Example: kinematic scheme




Dimensions

Xa=Ya=0
x5 = 0.2[m]
yp =-0.1[m]
AC|= 0.1 [m]
BC|=0.2 [m
CD|=02[m
AF| = 0.35 [m]
/BCE = 90°
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Graphical method (using polygons and vector equations)
- Partl of the mechanism




Graphical method (using polygons and vectora equations)
Part Il of the mechanism




Slider is the connecting link
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STEP | - Velocity




dir. VUVpa

Vpp=wy * AB



Vg = Vg + Vpa=wo -AB=O,2[%]
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vC = VUp +vCB
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Vg = Vg +vEB

Vg = Ve +UEC
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Velocity scale
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STEP Il - Acceleration

— - _ — 2 _ m
Ap = Vy + aBA—aBA” + aBAt = aBA” = (1)2 . AB_O'4L.‘_2




dpg = Ap
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acg™ = w32CB = 0,1473 [—]
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ag = ag t EC = 0,30058
aps™ = 032BC = 0,26591 | ap = g + agp™ + agp ) fm]
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arg® = 2w3vpp = 0,20547 [m]
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a—F) = a—A) + aFAn + aFAt = ClFATL + aFAt
ar = ag + apg® + apgt a M;;:m
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Acceleration scale >
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Comparison after numerical method (SAM)

EETTETES  EETTEET

0.20000 0.40000
ve 0,06836 0.06836 a. 0,187362 0.18736
ve 0,3246 0.32460 ag 0,232849 0.23285
ve 0,34 0.34001 ar 0,356729 0.35639

SAM velocity SAM acceleration
example file example file


https://drive.google.com/open?id=1oEUFXVDf5uXyR8lcO4W5JXkc-L0y3bW6
https://drive.google.com/open?id=1TLwHnvUi7WO3nf9NF7GpWvW0D_w5I2RC

Analitical method (using vectors and loops)




First loop




First loop
d-b-c-d=0

Projections

X: acos@, —bcosBs; + ccosb,-(x,x,)=0
asinf, —bsinOz + csinb, -(y,-y,) =0




Second loop




Second loop

d-b+é-f=0

Projections

X: acos6, —bcosbB;+r:.cos(0; —90°) — fcosBg=0
Y: asinf, —bsinf; + r-sin(f; —90°) — fsinf,=0



Projections of all loops

X: acos@, —bcosbs + ccosby-(x,x,)=0

Y: asin6, — bsin 03 + csin, -(yy,-y,) =0
X: acosf, —bcosbz + rscos(0; —90°) — fcosOgs=0
asinf, — bsin O3 + r.sin(6; — 90°) — f sinfg=0




Projections of all loops : velocities

X: —a6,sinB, + bh; sinf; — cl, sinf,=0

Y. af,cos@, — bbs cosO; + b, cos 6, =0

X: —a#, sin O, + bB3 sin B3 — r:05 sin(f3 — 90°) + 75 cos(6;3 — 90°) + O, sin g =0

s Y af, cos 6, — b5 cos O3 + 165 cos(B3 — 90°) + 7 sin(6; — 90°) — B, cos Bg=0

!

sin(f; — 90°) = sin 05 cos(90°) — cos 65 sin(90°) = — cos O
cos(83 — 90°) = cos 65 cos(90°) + sin B5sin(90°) = sin O

!

_agz sin 02 + b03 sin 03 + T593 COS 03 + T:S sin 03 + f66 sin H6=O

af, cos 6, — b3 cos O3 + 105 sin B3 — 75 cos O3 — O, cos By =0



Projections of all loops : velocities — matrix form

X: —af,sinf, + bb3 sin 3 — cH, sinH, =0
Y: a6, cos6, — bb3 cosB; + cl,cosf, =0
X: —a6, sin 6, + b8 sin O3 + r593 cos 03 + 75 sin 05 + f96 sinf,=0

Y: a92 cos B, — b93 cos 65 + r593 sinf; — r; cos 05 — f96 cosB,=0

!

"—a sin 6, i b sin 6, —csinf, O o 163
a cos 0, 6. + —b cos 5 ccosf, O 0 6, 0
—asinf,| 2 " | bsinf@; + rcos O3 0 sinfz fsinbfg |7 |
| acos 0, | |—bcosfz +rgsinf; 0  —cosfz3—f cosbg] 6,
03 [ b sin 63 —csing, 0 0 ! r1—asin6,]
O, _ —b cos 05 ccosf, 0 0 acosty | ;
rs| | bsinf; +r cos b, 0 sinf; fsinfg —asinf,]| 2
A |—bcosfs +rgsinf; 0  —cosbz—fcosbs] | acosh, |




Projections of all loops : accelerations

X: —ab,sin6, + b3 sinO; — ch, sinH,=0
Y. a6,cos6, — bBs cos O3 + cO, cos 6, =0
X: _agz Sin 82 + b83 Sin 83 + T593 COS 63 + 7’:5 Sin 03 + f€6 Sin 06:0

Y. af, cos B, — bO3 cos O3 + 103 sinB; — 15 cos 3 — B cos O, =0

!

X: —ab,sin 6, — a922 cos 6, + bO; sin 65 + b932 cos 0; — cH, sin6, — 6942 cos8,=0

Y: a6, cos B, — aézz sin @, — b0 cos O + a932 sin 03 + cH, cos 6, — 6942 sinf,=0
X: —af, sin 6, — a922 cos 0, + b6 sin O3 + b932 cos 03 + 1r:65 cos O3 — r5€32 sin 65 +
+7505 cos O3 + 1565 cos O3 + 15 sin B; + fO, sin O + f962 cosB,=0

Y: af,cosf, — aézz sin 8, — b5 cos O3 + b932 sin @5 + r:03 sin O3 + r5932 cos 03 +

. . . . 2
+75603 sin 03 + 1505 sin 03 — 15 c0s 03 — fOg cos Oy + O, sinB;=0



Projections of all loops : accelerations — matrix form

X: —ab, sin 6, — aézz cos 6, + b8 sin O3 + b932 cos B; — ¢, sin 6, — 6942 cos8,=0

Y: a6, cos 8, — aézz sin @, — b0 cos O + a932 sin @5 + ¢, cos 6, — 6942 sinf,=0
X: —af, sin 6, — a922 cos 0, + b5 sin O3 + b932 cos 03 + 103 cos O3 — r5932 sin 05 +
+7505 cos 05 + 1505 cos O3 + 15 sin B; + fOg sin O + f962 cosB,=0

Y: ab,cos6, — a922 sin @, — bO5 cos O + b932 sin @3 + r:65 sin O3 + rségz cos 63 +

+75605 sin O + 1505 sin B; — 75 cos O3 — fO, cos O + f962 sinf,=0

!

—asinf, —acosf,] I b sin 6, —csinf, 0 o 165
acosf, —asin6,||0: + —b cos 03 ccosf, O 0 6,
—asinf, —acos6, [3'22] b sin 63 + < cos 03 0 sinfz fsinfg ||
| acosf, —asinf,. |—bcosBO; +7rssinf; 0 —cosbOz3—f cos b A
L
b cos 03 —ccosf, O 0 ] 03
. . 2
N b sin 65 —csing, O 0 0, | _ 0
bcosO; —r.sinf; (0 cosBzf cosbg 20475
bsinf; +rscosf; 0 sinfzfsinbg| .7




Projections of all loops : accelerations — matrix form

—asinf, -—acosf,] b sin 65 —csinf, 0 o 165
acosf, —asinb,||6: N —b cos 0 ccosf, 0 0 6,
—asinf, —acosb, [9'22] b sin 63 + r cos 053 0 sinf; fsinfg re
| acosf, —asinb, ] |—bcosO; +rssinf; 0  —Cos8z3—f cosbg] A
L5
b cos 03 —ccosf, O o 1| 9
+ D sin 05 —csing, O 0 942 — 0
bcosO; —resinf; (0  Cosbzf cosbg 20,7
bsinf; +r cosf; 0  Sinbzfsinfbg| 4.2
L Us
b cos 03 —ccosf, 0 0
b sin 03 —csinfg, 0 0
b sin 6, —csing, 0 0 1 [b cos 05 — 1 sin O 0 cos O5f cos B¢
—b cos 05 ccosf, O 0 bsinf; +r;cosf; 0  sinfzf sinfg |
b sin 03 + r; cos 05 0 sinf3 f sinfg o _
|—bcosO; +r;sinf; 0  —Cosbz—f cosbg] —asinf, —a o5 921 .
acosf, —asinb,|| 0
+ . 5
—asinf, —acosb, [32 ]
L acosf, —asind,.




