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SUMMARY

This report contains the detail information for the analytical and the experimental pro-
grams described in the report "Study of Effects of Design Details on Structural Response
to Acoustic Excitation, " NASA CR- 1959 (reference 1) and is intended as a supplement
to that report. Since this report is a supplement the contents of reference 1 are contin-

vously quoted, and the reader must refer to the original text for complete continuity.

INTRODUCTION

The analytical and experimental program described in reference 1 was concerned with
the application of the finite element displacement method for the prediction of dis-
placements and strain distributions for the normal mode vibration of flat stiffened panels.
Panels with stiffeners in one direction (one dimensional panels) and panels with ortho-
gonal stiffening (two-dimensional panels) were considered. Details of the stiffener and
its attachment to the plate were taken into account. - In the case of the one-dimensional
panel, elastic edge conditions on the boundary along the panel width were considered
analytically. The material presented in reference 1 is essentially a summary of the
analytical approach and the experimental results, and this report provides essential

documentation for persons interested in more detailed information.

The stiffness and consistent mass matrix for both the stiffener model and the plate ele-
ment developed in reference 1 is discussed and presented in detail in the appendix.
An outline of the computer programs is presented along with pertinent details of the
analysis. Detailed experimental data from all the specimens described in reference 1

is discussed and presented in tabulated form.



ANALYTICAL PROGRAM -

One aspect of the analytical program described in reference 1 considered the

derivation of a beam element to represent a thin~walled open-section stiffener as is|
usually encountered in aircraft structure. This element was used to model the stiffeners
for the panel configurations under consideration. For the one-dimensional panel con-
figuration, the stiffener warping coordinate was taken to be zero since warping is an

odd function along the stiffener length and is zero at the bonel centerline for the assumed
fundamental mode in the direction of the stiffener (see equations 20a and 20b, reference
1). For the two-dimensional panel analysis the stiffener warping coordinate was taken
equal to the panel twist to insure compatibility of slope between the stiffener element
and the plate element. The two-dimensional panel configuration required consideration
of a coordinate transformation to describe stiffeners parallel to the x-axis and the y-axis,
and since it was necessary to consider rotation of the stiffener about a general point on
the stiffener profile line (the 'attach’ point), it was also necessary to develop trans-
formations for the elastic forces from the shear center to the attach point and for the
inertia forces from the centroid to the attach point (equations 10 through 13, reference
1). All of these transformations have been carried out and are summarized as a com-
posite stiffness and mass matrix for the stiffener element. The adjective 'composite’

is used to denote the use of logic numbers to compute the stiffness or the mass matrix

for a stiffener parallel to the x-axis or the y-axis. The composite stiffness and mass
matrices are presented in Appendix A. The notation and the sign conventions are

as described in reference 1.

The rectangular plate bending element described in reference 1 was based upon the 16
degree-of-freedom plate bending element described by Bogner, Fox, and Schmidt
(reference 2) . The modification introduced in reference 1 was to consider an intemal
mode for the element in the form of clamped-clomped beam functions described by the
coordinate W° (equation 23, ref. 1). The introduction of the coordinate W<> resulted
in the definition of modifying terms for the basic stiffness and mass matrices. These
modifying terms (equations 26 and 27, ref. 1) are presented in Appendix B. The

notation and sign convention are as described in reference 1.

COMPUTER PROGRAMS

The basic computer program flow chart for the one~dimensional panel analysis is pre-

sented in figure 1. The program computes, sequentially, the element properties for a



bay of structure and assembles the element in the free-free stiffness and mass

matrices by application of displacement compatibility and equilibrium conditions

at each element node. The desired elastic supports are assembled in the free-free
stiffness and mass matrices introducing the elastic constraints. If a lumped mass is
desired, the data is introduced as a lumped support with zero stiffness. The stiffness
and mass matrices are non-dimensionalized, and kinematic constraints are applied

at either end of the structure as desired. The kinematic constraint is of the form of

a clamped support at either or both ends of the structure and is realized computa-
tionally by deleting the row-column terms in the stiffness and mass matrices corres-
ponding to the constrained coordinates and appropriately reordering the stiffness and
mass matrices. The eigenvalue problem is formulated and the eigenvalues and eigen-
vectors are obtained using standard routines (reference_ 3) based upon the Jacobi's
method (reference 4). The non-dimensionalizing parameters and the eigenvalues

and corresponding eigenvectors are printed. If mode shapes, shear, and bending
moment distributions are desired, the values are computed, normalized to the maximum
value, and printed. Values for the displacement, shear, and bending moment for
points interior to an element are computed using equations 16, 17, and 18 of

reference 1.

The basic flow chart for the two-dimensional panel computer program is presented in
figure 2. The program computes the system stiffness characteristics, non-dimensionalizes
the matrix, removes the constrained coordinates (clamped-edges), and reassembles the
stiffness matrix. The plate stiffness is computed first and then the rib stiffness is com-
puted. Each element is introduced into the free-free system by applying displacement
compatibility and equilibrium conditions at each grid point. The consistent mass

matrix is assembled identically to the stiffness matrix, the eigenvalue problem is
formuiated, and the eigenvalues and eigenvectors are obtained as previously described.
Figure 3 illustrates the stiffened plate in plan view showing the bay (plate element)
and the rib nomenclature. The plate stiffness and mass matrices are assembled in the
sequence indicated by the plate bay number, and the rib stiffness and mass matrices

are assembled in the sequence indicated by the rib number and rib segment number as
indicated in figure 3. The assembly of the rib and the plate elements at the inter-
section of two orthogonal ribs is illustrated in figure 4. The positive coordinate
directions are as indicated. Computer program listings, flow charts, and descriptions
for the one-dimensional and two-dimensional panel arrays are presented in Appendix C.

The necessary information for data input and program output is presented in Appendix D.



EXPERIMENTAL DATA

One of the objectives of the program described in reference 1 was to provide data
for comparison with the analytical results. The technique used to determine mode
shapes and strain distributions is described in reference 1. Comparison of theory
and experiment is given in reference 1 for frequencies, mode shapes, and strain

(bending moment) distribution (in the case of one-dimensional panels).

Each specimen was mounted in the test frame and cork particles were sprinkled on the
specimen. The specimen was excited by discrete frequency sinusoidal excitation using
a specially designed speaker enclosure as described in reference 1. Frequency sweeps
were conducted for four speaker phase conditions (ref. 1). The predominant modes as
indicated by the Chladni patterns formed by the cork particles were photographed.
These pattems, for the indicated specimen, frequency, and speaker phase condition,

are presented in Appendix E.

For the one~-dimensional panel specimens, mode shapes were determined using two (2)
accelerometers. One accelerometer was fixed in position for a reference value and
the other accelerometer was stepped in position along the centerline of the panel.

At each position of the stepped accelerometer, amplitude and phase of both accelero-
meters (as observed on an oscilloscope) was recorded. The accelerometer positions

for the one-dimensional specimens is given in figure 5. The accelerometers were
calibrated to give identical output for a given input, but no attempt was made to
force an absolute output since only relative acceleration (displacement) was desired.
Data reduction was accomplished by determining the accelerometer output in millivolts
for both accelerometers, dividing the value at a position by the reference value for
the positions, and then normalizing the set of data to the largest value of the ratio
(not necessarily the reference position). The normalized acceleration data (mode
shape) for the specimen, the indicated position (figure 5), frequency, and speaker
phase conditions are tabulated in Tables 1 through 8. A minus sign as a value indicates
a 180° phase shift with respect to the reference value and an asterisk denotes a 90°
phase shift. To compare the normalized experimental values with the computed
normalized mode shapes, the ratio of the experimental value and the computed value
at a point on the structure was determined, all experimental values for the mode

were multiplied by this ratio, and the data plotted. The plotted data comparison

for the one~dimensional panel specimens is given in figbres 22 through 38 of reference
1.



Strain measurements in the direction of the panel length (perpendicular to the ribs)
was accomplished by placing fifteen strain gages along the panel as indicated in
figure 5. Detailed location of the strain gages is indicated in figure 18 of ref-
erence 1. Data reduction for the strain measurements was accomplished as described
for the acceleration data. The strain gage system was calibrated so that one millivolt
of output corresponded to 417 microinches per inch of strain. Strain gage output in
millivolts and phase with the indicated reference is tabulated in Tables 9 through 16.
for the indicated specimen, strain gage, frequency, and speaker phase condition.
The plotted comparison between the experimental and calculated values for strain

are given in figures 22 through 38 of reference 1.

As described in reference 1, experimental determination of mode shapes for the two-
dimensional panel specimens was more difficult than for the one-dimensional specimens.
A detailed experimental mode investigation was possible only for the machined panel
specimen. For specimens SP I1-1and SP 11-2, only the basic phase relationship
between adjacent panel bays could be determined. Acceleration measurements for

the machined panel specimen were taken at the locations illustrated in figure 6.
Tabulated values for accelerometer output in millivolts with phase relative to the
reference are given in Table 17 for the indicated position, frequency, and.
speaker phase condition. For the machined panel specimen the strain gage locations
are indicated in figure 7 with the exact location indicated by the (x, y) coordinate

position given in Table 18.

For specimens SP I1-1 and SP 11-2 the tabulated values for acceleration in millivolts
for the center of each panel bay is given in Table 19. Strain gage location

and nomenc lature for specimens SP 11 -1 and SP [1-2 are given in figures 8 and 9,
respectively, with the exact location tabulated. Strain measurements for the indi-
cated specimen, frequency, and speaker phase condition are given in Tables 20
through 22. The strain gage calibration was such that417 microinches per inch equaled

one millivolt of strain gage output.

Damping was measured for selected strain gages by determining the logarithmic
decrement from the photograph of the decaying strain signal (ref. 5). The specimen
was excited in a given mode with the selected strain gage signal displayed on an
oscilloscope. The excitation was suddenly stopped and the decaying strain signal
photographed with a camera mounted on the oscilloscope. The logarithmic decre-
ment and the damping ratio were determined from the photograph. For the indicated
specimen, strain gage, and frequency, values of the damping ratio (percent of

critical damping) are given in Table 23.
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TABLE 1

NORMALIZED ACCELERATION (DISPLACEMENT) MEASUREMENTS:
ONE-DIMENSIONAL PANELS

SPi-1

Panel
Frequency
Speaker Cond.

Position 1

NV 0N o0 0 WLWwN

—
-_ O

12
13
14

Position 15

*90° Phase shift to reference

SPI-1

82 Hz

A

0.75
0.25

.05

.10

0.25
0.75
0.25

.10
.10

.00

SPI-1

106 Hz

- O O O O O © © © O O )y

o O O O

.70

.95

.61

.00

.94

119 Hz

©o O O O

o O

o O O O O O o

A

.20*
.25*
.15*
.40
.00
.43
.63
.00

.42
.90
.35
.45
.50

SPI-1

126 Hz

o O O O O O O O o o

.24
.00
.10*
L19*
.27
.29*
.35*
.81
.35
)
.50

SPI-1
108 Hz

A

0.25
1.00
0.55
0.20
0.21*
0.25
0.65
1.00
0.35

SP1-1

127 Hz

B

-0.18
-1.00
-0.40
-0.30
-0.17
-0.15
-0.20

0.43
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TABLE 2

NORMALIZED ACCELERATION (DISPLACEMENT) MEASUREMENTS:

ONE-DIMENSIONAL PANELS

SPI-2-1 SP1-2-1 SPI-2-1 SPI-2-1 SPI-2-1 SPI-2-]

SPI-2-]

Panel

92 Hz 103Hz 113Hz 120Hz 91 Hz 109 Hz

88 Hz

Frequency

A

Speaker Cond.

Position

ooooooooo

Position 31

*90° Phase shift to reference.
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TABLE 3

NORMALIZED ACCELERATION (DISPLACEMENT) MEASUREMENTS:

ONE-DIMENSIONAL PANELS

SP{-2-1D SPI-2-1D SPI1-2-1D SPI-2-1D SPi-2-1D SPI-2-1D SPI-2-1D

Panel

80 Hz 88 Hz - 111Hz 128Hz 94 H: 108 Hz 134 Hz

Frequency

Speaker
Cond.

Position

< 0 O~ —/ DN O MO — O QWO WO 0N
O OO

-0.01
-0.09
-0.09
-0.08
-0.01
-0.06
-0.14
-0.33
-0.40
-0.35
-0.16
-0.08

0.06

0.13

0.18

0.06

0.06
-0.06
-0.20
-0.62
-0.98
-0.62
-0.20
-0.09
-0.02
-0.47
-0.59
-0.59
-0.16
-0.02

Position 31

*90° Phase shift to reference.
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TABLE 4

NORMALIZED ACCELERATION (DISPLACEMENT) MEASUREMENTS: -

ONE-DIMENSIONAL PANELS

SP1-2-2  SPI-2-2  SPi-2-2  SPI-2-2 SPI-2-2

SP1-2-2

Panel

67 Hz

51 Hz

68 Hz

61 Hz

57 Hz

Frequency

61 Hz

Speaker Cond.

Position

. - . .

Position 31

*90° Phase shift to reference.

22



TABLE 5

NORMALIZED ACCELERATION (DISPLACEMENT) MEASUREMENTS:

Panel
Frequency
Speaker Cond.

Position 1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Position 31

*90° Phase shift to reference.

I A N I I | 111
OOOOOOOOOOOOOOO--—-OOOOOOC'DCIDOOOOOO

SPi-2-2D

55 Hz

A

097
.14
19
19
.13
077
.13
19
.25
.23
.15
06T
.32
.50
.00
.00
.63
.45
.25
AT
JAS5T
20T
237
20T
0T
06T
Jd0T
JA3T
JA3T
0T
06T

ONE-DIMENSIONAL PANELS

SPI-2-2D SP1-2-2D
59 Hz 68 Hz
C D
0 0.05
0 0.20
0 0.35
0 0.36
0 0.16
0 0.06
-0.2] -0.14
-0.29 -0.36
-0.35 -0.40
-0.29 -0.36
-0.23 -0.20
0 -0.06
0.38 0.22
0.44 0.89
0.50. 1.00
1.00 1.00
0.50 1.00
0.38 0.70
0.21 0.22
0.12 -0.14
-0.18 -0.28
-0.29 -0.60
-0.29 -0.80
-0.29 -0.70
-0.15 -0.24
0 -0.10
0.12 0.10
0.12 0.20
0.12 0.20
0 0.10
0 0.04

T response at twice frequency of reference.

SPI-2-2D
96 Hz
B

0.04

0.14

16*

SP1-2-2D

64 Hz

23



TABLE 6

NORMALIZED ACCELERATION (DISPLACEMENT) MEASUREMENTS:
ONE-DIMENSIONAL PANELS

Panel SP{-3-1 SPI-3-1 SPI-3-1 SPI-3-1 SPI-3-1 SPI-3-2 SP|-3-2
Frequency 80 Hz 88 Hz 107Hz 117Hz 101 Hz 62 Hz 68 Hz
Speaker Cond. - A B A B A A A
Position 1 0.00 - - - - - -
2 0.10 - - - - - -
3 0.20 - - - - - -
4 0.30 0.60 1.00 0.77 - 0.00 -
5 0.38 - = - - - -
6 0.20 - - - - - -
7 0.00 - - - - - -
8 -0.40 - - - - - -
9 -0.83 - - - - 0.20 0.00
10 -1.00 -0.60 0.28 0.42 0.40 - -
11 -0.80 - - - - - 0.00
12 -0.35 - - - - - -
13 -0.06 - - - - .- 0.25
14 0.10 - - - - - -
15 0.30 - .- - - - -
16 0.39 -0.15 -0.18 0.00 1.00 1.00 1.00
17 0.24 - .- - - - -
18 0.12 - - - - - -
19 -0.15 - - - - - 0.20
20 -0.40 - - - - - -
21 -0.70 - - - - - 0.00
22 - -0.80 1.00 0.30 0.50 0.28 - -
23 -0.68 - - - - 0.58 0.00
24 -0.40 - - - - - -
25 -0.03 - - - - - -
26 0.00 - - - - - -
27 0.10 - - - - - -
28 0.18 -0.32 0.82 1.00 - 0.00 -
29 0.10 - - - - - -
30 0.00 - ' - - - - -
Position 31 0.00 ~ - - - - -



TABLE 7

NORMALIZED ACCELERATION (DISPLACEMENT) MEASUREMENTS:
ONE-DIMENSIONAL PANELS

Panel SP1-3-1D SPI-3-1D SP1-3-1D SPI-3-1D SPI-3-1D SPI—3‘-1D SPI-3-1D

Frequency 105Hz 105Hz ~ 109Hz 127Hz 134Hz 106Hz 139H:z

Speaker ' ' :
Cond. A D B A B A B
Position 1 0.09 0.15 0.01. 0.13 0.12 - -
2 0.15 0.18 0.08 0.36 0.61 - -
3 0.56T 0.28 0.20 0.31 0.81 - -
4 0.20T 0.25 0.35 0.27 0.91 - -
5 0.22T 0.23 0.27 0.30 0.76 - -
6 0.257 0.20 0.15 0.36 0.44 - -
7 0.35T7 0.43 -0.04 0.16 0.30 0.26 0.09
8 0.74 0.75 -0.30 0.26 . 0.44 0.63 0.25
9 0.87 1.00 1.00 0.36 0.36 1.00 0.62
10 0.94 1.00 0.59 0.38 0.96 1.00 0.50
11 1.00 1.00 0.63 0.38 0.96 1.00 0.49
12 0.81 0.85 -0.43 0.31] 0.57 0.69 0.35
13  0.56 0.55 -0.07 0.27 0.52 0.47 0.12
14 0.22  0.30 0.71 -0.36 -0.09 0.40 0.08
15 0.17 7 0.15 0.25 -0.24 -0.21 0.60 0.09
16 0.17 7 0.15 0.25 -0.24 - -0.18 0.74 0.12
17 0177 0.15 0.25 -0.24 -0.12 0.60 0.13
18 0.22 0.25 0.1 -0.36 -0.12 0.33 0.08
19 0.47 0.55 -0.10 0.50 -0.27 0.33 -0.21
20 0.70 0.70 -0.33 0.37 -0.51 0.20 -0.44
21 0.88 0.80 - 0.67 -0.91 0.74 -0.80
22 0.92 0.75 - 0.74 -1.00 0.87 -1.00
23 0.87 0.80 0.20 0.61 -0.88 0.67 -0.78
24 0.67 0.75 0.11 0.49 -0.52 0.33 -0.35
25 0.15 0.20 0.20 0.25 -0.43 - -
27 0.10T 0.20 0.32 1.00 -0.64 - -
28 0.10T 0.25 - 0.38 0.30 -0.76 - -
29 0.10°7 0.25 0.28 0.43 -0.67 - -
30 0.10T 0.25 0.13 0.25 -0.55 - -
Position 31 0.10 0.15 0.03 0.10*° -0.15 - -

T response at twice frequency of reference.



TABLE 8

NORMALIZED ACCELERATION (DISPLACEMENT) MEASUREMENTS:
ONE-DIMENSIONAL PANELS

Panel SP1-3-2D SP1-3-2D SP1-3-2D SPI1-3-2D SP1-3-2D
Frequency 63 Hz - 74 Hz 107 Hz 65 Hz 71 Hz
Speaker Cond. -~ A A B _ A D
Position 1 0.13T7 0.10T -0.08 - -
2 0.10T 0.16T -0.39 .- -
3 0.10T 0.16T -0.69 - -
4 0.10T 0.10T -0.54 - : -
5 0.15T7 -0.13 -0.23 - -
6 0.45T7 -0.31 0.19 . - -
7 0.50 * -0.57 0.50 0.07 . 0.19T
8 - 1.00 -0.72 0.85 0.077 -0.38
9 0.75 -0.61 1.00 0.10T -0.50
10 0.75 -0.36 1.00 -0.10 -0.50
1 0.35 -0.14 ~ 0.42 -0.10 -0.30
12 0.12 0.30 0.23 0.07 0.097
13 -0.10 0.68 0.31* 0.25 0.33
14 -0.20 0.85 0.39 * 0.72 0.67
15 - -0.25 1.00 0.39* 1.00 0.50
16 -0.25 1.00 0.62 1.00 - 1.00
17 -0.30 0.82 0.58 1.00 0.50
18 -0.22 0.33 0.39 0.80 0.40
19 0.127 0.27 0.27 0.42 0.25
20 - 0.13 -0.10 - 0.31 0.17 0.08T
21 0.36 -0.31 0.39* -0.17 -0.29
22 0.55 -0.63 - 0.58* -0.33 -0.50
23 0.63 -0.63 0.69 * -0.33 -0.63
24 0.55 -0.56 0.69 . =0.25 -0.48
25 0.30 -0.31 0.39 * 0.127 -0.25
26 0.13 -0.10 0.08 * - -
27 0.05T -0.06 0.12* - -
28 0.08 -0.08 0.23 * - -
29 0.10 -0.10 0.31* - -
30 0.08 0.06 0.15* - -
Position 31 0.03 0.06 0- - -

*90° Phase shift to reference.

T response at twice frequency of reference.



Configuration
Frequency, Hz

Strain Gage 1

10
1
12
13
, 14
Strain Gage 15

4 €, 1 in/in

2
3
4
5 .
6
7
8
9

TABLE 9

NORMALIZED HALF AMPLITUDE STRAIN DISTRIBUTION

5 Bay
82

0.00
1.00
-0.87
-0.93
0.00
-0.80
~0.67
0.67
-0.67
-0.80
0.00
-0.67
-0.67

0.67

0.60

63

5 Bay
106

0.00

0.26
~0.40
-0.40

0.40
-0.58
-0.45
~0.40
-0.32
~0.32
-0.84
-0.47
~0.40

1.00
-0.13

158

5 Bay
119
0.00
-0.50
0.61
0.56
0.28*
0.84
0.56
-1.00
0.70
0.70

-0.42

0.20
0.20
-0.28
0.00

- 150

*90° Phase shift to reference.

5 Bay

126

0.00
0.40
-1.00
-0.73
0.73
-0.77
-0.77
0.25
0.50
0.40
-1.00
0.94
0.94
-0.67
0.117

250

T response at twice reference frequency.

€ = NORMALIZING STRAIN, uin/in
‘ SPECIMEN SPI-1

3 Bay

108

-0.56
1.00
-0.83
-0.83
0.00
-0.56
-0.67
0.95
-0.67

3 Bay

115

-0.43

0.60
-0.50
-0.50
-1.00
-0.63

- -0.68

0.50
-0.38

3 Bay

127

-0.20
0.38
-0.60
-0.56
0.40
0.56
0.46
-1.00
0.60

27



28

Configuration

Frequency, Hz

Strain Gage

1
2
3
4
5.
6
7
8
9

10

Strain Gage

€, Win/in

11
12
13
14
15

TABLE 10

NORMALIZED HALF AMPLITUDE STRAIN DISTRIBUTION

€ = NORMALIZING STRAIN, u in/in
SPECIMEN SPI-2-1

5Bay 5Bay 5 Bay 5 Bay 5 Bay

88 92 103 13 120
0.00 0.00 0.00 0.00  0.00
0.80  0.28 -0.40  1.00*  0.70
-0.27 -1.00 0.45 -0.89 -1.00
0.13 -0.83 0.30 -0.72  -1.00

-1.00  1.00 1.00 0.54 0.60
-0.27 -0.95 -0.70  0.79  -0.80
-0.27 -0.83 -0.63 -0.54  -0.80

1.00 0.27 0.00 0.79 0.25
-0.40 -0.45  0.18  -0.64 0.20

-0.40 -0.56 0.20 -0.64 0.35

-0.40  0.25 -0.40 0.47  -0.75

-0.27  -0.89 0.15 -0.54 1.00
-0.27 -0.56 -0.20 -0.47 0.75
0.54 0.55  0.60 0.82 -0.75
0.00 0.00 0.00 0.00 0.00
312 75 83 nz 83

*90° Phase shift to reference.

3 Bay

N

0.54
-0.54
~0.77
-0.77

0.77
-0.93
~1.00

-0.77

0.62

3 Bay

109

-0.36

-0.29
-0.29

0.36
-0.72
-1.00

0.89
-0.72



TABLE 11

NORMALIZED HALF AMPLITUDE STRAIN DISTRIBUTION
€ = NORMALIZING STRAIN, u in/in
SPECIMEN SPI-2-1D

Configuration 5 Bay

Frequency, Hz 80

Strain Gage

1 -0.32
2 0.8
3 -0.60
4  -0.52
5  0.40
6 -0.32
7 -0.28
8

9

- 10 -0.60

Strain Gage

€, Win/in

11 1.00
12 -0.60
13 -0.56

14 0.28"

15 0.28

105

5 Bay
88

0.00
0.73
0.00
0.00

-1.00
0.33
0.33T
0.67

-0.67

-0.67
0.87
0.33
0.47

-0.80
0.47

125

5 Bay

m

0.33

~0.67
-0.33
-0.33

0.33
-0.60
-0.74

1.00
-0.60
-0.47

0.40
-0.40
-0.47
-0.67

0.27

312

*90° Phase shift to reference.

5 Bay

128

0.00
0.55
-0.55
-0.55
0.91
-0.46
-0.46
0.00
0.55
0.55
-1.00
0.82
0.82
-0.73
0.00

92

T Response at twice reference frequency.

3 Bay

94

0.50
-0.57
0.33
0.33
0.50*
0.33

0.67

-1.00
0.83

3 Bay

108

-0.56

0.63
-0.63
-0.63

1.00
-0.63
-0.63

0.31

-0.38

3 Bay

134

0.84
-1.00
0.67
0.56
0.56
-0.45
-0.67
1.00

- -0.56

75

29



TABLE 12

NORMALIZED HALF AMPLITUDE STRAIN DISTRIBUTION
€ = NORMALIZING STRAIN, u in/in

SPECIMEN SP1-2-2

Configuration 5 Bay 5 Bay 5 Bay 3 Bay 3 Bay 3 Bay
Frequency, Hz 57 61 68 61 51 67
Strain Gage 1 0.13 0,27 0.0 - - -
2 0.20 0.31 0.17 - - -
3 0.16 0.31 0.27 - - -
4 0.27 0.0 037 070 033  0.85
5 -0.55 -0.69 -0.50 -0.80 . -0.33 ~1.0
6 -0.36 -0.19 0.17 -0.30 -0.40 0.50
7 -0.65  -0.54  -0.20  -0.50  -0.80  -0.25
8  1.00 1.00 1.00 1.0 1.00 1.00
9 -0.69 -0.58 -0.27 -0.60 -0.83 -0.35
10 -0.44 -0.27 0.17 0.25*  -0.47 0.40
1 -0.44  -0.54 = -0.37 -0.65 -0.33 -0.75
12 0.25 0.35 0.27 0.60 0.40  0.75
13 0.18 0.35 0.20 - - -
14 0.20 0.23 0.13 - - -
Strain Gage 15 -0.09 0.15 0.0 - - -
€, win/in 230 108 125 83 125 167

*90° Phase shift to reference.



Configuration

NORMALIZED HALF AMPLITUDE STRAIN DISTRIBUTION

Frequency, Hz

Strain Gage

Strain Gage

€, 1in/in

1

VO N AW N

- —
-_— 0

12
13
14
15

TABLE 13

€ = NORMALIZING STRAIN, u in/in

5 Bay

55

0.5
0.7

-0.5

-0.5
0.7
-0.5
-0.5
1.0
0.6
-0.8
1.0
-0.5
-0.5
0.0
0.0

45

SPECIMEN SPI-2-2-D

5 Bay
68

0.0
0.0
0.0
0.0
-0.83
-1.0
-1.0
1.0
-0.83
-0.83
-0.83
0.0
0.0
0.0
0.0

25

5 Bay

96

0.0

0.0
0.40
0.55
-0.75
0.40
0.40
0.50
-0.75

-0.75

1.00
-0.75
-0.50

0.0

0.0

83

3 Bay

0.0
-0.6
-1.0
-1.0 -
-0.8
~1.0
-1.0
-1.0
0.5

42

31



TABLE 14 _
 NORMALIZED HALF AMPLITUDE STRAIN DISTRIBUTION
€ = NORMALIZING STRAIN, u in/in
SPECIMEN SPI-3-1 '
Configuration 5 Bay 5Bay 5 Bay 5 Bay 5Bay 3 Bay 3 Bay
Frequency, Hz 80 88 92-93° . 107 17 90 101

Strain Gage 1 0.13 0.0 -0.38 -0.25 -0.19 - -
0.3¢* 0.35 0.94 1.00 0.75 - -

2
3 0.3 0.0 -1.00 -0.45 -0.93 - -
4 -0.39 0.25 -0.94 -0.42 -0.93 -0.83 -0.72
5 0.71 -0.75 0.56 0.50 1.00 1.00  1.00
6 0.21* 0.50 -0.31 0.33 -0.55 -0.63 -0.43
7 0.27% 0.40 -0.31 0.5 -0.44 -0.21  0.43
8 -0.71  0.50 0.0 -1.00 0.15 -0.42 -0.86
9  0.21* -0.75 -0.47 0.67 0.37 0.0 0.50
10 -0.64 -1.00 -0.63 0.50 0.37 -0.42 -0.36
1M 1.00 1.0 1.00 0.33 -0.74 1.00  0.79
12 -0.50 -0.50 -0.78 -0.67  0.74 -0.63 -0.64
13 0.27* 0.75 -0.78 -0.67 0.74 - -
14 -0.72° -1.00 0.47 0.83 -0.55 - -

Strain Gage 15 0.30  0.50 0.0 0.0 0.0 - -

%, win/in 232 83 133 250 225 100 290

*90° Phase shift to reference.



TABLE 15

NORMALIZED HALF AMPLITUDE STRAIN DISTRIBUTION
€ = NORMALIZING STRAIN, u in/in
SPECIMEN S$P1-3-2

Configuration 5 Bay 5 Bay 3 Bay 3 Bay 3 Boy
Frequency, Hz 54 62 62 68 101
Strain Goge 1 6.0 0.0 - - -
2 0.0 0.0 - - -
3 0.0 0.0 - - -
4 0.0 0.13 0.0 0.18 0.61
5 0.0 -0.50 0.0 -0.21 -0.89
6 -0.62 -0.30 -0.42 -0.36 0.33
7 -1.00 -0.85 -0.84 -0.89 -0.89
8 1.00 0.85 1.00° 1.00 1.00
9 -0.93 -0.50 -0.88 -0.89 ~1.00
10 -0.54 -0.40 -0.50 -0.36 0.28
11 0.0 -1.00 -0.21 -0.27 - -0.56
12 0.0 0.50 0.0 0.18 0.45
13 0.0 0.65 - - -
14 0.0 0.30 - - -
Strain Gage 15 0.0 0.0 - - -
€, uin/in 54 167 100 233 75

33
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TABLE 16

NORMALIZED HALF AMPLITUDE STRAIN DISTRIBUTION

€ = NORMALIZING STRAIN, u in/in
" SPECIMENS SPI-3-1D AND SPI-3-2D

SPI-3-1D

Configuration 5Bay 5Bay 5Bay 5 Bay
Frequency, Hz 105 s 127 74

Strain Gage 1  0.18* 0.17* 0.25  0.33

' 2 0.42 0.83 -0.63 -0.47

3 -0.58 -0.63  0.42* -0.40

4 -0.79 -1.00  0.42* -0.67

5 .1.00 0.83 0.42 - 1.00

6 -0.66 -0.42 -0.63  0.67

7 -0.53 -0.33 -0.63 0.53

8 0.50 -0.17 1.00 -1.00

9 -0.58 -0.63 -0.84  0.53

10 -0.63 0.58 -0.75  0.67

1 079 -0.75  0.57  0.87

12 -0.66 0.83 -0.50 -0.80

13 -0.53  0.79 0.4 -0.67

14 0.58 -0.63 -0.75 -0.47

Strain Gage 15 -0.36  0.33  0.42  0.47*
€, win/in 158 200 100 63

*90° Phase shift to reférence.

. T Response at twice frequency of reference.

SP1-3-2D
5 Bay 3 Bay
107 65
-0.60 -
-0.80  0.50
0.67 -0.25
-0.87  -0.90
-0.67 0.0
0.67  1.00
-0.67 -0.65
-0.80  -0.90
1.00  0.40
-0.53 0.0
-0.47 -
-0.80 -
0.40 -
63 83

3 Bay

71

0.50
~1.00
1.00T
0.60
0.90
-0.50
-0.50
0.40T
0.40

83



TABLE 17

NORMALIZED ACCELERATION (DISPLACEMENT) MEASUREMENTS
NINE-BAY MACHINED PANEL SPECIMEN
(See Figure 6)

Frequency, Hz 88
- Position 1 0.008
2 0.005
"3 0.015
4 0.028
5 0.045
) 0.055
7 0.070
8 0.088
9 0.125
10 0.163
1n 0.188
12 0.219
13 0.263
14 0.288
15 0.300
16 0.300
17 0.275
18 0.238
19 0.200
20 0.163
2] 0.125
22 0.100
23 0.075
24 0.063
25 - 0.050
26 0.025
27 0.013
28 0.005
Position 29 0.008

COO0OO0DO0O O OO OODOODOOOODOODO0ODOCOOOCOO0O

94

0.004
0.006

0.020

.038
.064
.150
.180
.200
.170
.280
310
.270
.370
.410
.420
.420
.390
.360
.320
.270
.230
.170
120
.092
.068
.040
0.024
0.008
0,004

*90° Phase shift to reference.

148

.014
.030
.052
.074
.100
.104
11
AN
.100
.100
.082
.067
.044
.022*
-0.030
-0.044
-0.044
-0.044
-0.041
-0.032
-0.044
-0.026
-0.024
-0.022
-0.020
-0.018
-0.013
~ =0.007

QOO OO0 OO0OOO0OODOODOOO0O

175

o
o
N
o

.050
.067
.100
133
.150
.150
.133
217
.183

.250
.233
333
.383
433
.433
.433
.433
.399
367
2367
317
.283
.233
.158
.108
0.049
0.037

COO0OOOC OO OO0DO0OO0DO0OOO0OO0ODO0CDO0ODO0CODOCOO0OO0ODOOO0OCO

217

>NeooNoNoNoNoNeNeoNoNeNoNoNoNoNoNoNoNoNeoleNoNoNoNoNeNe)
[§,]
0
w

35



36

Frequency, Hz

. Position 30
31
32
33
34
35
36
37
38
39
40
41

42
43
44
45

46
47
48
- 49
50
51
52
53
54
55
56
. 57
Position 58

TABLE 17

(CONTINUED)

.600
.740
.860
.000
.900
.900
.780
.560
.300
.260
.200
.200
.200
160
.100
0.080
0.080*
0.020*

(=N eNoNoNoNoNoNoNoNeNo _NolNoNoNoNeNoeNoNloNoNoNoNoNoel

*90° Phase shift to reference.

[eNeNoNoNoNoNoNeoNoNoloNeo]

148

0.011
.556
.815
.593

.815
704
.269
133
.222
315
.296
.052*
-0.185
-0.241
-0.370
-0.704
-1.000
-0.324

-0.185

-0.048
0.030
0.048
0.048
0.052

. 0.052

0.052
0.059
0.044

593

[ N 1111 1 [y !
ooooooooo—-oooooooooooooc’:ooéo

175

0.
.108
.108
.733
733
.750
517
.383
.267
SI17*
.800:
.450
.450
617
.750
.750*
.300
.500
.708
.000
917
.583
.250
.083*
.100
217
.333
.333
125

167

: | N L | 1 10 1 1
(=NeNeoNoNoNoNoNoNoRB NolloNeNeNoNoNoNoNoNoNeoNoNoNe

188

.092
.278
.130
.074
.093*
.148
.315
.482
.482
.556
.407
.259
.148
.667
.000
.482
.259
.185*
.482
.704
.482
.556
.519
.250
0.093
-0.185
-0.463
-0.648
-0.222



Frequency, Hz

- Position 59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

Position 87

cNoNoloeNoNoNoloNoRoNeRoNoNoRoloNoloNeRoN o)

88

0.010
.005
.008
.023
.033
.050
.065
.088
125
163
.200
.238
.275
.300
313
.300
.275
.250
.188
.163
.125
.100
0.075
0.063

- 0.050

0.025
0.013
0.005
0.008

[eNeNoNoleNoNoNoNoloNeNeNoNololeoloNooNoNeNoNoNoNelNoNoeNo o

TABLE 17

(CONTINUED)

94

.004
.006
.018
.040
.060
.100
140
.180
.200
.300
.340
.380
.430
.440
.460
.460
.420
.400
.350
.300
.220
.180
120
.086
.064
.040
.020
.008
.004

148

0.013
-0.037
.059
.085
.104
119
.126
.133
133
133
.133
126
.096
.082
.044
.022
-0.030
-0.030

[« NeoNoNoNeoNoNoNoNololeNoNoNe)

-0.030 -

-0.028
-0.037
-0.026
-0.022
-0.022
-0.020

-0.016

-0.011

-0.007

175

0.
067
.083
.100
.133
167
67
.150
.250
.200
217
.225
.225
.225
.267
.283
.299
317
.333
.333
267
367
.333
317
.300
.200
.138
.071
.042

0
0

CO OO0 OO OO OOCOOO0ODO0OOOCOO0OO0OO0OODOOCOO0

021

188

[eNoNeoNoNoNoloNoNoNoeNoloNololoNoNoNoNeNololoRoloNloNolloNoNo]

.028
.074
11
.185
.241
.296
.333
.370

R
I~

.482
519
519
574
.61
.630
.630
.630
.593
574
.555
463
444
.407
.370
.333
.250
120
A1
.046

37



TABLE 17
(CONTINUED)

Frequency, Hz 88 94 148 175
Position 88 0.003 - 0.014 0.007 -0.033
89 0.013 0.038 0.019 0.054
90 0.045 0.080 0.032 0.071
9 0.063 0.110 0.048 0.104
92 0.088 0.140 0.061 0.150
93 0.108 0.180 0.089 0.200
9 0.125 0.190 0.100 0.217
94 0.138 0.200 0.119 0.250
95 0.145 0.220 0.122 0.267
38 0.150 0.220 0.133 0.267
96 0.150 0.220 0.141 0.267
97 0.150 0.200 0.141 0.250
67 0.125 0.200 0.133 0.250
98 0.100 . 0.190 0.1 0.200
99 0.095 0.150 0.104 0.183
100 0.063 0.110 0.082 0.150
101 0.1575 0.070 0.048 0.100
102 0.025 0.036 0.032 0.058
103 0.003 0.016 0.017 0.042
104 0.069 0.112* -0.082 -0.050
105 0.250 0.030 -0.163 - -0.200
106 0.438 0.480 -0.178 -0.250
107 0.500 0.560 -0.178 -0.283
108 0.425 0.500 -0.148 0.217*
109 . 0.313 0.380 -0.089 0.200
15 0.300 0.420 -0.030 0.433
110 0.500 0.520 -0.010 -0.383
111 1.000 0.780 -0.222 -0.667
44 1.000 1.000 -0.241 -0.750
112 0.925 0.780 -0.222 -0.683
113 0.500 0.520 -0.089 -0.150
73 0.625 0.460 0.044 0.283
114 0.375 0.400 0.704 0.400
115 0.50 0.520 0.370 0.217
116 0.625 0.620 0.444 0.133*
117 0.525 0.520 0.444 0.167*
118 0.325 0.520 0.741 -0.167
Position 119 0.125 0.100 0.185 0.042*

*90° Phase shift to reference.

rRQLN Do
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O A~ OOO

TN
o 0 O
R R O

[eNeoNeoNoNoNoNoNoNoNoNoNoNoeNeNoNeNeNo



Frequency, Hz

Position 120
121

122

123

124

125

2]

126

127

50

128

129

79

130

131

132

133

134
Position 135

88

0.003
0.013
0.045
0.063
0.088
.108
125
.138
.145
.158
.158
.150
125
.108
0.083
0.063
0.045
0.025
0.003

COO0OO0OOCOO0OC0

TABLE 17
(CONTINUED)

94

0.016
0.042
0.080
.120
.160
.190
.230
.250
.260
.260
.260
.250
.220
.200
160
.130
.090
0.048
0.020

eNeoNeNeoNolNoNeoNaNeNeNalNeNo o

*00° Phase shift to reference.

148

-0.007
-0.009
-0.015
-0.022
-0.011
-0.037
-0.044
-0.044
-0.044
-0.048
-0.044
-0.037
-0.037

- =-0.030

-0.026
~-0.015
~-0.013
-0.005
-0.007

175

0.
.104
129
.183
.275
.308
317
.333
.350
367
.350
267
.267
.183*
67
J17*
.100
.067
.042

cNoNoNoNoReoNeNoNeNoNeNoNoloNoNoloNo

050

39



40

SG

X1
X2
X3
X4

- X5
X6

X7
X8
X9
X10

SG

X1
X2
X3
X4
X5
Xé
X7
X8
X9

SG

X1

X2
X3
X4
X5
Xé
X7
X8
X9

TABLE 18

STRAIN GAGE LOCATIONS
NINE-BAY PANEL SPECIMENS

Machines Panel Specimen
(See Figure 7)

(x,y) SG
( 3.25,18.0) Y1
( 6.40,18.0) Y2
( 9.75,18.0) Y3
(10.25,18.0) Y4
(13.00,18.0) Y5
(14.25,18.0) Yé
(15.75,18.0) Y7
(16.25,18.0) Y8
(19.60,18.0)

(22.80,18.0)

SPI1-1
(See Figure 8)

(x,y) SG

( 6.0 ,18.5) : Y1
( 8.0 ,18.5) Y2
( 9.0 ,18.5) Y3
(10.75,18.5) Y4
(13.5 ,18.5) Y5
(15.75,18.5) Yé
(18.0 ,18.5) Y7
(19.0 ,18.5) Y8
(21.0 ,18.5) Y9

SPII-2
(See Figure 9)

(x,y) SG
6.7 ,18.5) Y1
8.2 ,18.5) Y2
9.7 ,18.5) Y3
10.7 ,18.5) Y4
(13.5 ,18.5) Y5
(16.3 ,18.5) Y6
(17.2 ,18.5) Y7
(18.6 ,18.5) Y8
(20.1 ,18.5) Y9

(x,y)

(13.0,12.35)
(13.0,16.25)
(13.0,18.3)
(13.0,19.85)
(13.0,21.85)
(13.0,23.75)
(13.0,24.25)
(13.0,27.10)



Frequency, Hz

Bay Number 1
2
3
4
5
6
7
8
9

Bay Number

Frequency, Hz

Bay Number 1
2
3
4
5
6
7
8
9

Bay Number

TABLE 19

NORMALIZED ACCELERATION (DISPLACEMENT) MEASUREMENTS
NINE-BAY PANEL SPECIMENS SPII-1 AND SPI1-2

90 97 101

- 0.20 0.23
-0.25 0.33* 0.30*
- 0.20 0.30
-1.00 -0.27 0.33
0.19 1.00 1.00
-0.25 -0.20 -0.27
- 0.23 0.30
-0.85 -0.23 0.30
- 0.20 0.27

74 77

1.00 1.00

- 0.20

Specimen SPll-1

107

-0.23
-0.27
-0.19
-0.23
1.00
-0.31
0.23
0.27
0.15

112

-0.38
-0.62
-0.38
-0.38
1.00
-0.54
0.38
0.31
0.38

Specimen SPlI-2

82

-0.57
-0.57

1.00
-0.71

-0.74

110 .

-1.00
~-0.19

0.27
-0.27

-0.27

Note: Measurements taken at center of each panel bay.

*90° Phase shift to reference.

134 144 168

- -0.40 0.70
1.00 -0.27 0.50
- 0.27 1.00
0.25 0.67 0.65
0.70 - 0.85
-0.65 0.27 0.45
- -1.00 -1.00
-0.30 -0.33 ~-1.00
- 0.40 -0.70
112 126
0.15T -
-1.00 0.86
0.35 1.00
- -0.37

41



TABLE 20

NORMALIZED HALF AMPLITUDE MODAL STRAIN DISTRIBUTION
¢ = NORMALIZING STRAIN, win/in
NINE BAY MACHINED PANEL SPECIMEN

(See Table 18 and Figure 7)

Frequency, Hz/Speaker Phase Condition

Strain

Gage 88/A 94/A 123/A 148/A 170/A 188/A
X1 -0.79 -0.80 0.09 0.76 0.00 -0.40
X2 0.48 0.40 -0.09 0.00 0.00 0.32
X3 -0.79 -0.80 0.09 0.51 0.00 -0.40
X4 -1.00 -1.00 -0.86 -0.51 -0.61 -1.00
X5 0.79 0.80 0.86 0.51 0.72 1.00
X6 0.31 0.36 0.57 0.25 0.40 0.00
X7 - 0.79 -0.80 -0.86 -0.51 1.00 -1.00
X8 0.00 -0.60 0.57 -0.25 -0.40 -0.40
X9 -0.63 0.50 -0.57 0.25 0.28 0.28
X10 -0.79 -0.60 1.00 -0.51 0.00 -0.61
Yl -0.48 -0.50 -0.57 -1.00 0.80 -0.61
Y2 0.22 0.10 0.29 0.51 -0.40 0.61
Y3 0.16  0.30 0.46 0.25 0.6 0.20
Y4 0.00 0.00 0.29 -0.25 . 0.40 -0.20
Y5 0.00 -0.10 0.00 -0.25 0.00 -0.20
Y6 -0.16 ~0.40 -0.43 0.25 -0.61 0.00
Y7 0.00  -0.10 0.00 1.00  -0.2] 0.00
Y8 0.00 ~ 0.10 0.00 -0.51 0.00 0.00

132 208 146 83 : 104 104

™|



TABLE 21

NORMALIZED_HALF AMPLITUDE MODAL STRAIN DISTRIBUTION
¢ = NORMALIZING STRAIN, win/in
NINE BAY PANEL SPECIMEN SPi1-1

(See Table 18 and Figure 8)

Frequency, Hz/Speaker Phase Condition

Strain

Gage 90/A 97/A 112/B 134/8 144/8 168/8
X1 0.14 0.16 0.00 -0.51 0.84 0.79
X2 0.12.  -0.16 0.17 -0.35 0.66 0.33
X3 -0.24 -0.37 -0.34 0.35 -1.00 -1.00
X4 -0.26 -0.95 -0.86 -0.76 -0.42 -1.00
X5 0.22 0.95 0.74 0.76 0.00 0.67
X6 -0.38 -1.00 -1.00 -1.00 -0.34 -0.92
X7 -0.76 -0.39 -0.43 -0.60 0.00 -0.46
X8 0.28 -0.47 -0.17 -0.25 0.00 -0.33
X9 0.86 -0.37 0.17 0.35 0.00 0.33
Y1 0.34 0.27 0.00 0.00 -0.42 0.21
Y2 0.65 -0.40 0.20 0.00 -0.58 0.46
Y3 -1.00 0.63 -0.34 -0.25 0.76 -0.40
Y4 -0.17 -0.68 -0.83 -0.60 0.34 -0.52
Y5 0.12 0.58 0.46 0.40 0.00 0.46
Y6 -0.09  -0.53 ~0.66 ~0.40 0.00 -0.33
Y7 -0.14 0.00 -0.34 -0.35 -0.58 0.67
Y8 0.14 0.00 0.34 -0.25 0.42 ~0.46
Yo U 0.4 0.00 0.17 0.25  0.42 ~0.46

242 158 125 83 50 63

o |



Strain
Gage

X1

X3
X4
X5

X6

X7
X8
X9

Y1
Y2 .

Y3
Y4
Y5
Y6
Y7

Y8
Y9

|

TABLE 22

NORMALIZED HALF AMPLITUDE STRAIN DISTRIBUTION
¢ = NORMALIZING STRAIN, win/in
NINE BAY PANEL SPECIMEN SPII-2

(See chlve. 18 and Figdre 9

74/A

 0.00

-0.50

-1.00
0.50

1.00

0.50
-1.00
0.57

0.00

0.00
0.00

- =0.72

0.50
0.50
0.36
-1.00
0.00
0.00

58"

p

Frequency, Hz/Speaker Phase Condition

77/C

0.00

-0.50

0.50
1.00
0.50
-0.79

=0.50

0.00

81/b
0.00

0.72T

0.00

.00

.00
.00
.72
.00

O O O O O O

0.00
0.00

29

.00 -

82/A

-0.25
-0.39
-0.75
0.45
1.00

©0.50

-1.00
-0.39
-0.42

-0.39

0.25
-0.60
0.35

0.50

0.20
-0.55

0.20
-0.25.

84

110/A

0.50
0.00
-0.69
0.40

1.00.
- 0.48

- =0.60

0.00
-0.50

-0.36
0.36
0.00
0.50
0.50

<0.50
0.50
0.50

-0.69

42

112D

0.00
0.00
0.00
0.64
1.00
0.64

-0.52
0.00

-0.52

-0.52
0.52
0.64
0.64
0.64

-0.64

-0.64
0.64

-0.76

33

126/8

0.00
0.00
-0.46
0.46
0.46
0.33
-0.33
0.00
0.00

1.00
-0.86
0.46
-0.67
0.46
0.67
-0.67
0.33
-0.46



TABLE 23

DAMPING RATIOS (PERCENT OF CRITICAL DAMPING)
ONE-DIMENSIONAL PANELS

Number of Frequency Strain Damping Ratio
Specimen Bays , Hz Gage No. (percent)
SP1-1 5 82 X10 1.1
SP1-1 5 119 X1 1.3
SPI-1 5 126 X10 1.3
SPI-1 3 108 X5/X11 3.0/1.6
SP1-1 3 127 X1 2.0
SP1-2-1 5 88 X8 1.6
SP1-2-1 5 103 X5 2.7
SP|-2-1 5 120 X5 2.0
SP|-2-1 3 91 X8 3.0
SPI-2-1D 5 88 X5 1.5
SPI-2-1D 5 111 X8 2.0
SP1-2-2 5 57 X8 2.0
SP1-2-2 5 61 X8 1.5
SP|-2-2 3 51 : X8 2.7
SP1-2-2 3 61 X8 1.5
SPI-2-1D 5 68 X8 1.5
SP1-3-1 5 80 X5 1.0
SP1-3-1 .5 88 X5 2.9
SP1-3-1 5 107 X8 2.0
SP1-3-1 5 117 X5 1.0
SPi-3-1 3 101 X8 2.0
SP1-3-2 5 62 ' X11 1.8
-SPI-3-2- - 3 - - -68 S X8 - - 1.6
SP1-3-2D 5 74 X8 1.6
SP1-3-2D 3 71 X8 1.5
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APPENDIX A

STIFFNESS AND CONSISTENT MASS MATRIX FOR
A THIN-WALLED OPEN-SECTION BEAM

The stiffness and consistent mass matrices presented here are in the form of a composite
array with logic numbers (ax,ay) defining terms relating to the orientation of the beam ele~
ment. Subscripts 1 and 2 in the loading and displacement vectors refer to ends 1 and 2 on
the element. End 2 is always in the positive direction of the element axis from end 1. Sub-
scripts x and y in the expressions in the matrices refer to the x~-axis and the y-axis, respec-
tively. The cross-section nomenclature and coordinate directions are defined in figures 3
and 4 of reference 1.

For stiffener elements conforming to the edge rotations of the plate element described
in Appendix B, the loading and displacement coordinates at station i of the element are
defined as

r r .
P shear in the z direction
bending moment about the x-axis
{F}. = X b = 4 }
' y bending moment about the y-axis
M twisting moment
- XYJ i . J i
AN )
d displacement in the z direction
_ 9 rotation about the x~axis
{d}. =-4 X , = W }
I ey rotation about the y-axis
8 twist
s XYJ; L J i

The composite beam stiffness matrix has the form

{FY = IKy, (@, + Ky, 00,

- T~ -
(P, = Ky ) (@), + [K,, 130,

47



Appendix A

where, for ribs parallel to the x-axis (ax=l; a =0) and for ribs parallel to the y-oxis
(a =0; o =1) Y

(K..lJ=a [K.] +a (K]
T T T Ty ijTy

128 -12R -6 L -6r L
yY y yy X y x
127 6R L 61
_ 1 y X 2.
{:K] ]]x - 2 2
48 L 4r L
(symmetric) yy x 4
I | | dvg |
128 12R 6 L -brL |
yy . y yy X y
12R -127, 6R L 61,
(K= Y
127x 2 2
68 L, ~-6RL 28 L 2r L
)’)’ Y X yy2x y X
\ 6rny - 61, 2ryL 2, |
[ 128 -12R 68 L ér L ]
YY Y yy X y X
[(Kypd = " 2
4 L 4 L
( ) yy X %
symmetric : _
L g
[ 128 68 L 12R 6r L
XX XX Y X Xy
| 4 12 6R L 4 L2
(K,.] = XXy xy X'y
11y -
]271 -672
(symmetric)
| M3 |

48



[Kyd,

[Kpg), =

[ _128
XX

- 68 L
XXy

X

~12R
x

(symmetric)

L

6. =EL./L°
1) 1j

r. = ER ./L3
i ei

- Er/L3 + GJ/10L

Yo

= El"/L2 + GJ/60

for ribs parallel to the x-oxis

T. =Y +SZB - 25
1 ] z zz

Ty =Yy

for ribs parallel to the y-axis

T, =Y +*S2B -2S
1 1 z zz

68 L -12R
XX Y X
28 L2 - 6RL
XX Y Xy
6R L ~127
Xy 1
2
2rxL 61'2
L 12R
XX Y X
4B L2 - 6R L
XXy x
127,
R =SB
XX XX
R =58 =S
Yy Yvyvr.

-S B

Appendix A

+r

)4

Yy = ET/L + GJL/30

Y4

SB +SB -2
Yy 2 yz yvyy

-Sr -Sr)L
zz yy

+
SZBXZ SX

Ty =¥o = (erx - SZrZ)L

The composite beam mass matrix has the form

(P}, = [My, 200 + DM, a0,

= ET/L - GJL/60

(SzrZ - Syry)

B -2(5r -Sr)
XX XX ‘zz

49



Appendix A

where [M,.]=0a [K,]] +alK,]
ij x ijx oy ijTy

My, =

[MIZJx =

M

22]x

(Y

50

M

M

M

M

_ T .

[ 13/35

(symmetric)

-

9/70
% /70
Y
-13L /420
X

0

=d

[ 13/35

(symmetric)

rl3/35

(symmetric)

" 13e /35
y

2
13Lxlp/35

9 /70
o
9Lxlp/70
'-13e L /420
y X

13L15/420

13e_/35
Vs

2 N
I3Lxlp/35

llLy/ZIO
L2/|05
b4

-11L_/210
X
-lleny/ZIO

12/105
X

13L /420
1 3ey Lx/ 420
2
- Lx/ 140

0

11L /210
Vel
Heny/ZlO

2
Lx/ 105

-]3ex/35‘

-1 lexLy/ZlO

2
13L°1 /35
Y P/

0
3
ML I/210
0
41e
L 15/105

-

-
0

-13031%/420
x p
0
4.
Li12/140

0 -
HLXIP/2]0
0
L4l*/105
X p -
0
0

13210
y B

4
L*12/105
V19



9/70

13L /420

M1 =M Y
4 - 9ex/70

[
13/35
[Mzz]y =M

(symmetric)

=

For ribs parallel to the x-axis

M= prLX

-13L /420
Y

- 12/140
Y

13e L /420
.Xy

0

-11L /210
Y

L2/ 105
Y

r2 - (e2 + e2) /L2
y z' x

I =r2+l*
P P

and for ribs parallel to the y-axis

M=pA L
Yy

2 2 2
roo= (ex +ez)/Ly

2

* = 2
lp (Ixx + IZZ)/ (AyLy)

=r2+[*
p

- % /70 0
X
“13e L /420 0
Xy
9121 /70 13051%/420
3 a
3 v420 - L1140
Y p/ Y p/ 4
-13e /35 0
X R
e L /210 0
X"y
13121 /35 n3+/210
Yyp yp
L41%/105 ]
yp

Appendix A
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APPENDIX B

STIFFNESS AND CONSISTENT MASS MATRIX FOR INCLUDING
THE FUNDAMENTAL INTERIOR MODE FOR A RECTANGULAR PLATE BENDING ELEMENT

'

Thestiffness and consistent mass matrix presented here are based upon equations (26)
and (27) as described in the main text. The basic stiffness matrix is a sixteen~degree-of -
freedom element as referenced in the main text, and the modifying interior mode functions
are taken as the eigenfunctions for a clamped-clamped beam. The positive coordinate direc-
tions for this element are given in figure 9.

At each comer of the element, the loading and displacement coordinates for the ifh

comer are
( Y )

P shear in the z direction
M | bending moment about x-axis
P =1 =
(P }i My (=) bending moment about y-axis
: twisting moment
\ xYJ ! \ |
( Y (.- . . o)
d displacement in the z direction
- 9 rotation about x-axis
{d}. = X d=9
Gy rotation about y-axis
[ Oxy Ji [ TWisF Ji G=1,2,3,4)

From equation (26), the stiffness matrix has the form

% KL : o 121 -v?)

where Po is the generalized force in the W, direction. The matrix [Rii] has the form

K

n Kz Kz Ky
(R, K22 ;23 §24
33 K34

I (symmetric) E44 .
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Appendix B

where

[|_<'”] =

14]

223 =

[

-

-

—

e

-

L

k/16.

- (symmetric)

k/16

kb/64

-ka/64

8k]§b

p—

/16

kb/64

-ka/64

8k]cb

x/16

kb,/64
-ka/64

8k]ab

k/16

(symmetric)

kb/64

kb2/256

kb/64
kb2/256
-kab/256

2k]ob2

—kb/64

kb2 /256

kab/256

2

-2k_cb

|
—kb,/64
kb2 /256
kab,/256
-2k ab
kb,/64

kb2/256

-ka/64
-kab/256

k02/256

ka/64
kab/256
—ka’/256

2k102b

-ka/64

-kab/256

ka2/256

-2k]azb

ka/64
kab/256
—kaZ/256

2k]a2b

ka/64
kab/256

k02/256




(K

241 =

a3

(/16

kb,/64

ka/64

| -8kab
[k/16
kb/64
ka/64
| -8k ab

k/16

b

[k/16

| ~kb/64

-ka/64

—8k]c|b
L

/16

!

(symmetric)

(symmetric)

—kb,/64
kb2 /256
~kab,/256

2k]ab2

-kb/64
—kb2/256
~kab,/256
2k ob
—kb,/64

kb2 /256

~kb,/64
kb2 /256
kab/256

2k]c|b2

~kb/64

kb2,/256

~ka,/64
~kab,/256
ka2 /256
2k;a%b
ka/64
kab,/256
ka2/256
~2ka’b
—ka/64
kab,/256

ka2 /256

ka/64
—kab,/256
ka2 /256
-2k a%b
ka/64
~kab,/256

k02/ 256

Appendix B
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Appendix B

2

' C
k —T[(b/a) +(a/b) +2C ](C3] 2]
”

o 2 _ 2
k, —‘k/2048-C°C” Ky -k/4096-C°C”
C, =1/1.58815)2  q; =0.98250222
Cyy =9q/(8;L) B,L = 4.7300408

C31 =Byt

The coupling stiffness matrix, {Kci}" has the form

)
Kar_
K .
{K_.} =J..__°_2_>
Cli K
_e3_
| Kea )
where
(k/4 )] - (/4 ]
-kb/16 -kb/16
{Kc] } =1 ¢ ; {Kcz} - }
ka/16 -ka/16
-32%ab 32, ab
\ 7 \ J
(~k/4 ] (-k/4
kb/16 kb/16
{K.3} =9 - {K4}=4 ¢
¢ ka/16 c -ka/16
| 32%ab | k-32k]abJ

From equation (27), the consistent mass matrix has the form

P, [M..]1+[M..]|
- '_ =j-‘ b _._.L____J |__._'.
l S B [ YUl :co]

Cli

Lol

W

(o]
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The matrix [Mii] has the form

(M), 12
_ M
[M..1= 22
{
symmetric
!
where
-
M r2b
r3!:>2
(symmetric)
!
pr] r2b
2
_ r2b r3b
[M] 2] = ) ab
, roa ra@
r 4cxb r50b2
rr] -r2b
2
[M ] r2b -r3b
13 ~T50 r3clb
" 4<:1b -r5(:1b2

r5¢:1b2

-1

Appendix B
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Appendix B

58

M

14]

241 =

I -rob
r2b —r3b2
-roa r3ob

r 4ab | ,--r5<1b2

K rob

r3b2

(symmetric)

K “rgb
b -rgb?
FoQ —r3ab

rgab  reab?

K ~rgb
rob ~rb?
roa —r3ab

| -r 4ob r50b2

'r] -r2b

r3b2

(symmetric)

L

-,

-réd b

fg0 b2 J



where

[

6

1 -r2b rya
-r2b r3b2 —r3c|b
10 r3cb ~rqa 2

_-r4ab r5<:b2 —r5c|2b
r3b2 -r3c|b
2
Faa

(symmetric)

L

- Co(co/lé B 2C%l)

~T 0 b

r4cb

=C (€84 - Cy(Cy +C1y/4)

- c:o(co/]28 —CHCZI)/Z

} 2 2
=c(c /256 - €5, - %, /16)

_ 2
= co(co/zsé -C51 = CyC, ]/4)/4

=c (c /s12-c5 )8

Co=C11/ly

The coupling matrix, {Mci} , has the form

( 1

Mer_

M

(M .}=4--52_}
Cl

M

c3

\. MC4 J

Appendix B
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r___r 3 (
7 | 7
-rob
_ 8 -rob
ERUNSES S M_=1 0
, roa -
g rg?
| -rgab) | Tgab
(o ) )
( 7 ( Ty
rob
_ 8 r.b
{Mc3}_‘ } {Mc4}=‘ °
ro.a -
8 fg?
k r9ch ‘-r9cb
2

Ty = 2CO(C°/16 - C] ])

_ 2
r9 2CO(CO/256 - C2])
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APPENDIX C

COMPUTER PROGRAM DESCRIPTIONS, FLOW CHARTS,
AND CARD IMAGE LISTINGS :

This appendix contains the computer program descriptions, flow charts, and listings for
the one-dimensional panel and the two-dimensional panel modal analyses. The program
descriptions list the purpose of the program or subprogram, the subprograms required,
definition of primary variables, restrictions, accuracy (when applicable), and compiled
size (octal) of the program for the NASA Langley CDC 6600 computer.
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/ DATA
yA
/ SSBM.
A
_( EIGEN 7 STEP 10
¢ NRGBT
( FREQ ‘
P STEP 9
DELETE
@RDER
L ( L@C 27 STEP 6
¢ ASSY
( ELEM
P STEP 4
BMPR@P

MAIN PROGRAM'

C7STEPS 1,2, 3, 5, &8

ONE-DIMENSIONAL PANEL ANALYSIS: MAIN PROGRAM AND SUBPROGRAMS
IN ORDER OF APPEARANCE _ ’



PURPOSE:

SUBPROGRAMS
REQUIRED:

INPUT DATA:

VARIABLES:

RESTRICTIONS:

SIZE: 005152

8

Appendix C

PROGRAM BMPROP (MAIN)
(See Figure 1 for Flow Chart)

Main program for computing natural frequencies, normal mode
shapes, modal shear distribution, and modal bending moment dis-
tribution along the centerline of a one-dimensional panel array
undergoing cylindrical bending (beam analogy). A fundamental
clamped-clamped mode across the panel width is assumed. Elastic
supports are introduced as lumped spring-mass constants and lumped
masses are introduced as a support with zero stiffness. Clamped or

elastic supports can be introduced at either end of the structure.

ELEM, ASSY, LOC, NONDIM, ORDER, DELETE, FREQ, NROOT,
EIGEN, SSBM

See Appendix D for description -

NCASE, NDATA, NBAY, NSUP, IOUT, IBL, IBR, NINT, BW,
PR, NEL(I), EI(l), WB(l), BL(l), NCP(l), SL(I), SC(I), SR(I),
RL(1), RC(I), PR(I)

NDEL.(N) - Constraint vector for an N degree-of-freedom system.
If NDEL(J) = 0, the Jth coordinate is unconstrained; if NDEL(J) =1,
the th coordinate is constrained (deleted from the equations of

motion).

R(N) - Consistent mass matrix - dimension N(N + 1)/2 for N degree-

of-freedom system.

S(N) - Stiffness matrix - dimension N(N + 1)/2 for N degree-of-

freedom system.

S1(4), S2(4), S3(4) - Dummy arrays for assembling the element

stiffness in matrix S(N) and the element mass in matrix R(N).

DUM3(2293) - Dummy array for eigenvalue calculation.

For the declared size of the arrays
2(XNEL(I)+ 1) <38, NBAY < 5.
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Appendlx C

" PROGRAM_BMPROP (IIPHT OUTPUT TAPES INPUT;TAPEé OUTPUT)

DIMENSION BL(S5)NEL(5) NDEL(38) »R(741)S(741)
DIHENSIOH SL(G6)»SClp) ,SREx)IIRL(E)RC(e)RR ()

DIMEISION Sl(u).SQ(q).Ss(q).NCP(e)
DIMEHSION ETL(S) W3 l5),3LMT(S) 1 DUM3(2203)

COMMON RS
CoMMOUN: ET»WB»BLMT ,BYW,1PR

CUMMONITL'SLoSCoSRvQL RCeRR, NELvNCP
COMMON Y BLrSleZvS;vNDtL buM3 :

If\- i
I1o=6 E

TCAGES ¥
REAU(IN¢1>0) NCAS&

100

READ(IN#120) NDATA» NBAYoNSUPvIOUT IBL, IBR,NINT :

READ(INe125) BWePR

"READ(IN?130) (NEL(I)'tI(I)oWB(I)rBL(I)vI 1 *NBAY)

IF(NSUP) 110,110,105

. 105

U0 110 I=1r.NSUP
READ(Iive130) NCPCT)»SL(I),SC(I)eSR(I)

110

READ(IN2140) RLUI)eRC(I)eRR(I)
CONTINUE ' . :

WITE(IOr149)

WRITE(IO»150) NDATA : :

WRITE(IOC155) NBAYrMNSUP
WRITE(100160) BWePR

WRITE(IO,165)
WRITE(IO,170)

Do 175 I=1NBAY
WRITE(IOr180) IeNEL(I),EI(I)oWB(I)»BL (I)

§175

CONTINUE
Do 161 I=1eNSUP

WRITE(IOr182) LeNCP(I)

WRITE(I00183) SL(T),SC(I),SR(I)

181

WRITEL(IO0.,184) RL(I)pRC(I) RR(1) : -
CONTINUE : ' ' \

TL=0.0" ' !

TK=0.0

TM=0.0
NCT=0

U0 200 1IZ1.NBAY

BLMT(I)=8L(1)/FLOAT(NEL(I))

TL=TL+BL(])
NCT=NCT+NEL (1)

CONTINUE
NGP=NCT+1

NCO=2*xNGP

NUP=NCO* (NCO+1)/2. : ;

Do 240 10P=1s2

Do 210 I=3+NUP

R(1)=0.,0

CONTINUE ' “- b

NyT=0 . ‘ :
D0 220 J=}NBAY ; ' .

calL ELEM(JOIQP091752053)
NUSNEL (J)

NUT=NUT+KU
Do 220 I=1i+/NU

ICN=2*% (T+NUT=NU) -1
PROGRAM BMPROP: CARD IMAGE LiSTING 1/3

T -




Ics= ICN+2 - AppendGC
CALL ASSY (NCO'ICN, ICS-R051'52'S3'2) -

550 CONTINUE™
: IF(I0P=1) 2300230,240

230 DO 235 I=1+NUP A ;
S(I)=R(I) '

TTT235 CONTINUE | L S
240 CONTINUE ‘

IFINSUP) 250,250 285
245 Do 250 I=1/NSUP

J=NCP (1)
Kzd+1

JJ“J+(J*J Jyse
JKEJ+ (K¥K=K) /2

KKEKF (K¥K=K) /2
S (JJI=S(JJ)+SL(T)

S(JKI =S (JKY+SC (1)
S(KK)=S(KK)+SR (1)

R(JI =R (I FRL(IT /386, 0
R(JKI=R(JK)+RC(I)/3R6.0

R(KK)=R{KK)+RR({I)/386.0
250 CONTINUE

C - NONUIMENSIONALLZE STIFFNESS MATRIX
U 259 I=2/NCOr2

I1=1+1I*xI-1)/2
TK=TK+S(1I1) '

T TM=THMAR(IT)
25% CCNTINUE

TL=TL/FLOATI(NCGT)
TU=TK/FLOAT (NCT)

TM=TM/FLOATINCT)
CaALL NONDIM(SeNCO,TL, TK)

. CACL NONOTMTRYNCU» TL o TM)
'C APpLY CONSTRAINTS

NDpL=U
DO 261 J=1*NCO

NDELTJI=0 A :
261 CONTiIMUE -

IFTI380) 2649‘64'?62
262 NDEL(l) 1

WwebL{2)=1
Do 263 I=1+NSUP

NCP{ITENCPUI) =2
263 CONTINUE

264 IF(IBR) 27002701265 . |
265 IC=NCO-1 -

NOELTICIZ)
NDEL (NCO) =1

CALL ORDER(SNDEL,NGP,NDL)
CallL ORDER(R/NDEL, NGPoNDL)

270 NCO=NCO-NDL
NUP=NCO* (NCO+1) /2

IFTIOUT=1) 3152751275
275 WRITE(10/+280)

“WRITE(I0/285) NCOTTRTTE
WRITE(I00290) (S(I),I=1sNUP)

WRITE(IOY 300)
CWRITE(IO»305) NCO,TMyTL

leTt(IO(z?g) (RTT)»I=z1NUP)
PROGRAM BMPROP: _CARD IMAGE LISTING 2/3

=



'Appendix C

€ COVPUTE EIGENVALUES AnD EIGENVECTORS
315 WRITE(I0,320) TLeTK,TM

CALL FREQ(SoReTLITK, TM.NDATA NCO)
IF(JOUT=1) 10021001260

260 CaklL SSBM(NCQONBAY'NSUP'IBL NINT'NDATA)
. - ICASE=ICASE+])

: . IF(NCASE=-ICASE) 205,100 100
: 205 CONTINUE . 4

7120 FORMAT (I5,613)
" 125 FORMAT (3X,2E12.5)

i

130 FQRMAT(Ia.asgé.J)
140 FORMAT (3X,3E12.5)

: 1&5rFoRMAT(lH1r7X'47HFREE VIBRATION OF A ONE DIMENSIONAL PANEL ARRAY)
- 150 FORMAT (/225X 9HUATA CASErIH) '

‘155 FORMAT (/24X 15HNUMBER OF 8AYS=,13,19X,19HNUMBER OF SUPPORTS=,13)
160 FORMAT(/o4Xe 12HPANEL wIUTH=+E12.5¢7Xr16HPOISSON'S RATIO=rE12,5)

"‘"\f»u

165 FORMAT (/795X 3HBAY, 5X» aHNUMBER 0F03X97HBENDINGO6X0]OHWEIGHT PER
18y 3HBAY)

170 FORMAT (4X s 6HNUMEER» 3X y BHELEMENTS 14 X» 8HRIGIDITY»5X,
19HUNIT AREA,5X e 6HLENGYH /)

180 FORMAT(/+5Xe 139 7X913y5X1E12,5¢1XrE12.593X9E1245) o
182 FORMAT(/o4Xs 11HSUPPORT NO,#13925X, 17HINPUT COORDINATE=,13)

183 FORMAT (X 4HKZZZ1E124592X ¢ BHKZTHETAZ ) E12.592X» THKTHETA=/E12,.5)
184 FORMAT (4X 1 4HIZZZ1E12.502% 0 8HIZTHETAZ 1250 2Xr THITHETAZ1E12,5)

280 FORMAY (1H1s4X¢16HSTIFFNESS MATRIX)-
285 FORMAT(/»5Xey4HNCO=r T4,2X s 3HTK=9E12. 5!2X'3HTL_'E12 Se/)

290 FCORMAT(8E12.5)
300 FORMAT (1H1r4Xe11HWMASS MATRIX)

05 FodMAT(/obX'qHNCO-'Iq,ng3HTM-'Eiao5!2Xr3HTL-'E12 S¢/)

T

i 310 FORMAT(6E11.4)
320 FCRMAT (3E12,5)
END

e—— e e e e T e e i T .- AU

- PROGRAM BMPROP:  CARD IMAGE LISTING 3/3"

&




PURPOSE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:

SIZE: 000152

REFERENCE:

8

Appendix C
SUBROUTINE ELEM (I, 10P,S1,52,S3)

To compute the stiffness (IOP = 1) and the consistent mass matrix

(IOP = 2) for a panel element in the ith bay of the structure. The
partitioned stiffness or mass matrix is assigned to the arrays S1 ,52,
S3 where S1 is the direct stiffness or mass term at end 1 of the ele-
ment, S2 is the coupling term between ends 1 and 2, and 33 is the

direct term at end 2 of the element.

None

| - Panel Bay Number

IOP - Logic number: IOP = 1, stiffness matrix for element is cal-

culated; IOP = 2, consistent mass matrix is calculated.
$1,52,S3 - See 'Purpose' above .
EI(l) - Bending rigidity of element
WB(I) - Weight percent length of element

BL(l) - Length of element

None

Reference 1, pp. 9 - 11.
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68

BEGIN

A = LENGTH @F ELEMENT
~ IN ITH BAY QJF PANEL

YES

v

IOP > 1
NG

NO

D = MASS CQEFF .
OF ITH BAY OF PANEL

STATEMENT N@. 15

1

C@MPUTE THE
PARTITIGNED
C@NSISTENT MASS
MATRIX FGR THE
ELEMENT

12

D = STIFFNESS
C@EFFICIENT QF
ITH BAY @F PANEL

STATEMENT N@. 10

I

C@MPUTE THE
PARTITIGNED
STIFFNESS
MATRIX F@R THE
ELEMENT

RETURN

FLOW CHART: SUBPROGRAM ELEM (I, IOP, S1, S2, S3)




1 . ' ~ : - ;.Appéﬁd ix C '

;.
i
1
3
!

i
1

i
S

. i {SUBROUTINE ELEM (I,I0P+»S1,52/+53) b
(OIMENSION S1(1)052(1),53(1),0UM1(1482)
WIMENSION EI(5) W (5),BL(S) ‘
COMMON DUM1/,EL»WB49BLIBW?PR
A=BLT(T)

AS=A*A
MIF (10P-1) 10,10¢15
0=A=EI(I)/(A%*AS)
$1(1)=12.0%D
51(2)=6.0%DxA
©951(03)=4.,0%xD*AS
S2(1)==12,0%D
S2(2)==6.0%0%A
S2(3)=6.0%¥D%xA
S20(4)=2.0xD%AS
S3(1)=12.,0%D
SZ(2)1==6.0%D*A
S3(3)=4.0%xD%AS
RETURN
015 D=WB(I1)*A/386.0
S1(1)=13.0%0/35.0
S1(2)=11.0%¥D*%A/210.0
S1 (3 =D*AS/7105.0
$2(1)1=6.0%D/70.,0
T S22 2T=13.0%0*%A7420.0
S2(3)==13,0xD*%A/420,0
S2(4)1==U%A/7140,0
S3(1)=13.0%D/3540
S3(21==11,0xD*A7210,0
S3(3)=D*AS/105.0 : | L
RETURN ) 3
_EnD - o B

* 'SUBPROGRAM ELEM: - CARD IMAGE LISTING

? | 3 ‘ l69:

t

T we




Appendix C

SUBROUTINE ASSY (N,ICN, ICS, A, E1,E2,E3,NLM)

PURPOSE: To assemble (add) the partitioned element stiffness or mass matrices
(E1,E2,E3) in the appropriate location of the global stiffness or

mass matrix A .

SUBPROGRAMS
REQUIRED: LOC

VARIABLES: N - Size of matrix A (See Subroutine LOC).
ICN - Initial coordinate for diagonal location of E1 in A.
ICS - Initial coordinate for column location of E2 in A for row ICN.

NLM - The number of coordinates at each grid point for the ele-
ment described by E1, E2, and E3. For the one-dimensional
analysis NLM = 2.
RESTRICTIONS: None

ACCURACY: Not Applicable

SIZE: 0001438
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BEGIN

SET R@GW NUMBER (K) AND CELUMN NUMBER (L)
FOR PARTITIGNED ELEMENT MATRICES . STEP 4.1

!

C@MPUTE SUBSCRIPTS FOR SYMMETRIC ELEMENT

MATRICES E1 AND E3 [(K,L) =~ KLS] AND F@R STEP 4.2

GENERAL ELEMENT MATRIX E2 [(K,L) -~ KLG] :
SUBR@UTINE LGC

i

C@MPUTE INITIAL R¢W NUMBER (INK) AND C@LUMN
NUMBER (INL) T@ LJCATE ELEMENT MATRIX ET(KLS) STEP 4.3
IN THE ASSEMBLED MATRIX A

!

< C@MPUTE SUBSCRIPT FGR THE LGCATIGN

(INK, INL) = NKL IN THE ASSEMBLED MATRIX A STEP 4.4
SUBR@UTINE LGZC

C@BMPUTE SEC@NDARY RGW NUMBER (ISK) AND CGLUMN

NUMBER (ISL) TO LOCATE ELEMENT MATRIX E3(KLS) IN STEP 4.5
THE ASSEMBLED MATRIX A : :

C@MPUTE SUBSCRIPT FGR THE LBCATI@N
(1SK, ISL) = IKL IN THE ASSEMBLED MATRIX A STEP 4.6
SUBR@UTINE LGC .

FLGW CHART: SUBPR@ZGRAM ASSY (N, ICN, ICS, A,E1, E2, E3, NLM)
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()

YES @ NG )

ADD (ASSEMBLE) ELEMENT L
MATRICES E1(KLS) & E3(KLS)

T@ A(NKL) AND A(IKL),
RESPECTIVELY

> STEP 4.8

B

ADD ELEMENT MATRIX E2(KLG)
TO ASSEMBLED MATRIX A(IKS)

IS
ELEMENT R@W AND
C@LUMN C@UNT
FINISHED ?

ES
M STEP 4.9

G T STEP 4.1

RETURN

FL@W CHART: SUBPR@GRAM ASSY (N, ICN, ICS, A, E1, E2, E3, NLM)
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A = ' . | B ' ‘AppendGC

SUBROUTINE ASSY(N, ICN ICSoA{ETotapLSoNLMY -
@IMENSION A(l).n1(1).&2(1)-53(1) ‘
QO 20 K=1sNLM .
DO 20 L=1,NLM ’ ’
o 4 CaALL LOC(KeLoKLSyNLMs1)
5 - i CALL LOC( (KL KLGrNLMsQ)
' : INK=ICN+K=1
INL=ICN+L=1
CALL COC(INKy INC/NKLINs1) E
ISK=ICS+K~-1 ‘ - ;
IsL=TCS+L=1 -
CALL LOC(ISK,)ISL,IKLINe1).
CaLL LOC(INK,ISL»IKSyNel)
; IF(K=L) 15010010
.10 ANKD) =ATRNRLY +ET (KES)
 A(IKL)ZA(IKL)+E3(KLS)
195 A(IKS)= A(IKS)+E2(KLG)
120 CONTINUE
g, RETURN
END

PR TIIR

SUBPROGRAM ASSY: CARD IMAGE LISTING

(73
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74

PURPOSE:

SUBPROGRAMS
REQUIRED:

RESTRICTIONS:
ACCURACY:
SIZE: 000057

8

REFERENCES:

SUBROUTINE LOC (1, J, IR, N, MS)

To calculate a single subscript, IR, for a double subscripted square
array, A, of size NXN for a row=-column location (1,J). MS is a

logic number for calculating the subscript IR.

MS = 0, General Storage, array is assumed to be dimensioned as
A(R) R=NXN

MS =1, Symmetric Storage, array is assumed to be dimensioned as

AR) R=N(N+1)2

MS =2, Diagonal Storage, array is assumed to be dimensioned as

AR) R=N

None
None

Not Applicable

Reference 3



Appendix C

BEGIN

" SELECT SUBSCRIPT
MS =0 M@DE MS =2
4 MS =0, GENERAL M@DE
MS = 1, SYMMETRIC M@DE
MS = 2, DIAGONAL M@DE

|
IR = Ne(J-1) + | MS
|

b |

R=J+ (1«1 -1/2] [IR=1+ed -1)/2

RETURN RETURN
YES i : NG
| R =

IR =

.| IR=0
RETURN RETURN

FL@W CHART: SUBPRBGRAM LBC(1, J, IR, N, MS)
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| 'Appehdix C:

76

’SUBROUTINE LOC(IvdrIR NvMS)

-

TrTS SUBROUTINE COMPRESSES A TwO DIMENSIONAL '

ARRAY INTO A ONE DIMENSIONAL ARRAY

- Ms=0 IS FOR GENERAL STORAGE

Mc=1 IS FOR SYMMETRIC STORAGE

wS=a<IS-FOR DIAGONAL STORAGE

T o alo olo olo

ixZI
Jx=J

10

IF(MS=1) 10,20,30
IRX=N* (JX=1)+IX

20

GO TO 36
IF(Ixn=JX) 22,2424

22

IRX=IX+ (IX*kIX=JX) /2
GO TO 36

24

TRX=JX+ (IX*¥IX=1X)/2
60 TO 36

T30

IpX=0

32

IF(IX=UX) 36:32!36
IRX=1IX T
IRZIRX .

36

RETURN
END

“s'O‘BPéé'QRTA:'&?@?:éésbjMA_czg USTING ™~

e 4w = aan e weeamy = memem amim b - e et e me
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PURPOSE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:

ACCURACY:

SIZE: 0001338

Appendix C
SUBROUTINE NONDIM (A, N, TL, TIC)

To nondimensionalize the free-free stiffness and mass matrix of the

structure.

LOC

A(N) - Stiffness on mass matrix to be nondimensionalized
N - Size of array A (MS =1 in LOC)

TL - Arbitrary length parameter (taken as the average element

length of the structural idealization)

TK - Arbitrary stiffness parameter (taken as the average rotational

stiffness of the structural idealization)
None

Not Applicable
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BEGIN.

SET INDEX F@R RGTATIGN: .
CPBRDINATE (I) AT GRID STEP 6.1
POINT

' >
C@MPUTE INDICES F@R TRANSLATIGN CHBRDINATE (11)
AT GRID P@AINT AND TRANSLATIGN AND RGTATIGN

C@PRDINATES (12 AND 13, RESPECTIVELY) AT NEXT STEP 6.2
GRID P@INT .
1 _
C@MPUTE SUBSCRIPTS FZR TRANSLATI@N
AND C@UPLING C@@RDINATES (111 AND 111) STEP 6.3
F@R GRID PGINT

—
MULTIPLY ELEMENTS OF MATRIX A BY THE
LENGTH PARAMETER, TL | >
A(I11) = TLLTL*A(111) | STEP 6.4
A1) = TL*A(111)

YES NG
il == N—= ' STEP 6.5

— ,
C@MPUTE INDICES F@R TRANSLATIZN AND C@UPLING
TERMS (112, 113, 112) F@R CBUPLING MATRIX BETWEEN | STEP 6.6
GRID P@INTS ' .

, —

MULTIPLY ELEMENTS QF MATRIX A BY THE LENGTH

PARAMETER, TL |

Y | A(2) = TLATL*A(112) STEP 6.7
AéllS) = TL*A(113)

A12) = TL*A(I12)

YES ' N@
2N G TG STEP 6.1

—

DIVIDE ALL ELEMENTS IN MATRIX A.
BY THE PARAMETER TK STEP 6.8

RETURN

FL@W CHART: SUBPRGRAM N@NDIM (A, N, TL, TK)
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A SuBROUTINt NONDIM(A N TL TK) |
'f§A DIMENSION A(1) f
1 DO 3 I=2rire2 :
4 I1=1-1
4 12 1+l
L 13=1+2
111 11+(11*11 11)/2 . :
‘2111 I1+(1xI=1)/2 ?
ACIIL)=TLATLxA(IIY) - ;
A(I1I)=TLxA(ILI) !
IF(I-N) 2¢3+3 '

2 112=11+(12%I2-12) 2
; I133z11+(I3%13~-13)/2
: I12=1+(12x12-12)/2
A(I12)=TLxTL*A(I1D)
A(I13)=TL*A(I13)
A(II2)=TL*xA(II2)
3 CONTINUE
U0 4 I=1,N
Do 4 J=T«N '
Call LOC(IrJrIJeN,1) ‘
A(Iu)=a(IJd)/TK
4 CoNTINUE
© _ RETURN
.1 END

U UGN GHUU VU UL U WU |

SUBPROGRAM NONDIM: _CARD IMAGE LISTING

rAppendlx C

S w-a

SHEAVAD e < wme e o o——————— %+
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Appendix C

SUBROUTINE ORDER (A, NDEL, NGP, NDL)

PURPOSE: To remove (set to zero) specified (constrained) coordinates in array

A, reorder the array A, and calculate the new size of array A.

SUBPROGRAMS :
REQUIRED: DELETE, LOC

VARIABLES: A(ll) - Stiffness or mass matrix of structural idealization
(symmetric storage mode: LOC)

NDEL(I) - Array of logic numbers: See BMPROP
NGP - Number of grid points of the structure
NDL - Number of coordinates removed by this subprogram

NC(38) - Array of coordinate numbers for which NDEL(l) = 1

RESTRICTIONS: NGP is assumed to be equal to or less than 19.

NC(I) must be dimensioned the same as NDEL(l) in program
BMPROP

ACCURACY: Not Applicable

SIZE: 0002448
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BEGIN

INITIALIZE DATA
2

| SELECT GRID
PZINT, IC

[}

Appendix C

STEP 7.1

STEP 7.2

COMPUTE SUBSCRIPTS FOR
COORDINATES AT GRID POINT
TRANSLATION SUBSCRIPT, J
ROTATION SUBSCRIPT, I

IC STEP 7.3

VES CHECK

NG

F@R TRANSLATIQ

N C@NTRAINT
NDEL(I) > 0
~

N/

STEP 7.4

NDL = NDL + 1

"NC(NDL) =1

CUMULATIVE C@UNT
@N DELETED CGPRDINATES

CBBRDINATE NG . DELETED

STEP 7.5

CHECK

YES. FOR RGTATIGN

N
¢ STEP 7.6

\C¢NSTRAINT/

NDEL(f1)> 0

NDL =NDL + 1
NC(NDL) = 11

STEP 7.7

HAVE ALL
GRID P@INTS BEEN
CHECKED F@R

C@NSTRAINTS ?
—

—

BEGIN REM@VAL
@F CBNSTRAINED
CPBRDINATES

®

~ FL@W CHART: SUBPR@GGRAM @RDER (A, ND

STEP 7.8

G@ TQ@ STEP 7.2

STEP 7.9

EL, NGP, NDL)
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82

7

SELECT C@@RDINATE, M, T BE DELETED STEP 7.10
C@MPUTE CURRENT SIZE, N, @F MATRIX A

SET T ZERQ ALL ELEMENTS (R@GW

AND C@LUMN) F@R CBBRDINATE M STEP 711
IN SYMMETRIC MATRIX, A ‘
SUBR@UTINE DELETE

l

BEGINNING WITH C@@RDINATE M REPLACE
RGW AND CHLUMN LBCATIONS OF M BY STEP 7.12
CPDBRDINATE (M+1), (M+1) BY (M+2), ETC.,

UNTIL FINAL C@@RDINATE IS ENC@UNTERED

l

REGRDER CBBRDINATES, NC(I), P
TO BE DELETED STEP 7.13

HAVE

ALL SPECIFIED
CP@RDINATES BEEN
DELETED ?

YES STEP 7.14

G@ TQ STEP 7.9

y

C@MPUTE THE FINAL ‘
S1ZE OF SYMMETRIC STEP 7.15
MATRIX A -

!

FZR CEGRDINATE NUMBERS GREATER
THAN (NC@-NDL) SET ALL ELEMENTS STEP 7.16
@F MATRIX A T@ ZER®

SUBR@UTINE DELETE

RETURN

FL@W CHART: SUBPRGGRAM @RDER (A, NDEL, NGP, NDL)




PURPOSE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:
ACCURACY:

SIZE: 0000348

Appendix C

SUBROUTINE DELETE (A, N, J)

To delete (set to zero) all elements in the th row column of array A.

LOC

A(N) - Single subscripted array (symmetric storage mode: LOC)
N - Size of array A

J - Row~-column number of elements of A to be set to zero
None

Not Applicable

83



Append|xC SUBHOUTINL ORDER (A NDEL:NGP NDL)
ST ‘ DIMENSION A(L) /NDEL (1) /NC(38)
] ! NpLk=0
NCOzZ2*NGP
0 00 1-I=Z1epNCO
P NCetI)=o
1 1 CONTINUE - .
I DO 5 IC=1/NGP S B i
% 1=2%x1C=1 . . - S
V11 2xIC C .
L IF (NDEL (1)) 31302
2 NDL NDL+1 :
P NC(NDL) =1L
. IF(NDtL(Il)) SvS'
o 4 NpL=NDOL+1
. NC(NDL)=IY .
"+ 5 CONTINUE ' !
~ Do 11 K=1.NDL
M=NC(K)
ML=NCO=K :
C N=ML+1 o :
S CALL DELETE(A'NeM) R
o Do 9 I=M.NML ' % 
I1=1+1
Do 9 J:;vN
CALL LOC(IedsIdeN,1)
IF(I=J) 7¢6,7
6 Ji=J+l i
CALC LOC(I1,J1v IJ1eNe1) !
.60 TO 8 ;
7 CaALL CoC({I1,JrIJ1, N.1) ‘
8 A(lul=a(Iul)
9 CONTINUE™
Do -11 I=i,NDL
O IFNCCDY =M 11 11,10
10 NC (D) =NC(1) =] ,
11 CONTINUE _ v
" MzNCO=-iNDL+1 : ]
U0 12 K=MyNCO .
, CALL DELETE (ArNCO,K)
12 CCNTINUE-
RETURN
- EMD

e b

- SUBROUTINE DELETE(AsN,J)
UIMENSION A1)
DO 1 Kz=1eN
CaLL LOC(KrJrKJrNy 1) ;
A(KJ)I=Z0.0 ’ S
1 CONTINUE , :
RETURN - . .

SUBPROGRAMS ORDER AND DELETE; "CARD IMAGE LiSTING'




Appendix C
SUBROUTINE FREQ (SS,RR,TL, TK, TM, NCASE, N)

PURPOSE: To convert the stiffness, SS, and mass, RR, matrices (symmetric
storage mode: LOC) to the stiffness, S, and mass, R, matrices
(general storage mode: LOC); call for eigenvalue calculations,

and write the eigenvalues (frequency) and eigenvectors.

SUBPROGRAMS
REQUIRED: LOC, NROOT (NROOT requires EIGEN)

VARIABLES: SS(NUP) - Dimensionaless stiffness matrix

RR(NUP) - Dimensionless mass matrix

TL . = Length parameter used in nondimensionalization
TK - Stiffness parameter used in nondimensionalization
™ - Mass parameter used in nondimensionalization

NCASE - Data case identification number

N - Number of coordinates
- RESTRICTIONS: For the declared size of the arrays, N < 19
ACCURACY: See NROOT and EIGEN

SIZE: 0002568
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BEGIN

WRITE DATA SET
IDENTIFICATIGN NUMBER

1

FILL C@MPLETE STIFFNESS, S(I), .
| AND MASS, R(1), MATRICES (ST@RAGE
M@DE 0) WITH SYMMETRIC STIFFNESS,
SS(11) AND MASS, RR(I), MATRICES
(ST@RAGE M@DE 1)

C@MPUTE EIGENVALUES, EVL(),
AND EIGENVECT@RS, EVC(l),
SUBRGUTINE NRGGBT

v

IN THE @RDER @F DECREASING MAGNITUDE,
WRITE THE EIGENVALUE (UNITS - Hz) AND
THE EIGENVECT@R F@R EACH C@@RDINATE
@F THE SYSTEM

RETURN

FLGW CHART: SUBPR@GRAM FREQ (SS, RR, TL, TK, TM, NCASE, N)
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At

‘Appendlx c.

SUBROUTINE FREQ(SS/RR,TLe TKe TMyNCASE y )
"DIMENSION SS(1)vRRI1)JEVL(32) v EVC(115¢)

- DIMENSION S(1156),R(1156), DUM1(342)

_ DIMENSION IDUM1(11).,.0umM2€17)

CoMMON EVL/EVCoDUML1, IDUML, DUMZvSrR
10=6

NuP:N*(N+1)/2
WRITE(IO»120)

WRITE(IO»129) NCASE

200 D0 205 I=1¢N

Do 205 J=1+N
CALL LOC(IrdyIJeN,0)

CAL% LOC(IrJoIJSINIL)
S(I1J)=sS(1JS)

R(IJI=RR(IJS)

205 CONTINUE

CaLL NROOT (NoSrRoEVL.EVC)
Do 220 1I=3:

IFCEVL(I) ) 210'215'?15

" 510 EVL(I)=ABS(EVLII))

© 215 LEvk(1)=04159155*%SQRT(TK*EVL(I)/TM)

WRITE(I0,225) EVL(I)

WRITE(IO,230)
Ix=t*x(I1-1)+1

o Iy=N*1

WRITE(I0»235) (EVC(J),Jd=Ixr1Y)

- 220 CONTINUE

RETURN .

120 FORMAT(1H1027K'8QHFPEL VIBRATION OF. A ONE-'(

123HDIMENSIONAL PANEL ARRAY)

125 FORMAT(/+44Xs9HDATA CASEr I4s/)

225 FORMAT(/¢5Xs 10HFREQUENCY=9E12¢5¢1X?3HHZW)

230 FORMAT(/95X»10HMODE SHAPE,/)

L 535 FORMAT (5XsBEL25)

236 FORMAT (5E15.8)

EpD

~ SUBPROGRAM FREQ: CARD IMAGE LISTING

Tel




Appendix C

88

PURPOSE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:

ACCURACY:

SIZE: 0003]28

REFERENCES:

SUBROUTINE NROOT (M, A,B, XL, X)

To compute the eigenvalues and eigenvectors of a real symmetric

matrix of the form B-inverse times A.

EIGEN

M - Order of square matrices A, B, and X
A - Input matrix, MXM, (stiffness matrix)
B - Input matrix, MXM, (mass matrix)

XL - Output vector of length M containing eigenvalues of B-inverse

times A

X - Output matrix, MXM, containing eigenvectors column wise
See EIGEN

See EIGEN

Referenc>es 3and 4



atocth o e

SUBROUTINE NROOT (MsAsBr XL 7 X)

: Appendlx Cci=

DIMENSION A(1)eB(1) e XL (1) X(1)

COMPUTE ElGENVALUtS AND EIGENVECTORS OF B
K=z1 ' .

DO 100 yZZIM ,
L=M%x(J=1)

Do 100 I 1vJ

L=+l & ' , . | _
K=K+1 3 . . ‘ A )
B(K)=B(L) . ' . L

THE MATRIX B IS A REAL SYMMETRIC MATRIX ' ;
My=0 i ' ‘

FORM RECIPROCALS OF SQUARE ROOT OF EIGENVALUES. THE RESULTS_

Call EIGZ£1B y Xe P V)

ARE PREM

TIPCTED BY THE ASSOCIATED ETGENVECTORS.
L=0 | .

DO 110 J=1vM

Lzb+d

110

XLGJi=1. O/SGRT(ABS(B(L)))
K=0 - A

DO 115 J=irM
DO 115 I=1eM

115

K=K — . . _ T
B(K)=X(K)*XL(J) A v o

FORF- B**(—l/a))PHIN&*A*(B**( 1/2))
Do 120 I=1em

N2=0 -
DG 120 J=1¢M

N1=M*(I=-1)
LoMx (J=1)+1

X(L)=0.0
D0 120 K=1+/4

e

Ni=NI1+]

N2=N2+1

. 120

X(L)=X(L)+B(NL) *A(N2)

“L=0

U0 130 J= 1'M
DC 130 I=1rd

NI=I=-W.
No=M*(J=-1)

%= =

A(L)=0.0

UG 130 K=17H
N1=N1+M

130

N2=NZ2+1
A(L)= A(L)+X(Nl)*B(N2)

COMPUTE EIGENVALUES AND LIGENVECTORS oF MATRIX LD

CaLL EIGEN (ArXeM, MV)

=0
Do 140 I—10M

140 -

L=CFT
XL(I)=A(L)

COMPUTE WNORMALIZED FIthVEC1ORS

D¢ 150 I=1eM

N2=0

_NL=I-M

DO 150 J=1eM - - | | ' o

[SUBPROGRAM NROOT: CARD IMAGE LISTING 1/21 ~—— ..‘._..;-»..--‘.:.,.sv



Appendix C.

NE e (J=1) +1 ; ;
f A(L)=0.0 . : .
K 00 150 K=1eM g
' CNISNLIAY G ?
. Na=n2+1l ¢ i
| 150 A(L)=A(LE+B(NL)*X(N2) !
=0 v :
K=0 N
DO 180 J=% M ;
SUMV=0,0 ! _ ;
: - DO 170 . I=1eM ;
- bzl+1l ) . i
. 170 SUMV=SUMV+A(L)#A(L) ;
1 175 SUMV=SGRT (SUMV)
[ DO 1680 I=1eM
. -KzK+1 . .
7180 X(K)=A(K)/SUmMV-
~ RETURN :
EnD -
. SUBPROGRAM NROOT: “CARD IMAGE LISTING 2/2
.90

T e

ek



PURPOSE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:

ACCURACY:

SIZE: 0005228

REFERENCES:

Appendix C

SUBROUTINE EIGEN (A,R, N, MV)

To compute eigenvalues and eigenvectors of a real symmetric

matrix by the Jacobi method.

None

A - Original matrix (symmetric storage mode: LOC), destroyed
in computation. Resultant eigenvalues are developed in

diagonal of matrix A in descending order.

R - Resultant matrix of eigenvectors (stored column wise, in

same sequence as eigenvectors).
N - Order of matrices A and R
MV - Input op;ion
0 Compute eigenvalues and eigenvectors
1 Compute eigenvulﬁes only (R need not be dimensioned but

must still appear in calling sequence)

The original matrix A must be real symmetric (storage mode 1:

LOC). Matrix A cannot be in the same location as matrix R.

At each step of the diagonalization a norm is calculated and the
diagonalization continued with the magnitude of the off-diagonal

term is sufficiently small to insure convergence.

References 3 and 4

21
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“"“-:«;.w,-i}';‘" [OOSR T

‘ Appendnx C

T SUBROUTINE EIGEN(A/ReNeMV)

DIMENSION A(1)eR(])

. C

GENERATE . IDENITY MATRIX
RANGE=1.0E-6

10

IF (MV=1) 10,25,10
Ig==N -

DG, 20 J=1,N ' :
IGEIQ+N

L0120 I=1eN
Iy=Iu+l

R(IJ)‘O 0
IF(I=-J) 20 15'20

15
20

R(IJI=1.0
CONTINUE

25

COMPUTE  INITIAL AND FINAL NORMS (ANORM AND ANORMX)

AwoéM 0.0

(3T} ;b I=1,N
Lo .35 J=I1,N

30

IF(I=J) 30035930
Iazl+(Jxd=J) /2

35

ANORMZANOIM+ATTIAY %A (1A)
CONTINUE

40

IF (ANORF) 1657165540
ANORM=1+414%SQRT (ANOR:)

ANRMX=ANORM¥RANGE /FLOAT (W)
INITIALIZE INDICATORS AND COMPUTE THRESHOLD,

THR

—IND=0

THR=ANGORM

45
50

THR= 1HR/FLOAT(N)
L=1

55

Mzl+1
COMPUTE SIN AND COS

60

M= {M¥EM=W} 72
Le=(L*xL-L)/2

62

CRECFMQ ,
IF(ABS(A(LM))=THR) 130+165,65%

65

InUzZl
LL=L+Le

MV=T¥FQ
X=0.5% (A(LL)=A(MM))

68

Y==A(LM)}/SARTCA(LMY A (LM) 4+ X%xX)
IF(X) 70075075 '

.70

75

Y==Y
SINXZY/SAGRT(20%(1+04+(SQRT(1+0=Y%*Y))))

78

SINXZ=SINXFSINX
COSX=SGRT(1.0-SINx2)

CoSA2=CO05X*CO5X
SINCS=SINX*CQ5X

ROTATE L AND M COLUMNS
ILQz=N*(L=1)

IMA=zN* (M=1)
Do 125 Iz1eid

Ig=(IxTI=1)/2
IF(i=-L) 800,115,80

80
85

IF(I-M) 85r115,90
IM=1+MQ

60 TO 65

_~__SUBPRO GRAM EIGEN: CARD IMAGE LISTING /2




L e ——

i

i

90
95

INZ=M+IQ

i Appendix C.

100

IF(I-L) 100,1050105

IL=I+L0

“Go YO 110

105

IL=L+ia

X=A(IL)*COSX=A (1M)*SINX

110

ACIM)IZACIL) *SINX+A(IM)*COSX
AclL)=x

115
120

IF{MV=1). 1200125+120
I R=EILQ+]I

1R=IMQ+1
X=R(ILR)*COSX=R(IMR)*SINX

R{IMR)ZR(ILR) *SINX+R (IMR) *COSX
R(ILR)_

125

CONJ INUE
X=2% O*A(LM)*SINCS

Y= ATLL)*COSX2+A(MM)k51NX2 X
X= &+A(LL)*SINX2+A(MM)*COsz

A(LM)-(A(LL)—A(MM))*SINCS+A(LM)*(COSX2-SINX2)

ALL)=Y

CA(MM) =X

TESTS. FOR COMPLETIQN

130

TEST FOR M = LAST COLUMN
IF(M=N)_ 135:,1400135

135

M=M+1
GO 70 60

140

TEST FOR L = SECOND FroM LAST COLUMN

145

Ip(L=(N=1)) 1“5 150e1u%
L=bL+1 :
G0 TO 55

150
155

IF(IND=~1) 1600155, 160
10=0

G0 TO s0
COMPARE THRESHOLD WITH FINAL NORM

160

IF(THR=-ANRMX) 165,165,45
SORT EIGtNVALU&S AND EIGENVECTORS

165

I==N

Do 185 I=1+N

1g=10+i

CLLZI+(I*I=1)/2

JeEN*([=2)
DO 185 J=IeN

JESJQA+N
MM=Jd+ (Jxde=d) /2

170

IF(A(LL)Y=A(MM)) 170,185r185
X=A(LL) '

AckiL)=Aa(MM)
A(MM)=X )

175

IF(i4Vv=1) 175+185¢175
Do 180 K=i1eN '

ILR=1G+K
IMR=JO+K

X=R(ILR)
R(ILR)=R(IMR)

180
185

R(IMR) =X
CONTINUE

RETURN

EnND

e ""SUBPROGRAM EIGEN CARD IMAGE LISTING 2/2

T e




Appendix C

SUBROUTINE SSBM (NCO, NBAY, NSUP, IBL, NINT, NDATA)

PURPOSE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:

ACCURACY:
SIZE: 0011 148

REFERENCE:

94

To compute the displacement, slope, shear, and bending moment
distribution along the centerline of the panel row for the fifteen
lower frequency modes of the structure. The displacement, slope,
shear, and bending moment distribution are calculated at each
element node point and at NINT points interior to the element.

All values are normalized to the maximum value and printed.

ELEM

NCO - Number of coordinates for the structural idealization
NBAY - Number of panel bays of the structure
NSUP - Number of elastic supports

IBL - Logic number: IBL = 0, the left end of the structure is
free or elastically supported; IBL = 1, the left end of the

structure is clamped.

NINT - Number of points interior to an element for which inter-
polated values of displacement, slope shear and bending

moment are to be calculated.

NDATA - Four digit data case identification number

For the declared size of the arrays: NCO £ 38, NBAY < 5,
NSUP < 6, NINT < 5.

(See NROOT and EIGEN)

Reference 1, pp. 9 - 11.



Appendix C

BEGIN STEP 10.1

C@MPUTE INTERVAL SIZE, STP,
AND NUMBER @F PGINTS, NINT, STEP 10.2
F@R C@MPUTING VALUES ALGNG
ELEMENT

!

SET M@DE NUMBER, |
@NLY LPWER FREQUENCY M@DES STEP 10.3
| < 15 ARE C@MPUTED

Yy

C@MPUTE INDEX F@R EIGENVALUE |
C@MPUTE SUBSCRIPT LIMITS F@R EIGENVECT@R | STEP 10.4
WRITE EIGEN VALUE

'

C@MPUTE o2 STEP 10.5
Y
SET BAY NUMBER, J
SET NG . @F ELEMENTS IN BAY STEP 10.6
C@MPUTE INTENSITY GF INERTIA LBADING

IS
THIS THE FIRST
BAY? J=1

YES STEP 10.7

G@ TQ® STEP 10.14

IS THE FIRST
BAY CLAMPED AT
THE L.H. END?

YES

NG . step 10.8
G@ T@ STEP 10.14

CPMPUTE CHBRDINATE NUMBERS FGR
R.H. END @F ELEMENT AND ASSIGN
C@PPRDINATE VALUES. STEP 10.9

SET LA =1

FL@W CHART: SUBPRGGRAM SSBM (NC@, NBAY, NSUP, IBL, NINT, NDATA)
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Appendix C

C@MPUTE PARTIGNED STIFFNESS>

MATRIX FGR ELEMENT STEP 10.10

SUBR@UTINE ELEM

!

C@MPUTE INITIAL VALUES QF
SHEAR, SHRI, AND BENDING STEP 10.11
M@MENT, BNDI, DUE Tg ELASTIC e
DEF¢RMATI¢N

C@MPUTE PARTlTI¢NED MASS
MATRIX F@R ELEMENT _ : STEP 10.12
SUBR@UTINE ELEM

C@MPUTE INERTIA REFLIEF F@R SHEAR

AND BENDING M@MENT AND ADD T® STEP 10
PREVIQJUS VALUES @F SHEAR AND - 13
BENDING M@MENT

!

INITIALIZE PARAMETERS STEP 10.1
SET LC = LA ‘ 0.14
[ ]
SET ELEMENT NUMBER
WITHIN BAY STEP 10.15
=1, NLMT
N@ STEP 10.16
¥
XS = X1(CNT+1) XS = X1(CNT)
NG STEP 10.17
cggstepr0.211] o
COMPUTE CGGRDINATE |
NUMBERS FGR ELEMENT |- STEP 10.18

FL@W CHART: SUBPRGGRAM SSBM (NC@, NBAY, NSUP, IBL, NINT, NDATA)

96
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STEP 10.19.1

STEP 10.19.2
THE LAST GRID PGINT | SET CO@RDINATE VALUES
HAS BEEN ENC@UNTERED . AT EACH END @F THE
SET C@@RDINATE VALUES ELEMENT
AT R.H. END @F ELEMENT.

T

IS
THE CABRDINATE

PGINT ELASTICALLY STEP 10.20
STEP 10.21.1 SUPP@RTED ? STEP 10.21.2
CGMPUTE SUPPGRT (PBINT) SET PGINT SHEAR AND

SHEAR AND BENDING BENDING M@MENT EQUAL
M@MENT IMPEDANCE AND T@ CURRENT VALUES
ADD T@ CURRENT VALUES -

L

i

BEGIN INTERPGLATIGN
@VER ELEMENT STEP 10.22
JJ=1,NINT |

|

SET INDEX, CNT

SET DIMENSIZNALESS C@@RDINATE, ZE | STEP 10.23
SET L@ZCAL COZRDINATE, X
X1 =X+ XS

v

C@MPUTE VALUES @F |

W(CNT)  EQN. 16* STEP 10.24

DW(CNT) EQN. 16*

SHRCNT) EQN. 17*

'BND(CNT) EQN. 18*
1

|
SETLA=0 -
CURRENT VALUE @F SHEAR = SHR(CNT) STEP 10.25
CURRENT VALUE @F BENDING M@M. = BND(CNT)

*Reference 1, p. 10 é

FL@W CHART: SUBPR@GGRAM SSBM (NC@, NBAY, NSUP, IBL, NINT, NDATA)
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é@

YES N
2 STEP 110.26
‘ G@ T@ STEP 10.22
YES NG
w ‘ STEP 10.27
1 G@ TQ STEP 10.15
NCUR = IC + 1 STEP 10.28
YES NG
. @ STEP 10.29
G@ TG STEP 10.6
INITIALIZE N@RMALIZING VALUES |
WMAX, DWMAX, SHRMAX, BNDMAX | STEP 10.30
SET UPPER LIMIT ON VALUES :
CPMPUTED
SEARCH ARRAYS W(IW), WD(IW) |
SHR(IW), BND(IW) AND SELECT STEP 10.31
MAXIMUM VALUES, WMAX, ETC.
]
C@MPUTE N@RMALIZED VALUES . ~
W(IM) = W(IM) /WMAX STEP 10.32
ETC .
3
F@R EACH BAY PRINT VALUES F@R LCATI@N
IN BAY, X1(IR), AND N@RMALIZED VALUES STEP 10.33
F@R W(IR), DW(IR), SHR(IR), BND(IR)
YES NG
0 STEP 10.34
RETURN G@ TG STEP 10.2

FL@W CHART: SUBPRGGRAM SSBM (NC@,NBAY, NSUP, IBL, NINT, NDATA)
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~SUBROUTINE SSBMINGO; NUAYrNSUPoIBL NINT.NDATA)
DIMENSION EVL(38) EVC(1156) »WB(5) »BLMT(5)

DIMENSION §L(6)oSC(6)rSR(e)oRL(é)pRC(G)'RR(e)
CIMENSION NEL(S)'NCP(6)rSl(u)vSZ(u)vS3(4)

DIMENSION DUM1(293),DUM3(5)

DIMENSION X1(180),W(150)rDW(180)+SHR(180), 8ND(180)

COMMON EVL/EVCeDUML »WR,BLMT»BW,DUM2
COMMON . TLySL¢SCrSReRL ,RCeRRyNEL ¢ NCP

COMMON DUM3¢S1052, S3pX1vW'DW'SHRvBND
INTEGER CNT

IOQ.

STP=1. /FLOAT(NINT)

NINT=NINT+1

Do 929 I=1¢15

WRI%&(IO:lOO)

_WRITE(10,101) NDATA

BnQ&tG.

SHRP=0,

BNOPZ0,

NLMAX=0 -

CnT=0

NNENCO+1-1

WRITE(10,102) EVL(NN)
NFL=NN*NCQ-1 ‘
OMZ6.28318*EVL (NN)

~OMS=0M*0M
NCUR=0

“La=0

Do 921 J=1/rNBAY

NLMT=NEL (J)
" NLMAXZNLMAX+NLMT

"BMM=OMS*WE (J) 7386,

IF(J=1) 901r9010907

301

902

IF(IBL=1) 907+902,902
K31=NCO* (NN=1)+1

K2=Kl+1
01:0.

D2=0.
D3zEVC (K1)

Dy=EVC(K2)
LA=1

CALL ELEM(Jr19S1952,53)
SHRI=SZ2(1)*TL*D3+52(3)'*%04

BWDI==S2(2) *xTL*03-S2 (4) *Dy
CaLL ELEM(Jr2rS1+52,53)

" SHRIZSHRI=OMS*S2 (1) xTL*D3=-0MS*S2(3) %Dy

snDI= BNDI+OMS*S2(2)*TL*03+0MS*52(4)*04

907

CONTINUE
X1 (CNT+1)=0,

LC=LA
DO 8920 K=1+¢NLLMT

903

IF(K=1) 903+,903,904 .
XS=X1(CNT+1)

L 904

6o TO 905
XS=X1(CNT)

905

IF(1-CA) 908+914+908

SUBPROGRAM_ SSBM CARD IMAGE LISTING 1/3

Appendlx C.



Appendlx C

908

Ic:NCUR+2*K-2*LC-1 - — 'j,iuﬁ' — = i
K1=NCO* (NN=1)+IC » ' ' :

Ke=Kli+1
. K3Z=K1+2

KGy=K1+3
IF(K1=NFL) 909+910r910

909

D1=EVC (K1)
O2=EVC (K2)

D3ZEVC (K3)
DG=EVC (K4)

i 910

GO YO 911
Di= aVC(Kl)

DozEVC(K2)
03=0.

911

U4=0.
Do 912 KKz1,NSUP

912

IFINCP(KK)=IC) S12¢913,912
CoNTINUE

913

6o TO 914
SHRP= (OMS*RL(KK)/386.-SL(&K))*TL*Dl+

2 (OMS*RC(KK) /386+=5C (KK) ) *D2+SHRI
BNOP=(SC(KK)=-OMS*RC (KK ) /386, ) *TL*D1+

2(5R(&K)-OMS¥RR(KK)7385.)*02+BNDI
Gg TO 915

914

SHRP=SHRI
BnDP=BRDI

915

CONTINUE
D0 920 JJU=1,NINT

CNT=CRNT+1
ZEZSTPxFLOAT (JJU~1)

X=ZE*BLMT (J)
A1 (CNT)=X+XS

LES=ZE* L » K
ZEC=ZEXZES

WICHT TS (2 ¥ EC=3 v 2511 « J R T L AU I F XX (ZES =2 e xZEF 1 T¥ 2=
CZES* (24 #ZFE=3, ) xTLxD3+x#ZEx (ZE=14+) %0y

DWW (CHT IS A ZE*{ZE=1 . ) TL*Q1/BLMTUJY + (3. ¥ ZES-4 e xZE4+ 1. ) *D2=
20 ¥ZEx (ZE<1.)*TL*D3/BLMT(J) +ZE* (3. *¥ZEG=2.) *DY v

SHRICHT I =SHRPFBMM»x X x (5% ZEC~-ZES+I .1 *TL*D1 +
SBEMx Xk Xk ( ,2542ZES=2 e %ZF /30 +¢5) %P2~

SOMFxX* ZE Sk (G O¥ =1+ ) *TLADAT
BUMAX A X4 ZE* (W 29%ZE=14/3+ ) %Dy

UNU(CNT)IZBNDP+SHRP* X + BMMak kX *(ol*ZtC—.25*2t5+o5)*TL*Dl*
cBMMEXEX KX ¥ (D9 ZES=ZE/Be+]1e/60)%D2~

SBMMAX R XK ZESk (2 I ¥ZE=e28) ¥ L ¥D3+

L 4BMME X kXA X Rk ZEXx (L 05%xZE=1,/124) %Dy

LA=0 ,
SHRIZSHR(CNT)

TBNUI=BND (CNT)

920

CONTINUE'

921

NCUR=ZIC+1
CoNTINUE

WHMAX=U
DWMAX:OQ

SHRMAXZ=0 .,
BDMAX=0.

LIMZNLMAXSNINT : =
Do 924 Iw=1l,LIM g '

ook

mIF(AdS(W(IW))AWMAX) 916r916,917 N b

'SUBPROGRAM SSBM: CARD IMAGE LISTING 2/3 =
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Append

ix C

9(7
916

WVAX ABS(A(IW))
IF(ABS(DW(IW))—DWMAX) 918r918'919

3919

. 918

DuMAX=ABS (DWW (IW)) .
FF(ABS(SHR(IW) ) =SHRMAX) 922.922:923 i

g23

__gp2

SHRMAX=ABS (SHR(1W)) {
IF(ABS(BND(Iw))-BNDMAX) 924 924925

925
924

BWOMAX=ABS (BND(TW) ) ;

00\926 IM=1,LIM
W(IM) =W (IM) /WMAX

Ow{IM)=DwW (IM)/0WMAX
SHR(IM)=SHR (IM) /SHRMAX

926

qu (Ii1)=BND (IM)/BNDMAYX
COWYINUE

L]M;l _ .
DO 928 J=1 ¢NBAY

WITE(10+998)
WRITE(100997) J

LIMMZLIM+NINT*NEL (J) =)
DO 927 IR=LIMsLIMM

327

WRITE(IO»999) Xl(IR)0W(IR)vDW(IR)pSHR(IR) BND(IR)
CONTINUE

928

LIMzLIM+NINT%NEL (J)
CoNTINUE

. 929
100

CONTINUE
FORMAT (1H1)

101
102

FORMAT (25Xr9HDATA CASE,I4)
FORMAT(/+5Xs 11HFREQUENCY =¢E12.501X¢3HHZ,)

997
998

FORMAT (/929X 3HBAYr 12)

FGRMAT(/»9X s 1HX 10X s 1HW e 8X 2 SHDOW/DX*9X, 1HV, 11Xr1HM)

999

FoRMAT(SX;F? 302X, 4E12,.5)
RtTURN

END.

......

'SUBPROGRAM SSBM: CARD IMAGE LISTING 3/3 |
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Appendix C

SEGMENT LEVEL

| r_-L?VELT-- ! _-L—EV-EL—z_--]
MAIN PROGRAM | ] SEGMENT 1 ' !
PLTVIB 7 1”] RDNWRT : I
| 0 1
al : | I
| | SEGMENT 2 I | SEGMENT 3 i
1| PLTSTF "] Assyp i
| | |
| - ! !
COMPUTE AND | SEGMENT 5| | |
ASSEMBLE < 1’| RIB, ASSYR
STIFENESS MATRIX : : ;
I ] SEGMENT 6 i |
L] NONDIM, i |
I'] ORDER, FILL,|
I | DELETE | |
! |
F‘ | _ | |
!,l SEGMENT 4 | I.| SEGMENT 3
PLTMAS — "] ASSYP '
| R i
| ! |
- | : SEGMENT 5 ! |
COMPUTE AND |
ASSEMBLE l'l RIB, ASSYR I \
MASS MATRIX : ' |
I | SEGMENT 6 | :
| NONDIM,
| ORDER, FiLL,| | |
I | DELETE I i
> | | |
: SEGMENT 1 : '
|
":' RDNWRT | 3
COMPUTE AND PRINT < I : :
EIGENVALUES AND ¢ | [SEoMENT 7
i : |
I
(_L_L| SEGMENT 1 I '
—* RDNWRT | |
| | [
b e e e e 1l

TWO-DIMENSIONAL PANEL ANALYSIS:
PROGRAM CORE-OVERLAY STRUCTURE
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PURPOSE:

SUBPROGRAMS
REQUIRED:

INPUT DATA:

VARIABLES:

Appendix C

PROGRAM PLTVIB (MAIN)
(See Figure 2 for Flow Chart)

Main program for computing the natural frequencies and normal
mode shapes of a nine-bay orthogonally stiffened flat panel. The
structure is-assumed to have clamped edges along the edges and

four orthogonal stiffeners dividing the uniform cover sheet into nine
bays. The stiffeners are modeled with a finite element representa-
tion of a thin-walled open-section.beam. The stiffener element
deformation fully conforms to the plate element deformation along
the edges of the plate element. The rectangular plate bending ele-
ment used is based upon a sixteen degree-of-freedom element with
an interior element mode in the form of a clamped-clamped beam

fundamental mode.

RDNWRT, PLTSTF, PLTMAS, RIB, NONDIM, ASSYR, ASSYP,
FILL, ZERO, ORDER, DELETE*, LOC*, EIGEN*, NROOT*

See Appendix D for description -

NCASE, A(l), B(l), EP, HP, PR, RHOP, ER(I), GR(l), RHO(I),
SR2(1), C2(1), SR3(1), C3(1), AR(l),

A22(1), A23(1), A33(l), SJ(I), RE2(l)

RE3(1), GM(I)

NDEL(D) - Constraint vector for an N degree-of-freedom system.
If NDEL(R) = 1 the th coordinate is removed from the equations of
motion. If NDEL(R) =0, the th coordinate is ignored in subpro-
gram ORDER.

S1(1), S2(1), S3(1) - The arrays represented the partitioned stiffness

or mass matrices of the plate on rib element.

SC(D) - The coupling term between the edge displacements and the

generalized coordinate for the plate stiffness and mass matrices.

SF(1), RF(l) - Structure stiffness and mass matrices

(symmetric storage mode: LOC):

EVL(l) - Array of eigenvalues

103



Appendix C

VARIABLES: EVC(I) - Array of eigenvectors
(Continued) :
R(I) - Dummy array

M - Number of grid points in f-direction

N - Number of grid points in y=direction
RESTRICTIONS:  For the declared size of the arrays: M < 4, N < 4
ACCURACY: Not Applicable |
SIZE: 00637]8

REFERENCES: Reference 1, pp. 11 - 16

*Subroutine is identical to that described for the one-dimensional analysis.
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3y

-
i

w5 gt
PR AL,

[ !
et b

. . COMMON ER(4)sGR(4) »RHO(4)»SR2(4) +C2(L4)»SR3(4)9C3(y),
'_____lAR(Q)LAaaiQL.A2314LJA03(HLJSJ(4)LREZLulLRE3(u)'GM‘“)

Tt

o MBAY=M=1

o ANAME(2).=0 . , |

- Cakl_ZERO(R,2701)

AEPend|x£ o A

SEGZERO(SEGQ PLTVIB,LOCsZERO) o S
SEGMENT (SEG1 » RONWRT) . o |
SEGMENT (SEG2,PLTSTF) | g
SEGMENT (SEG3,ASSYP) 2
. SEGMENT (SEGY s PLTMAS)

" SEGMENT(SEGS,RIB»ASSYR)
SEGMENTI(SEGE ¢ NONDIM, ORDER o F ILL » DELETE)
SEGMENT(SEG7/NROOT/EIGEN)

B e

e —— e o " %y

_PROGRAM IPLTVIB.(INPUT,cUTPUT, TAPES= INPuT'TAPea OUTEUL)

COMMON R(2701)¢A(3)+B(3)

COMMON_NCASE »EP+HP.+ PR, RHOP/DP».TL» TK» TMsNCO

: DIMENSION NDEL(73)¢S1(36)+52(64)eS3(35)9SC(17)

-__~__1SF(625L;RF(625LLEVLL2513EyciezsLLA“AMg(z) :

: EQUIVALENCE (R(sae).RF(1))o(R(gsa)-EvL(1))v(R(978)'EVC(1))

‘o DATA LFILE/3HLGQ/

IpATA=1
. 100 READ(5,105) NDATA

105 FoRMATcsx.Is)

_110_ M=4
Nzb4
NcP=4

SNENEIIN NGNS S

" NgAY=N~1
e NP=MxN

Nyl=NCPxNGP
—NCO=NU1+MBAYxNBAY

ANAME (1) =4HSEG1

CaLL SEGMENT(LFILErlpANAME) . ¢
—_CaALL. .RDNWRT.(.1) : .
C INITIALIZE CONSTRAINT VECTOR
— Do_120.I=1r64
IF(I=20) 115,115,111
111 IE(I=29) 114115112
112 IF(I=36) 11501150113
113 _IF(I=45) 114115115
114 NpEL(I)= 0
—_— = 60..TO0_120
115 NpEL(I)I= 1
120 __CONTINUE
TL= S@RT(A(e)*A(2)+B(2)*B(2))
—Dp= EP*HP*HP*HP/(la.*J1.-PR*PR)) . :
CALL RDONWRT (2) - A .
— RHOP=RHOP*HP./386.. '
, Nyl=NCP*®NGP
._______...D,O..--3..Q_5_..I.QE1'__2
NCO=NU1+MBAYxNBAY -

IF(I10P=1) 200+200,210

C - COMPUTE _AND_ASSEMELE FREE~EREE_PLATE_ sTIFENESS_MATRIX*__ﬁu

, 200 ANAME (1) =4HSEG2

ANAME(?) 0

PROGRAM PLTVIB: CARD IMAGE LISTING 1/3}




o

, Appendix C.

o ANAME(1)=4HSEG3

T CaLL SEGMENT(LFILE 10 ANAME)

ANAME (2) =0

o

CALL_SEGMENT(LEILE 20 ANAME)
- Do 205:J=1+NBAY :
L Dy=BAu)

Do 205 I= l'MBAY
Dx=ALL)!

CcalkL PLTSTF(DXvDY DPrPRr51'529$3v$C)

f;“~~__£ALL ASSXB(R.SLJSZLS3»SCLILMLJLNLNCP)
. 205 - CONTINUE

60._TO0__220 i
C - COMPUTE AND ASSEMBLE FREEvFREE PLATE MASS MATRIX |
_210_.ANAMELleuﬂSEGQ '
; ANAME (2) =0

LT TCALL SEGMENT(LFILEr 1/ ANAME)

e DYFBAD)

_ANAME (1) =4HSEG3

» ANAME(2) =0
e CaALL _SEGMENT(LEILE»2+aANAME)

Do 215 J=1¢NBAY

Do 215 I=1r'MBAY

Dx=A(1)
CALL PLTMAS (DX ¢DY,RHOP»S1952¢53¢5C)
CALL _ASSYRP(1R2.S51252053,SCrLetirJeNeNCP)

215 CONTINUE

C

" 220 ANAME(1)=4HSEGS
___ANAME(2)=0

COMPUTE. AND_ASSEMBLE FREE=FREE_RIB_STIFENESS_AND_wASS_MATRICES.

‘ Call. SEGMENT (LFILE1,)ANAME)
_~mm~_.DQ_ZYQMIR 1,4

o

6¢ TO (225'235'250'256)v1R

ﬂ_aes' J=2_
' GO TO 240
‘__.235.___,\-1.':3_.,,,~
240 Ax=1.0
DO L2845 121 ¢+ MBAY
DRr=A(1)

t__",__CaLL_RIB(LRLIOBJDRL51*SZJSS)

'C“_”f_NONDIMENSiONALIZE_MAJRIEEG

— Gl RIB(IRLIOPLDRLSl,S?:QB)

o Cabkl ASSYR(Ro51v52vS3.I MedJsNeNCP,AX)
—2us__ CoNTINUE

Go TO 270
_250_.1 2

Gg TO 260
255 1=3 i
260 AX=000 ) ;
- Dg..265_J=1+NBAY

Dr=B(1)

H
i

; - CALL ASSYR(R#S1¢S2953,I¢Medy NvNCP AX)
—265—CONTINUE

270 .. CoNTINUE

TR 000

i o e

T PROGRAM PLTVIB CARD IMAGE LISTING 2/3
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ERR LT

{ 275 CONTINUE

:K_____ﬁo"ID,ZQO

(e e e e

Do 275_L_5LNU1'NCP

I1=1I-1
I1l= 11+(11*11-11)/2

' I1=21+(I%I=-1)/2
—TR= TR*R(111)+R(II).

R (R ;.

—ANAME (1) =4HSEGA

ANAME (2) =0
'______CALL"SEGMENT(LFILELL ANAME)

IF(I0P-1) 280¢230,285

C o _ 280 TK=STRZ(FLOAT.(M)*FLOAT(N))

CALL NONDIM(ReMsN,TK,TL)

285 TM=TR/(FLOAT (M) *FLOAT(N))
e CALL _NONDIM(R . M2N,TM,TL)

. 290 Npk=0
'C ApPLY_COORDINATE_CONSTRAINTS

] CaLL ORDER(RsNDEL ,NCP,M¢N¢NDL)
NCO=NCO=NDL

IF(IOP=1) 295¢295,300

2987 CALL FILL(SF,R¥NCO# D)
e _GQ._T0.305

' 300 CALL FILL(RF,ReNCOrD)
._305._£oNIINUE

C CoMPUTE EIGENVALUES AnD EIGENVECTORS
—— ANAME (1) =4HSEGL

ANAME (2) =0

CALL,SEGMENT(LEILEL4¢ANAMF)
CalkL RONWRT (3) .
ANAME (1) =4HSEGZ

. ARAME (2) =0
—CalL SEGMENTALFILE )+ ANAME)

CalL NROOT(NCO,SF, RthVLvEVC)
ANAME (1) =4HSEGL

ANAME (2)=0

L____~£ALL_StGMENILLElLEJLLANAMF)
! CalL RDNWRT (4)

L PIRSY

IDATAZIDATA+1
IF(NDATA=IDATA) 3104110,110
310 CONTINUE

_EnD

{Pkb’ék’AM PLTVIB: CARD IMAGE LISTING 3/3; ..




Appendix C

SUBROUTINE RDNWRT (IT@)

PURPOSE: This subprogram contains all input/output statements for program
PLTVIB. Input data definition and format is described in Appendix

D. An example of output format is also included.

SUBPROGRAMS
REQUIRED: None

VARIABLES: ITQ =1, input data read
= 2, edited input data is printed
=3, NCASE, TK, TL, TM are printed

= 4, eigenvalues and eigenvectors are printed
NCASE Four digit data identification number

TK,TL,TM Nondimensionalizing constants for force (stiffness),

length, and mass, respectively

RESTRICTIONS: 1< 1T < 4

ACCURACY: Not Applicable
SIZE: 0010268
REFERENCES: None
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Appendix C

RDNWRT(ITO)

o =1 READ INPUT -
™ DATA RETURN

o =2 PRINT

' EDITED DATA RETURN

L/——‘

Imo =3 PRINT

DATA CASE
TK, TL, T™

/ |

RETURN

v _TO=4 1 PRINT

EIGENVALUES RETURN

FREQUENCIES
AND
EIGENVECTORS

_—

FLOW CHART: SUBROUTINE RDNWRT(ITO)
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Appendix C
SUBROUTINE RDNWRT (ITO)
CCMMON ER(4) vGR(Y4) s RHO(U) SRZ(Q)tCZ(Q)oSR3(u).C3(q).
1AR(Y4) 1A22(4) Aaa(a).Aaatu)'SJ(u)oREZ(u).RES(u).GMcu)
COMMON- R(2701)rA(3),8(3)
COMMON NCASE+EP»HP+PR,RHOP*DP e TL» TK» TMoNCO
DIMENSION EyL(25), EvC(bZS)vRF(625)
EGUIVALENCE (R(326)9RF(1))'(R(952)'EV[(l))'(R(978)'EVC(1))
In=5
Io=6
60 TO (100+,2000400¢500n)1T7O
1ng READ(IN'600) NCASE
READ(INs605) A(1),A(2),A(3)
READ(IN#605) B(1),B(2)B(3)
READ(IN?610) EPsHPePR,RHOP
Do 105 I=1+4
READ(INPG610) ERC(I)eGR(I) e RHO(I)
READ(IN?610) SR2(I)«Co2(1)sSRI(I)WCI(])
READ(IN(610) AR(I)2222(1),A23(1)2A33(1)
READ(IN?610) SJI(I)rRE2(I),RE3Z(I)GM(])
105 CoNTINUE
’ RETURN ‘
200 WRITE(IOre20) NCASE
WRITE(IOr625)
WRITE(IOr630) A(1)rA(2)eA(3)
WRITE(IOrp35) B(1)»B(2)eB(3)
WRITE(IOrpl4Q)
WRITE(IOr645) EP+PR,HgE o+ RHOPDP
WRITE(IOreS0)
Dc 140 I=1ry '
GC TO (13001300135¢135)01
130 WRITE(IOr655)
WRITE(IOr660) I+JER(I),GR(I),RHO(I)
WRITE(IO0r665) SR2(I)yc2(I)rSR3(I),C3(1)
WRITE(IOr670) AR(I) »A22(1)rA23(1),A33(1)
WRITE(IOre75) SJ(I),RE2(I)PRE3I(I),6GM(])
Go TO 140 : :
135 WRITE(IOre80)
WRITE(100660) I+ER(I),GR(I),RHO(I)
WRITE(10r685) SR2(I),c2(1)»SR3(1),C3(1)
WeITE(IOre90) AR(I) pAZz2(I1)rA23(1),A33(1)
WRITE(IOre95) SJ(I)eRE2(I)PREI(I),6M(])
140 CONTINUE
RE TURN
400 WRITE(IOr620) NCASE
WrlITE(IO»700)
WRITE(10,705) TKeTL,TH
Re TURD
500 Do 415 I=1eNCO
IF(EVL(I)) 405r4l0r4lyp
405 Eyb(I)= ABS(EVL(I))
410 FREG= 04159155%SQART(TKxEVL(I)/TM)
WRITE(IO»710) EVL(]1),FREQ
WRITE(IO»715)
Ix=NCO*(I=1)+1
Ivy=NCOxI
WRITE(IO»720) (EVCU(J),J=IxelY)
415 CcNTINUE
600 FORMAT(5X,14)

SUBPROGRAM RDNWRT: CARD IMAGE LISTING 1/2
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. _620__FORMAT (1H1228X+9HDATA_CASEs15)
c i 137HNINE_BAY, ORTHOGONALLY.STIFFENED. PANELrI/tZBXJ

i

Appendlx C

605 FoRMAT(“Xr3E12 5)
-610___FORMAT (4X+,4E12.5)
€615 FORMAT (4Xe412)

625 FQRMAT(/+28X+19HFREE VIBRATION OF A,/, 19X.

! 219HSTRUCTURAL GEOMETRY»/)

?f”63Q~,FORMAT(15X'§HAIQLE12-802X 3HA2=0rE1245,2X23HA3=0E12450 /)

705, FORMAT(13X¢3HTKS0E1245,2X 0 3HTL=0E12,5,2Xe3HTM=sE1245)

635 FORMAT(15X»3HB1=vE12.592X,3HB2=rE12, 5,2X¢3HB3=+EL12¢50//)
—640__FORMAT(30Xr16HCOVER SHEET _DATA./)

'l? 645 FQORMAT(5X»16HYOUNG'S MODULUS=9E12,5:15X»16HPOISSON'S RATIO=

1E12.50 /05X 16HTHICKNESS. _ =9E12e5015X016HWEIGHT/VOLUME =,
- 2E12,50/024Xy 1 THBENDING RIGIDITY='EL1245¢//)
6SO¢"F0RMAIJ3IX 14HSTIFFENER_DATA/)
655 FORMAT (24X»29HSTIFFENERS PARALLEL TO yx=AXIS)
_660__FORMAT(S5Xe13HSTIFFENER NO,0I12¢2XeyHE =E12, 5-zxmuﬁe_...51245;__f

3 12xr6HRHO =,E12.5)
1665 _FORMAT.(5X1.3HSY=rE12.5,2Xe4HCY _=0E12,.5, ZXLuHSZ =eE12.502X0_

i 16HCZ  =¢E12.5) o

t~670“—FoRMAT(SX'3HA--oE12e5o2XJaHIYY_'E12.5.2X04HIYZ-LE12 Se2Xe_ .

) 161122 =1E12.5)

r_675_mFoRMAI(5XoBHJ“--E12‘5xZXLuHREY-oE12 5.2XruHREZ,,E12 502X
16HGAMMAS=EL2,50/)

i 680 FORMAT (24Xr29HSTIFFENERS PARALLELMIQWX'AXIS)___“M,_“
1. 685 FORMAT(S5X»IHSX=rE12592X24HCX =0E12, 5.2XruHSZ =vEj2, 592Xv
. q_16HCZ =sEl2.%) .

- 690 FORMAT(S5X»3HA =,E12, 502X'QHIXX-rElaoSoZX'qHIXZ-vEIZ 502Xe
‘ 16H12Z _=»E12,5) S .
- 695 FORMAT(SXe3HJ =rE12.5,2Xr4HREX=¢E]12. 5.2X9uHREZ"E12 5!2Xo i
o L6HGAMMA=VEL12,50/) e

700 FORMAT(/+23Xs29HNONDIMENSIONALIZING CoNSTANTS)

+ 710 FORMAT(/+¢5Xy11HEIGENVALUE=rE12, 5919Xo10HFREQUENCY-'E12 s'uH.Hz.)
. 715 FORMAT(33Xx»1iHEIGENVECTOR)
v 720 FoRMAT(QXoElao502on12.592XvEl2 502X0£12.502X0£12 S)

| RETURN

?-nu_"_iggygk 7 “m‘...,,;”T»,_;“f»f%.-fﬂnrfw_ .1,‘ —_— — - i e

SUBPROGRAM RDNWRT CARD IMAGE LISTING 2/2’
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PURPOSE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:
ACCURACY:
SIZE: 002220

8

REFERENCES:

SUBROUTINE PLTSTF (A,B,D,P,S1,52, 53, SC)
To compute the stiffness matrix of the modified sixteen degree-of-

freedom plate element described by Bogner, Fox, and Schmidt with

an interior mode in the form of clamped-clamped beam functions.

None

A - Dimension of the plate element in the x-direction

B - Dimension of the plate element in the y-direction

D - Bending rigidity of plate element (Reference 1)

P - Poisson's ratio for the plate element

S1,52,S3,SC - Partitioned stiffness matrices for the plate element
(see Flow Chart and Appendix B)

A#0,B#0

See References below

o Reference 1, pp. 12 -15 ~

o Bogner, F. K.; Fox, R. L.; and Schmidt, L. R., Jr.: Confer-
ence on Matrix Methods in Structural Mechanics, Wright-
Patterson Air Force Base, Ohio. AFFDL-TR-66-80, 1966,
pp. 391 - 443

o Mason, V.: Rectangular Finite Elements for Analysis of Plate
Vibrations. J. Sound Vib., Vol. 7, No. 3, May 1968,
pp- 437 - 448.



*SEE APPENDIX B -

FLOW CHART: SUBROUTINE PLTSTF ( A,B,D,P,S1,52,53,5C)

" BEGIN

COMPUTE ASPECT
RATIO PARAMETERS

¥

FILL ARRAY ST(1)*

K, K
Sl(l)=[ 1 K12
sym.n22

R

FILL ARRAY S2(1)*
[Kiz Kig
23 Koy

!

FILL ARRAY S3(1)*
K33 K34]

$3(1) =
0o

v

FILL ARRAY SC(I)*
SC(1) =[Kci.|
sC(17)= k

MULTIPLY ALL

VALUES BY
D/ab

RETURN

Appendix C
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AppendGC T o . . _
= SUBROUTINE PLYSTE (AeB,DsPsS19520S3eSCy - SRS
. DIMENSION 81(2)952(2).53(2)05C(2) U T S -
: _.____Aa AXB._
' F= B*B/ (AxA)
L - G=_A*A/(BxB)_ L - : .
S Rz F+G | | T . T
L C0=.e39647605_ - -
.. Ci1lz .20771538
L C2lz 04469616 : < : L

A C31=4.6472757 _ o P

. PHIzR+2.xC11%C11%(C31-2.)%(C31=2s) | SRR
SM= CO*CO*PHI/Z(C21%C21) SR

_SM1=5SM/2048,=C0xC11*C1 1 ' L

SM2=SM/4096,-C0*C11%Cy1 -
, S1(1)= _1564%R/35,%2.88+..0625%5M ' — :
; S$1(2)2  ((22¢*%F+T784%G)/35,+1¢2%(42+P) 4,015625%5M) «B

o S1(3)=  ((4.%F+52 ,%G) /35+4¢32+,00390625%SM) *B*B
: S1(4)= «((T8*F+224%G)/35.41+2%(42+P)4+,015625%SM) %A
. S1(8)= =(11,%R/35,+,02+1.2*%P+.00390625%SM) *AB
, S1{6)=  ((52.%¥F+4,%G) /35.4:32+,00390605%SM) xA*A
e S1(7)=_ _(11,%R/35.%.02+.2%P+8..%xSM1)*AR: '
S1(8)=  ((2%F422,%G/3,)/35.42.%(,24+P)/15,+2,%SM1)*AB*B- =
514902 =((22%F/3,42.xG)/35.+2.%(24P)/15,+2.%SML) *axAB____

I $1(10)= (4+%R/105,+8,/225,+SM2) *AB*AB

51(11)—-(156.*F-54o*GJ/35.:2 88+,0625%SM
.. 51(12)==((22¢*%F=27e%G) /35, +.2U4x(, 2+P)-.015625*SM)*B
Vo 51 013) = ((78eXE=130%G)/35," Jzy-.015625*SM)*A
‘ S1(14)==((11.,*F=6,5%6) /35, +.1*(.2+P)-n.*SM1)*AB
. 81(15)=.51(1)
o S1(16)= S1(12)
S S1017)==( (4 xF=18,%G)/350++32~+00390625%5M) *B*B
$510(18)= ((1l]*F=6,5%6)/35,+e1*(e24P)=, 00390625*SM)1AB
51019)==((2,%xF=13, Q[3.)/3§,+2,/75.-2 *SM1)xABxB -
b S1(20)= S1(2)
- S1(21)=_S1(3) 2 e
S1(22)==51(13) :
S1(23)==S1(18)
S1(24)= ((26¢*F=3,%G) /35+=0¢08=400390625%5M) *A*A
S1(25)==((11, ’_“.E__a_n__l_n_S!G..[}So"(02+P)/100-?0*SML)*LAB
i S1(26)==S1(4) . .
e S3(27)==S1(5) : o o
: S1(28)= S1(6)
51 (29)==S1(14)
: S1(30)==51(19)
_____.51(31)-*51(25)
S1(32)= ((2. *F/Bo-G)/35o-2-/225--SM2)*AB*AB
53 (33)==S51(7) :
S1(34)==S1(8)
— S51(35)=_51(9) : ' I
. S1(36)= S1(10)
—S52(1)=5 (54 #F=1564%G)./35,22:88++0625x5M
» S2(2)=  ((13,%F=78¢%G)/35,=.2U++015625%5M) *B '
. Spl3)=_ -((27.*F-22.*G)/35.-1.2*(.2+P)+.015625*SM)¢A**~_‘_*_*_
'S2€4)=  ((6.5%F=11+%6)/35.=e1%(e2+P)+5,.%SM1) *AB
e Sp(5)= =54e%R/35¢42,88+.0625%SM___ .
S2(6)= =( (13, %F+274%G) /35, .24-.015625*SM)*B
S2(7)= =((27.%F+130%6)/35,=¢24=:015625%SM) *A_
52‘8)-— (605*R/35. .OZ-BQ*SMl)*AB .o ' -

SUBPROGRAM PLTSTF: CARD IMAGE LlSTlNG 1/3
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S2(9)= =S2(2) - APPfiﬂi’iE_ |

52 (10)==((3.,xF=26, *e)/35.+2 /25 +.00300625%GM) *B*3
: S2(11)= ((6.5*%F=11e¢%G)/35,~01%(e 2+P)+ 00390625%SM) *aAB
Lo Sa2f12)==((1, 5&F-11L;613L1/35L+(.21&)/30 +2.*SM1)tAB*B._
So113)==52(6) -
S20148)= _((3.%F+9:%6)/35,+.,08-+00390625%SM) *B*B____
52(15)- (6¢5%R/35,= .02-.00390625*SM)*A8
_ S2(16)==((1, 55E¢13.*G/st)/351111!150.-2.*5M1)*Aa*a
S2(17)= S2(3) L
S2(18)==S2(11)
: 82(19)= ((l8e*F=U4 ,%G)/35ewe32+0 00390625*SM)*A*A -
;_____Sp(20L;:(113.*FLb.:a,mG)LsS.,214150+2.1SM1)*A*AB_,___ﬁ_ :
' So(21)==S2(7)
S2(22)=_S2(15)
. S2(23)= ((9,4F+3.%6)/35.+,08~+00390625%SM) *A*A. ‘
______59(24)--((13.*ELQJ_l*s;GLLasuzllilsolngstl)*A*Aa__,_;
S2(25)==S2(4) .
62(27)==52(20)
,;,___~52(28)--((F-2116/3-)/35.+2./225otSM21*AB*AB
i So(29)= S2(8) .
e S52(30)==S2(16) : . f
. S2(31)==S2(24) » o
o Sp(32)==(R/70e=1:/450 _SMaigAB*AB
S2(33)=z S2(9)
_Sa(34)= S2(6)
N S2(35)==52(7)
o S»(36)==S52(8)
: S2(37)= S2(1) ' :
L Sp2(38)=_S2(2) _ S |
l S2(39)z==52(3) ' L ' o
So(40)==5S2(4y)
S2(y1)= S2(13)
- So(y2)= Sa(14)
S2{43)==52(15) _ :
L Selu4)==S2(16) : ;
 Sa2(45)= S2(9) T 2 ‘
: S2(46)= S2(10)
S2(47)==52(11)
_S2ly8)==52(12)
S2(49)==52(35)
. S2(s50)=_S2(43)
Lo Sz(s51)= S2(23)
o S2(52)= S2(24)
T S2(53)==52(17)
: S2(54)==S2(18)
, S2(85)= S2(19)
i Sofse)=_S2(20)
‘ - S52(57)==52(29)
. 52(58)==52(30)
'§2(59)= Sz2(31)
—_Sofle0)= S2(32)
So(pl)==S2(25)
Sa2(e2)==52(26)
S2(e3)= S2(27)
Sz2(et)= S2(28)
S3(1)= S1(1) S : _
S3(2)= =S1(2) : ' ' o
53(3)- _S1(3)

Sl SUBPROGRAM PLTSTF: CARD IMAGE LISTING 2/31 "~ ;‘,T;i,
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3 PR I.A-.\I-'l v
Vel

g

S3({yg)= S1(y)
‘AppendGC -~ S3(5)=_=S1(5)

R S3i{el= Slie)
e S3a(7)=_=S1(7)

; S3(g)= Si1(g)
. __S3z(g)=_=S1(9)

S3(10)= S1(10)
S3(11)=_S1(11)

S3(12)==51(12)
— 53(13)=_51(13)

S3(14)=-51(14)

___S3(15)=_51(15)
S3(16)=-51(16)
.53(17)= S1417)

S3(18¥=-51(18) .
— 53(19)= _51(19)

, S3(20)==S1(20)
— S3(21)=_51(21)

s3(22)= Si(22)
_ S3(23)z==51(23)

: S3(24)= S1(24)
- S53(25)==S1(25)

: Sx(26)= S1(26)
_S3(27)==51(27)

: S3(28)= Si(28)
—_53(29)==S1(29)

S3(30)= S1(30)
—_ 53(31)==S1(31)

S3(32)= S1(32)
— 53(33)=2=51(33)

S3{(34)= S1(34)
S$3(35)=-51(35)

§‘ S3(36)= S1(36)
, _Scl1)= _=,25%SM

SC(2)= =.0625%SMxg
SC3)=__ _+0625%xSM%xp

; SCcly)= «32.%xSM1%AR
— Scls)= =.25%SM

SCle)= =.0625%SMxg
SCL7)==5C(3)

Sc(8)==SC(4)
Sc(9)= =.25%SM

' SCc(10)==SC(2)
. SCi1l)= ,0625%SMxp

Sc(12)= 32.%xSM1xAg
e SC(13)==e25%SM __

SC(14)= +0625%SM*p

o SCl15)==.0625%5Mxp
Sc(16)==32.%SM1x*Apg

DO 25 I=1+64
1E(I=17)..505010

-5 SclI)= D*SC(I)/AB
10 _Ig(I=36) _15,15.20

15 S1(I)= D*S1(I)/AB
Lo Sz{I)=_D*xS3(I)/AB

20 Sa(1)= D*52(I)/AB

_25___£0NTINUE
: RETURN
“ T END .

ne o

SUBPROGRAM f’LTSTF CARD IMAGE LISTING 3/3
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Appéndix C
SUBROUTINE PLTMAS (A,B,R,S1,52,53,5C)

PURPOSE: To compute the consistent mass matrix of the modified sixteen
- degree-of-freedom plate element described by Bogner, Fox, and
st Schmidt with an interior mode in the form of clamped-clomped

beam functions.

SUBPROGRAMS
REQUIRED: None
VARIABLES: A - Dimension of the plate element in the x-direction
B - Dimension of the plate element in the y-direction
R - Mass per unit area of plate element

$1,52,S3,SC - Partitioned mass matrices for the plate element
(see Flow Chart and Appendix B)

RESTRICTIONS: None

ACCURACY: See References below

SIZE: 0015208'
REFERENCES: See References for subroutine PLTSTF
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Appendix C

BEGIN

COMPUTE CONSTANTS

{

FILL ARRAY ST1(I)*

My My,
JOR] My,

1

FILL ARRAY S2(1)*
M3 M14],
Mas My,

t

FILL ARRAY S3(1)*

M3z My
sym. M 44

]
FILL ARRAY SC(1)*
sc(l) = ,Mci}
sC(17) = cg

'

‘MULTIPLY ALL VALUES
BY
ﬁhob

*SEE APPENDIX B RETURN

FLOW CHART: SUBROUTINE PLTMAS (A,B,R,S1,52,53,5C)

s2(1) =[

S3(I)=[
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. SUBROUTINE PLTMAS(A.B R..,sl.'_sapsz"s_c_)‘______.. AppendGC “‘

DIMENSION Sl(2)r$2(2)u$3(2)vSC(2)

; . '___.Aa A*h
~___,_,C2- 111 /2100 i -

K ) C3= :1./105,

‘___;__CQ--_!xg /70 [ N

. Cs= 13.7420,
_ _Le=_. __11 /140,
Co= 0,39647605

Cil=_ .20771538

' Colz J04469616
L C3lz=4Je472757

Ri= Cd?(oOﬁZS*CO'Zo*Cl]*Cll)
R2=_C0%(.015625*C0=C11#(C21+.25%C11))

Rz= C0*(+00390625%Cn=~,5%C11xC21)

— Ruy= C0o*(.00390625%C0=C21*%C21=0625*%C11%C11)
Rg= CO*(Co/1024.—.25*c21*(C21+.25*C11)) '
Re=_C0x(C0/4096+=.125%xC21%C21)

P DR
e D
.

R7= CO%*(+25%C0=4.4C114C11)
RAS_CO%x(+0625%C0=t.0xC11%C21)

Rg= C0%*(.015625%CO=4,%xC21%C21)
. S1(1)=__ _Ci1*C1i+R1

, S1(2)= (C1lxC2+R2)*B
o S5143)= (C1xC3+R3)*3x8

S1(4)= =(C1*C2+R2)*A
S1(5)= =(C2*C2+R3)*AB

S1(6)=  (CLlxC3+R3)*Axp
S1(7)=_ (C2%C2+RU)*xAB

S1(8)=  (C2%C3+R5)*ABxB
S1(9)= =(C2*xC3+R5)*AxAB

= S1(10)= (C3*C3+R6)*ABxAB
—S1(11)=  C1lsC4+R1 -

’ S1(12)= (C2xCu4+R2)*B
;___;_51(15)--(C1*Cb+R2)*A

: S1(14)= (C2xC5+R4)*AB
L 51(15)= S1(1)

, S1(16)= S1(12)
e 51417)= (C3*CUu+R3)*Bxp

S1€(18)==(C2*C5+R3)*AB
. 51(19)= (C3xC5+R5)*ABxB

o S31(20)= S1(2)
. S1(21)=.5S1(3)

‘ S1(22)==51(13)
— S3(23)==51(18)"

S51(24)==(C1*xCH6+R3) *A%p

— 53(25)=_(C2%C6+RS)*A*AB
. S1(26)==S1(y) '
S S1(27)==S51(5)

- s1(28)= S1(6)
 S1(29)==51(14)

‘ S1(30)=-51(19)
e 51(31)=. S1(25)

. 51(32)==(C3%C6+R6) *ABAB
g S1(33)==51(7)

S1{34)==51(8)
L_____Sxiss)-_5119)

51(36)' 51(10)
SUBPROGRAM PLTMAS CARD IMAGE LISTING 1/4
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Appendux C'S2(1)=  C1xCu+R1

— e————— Go(2)=__(C1*C5+R2) %8
. S2(3)= =(C2%CU+R2) *A

. So(4)=__(C2%C5+R4)*AB
S5(5)=  C4xC4+R1
e Sp(pl= __(CU%CS+R2) %R

S2(7)=, (CY4%CS5+R2)*A

— - S2(8)=1=(C5*C5+R4) *AB
Sz2(9)=i=S2(2) =
_  S2(10)==(C1*C6+R3)*BxA

; So2(11)= (C2*xCS5+R3)*AB
L 52(12):1(C2*C6+R5)*AB*B

. S2(13)==52(6)
52(14)--(C4*C6+R3)*3*8

S2(15)==(C5%C5+R3) *AB
S2(16)= (C5%CH6+R5) *ABxB

S2(17)= S2(3)
- S2(18)==52(11) .

S2(19)= (C3*CU+R3) *Ax4
S2(20)==(C3*C5+R5) *A*AB

S2(21)==52(7)
—S2(22)=.52(15).

S2(23)==(CU4xCOH+RI) *AxA -

L. Sal2h)= (CS5%CH6+R5)*AXAB
, S2(25)==S2(4)
S2(26)=_52(12)

¢ S2(27)==52(20)
L S2(28).==(C3xC6+R6)*ABXAB

, S2(29)= S2(8)
R Sp2(30)==S2(16)

i' S2(31)==52(24).

%_____52}32)- _{COoxCO+R6) *ABxAB
S2(33)= S2(5)
Sa(34)= S2(6) ’

S2(35)==52(7)
S2(36)==52(8)

S2(37)= S2(1)
S2(38)= S2(2)

r S2(39)==52(3)
S2(40)==S2(4)

g So(41)= S2(13)
. So(u2)=_S2(14)

' " S2(43)==52(15)
o Solyy)==S2(16)

So(45)= S2(9)
e S2(46)=_52(10)

: Sa2(47)==52(11)
e S2(48)==S2(12)

' So2(49)=
P . S2(50):
: S2(51)=

S2(52)=_

==S52(21)
==S2(22)

S2(23)
S2(24)

S2(53)==S2(17)
. So2(54)==S52(18)

T Ts2(55)= S2(19)

____ Soisel= S2(20)
: S2(57)==S2(29)
. S2(58)==S52(30)

U s2ts59)= S2(31) |
B 'SUBPROGRAM PLTMAS: CARD IMAGE LISTING 2/ (e
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S2(60)= S2(32)

Appendlx C

i Sp(61)==52(25)
: S2(62)==52(26)
' S2(63)=_S2(27)_

. Szled)= S2(28)
e S3(1)=__51(1)

S3(2)= =S1(2)

——-S3(3)=L _S1(3)
. S3lu)=z, S1ly)
—  S3(5)=1i=51(5)

53(6)-. S1(6)

o 5a(7)=_ Y51KJ)
Sz(g)= 'S1(8)
S3(9)=_=51(9)

S3(10)= S1(10)
S3(11)=_51(11)

; S3(12)=~51(12)
‘ $3(13)=_.51(13)

' S3(14)==51(14)
. S3(15)=_S1(1%)

S3(16)==S1(16)

f L s3Um=s1(17)
{ ; S3(18)1==51(18)
; _S3019)= 51(19)

) - S3(20)==S51(20)
_S3(21)=.51(21)

S3(22)= S1(22)

—_S3(23)==S1(23)
Sz3(24)= S1(24)
__S3(25)==S31(25)

S3(26)= S1(26)

- s3(27)==51(27)
o 53(28)= S1(28)

_S3(29)==51(29)
_ S3(30)= S1(30)
 S3(31)==51(31)

S3(32)= S1(32)
' $3(33)==-51(33)

C S3(34)= S1(34)
. 53(35)==51(35)

S3(36)= S1(36)

_ Scf{1)=_=R7
, 'SC(2)= -Rag*B
C = SCL3)= R8xA
SCci{y)= =Rgo*AB
— Sc(s5)=_=R7

Sc(e)= =Rg*B
— 5¢c(7)==5C(3)

, SC(8)==-SC(4)
— Sc(9)=z _=R7

Sc(10)==SC(2)

.~ Scl11)=_Ra*A
Sc(12)= Rg*AB
. Sc13)==R7._

- i Scli4)= Rg*B
— 5¢(15)==Ra*A

Scl{16)==R9*AB

o Scl17)=_Cox*CO
_ Do 25 1=1,64

SUBPROGRAM PLTMAS: CARD IMAGE LISTING 3
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Appendix C-

IF(I=17) sv5s10

5. Scll ’% R*SC.(I)%AB

10 " IF(I=36) 15,15,20 , j

: 15 51(1)— R*S1(I)*AB sk

X 53(1)- RxS3(I)*AB ' R

T °__ZOM__S?(I)‘_R*SZLI)*AB

o 25 CONTINUE ;
b T RE]'_UBM

: 1 END R e
A ! : ‘

SUBPROGRAM PLTMAS CARD IMAGE LISTING 4/4
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PURPOSE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:
ACCURACY:
SIZE: 000270

8

REFERENCES:

Appendix C
SUBROUTINE ASSYP (A, S1,52,53,5C, I, M, J,N,NCP)

To assemble (add) the plate element stiffness or mass matrices
(S1,52,S3,SC) in the appropriate location in the system free-free

stiffness or mass matrix (A).

LOC

A - System free-free stiffness or mass matrices

S1,52,53,SC - Partitioned element stiffness or moss‘ matrix
(see Subroutines PLTSTF and PLTMAS)

! - Index for bay number in x-direction
M - Number of grid points in x-direction
J - Index for bay number in y-direction
N - Number of grid points in y-direction

NCP - Number of coordinates per grid point
None

Not Applicable

None
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BEGIN

COMPUTE INITIAL
PARAMETERS

i

BEGIN COORDINATE

COUNT AT GRID POINT

t

COMPUTE ELEMENT
LOCATION IN ARRAYS
S1, S2, S3

COMPUTE ELEMENT :
LOCATION IN SUPERMATRIX, A

IS ROW COUNT EQL.
TO OR GTR. THAN COL.
COUNT?

-

A(NKL) = A(NKL) + SI(KLS)
A(IKL) = A(IKL) + S3(KLS)

I v

A(IKS) = A(IKS) + S2(KLG)

YES

HAVE ALL COORDINATES NO

BEEN CONSIDERED:

&

FLOW CHART: SUBROUTINE ASSYP (A,S1,52,53,5C,1,M,J,N,NCP)




Appendix C

7

COMPUTE COLUMN
LOCATION OF GEN.
COORDINATE OF
PANEL BAY, ICL

!

BEGIN ROW COUNT
FOR GEN. COORDINATE i

- YES )\ NO
\/ CR"IC ‘
? N+ K-1 —

ICR = ICK + NCP + K=5 -

'—ﬁ'—»ﬁ

K>12
ICR=1ICS+K-9 |»
- YES >]6 NO
ICR=ICL | ~ ICR = ICS + NCP + K-13

f 7

i ¥ (X2}

COMPUTE SUBSCRIPT, ICC,
IN SUPER MATRIX, A

Y

A(ICC) = A(ICC) + SC(K)

1S ROW COUNT NO

COMPLETE?

RETURN

FLOW CHART: SUBROUTINE ASSYP (A,S1,52,53,5C,1,M,J,N,NCP)
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Appendix C

' SUBROUTINE ASSYP(ArS1,52053+SCeIoMedenaNCR)_
~ "DIMENSION A(2)sS1(2)0e52(2)063(2)¢SC(2)
NCO=NCPAMxN+ (M=1) % (N=1)

: © NLM=2%NCP
e NGP=Mx (J=1)+1

NOBAY= (M=1) % (J=1) +I
_ _ICN=NCP*(NGP=1)+1

- 1CS=ICN+NCPxM
D0..20__K=1.,NLM

Do 20 L=1,NLM
CALL _LOC(KeL o KLS»NLMy1)

caLlL LOC(K'LOKLGvNLM'O)
o INK=ICNtK=1

INLZICN+L=1
CakL. LOC(INK}IHLLNKL:NCO:I)

! IgK=ICS+K=1
i Igk=ICS+L=l

CaLL LOC(ISKsISL»IKLINCOry1)

;_____cALL_LOC(INKLISLLIKS;Nco.l)
IF(K=L) 15010010
_1a___A‘NKL) =A(NKL)+S1(KLS)

L TR T_-S;g"«‘lr
Bem % aEW g

: A(IKL)=ACIKL) +S3(KLS)
215 A(IKS)=SALIKS)+S2(KLG)

20 CONTINUE
ICL=NCPxM2N+NOBAY.

: Do 70 K=1,17
—  IF(K=4)_25025:30

' __60_T0 65

P30 IF(K=8) 35¢35:40

35 ICRZICN#NCP+K=5
| G0 TO 65
~40_ IF(K=12) 45,4550

. 45 ICR=ICS+K=9
e 60_T70_65

50  IF(K=16) 55,55/60
_55___ICR=ICS+NCP+K-13

- Go TO 65
60 ICR=ICL

I 65 CalL LOC(ICR'ICLoICCoNCOvl)
L A(ICC)I=ALICC) scsx)

| 70 CONTINUE
RETURN

] ‘L_ﬁND

-  SUBPROGRAM ASSYP: CARD IMAGE LISTING |




PURPOSE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:

ACCURACY:

SIZE: 001 1758

REFERENCES:

Appendix C-
SUBROUTINE RIB (I, I@P,D, S1,52,53)

To compute the stiffness and consistent mass matrices for a finite

element representation of a thin-walled open-section beam.

Zero

I - Index denoting rib number for constants in common data

block with PLTVIB (see Figure 3)

I@P - IDP = 1, stiffness matrix is computed

IBP = 2, consistent mass matrix is computed
D - Length of beam element

S1,52,S3 - Partitioned stiffness on mass matrix (see Flow Chart)
D#0

See Reference 1, p. 8

Reference‘ 1, pp- 5 - 11
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Appendix C

BEGIN

INITIALIZE ARRAYS

-

RIB PARALLEL RIB PARALLEL
TO X-AXIS TO Y-AXIS
SET AX=1.0 SET AX =0.0

YES /‘\ NO
-~10P< |

COMPUTE STIFF.
PARAMETERS

'

FILL ARRAYS
S10) =Ky
s2(1) = K,
S3(1) = Ky
SEE APPENDIX A

RETURN

COMPUTE MASS.

PARAMETERS

!

FILL ARRAYS
S1(l) = M”
S2(l) = M]2
S3(1) = M,,
SEE APPENDIX A

RETURN.

FLOW CHART: SUBROUTINE RIB (1,10P,D,S1,52,53)
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o IF(10P=1)_20,20r25
L Ba3=ER(I)*A23(1)/D3

.t S1(10)=  4e%G3

»;__“_5213L:_:51L4LM
o So(5)=

: ﬁ;“__~52L111;__2,x4Ax;82250936,*szxlx)

 SUBROUTINE. RIBAI»10P+DsS1s52083) ___________ AppendixC =
DIMENSION ER(4) ¢GR(4) ,RHO(4) #SR2(4) +C2(4) ,SR3(4) 1C3(l), }
_____lAR(QlJA2214)oA23iQ1¢A3319lJSJ(“lLREZJALLRE}jQllﬁﬂiﬂl___J

COMMON ER¢GR/RHOv»SR@vC291SR3¢C30 ;
-—~—-—1AR'A220A23'A3305J"‘RE2 RE3,»GM___ : ' o

DIMENSION S1(2),52(2)is3(2) | g L

- __CALL.ZERO(S1,.36)
3 CALL | ZERO(S2,64)
L_____ﬂALL,ZER9L53.36)
. IF(I~3). 5¢10,10
_.5.__..___AX 100 i

60 T0:15
~1.0_._..A)("_000
15 AYS1.0-AX
_______Do=Dx*D

Dz=D*p2

20 B22=ER(I)%A22(I1)/D3

B33=ER(I)*A33(1)/D3
— Ra= ER(I)*RE2(I1)/D3
R3= ER(I)*RE3(I)/D3
Rx=_SR2(1)*B22=~SR3(1)+B823~-R2

g Ry= SR2(I)*B22-SR3(I)xB23+R2.

. G1= ER(I)*GM(I)/D3+GR(IN*SJ(I)/(10%D)
Go= ER(I)*GM(I)/Do+GR(1)%SJ(I)/60,
e G32 ER(I)*GM(I1)/D4+6R(1)%SJLL)*D/ 30

Gy= ER(I)*GM(I)/D=-GR(1)*SJ(1)*D/6G.
 T1X=61+SR3(I)*SR3I(I1)x333=2*SR2(I)*SR3(1)xB23
1+SR2(I1)*SR2(I)*B22=2,%(SR3(]) *R3=SR2(1)*R2)

ToX=62=(SR3(J)*R3=SR2(1)*R2)*0__ ,
T1Y=61+SR3(I)*SR3I(I1)*B33~2+.%xSR2(1)*SR3(I)xB23 .
L 1*SR2(I)*SR2(I)*B22+2.x(SR2(1)*R2=SR3(1)*R3)*D _ ’
ToY=G2+(SR3(I)*R3=SR2(1)*R2)*D '

it (M am an

S1(1)=__12e%B22. . __

5' S1{2)= 6.*(AY*822*D-2.*AX*RY)
: S1£3)=  Gex(AYXB22xD2+3+xAX*xT1X)
S1(4)=  Hex(2exAYXRX~AX*B22%D)

‘ S1(5)= 6o x (AYHRXXD+AXXRY*D) __

; Si1(e)= ek (e kAYXT1Y+AXxB22%D2)
S147)=___6ex(AY=AX)*R2xD

P Sitg)= 2e% (20 *AYXR24D2+3 s kAX%T2X)
S;(911__r2.513t_Ax*tax_2lmAwa2§02)

—_—Sp(1)= ?SlLL)
~Sz(2)= =51(2)

Szply)= =S1(7) ,
__60x(AYXB22%D4+20xAX%xRY)
Sole)= 2ex (AYXB22%Do=6 ¢ xAX%®T1X)
S2(7)=_ _=aex (AXXRY*XD=4Y*RX*D)_
So(g)= 2e% (AYXR2%D2a3¢xAX%T2X)
e Sp(9)=_ _=pex(2.xAYXRX+AX*B22%D)
; S2(10)= =Hex (AYRRX®RDmaAX*RY*D)

52(12)' 2e% (AXKR2¥D24+3e*xAY%T2Y)
Jib)-_51(7) 5
52(1#)- 2.*(AY*R2€52+3.*AX*T2x)

SUBPROGRAM RIB CARD IMAGE LISTING 1/2

Ti2g




T e e e el et -

~ AppendixC' . . . . S
Ci e o 520150 =2ex(3.xAY*T2y=-AXxR2%D2)
S2(16)= " 2.%G4 _

S3(1= S1¢1)

b S3(2)=_ _=6ex(AYXB22%D42 ¢ *AX*RY)
: S3(3)= S1(3)
;_,,,_Sx(u)-~, Hox {2+ xAYXRX+AX®BR22%D)

, S3(5)= =S1(5)
_;*__,_53(6)3.__51(6)

S3(7)=  =S1(7)

;;____53(8)? 2zllz.*AY*RZ*02_3J*AX*J2X)
. S3(9)- 2.*(3.*AY*T2Yt2.*Ax*R2*DZ)

" RETURN o

25 R=_RHO(I)*AR(I)*D/386.
. E2= C2(1)=SR2(1) -
E3= C3(I)=SR3(I)

f Rz (E2%E2+E3%E3)/p2
‘ .RP-(A22(1L1A33£I))liARiI)*DP)

.y P1=13./35,
' P2=11./210.

’ ' P3= 1./1050
e Pu= 94470,

P5=13./4200
L Pe= 1./140..

S S1(1)= Pi*RM
e S1(2)=_(P1*aAX*E2+p2xAY*D)xRM

S1(3)= (P1*AX*(R+RP)+p3%xAY) *RM%D2

______51(u)—-(PZ*AX*DiﬁltAYx5211BM
S1(5)= =P2*E2%RM*D

‘ -S1L6)=_(P3*AX+PL¥AYx(R+RP).).xRMxD2.
[ S1(8) = P2xAX*RM*D3%RP
o 51(9)==P2xAYXRM*xD3%*RP

S510(10)=P3*RMxD*D3«RP
Sa2(1)= P4 xRM

{ S2(2)=  (PUxAX*E2+PSxaY*D)*RM
e S2(3)=_=(PSkAXxD+PYxAY*E2) *RM

S2(5)=  (PUxAX*E2-P5xaY*D)*RM
- Soleld=  (P4xAX*(R+RP)-P6*AY) *RM*D2

S2(7)= =P5*x(AX=AY)*E2xRM*D
So(gl= PSxAXXRMxD3xRP

S2(9)= (P5*AX*D=Pu*AYxE2)%RM
S2£10)==S2(7)

: So(11) == (POXAX-PUXAY % (R+RP) ) xRM%02
. Sp(12)= =P5xAYXRMxD3*RP

; S2(14)= =PS*AX*RM*D3*RP
o 52(15)= _PSxAY*RMxD3xRP

So(16)= =P6XxRMxD*D3%RP
S3(1)=__S1(1)

! T S3(2)=  (P1xAX*E2-P2%AY*D)*RM
S53(3)=_51(3)

§ - S3ly)=  (P2%AX*D=plxAY*E2)*RM
- Sx(s5)= =S1(5)

Sale)= Si1(e)
e S3(8)=_=S1.(8)

s3{g9)z =51(9)
. S3(10)= S1(10)

" RETURN
_ . END |

‘SUBPROGRAM RIB CARD IMAGE LISTING 2/2

a0, | R
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SUBROUTINE ASSYR (A, S1,52,53,1,M,J,N,NCP, AX)

PURPOSE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:
ACCURACY:
SIZE: 000207

8

REFERENCES:

To assemble (add) the rib element stiffness or mass matrices (51,52,

S3) in the appropriate location in the system free-free stiffness or

mass matrix (A).

LOC

A - System free-free stiffness on mass matrices

$1,52,S3 - Partitioned element stiffness or mass matrix (see
Subroutine Rib)

I - Index for bay number in x-direction

M - Number of grid points in x~-direction
J - Index for bay number in y-direction
N - Number of grid points in y-direction

NCP - Number of coordinates per grid point

AX - Logic number: AX = 1.0 for ribs parallel to x-axis;

AX = 0.0 for ribs parallel to y-axis

Not Applicable

None
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BEGIN

COMPUTE LOGIC NO. AY, '
SIZE OF SUPERMATRIX, A, AND
COORDINATE POINTS OF THE

| RIB ELEMENT, ICN, ICS

'

BEGIN COORDINATE i
COUNT . s

!

COMPUTE ELEMENT INDEX
FOR ARRAYS S1,52, AND S3
LOC

!

COMPUTE ELEMENT
LOCATION IN
SUPERMATRIX, A

' LOC

IS ROW COUNT EQL.
OR GTR. THAN COL.
COUNT

3

A(NKL) = A(NKL) + ST(KLS)
'A(IKL) = A(IKL) + S3(KLS)

J“ A |

A(IKS) = A(IKS) + S2(KLG)

HAVE ALL
COORDINATES
BEEN CONSIDERED?

RETURN

YES

FLOW CHART: SUBROUTINE ASSYR (A, S1,52,83,1,M, J,N,NCP, AX)
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! Abpgnaix C-

SuBROUTINE ASSYR(A'SI,SZ'S3L1"“_Q NvNCPvAx)
DIMENSION A(2)+5S1(2)952(2)053(2)
_______AY l--AX : :
‘ NcO_NCP*M*N+(M-1)*(N-1)
o NgP= M# (J=1)+1
. ICN= NQP*(NGP-1)+1
IcS=zIcy +IFIX(AX)*NCP+1£IX(AIL!NCP*M
Do 20 K=1,NCP
. Dp_20_1L=1.NCP:
Call LOC(KrLoKLSINCPy1)
L CALL_LOC(K Lo KLGeNCPLD)
[ INKSICN+K=1
L INL=ICN+L=1
, calkL LOC(INKvINLoNKLvNCO'l)
i IgK=ICStKe1
; Isl=ICS+lL=1
o Call_LOCCISKeISLrIKLeNCO L)
. CaLL LOC(INKsISL»IKSyNCOr1)
' _IF(K=L)_15010r10
10 A(NKL) =A(NKL) +S1(KLS)
e ACIKL)LZALIKLIAS3(KLS)
.15 A{IKS)=A(IKS)+S2(KLG)
— 20 CONTINUE

RE TURN N o - ”

;~~~""{jH§JVCl;f e -""“"’Wﬁﬂ

SUBPROGRAM ASSYR: CARD IMAGE LISTING |

T
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RESTRICTIONS:

134

PURPOSE:

VARIABLES:

ACCURACY:

SIZE: 0004448 '

REFERENCES:

| SUBROUTINE NONDIM (A,M,N,TK,TL)

To nondimensionalize the stiffness and mass matrices of the stiffened

panel structure.

A - Stiffness or mass matrix
M~ Number of grid points in the x-direction
N - Number of grid points in the y~direction

TK - Nondimensionalizing parameter for force (stiffness matrix) on
mass (mass matrix). In each case the parameter is calculated
as the average value of the stiffness or mass of the direct twist
terms. See Program PLTVIB statement numbers 270 to 290.

TL - Nondimensionalizing parameter for length. Taken as the

diagonal length of bay 5 (see Figure 3) of the structure.
TK#0, TL#0

Not Applicable

None
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BEGIN

COMPUTE INITIAL
PARAMETERS

Y

BEGIN GRID POINT COUNT
IC = NCP, NCI, NCP

'

BEGIN COORDINATE COUNT
FOR EACH GRID POINT 4 ‘j
COMPUTE ROW AND COLUMN INDICES: IROW, ICOL

COMPUTE LOCATION IN SUBMATRIX: |J

l

COMPUTE SUBSCRIPT, IR, OF
ELEMENT IN SUPERMATRIX, A

COMPUTE NONDIMENSIONALIZING
PARAMETER, CL, AND MULTIPLY
A(IR) BY CL

HAVE ALL
COORDINATES BEEN

CONSIDERED AT
GRID POINT?

HAVE ALL
GRID POINTS BEEN
CONSIDERED

YES NO

FLOW CHART: SUBROUTINE NONDIM (A, M,N,TK,TL)

135



Appendix C

7

COMPUTE INITIAL
COORDINATE FOR
COUPLING TERMS, IC1

IS UPPER LIMIT
FOR COUPLING TERMS
TO BE DECREASED

. IC > NLM
REDUCE NBAND

BY NCP ‘ T

COMPUTE UPPER LIMIT
FOR COLUMN COUNT ON
COUPLING TERMS, NU

YES

BEGIN GRID POINT

COUNT FOR COUPLING ' pa—

TERMS . —’

Y

BEGIN COORDINATE COUNT FOR
EACH GRID POINT ﬁ
COMPUTE ROW AND COLUMN INDICES: IROW, ICOL
COMPUTE LOCATION IN SUBMATRIX, 1J

COMPUTE SUBSCRIPT, IR, OF

COMPUTE NONDIMENSIONALIZING
PARAMETER AND MULTIPLY
A (IR) BY CL

YE> ~ HAVE ALL COORDINATES M’
BEEN CONSIDERED AT GRID POINT?
v

HAS LAST GRID
POINT BEEN CONSIDERED?

YES

FLOW CHART: SUBROUTINE NONDIM'(A,M,N, TK, TL)
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BEGIN COORDINATE
COUNT FOR GEN.
COORDINATES

]

COMPUTE COLUMN LOCATION
OF COUPLING TERMS, ICOL

¥

BEGIN GRID POINT :
COUNT FOR COUPLING &~

TERMS, L ?
¥

COMPUTE ROW LOCATION

OF COUPLING TERM 4——————‘

FOR EACH COORDINATE

'

COMPUTE LOCATION OF ELEMENT
IN SUPERMATRIX, A
IRC |

COMPUTE NONDIMENSIONALIZING
PARAMETER, CL, AND MULTIPLY
A(IRC) BY CL

HAVE ALL COORDINATES
BEEN CONSIDERED?

HAVE ALL GRID
POINTS BEEN CONSIDERED?

" YES

1

NONDIMENSIONALIZE
GENERALIZED COORDINATES

RETURN

FLOW CHART: SUBROUTINE NONDIM (A, M,N,TK, TL)
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Appendix C'___SUBROUTINE_NONDIM(A,MsNsTKeTL)
LT DIMENSION A(2)
NCP=4_

NCI=NCP*MxN
NCO=NCI+(M=1)*(N=1)

NLM=NCP* (MxN=M=2) 41 |
—— NBAND=NCPx(M+1) : :

T MBAYZM-1
- . NBAY=N=1

Do 100 IC=NCP+NCI,NCP
11=1CeNCP4L

o Do 35:1I=1,NCP
i IROWSILi+l-31_

Do 35 W=I/NCP
1cOLzH+U=1

Id-1+%d*d-d)/2
CALL EOC(IROW.ICOL IR, NCO,1)

GO TO (5010+15010,159,15015020020025)¢1J

§;5____CL=IL*TL/TK
i Go TO 30
_1n*__CL 2 TLZTK

i 6o 7O 30
'_lS___CL-l 0/TK

Go TO 30

20 CL=160/(TLXTK)
© 60 TO 30
25 CLZ10/(TLETLETK)

3Q A(IR)-CL*A(IR)

_35__ CoNTINUE
_7 IF(IC=-NCI) 400100, 100
" 40 Ic1=IC+1

: IF(IC1-NLM) 50+50,45
' 45 NBAND-NBAND-NCP+1

R

50 Nu=1C+NBAND

e D0_95_JCz=1C1 rNUeNCP
' IF(UC=NCI) 55195195

55. DO_90 J=1,NCP.
ICOL=JC+J=-1
D090 _I=1,NCP -

IROW=I1+I-1

L Cabt _LOC(IROW.ICOL2IR,NCO,1)
\ IJ=I+NCP*(J=1)

 60.T0_(60,656507065702700750650700700752
170075¢75080) ¢ 1J
'_60 CL=TLxXTL/IK

© - 60 TO 85
_65__ CL=TL/TK

: G0 TO 85
70 CLS10/TK

_ Go 10 85
15___9L,1”Q/(TL*TK)

60 TO 85 |

80 CL=1¢0/(TLATLATK)
85 A(IR)=CL*A(IR)
~90 CONTINUE

95 CONTINUE
1Qo CONTINUE

DO 155 J=1/NBAY -

SUBPROGRAM NONDIM CARD IMAGE LISTING 1/2

] o ————
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S

.inlos_wlcc Ic_
'_11n~_1cg.1c+NcP

‘00 155 I=1¢MBAY

e IBAYZI+MBAY*(J=1)

‘ f«pbeﬁdix C

n

N

ICOL=NCI+IBAY

IcS=(IcoLxICOoL=ICoL) /2
ICSNCP*IBAY+NCPx(J=1)
. D0-150 L=1ry

Go TO (105r110r115¢120)rL.

G0 TO 125

Go TO 125
._115__IcC IC+NCP*MA

60 TO 125
120 _IcC=IC+NCP*x(M+1)

{125 Do 150 K=1/NCP-

| IRR= ICC-NCP+K
" IRCzIRR+ICS
6070 _(130013501350140) 2K

130 CL=TL*TL/TK
;_____60.10_145

1135 CL=TL/TK

| G0 TO0_145
" 140 CLS1./TK
_luswﬁA(IRCL,CL*A(IRCY

150 CoNTINUE
_155__CONTINUE

CL=TL*TL/TK

j NS=NCI+1

Do 160 I=NS/NCO
I1SIx(I+1)/2 - -

"A(IT)I=CLxA(TIX) -

160 CONTINUE -

RETURN

i A

END I S S

S!JBPBOGRAM NONDIM A: CARD IMAGE LISTING 2/2
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PURPO SE:

SUBPROGRAMS
REQUIRED:

VARIABLES:

RESTRICTIONS:

ACCURACY:
SIZE: 000021 8

REFERENCES:

PURPO SE:

SUBPROGRAMS

REQUIRED:

VARIABLES:

RESTRICTIONS:
ACCURACY:
SIZE: 000076,
REFERENCES:

140

SUBROUTINE ZERO (A, N)

To set the first N elements of a single subscripted array to zero.

None

A - Array to be initialized
N - Upper limit for elements of A set to zero

N must be equal to or less than the dimensioned size of A in the

calling program.

Not Applicable

None
SUBROUTINE FILL (A, B, N, MS)

To fill array A with elements of array B

LOC

A - Single subscripted array
B - Single subscripted array (symmetric storage mode: LOC)
N - Number of rows or columns in A or B

MS - Logic number : MS

a general matrix (NXN) and B is a symmetric matrix; MS =1,

0 subroutine is bypassed; MS =0, A is

A and B are both symmetric matrices
None

Not Applicable

See Subroutine LOC



BEGIN

YES

0

Appendix C

NO
&> ]
RETURN
YES /Q NO

[ MS=0

COMPUTE SUBSCRIPT
FOR SYMMETRIC ARRAY

B WS

GENERAL ARRAY A: [JG

COMPUTE SUBSCRIPT FOR;>

FILL ARRAY A
WITH ELEMENTS
OF ARRAY B

YES HAVE ALL

ELEMENTS OF A

. RETURN

}

COMPUTE UPPER LIMIT,
NUP, FOR SYMMETRIC
ARRAYS A AND B

|

FILL ARRAY A WITH
ELEMENTS OF ARRAY B

RETURN ,

FLOW CHART: SUBROUTINE FILL (A, B,N,MS)
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’ ’ LA Pt
W o r ST .

ﬁ A;;i:endix C

o

‘. SUBROUTINE_ZERO(A,N)

DIMENSION A(2)

-§__*__Do“s_1:1ym
L A(1)=0,0 .
165 . CONTINUE : |

RETURN

) .
3

{ISUBPROGRAM ZERO: *CARD IMAGE LISTING |

R

— SUBROUTINE_FILL(A,B,N,MS) :
- DIMENSION A(2)B(2) -
: IF{MS)_25:5,15

"% - Do 10 I=1.N
e D0O.10_JU=1N
‘ CALL LOC(IrJeIJSeNet)
e CALL_LOC I JrIVGrNeO)

A(IUG)=B(IJS)

. 10 CONTINUE ' R

RETURN
_15._. NUP=Nx(N+1)/2
" Do 20 I=1,NUP
_._._"__;.__A.( I_)..;,B_(I‘)
. 20  CONTINUE

25 - RETURN

b

_END _

. 'SUBPROGRAM FILL, CARD IMAGE LISTING

.
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SUBROUTINE ORDER (A, NDEL, NCP,MI, NI, NDL)

PURPOSE: To remove (set to zero) specified (constrained) coordinates in array

A, reorder array A, and calculate the new size of array A.

SUBPROGRAMS :
REQUIRED: DELETE, LOC

VARIABLES: A(D - Stiffness or mass matrix of structural idealization

NDEL(l) - Array of logic numbers: see PLTVIB

NCP - Number of coordinates at each grid point

Mi - Number of grid points. in x-direction

NJ - Number of grid points in y-direction

NDL - Number of coordinates removed by this subprogram

NC(l) - Array of coordinate numbers for which NDEL(l)= 1.
RESTRICTIONS: NC(I) must be dimensit;ned the some as NDEL(l) in program PLTVIB
ACCURACY: Not Applicuble
SIZE: 0003338

REFERENCES: None
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144

BEGIN

INITIALIZE PARAMETERS
NDL, NGP, NCO

!

INITIALIZE ARRAY, NC(I)

'

BEGIN GRID '
POINT COUNT, IC 3

BEGIN COORDINATE
COUNT AT GRID }
POINT, J

g

INCREASE COUNT OF
DELETED COORDINATES
BY ONE: NDL = NDL + 1

!

PUT INDEX OF DELETED
COORDINATE IN ARRAY NC

YES

NO
ZNC\P o

C >NGP >

FLOW CHART: SUBROUTINE ORDER (A, NDEL,NCP, MI, NI, NDL)
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YES NO
NDL20
j RETURN

BEGIN DELETION
OF COORDINATES ?

K=1, NDL

!

M = COORDINATE TO BE DELETED
ML = RESULTING SIZE OF ARRAY A
N =ML+ 1

SET ROW-COLUMN M
OF SYMMETRIC ARRAY
A TO ZERO .

DELETE

Y

BEGIN ORDER OF ELEMENTS OF
SYMMETRIC ARRAY A FOR '
ROW-COLUMN LOCATIONS
GREATER THAN M

BEGIN ROW COUNT, |
=1+ R
| '

BEGIN COLUMN COUNT, J

FLOW CHART: SUBROUTINE ORDER (A, NDEL, NCP, MI, NI, NDL)
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‘

COMPUTE INDEX, 1J,
OF DELETED ELEMENT

JI—J+] l

COMPUTE INDEX 1J1, COMPUTE INDEX,
_ OF DIAGONAL ELEMENT __OF eLevent
LOC LOC

A(1J) = A(1J1)
YES 'NO
J>N -
NO
YE | >ML

BEGIN ORDER OF
CONSTRAINT ARRAY, NC

NC(1) = NC(I) - 1

t

FLOW CHART: SUBROUTINE ORDER (A, NDEL,NCP, MI, NI, NDL)
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YES NO

SHIFT OF ROW-COLUMNS IS COMPLETE.
SET TO ZERO ALL ELEMENTS IN
ROW-COLUMNS OF ARRAY A GREATER
THAN THOSE IN THE NEW SIZE OF
ARRAY A. o

DELETE

RETURN

FLOW CHART: SUBROUTINE ORDER (A, NDEL,NCP,MI, NI, NDL)
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L e e _ : RN S v . Appendix C
o ___ SUBROUTINE_ORDER(A+NDEL#NCP,MI,NI,NDLy & = 77 7.7
- DIMENSION A(Z)oNDEL(Z)oNC(73) o o
: NpLk=0 ‘ . 4

NGP=MI*NI o ;

o NCO=NCP*NGP+(MI=1)%*(NI=1)
L ‘30(1)I=1'NCO
- NclIu=o
1 coNfiwus
; D0_3.IC=1,NGP

1= NCP*(IC-l)
A I1= 1+u
- _ _IF(NDEL(I1)) 3¢302

Ll

2 Npl.=NDL+1 ‘ |
————NcinOL)=11 4 . oo
. 3 CONTINUE
; [ IF(NDL)~10t10r31 . SR
¢ 31 Do 9 K=1/NDL | | 1
__ M=NC.UK) o 5
ML=NCO=K , o .

o N=M_+1 - ‘ 3
! CALL DELETE(ArN¢M) : ‘

i 00_7_1=MsML : o

! I1=1+1
DO_7_J=1+N
CaLL LOC(IedreIJiN,1)

— IF(I=J)_ 5:4,5_ ‘
T4 J1=J+1 . L :

RO S CALLnLOC(lltdljldlanii ' A O
60 TO 6 _ o .

__5.______._CALL_LOC (Il IJ1,N.1 )
-6 A(IJ)I=A(IUL)
4 CONTINUE..
o Do 9 I=1,NOL
: JFINC(I)=M) 90198
. 8 NC(I)=NC(I)=}
9. CONTINUE
‘ M=NCO=NDL+1
Do_10 K=M.,NCO ‘ :
Call DELETE(A/NCO,K) : ‘ - Lo
_lo__,CoNTINUE . : %
: _RETURN
" END |

| s

”

et b a8 e D D e e atte e ey

: SuBROUTINEWDELEIELAJNLJ)
i‘ ' DIMENSION A(2)
]

Do._1 _K=1+N ‘ ;
CALL LOC(KrdrKJINs1) . o o
_A(KJ)=0.+0 .
1 CONTINUE

SUVBPROGRAMS ORDER AND DELETE CARD IMAGE | LISTINGS "

s
t

i
i)
l
i
!

e,




APPENDIX D

COMPUTER PROGRAM USER'S MANUAL
INTRODUCTION

This appendix defines the input data parameters, input data format and output
data format for the one-dimensional panel computer program and the two-dimensional
panel computer program described in Appendix C. An example problem is included for

each computer program listing typical input and output data formats.
ONE-DIMENSIONAL PANEL ARRAY

The one-dimensional panel geometry is illustrated in figure D-1. The structural
idealization considers a fundamental mode across the width of the structure (y-direction)
so that the finite element model considers only parameter variations along the length of
the structure (strip analogy). The finite element model of the one-dimensional panel
array then reduces to a simulation of a spring-supported beam. The elastic supports are
modeled using the finite element representation of a thin-walled open-section beam as
described in reference 1. The lumped parameter model of the elastic supports is given
by equations 20a and 20b of reference 1. The definition of the geometric constants
given in equations 20a and 20b of reference 1 are defined by figure D-2. The stiffener
geometry for a stiffener parallel to the x-axis is presented in figure D-3 for completeness.
The definition of the required input data is given below. The choice of structural ideal~

ization is best illustrated by an example problem.

ONE-DIMENSIONAL PANEL ARRAY:
DEFINITION OF INPUT VARIABLES

The modal analysis of one-dimensional panel arrays is preformed using program
BMPROP and the associated subprograms (see page 63). Definition of the required in-

put variables is as follows:

NCASE Number of data cases to be précessed
NDATA A four digit data case' identification number
NBAY The number of panel bays of the structure (not greater than 5)
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NSUP
IOUT

IBL

IBR
NINT

‘BW
PR

NEL(I)
El(1)

WB(1)

BL(I)
NCP(I)

SL(I)
SC(I)
SR(1)

RL(I)

150

The number of elastic supports

Data output option: IOUf = (; print parameters NDATA, TK, TL, TM,
frequencies and modal amplitudes at each grid point; IOUT > 0; print
output for IOUT = 0 and the normalized modal displacement, shear, and

bending moment distribution.

Logic number for o.pplying clamped constraints at the left-hand end of the
structure: IBL = 0; left-hand end is free or elastically supported: [BL =1
the left-hand end of the structure is clamped (translation and slopes set to

zero)

Logic number for applying clamped constraints at the right-hand end of the

structure (definition identical to IBL)

Number of points interior to each element for which normalized displace-
ment shear and bending moment distributions are to be calculated (equal to

or less than 5)

Width b of the panel, iﬁches, (see figure D-1)
Poisson's ratio for the cover sheet material
Number of elements in the ith panel bay

Bending rigidity of Ith panel bay (seé equation 21, reference 1, p. 11),
lb. =in? |

Weight per unit length of Ifh panel bay (see equation 22, reference 1,
p. 11), Ib./in.

Length of II‘h panel bay (dimension a., figure D-1)

Translation coordinate number for locating lfh elastic support in structure

NCP(l) will be an odd number

Lumped spring constant, Kzz’ for the lth elastic support (see equation 20q,

reference 1, p. 11)

Lumped spring constant, K, g for the I’bh elastic support (see equation 20a,

reference 1, p. 11)

Lumped spring constant, Kgg' for the lfh elastic support (see equation 20a,
reference 1, p. 11)

*

Lumped mass constant, 12,

for the Ifh elastic support (see equation 20b,
reference 1, p. 11) '



RC(I)

reference 1, p. 11)

RR(1)

reference 1, p. 11)

Note:

Appendix D

Lumped mass constant, l;e, for the lfh elastic support (see equation 20b,
Lumped mass constant, '69’ for the lfh elastic support (see equation 20b,

To add a lumped mass at a coordinate, input an elastic support with zero

stiffness at that coordinate (i.e., SL(I) = SC(I) = SR(I) = 0 at NCP(l))

The input data format is as follows:

CARD 0 (ONE CARD PER DATA SET = NCASE DATA CASES)

COL (FORMAT)

1(15)

NAME

NCASE

DATA CASE INPUT FORMAT
CARD 1 (ONE CARD PER DATA CASE)

COL (FORMAT) | 1(15) 6(13) | 903) | 1203) | 16(13) | 18313) | 21(13)
NAME NDATA | NBAY | Nsup | 1our | 8L IBR NINT
CARD 2 (ONE CARD PER DATA CASE)
COL (FORMAT | 4(E12.5) | 16(E12.5)

BW PR

. | NAME

CARDS 3 through 3+ NBAY (ONE CARD FOR EACH STRUCTURE BAY)

COL (FORMAT)

1(13)

4(E12.5)

16(E12.5)

28(E12.5)

NAME

NEL(I)

EI(1)

WB(!)

BL(l)

CARDS 4 + NBAY through 4 + NBAY + 2 NSUP (TWO CARDS FOR EACH ELASTIC

SUPPORT)

COL (FORMAT) | 1(13) 5(E12.5) | 16(E12.5) | 28(E12.5)
NAME NCP(I) | SL() SC(l) SR(1)
COL (FORMAT) 5(E12.5) | 16(E12.5) | 28(E12.5)
NAME RL(1) RC(I) RR(1)
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ONE-DIMENSIONAL PANEL ARRAY: EXAMPLE

To illustrate a typical structural idealization consider a one-dimensional panel
array consisting of three bays with two interior elastic supports and both ends clamped.
Suppose that the span of each bay is 6.0 inches and that the width of the structure is
20.0 inches. The cover sheet is 0.032 in. and the material is 7075-T6 aluminum alloy.
The stiffener is taken as a zee section as illustrated in figure 13, reference 1, and the
stiffener orientation is taken such that both stiffeners face in the same direction. This
data case corresponds to specimen SPI-2-1 for the three-bay configuration described in
figure 15 of reference 1. Assuming that the stiffener attach point is directly below the
vertical web and that the mass of the skin directly adjacent to the stiffener flange is
considered to act with the translational inertia term, 1, for the lumped mass represen-

tation the stiffener data is

K__ = 630.02 I*_ = 0.074299
zz zz

Kzg = 14.271 I;Q = 0.0

K99 = 118.30 _ Iag = 0.0074605

Since the cover sheet is uniform, the lumped data are .
EI(I) = 313.34 WB(I) = 0.03232 : I = 1,2,3.
Three* elements are used to model each bay.

The above structural idealization is illustrated in figure D-4. The input data format is
illustrated in figure D-5. The output data format is illustrated in figure D-6. In fig-
ure D-6 the edited input data is printed, the eigenvalues and eigenvectors are printed,
and the interpolated values of the displacement (W), slope (DW/DX), shear (V), and
bending moment (M) are printed for the fifteen lower frequency modes (only the funda-
mental mode is illustrated). The sequence for listing the eigenvector is dimensionless
displacement and rotation for each grid point across the structure (see figure D-4). The
experimental values for frequency, mode shape, and bending moment distribution

(strain) are given in Table Il and figure 26 of reference 1.

*Experience has shown that (NBAY-1) elements for each bay insures satisfactory

frequency convergence of the lower NBAY modes.
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NINE-BAY TWO-DIMENSIONAL PANEL ARRAY

The two-dimensional panel array considered here is the nine-bay configuration
illustrated in figure D-7. The structural idealization considers nine plate elements
forming the cover sheet and orthogonal stiffeners. The plate elements are described in
reference 1 and consider an interior fundamental clamped-clamped plate mode as a gen-
eralized coordinate. The stiffener elements are taken as thin-walled open-section
beams as described in reference 1. The stiffener geometry is illustrated in figures D-2
and D-3. The element nomenclature is illustrated in figure 3. Definition of the input

data is given below.

~ NINE-BAY TWO-DIMENSIONAL PANEL ARRAY:
DEFINITION OF INPUT VARIABLES

The modal analysis of nine-bay two-dimensional panel arrays is performed using
program PLTVIB and the associated subprograms (see page 103). Definition of the re-
quired input variables (see Subroutine RDNWRT (1)) is as follows:

NDATA Number of data cases to be processed

NCASE A four digit data case identification number

A(l) Length of the lth rib segment parallel to the x-axis (see figure D~7), inches
B(I) Length of the Iﬂ'1 rib segment parallel to the y-ax‘is (see figure D-7), inches
EP Young's modulus of the cover sheet material, lbf./in?

HP Thickness of the cover sheet material, inches

PR Poisson's ratio of the cover sheet material

RHOP Weight density of the cover sheet material, Ibf./in:.3

ER(I) Young's modulus for the |fh rib, lbf./in?

- GR(1) Shear modulus for the |th rib, IbF-./in?
- RHO(I) Weight density for the Ith rib, Ibf./in‘?'

Sr2(1) S, (1=1,2)and S, (1 =3,4), inches*
c2(1) C, (1=1,2)and C, (1=3,4), inches*
SR3(1) S, inches*
c3(1) C,, inches*

*See figures D-2 and D-3
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AR(I) Cross sectional area of Ith rib, in?

A22(1) L, (1=1,2)and L (1=3,4) of the ™ rib, in? (equation 5a, ref. 1)
A23(1) l, (1=1,2)ond I (1=3,4) of the ™ rib, in* (equation 5a, ref. 1)
A33(1) lzz of the Iirh rib, in‘.1 (equation 5a, ref. 1)

sJ(1) St. Venant's torsion constant, in‘} (equation 5a, ref. 1)

—_ -— H 5** H

RE2(1) Rey (1=1,2) and Rex (1=3,4), in"** (equation 5b, ref. 1)
RE3(I) Rez for the |th rib, in?** (equation 5b, ref. 1)

GM(l) Warping constant for the Ifh rib, in.6 ;

The input data format is as follows:

CARD 0 (ONE CARD PER DATA SET)

COL (FORMAT) 6(13)

NAME NDATA

CARD 1 (ONE CARD PER DATA CASE)

COL (FORMAT) 6(14)

NAME NCASE
CARD 2 (ONE CARD PER DATA CASE)

COL (FORMAT) | 5(E12.5) | 17(E12.5) | 29(E12.5)

NAME A1) A(2) A(3)

CARD 3 (ONE CARD PER DATA CASE)

COL (FORMAT)  |5(E12.5) |17(E12.5) | 29(E12.5)

NAME B(1) B(2) B(3)

CARD 4 (ONE CARD PER DATA CASE)

COL (FORMAT) | 5(E12.5) | 17(E12.5) | 29(E12.5)| 41(E12.5)
NAME EP HP PR RHOP

CARDS 5, 9, 13, 17 (ONE EACH PER DATA CASE)

COL (FORMAT)

5(E12.5)

17(E12.5)

29(E12.5)

NAME

ER(I)

GR(l)

RHO(I)

**See comment on page 6 of reference 1.
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CARDS 6, 10, 14, 18 (ONE EACH PER DATA CASE)

COL (FORMAT) | 5(E12.5) | 17(E12.5) | 29(E12.5) | 41(E12.5)
NAME SR2(1) c2(l) SR3(1) c3(1)
CARDS 7, 11, 15, 19 (ONE EACH PER DATA CASE)

COL (FORMAT) | 5(E12.5) | 17(E12.5) | 29(E12.5) | 41(E12.5)
NAME AR(1) A22(1) A23(1) A33(1)
CARDS 8, 12, 16, 20 (ONE EACH PER DATA CASE)

COL (FORMAT) | 5(E12.5) | 17(E12.5) | 29(E12.5) | 41(E12.5)
NAME SJ(1) RE2(1) RE3(I) GM(l)

NINE-BAY TWO-DIMENSIONAL PANEL ARRAY: EXAMPLE

Appendix D

As an example consider a square nine-bay stiffened panel with identical stiffeners

uniformly spaced in x- and y-directions. This example is selected to illustrate the na-

ture of repeated roots and symmetry in the eigenvector (mode shape). Assume that each
bay has dimensions (A(l) x B(l)) of 10.0 in. x 10.0 in., that the aluminum cover sheet
is 0.032 in. thick, and that the stiffeners are described by the following data:

6

ER() =10.3x 10

. Ibf./in2

GR(I) =3.9x 10°, Ibf./in2

RHO(I) = 0.101, Ibf./in>
SR2(1) = 0.0, in.

c2(1)
SR3(I) = 0.27191, in.

= 0.0, in.

C3(I) = 0.80525, in.

AR(I) = 0.120, in?

A22(1) = 0.018389, in
A23(1) = 0.0, in"

4

4

A33(1) = 0.022298, in"

SJ(I) =4.08x 1072, in?

RE2(I) = 0.0, in>
RE3(1) = 0.0, in

5
5

GM(1) = 2.4445 x 1073, in®
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The stiffener cross-section shape and its attachment to the cover sheet is illustrated
in figure D-8. Figure D-9 illustrates the input data format. Figure D-10 illustrates the
output data format where the edited input data is printed and the eigenvalues and éigen-
vectors are printed. The sequence for printing the eigenvectors is illustrated in figure

D-11. The mode shapes for the four lower frequency modes are given in figure D-12.

CLAMPED, ELASTICALLY SUPPORTED,
OR FREE EDGES ON EITHER END

<

CLAMPED EDGE ON
EITHER SIDE

FIGURE D-1. ONE-DIMENSIONAL PANEL ARRAY
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FREE'VIBRATION OF A oNE DIMENSIONAL pANEL ARRAY

DATA CASE 12

NUMBER OF BéYS: 3 "NUMGER OF SUPPORTS= 2
T PANEL WIDTH= 0.20000E+02 POISSON'S RATIO= 0,32050E+00.
BAY NuméER.OF BENDING WEIGHT PER BAY
’ANUMBER ELE%ENTS RIGIDITY UNIT AgEA ' _LENGTH
1 I3 0+31334E+03 0+32320E=01 . 0.60000E+01
2 3 .

De31334E+03 0432320-01" 0.60000E+01

3 3~ 0e31334E+03 0e32320g-01. 0.60000E+01

TSUPPORT NO. 1 o INPUT COORDINATE= 7
"K22= 0,63002E+03 KZTHETA= 0,14271E+03 KTHETA= 0.11a830E+03

1225 0.74299E-01 1ZTHETA= 0,00000E+00 [THETA= 0.74405E=-02

FIGURE D6, GUTPUT DATA FORMAT: EDITED OUTPUT DATA, EXAMPLE PROBLEM®
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SUPPORT NO. 2 » InPUT COORDINATE= 13
_K22= 0.63002E+03__KZTHETAZ 0,14271E+03 KTHETA= 0.11830E+03
T122= 0.74299E-01 I1ZTHETA=
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- Appendix D~

R A VS

T _FREQUENCY = 0,109352F+03 HZ.
! BAY_1 K
X : W ow/DX - v M
0.000 0.00000E+0Q0 0.00000E+00 0.44278E+00~0.66679E+00
— - 0.500 =0.,20415E=01=0,16172E+00 0.441n6F+00=-0.4615E400
. 1,000 <«0.72597£-01-0,20698E+00 0,43014E+00~0425914E+00 .
- 1,500 =0.,14296E+00-0,25248E+00 0,403a8E+00=0.65074E~01 S
2,000 . -0,21790E+90~0,41492E+00 0,35947E+00 0.11265E+00
2,000 ‘Qjal]90€+0Q_Q*&l&gZE}OO QL§59q7E+00 011265€+00
2,500 =0,28390E+(00-0,35376E+00 0.29749E+00 0.26551E+00
3,000 -0, 531&1£+no-g.267sgs 00 _0.22136E+00 0.38638E+00
3,500 -0.?5465E+00-0 11190€+00 0.13639E+00 0.46955E+00 -
_4.000__=0.34545E400_0.15724E+00_0,49602E=01 0.51259E+00_
4,000 =0,34545E400-0,15724E+00 0,49602E-01 0.51259E+00
_q_&$§ﬂg__:QJ299&Qiinﬂ_ﬂ423952EiQQ:QLQQ&LSE:QL_QLSLéﬁgEiDn_
5.000 =0.,21815E+00 0.22203E+00=-0,94728E~01 0.48681E+00
—5.500__=0,10445E+ +00-0,1 +00 +00 .
6,000  0,38983E~01 0,89815E+00=0,143¢5E+00 0.36648E+00
BAY 2
X W DW/DX Vv ' M
0,000 0.38983E=-01 (.89815£+00-0, 964u5E+00 0. 82748E+00,
0.500 0.21850E+00 0,10000E+01-0,93351E+00 0.38555E+00
1,000° QO,.42445E+00 Q,BQQZQE+00r0.854n4€+00-0,31022£-01,
1,500 0.63008E+00 0,745a2E+00=0,724glE+00=-0.39930E+00
2.000  0,80865E+(u0 0,89093E+00=0,54725E+00-0.69600E+00
2.000° 0,80865E£+00 0,89093E+00-0,54725E+00-0.69600E+00
2.500 0.93495E+00 0,62932E+00~0,3319E+00~0.90101E+00
3.000 0,99969E+00 0,40570E+00-0,92540E-01-0.10000E+01 ;
3,500 0.10000E+01 0,57060FE=01 0,15458E+00-0.9853E+00" ‘
4,000  0,93303E+00-0,57963E+00 0,393/1E+00-0.85788E+00 .
4,000 0.93303E+00-0,57963E+00 0,393¢1E+00-0.85738E+00
4,500 0.80203E+00~0,75310E+00 0,60801E+00=0.62437E+00
5.000 0.62856E+00-0,69373E+00 0.78449E+00~0.2992E+00
5.900. 0.43719E+00-0,67950E+00 0,91551E+00 0.96218E=01
6.000 0.25247E+00-0,98839E+00.0,10000E+01 0.54217E+09
BAY 3
X : W DwW/DX v M
0,000 0.25247E+00~0,98839E+00-0,791/7E=-01 0.52150E+00Q
0.500 0.96812E=01~0,75629E+00=0,36946E=01 0.49605E+00
1,000 =-0,24596E=031=0,50929E+00~0,28777E~01l 0.48196E+00
1,500 =0,11301E+00=0,31354E+00=0,46355E-01 0.46537E+00 "
2,000 =0,16967E+00~0,23517E+00=0.81741E~01 0.43621E+00
2.000 -0.16967E+00—0.23517E+00-0.817u1E-01 0e43621E+00
2,500 =0,19573E+00-0,10180E+00-0,12726E+00 0+38799E+00
3,000 - =0,19521E+00=0,23231E-01-0,17580E+00 0.31771E+00
3.500 =0,17372E+00 0,69068E-01-0,22153E+00 0.22537E+00
‘4 000 =0,13685E+00 0.24361E+00=0.259096E+00 0.11338E+00
4,000 =0,13685E+00 0.24361E+00~0,25996E+00 0.11338E+00

___3450Q___Q*QL&SSEmﬂlmﬂ+265325i0Q_QL_B&lOE_ﬂ“_QLl&LLLE_QL

5,000 =0,47081E=01 0,23196E+00-0,30501E+00=0,15210E+00 .
775,500 =0,13379E-p1 0. 14352E+00-0, 31213E+00=0.29552E400
6 000 0.00000E+00 0,00000E+00=0,31326E+00=0., u4066E+00.

L}

,FIGURE D-6. OUTPUT DATA FORMAT: NORMALIZED MODE; -

s SHAPE AND STRESS RESULTANTS L nn AT
At I L v T T




Appendix D

CLAMPED EDGES ALL SIDES

FIGURE D-7. NINE BAY TWO-DIMENSIONAL STRUCTURE
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.ﬂljp_h_.rh] l...

- r
- _i_i’
L

J X

T
!
!

Attach Point

\ Skin
; Shear Center

t =0.082, in. A =0.120, in2 J = 0.0000408, in}
b =1.000, in. | =0.022299, in* R =0.0, in?
XX ex
h =0.75, in. | _=0.0, in} R =0.0, in?
XZ ez
*
hy = 0.50, in. | =0.018389, inT T = 0.0024445, in®
. ZZ e
x =0.533, in.

. *Pole taken at shear center
e =0.2719, in.

FIGURE D-8. STIFFENER CROSS-SECTION SHAPE: EXAMPLE PROBLEM
NINE-BAY TWO-DIMENSIONAL PANEL
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Appendix D,

OATA CASE 1000

P : FREE VIBRATION OfF A
i NINE'BAY ORTHQGQNALLY STIFFENED PANEL

STRUCTURAL GEOMETRY

) . :
AlZ_0.10000E+02_ A2z 0.10000E402 A3z 0.10000E402 .

B1= 0.10000F+02 2= 0.10000E402 B3z 0.10000E+02

T : - COVER SHEET DATA

© YOUNG*S MODULUS= 0.10300E+08 » pOISSON's RATIO

= 0.32050E+00
THICKNESS = 0.322000F=01 - WEIGHT/VOLUME = 0.10100E+00__
BENDING RIGIDITY= 0.31346E+02
STIFFENER DATa
STIFFENERS: PARALLEL 10 X-AXIS
. STIFFENER NO. 1 . E° = 0,10300E+08 G_ = 0,39000E+07 KHO = 0.10100E+00
: SY— 0,00000E+00 CY = 0,00000E+00 SZ = 0.,27191E+00 (C2Z = 0,80525E+00 |
= 0,12000E+00 1YY= 0.18389E-01 1YZ= 0.00000E+00 12Z = 0,22298E-Q1 |
__QmE 0.40800E=04 _REY=_0,000006+00 REZ= 0.00000E+00 GAMMA= 0,24445E=-02_
' 5 STIFFENERS PARALLEL 70 X-AXIS : o
. STIFFENER NO+. 2 E = 0. 10300t+08 G = 0039000E+07 RHO :‘0.10100E+00
SY— 0,00000E+00__CY = 0,00000E+00 SZ = 0,27191E+400 cZ = 0.B0525E+00
. = 0,12000E+00 1YY= 0. 15339h_01 IYZ= 0.00000E+00 127 = 0.22298E~01
.d = 0.40800E=-04 REY= 0,00000E+00 REZ= 0.00000E+00 GAMMA= 0,24445E=02
STIFFENERS PARALLEL 710 Y=AXIS
STIFFENER NOe 3 E = 0,10300E+08 G = 0.39000E+07 RHO = 0,10100E+00
sx- X= 0,00000E+00 CX = 0,00000E+00 SZ = 0,27191E+00 CZ = 0,80525E+00
0,12000E+00 1IXx= 0.183/9E-01 IXZ= 0.00000E+00 12Z = 0.22298E-01

d 0.,40800E-04 REX= 0,G0000E+00 REZ= 0.,00000E+00 GAMMA= 0.24445E-02

: L STIFFENERS PARALLEL 70 Y-AXIS
STIFFENER NO. 4 E = 0.10300E+08 6 = 0.39000E+07 RHO
__SX= 0.00000E+00 CX = 0,00000FE+00 SZ = 0,27191E+00 CZ .
A = 0.12000E%00 IXx= 0.18389e=-01 IXZ= 0.,00000E+00 122 0. 22298E‘0k
; J = 0, 40800E-04 REX— 0. 00000E+00 REZ- 0. 00000E+00 GAMMA 0 24445E 02 .
. EEY _]
(LFIGURE 'D-10. OUTPUT DATA FORMAT: EDITED INPUT DA]'A AN _.,_,;_.\“.__ .
' EXAMPLE PROBLEM '

b aanahie (0 S S e

0.10100E+00
0.80525E+00_

LI IR
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Append ix D.

DATA CASE 1000

&)

%

EIGENVALUE= 0, a“ﬂ?3F+nl

' NONDIMENSIONALIZING CoNSTANTS

TK=_0 »Ll&BZE_né__IL._DJJA Eiﬂg_~IM__D4lAEQAE_DZ

__EIGENVALUEENQ¢3226BE+01 -FnEQUENCY;,O.25823E+0u.Hz‘

: _ _ EIGENVECTOR
- =0..60316E=02__=0., . 59 Q]bQéEﬂnQ___o 60316E=02_
0.10599E+00  0+105995+00 -o.u76965+oo o 60316E=02. =0.10599c+00 °
=0 +00. =0+47696E+50  =0,60316E=02  0,10599E+00 =0.10599E+00_
i -0.47696E+00 -0+248695=02 0.62428E-08 0,24869E-02  0.12935£-08
gﬁ 136F=09.0,24869E=02 =0,38044E=08 -=0.24869E=02_

FREQUENCY-.ﬂ;221l65+09LH24

EIGENVECTOR

014u666E-02-__0-2963QEinﬂ___ﬂ+l2ﬁ]4E.DO___ﬂ*ﬁaalﬁEtnﬂ___34855875_ﬂ2
% 0.27893E+00

_0s77911E=01
2 0423973E+00

0¢77907E=n1 0.50451€+00 =0,85587E=p2 0.27892+4+00
-_0_o.‘S.OB,,s2E:m.o_ao;_l&.o.éﬁsE_:D.Z—_Q.Zs.éiofiiQIL._._O_-.IZbJ_SE.+...0.0._‘
0«35553€=-02 .0,98020E=02 0.74823E=02 =0.34873€=02

-0 41871E=07___ 0. _3’-&87_35_02___0_._7‘£BZSE_QZ___D_.__BQIQE_OZ__O.. 35553E=02_

-9&;0139E-07
L

. _EIGENVALUE= 0, 24023401 FREQUENCY= 0.22116E+04rHZ,
| EIGENVECTOR
_=0e88587E=02._ =0e77911E=n1__ 0,27892E+00 0.50452E+00 O40668E=02_
. «0s12674E+00 . 04296305+00 0.23972E+00 =0,40668E=02 =0.,12674F+00
___0.20630E400 _=0.23974E+p0_ 0.85587E=02_=Q,77908E=01 0.+27893E+400_
=D 504515+oo (e T4B23E=g2 ~0,34873E~02 0,35553E~02 =0.98019F~02
9802ﬂE:n2__:QJéﬁ5§éE_QZ____J_&ﬁ_&_“n“___nu_ﬂé23E_D2_
___EJEEBMALué- 0.23187£+01 FREQUENCY= 0.21728E+04,HZ,
o . EIGENVECTOR i
. _053408E=07__=0+35356F+00__ =0,35356E+00 =0,48897E~0S _~=0.18011F=06_
:g 0e35355E+00 =0¢35356F+00 =0.28779E-05 0.,15584E~06 =0+35356E+00
| 0e35355E+00_ =0.26838E=04 =0,27049E-07 0,35355E+00 0e35355E+00
-0+59723E~05 ~ Qe4394l1lE~n7 =0,12487E-06 =0,13818E~p6 0+24371E=06
=0 41365E~07__ _~0.19978E=06 0.55218E-07__ 0,16433E~-06 _=0.10497E~-07_
_ EIGENVALUE= 0.89302E+00 FREQUENCY= 0.,13484E+04,HZ,
EIGENVECTOR . o
 =0e17764E=01_ 0¢35152F+00 =0,35152E+00  0,38818E=p1 =0.17764E=-01"
0.35152E4+00 0435152E+00 ~0.38818E~01 =0.,17764E-01 =0.35152g+00
. =0+35152E400  =0e388]9F-0)1 =0,17764E~01 =0,35152E+g0 0+35152€+00 .
0.38818E=-01 0+19067E=01 0.68695E=-02 0.19067E~01 0.68695€=02 . -
' =0¢50232E~01  0.68695E-02  0,19067E~01  0,68695E-p2  0.19067£-01
EIGENVALUE= 0,81502+00 - FREQUENCY= 0,12882E+04:HZ,
. , . _EIGENVECTOR
__0e21390E~01__ _=0e21274E+00 0.47758E+00 0 115855_ﬂo_~m01lﬂl71£r01“
" 0el1U434E+00 ~0+44260E+00 =-0.55088E-01 =0,10171E=-p1 0+11434£+00
C =D 4y260E+00 . 055081F=01  ~0,21390E-01 -0.21274E+n0 0.47758E+00 -
© «0s11584E+00 =~0¢19860F-01 - 0,12966E=01 =0,94438E=-02 0.46087c=-02 -

=0. 460aT7E=02 0, 9‘44375"02____0. 1&96_65;_01,_149552&_0.1_

i s FIGURE D-10. OUTPUT DATA FORMAT: EIGENVALUES AND

Ty

EIGENVECTORS, EXAMPLE PROBLEM _
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" .=0410171E= 01___D”94260E}00;_~D . 11%33E+00

.- =0.47758E+00 =0+21274E£+00 =0,11586E+00 =0,21390E=-91 =0.47758£+00 -
“l_:Q.21275EtQQ___Q;1LSabE+nO__.Q.LQLZLE:DI 0.44260E+00  0.11434E+00_
. 0.55060E-01  0+94437€-02 - 0.46087€-02 =0,19859E-91 =0.12966E-01

0.35098E=07  0+12966E£~01  0.19860E-01 =0,46088E=02 =0.94437E-02 "
EIGENVALUE= 0, 751905+oo FREQUENCY=z 0,12373E+04+HZ,
o EXIGENVECTOR ' ' i
0.11632E-07 0. 3p233r+no 0.35283E+00 0,14321E-06  Q.42211E-08
0¢35283E+00___=0.352435+00 - =0.44439E-06 - 0,25086E=08 =0.35283E£+00..

‘1 0.35283E+00 Q. 1}360?-06 ~0,68469E-08 =0,35283E+00 =0.35283E+00 -
3 0e6p44TE=0T7__=0+81120F~08 0.31864E=01 =0.74018E=08 =0.31864E=01_

Appendix D.

FREQUENCY= 0.12882E+04,HZ,

El GENVECTOR

=0.55078E=01

0.21390E=01_

. 1 0.45107E-08 =0+318p4E-n1  0,39202E-08 0.31864E-pl  0.21881E-08
;'EIGENVALUE= 0.71075E+00 FREQUENCY= 0.,12030E+04,HZ,
L ’ EIGENVECTOR . .
EELR 14213E-04 =016918E-02 0.16918E£-02 0.,49999E+n0 0.14214F-04 ,
_ 0e16918E~02 __ 016918F=02_ 0,49999E+00 0.14214FE=04 =0.16919£=02
"~ =0s16918E~02 0+49999E+00 ~-0.14214E-04 0.16919E~02 ~0.16918E-02
__ 0+49999E+00 =0.12440E-n2 -~0,46570E-08 0,12440E-02 =0.23489E-08_
~ =0+22390E-08 0e12274FE-08 0.12440E=02 0,33422E=08 =D.12440F=02
EIGENVALUE= 0,37975£+00 FREQUENCY= 0.87932E+03,HZ,
_ . EIGENVECTOR '
0¢87165E-04 «0¢11064E-0u4  0,82126E-03 =0,64778E+00 =0.38151FE-04
=06 74343E=03 0e11077€=02 ~0,28351E+00 0.38149E=nl4 =0.74342E=03
0.11077E~02 0.28352E+00 ~0.87168E~04 =0,11038E~-q4 0«82126E=03 -
 0.64776E+00 0¢15233E-02 =0,91032E=03 =0,66667E=03 =0.23273E-02 ;
0.89807E~07 0.23273E=02 0.66670E-03 = 0,91024E=-03 =0.15232E-02°
T EIGENVALUE= 0,37975E+00 i FREQUENCY="0.87932E+03/HZ,
e ) "EIGENVECTOR
~0e38152E=~04 0¢11077E-02 0,74341E-03 0.28350E+350 =0.87171E-04
 0e82128E~03  0.11050F=qu =0,64776E+00 0,87167E=-ql4 0.82128F=03 . .
0.11093E=04  (0.64778E+00 0,38148E-04 0.11077E=02  0.74341FE-03 .
_=0+2p353E+00  =0+66665E~03 0.23272E-02 =0,15232E-p2 =0,9)1034FE-03
0.13128E~06 0¢91021E-03 . 0.,15233E=02 =0,23274E=p2 0.66672E-03
EYGENVALUES 0.,28821E+00 FREQUENCY= 0.76604E+03,HZ,
' A EIGENVECTOR *
0.71024E~04 0e41956E~3 - =0,41951E£=03 0.49998E+00 0.71021FE-04
0.41952E=03 = 0+41954E=03 -0,50000E+00 0,71026E=g4 =0.41953£-03
T =0.41953E-03 =0.49997E+90 0.71024E-04 ~0,41950E-03  0.41954E-03 -
 0.49999E+00 =0+12207E-0n2 0,24255€-02 =0,12207E~p2 0.24254FE~02
~0.50403E-02 0e2u255F=02 «0.12207E-02 0,24254E=-02 =0.12207E-02 ,
TEIGENVALUE= 0,20602E+00 FREQUENCY=z 0.64767E+03¢HZ,
e : EIGENVECTOR I
~0,23805E+00 0.28134E+00 =-0,28183E+00 . 0,17558E+00 Oe 23805E+00:
-0,2a184E+00  =0.28183E+n0  0,.17558E+00 0.23805E+30 0.28183£+00
0.2a183E+00 0+17558E+00 =~0.23805E+00 =-0.28183E+n0 0.28184E+00
0+17558E+00 0+60366E-01 0.26440E-07  =0,60366E-n1 =0.10817F=07_.
-0, 138945 -07 0.33108E-n7 -=0,60366E~01 =0,69448E-n8 O 60366E~01'-

. FIGURE D=10. OUTPUT DATA | FORMAT: EIGENVALUES AND_: Lo
EIGENVECTORS EXAMPLE PROBLEM o

170

T




!
;
E
t

. o . o Appendlx
; EIGENVALUE= 0,97947E=-01 FREQUENCY— 0 “46575*030HZ
N ] - EIGENVECTOR
0412541E-01 = 0,42314E+00 0 41250E+00  0,426B8E-n2 =0.29902E+00
—=0.,14430E+06_ ~0,10926F+00  0.10186E+00 - 0,29902E+00 ~(.14430E+00 |-
-0. 10926E+00 =0 101ﬂ6r+00 -0 12541E-01 0 “2314E+00 Do 41250E+00
_=0.42720E=02 =0+24159F=(2 0.82194€=01 0,57600E=01 =0.89391F=01 .

.i -0.34003E-07  0+89391E=p1 <=0.57600E=01 =0,82194E=01  0.24158E=02.

.- EIGENVALUE= 0.979475-01 - .. ..., FREQUENCY=z o.qqes7E+03.Hzf
e EleENVECTOR
. =0+20902E+00.__=0+109265400___0.14430E+00__ =0, 10186E+ 00___0412541E:01_
" 0.41250E+00 =0.423145+00 0,42724E~02 0,12541E-01 0.41250£+00
—=0.42314E+00 =0, 42109E_aa___Q;ZQQQ2Eiﬂﬂ__:ﬂ+lﬂ9ZﬁEinﬂ___nLlukiﬂEtQQQ
. . 0s10186E+00 0.5%600E~-01 - 0.89391E-01 0.,24158E~02 0.82194F=01
ﬂ“ro 30050E~ 07._:0.821945:01~_=D¢24158E_02 " =0,89391FE=01  =0.57600E=01_

__?EIGENMALUE,_O 29039£=01 : FREQUENCY=_0.2u316E403+HZ,
I8 ’ EIGENVECTOR

_ 0.19097E+00 .ﬂJ28&21510Q___Q,Z&QZZE_QQ___ﬂ+lﬂ9QZE_QQ___0419097E§00

" 0e28427E+00 0.28427€+n0 =~0,10907E+00 0.19097E+p0 =0.28427E+00

_;:G,ZQQZZEtOOm_:0¢10901£¢an___a&lQQQZEiDD_;:ﬂ,23&21£iaﬁ___aL23&2151QQ4
0.10907E+00 =04353776-01 =~0,11373E+00 =0,35377E~0l1 =0.11373c+00

=0032140E+00 _=0+11373E+00 ~ =0,35378E=01  =0,11373E+30__ =0435377E=01_

EIGENVALUE= O, 695365,02 FREQUENCY= 0,11107E+03,HZ,
EIGENVECTOR
__=0+63666E~03_ 0.46583E=n2 =0,46580E=02_ =0,21134E=p1 . = --Ql§3é66£_03
OeleS582E=02  0e46580E=-02° 0.,21127€=01 =0.63664E~03 =0.46583FE=02
. =0e46580E=02  0.21138E=01 =0,63665E=03__ =0 ,46582E~02 0.46581E=02_
‘ -0;211335-01 -0.47369c4+00 =~0,81052E~01 =0,47369E+p0 =0.81030F-01
-u.ﬁlﬂz?r-n1 =0, 47370E+00  ~0,81047E~01  =0.47369FE+00_

EIGENVALUE:“QJQOQSQE-Oz FREQUENQI;_ﬂiliﬂﬂlﬁinxﬂll
EIGENVECTOR
+16332E=07 E=02__ 0.74795E=02 _=0,B81798E~06____ 0.37344E=07_
0e74795E~02 =0 747955 -2 0.65948E=05 0.88572E=08 =0.74794E-02
o 0e74795E=02__ =0.28675E=05__ 0.39173E=07 _=0.74795E=02 _=0.74796E=02_
~0e20951E~05 0492277E=05 ~0,49988E+00 - 0,27817E~05 0.49989F+00
Qwﬂﬁgaﬁﬁ_an___QLlD172E:DQ___Qk~9989E+n0 0.68510E=05__

EIGENVALUE= 0, 603845-02 FREQUENCY= Q. 110885+03'HZ
: : - EIGENVECTOR
—=0+87996E=03 056074FE =2 0,45847E-02 =0,40223E~p1 -n.3909ZE:Q2,
0+34193E=02 0s112535=n2  0,17870E+00 0,39097E~02 0.34193F=02
... 52E=02__~0+17867E+00 ___ 0.,87999E=03  0.56075E=02  (0.45847E=02_-
0e40l99E=01 =0+14271E+00 -0 17723400 =0,63406E+00 0¢11211E+00
=0.53555E=05 =0, 1121LE+QQ 0.,63405E+00 0_1]7245+00 0+14270E+00

EIGENVALUE- 0 eoaaua-oz FREQUENCY= 0,11088E+03,HZ,

a EIGENVECTOR -

_=0639097E=02  011253F=p2 ~0,34192E=02 =0,17867E+p0 0..87993E=03

0.45847E~02 =0+56076E=n2 ~0,40227E~01 =0,87994E~03  0.45847£-02 ;

2 56076E=02  0440210F=1  0.39097E=02  0,11253E=92 =0,34192E=02
0.17869E+00 =0+63405E+00 ~0.11212E+00 0.14271E+p0. =0.17724E+400

-0 8601 TES Qﬁw__ﬂlllzaiziﬂQ“_=Q41921QE_QQ___Q&_12Ll__ﬂﬂ___ﬂ4Q3_QﬁE_ﬂﬂ_

._'i ! FIGURE 'D-10. OUTPUT DATA FORMAT: EIGENVALUES AND
' : ElGENVECTORS EXAMPLE PROBLEM o
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- L EIGENVALUES 0, 59587E-02
-t ‘.‘l

‘Appendix D’

FREQUENCY= 0,1108gE+03+rHZ,

EIGENVECTOR )
w&.n.j3017E_nz___D 33017E=02._ 0,20068E+00.__~0.13580E=02_
O 330175-02 0+33017E=02 0,20068E+00 =~0,13580E=02 =-0.33017E-02 °
=0633018E=02___ 0% 20068Etﬂ&~__QL1358QE_QZ___Q*QAQAZE_aa___a;33016[-02_
0. 2006BE+00 0+457935400 =0.20494E-05 =0,45793E+00 =0.10528F-05
___pm378525-05__=QJ&57945_0Q___nggausa_n5ﬂ~_n_457935+oo

f““EIGENVALUE:fb,503565402“M““’

___ELQENMALUET 59587E-02 _FREQUENCY=_ 0.1101RE+03pHZ,

L EIGENVECTOR _
. 0.60602E=04 02 0.A4BB5E=02 _=0.B85462E=02 ' =0.33269E=02_
[ =0e31681E-02_ _-o 2 569’-02 ~0,47012E+00  0.33269E-02 =0.31682E~02 .
. (=042R569E=02  O0+47008FE+n0 =-0.60605E-04  0,85981E-02  0.84885E=-02 .
.+ 0.85763E=02__=0+29595FE=02  =0.34862E+00 _ 0,16281E+00  0.36154E+00_
L 0.66564E=05 -o.?é155r+no -0,16280E+00  0,34860E+00 0429670E-02

FREQUENCY= 0.11015E*03'HZ;

EIGENVECTOR _
—0 33269E 02 =0 28570E—02 0. 3168lE=02 0. “7010E+00 -0060569E-04I

0.84B8UE=D2. =0+859A2E=02 =0.85575E=02__ 0.60579E=04__ 0.,84884E=02_
Vé-O 85981E=02 Qe 85674FE=n2 0,33269E-02 =0,28569E=-02 0.31681E-02
5 =0+47011E+00___0+162a81F+00  =0.36154E+00 _ 0.29679E=02  =0,34B61E+00_

" T=0.27819E-05 (034861E+00 =0,29679E=02 0,36154E+q0 =0.16281E+00 .

EIGENVALUE= 0,57948E=02 . ‘ FREQUENCY= 0¢10862E+03/HZ,
o : . EIGENVECTOR -

- 0e43013E=02 - 0+54057E~02 =0,54055E-02 =0,43021E+g0 0.43013€-02
_ 0+54055E=02 0+54056F=02  0,43020E+00 0,43013E=-02 =0.54057€=02 °
 i=0e54056E=-02 0«43022E+00 0.43013E-02 =0,54055E=02 0.54057£=-02

_{=0.43021E+00 ~056561FE=01 0,24290E+00 Q4_6552E ol 0.24290E+00,_
- =0.10284E+00  0.24289E+00 ~0,56565E=01  0,24290E+q0 =0, 56556=-01

? EIGENVALUE= 0)55392E-02 FREQUENCY: 0010620&+03'HZ¢
: ' ' EIGENVECTOR :

f 0.15788E=01  0+,26641FE=-01 =0.26641E~01 0,38127E+00 0.15788E-01
_ 0+26641E=01  0+26641FE=q1 =0,38126E+00  0,15788E=0gl =0.26641E=-01 -
~0¢26641E-01 =0¢38127E+00 . 0,15788E-01 =0,26641E=01 (0.26641E=01

0e38126E+400  0.73416FE=p1  0,76488E=01 0,73411E=~pl  (0.76484E=01

0.60574E+00 ~ 0+764839E-1 - 0.73419E-01 ~ 0,76485E-pl . 0e73413E-01

, " FIGURE D- IO. OUTPUT DATA FORMAT: EIGENVALUES AND Lo
s ,‘ if_____"_*h____ o E'GENVECTORS EXAMPLE PROBLEM . .’ 1_ [ :.uf‘\/,\‘.( e
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Appendix D

TL = Nondimensionalizing ‘
length b A/‘

Eigenvectors listed in the sequence:.

{{d]} o Adot o {dat L {4t {Wo,/TL, Wop/TL, -+, w09'/TL}}

FIGURE D-11. EIGENVECTOR NOTATION: NINE-BAY
TWO-DIMENSIONAL PANEL ARRAY
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Mode: f=106.2 Hz.
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Mode: f=108.62 Hz.

12. MODE SHAPES: EXAMPLE PROBLEM

FIGURE D-
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Mode: f=110.15 Hz. (repeated root)
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Mode: f=110.15 Hz. (repeated root)

FIGURE D-12. MODE SHAPES: EXAMPLE PROBLEM
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APPENDIX E.
CHLADNI PATTERNS FOR STIFFENED PANEL ARRAYS

As described in the main text, photographs were taken of each mode excited. For the
one-dimensional arrays, only the structure modes with fundamentals across the bay width are -
given except as indicated. Under each photograph appears the following notation:

f=N/M:R:Q

where N is the experimental frequency for the mode.
M is the computed value (if applicable)
R is the speaker condition (see figure 15, reference 1)
Q is the number of unsupported bays (Q =5 or Q = J3).

Not all of the modes illustrated were predominant.
The modal pattems for the nine-bay specimens are also given. All of the predominant
modes excited consisted of coupled fundamental modes for the individual bays. Higher modes

are also illustrated. The notation indicating the experimental frequency, the computed
frequency, and the speaker phase condition is similar to that described above.
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Appendix E

f=106/-:A:5

£= 119/121:A:5

f = 234/-:A:5 ' f= 108/101:A:3

f=115/-:A:3 f=127/151:B:3
CHLADNI PATTERNS SPECIMEN SPI-1
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Appendix E

f=109/151:A:3 f=127/133:B:3
CHLADNI PATTERNS SPECIMEN SPI-2-1
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e

f = 04/102:A:3

CHLADNI PATTERNS SPECIMEN SPI-2-1D
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3

B:

f=108/128

3

f=98/-:A

3

B

f=134/147

-2-1D

CHLADNI PATTERNS SPECIMEN SPI
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Appendix E

£z 61/~ A3 | f=67/-1A:3
CHLADNI PATTERNS SPECIMEN SPI-2-2
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Appendix E

f = 96/102:B:5

£= 102/-:A:3
CHLADNI PATTERNS SPECIMEN SPI-2-2D
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f= 101/100:A:3 T f= 117/150:B:3
CHLADNI PATTERNS SPECIMEN  SPI-3-1
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5

A

f=127/

B:5

f=115/

3

A

.
.

f= 106/

5

B

.
.

f= 134/

F

3

B

=122/

f

CHLADNI PATTERNS SPECIMEN SPI-3-1D
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R

f=74/-:A:3

CHLADNI PATTERNS SPECIMEN SPI-3~2
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B:5

.
.

f=99/102

5

f=125/-A

5

B

f=107/128

3

.
.

C

71/65

.F

CHLADNI PATTERNS SPECIMEN SPI-3-2D
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Appendix E

= 188/197: A
CHLADNI PATTERNS FOR MACHINED 9 BAY SPECIMEN
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Appendix E

f= 279/ A

f=697/-:C

CHLADNI PATTERNS FOR MACHINED 9 BAY SPECIMEN
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Appendix E

f= 110/88:A f= 127/-:B

f= 138/-:A

f=220/-:A f= 309/-:A

CHLADNI PATTERNS FOR 9 BAY SPECIMEN SPIi-1
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f=144/161:B

CHLADNI PATTERNS FOR 9 BAY SPECIMEN SPII-2
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