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Abstract 
A water jet machining is an industrial tool capable of cutting a wide variety of materials using a 
very high-pressure jet of water, or a mixture of water and an abrasive substance. This paper 
addresses the concept of the Intelligent knowledge base system (IKBS) for optimization of product 
design and manufacturing process for water jet machining in computer based concurrent 
engineering environment. The I KBS links with feature library. The design specification is acquired 
through a feature based approach. The IKBS links with material data base which holds attributes of 
more than 20 type of materials. It also links with abrasive data base which hold attributes of 8 types 
of abrasive, and also 4 type and size of machine. IKBS is also links with machine data base which 
hold machine parameters. For each design feature, IKBS provides information needed for design 
and manufacturing optimization. The IKBS can be used as an advisory system for designers and 
manufacturing engineers. It can be used as a teaching program for new water jet operators in 
computer based concurrent engineering environment.  
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1. Introduction 
A water jet machining is an industrial tool capable of cutting a wide variety of materials using a 
very high-pressure jet of water, or a mixture of water and an abrasive substance. The term abrasive 
jet refers specifically to the use of a mixture of water and abrasive to cut hard materials such as 
metal or granite, while the terms pure water jet and water-only cutting refer to water jet cutting 
without the use of added abrasives, often used for softer materials such as wood or rubber[1]. While 
using high-pressure water for erosion dates back as far as the mid-1800s with hydraulic mining, it 
was not until the 1930s that narrow jets of water started to appear as an industrial cutting device. 
Water jet technology evolved in the post-war era as researchers around the world searched for new 
methods of efficient cutting systems. In 1956, Carl Johnson of Durox International in Luxembourg 
developed a method for cutting plastic shapes using a thin stream high-pressure water jet, but those 
materials, like paper, were soft materials. In 1958, Billie Schwacha of North American Aviation 
developed a system using ultra-high-pressure liquid to cut hard materials. This system used a 
100,000 psi (690 MPa) pump to deliver a hypersonic liquid jet that could cut high strength alloys 
such as PH15-7-MO stainless steel [1]. Water jet technology is one of the fastest growing 
machining processes. It is environmentally friendly, can machine almost any material [2, 3] and can 
cut metal to depths of over 100 mm [2, 4] It is used in a wide range of industries from automotive 
and aerospace to medical and the food industries [4, 6]. Current applications include stripping and 
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cutting of fish [4-6], cutting of car carpets [7], removal of coatings from engine components[8-11]to 
cutting of composite fuselages for aircraft construction [12] The impact of the water alone is 
enough to machine a material, however, with the addition of abrasive, the material removal rate in 
the process is several orders of magnitude higher [5]. The technology and applications of water jet 
machining has been investigated since the early 1960s. There are established reference sources such 
as [2, 5] which are essential reading and give a deep insight into this technology. There are also 
recognized authorities in various aspects of water jet technology, for instance, [12-14], for 
machining, materials behavior during machining, characteristics and quality of surface after water 
jet treatment [3], Louis for cleaning, machining, precise cutting, abrasives, surface quality, medical 
applications [15] and Momber for wear of materials treated by water jets, erosion of ductile 
materials[15, 16]. Recent developments have seen the components of the water jet system become 
more reliable and robust. Pump technology is such that pressures of over 4.14 × 108 Pa (4140 bar or 
60,000 psi) are commonly used and pumps producing 6 × 108 Pa (6000 bar or 87,000 psi) have just 
recently been introduced to the market [17-22]. Such pressures are capable of reliably machining a 
whole range of materials. These high pressures also allow the use of multi-heads which can enhance 
the process viability due to the increased throughput [23, 24]. Head and nozzle design has led to 
excellent systems being available with minimal maintenance and accurate performance. Figure 1 
shows the detail of a typical water jet head in this case used for cutting. 
 

 

 

 

 

 

 
Figure1. A typical water jet head 

 

The water is accelerated through an orifice. This can be ruby, sapphire (usually for water only 
applications) or diamond with a hole that is, for abrasive water jet machining typically between 0.2 
and 0.4 mm in diameter. The water then passes into a chamber where the abrasive (if it is being 
used) is introduced. Finally, the water then passes into a nozzle which is made of hard tungsten 
carbide or boron carbide material and usually has a diameter of between 0.5 and 2 mm. For water 
only applications the chamber and the nozzle need not necessarily be used. The nozzle life is 
dependent on its design and the material it is made from. A normal nozzle (equivalent to a Roctec 
100 from Boride Products) generally needs changing after around 100 h of processing time when 
used in typical applications, such as cutting with 80 mesh (150–300 µm) garnet [25]. A ruby orifice 
is commonly used in abrasive water jet machining and tends to last longer than the nozzle. Diamond 
orifices have the longest life time (3 times longer) but are significantly more expensive (5–10 
times). More recently, for ease of use, the water jet manufacturers have introduced an integral 
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diamond orifice and mixing chamber unit [20, 21]. This is more expensive but saves issues with 
alignment and is suitable for applications where repetitive work is being undertaken. Figure2 
demonstrates components of a typical water jet machining. Figure 3 shows function of components 
of a typical water jet machining. 

 
Figure2. Components of a typical water jet machining 

 

 

 

 

 

 

 

 

 

Figure3. Function of components of a typical water jet machining. 

The most common abrasive used in water jet cutting is garnet. It is supplied from various sources 
and the work horse in the United Kingdom is GMA 80 which is 80 (150–300 µm) mesh (garnet 
from a source in Australia – Garnet Mines Australia, [25]. GMA 80 cuts most materials with a good 
surface finish and processing time. Other mesh sizes and suppliers can be used. A finer mesh size 
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such as 120 mesh (100–200 µm) produces a smoother cut surface [3, 24, 26] but the cutting time is 
increased than if a coarser grade is used [1, 26]. If a coarser grade such as 60 mesh (200–400 µm) is 
used a rougher cut surface finish is achieved but the cutting speed is increased, decreasing the 
cutting time [26, 3, 24]. Also, thicker materials can be cut. The choice of mesh size is also 
dependant on the orifice and nozzle used. The abrasive flow rate is dependent on how the abrasive 
mixes with the water and how the abrasive is drawn into the mixing chamber. Nozzle blockages can 
result if the abrasive flow rate is too high, the particle size too large or large particles in the 
distribution or in some cases if the abrasive is too fine and it does not flow properly [1, 5, 24]. 
Vacuum assist can be added to help the abrasive flow too [17, 18, 19]. Also, it does not necessarily 
follow that the higher the flow rate the better the cut. For each setting there is an optimum abrasive 
flow rate above which increasing or decreasing the abrasive flow only serves to roughen the cut 
rather than enhance it [3, 24]. Also, other garnet suppliers or materials can be used. The other garnet 
suppliers perform just as favorably as GMA. For some specific applications other sources may be 
preferable [25]. Issues to be borne in mind, aside from the physical characteristics of the garnet, are 
the quality and consistency of the garnet supply and the presence of contaminants, such as chlorine, 
or excessive iron content which could be an issue in some applications. There is currently no 
standard specification for industrial garnet used in water jet machining so specifications and 
conformities from the manufacturer or standards relating to blast process abrasive are applied.  
Prices for abrasive varies from 15 cents per pound to 40 cents per pound, depending on the quality 
of the abrasive, and where you buy it. One should pay the extra money for good abrasive, especially 
if you are new to this technology, as quality abrasive will result in quality products. Abrasive is one 
of the biggest operating costs associated with running the machine. If you want maximum cutting 
speed, then you can choose a coarser abrasive, such as 60 mesh or 80 mesh. If you want smoother 
surface finish, then choose a finer abrasive such as 100, 120, or 150 mesh. Consult the manufacturer 
of your nozzle for recommendations. The 80 mesh abrasive is very popular, and in high demand. 
Therefore, it is also the most expensive. If you go with a coarser or finer abrasive, then you can save 
some money. The trade-off is that you may not cut as well. One should look for an abrasive that is 
pure. An abrasive with impurities will affect your cutting performance. Softer impurities will 
lengthen your cutting time, while garnet with unusually hard bits in it, such as aluminum oxide, 
may cut marginally faster with a severe drop in nozzle life. Sharp abrasive particles cut better. 
Mined garnet is sharper than garnet from a beach, or alluvial garnet, that has been worn into round 
beads. A water jet will use from about 0.25 pound (0.1 kg) per minute to 2.0 pounds (1 kg) per 
minute depending on the pump and nozzle you are using. The typical usage is about one pound 
(0.45 kg) per minute. The flow rate of abrasive will generally be constant for a given setup. The 
flow rate does not vary depending on what you are making (unless you turn abrasive flow off and 
use water-only cutting). An abrasive jet uses a mixture of water and abrasive to more effectively cut 
through materials. A pure water jet (one without abrasives) is effectively only for very soft 
materials, such as rubber or food products. Adding abrasive, however, greatly enhances the cutting 
capability and the abrasive water jet can cut through steel. The type of abrasive is important. The 
overwhelming choice for most water jets is garnet abrasive. Figure 4 shows different types of 
abrasive used in industries. 
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Figure4. Different types of garnet abrasive used in water jet cutting 

 

Other abrasives ranging from broken glass (or glass beads for coating removal) to olivine and 
alumina have also been studied for abrasive water jet machining but garnet is still the most widely 
accepted [3, 26] used liquid nitrogen, instead of water, in a system that was similar to a water jet for 
cutting contaminated material in the nuclear industry. The system cuts with minimal contaminated 
waste producing only a dry dust as the bi-product. In the medical industry water soluble, 
pharmalogically safe, biocompatible abrasives such as disaccharides, sugar, alcohols, amino acids 
and salt have been used for cutting, for example α lactose monohydrate was used to cut chancellors 
bone [27].  
 
2. The Application of Abresive Waterjet  
The most common application of the abrasive water jet is cutting. There are numerous publications 
and investigations in this field covering all areas of the technology [3, 14, 28, 29, 30, 31]. A whole 
range of materials and thicknesses can be cut with good cut quality and little taper. Cutting speeds 
typically well in excess of 2mm/s (120mm/min or 7.2m/hr) are commonly used in industry, 
however, for thicker and harder material this will drop to 0.1mm/s (6mm/min or 0.36m/hr) or less. 
The process at this speed has to be carefully assessed as to whether it is economically viable. The 
cutting speed also depends on the surface finish required (rough cut or good quality cut), the pump 
pressure and nozzle set up (size of nozzle and size of orifice used) as well as the abrasive flow rate. 
Other factors such as the angle of jet attack, the stand off distance between the material surface and 
the nozzle and the actual material properties will also influence the cut and cut quality achieved [3]. 
There are optimum cutting speeds for each material. As a rough guide, glass cuts twice as fast as 
aluminum and titanium cuts at half the speed as it would take to cut aluminum [3]. Nickel and 
stainless steel tend to cut a bit slower than titanium, about 60% slower than aluminum [18]. For 
example, if the glass was cut at 2mm/s, aluminum would be in the order of 1mm/s, titanium 
0.5mm/s and nickel and stainless steel 0.4mm/s [32, 33, 34, 35].The effect of thickness on cutting 
speed is that increasing the thickness decreases the cutting speed. This is not quite a linear decrease. 
A material with a thickness of 12.7mm would cut at a cutting speed half that required to cut a 
thickness 6.35mm (half the thickness). However, the cutting speed of a material with a thickness of 
approximately 25.4mm would be expected to be cut at a speed of 1/5 of the cutting speed that 
would be required to cut it if the material has a thickness of 6.35mm (1/4 of the thickness [34]. 
When cutting thicker materials striations on the surface become particularly noticeable. The average 
roughness (Ra) of the areas without striations is around 3.2µm which is typical for a high quality 
metal surface cut using the water jet. Significant research has been conducted into the exact 
mechanisms behind this and the process has been modeled and studied using high speed cameras to 
understand it more fully. Various overviews of this are available but the recent publication by [5] 
presents a good comprehensive review of this area. What is of concern is that when this occurs, the 
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cut surface quality decreases and striations start to form on the lower part of the cut. At some point 
this process becomes totally unstable with such a large lag that the surface quality is very poor and 
unacceptable for most applications so the cutting speed is too fast. Several studies have been 
conducted in and established a relationship between the kerf width and the gap size [36, 37] and 
high speed. There is almost no material that cannot be cut using the water jet, though care has to be 
taken with some materials to avoid shattering or delaminating [12]. Recently, the water jet has 
found significant demand in the composite industry where it is used to cut components for the 
aircraft fuselage [17, 18, 19] In some cases, where the fuselage itself is made from composite 
material, the water jet can be used to cut out the windows. Another example of the use of water jet 
technology is in the cutting of car carpets [7]. Water jets have also been used to cut tissues and fish 
so their versatility in modern day industry is expanding. Industry has found benefits from this 
technology to include increased productivity, faster cutting and high quality parts, flexibility to 
adapt designs and material changes, minimal kerf, raw material savings and reduced scrap, low 
operating costs, minimal force on the component, no thermal damage, net or near-net cutting with 
little or no hand finishing, reduced tooling costs, lighter, flexible tooling [17]. Comparisons of this 
technology with others such as Electro Discharge Machining (EDM) and Laser cutting have been 
made elsewhere [38, 39] however, these technologies tend to be complimentary rather than 
competitive.  
The application of abrasive water jets in drilling is increasing and water jets are commonly used to 
drill a wide range of components with varying sizes of holes. Holes in difficult to machine materials 
such as ceramics and metal matrix composite materials are of particular interest since these are 
difficult to machine with other methods. The requirement is similar to cutting in that the initial 
piercing operation has to be done with care on some materials. Trepanning of holes is common and 
the process is faster if the water jet is moving rather than stationary when initiating the hole. As 
with water jet and abrasive water jet cutting the depth and quality of hole required depends on the 
application and is process dependant. Holes can be drilled through multi-layered or coated materials 
without any problems. The hole can be tapered or not as required as well as angled. The water jet 
process can machine almost any material.. The nozzle size used in normal water jet applications is 
typically 1 mm, so, hole sizes greater than this can be achieved. Smaller hole sizes require a smaller 
nozzle diameter (and orifice). Nozzles of 0.5 mm diameter are commonly available but smaller than 
that is available. 
Water jet milling with or without abrasive is another application where over the next few years will 
see significant development. The depth of removal of a material can be controlled by the traverse 
speed (slower speeds give more depth of penetration), the water pressure (higher pressures result in 
higher penetration depths) and various other factors [13, 33, 40-43]. Material can be removed with 
or without abrasive and a sacrificial mask laid over the surface can be used if desired. Abrasive 
embedment can be an issue for some applications of this type of processing; however, there are 
ways to minimize it by using novel abrasives (e.g. liquid nitrogen) or water only systems. Various 
configurations for milling have been reported including water jet milled ribbed silicon carbide 
mirrors [44]. Figure5 Shows examples of parts machined by water jet. 
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Figure5. Examples parts machined by water jet 

Another application of water jet technology is Surface preparation, cleaning, coating removal. Over 
the last decade turn-key systems have become readily available for stripping and cleaning of engine 
components or other materials [45-46]. Again, these can be water only or can involve some media 
such as glass beads. Applications include a water jet system to removes thermal protective coatings 
from the space shuttle's solid rocket boosters and stripping of paint and coatings from helicopter 
blades and ship hulls as well as water jet cleaning of engine seals at KLM in Holland [47]. 
 
3.Intelligent Knowledge Based System for Abrasive Water jet Machining (AWJM) 
At present most procedures for estimation of machining time and cost and cutting rate and 
manufacturability evaluation are based on personal knowledge and judgment. The complexity of the 
process and interrelationship between its process variables means that designer and process planners 
have limited knowledge of Water jet machining. In planning they have to turn to the literature or 
experts. The information required by the former is often difficult to obtain. Moreover, the training 
of both designers and process planners is time-consuming and expensive. Consequently if the 
knowledge is not available from a reliable source, the water jet product development cycle time and 
cost increases, and both quality and productivity is likely to decrease. Intelligent Knowledge-based 
system (IKBS) provides a route to overcoming these problems. In this paper an intelligent 
knowledge-based system (IKBS) is developed to integrate design and manufacturing in computer 
based concurrent engineering environment for water jet machining. The knowledge-based is 
expressed in computer codes in the form of If-Then rules and can generate a series of questions. A 
mechanism is employed for using these rules to solve problems is called an inference engine. The 
IKBS can communicate with CAD data base and other computer software packages. The latest 
version of an expert system shell (NEXPERT) based on object oriented techniques is used. The 
output of the IKBS can be used by designers and manufacturing engineers, and new operator of 
water jet user. IKBS estimates machining time and cost. It retrieves all necessary information from 
databases and working memory for different design feature and different type of material in this 
paper. In this paper an IKBS for water jet machining has been developed in computer based 
concurrent engineering environment. The developed program is based on object oriented technique 
(OOT). The latest model Hewlett Packard (HP) workstation was used in development of IKBS. The 
system links with feature based design database. For each design feature, the system evaluates its 
manufacturability, machining cycle time and cost, and gives useful advice to designer for improving 
design in term of manufacturability and machining time and cost, cutting rate and etc. The system 
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also gives some advice to manufacturing engineers for selection of optimum machining parameters. 
Inanition the system works as a teaching system for new manufacturing operators to train them how 
to work with water jet machine.  
 
4. Architecture of IKBS for AWJM 
The IKBS contains expertise gathered from both experiment and general knowledge about AWJM 
that can be provided to designers and manufacturing engineers. A flow chart of IKBS is presented in 
figure.6 from which the following modules are noted: 
 
4.1 Design feature library 
Number of type of parametric features are stored in feature library. Features such as circular hole, 
cubic hole, rectangular hole, fraction disc, star hole, etc. are stored in feature library. 
 
4.2 Nozzle library 
Attributes of five different nozzle with different size of diameter are stored in Nozzle library. Nozzle 
diameters such as 1mm, 0.75mm, 0.5mm, 0.4mm and 0.2mm are stored. 
 
4.3 Material (work piece) database 
The material (work piece) database contains different material types for work-piece which 
interactively acquired by the IKBS. Each of which can be cut and manufactured by AWJM machine.  
 
4.4 Abrasive type and size 
Properties of four different types and size of abrasive for water jet are stored in database, from which 
the expert system can deliver information on abrasive type and size.  
 
4.5 WJM machine database 
Characteristics of four different type of WJ machine and their capital cost. 
 
4.6 Machining cycle time and cost module 
The knowledge base provides estimates of cycle time and costs for each selected design feature based 
on the selected material type for wire tool, dielectric, and WEDM process conditions such as on-time, 
off-time, and current. 
 
4.7 Manufacturability 
The manufacturability is assessed by consideration of the work piece specification, the AWJM 
production rate, efficiency and its effectiveness of the machine used in their production.  
Architecture of IKBS for water jet machining is shown in figure 6. Flow chart of IKBS is presented 
in Figure7. 
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Figure6. Architecture of IKBS for water jet machining 
 
 

5. Experimental verification 
A schematic diagram of water jet machining (WJM) is used is presented in figure 1 and water jet 
apparatus is shown in figure.2. Function of components of the abrasive water jet machining is 
shown in Figure3. Different types of abrasive used in water jet cutting is shown in Figure4. In this 
experiment different material types  and different feature type machined by abrasive water jet 
including ceramic, papers, carpets, glass, composite, nickel, titanium, aluminum, stainless steel. The 
results are presented in table1. Table1 shows machining time and machining cost and cutting rate for 
different design features with different type of material by CNC abrasive water jet. It also compares 
the results of machining time and cost and cutting rate for various type of design feature and cutting 
slap between IKBS and experimental one. The results show that by increasing material thickness or 
increasing material hardness, cutting rate decrease. It also shows that machining time and cost and 
cutting rate of IKBS is 10 present less than experimental, because optimum selecting machining 
parameters. The results of comparison between IKBS and experimental are presented in Figure 1, 8, 9 
and 10. We compare CNC Abrasive water jet machining results for different material type and 
different design feature with the result of intelligent knowledgebase system and for hole making of 
and slab cutting, nuzzle is diamond with diameter of 0.5mm and abrasive mesh of 120.  The work 
piece was fixed to minimize the over-cut. The abrasive water jets are used to drilling various holes 
according to design feature. The water is accelerated through an orifice. This can be ruby, sapphire 
(usually for water only) or diamond with a hole that is, for abrasive water jet machining typically 
between 0.2 mm and 0.5 mm in diameter. The water then passes into a chamber where the abrasive 
(if it is being used) is introduced. 
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Figure7. Flowchart of IKBS is presented 
 

6. Validation Results of the IKBS 
As a result, from table 1 shows that estimation of expert system for machining time and cost for 
abrasive water jet hole making is 10 percent less and better than experimental.  
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Table1. Comparison of CNC abrasive water jet results for different material for hole and making and slab cutting, nuzzle 
is diamond with diameter of 0.5mm, abrasive mesh 120.   

Procedure 
Design  
Feature   

Type 

Work piece 
material for 
cutting slab 

with 125.6 mm 
width 

Work piece 
material  

type 

Type of 
abrasive  & 
Size of mesh 

Cutting 
rate 

mm/s 

Machining 
time (min) 

Machining 
cost ($US) 

 
Experimental 

Abrasive  water 
jet machining 

Circular hole 
with 40 mm 
diameter  & 

6.35 mm 
thickness 

slab with 125.6 
mm width & 

6.35 mm 
thickness 

Glass 120 1.83 1.14 0.057 

Composite 120 1.55 1.35 0.0675 

aluminium 120 0.91 2.3 0.115 

Titanium 120 0.455 4.60 0.138 

Nickel 120 0.4 5.75 0.288 

Stainless steel 120 0.4 5.75 0.288 

Intelligent 
Knowledge  

based system  for 
abrasive water 
jet machining 
(IKBSAWJ) 

Circular hole 
with 40mm 
diameter & 
6.35 mm 
Thickness 

slab with 125.6 
mm width & 

6.35 mm 
thickness 

Glass 120 2 1.05 0.052 

Composite 120 1.66 1.26 0.063 

aluminium 120 1 2.1 0.105 

Titanium 120 0.5 4.186 0.126 

Nickel 120 0.4 5.23 0.261 

Stainless steel 120 0.4 5.23 0.261 

 
Table2. IKBS result of different design feature for different material for AWJ 

 

Design feature 
shape 

Design feature 
type 

Feature 
description 

(mm) 

Material 
type 

Material 
thickness 

(mm) 

Cutting 
rate  

(mm/s) 

AWJ 
machining 
time (min) 

AWJ 
Machining 
cost  US $ 

  
Circular hole diameter 10 

mm  
Glass 12.7    1 0.5 0.025 

 Triangular hole 
Edge 10 mm 

Composite 12.7    0.83 0.6 0.03 

  Rectangular hole  width 10, 
length 15 

Aluminum 12.7    0.5 1.6 0.08 

  Cubic hole width 10mm Titanium 12.7    0.25 2.6 0.13 

  
Star hole with 10 

edge 
edge size 10 

mm 
Nickel 12.7    0.2 8.3 0.41 

  Hexagonal hole edge 10 mm Stainless 
Steel 

12.7    0.2 5 0.22 

Also shows that estimation of IKBS for machining time and cost for cutting slap with wide 125.6 
mm and depth of 6.35mm is equal with hole making with 40mm diameter and 6.35mm depth for 
experimental computer numerical control abrasive water jet. As a result, table 1 shows machining 
time and cost for hole making or cutting slap for different material for IKBS is 10 percent less than 
experimental. Table 1 also shows, for experimental or IKBS, machining time and cost for cutting 
slap of hole making for Glass material<Graphite < Aluminum < Titanium <Nickel < Stainless Steel 
Glass is less than other material in the table1 respectively. Figure 8. Shows comparison between 
IKBS cutting rate and  experimental; Figure9. Shows comparison between IKBS machining time 
and experimental. 
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Figure 8. Comparison between IKBS cutting rate and experimental 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Comparison between IKBS machining time and experimental 
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hole making or slab cutting for Glass material>graphite> Aluminum> Titanium> Nickel > Stainless 
Steel material. IKBS for AWJ can be used by product designer to improve part or product. It also 
can be used by manufacturing engineers to select optimum machine parameters in concurrent 
engineering environment. 
 
7. Conclusions  
The water jet machining is a machining tool and can be used in applications such as cutting, 
drilling, milling, cleaning, forming and coating removal. It can machine almost any material and 
competes with other technologies since there is minimal force, no heat damage and it is an 
environmentally friendly process. The drive for flexibility, speed and harder to process materials 
has meant that the uptake of water jet technology in recent years has risen significantly. The process 
can be used with or without the addition of abrasive media and new applications are being 
continuously found. concept of abrasive water jet machining and its parameters were described. 
Architecture of intelligent knowledge base system (IKBS) for AWJM was demonstrated. The IKBS 
system described above was compared with experimental AWJM machine. Results were presented. 
Estimate machining time and cost, and cutting rate for different design hole or cutting work piece of 
different materials such as Glass, Composite, Aluminum, Titanium, Nickel and Stainless Steel in 
less than 30 seconds. Estimation of IKBS for machining time and cost for hole making or cutting 
work piece is 10 percent less than experimental one. Because in expert system, optimum parameters 
are selected. Estimation of IKBS for machining time and cost and cutting rate for different type of 
material were estimated. 
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