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Abstract .

Database system is mainly created for superhard cutting. In the paper, the proc time

is considered as the objective function based on the issue needs, the est@v g of the
mathematical model of the cutting database system mainly takes cuttin wer tools,
precision machining and tool life as constraints. And th base ops through the
development software VS2008 and SQL Server 2008 da ystem using an
interactive particle swarm optimization to optimiz uttlng parameters,
basing on fuzzy matter-element analysis method e hes th& ation module of tool

cutting of the PCBN tool turning hardened steel@ the pap ives evaluation methods.

Keywords: Superhard Cutting, Cuttln\Qabase @XCIIVG Particle Swarm, Fuzzy
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1. Introduction $ . %
Cutting database is the product Of the @ 1on that contemporary computer technology

of rapid development and itional m ing technology, it has accumulated and stored a
wealth production and a of metal cufting, and it manages and maintains these datas by
computer; accordin theore ‘m%\d empirical models, for the requirements of users, it
can quickly proc draw to arheters and cutting parameters [1]. Currently, to meet a

wide Variety cessin thods appearing the producing scene and the workpiece
material and %Qol/materi g@opeﬂies changing in the actual process, the study of metal-
cutting machining dat as gradually developed from traditional development obtaining
static cutting para %a into dynamic database based artificial intelligence[2].

CBN as a mo@:perhard material, as has many excellent properties, has been widely
used in the machining of material of high hardness and difficult to machine shardened steel,
high hardne%ast iron, tool steel and so on. Nowadays, with the CBN superhard materials
constantl @ d, many of the world leading tool manufacturers have launched a series of
Q cutting tools, thus the study of PCBN cutting tool has become a hot research [3].
mafton and analysis of cubic boron nitride (CBN) tools product level, is written by

dn University Professor Kou Zili, by selecting the American GE PCBN tools and China
PCBN tools and using the Delphi method to evaluate the quality level of the tool, comes to a
conclusion that PCBN cutting tools come with GE's 20-year gap at the time. This shows that
the overall performance and quality of our own production PCBN tools has a large gap with
foreign countries, but poor stability.

Superhard cutting database created in this article achieves the optimization of cutting
parameters based on interactive particle swarm, and achieves the cutting evaluation of
PCBN tools when turning hardened steel by the fuzzy matter element analysis method.
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2. Overall Design of Superhard Cutting Database

To make the system more modular and more concise, and reduce system
development time, the paper uses object-oriented programming, VS2008 as the
programming environment, C # as the programming language, SQL Server 2008 as the
data management software, and ODBC as data sources to establish a superhard cutting
database system. The system mainly includes six modules, as shown in Figure 1. The
data query module mainly provides the query of all the cutting tools' data, the data
update module can update and improve the database information, the experiment
management module can query the experimental program and experimental data, the
tool evaluation module and the data optimization module are the core of database,
which complete optimization of cutting parameters and evaluation of tool performance,
finally, the system maintenance module can protect the security and stabi@he
system.

D v
" Data System en Tool
Login Data Quer A . : System Hel
g Query Optimization Maintenange Evaluation Y P
% > c of - - L
< © jou [ e o] Ic
O NEIB IIZEE (212l8]s IS e (3] (E(IE|=lE B
3 X g 5|8 3 Slle |2 w118 1ls °
c || w = 3 2 | SNLE 2E || s o || ElElEa|Be||] | @ 2
SI8115 1> < AR N N# 2 (Bl (B |2 11 [e2izelke| (2] |8 2 ||o
=112 ||@ (el e o] LS (8 |[C]| | AR S BN EIRERIE
~ S = s Q © Al R 2 c
J{lz 2 >]|E3HE S o XS S (1SS | £ S || 2 |[gs|l&5|1=8]| S 2 £1|6
o S B EEEE AN HEIHREE: = EEH EE
allalIx||2|le=|lo 3 © [a) X s |l< Ico|[eal | = c o
Sl |lE (O (|2 1. SlellglE [12] [SllZIEIECIES|I2] (21|78
i 2 = S . HE I EERE o (s |3l8 (B ||F 9
g S s eleleliE ||% =gl ~lle |5
g P s ||& ai o [P 0 [0

Fig @:unctional Modules of the System

3. Establishing of @tting Preferred Model

Establishing o@lg preferred model mainly includes determining the optimization goals
of cutting unt, establishing the mathematical model and considering constraints. Criteria
and indic eferred cutting parameters is the objective function. Parameter optimization
objecti ction is divided into the lowest production costs, objective function and
map productivity. In this paper, the highest productivity is taken as a parameter
0 ation objective function.

mathematical model of processing time with the highest productivity as parameter
optimization objectives is:

tct td
t=t + +t o+t +t+ (1)
N N
p P
Where: #-processing time(min); #.-a tool change time(min); 7,-cutting time(min);¢,-rapid
moving time(min); fy-process auxiliary time(min); ¢,-adjustment time(min); #-tool indexing
time(min); N,-number of processing workpiece in a tool change time.
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1) For turning cutting time ¢,
L+e (L+e)xd

.= - @)
nf 1000vf
1000v
n= (3)
7 d

Where: e-empty travel distance(mm); n-speed(r/mm); v-cutting speed (m/min); L-travel
distance of tooling a product (mm).
2) Tool change time ¢, (min):
a. Tool regrinding, 7.,=Tool handling time + Brothers Time
b. Machine folder indexable throwaway knives,
Tool indexing time x( Each average availability Flutes- 1)

- \2
“ Each average availability Flutes ?\
3) Rapid traverse time ¢,(min): 0
Q/ @

Where: v, -Feed mechanism quickly moving S‘Qm/ s, ¥-Fast-moving total

distance(mm).
4) Number of processing workpiece in a tool ahge tlmc\% formula is expressed as:

\! 300 fcn 5)
@ g\ L+ eydv
T- tool life(min), the fomw%s pres d%
\ =C (6)

Where: m- index, indic 1& 1nﬂuenc$mee of the v-T; C- modulus, is related with the

tool, workpiece mateti cuttin, ditions.
The Eq. (2), (3) ), (6) a@ into Eq. 1 to obtain the objective function of turning,

as shown in
<
+e)rd (L+e)zdv "
t +(t, +t,) —— b+ (7
@1000 fv =
1000 fC "

Then Eqi |7 8 — =0, in order to obtain the '® which maximum productivity is

O ¢
@ v, = ; ®)
(M1 ] )

(/) -1, +t,)
um J + JF

In this case, the shortest processing time t, is:

L+e)rd t_ +1t
_ ( ) ( ct d )m(l— m)m—l
1000 fC m

)
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The system constraints considered are cutting force, precision, power tools and tool
life, in which the tool life is as a test condition.

4. Establishing of Cutting Optimization Model Based Optimization

In the system, a preferred method of interactive is used to select machine and tool, shown
in Figure 2. PSO is used to achieve the optimization of cutting parameters.

Enter the workpiece
information

v

Input processing
requirements

i ?\/
v L
—% Machine Model ‘ ‘ Blade Material 0

Machine
Information VV

rred of Machine and Tool

Figure 2. FIowchaQ@!ract‘iv%re

PSO (Particle Swarm Optignization, )lgorithm was first jointly proposed in 1995 by
the American social ps ist James nedy and electrical engineer Russell Eberhart.
The basic idea of Igorithm is:\in a d-dimensional space, assuming that there is a

community of m S, ead@’n e has three attributes: location X;= (x;;.xp " xig)
speed Vi= (v, vy andthe fithess value.
The posit the p is one potential solution of the optimization problem, the

velocity characterize t
used to measure the s

t direction and distance of current particle, the fitness value is
ior degree of particle's current position. After each iteration of this
community, three 1es of particles will be an update to certain rules, namely, by tracking
individual extre Best and global extreme gBest to update themselves [4]. The basic
formula of algorithm is following:

O/ik” —oxV +c xrx(P-X")Y+c,xrx(Pg-x[) (10)

O k+1 k k+1
@ X = x [y, (1

PSO principle is shown in Figure 3.
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5. Research on Tool@rformai@valuation Model of PCBN Turning

Hardened Steel _+ %
PCBN cu i artiﬁc@ tool, at high temperature, it can still maintain the

characteristi igh hardnegss, and is mainly used to do with the processing of iron. PCBN
with its supel tting p ance is applied to various fields, especially in the processing
of high hardness materi cutting difficult materials is unique. After development and
application of 30 yeal%w PCBN tool material has emerged for the processing of different

materials.

In this paper, rn cutting theory, mathematical modeling and model analysis that fuzzy
matter-ele ethod are used to establish the tool performance evaluation model of PCBN
turning ed steel for different workpiece materials, application conditions and
proces, quirements. Tool performance evaluation of PCBN turning hardened steel

aluates tool life, processing quality, processing efficiency, economy and other
of processing.

Points of matter element analysis are that things are described with "things, features,
value" these three elements, in order to do qualitative analysis and quantitative calculations
for things. If its magnitude is fuzzy, they will form a "thing, features, fuzzy values" ordered
triples, and this matter element is called fuzzy matter element [5], which is denoted:
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(M (12)

e wm)

Where: M is things, C is characteristics of things, #(x) is fuzzy magnitude that is
corresponding with characteristic C, scilicet the membership of x that things M is
corresponding to its characteristic C values.

When evaluate PCBN cutting tool, if the "PCBN tool cutting" as "things", the value
"cutting evaluation" as things "features", the value of evaluation as "value", it will constitute
ordered triple on PCBN cutting tool.

1) Determining method of cutting performance evaluation membership

The membership of each index is basis constructed evaluation model of PCBN

fuzzy matter-element. In order to comprehensive evaluation of multiple tar need to
take membership of each index as the standard of measuring CBN cutti n order to
establish an optimized comparison standard, we need d an op@mn principle,
which measures by merit membership of individual fea d so-called merit

membership is fuzzy values corresponding to chara€tetistic of e h in 1dual belonging to
the fuzzy values of features that standard things are % ondm

In the fuzzy matter-element analysis, if "magmifude" of charactefistics is a specific value,
you do not need to introduce the membershi ctlon. Fifi %e evaluation of PCBN tool

cutting is based on the evaluation of eachi ic nur@:a to describe. When calculating

each evaluation index membership, Jus% ing W;t\, e" according to the principles of
merit and the "values" change 1nt0 ershlp% ill get membership values various

evaluation corresponding to.
2) Evaluation index weight a

Weight is the amount w reﬂects ectlng degree that each index treats evaluation
things, the weight 1s.d nto sub ct1 ¢ weight and objective weight. Subjective weight
analys and determ e 1 extent of each evaluation treating things by the
understanding ofife ator trea t ings, after weighing, assigning the weight to the
evaluation. Tj tive w is obtained by using statistical methods to calculate based on
inherent infofmatton of f each index. In order to fully reflect the importance of the
evaluation index of ool cutting, this paper determine the each index weight by
combining subjecti t and objective weight.

Assuming eac@ subjective weight is 6; (j=1,2, - » 1)s SO

Z 9, (13)

ization method. First, calculating the arithmetic average of the correlation coefficients,

en calculating the sum of arithmetic average of the correlation coefficients of
evaluatlons, and finally using the the normalization process for arithmetic average of the
correlation coefficient of evaluations. The objective weight of each evaluation is:

nlng the method of the objective weight is a lot, this paper uses the summation
n ~
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iT T om (14)
PIDIES
j=1 i=1
Integrating Eq.11,12, the final weight of each evaluation is:
AT
] J

W. =
j

Zn: oW, (15)

]
j=1

Where
cal
W, is main and objective portfolio weight. \ @
’ O"
WV

This paper establishes a superhard cuttiQdatabase ed on cutting parameters
optimization and the evaluation of PCBN @ utting aN to superhard cutting. The
system can obtain reasonably cutting paganietets through’interactive particle swarm and use
fuzzy matter-element analysis methodgt dy ation model of tool cutting when
PCBN tool turns hardened steel. ystem ha$, thany advantages, as rational design,
functional, simple and beauti%1 1nte,r easy and flexible operation, low technical
requirements for operating per ase system can provide a reasonable or
optimized cutting data for rhard cu have a scientific and accurate evaluation for

PCBN tool cutting. Sy great 1gn cance for improving productivity and processing
of enterprises.

6. Summary
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