,, he conventio ,
 new group of “non-conventional i
ed, convenient and economically advantageous means for

sofr ature relating to light — lasers, sound — ultrasonic processes, magne&sm, ator
ma. electronics and new “powder” metallurgy materials.

~ Non-conventional processes include:

a) Chemical machining (CM)

b) Electrochemical machining (ECM)

¢) Electrochemical grinding (ECG)

d) Electrical discharge machining (EDM)

e) Wire electrical discharge machining (WEDM)

f) Laser-beam machining (LBM)

g) Electron-beam machining (EBM)

h) Water-jet machining (WJIM)

1) Abrasive water-jet machining (AWJIM)

j) Abrasive-jet machining (AJM) (using air. sand or beads)

Additionally. we could include here Ultrasonic machining (UM) and Deburring processes.
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manufacturing various sc ales chals mlels Bteliin the instrument-making nldustry
mechanical engineering industry as well as for manufacturing a variety of thin campm
parts in the mechanical engineering industry. The photo- chemical blanking is applm
manufacturing printed circuit boards for the electronic industry. electrical Wumg ele
chip sets and very thin component parts (depths of up to 0.0025 mm) for the aew-spa‘
industry. optics. microelectronics, instrument-making industry. printing mduatmy c

‘engraving metal or other material articles.




| maclune splndle and glmdmg Wheel and the use of an electrolyte instead of a coolant. The tw
— the grinding wheel is the (-) of the electrical source and the part being machined is the (+).
The technique is applied in machining carbide tools and alloy tools. carbide steel parts, ete.
alloys featuring high strength characteristics. Used for grinding. milling and drilling small
holes. Not suitable for manufacturing diesn

d) Electrical discharge machining (EDM): This is a widely applied and very useful method based =
on the erosion of metals caused by the discharge occurring between the electrode and the '
processed part. The technique is applied for manufacturing tools and dies — for machining
cavities and contour shaping and cutting. Used to cut and machine very hard and hardened
conductor materials. Could find application in various machine engineering fields, etc. Also
applied in automated processes involving CNC machining centers. Used to manufacture

complex dies, for example for extrusion of aluminium component parts, etc.

e) Wire electrical discharge machining (WEDM): This is an optional EDM technique where the
electrode is a continuous wire. which is used to cut the metal material similar to a band saw.
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grmdmg hard calblde alloys of tltamum tungsten cobalt and tool steels: for machmmg ﬁagﬂe
brittle small-size components, surgical tools, optical devices, electronic devices, etc.

f) Laser-beam machining (LBM) is used for similar applications to those stated above — cuttin
drilling, marking and for surface machining and welding operations involving various
materials: metals, ceramics. plastics. leather. textiles. composite materials (in the aircraft

industry. etc.).

g) Electron-beam (plasma) machining (EBM) is used in similar applications to those described
for LBM but performed in a vacuum surrounding medium: precise cutting and welding of

various materials.

Water-jet machining (WJIM): This technique is used for dynamic cutting and machining
various materials: plastic. rubber. foodstuffs. paper. leather. insulation materials, compos1te .
~ materials of up to 25mm thickness. Finds application in the food industry and the ploductm

of nlactics



Question 1: Non-conventional manu

Abrasive water-jet machining (AWJIM): for “shooting™ under pressure and applying dy
| action to the surface of the machined component part. Used for the same applications and
‘ N materials as those described for WIM.

J) Abrasive jet(gas) machining (AJM): Applied for machining small holes. cleaning surfaces
from removing sand or scale in foundry applications. stamped forgings and also for non-metal

and fragile materials. as well as for deburring operations.
Question 1c¢

As described in paragraph 1b above. machining operations feature similar or various spheres and sites
of application. Non-conventional manufacturing processes are applied where conventional methods
are not applicable. such as cutting and machining very hard. fragile. brittle or small-size component
il parts.
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on ‘(h‘lhtel ial removal rate COmpanson) (O IRR) T
calculate the quantity of removed material (metal chig

i e‘t‘ﬁ‘ Liﬂlﬂle for EDM the material removal rate MRR = 4 x 4* IT,

- incr s‘mg fhe current I and 1educmg the discharge flequency (number of discharges per
second) [Hz] will reduce process efficiency (material removal rate). For the ECG process the
material removal rate MRR = CI, /Ao, where in this particular case C is a constant value which
depends on the type of machined material (values for C are taken from tables — for Al C-2.0;
for Cu C = 4.4, for Fe ...) These expressions could be used to evaluate. compare and draw
conclusions on the value of energy used in the process and hence, estimate process efficiency.

Tool wear [R]. We will discuss this factor separately and as an integral part of the factors used
to judge for the suitable manufacturing process. Here again we use available data and
formulae to make calculations. Hence, for EDM R =2.25 T, . where T, = Tw/ Te: Tw is the
melting temperature of the material and Tgis the melting temperature of the electrode (tool).
Using copper, graphite or tungsten electrodes can extend tool life but would result in different
tool cost. We can estimate tool consumption for a certain period based on tool wear and
eventually estimate the efficiency of the selected process also considering the MRR rate.




company. Described machmmg processes generally require hlohel quahﬁcanon and 1y
costly labour. This 1s even more 1mponant when CNC-control machmmg centers are use
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proc s \% ” ., cutting other types of material) and also from all
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1 Process ‘met ‘\\ using cutta
||’:"W L1 involved), t | wmnj gs.,l clmnagcd Wormn toolq are usually re-sharpenedfor
replaced when unrecoverably dam
es “ Vm” thlnlmn mq’: Wmmms and result from the nature of the different machmmg 3
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mcess‘mg Vil a. c.umng conditions MMI ﬁll)ﬂ involve significant energy consumption, occurrence of

il s stamml fomea wbmtmnm hhlﬁ)f.‘l\‘» and emission of heat. In this sense, cuttmg conditions are he




1.2 Causes and significant factors

Generally. causes for cutting tool wear or damage are cutting edge wear or the occurrence of obvious
breaking out on cutting edges or internal cracking and stress. These are determined by the extent of
applied pressure and slipping of metal chips as well as the nature of surface being machined. Included :
in the cumulative load is also the tool temperature in the area where the load is applied. Tool
temperature usually rises due to the heat Q emitted during the processing (cutting) operation.

-
T

7' [ccal / min] (1)

P
0-—:
4

where Q is the emitted heat: P, is the shear force [dN] and V is the cutting speed [m/min].

Although cutting speed is an independent variable, the forces and temperatures generated are
dependent variables and are functions of numerous parameters. Similarly, wear depends on tool and
workpiece materials (their physical. mechanical and chemical properties. tool geometry. cutting fluid
properties and various other operating parameters). The types of wear on a tool depends on the relative
roles of these variables. Due to the complicated relations and numerous factors influencing tool wear.

various experimental methods and data is usually used to define the type of wear.
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. Front face

. Rake face

. Flank face

. Cutting edge

. Tool tip

. Auxiliary cutting edge

ing the geometry and characteristic elements of a lathe knife, tool wear usual



breakmg out and crackmg These types of wear occur in different ways for different tool mats
ﬁgure 2 (for example, carbides, high-speed steels, ceramics, diamond, etc.)

Rake face

- Craler waar depth (KT)

/‘ N Flank fape

-"‘
Flank wear

Carbide High speed steal
1. Flauk wear 4, Secondary groove
2. Crater wear 6. Other metal natch
3. Primary groove groove or waar rotch 6. Inner chip notch

VB - average Nauk wear




ary groove or wear notch

Secondary groove
Other metal chip notch

Inner chip notch
VB — average flank wear.

Tool life is as illustrated in Figure 2: (a) — the tool 1s within the normal required proce D
between points O and M. Following point M, KT and VB have reached the allowable lim
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Ttis dbvibus here that tool life inci'eaées when the speed V is reduced and the hardness

of the material being processed are reduced, too. If we apply the expression (2) we can ¢
under certain conditions (fixed # and C). tool life T increases by 300% when V[m/min] is 1 S
only 50%. It is a proven fact that for a constant tool life to be maintained. the speed is reduqe

the feed fand the depth d are increased and vice versa.

1.3 Difficulties in forecasting (predicting) tool wear

All explained above makes it clear why it is so hard and sometimes even impossible to give pr
forecast for tool life. It is not always possible to predict the influence that numerous factors an
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Question 3 b
Monitoring the condition of tools throughout various machining processes is very important for any
production process and has significant influence on process efficiency. This is usually performed in

two ways: a) Directly and b) Indirectly

a) The direct method involves visual observation by the operator for any signs of wear, wear
hardening (getting dull) or breaking off. It usually requires the operator to stop the machine to
dismantle and replace the worn tool. This method of monitoring tool condition involves visual

observation or examining under special microscope for some out-of-service adjustment.
b) The indirect method uses indirect information to monitor the condition of the tool: noise.

vibrations, size of machined w orkpiece, shear forces, surface roughness. etc. This is a
relatively new method. convenient for CNC machines and is used to assess the condition of
the tool “on-line” within the process.
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‘v{ibmﬁ(‘:»ﬂjamp\ 1tuc ‘ ‘«t‘i‘ ﬁéquﬁnvr‘:y and deformation observed in the machine-tool-workpiece system
monitor the ‘41',‘»51‘{U tion of the cutting tool - Figure 1.
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Key to Figure 1:

Machine

Workpiece

Tool positioned in tool holder
Sensor

Indicator
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Crater wear

Flank wear

mean
RMS(MV)

Elapsed machining time




‘surface, monitoring the pressure in lhc, sys!cm (the volume of air bemg discharged) — figure 3. m 2
volume (quantity) of discharged air is used to monitor the size [jum] of the gap between the nozzle an
the machined surface of the workpiece 2. When the indication goes beyond point F on the indicator 5
the system sends electrical indication to the machine controls and signals the operator.
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3.1 Advantages Y

This is a widely used and relatively inexpensive method for a number of grinding and other machines

~ used in serial and mass production. Also useful for measuring during screening — reels, metal beads,
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This method does not provide for monitoring tool condition all the time.
Data accuracy is influenced by metal chips and other types of contamination.
Monitoring more complicated types of tools is fairly difficult to perform.

(In some cases) the method requires operation time.

Involves relatively expensive and complex equipment.

Selection

Considering all described above the most suitable method for universal machines. such as lath
milling machines. etc. is method Nol and the most suitable method for machining centres and




of a “world class” operation?
1. Introduction

Lot-by-lot acceptance sampling by attubute{ is the most common type of sampling. With this typ‘
sampling a predetermined number of units (samples) from each lot is inspected by attributes. If the 0
amount defective is less than the prescribed minimum, the lot is accepted, if not, it is rejected as bein
below standard. Each lot in the shipment or order is sampled and either rejected or accepted. |
Acceptance sampling can be used either for the amount defective or for defects per unit. Sampling
- plans are established for each class of defect severity (critical, major, minor) or on a demerit-per-t
basis. A single sampling plan is defined by the lot size N, the sample size n and the acceptance nm‘
(Example: N = 5000, n = 250, ¢ = 20. 20 in 250 are defectives). Acceptance sampling can be
performed in a number of different situations where there is a consumer-producer 1'elatiqgs_h_ip,‘




The method is applied in situations where:

* The inspection results in damage or destruction to the product. If instead of this method (AS)‘
100% inspection is applied. this will destroy the entire amount of finished produce. Example:
Inspection of batches of ammunitions (cartridges, shells, etc.) or melting electrical fuses (for 10A

Since 100% inspection of products would involve additional cost this would add to the cost

the final products (quality control mspections are included in the cost of the product). |
When a large variety of similar products have to be inspected (a wide product range based on i
a single type of product or principle) sampling will produce as good, if not better results than
100% inspection. Such mass inspections cause fatigue to quality control personnel due to the

monotonous work which might in turn result in more errors than the average accepted e

percentage when using the Sampling acceptance method.

When the x and R and p indicators are not provided in the information relating to quality -
diagrams are available (Paretto chart. etc.)

When no automated means of control are provided and products are inspected manual
visually. Ll
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