TM&AC - Winter 2019/2020

velocities and accelerations in planar mechanisms
EXAMPLE

Given: mechanism geometry and constant
angular velocity w of driven element.
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How it works?
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How it works?
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How it works?

notice relative motion
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For given mechanism's orientation
denote elements and characteristic points
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Because of relative motion of the slider 2 along the rod 3
denote point B_ fixed with slider

and B, fixed with rod 1
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G
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Determine the velocity of the 1st element
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Let us assume:

relative motion - movement of the slider 2 along the rod 3
reference frame motion (transportation) — movement of the rod 3
Global velocity of the B2:

vV _=Vv +V
B2 B3

A7
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velocities' directions...
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Velocity scheme

B3 B2B3
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Velocity scheme
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Velocity scheme
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Velocity scheme
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Velocity scheme
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Velocity scheme
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We just found velocities in relative motion.

Warsaw University of Technology, TM&AC, Winter 2019/2020, Sebastian Korczak, PhD Eng.

16



From the B, velocity we obtain angular velocity of the rod 3
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With @ we can find now velocities of point E or H.
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Velocity scheme cont.

e

= B3
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From relation between |BG| and |[BA|
and relation between V_ 1V _:

0 < ®
3
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Let's go to the 4th element.
Calculate velocity of the F point using velocity of the E.

=Vv_+V
E FE

le 13 |4
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Velocity scheme

FE
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Velocity scheme

FE
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Velocity scheme

FE
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Velocity scheme

FE
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Velocity scheme

FE
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Let us find angular velocity of the 4th element.
It's direction is determined by direction of V__.

It's value is: ~
- |FE|
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Now we can start acceleration analysis from the 1st element.
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Acceleration analysis for the 1st element.

pBZ pA p B2A p B2A
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Acceleration analysis for the 1st element.

pBZ pA p B2A p B2A

", = 0° IBA] P, | =€ [B,AI=0

_do_

a0

€
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=0 |1 B

®w assumed
constant
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Acceleration analysis for the 1st element.
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=p_ +p"  +
pBS pG pB3G pBBG

=0 |3 13
p",56l = @, [B,G

from velocity scheme

Warsaw University of Technology, TM&AC, Winter 2019/2020, Sebastian Korczak, PhD Eng.

Now Is time for the 3rd element
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=p_ +p"  +
pBS pG pB3G pBBG

=0 |3 13
p",56l = @, [B,G

from velocity scheme
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Now Is time for the 3rd element
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Now Is time for the 3rd element
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Let us think about relative motion of 2 and 3.

7

Warsaw University of Technology, TM&AC, Winter 2019/2020, Sebastian Korczak, PhD Eng.

35



Let us think about relative motion of 2 and 3.

I3 13
"6l = @, [B.GI

REFERENCE FRAME: rod 3
RELATIVE MOTION: slider 2 movement
along rod 3
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Let us think about relative motion of 2 and 3.

I3 13

n — 2
Pl = W, |B.G

REFERENCE FRAME: rod 3
RELATIVE MOTION: slider 2 movement
along rod 3

EQUATION FOR RELATIVE MOTION:

Po, = Py + P+ P°
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Let us think about relative motion of 2 and 3.

I3 13

n — 2
Pl = W, |B.G

REFERENCE FRAME: rod 3
RELATIVE MOTION: slider 2 movement
along rod 3

EQUATION FOR RELATIVE MOTION:
u w C
= +p" +
Pe, =P, TP TP

n n t W Cc
= + + +
p B2A p B3G p B3G p B2B3 p
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Let us think about relative motion of 2 and 3.

h
pBZ = prlBZA 1
11
| p",,] = 0% [BLA]
pB3 = p B3G +pBBG

I3 13

n — 2
Pl = W, |B.G

REFERENCE FRAME: rod 3

RELATIVE MOTION: slider 2 movement p”
along rod 3 B3G

EQUATION FOR RELATIVE MOTION:
u w C
= +p" +
Pg, =P g TP TP E
n n t W Cc
= + + + 0
p B2A p B3G p B3G p B2B3 p 3

3 13 B3 G
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Coriolis acceleration

—_ u w C
= +p" +
P, =P g, TP TP
n —_ n t
= + +
p B2A p B3G p B3G

lr |8 13

p° =20, xV

B2B3
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Coriolis acceleration

Py = Ps + P + P

n —_ n t
= + +
p B2A p B3G p B3G

lr |8 13
pc = 2(1)3 X VBZBB
P = 2|w | V0.l sIN( (@, V,,..))
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Coriolis acceleration

—_ u w C
= +p" +
P, =P, TP TP
n —_ n t
= + +
p B2A p B3G p B3G

T I3 13
omega is
perpendicular to
drawing plane with
(1)3 direction behind the
C — : drawi
p 2(1)3 X VBZBB ® e
ol .
I 2|003| |V|32|33| sin( <)1(003, VBZBS)) B2B3
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Coriolis acceleration

%
Hr 1
..... t Bg
5 b3 L ______________________ 2
_— u W C pn
P, =P, TP TP B3G
n —_ n t W e V
P aoa _szG+ Pesc + P a2es +tp B2B3
1B 13 B 18 o
7 W,
¢ = 7
P = 2003 X VBZBB Q
C|] — . _ J_B
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Acceleration scheme

n —_ n t W C
= + + +
p B2A B3G p B3G p B2B3 p

i |13 13 |3 13
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Acceleration scheme
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Acceleration scheme

13

|1 13 113 I

n C w — n t
— — = +
p B2A p p B2B3 p B3G p B3G
3
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Acceleration scheme
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Acceleration scheme
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Acceleration scheme
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Acceleration scheme
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Acceleration scheme
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Acceleration scheme
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Acceleration scheme
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Acceleration scheme

w
p B2B3
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3rd element's accelerations
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3rd element's accelerations

Pl
5 |B.G|

3
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Pe=Pg + P+ P
p"_ | = w? |EG]

t —_
Pl = &, |EG]

Warsaw University of Technology, TM&AC, Winter 2019/2020, Sebastian Korczak, PhD Eng.

Acceleration of the E point

t
| L.

> |B,G
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Pe=Pg + P+ P
p"_ | = w? |EG]

t —_
Pl = €, |EG|

Acceleration of the E point

t
| L.

> |B,G

3

n — 2
P BBGl - 0, |B3G|

t| =
P B3G| ~ & |B3G|
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Acceleration of the E point

3
Hr
Pl
8 =
/ " |B G| B,
_ n o
Pe = pG tp EG + ptEG e
o o |EG] Pea
Pl = 0, [EC = o] o
3 E
Pl =€, |EG|=1p | ES €
EG 3 B3G |BsG| 3/6_\
7

n — 2
after |p BBGl N 0)3 |BsG|
substitution

t| =
P B3G| ~ & |BsG|
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Acceleration of the E point

3
HY
Pl
| € = B.G BBU
Pe =P t P + P,
n — 2 EG — n |EG|
el = 0 1EGI = Py |~
3
| =¢ [EG| = |p._ | =
Ip'_ | =€, |EG| = |p',, | Bl
3

n — 2
=w - |BG
|p BBGl 3 | 3 | and we obtain
proportionally

t _ .
Ip B3G| = 33 |BgG| accelerations
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Acceleration scheme

W
p B2B3
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Accelerations of the 4th element
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Accelerations of the 4th element

P.=Pc ¥ pnFE *

Warsaw University of Technology, TM&AC, Winter 2019/2020, Sebastian Korczak, PhD Eng.

t

P e

63



Accelerations of the 4th element

t

Pe = pE+pnFE+ P e
14 14

I p"_| = w2 |FE|

from velocity scheme
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Accelerations of the 4th element

Pe =Pt P TP,

|6 |4 |4
2. . )
point F is moving along |p FE| = (*)4 | FEl
fixed element number 6.
I So it's acceleration is
FO parallel to 6.

from velocity scheme
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Acceleration scheme
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Acceleration scheme
— t
Pe = TP

16 14
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Acceleration scheme
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_Acceleration scheme
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Acceleration scheme
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Acceleration scheme

pnBZA -p°
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Accelerations of the the 4th element
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Accelerations of the the 4th element

direction of
angular
acceleration is
based on
direction of pt
FE
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Whole mechanism's accelerations

direction of
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Whole mechanism's accelerations

\%
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