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ABSTRACT 

Industrial Internet is a new industrial pattern developed by the integration of the new 

round of information technology revolution and traditional industrial manufacturing 

system. And industrial software is the software basis for modern industrial 

functioning, along with the development of the industrial Internet, industrial software 

also has a new product form, based on the cloud computing platform of various types 

of industrial software began to rapidly appear. This paper analyzes the main functions 

and interaction methods of several existing mature cloud-based CAE software in 

current, and proposes the basic product features and software forms of current cloud-

based CAE. It is a guideline for more complete and mature cloud-based CAE software 

in the future. 
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INTRODUCTION 

Industrial Internet is a new industrial form of the integration and development of the 

new round of information technology revolution and traditional industrial 

manufacturing system. The intelligence and networking of industrial manufacturing 

are considered the future direction of industrial development. The biggest difference 

between this future form of industrial development and the previous industrial form 

is the connection and innovation of digital platform. Relying on the development of 

Internet of Things (IoT), artificial intelligence technology, and communication 

technology, the future industry will achieve the integration of digital platform 

connection in the whole process of production R&D and manufacturing as well as the 

remote smart control of the factory under the digital twin to guide the manufacturing. 

The development of the industrial Internet is inseparable from the support of a new 

generation of industrial software. 

Based on the production process, Traditional industrial software can be initially 

divided into CAD, CAE, and CAM, which directly serve the R&D and 

manufacturing. In addition, there are also industrial software such as PDM and ERP, 

which are used to manage the product life cycle and customer resources, all these 

constitute a complex industrial software system. And in the context of the Industrial 

Internet, industrial software has also tentatively shown a new pattern, especially in 

the production and manufacturing stage. For example, from the traditional production 

management software from the chart text information display to 3D visual production 

management (Jiang, Z and Xu, X, 2019), and some studies on monitoring plant data 

security(Ma, D. and Shi, Y, 2019). However, as the core of the R & D process of 

CAE software because of its high threshold for research and development, and are 

comparatively separated from production processes, the use of fewer people, and 

other reasons, the development status has been relatively lagging behind. In addition 

to the research of CAE simulation algorithms, the cloud deployment of CAE software 

is a development direction that various vendors are actively trying, which is also in 

line with the future development requirements of industry. This paper presents a 

functional analysis of several relatively mature cloud CAE software on the current 

market through the composition and usage patterns of CAE software, and proposes 

the basic features and forms of cloud CAE products, which will serve as a guide for 

the future development of cloud CAE software.  

PAPER PREPARATION 

CAE means Computer Aided Engineering, generally speaking, CAE refers to the use 

of computer simulation analysis to solve design, verification and optimization 

problems in practical engineering applications. Since the publication of the first CAE 
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software, Nastran, in 1966, CAE simulation and analysis has become an integral part 

of modern industrial manufacturing. 

CAE WORKFLOW  

According to the user's process, CAE software can be divided into three modules, 

pre-processing, solver, and post-processing. Pre-processing is the process of 

importing model data and setting analysis parameters by the user. The general steps 

are importing (or creating) the geometric model, cleaning and repairing the model, 

setting model materials, loads, boundary conditions, and gridding the model.As 

simulation analysis is increasingly used across different subject areas, the pre-

processing methods are becoming more diverse. The solver is the computational core 

of CAE software, a library of functions with finite element algorithms as the core, 

including different sub-analysis systems, such as static analysis, collision  analysis, 

fatigue analysis, thermodynamic analysis, etc. Post-processing is the process of 

smoothing the results calculated by the solver, visualizing them on the model body, 

and providing different data and display contents according to user requirements. 

CAE development has a high technical threshold, after decades of development of 

mergers and acquisitions, the global CAE market has been occupied by Siemens, 

Ansys, Dassault and several other leading manufacturers.  

RELATE WORK 

Some scholars have done research on remote CAE platform based on web platform. 

A web platform-based CAE remote control method, enabled data sharing on the web 

platform between Ansys and Fluent, and completed the basic web platform-based 

CAE sharing prototype system (Na, H. et al. 2000). Someone(NI, X.-y. et al. 2004) 

propose a technical path to transplant traditional complex CAE software to the Web 

environment, and point out the advantages of collaborative analysis, and implement 

a simple application example through ASP technology. However, due to the 

limitations of the Web platform technology and network transmission speed, as well 

as the use of fewer people, most of these studies remain in the theoretical and 

demonstration stage, without the formation of a real large-scale commercial CAE 

software. With the rapid development of industrial Internet and cloud computing 

platforms in recent years, enterprises have increasingly high demand for data 

interoperability of industrial software platforms, and web-based platforms for the 

whole process of industrial software platforms began to be proposed, Sun 

Shoubao(SU, S.-b. et al,2009) researched the future integration and application mode 

of CAD/CAM/CAE/CAPP and proposed three software integration forms based on 

different technologies, among which is the web-based cloud-based PDM product data 

management system. At the same time, due to the development of H5, webGl and 

other web technologies, the visual appearance and interactive behaviors supported by 

the web platform are getting better, algorithms can convert traditional CAE data 
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models into Json data format and display CAE models on VR devices after rendering 

by webGL(Chen, T. et al.,2017). Kuruvilla Luko se et al.(Lukose, K. et al.,2019) 

applied theModel based Testing method to quality testing of CAE software and 

developed the testing tool Pathfinder, which makes quality testing of CAE more 

objective and controllable and provides tools to support collaborative testing. All 

these provide a realistic basis for the development of cloud-based CAE platform.  

At present, most of the major manufacturers have tried to develop the cloud-based 

CAE, and the leading companies such as Siemens and Dassault have released their 

own cloud integrated PLM platform, and some emerging companies have also seized 

the opportunity of this revolution to develop cloud CAE tools with their own 

advantages and characteristics. However, from the perspective of software maturity, 

user habits and market share, the development of cloud-based CAE is still at a 

relatively early stage, and there is not a standard definition of the use of processes 

and functions, mainly regarded as a desktop platform CAE process auxiliary and part 

of the role of functional substitution. 

CASE STUDY 

Cloud-based CAE products have gained greater momentum in recent years，

depending on the field and the purpose of use, the product form of cloud-based CAE 

differs greatly. There is no standard classification method to define the categories of 

cloud-based CAE. In this paper, the cloud-based CAE products can be simply divided 

into three categories based on the cloud-based degree of CAE software, and the 

software usage process and development vendors have similar characteristics 

according to the different cloud-based degrees. 

Based on the degree of cloudiness, there are three categories of cloud-based CAE 

products: 

1.Platform cloud-based product, clouding of the whole process of R&D and 

manufacturing software including CAE software to form a cloud-based PLM 

platform. 

2.Independent cloud-based CAE product, all processes for conducting CAE analysis 

are run independently in the cloud CAE product, realizing the complete cloudization 

of a single CAE product. 

3.Parts of cloud-based CAE product, some of the pre-processing processes still 

require local CAE software and need to upload analysis data to the cloud-based 

platform in order to achieve CAE optimization tasks. 

The following will list typical products in each category and describe their usage 

processes and product characteristics. 
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PLATFORM CLOUD-BASED PRODUCT -- 

DASSAULT 3DEXPERIENC（3DE） 

3DE is a cloud PLM platform that integrates Dassault Aviation's industrial software 

and brings together applications for 3D modeling, simulation optimization, data 

management and process management functions to create a one-stop full process 

experience for users. 

The process of using 3DE is the same as traditional desktop industrial software, which 

Dassault has clouded in web, integrating Dassault's industrial software in one cloud-

based PLM platform. Users can directly create new team and projects in 3DE and 

search for the corresponding industrial software to use. The projects and data created 

in 3DE can be interconnected within the same organization and can also be used 

directly in the desktop software. The full lifecycle PLM platform represented by 3DE 

is the future direction of the major industrial software giants. Such full-platform 

cloud-based products can enable the R&D and manufacturing processes of large 

manufacturing industries to achieve actual cloud sharing, with all projects and data 

results stored in the cloud, providing a platform for online collaboration between staff 

in different positions, while cloud-based CAE simulation is an integral part of such 

cloud-based PLM. However, because of this, the full platform cloud brings the 

relative redundancy of the system, which is not suitable for the simple task of agile 

test optimization,and the payment model and usage process of these are relatively 

complicated for small enterprises and individual users. In addition, these products 

mainly focus on 3D model-based mechanical development and manufacturing 

processes, and may not have sufficient functionality for other CAE optimization 

objectives. (Fig. 1) 

 

Figure 1. Dassault 3DE's software interface, main platform interface on the left, CAE interface 

on the right  (Source: https://3dex.com/project/3d-experience-platform/ ) 
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INDEPENDENT CLOUD-BASED CAE PRODUCT -

SIMRIGHT 

Simright is a cloud-based CAE simulation software and collaborative R&D platform 

technology company from China that has developed a series of public cloud-based 

CAE simulation solutions, for example, Simright Simulator (structural analysis), 

Simright Toptimizer (topology optimization), WebMesher (model pre-processing), 

etc. 

Similar to local CAE software, Simright only needs to upload the local model file to 

the cloud platform, followed by pre-processing, sending the processing parameters to 

the cloud solver, and then waiting for the results to be returned. This is the same 

process as using CAE on the desktop, without adding additional learning costs. Such 

independent cloud-based CAE products are a new trend formed by the trend of cloud 

computing, which has also created a group of emerging cloud-based CAE developers, 

such as Simscale, CAEplex, etc. Compared with traditional CAE platforms, such 

independent cloud-based CAE products are lower in the threshold of use, mainly in 

the simple functional logic and flexible charging model, most of which are 

immediately ready to use and only require registration of accounts. At the same time, 

this also brings the respective disadvantages of simple functions, generally only with 

basic CAE analysis functions, or only in a specific area to achieve a certain demand, 

can not cope with the complex CAE analysis needs.(Fig. 2). 

 

Figure 2. Simright Simulator user interface, this fig shows the finished effect of post-processing  

(Source: https://www.simright.com/apps/simright-simulator ) 
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PARTS OF CLOUD-BASED CAE PRODUCT -- 

VOLTA 

VOLTA is a cloud-based CAE product to solve enterprise optimization project 

developed by ESTECO, the developer of modeFRONTIER. VOLTA focuses on the 

collaboration between staff in various departments in multi-objective optimization, it 

must carry out multi-departmental collaborative optimization based on 

modeFRONTIER's pre-set model, which enables the sharing of computational 

resources and optimization results. 

The process of using VOLTA is different from the first two patterns. According to 

the requirements of multi-objective optimization, users need to build optimization 

models with different objectives in the local CAE software (modeFRONTIER) in 

advance.Uploaded the different optimization models to the web platform VOLTA, 

according to the pre-established analysis model, establish the suitable analysis 

process, set the analysis parameters and the weight of each analysis target, and 

allocate the cloud computing resources for analysis sequence. After the analysis is 

completed, the optimization results are returned to the VOLTA platform and 

displayed visually, the data results are shared and managed, and an analysis report is 

generated to finalize the optimization plan. The pre-processing of multi-objective 

optimization is more complicated than ordinary single-objective optimization. In 

addition to importing models and setting constraints, multi-objective optimization 

requires more pre-processing processes, which are more complicated to implement in 

WEB platform. VOLTA is a unique solution to the problem of multi-objective 

optimization and collaboration between engineers from different disciplines, enabling 

distributed control and data sharing of multi-objective optimization processes through 

a cloud-based platform.But VOLTA is essentially just a clouding of the post-

processing process, inseparable from the model built locally by modeFRONTIER, 

the adjustment of its parameters and the setting of the process are dependent on the 

creation of a local optimization model.(Fig. 3) 

Figure 3. VOLTA's User Interface, the project management interface on the left, the resource 

allocation interface on the right (Source: https://engineering.esteco.com/volta/volta-

capabilities/#content ) 
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DISCUSSION AND CONCLUSION 

From these three types of CAE products with different degrees of cloudization, cloud-

based CAE products do not move forward with the same path of development, and 

different product features of cloud CAE cater to customers with different usage goals. 

The cloud-based PLM provides an industrial connected application platform for large 

manufacturing industries.Independent cloud-based CAE product provides easy and 

convenient fast optimization applications for lightweight users，and parts of cloud-

based CAE products provide a new collaborative way of thinking in solving multi-

objective optimization problems. Based on the development of cloud computing, 

cloud-based CAE products provide a variety of options for different optimization 

objectives, which also provides the direction for CAE to be popularized to the general 

public. 

The development of cloud-based CAE products is still in a relatively primitive state, 

and there is a large gap in response speed as well as functional support compared with 

local CAE software. But in any case, cloud-based CAE products are evolving in a 

different path from traditional CEA development, which allows emerging CAE 

vendors to find a way to avoid competing with the giant vendors. 
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