMI LA W T ERE—MREREMT L REATHREM ; &AM
| . AN S KU LR B TN R AWK B > & THER - [

ZERAVEKE TEEBEREH -
| BRI SRR - b AEERIRE ~ BRI TR SO A ok
| LU TR S TR AR
| 4.3. FR&EE
o JLFOR[RIRG B HI S 4TS T ik i BE (il dE 2R

. \ \ AL B 5 8 TR A] fe A R RE R ACE > W] 4% KR B B kg
o JTEFRENSITE NSRS RN ERZIEE

BEIE TG & B9 B HI ST IOt TFr 2BRALE - RO EE R

| ©  PRARMBHIS IR IS A AR AL > T R T T A o M TS 0 4
;‘ BEHI ST T R LR L ABFASETE - LR LA | & SRR ReRREt T @ o -
: AN B o BAK BB R R 2 SR R E > 108

REEBENDMEIA S BE - REHR > Bk FE
| URBRAESAGN  ERLERTREADCLMSZE | B BB T LR RACH - R T XA R R
i HOX BT -

|
i
| 144 I 145




SEFUTERKEY

ey > ARl n > AT RN R e B AR BRI Tl -

PP L - S - BRELEE > NETEEEEEN
JEEE > RIGIEFSENHREFELE —FHOLEMT - BHEHS
AT AN SEERT > ERECEBERULERR D) 40

FICEREG > BABIETEEARE ALY HE B
X B B AL YD RUTE R 3R T o

. | 4.4. WHEEE (Sanding)
1
} HBWHERZ BB E > RLHENPEERESELT - £ 3.7

w # 4.1 EFTIARF O EFE R A= | % 3.8 fid| T EEMAS TR B B -
i TZ W PSR | F 55 1 R ARG » SIC 5 4510 5 R A R 5 (LB
{ 15 TR ok B T 2 150 F P40 4 SiC WK © P40

i Bz 12-20

i A (egP600) B BE TP AR 4% 20 R BIN 2K - EE P200 4 BTk A Y
' DIl B 24-40 i WPRCAEE /N REAMMER - FETEB IS FHI0EIE -
Bl e 20 3%E L P240 LA b B BERD AR AT B -

50-80

EHEDRBEITERNMASSR > EHERFELE 20kPa £
40kPa 2 [H] o Jof = B9 PR 7 B IR 3L SUIR > IR INARES AR AT #E
L5 180-240 F 3 KARA BE Il R R AL o 36 3.4 BT EE TR 4ET A A
R AR UMEEE -

\ L 100-150

| FTRE 280-600

i ) P240 BHLRREHT » INARE J7 0 40KPa » 36 UL WK IR
: Rifd Fl AR F R BT E R R ERELE £ 4.1 M5 T oaw HEEHR - Frid R B HE R A NN ~0.8 pm/m A ERZHIEH -
| AL BT B R o RO B TR IR o EWA R AR LAFATRE 27 AR T SO AP AR © RBR I 50 pm HOPIRATY
B 33 6 RS R o = > BEIEE BN 62.5m o A IR 0. 5ni HYBE RO I - B B T
i 1000rpm > B4 81247 500m » BT 62.5m ¥ BHLTEE R
' ' IS5 Fp e

:T!:

I

| 146 147
|' - S— . e T Ly, ‘ s e o srres e e g
nmnmnmnnl m




| EFUTERKEMR

B FESE ST HRAMIELL o Y EHEHEE () - B
HELWI, 2 (B 1.4)  HEFEEE (0.5) BmEELE R

% 70% o

# 42 EHBEHTIEER (Cu-30%7Zn)
e JEMER | B LF WL | WM | M
(p m/m) BZ 5 | BE (m) | BEihetE
DT * (sec.)
JZ (pm)
P240 SiC | 0.8 HlEER | 50 62.5 7.5
B )
P800SIC | 0.4 P240 SiC 9 22,5 27
P1200SiC | 0.25 P800 SiC 5 20 2.4
P25008iC | 0.1 P1200 SiC | 4 40 4.8
6um 4 ~0.05 P2500 SiC | 3 60 7.2
NIl - B B
lpm& <0.01 6um &N | ~1 >100 >12
NI BF AITEE

* BEEAUEIE = 500m/min, [E 77 =40kPa, HV45

P240 SiC WPHREHIFH MM ELEFLE D, 4 ~7pm > 1 E
FREES 2um: T—LRFEFER Opm WP - ZEH
P800 £ SiC BERVAK » BE IR E L) ~0.4 pm/m > FTFE B MIEE & K
22.5m ° LA SREEARRTTEE » AT HT 2.7sec < E FAIFIRL 0.7 pm i >
YABEEX 4pmE -

AT LAZREE H] P1200 BLEELDHHAY SiC RPARITE R - B E ARG
T A EEEROR o $ 1o P 50 TR B2 W 44 6 st ] L W] R A {0
BERDARIS TR - BN FE SR o

A s R bR PR ] T AR T M T HERR S - B
TR RE TR LU EL o 3T SR8 A A B - RLHE i B8 4
TR ERE L - FHFEHRAE YRR EE MR - % 4.2 51
T MIBELFNEHEARUEES - BBRBWAIEE L
JEE > BIe I (T (] (8 ZEA5 4 o

4.5. W (Lapping)

BHER) E 2 H R EIER AR ER TR EN SRR - KA
ROTAR AT AR s T - BRI SRR ARAR » P I D B
ZHTHREEEEE > A TARMATER > ol i L%
[ S

T 25C 1B 1) 0 I T 5 A P AL IR - BT AR 2 9 2 4 4
A2 ER - BT A SC R RUR D ARBE R 32 > N T 5104t
BEZfE > B Mt - B0 TR S B ETE - HEE
FTHE RIS i A @ e B B T - i I H se il s i i
BT -




- BRTUTERKFM

WHERHR SRS B > Zh4IAT LUK ~ > i - sEEUK
TR o 4T ROV AL HE WO R B ST 27~ AR EF A 4
5]~ B RIS FE 45 AN (EOT R R BE R R M AP iAo

# 1.3a) AEIFEFNLL/FFBZEMNEITA

¥ PR / 3 E % Bt TF B 6
548 B

FEE I L2653 HMEENRL | &

WEs - | ZHLE HMERTER | K

=i s

Y= HWREMNZZ | BHERW /N

i %
e LTI A WH R /A

WFE Trr— RN R 5808 > ANENT RHMBAE - — Rk
& M AR o MU 6@ F BR AN e B T & fE i T LT
FPo BERERE S S THRERME -

WS S SGRE(F R R E Ra FEMRE 0.4-0.05 p m = { FIHLHF
P2 SR (i R DI > R AU/ N IE B EE R o R 4.3(2)&(D)
ST —EE AMEEM T T SHEEERNRE -

i
R

4.6. #)¢ (Buffing)

Yoyer) TR S B EAZ - #ZHE M B bR Sa ot E R
BEATL VR 2l B F TAF o oI R A AR R A B > B B TR
TREMFER E - Sy le =% MR Z A Ay #or > AR
5 B T B RHASORE B 51t 7] 8 2 AN R] BT R 19 R TG #E L o

# 4.30b) EENLHEEEFR THEE

WERERE | BEEER | EBE | R

HkE il H %
Ve ¥l HLKE = AR i
TR g & RAf R

E % 4 FARK s e e
#ike Fp FAER i A

3 2 AT AT R R AN o BT R RE AL - R SR AT LA
FH R BB SRR A - B

(1) =B 7 SRR FRE 7 RIEE T » 8RR H - Wb
12 45 EHy Ee il

(2) B SR BENIES) » HEREFH oA
(3) &R BB WAE > BB AR
(4) WO A BRI AELHMEEAFR > (R EF# -
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HROWITERRFER

# 4.4 FI2E T JUFRE REHOERAR o
# 44 EHMAZA

ER 2 ks 7 5 bt 3
B 38 6 DIHIRE ~ T E%%%‘ﬁﬂ%ﬂ*¥%¢%¥%ﬁ
st | A3t E%ﬁ@ﬁﬁ%ﬂ‘$%5¥ﬁ&
e |4 ﬁ%%%*%ﬁ%ﬁ‘%%@%
18 %

BEmiE | BEif - M e | Sdonie - AR - bR g
E et 18

TIIEFEA G RA EERW
E LR AR (FEE)

2 fyes (kS - DFER)
3 HIEEH
4. o e B
5 30 S B 1

BEYECEC Y HI B R R - I SIS S O TR ARG -
EREERETT s EHERESI A S > BT A— A2 R i
JekefE e L o oAb - RIS ILEES W) DI R E TR - fE
il dd R BT HE o

{56 ) 5% R 4 S e e 4l 40 3 S0 T ) SOEI B - R ~ AR
B A 5T 0 S R AR RE A 2R W TE O o AT > AU R b otod B
AERTERM L L EBH - BHBHERE -

WBIBOE :  YDMI G 0 AR B B T g
BIHE RIS - RIRTAICHR A - 4R B MR » 45 SR ol A
S E T o

GEI BT T - 0 T MR B R
T o TR AL -

HAEHTSEH P00 £ P1000 B4R IE K & 1l Bl S HiFH A
B s RN EPAREE IR R LR > DA RSB o 24k
LA 4 > MR -

0 (5 ) FH I AR B LR A o LA R W - R A
WY B - WFEE R ST EIEE - TS A 45 R AR Tk DA
B o 5 17 R 55 1 0 500 A0 2 Y00 TN A T EE R o A L6 2R A
AR IRTE R -

31t 6 79 N7 [ 2 40 e PR R B T Rl Al o R R AR B A TR A
LW R e 3 W5l Y SEBEEET AR - MYEFIARRNL 5
B o R 893S LR E SE TN TR ImE X -

& 4.5 HHMER (1)
it WA 5 1 1

" FME PP RR IS () BRREIR - SO

B Tripoli/ —SULRE ~ P « —AIEHIEE GEIER - 7S
BRI

5 SO UL H AR - T RS HETE L o] Tk - #4 - 46 -
B - AN B A 1 e

2 (IR (calcite) * AACTE + GYMBIAREL - FIE/MREIRE - 08 T

BB ARG B e
EAN BRTPIFIAVLLME - AL AR AT S - W RS TRmAL -
[13

Pl S AR RS R AT ~ P G AR - LB AL U
BREE L~ ASEINIE - MRS LLASAN ] - 55 TR AR RS I A
A~ R ) A
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 HEFUTERAES

FHEEHIR L RN - DFBERLNRE T4 8 > 78 T4 3% 1 1 %
HERTIR - TERIRIR ROCERCR « EREFI R EILAL - 78
BB 1) AL SR EOE RIBE > TE R 2% o MR AB 2 5 g
HHAR o R 4.5 FU%H HEHCH] - £ 4.6 ML E S B4 H6
FIR R

2 4.6 FHHILET A5 J LA B F 2k

&

HIl L X

$i ot K

JERES D ESRERE
LI S W AT (1-5 pm)

S B &0 48 BE BT BT 2 W BB R B BIURE R /S o R [ 7 78 1
RERR-BEaRS  EREA— > LAWAEAEAAHE
(R o 2% 4.7 R 4.1 3248 T HREEBURLAO B Kt

K 4.7 HTMIATI AT E O EEF R ] i

Hig F A Grit # g Higs BE

Hzh R HZ (~Ra
(pm) }m)

A g HEAE 8-24 800-2000 | -

ElI1ES RiE| 30-60 250-650 >3.5

TRFTHE o [} 70-180 80-230 0.5-3.5

b s JEHF 220-1200 15-68 0.1-0.5

W S5 45 T >1200 <15 <0.1
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B 4.1 BFEF Grit SR EREAIRF

10000 ; -
—— Abrasive particle size

(um)

—

1T \

1°° \\
10 3 i . \w..
1 i

1 10 100

1000 GIt# 10000

i S AR = 2 B LB TR e o SR Z 8RR @it
JeAl > SRR R AWM TH L EREREHRE
BRILIEH - 7 % Tk B i 67 2 S BUR FR AL B B A LRSI AL -

4.7. TEFRHEH

FRORTE TR W A0 67 > T 68 BR s K TE 2R o BRISAK NS
RIEREEA -~ FWHEH - FAEFAK ; 8% L 80°C mIEA
RERHE £ BRI 6 89 T8 » {H b5 12 FRAL NP ORI RE A -

A R AT DA 40 0 4R BUAC - R A A — KBRS L) -
B 518 TR A O  daT 2 = R o L ELAR Uk o R A
2T ERBER THERE
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WERUTEBRAES

EI#L FARLER AN L > BRIE(ER — DR BUE L T - - Z 5B -
AHEAEMI - AT AR L E R IEEAL - ALk X2 :

Eﬂi EREE I EMMEHLYRELR  BAARA—CEHF,E SR
KB 5 B SEF N A0 RS AN BBt R — E A B I o (H 640
B DR 0 YA N S 25 8 ot Ay -

DLF R — i B B b AR t 5. MEFRBEHETH

1. %77 & 1 B 6 R Bt s 7Kk 5.1 BT

2. ¥ HE AN 1R T i KR

o HEMIHAETEEITHAT SN - 7] &% ASME

3. FrRNRLE A Y14.36M or ISO 1302 AR o

4. Fﬁﬂ)ﬂﬁlﬁ%} 7J(Wj‘?ﬂ 10%@# ] c d |Lay a[Surface parameter

5. 4 TAERCF Rl A Y : RV SRR

6. AR KBRS LA | B e e

7. Bt Rkl T : o wmmmew | g o] Srplenni e o ke

T 7 Bt K R A A T M TR A B PR L 41 F L b 4 F TAIAAS > a] DLE A A B B RSk &
6 FoAR FIEEEE K » SR P IS Uk o TR EE > THELEE j bR - BLFEHRE B - H:?ji(lay) > ﬁél(waviness)ﬂﬁklgﬁ (flaws)
> BEAE P R o 8 T R R 1 88 K R — — 5 T4 MR -
FE O TULA/NSERETNSERGSETE NI - it HREE&® A Ra 28 (FHIREREKBESLH) k%
FRITH > ATLLAEERS - RBRSE O BERETE - B A REARFM 31 o

A SCEFE A B IR J7 1R 23S 4R AT A P 28 > W] DL 2
5 B~ KR IEEDRAY - A XKER - BT - @
| HISEZ AL - BB A [F] A FT 8 24 T 40 BE T &, o
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EFUTERRER

W IR 0 B R4 T AR T AR 5 T B S AR #5.2 AT EALEIERE af HEESE Ra, um)
% > 2 RIRAL B KA T IE 5 - F T R R 0 R O ER Ra (pm) I 50 i 25 |12.5] 6.3 | 3.2 l 1.6 | .8 | 4 | 2 | 1 Iﬂ.ﬂ.'i | 0.025
L
TR TR R - Frié
RS
B 7 TR~ AM/INIUT R R R R R 4 T B R e
A > IERPAFR 5.1 WY a2 casting
die
E 51 I R ﬁf
k|
AT MmIILE —
P T s
AREEFTIEER el
o iﬂsgfﬁ - Z%f fkig e burnish |
2D JEFEHIREL + 1B K + BREUWE i
0B LR+ REBLRRGEL 2R |
2BA B+ R K ESEAEY ) + REREBEGERSEL (EAAMER) sawing
BT EE drlling
3 100 M4 (~150 p m) BFE BB M ——
4 120-150 P (~105-125 p m) HREERLEEH] (J5 5L milling
6 Fa 2 4 5 AL I R A R S A 22 A Y - R L 4 SRR turning
7 WIAEFTIERL - RPEN Y - M EA SR (EESA R ) ' JEE ff
8 KBS - B UE
Bl
N o g
F— TR T A3 5 R IO SE 460 - S50 I L 4% B S0 - =
% 5.2 B T HM0 T L5 S M9 ERR - — UKL Ra ;i @ |
B o AN B AR - TSRO MR - % 40 5 — g
5.3 MFI 4L S Ra X HAER % o
@ 22O RGNS FLAE PG ~ GRS I8 - BIIA 2 oL ©
|




HRTUWTERRFR

#5.3 WHHEHSHBEIXER | 5.2. BB SR
BB R} grit FHHFEE |, Ra (pm) | BD 4R B 5 M3 T A () TS B R o s
500 0.1.0.25 : AR E WS o EEERERM T N TR > R R ALE
320 0.15-0.38 : B Tk v REAS 15 A 7 8 o RBMIR T OE Ay B A - 250
240 0.2-0.51 AN (5
180 <0.64 |
— T | LW % 55 i B RO o o BB S AT LR AR A
60 <3.56 ' o EihEAER
P500 M BEHR RSB T Ra0.2 pm KIEIE » (B3R AEH s AT
SUT A o L BEM T LT MBI B AW A 2 | © D#EHRA - EXRINL
HAGRE > BIMEERSEERE - FEORBSEET « EHHEM
BEMRE « £ 5.4 MG T — LT 2 HAEHOME - : o REMH

b B A A E T R AR > 0 B A BT I R -

I b
& 5.4 WEHREN LR WP B TR R o Aot > Whas il B Rl S E SRR o

0 BEER | mIRE s BR .
B Rz 19-20 BE R ' P& RN F 30m/s TS WP M RAE L > o R0 B
HATE 924-40 o R 2 - N 18-40m/s » PR HIl B I3 BE Ol 30-40m/s » RPEE R A2 N A 18
—E1El | 50-80 — MR TR R - IS BT : M (18-20m/s) o HMEL R » TR BE -
TELL 100-240 | EE—MR TR :
EETR | 180240 | AIfEEE A EE j BEREEREARRIERL  EAMA  BEEEE > b RRN
- vs0.600 | JEERE > AECVD - PVD - HilEEILL - PR o fELIT R Y B S0 {6 B 0 SR IR B > ST R

# WM ST UER —BR e AARERITE 1%tu7rr1
b B (W S D R AT EE R - (7 BRI B AN G -
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R BRRFMH

i

K55 WEEESUEREFIIRE (B REER)

%ﬁﬁﬁﬁ B (m) JE% 3 (m/s)

; mm 2000 rpm | 3000 rpm
4 102 0.32 11 16

6 152 0.48 16 24

8 203 0.64 21 32
10 254 0.80 27 40
12 305 0.96 32 48
14 356 1.12 37 36

16 406 1.28 43 64

rpm A AR

BRI > TR MU o 55 IR TR E I E S B R E A
HIXRUMEERE o 2000rpm M ER — T 4% - & B o
40m/s HHFIELH > HREDLER - SR EQRFT
PFULEE - B HISEH > B0 AR 3R > BN N R e i 0
i o

AL R i FH R0 200 P 10 00 S BD I o o T R TN A B AR B A P
B - SRR DB - DL AR B AR R T AN W R ) -
B~ st [ A0 T BE AR TE PE BB il > BT LA B BORAE

JERC LAy J1 A - AEFR N T R BRI ARAS o R E Y
o BB AR B R SUHAR © K 5.6 BN T — kBB R T
BB o

o0
i

i
77

#* 5.6 LFERSIA

. ) mm
PEER [6 8 ]10o]l12]10]75]20]25]30
5J; HP. BRARBEVERIZEE ()

Ey mm
1/8 051 x X x |15 ] x X
1/6 I [05] x X [ 2515 ] x X X
1/4 IO 1 [05] x x |40 | 25 | 15 X
1/3 25| 2 1 |05] x | 65|50 25| 15| x
1/2 35125 2 1 |05]190 |65 |50 |25 15
3/4 5 135125 2 1 1125]190 [ 65 | 50 | 25
2 9 6 |45 3 | 1.5|230|150|115| 75 | 40
= H.P. = 746W #i i, x =G hARE

WUE AT ) A% B Tk AR RS o 1/8H.P. EEC 2 -
B AR A 2RI E S LA > 1200-1800rpm AR 5 BT
OARRMEE > RERAL KRN EMA - fLH » 18 EAK
FE TR R R B PRIE o FEEE S & > AT R A SR A

163

R

i



HROTWTERRFER

5.3. X% s selection 5 usage

Pl S B 1 U AT 2 AR

1. {8 1 30mm ELA4 A8 G2 VR B 11 4 e
2. i il 20mm FA2 R PO AER B ML - KBRFIR
3. A 10mm BRI AR

IRTTRE B 2 MR AT > 33OREE AT LA gD B s D5
HOWEL - 1SS » WAR—NFEHATARENTS &
B9 A R IR — SR PR I W e Fn B it > (BT & & -
IR W A o WOLR RS TR » Z AT R -

1 YUSCHE YRR RE ~ BB (MR - (HE )
2. P S5 T T e

3. FE AR AT~ (RS

4. BB T R~ ECR(K

5. BIFBE R R A 408 0 > (EES B B

EFIOCR AT EE N RN -
1 B TR > B AT AR
2. BEFE MRS HI L - BRAe AR Lt
3. RN ANAY O SCHC 6 o & v

4, 8 A —Y0OCRAE B B (BEHI + () - R
AR PR TR 5.7 -

& 5.7 WIEFHIA A b 7

i EHl | BE (Wl

A il s BRI RN AR . FIERR A2

ekt il LR FAYERREULIE - AM

e L L F TR AN OER - DO B

1548 HLEL) | TR AT ABFAR -
R 5t il fi& R T RIS R ~ IR - R

K- RfERREIL=

SEE FELS | M Eosd 1AM

BRREAA A | M T Botm AR T

BRA ||| A SR

e B | 2hm Fii ot

T S e Hidl e

e o S KL A HLNFEAR T

ARAER | TR | #hal Tt - maEEH

Ak | RS0 | A | il

i 2250 TR | A | 4hmIE - TR

82N ol | P AFUFEAR
.4 TR | EEA | ABLUTEAR

PR BERLU TR
1. JeRPBE Z P600-P1000 FAR f5 B
2. RERADEWILH - BIRTERIPMIERE (D 1#) - K
e A e
3. BB T4
4 (EABARMIES » BHROCREAE - FEEED
5. Pl 't Sk et (5 AE A8
6. ILLHRIELAER - HHEENS

7K TS AL > IntREE T (BEHIILOE )




 BRTUTERRFHM

8. B A 1) il - AN R B R

9. B HWIHTE ML - REREMEH > 7189 F i ki

10. RS S RWGERTE » B3R I

L1 A OER B AR/ il EE

12 16 F R SEH1 T RANATE ~ 88 BE AR R A JE64 £ 33 ik
e B T

13, 40t T AR ARG - & —Heie B R eR

14, 8 H A BEI L ey P SC R R e A EL AN it - BIEE IR
R

15. B KEZRG NSRS T ER0E > &L L)

16. B i

17. G WRHE— LWt - AELEMLET S % o T

18. EE LB E TR MaEi

19. WRIE v L4

20. iz T4

21. FMS (INTHRE ) R

5.4, JEFEE

Bdr FOgE A —FR ot > SRR E - AFER/NERE
Tt LR o BEEERT ™ A AT B BERL L IR » R
1 AR AN HAR IR 52 BRAk - 26 5.8 5% T 3k B4 670 A9 223
AMHEEZS - EWSGHIRE s - AR B -

# 5.8 EFEMIAH

FBt

HkE € JEH-> b4

i

Tripoli

H =%

(AW )

2L

P A T A
PMMA

Ni,Cr JI&

H

g e

AK

DTS #f B

R

&

- W

B S| B F

¥
BH

A

T il A LA T2 g

B%




WEFUTERRER

A E BT AR B PRI S B HIR R - /T &% LT it
| Je=AR

5.5. WHREESHLEE : HE - EESWE

il 455 Bt A 20006 R 3 =4 A9 9 LR e A - DA AR AN 2 ad 44 o
FUWE IR 20-40kPa o 18 FI 7K ~ £ 2l CH At 11 38 80O 50T BRI
o BEHIDL S BETEE B> EREMTER DAL B - &R 5.10 &5 TR
85 L 6] TAER/ANETRG T -

1 HEEE

@Eyﬁ-ﬂﬁ:ﬁ}ﬁﬁﬁﬁ (A) Tﬁﬁﬂy@)\lﬁg (B) ﬁ;%m%x%%;—&zg S %E%mj‘[ﬁ-[l‘e*ﬂyﬂljlﬁgfﬁﬁE@H&ﬁ*ﬂ@@fﬁ@%jgjﬁﬁ 2 *%?Himjlﬁ
5 35 B AR T BB o 2% 5.9 Rt =25 ok g — 2 THE R RS A RN AR THRE  BTRUE ) A
FEW - EE . RMRERHAEE - BEIIEHE - &% TH L

My s HSR B T RIS o Yo% 7 BE R BT -
H 50 BN 3’8 SRR T B YEH o P 7 R A

AL Ag, | g op | O B
R Ll ‘}2 Hl_i n i‘éé Wek | FEW # 510 LHERGEE RN EXEZ (JE7] :20-40kPa)
L% e]s|1]efs[a]e]s]a]2]s] 1 e]s][1]2]s BB 1 P E J
oL IEHTELHE 20kPa | 40kPa | 20kPa | 40kPa
‘ JBREE —_— 2
T - B (mm) | AR mm?) | kef kef 1b 1b
f— e 1 1| 0.002] 0.004] 00009 0.002
S Rk x 5 25|  0.051 0.10] 0.023| 0.046
LA 10 100 0.20 0.41|  0.093 0.19
A
" J 1 1| 0.002] 0.004] 0.0009| 0.002
f e 40 1600 3.26 6.52 1.48 2.97
H x 100 10000 20.4 40.8 9.27 18.5
=S
i3
AN

T o




HROWTERRFH

— BRI AT | > PSRN Sl R BRI o A
F#E N 1500mpm o TAFARRIFE ABMAEH R 10mm - LU
ot -

BEREIOCE TR AT - ERMBEEER YRR £~
JEEAFAZL 5% o S8 TR NAIK 1200rpm » B BET - 1 T HFRES
HELERA R BE S 2 15-40mm I ©

TEHACH Bl 2 S EOL A © P AR R AT 10 B RSER -
A ABEARELIOL » RS TS 5 G FHEAT « K] ~ &5 it
W W LRI SEURER T o B BEAHFE LT -

5.6. FH

5 4 3 0605 L AT A T T RO e -
T 8 5 0 5 70 SR o 24 o 2 DR A2 O R B2 A 1
FIEE > PR FTIS I 8] — 6 2 e T AR A 5 -
SR AT KK A o

KA T LR R AR - 1R R GRS 20 AT
P& > TR0 LR IN S AT B AR R SRS MERE > IR D LR AR B BT
SRR o B4R ML Sem i SR R > T T F
BARE VL > T — 247 B Lt -

5.7. WHEREE S i e i b B

FEE ) T B 2 ¢ RO > RIS 2 W v A A i D' B I R R
RO R e R R 3 BR 5 L% e P T TR K O B ) R AR
B oo 3 RIE I JC T B0 AR I 0 AR A LS o

RZERRARERT K > TG K NP E W - IE W80 55 Kl
EREE > AU BHRSORMR o A D/ D8R UK AT AR T AL 2
FEBC - A /B B R mT DR T s R 2 {EL 2 B AR AV TR 3 VR e
e B BRI E MRS o R AR G R DO ER B IR
A MEEALE - BRI KA E TR 2 - PR - A
Ja ez -

H0 5 W VE L TR 2 A T 4.7 WAL TR o PRI
R TR R BRI T IR - RAESER 0%
HURA B B -
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6. FTREBERFE : R~ BUR

PERHEYER B FTIR T A R AV M - 8638 - BUE - B - FLgE -
AARIGEFETZ - PN TSR s L T
THME—HG  ARBESAITERRELEEBE - R
¥y R TR B A AL 2 R T B BR B M o

6.1. MR ELEG

RS NIRRT SRS > ] E IR o X R E R DR R
THENCHFAE > SEBHERNIMEE > 7R TR

[E RIS A A B o LR R R4 L oA S 5 b

1. B3 73 45 AR (Segregation)
2. fLiH

3. WAL T

4. Z5R

5. Wi fL 518 e HF Fr 34

6. RE

7. 5AR R
8. ZREMdE (MHKEE)

g
B 5 i T2 7= A B g - B4
1 MO (HE - 5L

BB (c.g BFEFGIEERE)
=11

FFEREL

PR

AWK (EEERRE)
SUREEALSY

6.2. kb

iy Rmutbe ] LA EHEHD ERE - HXLHEAR
B M2 mEEEEE - DN —Lw LRmERE -

1 REHERHE - PR

2. ELFINBAMZLIT (Laps, feather like laps, oxide inclusion)

3. #4235 .5| A48 (Seams, scabs)

4. HrEGI ZRE (Hot tears)

5. BN TR S (Blisters)

6. KIURLF 5| & B9AE 1 4L

7. B9 (I LIREE R )




 BROUITERRFEMR &
6.3.  BFE% 5 4K BT i A Hy o

DA & 1T B R b W R B BE - R R AR 2 A e
7 > W[ £ % BS EN ISO 8785: 1999 “Geometrical product
specification (GPS), Surface imperfections, Terms, definitions
and parameters”

6.3.1. W T BL & (B BEEX )

1 T SO RE PR D A SR ORI K (>50 pm) = B AR @] 3
Rk G BWAREEER Al - = AN TR IMEG > SNRITFERT
B2 e Ui R KB T met - G AR N

6.3.2. B M (Haze)

R ) 2 T AT B2 M DG 5 < I A A 2 B 7 A
f A2 M A o AT pH BE s R RY SRS - BRI L
I AR AT AR o

6.3.3. 0l (Pitting)

RERES/NMBAT&REERT - RERSEHEIML
Fan G AR BB ERR M & A o B B AR 2R 1
B S A AN ST AN T PR R o AR SR RS T U R R A A
FRAEAE S RAFT IR B -

6.3.4. 737 (Relief)

A ETER BRI > BB R AR B AR - B RE -
Aan AR S5 AR R T 51 28 o AN [ B9 i BE 4 BB Dl FROF 5 > i
FRE 0 Y6 HE BAR ML ELAR o Bt Semt B AR R o

6.3.5. IR BL (Edge effect)

L 0 B A > S B I R o S BT
R AR » PG 0 R T RN I - LR e 4
F o 3 5k -

6.3.6. JEIRZL (Waviness)

WRESEmm T pm BN AV-HET > AIRESESE
Moo WAEEIENM Y AT E » TFER A il
BB ESE -

6.3.7. 5L (Grooves)

SLBUR T AR L > LI RE BE Ra IR = WLAUA —E
AN T7 1) A ] - E 505 R0 4B SO B R D5 m AR > IR
FE— %Mlﬁﬂﬂﬂﬁlﬁfiﬁxé%ﬁﬁ RN

fib 2R B RO T P R BURL IS R - SOMLE R 1 R

6.3.8. 2 (Cracks)

FURMARRERITE TEME R - R iZ 28 -
B, - BALLHE - &ﬁ@ﬂ%miiam%%WXMﬁ%v%
HEfE AR AT UE -
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| HEFUTERRER

6.3.9. hifl. (Pull out holes)

TTALARHNMM A FT2EA - REAREEAITERE
FEmAR - BYSEBAYE > TR ER S BN
ML > SRS et LT AL S K o BRARHT B 4 56 FE 77 7T sk
DARTRAALE > AT AL B0 6 F B IR AT s
(AL = T > % R SR Y STHO B R A REAR A i ok [

6.3.10. FE I (Peaks)

PRI AT RIR9 RS, o AR 2 v B W i O R ) R R
P4 o 1o BE o (S R T {ER B % ) 41 ' T T e () L A
JFUEEVE > TN ET A 2 R R T e B R VL

6.3.11. HEEE (Comet tails)

PR 24 o B o T TR AT LR - AR e i P i ot i AE L
FEENEERD - R tEET BV EEROH™E
M o

6.3.12. {554 (Foreign material)

SIRAT S 9 A AE 2 PR i DG i BT 5 3% B AR T O
P IESURBEFE TS R OB

6.3.13. 1k (Corrosion)

J& 2 TAF R EENER - ABERERA TSI
e T2y K aX JE ] o 4T B T4 18] 70 6% o 35 1N BE 0 3
W2 A e

6.3.14. 5¢JR (Burn marks)

BEIR R EIR B AL o B ML i 5| =R
KK THEERE BT - #EHIAR - BEBRHAA L -
T il P 1] AR FT B S A o W R e T - R
(vented) B E FHA Y Y L4 T AR R

6.3.15. JB f3 (Discoloration)
BEHGERMUEZICEMRIEALER

6.3.16. LR E (Foxtail)

PR BB O AT AR v O R R B LR B 5 & - &
AW ERRE « il p A AR 7 L BR B RIAY J7 458
Fris o

6.3.17. RE#ER )T
YR IEAT R
o EHXZMIHH :
o REWLHMETHL
o TWEMKMERE TT
o fRIZ M6 5% BB TR
o JEERT REL

o AN ER PR A
o FHHAL N LM (.0 HTH)
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6.4. LM

o BB KM - KR grit #P 600 FiHTHIE
o il S At ] L
o i Hil 55 HLARIN I 1 R AS BE R e B &
o K I AP 3G S A Al 42 AR 4 B X

o WIE/E I A

o AR RIR A J7 4 J5 4
o Hh AR A REFE ML OEER £

6.3.18. HEIRMIBR IS R IT
Hie BRI (B0OEA ) R
o BRIF K IR AL i

O 4 i1

O B 5T
(e.g. W T HEEL)

o BRESKBIHE - BREGAE S T

AN 7] it L B AS [ AH 445 1o Y 2

o BRu K I :
o BRIE/KIBIEATE

o BRUEAKHSEAANE -
o BREHAES K
o JHE{ENARK

6.4.1. PWIREL
el 6.1 G — B OBE T o MO A BB IROR -
RECTH T HOR 7 - AR RSB M - FTAT L
LT -
6.1 b5 M IR IR (U1 )

:

JYERTRD A R

SR

WEE At e

WL AER > HEMNSHSFRBAN TR
HY -

T AR 40 2 P600 7

et B K BT TR 5

& P 4h T4 e & e
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BDERTUTERRFR

6.4.2. Wi TR

WY (K 6.2) BRAERNEMER > SERIAAFZ
SR ERAREE F

B 6.2 HOL/E IR TR (IR )

XA & & FE A R 0y 5 5

i\ W2 2257 S Y SN T8
WESHI AR - R FERME
b 56 L =

O Bt 1] I K

TSR - BRIEK K RN
ARSI TR 5 Bib dki Kk
FARD 4R B V- R T

i F IR E b I S 4

&/ pH 065 5 1 T 7

6.4.3. FLI % BB RN

6.3 N EEIHISEIE AL o LIRSS KR EAATEMEE - BT R
RAVANR SR > BEE LR M o

K 6.3 BEILIATL ( B2 M REAL R )

BA :
MFa R R RS e s 22 ERE D
BESHICA L - REETBERM
i P & T P

e 111 B o 1T

R LR ~ w0 i
ARG

w0 A A
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6.4.4. K5

K 6.4 o VB R
ﬁq o

A 6.4

wic DX R REHL G - AT R HAT B 2B 4T BB I

WA (128 R TEAE 2 )

6.4.5. P ARk FE

P 6.5 B A BT R Fea ml fE T i LR i A KB
SO AT T - HARERR R -

K 6.5  NABBRE ( Hi A TR LR )
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6.4.6. kB SR TR AL B -
_ - BHEEARENEI ZERETRETL  SEET
KW6.6F LHAFMBRKESE WS DM TFL - 4 L%
G4 A BB ATHAZ o . WERRETIMA

K66 EHMEAIHEE (BEMBELEEY)

o {5 FRBURIR BE A 2 % 405 i A 2 B (]
- REKEE R AR E
- A AR I

(b) £t B 100x

(c) 4 A 900x (154Hv) (d) 8 B 900x (225Hv) |
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7. FTEE 304 /316 AEMW
#71 AEWHEGNTITE
i - i Grit, FEEEL | Finish
HELE HI i i 20-30, ALO,, |3FiE
Sic, T
WEH| TER e ~ B4R 36-80, ALO,, |FIE, £IE
Sic, FB& ZIF R
B WhARAT ~ WPLRE 80-100, ALO,, |
Sic, T
HEERPEE | BPAR - RPN 120-150, ALO,, | 4 5 EH
SiC, F &
4 SR | N pE ARy 6 SFRME
YU | LR ZRME - £ | &
23 e
BEHISE | B SeEe 180 &¥exw |7 5~ L£FE
IR
BHIZEMS | MDA 240 geskfalfll |85~ L£FH
G Fe IR
186
BE BET

v

EWMH AR Z - WM ARRAEEERBR > N
BRI YE R F7 - A REIB E & B G o S 5 0 1Y 370 9K 5 BE
55 R RE R o BOE R B R o R S IATEREM >
DNAEE MR - B Y5 R0 AREE B i) R I R R 2 BE L #
R I SEREERRAR > EERABRAEH R ARE LS - &
7.1 HITEABWESHFRALTL -

# 7.2 BRESEHEENER
F= il Grit 85 |  WOEEERE T
(m/s)
JIETH 180 28 hAg
VIR 38 1500 27 il
B 150, 200 |27 il
EST 4 320, 400 |24 IR
M AR A 120 28 i
i 120, 150 |17 il
WEReA AR FIREE (220,320 |26 A
No. 3 RELEE 100 21 g
No. 4 REDEEE 150 21 il
No. 7 REDLEE 180-280 |21 il
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 HEFUTERRER

# 7.3 AEIFIEAIAGERHHIE Al

MRS R B (9 R0 AT LUBEAR » 35 48% 40m/s B IR E B Ak

BREE AR ERETERE > @R BEEE - % 7,25 ABEARLE WP (C)
R — 6 B [ Fh 4R E A B DL 52 o Ml A 201, 202, 301, 302, 303, 304, 304L, 1010-1120
ik ﬁ%ﬁmiéﬁﬁm;g%ﬁﬁﬁZ?iifziﬁ | U Sent iDL
» 9254SMO 1150-1205
AERTBOE R By BUT = 309, 316 1040-1120
MBS0 A — E B E R T R R > B 20 1040-1065
RENEESESS BB R4EL 5 50000 1R 7 8 R 28 1 | 316L, 316LN, 317L 1040-1110
REFEE - BN RAE ST - | - e
| $17LM, 317LX, 317L Plus, 317LMO 1120-1150
; ! 321 955-1065
| 7.0, B S A | 347, 348 980-1065
| | 904L 1075-1125
r T 4 Y FAAE 2R AT 5] R A AL e - SRR LS i U T TS 2 A5 T » (0 THEYE - {5 0] @it %
| WEIREHIBT B R - 304 5 316 REEME 2 & MR | AL AL 5 SRS HEGENLARIN T o SRR B E kb > B S
| RAEREN o 1R Z H AR ARG ER 7T LU g 18 5L A0 B A 2 i | R BER LG BEALEZE o
j TR  BERIP $2 4500 304 5 316 AT RER BN T (558 )
| REE KM (B BARIEERE - FEYHRLELSE | B ERMBIY 2T 425-900°C XK > ¥ HLE# 304/316 55
E BACH O B MM SRR RE M RS | BR1E 425°C P AR LS - TR S B TE X IR TE I o 4R R
? B R PR o 2 7.3 B4 T — 2B KB R E ~1090°C B FmAE - RAEPTERHE 425°C I TF=RU L >
&% - Pl ARG 2 ¥ X AR -

P B E AR s B SRR R RIS R 3-5
A8 (2.5mm B T4 ) EEIAE R K30 BELH (>5mm)
MK 6-10 7780 - HHEBHETLLT -
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B AR EE - 3B A ] 54 R A B = K B K
WA R -

AR AU B TR T 7 e 1

VS.

R R PR ] & R R
BB A ] [ 7 S 2 R AL %

VS.
A8 R 1] R A R R
PR ¥ H B B B

<
1]

18 2 ¥ H AR TR TR A R H7

TR AR A EECEKE > METE LFHGE - o F
ARBEBEFIERBA > BEACKHILS ; EEFRIB AL
HBMEBMAFKS » BN LGB REE » RAEFE -

7.2. AHWEmMBELSHE

AEME R ES B L RESBE Y RERIE - N
T B R~ B R~ R T PUB SRR MBI RE o BTA
9 410 5 22 1 A0 35 A0 A0 5 4 3R T AL BE R 2 W SE A o

HERICKIRERTEEZ A - R THBE - DB
YLt - A5 A YRR S VeI 2 BR AL IR - B oL R AT IR
FEHALRENL - BRI REFHROR -

Lk et o ]

BNE

8. 1TEBRGS

RIS 2 AL > REHREE (4.5g/cm®) & 3 (434MPa) >
EHEMmAE A BETHRSE o A RN R EERERNR - 9T
PR R VIS 3R AR o kA SRR AR NRE s AL F
430°C LA b - SR SSMRASMEL - & & THEE 260°C 2
JeEFLENE » FFATRAFE 370-540°C [ FTIEREAL o

8.1. HaEmEHMmE L

RESNERENAE T AN ER o At 0atE
EHIBI B FATREAER M TN ZEH A - i L %LU
VRS VR > BRETAE - B FEIRES o Wl SR TTAA
RFARMBHAEEREN —KEE - E|AARIEAR > G
&

KEHKEES2ESM TR AETREL » BIUR KEA R
Mmoo 3B k2T M 0.05-0.07mm EEAZ - ELATE AR
AR JEATIE 0.15-0.2mm o 5400 F AR (el i A 22 T IR BR 2 o
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8.2. G A& S

PRI ER & 40 02 2 SR P AR KE W & » S AT 2 b 4l 88 1) A0 23
& 5% K,PO, KIS A K BERNIER 7 » B G 2FH
B o BT B R R 6-8m/s =80 5 ¥4 AT MAEE ) 0.07mm
EAERRTE - LT NHTBERFHEI

| L. 80 5P kBRI AL 2

| 100 ‘T H#P B

180 TP

P240 THEEZE Ra=0.5-0.65pm

M 20% HNO, Ml 2% HF REAIE - 28 5 WK S %

. A SiC BPUREE - AT LA 4R T VR v H ) R BT B
(I8 SR HZ FTBE )

FHRD 2K B HS 1
FH AR g P
. IS TR AT AR AR R A O

N

2 O

© © =

MBS WL 25 BERRESE - ATHAKEH -
TS S RIER - TUREE S LR - Wb R —EFH
ZEREE - AT LRI AS U A AL A M R -

PR : el

BHE
i

| 90. ITEEEAS (HES)

MEELLBERK, KEREHITE iGN ERBEELY
7-11MPa © 454 4 B9 J&E IR 35 B 0] AR T+ & 200-600MPa » 240 JE
W WERA 2.7¢/cm’ o PG ] A RRAS FEARLIE O - AL EAT S
VELHARILYE - FEIRMCESEEENENEE

1. %3 : 180-2000rpm

B 4 A7 70 44 © 350-400mm

18 R 18 7

B 18-40m/s

B

18 3 54 5 I EAE BIARBUE i fokTE - T HANUERIBEREE
FT 5 B A PUER NI PR S5 ACE  AR RO EAE -
A fE A pH SRR M BRI A 5 s LA - BT
T 351 A R R M AR

I 2

fb 2 et RE 7 B O OERE o AT SRR MR WA N RO B - A
M R L R Y AL A WA AR AL S T
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10. b min THA

R FCREIN THOATT 4338 Ju AR B 26 B A LA BF 5 3 K
Ko EXEZEFWRIBHERL » REFITREHEB
HEAIL PR BT 2 -

10.1. {BZFDUMAT

AT (CMP) AT R 22 AR & 7k » &
I AE B R RIS/ BB R S > AT i R R
BTN THELAH R RBIRE Y - KRG 8 E 25 B0 -
WHTEM T Z R AT HSERE L - SRR - BFEDLE
BITELR > BURGRED 25N ZER S E MR -

151 K BE Y A 2 2 TR R T P IR B T R AT B R R 5 HE /L
B ONRMEE A BER R - STEWMEREE T 100°C - &
FERMAESEAR  FTULSE RFNEXRLS -

D

10.2. EfE{TE

TR AT BB A P A AL R 1 A L5 B LA 9 S = A AT B A
R BRATRMEE - WEEI R E T DS -
FEEOCBEMAR - THSTFERK LG LLRA S S 1%
BMAEMITERE - a2 > TABE - &5 ERE -

10.3. RENITEE

RHpTERZREREEFWASHEITZ BN TS
B R T AR5 B ELARBEHE T P AR TR RCR - TR T REREBIL - BR
S MIEE BN T o B R R TITE TR
5 I R4 0 O BIF B R > 3T BB O SR B o TR i R R
el o BT LA AR I RE AR L AT A DL SRR -

AT I F RS 0 BT B AR o A # N 15-60Hz ¢
PEIEE R 0-5mm ° SR -~ IRIEEASFEITESRES -

10.4. S WATE

B BATE S IRE T G AR - EE 455 Nk sh B
YRR o 17 % AN 20kHz & GHz o WFEE 5 & B B8 R IR i 7 I8
MR B BTN R - EERA T2 ANTE - a4 T
P9 RN RS A AL o SR AR SR sh B B A m IR S > SR BEEE
AT o




 WEFUTERRER

Fe BT R R IR R SR THAR RS D o BRI FIARAE - 0 T4 10.6. MMP Gt
HIRERD > BO5IZEHEE - | 10.1 N8 T T8 A
BRI o WIPR O s B B2 2 » A B0 b T B 1 I e £ T MMP XM e B R R - ALY | um AR
53 3 S B BE 1 o AT - k3 L A T £ R m%ﬂ?*ﬁ*%*ﬁ‘ﬂ%@?ﬁ%ﬂ%ﬁ R
RO B o A~ TG B U 40 B L T S AT B R o 0.1-0.2m/s B RIERIE - & 77 275 20kPa( B HI# BN 30-60m/s »
TR JB5 7 0 80 O AR R . o He 77 13-140MPa) © Sl TH§ & AT 35 10nm(0.01 p m) o AJ 35 F A il

YRV A - BB R AT I AL 40 ~ BibaE - LR S &N

W BRI 58 pm -
B 101 BEERATE (ML) R kL pm

10.7. HALZEIE

. AL SE T ARG - SR FIBRBH - R THLRITE Z
G o WEA2TI ZIBES  RERERER > Z2—#E R
FEBL -

10.5.  BFEERLWE 5T 5% |

R P U S AT B 6 P vt R SAC HEAFF BB K (e.g. 2500 S HEFEk )
SRR PAEFTERCR o BHI R AIB D o M7 %E A T3
JEE e BSE BE B E AT Y o
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| | 7. BB SR
| B | 6. TR I TS - B A 8 T A
TS :
1. Rl 0. FHFE AN
B -

10, Birr el

I RETHEXNLEE > £FREMERE - TTABRK
dh AR F

1. REMERY - BHEFE
12. WFERTHF

). MReEBSSRBELY TS
f# AL 13, { P 7 T 7 9 2 4

3. B RERERNAEY (B

4. RS AR BIALL S A HE efE -

5. B A Cd 5 Cr fEETAL I | 14, BHRT

6. HAEBLMRES 15. EFEFEENTIHEL

| 16. R R
17, 7% F i 00 50

18. BERRI) NEEE) - AR A9 R0 DL AR 4 I
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