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Abstract: Process design is often associated with the compromisemnéifating process parameters, which means a rising cosaand
loss of quality. Innovation in process system can creatatg@ue. The rapid development of technology and commlezniaronment
suggests that innovative process design needs the sugosystematic innovation strategy. The strategy combiimimgntive tools

is proposed to support process innovation. Firstly, amatiie process system according to constraints, and emplaljtfYEunction
Deployment (QFD) to obtain process requirements. In thig e conflicts of process system can be found accuratedy, ainalyze
these conflicts comprehensively, and creatively solvectpescess problems with the help of the Russian Theory ohliweProblem
Solving (TRIZ), and acquire more feasible solutions or iregon through the proposed approach. After that, use WitaHierarchy
Process (AHP) to select the best feasible alternative umdgtiple evaluating standards. In this approach, both ffieiency and
maneuverability of applying Inventive tools to solve preg@roblems are improved. Finally, the performance of tbpgsed strategy
is illustrated and validated by the example of grinding psssystem.

Keywords: Process Innovation, TRIZ, AHP, QFD

1 Introduction economic issue, a number of publications have addressed
) . .. innovation in the manufacturing industry from an

According to the research of U.S. National Productivity enyironmental perspective. These studies suggest that
Survey Committee, process technology contributed 57%gcess efficiency improvement and the use of new
to the productivity in the last century. Process also playsechnology are among the most promising fields of
an important role between design and production. On thgesearch concerning innovation in process innovation
other hand, process design has objectives and constraintgyjjkema, 2004; Korevaar, 2007; Patel, 2009). Combining
and even a simple process requires a trade-off amonghe economic and technological perspectives, one would
many factors. The great value created by process and th@en ask: what factors encourage and hinder process
rapidly changing modern marketplace drives compani€§nnovation? Or more broadly, is there any scientific
to seek competitiveness in process development in termgethod to encourage process innovation? So far, a study
of innovation, high quality, and speed to market. that can answer these questions is still needed. Exploring
However, previous research on process innovation desigthe answers to this question will provide the industrial
was not enough compared with the research on productommunity with some insights into how process
innovation. Therefore, it is crucial to pay attention to the jhnovation in the manufacturing industry can be
research on process innovation. stimulated.

Most previous work on process innovation in the
manufacturing industry was based on an economic__1here are some answers that have been generated to
perspective. Stobaugh (1998) argued that increasef!® reseéarch question on process innovation in
competition in the industry has propelled innovation Manufacturing industry.
throughout history. Albach (1996) in the European  First, as far as process efficiency is concerned, R&D
Community Innovation Survey | (CIS I) concluded that and innovation have not been a top most objective for
cost and financial factors were the primary concerns formanufacturing firms. Second, the creative theory which is
innovations in the 1990s. While these studies focused onvidely applied in product innovation hasn't been
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Fig. 1: The strategy of process innovation.

researched in the field of manufacturing process. Third, TRIZ is a theory which can effectively solve
manufacturing efficiency improvement is a desirable andtechnological conflicts with creative ideas. There are lots
possible reward, especially in the case of improvingof conflicts in the process system, so it is appropriate to
existing processes. While improving existing processes isapply TRIZ into process innovation design. Process
related to operational performance, developing newengineers need to establish conflict models, when
processes is a strategic innovation, or of strategicapplying TRIZ. Consequently, analyzing process
importance. For developing new processes, specificequirements and constraints, which are the source of the
synthetic pathways are considered in the first place for itprocess conflicts, is inevitabl@][ However, if one wants
importance to firms’ long-term developmeaj.[ to solve a process problem, especially in a complex
Process innovation usually means the change ofrocess system, it is necessary to learn about all demands,
technology, which involves new design, processnOt only users’ demands but also the demand of
technology, equipment and management model. At€ngineers, designers, workers and managers. And QFD
present, some researchers have applied innovativéQuality Function Deployment) can be an effective tool to
methods to process design. Scholars of Sichuarhalyze the requirements. In addition, AHP can be used to
University proposed a strategy of process innovationS€l€ct the mostinventive process solutions.
design: Combining process elements, process engineers
use the TRIZ .method to guide process innovation, and According to the above, this paper proposed an
solve the conflicts of the process system. optimizing strategy of process innovation. QFD, AHP and
Since the process design in the early design stagdRIZ are applied as an integrated methodology for
plays a critical role which determines the manufacture ofgenerating and selecting of an appropriate process system
product, it is extremely important to build a systematic solution. Firstly, the QFD is applied to turn the process
approach of process design. For a process engineer, whe@rquirements into technical characteristics. Meanwhile,
he/she tries to solve a process innovative problem, he/shiets of process conflicts can be found, considering the
usually faces a systematic incompatibility or technical constraints of process system. In this case, TRIZ is
conflicts. As the process engineer changes certaimpplied, for example, engineers can use the contradiction
parameters of the system in his/her thorny designmatrix which is one of effective tools of TRIZ to break up
problem, it might affect other parameters badly, because¢he complex design problem into incentive principles, and
numerous factors which interact with each other have arseveral alternative innovative solutions are achieved.
impact on process conflicts. Traditionally, the processAfter that, with the purpose of finding the best solution,
engineer always compromises with this kind of the AHP is conducted by decomposing the structure of
contradictory situations and restricts him on performingdecision process into a hierarchical sequence which
innovative design tasks. The practice of using trade-offdetermines the relative importance of each alternative
parameters as a tool for systematic innovation in theprocess innovations through pairwise comparisons. The
process design has only recently emerged from TRIZcommon design parameters for selecting a suitable
Numerous researchers have applied the concept qgbrocess system include productivity, safety and
process design trade-offs to help acknowledge andenvironment, quality, flexibility, and cost. If engineersa
manage process conflicting performance parameters, anibt satisfied with the achieved solution, it is needed to
find the creative solution of process system. solve the process problem again with TRIZ or other
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innovative theory. The integrated approach is shown aslemands of internal users, such as workers and
Fig. 1. production departmen8], etc. Workers want comfortable
working environment and a reduction of working fatigue.
On the other hand, production department requires short
2 Methods Explanation time, low cost, less consumption and easy management,
etc. They can also obtain more information about process
requirements with the assistance of QFD (Qualit
2.1 Evaluate the process _system based on Fuqnction Deployment). ( y
requirements and constraints However, the above information is not enough for
process engineers. All participants including users,
Process  requirements and  constraints  exislengineers and managers, etc. propose their ideas about
simultaneously3], which usually generate lots of process requirements for planning and designing the process
conflicts, for example the contradiction between pl’eCiSiOI’lsystem. In order to acquire the comprehensive process
and speed, and the contradiction between heat diSSipatiQf@quirements' process engineers should consider
and system complexity, etc. carefully, such as: market, technology and the source of
It is necessary to evaluate the requirements ancprocess requirements: product, external users and itterna
constraints of process system][if engineers want to  users. With the help of QFD, the general description can
find out the process conflicts with nothing missed. Thepe transformed into specific parameters of process
first thing, engineer need to do is to find out the exactrequirement9].
parameters of process requirement rather than a general QFD (Quality Function Deployment) can turn the
description. And, QFD (Quality function deployment) can process demands into process design specifications,
be an effective tool to do that. Secondly, constrains ofprocess characteristics of components, and process
process system have to be considered comprehensivelyontrol requirements, by establishing the relation measric
which come from cost, technology and resource. etc. Theabout them (Fig.2), and prioritize each process
proposed approach incorporates the parameters of procegRaracteristic while simultaneously setting development
requirement and constraints. targets for process system. Beginning with the initial
matrix, commonly termed the house of quality, depicted
in Figure 2, the QFD methodology focuses on the most
2.1.1 Obtain Process Requirements with QFD important process attributes. These are composed all of
process participators’ wants and musts.
Generally, process requirements mainly stem from three
important sources which are shown as below:
1) Process requirements based on the information of

. . . . HOW
products. The engineering drawing contains lots of Technical
process requirements, so comprehensively analysing the Correlations
information of drawings is very important6]. In T o Y Rt
cooperative atmosphere, process engineers engage in the Charateristics(EC’s)
whole cycle of product development, and can capture the Planning
process information comprehensively. Besides, engineers ;V“AT z Matrix
. . . TOCEesS =

can acquire some details about process requirements from : s . T iellp

. Attributes = Realtions prioritise
process design documents, because they convey lots of (AC’s) A Process
information which includes header information (e.g. requirements
name, number, materials, etc.), structure, size, toleranc - -

Technical Matrix

surface roughness, heat treatment and other engineering

requirer_‘nents. Process design documer_ns serve to defin.e Fig. 2: The House of Quality.

the design and they ensure that the design components fit

together. They are useful in communicating ideas and Once you have prioritized the attributes and qualities,

plans to other engineers involved in the design, to externaQFD deploys them to the appropriate organizational

regulatory agencies, to equipment vendors and tdunction for action, as shown in Figure 3. In this way, the

construction contractors. deployment of process participators’ needs into process
2) Process requirements based on the external usersharacteristics can be smoothly accomplished.

The ultimate goal of process innovation is to meet the

requirements of external userg].] External users are

seriously concerned about quality, function, price,2.1.2 Acquiring Process Constraints

environmental protection, energy saving, service and

man-machine engineering, etc. Process constraints have a negative effect on productivity
3) Process requirements based on the internal userand process system. Process constraints mainly involve

Process engineers also need to consider the procegzonomic constraints, manufacturing constraints,
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Fig. 3: Waterfall relationship of QFD matrices.

production pattern constraints, technical constraintd an be developed address them. According to the search of
so on [LQ]. For each system, process constraints playother scholars in this field, it is appropriate to apply
differentroles. innovative tools to solve process problems. Recently

1) Economic constraints. Low cost creates moreresearcher in Sichuan University has already applied
profits. It is worth noting that economic constraints TRIZ into process innovation. And it turned out to be an
include not only short-term profits, but also developmenteffective tool for process engineers to find creative
of strategic value. solutions.

2) Manufacturing constraints.  Manufacturing
environment imposes restrictions on component’s
attributes, such as structure, size, precision, etc 5 1 |ntroduction to TRIZ
Constraints involve four categories: (A) Raw material
constraint. Raw material has a great effect on
manufacturing cost and productivity of components. (B)
Resource constraint. The equipment used to manufactu
products includes machine tools, cutting tools and
fixtures, etc. (C) Machine constraint. This kind of
constraints includes cutting, cooling, scraps dischange a
adjacent Machining method, etc. (D) Testing restriction.
When processing components with complex geometry o
high precision, process engineers should consider th
constraints of measuring and testing method.

3) Constraints of the production mode. The mode of
production of each product is different from one another. L X ,
There are also several feasible processing methods for, 1) Preliminary Analyses can avoid trade-off solutions

choice, according to production batch, part feature andf Problems containing gontra;]dictioEs_and caTjheIp clarify
Drocess requirements. important information about the technique and constraints

4) Constraints of technology. Technical engineers are?f forthcoming solutions.

a crucial asset for an enterprise. The technological level 2) The contradiction matrix consists of technical
largely depends on process engineers. contradictions between the characteristics to be improved

Once, engineers find out the characteristics of proces@nd the characteristics that can be adversely affected. It
requirement and the specific constraints of procesgsO has a few inventive principles in each cell that may
system, it is much easier to analyze the process systerﬂem resolve the contradictions. The contradiction means
comprehensively for engineers, and then they can finghat @ worsening engineering parameter and an improving

conflicts in process system with nothing missed. parameter exist simultaneously.
3) Separations principles help resolve the general

physical contradictions between the opposite
2.2 Solve the CoreProcess Conflict with TRIZ characteristics of a single subsystem. Substance-Field

(Su-Field) Analysis is a modeling approach based on a
Since the engineers find these problems exciting in thesymbolic language that can record transformations of
process system. It is reasonable that an approach shoutdchnical systems and technological processes.

TRIZ is a human-oriented knowledge-based systematic
Ingethodology of inventive problem solving which was
established by Altshuller. It can solve technical problems
and offers innovative solutions by employing a
knowledge base built from the analyses of approximately
2.5 million patents, primarily on mechanical design. The

ore of TRIZ consists of 40 contradiction principles, and
¢he matrix; other tools are auxiliary to assisting design
engineers in constructing the problem model and
analyzing it. Below, however, is a brief overview of the
most popular TRIZ heuristics and instrumerit§][
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4) The standard approaches to technical problemgarameters from 39 engineering parameters defined in the
(Standards, for short) are based on the observation thahatrix. The process engineer can find the inventive
many inventive technical problems from various fields of principles for solving the engineering innovative design
engineering are solved by the same generic approacheproblem from the matrix when he confirms the
The Standards contain typical classes of inventiveparameters of contradiction for a process systégh [

problems and typical recommendations on their solutions,  Basically, the contradiction matrix can help process
which usually can be presented in terms of Su-Fielddesign engineers to realize the conflict of the process

Analysis. . _ . ~ system, and obtain the feasible inventive principles
5) Algorithm for inventive problem solving (ARIZ in  through the patent database.

its Russian acronym) is a set of sequential logical
procedures for eliminating the contradictions causing the
problem. ARIZ is considered as one of the most powerful
and elegant instruments of TRIZ. It includes the process2 2 3 Physical Contradiction Solution System of TRIZ
of problem reformulation and reinterpretation until the
precise definition is achieved, and the logical and
disciplined process of solving the problem with iterative After long-term study, scholars discovered a further level
use of most of the TRIZ instruments. It is very “solution of abstraction from the technical contradictions as well as
neutral”; it removes preconceived solutions from the process contradictions. These scholars found that, in
problem statementp)]. many cases, the technical contradiction could be
6) Agents Method is a graphical-logical procedure for presented as two extremes of one feature, which he called
implementing forward, backward, or bidirectional stepsa physical contradiction. More formally, a physical
between the initial and desirable situations when they cangontradiction requires mutually exclusive states as they
respectively, be presented as the correct statement of glate to a function, performance or a component. For
problem and the Ideal Final Result. example, typical physical contradictions includes:
These instruments represent a system for handlingmovable vs. stationary”; “fast vs. slow”; “big vs. small”;
different steps during problem solving. It is important to “hot vs. cold”, etc. The relationship between the technical
remember that these heuristics and instruments are “foand physical contradictions can be described like that
thinking” and not tools to be used “instead of thinking”. technical contradiction between parameter A and B has
Usually, when engineers solve a conflict with TRIZ, they further abstracted to present the contradiction in terms of
need to turn the specific process conflict into a generatommon variable parameter C, which represents the
conflict model, and then obtain the general solution ofphysical contradiction. Altshuller found that by defining
this conflict model and turn it into a specific solution the contradiction around one parameter with mutually
combined with practical conditions, and evaluate thisexclusive states the correlation operators used to detect a
creative concept in the endJ. solution could be more generic and there are four
Altshuller's early work on patents resulted in separation principles (Table.1) used to help resolve this
classifying inventive solutions into five levels, ranging type of contradiction. The separation principles can be
from trivial improvement to scientific breakthroughs. summarized as follows:
Although there is potential to structure the creative
process around trade-off contradictions, only the tedinic
contradiction solution system and physical contradiction
solution system are introduced here.

Table 1: Separation principles
separation of opposite requirements in space
separation upon condition
separation within a whole and its parts
separation of opposite requirements in time

A WNBRF

2.2.2 Contradiction Solution System of TRIZ

With the matrix, engineers can identify the most possible
process innovative solutions in the 40 common principles.  Taking the ship for example, the technical
There are 39 engineering parameters including thecontradictions are ‘speed and carrying capacity’, and look
weight of object, the dimension of object, the force of for another common parameter displaying mutually
object, and so forth. The matrix is a 39-39 matrix, which exclusive states. Such a parameter in this example might
contains the several most likely principles for solving be the cross sectional area of the body of a ship. A small
design problems involving the 1482 most common cross sectional area is required for speed, but for carrying
contradiction types. The basic process of using TRIZ is axapacity, a larger cross sectional area is requit&H The
the following statement: For using TRIZ in the innovative four innovation principles would then be considered, and
design problem solving, firstly the process engineer need this case, disintegrate the body of ship, then ‘catamaran
to find out the corresponding contradictions for his/herwith two parallel hulls that are held in place by a single
problem at hand. Next, the process engineer matches th@eck’ could be considered as the possible option for
meaning of each contradiction with two appropriate bigger carrying capacity and higher speed.
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2.3 Find the Best Solution with AHP each element in the hierarchy, engineers might think low
cost take precedence over short time, short time over

There are usually several process innovation solutions, ienvironmental protection and so on. Synthesize these

is necessary for engineers to evaluate these solutions ajddgments to yield a set of overall priorities for the

find the most creative one among them. The most creativéierarchy. Check the consistency of the judgments. Come

one can solve the key conflict which has greater negativéo a final decision based on the results of this process.

effects on the process system than other conflicts, and

considerably improve the efficiency of process system. In

order to promote the process system greatly, engineers 3.2 Construct the Hierarchy and Assign Weight by AHP

need to find the best process innovation solutions in these

alternatives with the help of AHP (The analytic hierarchy Analytical Hierarchy Process (AHP) can be used to

process). analyzing the process system qualitatively and
quantitatively. Using the AHP method involves

mathematical synthesis of judgments about the problem
on hand, which could help engineers to find the best

L . rocess  solutions  amon man alternatives
The analytic hierarchy process (AHP) is a structuredp g y

hni ¢ ] d Vi I systematically 17].
technique  for —organizing —an an? yzing y COMPEX = \When engineers use AHP to select the best solution,
decisions. Rather than prescribing a “correct” decision

X X 'they need to build the hierarchy (Figure. 4). The topmost
the AHP helps process engineers to find one that bes1‘evel in the hierarchical structure for the evaluation

suits their goal and their understanding of the process, ohjem js the goal of achieving the best process system
problem. It provides a comprehensive and rationalyegjgn The second levels are a set of carefully chosen
framework for structuring a'deC|S|on problem, fpr criteria and sub-criteria, respectively. The last level
representing and quantifying its elements, for relat'.ngcomprises available alternatives. Usually, the evalwatio
those elements to overall goals, and for evaluatingitarion of process innovation mainly include: T (time),

alternative process solutions. : ;
, . - uality), C (cost), R (resource consumption) and E
Users of the AHP first decompose their decision ?en(\?ironnzéntal(impa)ct) egc ption)

problem into a hierarchy of more easily comprehended The procedure for using the AHP method can be

sub-problems, each of which can be analyzed ; )

. . summarized as follows:

independently. The elements of the hierarchy can be Step 1. Decomposing

relateq to any aspect of the decision Pmb'em tangible or Enginéers need to mo.del the problem as a hierarchical

intangible, carefully measured or roughly estimated, well ; : o .
structure which contains decision goal, alternatives for

or poorly understood. ; : o X
: . . . reaching it, and the criteria for evaluating these
Once the hierarchy is built, the process engineers lternatives. For example, the goal is to find the best

fgjﬁmﬁﬂcsgzheg?#gtzgz \\:\E;li:;? ?:Selgggﬁgtagi}; fr?]mfgr:)nn%rocess innovation in alternative process solutions. The
: P P criteria for evaluating process conflict contains timetcos

an element above them in the hierarchy. The AHP uality. resource consumotion and environment
converts these evaluations to numerical values that can b Y, o P )
Step 2. Weighing.

processed and compared over the entire range of the The essence of the AHP is human judgments, which

rocess problemig. A numerical weight or priority is . . )
gerived ?or eac%lﬁprocess elementgof thg hie*archycan be used in performing the evaluations, rather than the

allowing diverse and incommensurable elements to bémderl){lnlg |n|for|mtat|?hn. Therr]et:fofre, |ths |_?1p_ortz|;mt t(;’
compared to one another in a rational and consistent Way'?\ccura ely calculate (ne weight of éach criteria. in oraer

This capability distinguishes the AHP from otherdecisiontho. calcr:JIate thE weight amoggtthe eklements .Of thfe
making techniques. ierarchy [L8], Engineers need to make a series o

In one of important step, numerical priorities are Judgments baseq on the comparative matrix, fﬁ’l.nd
calculated for each of the decision alternatives. Thes yntheS|ze these judgments to a set of o_verall priorities
numbers represent the alternatives’ relative ability to'of the hierarchy. Then check the consistency of the

achieve the decision goal, so they allow a straightforwardUdgmentS: . . .
consideration of the various courses of action. So engineers need to establish the judgment matrix and

The procedure for using the AHP to select the bestcompare the criteria with the others, which belong to the

process solution can be summarized as follows. Modefame criterion of the higher lever.
the process problem as a hierarchy containing the The establishedx n matrix is shown as follows, and n

decision goal, the alternatives for reaching it, and theStands for the number of criteria.
criteria for evaluating the alternatives. Establish pties

2.3.1 Introduction to AHP

among the elements of the hierarchy by making a series fi1-- T
of judgments based on pairwise comparisons of the R=| " (1)
elements. For example, when calculating the weight of ry - 11
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Note: The sum of the weightis 1. For examge/, =

1.
Step 3. Evaluating.
Calculate the index&a, Ss, ..., SN.

— Sa=> An-Vm (5)
SB:§Bm'vm (6)
< Solution B O< &= ZCm'Vm (7

Step 4. Selecting.

Then we can draw a conclusion on the problem based
Fig. 4: The Hierarchical Structure of Process Solutions. on the conflict index. Comparing the ind&x,Ss... S\,

the most inventive process solution is the one with the

_ _ largest index.
After that engineers check the consistency of the

establishedh « n matrix, and work out the coincidence

criterion. The Apax is the maximum eigenvalue of the 3 Discussion: Grinding System Apply
matrix, andn is the order of the matrix. L
Process I nnovation Strategy

Alternative Solutions i

Amax—N . o . . L
o1 2) Since process design is a highly empirical activity, in
order to solve the process conflict effectively, It is needed
Then consider the random indeR ], and figure out to establish a strategy of process innovation design,
the consistency ratio, and the judgment matrix is up to thenamely, acquire the constraints and requirements of the
mustard, ifCg < 0.1. process system, then analyze the process conflicts
combining with these requirements and constraints, then
Cre 2 3) solve these conflicts with TRIZ, finally apply AHP
"R evaluating these solutions to select the most creative
process solution. The case of grinding blade illustrates
Next, rank the criteria into single level. Take the how to apply this process innovation strategy solving
accuracy and the complexity of operation into conflictsin process syster(.
consideration, select the feature vector method. The The blade surface of cutting tool has an important
weight vector can be calculated by the following formula. influence on its durability and performance. In Many
Cases, for example, after long time works, worker needs
(A—nj)-W=0 (4)  to grind the blade of milling-tool which may get dull.
Because of the complexity of blade, and considering the
The above formula\ is one of the eigenvalues of the cost of grinding system (Figure 5), dry grinding is widely
matrix, W represents the eigenvectors of matx  used in traditional grinding process, instead of pouring
corresponding to the eigenvalueswhich is the weight  cooling fluid, which will limit the vision of the worker
vector. and increase the cost of grinder. However, the quality of
After the weight of the criteria which is relative to the blade is instable, when machining the blade of tools in
higher level is obtained, multiply each layer weight traditional dry grinding way, because dry grinding will
together from bottom to top, and the result is the totalgenerate lots of heat which causes surface hardening and
weight [19]. deforms the blade of tool. This paper tries to solve the
Then if we sety, represent the weight of criterion to  process conflicts in this grinding system with the process
goal: short time V1), low cost §2), good quality ¥3), low  innovation strategy which was discussed above.
consumption ¥z), environmental friendliness/). Then
we would haveAn,Bn...Nm represent the scores of

process solution to criterion (Table 2). 3.1 Evaluate the Grinding Machine System
Based on Requirements and Constraints

C =

G

Table 2: Weight
1 2 3 4 5 3% Firstly, engineers need to find the requirements of the
Vm Vi Vo V3 Vg V5 1 process system with the help of QFD. The established
An AL A A3 Ar A house of Quality is shown as figure 6. From the house of
quality and other information about the grinding system,
Nm Ni No N Na Ns engineers can easily find the process requirements as
(@© 2015 NSP
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—

follows. Take away the heat generated by the friction  3) Constraints of the mode of production. This cutter
effectively. Reduce the difficulty of operation and grinding system belongs to small scale production,
retaining precision. therefore, production mode has to be flexible.

After that, it is needed for engineers to analyze the 4) Constraints of technology. The grinding system has
constraints of this grinding system. The constraints of thi to be not too complicated to operate for workers.
grinding system mainly come from economic constraints,  Then it's much easier for engineers to evaluate the
manufacturing constraints, production constraints andyrinding system, and draw a conclusion that there are two
constraints of technology. conflicts in this process system.

3.2 Solve Process Conflicts with TRIZ

Engineers want to use TRIZ to solve the conflicts in the
process system, there are some principles they need to
refer.

Firstly, express the process conflict in a standardized
way. In the finish machining process, what needed to be
improved is the high temperature caused by the absence of
cooling medium. However, pouring cooling medium will
increase the complexity of the process system (Table.3).

Milling-Tool

Table 3: Conflicts in Process System

Fig. 5: Process Innovation in Grinding System. High Temperature Vs _ Loss of Precision
Taking away the heat Cooling system will
Generated by the friction Vs Increase the cost and the
effectively difficulty of operation

" Secondly, combining the 39 parameters of

— " contradiction table, process engineers can obtain a new
description about this process problem (Table 4).
++ — —_—

Table 4: The New Description of Problem

Properties of Grinding Cooling Grinding Improyed parameter: 31 Obje_ct-generate_d harmful factors
Grinding wheel]  Method Method | Parameter Deteriorated parameter: 36 Device complexity
Complexity A o ° A
oo - - - = Thirdl i btain th di
Operation =~ - " ~ ' irdly, engineers can obtain the corresponding
= innovation principles (01, 19, 31) with the contradiction
ooy 2 : 2 : matrix (Table.5) which tells you the 40 principles have
HEEEEN . ° 4 ° been used most frequently to solve a problem that
oClosely Related oRelated AWeak Related involves a particular contradiction.

++ Strong Positive Correlation ~ + Positive Correlation

-- Strong Negative Correlation  -Negative Correlation Then comparing the 40 inventive prlnC|pIes which are

the innovation tools of TRIZ, engineers will be inspired by
Fig. 6: The House of Quality of grinding sysytem. these three innovation principles (Table 6).
Finally, Engineers can draw a conclusion about the
1) Economic constraints. It is absolutely essential forfinal specific solutions considering the innovation
this system to keep cost down. High cost of the machineprinciples we obtained above. In this specific case, there
or use cost will force company to change the failed cuttingare two possible creative process solutions.
tool. Low cost means the simplicity of the grinding system  Solution one, add lubricant into the grinding wheel in
and the grinding consumables. advance. Because the grinding wheel is porous, engineers
2) Manufacturing constraints. The high temperaturecan use oil to dilute solid lubricant such as graphite and
of grinding environment imposes restrictions on grinding molybdenum dioxide, and then infiltrate into grinding
material’'s attribute, such as heat resistance, structureyheel R1]. In practice Cutting oil which evaporates
size, precision, etc. Since the grinding is an empiricaleasily acts as thinner, and graphite powder acts as
process. The visual field of worker can’t be affected by lubricant, and then they seep into the grinding wheel.
the cooling medium. Lubricant can reduce the heat generated by the friction of
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Table5: Contradiction Matrix of Grinding System

Worsening f;’ - > engineers dec[dga the qual'ity take precedenqe over cost,
Feature = © ° S S o 3 cost over efficiency, efficiency over environmental
) 5E 58 o5 protection. Then engineers 344 to represent the weight
Worsening T3 T& 3 5 of criterion to the goal: quality \(j), low cost {5),
Feature >E >0 Qo efficiency ¥/3), environmental friendlines¥y).

i 1 2 36 As referred by the preceding part of the paper, we
Weight of * - .. I select machining quality, machining requirements and
\Tvg\i/énh?;bjed i6l3g machining influence as the first level criterion, and select
statiionary 2 - * g9 the other 8 criteria such as material of the blqde: shape of
the blade and so on as the second level criterion. After
Objectaffected , 1922 3522 _ oo discussing by t.h.e process designers, we got the following
harmful 1539 139 judgmentmatrix:

The judgment matrix of first level:
1 2 5
Table 6: Principles and Meanings A= iﬁ 1}3 i’ g (8)

Inventive Principles Meanings

01 Segmentation  Divide an object into independent
parts.

19 Periodic action Instead of continuous action, use
periodic or pulsating actions

31 Porous materials Make an object porous or add porous
elements (inserts, coatings, etc.) Wa = (0.85780.4744,0.17320.0959

1/81/51/2 1

Using the square root method, we can acquire the
weight:

Then check the consistency, the check results are
shown in Tab7.

grinding. At the same time the evaporating cutting oil

takes away the heat which was generated in grinding Table7
process. This solution creatively solves the problem of Index A
heat dissipation without increasing the complexity of Amax ~ 4.0104
grinding system. C 0.00346
Solution two, add the gas-liquid mixture cooling R 0.89

system to the grinding system. It's an effective method for Cr 0.00389

a process system which generates lots of heat to add a

cooling system. In some body's view, it seems that . )
cooling liquid is the best medium, which possesses the !t can be seen from the table, the indexGafvaluesis
advantage of low cost and efficiencgq. However, !ess than 0.1, so the criteria are consistent, and the'mgtnx
cooling liquid has a negative effect on the operation of the!S acceptable. Then we get the weight of each criterion
worker by limiting his visual field. If we change from the relative to the total target. The results are shown in Tab.8.

liquid to gas-liquid mixture as the cooling medium, we

can neutralize the negative effect on worker’s visual field. Table 8: Weight of each index
On the other hand, the mixture of gas-liquid just mildly index weight
reduces the efficiency of cooling. Quality 0.4286
Low Cost 0.2857
Efficiency 0.1714
3.3 Compare Two Process Innovations with Environmental Friendly 0.1143
AHP

Then we would haveAn,Bn, which respectively

Engineers model this evaluation as a hierarchical stractur represent the scores of process solution corresponding to
The decision goal is to select the most inventive processhe criterion. (Table 9)
solution, the alternatives for reaching it, and the evahgat Calculate the satisfaction indeS4, s . . . Sn.-
criteria including quality, cost, efficiency and environmhe

Engineers judge the comparative matrix pairs of Sa= zAm'Vm
criteria, and synthesize these judgments to yield a set of _ g 4086+ 68+ 0.2857x« 80+0.1714% 76+0.1143+ 75
overall priorities for the hierarchy. Then check the 736285 9
consistency of the judgments. For example, when — "% ©)
calculating the weight of each element in the hierarchy,Sg = z Bm:Vim
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Table 9: Weight
1 2 3 4
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Vm 04286 02857  0.1714 0.1143 This work was supported in part by NSFC (National
Am 68 80 76 75 Natural Science Foundation of China) under Grant No.
B 72 0 85 90 51175357&No. 51105260&No. 51175355 and the

National 863 High Technology R&D Program (NO.
2013AA040606-1).

= 0.4286+« 72+ 0.2857+ 70+0.1714x 85+0.1143« 90
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