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Abstract To avoid ergonomic problems in the early

planning stages of a production line and achieve more

satisfactory planning and design, ergonomic simulation is

particularly important in digital production line planning.

An ergonomics analysis method is presented by using two

theories: Ovako working posture analysis system (OWAS)

and Burandt-Schultetus hand-arm force analysis (BSHA).

The processes of ergonomics analysis and simulation are

discussed based on a platform of process simulation and

process designer. As an example, the paper shows how

ergonomics problems are considered in production line

planning to make a better choice between different pro-

duction line planning schemes.

Keywords Ergonomics � Production line planning �
Process simulation and optimization

1 Introduction

In the today’s fast paced world, life cycle management, cost

control strategy and virtual simulation method become more

and more significant for enterprises to enhance the compet-

itive power unceasingly. Consequently, independence and

short-term design and manufacturing need to be considered

within the whole manufacturing system planning and design.

Meanwhile production line planning is the key technical issue

to achieve optimal production. To design a new production

line or modify one old production line, it is necessary to plan

and simulate the manufacturing process. If the assembly line

planning is unqualified, it will not only waste labor and

resources, but sometimes affect the quantity of products [1].

To avoid the ergonomic problems in the early planning stages

of production line, and achieve a more satisfactory planning

and design, ergonomic simulation is particularly important in

digital production line environment [2, 3].

The so-called ergonomics, which is the application of

anthropometry, body mechanics, work physiology, psy-

chology and other discipline working methods, structure and

function of the characteristics of human research, provides

various parts of the body size, weight, body surface area, the

proportion of the various parts of the body center of gravity

and the relationship between the activities and scope of the

human body. Its goal is to offer power range for various parts

of the body, the action of the habits of human body param-

eters, and analyze the human vision, hearing, touch and skin

feel characteristics such as the function of sensory organs,

the physiological changes during labor, energy consumption,

fatigue mechanism of various labor and human abilities to

adapt to the load, and the factors that affect mental state

psychologically on the efficiency and so on [4–7].

Developing ergonomics in early stages of production

system simulation is increasingly recognized as an essential

step towards achieving healthy and sustainable production

systems. According to Laitila, the capacity of digital human

modeling (DHM) to assess ergonomics has increased sig-

nificantly in recent years [8, 9]. As a result, DHM tools are

increasingly used to identify the potentially harmful working

postures, forces and durations which can lead to work-related

musculoskeletal disorders. These in turn can result in com-

pany costs for worker replacement, compensation and

rehabilitation [10–12]. In addition, Falck et al. [13, 14]
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demonstrated a relationship between poor ergonomics and

reduced product quality, and emphasized an imperative need

for a holistic approach to ergonomics development. Subse-

quently, ergonomics development in parallel to other aspects

of production line planning can increase economical effi-

ciency for companies because more efficient task allocation

reduces costs for staff turnover or sick-leave absenteeism

[15, 16], and prevents the potential reduced-quality pro-

duction caused by poor workplace ergonomics [17]. Through

analyzing and developing production ergonomics, a number

of analysis methods can be applied. These methods are, for

example, task analysis [18, 19], cognitive work analysis [20],

contextual design [21], usability testing [22], heuristic

usability evaluations, ergonomics analyses [23], and partic-

ipatory design [24].

The above researches provide many valuable thoughts

and methodologies, but the problems with on-the-job of

operators which require the motor skills to do online work

have not been further studied. Moreover, in virtual envi-

ronment, the human body model is rational for the overall

design of the production line, the comfort, and the visi-

bility. The accessibility of workers to operate should be

further simulated and evaluated.

This paper introduces the background theory of ergo-

nomics analysis, discusses how to consider the ergonomics

problems in production line planning, and proposes a new

method to make a choice between different production line

planning schemes. Finally, cases of product line planning

and simulation are discussed using the simulation system

of process simulation and process designer.

2 Ergonomics theory

Ergonomics is the science of adapting the job and/or the

equipment and the human to each other for optimal safety

and productivity. The designing machines, tools, and work

environment need to accommodate human performance

and behaviour best. It is the process of changing the work

environment (equipment, furniture, pace of work, etc.) to

fit the physical requirements and limitations of employees,

rather than forcing workers to adapt to jobs over time

which has a debilitating effect on their physical well-being.

Companies of all types and scales have increasingly rec-

ognized that establishing an ergonomically sensitive work

environment for employees can produce bottom-line ben-

efits in cutting absenteeism, reducing health care costs, and

increasing productivity. The most advantage of these firms

is that they have taken steps to modify the condition

(whether in a shop floor or an office) to better fit the

physical needs and abilities of workers after carefully

analyzing the production condition and the tasks that their

employees provide.

There are more than 60 kinds of ergonomic theories,

such as static force analysis, low back stress analysis,

posture analysis, domain analysis, fatigue recovery ana-

lysis, comfort analysis, NIOSH analysis, RULA attitude

analysis, Ovako working-posture analyzing system

(OWAS) analysis, and so on. Two ergonomic theories of

the latest popular theories are shown as follows [25].

2.1 OWAS based on human operating posture

OWAS is used to assess posture grade according to the

severity of musculoskeletal injuries by posture. Then it will

provide the reference to researchers to improve the work

situation and environment. OWAS is regarded as the most

effective human-computer analysis method to simulate

numerous operating positions of various scenes, and is

widely used in the industrial fields [26].

By recording the operator’s posture, OWAS can evalu-

ate the rationality of posture to change the work environ-

ment (equipment, furniture, pace of work, etc.) to fit the

physical requirements and limitations of employees.

OWAS also can analyze the major posture element of the

four parts of human such as back, arms, legs, head and the

weight-bearing element, and make use of coded manner to

describe the severity of musculoskeletal injuries. By ana-

lyzing the interaction of five elements, the fatigue grade of

the human body posture can be obtained (see Table 1).

2.2 BSHA based on human hand-arm

Burandt-Schultetus hand-arm analysis (BSHA) is used to

calculate the maximum permissible load of the human

body with one hand snatch jobs-arm. To compare with the

actual load, the safety of one-hand operation job will be

judged. There are four factors in BSHA analysis including

human factors, operating parameters, load parameters and

actual load size.

Human factors include gender (P1, male 1.0, female

0.65), age (0.80–0.65) and trained degree (P2, average 1.0,

better 1.2, best 1.4). Operating parameters include opera-

tion style, working frequency, time and arm posture. Load

parameters include load direction, lifting height, forearm

posture, the angle between upper-arm and forearm.

According to the above factors, the maximum load of

hand-arm system can be described as

Fper ¼ P1P2min Tdyn; Tlim

� �
Fmax

� �
:

Table 1 OWAS fatigue grade

Grade 1 2 3 4

Description No

injury

Slight

injury

Moderate

injury

Serious

injury
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When the load is more than Fper, it means that the

operation maybe make human-body damage, which is

necessary to modify the operation posture. Thus, BSHA is

effective to overcome this problem.

3 Ergonomics problem description

This production line uses process designer to organize and

manage process resource and process simulation to model,

simulate and optimize the manufacturing process. This line

does not have fully automated manufacturing capabilities,

where many workstations need to be manually operated.

The mode of U-shaped production line and model includ-

ing five workstations is shown in Fig. 1.

Operator 1 gets the work-piece from the former storage

point 1, assembles or manufactures work-piece in work-

station 1, and then transfers the work-piece to buffer. The

works of operators 2, 3, 4, and 5 are similar to operator 1.

The loading time, unloated time and machining time are

shown in Table 2.

4 Ergonomics simulation

This paper uses the Tecnomatix platform of Siemens PLM

software to achieve the ergonomics modeling, simulation

and optimization. The process designer and process simu-

lation are the two parts of Tecnomatix platform. Process

designer is used to organize and manage the resource and

process, and process simulation provides the design, ana-

lysis, simulation and optimization of workstation. The

ergonomics simulation flow is shown in Fig. 2.

Ergonomics modeling uses 3D modeling software to

build the 3D model of work piece, and then transfers to cojt

or co file. Because the manufacturing system is nonlinear

discrete system, it is necessary to built product model,

resource model (manufacturing equipment, raw materials,

etc.), process model (process rules, manufacturing routes),

and production management model (system limitations and

constraint relationship) in process designer. According to

the BOM provided by design apartment, the product rela-

tional resource should be put into the process designer, and

the work-piece of product should produce the product tree.

Before simulation operation, all the digital models must be

placed into the desired position to achieve the precise

positioning of the model in process simulation by relocat-

ing command. After the positioning has been calculated,

the results are shown in Fig. 3.

According to ‘‘Auto Grasp’’ and ‘‘Grasp Wizard’’, the

grasp operation is achieved. The operators movements are

achieved by defining the move route, and the direction and

Fig. 1 Model of U-shaped production line

Table 2 Operating time of workstations

No. of workstations Time/s

Loading Unloated Machining

1 9.6 8.3 28.9

2 10.4 9.6 10.2

3 5.6 5.3 34.7

4 11.5 10.2 30.3

5 5.6 3.3 13.2

Fig. 2 Flow of ergonomics simulation

Fig. 3 Layout of U-shaped production line
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posture of operators are also defined by making use of path

editing. Human postures and joint jog are used to achieve

the modification of human operation. The work-piece is

located by using the place object and the simulation

commissioning is achieved by using the operation men.

Figure 4 is the running UI.

5 Simulation analysis and optimization

After simulation, the Gantt chart of five workstations in this

U-shaped production line can be obtained by adjusting the

operating time of five elements, as shown in Fig. 5.

To choose the function option of ergonomics analysis

(human, ergonomics, analysis setup) and set the parame-

ters, the related analysis reports can be output by clicking

the option of OWAS or BSHA. To operator 1, for example,

the BSHA report is shown in Fig. 6, and the OWAS report

is shown in Fig. 7. The action among operators in five

workstations is similar.

The simulation results show the posture grade of oper-

ator 1 is 3, which means that his body might be injured.

According to BSHA reports, the ratio of load and the

maximum load of his left and right hands reach 70% during

operation. It is necessary that the production line program

needs to be modified. The low storage point with the

machine placed height leads to the poor posture. Taking

into account the actual situation of production, it is more

reasonable to increase the height about 50 cm of the stor-

age point and workstation 1. As a result, the posture of

operators has been improved very well, and reports of

BSHA and OWAS are shown in Figs. 8 and 9.

This paper provided the optimization of workstation 1

and posture of operator 1. In addition, it is necessary to

analyze and optimize the other workstations, and get the

whole optimization solution of this production line.

6 Conclusions

This paper not only presents a new strategy for ergonomics,

but also provides a new evaluation method for the planning

of production line by making use of computer-aided

Fig. 4 Posture of operator

Fig. 5 Gantt chart of ergonomics simulation
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Fig. 6 BSHA report of operator 1

Fig. 7 OWAS report of operator 1

Fig. 8 BSHA report of operators

Fig. 9 OWAS report of operators
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software of process simulation and process designer which

can be used to achieve the simulation and analysis of

ergonomics. However, all simulation softwares are based

on a special database or knowledge base. The human body

model of process simulation does not fully match the actual

body features of Chinese people. Thus, the feasibility of the

BSHA report still needs to be discussed and tested further.

Moreover, there are great amount of work to modify the

correction posture of operators in process simulation.

Therefore to establish the resource bases of realistic body

posture is the key to achieve simulation and optimization

for ergonomics.
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