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o =8000 X<
V:i=0.298 E:=198000 MPa

E
Gi= ———
2-(1+v)

(1+v)

K hollow:=2.
- 413.v

=0.5304 Hollow cylinder cross section

L:=0.32m mass i=0.98 X9 Isect::2.331.1o_8m4 Asect::1.225-10_4m2
m

Isect
r (Isect, Asect):= = C
v sec

€:=K hollow

Isect
a (Isect, mass):= [E
v mass

B(w, Isect, mass)::4
2

2
®

Isect, mass)

r (Isect, Asect)
L

E
a(L,Isect,Asect)::i. =
£ G

r (Isect, Asect)
L

y (L, Isect, Asect):=

4
A(w, Isect, Asect, mass, L):=(B(w, Isect, mass).L) .(a (L, Isect, Asect)+ vy (L, Isect, Asect))

8

B(w, Isect, Asect, mass, L):1/[(ﬁ (o, Isect, mass).L) .[[a(L, Isect, Asect))—(v (L, Isect, ASect)])‘

n (e, Isect, Asect, mass, L)::2£2L"'/(_A (o, Isect, Asect, mass, L)+ B (w0, Isect, Asect, mass, L))
0 (w, Isect, Asect, mass, L)::2£2L.,/(A (o, Isect, Asect, mass, L)+ B (w, Isect, Asect, mass, L))
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a (L, Isect, Asect)
0 (w, Isect, Asect, mass, L).L .

ol (o, Isect, Asect, mass, L):=

] =

0 (o, Isect, Asect, mass, L).L —

(1

a(L, Isect, Asect)

02((0,Isect,Asect,mass,L)::l. (!
L n (e, Isect, Asect, mass, L).L

n (e, Isect, Asect, mass, L).L +

k (Isect ) :— E . Isect

oll (w, Isect, Asect, mass, L)::[Q(w, Isect, Asect , mass, L)3—O((L, Isect, Asect)‘Lz.B (o, Isect,

021 (w, Isect, Asect, mass, L):=|n (o, Isect, Asect, mass, L)3_|_a(L, Isect, Asect).Lz.(B (o, Isect,
2

012 (o, Isect, Asect, mass, L):=|(0 (w, Isect, Asect, mass, L)) —a(L, Isect, Asect).LZ.(B (o, Isect

3
021 (o, Isect, Asect, mass, L):=|(n (o, Isect, Asect, mass, L)) +a(L, Isect, Asect).LZ.(ﬁ (o, Isec

2
022 (0, Isect, Asect, mass, L):=|(n (o, Isect, Asect, mass, L)) +a(L, Isect, Asect).L2.(B (0, Isec

1

¢ll (0, Isect, Asect, mass, L):=
(@ ! ! /L) 012 (w, Isect, Asect, mass, L)+4 022 (@, Isect, Asect , mass, L)

.(022

1

¢l2 (w, Isect, Asect, mass, L):=
(@ ! ! = ol (w, Isect, Asect, mass, L).021 (w, Isect, Asect, mass, L)+ 02 (a,

1
(k (Isect)).(ol (w, Isect, Asect, mass, L).021 (@, Isect, Asect, mas:

¢13 (o, Isect, Asect, mass, L):=

1

14 I t, A t L):=
914 (v, Isect, Asect, mass, L) (k(Isect)),(012(a),Isect,Asect,mass,L)_|_o22(co,Isect,Asect,ma

1
012 (w, Isect, Asect, mass, L)+ 022 (w, Isect, Asect, mass, L

921 (w, Isect, Asect, mass, L):=

).(01 (

1

922 (0w, Isect, Asect, mass, L):=
(@ ! ! = ol (w, Isect, Asect, mass, L).021 (v, Isect, Asect, mass, L)+ 02 (a,

ol (o, Isect, Asect, mass, L).

23 I t,A t L):=
() (m, sect, Asect, mass, ) [k(Isect))-(Cfl(w, Isect,Asect,mass,L)-GZl(w, Isect, Asect , mas:

1
(k (Isect)).(o0l2 (w, Isect, Asect, mass, L)+ 022 (@, Isect, Asect, me

924 (w0, Isect, Asect, mass, L):=

B (k (Isect))
" (012 (e, Isect, Asect, mass, L)+ 022 (o, Isect, Asect, mass, L))

¢31 (0, Isect, Asect, mass, L) .[01

(_k(Isect).all (o, Isect, Asect, mass, L).

932 (0, Isect, Asect, mass, L):=
(@ ! ’ /) (Ol(a),Isect,Asect,mass,L).OZl(m,Isect,Asect,mass,L)+02(co

1

933 (w, Isect, Asect, mass, L):=
(@ ! ’ = [ol(a),Isect,Asect,mass,L).o2l(a),Isect,Asect,mass,L]+o2((o

2/ 4



¢34 (w, Isect, Asect, mass, L):=

941 (w, Isect, Asect, mass, L):=

012 (w, Isect, Asect, mass,

—(k (Isect)).o012 (w, Isect,

E [(70.

L)+ 022 (w, Isect, Asect, mass, L).

Asect , mass, L).022 (o, Isect, Asect, ma

(012 (w, Isect, Asect,

mass, L)+ 022 (0, Isect, Asect, mass, L)

—(k (Isect))

942 (w, Isect, Asect, mass, L):=

(o1 (@, Isect, Asect, mass,

L).021 (w, Isect, Asect, mass, L)+ 02 (@

1

943 (w, Isect, Asect, mass, L):=

(o1 (w, Isect, Asect, mass,

L).o021 (w, Isect, Asect, mass, L)+ 02 (w

944 (0w, Isect, Asect, mass, L):= E .[ol
(012 (o, Isect, Asect, mass, L)+ 022 (w, Isect, Asect, mass, L))
added eval here

¢11 (@, Isect, Asect, mass, L) ¢12 (w, Isect, Asect, mass, L) ¢13 (w, Isect, Asect, mas:
o N 921 (0, Isect, Asect, mass, L) 922 (w, Isect, Asect, mass, L) 923 (o, Isect, Asect, mas:

®):=eva
(@) 931 (o, Isect, Asect, mass, L) ¢32 (w, Isect, Asect, mass, L) ¢33 (w, Isect, Asect, mas:
941 (w0, Isect, Asect, mass, L) 942 (w, Isect, Asect, mass, L) ¢43 (o, Isect, Asect, mas:

|detZ =931 (0, Isect, Asect, mass, L)-942 (o, Isect, Asect, mass, L)— 932 (o, Isect, Asect, mass, L).

strlen(num2str (detz))=25257 very very long

detZ .= az ( ratsimp (detZ))
very long

strlen (num2str (detZ)) —=8158

detZz (a)):: detZ

detZ' .— &(ratsimp [Diff(detZ (xx), xx)]]

|[detZ (o) :=eval (detz)| |[detz' (xx):=eval (detz')|

NR (F = —
(F(2) x)e=|[ur n ex]=]25 1, > UnitsOf (x) 10

for iter &€ [1..MI]
Fx:=F(x)
h.Fx
F(x+h)-Fx

if |x—x"|>ex

x":zeval | X —

X:=x"'
else
break

for n€[1..8]

Q_ = NR (detZ (x), 20.n kHz)

can't use w here, looks like a bug in maxima for
the greek letter.

_5.Unitsof(x)]

for n€[1..7]
Q' =NR(detz'(x), (10420-(n-1)) kiiz]

-2 -6
=3.4.

normi | AZ := detZ (Q) MN normi

AZ'" .= detZ' (Q')MN_

8

2 _
kHz|=1.6-10



13.7131 10.9222
32.8356 27.4924
55.3997 47.5194
78.9188 Q"' =| 68.9282 | kHz
Q= kHz
102.4893 90.8209
125.3542 112.5643
146.9698 133.5257
162.0383
Brute force imag part detection mi::ﬁ)g Awi :=1 kHz
for n€[1..6] ®l =163.0244 kHz
while try
_ 0wl —Q =986.04 Hz
Im[detZ(wi)MN 2]:0 8
on error
0 'last' real value:
0l :=wl + Awl
, ) , ) . . 2
[0i:=0i - A0l dwi:=0.1.401 ] detZ (wi)=-29.9022 MN The units for detz
are Mega Newtons.
if 0<m<°’_i T T T T T T T T T
kHz
( -2
eval | detZ ((D kHZ) MN ] 5><103 |
else
e o
if 0<o’ <22 N <
i 27
kHz <Z ol §
- eval(dEtZ' (0 kHz)mn 2 kHz] = J0Z
else _'N_‘ E
wn % :N_'
Q 3 @
augment[—, AZ, "o"] -5x10% - ©
kHz
(= )
augment | — , AZ" , "o"
kHz
augment [%, detZ (wj_ ) MN_2, "X"J -1><1O4 1 1 1 1 1 1 | | 1
‘ 0 20 40 60 80 100 120 140 160
s [kHz]
P
The issue in the plot is ! ! : ' ' '
related with the problem that
there are not a true NaN in
SMath. For example, try to ol
change the value for else in P
with zero instead "".
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