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Abstract: STEP allows both for a rather high-level 

description of manufacturing features and for a detailed 

description of tool paths and cutting conditions, if 

needed. This way, once the parameters have been 

optimized at the machine, they can be stored in all 

detail in the very same data model which was handed 

down from the process planning department. This 
mechanism allows to give feedback to the planning 

department in a consistent manner. 
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1. INTRODUCTION  
 

STEP is considered only a way to 

transfer data between different CAD-
systems, but STEP has also developed 

towards manufacturing information 

management, the STEP-NC concept. 

STEP-NC provides not only a full 

description of the part, but the 

manufacturing process as well.annotating 

CAD design data with manufacturing 

information about the stock, its cutting 

characteristics, and tool requirements. 

STEP-NC defines data representing 

working steps, a library of specific 

machining operations performed at the 
CNC, so that any controller will be able to 

calculate the tool path based on definitions 

contained in formatted routines integrated 

within the controller itself.  

STEP-NC is a new model of data 

transfer between CAD/CAM systems and 

CNC machines, which replaces .G-code.. 

It remedies the shortcomings of .G-code. 

by specifying machining processes rather 

than machine tool motion. Workingsteps 

correspond to high-level machining 
features and associated process 

parameters. CNCs are responsible for 

translating workingsteps to axis motion 

and tool operation. Basically, the standard 

is the smooth and seamless exchange of 

part information between CAD, CAM, and 

NC programming.  

At the moment STEP-NC 
standardization is in ISO/DIS phase (Draft 

International Standard) and international 

development work continues in many 

countries. Many end-users have started 

their pilot-projects concerning utilization 

of STEP-NC and also CAD/CAM software 

vendors have made implementations for 

research projects. 

 

 

2. STEP INFORMATION SYSTEM 

PLATFORMS  
 

The integration ensures that the CAx 

systems can store product data effectively 

across the product development processes 

[1]. Considerable research performed 

showed that one of the problems with the 
current design and process planning 

software systems is the lack of integration 

between CAD data output and CAPP data 
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input [2, 3]. On the other hand, the 

integration of product data helps 

enterprises to determine the product costs 

based on CAx processes [4]. To achieve to 

collaborative CAD/CAM product 

development so many standards for data 

exchange have been developed and 
revised, one of these standards is the STEP 

(Standard for the Exchange of Product 

Model Data) which is an international 

standard that addresses the representation 

and exchange of product data [5, 6, 7]. 

Since the mid-1980s, the international 

community has been developing the ISO 

10303 set of standards, well known as 

STEP (ISO 10303-1 1994), which has its 

foundations in many of the earlier 

standards [8, 9]. The overall objective of 

STEP is to provide a mechanism that is 
capable of describing product data 

throughout the life cycle of a product, 

independent from any particular system 

[10, 11, 12]. 

 

Table 1 - Review of important CAD/CAPP/CAM/CNC information system platforms 

 
 

This feature improves the 
communications within the extended 

enterprise and helps to support global 

collaboration among suppliers, business 

partners and customers [13]. These 
characteristics make STEP an appropriate 

choice for product data integration in Cax 

platforms. The capabilities of this standard 
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easily extend its data structure for new 

product development areas [14]. STEP is 

widely used in CAD and product 

data/lifecycle management (PDM/PLM) 

systems [15]. This data structure also 

integrates the CNC machining post 

processors data structures in 
manufacturing suits [16]. This paper 

considers the term of “integration” as 

integration of product data based on STEP 

standard. Software houses are involved in 

development of new Cax software tools. 

Therefore the platform should be able to 

easily support new CAx software tools. 

Based on survey [17] and above mentioned 

needs for an integrated and interoperable 

collaborative CAD/CAM/CNC platforms 

based on STEP standard, the important 

CAD/CAM /CNC information system 
platforms are reviewed in Table 1. 

 

 

3. THE PROPOSED 

INTEGRATED AND FLEXIBLE 

PLATFORM FOR 

INTEROPERABLE 

CAD/CAPP/CAM/CNC 

MACHINING SYSTEMS BASED 

ON STEP STANDARD 
 

The structure of the proposed 

interoperable and collaborative 

CAD/CAM system named INFELT STEP 

is designed in such a way to be: 1) an 

implementable platform: It should provide 

the different aspects of an integrated 
information system. Therefore, it is 

designed to enable the different 

CAD/CAM application software and CNC 

Post Processors to collaborate in the 

platform. One way to make sure that a 

complex process is on schedule is to 
employ distributed agents that repeatedly 

and regularly inform the current status of 

all elements associated with the process 

[18].  

The INFELT STEP is capable of 

feeding different CAD/CAM application 

software and CNC Post Processors with 

latest information. INFELT STEP solves 

the difficult and complex problems such as 

none integrated information and problems 

in collaboration. To achieve a higher 

collaborative performance the different 

layers have been designed so that the 
application software in different 

CAD/CAM processes can work 

collaboratively. Interoperable to support 

different CAD/CAM application software 

and CNC Post Processors data exchange: 

Considering that most of CAD/CAM 

application software and CNC Post 

Processors do not ensure STEP standard 

for data exchange and operation, the 

INFELT STEP platform should be capable 

of transferring the required CAD/CAM 

application software information to them. 
On the other hand, the INFELT STEP 

platform should maintain and manage the 

processed information in an integrated data 

structure based on STEP standard. Capable 

to manage collaboration among different 

CAD/CAM application software and CNC 

Post Processors: The INFELT STEP 

should enable the different CAD/CAM 

application software to exchange data and 

information. It should manage the data and 

information processed by each CAD/CAM 
software and CNC machine devices. It 

manages the information exchange 

between these agents that collaborate with 

each other. 

An integrated platform based on STEP 

standard: INFELT STEP should satisfy the 

STEP standard for data integration. The 

product data and information should be 

based on STEP standard. The STEP 

architecture facilitates sharing of common 

data structures between STEP parts [19]. 
Structured to accept different distributed 

CAD/CAM application software and CNC 

Post Processors easily: INFELT STEP 

should have a structure and procedures that 

enable different CAD/CAM application 

software and CNC Post Processors to join 

the platform for interoperability. These 

devices and applications may be 
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distributed. The platform should have 

procedures to enable them for 

interoperability. Based on these factors, 

INFELT STEP platform consists of 

different layers. These layers have 

structures and procedures that enable 

different CAD/CAM application software 
and CNC machine devices to collaborate 

in an interoperable environment. These 

applications and devices use their own data 

structure for collaboration. INFELT STEP 

layers manage the interoperability among 

them while maintaining data integrity 

based on STEP standard. These layers 

enable different CAD/CAM application 

software and CNC Post Processors to join 

the platform for collaboration easily. The 

overall structure of INFELT STEP 

platform is shown in picture 1. INFELT 
STEP has three kinds of layers; each layer 

is responsible for specified functionalities. 

To enable the different CAD/CAM 

application software and CNC Post 

Processors to collaborate in an 

interoperable environment, INFELT STEP 

platform uses the flexibility layers. These 

layers are responsible to send and receive 

the data and information to the different 

CAD/CAM application software and CNC 

Post Processors based on their own data 
structure. These layers facilitate to join the 

new CAD/CAM application software and 

CNC Post Processors easily. Theses layers 

have data structures based on CAD/CAM 

application software and CNC Post 

Processors data structures. The flexibility 

layers are consists of interfaces for each 

CAD/CAM application software and CNC 

Post Processors data structure. These 

applications and devices connect theses 

interfaces to ensure collaboration of 

CAD/CAM application software. The data 

and information is exchanged based on 

CAD/CAM application software data 

structure within these interfaces. The 

developed interfaces are parts of the 

flexibility layers. The main function of the 

interfaces in the flexibility layers is to 
check the data validity of exchanged 

information. These layers communicate 

with Interoperability layers in XML data 

format. INFELT STEP has three flexibility 

layers: 

1) Flexibility Layer for CAD to 

support different CAD 

application software 

2) Flexibility Layer for CAPP/CAM 

to support different CAPP/CAM 

application software 

3) Flexibility Layer for CNC Post 
Processors to support different 

CNC machining post processors 

Any applications and devices use 

their own data structure. 

These layers are consists of different 

interfaces that have data structure based on 

related CAD/CAM application software 

and CNC machining post processor data 

structure. These layers send the 

CAD/CAM/CNC machining data and 

information to lower layers named 
Interoperability layers in XML format. 

Vice versa, flexibility layers receive the 

CAD/CAM/CNC machining data and 

information from interoperability layer in 

XML format. These layers enable the 

INFELT STEP to have flexibility to 

support different CAD/CAM application 

software and CNC Post Processors based 

on their own data structure. The new 

interfaces can be developed to these layers 

where they are required. 
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Figure 1 - STEP data structure 

 

4. HARMONIZATION OF STEP-

NC INFORMATION MODELS 

 
The use of STEP-NC for 

CAD/CAPP/CAM/CNC brings the benefit 

of better integration for information 
models from design to manufacture 

avoiding semantic errors giving an end to 

the translation between proprietary and 

non-proprietary formats. However, the 

changing specifications of the various ISO 

information models to represent the 

various geometric elements 

(AP203/AP214), features (AP224), 

process planning (AP240), CNC 

equipment (AP238) and AP219 (inspection 

analysis) together with the various parts of 
ISO 14649 provides a wide range of 

different and sometimes contradicting 

definitions for representation of product 

and manufacturing models in 

CAD/CAPP/CAM and CNC. This is 

already evident in the STEP-compliant NC 

definitions with the US utilizing AP238 

and Europe using ISO 14649 for CNC 
model development. For STEP-NC-

compliant manufacturing to succeed, the 

various CAx solutions will need to be 

interoperable via product and 

manufacturing model data providing both 

information and knowledge sharing across 

the CAD to CNC process chain. This 

requires the machine tool users to trust the 

process-planning mapping linkages 

between the manufacturing features in the 

product model and the process machining 

representation according to ISO 14649 
standards in the manufacturing model. 

This need for a consistent and common 

view is reiterated by the ISO 14649 

standard, which uses features closely 

resembling the well-established ISO 

10303–224 (AP224) standard. As STEP-

NC features have a terminology and 

structure, which closely resembles AP224 

features, it causes the additional 

disadvantage of mapping AP224 features 

to those in STEP-NC features, which is an 
overhead for CAx solutions from the 
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information model integration viewpoint. 

The developments and applications of 

STEP-NC have made invaluable 

contributions with the adaptation of CNC 

controllers, CAD/CAM and CNC 

shopfloor programming systems to take 

advantage of contemporary technologies. 
This process chain also needs to be 

considered through from an interoperable 

viewpoint enabling CNC programming to 

be initiated at the design, manufacturing 

planning and CNC machine levels. Thus, 

there is a need to define the product model 

information including design and 

manufacturing intent for each CNC part 

based on ISO standards, which can be 

populated from design office through to 

the shopfloor. For the ethos of STEP-NC 

to be successful, the necessity to identify a 
consistent model definition of the product 

that maps on to a manufacturing model is 

critical. Product modelling [20] is 

recognized as a well-matured area of 

research and has been pivotal in defining 

engineering data-management systems to 

support the concurrent engineering 

process. Manufacturing modelling [21], on 

the other hand, is still at an earlier stage of 

development, but its need is as vital, with 

standards needed to map CNC resource 
and process information on to the product 

manufacturing requirements. The US 

Super Model project has tried to address 

this goal with the use of an AP238 

integrated CNC model consisting of ISO 

14649, AP203/AP214, AP224 and AP219, 

and may well yet be the total solution for 

product modelling. Providing feedback 

from manufacturing to design, process 

planning, and quality control promises 

improved products and significant cost and 
timesavings. G-code format data are useful 

passed forward to machining but are 

useless for feedback (except for changed 

G-code). The STEP-NC data format is 

better for providing feedback, for two 

reasons. First, STEP-NC data include 

design data and include process plan data 

at a much higher level than G-codes. If 

downstream processes are able to write 

these data as well as read them, they can 

feed back designs and plans in the same 

format in which they are received. Second, 

in STEP-NC, probing sets the value ofan 

nc_variable; while not designed for 

feedback, the nc_variable could be 
returned as feedback to process planning. 

G-codes (although they do support the 

execution of probing) do not support 

feedback of probe data outside the 

controller executing the G-codes. In 

addition, STEP integration might be 

extended to include feeding back 

production run data such as actual tool 

selection and cutting time by modelling 

these data using established STEP 

techniques. If these data were available in 

process planning, they would enable long-
term optimization and better NC 

visualization and verification. If the data 

were available in design, they would 

facilitate improving design-for-

manufacturing techniques and determining 

the consequences of design choices on 

manufacturing cost. Feedback links are 

shown in picture 1. as the dashed arrow, 

which indicates that, while conceptually 

possible, this promising data path has not 

been adequately explored. The data model 
should be reviewed for its applicability to 

upstream feedback, using compelling 

scenarios and research pilot projects as 

drivers. 

In feedback from manufacturing to 

design and process planning, there is a 

catch. To be useful, the reasons for 

changes must be fed back along with the 

changes. Only natural language is 

currently available for giving reasons, so 

only humans will be able to use the 
feedback. For automated handling of 

feedback, machines must be able to deal 

with reasons. Developing formal 

languages for stating reasons, integrating 

them with STEP-NC data, and building 

systems to process them are fertile areas 

for research. STEP-NC models tool 

requirements, namely those aspects of 
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tooling needed for particular machining 

operations. These requirements are 

different from tool descriptions, such as 

those for particular tools in a tool 

inventory or catalogue. The fewer 

requirements specified by a STEP-NC 

process plan, the greater the freedom 
enjoyed by the CNC to select a particular 

tool at run time. Conversely, if a STEP-NC 

process plan specifies comprehensive 

tooling requirements associated with a 

particular tool, that tool must be available 

at run time, or the plan cannot be executed. 

Deferring tool selection to run time allows 

cutting setups to be changed immediately 

prior to the cutting process, indeed during 

pauses in cutting, avoiding the needless 

regeneration of STEP-NC programs after 

minor tooling changes such as sharpening. 
Unless a toolpath is given in the STEP-NC 

file, handling a tool whose measured 

diameter differs slightly from its nominal 

value is not a problem. The controller uses 

the measured value when generating the 

toolpath. 

However, STEP-NC has no way to 

specify an offset when a toolpath is given, 

so changing the tool size slightly requires 

regenerating the toolpath in order to 

produce the same geometry on the part. In 
this regard, STEP-NC has less 

functionality than ISO 6983, which does 

provide for specifying an offset. This 

functionality should be added to STEP-NC 

so that minor changes in available tooling 

do not require that the STEP-NC file be 

regenerated. ISO 14649 parts 111 and 121 

describe tool requirements for milling and 

turning, respectively. ISO 10303 AP238 

maps these on to integrated resources from 

ISO 10303. Part 41, and also introduces 
new elements. A related standard, ISO 

13399, is a draft data model for tool 

descriptions, such as those found in a tool 

catalogue or as documentation 

accompanying purchased tools. It contains 

conceptually much of the same 

information as in STEP-NC, although its 

purpose is different. ISO 14649 does not 

reference ISO 13399, nor are the two 

harmonized. The consequences of the lack 

of harmonization are illustrated by the 

following scenario: a shop owner 

purchases several end mills from a 

supplier, each with a small CD-ROM that 

contains its ISO 13399 description, and 
loads the CD-ROMs into his tool 

management system. The shop 

programmer plans the machining job in a 

STEP-NC CAM system that has been 

integrated with the tooling database and 

generates a STEP-NC program. The shop 

machinist loads the STEP-NC program 

into a STEP-NC. CNC that is also 

integrated with the tooling database, and 

begins the job. However, the CAM vendor 

(when converting ISO 13399 to ISO 14649 

data while writing the STEP-NC program) 
and the CNC vendor (when reading the 

program and performing the reverse 

conversion) have different rules for 

interpreting effective cutting length. The 

tool selected by the CNC is shorter than 

the CAM system expected. When the 

controller tries to make a deep hole, the 

tool holder is mashed into the part. This 

scenario illustrates the problems caused by 

incompatible standards. One important 

issue is the need to harmonize both ISO 
14649 and ISO 13399. 

Presently, the committees responsible 

for these standards are working to resolve 

this issue. Such a resolution will greatly 

improve the degree of integration between 

tool-management systems, process-

planning software and machine-tool 

control. The method of marrying data in a 

STEP-NC program to data representing the 

tools actually resident on the machining 

centre has not been addressed in ISO 
14649. This need is acknowledged 

explicitly on the first page of ISO 14649 

Part 111, but it is put out of scope. This is 

a weakness in the standard. A general 

solution is to allow a tool to be specifed in 

a STEP-NC file by giving any of (1) the id 

of a specific instance of a tool, (2) the 

name of a tool type whose characteristics 



 

514                                                            P. Pravdic 

are given in a catalogue or (3) the tool 

characteristics (the current STEP-NC 

method). Tolerancing is one primary 

means to guarantee part interchangeability 

and functionality. It also has a far-reaching 

effect on manufacturing processes in terms 

of both cost and productivity. The need to 
integrate product and process data and to 

be able to update the tolerance information 

based on the current level of processing is 

important to the end-users. Having 

tolerances available when generating 

machining commands or even at run time 

is essential to enabling adaptive 

machining. Some commercial systems 

such as MDSI (Manufacturing Data 

Systems) have used their proprietary 

tolerancing approaches to provide adaptive 

cutting speeds based on the tolerances and 
machine dynamics resulting in shortening 

the machining time. However, tolerance 

issues have not been adequately addressed 

in the STEP-NC standards, partly because 

of the uncoordinated work in other parts of 

STEP for representing tolerances. This is 

reflected by the isolated work in 

developing standards such as AP203 e2, 

AP219, AP214 and AP224, and the effort 

of „porting‟ the tolerances in some of these 

Aps into ISO 14649, AP238 and AP240. 
In recent years, some work has been 

carried out to integrate tolerances into the 

product model. Two different approaches 

have been discussed, introducing 

„measuring features‟ as new geometry 

items and introducing the „criteria‟ concept 

which helps to interpret tolerance 

information. The criteria are defined based 

on a geometrical item, which might be a 

feature (IMS STEP-NC Consortium 2003). 

Tolerance harmonization has also 
been under way for some time. The 

technical issues in tolerance harmonization 

have been resolved, i.e. those for design 

(AP203 and AP214), those for 

manufacturing (AP224 and AP238) and 

those for inspection (AP219). However, 

there is still a long way to go before the 

harmonized tolerances are put into place in 

these APs. All of the above effort seems to 

have fallen short of acknowledging and 

addressing the differences between 

tolerances of different types and purposes. 

For product assembly, tolerance 

requirements of a finished product are 

usually allocated to dimensions of 
individual parts and/or their design 

features. The allocated part tolerances are 

thus called design tolerances. For part 

manufacture, design tolerances are often 

converted into manufacturing tolerances, 

i.e. the tolerances of intermediate working 

dimensions in part fabrication processes, 

e.g. in machining processes. These two 

types of tolerances in many cases differ 

from each other. Take the part in figure 22, 

for example [22], where the product design 

dimensions (D1, D2) with their respective 
tolerances (T1, T2). Certain features of 

process plans for discrete manufacturing 

are found in almost all domains at almost 

all hierarchical levels. It would be 

extremely useful if a generic process plan 

model incorporating these features could 

be written that could then be used by 

models of process plans applicable to 

specific hierarchical levels in specific 

domains. The current unfortunate situation 

is that these features are being modelled 
multiple times in different ways. By using 

a generic process-plan model, it will be 

much easier to build interoperable systems. 

This approach is implemented and proven 

to work in FBICS [23]. The generic 

language is ALPS. It is used by the plan 

model for the cell level (at which an entire 

part is considered) and by the plan model 

for the workstation level (at which one 

fixturing of a part is considered). The 

executable parts of manufacturing process 
plans (the core of most plans) can be 

represented generically by a directed graph 

of nodes, each of which represents either a 

control structure or an activity to be 

performed. The control structures are used 

in determining the order in which the 

graph should be traversed. Types of 

control structure typically found in discrete 
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manufacturing process plan models 

include (1) sequential; (2) non_sequential; 

(3) parallel; (4) selective; (5) alternative; 

and (6) loop. Both STEP-NC and STEP 

10303 AP240 are being developed for 

process planning. The former is meant for 

micro-process plans, the latter for macro-
process plans. STEP-NC includes all of the 

above as (1) the its_elements list of a 

workplan, (2) non_sequential, (3) parallel, 

(4) selective, (5) if_statement and (6) 

while_statement. However, AP240 

includes only (1) sequential, as the 

activities attribute of a 

process_plan_version, and (5) alternative, 

doubly modelled as the alternate_plan(s) 

of a part_version and the alternate_activity 

of an activity. ALPS includes most of the 

above plus semaphore and timer control 
structures. Additional useful items which 

may be defined in a generic process-

planning model include: variables, 

numerical expressions and operators (e.g. 

aţb), and plan parameters (which are 

analogous to function call arguments). The 

(obviousl desirable) integration of STEP-

NC with AP 240 would be greatly 

facilitated if a generic process-plan model 

were built and used by both. 

 
 

5. INTRODUCING NEW STEP-

COMPLIANT CONTROLLERS 
 

The Consumer Product Corporation 

Inc. (Consumer Inc) has broadened its 

product portfolio by launching a number of 
new products during last year with an 

emphasis on advanced devices. Consumer 

Inc has also made good progress in 

improving the quality of its processes and 

products. To gain even more market share 

and profit Consumer Inc develops its 

manufacturing and logistics operations. 

Consumer Inc has a supplier network that 

has facilities in Europe and Far East. 

Supplier network rely heavily on CNC 

machining centres to produce moulds for 
injection moulding technology. Moulds are 

designed in Northern Europe using CAD 

software that generates STEP format, i.e., 

ISO defined standard to exchange digital 

product data between CAD/CAM-

Systems.  Consumer Inc engineers design 

a new generation product with the 

requirements and functionality fulfilling 
the market demands. Consumer Inc design 

organizations are using high-end PLM 

systems that are capable of expressing the 

engineering and industrial design intent. 

Consumer Inc is using three different PLM 

systems because of company mergers 

some years ago. 

The management of Consumer Inc 

considered that coercing company into one 

PLM system has more disadvantages than 

using three different systems one reason 

being that the existing CAD-models (i.e. 
design base) in each of the CAD-system 

can be capitalized fully. Also, there may 

be more company mergers in future and, 

therefore, the strategy towards 

heterogeneous PLM systems is more 

profitable. Interoperability is seen as a key 

asset in future. Consumer Inc engineers 

design products in concert with the 

Module Supplier Inc., a manufacturing 

company (Supplier Inc) that is using 

injection moulding technology for 
producing Consumer Inc parts. The 

Consumer Inc designed product model is 

uploaded to Supplier Inc site. Supplier Inc 

uses its own sub-contractors in mould 

design and the product model is transferred 

to a mould design company (Designer 

Inc). Designer Inc suggests some minor 

modifications to original Consumer Inc 

design to take into account mould 

technology requirements (Designer Inc can 

import Consumer Inc CAD model in STEP 
format into their own CAD-system). The 

suggestions are updated to the original 

CAD-model and sent to Supplier Inc and 

Consumer Inc. After approval a mould 

design is frozen and transferred to Supplier 

Inc that uploads the CAD-model with no 

problems as the STEP format capability is 

also in their CAD-systems. Supplier Inc.s 
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process engineers develop process plans 

for each part of the mould. The 

manufacturing information is attached to 

geometric CAD-model, in other words, 

STEP-NC files are generated for the CNC 

machines. The Supplier Inc European and 

Far Eastern facilities each will produce 
mould parts, and the STEP-NC programs 

are provided electronically to them. Each 

facility uses machining centres from 

different manufacturers and with different 

capabilities, although all of them support 

STEP-NC input. During initial production 

runs, the programs are tested at each 

facility and the parts are verified to be 

within the tolerances specified. Supplier 

Inc has just purchased new CNCs that will 

be integrated onto the supplier‟s five-axis 

machining centres that support STEP-NC 
input, a Consumer Inc requirement. Since 

STEP-NC is relatively new, Controller Inc 

decided to add support for this data 

transfer standard to an existing line of 

CNCs. CNC vendor provides tools to tune 

performance, program auxiliary I/O 

functions, and calibrate and compensate 

the machine.  Once the initial 

configuration of each machine is complete, 

the supplier runs a suite of custom STEP-

NC programs to verify the static and 
dynamic performance of each machine 

using laser metrology and ball bar 

calibration setups. A second suite of 

STEP-NC programs is run on each 

machine, verifying that the controllers 

properly execute workingsteps. At 

Supplier Inc‟s European facility, the CNCs 

have been delivered and set up in the 

production area. The Controller Inc CNCs 

are connected to the Supplier Inc network, 

the factory LAN, and the built-in 
networking lets the programming staff 

copy programsto the CNCs as if they were 

any other computer on the network. 

Performance checking ensures that the 

axes specified in the program are present, 

that their ranges are within the volume of 

the machine, and that the required tooling 

is present.  Prior to running the programs, 

machine operators load and fixture the part 

stock and set up coordinate system offsets. 

The Advanced Controller Inc CNCs have 

RFID (Radio Frequency Identification) 

readers that allow machine operators to 

scan in the tags on the fixturing and stock. 

The scanned tags are compared with the 
STEP-NC program to verify that the 

required resources are present. Program 

verification begins with the machinist 

running the program entirely in simulation. 

During simulation, a graphical animation 

of the tool path is shown superimposed on 

the working STEP geometry. The 

simulation also includes solid modelling 

software, which allows the machinist to 

pause the simulation and use the cursor to 

inspect feature dimensions. Once the 

program simulation has completed, the 
machinist runs the program at a reduced 

feed rate. The machinist has the option of 

viewing the STEP-NC program while it is 

running, with the current working step 

highlighted. This highlighting is also 

mirrored in the 3D workpiece view so that 

the operator can anticipate which region 

will be milled next. Both the execution of 

the program and its simulation can be 

paused, stepped, and resumed 

independently. In some cases the input 
program is insufficient and must be 

modified. While modifications ultimately 

need to be reflected back to the designers 

or process planners, machinists can be 

given the authorization to interactively test 

alternatives on the machine. 

This way of working has been found 

especially useful when optimizing 

technological parameters during the setup 

of a new NC program. STEP-NC allows 

both for a rather high-level description of 
manufacturing features and for a detailed 

description of tool paths and cutting 

conditions, if needed. This way, once the 

parameters have been optimized at the 

machine, they can be stored in all detail in 

the very same data model which was 

handed down from the process planning 

department. This mechanism allows to 
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give feedback to the planning department 

in a consistent manner. At the same time, it 

allows the planning department to 

prescribe exact tool paths in cases where 

the CAD/CAM system‟s output has been 

found to be more efficient than Controller 

Inc‟s internal feature resolution and path 
generation. This has greatly helped 

Supplier Inc to improve its overall 

information management and to avoid 

double work when re-using programs. 

STEP-NC does not specify the means by 

which data gets to or is read from CNCs. 

As described in the preceding section, 

vendors are free to provide whatever 

means their customers desire, e.g., local 

area networking. The same is true for 

remote control of machine operation, 

uploading of machine data such as tooling 
information, and access to maintenance 

information such as coolant and 

lubrication levels. The Controller Inc 

controller appears as any other computer in 

the factory LAN, and files can be copied to 

the controller as they would any other 

computer. Additionally, Controller Inc 

provides an application that can be run on 

any desktop machine that lets an operator 

select a command file from a browse able 

list, open it, and run it remotely. The status 
of the machine is continually updated. 

Supplier Inc policy is that remote 

operation of a machine can only be done 

under strictly controlled conditions in the 

interest of safety. Password protection on 

the Advanced Controller Inc software 

ensures that only authorized staff can 

initiate remote programs. Controller Inc 

also builds into each CNC an HTTP server 

similar to that found in many networked 

printers. Supplier Inc staff can select each 
CNC as the target for their Internet 

browser, and a page is displayed showing 

the status of any program that may be 

executing, the tools that are present in the 

carousel, and the levels of coolant and 

lubrication. Supplier Inc/Europe recently 

finished integrating a non-contact probe 

intended for on-machine inspection. The 

code for this has been converted into a 

working step consistent with the STEP-NC 

approach, although it is not part of the 

current standard. The probing working step 

has been loaded onto the production 

Advanced Controller Incs as a .plug in. 

extension. Now, STEP-NC programs 
supplemented with this new working step 

pass the conformance checking phase and 

can be run in production. Benefits can be 

derived throughout the product 

development and production processes 

with the use STEP-NC to streamline the 

feed-back of information that augments 

product improvement. It is estimated that 

STEP-NC can reduced the machine 

planning process by up to 75 percent. This 

is due to a significant reduction in drawing 

information usually generated for 
producibility. Additionally, STEP-NC can 

increase the task of cutter path generation 

up to 35 percent faster because less 

information has to be defined since 3D 

feature recognition is used. And lastly, 

mid-sized machining jobs can actually be 

completed in 50 percent less time since 

STEP-NC provides automation 

computation for feeds and speeds 

compensation. Additional benefits can be 

derived from being able to reuse data more 
often, and from the controller being 

intelligent enough to prevent errors, 

optimize operations and dynamically re-

create tool paths. 

 

 

5. CONCLUSION 
 

STEP is considered only a way to 
transfer data between different CAD-

systems, but STEP has also developed 

towards manufacturing information 

management, the STEP-NC concept. 

STEP-NC provides not only a full 

description of the part, but the 

manufacturing process as well.annotating 

CAD design data with manufacturing 

information about the stock, its cutting 

characteristics, and tool requirements. 
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STEP-NC defines data representing 

working steps, a library of specific 

machining operations performed at the 

CNC, so that any controller will be able to 

calculate the tool path based on definitions 

contained in formatted routines integrated 

within the controller itself. 

STEP-NC is a new model of data 

transfer between CAD/CAM systems 

and CNC machines, which replaces 

.G-code.. It remedies the shortcomings 
of .G-code. by specifying machining 

processes rather than machine tool 

motion. Workingsteps correspond to 
high-level machining features and 

associated process parameters. CNCs 

are responsible for translating 

workingsteps to axis motion and tool 
operation. Basically, the standard is the 

smooth and seamless exchange of part 

information between CAD, CAM, and 

NC programming.  
At the moment STEP-NC 

standardization is in ISO/DIS phase (Draft 

International Standard) and international 

development work continues in many 

countries. Many end-users have started 

their pilot-projects concerning utilization 

of STEP-NC and also CAD/CAM software 

vendors have made implementations for 

research projects. 
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