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Integration of automatic visual solder
joint inspection in automotive
components assembly system

Radoslav Bukov
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Assembly station

Assembly all components of the speed levers.

p Two basic work condition:

3D model of the systé



BaSiC WOrking Assemble position

of the top cover to

state: the base.

Assemble position of the
handler to the base.

Screwing position of the trager to the main.



Customer Claim — missing soldering

Successfully passed electrical test and send to the customer:




Problem solving

M Integrating a visual inspection system is one of the few solutions that
= can guarantee stability in the production process, due to the specificity
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The selection of the visual sensor was
made after carrying out tests with:

- Sick

- Cognex

- Keyence RGB
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/ Due to the impossibility of performing the visual inspection at the existing station. ’
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Setting of Visual inspectdr i

¥ A pixel counting tool is used to inspect the object in detail.The main consideration

of the setup is the impossibility of guaranteeing uniform spillage of the tinol.
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Electrical connection with PLC

The communication between the visual inspector and the PLC is carried out by means
of digital I/O signals:
Power In/Out

Inspector connector pinning - Power In/Out, 12 pin, M12 connector

Pin Color* Signal Signal description

1 Brown Power 24 V power supply

2 Blue GND Ground OV

3 White In3 Image trigger + External object selection (24 V)
- Green Outl Output 1 - Object not located (B-type)

5 Pink In2 External teach + External object selection (24 V)
6 Yellow Out2 Output 2 - Inspection failed (B-type)

7 Black Out3 Output 3 - All pass (B-type)

8 Gray Inl External object selection (24 V)

9 Red Ext trigger | External trigger, external illumination, (5 V TTL)
10 Violet In4 Encoder + External object selection (24 V)

11 Gray/pink | TRB Reserved

12 Red/blue |[TRA Reserved

* Colors are valid for cable type DOL-1212-GO2MA/GO5MA.



PLC Programming

PLC - Beckhoff with TwinCAT programming environment and ST programming language.
Registering the required 1/0 signals:

| | 0025 Assembly.Sz2b_SliderUp AT %IX2.1:BOOL;
S fesources 0028 Assembly.Sz5a_ScrwMaskUnlock AT %lx2.2 . BOOL;
= *j Global Variables 0027 sty ;
. Globale Vanablen [CDNSTANT] 0028 Assembly.Sz6a_CameraPartUnlock AT %IX2 4. BOOL: (*Home positon®)
0029 Assembly.5z6b_CameraPartLock AT %Ix2.5 : BOOL; ("Work position®)
L 0030 Assembly.57_Partinsert AT %Ix2.6 : BOOL; (*Detect inserting part)
123 fibrary HM1Ibs 17 806 08 21 56: glob ggg; Assembly.38_StartButton AT %Ix2.7 : BOOL; (*Start the Camera station™)
- l:] library mRealToSting.Ibx 19.1.06 17:0 0033 Assermbly SickOK AT %IX3.0: BOOL: (*OK part"
-1 brayy Seralnterface. b 4.6.07 1446 Toggg | Assembly.SickNOK AT %[X3.1 : BOOL; (*NOK party
]EJ library standard lbx 5.12.03 03.02:30: ¢} (035 Assembly.SickNotLocated AT %Ix3.2 : BOOL: (*Not located object”)
-] library TeBaseBX Ibx 10.5.06 09:50:20 | D036 T T T T —
-] fibrary TcComPortBX.Ibx 10.2.06 13:2¢| |0037
- library TeSystemBi.Ibx 11.6.12 14:56)| [0038  (*Outputs®)
""" # larm configuration 0039
..... (fi Library Manager 0040 Assembly ESP.ESP_Release AT %0X0.0: BOOL
,,,,, =1 0041 Assembly ESP.ESP_ResetAll AT %0X0.1:BOOL;
_____ Y 0042  AssemblyH2_GoodPart AT %0X0.2 : BOOL:
(€ PLC Configuration 0043  AssemblyH1_BadPart AT %0X0.3 : BOOL;
""" (&4 Sampling Trace 0044  Assembly.ESPESP_ProgramBit_1 AT %0X0.4 :BOOL;
""" (4 Task configuration 0045 Assembly. ESPESP_ProgramBit_0 AT %0X05: BOOL:
""" Q Watch- and Recipe Manager 0046 MainControl Restart AT %QX0.6 : BOOL;
""" 4% Workspace 0047
0048 MainControl KO_MainValve AT %0x1.0:BOOL
0049 .Assembly Z3_74B_ CarnerLock AT % QX1 1 BOOL
0050 : 2
0051 Assembly ZbB_ CameraPartLock 3:BOOL; (*Lock the part atthe camera station™)
0052 Assembly.SickTric AT %0X1 4 BOOL Start of the Sick inspection
0053 ARE BT
Loading librany 'C ,
A L — 1| | |Loading library 'CiUs  2\SystemiPLC\Program Built 12_11_2015\Lib\Serialint -
2] Pous|™® Dat...]Visu. | Pm——— ) C T




Main action in assembly function block:

— 0001]IF SickOK THEN
L:] SourceCodeLibrary ~|| [oon2
B3 StationModuls 0003|LampGreen:=TRUE;
E-E] FB_Assembly (FB) 0004mZ6_CameraParLock(Direction:=FALSE);
""" E] a_Abort 0005
..... 12 a_AbotCameraReady 0006  Stations.Data[Me]Step(  User=Me, WithSens:=FALSE,
..... 5 0007 ExternalSign:=SickOK,
E| a_AbortCameral est
..... % :‘Abz:m:r:;;a R 0008 JumpAddress:= 0,
— BackStep:= TRUE,
E] a_ArticleCamera gg?g Agf:))'.m
""" E] a_brticleScrewing B RITTE '
|E] a_BadReady [012ZELSIF SickNOK OR SickNotLocated OR NOT SickOK AND NOT SickNOK AND NOT SickNotLocated THEN &,
""" Z] a_CalbrateEnd 0013
..... /2] a_CameraCheck 0014LampRed:=TRUE;
----- = AT | [ | |
..... 5] a_CheckParPressed 0016(SetEronUser= Me, Text= TextName.Fail , sValue01:= 'Sick’);
= 0017
----- E] a_CheckS4_Off :
- IF;
""" E] a_CheckVariant_Color |~ gg}gEND'F
""" £] a_Checkvaiant_Pictwe | || [0020IF KeyBoard Key Pulse xEsc AND KeyBoard Key SignxManual THEN
~|E] a_CloseScrwhask 0021]  Stations Data[Me]iRequestedStepNumber= Stations Data[Me] iAddressAbotCameraTest
---- E] aESP 0022 ELSE
(2] a_InsertCameraPar 0023  Stations.DataMe].Step{  User=Me, WithSens:=FALSE,
..... ERIL 0024 ExtermnalSign:=YanantGood,
..... B 2 On || |0025 JumpAddress:= (,
..... E;] a-El S 0026 BackStep:= TRUE,
5 -Hp j L 0027 Ack=>);
""" £} Aoy 0028
""" E] a_RemaoveCameraPart 0029END_IF:
""" E] a_Screwing 0030
""" E] a_SoftwareHome ™




Logical block diagram of the
operation of the additional
station:




System tests

R T
Experiment 1: Part with two missing solders:
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System tests
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Experiment 2: Part with two OK solders

Visual inspection position
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Results of simulation experiment 2:
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—Machme capablllty
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Date: 17.11.2015 Department:  AQM- Aliev, Yozlen Speichern |
YacTt Ne2: 3Hak: CeHsop 3a C. Ha
Part No. 10051552 1005057 Sign: KaYyeCTBOTO Ha CNONKHTE
MepHa Drucken 1
HaumeHoBanue: eanHuLa:
AUOI Part name: GRA Audi C7 Parameter: -
Onepauus Ne: smepeHo c: Drucken 1+2 |
Operation No . table 229 ed by: Busy np P
Drucken 1+2+3
Homuxanna
CTOMHOCT: OTG: UTG: Sei
Nominal valve: (7,2 5 eitenanp.
1 2 3 4 5 ; R S
i.0. i.0. i.0. i.0. i.0. i.0. 0,00000 #DIVID! Cm
i.0. i.0. i.0. i.0. i.0. i.0. 0,00000 #DIV/I0!
i.0. i.0. i.0. i.0. i.0. i.0. 0,00000 #DIV/0! Cmo:
i.0. i.0. i.0. i.0. i.0. i.0. 0,00000 #DIV/0!
i.0. i.0. i.0. i.0. i.0. i.0. 0,00000 #DIVI0! Cmu:
i.0. i.0. i.0. i.0. i.0. i.0. 0,00000 #DIV/I0!
i.0. i.0. i.0. i.0. i.0. i.0. 0,00000 #DIV/0! Cmk
i.0. i.0. i.0. i.0. i.0. i.0. 0,00000 #DIV/0! i.0
i.0. i.0. i.0. i.0. i.0. i.0. 0,00000 #DIVID!
i.0. i.0. i.0. i.0. i.0. i.0. 0,00000 #DIV/I0!
x R S
YecroTa Ha pasnpoc 1 Freq y distribution 0,00000 0,00000 #DIV/IO!
1 UTG/OTG
r
08
03
a7 CraTtuctuka
06 v
0s CpeaHo: 0,000000
04 Aversge
r
03 o .
02 x+3s #DIV/0!
o1 x-5s " #DIV/O!
¢ A -
EEEEEEEEEEEEEEEEEEEEER] o #DIvio!
Sccococococdcocdcooocococooo o
Paamax: 0.000000
OcpenHnBaHe Ha Kaprara /x - chart s P T Range(1-50)
1,000 Avemge
Y 555 e fryal OEG(x): " #DIV/O!
L e [N, R UCL{x):
0700 o UEG(x): " #DIV/O!
e e ia
0500
0200
axe Cm
0200
0,100
0,000 ad ad g g g * o ad cmk- io_
1: =2 8 & B B 7 8 190 N0

Ausgane 03, Ediion 03, Formoiaw-Nr-7602-03-210 052008

Referenz VDA 4 Tell1, 1996




Conclusions

Based on the obtained results, it can be
claimed that the aim of the thesis - integration
of a visual inspection system for the presence
of solder has been fulfilled, and the obtained
results have been confirmed by performing a

real-time machine suitability test.



Thank vou for your attention!







