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Dynamic Analysis - Case 320 fFRoM: 5. N. Hou

ABSTRACT

The JPL digpgital computer program desipgnated "STIFETIG"
has been converted to FORTRAN V for use on the 1108 UNIVAC

Computer. The program is capable of generating the stiffness
matrix, and compLting Jjoint displacements and member stresses

for 5 types of frame structures under specifled static, dynamic,
and thermal loading conditions. The types of frame sgtructures
that can be analyzed by the program are:

Three-dimensional truss, pinned joints.

Three-dimensional frame, rigid Joints, axlially
symmetylic member cross sectlons.

Planar frame, rigid joints, locaded in-plane.
Planar grid, rigid joints, loaded normal-to-
plane.

Three-dimensional frame, rigid joints, doubly
symmetric member cross sections.

The Power Method i1s used for eigensolution, which provides mode
shapes and frequencies of a restrained system.

This memo presents a brief introduction to the program,
reviews the input format, and provides example problems.
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Propram "STIFEIG" For Structural
Dynamic Analysis - Case 320 FROM: S. N. Hou

MEMORANDUM FOR FILE

I. INTRODUCTION

The "STIFEIG" Program performs stiffriess matrix
structural analysis and eigenvalue solutions. Statically, 1t
1s capable of calculating joint deflections and member stress-
eg for a frame gtructure under statlic or thermal loadings.
Dynamically, it i1s capable of calculating natural frequencies,
mode shapes, and member stresses during free vibration in
normal modes.

The oriliginal program using FORTRAN II for use on an
IBM 7090 was completed by Jet Propulsion Laboratory in 1962.
Modifications were made by MIT under the program STEIGR in or-
der to Increase the degrees-of-freedom that could be handled.
The program was further enlarged by JPL in 1965 to cover ther-
mal analysils and inccerporate Jacobi's method for elgenvalue so-
lution of free-free systems. However, the 1965 revision used
FORTRAN IV, and almost doubled the core storage requirement and
was not completed its final debugging. The Bellcomm effort was
to convert the program to FORTRAN V language for use on the
UNIVAC 1108 computer. Due to limited storage capacity, sub-
routines for Jacobi's Method were not included. A comparable
eigenvalue program designated "MAP" (Modal Analysis Program) is
being developed independently, which will cover all the func-
tions of the Jacobl Subroutine, but use the more efficient

Householder Method allowing a larger capacity 1in degrees-of-
freedom.

IT. STRUCTURES

A. Types:

The program 1s capable of performing analysis of five
types of structures:

1. Three-dimensional truss, pinned joints.

2. Three-dimensional frame, rigid jolnts,
axially symmetric member cross sections.

3. Planar frame, rigid joints, loaded in-
plane.
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4. Planar grid, riemid jeints, loaded normal-to-plane.

5., Three-dimensional frame, ripgld jolnts, doubly
symmetric member crosg sectlons.

Features:

The structure should meet all the followlng features:
. A restrained, stable system.

Uniform member cross sections.

Uniform elastic properties for the whole system.
Uniform thermal propertles for each member.

. Weightleuss members.

O U1 =W

Lumped mass and inertia at jolnts for dynamic
analysis.,

ITI. LOADINGS

The program will compute joint deflections and member

stresses for any of the followilng loadings imposed on the structure.

A.

Static Loadings:

1. For all mass points, impose translaticnal acceler-
ation along any coordinate direction and/or rota-
tional acceleration about any coordinate axis pass-
ing through the origin.

2. Same as above except coordinate axes pass
through the centroid of the system.

3. Specific load components at specified joints.

Thermal Loadings:

Two input parameters, aldT, and E%E are used for describing

the thermal environment of a structural member, where:

AT = The change in temperature through the whole
member. Positive AT indicates increase in
temperature.

ST

The change in temperature across the member
cross section.
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The coefficient of thermal expanslon.

i

h The helrmht of a rectanpular cross section

along the direction of §T.

For each of the five types of structures, parameters are
specifled as follows:

1. For type 1, 2 or % structure, specify aaT.

2. Fcr type 3 structure, specify oAT and (or) 9%2.

3. For type U4 structure, specify 3%2.

C. Loadings in Free Vibration:

Specify acceleration component (g) of any mass point
along one of its coordinate directions for each of the six lowest
modes, the corresponding Jjoint deflectlons and member stresses will
be computed.

IV. SYSTEM CAPACITY

Capacity of "STIFEIG" is bounded by the size of the
structural system as follows:

1. Number of degrees-of-freedom for the whole system
should not exceed 130.

2. The product of the number of joint and degrees-
of-freedom per joint should not exceed 180.

3, Number of joint should not exceed 60,

4, Number of structural member should not exceed
200.

5. Number of restraints should not exceed 100,

V. METHOD OF ANALYSIS

The program generates the stiffness matrix [K] for the
structure of specified type based on input geometric data and elastic
properties.

A. Static Cases:

(F} = [K] {U} , (D)
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where:
{"} = A matrix of statiec loado applying at Jointo,

{u}

H

A matrix of joint deflections.

For defined {F} and [K], these n (n = number of deprecs-of-frecdom)
simultaneous equattions ean be golved for n unknown quantities of {7}
by Gausgsian ellimination.

{U} = EK]"l{w} . (2)

Then, member stressen are caleulated according to their relation to
the displacements at the end: of a member, which are based on section
properties and elastic properties of the member,

B, Thermal Case:

The thermal loads at the ends of a member and the member
strecses are computed with all deprees-of-freedom fixed at the two
ends. Then loads are applied equally, but opposite in sign, to the
thermal load at the member ends, and joint deflectlons and member
stresses are agaln computed. Thus, the final member stresses are ob-
tained by superimposing the previously computed stregeses.

C. Dynamlc Case:

The equations of motion for a discrete system in free vi-
bration 1s:

[MI{U} + [K]{U} = {0} , (3)

where [M] is a dlagonal mass matrix of the system. For any degree-
of-freedom i, its component displacement in any normal mode m has
the form

Uim = ¢4 Sinmmt R (4)
where:
dim = mode shape coordinate,
W, = modal frequency,

and its component acceleration is
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(1] 2
1 - ’ 3 ; . r
“im = mm fbim Jiﬁwmt ( ))

Substituting (5) into (3), we have

w. [M]{e} = [K]{s} (6)

=

ny

w1200y = 12k 2 Py L ()

Let
(v = 1?4 (8)
[al = [m1"YegimmymR (9)
Equation (7) becomes
Wl V) = (A2 (10)

Notice that [A] 1s symmetric because [K] is symmetric. The Power
Method is used for solving eipenvalue and eigenvectors., Since this
method always solves for the larpest elpenvalue first and our interest
is in the few lowest normal modes, equation (10) must be rearranged:

A1y = A v (11)
mm
Since
(a1t = 1Y ekt (12)

[K] should be non-singular in order to get [K]'l. Thus the structure
should be restrained. This is one of the major limitations caused by
using the Power Method for a blg system. After solving {V}, the mode
shape {4} can be computed by substituting {V} into equation (8):

fo} = M7+ 2(vy . (13)

Since the mode shape is a relative quantity, 1t is normalized by
assigning unity to its largest coordinate.
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The reneraltvooed mace and ctiffnese matrdiens are computoed any
wl o= o eI !
fmd = (o1 ™06 (14)
<] = [« [RI[e] (15)

Owing to the nature of orthogonality, their off-dlapsconal elementso
should vanish., Thus the order of masnitude of these elements compair-
ed to the ordes of marnltude of the dlapronal elements will reveal the
depree of accuracy in the whole computation,

VI. INPUT FORMAT

Input to the prorram ig provided in the same seaquence as
the followlng blocks, Fach line ig punched on one card. Blanks are
always read as 0, Floating-point numbers must be written with a decil-
mal point regardless of whether the decimal part 1ls present.

A. Comment:

Alphabetic letters or numbers for comment or title informa-
tion in any or all of the first 72 columns. (12A6)%

B. Identifilcations:

Al A2

(2A6)

=
1

Case Number (not more than 6 letters or
numbers)

=
I

, = Department Number (not more than 6 letters
or numbers)

C. Control:

Ny |Ng | Ng | N 10

1117121713

¥ fortran input format.
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N, = Strueture Type  CINHI)

N

xS

N

i

)

i

i

1

1 = Three-dimenslonal truse, pinned Jolnte,

? - Three-dimensional frame, ripid folnte,
axially symmoetrie membor crons feetionn.,

3 = Planar frame, rigid joints, loaded in-
plane.

I - Planar rrid, ripid joints, loaded normal-
to-plane.,

H = Three-dimensional frame, rimid joints,
doubly cymmetric memher croot sectlions.

Mode Shape Card Output Control (NPNCIH)

0 - Ho output decired.

1 - Output desired. Values for the lowept
slx modes at the same coordinate will be
punched in one card.

Eipenvalue Control (NOPT)

1 - Mo output desired.

0 - Output desired.

Quantity of Joints in Structure (NJT)
Quantity of Members in Structure (NBAR)
Quantity of Static Loadings (NL)

Mass Code (NM)
0 - No mass input.
1 - Mass input included.

Quantity of Joints Having One or More Components
of Restraint (NJR)

Degrees of Freedom Per Joint (NDRJ)
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ITQ = llovrmal Mode Code (NBETH)

o= ctompute no nerma’l moden,
1 = fempute Towest six mede chapes, normall:

to inpnt accelorations, and eompute dynan o
membior ctreasoen,

¢ = Compute lownst olx mode shaper onuly, nop-
(1,

malize to the luprest compenent max 1.0),

Moo = Output Code (NOUT)

0 =~ Ho lictine output of atiffnens, maons, and
loadinge matrices.

1 - Listing otiffness, mans, and loanding
matrices,

Ny = Quantity of Stiffness Matrix Elements to De
"¢ Altered (NEDIT)

n

ng Temperature Code (NMOD)
0 = No temperature problem to be colved,
L - Tewperature problem to bhe solved,

D, Btiffness Matrix T'uneh Code (KKKK):

Hyy
(I6)

0 - No card output of stiffness matrix.
1L - Card output of stiffness matrix desired.

E. Material Properties:

E v Y

(3E12.5)
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¥ox Flaette modulue, 107 11/in', (B
vom Palronty vatto (POT05,
y = Jpoetfle woleht, 1&/}n3 (TINTY

*,  Jotpt Soardinsts oo

d X o X

(16, 9112.5)

3 = Joint number (must be Lioted conreccutlvely
chartine with 1)

Yo )

N > Joint coordinaton, in,
[ ¢

In two dimensional probleoms, lnput X, ard ¥, only.
o &
., Member Proporiles:

Properties arc entered one line (one card) per member; when
temperature 2ode ng = 1, then Aps Aé, or A7 must be included. Values

for Ai are not required unlegs specifically indicated.

T

5 !

Jaldn | A A2 A3 AM A51ﬁ6iﬂ7

ATBITL

(216, 7F8.0)

Ip

Member ends (enter once for each
Jp J member in any order)

A1 to A7 are defined for each structural type as follows
(all quantities to be input in inch units):
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1, Structure Type 1, three~dimensional pin-Jjointed
truss.

A, = Cross section area (a).

A3 # 0 (let A3 = any non-zero term),

or
A1 = Qutside diameter of clrcular tube.
A2 = Yall thickness of circnlar tube.
Az - o,
A5 = AT,

2. Structure ftype 2, three-dimensional rigid frame with
axially symmetiric cross sections.

It

Al Cross wection area.

i

A2 = Section moment of inertia.

=
1l

Section torsional stiffness.

or

b >
it

1 Outside diameter of circular tube.

A? = Wall thickness of circular tube.
A3 = (
A5 = oAT.
3. Structure type 3, two-dimensional rigid frame, loaded
in-plane.
Al = Section area.
A, = Section moment of inertia.

2
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0 (any ron-zero term).

Qutside diameter of circular tube,

Wall thickness of circular tube.

aAT.

a8T/h. 8T 1s positive 1f a change in tem-
perature will tend to rotate Jjoint JA of the

member Iin positive X3 direction. JA is the

18% j0int of a member listed in VI-7 to
describe the member.

Structure type 4, two-dimensional grid, loaded normal-

to-plane.

A2 = Section moment »f inertia.

AB = Section torsional constant.

Al = Qutside diameter of circular tube.

A2 = Wall thickness of cilrcular tube.

A3 = 0,

A6 = a8T/h. 6T is positive if the increase in

temperature across member cross-section is
in positive X3 direation.

Structure type 5, threc~dimensional rigid frame with
doubly symmetric cross sectilon.

Ay

Ao

Cross section area.

Section torsional constant.
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A, = Section moment of inertia about &, axis (see
A7 for definition of axes orientation).

A“ = Sectlon moment of inertia ahout £3 axis,

o~
i

aldT.

=
il

A chosen joint number in input list (VI-6)
which is not along member axis., Thus the
orientation of member ccoordinates axes al,

52 and 53 are defined as:

sl along the direction of member JAJB'

53 along the direction of JAJB X JAA7.

— ese—

3

&5 along the direction of £, x

&1
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H.

Restraints:

3 rl r2 r3 r“ 'rs r6

(7I6)

j = Joint number (may be listed in any order).
r, = Restraint code (integer).

0 - No restraint.

1 - igb-component of deflection at joint j
is zero. The order of deflectlion com-
ponents at a Joint in each structure
type is as follows.

Structure type 1, three-dimensional pin-jointed truss.

ujl = displacement in Xl direction

uj2 = displacement in X2 direction

]

uj3 displacement in X3 direction

Structure type 2, three-dimensional rigid frame,
axially symmetric cross section.

ujl = displacement in Xl direction

uj2 = displacement in X2 direction
uj.3 = displacement in X3 direction
= 1 + $
uju rotation about X1 axis
u.. = rotation about X, axis
Jjb 2

u., = rotation about X, axis
J6 3

Structure type 3, two-dimensional rigid frame,
loaded in-plane.
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Uso

43

it

1]

- 14 -

displacement in X1 direction

displacement in X2 direction

rotation about X3 direction

4, Structure type 4, two-dimensional grid, loaded
normal-to-plane,

UJZ

uJ3

displacement in X3 direction

rotation about Xl axis

rotation about X2 axis

5. Structure type 5, three-dimensional rigid frame,
doubly symmetric cross-section.

ujl
ujz
ek
uJu
u.jS

I. Incremental Change

To account for the

11

displacement in Xl direction

displacement in X2 direction

displacement in X3 direction

rotation about X, axis

rotation

rotation

1

about X2 axis
about X3 axis

to Stiffness Matrix Elements:

effect of structural elements that can-

not be idealized by members of the type with which an analysis is
being performed, increments to elements of the stiffness may be in-
puted. This block may be inputed only if the control parameter

ng # 0,

J AK .

1J

(216, F8.0)
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1,3 = The element kij’ which is located at the
izﬁ row and JEE column of non-~deleted
stiffness matrix, 1s changed to kij = kij

J. Guantity of Mass:

N15

(16)

N = Total number of mass points.

15

K. Mass Components:

J my m, m3 my m5 Me

(I6, 6F8.0)
3 = Joint number (may be listed in any order).
my = The :’Lj-;-h component of mass inertia at joint

j. The translational inertia (1lb) and

rotary inertia (lb-ing) components are as
specified for deflections in VI-8,

If normal modes are to be computed, finite (non-zero) iner-
tia components should be specified for all degrees-of-freedom of the
structure. This block of input may be written only if the mass code

N7 = 1. Temperature problem should be solved separately from statlc
and dynamic cases. Thus, mass components must not be incorporated
(N13 =1, N7 = 0).

L. Static Loadings:

A AU A

3

(16, 6F8.0)
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J = Statlic loading code,

j=0 ~ The components of rigid body rotational
acceleration about axes passing through
the origin of the coordinate axes.

j==1 - The components of rigid body rotational
acceleration about axes passing through
the center of mass.

j = = Joint number, loading components at joint
J only.
Ai = i—lq-—ll translational or rotational component of ac-

celeration as specified for deflections in VI-8.

For J = 0 and J = -1, Ai will specilfy igg loading

component at every Jjoint as:

(1oading)i =AM, i=1, 2, 3 .

(loading)) = AM(X2M3 - X3M2)

(1oading)5 = A5(X3Ml - X1M3)

(loading)6 = A6(X1M2 - Xng)

For j » 0, A, = ith component of sgtatic loading

i
at joint j only.

K. Modal Accelerations in Free Vibration:
If the normal mode code N,, = 0 or 2, this block must be

omitted. If Nlo = 1, modal deflections and dynamic stresses will be

computed. In this case, slx cards must be given in the following
format (one for each lowest six modes in order):

j i a
J m

(216, F8.0)
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VII. OQUTPUT FORMAT

1

n

n

- 17 -

Joint number.

Translational coordinate direetion number ars
specified for deflections (see VI-8),
Acceleration (g) of joint J in direction Xy
If j=0, 20 applies to the maximum deflection
component in the mode shape. The mode shape
is normalized with the factor amm/wguji he-

fore output and stress calculation. Rotary
accelerations have no meaning in this eaquation.

The following are the contents of printed output. Examples
of the output format are given in sample prohlems, Appendix A.

1. All input data.

2. Volume (in5) and welght (1b) of each member and
sums of all members,.

3. Center of mass (in).

b, Veight moment-of-inertia about center of mass
(1b-1n°).

5. Stiffness matrix (1lb/in) printed row by row.

6. Mass matrix (1b), only elements in main diagonal
are printed.

7. Load matrix (1b).

8. Joint deflections due to each static or thermal
loading. Each column corresponds to one loading.

9. Static or thermal member stresses.

10. Equilibrium check of static solution at all Joints
for each static loading. The non-zero terms rep-
resent the reactions at the restraints. The reac-
tions are positive if they act along the positive
Xi directions. The equilibrium check is not made

for the thermal loads. The unrestrained joints at
which elements to stiffness matrix are altered will
not be zero in equilibrium check. The non-zero
term fi = Ak, .u

13737
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11,

12.

13.

14,
15.

Convergence in each iteration cycle by Power
Method for elpenvectors.

Six lowest normal frequenciles (cps) and their
agssocliated mode shapes generated by Power Method,

Member stresses and joint displacements due to
speciflied acceleration component at a joint
during free vibration in a normal mode.
Generalized mass matrix and orthoponality check.

Generalized stiffness matrix and orthoponality
check.

Card output of the stiffness matrix wlll be performed
when the punch code (Section VI.D.) is specified to do so. Elements
of the matrix are punched row by row in a format of 5EL4.5,.
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APPENDIX A

Example Problem #1

Structure type 1, three-dimensional pin-jointed truss,
under static loadings and dynamic modal analysis.

/0 —d—

"

/0

70"

70"
X Member areas - 0.0l in
Mass at each joint - 15.0 1b
Modulus of Elasticity - 107 psi
Poisson's ratio - 0.3

2
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Appendix A (contd.)

Example Problem #2

Same structure as problem #1 but under thermal loading
caused by elongation of member 3 (from joint 1 to Joint 6),

Example Prollem #3

Structure type 2, three-dimensional rigid frame, under statie
loading and dynamic modal analysils.

Section moment of inertia = 0.1
Section torsional stiffnegs = 0
Elastic modulus = 105

. 2
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Appendix A (contd,)

Example Problem #U

Structure type 2, three-~dimensional rigid frame, under ther-
mal loading csused by elongation of member 1 (from joint 1 to Joint 5)
and member 3 (from joint 3 to Joint 7)

X3
S /5 .
6 . /0
.~ X,

/0”

Member area = 0.01
Section moment of inertia = 0.1
Section torsional stiffness = 0.2

aoAT = 0.02
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Appendix A (contd.)

Example Problem #5

Structure type 3, two-dimensional rigid frame, under planar
static loading and dynamic modal analysis.

‘xé
5 6 —3
10"
4 7 1
10"
3 8 —1
/0"
2 9 —
10"
AN i 0 4 X,
- /é)” .

Member area = 0.01
Section moment of inertia = 1.0
Elastic modulus = 103

Example Problem #6

Same structure as problem #5 but under thermal loading
caused by elongation of member 3 (from joint 2 to joint 9) and bend-
ing of member 5 (from joint 3 to joint 8).
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Appendix A (contd.)

Example Problem #7

Structure type 4, two-dieensional rigld grid, undes: static
loading perpendicular to the plane, and dynamic modal analy.’s.

Section moment of inertia = 10
Secticn torsional constant = 20
Elastic modulus = 10°

Example Problem #8

Same structure as problem #7 but under thermal loading
caused by bending of member 5 (from joint 4 to joint 8) and member 7
(from Jjoint 5 to joint 9).

m*ﬁ%«gh,mnm \,.
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Appendix A (contd.)

Example Problem #9

Structure type 5, three-dimensional rigid frame with doubly
symmetric cross sectlon, under statlc loading and modal analysis.

Notice that this problem has the same structure and loadings

as given in problem #3, but their input format are different. However,
they yileld same results, as expected.

Example Problem #10

Structure type 5, same structure and thermal loading as shown
in problem #4 but with different input format.

Notice that the results from both problems are identical.

Example Problem #11

Same structure as gilven in problem #3 but under free
vibration.

Notice that the mode shapes are normalized to specified ac-

celeration at certain coordinates. Dynamic stresses in each mode are
computed.

NOTE: List of program and output of numerical
examples, which are bound separately, are
available in Department 2031.
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