%% : 14071900462

MR m g L g1

T

A H 2 s AR n A EAEST

B F B HR Jea 5 2011 /&

7 3 AWIEFKR Ll MR HIERE B
RS g 4 R - il L

52 I 1] - 2011 F5 A 11 H

20114 5 H 11 H




TP P2 e L e (R0

w =

KA HE R S BRI 2 —, EARZEAR AR MEeT, K
EHLBE U K ORI o T DA A Al 7 A S L5l o s v R Sz D i S22k, i
St ) 0 TR ) 2 IR T B A I B BILIK A i B R BE R AR

B R AER D, BN TEORG R T 3 Z N BUEEIR . BaE WK
B R PR S S BEB AR F R, SEAT RSO AT B R BRI de-hrilin T, A
A R BN TR AR T o IR I ToRE) 2 R ONC 428 i 1 ot a2 PR TL R STk A T
FEEEIN T o SO B ORIC 5 1048 A S8 P E . PO AR s . AhillE. B
FMERSE . W A TR BT AR, DLORIE S M BT AR E o

AICLA Pro / E iy NC BEHL 5 VERTCUT B BEaih, 45& 0% A% Al X 3k
ENHLHT R BRI THIBEIT, SRR, 7 FOm TR PRET VRN
P g R . D EIAE I T L, AR
KB . KL% VERICUT; Pro/E; BNl fjiL



TP P2 e L e (R0

ABSTRACT

The crankshaft is one of the most important parts of engine, because it bear the
complex, the impact of alternating load, thus the engine design is important and
difficult. Because of the crankshaft in the engine power output in the importance and
complexity of the force, the crankshaft machining quality directly affects the entire life of the
engine and performance is good or bad.

With the development of science and technology, NC technology is more widely used.
CNC lathes, the milling machine, CNC lathe spindle broaching machine and other advanced
equipment to the neck, connecting rod journal for CNC turning, milling inside the car -
pull-cut processing, in order to effectively reduce the deformation of the crankshaft
machining. Finishing will be widely used crankshaft crankshaft grinder CNC control for fine
grinding of its journal. Such grinding machines will be equipped with automatic grinding
wheel balancing equipment, the center rack automatic tracking devices, automatic
measurement, automatic compensation device, automatic wheel dressing, constant speed and
other functions required to ensure the stability of the grinding  quality.

In this paper, Pro / E in NC modules and VERICUT software, combined with their
respective characteristics, the engine crankshaft through a process of NC simulation presents a
part modeling, simulation processing, quick way to greatly speed up the
modeling programming speed, simulation process, improve production efficiency.

Keywords: NC;Pro/ NC; VERICUT; machine; Simulation
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Abstract: The paper presents practical application of the modeling and simulation method in
identifying and improving of production processes according to principles and stages of the theory
of constraints. The particular stages of the mentioned theory are illustrated by the practical
example of analysis of the crankshafts’ manufacturing line. By means of simulation it is possible to
check different variants of possible ways of workplaces improvements and to choose the best for
realization.

Key words: crankshaft, modeling and simulation, theory of constraints

1. INTRODUCTION

Several stages of development of the computer simulation method can be determined. They are
connected with development of programming languages and development of data processing
techniques. This development caused that the method of modeling and computer simulation has
been wider used. Presently many simulation systems are available on the market from the
simplest created on the basis of mathematical models, to the most complex, with environment for
creating animation, 3D graphics, virtual reality and the possibility for integration with the company
data bases. Simulation systems such as ARENA offer a comprehensive set of advanced solutions
designed to analyse processes realized in production enterprises [3, 4, 6]. The range of
applications covers the whole manufacturing process, from designing and planning to assembly of
final products. Typical scenarios include:

- documenting, visualizing, and demonstrating the dynamics of a process with animation,
- predicting system performance based on key metrics such as costs, throughput, cycle times,
and utilizations,

- identifying process bottlenecks such as queue build ups and over-utilization of resources,
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- planning staff, equipment, or material requirements.

With simulation software, we can:

- model our processes to define, document, and communicate,

- simulate the future performance of our system to understand complex relationships and
identify opportunities for improvement,

- visualize our operations with dynamic animation graphics,

- analyze how our system will performin its “as-is” configuration and under a myriad of
possible “to-be” alternatives so that we can confidently choose the best way to run our business. In
next chapters, there is presented the analyse of manufacturing line according to the theory of
constraints, application process which illustrate how we can model, simulate, visualize, and
analyze manufacturing processes with simulation software.

2. THEORY OF CONSTRAINTS (TOC)

2.1. Modeling and simulation in theory of constraints

The Theory of Constrains (TOC) is a philosophy of management, which directs main attention
on a bottle-neck of production system, that is the part which decides about efficiency of the whole
system. Improvement of the bottle-neck gives the largest progress in the process of company
development[1, 2, 7].

A large majority of people from high and medium management try to increase the efficiency only
in chosen fragments of the production process, especially in their own departments. They do not
look at the whole production system. The basis of such approach often is an assumption, that if
every unit of the system is improved, then the efficiency of the whole enterprise will increase too.
Such assumption does not take into account connections between particular departments and
particular production processes. The improvement of particular sections very often does not lead
to improvement of company efficiency. The optimum of the system is not a sum of local optimums.
The improvement of efficiency in one part of the organization does not guarantee the improvement
of the whole.

According to the theory of constraints all systems have “the weak link”, which is the constraint
and which determines the efficiency of the whole organization. Strengthening of oth er links,
beyond the weakest, will not strengthen the chain of processes.

The modeling and simulation method is a perfect tool which enables to find this weak link. It is
often this workplace, which is maximally loaded and before which comes into being the largest
queue of pieces waiting on processing. The bottleneck of a production system is possible to find
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by analyzing of information included in the report from simulation, and also by observation of
animation from computer simulation.

With help of simulation it is possible to realize next activities leading to the system improvement
and connected with the Theory of Constraints — checking possibilities of the bottleneck fromthe
pointof view of maximum utilization, checking possibilities for his stre ngthening, adaptation of
the supply and manufacturing schedule to the possibilities of the bottleneck [5].

2.2. Process of changes in the theory of constraints

Production process is the chain of activities, which are realized on mutually related
resources and only several units (constraints) in this system have influence on the achieved result.
Understanding this dependence makes it possible to find solution even for very complicated
problems. Improvement of the production system should be realized in a cyclic way in the 5
following stages[1, 2, 7]:

1. identifying the constraint (bottleneck) of the system,

2. maximum exploitation of the present possibilities of the bottleneck,

3. subordination of all to the maximum utilization (exploitation) of the bottleneck,
4. elevation of the bottleneck possibility (throughput),

5. return to stage 1.

On every stage, itis possible to use simulation, for example to identify the system limitation, to
check the present bottleneck possibilities and to plan properly uncritical tasks practically. In next
chapter of this paper, there is presented an example of the realized project according to
above-mentioned stages.

3. EXAMPLE OF THE PRODUCTIONLINE IMPROVEMENT

3.1.Characterization of the analyzed production system and the aim of

research

The main goal of the conducted analysis was to increase volume of production in the
crankshafts’manufacturing line. The analyzed line works in 3-shift system and 6 days per week,
what excludes possibilities for increasing efficiency by introduction of additional shift or extra
hours.
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The aim of research was the analyze of tools exchange and material flow between the store and
workplaces in the crankshafts manufacturing line and also looking for new solutions permitting
improvement of the analyzed production system. The domain of study covers the flow of material
between workplaces taking into account breaks caused by setup of working units. Different
models in the ARENA system were prepared, whose aim was the imitation of the real system
functioning and checking the proposed improvements. First variant of the simulation model
encloses all operations realized in the analyzed production line. The goal of this simulation was to
find a bottleneck, it means this workplace, which should be improved first. Next variants include
activities realized in the bottleneck in detail defined. Different ways for setup realization were
defined — different number of workers, different range and way of work organization. Presentation
of the achieved results was prepared on the basis on reports from simulation. The most essential
parameters of the analyzed systems were separated and by changes of their values the best
solution was looked for. This activity is a typical example of realization of the fourth stepin TOC —
elevation of the bottleneck possibility.

3.2.lIdentifying the constraint

After modeling of the crankshaft manufacturing line (fig.1) and simulation of weekly production,
in reports we found information about duty of workplaces, about size of queues before workplaces
and the achieved volume of production. It made possible to identify the bottle-neck. This
simulation was conducted in ARENA software packet.

The bottleneck of the analyzed production system is the machining centre for 14th operation
characterized by the largest duty and the largest time and number of waiting pieces in the queue
- fig.2. This operation has the longest operation time and also the longest setup time.

3.3.Maximum exploitation of the present possibilities of turning machines

To enlarge the efficiency of machining centre some organizational changes were proposed.
The creation of conditions for continuous production in this workplace was the effect of these
changes. In the bottleneck always will work at least one operator. The machining centre will be
supported additionally by the operator from neighbouring workplaces.

The above mentioned changes were introduced into the second simulation model. Fromthe
conducted simulation the following conclusions were drawn:

- duty of all workplaces of the analyzed production line grew — average by about 2%. The
bottleneck was loaded almost by 100%;

- the volume of production grew similarly - from 18200 to 18600 pieces per week (by about
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Fig.1. Simulation model of the crankshaft manufacturing line (Arena software)

3.4. Subordination of all to exploitation of the bottleneck

This principle was realized by the proper scheduling of production orders. In the first simulation
the size of batches of material was established on the level of 20000 parts per week. As it turned
out from simulation, we are not able to process such quantity of material. In effect, this guided to
enlarging queues before machining centre (bottleneck). On the basis of results from the simulation,
there was established that 18600 pieces will be the suitable size of weekly batch of production.
With such level of production the average weekly size of the queue before bottle -neck will be
constant.
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Fig.2. Part of simulation report

3.5.Elevation of the bottleneckthroughput

The efficiency of the machining centre should be enlarged by purchase of a new machine. This
solution was rejected due to too large costs of investment. The next proposed solution was the
modernization, which makes it possible to achieve shorter setup time.

Some organization changes connected with tool exchange were proposed, whose aim was to
shorten the time of machine standstill during setup.

In the analyzed workplace there are 15 machining units, which are prepared for working in
different cycles — exchange of tools after different quantity of worked parts. The setup of any
working unit requires stopping of whole line and it often causes standstills. It was the main
reason to establish the same cycle for all units (to minimize quantity of standstills).

With regard on large differentiation of tools and their costs, simultaneous setup of all units is not
possible. Several solutions were proposed, which are modelled and checked by computer
simulation - fig.3.
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Fig.3. Simulation model of the exchange of tools in machining centre

The most important variants are:
V1 - present state (one worker sets up all production units in machining centre),

V2 - second worker’s employment (one worker sets up from left side, and second from right
side),

V3 - engagement of two workers (both workers set up units from left and right side in
dependence on need),

V4 - new schedule for setup (the change of setup cycles and grouping tools for minimize
quantity of standstills).

Results from simulation were used to compare the proposed variants. The best variant from the
point of view of production volume was variant number 3 - fig.4. The achieved results can be the
basis for planning of tool services.
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190004
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18000
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Production per
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Vi va

V2

Fig.4. Example of results from simulation
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The achieved volume of production carries out almost 20 000 pieces per week. The duty of
workplaces was increased on the average by about 6%. The duty of the analyzed machining
centre carries out 98%, what means that we should return to the beginning of the analysis, which
is to improving a new constraint of the analyzed production system.

4. CONCLUSIONS

If it turns out that another workplace after improvement (realization of changes in the
production system) will be the bottleneck, we should go back to the stage 1. In the last stage of the
presented analysis it turned out, that the other machine became the bottleneck and this workplace
should be strengthened in the next step of improvements. Thanks to the simulation, after any
change we see its influence on the constraint and also on the other elements of the analyzed
system.

In the described analysis, there were presented only chosen examples of simulation variants. In
practice, there are more variants. They are more detailed and they take into account more aspects
of the analyzed production systems.

Next conclusion is that the modeling permits to represent the real system and to find these
elements, which are essential from the point of the analyzed problem (the setup of machine units).
Besides, there exists the possibility for unrestricted interference into the system without the risk of
causing irreversible losses. Therefore, this method gives us a huge possibilities connected with
searching for solutions improving the work of logistic systems in enterprises.
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