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ABSTRACT- Portable, interoperable, and flexible are the 

objectives of following generations of computer-controlled 

technologies G-codes have long been used by CNC 

production instruments for component programmers and are 

now seen as a roadblock in the construction of next 

Automation. STEP-NC is a new data structure for a younger 

breed of CNC machine equipment. The data architecture is a 

simple standards aimed particularly at sophisticated CNC 

manufacturing machines, putting closer to reality the goal of 

a standardized CNC controllers and NC code generating 

facilities. STEP-NC CNC machines are regarded to be the 

cornerstone for a more open and adaptable design. The future 

of STEP-NC is depicted in this research, which includes 

autonomously manufactured machines, STEP compliance 

data understanding, intelligence constituent programming 

generation, diagnostic and upkeep, supervision, and job 

capacity planning. 
KEYWORDS- Computer Numerically Controlled (CNC), 

Devices, Machine, Technology, Tools. 

I. INTRODUCTION 

There seem to be a multitude of dramatic modifications in 

industrial processes topologies from the beginning of 

customized manufacture in the 1800s through the ground 

breaking large scale manufacture of the early 1900s. These 

systems integrated computerized transportation networks 

and warehousing with groups of computer numerically 

controlled (CNC) equipment that could have been 

reconfigured to create various components. Adjustable 

transferring line, flexible manufacturing systems (FMS), and 

reconfigurable manufacture units all use Machine as their 

primary components. Nevertheless, the degree of 

adaptability offered by these techniques was thought to be 

restricted. Open standard and progressively open production 

technologies are required to equip manufacture organizations 

to meet more frequently and unexpected market shifts with 

assurance. There is a need to differentiate between system-

level difficulties, constituent concerns, and nominal 

managing period decrease problems while building and 

managing interoperability and open manufactured 

processes[1].  

The majority of the development work has already been 

focused on framework difficulties, with a minor amount on 

constituent difficulties and very little on issues related to 

normal operating increased efficiency. At the design stage, 

development has focused on industrial equipment controlling 

difficulties, with the goal of developing supporting CNC 

techniques for modularity and allow access management. In 

every industrial system, CNC machining tools are essential. 

There are increasing requirements and possibilities for 

existing CNC machines to be equipped with some much 

qualities including connectivity, flexibility, flexibility, and 

customizability[2]. Products information connectivity and 

adaptive CNC machinery are two important difficulties that 

must be resolved in this regard. Little study has been done in 

this sector until recently, but with the creation of the new 

CNC data structure defined as STEP-NC, there seems to be 

a rush of investigation activity aimed at resolving the 

challenges listed previously. This document summarizes 

these efforts and attempts to solve the difficulties of CNC 

production equipment interchange and flexibility.  

A. Impediments of Current CNC Technologies  

Multi-axis management, error correction, and multi-process 

manufacturing are all features included in history's CNC 

equipment models. Meanwhile, these features also made 

software more complicated, and machines parts actually 

have become less versatile. Various efforts have been made 

to address this issue, most notably the movement against 

integrated design management, which is built on OSACA 

and linear combination structure regulator, and allows 3rd 

party applications to be used in the gamepad while still 

functioning under a conventional Version of Microsoft. 

Computer controls, in which PLC logic is recorded in 

computer instead of equipment, are another well-known 

commercial invention. Despite the fact that these 

advancements have enhanced programming applications and 

the infrastructure of CNC systems, suppliers and users 

continue to seek a universal tongue for CAD, CAPP, CAM, 

and CNC that combines and interprets each frame's 

understanding without data leakage. Despite the fact that 

many CAM tools allow NC manufacturing, flexibility and 

interchange from network to network has been and continues 

to be a major barrier to their widespread adoption.  
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B. Product Data Compatibility and Interoperability 

CNC machines instruments finish the products designing and 

production process, and they almost always connect with 

downstream components like CAD, CAPP, and CAM. 

Knowledge communication across disparate CAD and/or 

CAM systems is possible when neutrality data 

communication mechanisms like as SET, VDA, and the 

basic graphical transmission standard are utilized. This is 

only partly effective as these standards are primarily 

intended to communicate geographic coordinates and do not 

fully meet all of the CAD/CAPP/CAM company's 

requirements[3]. However, information interchange issues 

among CAD/CAM and CNC machines have yet to be 

resolved. CAD Numerical methods are focused on utilising 

desktop technology to technology to start generating 

proposals and control manufacture facilities based on the 

angular shapes data displayed in a CAD prototype and the 

available raw materials on the production floor, so even 

though CAM structures are focused on using desktop 

structures to create plans and regulation production 

operational processes based on the simple geometric 

knowledge observed in a CAD framework and the available 

raw materials on the production floor. ISO 6983 is an 

obsolete standard that only allows for one-way knowledge 

transfer from development to manufacture. A milling 

mechanical does not use the CAD data. Alternatively, they 

are handled by a comment to provide a collection of low-

level, flawed information that is difficult to modify, verify, 

or simulate. The architect can indeed be informed 

immediately of modifications made on the factory floor. As 

a result, priceless shop-floor encounters could not be kept 

and reused[4].  

C. Inflexible CNC Control Regime 

Rather than grinding jobs with regard to the component, the 

ISO 6983 stainless steel range with stainless on controlling 

the route of the cutting center point with regard to the plant 

axes. As a result, ISO 6983 specifies the grammar of 

programming languages while leaving the meaning uncertain 

in most circumstances, as well as low-level restricted 

controls over implementation of the programme. These 

programmes becomes computer after being completed in a 

Software application by a computer cleaning device. CNC 

controller’s providers have created their own customised 

leadership framework sets to add additional functionality to 

their CNC controls and expand ISO 6983 in order to improve 

the capabilities of a CNC machine. Because of the existing 

rigid CNC regulatory regime, the outputs from a CAM 

systems is unadaptable, which prevents Numerical control 

equipment from being interoperable. Consciousness and 

mechanical optimisation are both conceivable. 

D. The STEP-NC Standard 

Currently, suppliers, customers, and educational institutions 

all around the globe are working on ISO 14649, also known 

as STEP-NC, to create a database structure for a new 

generation of sophisticated CNCs. The database architecture 

is a popular paradigm for NC development, bringing the 

objective of a standardized CNC controllers and NC code 

production facility closer to reality. At the moment, ISO is 

working on two implementations of STEP-NC[5]. First is the 

ISO 14649 Applications Standard Framework, while the 

other is the ISO 14649 Applications Interpreted Prototype. 

Users may learn additional about how to utilize those and the 

distinctions between them. ISO 14649 is not a technique for 

component computing and does not generally specify the 

tool motions for a CNC machine, according to the 

contemporary NC programmer specification. Furthermore, it 

gives 142 X a device database structure. CNCs with a 

systematic and formatted way of communicating that 

combines device programmers, at which a variety of 

knowledge is symbolized, such as the attributes to be 

moulded, tool different kinds used, processes to carry out the 

necessary, and the production process to pursue. W. Xu, S.T. 

Newman / Computer systems in Industry 57 141–152 CNCs 

with a comprehensive and organised way of communicating 

that combines touchscreen programmers, at which a range of 

knowledge is supported, such as the characteristics to be 

manufactured, tool Though STEP-NC may be used to 

precisely describe the industrial machinery trajectories, the 

edition's goal is to enable these choices to be made 

subsequently by a new type of cognitive processor STEPNC 

microcontroller. The goal is for STEP-NC component 

programmes to be developed once and then utilized on a 

variety of production tool controllers as long as the 

equipment has the requisite performance levels[6].  

It's worth noting that this program is a STEP-NC 

transference (physical) file that may be delivered to and from 

a STEP-NC efficient algorithm. This files would've been 

read by the controllers, allowing CNC controllers to engage 

with the gamepad at the Operating phase levels using an 

effective manually interaction or CAD/CAM system. The 

following are few of the advantages of utilizing STEP-NC. 

STEP-NC offers a full and organized database schema that 

is connected to morphological and technical data, ensuring 

that no knowledge is lost as the design procedure 

progresses[7].  

E. STEP-NC International Community 

Through with an internationally industrial automation 

networks initiative, the worldwide industry, supported by 

ISO, began a dramatic shift in the notion of NC computing 

in the latter part of the 1990s. 

STEP-NC Europe is in charge of machining, machining, and 

certification in accordance with ISO 14649. It includes 15 

partners, led by Siemens, with customers like Daimler 

Chrysler and Volvo, as well as scientific institutions. In 

partnership with suppliers such as Agie, Starrag, and CAM 

maker CADCA Mation, the Swiss are spearheading the 

implementation of the specification for wire-cut and die-sink 

EDM. Machining and rotating designs for ISO 14649 

compliance processors have been studied at both Pohang 

University of Science and Seoul National Academy in 

Korea. Additional academic groups in the field includes 

those of us in the United Kingdom and New Zealand. In the 

United Kingdom, the Wolfson School of Industrial 
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management at Sheffield Hallam polytechnic has created an 

Agent-Based, STEP-compliant CAM system. The 

Mechatronics Laboratory at the University of Auckland in 

New Zealand has been developing a Little further CAPP 

system for cooperative production utilizing the AIM of 

STEP-NC. The Glamour model STEP-NC initiative, 

managed by STEP Tools Inc. and funded by the National 

Institute of Standards and Technology, has made significant 

progress in completely automating the CAD to CNC 

production process via the usage of STEP or rather AP-238 

in the United States. This initiative brought something united 

powerful collection of industry collaborators, comprising 

Boeing, Lockheed Martin, GE, and GM, as well as well-

known CAM providers like Gibbs Associates and Master 

CAM. 

F. STEP-NC for More Open and Interoperable Machine 

Tools 

STEP-NC studies may be divided into four categories: 

STEP-NC-enabled CNC management; (2) new STEPNC-

enabled CNC supervision; STEP-NC-enabled sensible 

supervision 144 X.W. Xu and S.T. Newman, Computing in 

Industrial, vol. 57, no. 1, pp. 141–152. Physical file in STEP-

NC format. In addition, simultaneous STEP-NC 

manufacturing is possible. From Type 1 to Type 4, the 

amount of flexibility rises. It's worth noting that STEP-NC 

and STEP are currently working collaboratively to create a 

unified reference architecture for displaying entire details 

about the products. This is far impact is due to the seamless 

incorporation of CAD, CAPP, CAM, and CNC throughout 

the whole design to production chain, with the necessary 

compatibility and flexibility. Because of the paper's 

restricted focus, only material immediately linked to STEP-

NC supported CAM/CNC is covered.  

G. New STEP-NC Enabled Control 

Numerous top scientists across the globe have really being 

able to interpret STEP-NC particular input in a CNC 

command by collaborating with some of the most prominent 

CNC devices or Open Module Architectural Drivers. This is 

accomplished by creating and incorporating a STEP-NC 

Interpretation into these computers that can accurately 

execute the grinding operations described in ISO 14649. 

Gibbs CAM was connected with an OMAC machining 

operation in the stage 3 of the US Runway prototype 

Mission. Gibbs CAM was able to create tool–path data using 

an AP238 data file, which included all of the production 

order. The tool–path information was therefore 

communicated to a horizontally manufacturing center via 

"ischaemic multi communications," instead of traditional G-

codes, indicating a greater degree of CAM/CNC 

convergence than is generally achieved using ISO 6983. This 

type of research encompasses the majority of the work done 

in the EU. The creation of STEP-NC assisted CNC 

programming utilizing a Siemens 840D microcontroller has 

been the major emphasis.  

This allows for immediate integration of STEP-NC 

physically documents with the microcontroller, as well as 

visualization of machined characteristics and corresponding 

Working steps in a STEP-NC compatible version of their 

Shop Mill CAM system. Simultaneous to this study, the 

WZL Shop floor Processing Platform, which includes WZL 

Mill, a STEP-NC compatible programmer scheme.  The 

technique has been expanded to CNC spinning in addition to 

STEP-NC milling advancements. ISW Stuttgart created the 

concept STEP Turn computer program, which can load CAD 

geometries and machined characteristics, establish 

machining methods and technology.  

H. Challenges and Opportunities 

Although preliminary investigation has demonstrated that 

STEP-NC may be a useful tool for producing more 

accessible, interoperability, and sophisticated CNC 

machines products, there are still a multitude of obstacles to 

overcome before the NC community, especially CNC 

engineers and operations, accepts it. Opposing groups, such 

as NC machine makers, CNC controllers makers, and 

professional CAD/CAPP/CAM suppliers, would benefit 

greatly from these problems. 

II. DISCUSSION 

Detailed metadata encompassing comprehensible 

geometrical (features), task-oriented procedures, 

approaches, and tools descriptions may now be provided to 

the operators at the CAM, SFP, and NC levels. The 

accessibility of project specifications at the manufacturing 

phase also allows for an efficient collisions check, 

simulations, and communication from the manufacturing 

process to the planning phase. Part programmes that adhere 

to the STEP-NC standards are interchangeable in the 

meaning that they're being applied to any CNC production 

tool capable of performing the grinding operations. STEP-

NC CNC equipment feature a rather more accessible and 

flexible design, enabling it simpler to combine with other 

production capabilities, such as work - piece surface 

handling devices. STEP-NC also enables dispersed 

manufacture scenarios by allowing data collecting, 

troubleshooting and management, surveillance, and capacity 

planning can all be done on the very same platforms via 

wired networks. 

III. CONCLUSION 

Recent CNC manufacturing machines, albeit proficient in 

capabilities, lack flexibility, mobility and understanding. 

This is owing to the circumstance that these milling 

machines still use a 50-year-old vocabulary. NC programmes 

in this form are only intended for use on a single machining 

operation. They can really be reimagined for a distinct 

robotic arm by a CAM or SFP framework. Because designs 

phase and know-how about manufacturing equipment and 

materials are contained in multiple forms and on separate 

platforms, computerized production of a 100 percent optimal 

NC programme is not feasible. STEP-NC can provide a 

consistent NC curriculum template for CAM, SFP, and NC, 

eliminating the need for comment and going to result in a 

truly interchangeable format. The protest during the OMAC 
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STEP-NC Forum was noteworthy. It shown that STEP-NC 

metadata generated by various CAD/CAM software is 

machine-neutral. Various five CNC machinery have been 

converted to the STEP-NC format. The test part (NAS 979) 

is a five-axis constituent in the genuine sense. It should be 

noted that only computer impartial tool–path data from the 

AP-238 CC1 is used. Items like manufacturing 

characteristics and designer requirements aren't taken into 

account. As a result, the CNC machinery' flexibility is 

restricted in this situation. There are still problems to solve 

and hurdles to overcome. The need for a homogeneous 

STEP-NC communication system, the advancement of 

STEP-NC facilitated intellectual control systems, the 

acquisition of process produces understanding to 

investments based at the industrial equipment stage, and 

other inadequately related innovations are all contributing to 

these difficulties. The problems exist with the possibilities 

that, if taken advantage of in a timely manner, might result 

in a plethora of advantages that STEP-NC provides. 
 

REFERENCES 

[1]. Ernst H. The Use of Patent Data for Technological Forecasting: 

The Diffusion of CNC-Technology in the Machine Tool 

Industry. Small Bus Econ. 1997;  

[2]. Lim J, Kim DY, Kim S. An experimental study for quality 

assurance of free-form concrete panels produced by CNC 

machine. J Civ Eng Manag. 2018;  

[3]. Patil M. Literature Review for Designing of Portable CNC 

Machine. IJIRST-International J Innov Res Sci Technol. 2017;  

[4]. Zhou Z De, Gui L, Tan YG, Liu MY, Liu Y, Li RY. Actualities 

and Development of Heavy-Duty CNC Machine Tool Thermal 

Error Monitoring Technology. Chinese Journal of Mechanical 

Engineering (English Edition). 2017.  

[5]. Su S, Hu Y, Wang C. The key technology research about 3D 

CNC bending machine and experimental verification. J Coast 

Res. 2015;  

[6]. Li XH, Li WY. The Research on Intelligent Monitoring 

Technology of NC Machining Process. In: Procedia CIRP. 

2016.  

[7]. Sonawane AR, Rane AB, Sudhakar DSS. DEVELOPMENT 

OF A3-AXIS CNC MILLING MACHINE WITH AN OPEN 

SOURCE CONTROLLER. Int J Res Eng Technol. 2017;  

 


