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UPGRADING CNC PROCESSES 

EFFECTIVENESS WITH CAD/CAM 

SYSTEMS 
 

Abstract: Today, with the use of computer technologies 

and communication technologies in the manufacturing 
industries, manual and semi-automatic methods are 

largely being replaced by CAD/CAM to implement 

concurrent engineering. Widespread CAD/CAM 

systems will reduce human interaction and the result, 

should beincreased production, reduced costs and 

better quality of product. CNC machines now, utilize a 

variety of cutting technologies such as multi turrets and 

multi spindles in various axial configurations 

increasing the level of complexity compared to the 

machines of the previous decade. A large number of 

CAD/CAM systems have been developed and 
implemented in recent years to support all stages of 

product life by computer systems and many can 

simulate virtual CNC machining with the complete 

machine toolpath. 
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1. INTRODUCTION  
 

In as little as 20 minutes, some of 
today's offline multiaxis CAD/CAM 

software for laser cutters can automatically 

design and generate NC code for a sheet 

metal workholding fixture, create NC code 

for 3-D parts, perform cutting simulations 

with part interference checks, and allow 

modification of cutting parameters. Such 

software can save hours, even days, in 

fixture design and construction, 

programming, and fine-tuning of 3-D 

cutting applications. 

While postprocessing packages for 2-
D sheet metal fabrication and 3-D 

chipmaking operations are readily 

available, fabricators only recently have 

had access to sophisticated 3-D 

CAD/CAM for multiaxis laser cutting 

applications. Some of these 3-D laser 

software packages generate cutting data 

for the part's workholding fixture, as well 

as the 3-D part itself. 

 

 

2. TODAY’S CAD/CAM 

TECHNOLOGIES 
 

Such software lets fabricators laser-cut 

or trim hydroformed, spun, formed, or 

stamped parts with little setup or 

programming time. Used to program 

certain multifunction lasers, it can shorten 

the most time-consuming stages of 3-D 
cutting: 

1) Surface data cleanup. Most 3-D 

CAD/CAM software accepts 3-D 

CAD files and converts them into 

3-D part drawings. Surface data 

on the CAD model must be 

cleaned up to ensure subsequent 

seamless cutting simulations and 

creation of correct NC code for 

the laser. If the engineer 
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providing the part file does not 

clean the surface data on the CAD 

model, the programmer can use 

the 3-D laser CAD/CAM 

software to perform the cleanup 

by deleting extra lines, arcs, or 

surfaces from the model. 
2) CAD to CAM conversion. Some 

3-D laser CAD/CAM software 

can sequence the data, profile the 

part, and generate an NC code 

program from a clean surface-

model file. Typically, these 

programs display the part on the 

bed of the laser cutting machine 

so the programmer can relocate 

the part if necessary. The 

programmer also can add cut 

paths that were not part of the 
original part file to, for example, 

trim extra material or add cut 

holes. 

3) Work envelope check. Once the 

CAM information is entered, the 

programmer makes the software 

perform a number of checks. One 

quick check of the X, Y, and Z 

axes ensures that the part fits 

within the laser's work envelope. 

If it doesn't fit, the programmer 
can raise or lower the part.  

4) Cutting simulation. A cutting 

simulation is the next check. 

Some software looks for potential 

collision points along the cut 

path, highlighting potential 

problem areas. To correct for 

interference points, the 

programmer manually enters 

intermediate points and directs 

the cutting head to go around the 
interference. If rotating the head 

will avoid a collision, the 

programmer can override the 

cutting head's preprogrammed 

perpendicular position. The 

software can prompt the 

programmer through the 

intermediate-point additions and 

allow modifications to the cutting 

parameters to accommodate a 

change in angle. To complete the 

modification, the programmer 

creates a second intermediate 

point to return the cutting 

program to "normal" conditions. 
A second simulation can be used 

to check out manually made 

changes. 

5) Fixture design and code 

generation. Some 3-D laser 

CAD/CAM software also can 

automatically design and generate 

NC code for a workholding 

fixture made from laser-cut 2-D 

sheet metal parts. This function 

can be helpful for fabricators with 

low-volume production 
runs.Automatic sheet metal 

fixture design takes only a few 

minutes. Taking advantage of a 

laser's ability to cut slot and tab 

parts, the software generates NC 

code for interlocking 2-D sheet 

metal pieces that follow the CAD 

profile of the part and will be fit 

together on the laser to support 

the 3-D part. The software 

displays the fixture design as a 3-
D grid with the preformed part 

superimposed on it. The 

programmer typically chooses 

four to eight cross sections of the 

fixture grid that will best support 

the part and clicks those lines on 

the screen. The software 

calculates the fixture layout and 

NC code for the individual pieces 

and then displays both an 

orthographic view and the 
placement of the fixture and part 

on the table. The programmer can 

add other steps, such as etching 

coordinates onto the fixture parts 

to aid assembly or making holes 

in the fixture pieces for bolts or 

spring clips. The orthographic 
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view can be printed to assist with 

fixture assembly. 

6) Fixture positioning and cutting. 
As soon as the software generates 

the NC code for the fixture 

pieces, the programmer can input 

the sheet size, and the software 
will display the nest for the 

fixture pieces. The operator fits 

together these pieces after cutting 

them on the laser, anchors the 

pieces into grooves on the cutting 

table, and places the 3-D part on 

top of the fixture. For future runs, 

this custom fixture can be 

removed from the laser bed and 

stored flat. 

7) Parts cutting. If the operator 

already has performed a 
simulation on the software, even 

the first cutting of the part likely 

will proceed without problems. If 

fine-tuning is needed, however, 

sequences can be edited on-the-

fly. Each sequence in the NC 

program has a start and end point 

with a number of associated 

parameters, such as head 

orientation or offset, all of which 

the operator can change. 
Combined with multiaxis lasers, 

the 3-D laser CAD/CAM 

software available today can help 

fabricators find ways to reduce 

costs for current products or to 

expand their fabricating 

capabilities. 

 

 
Figure 1 - The operator assembles the 2-

D crosspieces of the fixture 

 
Figure 2 - Inserting crosspieces into slots 

on the laser table 
 

This example shows how CAD/CAM 

software can help you cut tooling costs 

dramatically. Cutting ordinary threads is a 

simple process on a CNC lathe, using tools 

that have the same profile as the threads. 

For example, a 60 degree metric thread is 

cut with a tool that has a 60 degree metric 

thread profile. Cutting profile threads is 

however a complex operation. Such 

threads are used on ball screws, rope 
drums, screw conveyors, etc. Special form 

tools with the same profile as the thread 

are usually used. The process is simple but 

the cost of tooling is high. 

No logistics or inventory problems. 

Programming is just one of the things that 

need to be done before cutting a part. More 

money and time is spent on various other 

downstream preparatory tasks. To program 

a part, the typical programmer quickly 

makes a mental process plan, writes the 

NC program, cuts the part and goes on to 
the next part because of production 

pressures. He has no time to pause and 

think whether the machining sequence that 

he first thought of is the best, whether he is 

using the machine‟s spindle power to its 

capacity, or whether he can improve upon 

the cycle time. He has no time to 

document the program, prepare a process 

sheet for future reference, or prepare a 

detailed tools list for the operator.  

As a result, the program that is going 
to be used for machining is most probably 

not going to result in the shortest possible 

cycle time. Because he did not make and 
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file away the process sheet, when he needs 

to make a small change in the program six 

months down the line, he is going to spend 

a lot of time wading through it trying to 

figure it out. Because he did not give the 

operator a proper tools list, there is a high 

chance that the operator will make a 
mistake in setting the tool that will result 

in wasted time or a collision. Cycle time 

sheet with accurate operation-wise cutting 

and idle times. This can be used to analyze 

machining strategies and quickly try out 

different tools, processes and cutting 

parameters to arrive at shortest cycle time. 

The cycle time can also be used for 

making job quotes or scheduling. 

CAD/CAM originated in the 

aerospace industry, and till very recently 

most of the biggest vendors of such 
software thought that only 3D and 5 axes 

milling required it for programming. Over 

the past 5 years many of them have 

realized that it can be of great help in the 

general engineering industry in milling, 

turning and other applications.Most 

CAD/CAM vendors now have modified 

versions of the original „high end‟ software 

for what they call „low-end‟ applications. 

The logic here is that if the software can 

do 3D and 5 axes machining, it should be 
able to do 2.5 and 2D machining! This is 

like a truck manufacturer redesigning the 

front panel and seats of the truck to look 

like a car and saying “We too make cars”. 

The truth is that 2D machining is not a 

subset of 3D machining. Each application 

is genetically different, and the software 

for it needs to be designed specially from 

the bottom-up. Using a wrong software 

tool will impact hugely on the 

productivity. This is the biggest pitfall 
when trying to decide what CAD/CAM 

software to buy. 

Programming for CNC machines has 

traditionally been done manually by a 

specialist programmer. The programmer is 

typically a machinist who is also familiar 

with the programming codes of CNC 

machines. 

 
Figure 3 - Operating with CAD/CAM 

programes 
 

The process of writing the program is 

actually tedious and error-prone, and 

involves little creativity. These creative 

skills can only be acquired through actual 

experience on the shop floor. When CNC 

machines started seeing widespread use in 

shop floors in the early eighties, the 

general idea was that programming 

required more computer software skills 
and barely adequate machining skills. It 

was thought of as too exotic a skill to be 

managed by „ordinary‟ machinists. CNC 

machines were still an experiment in a lot 

of shop floors. There was the phenomenon 

of hordes of fresh engineering graduates or 

post-graduates being appointed as CNC 

programmers, and they had little or no 

knowledge of the creative „engineering‟ 

part of the programming process. Shop 

owners soon realized that their expensive 
CNC machines were not really productive.  

Their failure can probably be 

attributed to fact that they thought 

programming was everything. Apart from 

generating NC programs, CAD/CAM 

offers a host of other benefits. Reduced 

machine downtime resulting from 

checking programs on the machine in dry 

run or single block mode.  

Down time is drastically reduced since 

all or most of the dry run checking can be 

done on the PC.Reduced machining times. 
A good CAD/CAM software can generate 

programs with efficient cutting logic and 

optimal tool paths, and hence reduce the 

machining time. 

Scientifically determined cutting 

parameters are used from the database and 



 

                                                  8
th
 IQC May, 23 2014                                               571 

not dependent on thumb rules of individual 

programmers which invariably lead to 

under-utilization of cutting tools. Low 

cutting parameters are the biggest cause of 

inefficiency on most shop floors. 

Standardised cutting parameters. A 

common problem on large shop floors with 
multiple programmers or programming 

done by operators is that different 

parameters are used at different times for 

cutting the same material with the same 

tool. This is eliminated by a standardized 

cutting parameters database. 

Interchangeability of programmers is 

easy. In the absence of the original 

programmer of a part, or even when 

reviewing a program for re-engineering 

after a few months, it is impossible to 

understand the program. CAD/CAM offers 
complete documentation of the 

programming process to avoid this 

problem. Reduces operator errors resulting 

from improper understanding of programs. 

NC programs generated by CAD/CAM are 

fully documented with tool names, 

operation names, program date, part 

number, etc.  

Interchangeability of programs 

between machines. Once a CNC program 

has been made, the program for any other 
machine can be quickly generated in 

seconds. In manual programming, if a 

program is written for a particular machine 

but the machine is unavailable because of 

a breakdown, it must be written all over 

again for a different machine. 

 

 
Figure 4 - Some 3-D laser CAD/CAM 

software displays an interlocking sheet 

metal 

 

 
Figure 5 - Fixture design as a grid below 

the 3-D part 

 

 

3. POPULAR CAD/CAM 

SOFTWARES 
 

CAD is the acronym for Computer 
Aided Design or Computer Aided 

Drawing. To perform the CAD operations 

the computer systems comprise of the 

software and the hardware. The hardware 

consists of all the visible components of 

the computer like processor, motherboard, 

mouse, keyboard, graphics card etc. The 

software consists of the program that can 

implement computer graphics on the 

computer system and also carry out a 

number of engineering functions on the 

computers. 
The CAD software can carry out a 

number of engineering functions like 

analysis of stress-strain subjected on the 

components, dynamics response of the 

mechanisms, heat-transfer calculations, 

etc. Not all the CAD software will perform 

all the functions. Each CAD software is 

programmed to carry out specific function. 

Depending upon the type of the firm or the 

company, they will choose the CAD 

software that can perform particular 
application. 

However, the most popular CAD 

software are the ones that can perform 

design and drawing operations. These 

CAD software can perform all the 

designing operations like making various 

calculations, performing simulations of the 
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designed components, checking them for 

stress etc. The drawings of these designed 

components can also be drawn using the 

CAD software, which help avoiding long 

and cumbersome process of making the 

drawings on the drawing board.  

These days a number of CAD 
software are available in the market, some 

of these include AutoCAD, CADopia, 

SolidWorks, Catia, MathCAD, QuickCAD 

etc. One of the most popular CAD 

software being used since years is 

AutoCAD. AutoCAD is very expensive 

and there are number of other CAD 

software available at comparatively much 

lesser prices but performing functions 

almost similar to AutoCAD. 

CAD software is being used on large 

scale basis by a number of engineering 
mprofessionals and firms for various 

applications. The most common 

application of CAD software is designing 

and drafting. Here are some of the benefits 

of implementing CAD systems in the 

companies: 

1) Increase in the productivity of 

the designer: The CAD software 

helps designer in visualizing the 

final product that is to be made, it 

subassemblies and the constituent 
parts. The product can also be 

given animation and see how the 

actual product will work, thus 

helping the designer to 

immediately make the 

modifications if required. CAD 

software helps designer in 

synthesizing, analyzing, and 

documenting the design. All these 

factors help in drastically 

improving the productivity of the 
designer that translates into fast 

designing, lower designing cost 

and shorter project completion 

times. 

2) Improve the quality of the 

design: With the CAD software 

the designing professionals are 

offered large number of tools that 

help in carrying out thorough 

engineering analysis of the 

proposed design. The tools also 

help designers to consider large 

number of investigations. Since 

the CAD systems offer greater 

accuracy, the errors are reduced 
drastically in the designed 

product leading to better design. 

Eventually, better design helps 

carrying out manufacturing faster 

and reducing the wastages that 

could have occurred because of 

the faulty design. 

3) Better communications: The 

next important part after 

designing is making the drawings. 

With CAD software better and 

standardized drawings can be 
made easily. The CAD software 

helps in better documentation of 

the design, fewer drawing errors, 

and greater legibility. 

4) Creating documentation of the 

designing: Creating the 

documentation of designing is 

one of the most important parts of 

designing and this can be made 

very conveniently by the CAD 

software. The documentation of 
designing includes geometries 

and dimensions of the product, its 

subassemblies and its 

components, material 

specifications for the components, 

bill of materials for the 

components etc. 

5) Creating the database for 

manufacturing: When the 

creating the data for the 

documentation of the designing 
most of the data for 

manufacturing is also created like 

products and component 

drawings, material required for 

the components, their dimensions, 

shape etc. 

6) Saving of design data and 

drawings: All the data used for 
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designing can easily be saved and 

used for the future reference, thus 

certain components don‟t have to 

be designed again and again. 

Similarly, the drawings can also 

be saved and any number of 

copies can be printed whenever 
required. Some of the component 

drawings can be standardized and 

be used whenever required in any 

future drawings. 

 

 

4. CONCLUSION 
 

The information modeling in this area 

addresses the problem of capturing and 

representing manufacturing information 

related to resources and processes. The 

interaction between the different types of 

models could provide a description of the 

products, how they should be 

manufactured, and what manufacturing 
resources should be used. This would 

provide an information platform upon 

which several different computer-based 

tools to support the innovation process can 

be built. This will allow the provision of 

reliable manufacturing information to 

assist in the performance of product 

development life cycle activities and 

related decisions. 
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