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Abstract — Over the last decade, digital manufacturing has advancement of computer aided design (CAD) and the

been considered as a highly promising set of techingies for  development of the manufacturing resource planning
reducing product development times and cost as wedis for  (MRP) [1].

addressing the need for customization, increased pduct The Concepts of digital manufacturing (Fig. 1):
quality, and faster response to the market. In thigpaper we
present the concept and content of digital manufaate. The
concept is based on controlling, product design, magement

and manufacturing. Product design, process planning Controlling

factory layout planning, ergonomics, simulation of robot

usage, production process simulation, product lifecle 1

management systems, analysis software, computer aitl Digital

manufacturing software, time management and businas Product :

applications are the content of digital manufacture Design T Mat;l;;‘:gtgrr:ng > Management
Keywords — Concept, Control, Design, Management, ‘

Manufacture, Planning.
Manufacturing

|. INTRODUCTION

, . , Fig. 1. Concepts of digital manufacturing
Product life cycle is becoming shorter and chanbat

are occurring because of the frequent productiagnam
changes, are leading to the necessity of quickea d
transfer among the engineers. An application ofipco
lifecycle management software and digital manufamcu
concept is enabling transfer of accurate, updatat. d
Digital manufacturing is a term that is related vale
spectrum of digital models and methods that ardirdpa

with every aspect with product lifecycle manageméris both contain numerous subcategories. The firstgoaye

basically integration among different tools used fomachine flexibility, covers the system’s ability foe

product design, process planning, time managemmaaht achanged to produce new product types, and abitty t
business applications, layout planning, ergonomics :

simulations of robot work cells, process simula,tionChange the order of operations executed on a ph.

. . second category is called routing flexibility, whiconsist

product lifecycle management systems, analysisvaod, " : .
. . of the ability to use multiple machines to perfdire same
computer aided manufacturing software and other

M ) o Operation on a part, as well as the system’s whibt
applications used for planning and process optitiozaf . )
absorb large-scale changes, such as in volumegitapa
a real company.

The changes in the whole product lifecycle shoued bcapablhty. The work machines which are often awtted

) ; . CNC machines are connected by a material handling
considered while developing the new products, mstt the oo
. . . X R system to optimize parts flow and the central antr
adjustments related to savings or increasing prtodiycin . :
; : computer which controls material movements and
order to cut down the production expenses. Thinkingut . . o
. . ) . L machine flow. The main advantage of an FMS is igh h
things like design for manufacturing, assemblyiat#lity, ST : 4 "
. . . flexibility in managing manufacturing resourceselikme
maintenance, disposal should be also considerete whi

thinking about the overall product cost, not julsbat the znd"e(::f;grotnmofoginerlzt&g ;n% fjrfguirr? %Qevfoﬂfg?o?gggﬁt
ones that actually occur in the shop floor andrabbe pp . P X
sets of products like those from a mass production.

All manufacturing processes in the factory can be : . :
supported by the CAD/CAM/CAE systems for receivinqn(’:‘réleé(l'\?(lzeri\]/l;;?r:iztugzgellcglnﬁ/lc) COSS'StSbOEtVé”ﬁ
orders by digital data and rationalization of dasand . ' puter and a robot.cetie
manufacturing processes. computer (ty_p|cally a _Programmable Logic Contrgller
interfaced with the microprocessors of the robad &re
CNCs. The functions of the cell controller includerk
Il. CONCEPT SYSTEM OF DIGITAL load balancing, part scheduling, and material ftmntrol.
M ANUFACTURE The supervision and coordination among the various
operations in a manufacturing cell is also perfairog the
The conception of digital manufacture firstly origted cell computer. The software includes features pitingi
from the technology of numerical control (NC or CNCthe handling of machine breakdown, tool breakage an
and CNC machine tool. Digital design and digitabther special situations. The cell robot also pentool
management have fully developed along with thehanging and housekeeping functions such as chip
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A. Concept | or the Central Concept based on
‘tontrolling

A Flexible Manufacturing System (FMS) is a
manufacturing system in which there is some amafint
flexibility that allows the system to react in tiease of
changes, whether predicted or unpredicted. Thigbiley
is generally considered to fall into two categariehich
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staging of tools in the tool changer, andnd inventory management are the main management of
inspection of tools for breakage or expressive wdren ERP; the key management of PDM are: electroniagtor
necessary, the robot can also initiate emergenend document management, workflow and process
procedures such as system shut-down. The Flexibleanagement, product structure and configuration
Manufacturing System is a configuration of computermanagement, parts classification management,
managed numerical work stations where materials aeegineering change management and project managemen
automatically handled and machine loaded. Flexible PDM system to ERP system provides information about
Manufacturing System components two or more computproduct design, ERP system for the PDM system pesvi
managed numerical work stations that perform aesesf the manufacturing cost of the relevant information.
operations; an integrated material transport sysietha D. Concept IV based on Manufacturing
computer that controls the flow of materials, tpasd For the human survival and development the basis is
information  (e.g. machining data and machingnanufacturing. It can be considered that no maufagc
malfunctions) throughout the system; auxiliary workho human survival. In the course of history, maotufidng
stations for loading and unloading, cleaning, ittpa, has gone from craft to a technology and to a seienc
etc. Flexible Manufacturing System goals reduction Manufacturing has not just been a craft or techmglbut
manufacturing cost by lowering direct labor costdana manufacturing science including engineering seieand
minimizing scrap, re-work, and material wastage. organizational science. Manufacture is the proceks
B. Concept Il based on Product Design transforming raw materials into products through itiput
Historically, computer aided design (CAD) was thietf of energy and information [1].
to support knowledge in engineering processes hog t
incorporates the largest number of knowledge ||| CONTENT OF DIGITAL M ANUFACTURE
management methods. Computer aided process planning
(CAPP) and manufacturing (CAM) have also introduced pigital manufacturing is an emerging area within

similar techniques, but knowledge generation aadsfier product lifecycle management (PLM) that supports
must be carried out separately for each applicatiod collaboration across several phases of produatyiife. It
specific environmental conditions. One of the mosk pbased on the current CAM software point soliitmat
important steps in converting a design concept @to gre extended through emerging IT infrastructure to
manufactured product is process planning. Suchnplan encompass product development, manufacturing and
determines the manufacturing operations, operatigRspection and control. This technology provides
sequence and resources required to manufacturedagdr numerous benefits including reduced time-to-mawed

based on an engineering drawing or a CAD model. feduced development and manufacturing costs.
process plan elaborates the machines, setups, toobjgital Manufacturing content:

specifications, operation time estimates, etc. irequto A  Product Design

convert raw material into a part [2]. _ Computer-aided design (CAD) is the use of computer
The CAPP problem is complex and is characterized Byograms to create two- or three-dimensional (2C3D)
many interdependent technical and business paresneigaphical representations of physical objects. CAD
and. variables, no viable .off-the-s.helf _solutlon Y8t software may be specialized for specific applicatio
available that can be easily or widely implemented cap is widely used for computer animation and sakci
industry. Traditionally, process planning was perfed qffects in movies, advertising, and other applazati
manually from scratch, hence requiring retrievald anyhere the graphic design itself is the finisheddpa.
manipulation of a great deal of information frommja cap is also used to design physicals products iwide
sources, including established standards, machityabi range of industries, where the software performs
data, machine capabilities, tooling inventoriesoclt .giculations for determining an optimum shape aaé s
availability and existing practice. The procesqnglaused o, g variety of product and industrial design égggions.
in production sghedulin_g_as welllas in machine@ntt |, product and industrial design, CAD is used maior
affects production efficiency, final cost and protu ihe creation of detailed 3D solid or surface madets2D
quality 3]. vector-based drawings of physical components. Hewev
C. Concept 111 based on Management ~ CAD s also used throughout the engineering profress
The products data management system (PDM) is t@@nceptual design and layout of products, througimgth
design and production for businesses to build @woant and dynamic analysis of assemblies, to the dedimitf
product development environment (from the supplymanufacturing methods. This allows an engineerdit b
engineering design, manufacturing, purchasing,ssatel interactively and automatically analyze design aats, to
marketing, customer mix); the enterprise requirdmefind the optimal design for manufacturing while
planning (ERP) is a business and manufacture of alinimizing the use of physical prototypes.
resources and processes for unified management Bf process Planning
technology, focusing on manufacturing logistics process planning is critical to effective manufeioty
management. Master production scheduling, materigherations. Historically, manufacturing processnplag
requirements planning (MRP), raw material procunéme a5 manual, based primarily on the experience and
planning, job shop plans, tooling equipment, mamag® nowledge of individual process planners. They dgpy
information system (MIS), financial systems managem yeyeloped manufacturing process plans after product
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contributed to advent of concurrent engineeringeneh  Simulation of production processes can be performed
product and process planning could occur in tandéast  with the intent to re-use existing knowledge antiroze
digital manufacturing technology suites are builbund processes before products are manufactured. Digital
this core manufacturing process function. Softwaas manufacturing also allows feedback from actual
support process planning in a concurrent engingeriproduction operations to be incorporated into thedpct
environment. design process, allowing companies to take advanthg

C. Time Management and Business Applications shop floor realities during the planning stage.

The  act or process of exercising conscious  control Current initiatives in the development of digital
over the amount of time devoted to specific adgigisuch manufacturing tools involve improving the user
as increased efficiency or productivity in a givedustrial experience, so that information is presented incthreext
system is called time management. The real-timn@f tasks performed, allowing users to make better
processing refers to the capability of a systent t@m decisions faster. Steps are being taken to prodidect
respond immediately at the time a transaction accAr connectivity with shop floor hardware, such as
time management system is a designed combination pogrammable logic controllers (PLCs), machine
processes, tools, techniques and methods. Timentrollers, computer numerically controlled (CNC)
management determines the date of completion of amachines and others. Unified platforms have alsmbe
project and the scope of the latter, thusit resain developed to manage both PLM and manufacturing
necessity inany development project. Due to thexecution system (MES) information.
competitiveness and remaina leader in the markéd. Product Lifecycle Management (PLM) Systems
companies take faster than its competitors prodt@ts Product lifecycle management is a strategic busines
market quickly and easily communicate with its ousérs approach that helps enterprises achieve its bisigesls
and partners, improve productivity in their orgatians, of reducing costs, improving quality, shorteninmei to
refine and optimize business processes. market, innovating its products, services, and rimss
D. Factory Layout Planning operations. CIM data defines PLM as: A strategisitess

With market challenges and new global competitiorapproach that applies a consistent set of busswstons
manufacturing companies must dramatically redude support of the collaborative creation, managegmen
product delivery time from conception to production dissemination, and use of product definition infation
order to gain, or even retain, competitiveness. Thacross the extended enterprise from concept toéEliie-
objective of most projects is to develop optiong fointegrating people, processes, business systemd, an
the layout management to consider, combining thedgoinformation. PLM software allows companies to manag
characteristics of a system and generating a hyiwatl the entire lifecycle of a product efficiently anadst
provides the most effective result. Layout deteemithe effectively, from ideation, design and manufacture,
way in which materials and other inputs (like peophd through service and disposal. Computer-aided design
information) flow through the operation. Relativedgnall (CAD), computer-aided manufacturing (CAM), computer
changes in the position of a machine in a factaryaffect aided engineering (CAE), product data management
the flow of materials considerably. This in tuencaffect (PDM) and digital manufacturing converge throughvPL
the costs and effectiveness of the overall manufeet PLM is unique from other enterprise software solusi
operation. Getting it wrong can lead to inefficignc because it drives top-line revenue from repeatable
inflexibility, large volumes of inventory and workn  processes. By providing the application depth amghdith
progress, high costs and unhappy customers. Charginneeded to digitally author, validate and manage the
layout can be expensive and difficult, so it isthesget it detailed product and process data, PLM supports
right first time. continuous innovation.

E. Ergonomics I. Analysis Software

As a discipline it is concerned with the theory and For an example the Tecnomatixis a comprehensive
practice of learning about human characteristice amportfolio of digital manufacturing solutions thabk all
capabilities, then using that understanding to owpr manufacturing disciplines together with  product
people’s interaction with the hardware, softwared anengineering from process layout and design, process
people with which they interact, and with thesimulation and validation, to manufacturing exemut5].
environments in which they do so [4]. J. Computer Aided Manufacturing (CAM) Software
F. Smulation of Robot Usage Computer aided manufacturing commonly refers to the

An inherent benefit of digital manufacturing is touse of numerical control (NC) computer software
establish proof of concept and validate proces8ss. applications to create detailed instructions (Gejothat
digital modeling and process planning, users cdimele drive computer numerically controlled (CNC) machine
digital manufacturing operations as a basis forcgge tools for manufacturing parts. Manufacturers inaaiaty
simulation. With simulation, a user can both visuahd of industries depend on the capabilities of CAM to
analytically verify that a manufacturing operatiovill  produce high-quality parts. A broader definition@AM
perform as planned. Any potential mishaps ocan include the use of computer applications téndeh
inefficiencies can be quickly discerned and coaect manufacturing plan for tooling design, computeredid

design (CAD) model preparation, NC programming,
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coordinate measuring machine (CMM) inspection
programming, machine tool simulation, or pos
processing. The plan is then executed in a prooluct
environment, such as direct numerical control (DNGI
management, CNC machining, or CMM execution.
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