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Abstract—Aiming at rising the efficiency and accuracy in common way is based on OpenGL. Virtual CMM system was
inspection planning and avoiding interferences in actual set up by calling functions from OpenGL. The other way is
inspection, a method of inspection simulation analysis based on based on the CNC machining part of the CAD software, which
VERICUT, a simulation software based on CNC(Computer s [imited and short in versatility. According to the studies on
numerical control) in three-dimensional inspection planning was  simulation analysis, the author attempts to do the simulation

proposed. In this paper, data processing of the measure points anglysis by using VERICUT[2-5].
array, the generation of the CMM(Coordinate Measuring

Machining) program and the simulation analysis on the platform VERICUT is customized for CNC simulation, which is
of VERICUT were discussed. And a virtual CMM system was good at interference check. It also contains interfaces to
established. varieties of CAD softwares such as CATIA, Pro/E, Solid

works, etc. That is why VERICUT is chosen to applied for

| Keywords-Simulation Analysis; VERICUT; CMM; Inspection  simulation analysis in three-dimensional inspection planning.
Planning
Il. SYSTEM DESIGN SCHEME

) ) Simulation program is a connection between the CAIP file
With the rapid development of Computer Integratedang the VERICUT. There are three parts in generating the
Manufacturing System and Computer Aided Process Planningimylation program, the foreground, the background and the
Computer Aided Inspection Planning (CAIP) was promotedatistic layer. By choosing the exact Xml and path, analysis of
remarkably as a bridge between manufacture and inspectiopge corresponding points’ array would be done in the
Simulation analysis is one of the most important segments iackground and the data would be saved logically. Meanwhile,
three-dimensional inspection planning. It is also an importarthe swing angle of each measurement point was calculated and
part of the CAIP system[1]. saved. Then, the safety height should be given, and it would
After measurement points planning and route planning, 8/S0 be saved in the statistic layer. When setting the name and
measurement points array and a position points array weR&th of the program, the calculation of the simulation path
generated attached to the three-dimensional model. All of th@ould be done in the background and the simulation points
information was recorded in the file of CAIP system named Ifrray would be generated. Eventually, the CMM program was
Xml. The file was according to the rule of Xml, and by created and saved in the statistic layer.

resolving this file, a simulation points array were created. \ER|CUT is the terminal of the simulation system.

Furthermore, the CMM program could be generated. Bypitia|ly, the virtual CMM system should be set, which is the
loading the program and importing the models of virtual CMMp5sic “environment of the simulation. Then, the probe library
in VERICUT, the environment of inspection could beghoyld be well-designed to ensure the precision of the
accomplished. After building the probe library, setting thesimyiation. After loading the part to be inspected and the
basic parameters of the virtual CMM and loading the part to bﬁrogram, the simulation of inspection could be started. The

inspected, the simulation could be running. After thesystem design scheme is shown in figure 1.
simulation, Collision positions and the corresponding codes

would be shown in the window of VERICUT, which make it
possible for the inspectors to modify the CMM program.

|. INTRODUCTION
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LNOTYIA

Under normal circumstances, all of the work mentioned
above was executed on real CMM machine. By finishing all
these processes via the virtual CMM, the efficiency of
inspection is promoted and the safety level of the CMM
machine is updated.
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Scholars have launched an in-depth study on simulation FIGURE I. .SYSTEM DESIGN SCHEME.
analysis in three-dimensional inspection planning. There are
two kinds of ways to accomplish the simulation. The most
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Il.  VIRTUAL CMM SYSTEM

A. Control System

The Virtual CMM System consists @ontrol System and
the Entity of the CMM. And the Control Systenthe core of
the simulation.

The major function of the Control System is analyse
CNC codes, including G codes, M codes,

Some of the codes could be used dire for inspection
simulation, such as “GOCbr moving the virtual CMM to th
exact point swily. However, traditional G codes could r
meet the requirements of some pastion features such
holes. To inspect the feature such asote, the coordinate
and the vector of the hole-cenwead the radium of the ho
would be given, and by analyg these statistics, the CM
could accomplish the measurement of a | So a

development of the Control Systemniscessal and important.

B. Entity of CMM

The modelling accuracy of theirtual CMM's entity
determineghe precision of the simulation. There are two w
to modellingthe entity. One is mapping and the other one i
parametric modelling of the Pro/E.

Build threedimensional simulation model of the CM
entity by CAD software such as Pro/E or CATIA. Ex| the
models in the format of .stl. Create a new prc of virtual
CMM in VERICUT and import thestl model. Add five axis
X, Y, Z, A, Cin the new virtual CMM. Associate the mod
with the axis and set the motion modes of the eéEstablish
the coordimte system of the virtual CMM and set the collis
detection, travel limits and the initial position of the CN
The process is shown in Figure 2.
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virtual CMM

FIGURE Il. PROCESS OF CMM'S ENTITY BUILDINCt.

C. ProbeLibrary

The establishment dhe probe library is based on the t
library of VERICUT. The file of the tool library is accordir
to the rule of Xml which could beevisec and edited. All of
the information including the length, diameter, clampi
points of the probe was recorded fstfile. By resolving the
file, the parameters of the probe could be defined and
probes could be built.

The probe library could be visited by the inspectors vie
interfaces. The whole process is shawfigure .
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FIGURE Ill. PROCESS OF VISITING PROBLIBRARY.
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IV.  GENERATION OF THESIMULATION PROGRAM
A. Swing Angle

@)
FIGURE IV. SWING ANGLE COMPUTATION.

In order to &oid the interference to the most exten
series of rational swing angles would be compuAs is
shown in Figure4, the swing angle in (b) is much more pr
than the one in (a).

In figure 4c), M (i, j, k) is the vector of the measurement
point and thevector of probe should be perpendicular t.
The angle between thesctol of probe and Z-axis negative is
defined as angle A, and the angle betweervector of probe
in the projection of the XY plane and-axis negative is
defined as angle B.

The cdculation of angle A and angle B could be descri
as egn (1) and eqgn (2).

A = [(acos(k)-— — 90) [15]-15 (1)

B = [(i90 + atan (]1) ?) |15] 15 (2)

B. Points Array

According to the measurement points and position p
obtainedfrom the Xml, arrange the points in a certain orde
form the simulation points arra

If the path contains only one feature to inspect,
measurement point has only one position point to match. |
there are more than orfeatur¢ to inspect, more position
points are required as the safety position points so as to
collision when crossing the featut

FIGURE V.EXAMPLE OF POINTS ARRAY

In figure 5, M are the measurement points ar; are the
position points, the simulation points array ar



P1-M1-P1->P2->M2—P2-P3—-P4—-P5—
M3—P5-P6-M4

C. Smulation Program

The simulation program is formed based on the simuli
points array and the format that the control system cou
resolved. Two kinds of programs are formed. One is the
program and the other is subprogram. Main prograt
generated according to ehsimulation points array. Ar
subprogram is generated based onsihecific feature such as
a hole and the control system.

The process of simulation programming is shown in Fi

Rule
Base.
=
- rm]
-

6.

I CNC’s control

system

id T
Develop inVC++ | [ Program
aceording t» Ceneration

the rule base Toal

tcrton | CMM's control
system

IO —
[ | (1%

FIGURE VI. PROCESS OF SIMULATION PROGRAMMIN.

V. CASE STUDY

The CMM simulation systa in Fig (a) was developed |
MFC. An Xml file named IPXml which was generated |
CAIP system would be imported. After importing this file,
of the paths in this file would be traversed. By choosing
corresponding path, the inspection items woul listed on
the right. The name and path of the program should be
by the inspector. fien the parameters of the probe shoul
set. Eventually, the program would be gener

After opening VERICUT and configuring the environm
of the virtual CMM sgtem, the program would be load
Then press start button and the simulation program wou
executed.

FIGURE VII. CASE STUDY.

VI. CONCLUSION

In this paper, a new train of thought in inspec
simulation was raised on the platform of VERICUT, whic
one of the most common CNC simulation software. A C
simulation system was establishedhere the Xml file
generated by CAIP system waamnalyse and a CMM
simulation program which could be loaded by VERICUT
generated. By building a vitu@MM system in VERICUT
according to the actual measurement environment,
inspecting process could be simulatedurately by running
the program.
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