poten.nb

1
Infl]:= V= rY (Ken En [t]% + Kpn Bn [t]1? + kep 8 [£]% + Ky Bu [£]7)
General::spelll : Possible spelling error: new symbol name "gh" is similar to existing symbol "¢h". More...
General::spell : Possible spelling error: new symbol name "¢b" is similar to existing symbols {¢, ¢h}. More...
General::spell : Possible spelling error: new symbol name "Bb" is similar to existing symbols {8, gh, ¢b}. More...
1
out[1]= = (kg By(®) + g Bu(t) +kay &0 + kan G ()7
ke
In[2]:= kg = —
R
out[2]= k{
ut[2]= R
kg
In[3]:= kg = —
R
kg
out[3]= —
ut[3] R
k ke
Inf4]:= =
S T
out[aj= —=
ut[4]= 1_R
k ke
In[5]:= =
T
kg
Out[5]=
ut[>5] 1_R
In[6]:= Ep[t] =Cos[O[t]] (E[t] -&ult]) +Sin[o[t]] (B[t] -Bnltl])

out[6]= sin(0(1) (B(r) = Ba (1) + cos(0(1)) ({(2) — £n (1))

In[7]:= Bp[t] =-Sin[O6[t]] (E[t] -&nlt]) +Cos[O[t]] (B[t] - Bult])
out[7]= cos(O(®) (B() — Br(®) — sin(0(®)) (1) — £, (D)
In[8]:= V =Simplify[V]

2 . _ _ 2
out[8]= 1 (kg B (@) N kg (sin(6(1)) (B(r) — B (1)) + cos(8(1)) ({(1) — §u (1)) N

2 1-R R
kg (cos(8(1)) (B(1) — Bu (1) — sin(B(0)) (£(1) — £ (1)) N ke (1)
R 1-R
In[9]:= eqzeta = Simplify[Expand[0g, ¢ V]]
~ 1

out[9]= ®-DR

(R = 1) sin(8(2)) kg (cos(6(1) B(r) = sin(0(2)) £ (1) — cos(B(D) S (1) + sin(B(1)) £ (1) — kg (R = 1) {(1) cos® (6(1)) — R £ (1) cos” (6(1)) +
£ (1) cos? (1) + (R — 1) sin(B(1)) B(2) cos(6(1)) — Rsin(6(1)) B (2) cos(6()) + sin(6(1)) B (1) cos(@(1)) + R &, (1))
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In[10]:= eqgbeta = Simplify[Expand[dg, [+ V]]

General::spelll : Possible spelling error: new symbol name "egbeta" is similar to existing symbol "eqzeta". More...

1
Out[10]= - R-DR ((R = 1) sin(0(1)) k; (sin(6()) B(2) + cos(6(1)) £(1) — sin(6(2)) B (£) — cos(0(1)) £ (1)) +

ks ((R—1) B(1) cos* (6(1)) — R By (1) cos™ (6(1)) + B (1) cos® (B(1)) ~
(R — 1) sin(6(2)) £ (1) cos(0(1)) + R sin(0(1)) £, (1) cos(0(r)) — sin(6()) £i (1) cos(6(1) + R B (1))

In[11]:= sol = Solve[{eqzeta == 0, egbeta == 0}, {&,[t], Bnl[t]l}];

In[12]:= zrow = Simplify[Oy+;V /. sol[[1]];
Inf13]:= zrowbcol = Simplify[ds[+; 2row]

Rsin(20(1)) ks (kg — k¢ ) k,
out[13]= (20()) kg (kg —ke) k

2((R-1)Rsin®(0(1)) k3 + (—=R2 + (R— 1) cos(20(1) R+ R— 1) k; kg + (R — 1) R sin® (6(1)) k?)

In[14]:= zrowbcol = zrowbcol /. Cos[26[t]] »1-2Sin[6[t] ]2

2((R-1)Rsin®(0(0) k} + (—=R2 + (R—1) (1 = 2sin>(0(1))) R+ R — 1) k; ks + (R — 1) Rsin® (0(1)) k2)

out[14]=

In[15]:= zrowbcolnum = Numerator[zrowbcol]
out[15]= Rsin26(t) kg (kg — k;) k;

1

In[l6]:= A=- (Simplify[Denominator[zrowbcol] /. Cos[26[t]] » 1-2Sin[6[t]]%])

(R—1) Rsin® (0(0) k3 — (2 (R— 1) Rsin® (0(1)) + 1) k; kg + (R— 1) Rsin’ (6(0)) kZ

Out[16]= k,g k[

In[17]:= N[A] /. {R->.5, kg -> .1, ke -> .5, 6[t] -> .1}

out[17]= 1.00797

In[18]:= A = Expand[A]

R? kg sin® (6(0)) . Rk, sin” (6(0) ~ R? kg sin®(6(z)) . R kg sin®(6(z)) .

Out[18]= 2R2 ~“2 0(1) - 2R ~“2 () — 1
[ 1 S1 ( ()) S1 ( ()) ![3 ![3 zz zz
= Si 1if [—]
In[19]: impli

sin® (0(1) (kg — k)
out[i9j= —m8M————
kg kg

In[20j:= A=1+R (1-R) %

(1= R) Rsin*(0@t)) (kg — k)’ .

1
kg k;

out[20]=

Inf21]:= N[A] /. {R->.5, kg -> .1, ke -> .5, 6[t] -> .1}

out[21]= 1.00797
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In[22]:=

out[22]=

In[23]:=

Out[23]=

In[24]:=

out[24]=

In[25]:=

out[25]=

In[26]:=

Oout[26]=

In[27]:=

out[27]=

In[28]:=

Out[28]=

In[29]:=

out[29]=

In[30]:=

Oout[30]=

Numerator [zrowbcol]

zrowbcolnum = -
2 ks ke
r
) Rsin(26(t)) (kg — k;)

zrowbcolnum
zrowbcol = —M8MMM
A

Rsin(2000)) (kg — k;)

(1-R) Rsin? (6()) (kg —k; )?
2 ( kg ke + 1)

dzrowbcoldtheta = Simplify[de[+; Zrowbcol]

(R-1)R'sin® (2 6(1)) (kg —k; )* (R-1) R'sin? (6(1)) (kg k7 )?
R (— Tk —cos(26(t)) (1 Ty — (kg — k)
(R-1) Rsin (0(1)) (kg —k; > 1 2
( kg kz - )

N[dzrowbcoldtheta] /. {R-> .5, kg -> .1, ke -> .5, 6[t] -> .1}

0.191355

numdzrowbcoldtheta = Numerator[dzrowbcoldtheta] /R/ (ks - k¢)

(R—-1) Rsin® (2 6(t)) (kg — k)’ (R - 1) Rsin®(6(t)) (kg — k; )’
— 2%k, —cos(26()) |1 - "

numdzrowbcoldtheta = Expand[numdzrowbcoldtheta /.
{Cos[26[t]] »1-28Sin[6[t]]?, Sin[26[t]] ->2Sin[6[t]] Cos[O[t]]}]

2 .4 .- 4 2 .4
4R sin O0) - 4R sin® @) - 2 R* k; sin” (6(2)) N 2 Rk, sin” (6(1)) B 2 R* kg sin” (6()) N
kg kg ke
- 4
w — 2R sin (0()) + 4 R cos? (6(2)) sin® (6(1)) — 4 R cos” (6(z)) sin> (6(1)) + 2 R sin® (6(¢)) +
4
R kysin®(0() 2 R? cos®(B(0)) k; sin®(6(r)) 2 Rcos®(6(r)) k; sin®(0()) Rk, sin”(6(r))
kg - kg ’ kg - kg ’

R? kg sin®(6(2)) 2 R? cos? (8(1)) kg sin® (6(t)) . 2 R cos? (8(1)) kg sin” (1)) _ Rkg sin” (6(7))

2sin* (8(r)) — 1
K i K K + 2 sin” (6(t))

numdzrowbcoldtheta = Expand[numdzrowbcoldtheta /. Cos[6[t]]%? » 1-Sin[6[t] ]2 ]

R? k; sin®(6(2)) . Rk sin®(6(0)) ~ R? kg sin® (6(2)) . R kg sin” (6(t))

2 2 _ ) _
2 R” sin” (6(t)) — 2 R sin” (6(1)) 5, i, i, k.

+25sin*(0(1) — 1

numdzrowbcoldthetapl = Simplify[numdzrowbcoldtheta + 1]

sin’(0(1)) (R— )Rk} =2 (R® = R+ 1) k; ks + (R— 1) RK2)
- kg k;

Simplify[numdzrowbcoldthetapl /Sin[6[t]]?]

(R—1)RK3 =2 (R = R+ 1) k; kg + (R~ 1) RK2
kg k;
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In[31]:= Simplify[% - 2]
(R=1)R (kg — k)
out[3l]= ——"—>__
kg k;
((2+%) sin[e[t]]” - 1) R (kg - ke)
In[32]:=
AZ
. (R-1) R (kg —k¢ )
R (sm2 @) (2 - —ka-f—) - 1) (ks —k;)
out[32]= -
(1-R) R sin? (0(1)) (kg —k; ) 1
( kg ke + )

In[33]:= N[%] /. {R->.5, kg ->.1, ke -> .5, 6[t] -> .1}

out[33]= 0.191355

In[34]:= zrowzcol = Og(+) zrow;
General::spelll : Possible spelling error: new symbol name "zrowzcol" is similar to existing symbol "zrowbcol". More...
In[35]:= zrowzcol = Simplify[zrowzcol];

Numerator[zrowzcol]
2 kg ke

In[36]:= zrowzcolnum = -

General::spelll : Possible spelling error: new symbol name "zrowzcolnum" is similar to existing symbol "zrowbcolnum". More...

% (2 R kg sin®(0(¢)) + (cos(2 (1) R — R +2) k;)

out[36]=
In[37]:= zrowzcolnum = Expand[zrowzcolnum /. Cos[26[t]] - 1-2Sin[6[t] ]2]
out[37]= Rkg sin* (1) — Rk, sin® (0()) + k;
zrowzcolnum
In[38]:= zrowzcol = ——M
A

R kg sin®(6(1) — R k; sin” (1)) + &,

out[38]= 8 @) r O) + k¢

(1-R) R sin® (0(1)) (kg —k; )?
kg ke

+1
In[39]:= dzrowzcoldtheta = Simplify[0,(:; zZrowzcol]

General::spelll : Possible spelling error: new symbol name "dzrowzcoldtheta" is similar to existing symbol "dzrowbcoldtheta". More...

Rsin(20(1) kg (kg — k;) kg (Rkg —(R-1)k;)

out[39]=

((R— 1) Rsin®(0(1) K + (—R> + (R — 1) cos(2 6(t) R+ R — 1) k; kg + (R — 1) Rsin(0(1)) k3)’

In[40]:= N[dzrowzcoldtheta] /. {R-> .5, ks -> .1, ke -> .5, 6[t] -> .1}

out[40j= -0.117323

In[41]:= numdzrowzcoldtheta = Simplify[ A% dzrowzcoldtheta/R/ (ks - ke) ]

General::spelll : Possible spelling error: new symbol name "numdzrowzcoldtheta " is similar to existing symbol "numdzrowbcoldtheta ". More...

Sin(26(0) (Rkg — (R—1) k;)

out[41]=
kg
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R (ks -k
In[42]:= M%
AZ
Rsin(20(t)) (kg —ks) (Rkg —(R— 1)k,
out[42]= sin(2 6(t)) (kg — k;) (Rkg —( ) ke)

(1-R) R sin? (0(1)) (kg —k; ) 2
kg ( kg k¢ + 1)

In[43]:= N[%] /. {R->.5, kg ->.1, ke -> .5, 6[t] -> .1}
out[43]= -0.117323
In[44]:= brow = Simplify[d,:; V /. sol[[1]];

General::spelll : Possible spelling error: new symbol name "brow" is similar to existing symbol "zrow". More...
In[45]:= browbcol = 9+ brow;

General::spelll : Possible spelling error: new symbol name "browbcol" is similar to existing symbol "zrowbcol". More...
In[46]:= browbcol = Simplify[browbcol];

Numerator [browbcol]

In[47]:= browbcolnum = - T
s Ke

General::spelll : Possible spelling error: new symbol name "browbcolnum" is similar to existing symbol "zrowbcolnum". More...

1
out[47]= 3 (2 Rk, sin® (6(2)) + (cos(2 6(t)) R — R +2) k)
In[48]:= browbcolnum = Expand[browbcolnum /. Cos[26[t]] - 1-2Sin[6[t] ]2]
out[48]= —Rkg sin®(6(0) + Rk, sin® (0(1)) + kg

browbcolnum
In[49]:= browbcol = ——M8 —
A

—R kg sin® (0(t)) + R k; sin® ((r)) + k

Out[49]m B 6@) s 0(D) + kg

(1-R) Rsin (0(1)) (kg —k; )
kg ke

+1

In[50]:= dbrowbcoldtheta = O¢[+; browbcol

General::spelll : Possible spelling error: new symbol name "dbrowbcoldtheta" is similar to existing symbol "dzrowbcoldtheta". More...

2 Rcos(6(9)) sin(0(1)) k; — 2 R cos(6(1)) sin(6(1)) kg
(1-R) Rsin (61) (kg —k; )? -
T ke

2(1 = R) R cos((D) sin(6(r)) (kg — k;)* (—R kg sin® (1) + R k; sin® (0(1) + k)

out[50]
+1

(1-R) Rsin2 (0(1)) (kg —k; ) 2
kg ( kp kg + 1) ke

In[51]:= N[dbrowbcoldtheta] /. {R-> .5, kg -> .1, ke -> .5, 6[t] -> .1}

out[51]= 0.0234646
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In[52]:= numdbrowbcoldtheta = Simplify[ A? dbrowbcoldtheta/R/ (ks -k¢)]

General::spelll : Possible spelling error: new symbol name "numdbrowbcoldtheta " is similar to existing symbol "numdzrowbcoldtheta ". More...

Sin(26(0) (R - 1) kg — Rk;)

Out[52]=
ky
R (ks -k
In[53]:= M%
A2
Rsin(2 6(t)) (kg — k) (R—1) kg — Rk,
out[53]= (26(1)) (kg — k) (( ) kg 7)

(1-R) Rsin? (0(1)) (kg —k; )? 2
( kg kr + 1) ke

In[54j:= N[3] /. {R->.5, ks -> .1, ke -> .5, 6[t] -> .1}
out[54]= 0.0234646

1
In[55]:= R, = Simplify[— Oe; A

A

2(1 = R) Rcos(8(D) sin(6(r)) (kg — k; )

Out[55]= k, (1 _ (R-1)Rsin? (0) (kg —k; ) )k
kg kz 4
In[56]:= N[R,] /. {R-> .5, kg -> .1, ke -> .5, 6[t] -> .1}
out[56]= 0.157678
In[57]:= Denominator[R,]
outr571= &y [1- (R — 1) Rsin*(0(t)) (kg — k; )’ K

kg kg

In[58]:= N[%] /. {R->.5, kg ->.1, ke -> .5, 6[t] -> .1}

out[58]= 0.0503987
In[59]:= kg ke A

1 = R) Rsin®(0(9)) (kg — k;)*
outrsog= ky [ LZRRSCODN G 2k )y

kg kg

In[60]:= N[%] /. {R->.5, kg ->.1, ke -> .5, 6[t] -> .1}

out[60]= 0.0503987

Inf61]:= (*Stiffness matrix w/o 6 %)
In[62]:= kmatpeO = {{zrowzcol, zrowbcol}, {zrowbcol, browbcol}}
Rk sin (6(5)~ R k; sin? (0(1)+k; Rsin(2 00)) (kg —k;)
(1-R) Rsin2 (600) (kg ~k; ) (1-R) Rsin2 (6(0) (kg —k;
T{”H 2 T{”H
Oout[62]= ) , ,
Rsin(2 60)) (kg —k; ) —R kg sin® (6(0)+ Rk sin (6(0)+kg

(1—R)Rai|12(r-)(r))(kﬁ—kl)z (1—R)Rai|12(9(f))(kﬁ—kl)z
2 Y +1 Y +1
B B
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In[65]:= kmatpeO = FullSimplify[{{zrowzcol, 0}, {zrowbcol, 0}}]

R (kg —k) sin? (0(0)+kg
(R=1)Rsin (6(0) (kg ke )?
- 7L
Rsin(2 00) (kg —kz )
(R—1) Rsin2 (H(/))(kﬁ—kl)z
- 717

0

Out[65]=

211

In[66]:= Clear[A]
In[95]:= kmatpeO[[1l,1, 1, 1]]=A

out[95]= A

In[96]:= kmatpeO[[2, 1, 4, 1]] =A

out[96]= A

In[98]:= kmatpeO /. {kr - ws®, kg - wz?}

R (m% —w? ) sin? (0() + w}
A
Rsin(2 6()) (w}, -w})
2A

0
out[98]=

0



