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ABSTRACT: The theory of value stream has the extremely important significance to the enterprise's organization
reengineering, management improvement, strategic planning and resource allocation. Value stream map not only can
be used as a tool to management improvement, business planning and communication, but also can transform
enterprise from traditional to lean one. This paper uses value stream map to analyze the status quo and lean
improvement to the connector production line, which can effectively shorten the cycling time of production system,
reduce the WIP inventory, and rebuild the manufacturing process. From these researches, production line capacity,
value-added ratio and balance of the rate and artificial efficiency are improved substantially, which all can increase
the enterprise market competition ability.
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INTRODUCTION

It often occurs that the WIP inventory of the enterprise is too large, and each process is lack of circulation of
information etc. The research of value stream map technology is to improve the competitiveness of enterprises and the
overall efficiency, by making the value flow chart to help management to understand the value of the product and the
service of the pre-sales and after-sales. The analysis of problems existing in the value stream map, which is to identify
the source of the current production process in the presence of non-value-added and waste, is used as the landmark
together with the philosophy of lean thinking and principles of industrial engineering to propose specific improvement
strategy. By eliminating the waste in the value stream and to improve the value stream, and improving the
non-value-added process, it is supposed to achieve the optimization of the entire value stream system. In the process
of implementing the plan, it is necessary to follow the work plan based on the principles of the value stream: to avoid
the new waste [1]. Balanced-production from the overall point of view, eliminating waste, to achieve the goal of the
whole system as a whole [2].

LITERATURE REVIEW

David made the analysis of the characteristics of the balance of the production line, and summed up a variety of
solutions to solve the balance of the production line including the combination of nonlinear problems and discrete
problems, the development of new algorithms, the development of a more optimized system to reduce the time
consuming, expansion the scope of production factors, and reducing costs and so on [3]. Kürşad and Hadi argued that
in linear manufacturing environment some tasks that require finite segment and its condition, equipment, especially
automation robot may have high value, so in the workstation it is important to distribute the tasks [4]. Kara et al.
assumed that the available devices are limited, and the limit of each device in the experiment is 1 or 2, but the study is
limited to a mathematical model. As to the U problem, there is no selection of the equipment, the mathematical model
is more sensitive to the number of devices, which is of little help to solve the larger scale of the real problem [5, 6].
Jayaswal et al. proposed a simulated annealing method, which can achieve good results, but it cannot guarantee the
optimal results of [7]. In recent years, still a lot of scholars devoted to the application of value stream map technology
[8-14].

Domestic application value of flow chart technology is mainly distributed in the process of production line, achieving
good results. Some small and medium-sized enterprises domestic decline in the competitiveness only by virtue of
experience of the production and layout design, ignoring the on-site utilization rate and personnel utilization rate,
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balance the beat rate, the analysis and calculation of quantitative index; also ignoring wasting in the production line,
after the implementation.

Li Jun exemplified Huarui automobile seat slide rail production line, in a visual way describing the status of the
production line, and then combined with the analysis method of industrial engineering, found out the bottleneck
problem existing in the factory production line facility layout, transporting, waiting, inadequate equipment such as
limit the capacity, and distinguished between the production of value-added and non value added process [15]. Meng
Yaxin used HS enterprise production process as the research object, making the analysis the crankshaft gear
manufacturing problems existing in the process, through the introduction of continuous flow and eliminating
manufacturing information blocking, as a result, the production cycle and yield have been increased significantly, and
the operating personnel has reduced [16]. Zhang Guohui used mattress production line as the research object,
combined continuous production and pull production, using mixed flow production improvement, to enable
enterprises to always maintain the efficient operation and to achieve of maximizing the interests of enterprises [1].
Quan Zhong Jing applied the value flow graph to analyze the tools of sucker rod line of balance rate low, logistics and
information flow and unreasonable problems, using value flow method to improve the process restructuring,
introducing pull system to control production rhythm is, thus, the production flow is adopted to improve the operating
equilibrium and continuity on the basis of using hours equilibrium technique optimization bottleneck, so as to improve
the efficiency [17, 18].

PROBLEM DESCRIPTION

According to S company's past 12 months of historical sales data and sales forecast for the next 6 months, the
company's daily production of connectors is 3933, the pass rate of 59%, and the production rate of 5.4s.

In current connector production contains 41 process and three staging area, of which step 23, 25, 26, 30, 31 have
multiple space stations, but the production of space can only hold16 people, so it needs to change the line three times.
Each time you change the timeline 2700s, of which the step 9, 10, 22, 27, 28, 40, due to change of line and the
increase in the additional hours, cover a total area of 15m2, with 48 stations, and each person responsible for a station.
After the completion of each working procedure, operators must transport the semi-finished products to the staging
area.

In the production site, the table method is used for the determination of the actual production time of production
processes of each station, and on the actual process of logistics and information flow are analyzed to number all
stations and storage area of products. It is tracked and recorded from the order received to the shipments and the
logistics and information flow [19]. According to the flow of products from input to output and application of value
stream mapping specific symbols, combined with current data, status value flow graph is drawn, the value of the
status quo of the flow diagram is shown in Figure 1.
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Figure 1. Status value stream mapping.

Based on the actual measured value, the data of the current value stream mapping is analyzed, and the value-added
time is the sum of the processing period of all the
effective processes. The effective time of the
production line is shown in formula 1.

(1)

The balance loss rate of production
line before improvement (formula 2).

(2)

Of which, CT=5.4s, that is, the time used to test.

Non value added time (formula 3):

(3)

Value added rate (formula 4):

(4)

IMPROVEMENT

Due to the fact that S company's connector production line has just introduced soon, there are some problems in the
process, resulting in low cost and high efficiency. Through the analysis of flow chart, we can analyze the main reason.
Production flow chart is shown in Figure 2.

Figure 2. Production line fishbone diagrams.

Supermarket pull system refers to the supermarket system in between the batch production process. Supermarket pull
system can realize the adjustment and balance in real-time production according to the production plan at the same
time [20].
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Products supermarket is used to replace WIP inventory, which effectively reduces the process WIP and waiting time
and efficient continuous process is established with the realization of the initial pull type production. Balance the
whole unit group by using the production line balancing technology, is to reduce the loss.

Using the Model Method to Improve the Bottleneck in the Process

Research study in motion and time is the most effective to reduce operation time, under the premise of improving
customer satisfaction and reaction speed, using minimum resources to maximize the effectiveness, according to
different combinations to make corresponding improvement measures.

The process time of 34 is the longest, which turns to be the bottleneck of the entire pipeline. When the change of O/S
test machine from one each time to two each time, the bottleneck hours can be reduced to 4.85s. The analysis of the
operation with two hands after improvement (Table 1).

Table 1. Improved hands operation analysis.

time hands

action types notes
2MOD G2 Grab a conveyor belt parts

3MOD M3 Move to the machine
3MOD G3 Grasp the scriptures inspection of parts from the machine
4MOD P4 Put the parts in machine

2MOD M2 Move the hand to the switch
1MOD M1 Finger gently press

3MOD M3 Move to the conveyor belt

1MOD P2 Put the tested parts back to the conveyor belt

Improvement of Working Area Layout

The use of ECRS principles to improve the layout of the work area, through the analysis and simplification the
process flow, so as to find out the better efficiency, better operation method and operation process. The layout of the S
company's production operations originally needs to cross three work areas. All work can be done in the same area
after improvement of all production. The molding operation region forms a U-shaped layout, saving work site,
shortening the transport distance, reducing the handling time, and the waiting time, which significantly improves work
efficiency, with production line balance loss rate drop from 23.26% to 16.85%.

Machine to Replace Manual Work

The bottleneck of step 9, after comprehensive consideration, is replaced by the use of machines with the combination
of step 11. In addition, after the evaluation, step 4 and step 2 can use the connection machine instead of manual work,
to reduce the cost, and improve the rate of qualified products. The analysis of benefits of connection machine, is
shown in Table 2, taking five years as the product life to carry on the evaluation:

Table 2. Product life for five years.

Investment 63000

Labor cost 91800

Month order amount 20000
Benefits 28800

Investment = (machine price + maintenance cost) × amount = (30000+30000 × 5%) × 2=63000

Labor cost = pay rate × a product time × month order amount ×12 ×years ×life /3600=15 × (9.18/3600) × 12× 5 ×
20000 × 2=91800
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Improve the abnormal process before the appearance of /PIN head cancel, the total number of just meet the entire line
capacity of 16 people. This not only reduces the bottleneck time, but also can eliminate the line, to achieve a flow of
production.

After three times improvement of the production line, the daily capacity increases from 3933 to 3392, to meet the
customer demand and reduce inventory accumulation; value-added ratio is greatly improved, and the production time
of the process is more balanced; WIP inventory is obviously reduced and the continuity of production is greatly
improved; total cost reduces from $381134.68 to $25420.89, amounting to 33.34%. While pursuing the rapid
switching of the product and the standardization of integration, standard operation and optimizing the quality
management to reduce the number of line change is realized, with the improvement of the overall equipment
management etc. By using one-piece flow mode, the number of people in operations reduced from the original 48 to
16, and per capita production efficiency is greatly improved; saves space and the release of the large amounts of cash.

RESULTS

It is necessary to establish a lean production chain to achieve the future state value stream, and the production chain in
every aspect is continuous and connects pull system, customer demand, and customer needs for the production of the
products. The future value stream mapping shown in Figure 3.

Figure 3. Future value stream mapping.

The application of the value flow chart promotes the data management of the whole operation system, making the
operation plan and the implementation of the system more convenient, scientific, reasonable and clear. After the
improvement of the information flow and the production process, changing the connector production planning mode,
the demand of the pull type production plan is put forward according to the daily usage. With the application of

visible record management, timely monitoring of production data, and dynamic adjustment, a "flow" production is
achieved, which saves a lot of time, reduces the backlog (wip), and increases the level of automation of the production
line. The structure is more reasonable, and the cost and efficiency of the production line have significantly improved.
Also, product quality has been improved significantly. The comparison before and after the improvement (table 3).

Table 3. Results comparison table.

production
line

cost/Yuan capacity
/ piece

Value-added
time /s

Value-added
ratio /%

Balance loss
ratio/%

operators
/person

efficiency of labor
/piece·(person·h)-1

Before
improved

38134.68 3933 180.81 2.18% 30.24 48 81.94

After
improved

25420.89 3392 113.06 100% 10.54 16 212.01

improvement
effect

Reduce
33.33%

Reduce
13.76%

Reduce
37.47%

Enhance
97.82%

Reduce
65.15%

Reduce
32persons

Enhance
158.74%
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CONCLUSIONS

Value stream mapping analysis as a kind of advanced process analysis method, which has a very wide range of
applications, both to improve the workshop production at the scene and to improve the whole enterprise business
process. Its outstanding advantage is to find the problem and to optimize the system by applying the principles and
methods of lean production [21]. The value flow chart analysis is by no means the individual production process but
the whole work. It is not the local optimization but the overall improvement. It is not only transitions of the enterprise
management framework, but also an overall view of the situation, strategizing, with global vision integrated with
value chain. All enterprises in the value chain collaborate, according to the needs of timely production, as much as
possible to achieve zero inventory, to achieve optimal results. At present, value flow diagram has become increasingly
prominent in fine enterprise management and systematic improvement. Value stream mapping has become effective
method to improve the production efficiency of enterprises, providing a powerful tool for enterprises to implement
lean production.
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