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Abstr act

This paper presented a numerical methods based on FEM were used to study
the effect of temperature on the dynamic characteristic of composite cylindrical
conical shell with different cone angle and wall thickness. The study taken into
account the effect of temperature on the material properties of the sdected
material and the effect of pre stressing on the natural frequency of the shdl. A
general  conclusions could be obtained from the static analysis ,i.e. for higher
circumferential wave number, the effect of increasing the thickness is to produce
higher natural frequencies. The natural frequency of the system may drops by
about (12 %) as a result of the degeneration of the material properties due to
temperature eevation. The higher circumferential wave number, the more
pronounced is the influence of ply orientation on the resulting natural frequency
changing the ply orientation for 0/90/0 to 75/-75/75 may increase the natural
frequency by about (100 %). Finally the transient dynamic stresses may exceeds
the design stress by a bout (50 %).

Keywords: composite shell; finite element method; vibration.
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I ntroduction

The vibration of  circular
cylindrical and conical shdls is of
interest in a number of different
fidds including ocean engineering
aeronautical engineering and civil
engineering.

A knowledge of the free vibration
characteristic of dastic shdls is so
important to the general
understanding of the fundamental
behavior of shdls and to the
industrial  applications of these
structures. In connection with the
latter, the natural frequencies of the
shdl must be known in order to
avoid the destructive effects of
resonance associated with rotating or
oscillating equipment or that arising
from dynamic excitations such as
earthquakes. The designing of a
structure to isolate it from the
destructive  effects of  resonant
vibration, rather than strengthening it
to withstand the vibration, is a
recognized fact. This is achieved by
elevating the natural frequencies of
the structure so that they are
sufficiently ~ higher  than  the
frequencies of the possible dynamic
excitation in the vicinity.

The response of  structures
subjected to thermal environments is
affected by the devdopment of
thermal  stresses and by the
deterioration of the materials of
construction. The  effect  of
temperature on the modulus of
easticity is far from being negligible
to aircraft and rocket designers, for
instance, because for such materials
as titanium alloys, the modulus of
dagticity may be at half of its room
temperature value when subjected to
a temperature rise of about 500 °C
[1]. Other materials are also affected,
and experimental investigations have
shown linear rdation, for most
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engineering materials, was predicted
between modulus of dasticity and
temperatures [2].

Ross C. T. [4] produced an
demental mass matrices for the
vibration of conical and cylindrical
shdls, based on a semi-analytical
approach. Frequencies and modes of
vibration have been compared with
existing solutions, and also with
experimental results obtained from
other literatures while Y. Takeuti, R.
Ishida and Y. Tanigawa [8] presented
a general treatment of the transient
thermal stresses of a finite circular
cylinder with consideration of the
thermomechanical  coupling  effect
using a hew analytical technique. The
transient response of the combustion
chamber subjected to instantaneous
pressure rise was studied by Osman
M. A. [9] useing the F.EIM. Two
solid rocket motors are considered as
case studies. He obtained the
maximum dynamic stresses and
calculated the dynamic load factor .

Stiffness and mass for mulation

Each dement [3] ,as a matter of
fact, is a truncated conical shell with
two end nodes and four degrees of
freedom per node (u, v, w, and q ) as
shown in Fig. (1), therefore , each
dement has a total of eight degrees
of freedom as a whole.

Since many of these degrees of
freedom are not normally needed to
define the mode shape, the u, v, and
g displacements were diminated at
al nodes, except the last one to save
computational time and space in
inverting the stiffness matrix and
solving the eigenvalue equation.
Therefore, the meridional mode
shape was defined predominantly by
the “w” displacements only.
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This reduction process was given
by Irong5], its use enabled the (1 ) (1+ )
program to reduce the sizes of the u=-—]— 5 u, cosnf +-—=* 5 u, cosnf
stiffness and mass matrices by a ©)
factor of about four. (1 x) (1+ )
The resulting mode of vibration is v=-"——"u;sinnf +~——=u,sinnf
asymmetric, the  circumferential 2
shape being of lobar form, as shown ( ) (9)
in Fig.(2. In the meridional X7-3X+2
direction, the mode shapes depend w= W, cosnf +
on the geometry of the structure and (1 )(1 )
also on the boundary conditions. TX)2X) Ragq, cosnf +
The vector of strains for a doubly- 4
curved axisymmetric element was ( X343 + )
given by Novozhilor [6] whichis; w, cosnf -
. - x)L+x)?
1€ U —(1 X)g X) Raq, cosnf
([
i (10)
_tegt Or, inmatrix form,
{g=1 ™y (@)
iCs i | u u
Ie,] 1Vy [N]{u} (12)
fCap Wh
Where
1 u w {ui} =a matrix of  nodal
%~Ra X R, 2 displacement
1 [N]= a matrix of “shape
& :_gdﬂ usinb +w cosb (3) function”
refiq These displacement  functions
leer v ‘HU_ assume a linear variation of u and v
T T Ra ™ Us'an'."_g(A') with respect to the meridian of the

-1 TPw ﬂ2b+ 1 u

Cc=——5—>5-U
° Ria® X* ¢ Rfaff

A °w cosb‘l]v 9
1gr ‘Hq r ‘Hq +
g~ " (; . -
' laE—l‘"—w-ugsmb-
R,gax g 4
o 2ae11ﬁms:bwvcobwsmnob 1K
gpﬁl‘fk‘lh r Tbl Rafz Fi‘lblg
(7)

displacement

The assumed
functions were ;

shdl. They are aso alowed for a
sinusoidal  distribution in  the
circumferential direction to cater for
thelobes of Fig.(2).

Hence, [N] matrix can be obtain

eNllO 0 ONg;O 0 O

0N, 0 0 0Ny, O ou

@0 0 NgN,, 0 0N37N38E|
(12)

where

N, = 12 cosnf le—l—zxcosnf
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N, =1_7Xcosnf

1+X

N,; = ———cosnf

=(x3-3x+2)

N
8 4

_y3
N :K%M)Cosnf

(13)
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(1+x)1- xR,

Ng, = 4 cosnf
2
Ng =- - X)(l4+ X/ Rea cosnf

Substitution of the displacement
function and its derivatives into the
strain relationships, results the [B]
matrix.

The stiffness matrix is given by:

o BEu eA Bui BEu

k]=c BB% B DU'BB?g dx dy

EBEu éA BU|BEu

(14)

IBEu A Bu|BEu
BB% €8 DX BB%
(15)

[K]:p Rla

The mass matrix is given by;

[m]= G@IN]" r [N]trdf Rja dx
(16)

[m]=pRyar g r[NI[N] &k (17

In global coordinates, the local
matrices were converted to ;
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[k]° =[] [K][pc] (18)
and;
[m]° =[] [m][DC] (19)
where;
OU
DC 4
oel=. -
écosb, 0 sinb; Ou
] :g 0 1 0 0
' 8snb, 0 cosh, 00
§ 0 0 0 1
écosb, 0 sinb, 0Ou
] :g 0 1 0 og
> &snb, 0 cosh, OU
§ 0 0 0 17

Evaluation of natural frequencies
For free vibration, without

damping, the equation of total energy

is[3];

i c(?TBB% & D BB%rOhc R, adx %d(vol)-{ui}T{Pih

"~ Q) [m]{m

(20)
where
{&li} =avector of nodal velocities
Assuming  simple  harmonic
matrix take place, then
u=A sin (wt) (21)
and the velocity
& =wi A cos(wt) (22)
Substituting (22) into (20)
Po= 3% duo)- fu)"
vol
(23)
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Differentiating (23) with respect
to {ui} and setting the derivative to
zero, thefollowing is obtained;
{P}=IK] {u} -w* [m] {u} (24)

where, {Pi} is a time dependent
forcing vector

For freevibrations,{ Pi} =0

Hence (24) becomes

[K]-wP[m] =0 (25)
or for the entire structure;

[K]-wP[m] =0 (26)
where, [M]=a[m]=The mass

matrix for the entire structure

After solving egn.(26), al the
natural frequencies and mode shapes
would be known.
Dynamic  characteristics under
thermal loading

In view of the importance of the
effect of thermal loading, especialy
in huclear and aeronautical structural
design, it would appear that there
exists a need for more attention to be
devoted to the effect of such loading
upon the vibration of shells. Leissa
[7] indicated that when considering
the effect of thermal loading, two
aspects have to be considered:
namely, (a) the effect of the pre-
stressing due to the temperature
gradients, and (b) the effect of
property variation with temperature.

For the case, in which the shdl is
subjected to some form of in-plane
pre-stressing, a geometric stiffness
matrix ~ [Kg], describing the
constitutive relationship between the
force and displacement vectors as a
result of the in-plane stressing, and in
the absence of flexural effects, must
be devdoped. Subsequently, the
flexural and geometric stiffness
matrices are summed to form the
total stiffness matrix [kKT] for each
dement :i.e

[KT]=[KI]+[Kg] (27)
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and the natural frequency can be
obtained from :

[k - wm]| =0 (28)

The effect of property variation
with temperature on the dynamic
characteristic is taken into account by
letting the modulus of dasticity to
vary linearly with the temperature.
Thus

E =Eo- \EOT (29)

where Eo is the modulus of
eadticity at room temperature

Vis the imperial coefficient
dependent on the material

The pressure — time curve

The pressure behavior with time
of burning of the solid propelant
grain gives full information about
internal  processes  inside  the
combustion chamber, and the time
dependent load effect on the case of
combustion chamber.

The differential equations that can
describe the behavior of pressure —
time curve, can be solved by internal
ballistic of solid propelant charge
should be take into consideration. For
solving this task, it is important to
know the type of solid propelant
used.

The pressure time curve for the
real rocket motor taken from the
special document.

Results

A diverging conical — cylindrical
intersection case was sdected as a
verification case for the dynamic
analysis program because there is an
available experimental data regarding
the dynamic characteristic.

The geometrical and material
properties of the case is shown in

Fig.(3).
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Table (1) represents a comparison of
the natural frequencies, between the
developed program, ANSYS and the
available experimental data. The
results agree very wel with the
experimental data.

The size and number of eements
influence directly the accuracy of the
results. However, if the number of
dements is increased beyond a
certain limit, the accuracy will not be
improved by any significant amount.
The F.E. convergence study for the
sdlected combustion chamber, for the
dynamic F.E. programs, are given in
tables (2).

A plot of the convergence study
for the two cases were also shown in
Figs.(6.5) , (6.6) and (6.7).

CASE 1 COMBUSTION
CHAMBER SHELL

A detailed study was performed
on real case of rocket combustion
chamber practical case because of its
importance. The geometry and
material properties was shown in
Fig.(6).

A dynamic analysis was made to
the real case of rocket combustion
chamber case with the presence and
absence of the effect of thermal
loading. When there is no thermal
loading, The dynamic characteristic
was presented in tables from (3) to
(5), each table presence dynamic
characteristic of a different shel
thickness and two different materials.
The mode shapes which
corresponding to thickness of (0.5
mm) and different lobe number
plotted in figures from (7) to (12),
each lobe number is associated with
three different frequencies.

Then, the behavior of the rocket
combustion chamber was examined
under different thermal loading leve,
corresponding to temperature range
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from (0O — 500) Co for two different
materials. The predicted dynamic
characteristic was given in table (6)
in which the material properties were
taken to be temperature dependent.
Another important effect of thermal
loading on the dynamic characteristic
was the effect of pre-stressing . The
result of studying this effect was
presented in tables from (7) to (12)
for two different material and six
lobe numbers. Some of the result of
this table is plotted in Figs.(13) and
(14).

Finally the transient behavior of
the rocket combustion chamber is
considered with different damping
ratios and the results are shown in
figures from (15) to (20).

CASE 2 Cylindrical -
I nter section Shell

A dynamic analysis was made to
the cylindrical — conical shell case
with and without presence of the
effect of thermal loading, the
dynamic characteristic was presented
in tables from (13) to (16), each table
presence dynamic characteristic of a
different cone angle and different
fiber orientation.

Then, Material 3 is used to study
the effect of temperature on the
dynamic  characteristic of the
cylindrical conical shell
corresponding to temperature range
from (20 -300) oC for three different
cone angle. The resulting natural
frequency variation with temperature
is shown in figures from (21) to (26).

Conical

Discussion
Casel

A dynamic analysis was
performed on a thermally unloaded
utilizing F.E. computer program
Zimer — D. When the structure
deformed in axi-symmetrical mode
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shape with frequency of about (88
Hz) , the resulting amplitude is
nearly null as shown in Fig.(7).
While for higher frequency, there is
appreciable amplitude occur with a
down spike at the first cylindrical
conical interface and another sharp
edge at the second cylindrical conical
interface as shown in figures (8) and
9).

The cantilever mode shape, in
contrast to the first mode shape,
appeared to has lower frequencies
and higher amplitude as shown in
figures from (10) to (12) for the first
three consequent natural frequencies.

The higher the circumferential
wave number, the more pronounced
is the influence of thickness on the
resulting natural frequency as shown
in tables from (3) to (5).

For higher circumferential wave
number, increasing the thickness by
(50%) may double the natural
frequency. This ratios may even
increases for different materials as
shown in tables (3) and (5).

As indicated by Lessia [7] , that
the effect of thermal loading has two
major aspect, the effect of property
with temperature and effect of pre-
stressing . The result of considering
the first case, namey the effect of
thermal loading on the structure
dynamic response when the material
property is alowed to vary with
temperature, is presented in table (6).

Table 6 shows that the modulus of
dasticity drops significantly (by
about (30 %) in the working
temperature change [8]. As a
consequence, the natural frequency
of the system drops by about (12).
The effect of thermal pre-stressing on
the dynamic response of the structure
is presented in tables from (7) to
(12). For the axisymmetric mode
shape, the effect of thermal loading
has appeared to have appreciable
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variable with temperature for lower
frequencies as shown in Fig.(13), and
this effect decays gradually with the
influence of frequency.

The effect of changing the
material on the dynamic response
increases with higher frequencies.

In cantilever mode shape show no
significant  variation of natural
frequency with temperature , but the
material selection effect is
qualitatively the same as shown in
Fig.(14).

The transient analysis of the
rocket combustion chamber s
presented in figures from (15) to (20)
for different damping ratio to explore
the effect of this parameter on the
dynamic behavior of the structure.
When there is no damping at all, the
response has persistent fluctuating
deformation as shown in Fig.(15).
Even this case is not partially happen
,Jbut it was included for the sake of

comparison. The more probable
response is happen when the
structure  has under  damped

behavior as shown in Fig.(16). The
critical instances of the structure is at
the beginning of the combustion,
when the pressure suddenly rises

leading to over stressing the
structure.
The effect of increasing the

damping coefficient on the dynamic
response of the structure is shown in
figures from (17) and (18). The
resulting transient stress are shown in

figures from (19) to (20).
The under damped case as
expected the dynamic  stresses

exceeds the design stresses by about
(50 %),hence these stresses are
considered the more important in the
design process.

Case?2

The results obtained in the present
study are noted for the following
features:
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Effect of Cone Angle

It was shown that a cone angle
has a significant effect on the natural
frequencies of a  composite
cylindrical — conical intersection
shdl. Considering composite shells
produced of the same materials
properties but different cone angle , it
was found, for specific examples of
table (14), that at ply orientation 35/-
35/35 the natural frequency lowest
by a factor (9%) and (22%) for cone
angle 550 and 750 respectively. This
result should not be viewed at as an
upper limit, expressing the efficiency
of lamination, but rather as a fine
indication of the potential of
composites in achieving an optimized
design.

Frequency Dependence on the
Number of Circumferential
Waves (n)

The variation of the first natural
frequencies with n for three different
composite materials are arranged in
tables from (14) to (16).

The higher circumferential wave
number, the more pronounced is the
influence of ply orientation on the
resulting natural frequency. For
higher circumferential wave number,
changing the ply orientation for
0/90/0 to 75/-75/75 may increase the
natural frequency by about (100 %).

The frequency decrease as n is
increased and a minimum is reached,
then w increases with n. The
frequency first reaches a local
maximum before dropping to a

Conclusion
The cantilever mode shape has
lower frequencies and  higher
amplitude than the first mode shape.
For higher circumferential wave
number increasing the thickness by

838

minimum  value. The ratio of
wmax/wmin for cone angle 350 and
different ply orientation are (6.67 for
0/90/0, 4.44 for 35/-35/35, 3.89 for
55/-55/55 and 3.33 for 75/-75/5-75).
A study of the parameters affecting
the frequency distribution for various
circumferential wave numbers seems
to be worthwhile.

The €dfect of increasing
circumferential wave number on the
natural  frequency for different
material properties is study. As
expected the natural frequency for
material number (2) is higher than for
material  number (1) since the
stiffness matrix for material (1) is
lower than for material (2).

Effect of Temperature

The effect of thermal loading on
the structure dynamic response when
the material property is alowed to
vary with temperature, is presented in
figures from (21) to (26).

Figure (21) shows that the natural
frequency drops appreciably (by
about 18 %) as the temperature
change from (20 °C) to (300 °C) for
axi-symmetrical mode shape. This
ratio is decrease to about (16 %) and
(13 %) for cone angle (55 °) and (75
0) respectively as shown in figures
(22) and (23).

The effect of increasing cone
anglein the case of constant thermal
loading is presented in figures from
(24) to (26).

(50 %) may double the resulting
natural frequency.

The natural frequency of the
system may drops by about (12 %) as
a result of the degeneration of the
material property due to temperature
eevation.
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The cantilever mode shape shows
little effect with temperature than the
axisymmetric mode shape when the
material is thermally pre-stressed.

The transient dynamic stresses
exceeds the design stress by about
(50 %).

At ply orientation 35/-35/35 the
natural frequency lowest by a .factor
(9%) and (22%) for cone angle 550
and 750 respectively.

The transient dynamic stresses
exceeds the design stress by about
(50 %).

At ply orientation 35/-35/35 the
natural frequency lowest by a factor
(9%) and (22%) for cone angle 55°
and 75° respectively.

The higher circumferential wave
number, the more pronounced is the
influence of ply orientation on the
resulting natural frequency.

The ratio of wmax/wmin for cone
angle 350 and different ply
orientation are (6.67 for 0/90/0, 4.44
for 35/-35/35, 3.89 for 55/-55/55 and
3.33 for 75/-75/5-75).

The natural frequency drops
appreciably (by about 18 %) as the
temperature change from (20 °C) to

(300 °C) for axi-symmetrical
maode shape.
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NOTATIONS
Symbols Definition Units
[A] Extensional Stiffness Matrix
[B] Coupling Stiffness Matrix
[Be] Extensional Strain Displacement Matrix
[Bg] Bending Strain Displacement Matrix
[D] Bending Stiffness Matrix
[DC] Transformation Matrix
E Y oung’s Modulus of Elasticity [N/mm?]
E; Y oung's Modulus in 1-axis Direction [N/mm?]
E, Y oung's Modulus in 2-axis Direction [N/mm?]
Gp Shear Modulus in 1-2 Plane [N/mm?]
[K] System Stiffness Matrix
[K] Element Stiffness Matrix
[M] System Mass Matrix
[m] Element Mass Matrix
T(X,2) Temperature Distribution [C
T Temperature at x=-1 [C9
T Temperature at x=+1 [C9
T Thickness of Shell [mm]
V¢ fiber Volume Fraction
uv Auxiliary Variable
Voasnr ' ViaBD
VZ{A,B,D} 1V3{A,B,D} Invariant Transformed Stiffness
Vs
u,v,w Displacement in x,y,z Direction Respectively [mm]
{u} Nodal Displacement Vector
W Displacement Vector [mm]
XY, Z Pressure Componentsin X,y,z Direction [N/mm?]
Y Argument for Thomson’s Function in Conical
Part
{e} Strain Vector
{ec} Elastic Strain
{er} Thermal Strain
z,h Complex Argument
X, Mm Auxiliary Constant
i Partial Derivative
q Fiber Orientation Angle °
f Cone Angle °
r Density [Kg/mm’]
X Intrinsic Coordinate
u Poisson’s Ratio
D Incremental Value
g Shear Strain
j Response Surface Operator
Y weight percent of glass
W Volume Domain
& Meridional Strain
[ Hoop Strain
e Axial Strain
w Natural Frequency [rad/s]
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Table (1) Comparison of Natural Frequency
Zimer — D ANSYS Expermental

Natural Frequency (Hz)
Lobe No. (2)

Natural Frequency (Hz)
Lobe No. (3)

Table (2) Dynamic Conver gence Study
No. of Elements No. of Nodes No. of D.O.F. w (Hz)

Table (3) Variation of Natural Fregquency with L obe No. (Thickness=0.5 mm)

wl w2 w3 wl w2 w3
(Mat. 1) (Mat.1) (Mat.1) (Mat.2) (Mat.2) (Mat.2)

85.05 392.2 556.31 77.11 355.56 504.34

217 14.47 39.75 1.97 13.12 36.04

12.56 1741 29.32 11.38 15.78 26.58

34.17 34.96 37.49 30.98 31.70 33.99

65.40 65.86 66.87 59.29 59.71 60.63

105.78 106.46 107.68 95.90 96.54 97.62
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Table (6) Variation of Modulus of Elasticity and Natural Frequency With
Temperature( Thick.=0.5 mm ,n=0)
Ema.1(MPa) Ema.2(MPa) Wl(Ma%/)(HZ)
210000 175000 80.32
205800 171500 79.51
199000 166250 78.29
189000 157500 76.20
147000 122500 67.20

Table (7) Variation of Modulus of Elasticity and Natur al
Frequency With Temperatur e Thick.=0.5 mm ,n=0)

Table (8) Variation of Modulus of Elasticity and Natur al
Freqguency With Temper ature( Thick.=0.5 mm ,n=1

Table (9) Variation of Modulus of Elasticity and Natur al
Frequency With Temperatur e( Thick.=0.5 mm ,n=2)
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Table (10) Variation of Modulus of Elasticity and Natur al
Frequency With Temperatur e Thick.=0.5 mm ,n=3)

Table (11) Variation of Modulus of Elasticity and Natur al
Frequency With Temperature( Thick.=0.5 mm ,n=4)

Table (12) Variation of Modulus of Elasticity and Natur al
Frequency With Temperatur e Thick.=0.5 mm ,n=5)

Table (13) The Material Properties of the Composite M aterials

Property Material 1 Materia 2 Materia 3

E, (GPa) 36.500 142.000 72000

E, (GPa) 8.5000 10.3000 72000

Gy2 (GPa) 3.1450 7.2000 72000
N> 0.2830 0.2700 0.3

a, (1/°C) 10° 11.000 -0.9000 11.7
a, (1/°C) " 10° 23.000 27.000 11.7
r (Kgmd) 1930.0 1580.0 2700
843
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Table (14) Variation of Natural Freguency with Lobe No. for Material 1
Ply Cone Angle

Angle f =55°

Wy Wo W3
(H2)| (H2) | (H2)

0/90/0

16.49 52.85|100.2

24.69 38.83|60.43

28.79 48.05|73.46

46.37/57.04|75.63

72.51]79.46|92.99

35/-35/35 69.28 85.60|137.9

15.79 70.79(136.8

26.50 41.33|79.29

31.91) 57.40|88.95

52.28 67.10|93.65

81.49 93.05|113.3

55/-55/55 55.09 82.05|152.6

13.0260.88|138.5

24.87/41.31|70.77

38.07]55.96|86.96

67.88 77.83|97.17

107.8 116.0{130.5

75/-75/75

57.43 60.75|230.1

12.44/50.12|108.2

25.13 48.62|63.62

44.68 56.31|78.20

82.46 87.79|99.22

QB IWINFIOOAWINIFIOIOIIAWINIEF OO~ WINIFLO

132.3 136.2|143.9
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Table (15) Variation of Natural Freguency with Lobe No. for Material 2

Ply Cone Angle
Angle f =55°

Wo W3
(H2) | (H2)

0/90/0

93.28|172.3
61.36 | 104.9
82.421129.0
89.51|126.9
116.9] 145.9
169.5| 218.6
141.4 | 247.3
69.91 | 156.2
110.2|141.8
124.5|181.5
167.8|213.0
166.6 | 248.0
104.0| 253.9
69.62|123.1
105.2| 159.6
155.8|189.9
235.3|262.8
111.5]404.7
76.27|173.4
83.15|112.9
106.9|137.0
182.81197.4
289.1|299.8

35/-35/35

55/-55/55

75/-75/75

QB IWINFIOOAWINIFIOIOIIAWINIEF OO~ WINIFLO

Ply Cone Angle
Angle f =55°

W W, Ws
(H2)| (H2) |(H2)
| sotropic 124.0| 141.6 |346.6
29.33| 111.2 |226.4
49.42| 87.77 |1130.0
63.87| 99.90 |153.5
109.9| 128.2 |163.1
174.2| 186.9 |211.3
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Fig. (1) Truncated Conical Shell Element

Fig. (2) Circumferential Wave Patterns'!
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M. pregsung

Fig(3) Pressure Time Curve for Solid Propellant Rocket M otor

E=4.4816" 10" MPa
n=0.3

r=1.69913 10° Kg/mm®
teone=2.64 mm

tey=6.40 mm

All Dimensionsin mm

A L W . T T . W W, W W L

e e

Fig. (4) Conical — Cylindrical Intersection [4]
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100 —

Natural Frequency (Hz)
3
|

N NS 0 2k ® 42 o ] NS N
No. of D.O.F

Figure (5) Natural Frequency Vs. D.O.F. for the sdlected combustion chamber
Combustion Chamber Case

Specification | E(MPa) a u r (Kg/mm?®)
Material (1) D6AC 210000 | 13.32" 10° 0.3 7.9 10°
Material (2) | 18NiMarage300 | 175000 | 10.08 10° 0.3 8.0° 10°

Figure (6) A Real Case of Rocket Combustion Chamber
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Figure(7) Vibration Mode of Rocket Combustion Chamber Case
(W;=87.90 Hz , Lobe No.=0)

Figure(8) Vibration Mode of Rocket Combustion Chamber Case
(Ww2=393.06 Hz , Lobe No.=0)

Figure(9) Vibration Mode of Rocket Combustion Chamber
(w3=556.43 Hz , Lobe No.=0)

Figure(10) Vibration Mode of Rocket Combustion Chamber Case
(Wl=2.17 Hz , Lobe No.=1)

Figure(11) Vibration Mode of Rocket Combustion Chamber Case
(W2=14.47 Hz , Lobe No.=1)

Figure(12) Vibration Mode Rocket Combustion Chamber Case
(W3=39.75 Hz, Lobe No.=1)

849
PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

The Effect of Thermal Loadingson the
Dynamic Behavior of Cylindrical — Conical
I nter section shdl

Temperature (C ) o

o rel o0 5720 20 200 280 2¢° 229
Temperature (C )

Fig.(13) Natural Frequency Vs. Temperature _
Fig.(14) Natural Frequency Vs. Temperature

Axial Disp. (mm)
Axial Disp.(mm)

Time(’ 10%s)

Time(' 10 s)

Figure (15) Displacement History For Rocket Figure (16) Displacement History For Rocket
Combustion Chamber Case (Damping Ratio = 0) Combustion Chamber Case (Damping Ratio = 0.0005)
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Time(" 107 s)

Flgure (18) Displacement H|510ry For Rocket
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Figure (19) Hoop Stress History For Figure (20) Hoop Stress History For
Rocket Combustion Chamber Case Rocket Combustion Chamber Case
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Inter section shell
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Fig.(21) Freguency Vs. Circumferential Wave
No. for Cylindrical — Conica Shell
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Fig.(22) Frequency Vs. Circumferential Wave No.
for Cylindrical — Conical Shell
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Fig.(23) Frequency Vs. Circumferential Wave No.
for Cylindrical — Conical Shell
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Fig.(25) Freguency Vs. Circumferential Wave
No. for Cylindrical — Conica Shell

851

Fig.(24) Freguency Vs. Circumferential Wave
No. for Cylindrical — Conica Shell
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Fig.(26) Freguency Vs. Circumferential Wave
No. for Cylindrical — Conica Shell
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