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Pestome:

HayuHoTo u3cneaBaHe oTpassiBa pe3ynTatuTe OT UMMTALMOHHOTO BUPTYanHO M3CneaBaHe Ha MOLLEH aHTPOMOMOPGEH MUHEH MaHUMynaTop 3a u3rpaxdaHe Ha
ranepueH GeToHeH kpenex. MacnenBaHeTo € NpoBeAEHO BbPXY TPUMEPEH KOMMIOTLPEH rpadpuyeH MOAEN MU rPaHUYHI YCTOBMS, KONTO OTpassiBaT CTaTUYHOTO U

OWHaMWYHO HaToBapBaHe.

PesynTaTuTe ca BU3yanu3upaHu B rpacmyeH BUA KaTo (yHKLMS Ha CKOPOCTUTE U YCKOpEHUsiTa U Ha Tasu 6asa ca OnpefeneHn AnHaMUYHUTE CUMK, KOUTO MoraT fa
Ce W3MoN3BaT 3a IKOCHA NPOBEpKa Ha Hail-HaTOBAPEHNTE eNeMEHTU OT MexaHuYHaTa KOHCTPYKLMS Ha MalLMHaTa.

BBbBENEHME

WarpaxxgaHeTo Ha MOCTasiHEH Kpenex Ha ranepuiHnTe
13paboTkn B MUHUTE W TYHENHOTO CTPOWUTENCTBO € 3HauMma
4acT OT LANOCTHUS TexHonoryeH npouec. Kato onpegensiiu
B TO3M Cryyalt MoraT Aa 6baat u3BeaeHn (hakTopuTe — BUCOKO
HMBO Ha TexHM4ecka Ge3onacHoOCT Npu 3akpenBaHe W ekcnmno-
atauMs Ha um3pabotkuTe M no — [obOpU  TexHWKo -
MKOHOMMYECKM nokasaTenu. [lpegmeT Ha w3credBaHe B
Cnyyas e MalnHa OT MaHUNyNaToPeH TWM, KOSTO € Cb3aageHa
oT aBTopckm konek-Tve B CO “MMHCTpOIA” 1 0TroBapsi B MHOTO
ronsiMa CTe-MeH Ha W3WCKBaHMATA, CbObpXallM Ce B
MOCOYeHUTe Mo — rope onpe-genswm gakropu. CTPYKTypHO —
(hyHKLMOHaMHaTa Cxema Ha TO3W KpenexeH MaHunynaTop uma
cbliata KMHe-MaTWka kaTo MaHunynatopa Ha (upmata
“Maschinen-fabrik — Moeminghoff’ — ®PI", a umeHHo:

- BepTuKanHa BbpTALla Ce KOMoHa;

- [BypaMeHHa TeneckonuyHa cTpena;

- CreupanusMpaHo  3axsallalo YCTPOWUCTBO C
rokanHa CTpyKTypa ¢ ABe CTeneHu Ha cBoboaa;

- Bb3MOXHOCT 3a paboTa B TEXHONMOMMYEH MpOLEC
Ha 3aKpenBaHe Ha ranepuu ¢ Kpbrno ceyenne (¢ 4,0 4,5m.) ¢
TeXKM 1 6eToHHM enemenTy (500 — 1000 kg.).

¢hueypa 1 06w 8ud Ha MaHunymamopa

OBwumaT BNA Ha MaHUNynaTopa e NokasaH Ha ¢ur. 1, kbaeTo

€ No3unuum 1 — 7 ca NOCOYEHN CrIeOHNTE eNeMeHTU:

0 — cTolKa (HENOABUXHO 3BEHO);

1 — KONoHa C eaHa BepTUKanHa poTtaumoHHa (R) Bpb3ka
CbC CTOMKATa;

2 — 3a[BWXBALL} X1ApaBNWYEH LUNMHABP Ha CTpenata;

3 — cTpena ¢ xopu3oHTanHa (R) Bpbaka ¢ konoHara;
4 — 33ABVKBALL XMOPABINNYEH LMIMHABP HA PamMoTo
5-pamo - cbLo ¢ (R) Bpb3ka CbC CTpenara;

6 — TeneckonuyHa pbka — ¢ TpaHcnaumuoHHa (T) Bpb3ka
C pamoTo;

7 - 0bekT Ha Bb3gencTBue ( KPEMexXeH CErMeHT)
TexHU4ecknTe XapakTEPUCTMKM Ha MaHUmynaTopa ca AafeHu
B Tabnvua 1.

Ne | napameTbp AMMEH | croitoct
cus

1 | TosaponogeBHoCT-MuHMManHa | kN 10

2 | Xop Ha Teneckona — S, mm 1100

3 | bren Ha BbpTEHe Ha Bepr. | deg 210°
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KOInoHa
bren  mexgy Hocaua M
cTpenarta —

5 P B deg o

MUHVMAneH 40

MakcumaneH 185°
brbn Ha 3aBbpTaHe Ha naHena

6 | nepneHamkynsipHo HO ocTa Ha | deg 45°
cTpenara - @,
brbn Ha BbpTEHEe Ha naHena

7 P deg | 360°
0KOJI0 OCTa Ha cTpeniaTa - Oy
MakcumaneH BbpTAL, MOMEHT

8 pTAL Nm | 1200
Ha 3axBalLaLLMs MEXaHN3bM
PasctosHne oT ocTa Ha

g | BbPTEHE HA MaHunynatopa Ao | 3560 -
ocTa Ha 3axBallaLloTo 4660
YCTPONCTBO

1

0 PaboTHo HansraHe MPa 20

1 | WnpounHa Ha obpaboTBaHMs

P P mm | 800

1 | naHen

1

2 Maca Ha maHunynaTopa kg 1000

XapaktepHa 0COBEHOCT Ha onucaHaTa MalluHa, e Ye Td e
KOHCTpyWpaHa W u3paboTeHa 3a CbBMecTHa paboTta ¢
ToBapayHa MawmHa 2[1Hb — 2 1 no — TOYHO 3a MOHTax
BbpXy pamata Ha cbuata. 1o To3W HauMH e Cb3gaaeHa
MallWHa C NOBWLLEHa ekcnnoaTaluoHHa eheKTMBHOCT.

HeobxogumocTTa OT u3cnegBaHe Ha [OMHAMUYHOTO
HaTOBapBaHe Ha MaHMMynaTopHUsl MEXaHU3bM Ce OMpeaens
OT 3HauuTtenHata maca (1000 kr.) HAa KpemexHuTe CerMeHTM
(cToMaHOGETOHHM  MaHenu),  KOSTO  CbBMECTHO  CbC
cobcteeHaTa Maca Ha MOABWXHWTE 3BEHa, nNopaxaa
3HAYNTENHM [OMHAMUYHM CUNIW B HeyCTaHOBeHUTe paboTHM
pexumn. OT [fpyra CTpaHa YnpaBnsiBalloTO Bb3aeicTane
BbPXY XMApaBNMYHaTa CUCTEMA Ha 3aJBWXBaHe ce dopmmpa
OT onepaTtopa Ha MallMHaTa B peanHo BpeMe, T.e. 4pe3
OMOTEXHMYHA CMUCTeMa Ha YMpaBNEHWE W ChefoBaTesNiHo
3aKOHbT Ha [BWXeHue Ha obekTa (KpenexHuaT naHen) e
HENOCTOSIHEH 3a panuyHUTe PaboTHN LMKK.

Te3un 0cobEHOCTN Ha MaLLMHaTa, KOSTO € OT KaTeropusita Ha
TEXKUTE MaHUMynaTopy JaBaT OCHOBaHWe da ce oTbenexart
CneaHUTE NPeSnoCTaBKM U Lenn Ha npoLeca Ha 3cneaBaHe:

1. LLe ce ocblLUECTBI MOAENHO KOMMIOTLPHO
n3crnedBaHe Ha HAKOM OCHOBHW NapameTpu  (CKOpocTw,
YCKOPEHMS) 33 XapakTEPHW TOYKM OT Hall — HaToOBapeHuTe
€NTEMEHTY (3BEHA W KNHEMATUYHM BPB3KN);

2. [JedunHupaHe Ha rpaHWyHUTE YyCnoBMSA B
CbOTBETCTBME C KMHEMATM4yHaTa Cxema, cuctemMata Ha
3a[BWXBaHe, MeTpUKaTa Ha MaHunynartopa 1 obekta (kpene-
KHWSIT MaHen), KOKTO U Ha 0COBEHOCTUTE HA TEXHOMOTUYHMS
npouec;

3. Cb3pgaBaHe Ha rpyna Ha 3D-mogen Ha
MaHunyna-topa B cpega Ha Solid Works u  kopekTHO

BanuOMpaHe Ha BCUYKM KWHEMATUYHM BPb3KM  Mexay
NOABWKHUTE 3BEHA;
4, [OeduHupaHe Ha cTyous B cpeda Ha

Dynamic Designer 1 napameTpupaHe Ha AMHaMUYHWUS MOAEN;

5. CTpyKTypupaHe Ha W3YMCIMUTENHMS MOLyNn M
peluaBaHe Ha [AMHAMMYHAaTa 3ajaya B CbOTBETCTBME C
npueTaTa METOAMKA 3a U3CrieaBaHe.

FEOMETPUYEH MOLEN
Ha ¢ur2 e nokasaHa KuHemaTWyHaTa  Cxema Ha
reoMeTPUYHNS MOZen, Ype3 KOUTO MOXe MaTemMaTWiHO Aa ce
onpefensT MOMOXEHNETO U CKOPOCTUTE Ha 3BeHaTa M
Bpb3kMTe cnpsamo 0a3oBOTO 3BEHO Ha  MaHunynaropa.
Moanyuute oT 1 40 4 NOKa3BaT CNEAHUTE ENEMEHTH:
0 - cToika-6230B0 HEMOABWXHO 3BEHO;

1- konoHa ¢ (R) Bpb3ka KbM cToiikata 0 1 BepTukanHa
OC Ha OTHOCWTENHa poTauus @ no oc Z;

2- pamo ¢ (R) Bpb3ka kbM konoHata (1) u oTHocuTeNHa
poTauus no ¢, no X cnpamo konowHata (1);

3 - npegpamo ¢ (R) Bpb3ka KbM pamoTo (2) u
OTHOCUTENHA poTaLus @; N0 X CnpsMo pamoTo (2);

4- teneckon ¢ (T) Bpb3ka KbM npeapamoTto (3) u
OTHOCUTeNHa TpaHcnauws T, no Y cnpsmo npeapamoTo (3) .
Tasn kMHeMaTuMyHa CXema e OTBOPEH TUM U paBHWHHA Mpw
paboTa c GrokmpaHa KMHEMaTUYHa Bpb3ka MEXIy CToikaTta U1
konoHata, a 6azoBata MaHEBPEHOCT 7, = 0 npu obLya

MaHeBPEHOCT 7, = -2, XapaKTepMCTMKaTa Ha KWHEeMaTuy-

=

cur. 2 — KuHemaTtuyHa cxema Ha MaHunynartopa
HaTa cxema MOkasBa, uYe OrpaHUYEHUTE BB3MOXOCTW 3a
OpWeHTaLus M NpemMecTBaHe Ha KPanHOTO MOABWXHO 3BEHO,
KbM KOETO € CBbp3aH ODeKTbT M3WUCKBAT MaHUMymaTOpHUST
MexaHu3bM [a NpuUTExaBa KakTo rnobanHa, Taka 1 nokanHa

CTPYKTYpH.

3a mMaTemaTM4ecKoTO pelleHue Ha 3afadata € Heobxogumo
[a Ce HanpaBAT CregHNTE NpeanocTaBKy:

1. Owmxunute  1o,0,0L,05; w1, ca npensaputenHo
N3BECTHY;

2. Kbm Bcsko 3BeHO ce dmKkeuMpaT  CbOTBETHO
koopauHatHute  cuctemn  Ro,R1,R;,R3,Rs ¢ Havana B
xapaktepHute Toukm O, O; go O, B KOUTO Ce OCBLIECTBST
BPB3KUTE MEXAY 3BEHaTa.
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3a paBHWHaTa YacT OT CTPYKTypaTa Ha MexaHu3Ma ocute Xj,
Xo, Xs M X4 ca ycropegHu nomexay cu. pu T€3n ycnosus
3aayarta ce CbCTOoN OT [1Be YacTu:
1.0npegensHe koopauHatute Ha Toukute Os n Os B
koopauHaTHaTa cuctema Ry;

2.0npefiensiHe opueHTauusiTa Ha Bektopa O,0; B R,.

Llle ce u3nonsear TpaHCHOPMALMOHHMTE MaTPUUM 3a
KoopaMHaTUTe Ha [afeH BEKTOp OT efHa KoopauHaTHa
cuctema B pyra (Ekcepos 1989).

Ha portaunmte Ry cnpamo R, okono Z; Ha brbn ¢4
CbOTBETCTBA MaTpuLaTa

cosl sinl 0

M, = |- sinl cosl 0

0 0 1

A 3a R, cnpamo R, okono X; Ha brbn ¢, — Matpuuara
1 0 0

MP =0 cos2 sin2

0 -sin2 cos2

1 3a R; cnpsimo R, okono X; Ha brbn @

1 0 0
M3 =0 cos3 sin3
0 -sin3 cos3|

Ha TpaHcnaumsta Ha Ry cnpsmo R; no octa Y; Ha
pascTosiHue T, CbOTBETHO:

Mj =

S o =
S = O
=0 O

Crepfpalyara cTbnka € OnpedensHe Ha MaTpuuuTe Ha
npexog KuM penep Ry

1= g s
)= ol e o]
3= oo o o3 o

Mpu KoeTo ce ycTaHoBsBa, Ye cned npeoGpasyBaHe W
onpocTaBaHe( 3a onpocTsBaHe ce momara - 7o =L+ [+ T,

L=1y+ 1) ce nonyysaT ypaBHEHUSITA ONMCBALLM MONOKEHUETO
1 OpUEHTaLMATa Ha 3BeHaTa Ha MexaHuaMa:

X5 = sinl"‘[l2 *cos2+ T *cos(2+ 3)}
Vs = cosl*[12*0052+ Ty *cos(2+ 3)}
2= L- 1, *sin2- T, *sin(2 + 3)

= cosl

= -sinl

=0
Ji = sinl*cos(2+ 3]

Ji= cosl*cos(2+ 3]

ji = -sin(2+ 3)
k= sinl*sin(2+ 3)
ki = cosl*sin(2+ 3)
ky = - cos{2+ 3)

W3BeneHuTe ypaBHEHUA npeacraesnsasat reoMeTpu4HuA
MOZEN KOWMTO Ce 3anucea B CbKpaTeHa cbopma C BEKTOPHOTO
ypaBHEHNE

)}R” = F(W_ Wo)
nnun 4ypes cucrtemata:

X5 = [l2 *cos2+ TU*cos(2+ 3)]*sinl
ys = [12 *cos2+t T *cos(2+ 3)]*cosl
zg= L-1,*cos2- T, *sin(2+ 3)

Jio= cosl*cos(2+ 3] .

METOANKA

MeToaukata Ha Hay4YHOTO u3cCrnedBaHe € W3UAno B
CbOTBETCTBME C HabenssaHuTe no — rope npeanocTaBku, Lenn
M NnaHnpaxu [encTBus 3a OCbLLIECTBABAHETO UM.

Toit kaTo 0OEKTLT € BUpPTyaneH MOAEN Ha MaLuWHa,
inambnHeH Ha CAD cuctema, TO KpaitHuTe pesynTaTi ca npsiko
CBbp3aHM U 3aBUCUMK OT CLOTBETCTBMETO MEXOy Mogena u
MaHunynaTopa.

BbB Tasn Bpb3ka TpsbBa ga ce oTbenexar crnepHuTe
AETaNNM N BaXHW N3nCKBaHUS KbM rpadonyHins CAD — mogen:

- MakcumanHo nogpobHo M TOYHO OTpassBaHe Ha
hopmata U MeTpuKaTa Ha CTPYKTYPHUTE enNeMeHTMH (3BeHa M
BPb3KM), KaTo B Cryyas TyK Ce OTHACAT W 3adBuWXBaluTe
XWUAPABMUYHM UMAUHAPK Gur.1;

- npu crnobsiBaHe Ha mMogena v npeacTaBsHETo My
kaTo acembnn obekT e HeobXxoaMMo fa ce 0Tpasu MbIIHOTO
CbOTBETCTBME C KMHEMAaTMYHaTa CxemMa Ha MaHunynaTtopa,
KaKTO W rpaHWUYHNTE YCNOBUS B KMHEMATUYHUTE BPb3KW. TOBa
Ce u3BbpLUBa B cpefata Ha Dynamic designer B 4bpBOTO Ha
KOMMOHEHTHWUS MEHUIKBP cur.3.
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EE‘ rMaotion MModel

i nzzembly Components
[—=1-- Parkts

@3 MMowing Parks

== Ground Parks
=-=FF kolona-1
L= Stojka-1

[=1--LO) Conskrainks

—oncenkriclS
—oncenkrics
Fized

=-Egd revolutes
----- & Contact
----- BT Couplers
..... agx MMokion
:—j§ Forces
----- P&, Springs
----- My Dampers
=1 Pl Ackion Ol
i - Forceado
E— PRy Action/Reaction

Quaypa 3 YnpaeneHue Ha komnoHeHmume e Dynamic
Designer

MexaHu3MbT € u3credBaH Npu Han-TEXKUA cryvan Ha
HaTOBapBaHe, KOWTO Ce MofyyaBa MpW NOBAMraHe Ha
MakcumaneH Toap (kpenex naven) 10 kKN npu CbBMECTHOTO
ABWXEHWE Ha cTpenarta 1 pamoTo. [lapameTpuTe Ha ABKEHWE
Ce 3a/1aBaT KaTo CBOWCTBA Ha CbOTBETHUTE BPb3KM.

W3cneasa ce ABWKEHWETO MpW MOCTOSHHA CKOPOCT Ha
OBWKEHWE Ha LMNWUHAPUTE Ha CTpenaTta U paMoTO CbOTBETHO
10 mm/s n 33 mm/s, Tb1 KaTO TOBA TUMUYHUS PEXUM Ha
paboTa Ha 3afBuKBaHe C XuapaBnuyHa cuctema.. Ha cur. 4 e
nokasaH NpyUMep Ha NpO30peL,, C KOWTO Ce 3afaBa MOCTOSHHA
CKOPOCT Ha LMNMHObpa Ha cTpenara.

2T Fevert | Apply

Mition |Flicti0n| FE2 I Propertiesl

Mation Or: ITransIateZ i

Motion Type: IVB|DDil_',' I
Iritial Dizplacement: ID
Initial Welocity: ID

Functior: ICDnstant vl o
Welocity: I'-IEI mmdsec

Queypa 4 lNposopey, 3a 3adasaHe Ha hapaMempu Ha
8pB3KUMe

Cnep 3afasaHe Ha BCWYKM MapaMeTpy Ha Bpb3KUTE, Ha
pexuma Ha paboTa M yCrnoBMSTA Ha HaToBapaBaHe Ce
aKTWUBMPa NPOLECHLT Ha CUMynaLms.

PE3YNTATWU W A3BOOMN
Pesyntatute oT cuMynupaHeTo ca NpeacTaBeHu rpacpuyHo.
1. Ha cur.5 e nokaszaHa 3aBMCMMOCTTA Ha W3MEHEHWE Ha

noeanHata peakuMsa B LWNUHAPUYHKUA WapHup  Mexay
cTpenata 1 pamoTo Ha MaHunynaTtopa.

Force:

—. 53565
S

78937
3
=,69308
2 59681
11}
= 053 L

. 50053

. ]
C 40425
[}
L 30797

0.001.302 603.905 206 507 809 10040 13.00
Time (=ec)

Queypa 5 Peakyus e wapHupa cmpena-pamo

2. Ha ¢wur.6 e faneHo U3MeHEHWeTo Ha uaenaHata peakums B
LuapHMpa CTpena-konoHa

==

— 284971
§ 265694 o
= 246417 X
o 207130

= 07882
3 188555
[}

L 169307

ooo 260390 650
Time (zec)

910040 13.00

Queypa 6 3agucumocm Ha udeasiHama peakyus 8 WwapHupa
cmpena-KooHa

3. WameHeHneTo Ha cunata B UWMHObpA Ha cTpenata e
nokasaHo Ha qur7.
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For

= 302453
o 282151
ézm 845

241545 b
= 21242
& 200940

o
L 1808357

oo 260390 630

Time [=ec)

910040 1300

¢hueypa 7 13meHeHue Ha cunama 8 yunuHObpa Ha cmpenama

4. KnHamaTuyHUTe napameTpu Ha OCHOBHW enemMeHTU
Ha MaHunyrnaTopa ca AafeHu Ha crefsalyute urypn Kakto
cnenga:

- Ha dour. 8 e pageHa 3aBUCMMOCTTa Ha M3MEHEHME Ha
CKOPOCTTa Ha MacoBMsl LIEHTBP Ha Teneckona, a Ha ¢ur.9 —
3aBMCMMOCTTA 3@ YCKOPEHWETO HA MacOBWS LEHTbP Ha
Teneckona.

_,.,-f

265

.

Chd Welocity -

0.001.302 603905 206507 80910040
Time (zec)

13.00

®ueypa 8 Ckopocm Ha Macogus UeHMbP Ha meJieckona

k115

B 102

= |

£ =8 /

T 76

=

B3

R

3 '\"\-\ L

= a7 P e o N =T .

o 0.001 302603905 2068507 809101040 13.00
Time (zec)

(Dueypa 9 YCKopeHue Ha mMacoseus UeHmsp Ha meJsieckona

W3Bogu:

1.

Cb3gageHa e MeToauMka 33  KMHeMaTuyHoO U
OVMHAMUYHO W3CnedBaHe Ha KpenexeH MaHunynatop. Tasu
mMeTofmMKa ce ocHoBaBa Ha u3nonasaHeto Ha 3D CAD mopen B
CbyeTaHue Ha AMHAMUYEH CUMYNATOP.

KpenexHust  maHunynatop € u3cnegBaH npw
3afafeHn NOCTOSHHM CKOPOCTU Ha cTpenata M pamoTo Mpu
MaKCcUMasieH TOBap Ha KpenexHUsl ENEMEHT.

PesyntaT moraT fa ce W3nonseaT 3a ONMTUMU3MpaHe Ha
KOHCTPYKUMSITA HA E€NEeMEHTUTe Ha MaHumynaTtopa npu
pasnnyHM LeneBn (PYHKLUMM KaTo MUHUMU3MPAHE Ha macaTa,
noBuLLIaBaHe KOEULIMEHTA HA CUTYPHOCT.

Ha 6a3ata Ha nonyyeHuTe pesyntaTi Morat ga ce nofobpsr
W PEXMMUTE Ha YNpaBfeHWe Ha XuapaBnyHaTa cucTema 3a
3a[BMKBaHe, KaTo Ce ONMTUMWU3WPAT MPEXOLHWUTE MPOoLEeCH Ha
XWApOpasnpeaenuTeNHITE ENEMEHTH.

MeToaukaTa 3a n3cneaBaHe Ha AMHaMW4HOTO HaTOBapBaHe
MOXe [fa ce nopobpn 3HaYMTEenHO KaTto ce u3nonasar
Bb3MOXHOCTUTE Ha “spline” onuusta 3a BbBexaaHe Ha
ckopocTTa W(t), kaTo ce 3agaBaT napamepTuTe 3a OTAEMNHU
yyacTbuy cbe cToiHocT w(t) = 0. ToBa e no3somm ga ce
OTYMTaT B TE3W XapaKTepHW TOYKM, CaMO CTaTU4HUTE
HaTOBapBaHWs B eNEMEHTUTE.
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GALLERY SUPPORT MANIPULATOR - DYNAMICAL RESEARCH
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ABSTRACT

Zahari Mihalkov Patar Nedyalkov
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The results of kinematic and dynamic study of gallery support manipulator are shown. A methods for 3D SolidWorks modeling and the Dynamic Designer simulation is
created. The results present the telescope velocity and acceleration and dynamic reaction in the linkage of the arm and the jib, the jib, and column forces and the

force of the hydraulic cylinder.

INTRODUCTION

Forming of steady support gallery is an important part in
technological process. It has an advantage as high level of
technical security of support and good technical and
economical parameters. The object of study is a manipulator
that was created by the author team from “Minsrtoy”. This
manipulator as similar as “Maschinen-fabrik — Moeminghoff’s
manipulator. It causes of — vertical rotated column, two
telescopic job, a special catch unit with local structure with two
degree of freedom. The manipulator can work with heavy
beton element with weight of 500 — 1000 kg and create the
gallery with diameter - 4 4,0 - 4,5m.

-

i

.

Figure 1 Scheme of the manipulator

A scheme of the manipulator is show in Fig. 1, where:

0 - base;

1 — column with vertical rotated R linkage;

2 - leading cylinder for jib;

3 —jib;

4 - leading cylinder for arm;

5 — arm with horizontal R linkage;

6 — telescopic arm with translation T linkage with the
arm;

7 - support element;

The manipulator technical parameters are given in Table 1.
Table 1

dimen
sion
Load — minimal kN 10

=
[

parameter value

—_

2 Stroke of the telescope — S; mm 1100
3 Angle of rotation of vertical deg 210°
column -
Angle between arm and job
-B

5 minimal - deg 40°
maximal - 185°

Angle of rotation of support

6 element perpendicular to the | deg 45°

axis of the job - q,
Angle of rotation of sup.
7 elem-ent around of the job | deg 360°

axis - Oy
8 Maximum rotation .moment Nm 1200

of the catch mechanism

Distance between axis of the

. . 3560 -
9 manipulator rotation and the | mm
. 4660

catch mechanism
10 | Working pressure MPa 20
11 Width of beton element mm 800
12 | Mass of the manipulator kg 1000

The manipulator is part on the loader 2PNB-2, and the
machine has high effectiveness.

The dynamical study of the manipulator is important because
of high weight of the beton element (1000 kg) and weight of the
manipulator elements creates large dynamical forces in the
unestablished work rates. Also of the fact that operator work,
S0 we have a biotechnical control system in changeable work
cycles and conditions.

The aim of this works is to:

1. Make a computer modeling of a parameters of high
loaded manipulator elements;

2. Define the conditions of kinematical
scheme, driving system, manipulator metrics and object and
special feature of technological process;

3. Create 3D - assembly model in Solid
Works with correct kinematical linkages between moving;

4, Define the dynamic parameters in Dynamic
Designer environment;

5. Structure of the computing module and
decision of the dynamical purpose, in conformity with
nominated methodics for development.

GEOMETRICAL MODEL
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Figure 2 — Kinematical scheme of the manipulator

The kinematical scheme of the geometric model is shown in
Fig.2. There are shown relations between parts. This type of
scheme allows mathematical purpose of the kinematical
parameters for all parts related to the base. The shown parts
are:

0 - base grounded part;

1 — column with rotatory (R:) linkage to the base and
vertical axis (Z,) of relative rotation (¢1);

2 - jib with rotatory (R,) linkage to the column (1) and
horizontal axis (Y») of relative rotation (¢,);

3 - arm with rotatory (R;) linkage to the jib (2) and
horizontal axis (Ys3) of relative rotation (gs);

4 - telescope with translation (T,) linkage to the arm (3)
and relative translation (x4) on axis (Xy).

This kinematic scheme is plane opened and work when
the linage base — column is blocked with base manoevre
m; = 0 with general manoevre m, = -2, The characteristic of
this kinematic scheme shows that the manipulator requires
global and local structure. That is mean to the limited
possibility for operation only with the global structure.

For mathematical developing (Fu, 1989; Nakano, 1989) of
the problem we accept that:
1. The length of parts /,,/,%,,% and /, are known;
2.Coordinate systems R,R1,R5,R3,R; have origine to
point O, Os to O, respectively, where the linkage between
parts are.
3. The axes X1, X, X3 and X, are parallel

With these conditions the problem is divided to two parts:
1.Define the O, and Os coordinates to coordinate
system R;

2.Define the orientation of the vector 0,0, in Rq.

To make this we need to define the transformation matrixes
(Ekserov 1989).

The rotation R; toward R, around Z, in angle ¢, is
responsible to matrix:

cosl sinl 0
- sinl cosl 0
0 0 1

M, =

The rotation R, toward R; around X, in angle ¢, is
responsible to matrix:

1 0 0

M?=10 cos2 sin2

0 -sin2 cos2

The rotation R; toward R, around X; in angle ¢; is
responsible to matrix:

1 0 0

M3 =0 cos3 sin3

0 -sin3 cos3|

The translation T, toward Rs; on axis X, in distance T, is
responsible to matrix:

M =

oS O =
(= =]
-0 O

Matrix for the transition to base Ry are:
] = fpaa] 7]
s [paa]x o o]

3] = oo o oz o

After simplifying (for simplifying we put 7, =+, + T,
L=1,+ 1) we have equation for the positions and orientations
of the mechanism’s part:

xs = sinl"‘[l2 *cos2+ T, *cos(2+ 3)] i, = cosl
Vs = cosl*[l2*c<>52+ T, *cos(2+ 3)] i,» = - sinl
z= L- 1, *sin2- T, *sin(2+ 3) i =0

kj = sinl*sin(2+ 3)
ky = cosl*sin(2+ 3)

kg = - cos(2+ 3)

Ji = sinl*cos{2+ 3)
Jiv = cosl*cos(2+ 3)

jiv = - sin(2+ 3)

Deduction equations are geometric model, witch short type
is:
)?R” = F(¢-'¢~o)
or be the system:
X5 = [lz *cos2+ T *cos[2+ 3)] *sinl
Vs = [12 *cos2+ T *cos(2+ 3)]*cosl
zg= L-1,*cos2- T, *sin(2+ 3)

= Cosl*cos(2+ 3) .

METODICS



The research method corresponds to those entire told upper.

We examine virtual model, created by CAD system we have
some requests (Assenov, 2002). In view of the fact there are
important requirements to the CAD model:

- maximum and accurately fulfilment of the forms,

dimensions of the all manipulator’s parts;

6. maximum and accurately fulfillment of the linkage
between the manipulator's parts and linkage
between them and hydraulic cylinders.

7.

After 3D SolidWorks modeling we put the model in the
Dynamic Designer environment. After that we check the
linkage property. This is shown on Fig.3.

B Motion Model
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Figure 3 Dynamic Designer feature manager.

We set the maximum load beton element of 10 kN, and we
set motion to be complex from movement of the jib and arm.
Then we set motion — constant velocity of the hydraulic
cylinders of the and arm equal to 10 mm/s and 33 mm/s. The
mode of the motion we set is similar as usual mode in the
simplified unregulated hydraulic leading. All this is made as
assigning parameters of the linkage. An example the setting
the constant velocity of the hydraulic cylinder is shown on
Figure 4.

il

B/ Eevert | Apply

Motion | Frictionl FE& I F'ropertiesl

Motion On: | Transkate 2 |

tation Type: IVB|DCil_'.J j
Initial Dizplacement: ID
Initial Welocity: ID

Funchion: Im '
Welocity: I'-ID mmisec

Figure A window for setting the joint parameters
When all parameters are assigned we run simulation
process.
RESULTS AND DECISIONS
The simulation results are shown graphically

1. The ideal reaction in cylindrical joint between jib and
the arm is shown on Fig.5.
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Figure 5 Reaction in joint jib — arm.

2. The ideal reaction in cylindrical joint between the
and the column is shown on Fig.6.
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Figure6 Reaction force in joint - column

3. The force in hydraulic cylinder of jib is shown on
Fig.7.
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Figure 7. Force variation of the hydraulic cylinder of the jib.

4. The manipulator's parts kinematic parameters are
shown in Fig.8 and Fig.9

- The velocity of mass center of the telescope is shown
in Fig. 8 and in Fig. 9 is shown acceleration of the mass center
of the telescope.
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Figure 8 Velocity of mass center of the telescope
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Figure 9 Acceleration of the mass center of the telescope

CONCLUSIONS

Methods for kinematic and dynamic study of gallery support
manipulator are made. These methods are based on
combination of 3D CAD modeling and dynamic simulation.

The gallery support manipulator is studied by the constant
velocity of the jib and the arm hydraulic cylinders and to
maximum load.

The results can be used for the manipulator’s elements
optimization for minimum mass and increasing the security
coefficient

The results can be used for improving control rate of the
hydraulic system, as we optimize transition process of hydro
distributing elements.

Methodic for development of the dynamic loading will be
improved, as we use opportunities of “spline” option for
entering of leading velocity w(t). We can enter for some part of
trajectory leading velocity w(t) = 0. This enables us to study
in characteristic points only static load of manipulator’s

elements.
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