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Abstract

Injection molding of plastic has been the important process for mass production. However, due to the diversified complications of mold design
with mold manufacturing, and the coupling effects of plastic with molding machine, it is quite difficult to consistently molding the products with
higher quality and precision. This research proposes the implementation of a cloud platform. It can not only digitize the information of mold
design, mold manufacturing and molding practice, but also interchange the data with these stages automatically. Moreover, it brings up a possible
methodology to accumulate the interdisciplinary knowledge and expertise for molding quality and precision.
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1. Introduction

Injection molding of plastic has been the important process
for mass production. As long as the mold is properly made, each
cycle of molding process only takes about a couple of seconds
to tens of seconds. Especially for most products, the quality is
consistent and the yield is high. Moreover, with the
improvement of material, CNC machining, and molding
machines, the expectation for quality and precise molding
produces is getting higher.

However, due to the diversified complications of mold
design with mold manufacturing, and the coupling effects of
plastic with molding machine, it is quite difficult to consistently
molding the products with higher quality and precision. Even
with the high-end commercial software and hardware, the
seamless integration of mold design, mold manufacturing and
molding process needs innovative thinking.

With conventional approach, due to the lacking of
interdisciplinary ~ expertise, the mold design, mold
manufacturing and molding process are usually executed
separately. However, due the needs for consistent high-

precision products, the realization of design-for-manufacturing
and design-for-molding must be implemented. In present day
most of these cross-domain information needed to be manually
passed back and forth several times, and this will reduce the
efficiency and might lose or miss-understand some important
data during each cycle. In other words, the interdisciplinary
knowledge and expertise of the whole design, manufacturing
and molding process must be built, executed, and accumulated.

The mold-design navigating system, smart machining
system, and molding navigating system has been elaborated for
many years [1-6]. As shown in Figure 1, these systems have the
capabilities of physical, operational, and information
technologies; namely, they have somehow reached the level 3
in ISA-95 architecture [7]. With these sound foundations, this
research is aimed to build a cloud platform to treasure data and
information from these systems; hopefully, the cross-linked
knowledge and expertise can be further formulated to elevated
the injection molding process to level 4 of ISA-95.

2212-8271 © 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of The 50th CIRP Conference on Manufacturing Systems

doi:10.1016/j.procir.2017.03.117



220

Wen-Ren Jong et al. / Procedia CIRP 63 (2017) 219 — 223

Communication Technology (CT)

Level 4  Virtual Factory
Analysis oot
Layer Customer Designer Engineer Operator Supervisor anser QA Consumer
Level 3  Big Tables Information Technology (IT)
Data
Layer 31 1-1 241 22 Workstations &
Product Order Mold Pars Machines Consumptions

Level 2  Containers
Integration
Layer Order Design Mold Parts Module Process Resource | Product
Level 1 Pipes Operational Technology (OT)
System 1y ) 1y | | |
e GRGR QRGN 3R & & 9] ¢

(L (L ] [ ] [ [ [
Level 0 Shop Floor Physical Technology (PT)
Process | 1 Th o T nTTTT
Layer Machines Sensors &

Mold Design e Machining Assembing Moid Trie e

Fig. 1. ISA-95 architecture for an injection mold smart factory.
2. Scope and Implementation

With the implementation of cloud platform, it will be
possible to keep, couple and reuse the individual and
interdisciplinary data/information. Since the research team has
dedicated in these stages (mold design, mold manufacturing,
and molding process) for many years, the collection of data and
generation of information for individual stage shouldn’t be a
problem. However, these data/information should be acquired
and generated in the cloud platform automatically, as such they
can be interchanged and synthesized just-in-time to formulate
the unprecedented knowledge and expertise. As such, the
quality and precision of machining component and molding
product can be guaranteed and thereafter elevated.

2.1. Scope of Platform

As show in Figure 2, a disk mold is used concatenate the
mold design, CNC machining, and molding practice. Even
though the design, machining, and molding data are collected
through individual stage, the data should be firstly related
together. Secondly, the transmitting of data should be done
automatically without adding any extra burden to the operation.
Thirdly, the data should be able to communicate in both
directions between individual stage and cloud platform, as such
the dialog among stages will always go through cloud platform
with developed applications.

2.2. Interchange of Data and Information

Considering the factors of readability and flexibility, the
data exchange uses the open-standard file format (JavaScript
Object Notation, JSON). Figure 3 shows the four different
samples of JSON file in this study. In addition, since the web
service is software system designed to support interoperable
machine-to-machine interaction over a network, the different
web services are established to provide the communications
between stages and cloud platform. All the uploaded data will
be stored in the database of cloud platform for further

visualization and analysis. The access to the data is allowed by
all registered agents with corresponding authorities in the cloud
platform.

2.3. Realization of Platform

The cloud platform is currently built on Node.js (Meteor)
which is designed to optimize the throughput, scalability and
real-time of web applications. Besides, the NoSQL (not only
SQL) database system (MongoDB) is used store all
heterogeneous data from all three stages for further big-data
and real-time web applications. The cloud platform structure
implemented in this study is illustrated in Figure 4. Pre-defined
event-triggered applications were implemented as well as the
self-issued identification of the systems or agents, such as the
design system, or the machines.
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Fig. 2. A disk-shaped mold data inter-communication
between lifecycle stages.
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