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2.1 EHVE — Wednesday, 8:15-10:00, room 3.14, S. Korczak, P. Wawrzyniak
2.2 EHVE — Wednesday, 10:15-12:00, room 3.11, S. Korczak, P, Wawrzyniak
2.1 MTR - Friday, S=8=t226{, room 0.3, M. Parafiniak

v 40-11
Group / date
2.1 EHVE | topics assessment
2.2 EHVE e
- 11 a0y |Introduction.
23.10.2019 1st project topics distribution. —-
(‘E] '20_13 Graphical methods.
30.10.2019 — — -
542040 | 1st project consultations. .
6113 | 18119010 Analytical method.
13.11.2019 | 1542019 |— —=
20.11.2019 | 22.11.2019 |— -
1st project commitment. : :
27.11.2019 | 25.11.2019 2nd project topics distribution. 1st project evaluation.
4.12.2019 6.12.2019
11.12.2019 | 13.12.2019 | 2nd project consultations. —-
2nd project commitment.
3rd project topics distribution. . i
18.12.2019 | 20.12.2019 bt e af b st el 2nd project evaluation.
elements. Block diagram algebra.
Winter break (23.12.2019 - 6.02.2020)
8.01.2020 | 10.01.2020 |— -
15.01.2020 | 17.01.2020 |3rd project consultations. PID control. —-
22.01.2020 | 24.01.2020 | 3rd project consultations & commitment. | 3rd project evaluation.
23.01.2020 | 31.01.2020 |Final class evaluation.

1.01.2020 — 14.02.2020: exam session




Lecture 3 cont.

Relative motion — example.
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— example

Velocities and acceleratlon n relative moti
P ‘ @ .

N —¢, L3
o % 0y = G514 *%4
=cons
@ —w=const /17 L2 o _do
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Velocities and accelerations in relative motion — example

E
%%

Ovrs%E\
63’ B,€]| I

29.10.2019 TM&AC, Lecture 4, Sebastian Korczak, o setional purposes




Lecture 4

Analytical method. Cam mechanisms.
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.

1. Set up Cartesian coordinate system O,,...
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.

1. Set up Cartesian coordinate system O,,...
2. Substitute the mechanism's members with set of vectors. All vectors can

move with mechanism's elements, change their size, location and

orientation.
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.

1. Set up Cartesian coordinate system O,,...
2. Substitute the mechanism's members with set of vectors. All vectors can

move with mechanism's elements, change their size, location and

orientation.
3. Vectors must to create closed polygons.
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.

1. Set up Cartesian coordinate system O,,...
2. Substitute the mechanism's members with set of vectors. All vectors can

move with mechanism's elements, change their size, location and
orientation.

3. Vectors must to create closed polygons.
4. Define “directed angles” for all vectors defined in the same manner.

é{—/—
Assume that this angles are created by the positive x axis counter-
—_—
clockwise rotation.
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.

1. Set up Cartesian coordinate system O,,...

2. Substitute the mechanism's members with set of vectors. All vectors can
move with mechanism's elements, change their size, location and
orientation.

3. Vectors must to create closed polygons.

4. Define “directed angles” for all vectors defined in the same manner.

Assume that this angles are created by the positive x axis counter-

clockwise rotation.
5. Fore each of polygon write down sum of vectors, e.g.:
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.

6a. Write down projections of each polygon onto coordinate system's axes:

i=n

L}i: Y l,cosp;=0 &j lznlsmcpl 0
=1

(we do not need to analyze signs because of ,directed angles” setup
procedure)

N {Z%‘ COS&Q(,\ +((3{(/osﬂﬁe*’ ‘Z COSKPC%

\5'«» I&\S‘\riléléiﬂ ‘P@ -
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.

6a. Write down projections of each polygon onto coordinate system's axes:

I

n i=n

X: l.cosp,=0 y: Y Iising;=0
=1

1

I

(we do not need to analyze signs because of ,directed angles” setup
procedure)

6b. Define which vectors' lengths and angles are given and/or constant
(related to geometry), and which are variable in time and unknown.

(for a proper defined system number of unknown variables is equal to the
number of equations)
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.

6a. Write down projections of each polygon onto coordinate system's axes:

I

n i=n

X: l.cosp,=0 y: Y Iising;=0
=1

1

I

(we do not need to analyze signs because of ,directed angles” setup
procedure)

6b. Define which vectors' lengths and angles are given and/or constant
(related to geometry), and which are variable in time and unknown.

(for a proper defined system number of unknown variables is equal to the
number of equations)

/. Solve the equations. The resulting functions describe motion of the
mechanism.
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.

8. Differentiate functions achieved in p.7 to obtain velocities. Differentiate

once again to obtain accelerations.
Q
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Procedure of analytical determination of velocities and
accelerations in planar mechanisms.

8. Differentiate functions achieved in p.7 to obtain velocities. Differentiate
once again to obtain accelerations.

9. If desired information was not obtained in p.8, differentiate equations
from p.6. Sometimes rotation of the coordinate system is useful here.
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Analytical method — example: Given:
crank-slider mechanism '

0, g+6=¢ (irb-<-9

X, /63] 6\95((/%) F (6 ICOS(P(, = /El COS(‘/‘— Searched:
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Analytical method — example:

crank-slider me%m liiéler:r
<o v @sk] + [ cos gyft) = ) @5 0 BC| =
Sin off) + o (1)
\6. T o ‘g Ly\,\ (pé({} - C(J()sm() Searched:
N Ve Ve, 8c

=0
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Analytical method — example:
crank-slider mechanism

Given:
|AB| =r
IBC| =1
@(t)
Searched:

Ve e
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Analytical method — example:

: . Given:
) crank-slider mechanism AB| = r
Y IBC| =1
0, o(t)
B Searched:
~ . Ver e
qa b
A o(1) ’
= >
/ >(Pc = X
/
al=r o(t) - xircosg(t)+lcosq,(t)=c(t)cosO
Dl=] 2, (t) a+b=c y: rsing(t)+Ising,(t)=c(t)sin0
¢l=c(t)  %=0
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Analytical method — example:
crank-slider mechanism = —

4
rcosq(t)+]cosq)(t)=c(t)coso
rsing(t)+Ising,(t)=c(t)s0

2 unknowns

\_ %(Jc) onvtsh (=4 s @ft)) =

( 1 &{?(, \+ COS (/6”31 7 Ooﬂp((‘c
oS %(ﬂ - ml sln %/ﬂ
clt)= V(/oscf( @Lms:nO

O Y
R ST
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Analytical method — example:
crank-slider mechanism

rcosq(t)+lcose,(t)=c(t)cos0

rsing(t)+Ising,(t)=c(t)sin0 2 unknowns
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Analytical method — example:
crank-slider mechanism

rcosq(t)+lcose,(t)=c(t)cos0

rsing(t)+Ising,(t)=c(t)sin0 2 unknowns
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Analytical method — example:
crank-slider mechanism

rcosq(t)+lcose,(t)=c(t)cos0

rsing(t)+Ising,(t)=c(t)sin0 2 unknowns
rcosq(t)+lcosg,(t)=c(t)
rsine(t)+Ising,(t)=0
sin g, (t)= —smcp( )=- Asing(t) @, (t)=- arcsin(Asin¢(t))
sin” @, (t)+cos’@,(t)=1
cos @, (t)==%+/1- sin“q, (t)
cos, (t)==xv1- A’sin“op(t) - = g 7
c(t)=rcose(t)xlvi- A’sin’o(t) f(zr tq))(:t;?j[()

c(t)=rcosq(t)+Iv1- A*sin“o(t)
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Analytical method — example:
crank-slider mechanism

slider movement

c(t)=rcosq(t)+1v1- A*sin“o(t)

//de)

Cdelt) | delt) . 2 g sineltcosely)
R N SV e o
dvl)_ D
ac(t)= i
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Analytical method — example:
crank-slider mechanism

calculations with wxmaxima

T diff(v,t,1);

(%114) ([ c: r¥cos(%phi(t))+1l*sqrt(l-%lambda™2*(sin(%phi(t))})"2);
v; diffi{c.t,1);

(c)

) — - - sin(e(t) | 77 9(0)

(a) —p

Ilen-hz sin(m(tnzi+r'cns(m(tﬂ

A% 1 cos(p(t)) sin(p(t)) [% Lp(t)]

«Jl—hz sinlir.p(t):lr2 S

- d i

A2l cnslinp(t):l sin[:q:l(t):l { T

g = -r'sin(m(t))[———i o(t)
«Jl—hz sin(o(t))

y 2| d 2 4 - 2 :
A1 cos(o(t)) [E Lp(t)] A* 1 cos(o(t))” sin(p(t)] [ﬁ Lp(t)]

L

I

= 5 -r'cns(m(t))[

1 (1-22 s1n(0(2)))

A% sin(g(t))
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Analytical method — example:
crank-slider mechanism

I+r ! ! ra ! !

o

VR T
OO0 o
[ T

slider displacement c(t)

l-r - :
0 T 27 31
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Analytical method — example:
crank-slider mechanism

VWA c(t)1

— \/\/

Interesting reeding:
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Eb(t)

wdt Lﬂ N1-A2sin(g(1))* + N1-AZsin(g(2))

Analytical method — example:

crank-slider mechanism

connecting rod motion

! @, (t)=- arcs1m
dCPb - L¢(t)coso(t)
o0l dt \/1 Asin o (t)

dl

d

2
d (Db(t) B A cos(p(t)) [ﬁ m(t)J Asin(e(t)) [ o ot )] A3 cusliq:(t))z sin{e(t}) [

_

29.10.2019 TMG&AC, Lecture 4, Sebastian Korczak, only for educational purposes

31



Given:
e, T, ot
Searched:

angular velocity
w,and
acceleration &,

of ED element

Analytical method — example:
slider-yoke
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Analytical method — example:
slider-yoke
Given:

|AB| =r
e, f, ot
Searched:

angular velocity
w,and
acceleration &,

of ED element
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Analytical method — example:
slider-yoke
Given:

|AB| =r
e, f, ot
Searched:

angular velocity
w,and
acceleration &,

of ED element
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Given:
|AB| =r

e, f, ()
Searched:

angular velocity
w,and
acceleration &,

S~—
of ED element

Analytical method — example:

slider-yoke

bl
@ Pe
AVER

al=r
7a(t)=270"- (1)

b|=b(t)
Cﬁb(t)

é|=e
@,=180°

Fl=f
@, =270°

G=b+e+f
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Analytical method — example: SI}'\/A’Q@)——‘

slider-yoke
Given: Cos (< «;(3) .
AB|=r
L, f,lcv(t) al=r é|=e
Searched: @, (t)=270°- o¢(t) @,=180
angulzr velocity b|=b(t) Fl=f
w,an L
acceleration ¢, @ 1) @r=270
of ED element

—h+E+f

x: rcos(270°- ¢(t))=b(t)cosq,(t)+ecos180°+f cos270°
y: rsin(270°- @(t))=b(t)sine,(t)+esin 180°+f sin 270°

x: - rsing(t)=b(t)cosq,(t)- e
y: - rcos(t)=b(t)sineg,(t)- f
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Analytical method — example:

_ slider-yoke
(e rsin(t)=b()cos g, (c) [ o
f rcoscp( J=b(t)sing,(t) |2) o~

© *Q i) (F~vw3‘f’)L'M
lj_d \[(6 rs\\/\ﬂf( -}/{ V%LF({
% }{{SSMKPL F- wooSQp() {:MCP()&)
) cos gut) | €= voingh]
f v Cos t] -
%(Jc\ = o fam (\/LL) —e (-1 AL

C-vsih (f#)

(PGH\ = &JV%L ((: Ra Ay c"m»\&f) — <O'lﬁ>
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Analytical method — example:
slider-yoke

e- rsing(t)=b(t)cosq,(t)

f-rcosg(t)=b(t)sineg,(t) :\7 }? {
4 + Y (P(,m Wy EL\
o) - T olt) e
) at | g7 g, Cfﬂ;;(/éb ?
EL(%) /;{’ 2(%) 266127 | Yo | :“)2:1
3ot ;
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Analytical method — example
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Software

' Ingeniaritza Goi Eskola Teknikoa

Escuela Téonica Superior de Ingenieria E
Bilbao

Universidad  Euskal Herriko
e T —— del Pais Vasco  Unibertsitatea
- T
-

Departamento de l

Ingenieria Mecanica Mechanism Analysis
Mechanical Engineering Software
Department @

http://www.ehu.eus/compmech/software/
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