Problem 4.04: Kinematics of a Slider Crank Mechanism

22.05.2008

s(¢)

m 1. Transfer functions s(phi), s'=s1, s" =s2
Clear[phi,omega,alpha,gamma,dgamma,ddgamma,r,1l,e, k,kappal]
rax = r Cos[phi]

r Cos [phi]

ray = r Sin[phi]

r Sin[phi]

s = rax + Sqrt[l”2 - (ray + e)"2]

rCos[phi] + le - (e+rSin[phi])?

sl = D[s, phi]

r Cos[phi] (e +r Sin[phi])
-r Sin[phi] -

\/12- (e + r Sin[phil)?

s2 = D[sl, phi]

r? Cos|[phi]? (e + r Sin[phi])? r2 Cos [phi]? r Sin[phi] (e +r Sin[phi])
-r Cos[phi] -

- +
(12—<e+rsin[phi1>2)3/2 \/12—(e+rsin[phi})2 \/12—(e+rSin[phi})2

m 2. Velocity vB= ds/dt and Acceleration aB = dvB/dt of point B

vB = sl w

r Cos[phi] (e +r Sin[phi])

w |-rSin[phi] -

\/12 - (e +rSin[phi])?

aB = sl a + s2 w"2

r Cos[phi] (e +r Sin[phi])
o |-rsin[phi] - + w?
\/12- (e +r Sin[phi])?
r? Cos|[phi]? (e + r Sin[phi])? r? Cos [phi]? r Sin[phi] (e +r Sin[phi])
-r Cos[phi] - P 5
(12~ (e +rsin[phi])?) \/12—(e+rsin[phi})2 12~ (e + r sin[phi])?
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3. Coupling point C:

position rcx und rcy (phi, gamma)
velocity vex, vey (phi, omega, gamma, dgamma)
acceleration acx, acy (phi, omega, alpha, gamma, dgamma, ddgamma)

rbx = s; rby = -e;
Clear [gamma,dgamma,ddgamma,rcx, rcy, Vcx, VCcy, acx, acy]
rcx = rax + k Cos[kappa - gamma]

k Cos [gamma - kappa] + r Cos [phi]

rcy = ray + k Sin[kappa - gamma]

-k Sin[gamma - kappa] + r Sin[phi]

vex = D[rcx, t, NonConstants->{phi,gamma}]/.
{D[phi, t, NonConstants->{phi,gamma}]->w,
D[gamma,t, NonConstants->{phi,gamma}]->dgamma}

-dgamma k Sin[gamma - kappa] - r w Sin[phi]

vey = D[rcy, t, NonConstants->{phi,gamma}]/.
{D[phi, t, NonConstants->{phi,gamma}]->w,
D[gamma,t, NonConstants->{phi,gamma}]->dgamma}

-dgamma k Cos [gamma - kappa] + r w Cos [phi]

acx = D[rcx, {t,2}, NonConstants->{phi,gamma}]/.
{D[phi,t,NonConstants->{phi,gamma}]->w,
D[phi, {t,2},NonConstants->{phi,gamma}]->a,
D[gamma , t, NonConstants->{phi,gamma}]->dgamma,
D[gamma, {t,2},NonConstants->{phi,gamma}]->ddgamma}

k (—dqamma2 Cos [gamma - kappa] - ddgamma Sin[gamma - kappa] ) +r (—wz Cos[phi] - a Sin[phi] )
acy = D[rcy, {t,2}, NonConstants->{phi,gamma}]/.
{D[phi,t,NonConstants->{phi,gamma}]->w,
D[phi, {t,2},NonConstants->{phi,gamma}]->a,
D[gamma , t, NonConstants->{phi,gamma}]->dgamma,
D[gamma, {t,2},NonConstants->{phi,gamma}]->ddgamma}
-k (ddgamma Cos [gamma - kappa] - dgamma® Sin[gamma - kappa] ) +r (aCos[phi] - w? Sin[phil])

vC = Simplify [Sqrt[vcx"2 + vecy"2] ]

\/dgamma2 k? + r? w? - 2 dgamma k r w Cos [gamma - kappa + phi]

aC = Simplify [Sqrt[acx”2 + acy"2] ]

2
\/ ( (dgamma2 k Cos [gamma - kappa] + r w? Cos [phi] + ddgamma k Sin[gamma - kappa] + r o Sin[phi] ) +

2
(ddgamma k Cos [gamma - kappa] - r a Cos [phi] - dgamma’ k Sin[gamma - kappa] + r w? Sin[phi] ) )

= auxiliary angle gamma
gamma = ArcSin[ (ray +e) /1]

e +r Sin[phi]
ArcSin| —M——
1

dgamma = Simplify[D[gamma, t, NonConstants » {phi}] /. {D[phi, t, NonConstants » {phi}] -» w}]

r wCos[phi]

l\/l (e+r Sin[phi])?
12
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ddgamma = D[gamma, {t, 2}, NonConstants -» {phi}] /.
{D[phi, t, NonConstants -» {phi}] » w, D[phi, {t, 2}, NonConstants -» {phi}] -» a}

r2w? Cos[phi]? (e +rSin[phi]) r o Cos [phi] r w? Sin[phi]
+ _

. . iiv2, 3/2
13 (1 - (ers‘ll*hl” 1 J 1- (e+r Sin[phi])? 1 J 1 (e+r Sin[phi])?

12 12

vVCX

krwCos[phi] Sin{kappa—ArcSin{
irsi 2
l\/l _ (e+r Sin[phi])
lZ

r (—wz Cos [phi] —aSin[phi}) +

e+r Sin[phi] ] }

1
-rwSin[phi] +

acx

2,2 242 . e+r Sin[phi]
r‘ w® Cos[phi] Cos[kappa—Arcsln[fH r2 2 Cos[phi]2 (e + r Sin[phi])
k|- + +

3/2
12 (1-

(e+r Sin[phi])?
)

13 (l B (e+r Sin[phi])z)

12

r o Cos [phi] r w? Sin[phi]
- Sin {kappa - ArcSin{

1
lJl B (e+rSinZ[phi])2 lJl B (e+rSinZ[phi])2
1 1

= 4.a evaluation of functions for given values phi, o, «

e+r Sin[phi]
—

Alle Lingen in cm, Winkel in Grad.

parl = {r->30, 1->60, e->10, k -> 30, kappa -> 38 Degree, a - 20}

{r-30, 1560, e->10, k> 30, kappa > 38 °, a - 20}
par2 = {phi -> 30 Degree, w -> 4, a ->20}
{phi>30°, w—>4, aa—> 20}

{s, s1, s2 }/.parl/.par2 //N

{80.5243, -26.9083, -34.0808}

{vB, aB}/.parl/.par2 //N

{-107.633, -1083.46}

{rcx, rcy, vex, vey, vC, acx, acy, aC}/.parl/.par2 //N

{55.167, 21.9401, -46.777, 48.3139, 67.2482, -774.52, 56.2355, 776.559}

m 5. Plots of functions for @ = 20 rad/s = const.

w=int(a dt) = ¢ t + w0, phi=int(a dt) =1/2 @ t"2 + w0 t + phi0: w0 = phi0 =0:
wt= at /. par2
20t
phit = 1/2at”2 /. par2

10 t2



tt = Sqrt[4Pi/20] // N

0.792665

phiG = phi / Degree /. phi -> phit;

gammaG = gamma / Degree /. parl /. phi -> phit
sp=s /. parl /. phi ->phit

vBp = vB /. parl /. phi ->phit /. w-> wt

aBp = aB /. parl /. phi ->phit /. w - wt

ArcSin[sl—O (10 +30sin[10¢2]) |

o

30 Cos[10 t?] +\/3600 (10+30sin[10¢?])°

30 Cos[10t2| (10 +30Sin[10t2])

20t [-30Sin[10t?] -

\/3600 (10+30sin[10¢2])’

30 Cos[10t?] (10 +308in[10t?])
20 |-30sin[10t?] - +

\/3600— (10+30sin[10¢2])°

900 Cos [10 t2]° (10 + 30 sin[10t2])°
400 t? |-30Cos[10 t?] - -

(3600~ (10 +30sin[10 ¢2] )2)3/2

900 cos |10 £2]° 30 sin[10 £2] (10 + 30 Sin[10 £2])

+

J3600 (10+30sin[10¢2])’ J3600 (10 +30sin[10¢2])°

Plot[gammaG, {t, 0, 1}, Frame » True, GridLines -» Automatic,

MDA_P404_Kin_SliderCrank.nb

AxesLabel -» {"phi [Grad]", None}, PlotLabel » "gamma [Grad]", PlotRange - {{0, 1}, {-20, 50}}]

gamma [Grad]
50 | — T T T T T T T T T T

40f ]
30f 1
20f 1

10F 1

of \ phi[Grad]

-10} 1

=20 S S S O S E P
0.0 0.2 0.4 0.6 0.8 1.0

phiG = phi / Degree /. phi -> phit;
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ParametricPlot[{phiG, gammaG}, {t, O, 0.8}, Frame -» True, GridLines - Automatic,
AxesLabel » {"phi [Grad]", None}, PlotLabel » "gamma [Grad]", PlotRange -» {{0, 360}, {-30, 50}}]

gamma [Grad]

401 1

200L 1

of 1 phi[Grad]

—20 ]

L L L L L L L L Il L L L L Il L L L L Il L L L L Il L L L L Il L L L L Il
0 50 100 150 200 250 300 350

ParametricPlot[{phiG, sp}, {t, O, 0.8}, Frame » True, GridLines - Automatic,
AxesLabel -» {"phi [Grad]", None}, PlotLabel » "s [cm]", PlotRange -» {{0, 360}, {20, 90}}]

s [cm]
90 ‘

W

(=)
A
Levididindinl

20 | | | | | | .
0 50 100 150 200 250 300 350

ParametricPlot[{phiG, vBp}, {t, 0, 0.8}, Frame » True, GridLines -» Automatic,
AxesLabel -» {"phi [Grad]", None}, PlotLabel » "velocity vB (cm/s",
PlotRange » {{0, 360}, {-400, 500}}, AspectRatio—» 1/ 3]

velocity vB (cm/s

400[ ]

200+ }

0 phi[Grad]

-200+ }

—400 | | | | | | .
0 50 100 150 200 250 300 350

ParametricPlot[{phiG, aBp}, {t, 0, 0.8}, Frame -» True, GridLines - Automatic,
AxesLabel » {"phi [Grad]", None}, PlotLabel » "accel aB (cm/s"2",
PlotRange » {{0, 360}, {-8000, 4000}}, AspectRatio—» 1/ 3]

accel aB (cm/sA2
4000

2000F ]
0 phi[Grad]
—2000} ]

~4000[ ]
~6000[ ]

—8000 | | | | | | .
0 50 100 150 200 250 300 350

rcxp = rex /. parl /. phi -> phit /. w - wt
1

30 Cos [10 £7] + 30 Cos |38 ° - Arcsin| — (10 +30sin[10t?])]]
60

rcyp = rcy /. parl /. phi -> phit /. w - wt

1
30sin[10€?] + 30 5in|38 ° —ArcSin[a (10+30sin[10t?])]]
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Plokurve = ParametricPlot[{rcxp, rcyp}, {t, 0, 0.8},
Frame - True, GridLines - Automatic, PlotLabel » "Koppelkurve rcy(rcx) [cm]",
AxesLabel -» {None, None}, PlotRange -» {{-10, 60}, {-5, 30}}]
Koppelkurve rcy(rcx) [cm]
30 [ S L L L

25t
200
150 1
1o}

st ;
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0

vCp =vC /. parl /. phi -> phit /. w > wt;
aCp=aC /. parl /. phi -> phit /. w-> wt;

ParametricPlot[{phiG, vCp}, {t, 0, 0.8}, Frame -» True,
GridLines » Automatic, AxesLabel » {"phi [Grad]", None},
PlotLabel » "vel vC (cm/s)", PlotRange -» {{0, 360}, {-0, 600}}, AspectRatio- 1/ 3]

vel vC (cm/s)
600 ‘
500F
400
300F
200F
100F

0 | | | | | | .
0 50 100 150 200 250 300 350

vex /. parl /. phi -> phit /. w > wt

1
60

1 (10+30sin[10¢2])?
N 3600

ParametricPlot[{vcx /. parl /. phi -> phit /. w > wt, vcy /. parl /. phi -> phit /. w > wt},
{t, 0, 0.8}, Frame -» True, GridLines -» Automatic, PlotLabel » "vcy(vecy) [cm/s]",
AxesLabel » {None, None}, PlotRange » {Automatic, Automatic}]

300t Cos[10 t?] Sin[38 ° - ArcSin[_. (10 +308in[10t?])]]

-600tSin[10t?] +

vey(vey) [em/s]

2000

100

~100L

-200[
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ParametricPlot[{phiG, aCp}, {t, 0, 0.8}, Frame -» True, GridLines - Automatic,
AxesLabel » {"phi [Grad]", None}, PlotLabel » "accel aC (cm/s"2)",
PlotRange -» {{0, 360}, {-0, 6000}}, AspectRatio—- 1/ 3]

accel aC (cm/sA2)
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= Animation der Schubkurbel

Clear([phi]
lmax = Max[r, 1, k] /. parl; r=r /.parl; 1=1/. parl;
e=e/.parl; k=k /. parl; kappa = kappa /. parl;
Plo0O = Plot[O0, {i, O, 1}, PlotRange » {{-40, 100}, {-40, 40}},
Frame -» True, AspectRatio -» Automatic, PlotLabel -» "Exzentrische Schubkurbel"]

Exzentrische Schubkurbel

40— — T T
200 ]
0,
=20+ il
_407 L P I L P R SR B! P P L
-40 -20 0 20 40 60 80 100
lmax lmax
Do[PloMechal = Graphics[{circle[{o, 0}, ], Circle[{0, 0}, r], Circle[{rax, ray}, ],
100 100
lmax lmax
Circle[{rbx, rby}, ], Circle[{rcx, reyl, ], Line[{{0, 0}, {rax, ray}}],
100 100
Line[{{25, rby}, {100, rby}}], Line[{{rax, ray}, {rbx, rby}, {rcx, rcy}, {rax, ray}}],
lmax lmax lmax lmax
Text [AO, { - }] , Text [A, {rax+ , ray + }] ,
30 30
lmax lmax lmax lmax
Text[B, {rbx+ , rby + 30 }], Text[c, {rcx+ , rcy + 30 }]}],

40

7
Print[Show[Plo0O, Plokurve, PloMechal]], {phi, 0, 2, —}];
6

Exzentrische Schubkurbel
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= 7. Input torque M2 = -s’(phi) FO cos phi and input power P



