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«Omeparii Hag 00’ €KTaMHU Ta KOHTPOJIh 31ITKHEHb B TIPOTPAMHOMY CEPEIOBHIIII
RobotStudio» meroamuni Bka3iBku 10 nadopatopHoi podoTu Ne 5 3 kypey “I'myuki
KOMIT'FOTEPU30BaHl CHCTEMH Ta POOOTOTEXHIKA™ I CTYACHTIB creriaabHocTi 151
«ABTOMaTH3aIiA  Ta  KOMIT IOTEPHO-IHTETpOBaHI  TexHoyorii» /  YKIL
P.I. Muxaiinmumun, B.b. Cagkis. — Tepromins: THTVY, 2019. — 34 c.

Peniensent: a.1.H., mpodecop Cryximsik I1. /1.

MeroanuHi BKa3iBKH PO3MNIAHYTO 1 CXBAJIGHO HA 3acilaHHl  kKadeapu
aBTOMAaTH3aIlli TEXHOJIOTTYHAX TPOIECIB Ta BUPOOHMIITB.

CxBaJlecHO 1 PEKOMEHAOBAaHO 10 JpyKy HaykoBO-MeTOIWUYHOIO pajoro
(hakynpTeTy NpUKIATHUX 1HGOPMAIHHNX TEXHOJIOTIH Ta €JIEKTPOIHKEHEPIi.
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IIpaBusia TexHiku 0e3neKu

Jlo nabopaTtopHMX poOIT CTYACHTH JOMYCKAalOThCA TUIBKH 3 JO3BOJY
BHKJIaJa4a B HOTO MIPHUCYTHOCTI a0 1HXEHEpa.

[Ipn BUKOHaHHI POOOTH CTYNCHTH TMOBWHHI BUKOHYBAaTH HACTYMHI BUMOTH 3
TEXHIKHA OE3MEKH.

1. Ilepen mouatkoMm poOOTH:

1.1. [TpuBecTr B MOPSIAOK ONAT: 3aCTIOHYTH PYKaBH, 3aPABUTH OJAT TaK, MO0
He OyJIO 3BHCAIOUMX KIHIIIB.

1.2. Ornsgayta pobode MicIle, BIEBHUTHCS Y BIICYTHOCTI MOKIUBHX
MIEPETIKO/T HA TTUISIXY PYXOMUX BY3JI1B.

1.3. Tlepekonatnch y MPaBWIBHOCTI 1 HAaAIAHOCTI M €THAHHA 3’ €THYIOUHX
KaberiB.

1.4. IlepeBipuTH HAAIHHICTH 3a3EMJICHHS.

2. Ilig gac pobotH:

2.1. BukonyBatu poOOTy y CyBOpIi BiIITOBITHOCTI 3 OTPUMAHHUM 3aBaHHSIM.

2.2. 3a00pOHAETHCA:

" 3JIMIIATH BKJIOUCHE 00JaHAaHHS 0€3 Harsaay;

" TPOBOAMTH CAMOCTIHHO PEMOHT O0JIaIHAHHS,

"  OE3KOHTPOJIFHO MaHIMYJIOBATH KJIaBIaTYPOIO.

2.3. He Opatu 1 He nepeiaBaTv uepe3 YCTaHOBKY Oy ab-SIK1 PESIMETH.

2.4. Tlicns BBOMY TEKCTY KEPYyHOUOi MPOrpamMu MEPEBIPUTH TPABWIBHICTH il
poOOTH B IOKPOKOBOMY PEXKHMI.

2.5. Ilpu BuUHWKHEHHI B TIporeci poboTm 300iB poOOTYy MOTPIOHO HETAWHO
TPUTTHHUTH.

3. [Ticist 3akiHYEHHS POOOTH:

3.1. BuKIOUHMTH €1eKTPOOOIaIHAHHS.

3.2. TlpuBecTu B mOpsAI0K poOoUe MICIIE.

3.3. TloBinoMuTH BHKJIAAa4y TMPO BCl BHABJICHI HEMONIKM Yy poOoTi
00JiaIHaHHS.
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JlabopaTopHa pooora Ne 5. Onepauii Hax 00’€KTaMHU Ta KOHTPOJIb
3iITKHEHb B MporpaMmHomy cepeaosuini RobotStudio

Mera poboTH: OTpPUMaHHS CTyJCHTAMH HAaBHUYOK CTBOPCHHS OTNepamid Hax
00’ eKTaMH, KOHTPOJIbHAMH TOYKAMHM, TPSIMOJIIHIHHUMH Ta JyTOBUMH TPAEKTOPISIMHU.
Kpim 116010, cTyeHT 3000y/1¢ HABUUKKA BU3HAUCHHS Ta MOJCITIOBAHHS 3ITKHEHB T
yac TEXHIYHUX OTepaliiid y nporpamMmuomy cepenosui RobotStudio.

1. CtBopenHs: podouoi cranuii y RobotStudio

VY oMy BUTIQAKY MH OyJIeMO BUKOPHCTOBYBATH HE TUTBKH PO0OTa, a ¥ CTLT Ta
3arotoBky. Omxe, RobotStudio no3Bomsie immopryBatu kpeciennst CAD y OUTbIICTh
dopmariB ¢aiime CAD. Maroun Mojenb CToja, MH MOXEMO BCTaBUTH 1i B
cepenosuiie MoaemoBanHa RobotStudio, natucHysmm xHomky Import Geometry
(3ayBaxTe, 0 reoMeTpii moBuHHAI OyTH posramosani y mami C: \ Users | xxxxx \
Documents \ RobotStudio \ Geometry). 3a m0omoMoror BCTAHOBJICHUX KOMAaHJ
MOJIOKECHHS Ta 00CPTAaHHS MU MOXEMO PO3MICTHTH CTUT y IPOCTOP1 pododoi cTaHIi
(Puc. 1).

Home Modeling Simulation Controller RAPID Add-Ins = q
#p ABB Library ~ @ Import Geometry ~ @ Target - [ Default - L8 World @D B
: . . 2 . : . oV =
=¢ Import Library L Frame o4 Path wobjo ttz Graphics ]
¥ Robot System ~ | other ~ y y toolo - hoy op A Tools k-
Build Station Path Programming [F Settings Controller Freehand Graphics
// 'Tags j/Paths&Targets v X station2 _:Viewl X] vo
ij station2_*
b [ Station Elements Y n e % (& _h\pc; @ Y [N, &
//'Layout l v X
ij station2_* >
@ tablel '
k\{
X
/,/Output ] s X
Show messages from All messaae: - Time ~

Puc. 1 Ilo3umionyBanns cTojia Ha poOOUii CTaHITI
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Jlo6pe, Tenep MU MOKEMO IMIIOPTYBAaTH Ta PO3MICTUTH MPOMHCIOBHNA PoOOT
(Puc. 2) 1 3aroroBky (Puc. 3):

68 CelE@E

Paths&Targets
E station2_
b [ Station Elements

| oot |

:3 station2_*
Mechanisms

b J IRB140_6_81_C_02
Components

@P tablel
& wP1

Puc. 3 IMmopT 3arotoBku B poOOUHii IPOCTIP

Tenep Mu x0ueMO PO3MICTUTH AETATb HAJ CTOJIOM. [lpOro MokHA MOCATTH,
BuOpasmm mynktu (Puc. 4):
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I station2_
b [ Station Elements

Cut Cirl+X
Copy Ctri+C
Paste Ctrl+Vv

Save As Library...

Disconnect Library
Export Geometry...

.
]
EEEYLEE

Copy Orientation

=
D
o
=

2]
=

Apply Orientation
Visible

Examine
Unexamine

Set as UCS

Set Position...
Rotate...

Set Local Origin

A6 O~ b

Mirror
Set Color... Three Points

Graphic Appearance... Frame

LI

Remove Geometry Two Frames I s X

Linked Geometry [Show ges from All - Time A
i) Distance: 20.00mm [0.00 0.00 -20.00] 31/12/201317:24:4(
—————Xi)FirstPoint [350.00 -275,00 0,00] 31/12/201317:24:4.
Attach to » v

Detectable by Sensors

Detach < >

-y

00l0 * \WObj:=1 jo " € el ~ Snap Mode ~

Tags »he - —

Puc. 4 Bu6ip no3uiiioHyBaHHs 00’ €KTa 32 OJHIEI0 TOYKOIO

[Ticns boro HATUCHITH HA TOTP10HT ToukH (Puc. 5):

Place Objec... ¥ X station2_:Viewl Xx
Reference
|W0lld v|

Pri oint - From (mh
00 8670~ lose &
Primary Point- To (mm)
00 f27s00 Bfoo0

|ate along these
Vx [« S
' appiy) [ Close |
Layout s X
EslalionZ_‘

Mechanisms
b 3§ IRB140_6_81.C_02
Components

@ table1
: From

Puc. 5 Bubip mouaTkoBoi 1 KIHIIEBOT1 TOUKH TIEPEMIIICHHS 1 1i TIATBEPIKEHHS.
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Pyxaroum nmetanb 1Mo ocsAx X 1y, MH OTPUMAEMO PE3YJIbTAT, IPEACTABIICHUN Ha
Puc. 6:

Puc. 6 Pesynbrat nmepemireHHs 3aroTOBKA

Hacrap wac iMmopTyBaTw 1HCTpYMEHT 3 OI0II0TEKH 1 TIPUENHATH TICH
THCTPYMEHT JI0 KIHIIEBOTO e(pexTopa mpoMuciioBoro podora (Puc. 7):

)/'Modify Too[..,.J'/Paths&Targ...P_X station2_:View1 x] =]
ij station2_* :
4 [ ) Station Elements
v | Default Task
4 I RB140_6.81.C_02
b [[@] Tooldata
I [8] Workobjects & Targets

|l Paths

//Layout | > X

E station2_*

Mechani

Components
@V tablel
@@ wpPi

Puc. 7 PesynbTaT npuegHaHHsA 1HCTPYMEHTA 10 IPOMHUCIOBOTO poboTa
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2. Po0ounii 00’ €KT Ta KOHTPOJIbHI TOYKH

CrBopith pobounii 00’ €KT, BUOPABIITK HOTO IMOXOKCHHS 32 TOTIOMOT 0K MUIITI

(Puc. 8):

wunu Swauvn

raus Cruygrannyg ] “unuunst reTnaa wrapIne

STy

/’ Create Wor... Paths&Targe.‘] v X

4 Misc data
Name Workobject_1
Robothold False
Moved by

Programm True
P i
‘\agsition (mm /

(P ¥etoum

0.00

4»

A

station2_:Viewl xl
b | A
- LR

-

Snap End

For snapping the cursor to
the closest end point or
corner.

0.00

‘| Accept || Cancel

credarE CIose

. click here to assume the
value

4l

Layout ]

733 station2_
af AW_Gun_PSF_25
IRB140_6_81_C_02

=

i
@V tablel
&P wp1

......... pp—

/ Create Wor... Paths&Targe.‘] v

4 Misc data
Name Workobject_1
Robot hold False
Moved by
Programm True
4 User Frame

B n (mm)

P N

0.00

X
A

station2_:View1l xl

[ ]

T oo Yoo ]|~
Layout ]V v X

§3 station2_*

o/ AW_Gun_PSF_25
& |RB140_6_81_C_02
@V table1

&P wWP1

1.

Output ]

Puc. 8 CrBopenns workobject
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CTBOPITH JOMAIITHE TIOJIOKEHHS I poO0Ta, SIK y JabopaTopHii podoTi Ne 2.

Yacto OyBae, 1m0 3a0yBalOTh CTBOPIOBATH KOHTPOJIEP-poOOTA, TOMY MH
noBuHHI 11¢ 3poOuTH. [Ipobrema nojsArae B TOMy, 10 B MOMEHT, KOJIM MU CTBOPHIIH
pobounii 00'ekT, KOHTpojep He OyB BH3HAUCHWM, MM MAEMO TIOB'A3aTH TaKWH
poboumii 00'ekT 3 KOHTposepoM. [IpocTo mepeTsarHiTh podoumii 00'€KT BCEpEaUHY
MmeHto kKoHTposnepa (Puc. 9) 1 naruchits "YES".

‘ Build Station Path Programming -] Settings Controller Freehand Graphics

‘ Paths&Targets ¥ x station2 :Viewl X

4 | J] Station Elements
4 ) Default Task

.4 Tooldata
4 [I3 Workobjects & Targets

wohil

=
g Workobject_1

4 System2
4 I T_ROB1
A Tooldas

4 |13} Workobjects & Targets
4 WODJ!
4 E wobj0_of
-3 Target_10
|4 Paths

L/‘/Layout ‘ ¥ x

E: station2_*

& AW_Gun_PSF_25
4 J RB140_6 81.C 02
48 Links

@P tablel
P wP1

Puc. 9 Jlonasanus po6odoro 06’ ekra 10 BIPTyaJIbHOTO KOHTPOJIEpa

CtBOpITH 6a30B1 TOUKH 3 TOCWJIAHHAM Ha 00poOKy (Puc. 10-12):

Y Hda9-6-P- = station2_ - ABB RobotStudio 5.60 (64-bit) - B

| Lome Modeling Simulation Controller RAPID Add-Ins > @
p ABB Library ~ & Import Geometry + _’i Teach Target T_ROBI1(System2 - a World MI)) B
«s Import Library - T Frame - @b Pati ~ -

m = v =
Norkobject 1 Synchronize T e Graphics

5w Robot System ~ | Other ~ 3T MultiMove AW_Gun

Shexed £  Tools k-
Build Station Path Programming I Settings Controller Freehand Graphics
‘,,»"vPaths&Targe!s ¥ X||| Create Target ~e

} station2_*
2 Station Elements
4 E:] System2
4 ’_“J T_ROB1
.4 Tooldata
4 |I3 Workobjects & Targets
4 [ig wobjo
Eﬂ wobj0_of
[ Workobject 1
[ Paths

For creating a target.

0 Press F1 for more help.

Z

Y\t/'x

Puc. 10 CtBopenHs 6a30BuX TOUOK (uactuHa 1)
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) S aa station2_ - ABB RobotStudio 5.60 (64-bit) -8 : |
ﬁ Home Modeling Simulation Controller RAPID Add-Ins = 0
& ABE Library ~ & Import Geometry - (@ Target - Teach Target T_ROB1(System2) - €l World - @ =
I i - R ~ <8 Path ~ j : O " -
«# Import Library L Frame &' Path workohject 1 Srdar T Graphics /
%o Robot System - {9 Cther ~ 3 MultiMove AW _Gun - - = Sy c@ qﬁ. Tools k-
Build Station Path Programming F] Settings Controller Freehand Graphics
Create Target | Paths&Targets | ¥ X station2_:Viewl X ~a
Reference \
World v \a

[] Align Targetwith closest Part

Position (mm)

IREEEEl  °|-50525™  (3)50.00 s

Orientation (deg)

0.00 </0.00 < 0,00

O

Points G|

Point 2 N

Point3

Point4

Point 5

v
<< Less

Targetname

Target_20

Task

T_ROB1 (System2) v

Workobject
Workobject_1 v

[] Insert Move Instructions in

Clear ‘ Create , Close

Puc. 11

CtBOpeHHs 6a30BMX TOUOK (YacTHHA 2)

O™ e station2_ - ABB RobotStudio 5.60 (64-bit) -8 i |
Home Modeling Simulation Controller RAPID Add-Ins = 0
& ABB Library ~ 3 Import Geometry ~ @ Target - [ Teach Target T_ROB1(System2) - ] World - @ =
i - - & - tructi ject 3 -
«s Import Library L Frame &' Path Workobject_1 SpE ¢ Q Graphics s/
% Robot System ~ | Other ~ 3T MultiMove AW_Gun - - Thegoh B Tools k-
Build Station path Programming o Settings Controller Freehand Graphics
/Crea!e Target t Paths&Targets | ¥ X station2_:Viewl x vo
Reference \
World v

\:\ Align Targetwith closest Part

Position (mm)

0] /000
Orientation (deg)
0,00 < 0.00

<000 =

<000 o

Points R

<<Less
Targetname
Target_20

Task
T_ROB1 (System2) v

Workobject
Workobject_1 v

\:‘ Insert Move Instructions in

Clear Crezle Close

Puc. 12

O

Y\t/vx

CrtBopeHHs 6a30BUX TOUOK (UacThHA 3)
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Tenep Mu MoxkemMo TMOOAUWATH 1HCTPYMEHT, PO3MIMIEHUH Yy THUX IUTHOBUX

toukax (Puc. 13):

i] station2_*

I [_4 Station Elements
4 ] System2
4 I T_ROB1
I [J@ Tooldata
4 [ Workobjects & Targets
4 [I§ wobjo
r B wobj0_of

4 E Workobij¢ Inline

4 E Workol +0
@ Tar
@ Tar
@ Tar
@ Tar

o+

¢ o

o%  Add to new path

Copy to Workobject >

Move to Workobject >

»

&

@ Tar

Copy

Ctrl+C

|4 Paths

e

Copy Orientation

View >
/ "Layout l? Set as UCS
E station2_* ‘®  View Tool at Target » m AW_GUn_PSF_25
Mechanisms B | vi —
R — View Robot at Targ 3 N
I a\? AW_Gun_PSF_25 For illustrating tool orientation.
\QD Jump To Target

4 J IRB140_6_81_C_02

& | Reachability

I | Links

Puc. 13 [TonoxeHHs IHCTpyMEHTA B CTBOPEHUX 0A30BUX TOUKAX

Hawm moTpi6n0 nepeopienTyBaTH #ioro B 6a30sux Toukax (Puc. 14-15):

E station2_*
I | 4 Station Elements
4 a System2
4 1‘_] T_ROB1
b [Jd Tooldata

4 H wobj0
b [l wobj0_of
4 B Workobject_|
4 B Workobject,
@ Target_.
@ Target_:
() Target_
(@) Target_
@ Target_
i Paths

Create Target ~ Paths&Targets | v X

4 [ Workobjects & Targets

/ station2_:Viewl X

y .Layout
ij station2_*

Mechani
! a? AW_Gun_PSF_25
4 IRB140_6_81_C_02

I g Links
Components
@¥ tablel
&® wP1

Movel ¥ * vi000 ~ z100 ~ Al

v @R

o

LGN R &

L4

1%
X
=5

Copy Ctrl+C

View 3
Set as UCS
View Tool at Target »
View Robot at Target
Jump To Target
Reachability
Modify Target » | X | Set Position...

£ - v X
Configurations... N | Offset Position...

i ~

Reset Configuration ¥ Rotate... Time

g | B1. 04/01/2014 16
Modify External Axis.. | e | Place[or rotating an item. | * lguration 04/01/2014 163
Tags > Set Normal to Surface v

. . . >
Delete Del Align Target Orientation
Cs: Station | -300.00 275,00 10.00 | | ESRECICSEEal ..

Renamea A ———

Inline

Add to new path
Add to path »

Copy to Workobject »

Move to Werkobject  »

Copy Orientation

Puc. 14 TIpouec nepeopieHTaﬁif 1HCprMeHTy B TOUKax (dactuHa 1)
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Rotate: Target...l "Paths&Targets v X

Reference
Local v

Rotate around x. y. z

0.00 <000 10,00 =

Axis end pointx, y.z

0.00 <0.00 <|0.00 s

Rotation (deg) L

5| sl () xO) v(@® 7

Apply Close

|/ Layout | v X
ij station2_*

Mechanisms
b 3 AW_Gun_PSF_25
4 J IRB140_6_81.C_02
b [ Links
Components
@¥ tablel
P WP1

Puc. 15 [Ipomnec mepeopieHTalii IHCTpYMEHTY B TOUKaX (4acThHA 2)

Ax 1 B JlaGopatophiii po6oTi Ne 2, MU MOKEMO CKOIIIOBATH OPIEHTAIlli s

station2_:Viewl X

KOoxHOi 6a30Boi Touku (Puc. 16):

Paths&llargets v X
E station2_*

b [ 4 Station Elements
4 a System2
4 I T_ROB1
b [J@l Tooldata
4 (13 Workobjects & Targets
4 [ wobjo
4 [ wobjo_of
(%) Target_10
4 [ Workobject_1
4 B Workobject_1_of

stationZ_:Viewl X|

@ Target_20
@ Target_30
@ Target_40
@ Target_50
@ Target_60
[ Paths
|/ "Layout | v X

ij station2_*

Mechanisms
b o) AW_Gun_PSF_25

4 J RB140_6_81_C_02

Puc. 16 Pesynprar komitoBaHHA OpieHTAaIlli B 0a30BUX TOUKAX
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[lepeBipTe MOCTYMHICTH TOYOK, IHIMAMHW CJIOBAMH TEPEBIPTE YA MOXKE POOOT
nocarti BuOpanux To4ok (Puc. 17-18):

Paths&Targets % x| /station2 :Viewl x| o
E station2_*
b [ 4 Station Elements
4 B system2
4 Iy T_ROB1
b [J Tooldata
4 Workobjects & Targets
4 [ig wobjo
4 B wobj0_of

® Targe Inline
™ .
4 Workobject+.0 | 144 to new path
4
& Workobje +* | Add to path »
@) Targe|
® | Copy to Workobject »
@) Targe . ]
@ Targe ® | Move to Workobject »
() Targe|5a | Copy ctrl+C =
@ Targe| @y | Copy Orientation T 19
L Paths @ | Apply Orientation
View »
E"F' Set as UCS
Layout ® | View Tool at Target »
E station2 * View Robot at Target
Mechanisms W | Jump To Target
b &7 AW_Gun_PSF_25 & Reachability
4 J RB140_6_81_C_02 P P :
b Links Modify Tarl For verifying that the robot can reach selected targets and motion instructions.
Confiauration: v X
Components 3 | configurations...
@V tablel Reset Configuration from All messages N Time ~
30 is out of reach 04/01/2014 16
WP1 i i F
& Modify External &s.. |49 is out ofreach 04/01/2014 16:
& | Tags » | 50 is outof reach 04/01/201416 v
X Delete Del
| Movel ~ * v1000 ~ 2100 ~ | Selection Level ~ Snap Mode ~ | ucs: station H57061 -848.16 0.00 ”_
Rename
Puc. 17 [lepeBipka mOCTYMHOCTI 6a30BUX TOYOK (dacTrHa 1)
Reachability: (.| Paths&Targets |+ X|| /station2_:Viewl x| o
Target_20 Q
Target_30 ()
Target_40 @
Target_50 ]
Target_60 @
< >
Layout | s x
E station2_*

Mechanisms
3 g? AW_Gun_PSF_25
4 J RB140_6_81_C_02
3 Links
Components
@V tablel
@ WP1

Puc. 18 [lepesipka mocTymHOCTI 6a30BUX TOYOK (Y4acTHHA 2)
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SO0 BOHM 3€NICHI, HACTYIMHUK KPOKOM € CTBOPCHHS TPAEKTOPIi, SIK Yy
Jlabopatopuiii po6oti Ne 2 (Puc. 19). Ilicma mporo 1HCTPYKIi mpu HEOOX1THOCTI
MO>KHA 3MIHUTH:

Paths&Targets |
4 wobj0
4 wobj0_of
@ Target_10
4 Workobject 1
4 Workobject_1_of
@ Target_20
@ Target_30
@ Target_40
@ Target_50

@ Tz Insert Move Instruction...

4 [ A Paths
4 . Path_1C
B Move
PE Move
E Move
E Move
E Move
E Move
ﬂ Move

Layout
53 station2_*
Mechanisms
4 0]? AW_Gun_PSF_25 Modify Position
4 J IRB140_6_81_C_02

b [g] Links
Components
@@ tablel

Insert Action Instruction...

Cut Ctrl+X

Copy Ctrl+C

Cirl+V

t B D
A

2+ 6,
®

"1

View Tool at Target

View Robot at Target

Execute Move Instruction

Jump To Move Instruction

&

15

Modify Instruction...

&

Configurations...

I For modifying the arguments and editable properties of an instruction. i
Reset Configuratich lr

Puc. 19 CTﬁbpeHHﬂ TpaeKTOPIi

41
X

Termep HEoOXiTHO MPOBECTH AaBTOMATWYHE HAJIAIITYBAHHS ITOJIOXKCHHS JIAHOK
npoMuciioBoro podora (Puc. 20):

pathsslargets | v x
b [}Z] Tooldata ~
4 Workobjects & Targets
4 wobj0
4 wobj0_of
@ Target_10
4 [ Workobject_1
4 Workobject_1_of
@ Target_20

stationZ_:Viewl X
- ¥

@® 1 set as active
@ 1 l; Synchronize to VC...
% ] Insert Move Instruction...
: Insert Action Instruction...
4 |7 Paths
4 0_.0 Path_1 Cut Ctrl+X
ﬂ Mov Copy Ctrl+C
Move to Task >

=4
5
B odoth ¥ e

Paste Ctrl+v

View »

E Mov 4° | Move Along Path
) Moy £ | Reachability
Configurations »

Layout l— Path 4 ’1 For setting the configuration of all targets in a path. '

& station2_* Modify External Axis... Verify Configurations !
Mechanisms o

%« Auto Configuration

SR SRS SO I
Puc. 20 ABTOMaTH4HE HANAIITYBAHHA MOJI0KEHHS JJAHOK
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Tyr ™Moxe TpamuTucs meBHa cuTyauis. Bu MoxkeTe oOTpuMmaTH Jaeski
MOTIEPEKEHHS IIO0 IMX TOJIOKEHb JIAHOK, TaK IO BaM JIOBEAETHCA 3MIHIOBATH
OpIEHTALIIIO KOKHOT 0a30BOT TOUKH 0 AOCATHEHHA KOpekTHoro pienHsa (Puc. 21).

m Home Modeling Simulation Controller RAPID Add-Ins Modify = 0‘

@ ABB Library ~ &3 Import Geometry ~ @ Target ~ [ Teach Target T_ROB1(System2) - €l World - @ 3
= Import Library ~ % Frame - o5 Path - 8 Teach Instruction Workobject_1 | 5 mme |5 Q e ]
Jm Robot System - |#] Other -~ & MultiMove AW_Gun - - Shereh & Tools k-
Build Station Path Programming [F] Settings Controller Freehand Graphics
" Paths&Targets ] > X station2 :View1 x] =]
l@ Target_20

(® Target 30
(®) Target_40
(®) Target 50
l@ Target_60
4 | A Paths
4 °.~° Path_10
#] MoveJ Target_10
a_ﬁ] MoveJ Target_20
ﬂ Movel Target 30
B Movel Target_40
ﬂ Movel Target_50
ﬂ Movel Target_60

lﬂ] MoveJ Target_10 L

Layout I v X

53 station2_*

o) AW_Gun_PSF_25
4 3§ IRB140_6_81_C_02 Y ¢ '

| Links

&P wble

Puc. 21 Pesynprat koH(irypairii 1aHOK

Mu MOxKEMO MOJUBUTUCS MAPAMETPU Oceit podoTa 1100 MOOAYNTH, YU CYTI00
poboTa mocsrae cBoei mexi (Puc. 22):

/ Paths&Targets ¥ X|| / station2_:Viewl x

4 Iy T_ROB1
4 Tooldata
4 (1 Workobjects & Targets
4 [ig wobjo
4 E wobj0_of
@ Target_10
4[4 Workobject_1
4 [ig Workobject_1_of

@ Target_20
@ Target_30
@ Target_40
@ Target_50
@ Target_60
Layout } s X
& — Joint jog: IRB140_6_81_C_02
&/ AW_Gun_PSF_25 -180 -1.66 180| < | >
5 IRB140_6_81_C_02 -90 38.47 10| < | >
ponent -230 -2.23 50.00| < | >
@ tablel -200 62,93 200[ < | >
& we -115 17.34 15| < | >
-400 -49 400 < | >
CFG: -10-10

TCP: 113.31-805.25 50.00

X
l L Step: 1.00 % deg
'

Puc. 22 ITapameTpu oceit podoTa
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nonmavite Path 10 y wanmamryBanus

smonentonTe. Il{o6 mobauntm IiHIIO TpaekTopii, BUOEPITH

moHiTopa (Puc. 23-24):

Modeling

Simulation Controller RAPID Add-ins

MOJCITIOBAHHA Ta
(hyHKITIOHATBHICTD

# [ Simulation Setup
& station Logic

‘é,,- ¥

Create
Collision Set
Collisions s

e Mechanical

Configure

4 ) T_ROB1
(] Tooldata
4 5 Workobjects 8 Targets
4 A wabj0
4 H wobj0_of
(® Targe 10
4 13 Workobject_1
4 g Workobject_1_of
(8 Taiget 20
3 Targel 30
(@) Target 40
(3) Target 50
(® Targe 60
4 [ Paths
4 7 Path_10
&) MoveJ Target_10
& MoveJ Target 20
B4 Movel Tasget_30
B Movel Target 40
& Movel Target 50
E Movel Target 60
B Movel Target_20
& Moved Target 10

Paths&Targets -

Layout |

d 25 Simulation Setup

B station Logic

ol Activate Mechai

Medeling

Create
Collsion Set

P Mifsse  EVO Smstor A Enabled m ] a5 sima
*w 1 Y 4 ; =
Piay @ s _Monitor L 4 Signal Setup TS a
= [N Reset - | [ stopwatch Anatyzer [ Hist simulaton 1
& Simulation Control =/ Manitor Signal Analyzer Record Mowve = | Conveyor Tra..
L/' station2_:View] ponitor M)
. For wisually detecting crivcal
robot movements during
simulaton,
@ Press F1 for more help.
X
Y J
s x|
Puc. 23 Bukopucrannst monitopunry (Hactuna 1)
Simulation Controller RAPID Add-ins Modify > @
p o &) VO Simulator A Enabled E (] s
et A Si 1 e
Play i@ sop ) Montor Signal 0 Signal Setup e [ 7] & e
- #4Reset - (B Stopwatch Analyzer 3 ctor Simulaton [ = a
s Simulation Control n Monitor Signai Analyzer Record Move | Conveyor Tra...

Cofiisions Configure

t [iJ Tooldasta
4 [ Workobjects & Targets
] B wobil
4 I3 wobj0_of
(&) Targe: 10
4 [l3 Workobject_1
“ @ Workobject_1_of
(®) Target 20
@ Target_30
(3) Target 40
(%) Target 50
(® Taiger 60
4 [ A Paths
4 7 Path_10
#3 Movel Target 10
ﬁ Movel Target 20
B3 Movel Target_30
#3 Movel Target 40
B Movel Targel _50
&3 Movel Target_60
E Movel Target 20
Ij MoveJ Target_10

Robot
IRB140 6 81 C 02

TCP Trace  Aleris
[¥ Enable TCP vace

Trace length (mm)

Trace color

Alert color

Clear Trace

Layout |

T ctaban? *

Puc. 24 Bukopucrannst monitopunry (Hactrna 2)
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I mpoBenemo cumyssiia onepartii Hag 00 exktom (Puc. 25):

Paths&Targets ] v X station2_:View1 X] ~ 0
4 T T_ROB1

I [ Tooldata

4 |13 Workobjects & Targets

4 | # Paths

4 i wobj0
4 [ wobj0_of
C-) Target_10
4 [J Workobiject_1
4 B Workobject_1_of
4@ Target_20
C-) Target_30
C-) Target_40
C-) Target_50
(®) Target_60

4 . Path_10
ij MoveJ Target_10
ij MoveJ Target_20
ﬂ Movel Target_30
ﬂ Movel Target_40
ﬂ Movel Target_50
ﬂ Movel Target_60
ﬂ Movel Target_20
ij MoveJ Target_10

Layout ] v X

E station2_*

Marhanieme | Output | Simulation Watch | v X

Puc. 25 PesynpraTt cumynsiii

Bu moxere 6aumtu, mo TCP He pocsrae 6azoBux Touok. ILle Tomy, mo mu

BAKOpPUCTOBYeMO TOUHICTH 30HH 100 (Puc. 26). Bubepits z — «fine» (CHHXpOHI3YHTE
3HOBY) 1 poOOT AocarHe 6a3oBux To4ok (Puc. 27).

zonedata - Zone data <

usage

Description

2onedata is used to specify how a position is to be terminated, i.e. how close to the programmed position the axes must be before moving towards the next position.

A position can be terminated either in the form of a stop point or a fly-by point.
A stop point means that the robot and external axes must reach the specified position (stand still) before program execution continues with the next instruction. It is also possible to define stop points other than the predefined £ine. The stop
criteria, that tells if the robot is considered to have reached the point, can be manipulated using the stoppointdata.
A fly-by point means that the programmed position is never attained. Instead, the direction of motion is changed before the position is reached. Two different zones (ranges) can be defined for each position:

® The zone for the TCP path.

® The extended zone for reorientation of the tool and for external axes.

The zone for
the TCP path

Programmed
position

Start of reorientation
towards next position

Start of TCP corner path

The extended zone

Zones function is the same during joint movement, but the zone size may differ somewhat from the one programmed.

The zone size cannot be larger than half the distance to the closest position (forwards or backwards). If a larger zone is specified, the robot automatically reduces it.

Puc. 26 «Helpy, mo Take «zonedatay


https://www.print-driver.com/?demolabel-en

19

Puc. 27 Pe3ynprat 3mian «zonedata» 3 100 Ha «fine»

[licns mporo HaAM MOKE 3HAMOOWTHCS 3MIHHUTH TIOJIOXKEHHSA 3arOTOBKH 3
npukpituieanMEu Toukamu (Puc. 28):

g e —a

4 u System2
4 7y T_ROB1

b L] Tooldata
4 18] Workobjects & Targets
b [ wobjo
4 4 Workobj ¥ "=t EE

! B Workd @F

S3a

Create Target
b Paths 2 | copy Ctri+C

Za | Copy Orientation

Layout \— View »
E] station2_*

©° | Setas UCS
Mechanisms
b & AW_Gun_PSF_25 |& | Reachability
IRB140_6_81_C_02 @ Modify Workobject... i
Components | Set Position... y
tablel
& N | Offset Position...
& wWP1
¥ | Rotate...
W | Place 3
¥ X
0 Attachto » IRB140_6_81_C_02 T_ROB1
a . ~
X table?
—— e confirmed
& | Tags » WwP1 "
¥ | Delete Del v
=f | Rename >
| - < v1000 ~ 2100~ AW G _— | Selection Level ~ Snap Mode ~ | UCS: Station | 0.00 0,00 0,00 _ r
2n tn Aaclaratine R,y
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Temep MM MOXXeMO TMepeMIllyBaTH 3aroTOBKY 3 TMOB A3aHUMU 0Aa30BUMH
toukamu (Puc. 29):

m Home | Modeling Simulation Controller RAPID Add-ins a 0,

@ ABRLibrary ~ @ < @ Target - ] Teach Target ROB1(Systemn?) - € Loca @ b
wsimport Library - Lo - fvath - @ Teach instruction Workaobject1 - Cpienne 3 Graphics o
JuRobat System - [ Other + 3 MuliMove AW_Gun - . BB R Tools k-
Buid Station Path Pregramming fa Settings Controlier Freehand Graphies
| Paths&Targats = x| station2_Viewl x|
4 Ty T_ROBI
& Tooldata H
4 13 Workobjects & Targets
H wobjl
g Workobject_1
4 A Paths
o
4 ° Path_10

ij Moved Target 10
Bl Moved Taiget 20
B9 Movel Targer 30
4 Maovel Targe: 40
4 Maoval Targe:_50
4 Maovel Targs_60
E Moval Targe:_20
¥ Movel Targer 10

Layout | 3 x

S: station2_*
AL, I

& AW_Gun PSF_25

3 R8140.5 81.C 02
&P table1 Yﬂ\i/(

@ wm

Puc. 29 [lepemimienHs 3aroTOBKY 13 MPUB’ I3aHUMHA 0a30BUMH TOUKAMHA
3. RAPID
[lepeiinem ao Bknaaku «Controller» (konTponep) (Puc. 30):

oS- = station2_ - ABB RobotStudio 5.60 (64-bit) - U A
Home Modeling Simulation Controller RAPID Add-Ins o @

/ O @ 2 Inputs/Outputs [ - ﬁ g ) ? e @ = E\:GOOiﬂ'“_e

[ .
Add : Restart Backup OIS Configuration System Control Operator \L’T
Controller - 4% = - SgFile Transfer ] Editor~ &l - Builder & Panel Window & | ¢4 Open Relation
Access Controller Tools Configuration Virtual Controller Transfer
Controller l v X station2_:View1 Xl =
Current Station

4 ] System2 m
4 #§ Configuration
] Communication
=] Controller
= o
] Man-machine communication
] Motion
-] EventLog
4 'z 1/0 System
P o Local
wha Virtuall

4 § ] RAPID

b %% T_ROB1

Puc. 30 Bxnagka koHnTponep
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B pozaini «RAPID» y nac € ctBopeni nporpamu (Puc. 31):

Home Modeling Simulation Controller RAPID Add-Ins = q
% /. O & Inputs/Outputs [ ~ jﬂ&. B Ea (&} § iy Fr G GoOffine
@ = = 3 B Create Relation
Add 2 Restart Backup EaiE C Configuration P System e Control Operator & | JEcreate Relatior
Controller ~ 42 - - - Bg File Transfer B - Editor ~ E - Builder # Panel Window &= | #& Open Relation
Access Controller Tools Configuration Virtual Controller Transfer

/"Controller |

v

X

Current Station
4 0] System2
4 4 Configuration
5] Communication
=] Controller
=R
-] Man-machine communication
=] Motion
d EventLog
4 &5 1/0 System

4 7 T_ROB1
Program Modules
(] CalibData

b (] Module1
System Modules

{)] BASE
@ user

y station2 _:Viewl x]

Z

]

>
A

Puc. 31 ITynkt «RAPID» B BKJIAI1 KOHTPOJIepa

Mwu MoxemMo mobaunTH, 0 3HAXOAUTHCS BeepeanHl mux moay.is (Puc. 32):

Access Ean s HN controlier 1e51 ana Lebug
Controller | Files | = x|| /station2_view! ) System2 (Station) X
Current Stasion T_ROB1/BASE x -a+-0
4 €] system? 1  MODULE BASE (SYSMODULE, NOSTEPIN, VIEWONLY) =
4§ Configuration <
3 Communication 3 ! System module with basic predefined system data
4 !l""ll.".ll..'.ll.".ll..'tll..'tll..'tll'.'tl
2 Controller )
g 6 ! System data tool®, wobj® and load®
] Man-machine communication ! Do not translate or delete tool®, wobj@®, load®
_]MOI!O"\ & = PERS tooldata tool® := [TRUE, [[e, e, @], [1, &, @, @€]],
] EventLog [@.001, [0, @, 8.001],[1, @, @, @
4 R -~
& VO System 11 | PERS wobjdata wobj® := [FALSE, TRUE, "", [[e, @, @1,[1,
&
e Losal 1 [fe, e, @1,[1, o, o, 011];
«be Virtuall 13
4 ) RAPID 14 PERS loaddata loade := [@.001, [0, @, @.001],[1, 0, @, @
4 T T_ROB1 =
QJV ) 2 . 16 ENDMODULE
Program Module i
J] CalibData
4 () Module
(2] main
&) Path_10
System Modules
O] BASE
& usel—'? RAPID Editor
2 | RAPID Data Ej[ For opening the RAPID CGIlCY.]
M save Module As
$ Cu Ctrle X

Puic. 32 Ommc pobouoi craniti B «KRAPID»
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Ane BaxymBuM a5ig Hac € «Module 1» (Puc. 33):

-4

m Home Modeling Simulation Controller ’ RAPID ‘ Add-Ins
# Reguest ‘,‘-t"r.i:e Access =2 v @ bIE) @ Gf @ & Check Prcgr-am @
& Release Write Access Insert | |G toline — @l - fa sart & stop | &3 Program Pointer - RAPID
Bl synchronize - B E T #9Find / Replace - {1~ Robtargets = @ Breakpoint ~ Profiler ~
Access | Edit | | Find | Controller | Test and Debug |
Controller | Files < x|| /station2:View1 ) System2 (Station) x|
Current Station T_ROB1/BASE ]/T_Rosl/user l/T_ROBI/CalibData / T_ROB1/Modulel x -a+50
4 [ system2 1 MODULE Modulel
4 #§ Configuration 2 = CONST robtarget Target_10:=[[751.382514448,0,400.0098
B Communication 3 CONST robtarget Target_20:=[[655.245029916,351.864457
\3 Controller 4 CONST robtarget Target_30:=[[729.257345592,390.508058
- 5 CONST robtarget Target_40:=[[796.719898819,351.864457
o 6 CONST robtarget Target_50:=[[801.304732534,602.720376
=] Man-machine communication 7 | CONST robtarget Target_60:=[[655.244884282,588.310841
5] Motion 8 = PROC Path_10()
u EventLog 9 Movel Targetile,vlee,le@,AwiGun\WC.)bj::wobje.;
4 g /O System 10 Movel Target_20,v100,z?,AW_Gun\WObJ::IWOrkobJec.t_l
11 Movel Target_30,v100,fine, AW_Gun\WObj:=Workobject
> o= Local 12 Movel Target 40,v100,fine, AW _Gun\WObj:=Workobject
= Virtuall 13 Movel Target_50,v1008,fine, AW_Gun\WObj:=Workobject
4 ﬂ RAPID 14 Movel Target_60,v100,z0,AW_Gun\WObj:=Workobject_1
4 Z’g T_ROB1 15 Movel Target_20,v100,fine, AW_Gun\WObj:=Workobject
Proaram Modules ' 16 Movel Target_10,v100,z100,AW_Gun\WObj:=wobjo;
@ CalibData 17 | ENDPROC
18 = PROC main()
4 [J] Module1 > 19 Path_10;
(&] main 2 | ENDPROC
E Path_10 21 ENDMODULE
System Modules
{] BASE
m user

Puc. 33 Ommc manporpamu «Module 1»

Moxna 36epertu nporpamy (Puc. 34):

Home Modeling Simulation Controller RAPID ‘ Add-Ins ()
# Request Write Access | — v E % o 4 Check Program
W = 0@ e
@& Release Write Access . - Go to line Apply @ Adjust Stat & Stop | Q rogram Pointer RAPID
B3l Synchronize - $ @R E- - #YFind / Replace - Robtargets (= @ Breakpoint - Profiler ~
Access | Edit [F] | Find | E Load Program... Test and Debug
Controller | Files v X station2_View1 )/ System‘lﬂ Save Program As..
Current Station TROBI/BASE  |'T ROB1{ i | Rename Program.. T ROB1/Modulel x QDT
4 Q Sysiem2 SR ULLERHO X | Delete Program
4 Configuration 2 = CONST = 9 =[[751.382514448,0,400.0098
B Communicaton 3 CONST robtarget Target 20:=[[655.245029916,351.864457
23 Contoller 4 CONST robtarget Target_3@:=[[729.257345592,390.508058
5 CONST robtarget Target_40:=[[796.719898819,351.864457
= robtarge arget_50:= . A .
Euwo 6 CONST robtarget Target 5@:=[[801.304732534,602.720376
2] Man-machine communication 7 L CONST robtarget Target_60:=[[655.244884282,588.310841
5] Motion 8 = PROC Path_10()
u EventLog 9 Movel Target_10,v100,2z106,AW_Gun\WObj:=wobjo;
‘ a_ /O System 10 Movel Target_ZQ,vl@@,z?,Aw_Gun\NObj:=.Norkobje$t_1
11 Movel Target_30,v168,Tine,AW_Gun\WObj:=Workobject
b b Local 12 Movel Target_40,v166,fine, AW_Gun\WObj:=Workobject
s Virtuall 13 Movel Target_560,v100,fine,AW_Gun\WObj:=Workobject
4 ﬂ RAPID 14 Movel Target_60,v10@,z0,AW_Gun\WObj:=Workobject_1
4 z‘;‘ T ROB1 15 Movel Target_20,v168,Tine, AW_Gun\WObj:=Workobject
Proaram Modules ‘ 13 ENDPI:SZEJ Target_10,v166,2166,AW_Gun\WObj:=wobjd;
CalibData —
() CalibDs 18 &  PROC main()
4/(J] Module1 ® 19 Path_10;
[Z] main 20 |  ENDPROC
3] Path_10 21 ENDMODULE|
System Modules
] BASE
@ user

Puc. 34 36epexxeHHs mporpamu
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I[Ticna uporo neperiasHbTe OJHOYACHO MOJENIOBAHHSA POOOTa Ta 3aMyCK KOIY
(Puc. 35-36):

E = VI station2_ - ABB RobotStudio 5.60 (64-bit)
I = Home Modeing Simulahior Controler RAFID Add-Ins
< - bJ R
= @ Run Mode -
oo 43 §)Program ~
Edit nsert Find Controlier

¥ X| / station2] ~

Corfiquration ~—

2 Communication

1 Controller

j e

T Man-machine commurication

1 Motion &ull Screen
| EventLog

n

4 & 10 Sy

b Local
whe Virluall
4§ rapPID
4 i_] T_ROB1 (Program "exel’)

] CalibData

4 3] Moaulel
&) main
2] Pam_10

§] BASE

& vser

Puc. 35 CTBOpeHHS MBOX BEPTUKAITHHUX BIKOH

e i station2_ - ABB RobotStudio 5.60 (64-bit) - =
| Home 'S

Modeling Simulation Controller RAPID Add-Ins
@g — 2 RAPID Tasks Step in E P
! t Synchronize 5 Ml Run Mode ~ ~SEDER Check  Program: grezkpoint | RAPID
=) 4 Program ~ = Step over Program Pointer ~ B profiler =
Access Edit nsert Find Controller Test and Debug
Controller | Files = x|| /system2 (station) x| station2_:View gears (F8) so
Current Station /T _ROB1/Modulel x| siatyo For starting the exe
4 [ system2 1 MODULE Modulel RAPID tasks in the system.
4§ Configuration 2 E CONST robtarget .382514448,0,4¢
! @ Press F1 for more help.
2] Communication 3 CONST robtarget .245029916,351. i
3 Contoller 4 CONST robtarget .257345592,390. Q_
5 CONST robtarget [796.719898819,351. -
= ] 6 CONST robtarget Target_50:=[[801.304732534,602. ]
] Man-machine communication 7 CONST robtarget Target_60:=[[655.244884282,588.
=] Motion 8 O PROC Path_10()
{g] EventLog 9 Movel Target_10,v168,2100,AN_Gun\WObj :=wob7
4 B 4O System 10 Movel Target_20,v100,z8,Al_Gun\WObj : =Workot
& ISy 11 Movel Target_30,v180,fine,A_Gun\WObj:=hork
s Local 12 Movel Target_4@,v1@9,fine,AW_Gun\WObj:=Work \
b Viruall 13 Movel Target_50,v100,fine,AW_Gun\WObj:=Work o
4 4 RAPID 14 Movel Target_60,v10@,z@,A_Gun\WObj : =Workot
4 4 T_ROB1 Programexe) 15 MovelL Target_20,v10@,fine,Al_Gun\WObj:=Work
¥ 16 Movel Target_10,v160,2100,AN_Gun\WObj :=wob7
< 17 ENDPROC
CalibDst .
(g CafbData 18 = PROC main()
4 (@] Modulel & 19 Path_10;
5] main 2 ENDPROC
3] Path_10 21 ENDMODULE
§] BASE ,
5] user
Y

Puc. 36 Crapt cumynsmii 3 1BoMa BIKHAMH

Tenep Mu MOXeMO peaaryBaTu Mporpamy, HAMPUKIIA, 3MIHIOIOUH TMIBUAKICTH (Prc.
37):


https://www.print-driver.com/?demolabel-en

e ¢ -

Home  Modeling Simulation Contraller RAPID
8] - ) T RAPID Task: i s
£ = 3| v A )T €l e (@
Synchronize e f e R L | OO 1o fine find/  Apply IRt < Start Check  Program Breskpoint | RAPID
- LAY Y - - - Jump To ~ Replace ~ - 4JProgram - (= step over Program  Pointer ~ - profiler ~
Access Edit ) nsert Find Controller Test and Debug
Controller | Files = x|| /system2 (station) x| station2_:Viewl x| )
Current Station //T_ROB1/Modulel® x| -a+so
4 ] system2 1 MODULE Modulel
4§ Configuration 2 = CONST robtarget Target_18:=[[751.382514448,0,4¢
23 Communication 3 CONST robtarget Target_20 .245029916,351.
= Controller 4 CONST robtarget Target_30 .257345592,390.
— 5 CONST robtarget Target_40 .719898819,351.
= o 6 CONST robtarget Target_S@:=[[801.304732534,602.
= Man-machine communication 7 CONST robtarget Target_60:=[[655.244884282,588.
E3 Motion 8 E PROC Path_10()
] EventLog 9 Movel Target_10,v100,2100,AN_Gun\WObj:=wob]
. : S 10 Move) Target_20,v100, 28, AN_Gun\Obj : =Horkok
11 Movel Target_3@,v100, fine,AW_Gun\WObj:=Work
&. Local 12 Movel Target_48,v10@,Fine,AW_Gun\WObj:=Work
&. Viruall 13 Movel Target_50,v100, fine,AW_Gun\WObj:=Work
4 {3 RrAPD 14 Movel Target_6@,v100,z0,AN_Gun\WObj: =Workok
4 4 T_ROB (Program exeT) 15 Movel Target 204400, Fine,Al_Gun\WObj: =Work
5 16 Movel Target_1d 160, AW_Gun\WObj : =wob ¢
Y 17 ENDPROC CONST speeddata v1@
CalibData .
Q—j aloal 18 = PROC main() Current Value: [10,500,5000,1000
4 1
(] Modulel % 19 Path_10;
3] main 20 ENDPROC
5] Path_10 21 ENDMODULE
& BASE
] user

Puc. 37 3mina mBuaKocT mpoMucaoBoro podora B «KRAPID»

Tenep moxHa MoaemoBaTh nporiec noeramHo (Puc. 38):

n Home Modeling Simulation Controller RAPID Add-Ins a q

=] = QEJ v a TaRAPID Tasks v”j'é =] )
- Gotaline . [@ Run Mode - =
synchronize Format Snippet Find / Adjust Check  Program  Breakpoint ~ RAPID
- LY - - Jump To ~ Replace - 4JProgram - Robtargets p over Program  Pointer * - Profiler -
Access Edit (-1 nsert Find Controller Test and Debug
Controller | Files | Robtarget... | ||/ System2 (Station) x| station2 :Viewl X| | seep in (F11) | so
Current Station | TROB1/Modulel x| 2 QOO For starting ecuting
4 ] system2 1  MODULE Modulel into a routine e stopping
4 Configuration 2 B CONST robtarget Target_10:=[[751.382514448,0,4¢ at the beginning of the
7 Communication 3 CONST robtarget Target_20:=[[655.245029916,351. routine.
3 Contoller 4 CONST robtarget Target_30:=[[729.257345592,390. @ Press F1 for more help.
= 5 CONST robtarget Target_40:=[[796.719898819,351.
1o 6 CONST robtarget Target_50:=[[801.304732534,602.
3 Man-machine communication 7 CONST robtarget Target_60:=[[655.244884282,588.
3] Motion 8 B PROC Path_10()
] EventLog 9 Movel Target_10,v100,2168,AW_Gun\WObj: =wob3
. ;.‘. o 10 Move) Target_20,v160,20, AN_Gun\Obj : =Workok
1 Movel Target_30,v160,fine,AW_Gun\WObj:=Work
& Local 12 Movel Target_4@,v100,fine,AW_Gun\WObj: =Work
&. Vitual1 13 Movel Target_50,v100,fine,AW_Gun\WObj:=Work
4 {3 RAPD 14 Movel Target_6@,v100,20,AW_Gun\WObj: =Workok
4 4 T_ROB1 Program exet) 15 Movel Target_20,v100,fine,AW_Gun\WObj:=Work
) ¥ 16 Movel Target_10,v160,2160,AW_Gun\WObj: =wob3
17 ENDPROC
] CalibData .
() CaibDa 18 £ PROC main()
4 |[l Modulet @ 19 Path_10;
2] main 20 ENDPROC
3] Path_10 21 ENDMODULE|
[
& BASE ,
) user Iy

Puc. 38 [loetanae MmoaemoBaHHs
4. KoHTpo.b 3iTKHEHD

IHOmi, KON BHIpoBamKeHa POOOTOTEXHIYHA KOMIPKA, CIIIJT BPAXOBYBATH TOM
¢akr, mo HaBKOJIO pobOTa € sK 1HI 00'€KTH, Tak 1 omepaTop. Bce me BBaXkaeThes
MEPEITKOIaMH, 2 KOHTAKT MDK PoOOTOM Ta OJHHMM 13 HUX HA3HBAETHCS 3ITKHECHHSIM.
RobotStudio no3Bonge ne 3momemoBaTh. Ha Bkmaali MoaentOBaHHS HATHCHITH
kHonky «Create Collision» (CtBoputh 31TkHeHHA) (Puc. 39).

Biakpwuiite 00'eKT 3ITKHEHHSA Ta TEPETIATHITH 1HCTPYMEHT n0 «Objects Ax»
(O6'exTiB A), a poboui wactuam — 1o «Objects B» (OOG'extie B). Ilporpamnue
3a0e3neueHHs aHami3ye 31TKHEHHS MK 00'ektamu Tuny A 1 B (Puc. 40).
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ﬁ Home Wodeling simulation Controller RAPID Add-Ins 7
L:IS"n_Ia:m" Setup I/ B E _]; 2 l) w8 Enabled @ g‘

I Station Logic &4 Signal Setup

Flay - fis] Mohitor  Stopwatch Signal Recaro
Reset: - Simulator Anahyzar Al Simulztion :
Colisiohs Configure | Simutation Control & Manitar Signal Analyzer Recard Mowie Ta| Conveyar
Creste Callizion Set T x|/ swtion2 Viewl x i

Fot satting up oallision
detection hetween moving
objerts,

i Press F1 for more help.

T TEETRET

&P tablel

@ wP1

¥ ColisionSet 1

Puc. 39 CrBoproiiTe 31ITKHECHHS

W Hame faadeling simulation Controller RAFID Acld-Ins & g
& AR Library ~ & Impart Geomedry - (@ Target ~ [ Teach Targat T_RORASystemn?) . ] wiarld - B New View

=

«s Impart Library - Frame - 4 Path - Teach Instrucion Norkobject 1 v : L _ o e ShowiHide -
Al A A L : Lt synchronize L% 3 Graphics
% Robot System ~ 8] Other & MultiMove AW Gun v v Thex ek B- | Took L FrameSize -
Build stadon Fath Programming 7] semtings Controller Freehanc Graphics
Layout Pathe Targets + %| 7 station2 View] x *0
? stzbion2_*

& AW _Gun_PSF 25
% B :
3 re1s06.81.C 0

4“8 CollisionSet 1
4 | ] Objectsh
@i <AW_Gun_PSF_25:
4 | # ObjecisD
g WP
@ﬂ <WP1_2»

Puc. 40 BxaxiTs 1HCTPYMEHT Ta MEPEIIKOAY JJIA 3ITKHEHHS

Takox MU MOK€MO 3MIHWTH BWU3HAUCHW crieHapiii 3itkaenns (Puc. 41) abo
3MIHWUTH BIACTaHb 31TKHEHH:A (Puc. 42). 3rogoM Mu MOKEMO 3MOJIETIOBATH 3ITKHEHHS
Ta MIPOAHAJII3YBATH PE3YNIbTATH, SIK HA PUCYHKY 43.
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e
s Home

Wadeling Simufation Controller RAPID Add-ns
o ABE Ubrary - O Import Geometry - (@ Target - | Teach Target _ROBI{System2) £l World v
2 nort Library - Frame » 5B E Teach Instruchon Wiorkobject 1 LR
« Import Librar L Fram 5 Path ¥ Teach Instruchor orkobject i e
fy RObOL System - |8 Other = 33 Mulifvtove ANV G - ol g
Build Station Path Brogramming & Seitings Controller Freehand
..Liyuut | .T‘E:"E&Td":J_L‘i: s x|/ station2 Viewl x| ¥

."ij staton2_*
4’ AW_Gun_PSF_25
& RE140.6.81.C 02
¥ tablel
& W
o wPi12

4 [ CollisionSet_1 R
4 3 Oujaclsl - o

&P <nrigH
4 |G Objects o
| &
BF <wi
&P Wi
5
| i

Tags
Celete

Rename

Puc. 41 3minennsa mapameTpiB 31TKHEHHS

. Layout IfPa:hs&'ﬂr[_:eis - J,"'st.a'tinnz_:'u'iew'l x|
?] =lation?_*
Mechanisims
3 AW_Gun_PSF_25
Ok 'RB14D_6_81.C_02
Lomponenis
@ tablel
P wei
& wp1_z
Colligion Sets - !
4 i/ CollisionSet_1 ~ 'l ~
4[5 Objecten, '
gf <AW_Gun_PSF_25>
4 3 ObjectsB
o <WP1>

gP WP 2> £

. Modify Collisien set: Collisi...| = X
V] Aclive

Naar miss z

g 3 =
A
+*| Highlight colliding objects

Collision color -
Mear miss caolor

Apphy Claose - Output | Tx

Puc. 42 BeranoBieHHd TIEBHOI BIACTAH] 31TKHEHHSA
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m Horme tadeling Simulatior Contraller RAEID add-ins & al
L.j ¥ simulation Sewp [] Step =] VO simulator A Enablad @ ]
. St oo Sl . nior A Sianal 5=

— B 5tavon Logic e @l Stop ¥ Manio signa gl Signa| Setup -

Cellision Szt 2 {5} S0 pwatch Analyzer Simulation

Collisions & Confi gure | Simulation Control = Monizor Signal Analyzer Record Movie 5, Comeeyor Tracking
- : — = ——— s=
Layout | Paths&Targets x|/ station2_-V| Step

B station2_
Iechanizms
-i-' AW _Gun_P3F_25
o IRB140_6_81.C_02
Componenis
¥ tablz1
& wel
& wpPi_2
Collizion Sets
4 8 CollisionSet_1
4 |3 ObjectsA
gy <AW_Gun_PSF_25
4 [ 3 OhjecisB
g* <Wpr1>
ép <WP1_2>

For pausing and stepping the
simulation

Puc. 43 ImiTyemo 31TKHEHHS

5. Kpusi

Jlomatite HOBY 3aroToBKy 3 KpuBoio. Bubepith «Curve Selectiony (Bubip

kpuBoi) (Puc. 44):

Ej station2_*
&P Part_1
4 g tablel
@ Body
@ WP1
@ wWP1_2
4 @B WPIC
@ Body

‘Modeling Layout v X

,"‘;tationz_:View1 x|

dl b

‘ Curve Selection

For selecting on curve level.

~d

Puc. 44 Bubip inctpymenty «Curve Selectiony

Bubepite «AutoPath» (Asto msx) (Puc. 45):
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Layout / Paths&Targets v X s
§3 station2_*
I | 2] Station Elements
40 System2
4 T3y T_ROB1
I ;@] Tooldata
I [t3] Workobjects & Targets

4 | & Paths

Ee]
I & Path_10

AutoPath v X

Select edges or curves in the
graphics window. Hold down the
SHIFT key to extend selection

ﬁ Home Modeling Simulation Controller RAPID Add-Ins . 0]
W ABB Library - & Import Geometry ~ @ Target - [§7] Teach Target T_ROB1(System2) 8] World - (3 New View
<& Import Library ~ & Frame - o5 Path = 8 Teach Instruction Workobject_1 Serane =0 Graphics <« Show/Hide ~
%n: Robot System ~ o EmptyPath - Thoned & Tools k FrameSize -
Build Station @':{: For creating a new path that is empty of Controller Freehand Graphics
instructions. S=
=

AutoPath
For generating a path from a curve or edges,
complete with targets and instructions.

G Ne

[ Reverse Reference
Remove
Start Offset(mm)  End Offset (mm)
0.00 s 000 =
Approximation Parameters Output ] = x
Linear .j:) Circular Show messages from All messages - Time Categc A
O Constant U Imported C:\Users\Pedro Neto\Documents\RobotStudio\Geometry\WP1_C.ipt 09/01/2014 15:45:15 Gener:
— ) Border created (Part_1) 09/01/2014 15:53:02 Gener:
Min Nictanca RMav Dadine B R N E e NONT NTA 1C.NC.AN e A2
Puc. 45 Buxopucranns «AutoPathy
Ta Bubepith BigmcTanb Mk Toukamu (Puc. 46-47):
H9-~-0- 5 station2_ - ABB RobotStudio 5.60 (64-bit) - 0
File Home Modeling Simulation Controller RAPID Add-Ins o @
@ ABB Library - @ Import Geometry -~ (@ Target - Teach Target T_ROB1(System2) - ug World - 3 New View
- - 2 - Ty B i -
< Import Library T Frame &% Path B8 Teach Instruction Workobject_1 Syrore & 0y Graphics <« Show/Hide
% Robot System - {#] Other ~ 3T MultiMove AW _Gun - - Theyeh £ Tools  k Frame Size ~
Build Station Path Programming 1 Settings Controller Freehand Graphics
~O

Layout / Paths&Targets v X
:‘j] station2_* A
I | 4 Station Elements
4 D System2
4 T4 T_ROB1

I ;] Tooldata v

AutoPath < x

[] Reverse Reference

Remove

Start Offset(mm)  End Offset (mm)

station2_:View1 X}

N

0.00 < 0.00 g
Approximation Parameters

() Circular

Min Distance Max Radius
4,10 < 199996.00 -

Tolerance (mm)
1.00

Output ]

¥ X

Show messages from All messages =

Time Catege ~

Puc. 46 Busznauenns Bigcrani Mixk Toukamu kprBoi (Hactuna 1)
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'Layout,,,l Paths&Targets ¥ X||/ station2_:Viewl X‘ =
¥ station2_*
I | 4] Station Elements
4 a System2
4 Ty T_ROB1
b .4 Tooldata

AutoPath v X

Edge_1

[[] Reverse Reference

Remove

Start Offset(mm)  End Offset (mm)

0.00 ~ 0.00 v

Approximation Parameters
") Linear ) Circular
Constant
Distance (mm) Max Radius
g +| 9999600 z
Tolerance (mm) 'Output | v X
1.00 = Show messages from All messages v Time Catege A
s i) Imported C:\Users\Pedro Neto\Documents\RobotStudio\Geometry\WP1_C.ipt 09/01/2014 15:45:15 Gener:
i) Border created (Part_1) 09/01/2014 15:53:.02 Gener:
Clear Create Close i) Path created (Path_20) [2] 09/01/2014 16:06:40 Gener: V¥
< >

Movel ™ * v1000 * 2100 = AW _Gun = \WObj:=Workobject 1 ~ | _Selection Level * Snap Mode ~ | UCS: Station  -127.89 -935.11 106.8! _ 4
..:I

Puc. 47 Buznauenns BijcTani Mixk Toukamu kprBoi (HactrHa 2)

B pesyabTaTi Mu oTpumMaemMo 6a30B1 TOUkH 15 AyroBoi Tpaekropii (Puc. 48):

BUIG SLEUon Fauns Frogranining 1 Sewnys Lunuonegr Freenana Lrapcs

J/ 'Layout / 'Paths&Targets v X é/ station2_:View1 X] =

b g wobjo

4 [ Workobject_1

4 g Workobject_1_o

(E) Target_20
(8) Target_30
(E) Target_40
(®) Target 50
(E) Target_60
i) Target 70
w/:;) Target_80
i) Target 90
w/:;) Target_100
i) Target 110
\/,D Target_120
ii#®) Target 130
w':D Target_140
51;) Target_150
w'iD Target_160
51;) Target_170
w'iD Target_180
wf) Target_190
i#) Target 200
‘/1;) Target_210
fi#) Target 220

i{®) Target 230 “Output | T
4 | £ Paths Show messages from All messages - Time Catege A
) ®_-9 Path_10 i)Undo: Delete 09/01/2014 16:07:44 Gener:
4 @.-@ Path_20 i) Path created (Path_20) 09/01/2014 18:54:11 Gener:
2 Movel Tarnet 1 Y
< >

Movel = * ¥1000 * 2100 * AW.Gun ~ \WObji=Workobject 1 - | Selection Level ~ Snap Mode ~  UCs: Station | -127.89 -935.11 106.8! _ %
Puc. 48 Otpumani TOUkH AyroBoi TpaeKTOPii
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Modeling Simulation Controller RAPID Add-Ins Modify

& Import Geometry & T t each Target _ROB1(System2) v World

*Q

- g Frame -

Layout ~ Paths&Targets v X

«) Target_60 S III
Target 110
Target 120
Target_130
Target 140
Target_150
Target_160
Target 170
Target_180
Target_190
Target 200
Target 210
#) Target 220

) Target_230

4 | g Paths
° Path_10

),
s rrrre

Rotate: (Multiple Selection) v X
Reference
Local v
Rotate around x. y. z
0.00 <1000 </0.00 =
Axis end pointx. y. z

~laon N -

Rotation (deg)
= X ye 7

- —

Output ¥ X
Apply Close
Show messages from All messages - Time Catege ™

Puc. 49 HepeBipKa JOCTOBIPHOCTI TOYOK Ut poboTa

6. Xia pobootn

1. OsnafioMuTHCS 3 TCOPETUUYHHM MaTepiajioM 3 TPOTPAMyBaHHS B CEPEIOBHIII
RobotStudio.

2. OrpumaTu I1HAWBIAYAJIbHWA BapiaHT 3aroTOBKH, MPOMUCIOBOTO podOTa Ta

THCTPYMEHTA JJi1 BUKOHAHHA HUM 3aBJaHHS B TPOTPAMHOMY CEPEIOBHIII

RobotStudio.

CrtBopeHHs poOOUOi CTaHITIi 32 BIACHAM BapiaHTOM.

4. TlporpamyBaHHS TPOMHCIOBOTO po0OOTa 13 IHCTPYMEHTOM Ha BHUKOHAHHA

TEXHOJIOTIYHOT oreparili Haj 00’ €KTOM TIO MPSAMOJTIHINHIN TPaeKTOPIi.

[lepeBipuTi poOOTY POOOTOTEXHIYHOI KOMIPKH Ta CUMYJTIOBATH il poOOTY.

6. IlporpamyBaHHS TIPOMHCIOBOTO POOOTa 13 I1HCTPYMEHTOM HAa BUKOHAHHS
TEXHOJIOTIYHO1 orepartli Hat 006’ €KTOM IO TyTOBIi TPAEKTOPIi.

7. Tlepesiputi po60TY pOOOTOTEXHIYHOI KOMIPKH Ta CHMYJIFOBAaTH ii po0OoTYy.

[TpoBecTr KOHTPOIIH 3ITKHEHHS JJIA IBOX 3aTOTOBOK.

9. Tlicns 3aBepinieHHS BUKOHAHHA JTAOOpAaTOPHOI POOOTH CIIiJ MOKAa3aTH BUKIIAIAdy
BAKOHAHE 3aBJaHHA Ta O(POPMHUTH 3BIT.

W

hd

o
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7. llopsinok ogopmJieHHS 3BITY

36im 3 1a60pamopHoi pobomu noGuHeH MICIMUMU:

1. Temy 1 meTy.

2. TeopernuHi BiIOMOCTI.

3. Pesynbrati BWKOHAHHA I1HAWBIAYAJBHOTO 3aBJaHHA Ta TIOCIITOBHA
THCTPYKIlISE WOTO BUKOHAHHSA 3a JOMOMOTOI0 30€pexkeHUX 300pakKeHb
€KpaHy.

4. BHUCHOBKH.

8. KontpoabHi 3anuTanHst

1. 3 boro mOYMHAETHCS CTBOPEHHS Ppo0O0UYOi CTaHIi B TPOTrPAMHOMY

cepenopui RobotStudio.

Ak BiakamOpyBaTH OMOKEHAS po004oT0 00’ €KTY HA CTOMI?

CrBopenHs workobject 3 mouaTkoM KOOpAHHAT B KyT1 poO0Uoro o0’ eKra.

Sk mobGaBuTH poboumii 00’ €KT 10 BIPTYyaJIbHOTO KOHTposepa?

CTBOpEHHS NUIAXY 1O MPAMOJTIHINHIN TpaeKkTOpli 00’ €KTa.

Ax kamOpyBaTu JJaHKW MPOMUCIIOBOTO PoOOTa TiJ Yac CTBOPECHHA PyXy

I1P?

7. MOHITOPUHT BIATBOPEHHS TPAEKTOPIi B MPOTPAaMHOMY CEPEIOBHIII
RobotStudio.

8. Illo Take zonedata?

9. B sxomy pozauni RAPID 3naxomuTtscs ocHOBHA mporpama?

10. 4k 30epertu mporpamy Ha KoM 10Tep?

11 .5k 3MIHUTH MIBUAKICTH PyXy MPOMHCIOBOTO po0OTa HA TIEBHUX MIJISTHKAX
TpaeKTOPIi?

12 111o Take KOHTPOJIH 3ITKHEHB Ta JJIs YOTO BIH HEOOX1THMI ?

13. 51k cTBOPUTH AYTOBY TPAEKTOPIO?

14. 51k 3MiHIOBAaTH KUTBKICTh TOUOK HA JTYyTOBIH TpaeKkTOPii?

AN

PexomenaoBaHa Jritepatypa

1. International Federation of Robotics: ISO 8373 «Industrial robots -
definition and classification»

https://ifr.org/img/office/Industrial Robots 2016 Chapter 1 2. pdf

2. RobotStudio® Simulation of industrial automation processes and offline
programming of ABBs robots - Practical guide for students - / Mocan B,
Timoftei S., Stan A., Fulea M. // CLUJ-NAPOCA, 2017. — P. 140.

3. ABB, Technical reference manual RAPID Instructions, Functions and Data
type, 3HAC 16581-1, 2017.

4. ABB, Operating Manual RoboStudio 6.05, 3HAC032104-001 Revision: T,
2017.
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5. Energy efficiency analysis of the manipulation process by the industrial
objects with the use of Bernoulli gripping devices / V. Savkiv, R. Mykhailyshyn,
F. Duchon, M. Mikhalishin // Journal of Electrical Engineering. — 2017. — No 68
(6). — P. 496 — 502. — DOI: 10.1515/jee-2017-0087.

6. Chatraci A. Optimal Control of Robot Manipulators. / A. Chatraei,
D.M.IV. ZAda. - 2011.

7. Siciliano B. Springer Handbook of Robotics / B. Siciliano, O. Khatib. —
Berlin : Springer, 2008. — P. 1631.

8. Muxaiinummun P. 1. Optimization of bernoulli gripping device’s orientation
under the process of manipulations along direct trajectory / P.I. Muxatinumms,
A. 1. Ilpous, B.b. Caskis // Bicauk THTY. — Teprnonuns, 2016. — Tom 81. — Nel.
—C. 107 -117.

9. Orientation Modeling of Bernoulli Gripper Device with Off-Centered
Masses of the Manipulating Object / V. Savkiv, R. Mykhailyshyn, O. Fendo, M.
Mykhailyshyn // Procedia Engineering. — 2017. — Ne187, P. 264 — 271.

10. Justification of Design and Parameters of Bernoulli-Vacuum Gripping
Device / V. Savkiv, R. Mykhailyshyn, F. Duchon, O. Fendo // International
Journal of Advanced Robotic Systems. — 2017. — Ne 14(6), DOI:
1729881417741740.

11. Experimental Research of the Manipulatiom Process by the Objects Using
Bernoulli Gripping Devices / R. Mykhailyshyn, V. Savkiv, M. Mikhalishin, F.
Duchon // In Young Scientists Forum on Applied Physics and Engineering,
International IEEE Conference. — Lviv, 2017. — P. 8 — 11.

12. Mexanizaiigs Ta aBTOMaTH3alllsl HABAHTAXYBaJIbHO-PO3BAHTAKYBATLHUX
poOiT: HaBuanbamit mociOuuk, Y.1: TpancmoptHi Ta HaBaHTaXyBaJIbHO-
po3BaHTaXyBabH1 3aco0m / 3a 3ar. pen. C.JI. Jluteunenka .-K.: Konmgop, 2016 .-
208 c.

13. Modeling of Bernoulli gripping device orientation when manipulating
objects along the arc. / R. Mykhailyshyn, V. Savkiv, M. Mikhalishin, F. Duchon
// International Journal of Advanced Robotic Systems. — 2018. — Ne 15(2), DOI:
1729881418762670.

14. Substantiation of Bernoulli Grippers Parameters at Non-Contact
Transportation of Objects with a Displaced Center of Mass / R. Mykhailyshyn,
V. Savkiv, F. Duchon, P. Maruschak, O. Prentkovskis // 22nd International
Scientific Conference Transport Means 2018. — Klaipeda, 2018. — P. 1370 —
1375.

15. Gasdynamic analysis of the Bernoulli grippers interaction with the surface
of flat objects with displacement of the center of mass / V. Savkiv, R.
Mykhailyshyn, F. Duchon // Vacuum. — 2019. — Ne 159, P. 524 — 533. — DOI:
10.1016/j.vacuum.2018.11.005.

16. Murray R.M. A mathematical introduction to robotic manipulation / R.M.
Murray, Z. L1, S.S. Sastry // CRC press. — 1994. — P. 456.

17. 3enxesnu C.JI. OCHOBBI YNpaBACHUS MAHUMYJIAIMOHHBIMU poboTamMu /
CJI. 3enkesnu, A.C. FOmenko // OCHOBBI yNpaBieHUS MaHHIYJISAITMOHHBIMHA
pobotamu. 2-¢ uza. — M.: Uza-so MI'TY um. H. D. baymana, 2004. — 480 c.
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18. Investigation of the energy consumption on performance of handling
operations taking into account parameters of the grasping system / R.
Mykhailyshyn, V. Savkiv, F. Duchon, V. Koloskov, I. Diahovchenko // 2018
IEEE 3rd International Conference on Intelligent Energy and Power Systems
(IEPS) — IEEE, 2018. — P. 295 — 300. — DOI: 10.1109/ieps.2018.8559586.

19. Analysis of frontal resistance force influence during manipulation of
dimensional objects / R. Mykhailyshyn, V. Savkiv, F. Duchon, V. Koloskov, I.
Diahovchenko // 2018 IEEE 3rd International Conference on Intelligent Energy
and Power Systems (IEPS) — IEEE, 2018. — P. 301 - 305. — DOI:
10.1109/ieps.2018.8559527.

20. Ko3zbipes FO.I'. 3axBaTHbie yCTpPONCTBA MU MHCTPYMEHTHI MPOMBIIIIEHHbBIX
poboros / HO. I'. Kossipes. — Mocksa: KHOPYC, 2010. — 312 c.

21. Tlpomp .1. 3axommoBaibHI MPUCTPOi MPOMHUCITOBHX POOOTIB: HABUAIbHHM
nocioamk / f.1. Tlpoms — Tepuonuns: TepHONUIBCHKHIA ACPKAaBHUM TEXHITHHMA
yHiBepcuTeT iMeH1 [Bana [lymos, 2008, — 232 ¢,

22. Muxaiimumua  P.I. OOrpyHTyBaHHA  mapamMeTpiB  Ta  OpI€HTAIi
CTPYMHMHHOTO 3axOILIFOBaYa MAaHINMyJIsITOpa JUIS aBTOMAaTH3allii BaHTaXKHO-
PO3BaHTAXYBAJIBHUX OTEparliii: aBToped. auc. Ha 3A00yTTS HayK. CTYICHS KaHI.
TexdH. Hayk : cmer. 05.05.05 “TligmimansHO-TpancmoptHi wmamwman / P.I
Muxaitnmumms. — Tepronins, 2018. — 21 c.

23. Muxaiimumua P, 1. Amamiz  MeToAiB  TUIaHYBaHHS — TPAEKTOPIH
manimyssatopis / P.I. Muxatinummn, B.b. Caskis // 30ipHuK HaykOBHX TIpailb
«ITepcnextrBH1 TexHoMOT1I Ta iprnaam» Jlymekmit HTY. — Jlymek, 2016, — Ne§
(1).-C. 61 -69.

24. Justification of the object of manipulation parameters influence on the
optimal orientation and lifting characteristics of Bernoulli gripping device / B.b.
CapkiB, P.I. Muxaiinummna, &. Jyxon, M.C. Mpmxaimumun // BicHuk
XepCOHCHKOTO HAIIOHATBHOTO TEXHIYHOTO YHIBEPCHUTETY. — XepcoH, 2017. — Ne
2(61).-C.98-104.

25. The analysis of influence of a nozzle form of the Bernoulli gripping
devices on its energy efficiency / V. Savkiv, R. Mykhailyshyn, P. Maruschak, F.
Duchon, L. Chovanec // Proceedings of ICCPT 2019, May 28-29, 2019. — Tern.
: TNTU, Scientific Publishing House “SciView”, 2019. — P. 66-74. — DOI:
10.5281/zenodo.3387275.

26. Justification of Influence of the Form of Nozzle and Active Surface of
Bernoulli Gripping Devices on Its Operational Characteristics / V. Savkiv, R.
Mykhailyshyn, P. Maruschak, F. Duchon // TRANSBALTICA XI:
Transportation Science and Technology. Lecture Notes in Intelligent
Transportation and Infrastructure. — Springer, 2020. — P. 263-272. — DOI:
10.1007/978-3-030-38666-5 28.

27. Rogowsky coil applications for power measurement under non-sinusoidal
field conditions / I. Diahovchenko, R. Mykhailyshyn, D. Danylchenko, S.
Shevchenko // Energetika. — 2019. -65(1), P. 14 - 20. - DOI:
10.6001/energetika.v6511.3972.
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28. Analysis of Operational Characteristics of Pneumatic Device of Industrial
Robot for Gripping and Control of Parameters of Objects of Manipulation / V.
Savkiv, R. Mykhailyshyn, P. Maruschak, F. Duchon, O. Prentkovskis, I.
Diahovchenko // TRANSBALTICA XI: Transportation Science and
Technology. Lecture Notes in Intelligent Transportation and Infrastructure. —
Springer, 2020. — P. 504-510. — DOI: 10.1007/978-3-030-38666-5 53.

29. Optimization of design parameters of Bernoulli gripper with an annular
nozzle / V. Savkiv, R. Mykhailyshyn, P. Maruschak, L. Chovanec, E. Prada, 1.
Virgala, O. Prentkovskis // Transport Means - Proceedings of the International
Conference. — 2019. — P. 423-428.

30. Control of a small quadrotor for swarm operation / A. Trizuljak, F.
Duchori, J. Rodina, A. Babinec, M. Dekan, R. Mykhailyshyn // Journal of
Electrical Engineering. — 70(1). — 2019. — P. 3-15. — DOI: 10.2478/jee-2019-
0001.

31. Protection of Digital Power Meters Under the Influence of Strong Magnetic
Fields / R. Mykhailyshyn, V. Savkiv, I. Diahovchenko, R. Olsen, D.
Danylchenko // 2019 IEEE 2nd Ukraine Conference on Electrical and Computer
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