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Object—Oriented Programming Based Chip—Mounter
Simulator Using Stochastic Petri Nets.
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(Gi-Beom Park and Tae-Hyoung Park)

Abstract
utility of electronic assembly lines.

: An implementation method for chip-mounter simulator is proposed to improve the productivity and
The simulator emulates the assembly sequence graphically to verify the

chip mounter program in offline. It also presents functions of time estimation and productivity analysis
considering the error probability. To increase the flexibility of simulator, stochastic petri nets are applied to
modelling of the assembly sequence. The sequence model is then implemented as extendable classes by an
object oriented language. The simulator is applied to a commercial chip mounter to verify the usefulness of the

method proposed.

Keywords : electronic assembly system, chip mounter, simulator, stochastic petri nets
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Table 1. The definition of place and transition for

Fig. 3.
Place
P1 PCB Load
LDFP PCB Load Faiiure
P2 Total Cycle Count Load
P3 1 Cycle Start and End
P4 1 Cycle Ready
NZP1 Front Nozzle Station State
NZP2 Rear Nozzle Station State
PKP1 Front P ick Up State
PKP2 Rear Pick Up State
CAMP1 Front Camera (Vision) State
CAMP2 Rear Camera (Vision) State
MNTP1 Front Mount State
MNTP2 Rear Mount State
MNTP3 Front Mount Ready (Mutual Exclusion)
MNPT4 Rear Mount Ready (Mutual Exclusion)
MNTP5 Front Mount Done
MNTPB Rear Mount Done
P5 One Cycle End
ENDP 1 PCB Assembie Done
Transition
| LDFT Average time to fail for PCB Load
LORT Average repair time for PCB Load
T1 PCB Load Time
T2 Supply One Cycle Count
T3 Front/Rear Gantry Work Start
NZTH Front Nozzle Change Done
NZT2 Rear Nozzle Change Done
PKT1 Front Pick Up Done
PKT2 Rear Pick Up Done
CAMT1 Front Camera (Vision) Done
CAMT2 Rear Camera (Vision) Done
MNTT1 Front Mount Done
MNTT2 Rear Mount Done
T4 Front/Rear Gantry Work Done
15 One Cycle Done
ENDT 1 PCB Assemble Done

® 2. 1% 49 Eo]2, ERAA Fe.
Table 2. The definition of place and transition for

Fig. 4.
. Place ] Transition i
[NZBT ™7 Select Change Nozzid Type ~ T'NZ‘TH ‘ Enter The Nozzle Station -
' NZPi2  Get Total Change Nozzle | NZTi2 Supply one Head !
NZPI3  One Head | NZTi3 | Supply one Head |
NZPi4 | Total Change Nozzle ‘ NZTil1 1 Ready to Nozzle Change {One to One}
NZPi5 | One Head NZTi12 | Move Time : Max(X, Y. 2)

NZPi12 ' Wait Position \ NZTit4 ~ Move Time : Max(X. Y. Z)

NZPi13 | Nozzle Station Change Position NZTi15 |

.
'
i

NZPity ] Get Change Type (One to One) | NZTit3 | Move Time : Max(R.2) + ReteaseNozzieTime '
! Move Time : Max(R.2) + PickNozzleTime |
|

NZPit4 | Release Nozzle NZTi16 ' Move Time : Max(X. Y, Z)
NZPi15 . Nozzle Station Change Pasition NZTi17 ' Nozzle Change Done i
: NZPi16 | Pick Nozzle {Change) . NZTi21 , Ready to Nozzie Change (All}
NZPi21 | Get Change Type (Al) ¢ NZTi22 ; Move Time : Max(X. Y. Z) '
. NzpPi22 ! Wait Position . NZTi23  Move Time : Max(R.Z) + ReleaseNozzleTIme
NZPi23  Nozzle Station Change Position | NZTi24 = Move Time : Max(X, Y. Z)
. NZPFi24 | Release Nozzle NZTi25 | Nozzle Release Done/Ready to Pick Nozzle
NZPi25 | Nozzle Station Change Position , NZTi26 . Move Time : Max(R.Z) + PickNozzleTIme
1 NZPi25 ' Pick Nozzle (Change) NZTi27  Move Time : Max(X. Y, 7)
. NZPig _, Nozzle Change Out _ . NZTi28 , Nozzle Change Done R
I'PKPiT 1 From ANC Position T PKTit " Ready to Pick
+ PKPi2 ! Feeder Position PKTi2 Moving Time : Max(X.Y.Z)
* PKPI3 | Get Total Pickup Comporents | PKTI3 Supply One Component
PKPi4 One Component . PKTi4 ' Moving Time : Z + PigkDelayTime
PKPi5  Pick Up | PKTI5 , Moving Time : Max(X.Y.Z.R)
+ PKPiB - Pick Up Complete i PKTiB Pick Up Complete
PKFPi . Fail to Pick Up Component . PKFTi .« Average Time to Fail for Pick Up
| FDFPi ! Change Feeder ' PKRTi | Repair time for Pick Up
! FOFTI  Average time to Change for Feeder |
[ 5y . o LFDHT\ . Average Change time for Feeder _  _ i
CAMPH “Pick Up Position | CAMTIT ~ ‘Ready to Visior Work o
CAMP|21 image Grabbing | CAMTi2 - Moving Time : Max(X.Y,Z) b
. CAMPI3; Vision Complete — 1 CAMTI3 | Image Grabbing Time__ _ . 1
1 MNTPI{ T ‘From Camera Position TMNTTIC 7 Ready to Mount 1
1 MNTPi2 | Mount Position "MNTTi2  Moving Time : Max(X.Y.Z) N
' MNTPi3 , Get Total Pickup Components i MNTTI3  Supply One Component !
MNTPi4 . One Component MNTTi4  Moving Time : Z + PlaceDelayTime H
| MNTPI5  Mount I MNTTI5  Moving Time : Max(X.Y,Z,R)
MNTPi6 - Mount Complete MNTTi8  Mount Complete
* MNTERi ! Fail to Mount Gompaonent ‘ MNTFTi  Average Time to Fail for Mount .
[ _ __ ... _i MNTRTi . Average Repair time for Mount 1
(i=12)
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ing, (d) Place.
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Table 3. Explanation of public member function for
the CPetrlNet
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. CPetriet() ., CPewiNet Class 447 1}(“““{%";1 *7I§l- ’\’}‘4)
~>Cfetx:1!)el() ~
Re_ adPN()
ImlAllPemI\el() "
ImlPI\() o B

. Adan eLJsl()
Flr_mg()

. AddCycleTime()

, AddTotalTime) 9 M2 m fTotalTime) Ho]E

. SeiCydeTime() W% m_(CycleTimeol fole

v

SelSlopPI\() ., BEEE m bStopPNel Hloft __

_SetToken) ot

SetTime) ____ 3

[GerTimed) | AMEA~ClassPNTRANSA A AT ST e
{ ! GetCycleTime() e m_[CycleTime?] 1AFol &9l AlTF3 &t :

! GetCycleTime(index) '8 |22 ClassPNTIMEA 4] @2 ¢ke] HolE:

Gellot'\lTlme() ‘iﬂﬂi\_-rnLﬂollelmc—l F A ZH ol
—

‘Q” E m_wTotalFiring A ¥ 23}
@i %9~ ClassPNPLACER) 4 Bol
(;etTrdnsmon]D() _. 2R~ ClassPNTRANSH A
GetToken(_) 2 ClassPNPL ACE"’IA‘I

NPLAC

CisEnable() _

/ class CPetriNet \

Public Protected

1 PveColele PetriNet (Describe Input & Output)
" v InsertPastTrans{vold):
R N 0 Vo insertPreTransivoid:
2 e void  InsestPostPlace(void):
11 Operation vold  InsentPrePlacelvoid):
BOOL  ReadPN(LPCTSTR): 11 Member Variables....

BOOL m_bPNMemAfiocated:

11 Construct & Cestruct

BOOL  initAiPetriNet():
void  InitPN{}:

void  AddFlrelist{void):
vold  Firing{void):

1 Get-Set Operation
void  AddCysleTime(double):
void  AddTotalTime{double):
vold  SetCycleTime(double):
vold  SetStopPN(BOOL ):
vold  SetToken{const char .WORD i
vold  SetTime(const chars, double}:
double GetTime(const char+):
double GetCycleTime{WORD):
double GetCycleTime():
doubte GetlTotalTime():
WORD  GetTotalFiring(): /1 Member Class Oefine
WORD  GetPlacelD{const char+): ClassPNARC — m_classPNARC:
WORD  GetTransitionID{const char«}: ClassPNTRANS - m_classPNTRANS:
WORD GetToken(const chars): ClassPNPLACE m_classPNPLACE:

11 Query Operation g::§§§ﬁé§5§§§?ﬁ'ﬁ:§$@%@ﬁsr:

K BOOL  IsEnable(const chars): j K ClassPNTIME  m_ciassPNTIME: jj

a4 5 HEZ VE ZH2(CPetriNet) ] dEiztyd
T2,

Fig. 5. The header file structure of CPetriNet. -

double m_{CycleTime:
double m_{TotalTime:
WORD  m_wTotalFiring:
BOOL  m_bPNOK:
BCOL m_bCyeleEnd:
BOOL  m_bStopPN:

1 Initialize & Read PetriNet Modeling Data
BOOL InitPNMem(volid):
B8O0L AllocPNMem({void):
BOOL ReadPNARC(ifstreamd.):
BOOL ReadPNTRANS(ifstream&):
BOOL ReadPNINFO(ifstreama):
BOOL ReadPNPLACE(ifstream&):

O% 62 &8 T oA CPetriNeto] F2H3}&
drHQ BEe Yl vk FJE UE B
9 CPetnNet%EHv::: ALE3L7] @3t FlAE 32

l‘l
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Application !ﬁ

Member Class

ClassPNPLACE
ClassPNTRANS
ClassPNARC
ClassPNFIRELIST
ClassPNCONFLIST
ClassPNTIME

= PetriNet Data =

Place Data
Transition Data
Arc Data

a9 6. 38 Z2aWAA CPetriNet Fj29 53
Fig. 6. Behavior of CPetriNet in application
program.

o2 A= HED WE 2da 3YL CPetriNeto)
A HewdX AA2] 348 53 CPetriNetd] B
229} ClassPN=d]] 9t dl o2 A AA ) CPetriNets
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CPetriNet m.classPN._ : // MemberBeHAZ &O!
void CSImMPSDoc::OnTimeSimul()
/1 Get PetriNet Modeling File Path.........
CString strPNPath = m_strPriPath:
strPNPath. TrimRight(m_strPriName):
strPNPath += "model.ptn*:
if(! m_classPN.ReadPN{sitPNPath) ) return FALSE:

// The Init Special Place

/1 Time Simulation

whils(! m_classPN.IsEhablo(ENDPY) )

23 7. CPetriNet®] AR 4.
Fig. 7. Example of using CPetriNet.
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Fig. 8 Main window of the simulator.
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Fig. 10. Example of simulator execution.
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Fig. 11. Stochastic parameter dialog.
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Fig. 12. The flowchart of time simulation.
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Fig. 13. Screen of the output report.
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