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Abstract. Nowadays, the competition in the construction machinery industry is 
increasingly fierce. So how to realize the fastest speed to market, best quality, 
lowest cost, and best service are key factors for enterprises to win the market 
and users. Advanced technology can do help. It is in this context that VR  
(Virtual Reality) steps in, applied by manufacturers as a sharp weapon. Sany 
Heavy Industry is China's largest and the world's sixth construction machinery 
manufacturer. As a full-scale enterprise, Sany always emphasizes digitization 
and information technology for the construction of a modern enterprise. VR has 
been integrated into the enterprise’s workflow. In R&D department, VR is 
commonly used in digital prototyping. But this paper mainly introduces Sany’s 
own virtual reality roaming platform: VR Flier, developed to make significant 
applications in simulation of plant layout and process planning. And service  
and marketing departments have also received a significant effect via VR&AR 
applications. 
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1 Virtual Reality in Construction Machinery Industry 

1.1 VR Technology Owns Its Place in Digital Manufacturing 

First, it must be mentioned that the development and growth of the digital manufac-
turing technology is very significant in the construction machinery industry. With the 
in-depth application of IT technology, as well as digitization, informatization and 
modern enterprise operating management concept onto a new step, digital information 
is no longer the exclusive means of the R & D department. Meanwhile, digital manu-
facturing has become a high-efficiency tool on which construction machinery compa-
nies have focused to pursue best performance in production and management. 

Many large enterprises: Manitou (France), CNH, Caterpillar, Terex [1], John Deere 
(U.S.), Volvo (Sweden), etc., for new products to meet the customers’ changing needs 
more quickly into the market, will do the digital process validation before production, 
including the balance of the production line, the device, workers, tools, operation and 
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other factors of the entire production line, which would improve the overall manufac-
turing process of high efficiency and accuracy. VR technology as a means of 3D  
verification is used in the process design and validation phase, playing an important 
role in digital manufacturing. In addition, the rise of the 3D operation instructions, 
using 3D interactive way to extend the usage of 3D product design data, helps a lot 
prompting traditional operating standards in form, content and effect [2]. 

1.2 VR Technology Adds More Enchantment and Interest in Sales and 
Services 

Virtual reality technology with its full three-dimensional, immersive, multi-angle 
interactive experience, combined with taking the Internet’s advantages of rapid prop-
agation and low cost, is more and more chosen by enterprises as an important product 
display and propaganda channel. The large corporations in construction machinery 
industry at home and abroad have gradually introduced VR technology to create new 
network marketing and service models for their products. Here are some examples 
below, many are not listed in this paper, like Liebherr (Germany) [3]. It could be said 
that digital Marketing services are covering the full lifetime cycle of the product. 

• Hyster’s warehouse simulator software helps customers choose the right  
configuration of trucks for their warehouse(Fig.1.a). 

• HAMM’s interactive PDF documents supply the self-selection products  
(Fig.1.b) [4]. 

• Zoomlion presents AR technology on their new product launch stage (Fig.1.c). 
• Xugong’s online three-dimensional products exhibition hall (Fig.1.d). 
• Caterpillar’s virtual training system(VTS) for training program (Fig.1.e) [5]. 
• Ritchie Bros. online secondhand auctioneers (Fig.1.f). 

The common characteristics of these applications are to provide complete digital  
solutions supporting a wide range of products, which promote customer experience 
greatly. What’s more, many companies appeared and specifically focused on doing 
digital solutions. The applications and simulators they created and developed could be 
fitted on various models of similar products from different companies& brands in the 
market. The A1A company’s online "3D lift plane" is a lift planning and crane selec-
tion application, which helps find the most economical crane configurations for the 
lift (Fig.2). It can also simulate the entire lift in 3D Lift Plan to save time and increase 
efficiency on the jobsite. This application’s database has a crane library of over 900 
cranes on the market which contains accurate crane dimensions and load charts, and 
provide hundreds of custom 3D objects. 

As a branch of the VR technology, Augmented Reality (AR) technology, also 
called mixed reality, with the help of computer technology, applies the virtual infor-
mation into the real world, making real environments and real-time virtual objects 
superimposed coexist in the same screen space. AR technology in recent years is 
widely used in marketing services, new product releases, and show stage, bringing 
audience surreal sensory experience, deep impression and visual impact. Also there 
are AR exhibition interactive publicity, AR marketing service manuals, AR products 
experience online, AR technical support for maintenance, etc. 
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Fig. 1. VRApplications in Construction Machinery Industry 

 

Fig. 2. A1A Software’s "3D lift plane" 



 The Virtual Reality Applied in Construction Machinery Industry 343 

 

2 Virtual Reality in SANY 

Sany Heavy Industry as an emerging enterprise has developed into China's biggest 
and the world's sixth international construction machinery manufacturer in less than 
two decades. It has also accumulated a lot of experience in the digital manufacturing 
and VR application tools since more than four years ago. VR technology is playing an 
important role in the development and growth of Sany, and Sany accordingly provides 
VR technology with a broad experimental space and scale applications in the con-
struction machinery industry. Therefore below this paper will introduce the applica-
tion of VR technology in Sany, primarily from four aspects: plant planning, process 
training, marketing and services, and VR training. 

2.1 Digital Factory and Plant Planning 

The concept Digital Factory is put forward to solve the "divide" between product 
design and product manufacturing, and improve various aspects of the product life 
cycle, including design, manufacturing, assembly, logistics function. Via advanced 
inspection in a totally virtual environment, it can reduce uncertainty from the design 
to manufacturing, and improve product reliability. In 2009Sany introduced the con-
cept of the digital factory and decided: for all the new or to be rebuilt plants and pro-
duction lines, it must go through a three-dimensional digital validation, and make sure 
that the layout and process are qualified before starting the projects, which is also 
called reality comes after virtualization, commence after validation. 

Sany has introduced a variety of professional logistics and process planning simu-
lation software, such as Dassault’s DELMIA, QUEST, etc., to help improve the 
process of planning and logistics simulation. In aspect of plant planning, Sany has 
more than a dozen domestic and foreign industrial parks, so the planning simulation 
for layout of factories and production lines has unique and systemic requirements. 
Therefore, Sany developed a three-dimensional simulation platform named as VR 
Flier, and concluded  a fixed set of plant planning solution based on this platform. 
 
VR Flier Platform. Based on the OSG, VR Flier provides general application soft-
ware platform architecture to help users with physical simulation, user interface, 
scene and sound’s management and drive. With object-oriented design, VR Flier is 
modular, extensible, supports a variety of VR peripherals, and has friendly interface 
[6]. Figure 3 shows that VR Flier’s software platform architecture, which consists 
primarily of the basal class library and application building blocks. 
 
Modeling Preparation. At the beginning, the first job is to prepare all the needed 3D 
models. Model categories include buildings, equipment, machinery, products and 
other things in the actual plant. Model format should be converted through VR Flier 
converter into the required format, and then all the models can be imported into the 
platform. The final virtual scene in VR Flier will display each element of the actual 
plant. The initial stage of this work looks very cumbersome, because many 3D models 
need to be measured and built. But once this modeling process has been done for the 
first time, it will accumulate to form a models library with clear classification and rich 
content, which builds a good foundation for future use. 
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Fig. 3. VR Flier’s Software Platform Architecture 

Static Layout. After all the required models have been put into the platform, users 
can transform and rotate the models to place them in the appropriate position. The 
overall layout of a plant should be formed in this step, with models of production 
lines and facilities in right place (Fig.4). 
 
Dynamic Simulation. For dynamic simulation to reflect the state of operation in the 
plant, VR Flier provides scripts to drive models in virtual scene, showing the flow of 
the production process and transportation logistics. Also, it has embedded interface 
which can be used by some professional logistics simulation software. For example, 
data result from QUEST (logistics Simulation software by DassaultSystèmes) can be 
directly input into VR Flier to drive virtual equipment to run. 

 
 

 

Fig. 4. Layout of Whole Park and Production Lines in Virtual Scene 

Result. According to dynamic simulation results, static layout will be adjusted, and 
then validated by dynamic simulation again. This circular validation can ultimately 
determine the static layout and process logistics program. In the same project, users 
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can save multiple sets of layout options for policy-makers to watch and evaluate 
(Fig.5). These optimization before construction can reduce overall cycle time and cost 
for a planning and construction project. 
 

  

Fig. 5. MultipleSets of Layout in VR Flier 

NingxiangIndusty Park began in 2009 
In 2009, NingxiangIndusty Park (Fig. 6) was planned to build, covering an area of 
367,332m2, construction area of 93,867m2 and plant area of 91,940m2, all of which 
are presented in virtual world. In the second phase of the construction, it saves a total 
investment of 8% including equipment and infrastructure, increases equipment space 
occupancy rate from 16% to 30%, cuts material inventory occupancy rate falling to 
18.8%, and shortens infrastructure cycle in half: from 1year to 6 months. 

 

 

Fig. 6. The Virtual Ningxiang Industry Park (partial) 

Green concrete mixing station park planning in Wuhu City 
Wuhu City plans to build an eco-friendly concrete mixing station industrial park focus 
on the supply and distribution of concrete for whole city. The 3D simulation helps 
planners with industrial park layout and logistics and transport scheme in city. The 
project’s report to the municipal government of Wuhu finally was well received with 
3D case display (Fig.7). 
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• Fast configuration simulator for concrete mixing station (Fig.9.a). 
• 3D products exhibition hall online, containing all product series (Fig.9.b) [7]. 
• Virtual training for product maintenance (Fig.9.c), and operation evaluation sys-

tem(Fig.9.d). 
• AR product brochures show products for customers. The mark and AR display for 

a pump truck in Fig.9.e&f. 
 

 
a                                        b 

 
c                                d 

 
e                              f 

Fig. 9. Digital Sales and Services with VR&AR 

2.4 Virtual Training System 

Construction machinery is characterized by bulky equipment and complicated work-
ing conditions, thus the driver and operator’s training is difficult, and takes long time 
cycle. Virtual training system used in the construction machinery driving operation, 
replacing most of the hardware by software, has greatly reduced the cost and time, but 
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still resulted a good training effect, and also protected the safety of the operators  
during training. 

With visual simulation by software, as well as real driving environment of  
hardware, virtual training system can complete a full set of users’ training. This appli-
cation covers products of crawler crane (Fig.10), crane, and pump truck and so on. 

 

 

Fig. 10. Virtual Training System for Crawler Crane 

3 Conclusions 

Generally speaking, VR technology is mainly applied in two aspects in construction 
machinery industry. On the one hand, co-products using VR technology, such as si-
mulation system software for construction machinery products’ lectotype and train-
ing, electronic manuals, operating simulator, have been on market as ancillary and 
proliferous products which for consumers to use and enhance enterprises' competi-
tiveness and service in training, marketing, and maintenance. On the other hand, VR 
technology used as a tool in the layout planning and construction of industrial park, 
workshop and lines, provides a three-dimensional digital experience vecification 
means to reduce errors, cost and time. In a word, with increasing development  
towards 3D digitization, the construction machinery enterprises would use VR  
technology in more and more applications, to create high-return value. 
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