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Abstract
Aiming at the balance and bottleneck process of a furniture production line, this study simulates the production status
by Flexsim modeling and simulation, improves the bottleneck process by using ECRS principle and program analysis,
establishes 0-1 integer programming model for station reorganization, and obtains the optimized workshop processing
flow by using LINGO software. The results show that the total time of the production line is reduced by 87 seconds,
and the production balance rate is increased by 34.7%, which solves the practical problems in production and provides
a reference scheme for production improvement.
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1. Status analysis of workshop production line
Under the background of increasingly fierce competition and the pursuit of low cost and high interest rate, how to
improve its competitiveness and become a leading enterprise in furniture industry is an urgent problem for company
A. The factory is a typical traditional manufacturing enterprise, and its product type is small batch and multi variety.
At the same time, there are problems such as dark production environment, old processing equipment, frequent roundtrip flow between working procedures, and unreasonable product process route. The above problems lead to large
reduction of production capacity, low utilization rate of personnel and equipment, and serious impact on production
efficiency [1]. The factory mainly produces office appliances such as desks, filing cabinets and other products. In the
process of optimization and improvement, this paper selects the representative type B products as the research object,
and makes the general process flow chart, as shown in Figure 1.
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Fig. 1. B Process flow chart
The production line of No.1 furniture workshop of company a is machine group production. The parts are
transported by transport vehicle. There are six processes: cutting, thickening and cold pressing, fine cutting, edge
sealing, row drilling, Gong milling and grinding. It shows the position and working procedure time of furniture
production line of company A in Table 1.
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This paper mainly studies the process flow from cutting to trial assembly in the production line of solid wood
engineering. According to the production process of type B products, after field investigation, the location layout of
No. 1 workshop of the plant is made[2], as shown in Fig. 2.
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Fig. 2. Layout plan of workshop

Through the current layout, the following problems can be found:
1. In the layout of the whole production line, the storage area of wood panels has not been reasonably designed
and planned (only simple drawing out the area), which leads to confusion in the placement of wood panels in the
production process, which increases the searching time of operators and causes unnecessary waste of time.
2. The production line lacks unified and standard on-site management. Basically, the production is allocated by
the operators themselves, and the operation action and material placement are in accordance with personal habits. In
production, many operation actions do not conform to the principle of action economy, which is easy to cause
problems such as increasing work load and low production efficiency [3].
3. There is an unbalanced process allocation problem in the production line, which is easy to lead to unbalanced
operation time distribution, resulting in some operators working at high load and some operators in idle state[4].

2. Analysis of production line process problems
2.1 Building Flexsim simulation model
Based on the production process of No.1 Workshop of furniture factory of company a, the simulation model is
established corresponding to 12 stations in the production line of type B products. Then, the production time of each
station is input into Flexsim simulation model to obtain the current situation simulation diagram[5], as shown in Fig.3.

Fig. 3. Current situation simulation
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According to the standard working time of 8 hours a day, the processing rate of cutting process is 16.7%, while
the idle rate of thickening and cold pressing process is only 2.2%. It can be found that the bottleneck process is
thickening and cold pressing. The simulation data analysis table is output from the above simulation model, as shown
in Table 2.
Table 2. Simulation data analysis table
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2.1 Analysis of balance rate of production line
For the analysis and research of production line balance, it is commonly used to evaluate and compare the production
line balance rate and production line balance loss rate [6]. The formula (1) for calculating the balance rate P of the
production line is as follows.
N

P=

∑T
i =1

i

C.Tmax × N

×100%
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N

Among them:

∑T
i =1

i

is the total time of all workstations calculated according to the data collected above;

C.Tmax is the maximum operation time of all processes; N is the sum of production line workstations, then,
P=

1728.3
×100% = 53.2% .
6 × 541

The balance rate of the production line calculated above is 53.2%, which is far lower than 86% of the production
target balance rate. The reason for the imbalance of the production line is that the production rate of each process is
unbalanced, and the imbalance of production capacity among the processes will lead to the accumulation of work in
process and other problems, resulting in the waste of waiting.

3. Improvement plan
3.1 Methods and steps
In the first step, based on the relevant theoretical basis of ECRS, the bottleneck station in the current bottleneck process
is improved combined with action analysis, and the balance rate of the production line is compared with the target
balance rate [7]; the second step is to rearrange the stations by using the 0-1 integer programming modeling analysis
method of operational research, and the balance rate of the production line is compared with the target again; the third
step is to achieve the goal According to the process determined by lingo software, Flexsim simulation modeling
evaluation is carried out according to the process determined by lingo software, and the production line layout is
optimized. If it is not up to the standard, cycle steps 1 and 2. [8]

3.2 Optimization and improvement based on ECRS principle
It can be seen from the above table 2 that the bottleneck process is thickening and cold pressing, of which the longest
time is nail frame thickening. Combining with the standard action analysis, the ECRS principle is used to improve the
station [9], and the flow program analysis chart before and after the improvement is made, as shown in tables 3 and 4.
Through the rearrangement, cancellation and combination of the actions, the handling times of the nail frame
thickening station were reduced by two times, and the total time was shortened from 386.5s to 308.5s. The data
analysis table after the first bottleneck improvement was made, as shown in table 5.After the first improvement, the
total time decreased from 1728s to 1650.3s, shortened by 77.7s, and the production balance rate increased from 53.2%
to 59.41%, increasing by 6.21%.
Table 3. Program analysis chart of nail frame thickening process (before improvement)
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Table 4. Program analysis chart of nail frame thickening process (after improvement)

Table 5. Data analysis table after first improvement
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3.3 Optimization and improvement based on 0-1 integer programming
Because the production balance rate did not reach the ideal effect, the second improvement was carried out. In the
first step, the mathematical model of the second kind of production line balance problem is established by using the
idea of 0-1 integer programming, and the second step is to solve it by using Lingo software [10]. In the first step,
according to the current situation of plant a, the variables and symbols used in the model are defined, and the constraint
conditions are set. Finally, the 0-1 integer programming model for the balance problem of the second kind of solid
wood production line is established as follows [11].
∑𝐾𝐾𝑘𝑘=1 𝑋𝑋𝑖𝑖𝑖𝑖 = 1 ; (𝑖𝑖 = 1,2,3,4 … , 𝑚𝑚)

Minz=CT �∑𝐾𝐾𝑘𝑘=1 𝑘𝑘(𝑋𝑋𝑗𝑗𝑗𝑗 − 𝑋𝑋𝑖𝑖𝑖𝑖 ) ≥ 0 ; ((𝑖𝑖, 𝑗𝑗) ∈ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃)

（2）

∑𝑚𝑚
𝑖𝑖=1 𝑋𝑋𝑖𝑖𝑖𝑖 𝑇𝑇𝑖𝑖 ≤ 𝐶𝐶𝐶𝐶; (𝑘𝑘 = 1,2,3,4 … , 𝐾𝐾)

In the second step, Lingo software is used to solve the problem and get the solution status and solution report, as
shown in Fig. 4 and 5.
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Fig. 4. Solving state

Fig. 5. Solving report

The results are shown in Table 6. When the process number M = 6, the minimum production cycle CT of solid
wood production line is 320s, and the production balance rate is increased to 86%.
Table 6. Improved 0-1 integer programming data analysis table
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3.4 Analysis of Flexsim modeling after improvement
In order to verify the improvement effect of the production line, it is necessary to establish a new simulation model
and output new simulation data [12], as shown in figure 6 and table 7. As can be seen from table 7, the processing rate
of each process has been greatly improved compared with the original situation, the idle rate has been effectively
reduced, and the production processing rate of each process is more balanced.

Fig. 6. Analysis of the improved simulation model
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Table 7. Simulation data analysis table
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3.5 Layout optimization after improvement
According to the 0-1 integer programming model and the process sequencing calculated by lingo software, the optimal
production rhythm and balance rate are obtained, and the layout of No. 1 workshop of solid wood plant a is re planned,
as shown in Fig. 7.

Fig. 7. Improvement of Workshop 1 of the A Factory
After the re layout of workshop No. 1, the products produced in large quantities and the products of many varieties
and small batches flow through the stations involving equipment and manual operation, which are arranged in two
lines, reducing the backflow of work in process during production and making the layout more reasonable [13].

4. Conclusion
The results of this paper show that traditional IE combined with operations research and lingo can solve the furniture
production problem of cluster type very well [14]. The traditional IE method is used to solve the bottleneck process
problem, which reduces the total production line time of workshop 1 by 78S. Operations research combined with lingo
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solves the production line balance problem, making the production line balance rate reach more than 86% [15], which
provides a theoretical reference for solving furniture production problems.
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