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4 ™
Statik Dengeleme

Bir mekanizmada uzuvlarin agirligi ve esnekligi gibi etmenlerin
dengelenerek mekanizmanin herhangi bir konumda statik
dengede kalabilmesi i¢in statik dengeleme yapilir.

STATIK DENGELEME = SABIT SISTEM POTANSIYEL ENERJISI

Statik dengelemede iki
yaygin yontem karsit
kutleler ile dengeleme ve
yaylar ile dengelemedir.
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4 ™
Dinamik Dengeleme

Bir mekanizmada uzuvlarin atalet kuvvet/momentlerinden dolayi
kaide olugsan sarsma kuvvet/momentlerini sifilamaya dinamik
dengeleme denir.

DINAMIK DENGELEME = SABIT SISTEM MOMENTUMU
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*Van der Wijk V (2014) Methodology for Analysis and Synthesis of Inherently Force and Moment-Balanced Mechanisms. Delft Universitesi Doktora Tezi

Dengelenmemis manipulator (a) kaidede sarsma kuvvet ve momentleri meydana
getirir (b). Dinamik dengeleme ile sarsma etkileri sifirlanabilirse manipulator bir ipe
@gh olarak bile yuksek ivmelerde cok hassas calisabilir. /




4 ™
Dinamik Dengeleme Yontemleri

Aktif

Dengeleyici
Karsit kltle/atalet Mekanizma ayna Aktif
momenti ile dengeleme goruntusu ile dengeleme dengeleme

Van der Wijk V, Herder J, Demeulenaere B (2009) Comparison of Various Dynamic Balancing Principles Regarding Additional Mass and Additional
%rtia. J Mechansisms and Robotics, 1, 041006.




4 ™
Dinamik Dengeleme Yontemleri

Aktif

Dengeleyici
Karsit kltle/atalet Mekanizma ayna Aktif
momenti ile dengeleme goruntusu ile dengeleme dengeleme

Van der Wijk V, Herder J, Demeulenaere B (2009) Comparison of Various Dynamic Balancing Principles Regarding Additional Mass and Additional
%rtia. J Mechansisms and Robotics, 1, 041006.




4 ™
Seri Zincirlerin Dengelenmesi

— | frx| = 81C0891—f18iﬂ91
rl[ ]AOJr[elsianJrflcosQl]

. . T = | —me Sinﬂl—mlflcosﬂl Y C1
Lineer momentum: L — mr| — [ myeq cos Oy — my 1 sin 6y ] 0, = [CJ

Dinamik kuvvet dengesi kosulu: mie; =0 myf; =0

Ya uzuv bastan bu sekilde tasarlanir, ya da karsit kutle ile dengeleme yapilr. Karsit
kutle dengelemesi sonrasinda moment dengesi olumsuz etkilenir

w der Wijk V (2014) Methodology for Analysis and Synthesis of Inherently Force and Moment-Balanced Mechanisms. Delft Universitesi Doktora TW




Seri Zincirlerin Dengelenmesi

_ |rx| =  [eicos8 — fisin6
1= | 71y | = Ao+ _elsin91+f100391]
S _I"Qx_ At _11C0891—|—€2COS92—f2SiH92
2 oy | 0 | [18in @) +e3sin6) + frcos 6,

+ - = —(m161 —|—m211) sin &) —mj ficosB; | .
L= Tyt mr = [ (mlel —|—m211) COS 91 — m1f1 sin 91 91

Lineer momentum: —mper sin 6 — my frc08 0, 9, C
morey COS 92 — m2f2 sin 92 2T C2

Dinamik kuvvet dengesi kosullari:

mier +myly =0 myf; =0

mae, =0 myfy =0

w der Wijk V (2014) Methodology for Analysis and Synthesis of Inherently Force and Moment-Balanced Mechanisms. Delft Universitesi Doktora TW




4 ™
Seri Zincirlerin Dengelenmesi

3 uzvunun kutle merkezi A, mafsalinda (m,), 2 ve 3 uzuvlarinin toplam kutle
merkezi A, mafsalinda (m, + m3), 1, 2 ve 3 uzuvlarinin toplam kutle merkezi A,
mafsalinda (m, + m, + ms) olmal..

mie) +mply +m3ly =0 myf1 =0
maey +m3ly =0 myfa =0
msze3 =0 m3f3 =0

w der Wijk V (2014) Methodology for Analysis and Synthesis of Inherently Force and Moment-Balanced Mechanisms. Delft Universitesi Doktora Tezi




4 ™
Kapali Zincirlerin Dengelenmesi

Her bir devre iki seri zincire bolunerek seri
zincir dengelemesi yapilabilir.

m, = m,2 + m,® olmak sartiyla m,2 ve m,”
kutleleri istenildigi gibi secilebilir.

‘. m1 m3 ‘.

w der Wijk V (2014) Methodology for Analysis and Synthesis of Inherently Force and Moment-Balanced Mechanisms. Delft Universitesi Doktora Tezi




4 ™
Kapali Zincirlerin Dengelenmesi

Yontem 1: seri zincirlere bolme

Her bir devre iki seri zincire bolunerek seri
zincir dengelemesi yapilabilir.

m, = m,2 + m,® olmak sartiyla m,2 ve m,”
kutleleri istenildigi gibi secilebilir.

‘- m1 m3 ‘.
w der Wijk V (2014) Methodology for Analysis and Synthesis of Inherently Force and Moment-Balanced Mechanisms. Delft Universitesi Doktora Tezi




4 ™
Kapali Zincirlerin Dengelenmesi

Yontem 2: devre kapalilik denkleml

Il
|

—(mier +-maly +msly)sin 6 —my ficos by | n Devre kapalilik denklemi ve turevi:
I (mlel +moly —I—I’}’I3l1) cos 8y —my f1s51n 6y

—(mpes + msly) sin 6, — my f> cos 6, ] N l1cos 01 +1co8 0, + 15008605 —4cos0; =0

(m2€2 —+ 1113 lg) cos 8, —my frs8in 6,
- . : l I
—mszes sin 93 - I’I’I3f3 cOSs 93 ) S11 9292 — —+sin 91 91 2 s1in 93 93
ms3e3 COS 93 — m3f3 sin 93 COS 9292 = l COs 91 91 COS 93 93

l1sin8 +bsinO@, + sin@; —l4sinf, — 0

w der Wijk V (2014) Methodology for Analysis and Synthesis of Inherently Force and Moment-Balanced Mechanisms. Delft Universitesi Doktora TW




4 ™
Kapali Zincirlerin Dengelenmesi

Yontem 2: devre kapalilik denkleml

=~
I

I in g — i : : ,
~(mey +ma(1 = 2)h)sin 6 — (m1fi - "2 hjcosi 1, | Dinamik kuvvet dengesi kosullar::
I (mlelerg( —l—z)l )COSQl—(mlfl MQ[ ll)smﬂl

| (m3(l—e3) +mp$ 713)sin03 — (ms f3 — m2f213)C0893

(m3(l3 6’3)+m —Zl )COS 0; — (m3f3 /1% 12 lg)SlIng

. m161+m2(1—%)ll =0 mlfl—mg{lll =0
] m3(l3—€3)-|-i?’I2%22l3:0 I’I’L3f3—m2él3:()

w der Wijk V (2014) Methodology for Analysis and Synthesis of Inherently Force and Moment-Balanced Mechanisms. Delft Universitesi Doktora Tezi
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Paralelkenarli 6-cubuk mekanizmasi

™~

Paralel uzuvlarin momentum degisimleri kUmulatif olacagindan yan kollar (HyH, HJ,
KoK, KL) i¢ kollara toplanmistir. Ara Kkollarin ise (AK ve BH) kutleleri yarim yarim
olarak i¢ kollara toplanmistir.
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4 N
Paralelkenarli 6-cubuk mekanizmasi

| AoPom1 [ =1BoPom2 | =Ppm
|A;Bo|=|CD|=a

| AP 11 1=1BoP21 =Py
|AP 15 [=1BPy, | =p,

My =My =My
My,=My=M,

mbm1=mbm2=mbm

=0,,0; =106,

e = ,CO, — —p,s0,60, | e e = rcO, +p,co, _ —rs0,0, —p,$6,0,
. P,SO; b pedd, | i rs, +p,sH, rco,0, +p,ch,6,
- c0,] — |-p,sH,0 _ ~[re6,+p,co, | —rs6,0, —p,s6,6,
- —p,e® = P.CY, _r - P, 292 | o —re” +p,e" P, _ —P;

# PsO, | ™ | p,co,o, ” " |10, +p,sh, rco,0, +p,cH,0,

— o | rcO +rco, | = |-rs0,0,-rs0,0, — — — = = -
,=re" +re” = =0 = . : , L=m 1r11+m2r12+m5r5+mr21+m2rp22
rs0, +rs0, rc,0, +rco,0,

/




4 N
Paralelkenarli 6-cubuk mekanizmasi

| AoPom1 [ =1BoPom2 | =Ppm
|A,B,|=|CD|=a
|AoP111=1BoP2s =P
|AP 5| =|BP,, | =p,
Mmy,=My =My

My ,=My=M,

mbm1=mbm2=mbm

L=m, o, T Myl MM, +m,r,

(—m; p; — (M, +m)r—m, p,)sind, é+ (—m,p, — (Mg +m,)r—m,p,)sinb, 9
1
(m,p, + (M, +m.)r +m,p,)cos 0, (m,p, + (Mg +m,)r+m,p,)coso,

— & — m__p..sin, |: m_ p..sinB, |-
L=>m_r =| "™ g O™ e, = mp, + (M, +m)r+m,p, =—m
Z bm b {_mbmpbmcosej 1 -m,_p, cos0, 2 1Py + (M, 5) 2 P2 bmpb)
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Dengeleme Kutleleri Tasarimi

M1 + M2: Sadece platform dengeleme
M1 + M2 + M3: platform + uc islemci dengeleme
M1+ M2 + M3 + M4: 5 kg dengeleme

M, + M, = 10.1 kg
M, + M, + M, = 17.1 kg
M, + M, + M, + M, = 24.28 kg
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Dengeleme Hesabi

A B C D E F €] H | J K L
1 'mll=m21 1,04642 kg pli=p21 0,05943 m r 0,15 m mll
2 'ml2=m22 0,58909 kg pl2=p22 0,0187 m m22
3 |m3 5 kg
4 DK
5 _ miller+platform 1451 g 10,099 kg
6 -0,9116 24,2761 -0,03755 ug islemci ile 34116 g 17,1064 kg
7 -0,9116 5 kg 5000 g 24,276 kg
8
9 7075 Al Volume 13190 cm’
10 | 7075Al mass 37 g
11 0,00281 g/cm? m
12
13 Steel Volume 238692 cm® mass1 mass2 mass3 mass4 Toplam
14 Steel Mass 1870 g 5027,46 5064,21 701882 7152,084471 24262,567 0,0135504
15 _ 0,00783 g/cm®
16 1 502746
17 |5000Al Volume 2147116 cm® 2 506421 m
18 5000Al Mass 5684 g 10091,7
19 2,64727 kg,:“m3 3' 7018,82
20 17110,5 1,243
21 47 7152,08 26,285
22 |Uzuvlar Uzunluk {mm) 24262,6
23 |IALAI=IBgBI 1;=1,=150 Kutle {kg) Atalet (kg.mm?)
24 | IAEI=IBEI I,=1,=150 Myy=Ma; 1,168 18485,246 0,01849
25 | 1AgP41=IBoP,4l r,=r,=33.6 M1y=Mas 0,267 3340,247 0,00334
26 |IAP,I=IBP,,| ra=r.=75 me 5 0
27 1AGP sl =1BoPrma r=r=79.7 Merm1=Mema 10,658 83028,667 0,08303

1,181
0,34

7,00735

7,16965

cml

cml

0]
Slik
saplama

60,4 g
462,65 g
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Dengeleme Testleri (lvme-dlger ile)

Masaustu bilgisayar

Geribildirim
verisi

Hareket
komutu

NI PXI Chasis Modulu

c 5 o
€ 5 T
> O '—
cE X O
o O c >
X X L

<

ivme verisi

Dytran
ivmedlcer

Enkoder
sinyali

<

AKD Kollmorgen
Servo Sarlcu

Denetim
sinyali

mekanizma

“ Eyleyici ve denegeleme kutleli

.

™~




4 :
Dengeleme Testleri (lvme-Olcer ile)

L T

Platform hareketi: once £ 40 mm dikey hareket, sonra £ 40 mm yatay hareket




Dengeleme Testleri (lvme-dlger ile)
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0.7
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Time (second)

1.3

1.5

1.7

1.9

lvmedlcer verisi

Enkoder verisinden hesaplanan .

Hedef veri

2.1

lvme komutu basarimi - Azami 1g ivme ile platform hareketi

™~
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4 , ™
Dengeleme Testleri (lvme-Olcer ile)

x-hareketi y-hareketi
x-ekseni x-ekseni

0.5

0.6

: : : -0.6 — : : :
40.5 41 41.5 42 42.5 43 43.5
y-ekseni y-ekseni
0.5 - 0.7 - -
20
(]
€
=
-0.5 : ' : -0.7 — : : :
40.5 41 41.5 42 42.5 43 43.5
z-ekseni z-ekseni
0.4 : 0.5 - '

: : : -0.5 — : : :
40.5 41 41.5 42 42.5 43 43.5
Zaman (s)

\ Dengelemeli-dengelemesiz karsilastirma / 5 kg platform / Azami 3g ivme /
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Dengeleme Testleri (lvme-dlger ile)

52.31% A43.77 % 35.57 %
2g 44.45 % 39 % 33.61 %
38 40.77 % 34.37 % 37.57 %
4 50.94 % 34.66 % 29.40 %
1g 49.85 % 54.58 % 46.1 %
2g 44.32 % 54.41 % 42.52 %
3g 43.07 % 52.45 % 41.15 %
4 41.59 % 29.02 % 34.99 %

Dengeleme sonrasi ivme genliklerindeki dususler - Sadece platform ile

™~
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e

Dengeleme Testleri (lvme-dlger ile)

73.06 %
70.93 %

70.48 %
72.37 %
68.72 %
62.70 %
71.4 %
70.65 %
66.56 %
55.04 %

58.54 %
51.83 %

53.29 %
49.14 %
40.22 %
50.73 %
54.71 %
57.95 %
50.97 %
35.16 %

37.42 %
43.2 %

41.29 %
45.06 %
28.61 %
A47.72 %
51.87 %
52.22 %
44.92 %
33.29 %

\ Dengeleme sonrasi ivme genliklerindeki dususler - Platform + uc islemci ile /

™~




Dengeleme Testleri (lvme-dlger ile)

66.38 % 59.2 % 40.24 %
1g 64.73 % 56.33 % 28.01 %
28 53.11 % 54.95 % 30.19 %
3g 62.76 % 51.42 % 35.24 %

0.5 ¢ 60.84 % 51.64 % 37.16 %
1g 69.35 % 56.39 % 36.27 %
2g 68.31 % 65.90 % 42.78 %
3g 53.19 % 35.72% 34.04 %

Dengeleme sonrasi ivme genliklerindeki dususler - 5 kg ile

™~
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Dengeleme Testleri - Tork Degerleri

y-hareketi

™~

x-hareketi
40 40
31.86 N'm
30k 30 -
20 19.27 Nm 20 ¢
£ €
< 101 € 107
{ x
S S
5 0 L =l 5 oH-
5 o
o =
®
3 3
T -10r | £ -10
L
20l . 20 F
30 F -30
_40 | ' | 40—
0 0.5 1 1.5 2
Zaman (s) Dengeli —— Dengesiz

2.5

3 35
Zaman (s)

\ Dengelemeli-dengelemesiz karsilastirma / 5 kg platform / Azami 3g ivme /




4 ™
Dengeleme Testleri - Tork Degerleri

x-hareketi y-hareketi
150 | | . 150
138 N'm
117.6 N'm -
100 - i 100
50
—_~ 50 i i = W
€ € U
pd z
(@] (@]
= of 1 c q "
Q Q
E 3 50 - 1
-50
-100 -
-100 F
00 -150
-150 : : : -200 : ' ' '
0 0.5 1 1.5 2 2.5 3 3.5
Zaman (s) —Dengesiz —— Dengeli Zaman (s)

\ Dengelemeli-dengelemesiz karsilastirma / 5 kg platform / Azami 3g ivme /
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Dengeleme Testleri (Kuvvet-Olger ile)

6-eksen
3-eksen sensor T

sensor

1-eksen
sensorler

@ ®

Mekanizma
sabit uzvu

Mekanizma grubu ile kaide arasinda 4 kuvvet-olcer var




4 ™
Dengeleme Testleri (Kuvvet-Olger ile)

Kuvvet-Olcerler:
6-eksen kuvvet-Olcer: ME-K6D40; kapasite:

X- ve y- ekseninde £500 N, z-ekseninde 2000 N
3 eksende 20 N-m moment

3-eksen kuvvet-Olcer: Kistler 9016-b; kapasite: 3 ekseninde 2000 N

1-eksen kuvvet-Olcerler: Futek FSHO3886; kapasite: 1112 N

Platform hareketi: 1) £ 40 mm dikey hareket,
2) £ 40 mm yatay hareket, 3) boyu 40 mm, eni 50 mm olan ug¢gen

- /




Dengeleme Testleri (Kuvvet-Olger ile)

™~
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Dengeleme Testleri (Kuvvet-Olger ile)

max:[ , 3.29]

IIIIIIIIIII

IIIIIIIIIIIII

s I f
:\\‘,\/W'\/V i ‘x

x-ekseni hareketi / 5 kg platform / Azami 3g ivme

[-146.1, 198.1] Dengelil min/max:[-95.45, 198.6]
| T | T T

™~
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Dengeleme Testleri (Kuvvet-Olger ile)

ivme min/max:[-1.16, 1.18]

y-ivme (g)

25 252 254 256 258 26 262 264 266 268 27
Dengesiz min/max:[-76.85, 78.01. Dengelil min/max:[-88.4, 87.52]
80 ! ! ! ! ! ! ! ! ! ! !
40
0
40
80

x-Kuvvet (N)

25 252 254 256 258 26 262 264 266 268 27
Dengesiz min/max:[-35.85, 100.5. Dengelil min/max:[-30.09, 59.4]

y-Kuvvet (N)

25 252 254 256 258 26 262 264 266 268 27
Dengesiz min/max:[-17.01, 14.47 Dengelid min/max:[-11.88,10.99]

€ 15
< 75
€ o
()

€ 75
o

= -15
N

25 252 254 256 258 26 262 264 266 268 27
Time (sec)
liDengesiz 7Dengeli\

y-ekseni hareketi / 5 kg platform / Azami 1g ivme

™~
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Dengeleme Testleri (Kuvvet-oOlcger ile)

ivmer min/max:[-2.01, 2.17]

x-ivme (g)
N-=2O-=N

Syt

25.4 25.6
ivmer min/max:[-2.16, 2.13]

258

26

y-ivme (g)
N=2O-=-N

WNLW_

252

25.4 25.6
DengeS|z\ min/max:[-228.3, 155.8 Dengelid min/max:[-149.8, 205.1]

258

26

200
100
0 -
-100
-200

x-Kuvvet (N)

25
Dengesiz min/max:[-59.07, 87.93 Dengelid min/max:[-46.07, 46.2]

252

254 25.6

25.8

26

80 F
40 +

40 -
80

y-Kuvvet (N)
o

25

252

25.4 25.6
Dengesizl min/max:[-23.1, 14.36 Dengelid min/max:[-18.31, 13.98]

25.8

26

20 r
10 -

20

z-Moment (N-m)
o

25

252

254 256

Time (sec)

ubengesiz — Dengeli

25.8

26

Ucgen hareketi / 5 kg platform / Azami 1g ivme

™~






