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SECTION 1
INTRODUCTION

Bolted joints are a prime means of load transfar betweer
structural parts in aircratt. Compared to other joining methods
(bonding, welding, etc.), mechanical fastening is more reliable,
with a potential for improved structural efficiency,
maintainability and cost effectiveness. However, holted joints are
a sourca of stress concencration and could precipitate structural
failures if they are desligned improparly.

Prior to the initiation of this Northrop/AFWAL program,
no analysis was availahle to be used as an exciusive desigyn tool
for bolted parts, especially if they were laminated composites.
Consequently, their design has hitherto been based on extensive
testing, empirical data and approxizata analyses. The analysis
developed in this Northrop/AFWwAL proaxam eliminates the need for
extensive testing and provides a tecol for the rapid evaluation of a
boltaed joint concept. 1If the structural part is to be fabricated
using a characterized material, it eliminates the need for
axperimental information.

In the following sub-sections, the scope of this design
guide is stated, sample bolted concepts are presented, criteria for
the dusign cof bolted joints in composite structures are discussed,
the proposed design procedura is described, the analytical and
experimental requirenments for the design procedure are outlined,
and its current restrictions are mentioned. 1In Section 2, general
guidelines for tha design of a bolted joint in composi%e structures
are presented, along with summary statement:s on the effects of
critical joint paranmeters. Section 3 p.-nsants the computer codes
developed in this program for the strength analyses of single and
multiple fastener joints in compcasites (SASCT and SAMCT,
respectively). Section 4 demonstrates the use of the developed
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analysis in predicting the streng®h of a realistic structural
alemant.,

1. Scope uf tha Dasign Guide

This design gquide summarizes the effects of sritical
parameters on the ctrength and lifetime of bolted joints in
composite structures, and presents general design guidelines. It
also describes a tast-independent analytical procadure for the
atrangth avaluation of a bolted concapt, based on the analyses
devaeloped in this program. The reader ia familarized with the
computer codas (SASCT and SAMCJ) that perform these analyses, and
an application to a realistic structural bolted joint is
demonstrated. This design guide will enable one to parform a rapid
analytical evaluation of many joint configurations, and to select an
efficiant bolting concept. The dascribed computar codes are
currently restricted to uniaxial loading, conventionally used
fastaner spacing and protruding head fasteners.

1.2 Sample Joint configurations

Figure 1 presents six composita=-to-metal tolted joint
configqurations used in the F/A-18A aircraft wing (Reference 1).
Figures 2 and 3 present joint configurations used in a typical
fusalage structure (Reference 2), A skin-to-root fitting bolted
joint in the F-20 horizontal stabilizer is shown in Figurse 4. Many
bolted joint concepts have been studied recently aa potential
alternative joining concepts for the F/A-18A wing root section and o
the F/A~182 vertical tail root section (Figures 3 and 6,
respsctively). The sampla bolted configurations in PFigures 1 to ¢
illuatrate the possible variety in this joining concept.

1.3 OQverview of Design Methodology

There are many variahlas in the design'of a bolted joint
in composite structures. These include the geometry and the
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Sample Bolted Joints in the F/A-18A Aircraft Wing (Reference 1).
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STIFFENER ATTACHMENT

Figure 2, A Boelted Joint Concept for a Fuselage Structure
(Refarencs 2),
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material propertiea of the boltad parts. the size and arrangement
of the fastenors, the fastenor material properties and torqua,
applied loading and the load transfer mechanism (single varsus
double shear), etc. The dasion of a bolted joint involves &
parametric study of the effects of the above variables on ths joint
efficiency, for a specified loading condition. A preliminary
analysis of 2 structural component., basad on convantional
assunptions, yields the general biaxial loading tiansferrsd at the
joint lccation (see Figure 7). The dasign procedure recommended in
this guide assumes a predominancly uniaxial loading at the joint
location.

The dosign of 3 uniaxially lcaded joint in composita
structures may be parformad using the analyses davelcped in this
Northrop/AFWAL program. Saction 3 describaes the use of the SASCT
and the SAMCJ computer codes for the strength prediction of singla
and nultiple fastener joints in composites, respectivaly. The
SASCT code predicts the strength of joints when a single fastener
transfers the applied load betwean the bolted plates. This
analysis accounts for material nonlinearity in the bolted platas,
the non-uniform fastener load distribution in tha thickness
direction of the bolted plates, and thz prograssion of ply-laval
failures based on a choice among a faw failure criteria. The SAMCT
cocda predicts the strangth of plates boltad togather by one or many
fasterars. It computas the magnitude and orientation of the lcad
at every fastener location, ths appliad load leval for averaged
stress components to reach critical levels at fastsner and cute-out
locations, the failure value of the appliecd load, the failure
location and the failure mode (nat section, shear~out or bearing).
Failure predictions are made at the laminate level uasing average
stress failure criteria.

The proposed design procedure involves the usa of the
developaed analyses to evaluate the effect of joint variables on
joint efficiency. 1If the bolted plates are rabricated using
characterized materials, the joint dasign is tested-~indepandent.
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Candidate holtad joint concepts are selectad following the general
guid.lines outlined in Section 2. The fastenar size and
arrangemen®t (spacing ratween. faateners), tha geomatry of tha bolted
plates, the load transfer mechanism, etc. ars varied without
violating the constraints imposed by the structural application,
The strength and durability of each bolted joint concept, along
with its impact on manufacturing costs and maintenance, 2re
svaluated to establish joint efficiency. An efficient bolted joint
concept can thus be designed using a purely analytical tool on 2
finite number of concepts that are selacted in accordance with
established quidelines.

1.4 Analytical Requirements

The design cf a bholted joint for composite structures
requiras the analyses devaoloped in this Northrop/AFWAL program
(References 6§ and 7}, Tha analysis of plates bolted togsther by a
single fastener may be performad using the SASCY (Strength Analyais
of 8ingle Fastenar Conposite Joints) or the SAMCT (Strangth
Analysis of Multiple Fastener Composite Joints) computer code.
Plates boltad together by many fasteners are analyzed using SAMCT
computer code. Saection 3 presents a briaf dascription of these
analyses. The reader is referred to Refsrences 6 and 7 for further
details,

1.5 Test Requirements

A test-~independent, purely analytical design tool haa
pesn daveloped to design a bolted jeint for composite structures
that are fabriczted using characterized materials. The engineering
properties (Young's moduli in the filer and tranaverse directions,
major Poisson's ratioc and the shear modulus in the fiber coordinate
system), the strengths or failure strains (under tension,

compression and shear), and the faillure parameters tor the assuned
failure criteria (charactaristic distances for net section, shear-
out and bearing failure predictions using tha average stress
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failure criteria, for example) are known for a characterized '
composite material (lamina). Tests required to obtain tha abovae i
material properties must be performed on a new (uncharacterizad)
material system, prior to designing bolted joints for atructural

, parts made frox this material. When previously characterized
materials are used in the bolted platea, the test reguirements are
nil for the design of an efficient bolted joint concept.

1.6 currant Restrictions

The design of bolted joints in composite structures is
influancad by the current reatrictions in the developed analytical
tools. The primavy restrictions are listed below: !

(1) The developed strength analyses (SASCJT and SAMCT Egj
computar codes) do not acccunt for countersunk fastaner g'h
effects, i

(2) SASCT and SAMCT contain a stress analysis that 34§T
approximates the fastener/plate contact problem by an ﬁ&
assuned radial stress distribution. ﬁﬁﬁ'
. :'.*5 '.

{(3) SASCJ AND SAMCJ are restricted to a uniaxial applied O

loading, in tension or in compression.

(4) The prediction eof the durability of a joint is ﬂkﬂ
restricted to the incorporation of the bearing stress at ;
critical fasteoner locai'ons into experimentally obtained ot
curves for joint life.

(5) SAMCJ restricts the user to rectangular element )
geomatries and currently used fastener spacing and “g
arrangement. ?z'

Despite ths above restrictions, the developed analyses B

and the proposed design procedure mark a significant improvement %L‘

13
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over the statae-nf-the-art with respect to the design and analysis
of bolted joints in composite structures.
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SECTION 2
GENERAL DESIGN GUIDELINES AND JOINT VARIABLES
The design of boted joints in composite structures
involves tha definition of many variables. The major design
considerations are listed below:
(a) Tha loads that must be transferred from cne part to another.
(b) The load transtfer location in the strucrure.
(c) Geomatric constraints, if any, at the lcad transfer location.
(a) Fastener type, aize and arrangemonﬁ.

(@) The environmental range the joint will be exposed to.

(£) The effuct of the joint concapt on structural efficiency and
reliability.

The following sub~sections discuss che primary variables
that influence the design of boc.ted joints in composite structures.
Design guidelines corresponding to the dimcussed joint parameters
are highlighted within the sub-sections.

2.1 Joint Location i

+he Structure

The location of the joint in a structure influences the
selection of the joint variables significantly. Design guidelines
pertaining to selectad joint locations are presented balow:

(a) When aerodynamic surfaces in an aircraft gtructurs are joined

to substructural parts, or segments of a surface ara joined
together, the requirement of a smooth ocuter moldline should not be

AT AL O IV IR L P N S T A A AR
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viclated. The use ol protruding head fasteners on such surfaces, or
the presence of any other geometric discontinuity (step) at the
joint location, will adversely affect the lift distribution on these
surfaces and thelr aerodynamic performance,

On  aercdynamic surfacas, fagstaners mnust be
installed to be flush with the surface, without

exposaed fastener heads, and joined nmembers nust
ratain a smooth outer moldlina, (1)

(b) When structural members are joined together in fuel-
containment areas, measuras must be taken to precluds leakags of the
{vel and serviceerelated hazards, The use of metallic fasteners on
the cuter surface, for instanca, intreduce the threat of arcing
within the fuel cell in the event of a lightning strikae. In
designing joints for these locations, special consideration nust be
given te the nentioned sealing reguirements.

In fual containment areas, Joints nust be sealad
to ba leak=pront. Fasteners must also be sealed
to pravent arcing within the fuel call in the
avent of a lightening strirke. (2)

(c) When bolted joints are designed for structural regions with

Limsted or restricted accaess, special fastener types have to bs
used.

In areas of vrestrictad accessibility, blind
fasteners m:st be used, (3)

(d) Whep a laminated part is bolted to a metallic substructure,
the threat uf joint corrosion must be considered.

In ccrnposite~zo-metal joint locations. corrosion
barriers like filverqglagss layers must be usad, (4)

i6
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2.2 Joint. Confiqurations

Salected joint configuraticns are significantly
influunced by thair structural locations., Figures 1 to 6 present
typical structural joint configurations in current aircraft. Figquca
8 prasents tha localized structural joint configurations along with
their equivalent configurationa that are analyzed. The
configurationa that transfer loads in single shear introduce
localized bending effacuis that could adversely affect the strerngth
and durability of the joint., Stepred lap and scarf confligurations

involve thickness changes that provide an additional deaiyn variable
(layup) in belted laminataes.

2.3 Joint Loading

Structural joints are designed to bes effactive ovar
their design lifetime, when subjernted to the anticipatad dasign
spactrum fatigue loading. The durability considerations for
structural joints are discussaed in Section 4. This design guide
emphasizas the strangth analysis of a bolted joint, and praesents
computar codas that parform it. The reader nust supplement the
joint design based on a strength inalysis with & durability check,
using information similar to that presented in Section 2.9, The
effect of joint loading is discussed further below, at three levels

-=- structural, among fastenar rows, and at an isvlated faatenar
locacion.

2.3.1 Joint Loads at the Structural lLevel

Joint loads at the struccural level fall into two basic
categories -~ inplane loads and cut-of-plana or bending loads.
Flgure 9 presants some possible inplane load conditions in typical
wing skin-te-substructure attachmernts. 'fhe analyses developed in
this Northrop/AFWAL program, and described in ‘Saction 3, assume that
the joint at each location is subjected to a predominant
unidirectional load. Fiqure 9 illustrates that this assumption will
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not be valid at some loacations.

Figure 10 presents sanmple situations where considerable
out-of-»lane (bending) loads are introduced at the joint locatien.
This is inherent in single shear load transfer configurations (sce
Figure 8), and adversely affects joint strength and durability. I
one of the bolted plates is very stiff compared to tha other, the
daleterious effects of load eccentricity in a single shear
sonfiguration are minimized. In double-shear load transfer
configurations (see Figure 8), the out-of-plane loads are raducad to
a negligible level.

Single - shear lcad transfer joint confiqurations
introduce ocut-cf-plane (bendiny) loads that could
significantly raduce the atrength of tha joint.
When one of the bolted members is very stiff, the
«ffeact of ths out-of-plane loads is minimized. (S)

Double - shear load transfer jnint configurations
essantially introduce inplane loads in the bolted
plates. (6)

2.3.2 Load Distribution Ameonq Rows of Fasteners

Assuxing a unidirecticnal applied lcad, the fasteners in
a row are arranjged perpendicular to the load direction. Joint
configurations affect the distribution of the applied load among the
various rows of fastenars in a joint, and the distribution of the
row-wise load fraction among chae fasteners in any row. Hitherto, the
fasteners in a row have been assumed to carry equal lcads, and only
the row-wigse load distribution has been analytically predicted. The
SAMCJ code developed in this Northrop/AFWAL program overcomes this
limitation, and predicts the two-dimensional load distribution
(magnizude and or!entation of fastener loads at all locations) for a
selecte.! fagtener nattarn.




TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

M

A. QUT-OF~PLANE JOINT LOADING DUE TO INTERNAL PRESSURE
(e.0.. FUEL PRESSURE, FUSELAGE CABIN PRESSURE, ETC.)

8. OUT-OF=PLANE JOINT LOAD DUE TO LOAD PATH ECCENTRICITY

Figure 10. Sampie Joint Configurations that Introduce Significant
Out-of-Plans Loads at the Joint Location.
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Figure 11 presents the load distributions for two and
five fastener, doublc shear joint configurations tested in this
program (Refersncea 7 and 8). The bolted plates in Figure 1l were
uniform in thickness. Figura 12 illustrates how the load
distribution amorg four rows of fasteners can be varied by changing
the joint configuration. In the ntrongest configuration (4}, a .
conbination of tapering and rainforciig of the Jplice plates
minimizes the bearing load whera ths by-pass load is the largest
(station 1), and maximizes the bearing load whare thers is no by-
pass load (station 4). The plate widtheto=bolt diameter ratin (W/D)
is 5 at station 1, and 4 at stations 2 and 3. A larger bolt is used
at station 4 (W/D=3), This results in a reduction of the bearing
stregses at stationu 2 to 4, and the strongest configuration (sae
Reforances 9 and 10).

In bolted metallic plates, the fastener load
distribution is similar to those shown in Pigure 11 for low values
of the applied load., But, as the applied joint load increases
toward the fallure valus, yielding will occur at peak fastensr load
locations. This causses the incremental applied load to be carried
by the remaining fasteners, generally resulting in a uniform
tastener load distribution near failure. For the five fastener
configuration in Figure 11, for example, every fastener will carry
ons-fifth of the applied lcad at failure. However, laminated plates
generally exhibit a linear elastic and brittle behavior, with
negligibls ductility or yielding. The non-uniform load distribution
among rows of fasteners in composita laminates, therefore, remains
non~uniform at failure. This reduces the failurs load level if the
peaks in the load distribution are not accompanied by appropriate
thickness tapering and othar changes in the joint configuration,
Joint efficiency is determined by the overall load-carrying
capability of the joint.

The load distribution among rows of fasteners in
a bolted laminate generally remains non-uniform
at the failurea load level, in contrast to what is
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Figure 11. Fastener Load Distribution in the Laminated Plate

for Two Double-Shear Configurations
(Refarences 7, 8).
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assumed in bolted ductile metals. This adversely
influencas the failure load for bolted laninates,
unless thickness tapering or other configuration

changes are introduced. (7)
2.3.3 Bearing and By-Pass lLoads at an Isolated .

Fastanar Location

Figqure 13 illustrates the hearing and by-pass loads, and
the interaction batween them, at an iaolated faateneyr location in a
boltad laminate, The failure of the boltad plate is generally
assumad to coincida with the failure at the most critical fastenar
location. The identification of the most critical fastenar location
raquireys 2 knowladge of the load distribution among the fasteners,
and an understanding of the interaction betwesn the bearing and by-
pass loads at a fastener location (Figura 13).

In ductile netals, minimal interaction is assumed
between the bearing load and the by-pass load. Howevar, in
composites, a significant interaction has heen demonstratad betwaen
the two loads under tensile luvading (see Figurs 13). Only a
minimal interaction is observed under compression (mee Figure 13),
The open hole and baaring straengths of laminates (under tension and
compreasion) are dapendent on the laminate layup. The buaring
stress at failure is also dependert on the adge distance (gesometry)
of the bolted laminate when its layup contains more than 40% of 0-
degree plies.

Under tensile loading, an increase in the bearing
atress raduces the bLby-pass stress value at
failure in bolted laminataes. (8)

Under compressive loading, a nminimal or
negligible interaction hetween the blrearing and
by-pass loads is obsarved in bolted laminates (9)




TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

+ + +

.
[

+ + + +
+ 4+ + +
+ 4+ + 4

-

]
4

[

I

Pavpass 326 Toral  Tperass \ Tene TOTAL

Baaring Stress at Fallure

Full-Baaring 3trxenpths

re—— /- INTERACTION
{OTAL TOTAL
COMPRESSION TENSILE
STRESS ) STRESS
Open hole strength Open hole strength

Bearing Stress at Faillure

INTERACTION —\

Vs Tull-Bearing Strengths

COMPRESSIVE Heborn
BYPASS p— , STRESS
STRESS ,

Open hole strength Open hole strength

Figure 13. Interactlon Between Yearing and by-Pass loads at a Tastener
Locat {on.

26

. B sy ——

AT T s T

-y

e
«

W
odt

4
K
,
K]

N

d

P2
ol 3 bl

AP}
5;«-.{:{,,




TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

2.4 Failure Modes in Boltad Laminates

Bolted laminates exhibit one or more among a variety of
failure modes, depending on thair layup and geomatry, tlie fastener
type and the loading configuration. Figure 14 presents tha basic
failure modes observed in bolted laminates and possible fastener or
fastener-induced failures. 1In the design of bolted laninates using
tiie SANMCJ coumputer code, only the net section, shear-out and bearing
nmodas of failures in the laminate are considered, and fastener-
related failures are assumed to ba preclud a priori, Net section
and shear-out failures lead to cacastrophic joint falilures, while
bearing failure is generally non-catastrophic. Critical, highly-
loadad structural joints chould, thorsfore, be designed to fail in a
bearing modae.

Ensuring that fastener-relatad failures are
predicted, highly=-loaded atructural jointa must
be designed to fail in a bearing mode to avoid
the catastrophic failures inducad by net saction

and shear=-cut mdes of failure. (10)
2.5 Fastener Type, Material and Installation Variables

In selacting fastaners for bolted compositae structures,
many variables have to be considerad. These are briefly discussad
below.

2.5.1 Fastener Tyvpe

Fasteners are available in different forms for different
applications, and are broadly classified as protruding head
tasteners or countersunk (flush head) fastaerners. Countarsunk
fasteners generally have a 100 degree head angle, and are referred
to ac tansion head or shear head fastenars based on the countersunk
depth. Special fastener types include hi-lok, big foot, Jo-bolt,
Eddie-bolt, k~lLobe, composite fascencrs, etc. (Reference 1ll).

27
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The joint location influencas tha selected fastener type
and introduces sealing requirements (sea Sestion 2.1). The three
quidelires corresponding to this are repeated below:

Flush head (countersunk) fasteners should be used
on aerndynamic surfaces o maintain contoux
smoothness, (1)

In fuel containment aruas, the fastenar locations
nust be sealed to ba laeak-proof and to prevent
arcing in the fuel ~all in the evant of a
lightning svrike. (2)

In areas of reastricted acceswibility, blind
fasteners must be used, (3)

Tension head countersunk fasteners have & lavger
countersunX depth than shear head countersunk fasteners. Tension
head fasteners, therefore, rast over a larger area of the bolted
plate, and carry tha load primarily in tension along the fastener
axis. Shear head fastenars have a smaller countersunk depth, and
carry the locad primarily in shea: cver the fastener crous-section.
Censaquently, tension head fasteners are capable of carrying larger
icads than shear head fastenaers. But, when ths countergsunk depth
exceads approximately 70% of the bvlted plate thickness, the
fagstener effectivensss ia reduced dua to the local "knifas edge"
effect, influencing the sslection of the fasteuer types.

Tension hLead fagsteners are preferred over shear
head fasteners when the countersunk depth is
belnw approximately 70% of the bolted plate

thicknass. (%)
2.5.2 Fastener Material
29
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The main considerations in the selection of the fastener
material are its compatibility with the bolted plate matsrial and
its mechanical properties. <Galvanic corrosion is a problem when
steel or aluminum is usad adjacent to graphite/upoxy composites,
espacially in a salt spray atmosphere (see Table 1, Figure 15 and
Reference 12)., Titaniur doss not corrode when it is in contact with
graphite/epoxy composites. The compatibility of other materials
with graphite/epoxy couposites is rated in Table 1. Consaquently,
titanium fasteners are preferred for usa in bolted composite
structures. Also, a corrosion barrier is generally introduced
batwaun bolted composita and metallis parts, if the netal is steel
or aluminum (see Figura 15).

Tiranium fasteners are preferred for usae with
| gqraphite-reinforced composites. Steel and
aluminum fastensers aras not rscommended for use
with <these composites due to their corrosion
susceptibility. (12)

2.5.3 Fastuner Siza

The fastener size is generally selacted to preclude
excessive fastener bending effectas that could reduce its lcad
transfer capability and induce premature fastener failure. As a
genaral rule, the ratio of the fastener diameter (D) to the bolted
plate thickness (t) should be greataer than 1 (see Figure 1l6).

The fastener diameter must be larger than the
thickness of either bolted plate. (13)

2.5.4 Fastener Fit and Hole Quality

Structural parts that are mechanically fastened together
are drilled in accordanca with established process specifications.
fiavertheless. the presence of flaws at fastener locationre is
commonplace. These flaws include improper fastener seating,
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TASLE 1.  CALVANZC COMPATIBILITY OF FASTENER MATERIALS WITH
COMPUSITES (REFERENCE 12).

e st FTPTE v IS

Fastener aterial

Compat ibility with Graphlite/kpoxy

Composites
Titanium and its alloys Very Cood
MP-35N, INCO 600 Good
(Nickel, Cobolz alloys)
] A206, PH13-80 Acceptable

%ﬁ (Molybdenum alloys)

i“

Eb bnel Marginal

——
= Al

Lew Alloy Steal

»"a

Not Compatible

S{ver Plate, Chrom. Plate Adequate with/Aa286, PHI3 13-8Mu

Cadmiva or Zinc Flate Not Compatible

Aluminum of Magnesium Alloys Not Compatibla
|
ALUMINUM
CCRROSTOW

A A"

GRAPHRITE EPOXY

SEALANTZ  GRAPRITE SKIN

GRAPHITE 1
SUBSTRUCTURE 1lf

Figure 15. Galvanic Coupatibility and Ccrrosion
Prevent ion.
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Interferance fastener fits (up to 0.098 inch of
interterence) induce negligible tensile strangth
lonseas. Nevarthaless, thay are ganarally not
racomnended due to installation problams and
their effact on hole quality.

If the countersunk fastener seating (assuming 50%
of the bolted plate thickness to be the nominal
countersunk depth) is increased beyond 80% of the
bolted plate thickness, the joint strength is
decreazed considerably (20 to 50%).

q
If the countersunk hole axis is at leasc 10

degreas away from the normal to the bolted plate,
significant Joint strength logses result (over
20% for a 10 degree tilt).

Other flaws (exit sida broken fibars and
delaminations, less than a moderate level of
porosity in bolted laminates, holes offset by
less than 0.00% inch, etc.) at fastener locations

introduce negligible Jjoint strength losses
(<10%).

Fartener Torque-Up

cratering of the hole boundary, broken and separated fibers at tha
drill exit side, delaminations near the exit surface, and a slight
tilt (<10 degrses) in the hole axis away from the normal to the
Inius {urenca fit of fastaenars will
also affact hole quality and influence the efficiency of the joint.
The effacts of interference fits and faastener hole flaws were
studied in Reference 13 (see Table 2).
presented below:

A summary of the results is

(14)

(13)

(16)

(17)

Static and fatigue tests on composite-to-metal joints
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wara conductad in Raferenca 13, varyiig tha fagtoner terqua-up value
from C in-1b to 150 in~lbs. Fastansr torqua-up significantly
improvad tha static strength of the joint (15 to 30%), and its
fatigqua 1lifa at a salectod stress level, Similar results were
obsarvad in Referonce l4. Under fatigue loading, the torgua=-up
inhibits tha initial yrowth of local failures in the joint, and the
rasults in a more abrupt fatigue failure due to excaessive hole
elongation than a joint with no applied torque.

Fastonor torgua=-up incraesses tha atatic strangth
of a Joint and its fatigue life at a selacted
stress lavel, (18)

2.6 Boltad raminate Fropertias

7he basic material and its layup (stacking sequence) in
Solted laminates influancoe the joint performance considerably. when
graphite/epoxy laminates ars bolted to matallic substructures,
‘galvanic corrosion nmust be addressed (seo Figure 15 and Table 1).
For exanmple, a corrosion barrier like a glass/epoxy layer nust be
used betwoen graphite-reinforced compositas and aluminum
substructures.

When graphite-reinforced compositas are bolted to
matallic substructures, corrasion barriers must
be introduced if the metal is not compatible with
the composite material (ses Table 1). (19)

The bolted laminate layup is generally denoted by the
percentages of plies with fiber orientatioi:s of 0, + or ~45 and 90
degrees, with raspect to tha primary loading direction, for most
structural laminates. The envelope within which a bearing failure
mede and the maxinmum bearing strength are realized is shown in
Figure 17. Within this envelope, the strength is indsapendent of the
actual stacking sequence. This assumes a laminate width-to-fastener
diameter ratio (W/D) of at least 4, and an edge distancea (E) of at
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LT .
100 E:OO PLIES (PERCENT)
| (ALL FIBERS IN 0°, +48°, 90°, OR -43° DIRECTION)
0
o
‘___\ AY AREA OF PREFERRED FIBER PATTINNS
NN /7 (MAXIMUA OF 37,3 PERCENT IN ANY ONE
o N CIRECiON. MINIMUM OF 12.3 PERCENT)
3* pLZS U IN N
\PERCINT) ANEN -~ QUASIISOTROPIC PATTERN
0 | \J\ N \\N v
\’ NN
i X7 NOTE: LIGHTLY LOADED WNMIUM-GAUGH
AN ITRICTURKS TEND TO ENCOMPASS A
20 > QREATER RANGE OF FIBER PATTERNG
'ol AN \ THAN INDICATED PECAUBE OF THE
- UNAVAN.ABILITY OF THINNER PLIES,
° J
° 20 4@ () [ 100

+48° PLIES (PERCENT)

Figure 17. The Envalop of Bolted Laminate Layups for Realizing a
Bearing Mode of Failure and the Maximuz Baaring -
Strength (Reference 10).
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least 3ID. When the percentage of 0 dagree plies exceeds 40, a
shoar-out mode of fuilure is introduced, reducing the bsaring stress
value at failure. Section 2,7 prasents the effacts of fastencr
spacing and the geometry of a bolted plate ou its strength.

The bearing strength of a laminate is maximum

when its layup contains less than 0% each of 0,
+ or =45 and 90 degree vlias. The corrusponding
failure occurs in a bearing mode. : (20)

In addition, the individual plies must be arranged such
that adjacant plies have different fibar orientations. If the
stacking sequanca contains groupa of plies with identical fiber
orientations, delaminaticn-raluted failuras will occur and reduce
the joint strength.

Plias with different river orisntations should be
irterspersad within the laminate, to the naxinmum
possible extsnt, to minimize delamination-induced
atrangth losses. Group of identical pljes should

not excoed 0.02 inch in thickness. (21)
2.7 Fastenar Spacing and Arrangement

The geometrical parameters that define the fastener
spacing and the fastener arrangement in a bolted plate are
illustrataed in Figure 18. E is the edge distance, 8; and S; are the
fastener spacings in the loading and transverse directions, »nid W =
5; for a single fastensr joint. The effects of thesa geometrical
parameters were studied in References 8, 13 and 14. The results are
summarized below:

The bearing and net sectl!on strengths decrease
when the fastener size increasaes (see Figure 19). (22)

The bearing stress at failure decreases
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Figure 18, CGceometrical Parameters for a Bolted Plate.
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significantly when E/D is raducad balow 3 (see
Figure 20). A bearing nmode of failura |is
¢bserved only when E/D>4, and tha percsntage of 0
dagrea plies is less than 40. A shear-out mode
of failure results whan E/D<3, or whan the
percantage of 0 degrea plies ia >40, (23)

M

The bearing stress at failura dacrsases
significantly when 8 /D (W/D for a single-
fastenasr joint) 4ig reduced below 4 (see Figure ,
21). when E/D>3, W/D»4, and tha percuntage of 0 g,k
dagree plies (s below 40, a bearing mode of
failure ocours. When W/D<4, a net gection
failuve occurs in the same laminate, (24)

Whan the  fastener spacing in the loading
direction (S /D) is decrasased below 4, the joint
strength decreasas due to streas concantration
interaction (see Figure 22). The same affect is
obsurved with £./D (see Figure 21). (25)

In sunmary, ansure that D/t>»), E/D>3, W/D
(s;/D)>4, S, /D>4, and tha percentage of plies in
any orientation is <40, to achieve a buaring
failure mode and to rmalize the maximum joint
strength. (26)

St

2.8 Joint Tziloring for Maximum Efficiency

The derign of a doiant should achieve the following
nbjectives to be considered efficient: (1) It should be capable of
tranaferring the design ultimate loads without failling any nember:
(2) It should possess the cesign life whan subjactad to tha dasign
spectrum fatigue loadirqg; (2) It should be the least weight design
that meats (1) and (2): and (4) The complexity of the dasign concep:
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! |
R
6.0 pesevasssmsm
so | 1“‘3_—_____c)___-.¢—:r"
6.0 -
NfaLluz'e
X
(slps/in.)
3.0
2.0 =
1.0
0-0 ! 1 I '
0 1 2 k| 4 b
SL/D
Note: Composcte-to-petal, trvo fasteners-in~a-row joint;

Figure 22.

20-ply, 50/40/10 layup; AS1/3501-6 graphite/epoxy;
0.31 in. aluwminum plate, single shear; RTD; static
tension; S../NeW/Lw6; protruding head stuel faatener;
D=5/16 in.] T=100 in-lhs.

Effect of SL/D on the Strength of Bolted Laminates.
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should be controlled to aida producikility and maintainability of the
structural joeint.

A joint can be tailored to improve ita sfficiency. For
example, whan the number of fastener rews (a row keing psrpendicular
to the primary loading direction) is increased, tha peak load
fraction is gensrally carried by the innermost or outermost fastenar
row (see Figqures 1l and 232). If the failure umode at the cxitical
fastener location is bearing or net section, the thickness and wideh
of tha bolted plate at that lecation will influence the joint
failure lcad. In an efficient dosign, the width and the thickness
of the bolted platas will be tailored such that svery fastener
location is equally critizal (ses Filgurs 5). The peak bearing
stross at the design ultimate load lavel will ba lowersd to a lavel
that ensures a ninizmal bearing/by-pass interaction, if possiblae (see
Figura 13).

ons experimental concepts hava also baen demonstrated
te be efficient jeint tailoring concepts, danpite the aifficulty
they introduce in applying tha concept at the production level. An
example is shown in Filgure 23, where the 0 degree plics in the
bolted skin are replacmd by + und -45 Jdeqgree plies in the joinc
region (Refarence 15). This causes a swmaller fraction of tha
running load to be transferred at the joint location, and alsgo
increasaes the local bearing strength. An alternative, equivalant
concept would be to replace the stilfer naterial by a tougher
material at the joint location. For exanple, graphite/epoxy plies
can be replaced by aramid fiber/apoxy plies at the jeint location.
it is raiterated, thouglk, that thase validizted tailoring concepts
are diffizult to lmplement in a production envircnuent.

The gsonmetry of bkoltad laminates nuat be
tailored, in the width and thickness directions,
to render every fastener location equally
critical. : (27)
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2.9 Durability Considaerationa

The design of a bolted joint is currently based on an
assumad deaisn ultimate lcad lave! and a static strength analysis
(sae Section 3). The assumed design ultimate load laevel should
acrount for durability considerations also. Generally, irrespactive
of the static failure mode, a bolted joint auffers fatigue failure
via excessive hols elcngation (bsaring). This possible change in
the fallure unde from tha static loading case to the fatigue loading

case hag besn obscrved by many in ths literature (see Refarances 13
and 14).

If tha joint stztically fails in a baariny mode, {t
conld suffer premature arcessive hole elongation (fatigyud failure);
whar. subjacted to the spectxum fatigque loading. Figures 24 and 25
pretant sarpla constant omplituds fatigue test results fron
Reference 14 fovr a fully reversed loading case (Rw=1). Simiiar
results should be used %o approximatsly and conassrvatively estimate
the fatigqua life of & joint using a fatigue analysis (Miner's rule,
for uxarple). Based on the fatigue analysis, the beariliy stress at
tha critical fastaner location should be designad to be sufficiently
lower than the static bearing strength, to ensure ths dasign life of
the joint. The final joint dexign, therefore, will be capable of
statically transfarring the design ultimate load, with the peak
baaring stres3a valua ensuiing the dusign fauticue life.
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SECTION 3
STRENGTH ANALYSIS OF BOLTED COMPOSITE STRUCTURES

As mentioned in Section 1.4, two computer codes ware
developed in this Northrop/AFWAL program to predict the strength of
bolced joints containing a single fastener (SASCT and SAMCJ) or
nultipls fasteners (SAMCY). Moat of the structural joints contain
multiple fastaners, and SAMCY is adequate for the design of these
joints., SAMCJ is also capablae of predicting the strength of single
fastenar joints, without accounting for tha nonlinear joint load
versus deflection behavior introduced by ply level failures,
Howaver, if the user wishes to interrogato an isolated fastenar
location, accounting for the nonlinear joint behavior due to
progressive (two-stage) ply failures, tho SASCT code is useful. The
reader is referred to Rafarences 6 and 7 for detailed descriptions
of the SASCJY and SAMCJ analyses, respectively.

In the following sub-sactions, brief descriptions of the
analyses in the SASCT and SAMCJ computer codes are presented, along

with detailed instructions for the use of these analytical design
tools.

3a Description of SASCJ Analysis

A two-dimensional anisotropic plate analysis that accounts
for finita plate dimensions (FIGEOM), and a finite difference
fastener analysis (FDFA), are incorporated into a progressive
failure prncudure to davalop a strength analysis for single
tastener joints in conmposite structures (SASCJT). An isolated
fastener location in a bolted structures (see Figure 7) is primarily
subjected to the loading shown in Figure 26, The general bolt
bearing/by-pass situation can be analyzed as a superposition of an
unloaded hole situation and a fully loaded hole situation (sea
Figure 26). The unloaded hole case is analyzed using the two-
dimensional plate analysis (FIGEOM), and does not involve the
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Figure 26. Schematic Representation of a Genezs] S.ing)e-Fastener
Situation as a Supevrposition of Unloaded and Fully
Loaded Hole Situations.
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fastener analysis (FDFA). Tha fully-loaded hole situaticn is
analyzed using a progressive failure procadure that predicts local
ply failures and delaminations unti) the bolted plate cannet carry
any additional applied load. Tha employed ply-failure criteria and
the delamiration crxiterion are discussed in Sections 3.l.J and
3.1.4.

J.1.1 Strength Analysis Procadure for Fully-lLoaded Holass

The strength uvf laminates with fully loaded holes is
predicted using the procedure outlined in Figuve 27. A twoe
dimensional strasas analysis (FIGEOM), accounting for finite
dimensions of the koltad plates, is initially performed on each
bolted plate. Computed plate stresses are used to calculate the
effective moduli of the various ply types in sach bolted plaote (see
Referaenca ¢). The inplane strains computed by the FIGEOM code are
used to obtain the stresa state in each ply. The ply stresses
around the hole boundary are integrated to yield the bearing load in
each ply (sea Reference 6). The inplana stressas iu each ply, per
unit bearing load, are incorporated into sslected failure criteria
to compute the ply (bearing) loads corresponding to the various
inplane failure uodas.

The effuctivs moduli and the ply bearing loads
corresponding to the various faillure modes, for all the plies in
each bolted plata, are incorporated into the fastener analysis. The
initial fastoner analysis on the undamaged platas computes the
distribution of the applied bmaring load among tha various plies.
Comparing these ply loads with the stored failure values for inplane
ply failures, the joint load corresponding tc the earliest ply
failure is obtained. The fastener analysis also computes
approximate shear strain valuas at the interfacial locations batween
adjacent plies. Incorporating these into an interlaminar failure
criterion, the joint load corresponding to the earliest interlaminar
failure (delamination) is obtained. The smaller of the two joint
loads, corresponding to the earliest inplare and interlaminar

- . .




IECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

Define properiies and geometvies ef the
bolted plates and the favteids

Perforn & tvo=dimensione] stress analysis
of sach Loltad plate (FICECH) for an
assused joint load

Compute an affective
fagtenar diaplacemant

L

1

Compute the {nplane
stresses and the besr~
ing load in each ply

J

—

EXfestive moduly of

|

Strasses per unit

the varicus ply tvper

bearing lord in emeh
at

At

insLene
fatlure crae
1018

aildure vaive of the
waaring load for each
gly‘ for the various

BN N—

Testener Analvels

[]
B 1
buarang load an
Interlaninar shvs
aach ply stragn wtate
Joint loads cofresvondiry Joint loads for
to the next inplane fatil- interlaninar foile
ure 4n esch ply u;::-?:-:zo various
[}

Joint load corresponding to the next inplane
or interlominer failure

Jodnt strenpth:
Fadlure Moder

Reset ply woduld to
arcount for the state sTor
! damane
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failures, determines tha first failure in a bolted plata and the
corresponding joint load valua.

The effective moduli of the damaged plies are reset %o
appropriately represent the predictasd failure modes. The revised
rmoduli ere incofporatnd into the fastensr analysis, and the
procedure is repsated to predict the next failure mode and the
correspondiing joint lead. When any ply is predicted to fail
totally, the analysis cvomputas the redistribution of tha
corruspondirg joint load among the remaininy effective plies, and -4
detarminas if any othex concomitant ply failure is pracipitated. f
This procass is repeated until one of the boltud plates hecomas '
inaffective in transferring the applied load (joint failure). :

e

b et acwn-da S B ik e hait e
Py

-t e

The SASCY computer code is restricted to protruding head
fastaners, and ascuzmes that fastensr failure iz precluded. However,
when a countersuynk fasteier is specified, SASCT assumes an
approosriate boundary condition at the head location, and oxpects tha
user to input an egquivalent (larger) uniform fastener diamater. It
can analyzse any combination of laminatud and metallic plates, bolted
togethexr in a sincla-lap or double-lip contiguration,

sy Taa s T

£

R 3102 Strungth Analysis Procedurs for Partially-loaded loles

a VL s 2 E

A genaral fastunar location in a bolted plate transfers
a fraction (a) of tha total applied load via the fastener, the
remainder (l-a, being by-passed to the naxt fastener location (see
Flgurss 7 and 26). 1In this case, tha stress state at the fastener
location is computed as a superposition of the stress states
corresponding to the unloaded and fully=-loaded hole situatlons.
Figure 28, for example, presents a schematic representation of how
the averaged stressos are obtuined to pradict net section, shear-out
ard bearing failures in the plies using average stress failurs
criteria. For a unit applied load, tha averaged etresses in the
laminate with an unloaded hole, when subjuctaed to a load of (l-a),
and the averaged stresses in the laminate with a fully loaded hole,

- e A
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Figure 28. Strength Analysis oi Laminates with Partially-
Loaded Holes using Average Stress Failuge
Criteria.
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when suhjected to a load of o, are ccmputed separately and added.
Incorporating the combined averaged stresses into the appropriate
failure criteria, the applied locad corresponding to a ply failure is
computed.

In the case of fully loaded holes, prograessive failure
prediction involves the repetition of the fastener analysis with
revised ply properties after every ply failure. The two-dimensional
analysis (FIGEOM) is only carrisd out once. But, in the case of
partially loaded holes, a ply failure will affect the unloaded and
the fully loaded hole contributions to the local stresses. Henca,
prograessive failure prediction in the partially loaded case involvas
re.aating FIGEOM and FDFA anslyses aftar total ply tailures.

1.1.3 Inplane Failure Criteria

The SASCT code permits the user to salect any of the
following five fallure critaria for the prediction of ply fallures
based on inplane stresses and strains: (1) point stress failure
criterion, (2) average stress failure criterion, (3) maximum (fiber
directional) strain criterion, (4) Hoffman criteron, and (8) Tsai-
Hill criterion. The first two criteria predict three modes of
failure in each ply--net saection, shear-out and bearing. Thae
maximum strain criterion predicts ply failure based on fiber
failure. The Hoffman and Tsa.-Hill criteria predict ply failure
accounting for biaxial stress interaction that is ignored by the
first three criteria.

The point streas failure criterion predicts net section,
shiear-out and bearing failures when the appropriate straess
components at selectad locations attain unnotched specimen failure
values {(see Figura 29). Ans’ doso and ‘ubrg are called characteristic
distances. Whenck (0, D + gma) axceeds the unnotched tensile or
compressive strength of the ply, as appropriate, a net section ply
failure is predicterd. Wwhen 1, (D o+ 8, brg! 0) exceeds the unnotched

compressive strength of the ply, a bearing mode of ply failure is

(€]
[F2}
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The cx value at this location determines

net section failure

_— T  value at thi
‘The xy ue s

Jocation determines shear-
vut failure

> X

“ The ox value at this

g location determines
) bearing fallure

Figure 9. The Charactaristic Distances used in the Point
Stvess Fallure Criteria

i
D/u + dQl’\‘

Gw(o,y) dy determines net section failure
b/2

d
4ns '? 4v° , ‘ oso
&
: [ Txy (x,D/2) dx
p )

determines zhear-cut
failure

1

» X

ax(x,O)dx

/2
datercines bearing
tailure

Figure 30. The Characteristic Distances Used in the Average Stress
Failure Criterid.
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predicted. When Tey (a,4, r D/2) exceeds the unnotchad ply shear
strength, a shear-out mode of ply faillure is predicted. The avera
stress fallure criterion predicts these failures based on averaged
values of the mentioned stress components over selected
chacacteristic distancas (dony Aoy and doneg) that are larger in
magnitu 2 compared to those used in conjunction with the point
stress criterion(see Figure 30),

0f the three ply failure modes, only the net saction
mode causes tha ply to bacoma almost ineffective (total failure).
The bearing node of failure causes the ply to suffer a reduction i)
its effective modulus without losing its locad-carrying capacity.
The shear-out mode of failure causes a ply to become ineffective
only whan it is delaminated from the adjacent plies. When a ply
suffers any of the above fajilures, its load ve ‘sus deflection
response is at the knee of the bilinear representation in Figura 3.
The damaged ply can carry additional load until total ply failure :
precipitaztad. The SASCT computar coda automatically sto:res tne
damage state in aevery ply in the bolted plates, and rcassigns valui
for ply modull to appropriately represant predicted ply feilures.
When a ply suffers total failure, its modulus is set equsl te zero,
and the redistribution of the joint load among tha remaining plies
is computed. A typical overall load varsus deflection behavior of

tha doint is shown in Flgure 32, indicating the «ffects of local ar
total ply fallures.

The maximum strain {fiber directional), Hoffman and
Tsai-Hill criteria are srplied along a path that is concentric to
the fastener hole, at a characteristic distance (a,) from the hole
boundery (see Figure 33). The location aloug this path where the
selected critaerion 1s satisfied determines tha failure location,
The maximunr strain criterior predicts fiber failure in a ply (total

ply failure) when its fiber directional strain exceeds the failure

. tu cu
va’ : , .
alues (ell or cll)

The Hoffman failure criterion, bhased on inplane ply
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Total ply
fatlure

Jodnt failuie
(failure of one
of the bolted

plates)

Joint
Load

Non-catastrophic failure
in a ply

Joint Detlection

Figure 32. A Schematic Pepresentation of the Overall Lcad
Versus Deflection Response vi the Joint.

b

Fastener hole
boundary

Concentric pathe

along which the \
failure criterion

is aoplied

\__ . Y,

R -

Figure 33. The Characteristic Distance (ao) Defining the

Region Where the Maximum Strain, Hoffman or
Hill Critericn is Annplied.
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streasas, statecs that total piy fallure will occur when the failure
index (H) ia thu tollowing equation reaches a valua of unity:

2 , . 2
'cl - °1°2)/xcx: + ol(hc-xt)/xcx‘ + ozchYt + 0, (YC-Y‘)IYth +

°§’52 « N

In tha above cquation.ad ' 0, and ¢, are the ply strucuies in the
fiber conrdinate system, X. and X. are the uniaxial tansile and
conpresaive matarial strengths along tha fiber divection (1), ¥, and
¥. are tha uniaxial tensile and coumpressive material strengths
perpendicular to tha fider direction (2), and S ls the naterial
shear strenqgth in the 1~2 plane.

In the 8ASCJY code, the Hoffman criterion is arplied
along a path that is concartric to the fastener hole, dsfinaed by the
characteristic distance a, (see Figure 33). At 3electod points
along this path, the following expressions for the failure values of
the ply load (Pf) are computed:

Pew (b s vhidac)/la
whare
2 2, 2 z] 2
- [(ol-olozwxcxt + 03N ¥, + 0p/S" |2y

b e [(xc-xt)cl/xcxt + 0y, -Yt)czchY:] A

e~ ~], and

Pi = ply load at which 01. o2 and C, are computed

L0
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The location where ths¢ smallest non-negative value for Pf is
computed identifies the failure initiation point.

The Hoffman critarion predicts total ply failure and the
failure location, but dces not identify the mode of failure. The
failure location, though, generally indicateus the possible failure
mode. Referring to Figure 13, if faillure is predicted near 9=0°, a
bearing mode of failure is suspected., 1If the failure location is
near #=90°, a nat section mode of failures is suspected. And,
intermediate values of 0 i.dicate a shear-out mode of tailure. The
Tsai=-Hill sriterion can bs obtained from the Hoffman criterion by
setting X = X, and ¥, = ¥, . This criterion, therefore, dces not
account for diffarent strengths under tension and compression. The
ply failure load (P,) in this case is computed to be 1/Va.

3.1.4 Interlaninar Failure Criterion

Dslamination batween plies is predicted by incorporating
computed shear strains at the interfacial locations into a maximum
shaear strain criterion. At tha interface between plies i and j, for
example, the shear strain is computed to be:

-}

7)(2

- "ui - UJ) /hQ

where hy is the ply thickness in the plate containing plies i and 3.
This expression for the shaar strain is approximate. Plies { and j
are assumed to delaminate when Y;;J exceeds a failure value. The
failure value for Y,, ls determined by correlating predictions with
oﬁservations for a sample test casae,

3.2 SASCJT Input Description

SASCJ assumes a uniaxial tonsile or compressive load to
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be applied to a single fastener bolted joint, in a single or a
double shear configuration (see Figures 34 and 35). The code
requests information for a general bearing/by-pass situation. If
the joint is a symmetric double shear configuration, only half the
joint is analyzed (see Figure 35). For example, if plate 2 in
Figure 35 is metallic, the input thickness should be half the actual
valua, and if plate 2 is a laminate, only the layup from the surface
to its midplane should be input. The analysis accounts for the
joint symmetry through appropriatea symmetry conditions at the
midplane lccation (see Figure 315).

A sanple SASCJ problem is now presented to describe the
input requiremants for the coda. It addresses a steel-to-~composite
jeint in a single shear configuration (see Figure 34). The input is
requested by SASCY in an interactive modse. Figure 36 presents the
coda requests and the user replies for the sample joint. Though the
information in Figura 36 is self-explanatory, a description of the
input guantitas is presantad below.

The first input quantity specifies that the problen
addresses a baaring/by-pass situation with a by-pass ratio of 9.99
--nearly an open hole situation. The second and third input
quantities specify that a static tensile load is applied in a single
shear configuration. Subsequently, the two bolted plates are
specified to be either a composite laminate or a matal. I the
bolted plate {s a laminate, SASCJ requests the user to specify the
number of plies in that plate (29). Note agaln that, for a double
shear configuration, only half the thickness of the second plate
should be defined (see Figure 35). SASCJ then reguests the user to
specify the thickness of the metallic plate (0.25). For the
laminated plate, SASCJ requests, in sequenca, the average cured ply
thickness (0.006), the number of distinect ply orientations (4),
definition of the four orientations (0.0, +45.0, -45.0 and 90.0),
and the laminate stacking sequence =-- ((45/0/-45/0),/0,/90] . SASC]
automatically assumes a metallic plate to be divided into thirty
identical layers. The number of layers in a laminate is controlled
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by the user. In Figure 36, each physical ply is modeled aa cne
layer, For this sample problem, for example,K the user could also
specify each phyaical ply to be divided into two idantical plies, by
setting the number of plies in the laminata to be 40, the curud ply
thickness to bu 0,003 inch, and repaating each ply orientation ia
the stacking segquence twice.

Subgsequant to the above information, SASCJ requests the
material propertias for plates 1 and 2 (Young's modulus and
Poisson's ratio for a metal, and Young's modulus, shear mcdulus and
the major Poisson's ratic foxr each laminz, in the fiber coordinata
syasten). The fastenor modulus, Poisson's ratio, diameter and head
type (protruding head or countersunk) ara requaated next. Following
that, tha geometry of tha bolted plates is dafined by specitying the
coordinates for the plate cornars, assuming that the origin ia
located at the canter of the fastener hole.

The last block of data addresses the salactad failure
criterion and the corresponding failure parameters. In the sample
problam in Figure 36, the average stress fallure criteria are
selacted for failure prediction (4). The characteristic distances
for net section, bearing and shear-out modas of lailure are then
specified for tha two plates. This is followad by the unnotchad
strengths for the two plates under tension, compreasion and inplane
shear. Next, SASCJ reguests the parameters that dafine the bilinear
material behavicr. These are the factors that define the modulus
changa atter initial failure, and the ratio of the ultimate ply
failure load to the initial ply failurae load. Different facters may
be specified for the three failure modes, Finally, the approximate
ultimate shear strain value is requested for delanination
prediction. A large value is generally specified for a metallic
plate, to pracludc the prediction of delaminations that are nct
applicabla to these materials.

3.3 SASCJ OQutput Description

6h
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For the sample problem defined in Figure 36, SASCT
provides the output show:u in Figure 37. The input data for the
bolted plates is initially'reproduced for user verification.
Subsequently, the sequence of failures in the bolted laminate and
the corresponding joint load lavels ara printed. Notas that the
ultimate failure of a ply (shear-out of the 45 degree plies) dces
not nacessarily imply joint failure. In the considered sample
problenm, shear-out of the 0 degrca plies limits the load-carrying
capacity of the joint. Every ply suffers a two-stage fallure as
described before (Figure 31).

When executed in some systems, SASCJ could yield
underflow messages aftar many plles have suffared total failure,
This may occur whan the double praecision format is not followed in
entering inpvt data. Neverthelass, the user is advised to ignore
thesa mesgsages.

3.4 Description of SAMCI Analysis

This section presents an overview of the straength
analysis in the SAMCJ computer code, a description of the developed
special finite elements, and the analytical procedure used in SAMCY
to predict fastenar loads, tha critical fastener or cute-out
lecation, the corrasponding joint strength and the failure mode.

A flow chart of SAMCT operations is presented in Figure
38. As lnput, SAMCJ requires the user to specify how the bolted
plates are divided into plain elements and elements with loaded or
unloaded holes., The bultad platas are currently assumed by SAMCI to
ba subjacted to uniaxial tenasile or comvressive locading, in a single
or double shnar configuraticen. Additional input requirements for
the SAMCJ code include the material proparties of the bolted plates
and fasteners, and the fastener size, location and torque. The
material properties of the bolted laminates include the tensile and
compressive failure strains in the fiber direction of the lamina,
and the charactaristic distances over whicihh stresses are averageda to
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. GEOMETRY AND TYPE OF INDIVIDUAL ELEMENTS
o (PLAIN ELEMENT, ELEMENT WITH LOADED OR
o UNLOADED HOLE) IN THE BOLTED PLATES
:Ingel

SEMCT ~——.] MATERIAL PROPERTIES CF BOLTED PLATES AND
INPUT +~ASTENERS (INCLUDING FAILURE PARAMETERS)

l \\\\\\\\\\ LOAD CONFIGURATION (SINGLE OR DOUBLE

S{EAR. TENSION OR COMPRESSION)

ik
L -s?:jﬁ

\\
\Fas'rzm:n SIZ2E, LOCATION AND TORQUE

'-.°~:”—-. '?-. .{_ g ;-=
TS 4
P
e

S ke

l ,ISTIFFNESS MATRICES FOR PLAIN ELEMENTS, ELEMENTS
WITH LOADED OR UNLOADED HOLES, AND FASTENERS

4
SAMCT ASSEMBLED GIOBAL STIFFNESS MATRIX FOR THE
COMPUTATIONS MULTIFASTENER BOLTED JOINT

\\\‘ FASTENER LOAD DISTRIBUTION FOR A 1 KIP JOINT LOAD

AVERAGZ STRESSES CORRESPCONDING TO NET SECTION,
SHEAR-OUT AND BEARING FAILURES AT EACH FASTENER
AND CUT=-QUT LOCATION, FCR A 1 KIP JOINT LOAD

JOINT FAILURE LOAD, CRITICAL FASTENER OR
CUT-OUT LOCATION, FAILURE MODE

Figure 38. Filow Chart of SAMCJ Operations,
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~red.ct nat scctior, snear-out and bearing failures at the fastener
or cut-sut location.

With the above inpat, SAMCJT performs the following
computations. It initially generates stiffness matrices for all th
spacial finite elements, namely, plain elements, elements with
loaded or unloaded holes, and effective fastener elements (see
Ruference 7). The individual stiffness matrices are subsequently
assembleu to obtain the globul stiffness matrix for the boltaed
joint. A 1 kip uniaxial tensiln or compressive joint lcad is
imposed on tha left end of the top platae, in accordance with the
input instructions (see Figure 3)). The nodes at the right end of
the bottom plate are constrained from translating in the load
direction, and ona of these nodes is also constrained in the
transverse direction, to preclude all rigid kody translations. The
solution to this finite element formulation of the bolted joint
provides the axial and transverse components of the load at evary
fastener location, corresponding to a 1 kip joint load. Also
computed are the average net sect:on, shear-cut and bearing strasse:

at avary fastener and cut-cut locztion, corresponding to a 1l kip
joint load.

SAMCJ provides, as output, the failuras value of tha
uniaxial joint load, the critical fastener or cut-out location, and
the joint failure mode. These are obtalned as follows. Tha
tensile, compressive and shear strengths of the plain laminates are
computed based on thn input tensile and compressive failure strains
in the fiber direction of the lamina. The ratios of the averaged
stresses tou the corraesponding unnotched laminate strengths, at
salected locations around each fastener and cut-out boundary, are
compared to preodict the failure mode, the critical fastener or cut-
out location and the joint failure load. SAMCJ predicts net
section, shear-out and bearing modes of failure at the laminate
level., 1In the SASCT code, similar failura'predictions for single
lartener joints in composites ara made at the lamina level.
consequently, the failura parameters (characteristic distances for
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Figuse 39. Application of Load and Displacement Boundary Conditions
in the SAMCJ Code. :
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‘ the three failure modes) used with SAMCJ are diffarent from those
used with SASCT.

‘The incorporation of the transverse aeffective fastener
stiffness valuas provides SAMCT the capability to account for
fastener flexibility, torque, and load accentricity (single versus
double shear load transfer). The FDFA code, developed in Referencs
6, 1s used to compute the effasctive fastesner transverse si:iffnesses,
along and parpendicular to the load dirsction (see Refersnce 7).
The effect of the laminate stacking sequencs is also accounted for
in this analysis. SAMCI executes FDFA twice to account for tha
layup variation (by 90 degrees) from the loading direction teo the
puerpendicular direction,

e am—
¥ {. i -

SAMCJ accounts for stress concentration interaccion
affects introduced by neighboring cut-outs, free edges and proximate
fastaner locatiors. This is made possibles by the use of the FIGEOM
stress analysis, developed in Referenca 6, to generatsc slement
stiffness matricess (see Raferanca 7). FIGEOM accounts for finite
planform plate dimensions through a boundary collocation solution
procedure (see Referance 6).

SAMCJ computes the magnitudeo and the orientation of the
load at each fastener location. It is a two-dimensional load
distribution analysis that does not rely on an experimental
measurement of "Joint stiffness." In a design asituation, many
fastaner arrangements can be analytically and economically evaluated
by SAMCJT to arrive at the best fastener pattern for the assured
loading conditions.

When the bolted plates are tapered, the SAMCJ ugser can
input equivalent uniform thickness elements to approximate the
tapering effect (cee Figure 40). Adjacent elements in the tapered
plate will have different thickness valu2s. This feature ias
essentia) in the analysis of practical structural joints.,
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SAMCJ has bean daeveloped for the strength prediction of
bolted laminated structural parts. It currently assumes that the
salacted fasteners praclude fastaner failure. Also, it applies the
same failure procedurs to both the bolted plataes, accounting for net
saction, shear-out and baaring fallures via the averaged stress
failure criteria applied at the laminate level. Joint failure is
assumed to ba a ona-step (catastrophic) process. The strength of a
belted plate corrasponds to tha initial failure at a fastaener or a
cut-out location, in the bearing, shear-out cr net section failure.

The unnotchad laminate strengths, under tension,
comprassion and inplane shear, are computed by SAMCJ based on input
fibar~-directional failure strain values (tensile and compcessive).
Laminate strengths undar Ny and N,, loadings (inplane normal and
shear st:rass vasultants, raspectively) are assumed to correspond to
first fiber failure in a ply. This simplistic strength prediction
procedure introducas inaccuracies that have been acknowlaedged and
discussed in the litarature. Nevertheless, SAMCY adopts this
procedura for lack of a validatad alternative.

Despite its versatility, SAMCJT has limitations that the
user should be aware of. Referencs 7 discusses the limitations of
the five-noded (10 degres of freedom) loaded hole elament and the
four-noded (8 degrees of freedom) unlonaded hole element. In
addition, when dividing a bolted plate into many elements (loade< or
unloaded hole elements, as wall as plain elements), it is advisable
to maintain element geometries that do not render the generated
stiffness matrices inaccurate. Figure 41 presents results from a
study conducted on a singly-fastened matallic plate. P, is the
recovered load that is obtained by integrating the stresses alonag a
lire transverse to the load direction as shown in Figure 41. P is
the applied load or the sum of the nodal loads (especially in the
interior elemants in a -general multifasterned plate). The recovercd
load (P,.) approaches the applied load value (P) when the plate
aspect ratio (a/b) increases bevond unity, and when a/D and b/D have
a minimum value of approximately three. 1In predicting failure in
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the net section, bearing and shear=-out modas, the computed average
stress values are mulﬁipliad by P/P,, to reamove geometry (modeling)
effaects from the computed stresses,

3.5 SAMCJY Input Daescription

To familiarize the user with SAMCI input requirements, a
sample problem is prasented here (see Figura 42). The samrle
problen considers a six fastener composita-to-metal joint, with a
one inch diameter circular cut-out adjacent to the first row of
fasteners. Figure 42 presents tha assumed nine elament model of
each of the two bolted plates, analyzed by SAMCJ. Figure 43
presents SAMCJ raequests and user input in responsa to these
requests, for the sample problem in Figure 42.

Though self-explanatory, the interactivaly enteraed
SAMCY input in Figure 43, for the sample problem in Figurs 42, is
described here for completeness. The first entry (l) identifias the
loading contiguration to be a single shear configuration. The
second entry (1) identifies the load to be in static tensicn., The
next twe entries say that the top plate iz a metal (M), identified
as "Aluminum." The two entries following these say that the bottem
plate is a composite laminate (¢), identified as follows:
"(45/0/=-45/0)2/0/90)2s." Subsaquently, the Young's modulus
(10.0D6) and Poisson's ratio (0.3) for aluminum, and the fiber-
directiuvinal, transverss and shear moduli and Puisson's ratio
(18.5D6, 0.85D6 and 0.3, respectively) for the compcrsite lamina are
input. The next five entries spacify that four (4) different fiber
orientations arae praesent in the laminate (0, 45, -45 and 90 degrees
with respect to the loading direction). The following three entries
say that the elements in the bottom plata contain one (1) layup of
forty (40) plies, of 0.006175 inch thickness each. The stacking
sequence for this layup is input next, where 1, 2, 3 and 4 refer to
0, 45, =45 and 90 degree fiber orientations, respactively.
Subsequently, the fastener is identified as "Steel," and its Young's
modulus, Polsson's ratio, and head type (30.0D6, 0.3, 0.3125 and

"9
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Figure 42. Nine Elcement Model of Each of the two Bolted Plates in the
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M

grotruding head) are input.

Twenty=-two (22) grid points each are specified in the
top and bottom plates (101 to 122 and 201 to 222, respectively),
along with their x and y coordinates (see Figure 42). PFollowing
this, nine (9) elements are specified in each plate, along with
their nodal connectivity and element type information. Nodal
connectivity is specilied starting from the bottom left node, going
clockwise around the element boundary, and ending at the fastener
(interral) node. Element 10i in the tep plate, for example, has
101, 102, 109 and 108 as its corner nodes, and 105 as its fastener
nocda. The fifth node will be entered as 0 for plain and unloaded
hole elements. The element type information follows the fifth node
identification. It is 1, 2 and 3 for plain, loaded hole and
unloaded hole elements, respactively. The element definitions are
succeedad by the definition of six (6) effective fasteners (101 to
106) . Fastenar 101, for example, is identified as a fagtener that
connects node 105 in the top plate to node 205 in the bottom plate.

Following the above input, additional element data are
specified for the two plates. Thess include the element thickresses
(fcr metallic plates) or layup identification number (for laminated
plates), for plain and loaded hole elements, with additional
information (x and y coordinates of the hole center and the hole
radius) for unloaded hole slements. For the sample problem in
Figure 42, all the elements in the top plate (metal) ars specified
to be 0.50 inch thick, and all the aelements in the botton plate
(composite) are specified to contain the stacking saquance
identified as one (1l). Elements 108 and 208 spacify tha cut-out
size and location. The one (1) following this states that groups of
identical elements will be specified in the two plates. If two (2)
is entered here, all elements will be assumed tv be different from
one another, resulting in larger computational costs. The entry
"1 6 11" refers to the number of groups of effactive fasteners,
loaded hole, unluaded hole and plain elements, respectively, in the
top plate. A zero (0) specifies the absence of an element type.
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The number of aelements in each group, and the corresponding element
nunbers, are input sRubsaquantly. Following this, the number of
groups of loaded hole, unloaded hole and plain eslements in the
bottom plate (€, 1 and 1, respectively) ias enterad.

The last four lines of input introduce the failure
parameters for the materials in the two plates. For metallic
plates, the tensile, compressive and shear strengths (250.003 each),
and the averaging distances for the net section, bearing and shear-
out medes of failure (0.5 each) are input. Sincs the joints wera
dasignaed to fail the laminated plates, and SAMCI waa develcoped
primarily for the prediction of the strength of bolted laminates,
the failure parameters for the metallic plates were irnput to be
arbitrairly high. 7This information is followed by the failure
paramaters for the bottom (composite) platea. The first line
spacifies the fiber directional failure strains for ths miterial
undar tension (0.012) and compression (72.,0175). These values are
usad by SAMCY to compute tha unnotched laminate tensile, ccmpressive
and shear strengths, based on laminated plats theory and the
assumption of laminate failure corvesponding to the first fibar
tailures in any of its plies. The last line in Figure 43 spacifies
the distance over which the longitudinal (0.10 and 0.25) and shear
(0.25) stress components are averaged, to praedict net section,
bearing and shear-out modes cf failure, respectively.

3.6 SAMCJ Output Cescription

For the sample problem introduced in Section 3.5, the
SAMCT code yields the output presented in Figure 44. The initial
part of the output raeprints critical user-supplied information for
verification purposes. Subsequently, SAMCJ prints the x and y
components of the element nodal forces for all the elements in the
bolted plates. This is followved by 1 list ¢f the computed joint
load levels that correspond to the three railure modes (net saction,
shear-out and bearing) at every loaded and unloaded hcle element
location. The smallest among these loads yields the joint fajilure

as
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load, the failure location and the failure mode. For the considered
sample problen, a net section failure is predicted across the one
inch diameter cut-out (element 208) in the graphita/epoxy plate, at
a joint load level of 37.3 kipas. Figure 4% compares SAMCT
predictions with test results from Reference 8.

92




TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

Test Casc 243, Static Tension, Single lap
40-Ply, 50/40/10 Laminate, t=0,247 1n., tAL®0.50 in.
D=53/16 in., HD-l in., SL/D-ST/D-I., W/Dml4.4, E/D=3,2

11.0 . |
.3125 .75
.3165 \\é" é’
1.50
7 l ; Iz
1.50
Y o — o
' 7S
{
L [ I _|
P00 1o 3.75 2.0 1.25 1.0
Pe,5.4  TP3,2,1 l“
c — canliio ]
SAMCJ TEST RESULTS
PREDICTION (Ret. 2)
I
P, /P 0.1865 0.1682
P, /P 0.1981 0.150
Py /P 0.185 0.188
Po/P 0.167 0.177
Py /P 0.178 0.181
Pg /P 0.188 0.168
. [
Praliure (KiPW) 37.3 (82.7) 42.0
FAILURE LOCATION 7 (8) 7T and 4, 5, &
FAILURE MODE(S) NET SECTION NET SECTION
(NET SECTION)

* Next posnible failure mode and location at a higher load level

Figure 45. Conmparison of SAMCJ Predictions for the Sample Problem with
Test Results from Reference 8.

923




TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

SECTION 4

DESIGN VERIFICATION OF A BOLTED STRUCTURAL ELEMENT

T SO vy

The design of a highly-loaded structural bolted joint is
verified in this section using the analytical tool (SAMCY computer
code) proposaed for the recommended dasign methodology (Saction 1.3).

- €.

4.1 Dascription of the Bolted Structural Element

In Refarence 5, a boltad joint conccpt was studied as an
alternative to a highly loaded composita-to-titanium, step lap
bonded joint. The vertical tail structure of the F/A-18A was used
an the baseline for this study. A preliminary design of thao bolted
structural element, representative of the critical F/A-18A vertical
tail rcot section, was psrformad based on approximate analyses and
available test results. The test element was designed to transfer a
dosign ultimate load of 70.2 kips (obtained from the F/A=18A
enpennage stross analysis report), and to survive two lifetimes of a
representative design spectrum fatigue loading.

The design of the bolted structural element studied in
Reference 5 differs from the existing F/A-18A vertical tail root
joint significantly. It eliminates the graphite/epoxy skin-to-
titanium bonded joint, and directly attaches thae skins to the
fuselage frame. In doing so, it also uses a light root rib, in
contrast to the highly~loadaed attachment root rib used in Reference
4. The AS4/3501~6 graphite/epoxy skins of the element have a 4l-ply
layup away from the attachment location. The skins increase in
thickness to a 60-ply layup near the tad ragior that bolts the
vertical tail skin to the fuselage frame. The graphite/epoxy tabs
are machined, prior to assembly, to introduce a taper at the joint
location. 1In Reference 5, the fuselage attachment fitting was nmade \
out of steal, and the skins wera bolted to it using 3/8 inch ﬁ%
diameter, countarsunk high strength steel bolts. Figure 46 shows a : %
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photograph of an assembled test elerent. The elemant spar and the - e
root rib were fabricated using an aluminum alley. . o

4.2 Test Raesults

Elements fabricataed biiaed on this praliminary design
were subjected to static and fatigua loada in Reference 5. They
survived two lifetimes of a spectrum fatigue load that was
significantly moras severe than the actual F/A-18A vertical tail
design spectrum load, and their static strengths were approximately
30% larger than the design ultimate lead. During the static test,
failure cccuvred in the graphita/epoxy skin tad in a combined mode

{saa Tigure 7). The obsarvad faillure mocdes were significantly
intluenced r/ the tilting or "diggiaqg int of tha countersunk
fasteners - a phenomenon that cannot ba accountad for by the

fastaener 2r .lysis in the SAMCT cuuputer code.
4.3 Desiyn Verifir:tion o the Element Using SAMCI

The critical vertical tail skin-to-fuselage joint regien
ig unalyzed below using thae SAMCY code that is recommended as an
analytical design tool. Though the analysis vwas parformed

retrospect vely, the assumaed matcrial and failure parameters are
identicil *r those used in Refarence 7.

Figure 48 presents the dimensions of the anzlyzed
graphite/eproxy skin tabs and the fuselage attachment frame. Tha
tapered skin has a (0,5/+=45,,/90,]. layup at the top of the tabl
region., Across the top row of fasteners, it has an average of S8
plies, and across the hottom row of fasteners, it has an average of
52 plies. For analytical purposes, the tapered tab ragion is
modeled as two unifzrm regions of diffarent thicknassaes. The top
region is modeled to contain a (0,4 /+-45,,/90,]. layup, and the
bottom region is assumed to be a [026/+-45]0/9061Claminate. The
average thickness of a ply in the skin was measured to be (.0049
ineh. The fuselage attachment. frame is, likewise, divided into a
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Flgure 47. DPhotograph of the Tab Region of rhe Failed
Llement. :
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Fuselage
Attachment
Frame

rV

C.1taca! TaY Regicn \ — 1,5 \

cf tty vertica.

Stabiligrr Sayi- i Aversge of P Plies
(137 TLIN ‘ !

. @- Aversgey of 32 Plies

L
|

Dimensions of the Critical Skin Tab and the Fuselage

Attachment Frame.

Figure 48,
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0.41 inch thick region and a 0.46 inch thick region (see Figure 48).

Thae modeled joint segment is half of the symmetric skin
tab=-to-fuselage attachment. The total joint failure load is,
therefore, twica the pradictad load. A single shiar load transfer
between tha AS4/3501-6 graphite/epoxy skin tab and the stael
attachment frame is analyzed. The graphite/epoxy tab and the steesl
plate are divided in%o four elements each. The average width of the
slightly tapered tab is used in the analytical model (3.57 in.).

The fiber~directional tensile and compressive failure strains for
A34/3501-6 graphita/epoxy are assumed to be 0.012 and 0.0178,
respactively (Raeferences 7, 13). Tha characteristic diatances for
nat saction, bearing and shear-out failure modes are assumad to ba
0.10, 0.25 anc 0.25 inch, respectively (Reference 7). The basic
AS4/3501-6 lamina properties are assumed to be 18.5 Msi, 1.9 Msi and
0.85 Msi for E,,, E,), and Gy respectivaly, and 0.3 for the major
Poisson's ratio.

The skins are attached to tlie fuselage frame by 3/8 inch
diamster, countersunk fasteners (100 degrea tension head). The
fastenaer analysis in SAMCJ cannot accurately account for the effacts
of the countersunk head gaometry. However, it approximates the
actual effects by assuning free rotation at the fastener head
location, and requires the user to input an sguivalent protruding
head fastener diameter. 1In the discussed element analysis, the
average fastener diameter is agssumed to ba 0.438 inch, to account
for the 100 degree tension head geomstry.

Analyticully predicted load distribution among the
fasteners in each tab is presented in Figure 49. The symmetry in
tha fastener arrangement results in low values for the transverse
components of fastenar loads (perpendicular tc the load direction).
Also, the loads in the top row of fazteners are approximately 14%
larger than those in the bottom row of fastenars. This leads to a
prediction of failure initiation from the top row of fasteners (see
Figure 49). The predicted failure situ (critical location) is in
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> P =1 (inone tay)

- »
[
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o

Fastenar Load Distribution

4

Shear-Out ~
Failure '

Failure .ocation and Failure lMode

Figure 49. Load Distribution Among Fasteners, Failure Location
and Fallure Mode in the Graphite/Epoxy Tabs,
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agreement with experimental observation.

Figure 50 presents the analytically pradicted element
load lavals to pracipitate net section, bearing and shear-out modes
of failure at the various fastener locations. The lowest anong
these provides tha element failure load, the failure location and
the failure mode. SAMCT predicts element failure to be caused by a
shear-out mode of failure at the top left fastener location in
Figure 50. The failure mode observed in Reference 5, however, was
severe damagae around the fastaner hole, introduced by the tilting of
the countarsunk fasteners (see Figure 47). This included aseme
amount of shear-out and local bearing, and severe delaminations
around tha fasternaer hole boundaries. Since SAMCI cannot account for
the sovere local thrae-dimenaional stress state introduced by the
countersunk fasteners, the predicted failure mode (shear-out) does
not correlate wall with the observed combined failure mode (partial
shear=-cut, local buaring, and severe delaminations).

Despite the approximate failura mode prediction,
howevar, SAMCJ correctly predicts the failure location, and the
failure load predictad by SAMCY (96.0 kips) is only 7% larger than
the measured value (91.8 kips). The approximation of the
countersunk fasteners by equivalent protruding head fastenaru
(larger dianeter, unconstrainad at the head location), therefors,
predicts tha element failure load with adequate accuracy. The SAMCY
analysis and tha test results in Reference 5 indepenently verify the
30% margin of safety in the atatic strongth ol the test element, due
to the approximate analyses used in its preliminary design.
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~ SECTION 8
CONGLUSIONS

A design guide was developed to enabla the user in
designing efficient bolted joints in composite structures. The
guide highlights general design guidelines for the varicus
paramatars that ara to be considered in selacting a bslted joint
concept. A purely analytical design methodeology is presented. It
is devoid of complementary test reguirements when a previously
characterized material is used to fabricats the bolted structurs.
The design guide also illustrates the use of two computar codes
(SASCJ and SAMCT) that were developed in this Northrop/AFWAL program
and are required for design purposes. A listing of these computar
codes is appsnded to this report.
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HRITE(6 ., b,6)

00000560
876 FORMAT(///,1nx.' PROURAM SASCJ!',7/, 00000570
PROGRAM SASCJ PREDICTS FAXLURE LOADS QF *,/, 0000550 .
I' MECHANICALLY FASTENED, COMPOSITE LAHINATE, ./. 00000590 !
X' SINGLE OR DOUBLE LAP SHEAR JOINTS. 1,27, 40000600
%' PROGRAM ASSUMES THAT INPUT PARAMETERS ARE './. 00000610
%' IN ENGLISH UNITS = LENGTHS ARE INPUT ',/, Ve 00000620 .
n' IN TNCHES AND HODULI AND STRENGTHS ARE '/, 000006 30
X' EXPRESSED ! s1 1,727) 00000640
HRITE(6,401) Q0000650
401 F ORMAT(' ENTER BYPASS RATID ALPHA! V,27, 000006690 '
ALPHA0 FOR FULL BEARINO '.l. 000004670
I' ALPHA®Y FOR OPEN HOLE ', 00000680
L3 0<ALPHA<]1 FOR GENERAL lYPASS ') 00000690
READ(S,.n) BPR . 0000n709
WRITE(6,911) 00000710
911 FORMAT(' ENTER:! '/, 00000720
L 1 FOR STATIC TENSION '/, 00000730
L 2 FOR STATIC COMPRESSION 7)) 030007640
READCS ) LTNCM 00000750
NLIM=| n0000760
[F(BPR.EQ.1.0) GO TO 380 00000770
NL[M=?2 00000780
HRITE(6.,400) 00000790
400 FORMAT(' ENTER: 1,7, 00000200
u! 1 FOR SLS (SINGLE LAP SHEAR)',/, 00000810
Nt 2 FOR DLS (DOUBLE LAP SHEAR)',/) 00000820
READ(S,n) NSDLS 400008390
106 FORMAT(AL) 00000840
380 CONTIHVUE 00000850
DO 300 X=1,NLIM 00000860
IF(K.EQ.L1) WRITVE(K.,511) 00000870
é11 FORMAT(' 15 THE TOP PLATE A COMPOSITE OR 4 METAL t',/, 00000880
EN R C OR M IN THE FIRST FIELDY) 00000890
I K.EQ.2) WRITE(6.789) 00000900
789 FORMAT(' IS THE BOTTOM PLATE A COMPOSITE OR A METAL ?',/, 00000910
#' FNTER C OR M IN THE FIRST FIELD') 00000920
READCS5,106) CMUK) 00009930
HRITE(4,203) 00000940
203 FIRMAT(' INPUT MAYERIAL DESCRIPTION OF THIS PLATE 1',/, 00000950
' EXt ASA/3501-s"') n0000960
READ(S5.204) MTL(K,1),121,15) 000009790
206 FORMAT(]1SAG 00000980
300 CONMTINUE 00000990
ITFCCM(1) HE.CMC.OR.CMIZ) . NE, CMC) WRITE(6,721) Q0001000 g
721 FORMAIC/,* NOTE: FUR COMPUTATIONAL PURPOSES A *',/, 00001010 .
#!' METALLIC PLATE 1% MQDELED AS A 30 PLY ',/, 00001020 e
#' LAMINATE OF 0 DEGREE PLIES WITH ISOTROPIC',/, 00001030 "y
u' MATERIAL PROPERTIES',/) 00001040 h
IFCBPR.NE.1.J) WRITE(E,494) 0000:050 . b
IF(BPR.EQ.1.0) WRITE(6,495) 00001060 . .
494 FORMAT(' NOTE: NUMERICAL DESIGNATIONS FOR THE ',/, 00001070 \¥f&;
' PLATES ARE! ', 90001080 \;“ﬁ
w! TOP PLATE = NO ) ', 7, 00001090 ’ Bt
%! BOTTOM PLATE = NO 2 ,7) 90001100 1&&,;
495 FORMATC(!' MOTE: A SINGLE PLATE WITH AN OFEN ° /. 00001110 utbk‘
' OLE IS5 DESIGNATED AS PLATE IIUM3IER 1',/) 00001120 ,h“*;
DO 301 K=1,MLIM 00001130 .
IF(CM(XK) . EQ.CMC) GO TO 1S 00001140 g
NPLY(K)=230 00001150 fv i
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G0 T0 301

15 CONTINUE

IFCNSDLS.EQ.

932 FORMATL(/, Y I
#'°A COMPOSIY

— o o

NN NI N > 0t 00 pe

K.EQ.1) WRITE(S,932)

FOR THE DOUBLE LAP SHEAR CASE HAVING *,7,
LATE NUMBER 2, ENTER ONLY HALF',/,
- IE)HALF THE NUMBER OF ACTUAL',/,

»
-
[=]
n
—
x
(1]
[ad
n P
-

(6,933) ‘
NEAR CASE HAVING',/,
ENTER HALF THE ',/,

[=¥ =Y =)

5
)
E
TE NUMBER

BNOUVMHOUNOIB TR AND LN~ O SO0

P - - - - X-2-T-X-X-X-J-T-J-F-X-R= Q=L

25 CONT
260 FORM
302 CONTI
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45 CONTINUE
WRITE(S,207) K
207 FORMAT(' INPUT NUMBFR OF DISTINCT PLY ORIENTATIONS',/,
¥t TN PLATE HO',I5)
READ(S5. %) NUMPLY(K)
303 CONTINUE
DO 209 K=1,HLIM
IFCCM(X) . EQ.CMC) GO TO 55
ANG:1,K)30,
Go TO 209
55 CONTINUE
FRITE(6.,487) K
%87 FORMAT(/,' FOR PLATE MUMBER',I%,' :',/)
HEUMPLY(K)
D0 709 L=]l,N )
WRITE(6.,206) 1
208 FORMAT(' INPUT ORIENTATION OF PLY TYPE NO',15)
READ(S, ¥) ANG(L.K)
209 CONTINUE
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210 FORMAT(* .uPUT TYPE OF PLY IN PLATE NO',15,' FROM TOP',’/, 00001760
%' TO DOTTIM Y, 27, 00001770
x5X, *PLY TYPE', .0X, 'ORIENTATION®) 000017480

N=NUMI'LY F) 00001790

DO 212 L=i,N 00001800

WRITEC6,713) L,ANGIL,K) 00001810

213 FORMAT(S5X,15,10X,F7.2," DEGREES') 00001820

212 CONTINUE 00001830

WIRTTE(6,711) 00001340

711 FORMAT(/» 00001850

N=NPLY(K) 00001850

DO 215 I=1.,N Q00018740

WRITE(6,214) 1 00001330

' 214 FORMAT(' INPUT TYPZ OF PLY FOR PLY NO'.IS) 000u1890

READ(S,?») IPLY(1,K) 00001900

215 CONTINUE 00001910

305 CONTINUE 00001920

DO 306 K=1,NLIM 00001930

HRITE(S,216) K 00001940

216 FORMAT(' [HPUT THE ECHGINEERING PROPERTIES OF PLATE NO*,IS5) 00001950

[F(CM(K).EQ.CMC) GO TO 35 00001950

WRITE(6,38) 00001370

95 FCRMAT(' IHPUT YOUNGS MODULUS AND POISSONS RATIO') 00001980

READ(S, a; EL(K),VI12(K) 30001990

E2(K)ZEL(K) 00002000

VLK) =\ 12(K)INE(N)-EL(KD 00002010

Gla{k)=rl(K)rC¢2. 001 ¢VI1ZiK))) 00002020

GO TO 3ub 00002030

85 CONTIHU - 00002040

HRITE(6.,217) 00002050

217 FORMATC(' 1HPUY YOUN.S MODULI, El 'AND €2') 00002050

READ(S,») ELl(R),EQ(«? 00002070

HRIYE(6.218" 00002080

218 FORMAT(' IHPUT THE S+HEAR MODULUS AND MAJOR POISSONS RATIO') 00002090

REAC(S,#) Gl2(K),V12(K) 00002100

Val(X)=v12(K)IXEQ(K)IZEL(K) 00002110

306 CCHNTINLE 00002120

IF(8PR._HE.1.0) GO 'o 930 00602130

WRITE(A,844) 60002140

866 FCFMAT{' JNPUT HOLF LUAMETER') 00002150

REAG(S, <) FASD 00002160

GO T9 360 00002170

930 CONTIHUE 00002180

WRITEL6,250) 00002190

250 FORMAT(' IHPUT MAILRIAL UESCRIPTION FOR FASTENER') 00002200

READ(Y,251) (HMTLC), 1).121,1%) 00002210

251 FORMAT({13A4%) 00002220
WETTES,252) 000022350 .

252 FORMAT(* IHPUT YOUNG. 1.0DULUS AND POISSONS RATIO FOR',”/, 00002240

' THE FASTENER') 06002250
READ(>,%) FASE,FASV 00002260
HWRITE(6.253) 00002270

253 FURMAT(' INPUT THE DIAMETER OF THE FASTENER') 00002280

READ(S, %) FASD 00002290
WRITE(6,888) 00002300

888 FURMAT(/,' FASTENER TYPE t,7, 00002310
xr ENTER: 1 FOR PROTRUDING MEAD ',/, 00002%20
L 2 FOR CQUNTERSUNK HEAD ') 00002330

READ(S5, %) NFTYP 00202340
R:1)=1.001 00002350
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. R(2)%1.0ub.J 00002360
I IF(NFTYP.EQ.1) GO TO 360 00002370
| HRITE(6,889) . 00002380
! 889 FORMAT(7,' ENTER PLATE WHICH CONTAINS THE couutensuux'./. 01002390
, X' HEAD COPPOSITE PLATE ASSUMES THE NUT HEAD) 1,07, 00002400
| " ENTER! 1 FOR TOP PLATE ./. 00002410
XY 2 FOR BOTTCM PLATE ') me. 00002420

aer(s.u) N 00002430

n R(N).0,0DO 00002640
b 360 courxNue 00002650
: ¢ . R 00002460
X ¢ READ IN GEOMETRY AND DOUNDARY DATA 00002470
. ¢ 00002480
. AX2FA3D/2.0D0 00002690
BXxAX —— .. 00002500

WRITE(6,856) 00002510

X 856 FORMAT(' PLATE GFOMETRIES ARE SPECIFIED BY *,/, 00002520
. x! INPUTTING THE COORDINATES OF THE CORNER*,/, 00002530
: VCRTICIES. NOTE: THE ORIGIN IS AT THE FASTENER',7, __.. 00002540
; X CENTER ; INPUT COORDINATES ACCNO®DINGLY®,/, 00002550
: 'L v, 00002560
N 'L Vs v2 "/ 00002570
e HOLE V.7, 00002580

| e CENTROID vy 00002590
; e va V1 //. 00002600
' X' APPLIED LOAD CONVENTIO - 00002610
. %' FOR PLATE NO 1 CTOP) NORHAL LOADS ARE APPLIED ', _ . 00002620
' X' BETWEEN V3 AND V4 00002630
, %' FOR PLATE NO 2 (BOTTOM) NORMAL LOADS ARE APPLIED ', 00002640
) %' BETWEEN V1 AND V2 /) 00002650
DO 680 K=}, NLIM . _..00002660

WRITE(6,734) K 00002670

. 736 FORMAT(' FOR PLATE NUMBER ',15,' :,/) 00002680
4 DO 110 I1=1,4 00002690
‘ WRITE(6,290) I e _.00002700
. 290 FORMAT(' ENTER X,Y COORDINATES OF V',14) 00002710
» READ(5,%) XC(K,IY,YC( 00002720
4 110 CONTINUE 00002730
IF(K.EQ.2) GO TO 84l ) 00002740

| AlaxC(1,1) 00002750
. Bl=vcel,1) 00002760
. A22XC(1,2) 00002770
. B23YC(1,2) ~ _ 00002780
“ XC(1,1)3XC(1,64) 00002790
. YC(1,1)2YC(1,6) 00002800
. XCt1,2)=XC(1,3) 0000281
L YC(1,2)2YC(1,3) 00002820
i XCC1,4)=Al 00002830
. YC(1,4)sB1 00002840
. XC(1,3)2A2 00002850
S YC(1,3):82 00002860
. 861 CONTINUE 00002870
WTH=YC(K,2)-YC(K,1) 00002880

¢80 CONTINUE 00002890
IF(BPR.EQ.0.0.0R.3PR.EQ.1.0) GO TO 567 00002900

HRITE(6,761) 00002910

' 761 FORMAT(' SELECT FATLURE CRITERION: 1,00, 00002920

®'  ENTER I FOR POINT STRESS CRITERTION ~ 1,7, 00002930

X' ENTER 2 FOR AVERAGE STRESS CRITCAION ') 00002940

READ(S,%) HPT 00002950

VAR ULNY Doy st ABR Y 70
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1

I

[FCNPT EW.1) NOPT4:=¢
[FC(NPT.EQ.2) NOPTG:4
G0 T0 601
$67 CONTINUE
WRITE(6,220)
220 FORMAT(' SELECT FAILURE CRITERION 1,27,
%! ENTER 1 FOR HOFFMAN/TSAL~-HILL CRITERION ¢./,
ne ENTER 2 FOR POINT SARESS CRITERION ',7,
L] ENTER 3 FOR MAXIMUM STRAIN CRITERION Y07,
L) ENTER 4 FOR AVERAGE STRESS CRITERION')
READ(S,¥) NOPT4 -
601 CONTINVE
IF(NOPT4 . EQ.2,.0R.NOPT4,EQ.4) GO TO 221
D0 412 X2l,NLIM
HRITE(6,222) K e
222 FORMAT(' FOR PLATE NUMBER ',1%,' ENTER RADIUS OF Y97
X' CHARACTERISTIC CIRCLE AT WHIZH STRESSESG ARE',/,
%' 10 BE COMPUTED TO PREDICT FAILURE')
READ(S, #) RCA(K)
RCB(K)=RCA(K)
HRCOUT(K =50
IF(NOPT4.EQ.3) GO 1U 5%1
WRITE(G,834)
836 FORMAT(' ENTER THE FAILURE INDEXES FOR THE ',/,
W' HOFFMAN/TSAI-HILL CRITERIA Y, 07,
M' NOTE: FOR USING TLAL-HILL SET EQUAL THE COMPRESSION °*,/,
n AND TENSION ULTIMATES IN SICNMA X AND ¢ ‘',v//
% ENTER: SIGMA %« ULTIMATE-COMPRESSION Y47,
L 3 SIGMA X ULTIMATE-TENSION Y/
u! SIGCMA Y ULTIMATE-COMPRESSION Y2/
L SIGMA Y ULTIMATE-TENSION Y47,
X! SIGMA % ULTIMATE ")
READ(S, # ) (HFMC(L.K) . [=1,5)
GO TO 4l2
591 CONTINUE
WRITECS,393) X
3193 FURMAT(' CNTER MAXIM.!M STRAIN ALLCHWABLE FOR',~,
' PLATE NUMBER ',I7.°' CUNITS: INZINDY)

READ(S, #) SALOW(K)

12 CONTINVE
IF(HOPTG .EQ.3) GO 10 %91
IF{NOPT4.EQ.1) GO 10 391

GO 7O 262
221 CONTINUE
IF(NOPT4 . EQ.2. WRIIF(6,555)
JE(HOPTGL.EQ.4) WRITL(A,556)
$55 FORMAT(~/,' POINT STRESS CRITERION ',/)
5§56 FORMAT(/,' AVERAGE STRESS CRITERIGCN *,7/,
#' AD I3 THE CHARACTERISTIC DISTuNCE OVER WHICH'./,

¥' STRESS5ES ARE AVERAGED AWD COMPALED WITH UNNOTCHED',/,
W' STRENGTHS TO PREDICT FAILURE')
DO 226 K=1,NLIM
IF(BPR.NE.N.0.AND.BPR.NE.1.0) GO TO 531
WRITE(6,223) K
¢25 FORMAT(* TNPUT AD FOR EACH CF THE THREE PLY FAILURE',/,
4' MODES OF PLATE HO'.I5./,

ue ADNT NET SECTION v,
n? AOBR = BEARING Vil
L A0SO = GHEAR OUT ')

N=NUMPLY(K)
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M

COMMON/EL./AX.IX;NOUT
COMMON/CMT2/X, Y, NPST, NAST
COMMONIPSCIIDONT DODR, DOSO D e s
Eg?Mgg/LzP/NPLY NUMPLY.ANB 1PLY
| 4

.OR.BPR.EQ.1.0) GO TO 23

cevs e - Veman cemmm e

BVODE OB OODODO

IO OIOIOPO08 BV~ d I dd VA NOIOOROOPRNARWBALL
BB UNO D LR RDULUN~OOVOBINIA DN = O DI

= - - -X--X-X-X-X-X-X-J-I-Y-X-7-R-7-¥-¥-X-Y-Y-Q-J-2-T-1-J-2-2-J-1-2-2-2-3-2-24 4

25 CONTIHNV

1FCNCS . EQ.1) SGv=1,
ANDO=ANT/FLOAT(NAVD
DO 20 I=1,NAVD
Lal+]
X(L)20. . cer——— ——
20 YCL)sBX+ANDO/2.+{I=1)XANDD ~
ANSQ=AS0/FLOAT(NAVD)
DG 30 I:1,NAVD
Lat+l o ——— R L e e
: X(L)2SGx{BX+ANSO/2.+¢(I~1)NANID)
i 30 Y(L)=BX
ANIR'ABR/FLOAT(NAVD)
DO 40 Iz1,NA

Lel+)
X(L; %0!(AX+ANBRIZ #CI=12MANBR)

40 Y
: NAST=3¥NAVD o e e e
. N1=NOUT+1
N2EN1+NAST
NNENCUT+ SXNAVD
RETURN . o m e e e
END

0 -
)

[-x-1-T-T-F-Y-Y-Q-2-T-X-1-2-J-2-1-2-1-]
[-r-T-7-r-Y-¥X-Y-g+X-T-Y-X-TF-7_J-2-1-~]-]

e o, - s msgtis mussws 1 v s e e ——

. .
Y- r-Y-X-Y- -r--1-r-Y-r-Y-Y-T-T¥-7-7-%-%-Y-X-3-1-3-1-CL-X-X-1

COO00OOOODDODOOODO000000000800000000000

SUBROUTINE FIOGEOMCH.KJ,NOPT4,ITT) =~

FIGEGM PERFORMS A FINITE GEQMETRY ANALYSIS T I
USING THE BOUNDARY COLLOCATION TECHNIQUE

[
O000OO0N0 000

JAICS,3),AZC5),HKKC121),BC(400)

COMPLEX
COMPLEX»16 C
COMMON/RODTS/
COMMON/ TERMS/P
COMMOHZELP/AX, D
COMMON/SER/NT,NB

COMMON/ZAMT/ZA

CGMPLEXX16 Z(4),21,22,Q1,92,P),P2,Ri,R2,NA(1488%)

000000000 D0O0O0NCOVYOIOYIVOOOVOVOVRVYIVWOVODODOOOODOL OO

0000000000000 D00CO000000M000800000000000
s s Pt St Gt ot ot it Pk Pt Pt Pt P Pt Pt P D O D O O OGO OO0 O0O0O0O0VEOO0O0COOOD
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c AMATRX CAWLCULATES THE LAMINATE 'A' MATRIX 00010160
c 00010170
CALL AMATRX(H.KJ) 023010189
=3 06010190
.DGT=a 00010240
LAz} 00010210
c 000102240 0
c L INVEF INVERTS THE 'A* MATRIX 0001923¢
c 00010240
CALL LINV2F(A,N,IA,AL,IDGT,HK,IER) 00010250
MDEG=G 00010260 ,
AZ(1)=AT11,1)7A2(2,2) 00010270
AZL21:=-2.%A1(1,3)7a10(2,2) 0001023¢
AZ(35)=C2. . RAL(),2)+A1(3,3))7A1(2,2) 00010290
AZC4)==-2 »A1(2,3)7A0(2,2) .~ 00010200
A2¢(5)=1.000 00010310
c 00lydgy
g IRPOLY FINDS THE ROOTS OF THE CHARACTERISTIC EQUATION ggg}gggg
N CALL ZRPOLY(AZ,HDEuG.Z.lER) 00010350
C 00010360
" Z12) AND Z(4) ARE THE COMPLEX CONJUGATES OF 2(1) 00010570
c AD 2(2) RESPECTIVELY 00010330
< 00010390
Rl=2(1) 00010400
R2:2(3) 00010410
c 00010420
C (HE THO ROOTS MUST b. CHECKED FOR A UNJTARY COMPONENT 000106430
C IH EITHER THE REAL R [MAGINARY PART: SUCH AN 00010440
o4 DCCURANCE SIGHIFIF, « QUASI-ISCTROPIC LAYUP AND 00010650
¢ THE VALUE MUST BE PERIURBED SLIGHTLY IN CRDER TO 00010460
C AVOID A SINGULAR MATRIX 00010470
c 00010430
CH{1):=R1 00010490
CH(2)=(0.0.-1.0}nR] 03010500
CH(3)=R2 00010510
CH(4)=(0.0,-1.0)#RC Guolos20
CO 50 luK=l,6 00010530
IS(DABS(CH{IJK)).LT {.0D=10) CH(IJK)3}1.0D-10 00010540
LR:CAITICHITIKY) 00010550
IFCAR L2.1.9) GO 10 00010560
GO TO 32 90010570
31 IRLLL J-4R).LT.0.232Y CHITJK)=D.98 0001058y
€3 12 00 00010590
17OFLLAR-L 00 .LT.0.02) CHiLUK)=). 02 00010600
30 CoutIinUE 00010610
R1:=DCHMPUX(CH(L1),CH(2YV) 00010620
R2:OCMPLX(CH(3),CH(G)) 00010630
c 00010640
g CONSTANTS P1,P2,Ql,Q2 ARE NEEDED FOR STRESS CALCULATIONS gggiggzg
P1=AT(1,1,aR1ux2441(1,2)-ATC1,3)%R] 00010670
P2=AT(l,1)wR2uu24A1(1,2)-A1(1,3)KR2 00010680 .
Ql=AI1(2,2)/R1+Alvs, . #¥RL-AT102,3) 00010690
Q2:=A1(2,2)7R2+AIC1,CINN2-1]1(2,3? 00010706
C 00110710
c 1NPUTS ATHI(I),AIN2(I) ETC. REFER TO BOUNDARY CONDITIONS 00010720
C 00010730 ‘
NTG=GeHT 00010740
HTB:8#NT 00010750
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NNENPLY (4, PNPLYC2)-2

00023960

IF(MODEF.EQ.0) GO TO 325
PeP+PFPHDELP/1000.
325 CONTINUE

NODAL DISPLACEMENTS AND PLY LOADS _
NNENPLY(1)+NPLYC2)

DO 85 I=1,NN
UNCTIaUNCT)#+CULYI-UNCT)INPEP21000,
UPDATE UN

IFCNCC.EQ.1) UNCDY*UCD)
IFCI.OT.NPLY(1)) Ku2

PNCI)a-HOKIRCPLYKCT)MUNCT ) #BARKCT ) MDARUCI))
35 CONTINUE

- AR e s s m e e e m——

c
C
c

c - m——— e C ———— e — -

i

DO %0 J=),NN _ 00023970
€ ..m. e e v o e . 00023930
c IF INTERFACE HAS ALREADY FAILED, 00 TO NEXT 00023990
¢ 00021000
IFCMDAMIC) .EQ.1) GO TO 50 00024010
c . . ipen e _— . 00024020
¢ DETERMINE WHICH PLATE INTERFACE IS IN 00024030
c 0002404
Kul 0002403
e JFCYLGELNPLYCL)) K22 - 00n2406
c 0092407
¢ CALCUlAT! INTERFACE SHTAR STRAIN FOR CURRENT 0002408
c JOINT LOAD 0002409
C e me - 0002410
OAHJl(U(JOK-i)-U(J#K))/N(K) 0602411
c 0002412
c DETERMINE INCREHENTAL JOINT LOAD TD CAUSE 0002413
G ... INTERFACE FAILURE  _____ gooqut
¢ 0024153
TFCITT.EQ.1) GO YO 47 0002416
TF(DABS(DABSCOAMJZOAMNCI) )=1,).L7.1.00-10) GO TO 50 0002417
47 CONTINUE e e e e, 0002418
DELPF«(GAMDL{K)~DABSCGAMNCJ) ) )/ ¢ DADS{GAMY )-DABS(BAMNG Y ) ))W1000. 0002419
IF(DELPF.LT.0,) GO TO %0 0002420
: !
¢ RECORD LIMWEST JOINT FAILURE LOAD INCREMENT, 0002423
c PLY OF INERFACE IN WHICH IT OCCURS, AND MODE 0002424
c 0002428
o PEP2epPP 0002426
IF(DELP.EG.0) PFP2s), 0002427
IF(DELPR.GT.PFP2) GO 70 50 0002428
PFPEDELPF 0002429
NPLYS) . - —— 0002430
MODEF=9 0002431
50 CONTINUE 000243
c 000245
g DETERMINE VALUES AT END_OF INCREMENT _ — go :
c
8 JOINT LDAD AT FAILURE g 4
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IICAL LIBRARY

ABBOTTAEROSPACE.COM

DIMEHSION NPNM(100.2)
COMMON/COUNT/ZNPNM

. COMMUN/LYP/NPLY, NUMPLY, ANG, IPLY
COMMON/PBB/PLYK, DARK, BARV
COMMON/PRT/NDAM, INPLY, ITYP

. PRINT VALUES AT END OF INCREMENT.. .

IFCITT.EQ.1) WRITE(6,10)
10 FORMATC//, IOX;'FAILURE MODE ALBREVIATIONS: 107
%10X.'ND = NO ADDITIQONAL DAMACE AT CURRENT JOINT LOAD',/:
¥10X,'DL s DELAMINATION /
X1C0X, 'SQO = SHEAR=-QUT
*10X,'BR = BEARING
#10X,'NS = NET SECTION
%10X,'SUD=z ULTIMATE FAILURE
®10X,'SU = ULTIMATE FAILURE
10X, '3U = ULTIMATE FAILURE
ILURE
ILURE
JOIN

NN NSO O

RN
AININI NP0t st 1= 02 st e PP B e 4 D O QO OO0 OO0 O WYY

(=X -F-X-J=1-F=J-J-1-F—)

AFT R SO AND DL
IN
IN R
19X, *NSU= ULTIMATE FA IN N
10X, 'ULT= ULTIMATE FA
%GX, 'THCREMENT NO', 3X,*
®8X, 'MODE',~)
PL3P
1F(IROUT.EQ.2) PL=PFAIL
SDLS.EQ.2) PL=2.xPL
T. EQ FAILP=0.0D0
L) PFAILPz2PY
D.PFAILP.EQ.0.0D0) PFAILP=PL

P
P
N
PLY(1)) K22
X
1
)

Y0l 7
T LOAD',5X, *NODE?,8X,'PLY TYPZ',

LN O NG NDINNI—O DAV DUNI=ODOE S

T
F
N
N
L

PLY((INPL‘(-NPLY(U).K)

N=l
.OR. GPR EQ.1.0) ANGLE=ANGC(N,.K)
.0) NODEsINPLY

.OR,BPR.E D

’

PL,NODE, ANGLE
L,NODE. ANGLE
L,NODE, ANGLE
L.NODE ANGLE
L,NODE,ANGLE
L. NODE, ANGLE
L,NODE, ANGLE
PL NODE, ANGLE

PL., NCDE ANGLE

DEGREE
DEGREE
DEGREE
DEGREE
DEGREE
DEGREE
DEGREE
DEGREE
DEGREE

- === - -0 -F-L-F Y- F-X-2-Y-Y_-F-F_-Y_R_J¥-T¥-1-Y-R—guliey—1_J-1-]
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IFCHDAM. E
FORMAT(SX
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CONTINUE
WRITE(6,240) FFAL
FNORMAT(/7,*' THE PREDICTED JOINT FATILURE ',/,
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TECHNICAL LIBRARY
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%' LOAD IS5 ,D14.7.% LBS',/7)
250 CONTINUE
RETURHN

END
¢
¢
A - ) SUBROUTINE LINV2F (A, N,IA,AINV, TUGT,HKAREA, IER)
: DOUBLE PRECISION  ACIA,N),AINVCIA,N),WKAREAC1),ZERD,ONE
X DATA . ONE/1,0D07,2ERD/ 0,000/ -
e C FIRST EXECUTABLE STATEMENT
A ¢ INITJALIZE IER
R tER20
bar.. ¢ . SET AINV TO YHE N X N _ _
usl:. ¢ IDENTITY MATRIX
o DO 10 I = 1,N
L gl PO S J 3 1,N
RO AINV(I.J) = ZERO . e S
A .5 CUNTINUE
SRy AINV(I,I) = ONE
A Y 10 CONTINUE
% ¢ COMPUTE THE INVERSE OF A
N

CALL LEQT2F (A,N,N,IA,AINV,IDGT,WKAREA,IER)
IF (1IER.EQ.03 GO TO 9005
9000 CONTINUE

'
ERTST CIER,6HLINVZF)

v *

< CALL U ———
~ 9008 RETURN
~ END
i g
N SUBROUTINE LEQTY2F (A,M.N,TIA,B,IDGT,KHKAREA, IER)
DIMENSION ACIA,)1),B(IA,)),WKAREAC(])
DOUBLE PRECISION A, B, WKAREA,D1,D2,KWA
C FIRST EXCCUTABLE STATEMENT
c INITIALIZE IER
1ER=0
JER20
J = NMN+)
K = J+N
MM = K&N
KK ¢ 0
MM1 5 MM=1
JJd=1
DO 5 L=1,N
DO el ,N
HKAREACJJ)=ACL, L)
JJ2JJ+l
5 CONTINUE
DECOMPOSE A
CALL LUDATN (u§A§Ea.N.N.A.IA.IDOT.DI.DZ.NKAREA(J).HKAREA(K).
M . )
If (IER.GT.128) 43 TO 25
IF (IDGY .EQ. O .OR. IER .NE. 0) KK =1
DO 151 = 1,M
E :ERFO%MS THE ELIMINATION PART OF
CALL LUELMN €A, IA,N,BC1,I),HKAREAC.!),HKAREA(MM))
c REFINEMENT OF SOLUTION TD AX = B
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T EXECUTABLE STATEMENT
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K
IALIZATION

A

25
HITH ACCURACY TEST

COMPUTE U(I,J), I=1,.,

0) GO TO

2wl

+G6HLEQT2F) |
BICA) BIGA = BIG
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SUBROUTINE LUDATF (A,LU,N,1A,1D0T,D1,D2,IPVT,EQUIL,HA,IER)
1
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9000 COHTINLUE
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1 2ui) FROM IMSL ROUTINE ,6A1,A1,6A1) 00031160

45 FORMAT(18H uak WARNING ERROR,11X,7HCIER = ,13, 00031170
20H) FROM IMSL ROUTINE ,6Al,Al,6Al) - 00031180

50 FORMAT(R20H uxM UNDEFINED ERROR,9X,7H(IER = ,13, 00031190

1 20H) FROM XidSL ROUTINE ,6Al,Al,6A)) 00031200

c 0o031210
c SAVE P FOR P = R CASE 00031220
C P IS THE PAGE NAMUPK 00031230
c R IS THE ROUTINE NAMUPK 00031240
’ 55 IZQDF s | 00031230
DO &0 I=]1,6 .- 00031260

60 NAMEQ(I) = NAMUPK(I) 0003127¢

63 RETURN 00031280
END 00031290

c 30031300
c 00031310
c 00031320
SUBROUTINE UGETIOCICPT,NIN,NOUT) 00031330

c SPECIFICATIONS FOR ARGUMENTS 00031340
INTEGER IOPTY, HIN, NOUT 00031350

c SPECIFICATIONS FOR LOCAL VARIABLES 00031360
INTEGER NIND, NOUTD 00031370

ATA . NIND/35/,N0UTD/67 00031380

c FIRST EXECUTABLE STATEMENT 00031390
IF (IOPT.EQ.3) GO 7O 10 90031400

IF (I0PY.EQ.2) GO 70 § 40Qo314l0

IF (IOPT.NE.1) GO TO 9005 00031420

NIN = NIND 00031430

NOUT » NOUTD 00031440

G0 TO 72008 00031450

5 NIND = NIN . . 00031460

G0 TG 9008 00031470

10 NOUTD = NOUT 00031480
9005 RETURN 00031490
END 00031500

c 00031510
c 00031320
c 00031530
SUBRQUTINE VXADDCA,ACC) ) ’ 000313540

c v 00031350
c SPECIFICATIONS FOR ARGUMENTS 00031560
DOUBLE PRECISION  A,ACC(2) 00031370

c SPECIFICATIONS FOR LOCAL VARIABLES 00031330
DOUBLE PRECISION X,Y,2,22 00031590

iy FIRST EXECUTABLE 3TATEMENT 00031600
X = ACC(1) 00031610

Y = A 00031620

' IF (DABS(ACC(1)).GE.DABSCA)) GO 1O 1 00031630
X = A 00031640

Y = ACC(1) 00031650

c COMPUTE Z+ZZ = ACCC1)+A EXACTLY 00031660
1 2 = XeY 00031670

ZZ = (X-2)+Y 00031680

C COMPUTE ZZ+ACC(2) USINO DOUBLE 00031670
c PRECISION ARITHMETIC 00031700
) 2Z = 2Z+ACC(2) 00031710
'C COMPUTE ACC(1)¢ACC(2) = Z+ZZ EXACTLY 00031720
ACC(1) » Z+22 00031730
ACC(2) = (Z2-ACC(1))+22 00031740
RETURN 00031750
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END 00031740
[ o0c3lz70
A Ve ames —voreias + © - oo C s aseame 00031730
c 00031790
SUBROUTINE VXMUL (A,DB,ACC) 00031800 .
c SPECIFICATIONS FOR AROGUMENTS 00031810
. .. DOUBLE PRECISION.. .A.B,ACCC2) . .. .. . . booslazo
c SPECIFICATIONS FOR LOCAL VARIABLES 00031830
DOUBLE PRECISION X,HA,TA,NB, Y} 00031840 .
INTEQER IX€2).1 00031350
—. LOOTCALNY ... LXC8),LX¢q) e e . ae——— - 00031860
EQUIVALENCE (X, LXE1), IXC1)),C2,L2 ) 00031870
DATA 1r07 00031830
c SPLIT A = HA+TA 00031890
C ... v C e = HE+TH N . 00031900
c FIRST EXECUTABLE STATEMENT 00031910
X 0 A 00031920
LI{4) = LXC3) 00031930
.- IX(2) v 0 T e 00031940
I = (Ir16)416 00031950
LX(S) = LICG) 00031960
Hanx 00031970
TASA=HA _. .. — - — e ... 00031980
Xl 00031990
LICa) = LX) 00032000
I1X(2) = 0 00032010
1 m (1236)nlé —ecos e ey eememmtmme oo ... DOO32020
LX({S) » LIta) 00032030
49 = X 00032040
T3 » B-HB 00032050
C . - cean - eecmnaee COMPUTE HANNS, HANTS, TANND, AND TAXTD 00032040
c AND CALL VXADD TO ACCUMULATE THE 00032070
¢ SUM 00032030
X s TANTD 00032090
.. GCALL VXADD(X,ACC) . _.__ .. . ——— . —— e et s - e -... 00032100
X = HANTB 00032110
CALL VXADD(X,ACC) 0003212¢
X s TAN 00032130
CALL VYaADDIX,sCC) ... e . _ ... Qoo32140
X 8 HANHD 00032150
CALL VXADD(X,ACC) 000321690
RETUAN 00032170
END o S ) e . 00032180
c 00032190
c 00032200
c 00032210
SUBROUTINE VXSTO CACC,D) ) — 00032220
c SPECYFICATIONS FOR AROUMENTS 00032230
DOUBLE PRECISION ACC(2),D 00032240
c FIRST EXECUTABDLE STATEMENY 00032250
D s ACCCl)+ACC(2)__ T e eee.._ DOD32260
RETURN 00032270
00032280
c 00032290
C - et ——— . 00032300
c coo032310 .
SUBROUTINE ZRPOLY (A,NDEG,Z,1ER) 00032320
c SPECIFICATIONS FOR ARGUMENTS 00032330
INTEGER . NDEO, IER . . 00032340
UOUBLE PRECISION = A(L),Z(1) goo3235¢C
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CALL «../QLF CI1YPE) ;.

CALL ZRPQLE (ITYPE) v

CALL ZRPQLG (ITYPE,UI,VI) -

Wos VI . %

s = 0. ESTIMATE S .

IE (RK(N).NE.ZERD) 55 * ~PCNN)ZRK(N)

18 = 1.

IF (J.EQ.1.0R.ITYPE.EQ.3) 060 TO 3% ‘

COMPUTE RELATIVE MEASURES OF
CONVERGENCZ OF S AND V SEQUENCES
IF CVV.NE.O.) TV = ABS(LVV-0VV)/VV)
IF (33INE101) TS + ABS((55:033)058
"IF DECREASING, MULTIPLY TWO MOST

S REGENT CONVERGZNCE MEASURES

IF (17, (T.0mv) 1w« Tvxory

|

¢T3 ir.018) 158 = Tswors

COMPARE WITH CONVERGEMCE CRITERIA
VPASS = TVV.LT.BETAV
SPASS 3 TSS.LT.B{TAS
IF C.NOT.CSPASS.UR.VPAS5)) GO TO 35

AT LFAST ONE SEQUENCE HAS PASSED THE

¥

CONVERGENCE TEST. STORE VARIABLES oot
BEFORE ITCRATING A
SVU = u i
SV 2 v _-ggg
DO 5 13],N baixy
SVK(I) = RK(I) 8 oo
S = S§ . -
CHOOSE ITERATYIN ACCORDING TD THE JC,

.-'-‘};5:. LA W
g el
VTS

EASTEST CONVERGING SEQUENCE

VTRY = FALSE.

STRY = ,FALSE.

IF (SPASS AND.((,NOT,VPASS), DR.TSS.LT.TVV)) GO TO 20

CALL ZRPQLC (VI,VI,N2)

IF (NZ.GT.0) RETURN

QUADRATIC ITERATION HAS FAILED. FLAG

THAT IT HAS REEN TRICD AND
DECREASE THE (ONVERGENCE
CRITERION.

Y

g

C et

VIRY = TRUE,
BFTAY : BETAVH,25
TRY LINEAR ITERATION IF 1T HAS NOT
BEEN TRIED AND THE S SEQUENCE 13
CONVERCGING

=) XTI
mMEPEAOM
o

LINEAR ITERATION HAS FAILED. FLAG
THAT IT HAS BEEN TRIED AND
DECREASFE THE CONVERGENCE CRITERION
= _TRUE.
BETASX.25
AG.EG.0) GO TO 25
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0000000 o

(g1 g]

UL = =(5+§) .
VI = S¥§
GO 10 10

25 A3 S5WY
Vv r SW
DO 30 I=2°,N
30 PKCI) = JKCD

IF (VPASS.AND.(.NOT.VTRY)) GO T0 10

CALL 2ZRPQLH (NN
CALL ZRPQLE (CITY
R}H VvV = Vv
0SS =« 55
oTV = TV
0fs = TS
40 CONTINUE
RETURN
END

SUBROUTINE ZRPQLC (UU,VVY,N2)

INTEGER NZ
DCUBLE PRECISION  UU,WV
INTEGER N,NN,J, I, ITYPE
REAL
DOUBLE PRECISIO
DOUBLE PRECISIO SR,S1.U,V,RA,RB,C
A6,A7,E,
ul, VI.Z:RO PTOI;ONE
LOGICAL TRIE
COMMON ~ZRPQLJ~/ P.QP RK,QK,3VK,5R,S1
1 A7,E.F,0, H,SZR, SZI.P
DATA ZERO. PT01,UNE/0. 0D0,

NZ = §

TRIED = .FALSE.
U= uu

V=V

J =0

5 CALL ZRPQLI (ONE,U.V,S5ZR,SZI,R

RECOMPUTE QP AND SCALAR VALUES T0
CONTINUE THE SECOND STAGE
'pP QP.RA,RB)

SPECIFICATIONS FGR ARGUMENTS

SPECIFICATIONS FOR LOCAL VARIABLES

ARE,EE, ETA, OMP,RELSTP, RMP, RMRE, T, ZM
P(lOl>.QP(101\.RK(10}:.2K(1§1).5VK(101)
SR, a2 T RLZR. RL2I,

FIRST EXECU

VARIABLE-SHIFT K-POLYNOMIAL
ITERAT.ON FOR A QUADRATIC FACTOR

ALMOST DOUBLE REAL ZERD ATTEM, 950
QUADRATIC INTE ON 970
- 980

9940
000
RESTORE VARIABLES 010
Ce . . 920
03

05

. TRY QUADRATIC ITERATION 'F IT HASY 06
NOT BEEN TRIED AND THE V SEQUENCE 07
IS _CONVERGING 03

J,V,RA,RB,C,D.A1,A2, AS A 6,
R,RLZI,ET A ARE RMRE , N
0100,1.CD

ABLE STATEMENT

OO OO0 OO OCODO0O000O00000OCOTAOOIIOO0OOO0DO0O00D

N=OCHM~NOMENNHOOM LA LDRNT~ OO IAD LN~ OO

== - - - - - - - - - - - - - - - - - - - -y - - r-r-r-y-y-y-y -y -y-y-f-¥-J-J-7-% 1]
[ et Rt €0 Gt L €t L0 16 Lt Gt L0 0 L8 L0 (L K00 Bt 8 Lt K0 60 K €08 8 L9 £ 00 (L (A €0 L0 Co 00 08 0 L (00 38 €0 8 00 Gt Ut L S0 (A G (0
DND LD DA AN A Lo At et N DS AI NI N DD PSR B 1) 9= 00 32 g o 3ttt 40 = & O

CO0O0COO000000000000VO0CO00000000C000000000000000C0000

OO0 0000000000000 0ON0DLOO0COOI0O0O000O0O00LOO0RD00000000DODO

CONVERGES ONLY IF THE ZEROS ARE 30
EQUIMODULAR OR NEARLY SO 664
Uu,vw - COEFFICXENTS OF STARTING 36450
QUADRATI 56460
NZ - NUMBER OF ZERO FOUND 36479
036480

00036490

00036500

00036510

IN LOUP 00036520
IR, RL21 00036530
TURN IF ROOTS UF THE QUADRATIC ARE 00036540
REAL AKD NOT CLOSE TD MULTIPLE OR 00036550
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T T T T T Ty T T T Y T T S Ty T T N T T T T R T ST NI
2
.:‘
I'\
o~
‘l NEARLY EQUAL AND OF OPPUSITE L{GN 00036560
o IF ¢ DABS(DABS(SZR)-DABS(RLZR)).GT.PTOIMDABSCRLZR)) RETURN 00036570
i, EVALUATE POLYNOMIAL BY QUADRATIC 000356580
. SYNTHETIC DIVISION 00236590
o CALL ZRPOLH (NN,U.V,P,QP,RA,RB) 00036600
o RM® = DADBS(RA~ sznrn +DABSCSZINR 00036610
j c conpura A RIGOROUS BOUND ON THE 00036620
] c ROUNDING ERRORP IN EVALUTING P 00036630
. ZM * SQRT(ABS(SNGLLIV)) 00036660
o Ek = 2,*A3IS(SNGL(NP(L) ) 00036650
o T = -SZR¥RS 00036660
o DO 10 1=2,4 00036670
_ 10 EE 2 EE¥ZM+ABS(SHILIGP(I))) 00036630
" EE = FEZM#ABSCSNGL(RAI®T) 00036690
' EE = (5, ¢RMRE+4 . XARE)XEE=( 5, ¥RMRE+2, XARE) NCABSCSNGLIRA)I4T) ¢ N0036700
1 ABS(CNGLIRI)INZM) +2, KAREXAAS(T) 00036710
R ¢ ITERATION HAS CONVERGED SUFFICIENTLY 00036720
- ¢ IF THE POLYNOMIAL VALVE 15 LE3S 00036730
“ ¢ _ THAN 20 TIMES THIS BOUND 00036740
e IF (RMP.GT.20.%EE) GO TO 15§ 09034750
i N2 2 00036760
“ RETUZN 00036770
: 15 J = J+ 00036780
-i c STOP ITERATION AFTER 20 STEPS 00036790
- IF (J.GT.20) RETURN 00036300
O IF (J.LT.2) GO VO 25 00036810
“a IF (RELSTP.OT..01.0R.RMP.LT.OMP.OR,TRIED) GO TO 25 00036820
. o A CLUSTER APPEARS TO BE STALLING THE 00036830
o c CONVERGENCE. FIVE FIXED SHIFT 00036840
X, ¢ STEPS ARE TAKEN WITH A U,V CLOSE 09036350
c 3 TO THE CLUSTER 00036860
IF (RELSTP.LT.ETA) RELSTP & ETA N0036870
, RELSTP = SQRT(RELSTP) 60036880
o U = U-URELSTP 00036890
o\ V 2 VeUXRELSTP ‘ 00636900
. CALL ZPPOLH (NN,U.V,P,QP,RA,RB) 00034910
N DO 20 I=1,5 00036920
3 CALL ZRPALT (ITYPE) 00036910
| CALL ZRPQLF (1TYPE) 00036940
. 20 CONTINUE 00036950
'~ TRIED = .TRUE. 00C36960
N J= o 00036970
S 25 OMP = RMP 00036940
. c CALCULATE NEXT K POLYNOMIAL AND NEW 00036990
N c U AND V 00037000
. CALL ZRPQLE (ITYPE) 00037010
- CALL ZRPQLF (1TYPE) 00037020
) CALL ZRPGLE (ITYFD) 0063/030
CALL ZRPQLG CITYPE,UI,VI) 00037040
c IF VI 15 ZERO THE ITERATION 1S NOT 00037050
o c CONVE?3ING 000370¢0
" IF (VI.EQ.ZERD) RETURN 00037070
- RELSTP = DABSC(VI-V)/VI) 0003080
" U= ul 00037090
R v = VI 00037100
| GO TO 5 00037110
END 000357120
c VoU37130
- c 0U037140
. o 00017150
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SUBROUTINe ZRPQLD (SSS,NZ,IFLAG)

00037160
°tf\ c SPECTFICATIONS FOR ARGUMENTS 00037370
4 INTEGER NZ, IFLAG . 00037180
yﬁso DOUBLE PRECISION S$ 00037190
- (3 SPECIFICATIONS FOR LOCAL VARIABLES 00037200
Y INTEGER N,NN,J, I 00037210
e REAL ARE, EE, ETA, OMP, PHP.RMS.RMRE 00037220
”;] DOUBLE PRECISION  P(101),QPC101),RK(101),QKCI01),SVKC101) 00037230
DOUBLE PRECISION  SR,SI,U,V,RA,RB,C.D,A},A2,A 00037240
: 1 A6,A7,E,F,G,H, 528, SZI,RLZR,RL2L, 00037250
2 PY,RKV,T,5,ZER0.PTC0) 00037260
& ) CIMMON /ZRPQLJ/ P,QP,RK,QK,SVK,SR,SI,U,V,RA,RB.C,D,A1,A2,A3,46,00037270
iy 1 A7,E,F,G,H,SZR,S"1,RLZR,RLZT,ETA, ARE,RMRE, N, NN 00037280
Lt DATA ZERO/0,0D0/,PT00!70,001D0/ 00037290
c .. - v -~ VARIABLE-SHIFT H POLYNOMIAL 00037300
' ¢ ITERATION FOR A REAL 2ERO 5SS - 00037310
¢ STARTING ITERATE 00037320
e c NZ - NUIIBER OF ZERO FOUND 00037330
Lo < ... IFLAG - FLAG TO INDICATE A PAIR OF 00037340
' ."o. ¢
' ; ZEROS NEAR REAL AXIS 00037350
A ¢ FIRST EXECUTABLE STATEMENT 00037360
b NZ * 0 00037370
N S = 535 00037330
. IFLAG = 0 00037390
Js 0 000237400
MAIN LOOP 00037610
5 PV 2 P(1) — 00037420
EVALUATE P AT S 00037430
X QP(1) 2 PV 00037440
% DO 10 Ix2,NN 00037450
P PV 2 PYKS+P(I) - - . 00037460
- QPF(I) = PV 00037470
N | 10 CONTINUE 00037480
e RMP = DABS(PV) 00037490
o ¢ COMPUTE A RIGOROUS BOUND ON THE . 00037500
. ¢ ERROK 1w EVALUATING P 00037510
P RMS = DABS(S) 00037520
v EE = (RMRE/(ARE+RMRE))I®ABS(SNGL(QP(11)) 00037530
o DO 15 I=2,HNN 90037540
o 15 EE = EEXRMS+ABS(SNGL(QPCI))) 00037550
:9§3| c xTERATroN HAS CONVERGED SUFFICIENTLY 00037560
L; o C F THC POLYNOMIAL VALUE IS LESS 00037570
N c HAN 20 TIMES THIS BOUND 00037580
D IF (RMP GT.20.X(C(ARE+NMRE)HEE~ RMREIRMP)) GO 10 20 00037590
v N2 09037600
o SZR ! 00037610
vy szl = zsno 00037620
f . RETURN 00037630
T | 20 0 = J# 0003°¢a0
L7 c STOP ITERATION AFTER 10 STEPS 00037650
TN IF (J.GT.10) RETURN 0N03764N
SN IF (J.LT.2) GO TO 25 00037570
Loais IF (DABS(T).GT.PTOOIXDABS(S-T).OR.RMP.LE.OMP) GO YO 25 00037680
A c A CLUSTER OF ZERDS NEAR THE REAL 00037690
e c AXIS HAaS BEEN ENCOUNTERED RETURN 00037700
. c WITH IFLAG SET TO INITIATC A 00037710
r..ai € QUADRATIC ITERATION 00037720
L A0 IFLAG = 1 . 00037730
A 555 5 § 00037740
- RETURN 00037750
. )
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PRI T T R R TANKI T

1
+C.D,A1,A2,AS,
TA,ARE,RMRE, N,
.CULATES SCALAR
S USED TO COMPUTE THE

OLYMOMIAL AND NEW
ESTIMATES OF THE QUACRATIC

COEFFICIENTS
ITYPE - IMTEGER VARIABLE SET HERE

b4
2
E

LA b M
1

»

L

R

0
3
R
I

THE NEXT POLYNOMIAL,
¢
R
R
L
|

RECURRENCE IF THE VALUE OF K AT §
174

INCREASED SIGNIFICANTLY
15 NONZERO

COMPUTE T,
THE NEW ITERATE

RETURN IF THE POLYNOMIAL VALUE nAS
1978

BTk A M ATY CF T e
USE THE SCALED FORM QF THE
USE UNSCALED FORM
SPECIFICATIONS FOR ARGUMENTS
SPECIFICATIONS FOR LOCAL VARTABLES
1
A
A
zZ
c

Z «ONga W
Tl o =CF
~Of s DEND -~
o N <o I

- [BM/DOUBLE
1TYPE

=~ JANUARY 1,

Cate” 2R M ERIR KA
- ZRPQLE

K(I=1)+4QP(I)
(RKV).GT.DABS(RK(N))N]1Q.XETA) T = ~PY/RKY

AN BN XXM N
a Wieq +
1~ ~AD ~OY~SenIENOND

vd e
RKV = RKVMS+RK(X)

QK(I) a RKV

50 CONTINUE
IF CDABS(RKV).LE,DABSC(RK(N))%10.KETA) GO TO 40

SUBKROUTINE ZRPQLE (ITYPE)

INTEGER
INTEGER

REAL
DOUBLE PRECISION

RKYV s RK(1l)
QX(1) = RKY

DO 30 I=2,N
TOUBLE PRECISION
COMMON ~72RPalJs

OO XOXXKXOXE—NOW

IMSL ROUTINE NAME
LATEST REVISION

COMPUTER

LAl o who n
” F Ty N

P L Y T L L L Y e L T L LA R P L P P P P R L L L L

25 OMP = RMP
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TO AVOID QVERFLOW
1),5VK(101)
E
D
A

THE CALCULATIL..
3N OF K BY THE

STATEMENT

oW
ED
51
v,
LE

INse -m

? CATES THAT ALL FORMULAS

22 INDI
ARE DIVIDED BY D
USING SCALARS COMPUTED IN ZRFQLE

FIRST EXECUTABLE SYATEMENT
SPECIAL FORM OF THE: RECURRENCE

ALMOST A FACTOR OF X
$ IF C(DABS(D).LT.DABS(C)) OO TO 10
ARE DIVIDED BY C

00.mETA) GO T0 §
TYPE=3 INDICATES THE QUADRATIC IS

TYPEx1 INDICATES THAT ALL FORMULASZ
SPECIFICATIONS FOR LOCAL VARIABLES
(1
) A
R,
RA
Lz
COMPUTES THE NEXT X POLYNOMIALS
IF Al IS NEARLY ZERO THEN USE A

SPECIFICATIONS FOR ARGUMENTS

TYPE
R

[ 4}
o
-
o
o
—~
-
-
L 1
»
Ot
~O X

o DI - -
i e AU O
ARSrtmgre o o
T ~-ONIAL WO
Ztiet o aC O
AL LD arelJ
X NIAL <IN

ITYPE
DABS(Al) .GT.DABSCTEMP)IXETAX10.) GO TO 10

(RA+G)XE+HN(RB/D)
ITYPE.EQ.3) GO TO 20
ITYPE.EQ.1) TEMP = RB

RBXF-RA
(F+U)uRA+H

RN
® RARE¢(H/C+G)XNRD

*= R3-RAN(D/C)
= RA+GXD+HMF

s RA/D
s CrD
s UNRD
s VHRB
4

 §

| 3

1]

P

= RAZC
s D/C
s UKE
= YNRB
URN

>
oY) P W -
LILOX (IO

3
1
?
E
N

T
END
SUBROUTINE ZRPQLF (ITYPE)

INTEGER
INTEGER

REAL
DOUBLE PRECISION

RETURN

ITYPE = 2

€

F

o]

H

A

A

A

R

E

DOUBLE PRECISION
COMMON 7ZRPQLJ/
DATA

IF

TEM

IF

IF

<
-

LS 28 ) (S48 v O O VUL ¢y
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S I R ERVIIIE
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Y

). SVK(iol)
)
A

QUADRATIC COEFFICIENTS USING THE
17¢

SCALARS COMPUTED IN ZRPULE
USE FORMULAT APPROPRIATE TO SETTING

IF TYPE 15 3

OF TYPE.
FIRST EXECUTABLE STATEMENT

WOd -« NN

O ~AON « =\
X~ » - OAXITO
@A™l - -0
P o aps 2O

USZ LCALED FORM OF THE RECURRENCE
USE UNSCALED FORM OF THE RECURRENCE
EVALUATE NEW QUADRATIC COEFFICIENTS.

SPECIFICATIONS FOR LOCAL VARIABLES
1
A
M
A
4

SPECIFICATIONS FOR ARGUMENTS
Q
A
L
v
4
COMPUTE NEW ESTIMATES OF THE

QK(I=2)-A7KQP(2-1)+QP(])

MWirdod Pt & @ n
X CNGIAL WO —
Uit « o« . CF ~Of
O wr DT oW (=] =]
ZILONICIR IN Lo od

ITYPE

- JANUARY 1, 1978 |
Uy, vv

- ZRPQLO
- 1BM/DOUCLE

=Zx we
(=] =]
—eoe
(721, ]
e
(S1%)
arul

.38 - 1

AINQK(X-2)-A7NQP(1-1)
)
I~A7%QP(1)

-ATXQP(L)

N
UrnCevud

AW {]

Q

Q

g

X
+0)AF4H
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SUBROUTINE ZRPQLG (ITYPE.UU,VV)
DOUDLE PRECISION

R

R

INTEGER

REAL
DQUBL
DousL
COMMON /ZRPQLJ/
P
P
+
4
0
A
+

INTEGER

DATA
F
F
A
L)
0
%

5

s
a
123
a
4
3
.
®
I
2
z
2
1
IMSL ROUTINE NAME

- o~

LATEST REVISION

COMPUTER
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c CALCULATE THE 2EROS OF THE QUAURATIC 00040160
c ANZNN2 ¢ BINZ ¢ C. THE QUADRATIC 00040170
c ... FORMULA, MODIFIED TO Avnxn 00040130
c OVERFLOW, IS USED TO FIND THE 00043190
c LARG!R zeno IF THE ZEROS ARE REAL 00040200
¢ AND BOTH ZERQS ARE COMPLEX. 00060210 ,
¢ e N THE snALLzR REAL ZERO IS FOUND 000460220
¢ oxuecrLY FROM THE Pnonucr OF THE 00040230
¢ ZEROS C/A 00040240
¢ FINST EXECUTABLE STATEMENT 00040250 .
p _IF (RA,NE.ZER0O) GO 10 10 . o 00060260
M SR = ZERO 00060270
4 IF (B1.NE.ZERO) SR = -C/B} 10060280
¢ RLR ® ZERO 00040290
4 5 SI s 2ERO . e e s - 00040300
: RLI = ZRR0 00040310
' RETURN 00040320
. 10 IF (C.NE.2ERO) GO TO 15 00040330
" . SR = ZERO . L. L 00040340
' RLR = -Bl/RA 00040350
! G0 10 S 00040360
\ c COMPUTE DISCRIMINANT a/OIDING 00040370
N ¢ . OVERFLOW . 00040380
D 15 RB = Bl/THO 00040390
£ IF (DABS(RB).LT.DA3S(C)) GO 7O 20 00060400
\ € * ONE~(RAZ/RBIN(C/RB) 00040410
N c = DSQRT(DABSCE))XDAbS(RS) . 00040420
) G0 1O 25 00040430
. 20 € = RA 000406440
; IF (C.L7.2ERO’ & = -RA 00040450
. E = RBNLRB/DABS(C))-E L ~ 00060460
) D = D3QRYCDABSCE))XDSQRTIDABS(C)) 00040470
l 25 IF (E.LT.ZZRO) GO TO X0 000460480
c REAL ZEROS 00040490
. IF (RB.GE.2ERD) D » -D L 00040500
. RLR = (-RB+DI/RA 00040510
" SR s ZERD 00040520
“ IF (RLR.NE.ZERO) SR = (C/RLR)/RA 0u0r 0530
. GO T0 $ 000640540
c COMPLEX CONJUGATE ZEROS 00040550
‘ 30 SR * -RB/RA 00040560
: RLR = SR 00040570
. 5i 2 JABS(D/RA) _ 00040580
y RLI s =$] 00040590
\ RETURN 00040600
> END 00040610
N c . 00040620
N ¢ 000640630
| c 000646640
¢ . SUBROUTINE LEQ2C (A.N,1A,B,M,IB,IJOE,HA,NK, IER) ggg:ggzg
’ COMPLEXX16 ACIA,1),B(IB,1),HACH, 1) TEMPA, TEMPY, TEMPC 00040670
’ DOUBLE PRECISION  WK(N).TAC2),TBC2),TC( 0006U6A0 :
y DOUBLE PRECISION  &R,Al,BR,BI, cn.c:.uxuonn XNORM, ZERO 00060690
’ DOUBLE PRECISION  ACC(2) 00040700
s EQUIVALENCE CTACY), TEMPA), CTBCL), TEMPB), CT2C1), TEMPC), ¥0040710
\ X (TAC1),AR), CTAC2),AI),CTBC1),BR),CTBC2),01),  0004u720
' X (TC(1),CR).(TCC2),CI) 00040730
) DATA ZER0/0.0D0/ , 00040740
. DATA ITMAX/ 50~ 090640750
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Q) GO TO 8

.GE.

IMAX a |

Q
CONTINUE

SUM s SUM-ArI,KINALK,J)
CONTINUE
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45"
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INTERCHANGE ROKWS J AND IMAX
_DIVIDE BY PIVOT ELEMENT UCJ,J)

.EQ. RN) GD /0 i08
IMAX) GO TO 640
N) GO TO 70
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Q
J .EQ.
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SOLVE LY = B FOR Y

SOLVE UX = ¥ FOR X

s JINBCI,K)
.NE. ZERO .OR. T(2) .NE. ZERO) IHW = [

. 1) GO TO 9008
.GT. N) GO YU 93

X Ew ONw <D

a2 NI=-IW
SUM = B(1.K)
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Cxx N 00000030
CX X PROGRAM SAMCJ HUN 00000040
Cikx 119 ] 00000050
Cxa STRENGTH ANALYSIS OF MULTI-FASTENER COMPOSITE JOINTS NN 90000060
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|

M

c 00002360
c TOP PLATE 00002370
c 00002580
WRITE(6.689) 00002390
689 FORMAT(' ENTER NUMBER QF GRIDS IN TOP PLATE") 00002400
READ(S, %) NGP1 000026410
HRITE(6,371) NGP1 00002420
* 371 FORMATC/,* ENTER *,I8,*' GRID POINTS ARY A 00002430
n! \FT4 00002440
#' FORMAT: GRID ID, X AND Y COORDINATES ') 00002450
DO 603 1=1,NGP) 00002460
READ( S, M) NGRID(1),GCOORD{I,1),GC00RD(1,2) 00002470
603 CONTINUE 0000248 -
c 00002490
c BOTTOM PLATE 00002300
c 00002510
WRITE(6.633) 00002520
683 FORMAT{® ENTER NUMBER OF GRIDS IN BOTTOM PLATE') 00002530
READ(S5, %) NGP2 00002540
hOTOT=NGP] #NGP2 00002550
HRITEC6,371) NGP2 040002360
HPY=NGP1+]) 00002579 .
DO 604 I=NP1,NOTOT ogqonasso '
READCS, %) NGRID(I),GCOO0RD(I,1)3,GC00RD(X,2) 00002590
604 CONTINUE 00002600
WRITE(6.,383) 00002410 i
883 FORMAT(/,' ELEMENT DESCRIPTION:®,/) 00002620
HRITE(6,399) 00002430
399 FORMAT(/,'® 1,7, 00092640
' PLANAR ELEMENTS ARE NUMBERED 7, 00002630
%t CLOCKWISE AS SHOWN:! 4,27, 00002660
ol N2 N3 47, 00002670
ut NS A 00002680
ut N1 NG 0/, 00002690
X! Y, 00002700
%* ELEMENT TYPES ARE DESIGNATED AS FOLLCWS! Y/ 00002710
LN 27, 00002729
! 4 NODE PLAIN CLEMENT TYPE NO. 1 ) 00002730
' 5 NODE LOADED MOLE ELEMENT TYPE NO. 2 Y4y 00002740
¥' 4 NODE QPEN HOLE ELEMENT TYPE NO. 3 Y/, 00002750
nt U 00002760
n! '/, 00002770
#' (NOTE: ENTER N5:0 FOR FOUR NODE ELEMENTS) ', /) 00002780
WRITE(6,191) 20002790
191 FORMATC(' ENTER NUMBER OF ELEMENTS IN TOP PLATE") 00002800
READCS, %) NEL) 00002810
M 474 Isl,NELL 00002820
WRITEC6,388) 1 000028350
3588 FORMAT{' FOR ELEMENY NO*,15,/, 00002840
#' ENTER' ELEMENT ID,N1,N2,N3,N4,N8,ELEMENT TYPE') 00002850
READ(S,%) (NELCONCI,J),J*1,6),NELTYP(]) 00002869
DO 591 IL=2,6 00002870
1C=0 00002880
HELCHACI, 1)sNELCON(I, 1) 00002890
D0 592 KL=1,NGP1 09002900
TIFC(HELCONCT, IL) . EQ. HGRID(KL)) ICx1 00002910
JIFONELCGNCI, IL) . EQ.HGRIDIKL)) NELCNACI,IL)=KL 00002920
IF(IC.EQ.1) GO YO 591 00002930
592 CONTINUE 00002940
591 CONTINUE 00002950
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4027 FORMAT(' GROUPING OF PLAIN ELEMENTS:?) 000065
N=NPL(2) 000055

DO 4031 I=1,N 0
WRITE(6,4032) 1 0

\ 4032 FORMATC' ENTER NUMBER OF ELEMENTS IN GROUP NUMBER',13) 0
READ(S, ¥) NUMPL(2,I) 0
N1=hUMPL(2, 1) 0
WRITECS,4033) N1 0

4033 FORMAT(' ENTER',I8,' ELEMENT IDS*) 0
READCS, ¥) (MGPLL2,T,4),J%1,N)) 0

4031 CONTINUE 0
4076 CONTIMUE 0
3013 CONTINUE g
0

0

0

0

0

0

0

0

0

r
-

7

3737 FORMAT(/,!
DO 226 Kzl
TF{CMC

HRITE(6,3737)
éNPUT DATA FOR FAILURE ANALYSIS:',/)
K c
HR!TE(?
L

!
5
T

) gi Ec) 60 TO 2226

" ENTER FIBCR ULTIMATE STRAIN VALUES ',/,
ATE NO *.18,/,

X EPSILON ULT IN COMPRESSION ',/,

') EPSILGH ULT IN TENSION *,7,

532 FORMAT

£
' [N P E

N GAMMA ULT IN SHEAR ',7)
READ(S, %) (LTULTCI,K).I21,3) 0
60 T0 2227 0
2226 GONTINUE 0
WRITE(6,2229) 0
2229 FORMAT(' ENTER METALLIC STRENGTHS: !',/, 0
' TENSILE STRENGTH ',/, 0
X'  COMPRESSIVE STRENGTH *,/, 0
MY  SHEAR STRENGTH') 0
READ(S, 2) STM(1),STM(2),5TM(3) 0
2227 CONTINUE 0
WRITE¢A,4056) 0
4054 FORMAT(/,' AN AVERAGE STRESS CRITERIA IS USED Y0 ',/, 0 70
%' PREDICT FAILURE, AU VALUES ARE REQUIRED AS ',/, 0 91
#' CHARACTERISTIC DISTANCES OVER WHICH STRESSES',/, 0000692
%' ARE TO BE AVERAGED AND COMPARED TO UNNOTCMED',/, €000693
%' LAMINATE STRENGTHS TO PREDICT FAILURE',7) 00006940
HRITE(6,5432) K 03006950
5652 FORMAT(' ENTER AD VALUES FOR $STRESS AVERAGING',/, 00006960
' FOR EACH FATLURE MODE IN PLATE NO',IS,/, 00006970
» AOHT = NET SECTION '/, 000606980
' AOBR 2 BEARING '/, 00006990
Nt A0SO = SHEAROUT ' 00007000
READCS, ¥) AQOHTCK),AORRCK),ADSOCK) 000070610
226 CONTIHUE 00007020
c c0007030
c CASE HEADING 00007040
¢ 00007050
WRITE(6,103) 00007360
143 FURMAT(///,10%, 'PROGRAM SAMCJ',s/) 00007070
IF(HSDLS . EQ.1) WRITE(6,635) 00007030
IF(NCDLS . EQ.2) WRITE(6,634) 00007050
633 FORMAT(2X,'A SINGLE LAP SHEAR PANEL WILL BE ANALYZED',/) 000067100
634 FORMAT(2X,'A DOUBLE LAP SHEAR PANEL HWILL BE ANALYZED',/) 00007110
IFCLTHCM.EQ.1) MRITE(6.823) 00007120
IFCLTHCM.EQ.2) WRITE(S,824) 00007130
823 FORMAT(2X,'LOACED IN STATIC TENSION' /) 00007160
826 FOKMAT(2Y 'LOADED IN STATIC C 0007150

OMPRES3 CN',/) 0
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DO 2641 I=1,2 00007160
WRITE(C6,600) 1 00007170
600 FORMAT(10X, 'PLATE NO *,15,' '',7) 00007180
WRITE(6,601) (MTLCI,J},J%1,15) 00007190
601 FORMA1(2X,15A4,7) 01007200 oy
WTENELPLSCT, 1 s XPLYTHKC(T, 1) 00007219 RN B
WRITE(H,6917 EICI),E2¢1),612¢1),V12¢I),V21(1) 00007220 SR
691 FORMAT(2X,'MATERIAL PROPERTIES',/,/, 00007230 i
®10X, 'El  *',D9.3,' PSI',/, 00097240 Bl
®10X,'E2  =',D9.3,' PSI',/, 09007250 i IR
W10%,'Gl2 »+,09.3,* PSI',/, 00007269 s
¥10X, 'HU123°,09.3,/, 00007270 T A
*10%, 'HU212',D9.3,7) 0v007220 KT
241 CONTINUE 000072990 =L
WRITE(&,606° 00007390 i+ Gy e
606 FORMAT(19X,'FASTENER DESCRIPTTON:',/) 00007310 N
WRiTc(8,607) (MTUL3,d),d21,15) 90007320 ey
607 FOIMAT(2X,15 &,7) 00007330 b Y
MRITE(G,47°Y FASD 00007340 R
478 FOKNAT(2X,' J{AMITER ® *,D9.5,' INCHES',/) 00007350 : -
WKITE 5,607 FASE,FASV 00007360 o
609 FORMATC2X,* MATERIAL PROPERTIES',”,/ 00007370 . .
A10%,'E 20 [ .5, ' PSI',/, 00007389 L
X10X, 'MU=",09.3,/) 000¢7390 L Aoy
708 CONTINUE 00007400 kgﬁ@g;
HRITE(6,922 60007410 £ viné
723 FORMAT(. ., 10X, 'FATLURE ANALYSIS',/) 00607420 Ay
. WRITE(6,558 . 000074356 AV
558 FORMAT(2X,' N AVERAGE STRESS CRITERION WILL BE USED',”) 00007440 M O,
DO 631 I:1 ¢ 00007450 e
WRITE(6,532) 7 00007660 g
632 FORMAT(2\,'’LATE NUMBER',I5,7) 00007470 i
NPEHUMPLY(1) 00007430 2 S
TF(CMCT LIE.Ci'.) GN TH 3112 00007490 sl
HRITEC6.712) 00007500 NS
713 FORMAT(/,2X,'FIBER STRAIN ULTIMATES',.) 00007510 it
776 WRITE(4,67°) (STULTCLL,1),LLal,3) 00007520 AV
677 FORMAT &X,'EPSILON ULT COMP = *,D9.83,7, 00007530 #5]
«2X,*EP,ILCH ULT TEN = ',D9.3,/, 000075490 )
#2X. 'GANMA LT SHEAR = ',D9.3,7) £6007550 YA g
- GO TO 5113 00007560 < voc 28
: 3112 CONTINJE 00007570 b
WRUTEC, 314 %) 00007520 N
3116 FIEMAT(Y MUTALLLIC STRENGTHS ', /) 00007590 ey
WRTTE(S,3155) 5TMC1),STM(2),STMC3) 00007600 )
3115 FORMAT(2X, 'TENSGILE STRENGTH x 1,09.3,/, 00007610
+2x, 'COMPRELSIVE “TRENGTH » *,D9.3./, 00007620
A7x, VEHEAR L TRENGTH s 1,89.3,7) 00007630
3113 GONTINUE 00007640
FRTTECG, 150 5) 0U007650
1565 FOFMATC/7,' CHARACTERISTIC DISTANCES',/) 00007660
WRITE(6,5664) ADNT(I),AOBRCI),A5D0¢ 1) 00007670
564 FORMATC' AONT = ',D9.3,' INCHES®,/, 00007680
¥ £9BR = *,D9.3,' INCHES',/, 00007690
X' A)30 = ',D9.3,' THCHES'.s) 00007700
. 631 CONTINUE 00007710
“ g 000u7720
¢ THE JOINT LOAD DISTRIBUTION IS CALCULATED USING THE 00007730
c FINITE ELEMSHT METHOD WITH SPECIAL PROBLEM-ADAPIED 00007740
¢ ELEMENTS 1MICH EFFECTIVELY REPRESENT THE STIFFNESS 00037750
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s s T GAA AL R E | s W iy WA B M T G U W P T PR | W T W W PRGN VRN W W I RATER WP WP LR LR Y

PROPERTIES OF FASTENERS, LOADED HOLES, AND OPEN
HOLE REGIONS IN THE JOINT

INTERNAL APPLIED LOAD SET TO 1 KIP
APP=1000.0

IFCLTNCM.EQ.2) APP=~APP
NELTOT*NEL1+NEL2

NGTOT =NGP1+NGP2

INITIALIZE ARRAYS

DO 1 121,50
DO 3 J=1,4

QOOO00
L= O D~
=X-Y-r-Y-X-X-1-J

OO0
N NN NN NN NN NN NN

Lad * ]
m
Lol
3

S
ANR

0000000000000 OD0O00000000
COO0O0O0O0I00ID000O000O00O0OO0D
AV DV DO DD L OO O00s 000000 I~

NI RLDULNCOOINC VDN OINNEAD

©
L. )
a :
TSRO N s B 4 e
o000 0000000000C O0DDO0IOROOO

oLS

CALCULATION OF EFFECTIVE FASTENER ELEMENT
STIFFNESS MATRICIES

WRITE(6,8418)
8418 FORMAT(/,' PAUSE FOT STIFFNESS MATRIX CALCULATIONS',/)
NLOOP=NEF(1)
DO 4644 121 ,NLOOP
HEL sNGEF(1.1.1)
DO 5001 II=1,NUMF
500! IF(NCL.EQ.MEISASCII,1)) IEl=lZ

SEARCH FOR '.JADEN HOLE ELE“ENTS CONNECTED ..
FALTENER ELEMENT

NTOP=(Q

0OO0COO00DO00000D0O0COO0O000DOOCOO00D

CPOBOIOIDI OB 0P ~3 NN

[glslely]

COoOO00O00000O00O0000000

OaO00

cm
- -

c43 1FCNE ). EQ.NELCON(J,6)) NTOPsJ

=z
FOU™WT e

TOT
.EQ.NELCON(J,6)) NBOT=zJ

L
Gué IFCNE )
g.LYPN(NTOP))
P

—~r—r-
mwowm-

910 IPLY(
H(2):=
00 11
115 IPLYC

INITI

TCL,LYENULNTOP), JJS)
S(2,LYPHINGAT))

8oOT)

» 50

NELPT(Z2, LYFNC(NBOT), JJJ)

PARAMETERS FOR COLLOCATION

—Z-

s LTI LXZ s
P N il Relinia b B
N Z T4 et ZVMbre M

]

n

~ L MretC ~wT —
[ Calm = el = I DDl

b3

M NEAM~OCRMSZ e
coooaoaoccaoacoaooaooaoc:aonoocaoaaooooooooooooaoocooosoooooa

0000000000000 NO0UD "TO000000000000C00
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c BEARING

ANBREABR/FLOAT(NAVD)
DO 41 I1I=1,NAVD
ICeIC+]
XOUT(1C) 2504 (AX+ANBR/2. +¢1T-1)KANBR)
. YOUT(1C) =0,
41 CONTINUE

ADD COORDINATES ALONG WHICH ELEMENT LOAD
RECOVERY WILL BE COMPUTED

Dg !éSZ Ills1,10
F(KY 1) XOUT(1C
Ut :

-~

BNAMPILIN OV NOIAL (N O NAL D PO DN

OO0 000000
CO00O000000000000OPO00CO0YeD0O0C900

O b P G P D Pt P B et b Pt

anno

L} .1'Ax
.2) XOUT() , 1 HAX
a((ycc2)-vC 0)X0SSX(IIL)+CYCL2)+YC(1))r2.0D0

STRESSES ARE SIMNGULAR AT THETA = 180 DEQ OR Y = 0

IFCDABSCYOUT(IC)) . LT.0.91) YOUTCIC)sYQUT(IC-1)
32 CONTINUE
1 CONTVINUE
NSTSsu#NAVD
NOUT =G (NGAUSSHNZ)

CALCULATION OF LOADED HOLE, UNLOADED HOLE, AND
PLAIN ELEMENT STIFFNESS MATRICIES

THN*DARCOS(=1.CD0)/FLOATCNGP)
NNs1EL

L
DO 410 J=1,NRNK
NOPT428
NT =7

NCLL=10
NBs8244xNCLL
HTsHCKJIRNPLY(KY)
HCA3E=J
NTYPE=NELTYP(IEL)
CALL MQEO(HT,W,AST,J,NN,KJ,NEL,NCLL)
CALL MCIR(HW,AST,NN,J,NCLL)
PHI=0.000
H1.KJ)

CALL AMATR P
CALL FIGEO PHI,KJ,NOPT4,NCLL)
L T,H,NRNK, J,KJ,NN,NOPT)

ICsICe+l

IF(KJ.EQ 1=XC(3)+0
IF(KJ.EQ ¥sXCf1)-0
YOuT(tC) (1))72.0D

(21219
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X(H,
M(H,
CALL IHFLNCWGH
g CONTTNUE

CONTINUE

¢
c COMPUTE ELEMENT FAILURE VALUES BASED
g OH MAXIMUM FIBER STRAIN ALLOWABLES

HT=H(KJIXNPLY(KJ)
IFC(NELTYP(1EL).EQ.2) CAL
IF(NELTYP(IEL).EQ.3) CAL
IFCISLH.EQ.0) GO TO 4040
HL sHUMLHCKS , HCLHD
IFCNL,.EQ.1) GO TO 400
DO 60641 K=2,NL
DO 60642 LL*),NILTOT

6042 IFCHGLHC(KJ,NCLH,K) . EQ.NELCONCLL,1)) IEL2sLL

L SMAX(HT,KJ,1
L3

£L)
MAXCHT,KJ, TEL)
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[c2=1
SUMUL=20.0D0
SUMV1=0.,0D0
SUMyY2=0.0D3
SUMV2s20.0D9
NADD=0
IF(NOPTG , EQ.1) GO TO 1198
IF(NTYPE . NE.2.0R.NCASE.OT.4) GO TO 119¢
HADD=SXNCUL
NIC=1
DO 197 l121,HADD
XOUT(NOUT#NSTS+I1
197 YOUT/HOUT#NSTS+11
NADD
00

Dl

MHeNOUT+NSTS+
XOUT(MH+1)2AX
YOUT(Mi+1)20.0
XOUT(MN+2)=0,000
YOUT(MN42)u=AK
XOUT(MH+3)2AXXDCOS(1?77
YOUT(MH+3) s AXXDSINC]
XQUT(MH+4)20.0D0
YOUT (MH+a) sAX
NADDE=NADD+4
GO0 TO 1198

1196 C HTINUE
NAOD:S

L ]

ICs2
MN=NOUT+N
DO 199 1!
1 MeS=-111
XOUT(MH+T
YOUT(MM+T
199 CONTINVE
MHsMN+&
XOUT(MN+1)sAX
YOUT(MN+1)20.,0D0
XQUT(MN+2)20,0D0
YOUT(MN+2)s=AX
XOUT(MN+35128AXHDCOSC177 . DOYRAD)
YOUT I MH+3)sAXXDSINC177 .DONKRAD)
XOUT(MN+4)20,0D0
YQUT(MH+G)BAX
1195 CONHTINUE
HRCF=HJIUT
IF(MOPT4 . EQ.5) NRCFsNOUTHNSTS+NADD
HINC=HSTS/4
00 190 Ks=1,MRCF
XOUTCK)+RINYOUT(X)
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GO T 430
2227 -222
XETA '2(Z24222)/(A-COXR2XA)
COMTTHUE

PHIlLP=2(0.0,0.0)
PH12pP=2(0.0

PHILDP NP HXETALNXNPUGRHS(N) /21 1+PHILDP
PHIIDH=NNXXETAL MXNNUGRHS(NT4N)#Z114PHT1DN
PHI2DP sNPMXETAZHANPMGRHS {2%¥NT+N)/, Z22+PHI2DP
PHI2DiH=NHRXETA2MUNNAGRHS ( I¥NT+N)7222+PHI2DN
PHIIP~XETAIXMHPHGRHS(})+PHILP
PHIIHXETALXMNNXGRHS(HT+N)+PHIIN
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PH12:PHIZ2P+PHIZN+GRHS(8XNT+2)XCDLOG( X
SGMAX=2 X (RLIMRIXPHI1N+R2%XR2XPHI2D)
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IFCXOUTCK) .GT. 0. AND. YOUT(K) . 3T.0.)
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IF(HOPTG EQ.S5) GO TO 3338
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SUMU1=S M 17FLOATINCOL)
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SUMUZ’SUNUZ/FLOAT(NCOL)
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WARLAWL LB LIWLY

FBOLT CALCULATES THE INDIVIDUAL PLY FOUNDATION
MODULI AND THE INDIVIDUAL PLY LOADS
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UMPLY,ANG, IPLY
TAA, FSMR
2,ES55,PMUL2,PMU2]

RADsDARCOS(
THKTOTaNPLY
NHEHUMPLY(K)

CALCULATE DELEFF

WOPK=0,
PLOADX=0.
IF(K.EQ.1) PLD=0,
DO 210 KKal,NOuT
TH1=ATETAA(KK+L)=ATETAA
2= (ATETAA(KK)+ATETAA(
ETA=THZ2%RAD
DCOS(THETA)
DSINCTHETA)
N3QRT(L.Z(CHN2/AXNN243H K2/ BXNND))
FORCE2( (FSMR(KN)SFSMR(KK+1))s2, JMRXTHIXRADNTHKTOT
WORK=HORK+FORCEX .54 C (URCKK)I+UR(KK+1))/2.)
PLOADX=PLOADX+FQORCEXC
210 CONTINUE
PLDzPLD+PLOADX
DELEI F~WORK/PLOADX
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(SIGMA)R,D,RO0 = (Q)X(EPS)IR,0,RD

anoOoO0aad

NH=NPLY(K)

DO 100 .J=],NN

LPsIPLY J,K)
T?ET?=(ANG(LP.K)#PSH)KRAD
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SUBRUUTINE LEQT2F (A,M,N,IA,B,IDOY,IIKAREA, 1ER)
DIMENSION A(IA.!).I(IA.I).NKAREA(I)
DOUBLE PRECISIUN  A,DB,WKAREA,D1,D2,WA
P!RSY EXECUTADL! STATEMENT
INITIALIZE
1ER®0
JER®)
J ® NN+l
K & JEN
MM 2 KN
Nk s 0
MMl s MMel
JJul
DO § L2],N
-00 8 Is1,N
HKAREACJJI=ACT, L)
FLENLSY
S CONTINUE
DECOMPOSE A
CALL LUDATN (HKARE%)N +N,A,IA,IBGT, D1, D2, HKAREACJ ), HKAREA(K),
!F (IER.GT.128) OO0 TO 2
IF (1DOT .EQ, 0 .OR. IER «NE, 0) KK = 1
00151 ¢ 1,M
:ERFOgﬂs THE ELIMINATION PART OF
A}
CALL LUELMN (A, TA,N)B(1, 1), HKAREACD), WKAREA(MM)) ,
IF CKF. .NE. 0) REF!NEM NT OF SOLUTION T0 AX v B
CALL LUREFN C(MKAREA,M,N,A,1A,8C1,1), IDOT.NKAREA(J).NKAREA(MH‘
KAREA(K).NK“RE (K3, JBR)
DO 10 IIsl,N
B(II,I) = WKAREA(MMI+II)
10 CONTINUE
{F (JER.NE.GQ) GO TO 20
15 CONTINUE
G0 TO 28
20 IER * 131
25 Jusl
DO 30 J = 1,M
00 30 I = 1,M
ACT, J)=WXARFACJJ)
JisJJsl
30 CUNTINUE
IF (IER .EQ. 0) CG) TO 9003
9000 CONTINUE
CALL UERTST (IER.6HLEQT2F)
9005 RETURM
END
SUBROUTINE LUDATF CA,LU,N,IA,IDGT,D1,D2, 1PVT,EQUIL,KA, IER)

DOUBLE PRECISION
n

DIMENIION

ACIA,1),1UCTIA, D), IPVTLY), EQUIL(!)

» ONE, FOUR, SIXTN,3IXTH,
1, I T,TEST,Q
H/0.D0,1.00.,4.D0,

A,LVU,D1,D2,EQUTL,HA,2ERD,O
RN,HREL, BIGA,B1G,P,5UM, ?

DATA ZERO,ONE, FOUR, SIXTN,S1L

P == - - - - -1 -2-Y-y-I-Y-Y-T-7-X-2—1-]
P Pt Pt P et P’ kD Gt [ P P, o (st Gy P G et i G i Yl Yl Yot
NPINI NN NI PO N A =2 =2 o e

DO AN DN D OO N DN OO0~

0CO0O000OO000000500000000000000O000DOD
0 L0 10 Lot ool 0 Lot Um0 L8 000 60 Sm 06 10 om0 18 00 1t 0 10 1 00 G0 L0 (B L0 60 60 s (0 U0

GO0 CO000T00000000000000080000000C0

OO0 COCOIl0000ODOCO0O0000000000000000000000000C0 SOODODDODOOODOOOOD
DUN > OO NILIDLNN—O

OO0 OOCOADDO00O0CO0D00000C0000O0000D00O0

(Y =Y=Y=t-Y=y -y -V -Y-T-f-1-T-Fef-J-3-0-1- = Qo g
NNNNN VAR INC R CTTREVMVMUIBUBUVMUAUBEA DS L DO LS L DU isi~s el

L0 Cre (8 L8 (0 (o Lt £ i L G 00 00 1 L0 ot Lt (e & L U Kt Lt Lt L Kot s
P Pt G e 4t et Bt D" B Bl Pom Pt Pt S s Bl i s St P Bt = O Pl i Pt P o (it P Pt Pl P st $=S Y

VDN~ O IR NN LR —O D0~
COoO0O0O000OTI0000UO0O0O0DODO0oC




BY THE
A

S HNIC

{

LIBRARY

ABBOTTAEROSPACE.COM

OO0 INDONBOODDOOCaOODONOODOCDIROOO0 Y0000 CORDORDOCO 0000 OO
OOt M T VIO LD AN N T NOP OO C NP ABC WO D~ M FTUI DI 000 OO T U D1 00 O © v .07 T T
NS0 R0IVOVUNNVROCCCOCIOCRPRICOCO 0 OO O tet ted ot ri e et e ot NN IS NI T OJ 05 0 OF O ) ) o 07 o2 oy
st dodotrdotod rlvdrtrttrtotortototriototrirt et NN NNN O NNNMN NN N IO OICS IO O N O I 0SSOI CI N 02
I 43 Y WL B3 1) O WY WD ) O) 7Y 7Y I BN) Y V) V) ) 0 Y T ) MY ) ) ) ) 343 ) VY X)) V) 543 ) 543 V) B3 04) 7Y 73 0 ) 1) 3 IV 04 ) ) ) ) ) ) 7Y 0D 37 ) IV 57 o)
000000000000 RODOO0OO0ROOOOORDOOODEIEOOOCOOODOUIDDODODODOCOODO
OO OO0 CDOONODOONCOORDOCOO000000NO0000DCOOLOOO0COOOIIODOINLD
OO DO EOC TN DDODOOD DO COOODCDOOCOOOO00OCIOCLOOCONOCOODOOCOCo

L d
->
-
]
[
-
[ 9 -
= - ~
o : 5
rs : -
| - -~
el - -t
Le -~
(44 » - ) z-
- " z 0
bt us 3. < ar
-t - [ od [3) -
nx ~ < —~
<o i » or - >
| et - (2} > - 9
b~ T3 >t < o - -
C< ~ o (K] -~ -4
LI p=4 > < > 2
Falad Q | o O
Ll ot Q @~ W o
g | g - =¥ B ] — e
—re =4 - (=] o~ b1
D3 o x < x - a =
o re o x | o O * - - = -
N2 Edeed o " e >4 b o E=1 WY -y
Mzll ol & e [s) ~NX o - . T bxd P o
« a - o~ [oF} ” > @
< o [ =] — s o -3 =3
o - o o -~ c - x o x - [}
- ok - < | - > - -
- b= - (= b= < o~ » [=]
o - O o - D e o~ — o - o F Y
=S aQ oo o O D - N~ oW O o
g hngd - rXo -~ ~
prs ~ o~y [ o ~ = v > X -~ = (=4 ~
lad S e o ~ e~ o~y Py —~ ~ -
= Soce - - F o 3 L Erio - — b 4 ~ - x
[ _JEEE VRN -~ b T 1 *E <X DY - EZ D -~y o .
a~ [N - + W N ie~De @O g ) i A -
R = e - s L3 ewstNee <O\ - "+ w2
DR - - « Ewrre N0 - T OB DUl ot ] ~ Vo -
- N0 1o = D1 M raw W 4 -Tr-n FERY DO
OQZTrenmd - OwWn - 230D W "3 VINY 432 Do I Sl
O swey g - . et - D ONE a2aX ZZ9Xmwtd r ET=xo e IE-EE-.F
o OQZWemiag I RS K -1 LR X PNy ettt « o O DD 7 uwiD X W -
[ B NN 2 SO0 eIt e & B RP PRIt N e NI DO ¢ e B~
) OWlex “INer® Foersor = I o b b4 Z ) x
Nt v T ot . WTE 5 NOER el O OD~LL O LD ODreN ODL sersla
o ZhI > MO SX et ~ WiYledrs AL LoD GO O b Ptfitd LT
TeONN O =z ST ze
» OO oLULO~OXru O o o
[ =y R Y . ¥-] Oresolidj— e3¢ ) O o
o W (] x
IZ AN D o0
~EIaoama o
=
" o n o an o Nno
-~ — 0 ~N " g

@
~”
o~




LIBRARY

S
CAL

INIC

V
‘\A¢¥.|.ﬂ._b... ——

0000000000000000?0000000000000000000000.Unu0000000000000000000
678901236.5676901256.567890123“567390123‘567890123“567890123‘5
3335444“4QQQﬁﬁ5555555555666666666677777777778883888388999¢09
?).2.1.22?.22?.Zoszzzzzznu-...2?....2222222227.222222222222?_22222222222222
o3 0o o) T 303 W B4 D 63 5] ] M) MY ) ) ) ) 3D ] 0) VD ) ] ) ) ) ) WD IV, MY MY V] ) ) ) ] ) ) ) ) ) I I N MY S 8N £ ) M a0 60 20 40 D ) 1 0D 0D
oonoooooocoooooooooouoooooocoooooooo000000000000000000000000
000000000000000000000000000000000000000000000000000000000000
COCODOCPOOCD PCO0000C 000000000 A0000000O0NO000CO00000000D0000

>
-
>4 ~
-4 -
L. 4 -
P - b -
3 p=4 < -~
0 o b =
0 -4 -t
< - - >
o [72] (=4 z -
o - = w - [
o 3 (&) < x " of
u 73] - w ws - ¢
< ~ x - g - -
= = =4 w e ]
2 > - fad > o
N Q "~ b 4 [ 5] z
< < o o o «C [l
ac [=4 [ 4 > o [72]
2 (o] - > (3]
(54 - w -9 O o O
[} X o (%] (-] —
- xz > L o x
- -4 6‘. o x
L4 3 2 x " b = o - [=2)
w D w T o s o (= " -
- o ~ o o (=] (=] ac o~
- x - [ a (T} o o -t te o o
O 8 - -« (24 - | d > o o (&}
[ [ b4 W = o - “w -3
M 4 X o~ - -  od o a o. re <
wu w 2 - S 34
~ " o ] ~0 —o o ") 2
- = (= 4 p © o ~ o n
- [ - o~ 2 > ~ x - [~ -
}¥4 < o O -0 b4 ~ ~ - a. [=] tJ
- - o - -~ P t ol - - w » Q ~ o =
> - ~e~ o %) o - ~— = e - -~ - i
- X o« ~ @O oo -~ -~ (=] %] - (o} |
»n v Do X -~ D < O o e »e (=] - P —~
~—-n e L e | (=] — ~_ =4 - . (&) — —
—a Y T ~otd . —1 Ex-~ =~ 1Y o w o -~ o c .
E ~EQ DL xEEx oO~OT w>X -n w ~ (&) ~ 2 (&) [=]
iR “Hm -0 D0 e <€ > o X - - =z - ] -
~ar U0 <\ — et -~ - - X o« ~ N -« I Z - ~ ]
~D X 8 DU -— [y ©i] - & et EDAAr-E - —n (-} -~
n.oon A 4 X0 o nig —~O > ! Zre - Attt T XD - ~a o
L¥4 oD o M DD . - swsdM~S XN DO 20 QO S~ - .3
HE ZTXerenls E ETHhO L] - 4 DM <A W Il L — -t =y ™ o
Y D« L O MODre WA U aw 0 ¥ -WE BN ST 1+ OIS $ - e =l [TY] -
It M b WOV XD 4+ - O I AD AN DD N D Dt =D LI T I
Z s [} Zor ng =T 1 N ZwIDAaO0 900 T a DOwT "xXo o
(3] OD=LWNLO LD OO U Y o N DO~ O oD Ot O 4430
(=] QXD O QOO k= s WO =t M s N B T - O X +Mn
= => Z o~ " =T Owa g
O ubkr ~o9O OO0 il ~«INOW —~ 711000 W O Ded e Tu D
QU e OO OW—=D—=ODO0—~ORCUNI~ L O V— « It e -
= " o
(=] . W
D e XD
n o v a un o n O W o wy own
- 4 n wy ~0 0 ~ ™ « 20 o o j=g=)
L Xl
a - a4
. et



‘H\/

BR

|

L

ABBOTTAEROSPACE.COM

T
CAL

|

G000 O00DITOOOORLO0000O00D00D00000D000DODODODOOOCO0
O VOO T INON SO Ot NI TMNO0O O~ TN OO ANMINON OO ~MNMTIN O 00 C )T U
PO rtrirtrtrtrdrtrtri.s N NMNONNNNNIINMIM MM MMM NPT T T T T T T T T T nnnnnn
T O N O 07 73 o) ) ) 0 ) D I3 ) B V) B4 ) ) VD IV B2 BF) ) ) B VY 04) V) ) ) V) O3 ) ) ) ) V) ) M) 6) ) ) ) V) ) 3 VD 07 V) V) V) ) ) V) ) ) ) ) D 63
) 37) ) O3 V3 ) 39 ) ) V) V) Y V) ) V) ) ) ) ) V) 07 V) IY) V) ) ) V) V) V) ) IV VY V) YD M 0F3 V] ) 573 BV V) V) ) V) V) V) VY ) ) 1) ) ) Y ) 13 ) ) ) ) )
00000 CONOCOOOS 0000000000000 00DODO00000COD00D0ODOODOO00OOCO
0000 CO0O OO I D000 0000CODO00000DCO0000D0000DODDOOOO00D
P - - - - === - Y-y -¥-Y-¥-Y_F_-7-T ¥ J-T_-T-T-F_Y-1-¥_-T-2-T-J_J-J-J-1-3-Q-J-7-F-Y-J-J-7-J-F¥-J-3-T~-F-J-—4_-J-1-J-3
-
>
o
«
”~ -
~ e x
[ or
w o
= - A z
x - - x
w XK o~ a2 w
x a0 - - E
|77 - x w
P " v e -
< w w O <
- @ o Z -
L b o b d - - x v
b_ 4 ~ -
wpe [- 4 - - o W
-~ a0 o = o 2
- ®mk i > X w =
~ af Q. - N <
i X =m > < ~ .
a - 2 - v x D
> -~ O L] = o~ a\y
of - s © = (-2
4 w X x a - NI
w - Wwo > -~ w -
~ > - o oo o
| X o w ~ - b= ~ <
- 4 - aKh-e3I>w o - >xow ”~ o~
- - > D - - D ~xe ’~
[ 4 > ~0.rO0 o D e sl 04 [
a. Qa ~tguy [ ] [ ] DNt ~
o o - 2 - a X o
- mx - - D nN - N
- al ”~ o ~ 2D « o~ iy (7, ]
- ~N 3] - - ” = - AANE. n O
~ E et « —t -~ e I et I < -
w - -3 ol = 4 o X a  awrp=0X [=]
Ll o a3 - o = - - = o CLh=XOL « O
< - sam - ~ ~ - ~>0aQT £ O
b= a W o - ~ o - - Wi e}~ o
> g <« o - (-4 (&) - o QqLLCre c ~
-d ~ (<) - = -t ~r Z O
x ~ - ~ X @
- =z ~ it o Z qQ ~ = ~—  us
- x = o X1 1 - [ =z - N
- 4 -l o ~ o~ 3 - -« aXE - w o >
uw w | o d o Lala B - [T D e oc [d < -
- > " wawy Xn = | ~00v ~ > (%2 ¥
- . [ d oo B0 DC L] o0 04 - Zrtritd 04 - -l Ll oo O =
- O ~ ESmes Rl R '1-1 al dor NN o @xz -
(2] w us Zre 20X W =) DINIE ottty W w w W oew
»>00 - Zz ZXo aws  otag hc 4 EFZ 2O a4 a XOD L ZTZTZT N o
MW of - oa ~ER B NN ODONYI MIZER ROV - OO0Da nEwWesn
—SL'WD W = L] —e [l 4 od - ~r DN = | el "= D0
NNZ ODOXZ > w»es -_n 0 Eirt -4 L] L b "z D> wvununw o=Zn
» - o [~ - | CADwLED OoOOn o Al = o O ZTZa ODEOZmX
e A © wm MANCIIXtra OO~ M0 O~ o WJdkieal 9 O =t < b e b~
[ 4 Z k-0 o ED (ol > Orep— 0 m TIXED- @O =2 0O
WeeeNC gQuWE 2 40O OO ~ ~ )z D rereeOd WZO o
a0 Oxw I -1 -~ (=3 {2T-] x o »xacul I DAanan X0 Qrir
{ o o n " o wno no o
[ ol o 2 - AN Ny —
-t o [~
_ o o
! (8] OO O (8184 L 0O U (8
|
“
M\f\f\lﬁ\u1J-.’alnfa-0-nﬂl|l4flflf-flfl-|f|‘ Hr)t)\lh.lt.l\ﬂ-].' SO A - LR Ju-r.j L N WAL SR TR oo I P e X AR ST ] a-. v e o v e e e v ow e = .-
> -y -, o " “a"s’q " a a2 O T Te Te B W RS Tate w " . AR S » LR St e aa e FYL LT . . te
| AR i MR DA R AT S \lt.o\\\nluf.tu- LIRS, Sl !u.\‘a&i‘*&\r.. |.VM'-..O- P, ..m&.&..h-.ou PR BN .-.,.-.V.-lnr.l.rc¢‘.r " ﬂ)a-.-;..n--; . -,
* Y - sl‘nl b .:ﬂ o Tt ! T . 4 ._

Y
t
1
!
t
{
|
|

S . P S >




TEC Wﬁxﬂ_}ﬁ\L LIBRARY

ABBOTTAEROSPACE.COM

e e + W T S 8 N S ¢ W IR RS B ¢ VI
ﬁ-‘a‘\.n:—--'avl‘--n. AR NPV VYO IR VW IWT TWRVDT VIS Ve VNS 9T Y L B Wwrwirw e ws AR o Ala L0 Lind
)

\

Y a2

e
Iy

-r-
- \.‘ \"b"v

& 60 TO 9005
¥ 20 DO 45 ITER=1,ITMAX
DO 30 Is1,N
b ACCXT(1) * 0.0DO
o . ACCXT(2) = 0.0D0
g CALL VXADD(BCI),ACEXT)
. DO 25 Jel,
3z CALL VXMUL(=ACT,J),XCJ),ACCXT)
. 25 CONTINUE
B CALL VXSTOCACCXT,RES::))
L3 30 CONTINUE
b CALL LUELMN CUL,IUL,N,2%3,APYT, DX)
i DXNORM 5 ZERO
- XNORM * ZERO
DO 35 1a1,il
K X(I) ® XCI) & DXCID
o DaitoRM = DMAXLCDOXIICRM, DABSLBALII))
w XHORM = DMAX1(XNORM, DABS(X(13))
. 35 CONTINUE
X IF (ITER .NE. 1) GO TO 40
E- 1D6T = 5
s IF (DXNORM .NE, ZERQ) IDGT = -DLOOIOCDXNORM/XNORM)
, 40 IF CXNORM+DXNORM .EQ. XNORM) GO TO 9005
) 45 CONTINUE
e ¢ ITERATION DID NOT CONVEROE
TER = 129

9000 COI'TINUE
CALL UERTSTCIER,SHLUREFN)
9005 gEBURN

L -~ MO0y

SUBROUTINE UERTST (IER,NAME)

DO00L - 50
» 8 2 30 -
O ao0n

SPECIFICATIONS FOR ARGUMENTS

CO00000000000000000000CO000000000000000G0000000C00A8I00000000
OO0 CO0OO00CO000O0A0C0000CO00000000GC0000000C00000000000GO000DO00S
OO0 0S000O0OVOCO000000RO0O00000000000000000C 00000000 AC00O0
£t Gt ot e L 0 Gt L i ot o ot £t L% (it €00 €0 G K 8 (o0 £ 0t Lt Gt Gt L8 €t 8 0 0 €00 L G0 G0 £ 0 0 68 L0 €0 €N 6 L6 (v G 69 Gt S0 K G0 0t Gt B Lot Lo St G0 Lw U
DCDDDEDDELELDIDODDLDD DU 0000 000 Lt 0 Lo 08 L U8 0 G 00 08 00 (0 0 S0 04 G L 00 G0 L8 L G L L Um0 L L8 e Ut 600 (00 L K8 L0 L
—_———— e O CO000000O0VOVOVODOVINBBMOPRB IR EINNNNNNSANALTPRPOCTOOOR NI LI
ADURAN O OB NO VL UN OOV NI LDBNANN DG NRDIRDIN OO NN LD IIN = O D0 D (e = 510 08 SO0
00000 CO00000O0000000C00000000000000CO00000D0VOR0000OOOD00080CO0

. INTEGER IER
o INTEOER HAME(1)
3 ¢ SPECIFICATIONS FOR I1.0CAL VARIABLES
] INTEGER 1,1EQ, TEQDF, ICUNIT,L EVEl.LEVOLD.NAHEQ(G).
v ¥ HAMSETC6 ), NAMUPK(6),NIN,NMTB
Y DATA NAMSET/1HU, LHE, LHR, 1H5, 1HE, 1HT/
' 5 DATA NAMEQ/6¥1H /
i DATA LEVEL/4/, TEQDF/0/, IEQ/1Ha/
r- . ¢ UNPACK HAME INTO NAMUPK
L. c FIRST EXECUTABLE STATEMENT
X CALL USPKD (NAME,6,NAMUPK,NMTB)
2 c OET QUTPUT UNIT NUMBER
Yo CALL UGETTOC1,NIN,IOUNIT)
b s c CHECK IER
AN IF (1ER.GT.999) GO T0 25
A IF (IER.LT.-32) GO 10 S5
N IF (IER.LE.128) G0 10 5
BRI IF CLEVEL.LT.1) GO TO 20
" c PRINT TERMINAL MESSAQE
i 1F (TEQDF.EQ.1) WRITECIOUNIT,35) IER,NAMEQ,IEQ, NAMUPK
187 IF (IEQDF.EQ.0) WRITECIOUNIT,35) IER,NAMUPK
3 GO TO 30
Loat 5 1F (1ER.LE.64) GO TO 10
P W +F CLEVEL.LT.2) G0 TO S0 -
;1;3 c PRINT WARNING WITH FIX MESSAGE
ko
K

241

'.'(:.
g
Fd
o
“"




\

‘H\/

|

ey I

ABBOTTAEROSPACE.COM

Bv T
CAI

|

z
»
g
4 0ODO000DOOD000O00ODOD0000DD000000A00CO0ODODODODO00D00000CDO00OOC0D
r 67890‘62365673901334567890123“5678901234567890123“5‘.—7890123“5
L =t ot ot ¢ 0\ N OV O3 (N O3 1N T 1\ 0\ 57 o) 94 99 923 o) 93 ) 30 MDLT T AT <2 <5 T T W7 T «F ININMNN VNI N N 0 O O 0 0 0 D DO DR AL f s
r TETCTTCTITTIITT I T T I I T T I I IFITITIIIIITITITTITITITTSITIIITITIITIIITITIINT
14 =) &) ) 1) I3 ) 12 ) 1) Y I0Y 7] V) VD 04 V) 37) 7Y Y 3] 9] 0] ) ) V) ) OF) ) 24) 1) BF) ) B4) V) V) 0 ) ) V) VD V) V) ) ) V) ) o) V) @) 04 6 03 V) ) ) ) ) ) ) )
t 000000000000 COOOO00C000DO0C 0000000000000 000D00000cDDDDOOOOE
ooooooooooooooooooooooooooonooonooooouoooooooooooooooooooo00
m o000 0COO00CO0000000000000CO000000000000000DD0ODODODODOOD
: *
= ]
=3
» <
[4 -
- v o
L - <
" Fx > -
2 - - o - =
[ o o O ” a E 4 w
L a a <o - =1 > = x
- D > " - »E Qo O [
o4 = w X - nE uso. < @€ O -
ol < © < pr} W L] NODX < <
Fy b 4 « < Xz <E -
n - " - (8] - - o - Oq o & (e}
v o n o as " R . N 33 o O
u w w W — Wt - e M e a re w w us
[ ] E ™~ [ 1] e - ar e - LY g p }
" 2l 4 v = and x - 20D " 0 -]
« oc. o oa ag v.oa R AR <D Zz =z <
5 (U= z WD w wwy - areNot o~ 000 o o -
IE - EX = OEE B ICC LB ™) >
) < Z <4< n =T aloNooolia  acin - - o
zz @ T o N ZZ=Z o « « altf a4 « OXX < < w
M - ® 3 - =] © e A rtttrtarsrd R [S N 3 ~
- 4- 4 X oo n o 4.4 4 XLO L wgX A -t w
B Lt s wius - Wkl P~ 0 X  « QAN W ~
v by e il o P 0=t 34 ard B odPnrd asd =t 0=t - o4 O -
=z 0 o = N g W O G \N»n a
Y ~ =y A w O s~ W OXOow > U DO ~s
s oo ot N x xOO 4 X e s e & —asa e
3 - a o< Qo ~ anin - = o~ e " 20N _Du
. - » - & ~~ - - WLt - wWIOwW O X OO0
h -t - " —p OZ Zorerx Z a =Z
~a e Yt 0=t ~ [ i 0t X e O e 00 a X DD
§ >= z=z - TZ oo ai Z = ON
5 22 =) w L2~ =) WODCD D -~ T ZTEy n
[ [=1-] - 1=-1-] (2] o QO (e 4-1t1-T-1a] = - =N o
3 ratd WY M3 x " n ") e S0 o muiod - - QO o o
s e ~ros 4 s < O O = — f ZI =N
& W owuw = 2 = wlld Lt Tttt a O e~
; —t— O = - itg - et e L D ~ O =~ FTX OOCO
m et s e > e EEZTEZIWL - st -
> xx ooxxa x wuy D oo O 54 O 3¢ OC 30 2 04 - ~
T ©0 OxX - —_ o XX W a4 a_ = » o [=3=T-]
e o ~ ~1IEIEDOE a - oo
~~ Lo Yo T [ 2] raXa) ”~ ~r o o o [=] e 3 | 3
4 ~C A O ~ ow @ ~o WO MO X O X O b= Y] ~—~—
5 . I » W . . .- e . LM AL X L X o o] >, 00—
1] o N O o > Ok - oo x X X x z > IR -
e usul - aslswr wD W0 - g - e~ em o~ " o) -
< - - w .« . - ¥ IJwo - - - - - XIXIXIXXXTXX [} w wWwzoDOy
r W o Ul ot g —D el - Lo OOrROnOoODO —t ot = - . =Dc
~ OonND « UOAOOoW AW wWwuowowws OO0 OO~ NN » o~ -~ ————O
- COMNE DO MMwl) A Ja>>2MO> OB W v w " et - 0 @ oo o
s ww W Uww =z FL-] W Zw wWw X~ = = = ~= S W w S=T-3L.]
. O r =04 Ol 338 S IO 4w relart o <« nooo o O O IS T L N -]
> I et N OW werw wowRDDYE E X X (=371 7T b= X W W e =
. =z Z>>1 = o0 X o o o E-O o - =
j4 LWULOR LALROO O OWWWLLOOL LLWWO ©O O O WO D T Zad LLUL—OO
c =3 rd 4O B U sere0O0Ose remerll. L& W W QXX oty W 2 e e 2O
. ~ et et
4 o " o "n o N O Nn o n own
ﬂ () -~ o o~ -y -3 ~ “y y oD
” o (3] o vouvo oo 0 U O __
b
]
LY
&
-
L ]
¢
H
. » o—— -~ w e e o - PN JPOR N S AR A A L 3 Ja AN SR8 | P N I R L. eI W .PE . MR ) fete o 2 8 2y V.
PR | e 2IXAT A Ran SEAAN | o DO IABSEREN R XA O O 2 VA A O S A A e e e SO |
| . = — . he e e ok . . .. e e - .




IECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

RARIR Uied S UL S SRR NS 30 S 00 ah ) RN Y RN AN AL AR ATUAVIRRSL "IV U TS TV PPV LSO N U YR YR TArR § KB

LY

A > -

>
-

t
P.\'
i.!
M

5 NIND = NIN 00034760
G0 TO 9005 00034770

10 NOUTD = NOUT 00034780

3005 RETURN 00034790

END 00034800

. c 00034810

¢ 00034320

c 00034830

SUBROUTINE VXADDCA,ACC) 00034340

¢ 00034850

¢ SPECIFICATIONS FOR ARGUMENTS 00034360

DOUBLE PREGISION  A,ACC(2) 00034870

c SPECIFICATIONS FOR LOCAL VARIABLES 00034880

DOUBLE PRECISION  X.Y,2,22 00034890

c FIRST EXECUTABLE STATEMENT 00034900

X * ACC(1) 00034910

R Y or A 00034920
" IF (DABS(ACCC1)).GE.DABS(A)) 0O T0 1 09024930
o X A 000354940
‘o Y s ACC(D) 00034950
nd c COMPUTE Z+ZZ * ACC(1)+A EXACTLY 000Y-496%
o) 12 % XeY 0004770
~j ZZ 5 (X-2)4Y 00034980
., ¢ COMPUTE ZZ+ACG(2) USINOG DOUBLE 30034990
¢ PRECISION ARITHMETIC 00055000

22 * 224ACCC2) 00035010

COMPUTE ACCC1)4ACCC2) = Z+2Z EXACTLY 00035020

ACCC1) » 2422 00035030

ACC(2) » (Z-ACC(1))+22 60035040

RETURN 00035050

END 00035060

] c 00035070
o ¢ 00035080
W ¢ 00035090
o SUBROUTINE YXMUL CA,B,AGC) 00035100
X c SPECIFICATIONS FOR ARGUMENTS 00035110
N DOUBLE PRECISION A, D,ACC(2) 00035120
‘A ¢ SPECIFICATIONS FOR LOCAL VARIABLES 00035130
1 DOUBLE PRECISION  X,HA,TA.HD,TB 00033140
. TNTEGER 1x¢23,1 00035150
“ LOGICALM LXCE) . LTC4) 00035160
: EQUIVALENCE (X, LXC1), IXC1)), ¢, LICAD) 00035170
. DATA 170/ 00035180

~ ¢ SPLIT A = HASTA 00035190

. ¢ B s HBeTS 00035200
Fa ¢ FIRST EXEGUTABLE STATEMENT 00035210
A X s A 00035220
1 L1CG) = LX(S) 00035230
. 1X(2) s 0 00035240
O\ 1 s (1716)X16 00035250
. LX(8) = LIC&) 00035260
i HA=X 00035270
hos TAsA-HA 00035280
' X s b 00035290
x LICQ) = LXCS) 00035300
R | IX(2) = 0 00025310
R [ = (1/16)%10 00035320
! LXCS) = LIC4) 00038330
WD = X 00035340

T8 3 B-HB 00035350

ST e



SGRSYLTANGTINLYAY,

-
-

LIBRARY

ABBOTTAEROSPACE.COM

BY THE
CAL

|

Y- 2-T-2-Y-T-2-2-7-1-71-F-F-Z-F 2-T-2-7-F-F Y _-Y_-¥-¥-T ¥ T -¥7-F_¥_T Y2 ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ - ¥-¥ ¥ T ¥ 1 ¥ T Y- ¥-F-7-2-1-7-3
OO OMNIMITNONROO~NITNON VOO ~NMTNON OO DNMITNONIBRO~NNITINON OO O N7 TN
MMM E @ P <P F G TS TNN NN NN AN A0 W0 WD B O D DO DO P P - B B I s - 40 50 60 90 50 &0 40 50 90 50 O O~ O~ O O- O~
003 ) WS W SN ) 12 40) ) 41 ) ) ) ML D ) D ) ) 0 ) ) 0D A N2 0D ) 13 0 BN 4D D ) 0 ) ) ) 01 40 A0 8 <X N AT Y VAN N 0 0 N $) 4N IN NN N i e
92 043 ) 04} 8F) 97} 9F) ) B) 0F) ) 07 OF) ) O1) 0F) ) O1) 97 ) ) ) D) BV O ) 0 V) B4 V) I BV ) 4) BV ) V) VY ) 00 ) ) 00 V) ) ) o) ) BF) ) 04 % ) 9V) ) 0F) ) 0A) V) )
CO000000000000 D000 C00000000000000000000000D00000000DBODO
0000000000000 000000000000000000000000000800008000000000
- -T2 -Y-F-1-3_J-T-T1_-¥_-F7-Y_¥-Y_J_¥_-T-Y 7Y _¥-¥_Y_J_-J-J7_-3_-Y-J¥_¥-Y-7 Y- ¥ T ¥y Y- -P-r-T-T-T-¥-Y-X-1-21-1-3

e

CHNI

Fadadadad Al Al La o as ot s Ad ot o A R i RA DA RARA s an i ai2a e aaeee el aaRd ) 24 ried e ire a0l SO v A D

- "

n 0 X Wi ()
=g qgCTZZTO
» s " - ateg - f 3]
o< X [ ) us MZINWUIZV X - O
—r -t L4 g ~-QOFr-ZXO4L0ONn - on

”©~ &K< - sl OC}=-04 LB X Zow
[=1 ] o« E a ~ NEEE < —Qrelt) »e BIreld T
b= e 243 e < Lk ~ogi-a& O X+
=l (2] [ 2] ® NI o Xt OI-Ra+ A -

-4 | - < «3 - P NE~O - | W ZTTW
-3 b = > . Z CUNOOLRK g1 O DU.soit)i—
[ ¥ = w X us a2 X (-5 o0f OZWNUMN E vees I g
b =1 E w x = ] -z O - QB XRIY) - ¢ - N=0
=L 2 X > - - w - abrBE GBI = DX =
<) o w O O - ~ ~“Z OCICCIAODIT € HhWZTO
| ol 4 o - (4 O i1 o~ -0 ==S> B = O OEBROT
- o <« L9 —SZO00 O N e BUE Xwio e - GEW e
=no - “d & e et O Of -l & M+ W Deer?
| od et o o o NI ~» NXOC argp—ieliiatit) NO OO
» o [=] OFX O ¥ o -~ AN T D>DEOD &~ O O
g fa W w. i - « of N I DN-dA ey W=D
xa - - = L a« NN - gl =0 W JFZOXOW
auf v = [ 2] € -0 N~ It e T PEXZO ST ATO
m X T < = ENAG « - - ad ~ODFE LS XNV «L«Ca VT
x> o - o OXAUE © o -1 ONZEZ AgA-WOKEOTSC FTaaxild o«
x - »e e e a3 e gl .kt NAENU X s VI -0 0f
-t . - O | d Pt & w sNW IO X oD Or-mu
2 < W < gITMUY 4 O N -OZXZOCO0XEIACIEW WZTTZTOZ

o« QO X [3] QU O -~ o a 4 ILAOD E WX X WO reus
(18] - lad a4kl o ~ O NS0 XNl O0K
- [ w W -0 -~ NGO NNDN O T4 N 490 - -
~1-} 4 [T | Pird = a 4 OV s alb TRIDKERIUATOOLDDL <
azxD [S ] o OEAT O o U M OXOAXLIOXUDNAINXZZE ~
Em@? N o ~n BIZRe - s >NRBUOrFWIEWFLOZTZOL UL
o a e ach. @R ~LZE w « - NNX - S
< [ uied Nre4 A &XO o o ap= a o

(] ol - - at) WX
- N DN A DU O
(=] N et ™ML et e aa -
- o Bles il EAO=mDW M -
-~ © 6N TIEL~D ~ -@) NN
-~ 8 1) - - e ettt a¥ o -
[ - I 2 O~ T e<dlwdgOoas
- O Z Wt ZANIM « ~CUET
QO o - Bw a0 - or
“ - « T TWOL-NNAC-NAL L
-
-
~~ M~ ”~ >
DO VOO o Z N -d x = Z
Q0 QO O Q — O o <] o o ~
<« « 4 <« N - O a - - - -
- - - - x v O ac " " v -
» X X > e « N [ - - [~}
o W W W O <+ (8] O O a.
o O o n N W o~ w = ™ W o
[ =T -7 T-7 -1-] _ i e« - 4 [- 4 o o ~N
L= XL X g — O e [ ad o a a A
M IC M IC M € W I | [} - [ 4 -t
L2 & 1 & 2 & 34 D W OZXZ D ww W ) w aX
- X =~ X o O J <« O Oa O P - | 0o
- ed -l D © = =) a W W g;m m [} =4
[ ) FY QY Ty - ] - D - - 3D <€ <2 > oxX
o o <SWE 2 O wr D ZFTO Zw WO O o0
HOMOXOXOR v O Oooeuw v e ~ b 0 20
-t -e — 0 -
QOO VoY U O QOU O o VOULLULLVULLVLLLVIUL
RGLISRS J ST TSR P PSP S e & o 0% e Gmm—m e e - = - —— e o = - em— - =, e . o emem— 4 e e e e - = e e = m = o ——— = s =




BY THE
A

S HNIC

LIBRARY

ABBOTTAEROSPACE.COM

Y- Y- V- Y-Y-T-X-Y T Y- -Y-Y-3-¥_ Y-Y_3_7_T-Y-7_-7-Y-3-T7-%-X_F_7-7-1-J-T-F -3 F-F_Jo3-3-F-X-J-J-F -2 X X R _R2:-J-X-3-2-Z-J
O BPOtNIITNOI~0 O AN NI RO OANMI TN O WO O~ tfINITN O 0PN TN ON OO —~NIN TN
OO CODOODDTOrtrtrtd<riotetrt et NMNNNINNNNNNMIMMN N MM eI MMM T T JF T T P T NN n

! -
» =z . W
- [ 2] o o
o Q [T
M a = [ ] o (- 4 - Lol
[l } 2 [-4 (2] [~ > ~ -
- o o o o - 4 | ot o s [~} =4
n = 1 [T x »e z ~N [ W a
[ z [ o w =] (=]
- O - 3 -3 e - ] a = x
< -0 Land -< oL (S ) z (=] -~
o N - z wl o - o ~N o
w v ) | o lmdid - -t w o - "
ta Q=% — [ [T ac ac -~ w
g agou (%) u - x Y] [=] w — -
3 w [ 28l b 4 o - o [TS ~N 1 -t
=] A VIFeL o ol o (=] <
{ - < o ] — E 2 w x
. v wee s wN L. (1] x g o ]
y > ~0D . Lol x | o =z z
» (=] ouou n [ 44 (2] 1 - - - e (=]
3 x 3N T s O o v o o w [ ] =z -
4 [ ] O NI Eoe ] o @ o w <
r I O NIV O- Pl = s o o s [~ [
“ <2 o O - O reag o<z ~ - = = —
4 £35 OONHED - - aal > L - -~ i
T " o= 00U <O - n a ~N Lilome
» w DOV O ~Noe 0O x o L 1] u - (=18
r o D ‘DIXX © - X e [ (8] x - ~ o ee
5 —ud OSDer DI - - »- <N — T ~
maNN O\>0 ~ T ele (7] < —_ ] —_t v
: HELO OW SIS0 < oc il > [ Det [=] w <
~IUWO O0OZL09CTVN -Xx o0 = - 4 wi a ous w a0 ~N
H areo odsU<Ce - Pl el (-1} Fa » < —N =] Zz0
‘ < WO O - - - = ] ul 4 - D 4 foad
) ® Lo\~ \N ® 2 - L4 [- 4 x " (& ] ~r w
5 hoaDTO - ~
L -0 -
g ~OWNO [~4 o ~
NNty - [ N -d ”
b NN\ -O (-] [ 4] -
1 [ -0 S = o a.
b wne. J o - w -
5 Za,. . - - o L) ~
4 o=t 813 « WV S -4 © o o o~
£y [-4-4-£-4. (=4 o o o oo v~ -~
» - (<] "o N—~<O o
L4 -~ o -~ or -
.N o ~ ~ o  od oD ocaw ~
[~} 4 [ =] o L ol NN me~
s —e L. 4 T -] of [ 7] [=] ~ -~ ~
> - TN w N k] ~ o0 oNs 0O
f. . «w M O~ ~N - - oo [~ 25 ~r it
-t N 0 N - W~ o ~ Zor an~ o
¢ o a O r~0 1) Z+0O00n — Za -~ AL ez
s - <7 ~ 0O zZ o -2 el o ul - - N N W
» [ ¢ % ~ o - R~ -] ~°* QUN~ O —n - - - B-1alcfwl")
Fy Wil o3 -1 O~ ~No ZO=SN T w LT O ZTIOWT o
onirs o ~X we o lal ZWA AT N e, D O (Yl 4=
- = - [N -F 4 - ~wD=me TIF -z OO0 NZ L]
H [ -2 N} » z TN O <X ~ ZTO W T ZWIOD ~O
7 P ~ ot seer s -~ “ BRI e A ~OQr JINF- >
I [ o et 2t otk o 2 AUWXO Zuiw o a2 O » =z = o «
- dg L LK W -x¥ 3 X0 = ®wsIO U OIwvweET LO C O Lu hoewDa O X
i E=T-T-1-1-1 eI OCOC XxP>NOZTE —— O TEDIINNTZe<D O D e HMNNOO O 3
-y
L4 n o n o " o
’ - . ™ ~ ]
€
b go vovo vo oo (112] o (3] (S15) ey
-~
R
P
.
'
14
i
b

R il O PR AN SRS L L R 0 RN PLIIA r DA R g BB NN T AN 0 WL RO SIS S I



BY THE
Al

c

LIBRARY

ABBOTTAEROSPACE.COM

CHNI

|

VTV TN Y FTEETCT U T T e ¥ ST TYT YR I T IS TY PSR T WY TS W T X “WAPF P FTPR P CE PN WPV IR, T, e v

-1 T-1 L 7 Y T -2 _SCR_g-3-3-¥-T YT TP - 7 T T - ¥ -2 T ¥ ¥ ¥ 3. 1 ¥ -y .y Y-y Yy Y -T2 -1-1-]
OO O4NMIC NONBCO~NIITN OO ~SNMIITINEAWNCO NI TN O GO N T WO 100 O3 TN
DNNNVEOGO OO OB VORI~ 0000000V UVECC ORI CO0O0DOCCDOririrer ~—d
VOOV O RGOV VO VDOV OOOVV O VOV OB VOOV OV VOOV OO OO PO OO PP PP DS PSP P P
) 203 o) 21 ) ) ) ) ) F ) ) D ) ) ) ) D IV) 94) ) ) 4] V) D ) 0 < 37) IS D 3 94D ) 07 5C) 84D ) o) ) T A 8 ) ) IS VD 4] ) ) S ) o) ) ) Bk 2) ) e o)
OO0 O000O00DOOC o000 DO0OOO D000 C OO0 EODDO 000D
0000000000000 00000D00O0O0000D00DODOCOO000CCO0OO0ORUDOOD0OOOaBCOoC
00000000000000000000000000OOOOUOOQUOOOWOO OO OOO0OCLDOODOOOCE

|t
(-] -
- ul - - ”
> - n N " |5 (]
g o O <« o (=] [ 4] w (& ]
W WreOWip- o = [ -
SN I ot *e > - -
W-OOMYT N2 - (= x > o
X E>O X > - - - x
OD»>«qAZTre = (=] z -4
RSt O [-] n = > g
WELOD - M x o [ 3 ~x
Tl Wt} £-] o -~ [ —ad
XOr zO = | x ZQ
<€ JSWROr=Ol o [ el = - p=1)
AL T >acel -< x o =1
Er-OtWiuX 2 x | od -~ =
[ T4 O w-O - 4 > (=] =]
Ot OCoteeC > | o | | [l 4
K- ON-NI X o | 2 -~ « | ol
[ 8] - 0O« ] us (o > b
Wese? O a o xO
Kk Or-Oriiin a - [ 1 "} [ "t
BT Lg Cre L 1] »n | i | g Lo
XWOWwee TXF x [ 5 "D xz (o]
- e = 4=1"1 4 o a - ]
x ORnO<<C 200 - Des X O
[ 3 > L3 _rla OC - = O [ oo
2 sdabhbNiLxwy > | 2] aty W x -t
PP {4 X4 [y O o XK= | o >
T VLSO T U [ ] > == Lol ! od wZz
= SJTFUOXI>ZTFTO - aw e~ TW a z0
E «€nnuUr-ooon -4 N Eeos - o (&)
a O = = o O W x o o
[ ] [ od X n o O e L8] a o
~ "~ n a
z 2o 3 2
- - [
»E o ~ - [~ ]
ot = + -y [ ~d
n . Mna O~ -« o
| ot e N OX 2 ~ ]
Lol ] <O, =c o X ~ ~O L ~
~ag - | o Tt -1 ) 1 ~ P ad *~ oy
~EX O & X ~ (o] x (-]
—ar - -0 q O -~ zO x o o
- 0 O T wi-re ~ [ wid ~x ot . ~
&r X o O B ~ [ z - [
2.3 4 O~0 OO0 w - L~ ~ ® ~S - - ~
bk - ‘1 SO0 A ox 5 - | d - - -4 X
oY - oY - S e X EE O ax ~ - ot X
o EO>rer~ e ol o Yorwr O - -~ e =~ -~ - > -
GeZ - - e - s - OPONOITO Ewpr OO ~o Zo - » XX
[T L ] Ert-© N0 O ZNna ul ZX Z+O ~ ZXX 0o
Z ~0E o -3 = ¥ - -0 «md2 < - z - ~ -F - ~ bl
—_—eld - - N O Awdy oL el - b= et BN RS D NLO X
o 8 L)W OOXWANLOWE » i " & ez o Rl I, ] —ar © UM N\ MO
- D) -t o XD - e - e Bor G - Wik - @ M=Leed ®» DU UL OW
n = = XOXEO a2 & n ~ M IE Xa awLy X ma & Zuw *
o i e NANOKLIO0O OonE wa > o uwxXo < WYL e xo
I rermp= B s whtho L1034 -~ Bor 0V R o —_ 2 NOLO-an
e = [ ] D »e -~ or - - g [ ]
o [=] Ol OUn KAEO [ =] ol ol . Fu FYuouuwu DO Lo aoux o
s (T] VIt O sl OA 0a8 X Mre XU OL—XDOD (1'% =-T-] OuLoxo
" own o o L) (=] " © -
” ~ (4] N0 o -~ ~ ) ©
VOOV VOVOUV ($ 13 (3] (S 18] (8] QO

T R T & A e W E - v - e . . a v @9 0 s sramme * ac e . . - - = - — . . s - s s wmm s e e e e e e e .. m -

246




TEC W\ Hu"/ﬁ\ L LIBRARY
ABBOTTAEROSPACE.COM
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90 BND m X - 00037160
e COMPYUTE THE DERIVATIVE AS THQ INTIAL 00037170
[ K POLYNOMIAL AND DO 5 STEPS WITH 00037130
¢ HO SHIFT 00037290
. NML ® Nel 00037200
FN = ONE/N 00037210
> DO 9% La2,N 00037220 X
9% RKCIY = (AN=TINPCIINFN 00017250 :
. RK(1) = P()) 00037240 |
AA = PLNN) 00037250 ;
B3 * PLN) 00037269 |
ZEROK v RKCN).EQ.2ERO 00037270 ;
DO 115 JJs),8 00037230 !
C€C = NKEN) 90037290
. 1F (ZEROK) GO TN 105 000373500 ;
¢ USE 5 "n FORM OFf RFCURQENCE IF 00037310 .
¢ VALUE K AT 0 1S NONZCRO 00037320 ‘
‘ T v -aArLl 00037330 |
DO 100 1si,NM1 - 00037340 '
Jd ® NN=[ 00037350 !
RKCJ) & THRKCJ~1)+PCY) 00037360 '
100 CONTINUE 00037370
RK(1) = P(L) 00037330 .
ZEROK + DADSCRILCN)) . LE.DABSCBB)INETANLO, 00037390 .
60 TO 118 00037400
¢ USE UNSCALED FORM OF RECURRENGE 00037410 :
108 DO 110 I=l,NM1 00037420
J & NN- 000374630
RK(J) = RKEJ-1) 00057440
110 CONTINDE 00037450
RKL1)  ZER 00037460
) ZEROK = RK(N).EO.ZERO 00037470
5. 115 CONTINUE 00037620
c _ SAVE X FOR RRSYARYS WITH NEW SHIFTS 00037490
Be 120 Isel,N 00037500
120 TEMP(1) « RK(I) 00037510
¢ LOOF TO SELECT THE QUADRATIC 00037520
c CORRESPUNDING TO EACH NEW SHIFT 000375350
DO 140 ICHTai,20 00037540
¢ ouannar:c CORRESPONDS TO A DOUBLE 00037550
I SHIFT YO A NUH-REAL POINT AND ITS 00037560
c COMPLEX CONJUOATE. THE POINT MAS 00037570
¢ MODUL US BND AND AMPLITUDE ROTATED 00037530
R c AY 94 DSGREES FROM THE PREVIOUS 00037590
. C SHIFT 00037600
XAX » COTRNXK -STHRWYY 00037610
YY = SlNRuxr«COJRlYY 00037620
‘ AX 00037630
4R = anonxx 00037640
S1 » BNDXYY 00037650
, U v <§R-SR 000376640
) V = BNDMBAND 00037670
o c SECOND €TAGE CALCULATION, FIXED 00037630
K c QUADRATIC 00037690
o CALL ZRPOLB (20%ICNT,NZ) 00037700
S ' IF (NZ.EQ.0) GO TO 130 00037710
[ «© ruz seconu STAGE JUMPS DIRECTLY TQ 00037720
, c £ OF THE THIRD STAGE ITERATIONS 00037730
C llND RETURNS HERE (F SUCCESSFUL. 00037740
c DEFLATE THE POLYHOMIAL, STORE THE 00037750
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- PV 3 PYNSHP(I) 00040760
QPtI) = PV 00040770
10 CONTINUE 00040780
RMP = DABS(PV) 06040790
¢ COMPUTE A RIGOROUS BOUND ON THE 00040300 .
¢ ERSOR IN EVALUATING P 000%0810 ,
RMS = DABS(S 00040820 o
EE = (RMRE/(ARE+RMRE))IABS(SNGL(QP(l))) 00040830 :
DO 15 1:2.NN 00040840 ‘
15 EE = EEXRMS+ABS(SNGLCQP(I))) 00040850
¢ ITERATION MAS CONVERGED SUFFICIENTLY 00040840
¢ IF THE POLYNOMIAL VALUE IS LESS 00040870
¢ THAN 20 TIMES THIS BOUND 00040880
IF (PMP.GT.20.%(CARE+RMRE)XEE-RMRE¥RMP)) GO TO 20 00040290
NZ = 1 00040900
. SZR * S 000640910
: 5Z1 = 2ERO 00049920
RETURN 00040930
20 J = J*l 00040940
¢ STOP ITERATION AFTER 10 STEPS 00040556
I (J.0T.10) RETURN 00060960
IF (J,LT.2) 6O 30 25 00U4G370
17 (DABS(T).GT.PTO01XDABS(S-T). OR.RUP.LE.OMP) 0O TO 28 00040920
. ¢ A CLUSTER GF ZEROS NEAR-THE REAL 00040990
c Sx1s HAS BEEN ENCOUNTERED RETURN 00041000
¢ WITH IFLAG SET TO INITIATE A 00041010 ,
] ¢ AUADRAT EC ITERATION 00041020 !
IFLAG + 1 00041030 .
. $5S 2 § 00041040 '
» RETURN 00041050 -
} ¢ RETURN IF THE POLYNOMIAL VALUE HAS 0004100 .
\ ¢ INCREASED SIGNIFICA 00041070 ,
25 OMP 2 RMP 00041080 _
¢ COMPUTE ¥, THE NEXT POLYMOMIAL., AND 00041090 .
¢ THE NEW ITERATE 00041100 )
RKV = RK(1) 00041110 .
QKC1) = RKV 00041120 ;
DO 30 1:2,N 00041130 }
RKV : RKVXS+RK(Z) 00041140 -
AK(I) = RKV 00041150
30 CONTINUE 0ng41140 .
IF (DABI(RXV).LE.DABRSCRKCN)I¥10.XETA) GO TO 40 00061170 :
¢ USE THE SCALED SORM OF THE 00041180 5
¢ RECURRCKCE IF (HE VALUE OF K AT § 00041190 o
c 1S NONZERO a00alz0¢
T 2 -PV/RKYV 000641210 P
RK(1) = QP(1) 00041220
D0 35 I:2,N 00041250 .
35 RK(I) = THGKCI-1)+QP(L) 00041240 '
GO 10 20 00041250
c USE UNSCALED FORM 00061260 b .
40 RK(1) = ZERO 00041270 {
DO 45 1:2,N 000641280
45 RK(I) = QK{I-1) 00041290
S0 R%V = RK(1) 00041300 ,
DO 55 1:2,h 00041310 '
55 PRV = RXVKS#RKLT) 00041320 :
T = 73RO 00043330 Ve
IF (DABSC(RKY:.GT,DABSCRX(N)IM10.XETA) T = ~PV/RKY 00041340 N
5 = ST 000641350
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1),sv(lol)

10
RLY ZERD THEN USE A
RM OF

USE UNSCALED FORM OF THE RECURRENCE
IF TYPE IS5 3

SPECIFICATIONS FOR LOCAL VARIABLES
1
A
»
A
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USE SCALED FORM OF THE RECURRENCE
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ZAL AL N
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- IBM/DOUBLE

- ZRPQLG

t RA
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23N
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END
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