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Abstract. With the need of bolt parts automatically processing requirements for a manufacture
company, an automatic production line of this parts was designed, also simulated and optimized.
Firstly, on the basis of analyzing the process characteristics of bolt, the process route of it was
established by considering the balance of the production line and the distribution of working
procedure; Then, the automatic production line simulation model was built by using the object
oriented modeling method, meanwhile the line was emulated in the discrete system simulation
software Plant Simulation, the blocking problem in the productive process was improved and
optimized from the aspects of adjusting the number of key equipment, and improving the process
route. The experiment results show that the improved production line running reliably, the balance
of the production line and production efficiency are improved significantly. It will reduce the
planning and engineering costs, and provide technical support for the production line construction.

1. Introduction

With the changing of the global economic situation, the manufacturing enterprises
confronted with severe challenges such as the market demand of the products was
diversified and personalized, the product updating speed was accelerated, and the product life cycle
was shortened [1-3]. So, under the premise of ensuring product quality, enterprises must accurately
respond to the market demands by constantly optimizing the production mode, improving
production efficiency, and reducing production cycle. Nowadays, under the lean production mode,
many automobile manufacturing enterprises have realized that the planning and layout of a new
production line directly determines the product quality, production efficiency and economic benefit
of the enterprise. Therefore, the production line design is attached great importance [4-5]. It was
very difficult to achieve the expected effect of the design, implementation and control of a
production line by using the traditional manual design method [6-7]. According to reports, many
have been running complex manufacturing systems (especially FMS) about 80% [8-9] in foreign
countries were not fully meet the design requirements. Computer aided design method based on
virtual manufacturing technology has been widely used in the design, operation and optimization of
the manufacturing system. The Plant Simulation software was used to model and simulate the
designed production line to find out possible problems in the planning, and to find the optimal
design by modifying and adjusting the parameters, which could reduce the capital investment,
reduce the running cost and improve the production efficiency. Finally, it could provide a solid
foundation for the long-term high-efficiency operation of the production line.

2. Analysis of the production demand and process characteristics of bolt

2.1 Production demand of bolt

A manufacturing enterprise needed to expand the production scale of bolt to meet the market
demand, so it was necessary to build a new production line to adapt the new production plan. The
designed annual production capacity was 1 million, the monthly work time was 25 days, 20 hours a
day, with two classes, the rest time of each class was 0.5h, equipment operation rate was 90%, and
the key size CPK=1.33.

Copyright © 2017, the Authors. Published by Atlantis Press.

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 757



ATLANTIS
PRESS Advances in Computer Science Research, volume 71

2.2 Process characteristics analysis of bolt

The engineering drawing of bolt was shown in figurel. The surfaces that needed to be processed
include: turning the outer circles and the inner holes, drilling the radial holes and grinding the
important working surfaces. The Concentricity and perpendicularity requirements of inner holes’
surfaces were high, the circlip groove had narrow width and high precision requirement. Therefore,
it was an important issue in processing that how to ensure the geometrical precision of each surface.
Considering the principle of working procedure and the balance of production line, the process
route was formulated as follows: (turning the end face and outer circles, turning the inner hole @
12 and screw thread; @turning the other end face and the rest outer circles, turning the inner holes,
cutting the retainer ring groove, milling the semicircle groove;®)drilling two rounds of radial holes
®3.2, with chamfer; @honing inside hole ® 34H6;(G Laser Marking.

[IveTi}-

Fig. 1 bolt engineering drawing
According to the bolt processing route, the selected main processing equipment were as follows:
KIT450 CNC lathe 4sets; I-CUT380TI drilling center 2sets; RC06 honing machine 1set; HM20

laser marking machine lset. The processing equipment combined with multi-joint robots and
load-unload devices to form a production unit, which can achieve the production of several types of

bolt, the processing layout was shown in ﬁgure 2.
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Fig. 2 bolt processing layout diagram
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3. The establishment and simulation analysis of production line model

3.1 Plant Simulation introduction

Plant Simulation was developed by Tecnomatix company for production system, production
process and logistics system modeling and simulation, which had a graphical, integrated, intuitive
user environment[10-12]; It was easy to understand by fully object-oriented, hierarchical modeling
process; also it had good compatibility, could provide various types of external interface, such as
ASCII, SQL, DDC, OBDC, Word, Excel, etc.; Using the embedded SimTalk programming
language, users could make detail control of the model. Meanwhile, users could analyze and
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optimize the production system indexes, such as production layout, resource utilization, logistics
efficiency, wip level, workers load balance, etc., and rapid response to production decisions and
carry out continuous improvement, finally, design a good production line.
3.2 Simulation condition hypothesis

Because of some uncontrollable factors in the actual production, logistics situation in discrete
production workshop was also more complex, so the following assumptions were made to insure
modeling the production line simulation model smoothly:
(D spare parts supplied sufficiently, there was no shortage of material phenomenon;
(@ the preparation time of all equipment was 0, bolts processing in accordance with the process
priority, and no reflow phenomenon;
(3 equipment failure rate in the process of production was 0;
@ skill level of all workers were the same, and personnel arrangement meet the processing
requirements;
® no defective goods.
3.3 Production line simulation model

In Plant Simulation software singleproc module was used to represent the machine tool, buffer
module was used to express the buffer, entity module was used to express bolt, chart module was
used to analysis equipment utilization and Report module was used to analysis the production line
bottleneck. At the same time, according to the processing schedule of bolt (see tablel), the
corresponding simulation settings of the model could be set up. The production line simulation
model was established as shown in figure3.

Table 1 processing schedule

production processes equipment numbers processing time (s)
OP10 KIT450 CNC lathe 2 20.4
OP20 KIT450 CNC lathe 2 29.4
OP30 I-CUT380TI drilling center 2 36.6
OP40 RCO06 honing machine 1 15
OP50 HM20 laser marking machine 1 19
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Fig. 3 production line simulation model

The simulation experiment was operated in accordance with the set of production rhythm,
process parameters and logistics parameters, and the experiment results were shown in table2. From
the table we could see that there was different degree of congestion from OP10 to OP40, and the
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equipment utilization rate was low, which affected the production run smoothly, and also caused
staff idle; the processing time of OP30 was the longest, and its equipment utilization rate was high,
which belongs to the bottleneck process. Therefore, the overall load of the production line was not
balanced enough, which could be improved by adjusting the equipment number or optimizing
technical processes. According to the production line balance rate calculation formula:

n= (ZTi /n x maxT, j x100% , we could figure out 7, =70.63% . So, it was necessary to optimize
=
the design of the production line.

Table 2 simulation results statistics

production processes working (%) waiting (%) blocking (%)
OP10 41.51 0 58.49
OP20 59.77 0 40.23
OP30 74.4 0 25.6
OP40 60.98 0 39.02
OP50 97.27 2.73 0

3.4 Improvement of production line

Aiming at the problems existed in the original plan, a new method was adopted to concentrate
working procedure suitable, which was by using L160LMSA double spindle CNC lathe to merge the
original processes OP10-OP30. It could effectively reduce the number of positioning and clamping,
guarantee the position accuracy requirement, decrease the turnover and storage area of
semi-finished products. The improved processing schedule of bolt was shown in Table3, and the
simulation model of the production line was shown in figure4.

Table 3 improved processing schedule

production processes equipment numbers | processing time (s)

OP10 L160LMSA double spindle CNC lathe 8 139.2

OP20 RCO06 honing machine 1 15

OP30 HM20 laser marking machine 1 19
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EventControlles ShiftCalendar init Method Chart HtmlReport
0 output=10315
Source opl0 Buffer10to20 op20 Buffer20to30 op30 Drain

Fig. 4 improved production line simulation model

Running the improved production line simulation model, the experiment results were shown in
table4. From the table, the work time of each process was improved significantly, and the efficiency
of the production line increased effectively. According to the production line balancing rate formula,
we could figure out 77, = 82.44% , which was much bigger than the initial rate 70.63%. Meanwhile,

the production was also increased.
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Table 4 improved simulation results statistics

production processes working (%) waiting (%) blocking (%)
OP10 91.25 8.75 0
OP20 86.21 13.79 0
OP30 89.08 10.92 0

4. Conclusions

The model of bolt automatic production line was established and simulated by the discrete system
simulation software Plant Simulation, and also optimized and improved the production line.
Therefore, the balance rate of production line and the production efficiency had been improved
obviously, and the more reasonable design scheme was determined, which provided technical
support for the construction of an actual production line. At the same time, there were still some
waits in the operation process; and due to the constraints and changes in the actual production
conditions, the production line cannot be completely balanced, so the optimization of automatic
production line would be a long lasting process.
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