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SUMMARY
The conventional design of forming rolls depends heavily on the

individual skills of roll designers which is based on intuition and
knowledge gained from previous work. Roll design is normally a trial and
error procedure, however with the progress of computer technology,
CAD/CAM systems for the cold roll-forming industry have been developed.
Generally, however, these CAD systems can only provide a flower pattern
based on the knowledge obtained from previously successful flower
patterns. ;

In the production of ERW(Electric Resistance Welded) tube and pipe,
the need for a theoretical simulation of the roll-forming process, which can
not only predict the occurrence of the edge buckling but also obtain the
optimum forming condition, has been recognised. A new simulation system
named "CADFORM" has been devised that can carry out the consistent
forming simulation for this tube-making process. The CADFORM system
applies an elastic-plastic stress-strain analysis and evaluates edge
buckling by using a simplified model of the forming process. The results
can also be visualised graphically.

The calculated longitudinal strain is obtained by considering the
deformation of lateral elements and takes into account the reduction in
strains due to the fin-pass roll. These calculated strains correspond quite
well with the experimental results. Using the calculated strains, the
stresses in the strip can be estimated. The addition of the fin-pass roll
reduction significantly reduces the longitudinal compressive stress and

therefore effectively suppresses edge buckling.
If the calculated longitudinal stress is controlled, by altering the

forming flower pattern so it does not exceed the buckling stress within the
material, then the occurrence of edge buckling can be avoided.

CADFORM predicts the occurrence of edge buckling of the strip in
tube-making and uses this information to suggest an appropriate flower
pattern and forming conditions which will suppress the occurrence of the

edge buckling.

KEYWORDS : Cold Roll Forming
Tube-Making
Computer Simulation
Elastic-Plastic Stress-Strain Analysis

Edge Buckling
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Chapter 1. Tube-making by the Cold Roll Forming Process

1.1 Introduction

Cold roll-forming is a continuous process of progressively bending
metal strip without changing the material thickne.ss, into shapes of
essentially constant cross-section, using successive sets of rotating tools
called "Forming Rolls". As such, it provides a very useful sheet metal
(strip) forming process, capable of consistently and accurately producing a
comprehensive range of profiles in a wide range of ferrous and non-
ferrous metals, with little restriction on length. Recently, demand for cold
roll-formed sections has increased.

Fig.l1 shows a schematic view of the cold roll-forming process for
producing tube. The strip is passed through a series of rolls which
progressively bend it to the required section geometry. Rolls are set on
horizontal axes and vertical axes as shown in the figure.

Cold roll-formed sections have been used in wide areas of the
construction industry, the automobile ihdustry, the oil industry and the
housing industry due to their particular features, i.e. high strength-to-
weight ratio, high productivity, high economic production, large overall
length, high dimensional accuracy and high quality of surface texture.
These sections have also found application in the manufacture of a wide
variety of consumer goods. _

Fig.2 shows typical shapes of sections produced by the cold roll-
forming process. The cold roll-forming process produces a wide range of
products with complicated cross-sectional shapes. In recent years, the

importance of cold roll-forming has continued to grow with the increasing

needs for its products.
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Forming direction
Sheet metal

Fig.1 Schematic view of the cold roll-forming process for
ERW(Electric Resistance Welded) tube-making

— 000

— R
(B) Light gauge section ‘

L_|
(C) Plates J U v v n.n e

(D) Sheet piles c/ N/ O w
(E) Structural parts C/‘\/_) l . l (r’, \ I I’

Fig.2 Typical shapes of sections produced by the cold
‘roll-forming process
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1.2 Production of ERW tube and pipe

Since the production of ERW (Electric Resistance Welded) tube and
pipe began in the beginning of the 1900's, its ltechnology has been
developed by using the cold roll-forming process and great progress has
been made together with the development and improvement of welding
techniques and the technique of rolling strip material. In particular,
remarkable progress has been made during the last twenty years. Fig.3
shows the layout of a typical tube-making process using cold roll-forming
and high frequency electric resistance welding. _

Because of their high reliability and low cost, ERW tube and pipe have
also been used in fields such as the oil industry, the automobile industry
and heat exchanger and chemical plant, instead of seamless tube and pipe.

Fig.4 shows the variation of the Japanese annual production! of tubes
and pipes for ERW, seamless, press brake (press brake formed and
expanded) and CBW (Continuous Butt Welded) in the decade from 1986.
Total production tends to reduce gradually each year. This tendency is
especially remarkable in seamless products. However production of ERW
products increased to more than five million tons a year in 1990 and after
1990 production of ERW also tended to. slightly reduce, however, it still
contributes half of the total production of tubes and pipes. This means that
greater importance has been attached to ERW products, and their uses

have expanded.
ERW tube and pipe mills can produce tubes and pipes with the

outside diameter D, up to 660.4 mm (26in), the wall-thickness t, up to 22
mm (0.866in), the D/t ratio from 4 to 125 and the yield strength Gy, as-
rolled up to X-80 grade (minimum Oy = 550MPa) specified by API
(American Petroleum Institute). Forming speed can approach 200m/min

in the smaller diameter ERW tube mills.
Main tubular products consist of line pipes, OCTG (Oil Country Tubular

Goods), mechanical and structural tubing, structural pipes, boiler and heat

18



exchanger tubes, and gas and water transportation pipes.

In recent years, automobile companies have actively studied an
application of the hydroformed tube to sub-frame parts and body frame
parts of automobiles. ERW mechanical®, tubes with thin wall gauge, have
been used for tube hydroforming and it is predicted that the amount of
ERW mechanical tubes used to hydroformed tube will be greatly increased

in several years.

According to the demand of tubes and pipes mentioned above, it has
become apparent that ERW tubes and pipes have tended towards small
batch, multi-kind production, higher valued added/higher quality
products, shorter delivery terms, higher productivity and flexible forming
systems. Such systems can reduce the size changing time, the number of

operators and can also expand the available size range.

Forming rolls

p X —

Break-down rolls Fin-passrolls

Bead remover Sizngrolls Cutting

QY

High frequency
ERW

Fig.3 Typical layout of tube-making process using cold roll-forming
and high frequency electric resistance welding

smechanical tube: Tube for machine structural purposes
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1.3 Background of this research

Kawasaki Steel Corporation introduced the 26in ERW full cage roll
forming mill2 (IHI-Yoder) in Japan in 1978. Its appearance is shown in
Photo.l.In order to establish this cage roll fbrming technology,
experimental investigations using the actual production mill3.4 and a
programme of fundamental research using a model mill5.6, have been
carried out by the author since 1979. An appreciation of the fundamental
characteristics, including the advantages and weaknesses of the cage roll
forming mill, was obtained and various technical developments and
improvements have been promoted, based on these researches.
Furthermore, on the basis of the research data on cage roll forming, the
Chance-free Bulge Roll (CBR) forming process? was conceived by the
author as a new ERW tube and pipe forming process which, compared with
the conventional roll-forming process, would possess outstanding features
including the use of flexibility of forming roll, strip formability and
weldability. A programme of research and development experiments8-10
have been conducted and the production ERW tube plant!! for stainless’
steel, designed by Kawasaki Steel Corp., was introduced at Chita works in
June 1990 as a consequence of these researches. The appearance of this
CBR forming mill is shown in Photo.2. Three other CBR forming mills have
already been installed in Japan and Brazil to date.

These research and development programmes were conducted using
production experience and experimental data. The requirement for an
understanding of the forming process by theoretical analysis has been
increased through this kind of research and development. This is in order
to reduce the number of experiments employing trial and error and to get
an estimate of the appropriate forming schedules prior to experimental
work. |

Although some theoretical studies on the roll-forming process have

already been done in response to these needs, they have not yet reached a
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stage at which the occurrence of shape defects in the products can be
evaluated. In the field of CAD/CAM, the evaluation system of the flower
pattern designed by CAD has also not been completed.

Most CAD systems, which have taken account:-of the basic elastic-
plastic theory, can only draw the flower pattern or the roll profiles based
on the data and knowledge which has been stored through past
experience. This research, therefore, aims at creating a CAD system,
including theoretical analyses, which can evaluate the stress-strain
conditions for the occurrence of edge buckling, commonly called "edge
wave" that take place at the edges of the strip in the roll-forming stages.
In particular, edge buckling is a most serious problem in the forming of
thin walled tube and pipe.

Fig.5 illustrates the occurrence of edge buckling in tube-making by
the cold roll-forming process and an example of the edge buckling in the

actual production of thin walled pipe is shown in Photo.3.
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Photo.l Appearance of the 26in ERW full cage roll forming mill
at the Chita works of Kawasaki Steel Corporation

Photo.2 Appearance of the CBR forming mill for manufacturing
ERW stainless steel tube at the Chita works



Edge buckling (Edge wave)

\

g

Forming direction

Fig.5 Ilustration of occurrence of edge buckling in tube-making
by cold roll-forming process

Photo.3 Appearance of edge buckling in actual production of thin
walled pipe with D = 609.6mm by t = 6.0mm, D/t = 100
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1.4 Research objectives

This work is primarily concerned with computer operation and
graphics operation using the GINO-F software package!2.13 and the
development of new software including numerical and visual programmes
for the analysis of the cold roll-forming process.

The main objectives are:

(1) To gain knowledge of the computer operation including

Fortran7714.15 and the graphics operation using the GINO-F, which is
a commercial graphics package that takes the form of a library of
drawing and administrative subroutines.

(2) To wundertake a survey of modern techniques applied to roll
schedule design, with emphasis on CAD softwares for the
flower pattern and numerical analyses of the roll-forming
process.

(3) To attempt to apply the existing CAD/CAM system, "ROLFOM"
developed by previous research students at Aston University, to the
design of the flower pattern for tube and pipe. |

(4) To create a new interactive software package, which can carry out
a consistent forming simulation comprising the following items:

(a) CAD of the flower pattern

(b) Elastic-plastic stress-strain analysis of edge buckling based on a
geometrical deformation model

(c) Theoretical evaluation of the occurrence of edge buckling
in the forming stages

(d) Three-dimensional graphics display of the results obtained
by this new interactive package.

(5) To verify the results of the theoretical analysis by the experi-
mental data

(6) To investigate effects of the forming factors such as the flower

pattern, the pass height condition, the material properties, the tube
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stress-strain in the forming stages and the occurrence of edge buckling.

26



Chapter 2. Roll-Forming Process of ERW Tube- and Pipe-
making

2.1 Design of forming rolls and mill for ERW tube- and
pipe-making

_ The roll-forming technology for tube and pipe consists of two
components, (1) the forming sequence called the "flower pattern", which
determines how the strip is bent ("soft" technology), and (2) the
equipment for forming the strip to the shape of the planned flower
pattern ("hard" technology).

Fig.6 shows four typical flower patterns f::)r : (A) Edge bending, (B)
Centre bending, (C) Circular bending and (D) W-bending. Usually, a
combined flower pattern will be used in production. The design of the
flower pattern and expert knowledge are very important key factors. The
W-ber;ding flower pattern, in which the edge portion of the strip is bent,
whilst the centre portion of the strip is reverse-bent, has often been used
in the production of heavy walled tubes in recent years.

The new flower pattern shown in Fig.7, which is characterised by
bulge-bending and bend-unbending in the fin-pass (the term fin-pass is
used throughout to denote the finishing passes) roll stands, has been
developed in the previously mentioned CBR forming process’.

On the other hand, the design of the forming mill including the design
of roll construction, is also a very significant matter. This is not only to
obtain the appropriate forming of the strip but also to provide a flexibility
of forming roll profiles that enables the products to be manufactured in a
wide range of sizes.

Fig.8 shows the typical layout of a forming mill for the production of
ERW tube and pipe. The "break-down roll forming mill", also called "the
step forming mill", is a common process and has been introduced mainly in
small or medium diameter tube production.

The "Cage roll forming mill", also called the "natural forming mill",

was originally developed by Yoder!¢ and the Torrance Machinery and
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Engineering Inc.!7 in the USA in the 1960's and it has been introduced
mainly in large diameter pipe production. This mill enables the pipes to be
manufactured in a wide range of size by the common use of some rolls
without roll-changing. Fig.9 shows a schematic view of the forming of the
strip in the main forming stages (passes) such as break-down roll-forming,
cage roll forming, and fin-pass roll forming which is the finishing stage

where the formed strip is reduced in the circumferential direction.

2.2 Newly developed ERW tube- and pipe-making mills

Recently, flexible forming mills have been developed for the principal
purpose of realising forming roll flexibility in order to achieve small-batch
multi-kind production. Typical new ERW tube and pipe forming mills

developed currently may be listed as follows:

(1) Lineal Forming mill Mannesmann Demag 1982'%
Germany

(2) CTA Forming mill Voest-Alpine 1987'?
Austria

(3) FF mill Nakata 198720
Japan

(4) Roll-less Forming mill Nisshin Seiko 19902!
Japan

(5) CBR Forming mill Kawasaki Steel 1990!!
Japan

An automated and computerised 16in ERW pipe mill?? was
introduced at Nagoya works of Nippon Steel Corp. in 1987. Furthermore,
Kawasaki Steel Corporation has recently developed a new manufacturing

process for the welded tube, termed "HISTORY", that can recreate material

property of tube with high strength and excellent formability.
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(A) Edge bend forming, (B) Centre bend forming
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(C) Circular bend forming (D) W-bend forming

Fig.6 Typical flower pattern used in ERW tube- and pipe-making

AN
NN\

Bulge-bending

|
|
|
|
|
|

™= Bend-unbending

(A) Cage roll forming ; (B) Fin-pass roll forming

Fig.7 New flower patterns developed in the CBR forming process?
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Break-down rolls

Fin-pass rolls  Squeeze roll

(a) Break-down roll forming mill(process)

Cage rolls » Break-down rolls

Fin-pass rolls Squeeze roll

(b) Cage roll forming mill(process)

Fig.8  Typical layout of forming mill for production of ERW tube
and pipe
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Break-down roll
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(a) Break-down roll forming (b) Cage roll forming
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(c) Two rolls type fin-pass roll forming (d) Four rolls type fin-pass roll forming

Fig.9  Schematic view of forming of sheet metal in major
forming passes
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2.3 Pass-line conditions for ERW tube- and pipe-making

In ERW tube and pipe manufacturing, the bottom constant pass-line
condition is generally applied, as shown in Fig.10(a). However, edge
buckling easily occurs in the case of large diameter thin-walled tube and
pipe. The trace length of the strip is the three dimensional forming pass
length which indicates the space trace of each strip part in the forming. In
the cold roll-forming of strip for tube- and pipe-making, the trace length
of the strip edge becomes larger than that of the strip centre in the middle
forming stage, thus the trace length of the strip edge is decreased
gradually, closing to the trace length of the strip centre after the middle
forming stage. In the downstream forming stages, the edge portion of the
strip is subjected to a compressive stress condition due to the shrinkage of
stretched edge. Due to this compression, edge buckling easily occurs in the
forming of thin walled tube and pipe. Thus, the downhill pass-line forming
condition is applied in the case of manufacturing thin walled tube and
pipe, to decrease the compression at the strip edge, due to the difference
of trace length between the strip edge and centre. The height of the strip
centre position is gradually decreased in advance of the forming in the

downhill pass-line forming condition as shown in Fig.10(b).

Forming direction

Entry side

(a) Bottom constant pass-line forming condition

Forming direction

Entry side

Height of pass- Iine¢

(b) Downhill pass-line forming condition
Fig.10 Pass-line conditions for ERW tube- and pipe-making
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Chapter 3. Computer Aids in Cold Roll-Forming
3.1 CAD/CAM system

The conventional design and manufacture of forming rolls
depended on the individual skill of the cold forminé roll designer, which
was normally based on the experience and knowledge gained from
previous work. There was no universally recognized scientific design
theory which could provide guiding principles. The roll schedule design
was normally a trial and error procedure and it was not efficient.

With the advent and progress of computer technology, computer
aided design (CAD) and computer aided manufacturing (CAM) have
improved design techniques. CAD/CAM systems or packages for cold roll-
forrﬁing, based on some geometrical considerations, including the basic
bending theory and primitive design rules, have now been devised.

There are a number of examples of CAD/CAM software packages
which have been developed for the cold roll-forming industry, such as the
package developed by Rhodes23 for the Machine Tool Industry Research
Association. There are also publications describing the systems in use in
other countries, for example the programme developed by Industrie
Secco?4 in Italy and packages devised by ROLL DATAZ25 in the USA, Delta
Engineering Ltd. 26 in Canada, John Lysaght2? in Australia, Aston
University28 in U.K., Hitachi Metal2® in Japan, Ona30 in Japan,
A.Sedlmaier3! in Germany, and R.Baranowski32 in the USA. All are tailor-
made packages for the cold roll-forming industry. These CAD systems,
although different from each other, have common features and essentially
perform the same function. CAD/CAM systems such as these can
recommend a flower pattern based on the knowledge obtained from
previous successful flower patterns.

Generally, however, all the decisions involved in flower pattern
design will be made by the designer without substantial assistance from

the computer; the flower pattern designed by the previously mentioned
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CAD/CAM systems is not based on a theoretical evaluation of the forming
stages. However, there is no doubt that the applicaiion of these systems

has resulted in the reduction of the designers' workload, shortened lead

times, reduced error and increased efficiency.

3.2 Theoretical analysis of cold roll-forming

3.2.1 Minimum energy method

Experimental investigations and fundamental studies of cold roll-
forming have been rigorously carried forward by a number of researchers
such as Masuda et al.33, Sarantidis et al.34, Suzuki and Kiuchi35, Kiuchi and
Shintani36, Jimma and Ona37, Nakajima and Mizutani38, Kato and Saito3?,
Onoda and Toyooka®, Kuriyama and Adaka%0, Kasuga and Jimma?#l, Jimma
and Morimoto42, and Kokado and Onoda43. These investigations and
studies were carried out under the four main subject areas as follows:

(1) Fundamental studies of cold roll-forming.
(2) Investigations of optimum roll pass schedules.
(3) Investigations of specific sectional problems, including the cause
of their occurrence and the method of their suppression.
(4) Studies of the development of new forming processes.
As shown in Fig.11, a large number of factors are involved in cold

roll-forming and they can make the deformation process very complex.
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Layout of rolls  Roll drive
Construction of rolls
Flower pattern design
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Operating conditions
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Roll setting position
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Roll alignment

Fig.11 Main factors defining cold roll-forming process and their
relationships :
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Cold roll-forming, therefore, becomes an extremely complex three-
- dimensional deformation process with elastic-plastic deformation. Thus,
the mathematical model of cold roll-forming is a problematic exercise. The
creation of a model, which can consistently represent. the total deformation
of the strip, is also very difficult.

There are several major factors that cause difficulty in the theoretical
analysis of cold roll-forming. These reasons are:

(1) The deformed strip is a complex three-dimensional body.

(2) It is essential to deal with the analysis as elastic-plastic

deformation without ignoring the elastic deformation. '

(3) Boundary conditions are not defined and the shape of

material between passes is not known.

(4) The forces acting on the strip cannot be quantified.

(5) It is necessary to consider work-hardening, because the direction

of strain is reversed many times.

(6) The deformation strain is small, but high accuracy of the

analysis is required.

The necessity of a comprehensive design theory for roll pass
schedules, including the flower pattern, is clearly required. Thus the
introduction of scientific principles will help to reduce the requirement for
trial and error procedures which have traditionally been applied.

The most comprehensive theoretical analysis of cold roll-forming for
the forming of tubes and other sections has been performed by Kiuchi and
his collaborators44.45. He realised that the first step in modelling the roll-
forming process was in predicting the shape of the strip between
successive stages. The shape function, S(x), as shown in Fig.12, represents
the flow pattern of each part of the strip between passes, where the flow

pattern was given by the following equation:
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n
=aalE X
S(x) snn[z(LS)] 1)

where,
x = the distance of some position between the (i)th and
the (i+1)th stage
Ls = the distance between the neighbouring stages
n = an unknown value decided by the minimum energy

method

In this analysis the sheet strip was divided into small elements.
Kiuchi then devised an expression for the membrane strain in each
element based on simple trigonometry, and the calculated bending strain
by using the sheet curvature along the X (longitudinal) and Y (lateral)
axes. The magnitude of the strain in each element was evaluated by
summation of these strains. The constitutive equations for the plastic
stress-strain relationship were adopted from a technique derived by
Yamada46, by inverting the Prandtl-Reuss equations.

Some assumptions were applied in order to simplify the modelling, as
listed below:

(1) The front and rear cross-sectional profiles are al'ways

included in planes which are perpendicular to the X-axis
and which can traverse along the X-axis.

(2) The summation of stress in the X direction in each element

is constant or equal to zero at each stage.

(3) The directions of principal strain are coincident with the X-

and Y-axes, and the plane strain condition can be applied.

(4) The shear strain and shear stress are ignored.

(5) The stress o, in the wall-thickness direction, is negligible

and equal to zero
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The variable n in the equation (1) is then adjusted until the poiver of
deformation is minimised as shown in Fig.13. By this simulation method a
series of forming processes for welded tubes was investigated and the
effects of forming conditions on the deformation characteristics of the strip
analysed. Kiuchi then went on to develop the optimum flower pattern for
tubes by either equalizing the longitudinal membrane strain of the edge of
the strip, or the total power at each pass, using results from simulation.47

Fig.14 shows simulated results of the variation of the longitudinal
membrane strain occurring at different lateral positions. Here the strain
behaviour, with increasing and decreasing strain, that caused the strain
peak just before each stand, was calculated consecutively.

Kiuchi's work can be said to be important and innovative because it
is, to date, probably the most comprehensive attempt to model the cold
roll-forming process. However, there is a lack of experimental verification
of this theoretical model by correlation of simulated and actual values of
stress and strain. Results for longitudinal stress by this simulation were
not reported. Furthermore, although he focussed his attention on the
longitudinal membrane strain, he did not evaluate it from the point of
view of the occurrence of forming defects, such as edge buckling. It was
considered that it was not easy to devise the model of edge buckling in
this theoretical model because the longitudinal shape of the strip, which
would have to be considered as a factor of the dimension for calculation of
edge buckling, is very complex. Only the results of the longitudinal

membrane strain and the total power at each pass are shown.

38



Three-dimensional
path of a sheet
element

X=X, *
(#1+% stand)

Deformed curved
surface of the
sheet

Pi(Xy ¥y, 4y XeX,:(#1 stand)

Y

Fig.12 Illustration of the concept of shape function S(x) by Kiuchi 4443
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Fig.13 Flow-chart of the total simulation prbcess by Kiuchi 44.45
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The theoretical model presented by Panton4® was very similar to that
of Kiuchi. A new shape function, S(x), which can define the geometrical
shape of the strip between successive passes in the cold roll-forming
process, was devised following a series of experimental investigations. The
shape function of the strip, which describes the bending -distribution of the

strip between passes, is defined by the following equations:

—a[(L-X)IX]b (2)
(3)

Sx)=e
B(x) = S¢ + (Fo - Se) S(x)
where,
x = the distance from the preceding pass
L = the distance between successive passes (the pass length)
8(x) = the angle of bending at a distance X from the preceding pass
S¢ = the angle of bending at the preceding pass
F¢ = the angle of bending at the end of the pass

a and b are variables.

The elastic-perfectly plastic model of the stress-strain relationship
was applied and the work-hardening of the material was ignored. He
verified the theoretical model by experimental data obtained from the

forming of a simple U-section channel, but a high accuracy could not be

achieved.
Bhattacharyya4? constructed a theoretical model for a simple U-

- section channel. This theoretical work is concerned with predicting the
shape of the strip between stands, which is a similar method to that of the
previously mentioned two workers; a minimum energy method has also
been adopted. It is assumed that no forming will take place in the pass
until a certain point in the longitudinal position is reached. The idea of
"deformation length", adopted by Bhattacharyya, was introduced to define

the shape of the strip. He also assumed that, (i) the material can be treated
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as rigid-perfectly plastic, (ii) bending takes place only along the fold line,
and (iii) the flange adopts the shape which minimises the plastic work.
This work was extended into estimating the roll load50., Bhattacharyya
recognized the limitations of the analysis, but claimed that the equations
to determine the forming length were a good approximation which was
verified by the experimental investigations.

Thus, these described studies take a similar analytical approach, i.e.
they estimate the shape of the strip between passes by using a special
function or definition, optimising its shape by the minimum energy
solution. However, by using the results obtained from their theoretical
models, they have not extended their analyses to the evaluation of the
occurrence of forming defects. It seems that there are some difficulties in
considering an evaluation model for the occurrence of forming defects.
These are, for example, how to decide the shapes and regions of the strip
which are affected by the stress or forces that cause the forming defects,

and how to assume the point where these forces act.
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3.2.2 Finite element analysis

Recently, following advances in computer technology, numerical
methods have increasingly been applied to the modelling of a wide area of
industrial forming processes. |

Finite element analysis (FEA) is typical of these numerical methods
and it has become the most popular method of stress-strain analysis. At

present, there are very many commercial finite element packages

available.
Onoda’1.52.53 has studied the deformation features of the strip in the

break-down rolls, and the fin-pass rolls, in an ERW pipe mill by a three-
dimensional rigid-plastic finite element method. He estimated the effects
of forming conditions on circumferential distributions of the wall-
thickness strain and outer curvature of the formed steel sheets. However,
his analysis was limited to the simulation of a few forming features.
Furthermore, Onoda’4 has tried to calculate the deformation features of a
Hat-section, roll formed from steel sheet using a three-dimensional elastic-
plastic finite element method. He estimated the membrane strains and
membrane stresses in the roll formed steel sheet, however, he was still
unable to evaluate shape defects such as pocket waves. Furthermore, long
calculation times are needed to analyse the deformation of the steel sheet
by FEM.

Downes?3 studied the analysis of the strain, which is created in the
strip between passes in the cold roll-forming process, by using his
software package called "ROLFEA", which is an elastic-plastic finite
element method. He considered the deformation model which consisted of
a combination of press brake forming and strip torsion between stands.
The strains obtained by ROLFEA are approximately 25% larger than the
actual strain measured by a strain gauge, however, he could achieve a
close estimate of the strain behaviour.

ItamiS6.57 analysed the residual stress and the deformation of ERW
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pipe in the sizing rolls, i.e. the final stages, by a three-dimensional elastic-
plastic finite element method from a commercial package, called "MARC".
A reasonably accurate simulation was achieved.

Kiuchi and Wang38.59 have carried out a numerical analysis of the
deformation of steel sheet at the break-down forming stage in tube-
making by a two-dimensional elastic-plastic finite element method. They
estimated only the outer curvature of the formed sheet. However, they

have not analysed the deformation of steel sheet in the longitudinal

direction.

As mentioned already, many investigations of cold roll-forming have
been carried out, especially in Japan. Research activities have also been
performed progressively under the Japan Roll Forming Committee of the
Japan Society for Technology of Plasticity (JSTP). However, there are few
studies which deal with the consistent forming simulation, including the
evaluation of the occurrence of forming defects. One of the reasons may be
that the cold roll-forming process has many unknown factors, as well as a
number of other characteristics. This is because it has an extremely
complicated three-dimensional deformation, with small strains and a large
free deformed surface, compared with that of other forming processes
such as rolling, forging, extrusion and sheet forming. However, consistent
roll forming simulation for tube-making has been the objective of many
engineers and oberators to predict the occurrence of the forming defects,
prior to actual tube production, and to suppress forming defects.

Thus this work seeks to develop a more consistent forming simulation
for tube-making in this field, based on professional experience and

knowledge gained in the cold roll-tube forming process for more than

twenty years.
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Chapter 4. Application of the "ROLFOM" Package to Tube
Making

Research students at Aston University have developed the
CAD/CAM system for cold roll-forming called "ROLFOM" in association with
Hadley Industries. ROLFOM is written in FORTRAN 77!5 using the GINO-F
graphics packagel2. This software runs on the Vax 8650 and Textronix
4107 equipment at Aston University.

The ROLFOM system consists of computer aided design (CAD) and
computer aided manufacturing (CAM) programmes. The configuration of
the ROLFOM system is shdwn diagrammatically in Fig.15.

The CAD software comprises five parts:

(1) Finished section programme

(2) Flower pattern programme

(3) Template programme

(4) Roll design programme

(5) Roll editor programme

The CAM software comprises three parts:

(1) Roll machining programme

(2) Post-processor programme

(3) Tape check programme

As an example, Fig.16 shows a hat-shape finished section produced
by the finished section programme. This programme has the purpose of
defining and drawing the finished section, however it can calculate only
the required sheet width, based on a consideration of the bending
allowance of the strip. Although this consideration is not necessary in the
case of R/t > 5 ( R being the radius of bending and t the wall-thickness of
the strip, i.e. D/t >10 ) as reported by Kaltprofil60,
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Fig.15  Configuration of CAD/CAM system for cold roll
forming developed by Aston University
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Fig.17 shows examples of planned flower patterns which visualises
forming sequences obtained from the flower pattern programme. Fig.17(a)
shows the flower pattern A, i.e., stacked-up flowers drawn on the same
chart and Fig.17(b) shows the flower pattern B, i.e., consecutive flower
pattern sequence at each pass. Thus, the ROLFOM system provides
efficiency in flower pattern design and provides a visualisation of the
designed flower, which enables rapid checking by the designer. However,
the software for the flower design in ROLFOM can only perform the
defining and drawing of the finished section and the associated flower
pattern. Any evaluation or analysis for a planned flower pattern, based on
a scientific approach, is not taken into consideration. Thefeforc, the
designer cannot know or estimate whether the designed roll can produce
good products without forming defects. Clearly, this is a very significant
problem.

Since the ROLFOM system was devised for section-shaped products
(except tube and pipe), the application of this ROLFOM system to the
flower pattern design of tube and pipe has not been attempted by
previous researchers. However, the application of ROLFOM to the flower
pattern design of tube provided not only the gaining of additional
knowledge of computer operational techniques, but also an understanding
of the ROLFOM system. Thus, this research work requires a revision of the
special CAD software for its applicablility to the flower design of tube and
pipe. Thus, revising the method of data input, it is anticipated that the
construction of the flower pattern of tube and pipe could then be
accomplished.

Figures 18 and 19 respectively show the examples of the planned
forming flowers at the initial stage and the finishing stage, i.e. called the
"fin-pass roll", in the roll forming process for tube. Fig.20 shows the two
kinds of planned flower patterns from start to the first fin-pass roll stage.

Each flower was drawn with respect to the outside surface and the wall-
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thickness was neglected. Fig.20(a) shows the stacked-up flower pattern A

and Fig.20(b) shows the consecutive flower pattern B, as detailed in Fig.16.
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Fig.20

FLOWER PRTTERN A

(a) Flower pattern A
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(b) Flower pattern B

Application of the ROLFOM to flower pattern design and
flower sequence
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However, as mentioned previously, the validity of this flower pattern,
obtained by the ROLFOM system, cannot be verified. It also cannot be
checked because the ROLFOM system does not have any theoretical
analysis and evaluation provision for a planned flower pattern. Therefore,
the development of a new software package, which can evaluate the
validity of the designed flower pattern based on the theoretical analysis, is
clearly required.

Thus this research work, promoted by the author, aims at the
development of a new CAD system which will provide a more consistent
forming simulation in the field of tube-making by the cold roll-forming
process. It will enable a designer to redesign the appropriate flower

pattern, based on the result of the forming defect evaluation proposed by

the theoretical stress-strain analysis.
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Chapter 5. New Computer Simulation for Tube-making
5.1 Outline of new computer simulation, "CADFORM"

As previously mentioned, very little research has been conducted
that deals with a consistent forming simulation and evaluation of forming
defects in the cold roll-forming processes. This is because of the extremely
complicated three-dimensional small strain deformations, and because -of
the many uncertain boundary conditions, which are difficult to estimate or
define. However, it is considered that it would be possible to carry out the
required consistent forming simulation by a modelling simplification based
on original but acceptable assumptions. In some cases, greater value is
attached to a consistent complete forming simulation which can provide an
approximate estimation, rather than a localised forming simulation with
high accuracy. This is 'especially}the case in the production of ERW tube
and pipe, where development of consistent software has been required,
" not only to predict the occurrence of forming defects in the forming of new
products, but also to obtain an optimum forming condition and procedures
in order to minimise such forming defects. ‘

Thus, this research deals with the development of a new software
package named "CADFORM?", which can carry out the required consistent
forming simulation for tube-making by the cold roll-forming process. The

CADFORM system includes a theoretical analysis using a simplified model

-

of the forming process.
In general, the main factors which have to been considered in the

roll-forming process consist of the tool design, the operating conditions
and product specification, including the material properties, as shown in
Fig.11 (page 35). Every factor influences every other and all have a close
relationship. In normal production, operating conditions are mainly
controlled by the product specification because the tool .design has already
been ﬁxed. However, three major factors have to be determined to obtain

the optimum forming of the strip and to achieve high quality products.
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The optimum design of the forming tools exists in the area which satisfies
the three major factors, as shown in Fig.11.

The outline of this research work is shown in Fig.21. The construction
of the CADFORM system, which will be developed for tube and pipe,
comprises four main parts:

(1) Flower pattern design programme with the data input and

the two dimensional (2-D) drawing

(2) Elastic-plastic, stress-strain analysis programme

(3) Evaluation of edge buckling programme

(4) Three dimensional (3-D) graphics display and drawing

programme

This interactive data input system has to be created in order to
provide easy use and access. Amendment of data, creating data files and
calling the data from the file by the interactive method, are also taken into
consideration in order to give satisfactory operations for the designer.
Furthermore, all main results are to be displayed on the Tektronix colour
screen by newly devised 2-D and 3-D graphics programmes associated
with the GINO-F graphics package. They are visualised in order to enable
the designer to gain rapid understanding and checking of the results.

The originality of this research is the realisation of predicting a
forming defect and enabling designer to redesign the appropriate flower
pattern, based on the result of the edge buckling evaluation. The
consistent forming simulation, which consists of the construction of
forming flower patterns, the analysis of stress-strain using the designed
flower pattern and the evaluation of the edge buckling occurrence is a new

approach by this research work to realise a more effective tube-making

analysis.
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5.2 Two dimensional flower pattern design

5.2.1 Flower pattern design programme

The flower pattern design programme consis'ts of the data input,
the amendment of data, creating the files, calling the existing data file, and
the 2-D graphics display and drawing of the two kinds of flower patterns
such as Individual Drawing ("Flower pattern A") and Flower Sequence
Drawing ("Flower pattern B") together with the interactive operation
system. The details of this flower pattern design programme is listed in
Appendix 1.

Items for the input data, together with the grouping for each main
factor of the roll-forming process are listed as follows:
(1) Product specification and material properties

(a) Outside diameter (mm)

(b) Width of strip (mm)

(¢) Thickness of strip (mm)

(d) Young's modulus (MPa)

(e) Yield stress (MPa)

(f) Tangent modulus (MPa)

(g) Poisson's ratio
(h) Ratio of the lateral strain (¢,) / the longitudinal strain (g,

(i) Ratio of the longitudinal strain (g,) / the lateral strain (g,) for
consideration of the fin-pass reduction

(2) Tool design
(a) Number of roll stands (passes)

(b) Inter-stand distance (Inter-pass distance) (mm)

(c) Flower pattern
« Number of radii
- Radius (mm) and angle (deg)

(3) Operating conditions
(a) Pass line height (mm)

- Bottom constant (constant pass line) forming
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+ Downhill (pass line) forming
- Uphill (pass line) forming

(b) Forming speed (m/min)

(4) Stress strain analysis
(a) Number of the divided elements in the lateral direction.

5.2.2 Two-dimensional flower pattern drawing

In the 2-D drawing of the flower pattern, the designer is provided
with a menu screen at each stage. The flower pattern A and/or the flower
pattern B, for the optional pass sequence, are obtained by calculation of
some of the geometrical dimensions of the flower pattern. Photo.4 and 5
show examples of the computer graphic display of the flower patterns A
and B, respectively. Furthermore, the results of the flower pattern A are
shown in Figures 22 - 30. These drawings are planned flower patterns of
tubes with outside diameter 60.5 mm and wall-thickness 1.75 mm for the
bottom constant forming condition. The notation used in flower pattern
drawings is defined as follows:

TLO = outside surface length of formed sheet

TLN = neutral axis length of formed sheet

R = outer radius

A = bending angle

DH = downhill forming height

Fig.31 shows the flower pattern B for the planned flower sequence
described in the previous paragraph. Fig.32 shows the flower pattern B for

the application of downhill forming to the forming of. the same size of tube.

Any size of tube and pipe can be drawn with this CADFORM system using

the automatic scaling provision.
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Photo.4 Computer graphic display example of
the planned flower pattern A

Photo.5 Computer graphic display example of
the planned flower pattern B

39



WWS.  IXS B9 13315 TIIW. 2| v Na311vd d3A074
FIS 9 Id3 L1 CLTHA) 54400
A8 SL=LX5= cB6l 2 't Bi00AO0L" L
.r\_ m .”_ —:\A m w_zm__n_zmqﬁu Ji1Hd A TMHdd _\I_ m O u D( U
1
g | _
#
i
M
|
#
|
|
_
< 3672E8)
wwg/'L =1 |
wuws09 =ado

SNIpoDY Ja3nQ:y
L3B6 " @B=31HD5

Ul =H(
B8 LBl =N1L
g8 L8L =011

*hap g ww:grup

PUDTS)H O

Drawing of planned forming flower at entry pass by flower

pattern A using the CADFORM system

Fig.22

60



uwag /) " |9 39 13315 TIIHeS | ¥ N3311¥Yd ¥3a014
IZI1S I9Id3La CLTH4ISA9OM
0892- 1 X5-A¢9 26612 "€ HADDAODL " L
m A N_ _\ \A U um.._m__rluw._mu J1Hd 4 TH gad E m O u D{ U
=1
g | |
|
|
_
wwg/'L =1 _
wwg09=a0 7 f
albuy : v = eV _
SNLPODY 433Ny “
ABB6 B=37HDS 2y |
pa’g  =Ho K STal =
P97 L5 =2y |
16°92 =24 - W
el = | P N
66 66666=1Y M
607281 =N1L . i
o . |
58°881 =071 i UBTET O
*hap g ww:jrup

Drawing of planned forming flower at Ist pass by flower
61

pattern A using the CADFORM system

Fig.23




B ST e ST S

IS

13415

IHTH3 L

T1IWa e

COTH) SR

¥ Nadllvd 23A0 14

854~ VXS- @9

JHHH 3714

BADOAODL" L

e g Lege 10

Wa0dUY O

WwG/'L =1
wws'09 = ao

oibuy : v

SNIpoY 433005 Y
L8386 B=11025
Ud i =H(
895 &5 5t
o 8c =td
Bp @ =2l
tc &3 “cod
cl =10
66 666GO=1d
|
|

LR B

2874 =N1L
FA 6EL =011
Bap

3 ww:jiun

i
uwg |

83°0E

Id

PUBR1S2 " O

Drawing of planned forming flower at 2nd pass by flower

pattern A using the CADFORM system
62

Fig.24



WS TXS @9 BIST T2y N3311vd 2380
2494 - 1 X59-89 266172 "E HAQOADL L M=l =0)"20)
wwgz L =1

Lt =
e oom_mm% TV e H

SNIPDY J433N[0: Y w
LEBE B=31HD5 _

Ba°@  =HO J

55°ES  =pY |

@6'82  =bd « i

LG8l =EY = AR

18°9L  =Ed W\ ey

Ef'ce =cb , v e

25°25 =24 ; .

@a'8 =1y

92 2b| =1¥

80" 481 =N1L

92 @61 =071 e

U 1S 0

‘fBap g ww:jrug datallinl? b

Fig.25 Drawing of planned forming flower at 3rd pass by flower
pattern A using the CADFORM system
63



Wwwg/l " 1 XS 39 13315 TIIHeC |y NY31LYd ¥3IM04
IS HId3LE CLTHA) SA40M
- | XG- cBBl "2 "E BADOAOL L
u m m N._ _ \nm,_ u@m:@udu ALHa d AME ] _\I_m D um_(u

wwg/ L =1 1

wwg09 = ao g | _
..u.:mtc.n_ r_m_‘..—:ﬁ_“‘_,n_ __

A806°8=131005 |

@a'@  =HO _

S5°ES  =pH “

@622 =bd * m

L6°6L  =EH o i |

18°9L  =Ed i ov 71

Sp Gp =2h =~

mm.@m Hmm Y :.._

gg @l =Y ; ne

S2°6dlL =14 ﬂ__.mmm ik

20" 481 =N1L 3§ias

Sa° 161 =011 i NI

c 0

*Hap » ww:igruf Ao kih N

64

Fig.26 Drawing of planned forming flower at 4th pass by flower
pattern A using the CADFORM system
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Fig.29 Drawing of planned forming flower at 7th pass by flower
pattern A using the CADFORM system
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83 Procedures and modelling for elastic-plastic stress-
strain analysis in tube-making

5.3.1 Modelling for elastic-plastic stress-strain
analysis

The concept of this modelling, for the forming of tube, is based on
obtaining the outline of the deformation of tube and analysing the stress-
strain of the strip in the tube-making process. This analysis is required in
order to consider the risk of the occurrence of edge buckling of the strip.
The geometrical deformation model, which has an assumption that the
strip between passes is subjected to linear deformation in the longitudinal
direction, is adopted in this elastic-plastic stress-strain analysis
programme in order to realise the analysis of edge buckling of the strip in
the forming passes.

It is generally stated that the membrane stress, calculated from the
membrane strain in the longitudinal direction, mainly affects the
occurrence of edge buckling. Therefore the deformation model, based on
the membrane theory, is applied which states that deformation only
occurs on the neutral plane of the strip wall-thickness. This model
assumes that the bending deformation of the strip in the lateral and
longitudinal directions is neglected. This geometrical deformation can also
be termed the membrane deformation model. It may be noted that the
deformation of such thin-walled tubes with large D/t ratio approximates to
the membrane deformation. Furthermore, it is assumed that the shear
strain and shear stress are negligible according to Kiuchi's44 report. This
simplification of the model realises the analysis of edge buckling. In
addition, it is considered that compared with the longitudinal membrane

stress, the shear stress and strain do not significantly affect the occurrence

of edge buckling.
In order to simplify the modelling and to enable a consistent forming

simulation to be achieved several assumptions are introduced in this
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stress-strain analysis. These are as follows:

(1) The material deforms whereby its cross-sectional profile is
perpendicular to the material neutral plane.

(2) The direction of the principal strain coincide with the X
(longitudinal) and Y (lateral) axes.

(3) Plane stress condition and the stress ¢, =0 in the
wall-thickness direction apply.

(4) Membrane theory is applied and bending strains in the
lateral and longitudinal direction are neglected.

(5) Shear strain and shear stress are ignored.

(6) Elastic-linear work-hardening plasticity is assumed
where relevant as the mechanical property.

(7) The material obeys the von Mises yield criterion and the
Prandtl-Reuss stress-strain relationship in the plastic
deformation regions.

(8) Stress and strain are homogeneous in the element.

(9) The Bauschinger efféct is neglected.

(10) The material is homogeneous and isotropic.

In the CADFORM system, the two deformation models were devised
as "Model-1" and "Model-2". As shown in Fig.33, the Model-1 calculates
the strain for the condition of no deformation of the divided elements in
the lateral direction. However, Model-2 calculates the strain of both
deformations of the divided elements in the lateral direction, and that due
to fin-pass roll reduction.

The consideration of fin-pass roll reduction is an original idea of the
author, based on long experience and knowledge of tube- and pipe-
making. Thus it is generally acknowledged that the fin-pass reduction is
very important to suppress the edge buckling occurrence of the strip in
ERW' pipe production. However, no research work has taken into

consideration of the fin-pass roll reduction in the theoretical analysis to
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date. This is because the mechanism of the suppression of the strip edge
buckling by the fin-pass roll reduction has not been appreciated.

Both proposed deformation models have elements which are divided
in the longitudinal and lateral directions and these .models analyse the
stress and strain of each element. The strip mesh is defined at each stand
in the longitudinal direction. Although there are a few studies which
present the strain variations of the strip to date, there is little work which
details the stress variations of the strip in tube-making by the cold roll-
forming process. Therefore, this research is important and useful for

suppression of the forming defects by considering the stress condition of

the strip in the forming stages.
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Fig.33 Flow-chart of elastic-plastic stress strain analysis
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5.3.2 Model-1 of stress-strain analysis

Fig.34 illustrates the division of the strip into elements in the
longitudinal and lateral directions, and the definition of the dimensions of
the divided elements in Model-1. The coordinate point P(i, j) of the
element (i, j) is defined as the cross point of the line i and the line j as
shown in Fig. 34. The length of line element Alj j between the coordinate
point P(i, j) and the coordinate point P(i-1, j) is calculated on the basis of
simple trigonometry. The coordinate point P(i, j) is defined as P(i, j)(X(i, j),
Y(, j), Z(i, j)) and the coordinate point P(i-1, j) is also defined as P(i-1,
DXG-1, j), Y@G-1, j), Z@-1, j)). The length of line element Al; ;) can be

calculated by the following equation (4).

NG = {43,y 8¥R, jy+ a2 ) 2 )
where,

AXq, ) = XG,j) - X-1,j is equal to the inter-stand distance AX;.

AYG, = Y6~ Y6-1.)

AZG, 5 =Z,j) - Za-1,))

X
(Centre of sheet)

Fig.34  Schematic diagram of division of strip into elements and
definition of dimensions of divided elements in Model-1.
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The Ionlgitudinal membrane strain increment dex(i,j) and membrane
strain €x(i,j) in each element can be calculated by the following equations
(5) and (6). In the equation (5), the difference of the inter-stand distance
between the element (i-1, j) and the element (i, j) is took into

consideration since the longitudinal divided length according to the inter-

stand distance is not always equal.

dex(i,j) = m{AlGDAXi-Vy. o Axi) (5)
where, AX;.; is the inter-stand distance between the i-2 stand

and the i-1 stand and AX; is the inter-stand distance between the i-1 stand

and the i stand.

The longitudinal membrane strain &x(i,j) can be calculated as the

summation of the longitudinal membrane strain increment dex(i,j) by the

following equation (6):

exi ) = Ldexti.)
1=

= In{(Al, j) AXo) / (Al (g, jy AX1) }+In{(Al(2, ) AX1) / (AL, jy AX) v o v+ -
""" + In{(Al-1, j) AXi2) / (A2, j) AXi-1)} +Hn{(AlG, j) AXi.1) / (AlG-1, j) AX))}
= In{(AlG,j) AXo / Al(o,j) AX; }=In{Alg,j) / AX; | (6)
where, Al,j) is equal to AXp.

The lateral membrane strain increment dey(i,j) is defined by
introducing the ratio A of the longitudinal membrane strain to the lateral
membrane strain since it is very difficult to calculate both strains

simultaneously and the longitudinal strain is more effective and larger

than the lateral strain in the cold roll forming. The lateral membrane
strain increment dsy(i,j) and the lateral mcmbrane_ strain ey(i, j) can be

calculated by the following equations (7) and (8):
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ey J) = - AdexGi ) (7)

Sy(i,j)=.éd£y(i,j)="13x(l.j) : (8)

1=1
A is the ratio of eylex and takes the appropriate value

between 0 and 1.0

Fig.35(a) shows the more detailed illustration and definition of the
dimensions of the divided elements in Model-1. Model-1 has discontinuous
deformation of the elements in the lateral direction. Since the coordinate

point P(i, j) of the element (i, j) has already been defined, the width Ab(i, j)

of the element (i, j) can be calculated by the following equations(9) and

(10):
deyG, j) = In{AbG, j) / AbG -1, j)} - (9)

AbG, §) = Abgi-1, j) e 256D (10)

Model-1 does not accommodate the adjustment of the coordinate
points in the lateral direction, owing to the deformation of elements.
Thus, if the strip expands in the longitudinal direction and contracts in the
lateral direction then, each element has a small clearance between

elements close to each other in the lateral direction. The above mentioned

deformation is shown schematically in Fig.35(b).
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(b) Occurrence of small clearance for elements in Model-1
Fig.35 Definition of dimensions of divided elements and their

deformation without adjustment of coordinate points
in the lateral direction in Model-1
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5.3.3 Model-2 of stress-strain analysis

Model-2 is the improved model and has continuous deformation of
the elements in the lateral direction. Since each element contracts in the
lateral direction, together with elongation in the Iongiiudinal direction, the
width of the element is calculated based on the longitudinal membrane
strain and changes, which depends on the magnitude of the longitudinal
strain. It is considered that this model provides a closer representation to
the actual deformation of the strip.

Fig.36 illustrates the division of the strip into elements in the
longitudinal and lateral directions and defines the dimensions of ‘the
divided elements. The method of calculation of each membrane strain,
such as d€x(i, j), €x(, j), d€y(i, j) and €y(i, j) is the same as that previously
mentioned in Model-1 and shown by equations(5), (6), (7) and (8).

Since the coordinate point P(i, j) of the element (i, j) has already been
defined, the width Ab(i, j) of the element (i, j) can be calculated by the
equation (10) that previously mentioned.

Since the width Ab(i, j) of the element (i, j) is obtained by the’
equation (10), the coordinate point P(i, j+1) of the element (i, j+1) can be
calculated, and thus defined by the flower pattern of the No.(i) stand

(pass), which is based on consideration of the lateral deformation. The

elements of j = n provide an estimate of the deformation of the sheet edge.
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Fig.36 Illustration of division of sheet metal into elements and
definition of dimensions of divided elements in Model-2
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5.3.4 Consideration of fin-pass roll reduction

In fin-pass roll forming, the circumferential length of the semi-
formed tube is reduced at each fin-pass roll, in order to get an appropriate
edge shape for the electric resistance welding and tc; suppress the edge
buckling. Usually, the amount of fin-pass roll reduction is less than 2%,
where the fin-pass roll reduction is calculated by the natural logarithm of
the ratio of the circumferential length of the semi-formed tube at the (i-1)
and (i) stands.

In actual tube production, the fin-pass roll reduction is a very
important forming factor, especially to suppress the edge buckling in the
case of thin walled tube production. Therefore, it was decided to consider
the fin-pass roll reduction in Model-2 and this is discussed in the next
paragraph.

As shown in Fig.37, the circumferential length I(i) -of the semi-formed
tube, without reduction at the first fin-pass roll, i.e. No.(i)stand, is first
calculated on the basis of the circumferential length I(i-1) of the semi-
formed tube at the former roll, i.e. No.(i-1)stand. Then, the first fin-pass’
roll reduction r(i) is calculated from equation(11). The second fin-pass roll
. reduction is also calculated by the same procedure. The steps for the
calculation of the circumferential length and fin-pass roll reduction at each
stand are indicated by the numbers from (1) to (§),as shown in Fig.37.

The strain increment in the circumferential direction is equal to the
fin-pass roll reduction. The definition of the strain components in the fin-
pass roll forming is shown in Fig.38. In the CADFORM system the strain
component in the thickness direction is ignored as stated by the
membrane theory. The relationship between the strain d€y(i, j) in the
circumferential direction and the strain d€x(i, j) in the longitudinal
direction is defined by equation(12) in order to simplify the modelling.

The actual deformation of the semi-formed tube in the fin-pass roll is

not uniform in the circumferential direction, however, uniform
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deformation is assumed in the circumferential direction. According to the
results of some investigations#:6.36 regarding the deformation behaviour of
the semi-formed tube in the fin-pass and sizing stage, the ratio of
d€x(i, j)/d€y(i, j) takes an appropriate value between 0.35 and 0.5. Thus, a
mean value of 0.45 was applied in the calculations using the CADFORM
system. The strain increments and strains in the fin-pass roll forming are

calculated by the following analysis and equations (13) and (14):

(i) = In(1(1)/1r(1))

Ir(i) =1 (i) e T } (11)

dery(i, j) = - r(@) }

deex(i, ) = - A ¢ desy(i, j) (12)
where,

Ir(i) = Circumferential length due to fin-pass roll reduction

r(i) = Fin-pass roll reduction at i stand

A r = the ratio of desx / dery

Strain increment

dEx(, j) = dex(, j)+derx(i, j) } (13)

dEy(i, j) = deyG, j)+dery(i ,j)
where,
dex(, j), dey(i, j) = Strain increments without consideration of
fin-pass roll reduction
dEx(i, j), dEy(i, j) = Strain increments with consideration of
fin-pass roll reduction

Strain
Ex(, j) = ex(i, j)+dex(, j) }
Ey(, j) = ey(i, j)+dery(, j)

where,
ex(, j), ey(i, j) = Strains without consideration of
fin-pass roll reduction
Ex(i, j),Ey(i, j) = Strains with consideration of -
fin-pass roll reduction

(14)
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(i-1)stand (i)stand (i+1)stand
(No.1FP) (No.2FP)

Reduction=r(1) Reduction=r(i+1)

without with without with
reduction reduction reduction reduction

Fig.37 Procedure for consideration of fin-pass roll reduction

Fig.38 Definition of strain components in fin-pass roll forming
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5.3.5 Elastic-plastic stress-strain analysis

In the deformation of the strip, assuming an elastic-linear work-
hardening material, the constitutive equations, on the basis of strain
increment theory, are used to calculate the stress and strain.

Thus Hooke's law was used for the elastic loading process and

unloading process as follows:

doy E [1 V]{dsx}
__E_ (15)
{d"y} 1.2V 11} dgy

In the plastic loading process, the elastic-plastic stress-strain
constitutive relationship, as derived by Yamada“6, ( an inversion of

Prandtl-Reuss equations ) was utilised as follows:

2
do, E c'y+2P —G'y0'y+2VP | fde,
=0 2 (16)
do,[ Q -¢',¢' +2vP o', +2P de,
where, -2
P =-2—H-0' 2
9E _ Q=R+2(1-v)P
2 2
R =o', +2vo' o'y +0',
Y Y,
- 2 2 /2 2 3 43
c = V3 (o', +0' 0’y +0'y)) =(0,-0,0,+0,)
o', = %(20,‘ -0, o'y = 3 (20, - o))
E= Young's modulus v= Poisson's ratio

H= do/de®, which is the material work-hardening rate and
corresponds to the slope of the equivalent stress-plastic strain

curve,
H= (E x E¢) / (E - Et) in an elastic-linear work hardening material.

E{= Tangent modulus, and

Ox and Oy are deviatoric stresses
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The method of determining the yielding of the material is now
described. As shown in Fig.39, it is assumed that the material is deformed
from point A to point B, and then to point C, where B is the yield point.
This deformation of the material is shown in Fig.40 using the stress-strain

diagram. The material has a strain increment de, which consists of the
elastic strain increment de., due to passing from A to B, and the elastic-

plastic strain increment dep.), due to passing from B to C. Thus, de: and
de:’ which define d;;, can be obtained by the solution given in the next
paragraph.

It is considered that the stress increments, dcr: and dG: from point A
to point B, causes yielding of the material. The yielding of the material, in
the plane stress condition of the von Mises yield criterion, is represented

by the following equations (17) and (18).

1
2 2 /2
—m e [ [ -
o= {("x &n*t d"x) = (“x ant d"x) ("y @n’t d“y)* ("y &n* d"y) } (17)
where,
Oy = Yield strength o = Equivalent stress

The following equation (19) is obtained from the equations (17) and (18).

& & 8 & c e] —2 2
do, -do,do, +do, |+3\0", 4.0, +T'y 10y + Oty - Oy = 0 (19)

where,
, _ 2% 1) - Ty -1) - _2% &1 " Oxaen
Gzan ™ 3 y (k1) 3

1
_ %

Ok-1) = |\%x k1) = Ox -1y -1) ¥ Oy k-1)
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von Mises Yield surface

Fig.39 Schematic diagram of the von Mises yield criterion
for material yielding in the plane stress condition
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Fig.40 Definition of elastic and plastic strain increments

in yielding of material
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By assuming the elastic deformation from point A to point C', the

stress increments do, and do, are obtained Thus, the following

relationships between stress and strain are defined:

d : d (dE:
c, = do,|—
x X e, (20)
fdee dee
do: = do, | = do, — 21
\de, de, (21)
where,
e [ -]
de, _ 98y
de, de,

The following equation (22), from which the elastic strain increment

e
de, may be obtained, is derived from equations (19), (20) and (21).

2
2 2)| de, de,| -2 2
do, - do,do, +do, E +3(a'xdcx+a'ydcy) E- +O0x.)=Oy=0 (22)

X X

where the subscript (k-1) is omitted from do,,do,, o', and o', .

The elastic strain increment ds:, which causes the yielding of the
material, can be obtained by the solution of equation (22). The eight
different patterns of the yielding condition are defined in order to obtain
the elastic strain increment de:, and are shown in Fig.4l. The stress-strain

analysis for the plastic deformation is carried out by using the elastic-

plastic strain increments, deP* and del’*®, which are calculated by the
following equations (23).
deP*®) = de, - deg
} @3
def*®) = dey - dej
Furthermore, Hooke's law shown in the equation (15) is applied in the

unloading process in the plastic deformation region as shown in Fig.40.
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The plastic strain increments de} and def can be calculated by the following

equation (23):

deP = delP*e - deSP)= de&pﬂ)_ﬂ—g%fi
- }
+£ (- d
deh = dggrp )-dey(p’= deg}’*’)- =
Longitudinal elastic Longitudinal elastic
membrane strain increment | membrane strain increment
e e
de, >0 de, <0
(1) i 7}/0 (5) O
/ / 8 / /A)
( / Oy Ox
c B
2 Oy c (6) Sy
A=B ( / Ox
C
(0]
7 y
(3) (7) / A
/ o
C B
(4) Oy (8) Oy
( = L . >
A=B A:B
c

Fig.41 Pattern of material yielding conditions to obtain the
elastic increment strain
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5.4 Algorithm of elastic-plastic, stress-strain analysis

On the basis of the previously mentioned procedures of the elastic-
plastic, stress-strain analysis, the flow-chart of the stepwise analysis of
strains of the divided elements in Model-2 has been devised as shown in
Fig.42. Furthermore, the calculation of the node coordinates in each
forming stand has already been carried out prior to the commencement of
this analysis. Thus membrane strain increments and membrane strains are
first calculated and the coordinates of nodes in the lateral direction are
then recalculated. Finally, the fin-pass roll reduction is considered at the
forming stage for that particular roll stand. |

The flow-chart of the stepwise analysis of stresses of the divided
elements in Model-2 is then devised and shown in Fig.43. Stress
increments are first calculated by using strain increments calculated in the
previously explained strain analysis. Stresses are calculated by stress
increments and the equivalent stress is then obtained. Secondly, the
yielding condition is evaluated and the yielding pattern determined. Then,
elastic-plastic strain increments and stress increments are calculated. In
particular, plastic stress increments are calculated by equation (16).

Finally, stresses are obtained from the stresses generated at the former

stand and the stress increments.
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|i=0. j=0 I

X Yes | extifi=dexij)=0
: - ey(ij)=dey(i,j)=0
0 ] .
o> Abiy=0
0 |

Calculation of length of divided elements in

longitudinal direction
Ax(i)=x(ij}x(-1)
Ay(ij)=y(i,j)»y(-14)
Az(i,j)=z(ij)-z(i-14)

AlGij)={Ax(0j)2 +Ay(i.)2 +A2G)2 )72

v

Calculation of membrane strain increments
dex(ij)=In(Al(i,j)Ax(i- 1,j)/Al(i-1,))Ax(i.j))
dey(ij)=-Adex(i,j)

Calculation of strains

ex(ij)=ex(i-1,j)+dex(ij)

ey(ij)=ey(i-1j)+dey(ij)
¥

Recalculation of co-ordinates of nodes

in lateral direction )
Abiij=Abg1 e
j:j-l- 1 No
i=i+1 No

i2F
+ Yes

Consideration of fin-pass roll reduction
r()=In((i¥1r(i))
dery(ij)= -r(i)
desx(i,j)= -0.45 desy(i,j)
r(i) : fin-pass roll reduction at i stand
Calculation of strains
Ex(ij)=ex(ij)+desx(ij)
Ey(ij)=ey(ij)+dery (i)

F= stand No. of first fin-pass !l

i=i+1 No

i=K K= final stand No. of forming roll

Yes

Fig.42 Flow-chart of stepwise analysis of strains of
divided elements in Model-2
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Calculation of stress increment _
doxij) = (E /(1-V?))(dexdg) + vdeyGp)
doyGg = (E /(1-V))(deyGj) + Vdexiy)

v

Calculation of stress
Ox(ij=0x>-1j)+dox(i,))
Oy(ij)=0y(i-1j)+dOy(ij)
Equivalent stress

G(i.j)=(0x(i.j® - Ox(i.,j)Oy(i.j)+0y(ijR }7?
h‘ Elastic stress analysis
Yielding condition dexaj = dexij)
Ot sTe 1)~ deyip = deyi j=i+1

Detemination of yielding pattern by d€° x(i,)
Calculation of elastic strain and stress
decyij) = deydijrdesxdy)/ dexdyj)
doxaj = (E /(1-v))(dexij) + vdesy))
do%ij = (E /(1-v))(deyij) + vdExG,))
Calculation of elastic- plastic strain and stress
in plastic deformation region
deP*)xij) = dexiy) - de® xGj)
deP*yij) = dey) - de° yii)
do (P+ex(ij) and dOWP+e)y(ij) as calculated by equation (16).
doxijEdo%(ij)+do Prekx(ij)
dOy(ij=dOY(ij)+do P+ey(i,j)
Ox(ij=0x(i-1,j)+dox(ij)
Oy(ij=0y(i-1j)+dCy(i)
Equivalent stress
Te(ij=(Ox(i)2- Ox(i)OyGjHoyiH?)?

€x(ij) = Ex(i-1j) + dEx(ij)
€y(ij) = Ey(i-1,) + dEy(iy)

No =i+l
K= final stand No. of forming roll

.Fig.43 Flow-chart of stepwise analysis of stresses of divided
elements in Model-2
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55 Evaluation of edge buckling

In order to make a model of edge buckling of the tube, the buckling
model of a long column was applied. Divided elements in the lateral
direction between roll stands were considered as tilin walled columns
respectively to realise a evaluation of edge buckling of the tube as shown
in Fig.44. Fig.44 shows the model of edge buckling at the strip edge where
the tensile strains in the longitudinal direction are generally occurred.
However, compressive stresses are acted at both sides of these divided
elements at the strip edge due to decrease in tensile strains shown in
Fig.44. Thus, when the compressive stress in the longitudinal direction is
acted at both sides of the divided element at the strip edge, it is estimated

whether this divided element at the strip edge is buckled.
In this model, the Euler®! theory was applied to the elastic buckling

in the elastic deformation and both of the tangent modulus theory and the
reduced modulus theory were also applied to the plastic buckling in the
plastic deformation. Furthermore, the edge buckling generally occurs at
the edge portion within ten percent of the total lateral width of the strip’
sheet and a single edge buckling usually occurs at the strip edge between
roll stands as shown in Photo.6. Photo.6 shows an appearance of a single
edge buckling at the strip edge in actual production of thin walled pipe
with D = 146.0mm, t = 2.0mm and oy = 730 MPa. Thus, this simplified
buckling model was considered. The following assumptions are introduced

in order to simplify the edge buckling analysis.

(1) The stress o©(i,n), obtained by the stress analysis, acts
homogeneously on the element (i,n), with the wall-thickness(t)

forming the edge portion of the tube.
(2) The force obtained by o(jn) X A acts at both sides of the element

(i,n), that is at the No.(i-1) stand and No.(i) stand, where A is the

cross sectional area of the element.
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(3) The lateral region of the strip which is subjected to the
occurrence of edge buckling, is limited by the number of
elements in the lateral direction of this model. However, it is
necessary that the dimensions of the actual affected areas and

the effects of tube sizes on the edge buckling,

the experiments.

tube-making
(4) The divided element has the cross section with

circle in the longitudinal direction as shown in

are investigated in

sector of hollow

Fig.45.

Fig.44 Model of edge buckling at strip edge

Photo.6 Appearance of edge buckling in actual production of thin
walled pipe with D = 146.0mm, t = 2.0mm and oy = 730MPa.
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The judgement of the occurrence of elastic edge buckling can be

carried out by comparing the acted stress ;{i) represented by the following

equations (22) and (23), and the buckling stress O, obtained by equations

based on the Euler®! equation (24), as follows:

Og) =f(0(i.n-k)' ....... ’ O(I.n)) (22)

For example,

n
,Z S, )
- j=n-k

%0 = T (22

0 = NI2E (24)

(1

where,

I is the second moment area of the cross-section.
A is the cross-sectional area.
E is Young's modulus.
| is the length of the element.
N is a constant depending on the condition of the action
of the load.
N = 1/4 : one end fixed and one end free

1 : both hinged ends

: one end hinged and one end fixed

2
4 : both fixed ends

2 Z Z
I

I is obtained by the following equation (25) taken into consideration
of the sector of the hollow circleé2 as shown in Fig.45.

2 3 i 2.2 2
I=R>* (1-i+-t-— s —t——) (a+sina SoR a) § sl (l-ﬁ-wt—) (25)

+
RR? R o | 3R%{2-%) 6R

where, A=oat (2R-t)
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Fig.45 Definition of sector of hollow circle

The judgement of the occurrence of plastic edge buckling can ' be
carried out by comparing the acted stress ;ﬁ, represented by the equation
(22) and (23), and the buckling stress o =(C.+0y), where Og is obtained
by the equation (26) where the Young's modulus is replaced to the

modulus EE defined by the following equations (27) and (28):

— Nn2 EE
O = (26)
U

(-i) Tangent modulus theory

EE=E (27)
(ii) Reduced-modulus theory (Equivalent elastic coefficient)
— 4EE
EE=E=——— (28)

(VE+./§J2
where,

E.is the tangent modulus and E is the reduced-modulus.

Generally, E; provides the smaller buckling stress Oy as a safer

evaluation than E provides, because E; is smaller than E.
N is a constant depending on the condition of the action of the load. In this
model, the condition of both sides of the divided element are estimated to

be both. hinged ends N=1 or both fixed ends N=4 because the strip sheet is

pinched by forming rolls.
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5.6 Three-dimensional graphic displaying and drawing

The main results, such as the three-dimensional (3-D) deformed
surface of the strip, strain increments, strains, stresses and equivalent
stress are displayed on the Tektronix colour screen by a newly developed
3-D graphics programme which is associated with the GINO-F graphics
package. The definition of the coordinate axes, shown in graphic drawing
by the stress-strain analysis, is different from the previous definition, in
that the Z-axis is the longitudinal direction and X-axis is the lateral
direction.

By converting the coordinates, the 3-D graphics are obtained on the
2-D plane. The displayed objects, i.e. the results, can be viewed from any
direction of view by changing the values of the bank 6p, the heading 0y,
and the pitch 6p, as shown in Fig.46. The coordinates are converted as
follows:
(1) Rotation of Z-axis / bank(6g)
X = X cos(0p) - y sin(0p)
Y = x sin(0g) + y cos(6g)
(2) Rotation of Y-axis / heading(6y)
Z = z cos(0y) - x sin(6y)
X = z sin(8y) + x cos(6y)
(3) Rotation of X-axis / pitch(6p)
Y =y cos(6p) - z sin(Bp)
Z =y sin(6p) + z cos(6p)
Furthermore, the scale ratios to emphasise the deformation Rzx and

Rzy, are defined by the following equations (24) and (25):

X=Paaj) "o (24)
L
Y =Py(ij) ° Ry D (25)

where, L= total length of forming passes
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D= outside diameter

These values are optional. In order to emphasise the deformation of
the strip, smaller values of Rzx and Rzy are required. Furthermore, Rxy and

Rxz are usually set at the same value between five and twenty.
The whole programme included in the CADFORM system is shown in

Appendix-1.

Y ( Height)
A

Op

aw
K' (Lateral )

Forming direction

O

Z ( Longitudinal )

-Fig.46 Definition of coordinates and rotation for 3-D drawing
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Chapter 6. Results of Calculation by the CADFORM System

6.1 Three-dimensional deformed surface of the strip
in the forming passes

Examples of the three dimensional graphics - displayed by the
CADFORM system are shown in Photo.7. These photographs express results
of the 3-D deformed surface of the strip shown in: (a), the 3-D variation of
longitudinal strain &, (b) and the 3-D variation of longitudinal stress G;; (c)
in the forming passes of the tube with D = 100 mm, t = 1.0 mm and Oy =
340MPa.

Figures 47 and 48 show examples of the 3-D deformed surface of the
strip in the forming passes of the tube with D = 60.5 mm, t = 1.75 mm and
Oy = 295MPa using the 3-D graphics programme. Each drawing shows a
view from different directions by changing the values of the bank 6p, the
heading 6y, and the pitch 6p, as explained in the previous chapter.
Fig.47(a) shows the 3-D deformed surface of the strip viewed from the
direction of bank(6g) = 0°, heading(6y) = 50° and pitch(6p) =40°. Fig.47(b)
shows the 3-D deformed surface of the strip viewed from the direction of
bank(8p) = 0°, heading(6y) = 150° and pitch(6p) = 30°. Fig.48 shows the 3-D
deformed surface of the strip viewed from the direction of bank(6p) = 0°,
heading(6y) = 0° and pitch(6p) = 40°. Since the situation for compfete
deformation can be visualized clearly, the designer can identify the outline
of the deformation behaviour of the strip in the forming process.

Fig.49 shows an example of the 3-D deformed surface of the stri.p
using different scale ratios of Rzx and Rzy = 15, 12 and 8. The smaller
values of Rzx and Rzy = 8 can emphasise the deformation of the strip as
shown in Fig.49(c). Usually, Rxy and Rxz are preferably used with the same
value from five to twenty. The designer can have a different image of the
outline of the deformation behaviour of the strip in the forming process by

the programme setting of the scale ratios.
Fig.50 shows the drawing of the 3-D deformed surface for the
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different pass-line forming conditions of bottom constant pass-line, and
downhill pass-line. The downhill pass-line, shown in Fig.50(b), expresses a
forming condition in which the vertical position of the forming rolls in the
longitudinal direction is gradually reduced compared with the entry
position of the strip. This is done in order to suppress the edge buckling.
The strip is viewed from the same position, thus the difference in the

deformed sheet is due to the difference in the pass-line, which can clearly

be visualized.
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(a) 3-D deformed surface of strip

(b) 3-D variation of longitudinal strain g,

(c) 3-D variation of longitudinal stress ©,

Photo.7 Examples of 3-D graphics displaying calculated longitudinal
stress and strain by the CADFORM system in forming passes of
the tube with D = 100mm, t = 1.0mm and Oy = 340MPa
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(a) View from the direction of Z-axis/bank(6p)=0°,
Y-axis/heading(8y)=50° and X-axis/pitch(6p)=40°

(b) View from the direction of Z-axis/bank(8p)=0°,
Y-axis/heading(8y)=150° and X-axis/pitch(8,)=30°

Fig.47 Example of 3-D deformed surface of strip constructed using

planned flowers in forming passes of tube with D = 60.5mm,
t = 1.75mm and Oy = 295MPa.
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P

Fig.48 Example of 3-D deformed surface of strip constructed using
planned flowers in forming passes of tube with D = 60.5 mm,
t = 1.75mm and Oy = 295MPa (View from the direction of

Z-axis/bank(6g) = 0°,Y-axis/heading(6y) = 0° and
X-axis/pitch(8p) = 40°)
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' (a)

(¢) Deformation emphasis scale ratio Rzx = Rzy = 8

Fig.49 Example of deformed surface of strip constructed using planned
flowers in different deformation emphasis scale ratios of Rzx and
Rzy in forming passes of tube with D = 60.5mm, t = 1.75mm and
Oy = 295MPa (View from the direction of Z-axis/bank(6g) = 0°,

Y-axis/heading(6y) = 50° and X-axis/pitch(6p) = 30°)
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Z axis = Pass Line

Y

Z axis

Down hill

(b) Downhill pass-line forming

Pass Line

Fig.50 Example of deformed surface of strip constructed using planned
flowers n the bottom constant pass-line and downhill pass-line
forming of tube with D = 60.5mm, t = 1.75mm and Oy = 295MPa

(View from the direction of Z-axis/bank(6p) = 0°,Y-axis/heading(6y)
= 50° and X-axis/pitch(8p) = 30°)
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6.2 Stress and strain of the strip in the forming passes

Fig.51 shows a computer graphic drawing of the 3-D deformed
surface of the strip constructed using the planned flower pattern in the
forming passes of the referenced tube. The theoretical stress and strain
analysis based on this planned flower pattern was conducted using the
CADFORM system. Results of stress and strain analysis are described in the
following paragraphs.

Figures 52 and 53 show the 3-D graphics drawings of the longitudinal
membrane strain increment de, and the lateral membrane strain

increment de,, from the stress-strain analysis of the strip using Model-2.
The stress-strain analysis was carried out for the forming passes of tube
with D = 60.5mm, t = 1.75mm and Oy = 295MPa. Principal operating
conditions for this analysis were as follows: width of the strip = 187.08
mm, the number of stands = 8, E = 206GPa, H = 1960MPa, V = 60m/min,
the number of elements in a half width of the strip=10. Forming condition
of the bottom constant pass-line, and the CBR forming flower pattern’
(shown in Fig.31) developed by Kawasaki Steel Corporation, were utilised.

Details of the input data are shown in Appendix-2.

As shown in Fig. 52, it is clear that de, rapidly becomes negative at
the edge of the sheet after pass No.4. Furthermore, it is also confirmed that
the strip at each pass is not deformed homogeneously in the longitudinal
and lateral directions. The variation of the lateral membrane strain
increment de, shown in Fig.53, is small until pass No.5. However, the

variation of de, becomes large at the compression side, after pass No.6, due

to the fin-pass roll and squeeze roll reductions. Finally, Figures 54 and 55
show the results of the longitudinal and lateral membrane strains, €, and
€. The variations of the longitudinal and lateral membrane strains are

small prior to the squeeze roll pass. However, large variations of the

longitudinal and lateral membrane strains are present due to high
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frequency pressure welding at the squeeze roll reduction stage.
Figures 56 and 57 show the results of the longitudinal and lateral

stress increments do, and doy, whilst Figures 58 and 59 show the results of
the longitudinal and lateral stresses o, and O,. The negative longitudinal
stress increment do,, of about -130MPa (this value is not clear in Fig.56)
occurs at the edge element in pass No.5. An additional negative stress
increment do,, of about -130MPa (this value is also not clear in Fig.56)
occurs in pass No.6 after which the longitudinal stress O,, changes to a
compressive stress in the fin-pass roll and squeeze roll forming stages, as
shown in Fig.58. Thus, the occurrence of the compressive stress in the
longitudinal direction can be estimated, and this is demonstrated in the
forming stages of the tube by the stress-strain analysis of the CADFORM
system. The variations of the lateral membrane stress increment do,, and
lateral stresses ©,, are small until pass No.5. However, the variations of
these lateral stresses becomes large at the compression side after pass

No.6, due to the fin-pass roll and squeeze roll reductions.

Finally, Fig.60 shows the equivalent stress G behaviour. The
longitudinal and lateral distribution of the equivalent stress in the middle
forming stage is varied, and the equivalent stress at the edge portion is
largest at pass No.3. The lateral distribution of the equivalent stress in fin-
pass roll forming is uniform due to material yielding of the whole sheet in

the lateral direction, again as a result of the fin-pass roll and squeeze roll

reductions.
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Chapter 7 Verification of the CADFORM System
by Measured Forming Strains

7.1 Strain measurement experiment

The experiment of the strain measurements was carried out in the
CBR forming pilot mill installed in the tubular products and casting
laboratory of the Technical Research Laboratories of Kawasaki Steel
Corporation. Fig.61 represents the schematic layout of the CBR forming
pilot mill, whilst Photo.8 shows its physical appearance. The CBR forming
mill consists of edge bend rolls (EB), centre bend rolls (CB), cage rolls(CR),
fin-pass rolls(F), rotary seam guide roll (RSG) and squeeze rolls (SQ) along
the forming direction (shown in Fig.61). Driven rolls are edge bend lower
rolls, the first centre bend rolls and fin-pass rolls. The high frequency
electric resistance welding is conducted in the squeeze rolls.

The deformation behaviour of the strip in the cage roll forming stage
of the CBR forming mill is shown in Photo.9. It can be seen that both of the
strip edges are smoothly deformed in passing through the cage rolls.

The measurement of the strip surface strains in the longitudinal and
lateral directions was arranged as shown in Fig.62. Cross type strain
gauges were pasted at seven positions on the strip surface. Photo.10 also
represents the appearance of the strain gauges pasted on the strip surface
at the entry side of the edge bend rolls. The strain gauges used in this
measurement were KFG-2-120 -D16-11L3M2S, made by Kyowa Electric
instruments Co., LTD. This strain gauge type, with a minimum gauge length
of 2.0mm, was chosen to measure the strain close to the strip edges
enabling the gauges to be pasted at a position 4.2mm from the strip edge.
A maximum strain of up to five percent can be measured at room
temperature by this strain gauge.

The tube size used in this experiment was D = 42.7mm and t =
l.Smm'.‘. In the experiments the upper edge bend roll was lifted during the

passing through of the strip containing the pasted portion of strain gauges,
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to prevent any damage to the strain gauges. The forming speed was about

Sm/min.
Centre bend rolls
Edge bend/ A — . Fin-pass rolls
roll @riven) 1CB  2CB  3CB  4CB sr"'jf’ . (d;iueﬁo : S(:glt'eeze
i o. :

Cage rolls Forming direction

Fig.61  Schematic layout of the CBR forming pilot mill
used in strain measurements

Photo.8 Appearance of the CBR forming pilot mill used
in strain measurements



Photo.9  Appearance of the strip deformation in cage roll
forming stage of the CBR forming pilot mill



Forming direction

B Strain gauge  ~.

W/2(Centre of strip width)

Fig.62 Position of strain gauges pasted on strip surface

Photo.10 Appearance of strain gauges pasted on strip surface
at the entry side of the edge bend rolls
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7.2 Comparison of calculated to measured strains

Principal input conditions for this analysis were as follows; width of
the strip = 136.0 mm, the number of stand = 9, E = 206GPa, Oy = 295MPa,
H = 1960MPa, V = 5m/min, the number of element in a half width of the
strip = 10, roll forming using the bottom constant pass-line, and with the
CBR forming flower pattern shown in Fig.7. Details of the input data for the
calculation of the tube with D = 42.7mm and t = 1.5mm are shown in
Appendix-3.

An example of the longitudinal measured surface strain is shown in
Fig.63. This strain is an average of the measured strains at both edges' of
the strip. Strains at other positions could not be satisfactorily measured
due to the damage by the forming rolls. It is apparent that a strain peak
occurs when the strip passes through each forming roll. The strain peak at
the first fin-pass 1F, is the largest strain at 0.9%. Small and uniform
variations of strain is apparent at the cage roll forming stage, and these
strain variations suggests the superiority of cage roll forming.

In roll forming the inside surface of the strip is generally subjected to’
compression in the longitudinal direction at the entry side of the rolls due
to pre-deformation and then, subsequently to tension in the longitudinal
direction after contacting with rolls due to stretch bending along the roll
radius. Furthermore, the strip is also subjected to compression in the
longitudinal direction at the exit side of the rolls due to un-bending. This
deformation is schematically expressed in Fig.64 showing that the
measured strain has repeated strain peaks at each forming pass.

Fig. 65 shows a comparison of the calculated membrane strﬁins to the
measured surface strain in the longitudinal direction. Calculated strains
were analysed by Model-1 and -2. The calculated strain is expressed as a
point at each forming pass, and is not the same as the measured strain,
since it is assumed that the strip is deformed only at the centre of eaci*t

forming pass in this stress and strain analysis. Thus it is assumed that the
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surface strain is roughly equal to the membrane strain for thin walled
strip. Clearly, for thicker wall strip this is not the case, since a bending
strain is also present. The calculated strain by Model-2 corresponds well
with the measured strain, although strain differences are observed at the
first center bend roll and the first fin-pass roll. However the calculated
strain from Model-1 does not correspond to the measured strain at the
fin-pass roll forming stage. This probably results from no consideration

being given to the fin-pass reduction stage by Model-1.

Thus, it is confirmed that the longitudinal forming strain, controlling
the occurrence of the edge buckling, can be roughly estimated by .the
CADFORM system. On the basis of these calculated strains, the stresses of
the strip in tube-making can also be roughly estimated by the CADFORM

system. Furthermore, the occurrence of edge buckling can be predicted by

using the longitudinal calculated stress.

Position of forming roll

@ EB 1CB 2CB 3CB 4CB i1F  2F RSG sQ
1.0 L ' I ] ] ] ] ] |
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[ .
0.6 l.
: a
£ :
» 04F
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_Fig.63 Variation of longitudinal measured surface strain
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Tension

Longitudinal strain

Compression

Forming direction ——»

Fin-pass roll

Formed strip

Cross section view in the longitudinal direction

Fig.64 Occurrence of longitudinal strain peak due to deformation of
strip in fin-pass roll forming
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Fig.65 Comparison of calculated to measured strains
in the longitudinal direction
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Chapter 8 Discussion

8.1 Simulation of stress and strain of the tube with
large D/t ratio formed in the 4inch model mill

8.1.1 Forming conditions of thin walled tube

In order to stabilize the forming of thin walled tube with D/t ratios of
100, Kawasaki Steel Corporation carried out an experimental study6 on the
effects of forming conditions on edge buckling occurrence in cooperation
with Onoda at Yamanashi University in Japan in the four years from 1980.
The author was engaged in this experimental study.

Fig.66 shows the schematic layout of the 4inch full cage roll forming
type model mill installed at Yamanashi University. This mill consists of
four centre bend roll stands, thirty-eight pairs of cage rolls, three fin-pass
roll stands and squeeze rolls along the forming direction as shown in

Fig.66. The tube size used by Onoda and the author in this experiment was

D = 100.0mm, t = 1.0mm and Oy = 340MPa. The forming speed was about
7.5 m/min. The CBR forming planned flower pattern shown in Fig.67 and
Fig.68 wés applied. Figures 67 and 68 show examples of the 2-D flower
pattern-A and -B. Fig.67 shows the first fin-pass roll forming planned
flower pattern which expresses typical features of the CBR forming flower
pattern, i.e. bulge-bending of R3 portion and bend-unbending of R2 and R4
portion of the strip sheet. Fig.68 shows the planned flower sequence. The

edge bending of the strip and downhill forming were not applied in this

experiment as shown in Fig.68.
Photo.11 shows the appearance of thin walled tube formed in the

cage roll forming zone. In this experiment edge buckling often occurred
around the stages of No.3 and No.4 center bend rolls in the cage forming
roll zone. Therefore, stress-strain analysis of the strip in the cage forming

roll zone, by the CADFORM system, was attempted to evaluate the

occurrencé of edge buckling.
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Principal input conditions for this analysis were as follows: width of
the strip = 315.0mm, the number of stand = 9, E = 206GPa, H = 1960MPa,
V = 7.5m/min, and the number of divided element in a half width of the
strip = 10. The forming configuration was by the bottom constant pass-line

and the downhill pass-line. Details of the input and output data are shown

in Appendix-4
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Fig.66  Schematic layout of 4inch full cage roll forming
type model mill installed at Yamanashi University

Photo.11 Appearance of forming of thin walled tube in the
cage roll forming zone
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Results of the stress-strain analysis by Model-2 for the forming
stages of the tube with the large D/t ratio of 100 are shown in Figures 69
to 83. In the experimental forming of this tube, edge buckling actually
occurred in the middle stage of the forming process, ‘i.e. before and after
pass No.4.

Fig.69 shows the 3-D deformed surface of the strip constructed using
the planned flowers. In order to visualise the distribution and variation of
the calculated strains and stresses in the longitudinal and lateral
directions, 3-D graphic drawings of the calculated strains and stresses are
presented, although it is difficult to estimate the magnitude of these
calculations. However the designer can still view qualitatively the strip
deformation under certain conditions. This is a very important matter in
the design and analysis of the roll flower pattern in the cold roll forming

process.
Figures 70 and 71 show the results of the longitudinal and lateral

strain increments de¢, and de,. It can be seen that a large negative de,
variation of the edge portion occurs at pass No.5 (after pass No.4) and that

a large negative de, variation of the edge portion is observed at pass No.6,

resulting from the No.l fin-pass roll reduction.

Figures 72 and 73 show the results of the longitudinal and lateral
membrane strains, €, and €&,. The longitudinal and Ilateral membrane
strains €, and €, are accumulated strains of the strain increments de, and
de,, respectively. The longitudinal membrane strain €, of the edge portion
increases until pass No.4, and then rapidly decreases at pass No.5, as
shown in Fig.72. It is apparent that the strip edges are stretched as the
forming advances until the middle of the forming stage. The difference of
- the longitudinal membrane strain €,, between the edge portion and the

centre portion of the strip is large, until pass No.4 is reached. However, the
lateral distribution of the longitudinal membrane strain €, becomes

uniform, and a tensile strain is apparent after pass No.5, i.e. in the fin-pass
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roll. forming and squeeze roll forming stages, due to the fin-pass roll and
squeeze roll reductions. The lateral membrane strains &, shown in Fig.73,
homogeneously changes to a large compressive strain condition in the
lateral direction of the strip, due to the fin-pass roll and squeeze roll
reductions.

Figures 74 and 75 show the results of the longitudinal and lateral
stress increments, do, and do,, respectively. There are few reports that
have presented up to date results of the theoretical forming strains and
stresses in cold roll forming. Thus, this research work is an original
presentation that expresses the stress increment distribution of the strip

by the stress-strain analysis detailed in Chapter 5. Considering Fig.74 a

large negative variation of do, at the edge portion also occurs at pass No.5,

after pass No.4. However, as shown in Fig.74, substantial variation of do,

to tensile stress is observed at pass No.6, again resulting from the No.l fin-
pass roll reduction. In Fig.75, a large negative variation of dox is observed
at pass No.6, which is also due to the No.l fin-pass roll reduction.

Figures 76 and 77 show the results of the longitudinal and lateral
stresses, O, and ©,, respectively. The longitudinal and lateral membrane
stresses O, and O, are the accumulated stresses of the stress increments

do, and do,, respectively. The envisaged stress distribution of the strip

could not be predicted, although there are some cases where the stress
condition can be more informative than the strain condition. These results
of the longitudinal and lateral membrane stresses O, and O, is also an

original presentation which expresses the stress distribution of the strip

by the stress-strain analysis detailed previously.

As shown in Fig.76, the longitudinal membrane stress G, of the s;trip
edge increases to a tensile stress until pass No.4, then rapidly decreases to
a compressive stress at pass No.5. The strip edges are subjected to a
tensile stress condition and the difference of o, between the edge portion

and the centre portion of the strip increases as the forming advances until
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it reaches the middle of the forming stage. Here the strip at these stages is
subjected to a fairly large compressive stress condition after pass No.4 due
to the change of the trace length of the strip edge. It is also theoretically

established that compression acts on the strip edge in the downstream

forming stages.
Furthermore, the longitudinal membrane stress ©, of the edge portion

changes to a tensile stress at pass No.6, i.e. in the first fin-pass roll forming
stage, due to the fin-pass roll reduction. However, the lateral distribution
of 0, becomes uniform in the squeeze roll forming stage. Furthermore, it is
apparent that the strip sheet is subjected to a complex stress condition in

the longitudinal and lateral directions as the forming advances.
The lateral membrane stress o,, shown in Fig.77, uniformly changes

to a large compressive stress condition in the lateral direction of the strip
from pass No.6, due to the fin-pass roll and squeeze roll reductions.

Fig.78 shows the equivalent stress, G . The equivalent stress G, of the
edge portion, is large after pass No.2 since the material at the edges of the
strip will be subjected to significant work-hardening in the early forming
stages. The difference of the equivalent stress O, between the edge portion
and the centre portion of the strip is noticeably large until pass No.5. This
suggests that the strip edges are substantially more deformed, compared
to the strip center portion. Thus, the complete material in the lateral

direction is subjected to the significant work-hardening at pass No.6, again
resulting from the No.l fin-pass roll reduction. Thus, the lateral
distribution of the equivalent stress, G becomes uniform after pass No.5,
i.e. in the fin-pass roll forming and squeeze roll forming stages, due to the
fin-pass roll and squeeze roll reductions. The magnitude of the equivalent
stress ©, from pass No.6, appears to be of a constant value. However, this
value gradually increases as a result of the material work-hardening as
the forming advances. This work-hardening of the tube can also be

estimated from the calculated equivalent stress.
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Fig.79 shows the variation of the calculated longitudinal membrane
strain increment de, and membrane strain €,, at the edge of strip, i.e. at
the lateral element number ten. The longitudinal membrane strain €, is
the accumulated strain of the strain increment de, as -described previously.
The longitudinal membrane strain €,, gradually increases to a tensile
strain of 0.8% at pass No.4. Thereafter, €, rapidly decreases to a strain of
0.3% at pass No.5 due to the occurrence of the large compressive strain
increment de, of 0.5%. From pass No.6, the €, of the strip edge increases
again due to the fin-pass roll and squeeze roll reductions. The strain
increment de, at pass No.6, i.e. the first fin-pass roll, is a fairly large tensile
strain of 0.2%, whilst the de, at pass No.7, i.e. the second fin-pass roll, is
small and compressive. This is because the first finpass roll reduction is
three times as large as the second fin-pass roll reduction, and the change
of the trace length of the strip edge between pass No.6 and pass No.7, is

smaller than that between pass No.5 and pass No.6.

Fig.80 shows the calculated longitudinal membrane stress increment
do,, the membrane stress o, and the equivalent stress G , at the edge of
the strip. The longitudinal membrane stress ©, is also the accumulated
stress of the stress increment do,, as described previously. The
longitudinal membrane stress o, gradually increases to a tensile stress of
350MPa at pass No.4. Thereafter, o, rapidly decreases to a compressive
stress of 315MPa at pass No.5 resulting from the occurrence of a large
compressive stress increment do, of 665MPa. From pass No.6, the o, of the
strip edge increases, again due to the fin-pass roll and squeeze roll
reductions, The stress increment do, at pass No.6, i.e. the first fin-pass roll,
corresponds to a tensile stress of 200MPa, whilst the do, at pass No.7, i.e.

the second fin-pass roll, produces a compressive stress of 180MPa. Again

this behaviour can be explained as result of the variation of the

longitudinal membrane strain shown in Fig.79.

The large variation of each strain and stress is clearly confirmed at pass

143




No.5. It can be said that the strip edge is subjected to a critical occurrence
of edge buckling in this forming stage, and thus the fin-pass roll reduction
is effective in decreasing the compressive stress of the strip edge. As
shown in Fig.80, the variation of the equivalent stress O, at the edge
portion was predicted to yield according to the results of the stress-strain
analysis, which considered the biaxial stress condition. It is apparent that
the equivalent stress G gradually increases as the material work-hardens
with the advance of forming.

Fig.81 shows the result of the variation of the longitudinal maximum
membrane strain €,max at the edge of the strip between each pass, as
obtained by Kiuchi57. In this case the tube sizes were different, however
Kiuchi's approximate magnitude and the variation of the longitudinal
membrane strain €, are reasonably similar to results of this analysis using
the CADFORM system. Thus, it is suggested that the CADFORM system can
provide a reasonable simulation of the strain in the roll forming .of tube
and pipe.

Fig.82 shows the lateral distribution of the calculated longitudinal

membrane strain increment de,, and membrane strain €, in a half width of
the strip at pass No.5. The longitudinal compressive strain increment de,
occurs in the whole strip width at pass No.5, with its value increasing

towards the strip edge. On the other hand, the longitudinal membrane

strain €, is tensile across the whole strip width and its value also increases
towards the strip edge. This is because the whole strip is substantially

stretched until pass No.4. Thus it is apparent that the strip is subjected to

a tensile strain condition in the longitudinal direction and consequently

there is minimal occurrence of edge buckling according to the single result

of the longitudinal membrane strain €, Clearly it is difficult to estimate the
occurrence of edge buckling from only one result of the longitudinal

membrane strain.
Fig.83 shows the lateral distribution of the calculated longitudinal
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membrane stress increment do, and membrane stress O, for the same
situation as in Fig.82. The longitudinal compressive stress increment do,,

occurs across the whole strip width at pass No.5. The value of do, increases

approaching the strip edge, becoming large and compressive stress
(665MPa) at the strip edge. The sections of approximately one quarter of
the strip width from the edge, are subjected to a compressive stress due to
the addition of this large compressive stress increment. In particular,
elements towards the edge portion are subjected to a large compressive
stress of 315MPa. It is therefore considered that there is a critical
condition of edge buckling occurrence according to the result' of
longitudinal stress analysis, although the evaluation by the edge buckling
analysis has not yet been shown here - see Figures 88 and 89. Thus the
longitudinal stress analysis is more significant than the strain analysis in
estimating a critical condition of the occurrence of edge buckling. There
are few reports that actually present and discuss the stresses of the strip

in the forming stages in respect of estimating the edge buckling

occurrence.
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8.1.2 Comparison of stress and strain between
Model-1 and -2

Differences of stress and strain between Model-1 and -2 were
investigated using the calculated results that have been described
previously (Chapter 5, Section 3). In Model-2, the calculated results of the
divided (n-1) lateral element, with the ninth element, are additionally
represented to compare with the results of the (n) element, and with the
tenth element. Figures 84 and 85 show the comparison of the longitudinal
strain increments and strains obtained from the stress and strain analyses
using Model-1 and-2. Comparison of the results of the (n) element,
calculated by both models, show that both results are similar in the upper
forming stage, before the fin-pass roll forming stage. Longitudinal strain of
the (n-1) element is generally smaller than that of the (n) element. As
shown in Table 1, the longitudinal strain increment and strain predicted
by Model-2, are slightly smaller than those given by Model-1, whilst the
lateral strain increment and strain by the Model-2, are slightly larger than
those by Model-1. It is suggested that this is due to the consideration of
dey j) =- Adex@j)) . The same effects are apparent for the longitudinal
stress increment and stress. However, effects of these differences on the
strip deformation is negligible because differences between Model-1 and

-2 in respect of the magnitudes of calculated strains or stresses are very

small, as shown in Table 1.
On the other hand, differences of stress and strain between Model-1

and -2 are noticeable in the fin-pass and squeeze roll forming stages, as
shown in Figures 84 and 85. These large differences are based on the
consideration of d&y( j)=-Adex(j), where dex(i,j) increases to a large
compressive strain due to the circumferential reduction of the strip in the
fin-pass roll and squeeze roll forming stages. The longitudinal strain
increment and strain also increases in the fin-pass roll and squeeze roll

forming stages due to the fin-pass reduction. Effects of the circumferential
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reduction of the strip are apparent, especially in the first fin-pass roll
forming, because the first fin-pass roll reduction is about 0.58%, and this
value is two or three times larger than that at other forming stages.
Figures 86 and 87 show the comparison of the longitudinal stress
increments and stresses calculated by Model-1 and -2. The behaviour of
the stresses is similar to that of the strains. Furthermore, the longitudinal
compressive stress is decreased by the addition of the compressive fin-
pass reductions in Model-2. In particular, this effect is apparent for the
first fin-pass roll forming stage. This suggests that edge buckling can be
suppressed by the fin-pass reduction. It can also be seen that complex
deformation at the edge portion of the strip in the fin-pass roll and
squeeze roll forming stages is expressed by large differences of stress

between the (n) and (n-1) elements in Model-2, as shown in Fig. 87.

Table 1 Stresses and strains at pass No.4 calculated
by Models-1 and -2

At pass No.4 A:Model-2 | B:Model-1 A-B
d€z(%) 0.447569 0.449034| -0.001465
Strain dex(%) -0.223784| -0.224517 0.000733
€z (%) 0.799622 0.801365| -0.001743
€x (%) -0.399811| -0.400680 0.000869
doz(MPa) 21.7505 21.7720 -0.0215
Stress | dOx(MPa) 24.3363 24.3261 0.0102
Oz(MPa) 348.2573 348.3047 -0.0474
Ox(MPa) -3.5575 -3.5314 -0.0261
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8.1.3 'Evaluation of edge buckling

Tables 2 and 3 show the theoretical calculated results of the elastic
and plastic buckling stresses predicted by the Euler! theory. The plastic
buckling stress o4 =(0c+0y), was calculated by the reduced-modulus
theory using the equivalent elastic coefficient E. The plasiic buckling stress
O';Q=(Gcr!-0y), was calculated by the tangent modulus theory using the
tangent modulus E, Both plastic buckling stresses oy; and o4y, are larger
than the elastic buckling stress oy and the plastic buckling stress o5y is the
largest in the calculated data. N is a constant depending on the condition
of the action of the load, and N takes the values of 1/4, 1, 2 and 4. The
condition of both sides of the divided element are estimated to be both
hinged ends N=1 or both fixed ends N=4 because the strip sheet is pinched
by forming rolls. Thus, the buckling stress calculation was carried out
using N values of 1 and 4 although it is difficult to decide the actual fixing
condition of both edges between each roll stand.

Fig.88 shows the comparison of the longitudinal stresses analysed by
the CADFORM system with the calculated buckling stresses oz and o, for’
the case of N = 1. Fig.89 shows the comparison of the longitudinal stresses
analysed by the CADFORM with calculated buckling stresses o and oy in

the case of N = 4. The plastic buckling stresses o4, =(Gc+Oy) Wwas plotted

since the tangent modulus E; provides the smaller buckling stress o4 as a

safer evaluation than E provides.
The edge buckling does not occur in the forming stage up to pass

No.4, i.e. 4CB rolls since analysed longitudinal stresses are _all tensile for
both cases of N. However, large increasing compressive stresses are
applied after pass No.4 for both cases of N. Thus the analysed longitudinal
stress at pass No.5, i.e. the last cage rolls becomes larger than the

calculated elastic buckling stress in both case of N and is close to the

plastic buckling stress Guy.
It is therefore considered that the strip edges are subjected to the
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condition of the elastic edge buckling or to a high critical condition of the
elastic edge buckling in the forming stage between pass No.4 and pass
No.6. This area is shown as the grey coloured zone in Figures 88 and 89. In
the actual forming experiment, the elastic edge buckling occurred after
pass No.4.

In the fin-pass roll and squeeze roll forming stages, the longitudinal
compressive stress calculated by the Model-1 is close to the plastic
buckling stress at pass No.6, i.e. 1F and then the analysed stress becomes a
little bit larger than the plastic buckling stress at each forming pass after
pass No. 7, i.e. 2F. In these forming stages, the strip edges are subjected_ to

a high critical condition of the plastic edge buckling.

On the other hand, the longitudinal compressive stress calculated by
the Model-2 with the consideration of the fin-pass roll reduction is
decreased less than the plastic buckling stress by the circumferential
reduction of the strip in the fin-pass roll and squeeze roll forming stages.
This suggests that the fin-pass roll reduction is more effective to suppress
the occurrence of edge buckling. However, both edges are still in a high
critical condition of the elastic edge buckling.

As already mentioned, it can be stated that the stress-strain analysis
by the CADFORM system can roughly simulate the occurrence of edge
buckling of the strip in tube-making by the cold roll-forming process.
Thus, this original study utilises a viable computer programme to simulate

the total process from roll flower design to edge buckling evaluation.
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Table 2 Calculation of theoretical elastic and plastic buckling stresses
for the case of N =1

D=100 ¢ Xt=1.0t Bottom constant pass-line N =1
e e e b e e B A i3 e R A Y
xooy | 8oy | bino { goman) gt A2y J e Goan | B (v | Faucn | i 1 % lerar pmaleran ol F i
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7 1 so | 1562 Joasee | 220 |1ss2m | 206 | 10m e t | 17002 fosses | saat1s | sec0s | asses
] 1 so | 1562 osses| 220 |1ssem | 208 | tom es2 v | 17e3z |ossoe | sea1s | ssaos | asess
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Table 3 Calculation of theoretical elastic and plastic buckling stresses
for the case of N = 4

D=100 ¢ Xt=1.0t Bottom constantpass-line N=4

Coss Becond Paskc Paswc Basic
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8.2 Effects of pass-line conditions on the tube stress and
strain

Stress and strain analysis of the strip in the downhill pass-line forming
condition mode, using Model-2 was carried out under the same operating
conditions with fin-pass roll reduction, as that for the bottom constant
pass-line mode, except for the pass-line condition. Fig.90 shows the pass-
line height of the strip for both pass-lines. Thus, for this model mill, the
downhill pass-line mode was applied to the forming of the thin walled

tube. Figures 91 and 92 represent variations of the longitudinal membrane

strain increment de,, and the longitudinal membrane strain €,, at the edge
of the strip, respectively. The de, and €, values are decreased at the

upper forming stage due to the effects of downhill pass-line forming.

Figures 93 and 94 represent variations of the longitudinal membrane

stress increment do,, and the longitudinal membrane stress ©,, at the edge
of the strip, respectively. The longitudinal compressive stress o, also

decreased at pass No.5, due to the effects of downhill pass-line forming. It

is therefore considered that the edge buckling can be suppressed by the

downhill pass-line forming condition mode.
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Fig.90 Pass-line conditions for bottom constant and downhill forming
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8.3 Effect of the number of divided elements in the lateral
direction on the tube stress and strain

In order to investigate the effect of the number of laterally divided
elements of strip on the stress and strain in cold tube-making, the
calculation for twenty divided elements in a half width of strip was
conducted under the same operating conditions as shown in Appendix-4. .
Fig.95 shows a computer graphic drawing of the 3-D deformed surface of
the strip for the case of twenty divided elements in a strip half width.-
Figures 96 and 97 show the 3-D graphic drawings of the longitudinal

membrane strain €,, and the longitudinal membrane stress - o,,

respectively, The distribution and variation of the longitudinal membrane
strain €,, shown in Fig.96, is close to that for the case of ten divided
elements in a strip half width, shown in Fig.72. The lateral distribution of
the longitudinal membrane strain ¢,, become uniform after the first fin-
pass roll forming stage, due to the circumferential fin-pass roll reduction.
The distribution and variation of the longitudinal membrane stress o,,
shown in Fig.97, is also close to that for the case of ten divided elements in
a strip half width shown in Fig.76.

To compare, in detail, data for both the ten ‘and twenty divided
elements in a half width of strip, the stress and strain were calculated by
Model-2 and are shown in Table 4. Differences of the longitudinal
membrane strains and stresses, between the divided elements ten and
twenty are very small, as shown in Table 4. Thus, it is suggested that the
effect of the number of lateral divided elements of strip, on the stress and

strain, is not large for the condition of more than ten divided elements.
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Table 4 Comparison' of stress and strain between elements
divided by ten and twenty in a half width of strip

Stand L (mm) €2 -10(%) €2:-20(%) 0z-10(MPa) | 0z-20(MPa)
0 0.00 0.000000 0.000000 0.0000 0.0000
1 444.65 0.061415 0.061414 118.1388 118.1375
e 768.00 0.350487 0.350461 326.3670 326.3645
3 1393.00 0.352053 0.352012 326.5068 326.5029
E 1853.00 0.799622 0.799456 348.2573 348.2528
5 2427.01 0.310500 0.310470 -315.6649 -315.6340
6 2688.00 0.492781 0.491987 -117.4235 -117.8743
4 3128.00 0.405970 0.405866 -294.3778 -293.6175
8 3568.00 0.475579 0.475452 -152.2883 -151.8918
9 4068.00 0.59429° 0.594183 -62.7636 -62.6334
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Fig.95 Computer graphic drawing of the 3-D deformed surface of strip
for the case of twenty divided elements calculated by Model-2
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8.4 Effect of forming flower patterns on the stress and
strain in tube-making by the cold roll forming process

To compare the effects of the forming flower patterns, tube stresses
and strains were calculated using three fundamental forming flower
patterns. These patterns consisted of : the centre bending, the edge
bending and the circular bending configurations.

Principal input conditions for these analyses, using the bottom constant
pass-line condition, were as follows: width of the strip = 312mm, the
number of stands = 9, E = 206GPa, oy = 309MPa, H = 785MPa, V =
40m/min, and the number of element in a half strip width = 10. Details of
the input data for the three forming flower patterns used in the forming of
the tube, with D = 101.6mm and t = 2.3mm, are shown in Appendices-5,
-6, and -7.

Figures 98 to 101 show the results of the centre bending flower
pattern. Fig.98 shows the 2-D planned flower pattern-B and Fig.99 shows a
computer graphic drawing of the 3-D planned deformed surface of the
strip. The strip sheet is deformed from the center portion, to the edge
portion, in center bending as the forming advance. Thus, the deformation
of strip becomes larger in the early forming stages. Figures 100 and 101
show the 3-D graphic drawings of the calculated longitudinal membrane
strain €,, and the calculated longitudinal membrane stress o,
respectively. The strip edge is subjected to a compressive stress condition
from the early forming stages such as pass No.3, shown in Fig.101.

Thus, the strip is progressively formed in the early stages of the forming
passes in the centre bending flower pattern case.

Figures 102 t0.105 show the results of the edge bending flower
pattern. Fig.102 shows the 2-D planned flower pattern-B and Fig.103
shows .d computer graphic drawing of the 3-D planned deformed surface of

the strip. The strip sheet is deformed from the edge portion, to the center

165



portion, in edge bending with the advance of forming. Thus, the
deformation of the strip becomes larger in the downstream forming stages.

Figures 104 and 105 show the 3-D graphic drawings of the calculated

longitudinal membrane strain €,, and the calculated longitudinal

membrane stress O,, respectively. The strip edge is subjected to the

compressive stress condition from the downstream forming stages, such as

pass No.7, shown in Fig.105.
In this case it is noted that the strip is progressively formed in the
downstream stages of the forming passes in the edge bending flower

pattern case. However, it is practically difficult to design forming rolls

which can bend only the edge portion of the strip.
Figures 106 to 109 show the results of the circular bending flower

pattern. Fig.106 shows the 2-D planned flower pattern-B, and Fig.107
shows a computer graphic drawing of the 3-D planned deformed surface of
the strip. The strip sheet is deformed towards the whole portion of strip in

circular bending as forming advances. Thus, the deformation of strip

become homogeneous in all forming stages.
Figures 108 and 109 show the 3-D graphic drawings of the calculated
longitudinal membrane strain ¢€,, and the calculated longitudinal

membrane stress ©,, respectively. The strip edge is subjected to a

compressive stress condition from the downstream forming stages, such as

pass No.7, shown in Fig.109. Here it is noted that the strip is uniformly

formed in all stages of the forming passes for the case of the circular

bending flower pattern. Therefore, this circular bending flower pattern is

generally used in the production of ERW tube and pipe.

Figures 110 and 111 shows the comparison of the longitudinal
membrane strain €,, and the longitudinal membrane stress ©,, for each of
the three forming flower patterns, respectively. It is seen that the strip in
the cenfre bend forming is subjected to the most critical condition of edge

buckling occurrence, as shown in Fig.111. However, the strip in the circular

166



bend forming is subjected to the most favorable condition of edge buckling

suppression.
Thus, the features of the stress and strain characteristic for the three

fundamental flower patterns are clarified by the analysis employing the
CADFORM system. This confirms that the flower pattern design is very

important in suppressing the occurrence of edge buckling.
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8.5 Application of the CADFORM system to production mills

Kawasaki Steel Corporation has developed a new manufacturing
process for welded tube, termed "HISTORY 64.65,66" which is the
abbreviation for " High Speed Tube Welding and QOptimum Reducing
Technology." The development of HISTORY has been funded by the

Ministry of International Trade and Industry, a Department of the

Japanese government.
HISTORY consists of a 6inch CBR forming mill, a newly developed high

frequency electric resistance diffusion welding process, and warm
reducing, yielding high productivity. The author has been engaged in 'this
research and development for History as the project leader. Photo.12
shows an appearance of the HISTORY mill. The 6inch CBR forming mill was
introduced to manufacture thin walled tubes for machine structural
purposes.

Ultra Ifine grain steel tube with high strength and excellent
formability can be produced by a newly developed thermo-mechanical
control process in the History. This new thermo-mechanical control process
comprises a combination of a reducing temperature and strain such as a
warm reducing with large reduction of the tube diameter. Fig.112 shows
an example of the microstructure of HISTORY and conventional ERW steel
tubes. HISTORY can produce ultra fine grain steel tube with approximately
1.2um grain size using the same material as the conventional ERW. As
examples of three different steel materials, Fig.113 shows a comparison of
mechanical properties between HISTORY and conventional ERW steel
tubes. Furthermore, HISTORY tube has higher strength and higher
elongation than those of conventional ERW tube.

The CADFORM system was used to design the appropriate forming
flower patterns. The tube size is D = 146.0mm and t = 2.0mm. Details of
the in-p.ut. data are shown in Appendix-8. Figures 114 and 115 show

examples of the calculated results. It can be seen that the strip edges are
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subjected to a large compressive stress condition in the longitudinal
direction, before and after the No.l fin-pass roll, as shown in Figures 114
(c) and 115. On the basis of the analysed results, the appropriate forming
flower pattern was investigated in an attempt to decrease the longitudinal

compressive stress. The CADFORM system is practically useful in designing

the appropriate forming flower pattern for the production of the thin

walled tubes.

Photo. 12 Appearance of the HISTORY mill
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Chapter 9 Conclusions

9.1 Introduction

The conventional design and manufacture of forming rolls depended
on the individual skill of the roll designers. Such skills were normally
based on the experience and knowledge gained from previous work. There
was no universally recognized scientific design theory which could provide
guiding principles. The roll schedule design was normally a trial and error
procedure and it was not efficient.

With the advent and progress of computer technology, CAD/CAM
systems or packages for the cold roll-forming, based on some geometfical
considerations, including the basic bending theory and primitive design
rules, have been developed. Generally, however, these CAD systems can
only recommend a flower pattern based on the knowledge obtained from
previous successful flower pattern, which lacked a theoretical evaluation
of the forming stages.

Few researches, that deal with consistent forming simulation with
respect to the evaluation of forming defects, ilave been conducted in thé
cold roll-forming process. This is because of the extremely complex three-

dimensional deformation, with small strains and many uncertain boundary

conditions, which are difficult to estimate or define. However, it is
considered that it would become possible to carry out the consistent

forming simulation by a modelling simplification based on radical

assumptions. Theoretical simulation has been required, especially in the

production of ERW tube and pipe, not only to predict the risk of the
occurrence of forming defects in the forming of new products, but also to

obtain optimum forming condition and procedures, in order to -minimise

forming defects.
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9.2 Development of the CADFORM system

The development of the new interactive software package named
"CADFORM", which requires knowledge of the integrated computer and
graphics operation has provided the user with a consistent forming
simulation for tube-making. This is a unique approach, which

demonstrates a consistent forming simulation for tube-making by the cold

roll-forming process.
Firstly, the application of the existing CAD/CAM system "ROLFOM" at

Aston University to design the flower pattern of tube and pipe was tried,
however there was a limitation in extending its application. Therefore, the
new software package "CADFORM", that includes the elastic-plastic stress-
strain analysis and the evaluation of edge buckling by a simplified model
of the forming process, has been devised.
This system consists of four main programmes:

(1) Flower pattern design programme with the data input and

two-dimensional(2-D) drawing

(2) Elastic-plastic stress-strain analysis programme

(3) Evaluation of the edge buckling programme

(4) Three-dimensional(3-D) graphics display and drawing

programme

The interactive data input system has been created in order to
provide easy use and access. Amendments of data, creating data files and
calling the data from the file, by the interactive method, are also
considered in order to give satisfactory operation for the designer.
Furthermore, all main results are displayed on the Tektronix colour screen
by a newly devised 2-D and 3-D graphics programmes associated with the
GINO-F graphics package. These results are visualised in order to enable
the designer to gain a rapid understanding and checking of the results.

The originality of this research is the realisation of predicting a forming
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defect and to enable the designer to redesign the appropriate flower
pattern based on the result of edge buckling evaluation. The consistent
forming simulation, which consists of the construction of forming flower
patterns, the analysis of stress-strain using the designed flower pattern
and the evaluation of the edge buckling occurrence is the first realised

proposal for more effective tube-making.

9.2.1 Flower pattern design

The flower pattern design programme is developed, which consists of
the data input, the amendment of data, creating the files, calling the
existing data file, and co-ordinating the 2-D graphics display and
construction of the two kinds of flower patterns, with the interactive
operation system. Thus, the two kinds of flower patterns developed, such
as the individual drawing ("Flower pattern A") and the flower sequence
drawing ("Flower pattern B") can also be visualized. Hence, the designer
can easily design any flower pattern for tube and pipe, and can rapidly

identify results. Furthermore, any size of tube and pipe can be drawn with

this CADFORM system using the automatic scaling provision.
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9.2.2 Elastic-plastic stress-strain analyses

This analysis utilises the membrane theory and adopts a
geometrical deformation model, whereby deformation surface of strip
between passes is divided into elements. The assumption is also made that
the strip between passes is subjected to linear deformation in the
longitudinal direction.

In the CADFORM system, two deformation models were devised:
Model-1 and Model-2. Model-1 calculates the strain for the condition of
no deformation of the lateral divided elements, whilst Model-2 calculates
the strain by consideration of both the deformation of the laterally divided
elements and the fin-pass roll reduction. The designer can also identify the

outline of the stress-strain analysis results in the forming stages by the 3-

D graphics display.

9.2.3 Verification of the CADFORM system

Verification of the calculated longitudinal strain was carried out for
comparison with the measured forming strains by using the CBR forming
pilot mill. The calculated longitudinal strain using Model-2 corresponds
reasonably well with the measured longitudinal strain. However, the
calculated longitudinal strain by Model-1 does not correspond with the
measured longitudinal strain at the fin-pass roll forming stage. It is
suggested that this discrepancy is due to no account being taken of the fin-
pass reduction by Model-1.

Thus, the longitudinal forming strains of the strip can be
approximately estimated by the CADFORM system. It is apparent that the
longitudinal forming stress, which controls the occurrence of the edge

bucklirig, can also be roughly estimated using these calculated strains by
the CADFORM system.
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9.2.4 Comparison of stress and strain by the two
theoretical models

The calculated results by the two theoretical models are similar in the
upper forming stages of the tube prior to the fin-pas's roll forming stage.
However, differences of stress and strain between Models-1 and -2 are
noticeable at the fin-pass and squeeze roll forming stages. A number of
effects of the fin-pass roll reduction on the strip deformation are apparent
at the fin-pass roll and squeeze roll forming stages. Firstly, the
longitudinal compressive stress is decreased by the addition of the fin-
pass roll reductions. Secondly, as predicted by the calculated results from

Model-2, the edge buckling can be suppressed by the fin-pass roll

reduction.

9.2.5 Evaluation of edge buckling

The edge buckling model as thin walled columns was devised on the
basis of the Euler6! theory. In this model, the Euler theory was applied to
the elastic buckling in the elastic deformation and both of the tangent
modulus theory and the reduced modulus theory were also applied to the
plastic buckling in the plastic deformation.

Edge buckling rarely occurs in the upper forming stages since the
analysed longitudinal stresses are all tensile stress. However, large
increasing compressive stresses are added after the middle stage of the
forming passes and becomes larger than the calculated elastic buckling
stress. - This compressive stress comes close to the plastic buckling stress

over the critical elastic buckling stress between the middle forming stage
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and the first fin-pass roll forming stage. It is therefore considered that the
strip edges are subjected to a high critical condition of the elastic edge
buckling.

In the fin-pass roll and squeeze roll forming stages, the longitudinal
compressive stress calculated by the Model-1 becomes a little bit larger
than the plastic buckling stress. It is apparent that the strip edges are
subjected to a high critical condition of the plastic edge buckling.

On the other hand, the longitudinal compressive stress calculated by
the Model-2 with the consideration of the fin-pass roll reduction is
decreased less than the plastic buckling stress by the circumferential
reduction of the strip. This suggests that the fin-pass roll reduction is mﬁre

effective to suppress the occurrence of edge buckling.
Thus, it can be stated that the CADFORM stress-strain analysis can

roughly predict the occurrence of edge buckling of the strip in tube-

making by the cold roll-forming process.

9.2.6 Effects of the pass-line conditions

The longitudinal compressive stress is decreased at the forming stage,
before the No.l fin-pass roll, due to the effects of downhill pass-line
forming. In the production mill, the downhill pass-line forming is
generally applied to the forming of the thin walled tube. It is therefore

considered that edge buckling can be suppressed by the downhill pass-line

forming condition.
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9.2.7 Effects of the number of laterally divided elements

In order to investigate the effect of the number of the laterally
divided elements on the stress and strain in tube-ma_king, the calculation
for two cases of ten and twenty divided elements in a half width of strip
were conducted. It is thus suggested that the effect of the number of
lateral divided elements on the stress and strain is not significant for the

condition of more than ten divided elements.

9.2.8 Effects of the forming flower patterns

Forming stresses and strains using the three fundamental forming
flower patterns: edge bending, centre bending and circular bending, were
calculated to study the effect of these forming patterns. It is noted thatr
the strip utilising the centre bend forming pattern is subjected to the most

critical condition of edge buckling occurrence.

However, the strip employing the circular bend forming pattern is
subjected to the least critical condition of edge buckling occurrence.
Finally, the stress and strain features in the three fundamental flower

patterns are clarified by the CADFORM system. Thus, the flower pattern

design is very important in suppressing the occurrence of edge buckling.
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9.4 Application of the CADFORM system

The CADFORM system was used to design the appropriate forming
flower pattern for the 6inch CBR forming mill, the new manufacturing
process for the welded tube, termed "HISTORY." By using the analysed
results, the appropriate forming flower pattern was investigated to
produce a decrease in the tube Ilongitudinal compressive stress. The
CADFORM system is practically useful in designing the appropriate forming

flower pattern to suppress the occurrence of edge buckling, especially in

the forming of thin walled tubes.
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Chapter 10 '~ Future Work

Compared with hot sheet rolling, hot bar rolling and cold sheet rolling,
cold roll-forming is an extremely complex three-dimensional deformation
process with small elastic-plastic deformation strains and many uncertain
boundary conditions, which are difficult to estimate or define. However, it
is considered that it would be possible to carry out consistent forming
simulation by a modelling simplification based on several radical
assumptions. Furthermore, the author considered that greater value would
be attached to a consistent and complete forming simulation which can
provide an approximate estimation, rather than a localised forming
simulation with high accuracy in tube making by the cold roll-forming
process. _

Thus, the CADFORM system has been developed as the first attempt
to give a consistent forming simulation with stress-strain analysis. The
CADFORM stress-strain analysis can roughly predict the occurrence of edge
buckling of the strip in tube-making by the cold roll-forming process. It
has been confirmed that the CADFORM system is practically useful in
designing the appropriate forming flower pattern to suppress the
occurrence of edge buckling, especially in forming thin walled tubes.
However, more work and improvements are necessary to get more
accurate simulation results and to apply to a wider range of products by

the cold roll-forming process.

The main subject areas for future work are as follows:

(1) According to the results of some investigations, the ratio

d€x(i, j)/dEy(i, j) takes a value between 0.35 and 0.5. Thus, the value of
0.45 was applied in the calculation using the CADFORM system. However,
the actual deformation of the semi-formed tube in the circumferential

direction is not uniform at the fin-pass and squeeze roll forming stages.
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Thus it is necessary to consider the variation of the ratio d€x(i, j)/d€y(, j)

in the circumferential direction, based on the measured experimental data.

(2) In the evaluation of the edge buckling, a more accurate prediction
might be obtained by using the known longitudinal stresses as boundary

conditions in a FE model of a cylinder with an open slit in the longitudinal

direction.

(3) The affected range of the edge buckling in the lateral direction of the

strip has to been accurately investigated for different outside diameter
pipes and different materials. Based on these results, the width of the

laterally divided elements should be decided.

(4) The circumferential reduction of the strip is applied at the fin-pass
roll reduction to suppress the edge buckling in the fin-pass roll forming
stages. However, large fin-pass roll reduction causes the circumferential
edge buckling in the edge portion of the strip. This circumferential edge
buckling also becomes a serious problem. Therefore, an evaluation of the
circumferential edge buckling should be simultaneously considered with

the evaluation of the longitudinal edge buckling.

(5) In the CADFORM system, both of longitudinal bending and lateral
bending are neglected to simplify the model. It is considered that the
effects of lateral bending on the longitudinal edge buckling are not so large
since the membrane stress has more influence on the longitudinal edge
buckling than the bending stress and the lateral bending stress is not
large.. However, the longitudinal bending of the semi-formed tube should
be taken into consideration, especially in application of the downhill pass-

line forming process, since the semi-formed tube behaves like a continuos

beam.
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(6) In this work, verification of the calculated longitudinal strain was
carried out for comparison with one measured forming strain by using the
CBR forming pilot mill. The calculated longitudinal strain using Model-2
corresponds reasonably well with the measured longitudinal strain.
However, further measurements of forming strains in different sizes of
pipes and different forming mills are necessary to'verify the validity of
the CADFORM system. In order to achieve this verification, the strain

measurement procedure while the strip sheet is passing through the

forming rolls has to be improved.

(7) A consistent forming simulation of tube-making by FEA will be able

to provide more accurate results than the CADFORM system. However, it

will take longer time to complete the calculation and it will be expensive.
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C

C  -=--®** NAIN PROGRAM ***-----

C*essesssess This programme was amended on 8th October 1992 #*##sssssssssessss
C

PROGRAM MAIN
C
IMPLICIT  REAL*8(CA-H,L,0-Z), INTEGER*4(I-K,M-N)
CHARACTER FILE1*12, FILE2*12, AA*12, MA*8, M1*8, M2*8,SIZE*14,
% DATE*10Q,DRAWER*12,WORKS*12 ,MATERTAL*12
C
DIMENSION  JC(@:25,5), JK(@:25,5)
C

COMMON/DAT1/ LS(@:26),TLS(@:26),DH(@:25),NR(Q:25),R(0:25,5),
% AN(@:25,5)

COMMON/DATZ2/ D, WS, TS, KK, NN

COMMON/DAT3/ EE,SEQ@, HH, ANYU, BL, W

COMMON/DAT4/ PE, ITD, IDH, IIDH, JF

COMMON/DATS/ TLO(@:25),TLN1(@:25), AH(@:25), AW(@:25), WE(Q:25),
% AWY(@:25)

COMMON/DAT6/ RN(@:25,6),DLN(@:25,6),TLN(0:25,6),DLE(@:25)

COMMON/DAT?7/ N1F,RSF

COMMON/POINT1/ PX0(@:25,0:5), PY0(@:25,0:5), CX(0:25,@:5),

% CY(@:25,0:5), PXI1(@:25,0:5), PYI(0:25,0:5),
% RR(©:25,0:5)
COMMON/AAN/ AAN(0:25,0:5)
COMMON/POINT2/ PXE(@:25,-22:22), PYE(Q:25,-22:22), PZ(0:25),
% DB(Q:25,0:21), TLE(Q:25,0:21), ANE(0:25,0:22)
COMMON/STA1/ EZ(@:25,0:20), EX(0:25,0:20), DEZ(0:25,0:20),
DEX(0:25,0:20), DLZ(0:25,0:20), D2(0:25,0:20), BB

COMMON/STA2/ HDEZ, HEZ, SDEX, HEX, SEX

COMMON/STA3/ PDEZ(@:25,-20:20), PEZ(0:25,-20:20),
PDEX(@:25,-20:20), PEX(0:25,-20:20)

_ /STA3A/ PEZE(0:25,0:20), PEXE(@:25,0:20),PEZP(0:25,0:20),
s PEXP(0:25,0:20), PDEPS0(0:25,0:20)

COMMON/STA4/ FRD(@:1@),DEXF(0:10,0:208),DEZF(0:10,0:20),
DBO(®:10,0:20), TLEO(D: 10, 0: 20)

COMMON/STS1/ DSZ(@:25,-20:20), DSX(0:2S,-20:20),52(0:25,-20:20),
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SX(0:25,-20:20), SEQ(0:25,-20:20),
S0T0S(0:25,-20:20), EZE(@:25,0:20), EXE(0:25,0:20),
NHANT(0:25,0:20), EZP(0:25,0:20), EXP(0:25,0:20)

COMMON/STS2/ DEPSOT(9:25,0:20),

RN R R

DWP(@:25,0:20), DWE(Q:25,0:20), DW(0:25,0:20),
E DWT(@:25,0:20), WT(@:25), WTR(0:25),
SWT(@:25),5WTR

COMMON/STS3/ HDSZ,SDSZ,HSZ, SSZ, HSX, SSX, HSOTOS, SSOTOS, HDW,

R

HWT, HWTR

COMMON/STS4/ PDSZ(0:25,-20:20), PDSX(Q:25,-20:20),

RRRRNR

PSZ(0:25,-20:20), PSX(0:25,-20:20),
PSEQ(0:25,-20:20),PS0T0S(0:25,-20:20),

/STS4A/ PDWE(@:25,0:20), PDWP(@:25,0:20),PDW(@:25,0:20),
POWT(0:25,0:20), PWT(@:25), PWTR(@:25),
PSWT(0:25),PSWTR

COMMON/STS5/ DEZE(@:25,0:20),DEXE(@:25,0:20),

»

PDEZE(0:25,0:20),PDEXE(@:25,0:20)

DIMENSION DLO1(@:25,5),DLN1(@:25,5),

R”

PDEXF(0:10,0:20),PDEZF(0:10,0:20)

DATA M1/'MODEL 1'/, M2/'MODEL 2'/

##ees DEFINITION OF FUNCTION ***==

PE=3.1415926535898/180

EEEESSREIRRIPF R AR RR RS R RS R R R R RS EY

820 WRITE(*,100)

120 FORMAT(///lax"tttt‘tt!t‘It‘ttilttitttt‘t*“."".'.lt't."lt‘.#'

LI I AL PR P R P E R L T P L L Rt e T o

%/10X,
%/10X, e .t
%/10X, *#+ (COMPUTER AIDED DESIGN AND ANALYSIS SYSTEM **°
%/10X, Tee OF TUBE AND PIPE FORMING ser
%jlax’ "% L1 L
%/10X, res BY T.TOYOOKA ASTON UNIVERSITY .
%/10X, e (19th. Nov. . 1991) st
%flax’ Thw Rt
%/1ex' R P P PR L R R P PR T R T P P P P P PP Y T A
%/1ax' "EEFREEREERE RS R E R RN RPN EEC R SRS REN SRR NSNS

PRINT*,* '

WRITE(*,101)

161 FoRHAT(/lax".*tt#t*tttt‘t#*‘#“‘t#tttt*t#i*t*tt.t‘....!...“"
%/10X, e .,
%/10X, *ss  CHOOSE THE WAY OF INPUTTING DATA sar,
%/10X, e L Lo
%/10X, *es 1. INPUT THE NEW DATA S T LN
%/10X, "es 2. CALL THE DATA FROM THE FILE --=> 2 **,
%fiex’ Tw t"'

%/10X,

13 WRITEC*,*)'
READ *, ITD

'l'!‘l"!tt“tt‘ttt.tt.‘t'-‘tttttttttttll.‘l.“..'/)

#+ss* INPUT ONE NUMBER BETWEEN 1 AND 2 *e¢¢'

IFCITD.NE.1,AND.ITD.NE.2) THEN

WRITE(C*,102)

102 FORMAT(//4X,"'* INPUT ERROR - INPUT THE CORRECT NUMBER AGAIN **'/)

GO TO 13
ELSE

WRITEC*,*)'** INPUT THE FILE NAME IN ANY CASE **'

PRINT®, ' '

WRITEC*,*)'  FILE NAME=? °

READ(*,200) FILE1
200 FORMAT (A)

207

Adw » w w w w w



ENDIF

£
c“tl*.t*‘#‘.*#t‘#‘ FILE OPEN LTI SIS PR AT PR EE LS L]
C
OPENC 1 ,FILE='D'//FILE1, STATUS='UNKNOWN')
C  *OPENC 2 ,FILE='P'//FILE1, STATUS='UNKNOWN')
OPENC 3 ,FILE="R'//FILE1, STATUS='UNKNOWN')
C
c
IFCITD.EQ.1) GO TO 11
IFCITD.EQ.2) GO TO 12
C
c

11 WRITE(*,104)
1@4 FORMAT(//4X"tlt‘t“tt“ttttttttt**t.*t*t***"““"

%/4X, TES INPUT THE NEW DATA. .o
%/4X TRESESRERRREERRERSRRRRERRSRREAR SRR RNN T/ /)
L L T
e NEW DATA INPUT ol

c‘it“‘##‘t**“ii.ttit#t!ittttt##*t““'tl*!'!'l"*t'*tt

C
JD=0
Jv=0

WRITE(*,106)
106 FORMAT(//4X,'**USE THE UNIT OF LENGTH (mm) AND ANGLE',
%'(degree)**'//)
501 WRITE(*,108)
108 FORMAT(//4X,'OUTSIDE DIAMETER AT SQUEEZE ROLL:D(mm)=')
READ*, D
IFCJV.EQ.1) GO TO 506

502 WRITE(*,109)
109 FORMAT(//4X,'WIDTH OF SHEET: WS(mm)-')

READ*, WS

IFCIV.EQ.2) GO TO 506
583 WRITE(*,110)
110 FORMAT(//4X,'THICKNESS OF SHEET:TS(mm)=')
READ*, TS
IFCIV.EQ.3) GO TO 506
504 WRITE(*,111)
111 FORMAT(//4X,'NUMBER OF ROLL STANDS (Max.25):KK=')
READ*, KK

490 WRITE(*,492)
492 FORMAT(//4X,'STAND NUMBER OF 1st FIN-PASS ROLL:N1F=')

READ*,N1F
C
Cesesssse CHECK AND AMEND THE DATA **%%esse
C

506 WRITE(*,500)

S% FORHAT(///‘!-X Tprreararprprarapaeppe et T TP PT T TITI S T A T LA L DL L L L ) ;
%/4X, "¢+ DO YOU WANT TO CHANGE THE DATA THAT YOU **',
%/4X. o INPUTTED JUST BEFORE? s
%/4X, tas st
%/4X, tes @. NO CHANGE ———> 0 et
%/4X, res 1. OUTSIDE DIAMETER ——> 1 (L1
x/4X, Ten 2. WIDTH OF SHEET ces> 2 TN
%/4X, ree 3. THICHNESS OF SHEET “ee> 3 wet,
%/4X, . Lo 4. NUMBER OF ROLL STANDS =--> 4 et
x/4X, e 5. STAND No. OF 1st FINPASS -> 5 oar
x/4X, e ser,
%/4x’ !'tttttttt.tttttt-tttv*t#t‘l.t't.t.ttttttttt.‘!tt'/7)
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PRINT*, *%*---  INPUT THE PERMISSIBLE NUMBER FROM Q@ TO 4. ---%*°

READ*, 1V

IFCIV.EQ.@) GO TO 505
IF(JV.EQ.1) GO TO Se1
IFCIV.EQ.2) GO TO 502
IFCIV.EQ.3) GO TO Se3
IFCIV.EQ.4) GO TO Se4
IF(JV.EQ.5) GO TO 490

WRITEC*,508)
508 FORMAT(//4X," ##+%%%  INDUT ERROR., **#ews’,
%/4X, ' INPUT THE PERMISSIBLE NUMBER AGAIN.'//)
GO TO 506

505 IF(JD.EQ.1) GO TO 534
537 WRITE(*,112)
112 FORMAT(//4X,'DISTANCE OF EACH STAND:LS(mm)=')
TLS(@)=0.0
DO 10 I=1,KK
II=I-1
WRITE(*,113)11,I
113 FORMAT(//4X,'DISTANCE FROM ',I2,'st. TO ',I2,'st. =')
READ*, LSCI)
TLSCID=TLSCI-1)+LSCI)
10 CONTINUE
IFQIV.EQ.1) GO TO 513

Ceseseses INPUT THE DOWNHILL CONDITION **e+sssss
C
512 WRITE(*,114)
114 FORMAT(//4X, ' **DOWNHILL AMOUNT OF EACH STAND:DH(mm)**')

14 WRITEC*,115)

115 FORHAT(/74X"‘ttt.‘It"'..‘Q#‘*t‘#tt“‘tt#“i"‘!!‘!t‘...‘itll

"
%/4X, '*  IF YOU WANT THE BOTTOM CONSTANT,{i.e. o,
x/4X, i NO DOWNHILL FORMING, .
%/4X, e INPUT THE NUMBER @(ZERO) .
%/4X, '*  AND THE OTHER CASECDOWNHILL FORMING) o
X/4X, re INPUT THE NUMBER 1. .
%/4x’ "Otttt*t*t#tt!#tttt‘ttitttttttttt.ttttttl'ttt‘-"//)
PRINT*,"*** INPUT THE NO. @ OR 1, *#s*=ssa’
READ*, IDH
IFCIDH.EQ.@) THEN
DO 20 I=0,KK
DH(CI)=0.0
20  CONTINUE

ELSE IFCIDH.EQ.1) THEN

(seeseses  INPUT THE CONDITION OF DOWNHILL OR UPHILL FORMING *®sssssss

C

WRITE(*,560)

560 FORMAT(//4X, " #** 5488800t sssassssssssssrsvsrssrsssvrvossrese’
%/4X, ' IN CASE OF A DOWNHILL FORMING Y
%/4X, ' INPUT THE NUMBER @(ZERQ) =--> 0 %
%/4X, ' IN CASE OF AN UPHILL FORMING 'y
X/4X, ' INPUT THE NUMBER 1 -—->1 v
%/4X, R L L L L LT LI A7)

PRINT*, *#*ssss% INDUT THE NO. @ OR 1, *#sswwsess

READ*, IIDH
PRINT"'l‘!'*!l.“‘!*.‘!"‘."‘t‘.-i“-.“.ll“l“l.‘.“.‘.'
IF(IIDH.EQ.0) GO TO 210

IFCIIDH.EQ.1) GO TO 212

210 PRINT®*,'** INPUT THE PLUSC+) VALUE IN A DOWNHILL FORMING.**'

GO TO 214

212 PRINT*,"** INPUT THE MINUS(C-) VALUE IN A UPHILL FORMING, **'

B TN RN NN AR RPN N R e T
214 PRINT®,

D0 30 I=0,KK
WRITE(*,116) I,I

209



116 FORMAT(//4X, 'DOWNHILL AMOUNT AT No.',I2,'st:DH(',I2,")=")
READ*,DH(I)
30 CONTINUE
ELSE
WRITE(*,117)
117 FORMAT(//4X,'** INPUT ERROR --- INPUT O OR 1,AGAIN. **'//)
GO TO 14
ENDIF
C
Ceesssses CHECKE AND AMEND THE DATA *#+*+wsss
C
513 WRITEC*,509)

509 FORMAT(///4X, " $*4# 5o asastnantsastassssssnssssssssessssessesoss?

L

%/4X, tee DO YOU WANT TO CHANGE THE DATA et
x/4X, e THAT YOU INPUTTED JUST BEFORE? we
x/4X, TE% ser
%/4X res @. NO CHANGE ~~=> 0 %,
%/4X, e 1. DISTANCE OF EACH STAND ===> 1  *¢',
x/4X, Tee 2. DOWNHILL AMOUNT S
%/4X, TEe ser
%/4x, "#tttttttttttttttttttttt-ttttttt‘tttttttiit““'//)

PRINT*, '------ INPUT THE NUMBER FROM @ TO 2. ====--- '

READ*, JV

IF(IV.EQ.@) GO TO 511
IFCIV.EQ.1) GO TO 537
IFCIV.EQ.2) GO TO 512
WRITE(C*,510)
510 FORMAT(//4X,'** INPUT ERROR.INPUT THE PERMISSIBLE No. AGAIN.**'//)
GO 70O 513
511 IF(JD.EQ.2) GO TO 534 )

¢ :
C*eessess INPUT THE DATA OF OUTSIDE RADII AND ANGLE OF HALF OF THE FLOWER AT EACH STAND.

Shssnses

C

538 WRITE(*,118)
118 FORMAT(/4X,'*** INPUT THE DATA OF OUTSIDE RADII AND ANGLES OF ',

X"HALF OF FLOWER ***',

%/4X, " AT EACH STAND.',

%/4X, ' Max.NUMBER OF RADII IS 5(Max.5) INCLUDING ',

%'THE LINEAR PARTS.'//)

WRITEC*,119)

119 FORMAT(/4X, '==-===m====moccmcecccecemeccccccccacecccnaaeena- ',

%/4X, ' IF FLOWER HAS LINEAR PARTS,'

%/4X, " INPUT @CZERO) AS THE RADIUS AND',

%/4X, *  INPUT THE LENGTH OF LINEAR PART.®,

%/4X, e e aaae 75!
IFCID.EQ.3) GO TO 90
GO T0 91

90 WRITE(*,92)

gz FORHAT(//4X"'tt.tttlt-tl.tt".“.‘ﬁ‘t‘.t‘t#t.t‘..‘.““-“‘ﬁ"

%/4X, ' WHAT STAND DO YOU WANT TO CHANGE THE DATA OF? 'y
%/4X, ' INPUT THE STAND NUMBER; I=.
%/4X, ‘tt!ttatlttttttttttt‘t!-‘t‘t‘t‘ttttt‘ll“‘ttttttt'//)
READ*,I
GO TO 121

C
91 DO 40 I=1,KK
121 WRITEC*,120)1,1

120 FORMAT(//4X"!tl#‘#*‘t‘*"'.“‘".t"tt#t‘t‘tt###‘t"'-t.'ttl"

%/4X, " INPUT THE NUMBER OF RADII',
X/4X, ' AT No.',I2,'st.:NRC',12,')=")
READ*, NR(I)
IFCNRCI).GT.5.0R.NRCI).LT.1) THEN

WRITE(®,514)
514 FORMAT(//4X,'** INPUT ERROR. INPUT THE PERMISSIBLE NUMBER, °,

%'AGAIN. **'//)
210



GO TO 121
ELSE
ENDIF

JV=0
WRITE(*,122) I
122 FORMAT(/4X,"****%* No ' 12,' STAND **e=ss',
%/2X, 'No.**",3X, "RADIUS(mm) ", 3X, ***ANGLE(degree) **'/)
PRINT*,"'-- For Example --'
PRINT*,' 1 <----- This value is given automatically.'
PRINT*, '@€@@ YOU MUST INPUT THE REAL NUMBER LIKE 40.0 eee'
PRINT®, '45.6, 23.56 --You can put a space or , between values'
PRINT*,' @, 41.81 <---IN CASE OF LINEAR PART, =====
PRINT*, 'YOU MUST INPUT THE @ AS A RADIUS AND A LINEAR LENGTH'
DO 5@ J=1,NR(I)
JC(CT,1)=]
JKCI,1)=I
517 WRITE(C*,123) J
123 FORMAT(/2X,I3)
READ(*,8@) R(I,J),AN(I,J)
80 FORMAT(F10.3,F15.10)
C
IF(R(CI,J).EQ.©.2) THEN
R(I,J)=99999.999
AN(CTI, J)=ANCI,])/CRCI,I)*PE)
ELSE
ENDIF
DLO1(I,J)=R(I,J)*AN(CI,I)*PE
DLN1(I,J)=(R(I,J)-TS/2.0)*ANCI,])*PE

IF(JV.EQ.2) GO TO 518
IFCJV.EQ.3) GO TO 518
50 CONTINUE

C
Cessessss CHECK AND AMEND THE DATA OF RADIUS AND ANGLE, *eesevee

C
518 WRITE(*,515) I,I

515 FORMAT(//4X"".tt.tt#*tltlt‘ttt.*.ttt..t'."‘.‘.l.“.‘.l..t'

'
x/4X, "** DO YOU WANT TO CHANGE THE DATA OF RADII *+',
%/4X, Tes o
%/4x’ T ao ND CHANGE ——— a .."
%/4X, "#* 1. CHANGE ALL DATA AT SOME STAND ~--> 1 ®s',
x/4X, '** 2, CHANGE THE NUMBER OF RADII, RADII eer
x/4X, res AND ANGLE AT No.',I2,'STAND, ===> 2 **',
X/4X, "#* 3, CHANGE THE DATA OF ONE RADIUS ---> 3 **',
x/4X, e AND ANGLE AT No.',I2,"' STAND. (L1
%/4x, 't‘tttttt‘*t‘t‘*t“t#ttti#tttitttt#tttt#t“'ttttl/y)

PRINT®, ' ==--- INPUT ONE NUMBER FROM @ TO 2 ----'
READ*, 1V

IFCIV.EQ.) GO TO 519

IFCIV.EQ.1) GO TO 90

IFCIV.EQ.2) GO TO 121
521 WRITE(C*,516)NRCI),NRCI)

516 FORMATC/74X"!.‘#!"*"1"t'#“'t#**'*#‘i‘*ti“.“.“.‘t““'

»

%/4X, "* WHAT NUMBER OF RADIUS DO YOU WANT TO CHANGE *',
%/4X, " Max.RADIUS No.=',I1,' .
%/4X, . INPUT ONE NUMBER FROM 1 TO ',I1,' .
%/4x’ ltt*t‘##‘.‘.'“#t‘.tt!'l.ltit‘tl.'."!'.l'll‘.l.'//)
READ*,J

IFCJ.LE.NRCI).AND.J.GE.1) THEN

WRITEC*,122)I

GO TO 517

ELSE -

WRITE(C*,520)
520 FORMAT(//4X,'** INPUT EROOR. PLEASE INPUT THE PERMISSILE °,

%'NUMBER, AGAIN.'//)
211



GO TO 521
ENDIF
519 IFCJD.EQ.3) GO TO 534
A e R T '
¢ 40 CONTINUE

C#ssssess  INPUT THE NUMBER OF DIVISION IN LATERAL DIRECTION *#sssssss
Cesesssss  (i.e. THE NUMBER OF ELEMENT IN LATERAL DIRECTION) #essssess

C
JV=0

522 WRITE(*,124)
124 FORMAT(//4X,'THE NUMBER OF DIVISION IN LATERAL DIRECTION OF SHEET

%',/10X, 'Max,20 IN HALF OF WIDTH : NN=')
READ*,NN
IF (NN.GT.20.0R.NN.LT.1) THEN
WRITE(C*,125)
125 FORMAT(//4X,'*** INPUT ERROR. INPUT THE PERMISSIBLE No. ',
%' ,AGAIN. **¥%'//)
GO TO 522
ELSE
ENDIF
IFCIV.EQ.1) GO TO 524

Cesssssss INPUT THE DATA OF MECHANICAL PROPERTY OF SHEET.
C

LA AL Ll

WRITEC*,126)
126 FORMAT(//4X,'*** INPUT THE MECHNICAL PROPERTY OF SHEET. ***'//)
526 WRITEC*,127)

127 FORMAT(//4X,"YOUNG''S MODULUS:E(Ckgf/mm2)=")
READ*, EE
IFCIV.EQ.2) GO TO 524
527 WRITEC*,128)
128 FORMATC//4X,'YIELD STRESS:Y(kgf/mm2)=")
READ®, SEQO
IFCIV.EQ.3) GO TO 524
528 WRITEC*,129)
129 FORMATC//4X, ' WORK-HARDENING COEFFICIENT:H=(Ckgf/mm2)=")
READ* , HH
IFCIV.EQ.4) GO TO 524

529 WRITE(*,130)
130 FORMAT(//4X,'POISSON''S RATIO:PR=')
READ*,ANYU
IFCJV.EQ.5) GO TO 524

530 WRITE(*,131)
131 FORMAT(//4X,"'RATIO OF LATRAL STRAIN TO LONGITUDINAL STRAIN',

%/4X,"IN THE FORMING WITHOUT REDUCTION :BL',
%/6X, "BL=ECY)/E(x)=0.0 - 1.0  BlL=")
READ*,BL

494 WRITEC*,496)
496 FORMAT(C//4X,'RATION OF LONGITUDINAL STRAIN TO LATRAL STRAIN:RSF',

%/6X, 'RSF=E(x)/E(y)=0.0 -1.0 RSF=')
READ* ,RSF

599 WRITEC*,598)
598 FORMAT(C//4X,'FORMING VELOCITY(m/min.):W=")

READ*, WV

C
Coeessses CHECK AND AMEND THE DATA. **esessss

C
524 WRITE(*,523)

523 FORHAT(///4X' THRRERERRERE R RRRFHAAERR R AR AR RS R ErRddRrRsdan’?

]
%/4X, *s* DO YOU WANT TO CHANGE THE DATA oot
%/4X, res THAT YOU INPUTTED JUST BEFORE? oot
%/4X, - AL . [T
%/4X: "¢+ 9. NO CHANGE waan ..-:
%/4X, *s*+ 1. NUMBER OF DIVISION wor
x/4X, tee IN LATERAL DIECTION cee> 1 Wer,

212



x/4X, "#* 2. YOUNG''S MODULUS ——y 2 W

’

%/4X, "¢+ 3. YIELD STRESS cee> 3 0
X/4X, *#* 4. WORK-HARDENING COEFFICIENT---> 4  **',
x/4X, '#*+ 5 POISSON''S RATIO e
%/4X, "** 6. RATIO OF ECy)/E(X) > 6 e,
%/4X,: Te¥ 7. RATIO OF ECx)/ECY) R oer,
x/4X, es FOR FIN-PASS REDUCTION .
x/4X, *#* 8. FORMING VELOCITY cee> 8 WeY .
x/4X, i wer,
%/4X, ""“‘"*tttttt‘t.tttttttttl‘ttttttltt‘ttt‘tl.t'//)

PRINT®, ! ==nee- INPUT ONE NUMBER FROM @ TO 7, ===-=- ’

READ*, ]V

IFCIV.EQ.2) GO TO 525
IFCIV.EQ.1) GO TO 522
IFCIV.EQ.2) GO TO 526
IFCIV.EQ.3) GO TO 527
IFCIV.EQ.4) GO TO 528
IFCIV.EQ.5) GO TO 529
IFCIV.EQ.6) GO TO 530
IFCIV.EQ.7) GO TO 494
IFCIV.EQ.8) GO TO 599
WRITEC*,531)
531 FORMAT(//4X,'*** INPUT ERROR. INPUT THE PERMISSIBLE No. °,
%'AGAIN. ***'//)
GO TO 524
525 IFCID.EQ.4) GO TO 534

Ceewewsrsrars INPUT THE NEW TITLE BLOCK CONTENTS, *ewevsvsvass

o

C

298 WRITEC*,299)

299 FORMAT(/10X, " so*#ossasassssssstssssssssssssstsssssssssssssces’

L]
%/10x, rex .
%/10X, *s*« INPUT THE DATA FOR TITLE BLOCK CONTENTS  **',
%/10X, Tas AND DIMENSIONS OF FLOWER. ..
%/10X, THE ser
%/10X, T L L L LI LI LAY 75

PRINT*, '@@e@ YOU CAN USE A FULL STOP(.). eeeeeee’

pRINTt"tt*i****tt#t**#‘¢ltt‘!‘#t*#‘.#‘?‘*‘#!"tt.“!'

300 WRITEC®,*)'** INPUT THE DESCRIPTION OF "SIZE" WITHIN 14 CHARACTER

%S, e’
WRITE(*,*)'--- e.g. 38.1X1.75mm or 999.99X99.9%mm =-----
WRITEC*,*)' SIZE='
READ(*,3@1) SIZE
301 FORMAT(A)
IF(TJ.EQ.1)GO TO 310
302 WRITEC*,*)'** INPUT THE DESCRIPTION OF "DATE" WITHIN 1@ CHARACTER
%S. "
WRITEC*,*)'--- e.g. 21.10.1992 =~e--- '
WRITEC*,*)"' DATE='
READ(*,303) DATE
303 FORMATCA)
IF(TJ.EQ.2)G0 TO 310
304 WRITE(C®,*)'** INPUT THE DESCRIPTION OF "DRAWER" WITHIN 12 CHARACTE
RS, **’
WRITE(*,*)'--- e.g. T.TOYOOKA =----- '
WRITE(C*,*)" DRAWERa'
READ(*,3@5) DRAWER
305 FORMATCA)
IF(TJ.EQ.3)G0 TO 310
306 WRITE(*,*)"** INPUT THE DESCRIPTION OF "WORKSCMILL)" WITHIN 12 CHA
%RACTERS. **'
WRITE(C*,*)'~-- e.g. 2" MILL =----- !
WRITEC*,*)’  WORKS='
READ(*,307) WORKS
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307 FORMAT(A)
IF(TJ.EQ.4)GO TO 310
3983¥§:£E(‘.')"' INPUT THE DESCRIPTION OF "MATERIAL" WITHIN 12 CHARAC
L1 A
WRITEC*,*)'--- e.g. STAINLESS ----- '
WRITEC*,*)' MATERIAL='
READ(*,309) MATERIAL
. 309 FORMAT(A)

Cesesssssss CHECK AND AMEND THE DESCRIPTION INPUTED JUST BEFORE, ***essssesssss

C
310 WRITE(*,312)

312 FORMAT(///4X".t"ﬁt*“**t't.‘.".tttt"t‘t‘tttt.‘!t“t‘!t'..-'

L)
%/4X, ‘** DO YOU WANT TO CHANGE THE DESCRIPTION -
%/4X, Tex THAT YOU INPUTTED BEFORE? wer
%/4X, v st
%/4X, e @. NO CHANGE anag ) e,
x/4X, e 1. SIZE — | et
x/4X, Tee 2. DATE ey 2 o
x/4X, ‘e 3. DRAWER e3> 3 ot
%/4X, i 4. WORKSCMILL) cee> 4 et
%/4X, ‘ee 5. MATERIAL emin K et
%/4X, s .ot
%/4x’ 'nnutuantmuuttvutttu--ut-ruututnt"tttuntu'//)
PRINT*, "**---  INPUT THE PERMISSIBLE NUMBER FROM @ TO 5. ---%*"'
READ*, TJ

IF(TJ.EQ.0) GO TO 320
IF(7J.EQ.1) GO TO 300
IF(TJ.EQ.2) GO TO 302
IF(TJ.EQ.3) GO TO 304
IF(T].EQ.4) GO TO 306
IF(TJ.EQ.5) GO TO 308

WRITE(*,314)
314 FORMAT(//4X,' sEEns INPUT ERROR,  *##esst
%/4X, ' INPUT THE PERMISSIBLE NUMBER AGAIN.'//)
GO TO 310

320 WRITE(*,556)SIZE,DATE,DRAWER,WORKS,MATERTAL
IF(JD.EQ.5) GO TO 534

WRITEC*,132) :
132 FORMAT(//4X,'** YOU HAVE FINISHED TO INPUT THE ALL NEW DATA. **',
%//4X,"* IT WILL BE COMMENCED T@ WRITE THE INPUTTED NEW DATA'/)
PRINT*,'  TO THE FILE NAMED D'//FILE1//'*'
ci‘tItt‘..*tt‘tttt*#*‘*‘t“tt‘.‘t#t!‘t‘ttt.ttt.t'-!t-tt
DO 82 I=1,KK
TLNCI,0)=0.0
DO 84 J=1,NRCI)
RNCT,J)=R(I,J)-TS/2.0
DLNCI,J)=RNCI, J)*ANCI, J)*PE
TUNCI,3)=TLNCT,J-2)+DLNCT, J)
84 CONTINUE
82 CONTINUE
c..‘t#’#tt'ittttiﬁttttttt**tttttl#t#'*tt‘*t“*ttt#ttt#t
WRITEC1,1) D,WS,TS,KK,N1F
1 FORMAT(SX,3(F10.2,5X),I5,10X,15//)

WRITE(1,2) (I,LSCI),TLS(CI),I=1,KK)
2 FORMAT(1H ,5X,I5,5X,F10.2,5X,F1@.2)

WRITE(1,3) (I,DH(I),I=0,KK)
3 FORMAT(1H ,15X,I5,5X,F10.2)

WRITE(1,4) (I,NR(I),I=1,KK)
4 FORMAT(1H ,5X,IS,5X,I3)
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WRITE(1,5) ((IK(I,J)),JC(I,3),R(I,I),AN(CI,)),DL01(T,]),
%DLN1(I,J),TLN(I,J),J=1,NR(I)),I=1,KK)
5 FORMAT(1H ,5X,I13,4X,I2,3X,F10.3,5X,F15.10,5X,F10.4,5X,F10.4,5X,

%F10.4)

WRITEC1,6) NN,EE,SEQ®,HH,ANYU,BL,RSF,WV
6 FORMAT(1H@,3X,I5,3X,2(F10.2,5X),F10.2,3(3X,F5.2),3X,F6.2)
WRITEC1,7) IDH,IIDH
7 FORMAT(1H,3X,I2,3X,12)
WRITE(C1,8)SIZE,DATE, DRAWER, WORKS ,MATERIAL
8 FORMAT(//4X,A16//4X,A10//4X,A12//4X,A12//4X,A12//7)
GO TO 543
C
C*s*esses CALL THE DATA FROM THE EXISTING FILE. %*##sessss
C
12 REWIND 1
READ(C1,1)D, WS, TS,KK,N1F
READC1,2)CI,LSCI),TLSCI), I=1,KK)
READ(1,3)(I,DHCI), I=0,KK)
READ(1,4)CI,NRCI), I=1,KK)
READ(1,5)(CIKCI,I),ICCT,I),RCT,I),ANCT,I),DL01CT,I),
%DLN1CT,J),TLNCI,3),=1,NRCI)), I=1,KK)
READ(1,6)NN, EE, SEQ®, HH, ANYU, BL , RSF, W
READC1,7) IDH,IIDH
READ(1,8)SIZE,DATE, DRAWER, WORKS ,MATERIAL
WRITEC*,133)
133 FORMAT(//4X,"** ALL DATA HAVE BEEN CALLED FROM THE EXISTING',
%' FILE. **'//)
C
C*s##sess CHANGE THE DATA CALLED FROM THE EXISTING FILE, **esssses
C
D=0
534 WRITEC*,532)

v L] L. L] EEE PR TR LR L RS T A R AL e T h
532 FORMAT(///4X, ' s*esssntsusonsases

]

%/4X, "** DO YOU WANT TO CHANGE THE DATA et
%/4X, "+ THAT YOU CALLED FROM THE EXISTING FILE **',
%/4X, Tex wor .
x/4X, "** Q. NO CHANGE —ee> 0 **7,
x/4X, Tae 1. D,WS,TS,KK,N1F RN LN
%/4X, ey 2. LS or DH cme> 2 00,
%/4X, 's* 3, NR,R,AN —ee> 3 W00,
%/4X, Tas 4. NN,EE,SEQQ,HH,ANYU,BL,RSF,VV ~-> 4 **',
x/4X, *#+ 5, DESCRIPTION OF —ee> 5 8T,
%/4X, ‘ee TITLE BLOCK CONTENTS wer
%/4X, ren vor!
x/4x’ P Ittt R PR PR R L ST E TR TR L DL L L '//)

PRINT®, ' -=--- INPUT ONE NUMBER FROM @ TO 4, =---- ’

READ*,JD

IFCID.EQ.0) GO TO 535
IFCID.EQ.1) GO TO 506
IFCID.EQ.2) GO TO 513
IFCID.EQ.3) GO TO 538
IFCID.EQ.4) GO TO 524
) IFCID.EQ.5) GO TO 310
142 WRITEC*,533)
533 FORMAT(//4X,'*** INPUT ERROR. INPUT THE PERMISSIBLE No.',
%' AGAIN. **'//)

GO TO 534

c‘.'.t‘ﬁ‘ mKE A NEw FILE. kR EERN
c o

535 IF=0
542 WRITEC®,536)

"
536 FORHAT(//“X"‘I‘t‘*t‘tt*t*t‘titttt*tttti*t*tt*‘*‘*ﬁ‘!*“‘t“ .
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%/4X, re% IF YOU CHANGED THE DATA, ki

]

%/4X, res DO YOU WANT TO MAKE A NEW FILE? et
X/4X, b et
%/4X, rae 0. NO (NOT TO MAKE) —.=> 0 i L
X/4X, *en 1. YES (MAKE A NEW FILE) --->1 e
%/4X,- e o
%/4x' 'ttt#tttttt:tll‘tltt‘ttt'tttttttt#t‘#tt.tltl.tt.'/77)

PRINT*, " =evmemnn INPUT THE ONE No. BETWEEN @ AND 1, --=eeece-a!

READ*, JF

IFCIJF.EQ.@) GO TO 539
IFCJF.EQ.1) GO TO 540
WRITE(*,541)
541 FORMAT(//4X,'** INPUT ERROR. INPUT THE PERMISSIBLE NUMBER',
%", AGAIN. **'//)
GO TO 542

c'*.*"*‘ “AKE A NEW DATA FILE EEEEREERS
C
540 WRITE(*,*)"** INPUT THE NEW FILE NAME, **'
WRITEC*,*)'FILE NAME='
READ(*,201) FILE2
201 FORMAT(A)
c'."‘.tt FILE OPEN #**txx%x%
OPEN(4,FILE="D"'//FILE2,STATUS="UNKNOWN")
C *OPEN(S,FILE="P"//FILE2,STATUS="UNKNOWN')
OPEN(6,FILE="R'//FILE2,STATUS="UNKNOWN")

(*eseesss WRITING THE NEW DATA TO THE NEW FILE #*esesssss

C
WRITE(*,544)
SA44 FORMATCZ/4Y, Fsssivmisussnususismssnesisnnbasssinsnm )

PRINT*, "WRITING THE NEW DATA TO THE NEW FILE NAMED D'//FILE2
PRINT*, ' ’

PRINT®, * '

PRINT*, " '

WRITE(4,1) D,WS,TS,KK,N1F

WRITE(4,2) (I,LSCI),TLSCI),I=1,KK)

WRITE(4,3) (I,DHCI),I=0,KK)

WRITE(4,4) CI,NRCI),I=1,KK)

WRITEC4,5) (CIKCI,),IC(T,),RCT,I),ANCT,]),DL01CT,T),
%DLN1(T,J),TLNCI, 1), J=1,NRCI)), I=1,KK)

WRITE(4,6) NN,EE,SEQQ,HH,ANYU,BL,RSF,W

WRITE(4,7) IOH,IIDH
WRITE(4,8)SIZE,DATE, DRAWER, WORKS ,MATERIAL

C
(*eesssss WRITING THE INPUT DATA TO THE RESULT FILE ##eessess
C

WRITE(*,545)
545 FORMAT(//4X,'---- WRITING THE NEW INPUT DATA TO THE RESULT FILE °,
%l ____')
PRINT®, * NAMED R'//FILE2
WRITE(6,546)FILE2
546 FORHAT(lHl’/4x"#t*t**#‘*‘“tl#“tt‘i-.tt-ttt..l.""...-.t‘t'.
%/4X r#+ INITIAL INPUT DATA IN FILE R',A12,'**',

L]
x/4x""t‘l*"‘*l"“"t-!tIti‘*"""*!ttlt‘l“"‘ ’/)

WRITE(6,547)
547 FORMAT(1H@,5X, 'OUTER DIA.',5X," WIDTH °*,5X,' THICKNESS',
%5X, "NUMBER OF st.',5X,'Stand No. of 1st Finpass',/)
WRITE(6,1) D,WS,TS,KK,N1F
WRITE(6,548)
548 FORMAT(1H@,5X,'STAND',5X,' LSCI) °',5X,' TLSCI) '/)
WRITE(6,2)(CI,LSCI),TLSCI),I=1,KK)

WRITE(6,549)
549 FORMATC1H@,15X,'STAND',7X, 'DOWNHILL AMOUNT'/)

WRITE(6,3)(I,DHCI), I=0,KK)
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WRITE(E, 550)
550 FORMAT(1HO,5X, 'STAND',3X, 'NUMBER OF RADIUS'/)
WRITEC6,4)CI,NRCI), I=1,KK)
WRITEC6,551)
551 FORMAT(1H@,3X,'STAND',4X,'No.R',3X," RADIUS °',11X,"' ANGLE ',
%10X; *DLO", 12X, 'DLN', 7X, 'TLNCI,2)',/)
WRITEC6,5)CCIKCT,),ICCT,3),RCI, D), ANCI,I),DLOICT,I),
%DLN1CT, 1), TLNCT, ), J=1,NRCI)), I=1, KK)
WRITE(6,552) NN,EE,SEQQ,HH,ANYU,BL,RSF,W
552 FORMAT(1HO,5X, 'NUMBER OF DIVISION IN WIDTH=',IS/1H,5X,'YOUNG''S"®,
%' MODULUS=',F10.2/1H0,5X, 'YIELD STRESS=',F10.2/1H@,5X, 'WORK-",
%'HARDENING COEFFICIENT=',F10.2/1H@,5X, 'POISSON''S RATIO=',
%F5.2/1H0,5X, 'RATIO OF ECy)/E(x)=",F5.2,/1H0,5X,
%'RATIO OF ECX)/ECy)="',F5.2,/1HD,5X, 'FORMING VELOCITY=',F6.2///)
WRITE(6,554) IDH,IIDH
554 FORMAT(C1H@,5X, "IDH=",I2,3X, 'IIDH=",12//)
WRITE(6,556)SIZE ,DATE , DRAWER , WORKS ,MATERTAL
556 FORMAT(//4X,'SIZE=",A16/4X,'DATE=",A10/4X, 'DRANER=",A12/4X,
%"WORKS=",A12/4X, 'MATERIAL=",A12//)

GO TO 539
C
Cesssswsr N CASE OF FIRST INPUT DATA *sswssesss
C

543 WRITE(3,553)FILE1l

553 FORMATCIHL,/,4X, ' #4444 55ttt sk b s bt s 6044840002444 2000 0000 0! .

%/4X,'** INITIAL INPUT DATA IN FILE R',A12,'**’,

%/4x,l@t"*"'!‘.#***#tt*t*#.‘U‘ttt‘#t**t‘*tt#ttttt"/)

WRITE(3,547)
WRITEC3,1) D,WS,TS,KK,N1F

WRITE(3,548)

WRITE(3,2)(I,LSCI), TLSCI), I=1,KK)

WRITE(3,549)

WRITEC3,3)CT,DHCT), I=0, KK)

WRITE(3,550)

WRITE(3,4)(CI,NRCI), I=1,KK)

WRITE(3,551)
WRITE(3,5)CCIKCT, ), ICCT,I),RCT,I),ANCT, ), DLOICT, J),
%DLN1(I,J),TLNCI,J),J=1,NRCI)), I=1,KK)
WRITE(3,552)NN, EE,SEQQ, HH, ANYU, BL ,RSF, W
WRITEC3,554) IDH,IIDH

WRITE(3,556) SIZE,DATE,DRAWER,WORKS,MATERIAL

C

539 WRITE(C*,*)"** DATA INPUT HAS COMPLETED, NEXT IS DRAWING OF ',
%'FLOWER. **'

C

Ceeessses 2_.DIMENSIONAL DRAWING OF FORMING FLOWER ®**sessessss

c
Ct“t‘.tt#‘ttt SUBROUTINE FLOWER IS CALLED‘ FEEEENNTRIPNRNEE R EIER O

CALL FLOWER(FILE1,FILE2,SIZE,DATE,DRAWER,WORKS,MATERIAL)

Crosnesssnasss st b it s b dd bbbt R b s b s R R kR AR AR R AR AR I FRRRI R RN SRR TR RO RS
Cosesnsssesensss STRESS-STRAIN ANALYSIS AND 3D DRAWING ***seessscsssssssessns

c.!."ttttltt#tit!t‘*‘#t###l‘l!'!Ft‘t**ttt‘**‘""¢#1#-'l.‘*“..‘.‘!.‘l!.!"!l

C
WRITE(*,856)
856 FORMAT(1H1,///,4X,

'.ll“‘*#t"‘*.""tttt‘tt“tt#tittttt!ti‘t‘!.t.l“...t‘."

%
K/4X, " ** R
%/4X, " ** STRESS-STRAIN ANALYSIS AND 3-D DRAWING .ot
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X/4X, " ** July 1992 sur,
%/4X, " ** LI
¢ x/4x,.**‘**‘*‘*"****""ttttttttt--Qttttttttttttttt!tl.tttt-t"//)
C
824 WRITE(*,822)
822 FORMAT(//,4X,
x R R Rt R e P T P I Tttt IrIII
%/4X, "** et
%X/4X, v What results do you want to get? e
%/4X,"'** 1.Stress-Strain Analysis Model-1 and Model-2 --> 1 ***
%X/4X,"'** 2.Stress-Strain Analysis Model-1 =3 2 W'
%/4X,"** 3.Stress-Strain Analysis Model-2 -3 3 ##?
%/4X,"** 4 ,Unnecessary ==> 4 !
%/4X, " ** Yy

%/4x"l‘#*t*#**t!'"l*#‘#‘*“‘*tt‘ttttttttltiiiii“t“"tttttt"//)

¥ W W W v o w o ow w

WRITEC*,*)'**** INPUT ONE NUMBER BETWEEN 1 AND 4, **#ssss’
READ*, IR
IFCIR.NE.1.AND.IR.NE.2.AND.IR.NE.3.AND.IR.NE.4) THEN
WRITE(*,*)'€8e@ INPUT ERROR - INPUT CORRECT NUMBER,AGAIN. eceee'
GO TO 824
ELSE
WRITE(*,826)IR

826 FORMAT(//4X,'IR=",13,//)
ENDIF

IFCIR.EQ.1) GO TO 850
IFCIR.EQ.2) GO TO 850
IFCIR.EQ.3) GO TO 852
IFCIR.EQ.4) GO TO 860
GO TO 824
C
C
c..“"‘.tt‘*““*‘ Stress_Strain Analysis Model-l FEFEEERE R ER RN RN R RN ES SR AN
C
850 MA=M1
WRITEC*,600)MA
600 FORMAT(//4X,

x LR 2 2 2t i R R R R A PR R PR R R P TR Y A

X/4X, ' ** oot
%/4X,'%* STRESS-STRAIN ANALYSIS AND 3-D DRAWING ',A8, ' **°

%/4X, " ** .

x/4x"t0"‘“¢.‘ﬁQti*#i*t*t#ttt*#t‘*tt*itttt#.“‘.tt*t'itttt“"'/}

IW=0
DO 270 1)=1,1000
JW=JW+1
270 CONTINUE
C
Ceesssss CALL SUBROUTINE CAPOIN T@ CALCULATE THE POINTS OF X, Y AND Z- AXIS OF THE DIVIDED

MESHES ##+++
C
CALL CALPOINCFILE1,FILE2,MA)

C
(eeeesss CALL SUBROUTINE SNANA1 TO ANALIZE THE STRAIN WITHOUT CONSIDERING THE DEFORMATION OF

MESHES IN THE LATERAL DIRECTION, *#*#ss#s
C
CALL SNANA1

C
(eeesss CALL SUBROUTINE SSANA TO ANALIZE THE STRESS IN DEFORMATION PROCESS, s*eees
C

CALL SSANA

C
(**sssss WRITING THE RESULTS OF STRESS, STRAIN, DEFORMATION WORK AND DEFORMATION WORK-
RATECPOWER) *###ssssss
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MM=1
700 OPEN(3,FILE="R'//FILE1,STATUS="UNKNOWN',ACCESS="APPEND")
OPEN(6,FILE="R"//FILE2,STATUS="UNKNOWN",ACCESS="APPEND")

IFCITD.EQ.1) THEN
NF=3
AA=FILE1
ELSE IF CITD.EQ.2.AND.JF.EQ.1) THEN
NF=6
AA=FILE2
ELSE
G0 TO 710
ENDIF
WRITECNF,602)MA, AA
602 FORMAT(1H1,///,4X,

% T353R R RSB R R F R R R R RSP SRR h SRR R AR R ER NP RS h e’ -

%/4X,'** OUTPUT DATACRESULT) OF STRESS-STRAIN ANALISIS ey
%/4X,'** ' A8 ' IN THE FILE R',A12, et
%/4X, 'an-ttt"nnnanmt-u-nm-ttu-ttwn“ﬂnntnnttttttnnutl’/)
C
Ceeeseses RESULTS OF STRAIN **#essesses

C
WRITE(NF,603)
6@3 FORMAT(/4X"‘¥##‘#‘*‘** RESULTS OF STRAIN (F T2 2 TP 2 22 1 1] ’/)
WRITE(NF,604)D,TS,KK,N1F,NN,BL,RSF
604 FORMAT(4X,'0OD=',F10.2,2X,'TS="',F10.2,5X, "NUMBER OF STAND=",I2,3X,
%'Stand No. of 1st Finpass=',IZ2,3X,
%/4X, 'NUMBER OF DIVISION=',I2,3X,'Ex/Ez=',F5.2,3X,'Ez/Ex ',

%'in Finpass & SQ=",F5.2//4X,

%'tttttttttt.#t‘tt*ttt*tt‘ttt#‘*#**F*l‘*‘*““*‘*“t"t..‘..tt‘.. v »

%'----t--'t-'tttttt:t'//J

WRITE(NF,606)
606 FORMAT(2X, 'ST.",2X, 'Mesh’,6X, 'DEz(%)',7X, 'Ez(¥)",8X, 'DEx(¥)",7X,
%'Ex(%)',8X, "DEZE(%)",6X, 'DEXE(%)',6X, "E2ZE(X) ", 7X, "EXE(%)",5X,

%'DEPSOT(%)'/)
DO 610 I=@,KK
DO 620 J=@,NN

PDEZ(I,J)=DEZ(I,I)*100
PEZ(I,J)=EZ(I,J)*100
PDEX(I,J)=DEX(I,J)*100
PEX(I,J)=EX(I,))*100
PEZECT,))=EZE(I,])*100
PEXECT,J)=EXECT,J)*100
PDEZE(T,J)=DEZE(CT,])*100
PDEXECT,J)=DEXECT,J)*100
PDEPSOCT, J)=DEPSOT(I,])*100

WRITE(NF,608)I,3,PDEZ(I,J),PEZ(T,J),PDEXCT, ), PEX(T, ), PDEZECT,)),
% PDEXE(I,J),PEZECI,J),PEXECT,J),PDEPSO(T,J)
608 FORMATCIH ,2X,I3,2X,I3,3X,9(F11.6,2X))
620 CONTINUE
WRITECNF,621)
621 FORMAT(/4X,'==m=mmmmmemesamacmmmccameeeeeeaseasecesasmasemnn= N
610 CONTINUE

C
Coswsesss RESULTS OF STRESS ##essssssss
c

WRITE(NF,605)
605 FORMATC1H1,//4X,"'**essvesens RESUITS OF STRESS #4tessesssssser/)

WRITE(NF,622)
622 FORMAT(/3X, 'ST.",X, 'Mesh’,X, "NHAN' X, 'DSz(kg/mm2)",7X, 'DSx', 8X,
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%'Sz',9X, "Sx",9X, "SEQ’, 5X, 'DSz(MPa) ', 7X, 'DSx',9X, 'Sz',9X, 'Sx',9X,
%'SEQ'/)

DO 630 I-0,KK
DO 640 J=0,NN

PA=9.80665
PDSZ(I,J)=DSZCI,J)*PA
PDSX(I, J)=DSX(CI,J)*PA
PSZ(I,)=SZ(I,])*PA
PSXCT,J)=SX(T,J)*PA
PSEQCT,J)=SEQCT,J)*PA

WRITE(NF,624)1,J,NHANT(I, J),DSZ(I,),08XCT, ), S2CT,3),SXCT, ),
%SEQCI,J),PDSZ(I,)),PDSXCI,J),PSZ(CT,1),PSX(T, 1), PSEQCT,I)
: 624 FORMATCIH ,3(2X,I3),2X,5CF10.4,X),5CF10.4,2X))
640 CONTINUE
C
WRITE(NF,626)
626 FORMATC/AY, ' cnmsunssnusnnsass s nussas somssatis st s sm st nsews "N
630 CONTINUE
C
WRITE(NF,632)
632 FORMAT(C1H1,//3X, 'ST.",X, "Mesh',X, "NHAN' X, ' SOT/kg/mn2" , 2X,
%' DWe/kg*m/cm3",7X, 'DWp" ,9X, 'DW', 7X, 'DNT/kg*m' ,4X, ' STO/MPa’ ,4X,
%'DWe/J/cm3',5X, 'DWp"', 7X, 'DN*, 8X, 'DWT/3"/)

C
DO 650 I=0,KK

C
DO 660 J=2,NN

C
PSOTOSCI,J)=SOTOS(I,J)*PA
PDWECT,J)=DWECT,J)*PA
POWP(CI,J)=DWP(CI,])*PA
PDWCT,J)=DW(I,])*PA

] PDWT(CI, J)=DWTCI,J)*PA

WRITE(NF,634)I,],NHANT(I,]),S0TOS(I,]),DWECT,]),DWP(CT,J),0N(CT, ),
%DWT(I,J),PSOTOS(I,J)),PDWECI,J),PDWP(I,]),PDW(I,J),PONT(CI,])
634 FORMAT(1H ,3(2X,I3),2X,5(F10.3,2X),5(F10.3,X))
660 CONTINUE
WRITE(NF,626)
650 CONTINUE
WRITE(NF,662)
662 FORMAT(1H1,//,13X,'Deformation Work Increment',10X,
%'Total Deformation Work',8X, 'Deformation Work-Rate(Power)')
WRITE(NF,664)
664 FORMAT(1H ,2X,'ST.No.',7X, 'WT/kg*m',10X, "WT/J"',13X,
%'WT/ kg*m',9X, 'WT/J',10X, "WTR/kg*m/s",5X, "WTR/1/s",/)

’ DO 670 I=0,KK
PATCI)=WTCI)*PA
PWTRCI)=WTRCI)*PA
PSWT(I)=SWT(I)*PA
PSWTR= SWTR*PA

C

WRITECNF,666)I,WTCI),PWTCI), SWTCI),PSWTCI), WTRCI),PNTRCI)
666 FORMAT(1H ,3X,I3,6X,F10.3,4X,F10.3,10X,F10.3,4X,F10.3,
%9X,F1@.3,2X,F10.3)
670 CONTINUE
WRITE(NF,626)
WRITE(NF,665)SWT(KK),PSWT(KK)
665 FORMAT(1H ,SX, 'Total Deformation Work of all stands =',F10.3,
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C

%'(kg*m) or ',F10.3,"(MPa)',/)
WRITE(NF,667)SWTR, PSWTR

667 FORMAT(1H ,5X,'Total Deformation Work-Rate of all stands=',F10.3,

%'(kg*m/s) or ',F10.3,'C3/s)',//)

HDEZ=100*HDEZ
HEZ=10@*HEZ
SDEX=100*SDEX
HEX=10@*HEX
SEX=10@*SEX

WRITE(NF,668)HEZ ,HEX,HDEZ , SEX, SDEX

668 FORMAT(1H1,////,4X,"Max.Ez(%)=",F11.6,6X, "Max.Ex(%)=",F11.6,

%//4X, 'Max.DEz(¥)=",F11.6,5X, 'Min,.Ex(¥)=",F11.6,5X,
%'Min.DEx(%)=",F11.6,//)

E‘C“*t## CHANGE THE UNIT TO (Mpa) and CJ) FEEISERESERNE

C

PHDSZ=HDSZ*PA
PSDSZ=SDSZ*PA
PHSZ=HSZ*PA
PSSZ=55Z*PA
PHSX=HSX*PA
PSSX=SSX*PA
PHSOTO=HSOTOS*PA
PSS0TO=SSOTOS*PA
PHDW=HDW*PA
PHWT=HWT*PA

PHNTR=HWTR*PA
WRITE(NF,672)HDSZ,PHDSZ,SDSZ,PSDSZ ,HSZ,PHSZ ,HSX,PHSX,SSZ,PSSZ,
SSX,PSSX, HDW, HWT ,HWTR , PHDW, PHWT , PHWTR

672 FORMAT(///,4X, 'Max.DSz=",F10.4,"Ckgf/mm2)’,X, 'or' ,X,F10.4,

%'(MPa)",
%//,4X,"Min.DSz=",F10.4, ' (kgf/m2)',X, 'or',X,F10.4,"(MPa)',
%//,4X, 'Max.Sz=",F10.4, ' (kgf/mm2)"',x,"or",x,F10.4,
%' (MPa)’,10X, 'Max.Sx=",F10.4, ' Ckgf/mm2)",X, "or' ,X,F10.4, '(MPa)',
%//,4X, '"Min.Sz=",F10.4, 'Ckgf/mm2)"’,X, 'or',X,F10.4, '(MPa)', 10X,
%'Min.Sx=",F10.4, ' Ckgf/mm2)",X, 'or’,X,F10.4, ' (MPa)’,
%//,4X,"Max.DW=",F10.3, ' (kgf*m/cm3)*, 10X, 'Max.WT=",F10.3,
%' (kgf*m)',10X, "Max.WTR=",F10.3, ' (kgf*m/s)',
%//,4X, 'Max.DW=",F10.3, ' (3/cm3)",14x, "Max.WT=",F10.3, " (J) ", 14X,
%'Max.WTR=",F10.3,"(3/s)'/////)

GO TO 712

710 PA=9,80665

DO 720 I=0,KK
DO 722 J)=0,NN

PDEZ(I,))=DEZ(I,])*100
PEZ(I,])=EZ(I,])*100
PDEX(I,))=DEX(I,J)*100
PEXCI,J)=EX(I,J)*100
PEZECI,))=EZE(CT,])*100
PEXECT,J)=EXECT,])*100
PDEZE(I,J)=DEZE(CT,])*100
PDEXE(I,J)=DEXECI,])*100
PDEPSOCT, J)=DEPSOT(I,J)*100

PDSZ(I,J])=DSZ(I,J)*PA
PDSX(I,J)=DSX(I,J)*PA
PSZ(I,J)=SZ(I,J)*PA
PSX(I,J)=SX(I,J)*PA
PSEQ(I,))=SEQ(I,J)*PA

722 CONTINUE
720 CONTINUE
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DO 750 I=0,KK
DO 760 J=0,NN

PSOTOS(I,J)=S0TOSCI,J)*PA
PDWECT,J)=DWECI,J)*PA
PDWP(I, J)=DWP(I,J)*PA
PDW(I,J)=DW(I,])*PA
PDWT(I, 3)=DWT(I,1)*PA
760 CONTINUE
750 CONTINUE
C
c DO 770 I=0,KK
PWTCID=WT(CI)*PA
PWTRCID=WTR(I)*PA
770 CONTINUE
C
HDEZ=100@*HDEZ
HEZ=100*HEZ
SDEX=100*SDEX
HEX=100*HEX
SEX=100*SEX

C 4
Ettitttt- CHANGE THE UNIT TO (MPa) and (J) ***ssssexssss
PHDSZ=HDSZ*PA
PSDSZ=SDSZ*PA
PHSZ=HSZ*PA
PSSZ=SSZ*PA
PHSX=HSX*PA
PSSX=SSX*PA
PHSOTO=HSOTOS*PA
PSSOTO=SSOTOS*PA
PHDW=HDW*PA
PHWT=HWT*PA
PHRTR=HWTR*PA
C
712 CLOSE(3,STATUS="KEEP")
CLOSE(6,STATUS="KEEP")
C

Co*sessss DRAWING 3-DIMENSIONAL VIEWCGRAPHS) OF DEFORMED SHEET,STRAIN AND STRESS *esesses

C
IF(MM.EQ.2) GO TO 800

Cessssnssesss CALL SUBROUTINE DRAW3D TO DRAW 3-D GRAPHICS OF RESULTS BY STRESS-STRAIN
ANALYSIS MODEL-2. **#ssssasssssnns

[ =
CALL DRAW3D1(HDEZ,HEZ,SDEX,HEX,SEX,HDSZ,SDSZ,HSZ,SSZ,HSX,SSX,
% HSOTOS,PHDSZ,PSDSZ,PHSZ,PSSZ,PHSX,PSSX,PHSOTO,FILEL,FILE2,MM,
% SIZE,DATE,DRAWER,WORKS,MATERIAL)
C
IFCIR.EQ.2) GO TO 860
WRITE(*,858)
858 FORMAT(///,5X,'Please input @(zero) to advance to Model-2',//)
READ*,MZ
WRITEC*,859)MZ
; 859 FORMAT(SX, 'MZ=',I13,///)
C :
WRITE(*,*)'**** Stress-strain Analysis Model-1 has completed. ***'
c 2
C
c..l‘ttttttiti!tttt Stress-strain Analysis Mode'l-z PEPEBPENEEN AT NI RSSO N TR RN PR R
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C
C
852 MA=M2
WRITEC*, 600)MA

IFCIR.EQ.3) THEN
DO 910 I=1,KK
TLNCI,0)=0.0

DO 920 J=1,NR(I)

(a¥al

RN(CI,J)=R(I,J)-T5/2.0
DLN(CI, J)=RN(I,J)*AN(I,])*PE
c TLNCTI, J)=TLN(CI,J-1)+DLN(CT, J)
920 CONTINUE
¢ 910 CONTINUE

DO 930 I=0,KK
LAVaINTCTLSCKK)/2)
PZCI)=TLSCI)-LAV
] 930 CONTINUE
ELSE
ENDIF
C

Cessssss CALL SUBROUTINE SNANA2 TO CALCULATE THE POINTS AND TO ANALIZE THE STRAIN WITH
CONSIDERING THE DEFORMATION OF MESHES IN THE LATERAL DIRECTION, *¢eeeess

C
CALL SNANA2

(eesessss WRITING THE POINT DATA OF DIVIDED ELEMENT INTO THE "R™ FILE #***esssccesese

C
IFCITD.EQ.1) THEN
NF=3 -
AA=FILE1
GO TO 880
ELSE IFCITD.EQ.2.AND.JF.EQ.1) THEN
NF=6
AA=FILE2
GO TO 88@
ELSE
GO TO 882
ENDIF
C

880 OPEN(3,FILE='R'//FILE1l,STATUS="UNKNOWN',ACCESS="APPEND')
OPEN(6,FILE="R"//FILE2,STATUS="UNKNOWN',ACCESS="APPEND")

WRITECNF,884)MA, AA

884 FORMAT(1H1,///,4X,
% ".-t.tt*#‘#‘."‘l""-"'t“-.ttt--t.‘!ttitttttﬂﬂititt“‘"
%/4X,"%* OUTPUT DATACRESULT) OF X-,Y- AND Z-AXES POINTS TO **',
%/4X,'** ANALYSE STRESS-STRAIN BY ',A8, L
X/4X, " ** IN THE FILE R',A12, ' et

x{4x’ft!tt!ttt.tt.ti‘t!lttt‘t‘t**t“"*#‘*.t“"‘i‘.““"tt.‘t"/)

WRITE(NF,886)
886 FORMAT(C//6X, 'ST.",2X, "Mesh',5X, "PXECT,3)",7X, 'PYECL,D)", 8X,
%'PZCI)",9X, "TLSCI)',7X, "ANECI,J) ', 8X, 'DBCI, )", 7X, 'TLECT,J)",

%5X, "TLN1CI)/2',/)

DO 890 I=0,KK
DO. 892 J=0,NN
WRITECNF,888)I,J,PXECT,J),PYECT,),PZ(1), TLSCL),ANECT, ),
%DB(T,J),TLECT,J), TLN1CI)/2
888 FORMAT(1H ,4X,I3,3X,I3,3X,F10.3,5X,F10.3,5%,F10.3,5%,F10.3,
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%5X,F10.3,5X,F10.5,5X,F10.4,5X,F10.4)
892 CONTINUE
WRITECNF,889)
B89 FORMATC/AX, "< assucnsosomssniiisimtosbummmassasanstntanass ]

890 CONTINUE
WRITECNF,870)
870 FORMAT(///4X,"ST.",2X, 'Mesh",5X, "FRDCI)",9X, 'DEZF(%)", 8X,
%' DEXF(%)",7X, 'DBOCI,J)",8X, 'DBCI, )", 7X, 'TLEOCT,1)", 7X,
%'TLECT,J)",6X, 'TLN1CI)/2",/)

DO 872 I=N1F,KK
DO 874 J=@,NN
PDEZF(I,))=100*DEZF(I,J)
PDEXF(I,))=100*DEXF(I,J)
WRITE(NF,876)I,3,FRDCI),PDEZF(CT, ), PDEXF(T,J),DBOCT, 1), DBCT, J),
% TLEOCI,J),TLECT,J), TLNICI)/2
- 876 FORMAT(1H ,4X,I3,3X,I3,3X,6(F10.4,5X),F10.4,3X,F10.4)
874 CONTINUE
WRITE(NF,877)
877 FORMAT(/4X,'===-====mmmmmecccmcoceoceeccccc—asscessesnsccssmann '
| AR R S NS SRS e "/
872 CONTINUE
C

CLOSE(3,STATUS="KEEP")
CLOSE(6,STATUS="KEEP')

(T T T T T T T T T T T T YT I I L]

tesssann

C
C#esess CALL SUBROUTINE SSANA TO ANALIZE THE STRESS IN DEFORMATION PROCESS. **sees
C

882 CALL SSANA
C

Coes+svs WRITING THE RESULTS OF STRESS, STRAIN, DEFORMATION WORK AND DEFORMATION WORK-
RATE(POWER) *#*+ssssss
C

MM=2 :
GO TO 700

C
(eesesssss THE SAME ROUTINE AS THE CASE OF MODEL1 IS ALSO USED IN THE MODELZ2, ®e¢®sesssses

C

C*esssesux CALL SUBROUTINE DRAWZ TO DRAW THE RESULTS BY STRESS-STRAIN ANALYSIS MODEL-2

SEeRRRRRRS

C

800 CALL DRAW3D2(HDEZ,HEZ,SDEX,HEX,SEX,HDSZ,SDSZ,HSZ,SSZ,HSX,SSX,
% HSOTOS,PHDSZ,PSDSZ,PHSZ,PSSZ,PHSX,PSSX,PHSOTO, FILEL,FILEZ, MM,

% SIZE,DATE,DRAWER,WORKS,MATERIAL)

Ctttt#tttt#tt‘#ta:ut--at-.tn:tvtttttttttttttttttttttttattttttttitt'!-titttttﬂttl.ti.t-tltotoot

Ll P T Y]

C
WRITEC*,*)"*** Stress-strain Analysis Model-2 has completed. ****'
C
C
€
860 WRITE(*,*)"******=* Al| JOB OF CADFORM HAVE COMPLETED, #®%sesess’
WRITE(*,810)

310 FORMAT(/I/IQX’ T T T T I TP R R PR P TR P R PR PSP TR PSS L R 2 L 22 L 21 L ) .
%/10X, % LA
%/10xX, 's*+ Do you want to analyse another data? e
%/10X, TEw L LB
x/10X, - '#+ 1, Yes/ Start from initial stage =-->1 **',
%/10X, " 'sx 2. No / Finish ey 2 W'
x{lex' Tee et
%/lax’ IFT TSI IR R I LR AP RS PR LR AL R R R R R R L L L L Ll '/)

224



4
812 WRITE(*,*)"  ******* INPUT ONE NUMBER BETWEEN 1 AND 2. *¢ssss»’

READ*,1Z

IFCIZ.NE.1.AND.IZ.NE.2) THEN

WRITEC*,*)'€é@e@ INPUT ERROR - INPUT CORRECT NUMBER AGAIN. eeeee’
GO TO 812

ELSE IF(IZ.EQ.1) THEN

GO TO 820

ELSE

ENDIF

STOP
END

c.‘t“.lt"‘!t.t'ttt'tt.'!t"-tIt!tltt't‘ttt“i#‘#t**..““‘-.“.“tt‘..‘t.i.....“.“.‘...i.

e nREN
(A P e e L e e e e e L R L L e P I L e L T e T T T Y

C

[ L T e R e L L T T e T P T PP

Cre THIS IS THE SUBROUTINE PROGRAM FOR 2-DIMENSIONAL FLOWER DRAWING IN CADFORM.
e

C.t‘.tttt-t'.-t'ttttt!-.Ctt‘.--.-'tttt#**.t‘t‘t‘..ttttit‘..t“‘.t‘..tt‘..t...!..“‘..t......l

CX% Amendment on 18th September 1992 %X%
(eetssssnssines SUBROUTINE FLOWER kekserdkdRrrERe s
¢ .
SUBROUTINE FLOWER(CFILE1,FILEZ,SIZE,DATE,DRAWER,WORKS,MATERIAL)
IMPLICIT REAL*8(A-H,L,0-Z), INTEGER*4(I-K,M-N)
CHARACTER FILE1*12,FILE2*12,SIZE*14,DATE*10,DRAWER*12,WORKS*12,
% MATERIAL*12

COMMON/DAT1/ LS(@:26),TLS(@:26),DH(0:25),NR(0:25),R(0:25,5),
% AN(Q:25,5)

COMMON/DAT2/ D, WS, TS, KK, NN

COMMON/DAT4/ PE, ITD, IDH, IIDH, JF

COMMON/DATS/ TLO(@:25),TLN1(@:25), AH(@:25), AW(@:25), WE(@:25),
% AWY(@:25)

COMMON/POINT1/ PX0(@:25,0:5), PY0(@:25,0:5), CX(0:25,0:5),
% CY(@:25,0:5), PXI(@:25,0:5), PYI(0:25,0:5),

% RR(@:25,0:5)

COMMON/AAN/ AAN(@:25,0:5)

aXals!

WRITE(*,500)

L}
Sae FORHAT(//4X"!‘lttti.t“t*".tt“‘.‘t.*"*#*tit*#.“..““‘.l 4

%/4X, *#* 2_DIMENSIONAL DRAWING OF FORMING FLOWER  **',
%/4X, *#* USING GINO-F(Version3.@)GRAPHIC SOFTWARE **',

%/4x’ 't"‘I!tltt'*“tt‘t“t"t.#“'*."*."‘ttt‘i“‘#t'//)
C

Ces+sexee SUBROUTINE ZAHYOU IS CALLED TO CALUCULATE THE POINTS OF X AND Y AXIS ON FLOWER,

SEFsRRERRn

CALL ZAHYOUCFILE1,FILEZ)
C
Ceeessess SUBROUTINE DIMFLO IS CALLED TO CALUCULATE THE WIDTH AND HEIGHT OF FLOWERS.

AL T T Y]

C

c CALL DIMFLOCFILE1,FILE2)

C
CLOSE(1,STATUS="KEEP')

C * CLOSE(2,STATUS='KEEP')
CLOSE(3,STATUS="KEEP')
CLOSE(4,STATUS="KEEP")

C = CLOSE(S,STATUS="KEEP")

CLOSEC6, STATUS="KEEP")
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C
E‘****--- CHOICE OF DRAWING FLOWER PATTERN BETWEEN PATTERN-A AND PATTERN-B ---¢sses

WRITE(*,510)
510 FORMAT(1H1,
%//4X, 'tttt#t*#tt‘ttt#tt‘ttOttttttttt.tt#!tl‘t#!tttttt"
x/4X, s CHOOSE THE FLOWER PATTERN. Ll
%/4x’ Lk 1] ‘-'f
x/4X, o 1. FLOWER PATTERN-A AND -B  ---> 1 **',
%/4X, Ly 2. FLOWER PATTERN-A s A
%/4X, T 3. FLOWER PATTERN-B ~==> 3 e
%/4X, ree 4. UNNECESSARY cee> 4 WY
%/4X, e L
’ %/4X, TESRERESERERETERERARERSAREREREEEEIRAASRERRERRRNR !/ /)
PRINT*,'  ===e- INPUT ONE NUMBER FROM 1 TO 4, ===--- '
READ*,JP
WRITE(*,800)]1P

800 FORMAT(//SX,'JP=",12,//)
IF(JP.EQ.3) GO TO 310

IF(IP.EQ.4) GO TO 400
WRITE(C*,*)"****** 2.DIMENSIONAL FLOWER PATTERN-A **ssssss?

C
WRITE(*,562)

562 FORMATC//4X’ IF TP TR EAR SRR LSS RS RSS2 A L 2 LR R bttt it bl Ll 5
X/4X, '+ FROM WHAT STAND DO YOU WANT TO DRAW  **',
%/4X, Te THE FLOWER oee
%/4X, ree 0. No.@ stand =(SHEET) “—e> Q  **',
%/4X, e 1. STAND No. WHICH YOU ser
%/4X, e WANT TO DRAW ——> 1 4w,
%/4x’ 'tttttt*t‘ttlttt't!tttt#tt#tll'tll--ttt.‘---tll-!"//)

PRINT®, *----- INPUT ONE NUMBER IN ABOVE SHOWN NUMBER. ====-= '
READ*,JM
WRITEC*,810)IM
810 FORMAT(//5X,'IM=",12,//)
C
C*eesevss GINO-F IS CALLED TO DRAW THE FLOWER PATTERN, *###sessese
C
310 CALL GINO
CALL T4510
CALL T4107

CALL UNITS(1.2)
IF(JP.EQ.3) GO TO 311
C

C*+*e= TC IS THE INDICATER TO SKIP THE MENUE SCREEN OF DRAWING OF DIMENSION;HEIGHT,WIDTH AND
EDGE-WIDHT, *#s%+s*

C
IC=0
c .
Cememo TO INITALIZE AND SWITCH TRANSFORMATION ON -===-==
C

100 CALL TRANSF(2)

CALL PICCLE
Ce#essess SUBROUTINE FRAME1 IS CALLED TO DRAW THE FRAME OF GRAPH, ®e®eessese

C
CALL FRAME1l

C#*esessss SUBROUTINE DRAWL IS CALLED TO DRAW THE FLOWER PATTER-A. *e#®sessssse

C
CALL DRAW1(JM,RA,XX,YY)

C
Cossswess WRITING THE SCALE VALUE:RA INTO THE RESULT FILE “R-FILE1" OR "R-FILE2" *+essees

¢

IFCIC.EQ.@) THEN
OPEN(3,FILE="R"'//FILE1,STATUS="UNKNOWN",ACCESS="APPEND')
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OPEN(E,FILE="R'//FILE2,STATUS="UNKNOWN' ,ACCESS="APPEND")
GO TO 231
ELSE
GO TO 235
ENDIF

C
231 IFCITD.EQ.1) THEN
NF=3
ELSE IFCITD.EQ.2.AND.JF.EQ.1) THEN
NF=6
GO TO 230
ELSE
GO TO 232
ENDIF
WRITE(NF,234)FILE1
234 FORMAT(1H1,/,4X,

% '#t#*##tt#!l!tl't"i‘t##"1.tt‘“.#‘t*t‘*!“t‘.l...'t.."

%/4X,'** OUT PUT OF SCALE VALUE IN FILE R',A12," **',
%/4x"."F""l‘“tt‘ttll**tt‘t“tt.i#tttt.t‘t#tlt‘tl“i.‘l"/)
GO TO 236
C
230 WRITE(NF,238)FILE2
238 FORMAT(1H1,/,4X,

% 'ti##“#t#'U"‘-QtU###t*tt#*‘1l“'l“i‘iti‘!t-t!-t."*."

%/4X,"** OUT PUT OF SCALE VALUE IN FILE R',A12,' **',

%/4x"“""lt‘tt!‘tt'tt'!-tt!tlt#"##.t‘l."‘.l*..t‘.t"!‘-'/)

C
236 WRITE(NF,240) RA

Teex T T TS '
240 FORMAT(4X, T T T T R T T sersesrenee’
%' eersRsaR R RRRRRRRRR T

%//6X,"THE VALUE OF DRAWING SCALE :RA=',F10.5,

gy S e e e e L T L
Kreserssennssannnnsnnns’ )
C
C
232 CLOSE(3,STATUS="KEEP')
= CLOSE(6,STATUS="KEEP')

(#essess SUBROUTINE JISSUN IS CALLED TO DRAW THE ACTUAL LENGTH OF 10mm, ®#eeesssss

C
235 CALL JISSUNCRA,XX,YY)

C
Cee*esss SUBROUTINE SUNPOU IS CALLED TO DRAW THE DIMENSION LINE, **sesesssceses
C
CALL SUNPOUCIM,RA,XX,YY,IC,ND)
C
Ceeseses SUBRIUTINE TITLEL IS CALLED TO WRITE THE STATEMENT AND DIMENSION OF FLOWER, *esese

C
CALL TITLEL1(IM,RA,XX,YY,FILELl,FILE2,SIZE,DATE,DRAWER,WORKS,

% MATERIAL,ITD,JF)
C

C#esssssvsses INPUT A DUMMY VALUE AFTER YOU GET A HARD-COPY OF THE FLOWNER. *e¢seesessescese
Ceevsssessssrssss INPUT ANY NUMBER i.e. FROM 1 TO 9, *#sessssssencsnssss

C
READ*,JZ
CALL PICCLE
) CALL CHAMOD
IFCIM.EQ.KK) GO TO 300
WRITEC*,200)

200 FORHAT(//l@x,'*#*‘#l‘t‘ttt‘..t“*“t‘.‘Q‘.‘*t.!.!‘t"‘.“tt.l-"
%/10X, *s* CHOOSE THE NEXT JOB TO DRAW THE FLOWER. **',
%/10X, 'sx @, DRAW THE NEXT STAND N
%/10X, s+ 1. INPUT THE STAND No. oot
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x/10x, o THAT YOU WANT TO DRAW. =---> 1~25 **',

%/10X, *#= 2. FINISH -e=> 100 **',
%/iax' 't'tt!!I'tt‘tmIl!mtttttttttttttttttttttttttt‘tt.!t'//)
C
220 WRITEC*,*)"***** INPUT THE NUMBER IN ABOVE SHOWN NUMBER. ****'
READ *, IN
WRITE(C*,221)IN
c 221 FORMAT(//5X,'IN=",13,//)
IFCIN.EQ.100) GO TO 300
IFCIN.EQ.8) GO TO 120
GO TO 122
120 IM=IM+1
IFCIM.GT.KK) GO TO 300
GO TO 100
122 IFCIN.GE.1.AND.JN.LE.25) THEN
JM=JN
GO TO 100
ELSE
WRITEC*,*)"*** INPUT ERROR. INPUT THE PERMISSIBLE No.,AGAIN.',
x" L2 1t )
GO TO 220
ENDIF
c .
300 WRITE(C*,*)"'**** 2-DIMENSIONAL FLOWER PATTERN-A FINISH, ®#seseer
C
IF(IP.EQ.2) GO TO 400
Coensnssann_____. < FLOWER PATTERN-B PO—— *REEBRESEEE
=
311 WRITE(*,*)'***%----c 2-DIMENSIONAL FLOWER PATTERN-B >-==oteses’
WRITE(*,202)

2@2 FORMAT(//4X’ "#ttlttt#tt##*t#-tttt‘tttttttttttttttttttitttttli"
%/4X, *#*  CHOOSE ONE NUMBER WHICH REPRESENT ser
x/4X, e THE FLOWER PATTERN-B REQUIRED. ver
x/4x' Ta® --"
%/4X, "¢+ 1. TO DRAW ALL STANDS e B L AN
%/4X, 'e* 2, SOME SEQUENCE OF STANDS ———> 2 e,
%/4X, The --l,
%/4x’ 'tt'!ti-tltttttttttttttitttttttttttttt'tttttttttt'///)

<

208 WRITE(C®,*)'***** INPUT THE NUMBER FROM 1 OR 2 #+#+'

READ *, JB
WRITE(*,820)J8
c 820 FORMAT(//5X,'JB=",12,//)
C
IFCJB.EQ.1) GO TO 207
IFCJB.EQ.2) THEN
WRITE(*,204)

294 FORHAT(//]_@X'l'ttttttttt#tttt1ttttttttt1!tt#tttttttt-!-t.-t-ttt-ti'
%//10X, "INPUT THE STARTING STAND No. AND FINISHING STAND No.',
%'TO DRAW.'//)

PRINT*,' #+¢* STARTING STAND No.='
READ*,KS
WRITE(*,206)
206 FORMAT(//10@X,'*** FINISHING STAND No.=')
READ*,KF
ELSE
ENDIF
c 207 CALL PICCLE

Covsvones SUBROUTINE FRAME1 IS CALLED TO DRAW THE FRAME OF GRAPH, *%e®e¢esse

C
CALL TRANSF(2)
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CALL FRAME1

IF(IB.EQ.1) THEN
IM=0

ELSE IF(JB.EQ.2) THEN
JM=KS

ELSE
WRITEC*,*)"*** INPUT ERROR. INPUT THE PERMISSIBLE No.,AGAIN. ***'

GO TO 208
ENDIF
C

Ceeesesss SUBROUTINE DRAWL IS CALLED TO DRAW THE FLOWER PATTER-B, ®*e+esssscss

C
CALL DRAWICIM,RA,XX,YY)
C

Cessssss SUBROUTINE JISSUN IS CALLED TO DRAW THE ACTUAL LENGTH OF 10mm, *eeessssses
C

CALL JISSUN(RA,XX,YY)
C
KRITEC*,110)RA
110 FORMAT(IH ,5X,'** IN FLOWER PATTERN-B, THE DRAWING SCALE °',

%'VALUE:RA=",F10.5,"' ®****' //)

C
(#essess SUBRIUTINE TITLEZ IS CALLED TO WRITE THE STATEMENT AND DIMENSION OF FLOWER, *eeess

C
CALL TITLE2(CIM,RA,XX,YY,FILE1,FILE2,SIZE,DATE,DRAWER,WORKS,

% MATERIAL,J8,KF,ITD,JF)

IFCJB.EQ.1) THEN
DO 10 I=1,KK

essssss SUBROUTINE PLOT IS CALLED TO PLOT THE FLOWER AT EACH STAND, *e#eese
CALL LINCOLC1)
CALL PLOTCI,RA)
CALL SCALE2(-1.0,1.0)
CALL PLOT(I,RA)
CALL SCALE2(-1.0,1.0)

Lo B e I s T e i e T el

10 CONTINUE
GO TO 390
ELSEIFCJB.EQ.2) THEN
DO 20 I<KS+1,KF

C
(#es=ex» SUBROUTINE PLOT IS CALLED TO PLOT THE FLOWER AT EACH STAND, *eeeeee

C
CALL LINCOL(1)
CALL PLOT(I,RA)
CALL SCALE2(-1.0,1.0)
CALL PLOTCI,RA)
; CALL SCALE2(-1.0,1.0)
20 CONTINUE
ELSE
ENDIF
C
C
399 READ*,JZ

CALL PICCLE
PRINT*,*****--< 2-DIMENSIONAL FLOWER PATTERN-B FINISH.>--****'

CALL GINEND
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400 RETURN
END
C355555555585858558535885855558535885555855855535555555535353353535555353585555855353555588888

2$SS$$$$$$S$$$$$$SSSSS

c*.t‘ltt*'!1‘!t**“t‘“*Qtt**tttt."tt‘*!.#!t‘“'t-ttt!.tt‘*-1#“.".‘!“‘.'t.“tttltttt.lt.t

sEREEe b

C THIS IS THE SUBROUTINE PROGRAME FOR CALCULATING THE POINTS OF X-AND Y AXIS ON THE FLOWER
TO DRAW THE FLOWER.

C‘."*.It‘..“ti‘"“t"t""-‘t“‘t‘.ltt"".‘.t.‘*"*“*'“.“".-'..‘.‘I“"“".#‘.““‘.

EERSERRERER RN R ERENRERRRE

C
ctt'tttlt...“‘ SUBROUTINE ZAHYOU (Pt st i PR ARt d ]
C
SUBROUTINE ZAHYOUCFILE1,FILE2)
IMPLICIT REAL*8CA-H,L,0-Z), INTEGER*4CI-K,M-N)
CHARACTER FILE1*12,FILE2*12
COMMON/DAT1/ LS(0:26),TLS(0:26),DH(@:25),NR(2:25),R(2:25,5),
% AN(C0:25,5)
COMMON/DAT2/ D, WS, TS, KK, NN
COMMON/DAT4/ PE, ITD, IDH, IIDH, JF
COMMON/POINT1/ PX0(@:25,0:5), PYO(0:25,0:5), CX(0:25,0:5),
% CY(0:25,0:5), PXI(0:25,0:5), PYI(@:25,0:5),
% RR(@:25,0:5)
COMMON/AAN/ AAN(Q:25,0:5)

FNS1(A,B)=A*DSIN(B*PE)
FNS2(A,B)=A*DCOS(B*PE)
E***=--*~ CALUCULATION OF THE OUTSIDE POINT OF FLOWER *#*##ssssee
z DO 10 I=0,KK
y IFCI.EQ.0) GO TO 30
DO 20 J=0,NRCI)

IFCJ.EQ.0) THEN
PX0(I,))=0.0
PYO(T, J)=-DH(CT)
CX(I,3)=0.0
CY(I,1)=0.0
AANCT,1)=0.0

ELSE IF(J.EQ.1) THEN
PX0(I,J)=FNS1(RCI,J),AN(I,]))
PYO(I,J)=RCI,J)-FNS2(R(I,J),ANCI,J))-DH(I)
CX(I,))=0.0
CY(I,3)=R(I,J)-DH(CI)

AAN(I, J)=AAN(CI,J-1)+ANCI,J)

ELSE IF(J.EQ.2) THEN
AANCI, J)=AANCT, J-1)+ANCI, J)
CX(T,J)=FNS1CRCI,3-1),ANCI, J-1))-FNS1CRCT, ), ANCT, 3-1))
CYCT, J)=PYOCT, J-1)+FNS2CRCT, ), ANCI, J-1))
PXOCT, 3)=CXCI, J)+FNS1CRCT,J),AANCI, 1))
PYOCT, J)=CY(CT, 3)-FNS2CRCT, 1), AANCT, 1))

ELSE
AAN(CT, J)=AAN(T, J-1)+AN(T,J)
CX(I,J)=PX0(I,]-1)-FNS1(R(I,3),AANCI,]-1))

. CYCI,))=PYO(I,)-1)+FNS2(R(I,J),AANCT,]-1))
PXOCT,J)=CXCI,J)+FNS1CRCT,J),AANCT,J))
PYO(T,J)=CY(I,))-FNS2(RCI,J),AANCI,]))
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ENDIF
20 CONTINUE
IFCAANCI,NR(I)).GT.182) THEN
WRITEC*,*)*!11!1 AANCI,NRCI)) EXCEED 180 DEGREE. !I!Il'
WRITEC*,*)"*** CADFORM CAN''T WORK IN THIS CASE. ****'

ELSE
ENDIF
GO TO 10
C
E*******' CALCULATION OF THE POINT AT NO. O stand ***ssssesss
3 J=0
PX0(I,J)=0.0
PYO(T,J)=-DH(I)
CX(I,3)=0.0
CY(I,3)=0.0
J=1
PXOCT,J)=HS/2.0
PYO(T,J)=-DH(CI)
CX(I,2)=0.0
CY(I,3)=0.0
10 CONTINUE
E******** CALUCULATION OF THE INSIDE POINTS OF FLOWER **®**ssss
DO 40 I=1,KK
DO 45 J=1,NRCI)

RR(I,J)=R(I,I)-TS
45 CONTINUE
40 CONTINUE

DO 50 I=0,KK
IFCI.EQ.2) GO TO 70

DO 55 J=,NRCI)
IFCJ.EQ.0) THEN

PXI(I,)=0.0

PYICI,))=-DHCI)+TS
ELSE IFCJ.EQ.1) THEN
PXICI,1)=FNS1CRRCI,J),ANCI,J))
PYICI,J)=RR(I,J)-FNS2CRRCI,J),ANCI,J))-DHCI)+TS
ELSE

PXICI,J)=CX(I, )+FNS1CRRCI,J),AANCT,2))
PYICI,))=CYCI,))-FNS2CRRCI,J),AANCT,]))
ENDIF
SS  CONTINUE
GO TO 50

70 J-0
PXI(I,1)=0.0
PYICI,))=-DHCI)+TS

J=1
PXICI,J)=N5/2.0
c PYICI,))=-DHCL)+TS
c 50  CONTINUE

WRITE (*,*)'--~--- CALUCULATION OF ALL POINTS HAS BEEN COMPLETED. -

%____ L}
WRITE(*,100)

100 FORMAT(/,4X,"'***** CALCULATED RESULTS OF THE POINTS OF FLOWER.',

' meesssnss’// 10X, "amannnn OUTSIDE POINTS ---==-== 3
WRITE(C*,102)

102 FORMAT(1H®,3X,1HI,3X,1H],4X,8HPX0(I,J),4X,8HPYO(T,J),6X,7HCX(I,]),

%6X, 7HCY(I,J),4X,8HAANCI,J),/)
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WRITE(*,104)((T,J,PX0CT,J),PYOCT,3),CXCT,)),CYCT,3),AANCT, J),
%J=0,NR(I)), I=0,KK)
104 FORMAT(1H ,2X,I2,2X,I2,2X,F10.3,2X,F10.3,3X,F10.3,3X,F10.3,2X,

PRINT*, *#*** INPUT THE NUMBER @ AFTER CHECKING THE DATA soeee!
READ*, NUM

WRITE(' 9@)NUM

90 FORMAT(4X,13,/)

WRITE(*,106)
106 FORMAT(1H1,/,10X,"~-======- INSIDE POINTS =---=====-= 5
WRITE(*,108)
108 FORMAT(1HO,3X,1HI,3X,1HJ,4X,8HPXI(CI,J),4X,8HPYI(I, ), 6X, 7HCXCI, ),
%6X,7HCY(T, ), 4X, 8HAAN(CT, 1), /)
WRITEC*,104)((T,J,PXICT,J),PYICT,3),CXCT,I),CYCT, ), AANCT, ),
%1=0,NR(I)), 10, KK)
PRINT*,

C PRINT*, "#**+ INPUT THE NUMBER @ AFTER CHECKING THE DATA, ##¢¢e+'
C READ* ,NUM
C WRITE(*,92) NUM
g 92 FORMAT(4X,I3,//)
g""‘**‘ WRITING THE ABOVE DATA TO THE RESULT FILE "R-FILE1" OR "R-FILE2" ##eessee
IFCITD.EQ.1) THEN
NF=3
ELSE IFCITD.EQ.2.AND.JF.EQ.1) THEN
NF=6
GO TO 210
ELSE
GO TO 204
ENDIF
WRITE(NF,208)FILE1
208 FORMAT(1H1,/,4X,

% "*tttt“t#tt‘t‘tt'ttt‘t‘t“t‘!t‘#*t#*“'l‘Uttit““‘i"'

%/4X,'**  OUT PUT DATA IN FILE R',A12," **',

%/4x"Ut-tltt‘*ttlt‘ttt!t*‘*tt‘-----“tt'l-t‘t-!‘t““.t"..'/)

GO TO 214

210 WRITE(NF,212)FILE2
212 FORMAT(1H1,/,4X,

% "!‘"lt.C!t‘tit!t'!ttt'tt‘*#.*.“'.t*#“‘*t....l#““"’

%/4X,"**  OUT PUT DATA IN FILE R',A12,"  **',
K/4X, TR FFSARERAARARREARERAESREEEAB SR SERREROSANRIRANIRINRI /Y
c
214 WRITE(NF,216)

216 FORMAT(AX, ' #¥##o0nsssssssssasssssssssssssssssssssssssssssnsesses’
Eresressarssssnesnenant
%/6X, 'CALCULATED RESULTS OF AII POINTS OF X AND Y AXIS ON THE',
%' FLOWER'

%/4x’|tttttt-i**tttvt*t*t‘t#tttttt"m‘tnttﬁt‘tt‘.t‘llt‘tt‘t'.
FrereEEEERRIERESINRERET /)

WRITE(NF,100)

WRITE(NF,102)

WRITECNF,104)((I,J,PX0(CT,3),PY0CI,),CXCT,3),CYCT,3),AANCT, D),
%J=0,NR(I)), I=0,KK)

WRITE(NF,106)

WRITE(NF,108) -

WRITECNF,104)(CI,J,PXICI,J),PYICT,),CX(I, 3),CYCI, ), AANCT, 3),
%J=0,NRCI)),I=0,KK)

204 RETURN
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END
C
C
C553558553555555355583535555353535335555555555353555555359553585853355855353588858535358583¢8

33333333333333333333 31
L -

C
C

c.ttttt!'tt‘ttt.!.t!““.!!t"**t“.‘t‘#'t"t“t‘*.“*t".“!".tt.--.il“‘.‘.--...'l-.‘-.“-

C THIS IS THE SUBROUTINE PROGRAM FOR CALUCULATION OF WIDTH AND HEIGHT OF FLOWERS.

c‘.'t't“"!‘.“.ttt‘!t‘tt‘tt‘!‘t't'*tt"ltl'.#t“#*t‘t“‘.‘.t‘t-""'..t..l“'.-.."-“‘.F“

E.‘-t*‘tt‘t“t‘ SUBROUTINE DIHFLO(FILEl'FILEZ) e sEsEEndERieR g
C
) SUBROUTINE DIMFLOCFILE1,FILE2)
IMPLICIT REAL*8(A-H,L,0-Z), INTEGER*4CI-K,M-N)
CHARACTER FILE1*12,FILE2*12
COMMON/DAT1/ LS(Q:26),TLS(0:26),DH(@:25),NR(0:25),R(@:25,5),
% AN(0:25,5)
COMMON/DAT2/ D, WS, TS, KK, NN
COMMON/DAT4/ PE, ITD, IDH, IIDH, JF
COMMON/DATS/ TLO(Q:25),TLN1(@:25), AH(@:25), AW(Q:25), WE(Q:25)
% ,AWY(2:25)
COMMON/POINT1/ PX0(@:25,0:5), PY0(0:25,0:5), CX(2:25,0:5),
% CY(0:25,0:5), PXI(0:25,0:5), PYI(2:25,0:5),
% RR(0:25,0:5)
COMMON/AAN/ AAN(:25,0:5)
DIMENSION PXW(Q:25,5),PYH(@:25,5),DL0(0:25,5),TDL0(8:25,0:5),
% DLN1(@:25,0:5), TDLN1(0:25,0:5)
c
C
C
DO 80 I=0,KK
AWCI)=0.0
AH(I)=0.0
AWY(I)=0.0
; ITH=0
R “ITH" IS THE FACTOR FOR CHECK THE EXISTENCE OF Max. WIDTH. ===ceeeee
C
IFCI.EQ.0) GO TO 32
TDLOCI,2)=2.0
TDLN1CI,0)=0.0
i DO 85 J=1,NRCI)
G0 TO (91,92,93,94,95),]
WRITEC®,*)'*** ERROE HAPPENED AT NR(I) IN CALUCULATION OF °,
%"WIDTH OF FLOWER'
SsTOP
c

91 IF(ITH.EQ.1) THEN
PRINT*, "*** ERROR HAPPENED, *****'
ELSE IFCAAN(CI,J).GE.90) THEN
PXW(I,J)=R(I,1)
AWY(ID=CY(I,d)
ITH=1
ELSE
PXWCI,J)=PX0(I,))
ENDIF
PYH(I,J)=PYOCI,J)+DH(I)
..GO TO 100
C
92 IFCITH.EQ.1) THEN
PXWCI,J)=PXW(I,J-1)
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ELSE IFCAAN(CI,J).GE.9@) THEN
PXW(I,))=CX(I,2)+R(I,2)
AWY(I)=CY(I,J)

ITH=1

ELSE
PXW(I,])=PX0(I,])

ENDIF
PYH(I,J)=PYO(I,J)+DH(I)
GO TO 100

93 IFCITH.EQ.1) THEN
PXWCI,J)=PXW(CI,J-1)

ELSE IFCAANCI,J).GE.98) THEN
PXWCT,J)=CX(I,3)+R(I,3)
AWY(I)=CY(I,J)

ITH=1

ELSE
PXWCT,1)=PX0(I, )

ENDIF

PYH(I,)=PYO(CT,J)+DH(I)
GO TO 100

94 IF(ITH.EQ.1) THEN

PXW(CI,))=PXW(I,J-1)

ELSE IF(AAN(I,J).GE.90) THEN
PXW(I,J)=CX(I,4)+R(I,4)
AWY(I)=CY(I,J)
ITH=1

ELSE
PXW(I,J))=PX0(I,J)

ENDIF
PYH(I,J)=PYO(I,J)+DH(I)
GO TO 100

95 IFCITH.EQ.1) THEN
PXWCI,1)=PXW(I,J-1)

ELSE IFCAANCI,J).GE.90) THEN
PXWCI,J)=CX(I,5)+R(I,5)
AWY(I)=CY(I, )

ITHe1

ELSE
PXWCI,J)=PX0(I,3)

ENDIF
PYH(I,J)=PYOCI,J)+DH(I)

100 IFC2*PXW(I,J).GT.AWCI)) GO TO 1@
15 IFCPYH(I,J).GT.AHCI)) GO TO 20
GO TO 25

10 AWCID=2*PXW(I,J)) °
GO TO 15

20 AH(I)=PYH(I,J)

25 DLOCI,J))=R(I,J)*ANCI,J)*PE
TDLO(I, J)=TDLOCI,J-1)+DLO(I,J)
DLN1(I,J)=CRCI,J)-TS/2.@)*AN(I,J)*PE
TDLN1(I,J)=TDLN1(I,J-1)+DLN1(I,J)

85 CONTINUE

TLOCI)=2*TDLOCT,NRCI))
TLN1CI)=2*TDLN1CI,NRCI))
WECT)=2*PXOCT,NRCI))
J=NRCI)

WRITE(*,30)
30 FORMAT(//6X,1HI,4X,1HJ,3X,5HNRCI),4X,9HTDLOCI, ), 3X,

%13HTDLOCI,NRCI)),4X, 6HTLOCI), 5X, 7HTLN1CI))
WRITEC*,31) I,J,NRCI),TDLOCT,J),TDLOCT,NRCI)),TLOCT), TLNICT)
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31 FORMAT(/4X,13,2X,13,2X,13,4X,F10.2,4X,F10. 2, 4x F10 2 ZX F10 3 /)

AN N DEVA TR I T T TS S T 7128 5 Th eh 7)) ‘\7!’}'\_‘3'1'\‘17"1‘-'\'\ VSUSN SN 31 ) a) o) o)

¢ PRINT*, ***** INPUT THE NUMBER @ TO GO FURTHER. ***#'
C PRINT*, *NUM="
C READ* ,NUM

GO TO 80

32 AWCID=WS
AH(I)=0.0
TLO(I)=HWS
TLNI(ID)=HS
WECI)=WS

80 CONTINUE

WRITE(*,200)
200 FORMAT(1H1,/,'***< RESULTS OF CALUCULATION OF WIDTH AND',

%"HEIGHT OF FLOWER AT OQUTSIDE SURFACE >***'/)

WRITE(C*,201)
201 FORMAT(1H@, "stand No."',3X, 'C-LENGTH',3X, 'N-LENGTH',
% 5X, "HEIGHT',6X, 'WIDTH',4X, "E-WIDTH',2X, 'PY/Max .WIDTH'//)

WRITE(*,202)(I,TLOCI), TLN1CI),AHCI),AWCI),WECI),AWY(I), I=2,KK)
202 FORMAT(1H ,4X,I2,4X,F10.3,X,F10.3,X,F10.3,X,F10.3,X,F10.3,

PRINT‘ ! R INPUT THE NUHBER 0 TO GO FURTHER skt
PRINT®*, "NUM="
READ‘,NUM

E““"‘* WRITING THE ABOVE DATA TO THE RESULT FILE "R-FILE1" OR "R-FILE2" ##¢sessse

IFCITD.EQ.1) THEN
NF=3
ELSE IFCITD.EQ.2.AND.JF.EQ.1) THEN
NF=6
GO TO 210
ELSE
GO TO 204
ENDIF

WRITE(NF,208)FILE1

208 FORMAT(1H1,/,4X,

4 'tttt#tttttttt#ttttttttttttt!tttt!tttttttttt*‘t#t‘*t#‘t"

X/4X,'**  OUT PUT DATA IN FILE R',A12," **',

%/4x"#tt‘t'tt!ttttttttttttttttttttttttttt#tt‘#t‘#tttttttt*i'/)

GO TO 214

210 WRITE(NF,212)FILE2
212 FORMAT(1H1,/,4X,

x ""‘l“**t##titt.tttttttttltttt‘ﬂtttttttttttttﬁttttt.-"

%/4X,'**  OUT PUT DATA IN FILE R',A12,"  **',

xf4x"tt.t#ttttttttIt.‘tII!t!'t"**tt.#t#tttt‘*“titttitittt'/)

214 WRITE(NF,216)

216 FORMAT(AX, '###o5sssnsssssssssssssssssssssssssssassosssssssssssner
Ereeresenseneentrsrnener
%/6X, 'CALCULATED RESULTS OF DIMENSIONS OF FLOWERS ABOUT °*,
%/6X, "THE CIRCUMFERENTIAL LENGTH, HEIGHT, WIDTH, EDGE WIDTH AND',
%/6X,'PY OF Max.WIDTH AT OUTSIDE SURFACE AND THE CIRCUMFERENTIAL ',
%/6X, 'LENGTH OF NEUTRAL AXIS',

x/q_x "SSP EEBEREFESF SRR F R E RN R A RN R R E R R SRS R SN RSN SENC R e ’
%'l#t‘tt‘tt*‘ttttt.#tttl/)

WRITE(NF,198)
138 FORMAT(/4X,"***< RESULTS OF CALUCULATION OF WIDTH AND',
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%'HEIGHT OF FLOWER >***'/)
WRITE(NF,205)
WRITE(NF,206)(I,TLOCI), TLN1(I),AHCI),AWCI),WECT),ANY(I),I=0,KK)
205 FORMAT(1H@, 2X,'stand No.",4X,'C-LENGTH',4X,'N-LENGTH',

C

%
C

% 6X, "HEIGHT',7X, "WIDTH',5X, 'E-WIDTH', 3X, ' PY/Max.WIDTH'//)

206 FORMAT(1H ,6X,I2,5X,F10.3,2X,F10.3,2X,F10.3,2X,F10.3,2X,F10.3,

2X,F10.3)

204 RETURN

END
€

83334333833 3833393383939843298373383333834333333333333333333333333333333333333333333333338833

$3555355558538555555353555555555395555353535555559355555553535535359553558533553535538385883$
3

C
C

c..‘.'.'--"..‘-'.l.IﬂC'.""'tt‘."*““*‘*‘*“.*'*.*‘*‘*".*“".“..‘.‘..““

C THIS IS THE SUBROUTINE PROGRAM FOR DRAWING THE FRAME OF GRAPH.

cti"#"‘*i*tt““‘*t*“#t#**##t##‘“-t“t.-lt.tt#t‘.‘#t‘.!‘!"-!l‘tll..“...#‘

¢
c".'.“*#*‘*# SUBROUTINE FRAMEl SRR YREERERRRER
C
] SUBROUTINE FRAME1

CALL SCALE(1.0)
c

CALL RGBDEF(12,0.7,0.8,1.0)

CALL LINCOL(12)

CALL RFILL(2,0,0.0,12.0,70.0,24.0)
C .

CALL RGBDEF(13,1.0,1.0,0.7)

CALL LINCOL(13)

CALL RFILL(0,0,0.0,0.0,70.0,12.0)
C

CALL LINWID(CQ.4)

CALL LINCOL(1)

CALL BROKEN(®)

CALL MOVT02(0.0,0.0)

CALL LINT02(239.0,0.0)

CALL LINT02(239.9,179.0)

CALL LINT02(@.0,179.0)

CALL LINT02(0.0,0.0)
C

CALL MOVT02(0.0,24.0)

CALL LINT02(239.0,24.0)
C

CALL LINWID(Q.2)

CALL MOVT02(239.0,12.0)

CALL LINT02(0.0,12.0)

CALL MOVT02(70.0,0.0)

CALL LINT02(70.0,24.0)

CALL MOVT02(115.9,0.0)

CALL LINT02(115.0,24.0)

CALL MOVT02(160.0,0.0)

CALL LINT02(160.0,24.0)
C

RETURN
] END
c.""-t-'t...tl"“tt#t#‘t't‘tt'##titt“‘i‘t#"!-'lt“.“"."““*“l."‘!.“.‘.#“.t.
c -
¢ :

C$$$$$S$i$$§$$$SSSSSSSS$$$$S$S$$S$$$$$$$$S$$$S$$$$$$$$S$$$$$$S$$$$$$$$$$SSSSSSSSSSSSS$$S$$$SS
$558555S5555555533555535555555555535555355355535555555535558553553353553553535535353553533538

$335535555555553593$
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C
C

C"tt‘tt‘t‘ttttl‘tttttt‘ttt.ltt.tt‘tt“".“U"‘lt-.'-.‘tt‘ttt""“‘.t‘.“#..‘lll‘..‘.“-..'

EEESRRERRSREREE R R RN e R EE

C THIS IS THE SUBROUTINE PROGRAM FOR DRAWING THE FLOWER PATTERN-A WHICH IS THE INDIVIDUAL
FLOWER AT "EACH STAND.

c.‘ttitt‘tttttt.tttt!-ttttttttttt#t*tttttt‘t'-tt-tittt*‘t‘**i****ti.tittti..iti.‘t‘..."."‘.

LA LI IR T RIS RS L T2 22 T 1 T ]

C
c-ttitﬁtt..t SUBROUTINE DRAWI LE 2 PR it d ]
C

SUBROUTINE DRAWLCIM,RA,XX,YY)
C

IMPLICIT REAL*8(CA-H,L,0-2), INTEGER*4CI-K,M-N)

CHARACTER FILE1*12,FILE2*12
C

COMMON/DAT1/ LS(@:26),TLS(®:26),DH(@:25),NR(@:25),R(0:25,5),

% ANC@:25,5)

COMMON/DAT2/ D, WS, TS, KK, NN

COMMON/DAT4/ PE, ITD, IDH, IIDH, JF

COMMON/POINT1/ PX0(Q:25,0:5), PY0(@:25,0:5), CX(0:25,0:5),

% CY(0:25,0:5), PXI(@:25,0:5), PYI(0:25,0:5),

% RR(0:25,0:5)
; COMMON/AAN/ AAN(C@:25,0:5)
C

c."'O‘t‘tt‘!tit‘ttttttttt‘#tttt.ttt“‘li*t.t“l“""‘--‘ttt..-.t.'-'l..‘--."..‘#.t.‘.-l..-

BEERRRRERRRRREERERERS

Cmmeee "ITD":INDICATES THE CASE OF A NEW DATA INPUT OR THE CASE OF A EXISTING DATA CALL.

R "IDH": INDICATES THE CASE OF A BOTTOM CONSTANT OR THE CASE OF A DOWNHILL FORMING.
(S "IIDH": INDICATES THE CASE OF A DOWNHILL FORMING OR UPHILL FORMING.
Comanmm "JF":INDICATES THE CASE OF CREATING A NEW FILE OR NOT DUE TO CHANGE OF EXISTING FILE,

Ct‘tttti"-.#**..*.‘it“titttttttt‘#ttt*..*#l.ll!l'!Q‘--!"!‘ll.'!!!t"!‘!‘!"-'.'.Q..O.“..‘

LA A AT R TR R R A T )

c
C
Ce*ssssves THIS WRITE STATEMENT IS JUST ONLY FOR CHECK OF "IDH", ssessssssss
WRITE (*,100) IDH
100 FORMAT(//4X,'DOWNHILL INDEX:IDH=',I12//)
c
IFCIDH.EQ.0.0R.IIDH.EQ.1) THEN
XX=92.0
YY=64.0
CALL SHIFT2(XX,YY)
ELSE IFCIDH.EQ.1.AND.IIDH.EQ.0) THEN
XX=92.0
YY=94.0
CALL SHIFT2(XX,YY)
ELSE
WRITE(*,102)
102 FORMAT(//4X,"**** IDH IS''NT THE PERMISSIBLE VALUE THAT IS',
X' 0 0R 1. *ses+'//)
ENDIF
c
Cesssssss DRAWING OF X-AXIS AND Y-AXIS ###esssess
c
CALL LINCOL(2)
CALL PENTYP(1)
CALL MOVT02(-XX+5.0,0.0)
CALL LINBY2(2*(XX-5.0),0.0)
CALL BROKEN(3)
CALL MOVT02(Q.0,-YY+34.0)
c CALL LINT02(0.0,165.0-YY)

Cos+seves DICISION OF THE SCALE OF THE FLOWER TO DRAW DEPENDING ON THE WIDTH OF STEEL SHEET.
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AL AL I T T

C
IF(WS.LE.170) THEN
RA=1.0
ELSE
RRA=170.0/WS
RRA=RRA*10000.0
RRA=IDINT(RRA)
RA=RRA/10000.0
ENDIF
WRITE(C*,104) RA
104 FORMAT(1H ,4X,"*** IN SUB DRAW, THE DRAWING SCALE:RA=",

%F10.5//)

Cossrases DRANING OF FLOWER START. sesssssnsss
o :

CALL BROKEN(®)

CALL LINCOL(1)

I=M

C
Cesevsrsex SUBROUTINE PLOT IS CALLED TO PLOT THE FLOWER OF RIGHT HAND SIDE AT EACH STAND.
St hhk l
4

CALL PLOT(I,RA)
C

(#s%sesves SUBROUTINE SCALE2(-1.0,1.0) IS CALLED TO PLOT THE FLOWER OF LEFT HAND SIDE FROM

GIONF, ##ssssss
C

CALL SCALE2(-1.0,1.0)
G

C*#*sssses SUBROUTINE PLOT IS CALLED TO PLOT THE FLOWER OF LEFT HAND SIDE AT EACH STAND.

LIl I T TS

C
CALL PLOT(CI,RA)

C

. CALL SCALE2(-1.0,1.0)
RETURN
END

C

C

(8533558533553335353538533555533855358535555355553535553355555555553555535555355553355338883$
ESSSSSSSSSSSSSSSSSSSSS$$SS$SSSSSSSS$S
c

ct‘ttt'tl-tt-t.ttt*tt#tt‘t##ttt‘#“““‘tttt#t‘..‘Ctiiititt‘..‘.“O.“‘...‘..tt..t.i““‘..‘.

C  THIS IS THE SUBROUTINE PROGRAM FOR DEAWING THE DIMENSION LINE.

T e P T P P L T AL A DL R DL L L R L A TP R LRI T TR T

c
c‘..*.-.“."‘. SUBRDUTINE SUNPOU (i3 i 222 1Y)
c
SUBROUTINE SUNPOUCIM,RA,XX,YY,IC,ND)
¢ :
. WPLICIT REAL'S(A-H,L,0-2), INTEGER"4CI-K,N-N)
COMMON/DAT2/ D, WS, TS, KK, NN
COMMON/DATS/ TLO(CO:25),TLN1(2:25), AH(@:25), AW(@:25), WE(0:25),
% AWY(0:25)
COMMON/POINT1/ PX0(@:25,0:5), PYO(0:25,0:5), CX(0:25,0:5),
% CY(0:25,0:5), PXI(0:25,0:5), PYI(0:25,0:5),
% RR(@:25,0:5)
COMMON/AAN/ AAN(D:25,0:5)
COMMON/DAT1/LS(@:26), TLSCQ: 26, DH(@:25),NR(2:25),R(0:25,5),
% ANC0:25,5)
c
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WRITEC*,100)RA
100 FORMATCIH ,4X,'***IN SUB SUNPOU, THE DRAWING SCALE:RA=',
%F10.5//)
CALL LINCOL(S)
CALL: BROKEN(C@)
CALL SCALECRA)
I=IM
DO 10 J=1,NR(I)
CALL MOVTO02(PXO(CI,J),PYOCI,1))
CALL LINTO2CCXCI,J),CY(I,J))

IFCJ.EQ.NRCI)) GO TO 20
IFCJ.EQ.5) GO TO 20
CALL LINTO2(CX(I,J+1),CY(I,J)+1))

n I o B o |

10 CONTINUE
c
Ces*s*sx THE DRAWING OF THE DIMENSIONS OF FLOWER:HEIGHT,WIDTH AND EDGE-WIDTH. *eeesee
G
20 IFCIC.EQ.1) GO TO 80
IFCIC.EQ.@) GO TO 22
PRINT®*, ' ##### ERROR HAPPENEND IN SUB SUNPOU.####'
STOP
<
22 WRITE(*,90)

ga FORMAT(///4X' Takbpbdsbddd b drd ka2 LR RN RRRER RN REertneessoneen’

]

%/4X, T DO YOU WANT TO DRAW THE DIMENSIONS OF  *e',
%/4X, T FLOWER;HEIGHT ,WIDTH AND EDGE-WIDTH? =**',
%/4X, (F T oer
X/4X, s 1. YES (DRAWING) ——ee> 1 A
X/4X, o 2. NO (NO DRAWING) mmme> 2 e
%/4X, Tan ser
%/4X, TEERRERRSREESEERESARERRRREARLALEARRNNERERENRE0T))

PRINT*,'e=cseuamm INPUT THE NUMBER FROM 1 TO 2. ========- !

READ*, ND

IC=1

IF(ND.EQ.1) GO TO 92
IFCND.EQ.2) GO TO 126
WRITEC*,94)
94 FORMAT(//4X,'** INPUT ERROR. INPUT THE PERMISSIBLE No. AGAIN. **',
%//)
GO TO 22
c
80 IF(ND.EQ.2) GO TO 126
IFCND.EQ.1) GO TO 92
PRINT*, '@e€e ERROR HAPPENED IN SUB SUNPOU. eeeeee

C
Cesssses DRAWING OF DIMENSION OF WIDTH #®=»»»w»hss
C

92 IFCI.EQ.Q) GO TO 120

IFCAANCI,NRCI)).LT.90.0) THEN
PX=AW(I)/2.0
PY=AH(I)-DH(CI)

ELSE
PX=AWCI)/2.0
PY=AWY(I)

ENDIF

C
122 CALL LINCOL(6)

CALL MOVTO2(PX,PY)

CALL LINTO2CPX,AH(CI)-DHCI)+25.0/RA)

CALL MOVBY2(-2*PX,0.0)

CALL LINTO2(-PX,PY)

CALL MOVTO2(-PX,AHCI)-DH(ID+23.0/RA)
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CALL LINBY2(2*PX,0.0)
CALL MOVBYZ2(-PX-10.0/RA,2.0/RA)
CALL CHASIZ(2.5,3.0)

C
IFCI.EQ.0)THEN
CALL: CHAFIX(WS,7,2)
ELSE
CALL CHAFIXCAWCI),7,2)
ENDIF
G0 TO 124
¢
120 PX=WS/2.0
PYa=-DHCT)
] GO TO 122
E'***- DRAWING OF THE DIMENSION OF EDGE-WIDTH **#ees+s

124 IF(I.EQ.2) GO TO 126
IFCAANCI,NRCI)).GT.9@.8) THEN
PXE=WE(1)/2.0
PYE=AH(I)

CALL MOVTOZ2(PXE,PYE-DH(I))
CALL LINBY2(0.0,15.0/RA)

CALL MOVBY2(-2*PXE,0.0)

CALL LINTO2C-PXE,PYE-DH(I))

CALL MOVBY2(0.0,13.0/RA)

CALL LINBYZ(2*PXE,0.0)

CALL MOVBY2(-PXE-10,0/RA,2.0/RA)
CALL CHAFIX(WECI),7,2)

ELSE

ENDIF
C
Ceewwewssssas DRAWING OF DIMENSION OF HEIGHT ##sssess
C

PXH=WECI)/2.0

PYH=AHCI)

CALL MOVTO2(PXH,PYH-DH(CI))
CALL LINTO2CAWCI)/2.0+10.0/RA,PYH-DH(I))
CALL MOVBY2(-2.0/RA,0.0)
CALL LINBY2(0.0,-PYH)
IFCPYOCI,0).EQ.PYOCI,1)) THEN
CALL MOVTO2(PXO(I,1),PYOCI,1))
ELSE
CALL MOVT02(@.9,PYO(I,2))

ENDIF
CALL LINTO2(AW(I)/2.0+1@.@/RA,PYO(I,0))

CALL CHAANG(99.9)
CALL MOVTO2CAWCI)/2.0+13.0/RA,PYH/2.0-DH(I)-10.0/RA)
CALL CHAFIXCAH(I),7,2)
c CALL CHAANG(.9)
C
126 S=1.0/RA

WRITE(*,102)S
102 FORMATC1H ,4X,'$$$ IN SUB SUNPOU,THE SCALE TO GET BACK',

%'TO ORIGIN :S=',F10.5//)

CALL SCALE(S)

CALL CHAMOD

RETURN

END
C
C
C35955555555555559555535353555858555553555555355585355385855535958535555355835555558585858538
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ESSSSSSS”SSSH“S$$$$$$S$$$S$$$$$$SSSSSSSSSSSSSS

C
C

ct'ttl##‘**‘*t“‘#“t‘*t‘tt“*“‘##t“‘##***!tt‘t“ttt‘!t!tttttttt#t‘l‘tttt‘.t##.ti.tttt!‘ttt

C THIS IS THE SUBROUTINE PROGRAM FOR DEAWING THE ACTUAL LENGTH OF 10mm,

c.t“tt*t‘!#tt!ttt#t‘t‘ttt‘t!‘ttt*l‘t!tt‘!t‘t‘*"‘*.##t‘t‘#t“*‘t*#'#t*t..t‘.tti.ttt.tt-t---t

C
Crsrssssnrrskes SUBROUTINE JISSUN EEXEEERRERRRERER
C

SUBROUTINE JISSUN(CRA,XX,YY)
C

IMPLICIT REAL*8(A-H,L,0-Z), INTEGER*4(I-K,M-N)
C
C

CALL LINCOLC1)

CALL BROKEN(@)

CALL SCALECRA)
C

CALL MOVT02((160.0-XX)/RA,(30.0-YY)/RA)

CALL LINBYZ2(10.0,0.0)

CALL LINBY2(0.0,3.0/RA)

CALL MOVT02((162.@-XX)/RA,(30.0-YY)/RA)

CALL LINBY2(9.90,3.0/RA)
C

CALL LINCOL(2)

CALL MOVBY2(-1.9,2.0/RA)

CALL CHASIZ(3.0,4.0)

CALL CHAINT(10,2)
c CALL CHASTR(C'mm")

S=1.0/RA

CALL SCALE(S)

CALL CHAMOD

RETURN

END
C
C
C3553555555535335535555355555555335355555555555355853555953953553553555355355338535858538538$
?SSS““SH”S
C

Cote4 ettt st s ts st st bbbttt ssAtnts bRt tsuistss ettt sttt srisssessssssstsssssssesss

C  THIS IS THE SUBROUTINE PROGRAM FOR PLOTTING THE FLOWER AT EACH STAND.

CHFos s s s sttt s s N s R SRR AR R R AR SRR RR SR SRR BB AR E TSR EIRS BRI RS SRR SR LSS S LS E RSSO I ISR INES

C

CStt‘Q;'C!t.ltﬁ SUBRUUTINE PLOT EEREREERERREERES

C
c SUBROUTINE PLOT(I,RA)
IMPLICIT REAL*8(A-H,L,0-Z), INTEGER*4(I-K,M-N)
COMMON/DAT1/ LS(0:26),TLS(0:26),DH(®:25),NR(®:25),R(0:25,5),
% ' AN(@:25,5)
COMMON/DAT2/ D, WS, TS, KK, NN
COMMON/POINT1/ PX0(0:25,0:5), PY0(0:25,0:5), CX(0:25,0:5),
% CY(0:25,0:5), PXI(0:25,0:5), PYI(0:25,0:5),
% RR(0@:25,0:5)
c DIMENSION PX(@:25,0:5),PY(@:25,0:5)
C
C .
C WRITE(*,11@)RA
C 110 FORMAT(1H ,5X,'** IN SUB PLOT, THE DRAWING SCALE VALUE:RA=',
C %F10.5//)

CALL SCALECRA)
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CALL MOVT02(2.9,0.0)
IFCI.EQ.Q) THEN
CALL MOVTO02(PXO(I,®),PYOCI,0))
CALL LINTO2(PXO(CI,1),PYOCI,1))
CALL LINTO2(PXI(I,1),PYICI,1))
CALE LINTO2(PXI(I,),PYICI,®))
GO TO 100
ELSE
ENDIF
c

Ceesseses TC IS THE INDICATER THAT REPRESENT THE POINT OF OUTSIDE SURFACE OR INSIDE SURFACE.

(21T T S

IC=0
C
75 DO 80 J=1,NRCI)

IFCIC.EQ.Q) THEN
PX(I,J-1)=PX0(I,J-1)
PY(I,J)-1)=PYO(I,]-1)
PX(I,J)=PX0(I,J)
PY(I,J))=PY0O(I,J)

ELSE
PX(I,J-1)=PXI(I,]-1)
PY(I,)-1)=PYI(I,J-1)
PX(I,3)=PXI(CI,J)
PY(I,))=PYI(I,])

ENDIF

IFCRCT,3).EQ.9999.99) THEN
CALL MOVTO2(PX(I,J-1),PY(I,J-1))
CALL LINTO2(PXCI,J),PY(I,J))
ELSE
CALL MOVTO2(PX(I,J-1),PY(I,J-1))
CALL ARCT02(CX(I,J),CY(CI,d),PXCI,d),PY(I,2);1)
ENDIF
; 80  CONTINUE
IFCIC.EQ.1) GO TO 90

Ceesessss DRAWING OF INSIDE LINE OF FLOWER ***ssssesss

C
IC=1
GO TO 75
C
99 J=NR(I)

CALL MOVTO2(PXI(I,J),PYICI,J))
CALL LINTO2(PX0(I,J),PYO(CI,J1))
180 CALL CHAMOD
S=1.0/RA
CALL SCALE(CS)
RETURN
END
C

c...tl.t‘*.“"..#i‘tttl‘tttt*t‘t‘t*tt‘#t‘tt‘#“"..l‘.‘l.‘...‘#.““.‘........l....‘......

C**  THIS IS THE SUBROUTINE PROGRAM FOR DRAWING TITLE BLOCK CONTENTS AND DIMENSIONS. oo

C.‘t“‘tt‘tt*tt‘*tttt#‘#t‘t‘t#ttttttttt!t.““‘l“.‘1.‘.““.*‘..“....‘..““.....0..‘

C
C‘t'.t.i““"“‘tl SUBROUTINE TITLEI SRR ERERRREERIED

C
SUBROUTINE TITLE1(JIM,RA,XX,YY,FILE1,FILE2,SIZE,DATE,DRAWER,WORKS,
c % MATERIAL,ITD,JF)
IMPLICIT REAL*8(A-H,L,0-Z), INTEGER*4(I-K,M-N)
CHARACTER FILE1*12,FILE2*12,SIZE*14,DATE*12,DRAWER*12,WORKS*12,
% MATERIAL*12
C

COMMON/DAT1/ LS(@:26),TLS(C:26),DH(Q:25),NR(0:25),R(0:25,5),
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% AN(0:25,5)
COMMON/DAT2/ D, WS, TS, KK, NN
COMMON/DATS/ TLO(@:25),TLN1(Q:25), AH(@:25), AW(0:25), WE(CQ:25),

% AWY(@:25)
COMMON/POINT1/ PX0(0:25,0:5), PY0(0:25,0:5), €X(0:25,0:5),
X = Ccy(e:zs, G 5), PXI(0:25, 0 5), PYI(0:25,0:5),
% RR(Q:25,0:5)
c COMMON/AAN/ MN(O:ZS,@:S)
C

CEEREERASRIN NS

CH*xsxsuesssss WRITING THE DESCRIPTION OF TITLE BLOCK CONTENTS USING GINO/LIB.

C
CALL SHIFT2(-XX,-YY)
CALL LINCOL(2)
CALL LINWID(O.S)

CALL MOVT02(12.0,15.0)
CALL CHASIZ(7.0,6.0)
CALL CHASTR('CADFORM')

CALL MOVT02(3.0,3.9)

CALL CHASIZ(4.0,5.0)

CALL CHASTR('FLOWER PATTERN A')
CALL LINWID(@.2)

CALL LINCOL(S)
CALL CHASIZ(2.9,2.0)
CALL MOVT02(71.9,9.0)
CALL CHASTR('WORKS(Mill)")
CALL MOVT02(71.9,21.0)
CALL CHASTR('DRAWER')
CALL MOVT02(116.9,21.0)
CALL CHASTR('DATE')

CALL MOVT02(116.0,9.0)
CALL CHASTR('MATERIAL')
CALL MOVT02(162.9,9.0)
CALL CHASTR('SIZE')

CALL MOVT02(162.0,21.0)
CALL CHASTRC'FILE NAME')

CALL LINCOL(6)

CALL CHASIZ(5.9,5.0)
CALL MOVT02(165.0,2.0)
CALL CHASTR(SIZE)

CALL MOVT02(170.0,14.0)
IFCITD.EQ.2.AND.JF.EQ.1) THEN
CALL CHASTRCFILE2)
ELSE
CALL CHASTRCFILE1)
ENDIF

CALL CHASIZ(3.5,4.0)
CALL MOVT02(118.9,2.0)
CALL CHASTR(MATERIAL)

CALL MOVT02(118.0,14.0)
CALL CHASTR(DATE)

CALL MOVT02(73.0,14.0)
CALL CHASTR(DRAWER)

CALL MOVT02(73.0,2.0)
CALL CHASTRCWORKS)
C

Cesewssxssxssx THE DESCRIPTION OF VALUES OF DIMENSIONS *sesssssssssssssssse
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50
52

CALL RGBDEF(13,1.9,1.0,0.7)
CALL LINCOL(13)
CALL RFILL(®,9,3.0,158.0,57.0,168.0)

CALL: LINCOL(2)
CALL CHASIZ(5.0,6.0)
CALL MOVT02(5.0,160.0)
CALL CHASTRC'No.")

CALL CHAINTCIM,2)

CALL CHASTR('stand')
CALL LINCOL(6)

CALL MOVT02(3.0,158.0)
CALL LINT02(57.9,158.0)
CALL LINT02(57.0,168.0)
CALL LINT02(3.0,168.0)
CALL LINT02(3.0,158.0)

CALL MOVT02(187.0,164.0)

CALL CHASIZ(3.5,4.5)

CALL LINCOLC2)

CALL CHASTR(C'Unit:mm & deg."')

DY1=10.0

DY2=8.0

I=JM
CALL MOVT02(193.0,154.0)
CALL LINCOL(G)
CALL CHASTR(C'TLO=')

CALL CHAFIX(TLO(I),?7,2)

CALL MOVT02(193.0,144.0)
CALL CHASTRC'TLN=")
CALL CHAFIX(TLN1CI),?,2)

BX=193.0

BY=134.0

IF(IM.EQ.Q) GO TO 52

DO 50 J=1,NR(CI)

CALL MOVTO2(BX,BY)

CALL CHASTRC'R")

CALL CHAINT(J,1)

CALL CHASTR('=")

CALL CHAFIX(R(I,J),8,2)

CALL MOVTO2(BX,BY-DY2)
CALL CHASTRC'A")

CALL CHAINTCJ,1)

CALL CHASTR('=')

CALL CHAFIX(AN(CI,J),8,2)
BY=BY-DY2-DY1
CONTINUE

CALL MOVTO2(BX,BY)
CALL CHASTR('DH=')
CALL CHAFIX(DH(I),8,2)

CALL MOVTO2(BX,BY-DY1)
CALL CHASIZ(3.0,4.0)
CALL CHASTR('SCALE=")
CALL CHAFIXCRA,6,4)

CALL MOVTO2(BX-1.0,BY-DY1-DY2)
CALL CHASIZ(3.0,4.0)

CALL CHASTR('R:Outer Radius')
CALL CHAMOD
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RETURN

END
C
[ T L L L T Y T T P PP Y T T Y
C**  THIS:IS THE SUBROUTINE PROGRAM FOR DRAWING TITLE BLOCK CONTENTS .

L]
c.‘.'.‘t‘!tt.'!.'ﬂ*““tt‘#‘tttti**".‘tt't!.“‘*““‘."‘..l."--.ll‘.‘..“‘......"“.“‘..

SEERERN

C
c"tt-ttt¢##**#¢t$$ SUBROUTINE TITLEZ EERERRERREERREEREER
c .
SUBROUTINE TITLE2(JM,RA,XX,YY,FILE1,FILE2,SIZE,DATE,DRANER,WORKS,
; % MATERIAL,JB,KF,ITD,JF)
IMPLICIT REAL*8(CA-H,L,0-Z), INTEGER*4(I-K,M-N)
CHARACTER FILE1*12,FILE2*12,SIZE*14,DATE*10,DRAWER*12,WORKS*12,
c % MATERTAL*12
COMMON/DAT1/ LS(@:26),TLS(0:26),DH(@:25),NR(®:25),R(0:25,5),
% AN(@:25,5)
COMMON/DAT2/ D, WS, TS, KK, NN
C

C
Cesssssxssnnes WRITING THE DESCRIPTION OF TITLE BLOCK CONTENTS USING GINO/LIB. ®eeseesssssccs
C

CALL SHIFT2(-XX,~YY)

CALL LINCOL(2)

CALL LINWID(Q.S)

CALL MOVT02(12.0,15.0)
CALL CHASIZ(7.0,6.0)
CALL CHASTR('CADFORM')

CALL MOVT02(3.9,3.0)

CALL CHASIZ(4.0,5.0)

CALL CHASTR('FLOWER PATTERN B')
CALL LINWIDCQ.2)

CALL LINCOL(S)
CALL CHASIZ(2.0,2.0)
CALL MOVT02(71.0,9.0)
CALL CHASTRC'WORKS(Mill)')
CALL MOVT02(71.0,21.0)
CALL CHASTR('DRAWER')
CALL MOVT02(116.0,21.0)
CALL CHASTRC'DATE')

CALL MOVT02(116.0,9.0)
CALL CHASTR('MATERIAL')
CALL MOVT02(162.9,9.0)
CALL CHASTR('SIZE')

CALL MOVT02(162.9,21.0)
CALL CHASTRC'FILE NAME')

CALL LINCOL(6)

CALL CHASIZ(S.9,5.0)
CALL MOVT02(165.9,2.0)
CALL CHASTR(SIZE)

CALL MOVT02(170.0,14.0)
IFCITD.EQ.2.AND.JF.EQ.1) THEN
CALL CHASTR(FILE2)
ELSE -
CALL CHASTR(FILE1)
ENDIF
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CALL CHASIZ(3.5,4.0)
CALL MOVT02(118.0,2.9)
CALL CHASTR(MATERIAL)

CALL MOVT02(118.0,14.0)
CALL" CHASTR(DATE)

CALL MOVT02(73.9,14.0)
CALL CHASTR(DRAWER)

CALL MOVT02(73.0,2.0)
CALL CHASTR(CWORKS)

C
(esssssssevess THE DESCRIPTION OF STAND No. THAT ARE DRAWN

C

LA L LRI T T T Y

CALL RGBDEF(13,1.0,1.0,0.7)
CALL LINCOL(13)
CALL RFILL(O,9,3.0,158.0,71.0,167.9)

CALL LINCOL(2)
CALL CHASIZ(4.0,5.0)
CALL MOVT02(5.0,160.0)
CALL CHASTRC'No.')
CALL CHAINTCIM,2)
CALL CHASTRC'-")
CALL CHASTRC'No.')
IFCJB.EQ.1) THEN
CALL CHAINT(KK,2)
ELSE IF(JB.EQ.2) THEN
CALL CHAINT(KF,2)
ELSE
ENDIF
CALL CHASTR('stand')
CALL LINCOL(6)
CALL MOVT02(3.0,158.0)
CALL LINT02(71.0,158.0)
CALL CHAMOD
CALL SHIFT2(XX,YY)

alal

RETURN
END

c#‘#ttt.tt.t"tt-.tttttlttt..ttt‘t-tttt*‘*“‘.““*“*‘**ilttt‘#.‘.‘..““!.‘.i““....‘.

Cess**s THIS FILE INCLUDES ALL SUBROUTINES FOR STRESS-STRAIN ANALYSIS.

A L L T S e R e eI L e L R e R L Lt Ll
c&t"--.t“t“ttt'tl!t#tt‘.t‘tt‘*‘#.‘.t"‘t““t#"t.“'..t‘t..t.‘....Qti‘.".“....‘....“.-

!‘t'ttttt“‘tc

C Amendment of SSA3DDSB on 14th October 1992

c.‘ttl..#.ttttttl*#.t#t‘#li“*t‘t.tttt““t‘t“““.ttt‘.“"t‘t.*‘“‘.0...0“.".-l.....‘.t‘

LA LTI TP T T 2

Cewsewxs THIS SUBROUTINE COMPUTE THE POINTS OF X-AXIS,Y-AXIS AND Z-AXIS AT THE DIVIDED POINTS
IN THE CIRCUMFERENTIAL LENGTH OF FLOWER, ***+e*
4

c"t“‘tittt# SUBROUTINE CALPOIN SERREERREEREAR SR

C

c SUBROUTINE CALPOINCFILE1,FILEZ,MA)
IMPLICIT REAL*8(A-H,L,0-Z), INTEGER*4(I-K,M-N)
CHARACTER FILE1*12,FILE2*12,AA*12,MA*8

C

COMMON/DAT1/ LS(:26),TLS(@:26),DH(@:25),NR(0:25),R(0:25,5),
% . AN(Q:25,5)

COMMON/DAT2/ D, WS, TS, KK, NN

COMMON/DAT4/ PE, ITD, IDH, IIDH, JF

COMMON/DAT6/ RN(@:25,6), DLN(@:25,6), TLN(@:25,6),DLE(®:25)

COMMON/AAN/ AAN(0:25,0:5)
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COMMON/POINTZ/ PXE(@:25,-22:22), PYE(Q:25,-22:22), PZ(0:25),

: % DB(@:25,0:21), TLE(@:25,0:21), ANE(@:25,0:22)
C
C*essexss DEFINITION OF FUNCTION **ssssseesns
C -
FNS1(A,B)=A*DSIN(B*PE)
FNC1(A,B)=A*(1-DCOS(B*PE))
FNS2(A,B,C)=CA-B)*DSINCC*PE)
c FNC2(A,B,C)=A*(DCOS(B*PE)-DCOS(C*PE))
DO 1@ I=1,KK
TLNCI,0)=0.0
DO 20 J=1,NR(CI)
C
RN(I,J)=R(I,3)-TS/2.0
DLNCI,J)=RN(I,J)*AN(CI,J)*PE
¢ TULNCT,J)=TLNCI,J-1)+DLNCI, )
20 CONTINUE
10 CONTINUE

C
C*#++ss+DEFINITION OF RNCI,NRCID+1) TO AVOID THE CALCULATION OF DIVISION BY ZERO.

*EsssseRERERe

C
; DO 15 I=0,KK
RNCI,NRCID+1)=RNCI,NRCI))
DLNCT,NRCI)+1)=RNCI,NRCI)+1)*ANCI,NRCI))*PE
] TLNCI,NRCI)+1)=TLNCI,NRCI))+DLNCI,NRCI)+1)
15 CONTINUE
E"'***" CALCULATION OF DIVIDED POINTS *#»sssssss
] DO 30 I=0,KK
DO 50 N=9,NN
C

IFCI.EQ.Q) THEN
Coesses No O stand ***e+*

PXECT,N)=WS*N/(2*NN)
PYECI,N)=-DH(I)
ANECI,N)=0.0
TLECT,N)=PXECI,N)
GO TO 50
C
. ELSE IF(N.EQ.@) THEN
Ceeese CENTER POINT ####+*
C

PXECI,N)=0.0

PYECI,N)=-DH(I)

ANE(TI,N)=0.0

TLECI,N)=0.0
GO TO 50

ELSE
DLE1=TLNCI,NRCI))/NN
DLE2=DLE1*100000.0
NDLE=DINT(DLE2)
DLECI)=NDLE/100000.0
TLECT,N)=DLECI)*N
ENDIF
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IFCTLECT,N).LE.TLNCI, 1)) THEN
c‘.t*“‘ IN THE AREA OF Rcl) ek Rg
C

ANECT,N)=TLECT,N)/CRNCI,1)*PE)

PXEEI,N)=FNS1CRNCI,1),ANECT,N))
PYECT,N)=FNC1(RNCI,1),ANECI,N))-DH(I)

GO TO 50
C
ELSE IF(TLECI,N).LE.TLNCI,2)) THEN
c
Ceesesss IN THE AREA OF R(2) *****»*
C
ANECT,N)=CTLECT,N)-TLNCI,1))/CRNCI, 2)*PE)+AANCI, 1)
PXECT,N)=ENS2CRNCI,1),RNCT,2),ANCT, 1))+FNS1CRNCI, 2), ANECI,N))
PYECT,N)=FNC1CRNCI,1),ANCT,1))+FNC2CRNCT,2),ANCI,1),ANECI,N))
%-DH(I)
GO TO 50
C

ELSE IFCTLECI,N).LE.TLNCI,3)) THEN

c-tttttt IN THE AREA OF R(s) Lt i1 ]2
C
ANECTI,N)=CTLECI,N)-TLN(CI,2))/(RNCI,3)*PE)+AAN(CI,2)
PXECI,N)=FNS2(RN(CT,1),RNCI,2),ANCI, 1))+
%FNS2CRNCI,2),RNCI,3),AANCT,2))+FNS1CRNCI, 3),ANECI,N))
PYECT,N)=FNC1CRNCI,1),ANCT,1))+FNC2(RNCI,2),ANCI,1),AANCT,2))+
%FNC2CRN(I, 3),AAN(CI,2),ANECI,N))-DHCI)
GO TO 50
C
ELSE IFCTLECI,N).LE.TLN(CI,4)) THEN
C
c.ttt.t‘ IN THE AREA OF R(4) (13 1212
c .
ANECT,N)=CTLECI,N)-TLNCI,3))/(RN(CI,4)*PE)+AAN(I,3)
PXECT,N)=FNS2CRN(I,1),RNCT,2),ANCT, 1))+
%FNS2CRNCI,2),RNCI,3),AANCI,2))+FNS2(RNCI,3),RNCI,4),AANCT, 3))+
%FNS1(RNCI,4),ANECI,N))
PYECT,N)=FNC1CRNCI,1),ANCI,1))+FNC2CRNCT,2),ANCT,1),AANCT,2))+
%FNC2CRNCI,3),AANCI,2),AANCI, 3))+FNC2(RNCT,4),AANCI, 3),ANECT,N))-
%DHCI)
GO TO 50

ELSE IFCTLECI,N).GT.TLN(I,4)) THEN

C

C
Ceswssee IN THE AREA OF R(S) ****++*

C
ANECT,N)=CTLECI,N)-TLNCI,4))/(RNCI,5)*PE)+AANCI,4)
PXECT,N)=FNS2(RN(I,1),RNCT,2),ANCI, 1))+

%FNS2(RN(I,2),RNCI,3),AANCT,2))+FNS2(RN(T, 3),RN(T, 4),AANCT, 3))+
¥FNS2CRNCI,4),RNCI,S),AANCT,4))+FNS1(RNCT,S),ANECI,N))
PYECT,N)=FNC1(RNCI,1),ANCT,1))+FNC2(RN(CI,2),ANCT, 1), AANCT, 2))+
%FNC2CRNCI, 3),AANCT,2),AANCT, 3))+FNC2(RNCI,4) ,AANCI,3),AANCT,4))+
%FNC2(RN(I,5),AANCI,4),ANECI,N))-DH(CI)
GO TO S0

ELSE '
WRITEC*,*)'**** ERROR HAPPENS IN THE CALCULATION OF DIVIDED POINTS

% IN "SUB CALPOIN", ****'

STOP
ENDIF

S0 CONTINUE
30 CONTINUE
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c’tt.#‘.-tt pOINTS OF Z=-AXIS **t*sexxkusn

C
; DO 60 I=0,KK
LAV=INT(TLSCKK)/2)
PZCI)=TLSCI)-LAV
60 CONTINUE

C .
E“‘*“‘*‘ WRITING THE POINT DATA OF DIVIDED ELEMENTE INTO THE "R" FILE %e¢e#sesss

IFCITD.EQ.1) THEN

NF=3

AA=FILE1

GO TO 100

ELSE IF (ITD.EQ.2.AND.JF.EQ.1) THEN

NF=6

AA=FILE2

GO TO 100

ELSE

GO TO 150

ENDIF

E
100 OPEN(3,FILE="R"'//FILE1,STATUS="UNKNOWN',ACCESS="APPEND')

OPEN(6,FILE="R"//FILEZ,STATUS="UNKNOWN",ACCESS="APPEND")

WRITE(NF,102)MA, AA
102 FORMAT(1H1,///,4X,

% TESSEREXRRERERRERREREEFERPERFRFERR RS BRI B RS ESE SRR ERRENER?

%/4X,"** OUTPUT DATACRESULT) OF X-,Y- AND Z-AXIS POINTS TO **'
%/4X,"** ANALIZE STRESS-STRAIN BY ',A8, ° vor
%/4X, " ** IN THE FILE R',A12, '

%/4x"‘“t“ttttttt‘tt.!tttt"-"ll-ttttttttt#““.'.t..i..t.t."/)

- w w -

WRITE(NF,104)
104 FORMAT(//6X,'ST.',2X,'Mesh',5X, "PXECT,J)',7X, 'PYE(CI,])',8X,
%'PZ(I)',9X, "TLSCI)',7X, "ANECI,])',9X, 'DLECI)', 7X, 'TLECI, )" ,/)

DO 70 I=0,KK
DO 8@ N=@,NN

WRITE(NF,106)I,N,PXECI,N),PYECI,N),PZ(I),TLSCI),ANECI,N),DLECI),
¥TLECI,N)
106 FORMAT(1H ,4X,I3,3X,I3,3X,F10.3,5X,F10.3,5X,F10.3,5X,F10.3,
%5X,F10.3,5X,F10.3,5X,F10.3)
80 CONTINUE .
WRITE(NF,108) '
108 FORMAT(/4X,'====-mcmemememccccccecccececcceccaccccccccccsscnan 7
70 CONTINUE
C
CLOSE(3,STATUS="KEEP')
CLOSE(6,STATUS="KEEP')

WRITEC*,102)MA, AA
D0 75 I=0,KK

WRITEC*,124)
124 FORMAT(//X,'ST.',X, 'Mesh',3X, "PXE(T,J)',5X, "PYECT,J)",9X,

%'PZ(I)',7X, 'TLSCI)',5X, "ANECI,N)',/)

DO 85 N=@,NN
WRITEC*,126)I,N,PXECI,N),PYECI,N),PZ(I),TLSCI),ANECI,N)
126 FORMAT(1H ,I2,2X,I3,2X,F10.3,3X,F10.3,4X,F10.3,3X,F10.3,
%3X,F10.3)
85 CONTINUE

oNNNANNANAAANAA




¢ WRITEC*,*)'**** INPUT ZERO(Q) TO ADVAMCE ***+e’
C READ*,JJ

C

C WRITEC*,108)

g 75 CONTINUE

150 WRITE(*,148)
148 FORMAT(/4X,'**** CALCULATION OF POINTS HAS COMPLETED.****',

%fzx"t'!!‘!!‘t'!t'!-t‘lttt*i#.t‘tit‘#“‘tt..“'.t‘t!‘.l.t."
%'“**tt“#ltli*“‘.“"‘t““"//)

RETURN
END
C

C¢.‘0‘ttt‘t'tt‘#‘t‘t#“tttt‘.t*.‘ttt‘tt#t‘#‘*“'*t‘*‘#*ii.“tit.‘.‘tt#t#‘t‘..i‘.t

C
C***++++ THIS SUBROUTINE COMPUTE THE STRAIN WITHOUT CONSIDERING THE DEFORMATION OF MESH IN
THR LATERAL DIRECTION, *#***»*

C

c‘.“““t‘ll SUBROUTINE SNANAl EREEEEREEREERERS
C

C
C

SUBROUTINE SNANA1
IMPLICIT  REAL*8(A-H,L,0-Z), INTEGER*4(I-K,M-N)

COMMON/DAT1/ LS(0:26),TLS(@:26),DH(@:25),NR(0:25),R(0:25,5),

% AN(Q:25,5)

COMMON/DAT2/ D, WS, TS, KK, NN

COMMON/DAT3/ EE,SEQ@, HH, ANYU, BL, W

COMMON/POINT2/ PXE(@:25,-22:22), PYE(@:25,-22:22), PZ(0:25),
% DB(:25,0:21), TLECQ:25,0:21), ANE(C0:25,0:22)
COMMON/STAL/ EZ(0:25,0:20), EX(®:25,0:20), DEZ(0:25,0:20),

% DEX(Q:25,0:20), DLZ(0:25,0:20), D2(@:25,0:20), BB
COMMON/STA2/ HDEZ, HEZ, SDEX, HEX, SEX

WRITE(*,120)

120 FORHAT(/4X"ttt‘tttt'#"tt‘0t“*ttt"#‘t‘b"t“.‘tt‘...tt“.tt‘.'

%/4X, "s*  THE STRAIN ANALYSIS "MODEL-1" START NOW. eer,

%/4X, THEERARERERREE R AR RR NN N ERTRIREEEEIEINENSIO NIRRT /)

WRITE(C*,110)
110 FORMAT(//4X,'*** AT STRAIN ANALYSIS, INPUT ZERO(®)'

%' TO ADVANCE. *****'//)
READ*,JT

C
sesessseses

Ceornse HDEZ=Max.dEz/Increment Longitudinal Strain

Cooeeer HEZ =Max. Ez/Longitudinal Strain ssusesssssn
Coesser SDEX=Min.dEx/Increment Lateral Strain sessseseene
Cessnee HEX =Max. Ex/Lateral Strain hd b dddd s

T LI T

Crossee SEX =Min. Ex/Lateral Strain

C
HDEZ=0.0
HEZ =0.0
SDEX=0.0
HEX =0.0
SEX =0.0
c BB=HS/(2*NN)
00 10 I=0,KK
C
c DO 20 J=0,NN

IFCI.EQ.Q) THEN
Ceessses INITIALIZING THE DATA AT No.Q stand **e*s*e*e*
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E2(I,1)=0.0
EX(I,J)=0.0
DEZ(I,))=0.0
DEX(T,J)=0.0
DLZ(I,])=200.0
DZ(I,])=200.0
GO TO 20

ELSE
DZ(I,3)=LSCI)
DLZ(T,J)=DSQRT(DZ(T,I)**2+(PXECT,))-PXECI-1,))**2+

% CPYECT,J)-PYECI-1,3))**2)
RX=DZ(I,1)/DZ(I-1,3)
DEZ(I,J)=DLOGCDLZ(T,)/(DLZCI~1,3)*RX))

ENDIF

IF(DEZ(I,J).GT.HDEZ) THEN
HDEZ=DEZ(I,])

ELSE

ENDIF

DEX(CI,J)=-BL*DEZ(I,J)

IF(DEXCI,J).LT.SDEX) THEN
SDEX=DEX(I,J)

ELSE

ENDIF

EZ(I,))=E2(I-1,3)+DEZ(I, )

IFCEZCI,J).GT.HEZ) THEN
HEZ=EZ(I,J])

ELSE

ENDIF

EXCT,J)=EX(CI-1,3)+DEXCT,I)

IFCEXCT,3).GT.HEX) THEN
HEX=EX(T,J)

ELSE IFCEXCI,J).LT.SEX) THEN
SEX=EX(I,J)

ELSE

ENDIF

20 CONTINUE
10 CONTINUE

DO 30 I=0,KK
WRITEC*,80)
80 FORMAT(/2X,'ST.',2X,'MESH',6X,'DEZ ',6X,'DEX ',7X,
¥'EZ ", 7X,'EX  ",/D
DO 4@ J=0,NN
WRITEC*,82)I,J,DEZ(I,)),DEX(I,]),E2(T,]),EXCI,I)
82 FORMAT(1H ,2X,I3,2X,I3,3X,4(F10.6,2X))

cc WRITEC®,*)'**** INPUT ZERO(Q) TO ADVANCE *#*#e++’
EC READ*,JT
WRITEC*,84)
84 FORMAT(/4X,'=======a=en= e e )
3@ CONTINUE
C
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WRITE(*,100)
160 FORMAT(/4X,"*** THE STRAIN ANALYSIS HAS BEEN COMPLETED. ****'//)

RETURN
END

c.‘“"ttt.-!t-ltt!-‘.!!t"ltttttﬁ“****“"‘*!ttt‘.l.““..“.‘..“.-l‘.t.....!.““...".‘.
L L

C

c.lt‘ttt‘it‘ittt!tt!tt“.ttt!t.“t"!tﬁt'ltttt‘tt**t“‘tt#'.tﬁ..‘.‘...‘i‘.‘."“"“‘.‘.‘...‘

EhEbennn

C
Cesesees THIS SUBROUTINE DO THE STRESS ANALYSIS WITHOUT CONSIDERING THE DEFORMATION OF MESH

IN THR LATERAL DIRECTION, ******

C
c.‘.t‘ttt““ SUBROUTINE SSANA SRR EE RSN
C
c SUBROUTINE SSANA
IMPLICIT  REAL*8CA-H,L,0-Z), INTEGER*4CI-K,M-N)
C
COMMON/DAT1/ LS(@:26),TLS(@:26),DH(@:25),NR(0:25),R(@:25,5),
% AN(@:25,5)
COMMON/DAT2/ D, WS, TS, KK, NN
COMMON/DAT3/ EE,SEQO,HH,ANYU,BL,W
COMMON/STAL/ EZ(@:25,0:20), EX(@:25,0:20), DEZ(@:25,0@:20),
% DEX(0:25,0:20), DLZ(0:25,0:20), DZ(0:25,0:20), BB
COMMON/STS1/ DSZ(0@:25,-20:20), DSX(@:25,-20:20),52(0:25,-20:20),
% SX(0:25,-20:20), SEQ(0@:25,-20:20),
% SOT0S(Q:25,-20:20), EZE(0:25,0:20), EXE(CQ:25,0:20),
% NHANT(@:25,0:20), EZP(@:25,0:20), EXP(0:25,0:20)
COMMON/STS2/ DEPSOT(Q:25,0:20),
% DWP(@:25,0:20), DWE(@:25,0:20), DW(@:25,0:20),
% DWT(@:25,0:20), WT(0:25), WTR(@:25),
% SWT(@:25),SWTR
COMMON/STS3/ HDSZ,SDSZ,HSZ, SSZ, HSX, SSX, HSOTOS, SSOTOS, HOW,
% HWT, HWTR
C
COMMON/STSS/ DEZE(@:25,0:20),DEXE(0:25,0:20),
% PDEZE(@:25,0:20),PDEXE(0:25,0:20)
C
C
C
WRITE(*,160)

160 FORMAT(/4X""*‘.‘#“'t-‘!.'""t*#t‘."!.*“.“‘.“‘."-‘.“."’
%/4X, tew THE STRESS ANALYSIS "MODEL-1" START NOW, **',
%/4x’ '“""*"“t'."#**‘t"t"i"..“.“.“#..“.‘-‘.."//)

C
JW=Q
DO 162 JJ)=1,1000
JIW=IW+1
162 CONTINUE
c (T III 1111 L]

Coeenee HDSZ=Max.DSz/Longitudinal Stress Increment

Coeenne SDSZ=Min.DSz/Longitudinal Stress Increment ®®*eesssses
Ceeennse HSZ=Max.Sz/Longitudinal Stress reesaRINeNe
C**+es+  557-Min,Sz/Longitudinal Stress sesssrsnne
Cesssos  HoX<Max.Sx/Lateral Stress ses0sesetece
Ceesess SSX=Min.Sx/Lateral Stress ssessssesss
Ceesess  HSOTOS=Max.SOTOS/Eqivalent Stress seessssssse

TTT I LT}

(osnues SSOTOS=Min.SOTOS/Eqivalent Stress
Ceesone HDW=Max . (DWe+DWp)/Elastic and Plastic Deformation Work per volume of a Mesh

.tmu-t‘t's‘
C**s*es . HAT=Max.WT/Total Deformation Work along the width direction ¢¢¢ssessss
Cessess  LWTR=Max.WTR/Deformation Work-Rate sessessesee
C

HDSZ=0.0
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SDSZ=0.0
HSZ«0.0
$52=0.0
HSX=0.0
SSX=0.0
HSOTOS=0.0
SSOT0S=0.0
HOW=0.0
HWT=0.0
HWTR=0. 0

C

Cesesves INITIALIZING THE DATA AT No.Q stand ***sesssss

C
10
DO 10 J=0,NN
SZ(1,1)=0.0
SX(I,1)=0.0
SEQCT,J)=SEQO
SOTOS(I,J)=0.0
EZECT,))=0.0
EXECT,))=0.0
EZP(I,))=0.0
EXPCI,])~0.0
DEZECI,J)=0.0
DEXE(CT,))=0.0
DEPSOT(I,J)=0.0

10 CONTINUE

DO 20 I=1,KK

WRITE(*,200)
200 FORMAT(//,'ST.",X,'MESH',X, "NHAN',2X, 'DSZCkg/mm2)",3X, 'DSX’,
%8X, 'SZ',9X, "SX',7X, 'SOTOS ", 6X, 'SEQ'/)

[aNa¥aXa! [aXal [a]

DO 30 J=0,NN
sssesssses CALCULATION OF STRESS IN THE ELASTIC DEFORMATION ***eessssccces

noN (a]

ANA=EE/(1.0-ANYU**2)
DSZ(I,J)=ANA®*(DEZ(I, J)+ANYU*DEX(I,))
DSX(CI,3)=ANA*CANYU*DEZ(T, J)+DEX(CT, J))
SIMAE=SZ(I-1,])
SXMAE=SX(I-1,1)
SZ(T,J)=SZMAE+DSZ(I, )
SX(I,3)=SXMAE+DSXCI,J)
SOTOS2=SZ(I,2)**2-SZ(I,1)*SX(CT,))+SX(I,I)**2
SOTOS(I, ))=DSQRT(SOTOS2)
SEQMAE=SEQ(I-1,J)

C

c IFCSOTOSCI,J).LE.SEQMAE) GO TO 5@

Cesessees CALCULATION OF STRESS IN THE ELASTIC DEFORMATION AND THE ELASTIC-PLASTIC
DEFORMATION ®##seses

¢
DEZIJ=DEZ(I,)
DEXIJ=DEX(I,J)
SOTO=SOTOSCI-1,J)

C

C .

Ceesssses CALL SUBROUTINE EPDA/EPDA:(E)lastic-(P)lastic (D)eformation (A)nalysis *eeeessee

C
CALL EPDA(EE,HH,ANYU,SZMAE,SXMAE,SEQMAE,DEZIJ,DEXIJ, SOTO,DESOTO,
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%DEZ1,DEX1,DSZ1,DSX1,DEZ2,DEX2,DS22,DSX2, DEPSO, NHAN)

C
IF(NHAN.GE.92) GO TO 100
NHANT(I,J)=NHAN
C -
DSZ(I,))=DSZ1+DSZ2
DSX(I,))=DSX1+DSX2
C
C***** Flastic increment strain *#***=*»
C
DEZE(I,))=DEZ1+(DSZ2-ANYU*DSX2)/EE
DEXECI,J)=DEX1+(DSX2-ANYU*DSZ2)/EE
C

DEPSOT(I,J)=DEPSO
C**e*+ DEPSOT: Increment of Eqivalent Plastic Strain #eeese
C

SZ(I,J))=SZMAE+DSZ(I,))

SX(CI,J)=SXMAE+DSX(I,J)

SOTOS2=SZ(L,3)**2-S2(T,I)*SXCI, I)+SXCIL,I)**2
SOTOS(CI, )=DSQRT(SOTOS2)
SEQ(CI,J)=SOTOSCI,J)
DWPCT, 3)=CSEQCT, J)+SEQMAE)*DEPS0/2. 0
DWECT,J)=(SZ(T,))+SZCI-1,1))*DEZECT,))/2.0+
% (SXCI,J)+SXCI-1,3))*DEXECT,))/2.0

DWCT, 3)=DWPCI, J)+DWECT, J)
GO TO 55

C

C*ssessse STRESS ANALYSIS IN PURE ELASTIC DEFORMATION *etescssscss

C
50 NHANT(I,J)=1
SEQCT, J)=SEQCI-1,J)
DEZE(CT,J)=DEZ(I,J)
DEXECT,J)=DEX(I,J)

DWP(I,J)=0.0
DWECT,J)=CSZ(T,))+SZ(T-1,1))*DEZECT,I)/2.0+

% (SXCT,J)+SXCI-1,3))*DEXECT,))/2.0
DWCI, 3)=DWPCT, J)+DWECT, J)

55 EZEMAE=EZE(I-1,])
EXEMAE=EXE(I-1,])
EZMAE=EZP(I-1,])
EXMAE=EXP(I-1,])

EZE(T,J)=EZEMAE+DEZE(T, )
EXECT,J)=EXEMAE+DEXECI, )
EZP(T,))=EZMAE+DEZ(I,J)
EXPCT,J)=EXMAE+DEX(I,J)

IF(DSZ(I,J).GT.HDSZ) HDSZ=DSZ(I,J)
IF(DSZ(CT,J).LT.SDSZ) SDSZ=DS2(I,J)
IF(SZ(I,)).GT.HSZ) HSZ=SZ(I,J)
IF(SXCT,J).GT.HSX) HSX=SX(I,J)
IF(SZ(I,)).LT.SSZ) SSZ=52(I,J)
IF(SXCT,J).LT.SSX) SSX=SX(I,J)
IF(SOTOS(I,J).GT.HSOTOS) HSOTOS=SOTOSCI,J)
IF(CSOTOSCI,J).LT.SS0TOS) SSOTOS=SOTOSCI, )
IFCONCI,J).GT.HOW) HDW=DWCI,J)

WRITE(C*,202)I,],NHANT(I,J),DSZ(I, J),DSX(1,)),S2(1,)),SX(1,J),

%S0T0S(I,J),SEQ(I,)
202 FORMAT(1H ,I3,2X,I3,2X,I3,2X,6(F9.4,X))

alaNalalal

30 CONTINUE
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cc WRITE(*,204)
CC 204 FORMAT(/4X,"***** INPUT ZERO(Q) TO ADVANCE. *#+#+¢' /)
EC READ*, )G

WRITE(®,*) ' emmmmmmmcmeccmccccomeccccccmccecaccaneccaaceenan" '

? 20 CONTINUE

(essssuses CALCULATION OF TOTAL WORK AND WORK-RATE FOR DEFORMATION ¢**eevsscssse

C
SWT(@)=0.0
DO 6@ I=1,KK
WT1=0.0

D0 7@ J=0,NN

DWT(T,J)=TS*LS(I)*BB*DW(I,J)/1000
¢ WT1=WT1+DWT(I,J)*2
70 CONTINUE

C
C***** WT:Total Deformation Work of all elements in width direction Ckgf.m) or (J) **eesssse

C
WT(I)=HT1
SWTCID=SWT(I-1)+WT(I)

Ce®ee» SWT(I):Summation of WTCI) from @ stand to i stand ****sseesesssscssessscee

IFCWTCI).GT.HWT) HWT=WT(I)
TT=(LS(I)/VV)*0.06
WTRCI)=WT(I)/TT

E“*'* WTR:Total Deformation Work-Rate at each stand Ckgf.m/s) or (J/s) ®¢esseese
IFCWTRCI).GT.HWTR) HWTR=WTR(CI)
6@ CONTINUE
TTT=(TLS(KK)/VV)*0.06
SWTR=SWT(KK)/TTT

GO TO 110
C
10@ WRITE(*,101)I,3,NHAN
101 FORMAT(1H ,"**** ERROR HAPPENED IN JUDGEMENT OF YIELD',

%' CONDITION OF STRESS-STRAIN sssss',
%/4X, *STAND No.=',I3,3X, "MESH No.=',I3,3X, 'NHAN=",13,//)
sToP
C

110 WRITE(*,102)
102 FORMAT(//4X,"**** THE STRESS ANALYSIS HAS BEEN COMPLETED. ****'//)

RETURN
END

c.!.t.‘l"t‘tt‘#‘lt‘ltt"-t-!‘t‘t't‘#tttt‘ttt#..t‘lt"..“Ut.‘..'l‘l“..“‘...‘i.....““.“‘

LI T YT

C

c..t‘...‘t.t“tttt‘*#‘l.l‘!tt.'.‘“t““..“‘t.tt#.‘-.‘“.‘tt‘.“...“..0.-‘...t..“..‘.“...

s ttnn

C
(*s#eess THIS SUBROUTINE DO THE ELASTIC-PLASTIC DEFORMATION ANALYSIS, ®esteesscsse

C 5
(eesssseseses SUBROUTINE EPDA / EPDA:(E)lastic-(P)lastic (D)eformation (A)nalysis eeeesssee

C
SUBROUTINE EPDACEE,HH,ANYU,SZ,SX, SEQ, DEZ, DEX, SOTO, DESOTO,
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%DEZ1,DEX1,DS21,DSX1,DEZ2, DEX2, D522, DSX2, DEPSO, NHAN)
IMPLICIT  REAL*8CA-H,L,0-Z), INTEGER*4(I-K,M-N)

WRITE(C*,140)

TREREREEREREERRERE AR RER RN R RN SRR RS R !
140 FORMAT(//, . )

WRITEC*,*)'** THE STRESS ANALYSIS "SUB, EPDA"™ START NOW, **'

wRITE(I")"t.t‘t-t"tt't't““t“#*"""li-t‘I".""“‘.“t]

ANA=EE/(1.0-ANYU**2)
DNA=SEQ**2-S0TO**2

SZD=(2.0*SZ-5X)/3.0
SXD=(2.0*SX-SZ)/3.0

IF(DABS(DEZ).LE.1.0D-15) GO TO 1

BNA=1.@+ANYU*DEX/DEZ
CNA=ANYU+DEX/DEZ
SA=ANA**2*(BNA**2-BNA*CNA+CNA**2)
SB=3, 0*ANA*(SZD*BNA+SXD*CNA)
SC=-DNA
ABC=SB**2-4 0*SA*SC

c RTABC=DSQRT(CABC)
IF(DEZ.LT.0.8) GO TO 2

Cerssans IN CASE OF dEz>=@ ***%**x%
IF(SOTO.NE.SEQ) GO TO 3
IF(SB.GT.2.8) GO TO 4
IF(SB.LT.2.8) GO TO 5
IF(SB.EQ.2.2) GO TO 6

NHAN=99
GO TO 50

3 NHAN=21
DEZ1=(-SB+RTABC)/2.0/SA
GO TO 7
4 NHAN=22
DEZ1=0.0
GO TO 7
5 NHAN=23
DEZ1=(-SB+RTABC)/2.0/SA
GO TO 7
6 NHAN=24
DEZ1=0.0
GO TO 7
c
c“.“" IN CASE OF dEz‘a Rk R
2 IF(SOTO.NE.SEQ) GO TO 8
IF(SB.GT.2.0) GO TO 9
IF(SB.LT.0.0) GO TO 10
IF(SB.EQ.0.0) GO TO 11

NHAN=93
GO TO 5@

8 NHAN=31
DEZ1=(-SB-RTABC)/2.0/SA
GO TO 7

9 NHAN=33
DEZ1=(-SB-RTABC)/2.0/SA
G0 .TO-7

10 NHAN=32
DEZ1=0.0
GO TO 7
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11 NHAN=34
DEZ1=0.0

7 DEX1=DEX*DEZ1/DEZ
DSZ1=(DEZ1+ANYU*DEX1)*ANA
DSX1=CANYU*DEZ1+DEX1)*ANA
c
(*e*eaxs THE STRAIN OF PLASTIC DEFORMATION WITH INCREMENT OF ELASTIC' STRAIN IN THE PLSTIC
DEFORMATION, **#%s+sss
c

DEZ2=DEZ-DEZ1

DEX2=DEX-DEX1
C

Ceeseess STRESS IN THE Z-AXIS AND X-AXIS DIRECTION AT YIELDING, ®eeessssses
C

SZB=SZ+DSZ1

SXB=5X+DSX1
C

C##++se¢ RE-DIVIDING A INCREMENT STRAIN IN PLASTIC DEFORMATION TO GET A FINE(CPRECISE)

ANALYSIS, ***xsxax
C
M=10
DDEZ2=DEZ2/FLOAT(M)
DDEX2=DEX2/FLOAT(M)
DSZ2=0.0
DSX2=0.0
DESOTO=0.0

WRITEC*,700)
700 FORMAT(//,2X,'M",6X,'SZB",6X,"SXB",5X, SZDB',5X, 'SXDB',
%4X, 'SOTOB',7X, 'PB",7X, 'RB", 7X, 'QB",/)

(alaNaNa¥al

DO 100 I=1,M
SZDB=(2.0*SZB-SXB)/3.0
SXDB=(2.@*SXB-5ZB)/3.0
SOTOB2=SZB**2.0-SZB*SXB+5XB**2.0
SOTOB=DSQRT(SOTOB2)

IFCI.EQ.1) SOTOB1=SOTOB
PB=2.0*HH*SOTOB**2.0/(9.0*EE)
RB=SZDB**2.0+2.0*ANYU*SZDB*SXDB+SXDB**2.0
QB=RB+2.0%(1.0-ANYU**2,0)*PB

WRITE(*,702)M,SZB,SXB,SZDB,SXDB,S0T08,PB,RB,QB
702 FORMAT(1H ,I2,X,8(F8.4,X))

2 ¥aRalal

SL=SXDB**2.0+2.0*PB
SM=-SZDB*SXDB+2.0*ANYU*PB
SQ=SZDB**2.0+2.0*PB

DDSZ2=EE*(SL*DDEZ2+SM*DDEX2)/QB
DDSX2=EE*(SM*DDEZ2+SQ*DDEX2)/QB

SZB=SZB+DDSZ2
SXB=SXB+DDSX2
(**+++ INCREMENT OF THE PLASTIC STRESS **#%%%*
DSZ2=DSZ2+DDSZ2
DSX2=DSX2+DDSX2
100 CONTINUE

cc . WRITEC*,*)'*** INPUT ZERO(@) TO ADVANCE. ****'
cc .. * READ*,JT
C

(*seesess INCREMENT OF THE EQUIVALENT PLASTIC STRAIN *®esssesesse
C
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SOTOB2=SZB**2.0-SZB*SXB+SXB**2.0
SOTOBF=DSQRT(SOT0B2)
DSOTO=SOTOBF-SOTOB1
DEPS0=DSOTO0*(1.08/HH-1.0/EE)

GO TO S0

1 WRITEC*,*)'**** THIS IS THE CASE OF dEz<= 1.00-15: the same as 1.0
¥E~15, *s%nar ) .

DEZ1=0.0

DEX1=0.0

DEZ2~0.0

DEX2=0.0

DSZ1=0.0

DSX1=0.0

DSZ2=0.0

DSX2=0.0

DESOTO=0.0

NHAN=50

c
50 WRITE(C*,120)
120 FORMAT(/4X, "**** SUB. EPDA HAS DONE. THIS IS FOR CHECKING. ***'/)

C
RETURN
END

ctitt..tt#‘*"t*#.‘t#ttt#ttttt##tt#t#.t‘t‘t.t#“‘i“***“‘t".“*““'“.“‘t‘.#“tt.......-‘

e ens
c“t-t-.tttttttttt..'tt‘t““‘tt-‘ttttt‘tt'ttttt.t““i‘tt““‘*““t.‘i.“‘..‘“.0.....‘....

SEERREEE

C
(#**see*> THIS SUBROUTINE DEALS WITH THE 3-DIMENSIONAL DRAWING OF THE RESULTS IN THIS STRESS-

STRAIN ANALYSIS, ###%#»
C
Ceeessessssss  SUBROUTINE DRAWIDL ***ssessssssesss

C
SUBROUTINE DRAW3D1(HDEZ,HEZ,SDEX,HEX,SEX,HDSZ,SDSZ,HSZ,SSZ,HSX,
% SSX,HSOTOS, PHDSZ, PSDSZ, PHSZ, PSSZ, PHSX, PSSX, PHSOTO, FILE1,FILE2,
% MM, SIZE,DATE, DRAWER, WORKS ,MATERTAL)

C
IMPLICIT  REAL*8(CA-H,L,0-2), INTEGER*4(I-K,M-N)
CHARACTER FILE1*12,FILE2*12,SIZE*14,DATE*10,DRAWER*12,WORKS*12,
% MATERTAL*12

C

C

COMMON/DAT1/ LS(0:26),TLS(@:26),DH(0:25),NR(@:25),R(0:25,5),

% AN(9:25,5)

COMMON/DATZ/ D, WS, TS, KK, NN

COMMON/DAT4/ PE, ITD, IDH, IIDH, JF

COMMON/DATS/ TLO(0:25),TLN1(@:25), AH(@:25), AW(@:25), WE(@:25),

AWY(Q:25)

COMMON/POINT2/ PXE(Q:25,-22:22), PYE(Q:25,-22:22), PZ(@:25),

DB(@:25,0:21), TLE(C@:25,0:21), ANE(0:25,0:22)

COMMON/STA3/ PDEZ(0:25,-20:20), PEZ(0:25,-20:20),
PDEX(@:25,-20:20), PEX(0:25,-20:20)

/STA3A/ PEZE(0:25,0:20), PEXE(Q:25,0:20),PEZP(0:25,0:20),
'PEXP(@:25,0:20), PDEPS0(@:25,0:20)

COMMON/STS1/ DSZ(@:25,-20:20), DSX(0:25,-20:20),52(0:25,-20:20),
$x(e:25,-20:20), SEQ(0:25,-20:20),
S0T0S(@:25,-20:20), EZE(Q:25,0:20), EXE(0:25,0:20),
NHANT(Q:25,0:20), EZP(0:25,0:20), EXP(0:25,0:20)

COMMON/STS4/ PDSZ(0:25,-20:20), PDSX(0:25,-20:20),
PS2(0:25,-20:20), PSX(0:25,-20:20),

) PSEQ(@:25,-20:20), PSOT0S(Q:25,-20:20),

. /STS4A/ PDWE(@:25,0:20), PDWP(:25,0:20),PDN(0:25,0:20),
PDWT(0:25,0:20), PWT(@:25), PWTR(@:25),
PSWT(@:25),PSWTR

DIMENSION XX(-20:20)

»

RNRRMX =

RN R R

RNRWR R R
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WRITE(*,260)

250 FORHATC//4X".!*tt""*"'“‘ttltt't-tt'-tttﬁﬂﬁ."‘tiﬂ‘U‘¢‘Il.
%/4X, (E2S LI
%/4X, "** 3.DIMENSIONAL DRAWING OF THE RESULTS OF **',
%/4x, - STRESS-STRAIN ANALYSIS ey
%/4x' Txx ..l’
C %/4x' '********tt**tt“*‘.l‘tt#tt“‘tt#t‘*.‘#‘.t#..‘.-'///)
Ces****THIS COMAND MAKE THE TIME TO DISPLAY THE ABOVE DESCRIPTION. **essessse
WRITE(*,266)
266 ggigAT(/4X,'*‘*‘ INPUT ZERO(CQ) TO ADVANCE FURTHER STEP. ***'/)
*,JA

C
C*oessess CALL GINO GRAPHIC PACAGE ****ssssssssssssssssssssssns
C
CALL GINO
CALL T4510
CALL T4107
CALL UNITS(C1.0)
CALL TRANSF(2)
CALL PICCLE
. GO TO 998
99 CALL SCALE(1.0/5A)
CALL TRANSF(2)

998 WRITE(*,100)

100 FDRMAT(//4X"*tttt‘*.t‘#ttt*#t‘tttt--.t.‘ttttt#t‘t‘t!ii!‘i‘"

%/4X, *#+  CHOOSE A ITEM THAT YOU WANT TO DRAW, **',
%/4x, fes -‘l.
%/4X, *¢* 1, 3-DIMENSIONAL DEFORMED SURFACE =-> 1 **',
%/4X, *#+ 2. STRAINCEz and Ex) --> 2 %',
%/4X, "¢+ 3 INCREMENT STRAIN(dEz and DEx) ==> 3 **',
%/4X, "e* 4, STRESS (Sz and Sx)Unit=[MPa] > 4 ¥9'
%/4X, '#* 5. STRESS (Sz and Sx)Unit=[kgf/mm2]--> 5 **',
X/4X, '#% 6, STRESS INCREMENT(DSz and DSx) ser
%/4X, e Unit=[MPa] -e> 6 **',
x/4X, '** 7. STRESS INCREMENT(DSz and DSx) o
X/4X, i Unit=[kgf/mm2]--> 7 **',
%/4X, *#+ 8  EQUIVALENT STRESS Unit=[MPa]  =--> 8 **',
%/4X, *e* 9  EQUIVALENT STRESS Unit=[kgf/mm2]--> 9 **',
%/4X, *** 9. FINISH --> Q **',
%/4X, tee L
%/4x' lttttt‘#tttttt‘tmlltltttt*tttttttttttt..tt.t‘..'//)
PRINT*,"~-=ue= INPUT ONE NUMBER FROM @ TO 9. =e==-- v
READ*,JN
IF(IN.EQ.Q) GO TO 400
C
C
IFCIN.EQ.1.) THEN
NF=11
ELSE IFCIN.EQ.2.0R.IN.EQ.3) THEN
NF=12
ELSE IFCIN.EQ.4.0R.JIN.EQ.S) THEN
NF=13
ELSE IF(IN.EQ.6.0R.JIN.EQ.7) THEN
NF=14
ELSE IFCIN.EQ.8.0R.JIN.EQ.9) THEN
NF=15
ELSE
ENDIF
e GO TO 98

96 CALL SCALE(1.0/5A)
CALL TRANSF(2)
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IF(JS.EQ.1) THEN

GO TO 98

ELSE IF(JS.EQ.2) THEN
GO TO 97

ELSE

ENDIF

98 WRITEC*,102)

132 FORMAT(/4X,'*t*#i#“itttlttt‘ttt#!tt‘tt#lit..t!‘#tttt‘..t.“"

%/4X, '** INPUT THE ANGLE OF PITCH, HEADING AND s
x/4X, A BANK OF THE AXIS OF X, Y AND Z. "
x/4X, '** BANK:Rotation of Z-axis(longitudinal) s
%/4X, "#* HEADING:Rotation of Y-axisCheight) oer!
%/4X, '** PITCH:Rotation of X-axis(width) LA g
x/4X, - "**cNewly first Input> sor
x/4X, '** 1. Input or change when you newly --->1 9®*'
%/4X, tee input the data(ITD=1) L
%/4X, "**<Call existing data> 1N
x/4X, '#* 2. Call the data from existing file -->2 **',
%/4X, '*#* 3, Change data in existing file =33 #¢
%/4X, M Before change, you must choose No.2 LLAN
%/4X, "**<Call existing data and create new file> Lk A8
X/4x, "** 4, Call the data from existing file -->4 **',
%/4X, s and transfer them to the new file -,
%/4X, '** 5. Input or change when the data «-->5 #*%',
X/4X, tes were called from existing file ke
%/4X, Tee and create new file (ITD=2 AND JF=1) **',
%/4X, "**<Call the data from newly created file> e
%/4X, '** 6. Call the data from new file -==>f **',
%/4X, ‘.o that was created in No.4 and No.5 e
%/4x’ TSR RRR AR TR R AR RN AR R R AN RN R RS AR R AN R RO PR ® l/)
PRINT*, '**---  INPUT THE PERMISSIBLE NUMBER FROM 1 TO 6., ---**'
READ*, JM
C
" IF (JM.EQ.6) GO TO 888
OPEN(11,FILE="G1"'//FILE1l,STATUS="UNKNOWN')
OPEN(12,FILE="G2"//FILE1, STATUS="UNKNOWN")
OPEN(13,FILE="G3"//FILE1,STATUS="UNKNOWN")
OPEN(14,FILE="G4"'//FILE1,STATUS="UNKNOWN®)
¢ OPENC15,FILE="G5"//FILE1,STATUS="UNKNOWN")

IF(OM.EQ.1.0R.JM.EQ.3.0R.IM.EQ.5) THEN
WRITE(*,104)

1@4 FORMAT(/4X,'“'"‘ttt‘tt‘*#tttl.#ttttt“'.!‘t‘t.tt.‘.‘..‘..“.‘-"

%/1@X, "Bank of Z-axis(deg.)=')
READ*,ABZ1
ABZ=ABZ1*PE
WRITE(*,106)
106 FORMAT(//1@X, 'Heading of Y-axis(deg.)=')
READ* , AHY1
AHY=AHY1*PE
WRITE(*,108)
108 FORMAT(//1@X,'Pitch of X-axis(deg.)=")
READ*,APX1
APX=APX1*PE

ELSE IF(CIM.EQ.2.0R.JM.EQ.4).AND.ITD.EQ.2) THEN
g"*-** CALL THE DATA FROM THE EXISTING FILE *#sssssesses

REWIND NF
READ(NF,601)ABZ1,AHY1,APX1
ABZ=ABZ1*PE
AHY=AHY1*PE
APX=APX1*PE
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C
601 FORMAT(1H1,///5X,3(F10.6,5X)//)
ELSE IF (JM.EQ.2.AND.ITD.EQ.1) THEN
PRINT 220
220 FORMAT(4X, '*** INPUT THE No. 1 BECAUSE OF ITD=1. teurir)
GO TO 98
ELSE '
PRINT 222 :
222 FORMAT(4X,"*** INPUT THE PERMISSIBLE No. FROM 1 TO 2,AGAIN, ***'/)
GO TO 98

ENDIF
Cessees CALL THE DATA FROM THE EXISTING FILE *##essssseee

IF(JIS.EQ.1) GO TO 300
. IFCCIM.EQ.2.0R.IM.EQ.4).AND.ITD.EQ.2) THEN

READ(NF,602)SZX,SZY
602 FORMAT(/5X,F10.4,5X,F10.4//)
JP=0

CLOSE(11,STATUS="KEEP")
CLOSE(12,STATUS="KEEP")
CLOSE(13,STATUS="KEEP")
CLOSE(14,STATUS="KEEP')
CLOSE(15,STATUS="KEEP")

GO TO 300
ELSE

C

97 WRITEC*,110)

110 FORMAT(/4X"‘#“*!.t't'tI"l‘##**‘""."t't.i“."!#t‘tt“-.'."

%/4X, '** Input the scale ratio of Z-axis vs X-axis and **',
X/4x, e of Z-axis vs Y-axis. et
%/4X, 'en . L
X/4X, '#+ 1. Input or change when you newly =---> 1 **',
%/4X, o input the data(ITD=1) .ot
x/4X, '*+ 2, Change the data in existing file ---> 2 *¢',
%/4X, '#** 3. Input or change when the data “ee> 3 80
%/4X, 49 were called from existing file ser
%/4X, Tex and create new file(ITD=2 AND JF=1) S
%/4X, e L L L D LT LT LAY 7))
PRINT*, **#*---  INPUT THE PERMISSIBLE NUMBER FROM 1 TO 3, ---%¢'
READ*, JP

WRITEC*,111)

111 FOWT(/4X' "SSP EFRERERBRBER R IR AR AR R R RS RN RN SRS RSSO ERRR T ’
%/10X, 'The Scale ratio of Z-axis vs X-axis:(Zscale/Xscale)="')

READ*,SZX
WRITE(*,112)
112 FORMAT(//1@X,'The Scale ratio of Z-axis vs Y-axis:',
%'(Zscale/Yscale)=")
READ*,SZY
ENDIF
GO TO 300
E"‘**"' Call the data from newly created file.
888 OPEN(21,FILE="G1"'//FILEZ,STATUS="UNKNOWN")
OPEN(22, FILE="G2"//FILE2, STATUS="UNKNOWN")
OPENC23,FILE="G3"'//FILE2,STATUS="UNKNOWN')
OPEN(24,FILE="G4"'//FILE2,STATUS="UNKNOWN')
OPEN(2S,FILE="G5"//FILE2,STATUS="UNKNOWN')

EEERRERERE

C
IF(NF.EQ.11) THEN
NH=21
ELSE IFCNF.EQ.12) THEN

: NH=22
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ELSE IF(NF.EQ.13) THEN
NH=23

ELSE IF(NF.EQ.14) THEN
NH=24

ELSE IF(NF.EQ.15) THEN
NH=25
ELSE
ENDIF

REWIND NH
READ(NH, 601)ABZ1,AHY1,APX1
READ(NH, 602)SZX,SZY

CLOSE(21,STATUS="KEEP')
CLOSE(22,STATUS="KEEP")
CLOSE(23,STATUS="KEEP*)
CLOSE(24,STATUS="KEEP")
. CLOSE(25,STATUS="KEEP")
(**ssssss Max.Height of the flower in all standS ****sss*s
300 HM=0.0
DO 15 I=0,KK
IFCAH(I).GT.HM) HM=AH(I)
15 CONTINUE
C

Cx#esees DISTANCE OF PLOTING AT X-AXIS WHEN STRESS OR STRAIN IS PLOTTED, *#*#+sss

DO 17 J=-20,20
XX(3)=(D/NN)*J
17 CONTINUE
C

Cewsssaser MAKING THE DATA OF POINTS IN THE MINUS REAGION *sessssssse

C

DO 10 I=0,KK
C

DO 20 J=1,NN

PXECI,-J)=-PXECT,J)
PYECT,-1)=PYE(CI,J)

C

PEZ(I,-))=PEZ(I,J)
PEX(T,-1)=PEX(I,J)

PDEZ(I,-))=PDEZ(I,])
PDEX(T, -1)=PDEX(I,J)

DSZ(I,-1)=DSZ(I,J)
DSX(I,-1)=DSXCI,J)
PDSZ(I,-1)=PDSZ(CI,J)
PDSX(CI, -1)=PDSXCI, )
SZ(I,-J)=52(I,3)
SX(I,-2)=5X(I,d)
PSZ(I,-))=PSZ(I,)
PSXCI,-1)=PSX(I,3)
SOTOS(I,-J)=S0T0SCT, )
PSOTOS(T,-1)=PSOTOS(CT, )
SEQ(I,-J)=SEQ(I,J)
PSEQ(T, -3)=PSEQCI,J)

20 CONTINUE

10 CONTINUE

L ..
c*"'.tt- DEFINITION OF a pOINT AND A SCALE SESSESEE R R ek hp kg

C
XV=119.0
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C
C
C

laNaNal (a)

YV=35.0
CALL SHIFT2(XV,YV)

cttt‘t#.t SCALE To DRA“ING EREEXEEEREREENANSIERR SR

AAR=239.0/(1.4*TLSCKK))
AAR=AAR*10000
AAR=IDINTCAAR)
SA=AAR/10000

ZLaTLS(KK)

CALL SCALECSA)

IT=0
JD=0

C.l.‘tl!t‘ DRAWING FRAHE UF 3_D GRAPHICS et e et R R R RN RRES
c.*ttttttttttcALL SUBROUTINE FRAMEZ ERELEE SRR AL EEEERE P

C

C

64

80

CALL FRAMEZ(SA,XV,YV)

CALL LINCOL(2)
JL=1
JU=0

DO 38 I=0,KK
DO 40 J=-NN,NN,1

IFCIT.EQ.Q) THEN
60 T10(1,2,3,4,5,6,7,8,9),IN
ELSE IFCJT.NE.Q) THEN

GO TO (52,53,54,55,56,57),JT
ELSE

ENDIF

WRITE(C*,*)'*** INPUT ERROR. INPUT THE CORRECT NUMBER,AGAIN, ®ewe®
GO TO 99

(seseosnsssssss 30 DEFORMED SURFACE ***t*sssssssssssss

C

3

1

X=PXE(I,J)*ZL/(SZX*D)
Y=(PYECI,J)-HM/2.0)*ZL/(SZY*D)
Z=PZ(I)

GO TO 50

(‘..Itllltttii STRAIN FEERREERRRRERRERERE

C

C

Ceesesessnsaes INCREMENT STRAIN

C

(ssesssnnnenss STRESS Unit=(MPa)

2

3

Y=PEZ(I,J)*ZL/(SZY*DABSCHEZ))
GO TO 48

52 Y=PEX(I,J)*ZL/(SZY*DABS(HEZ))

GO TO 48

FEECEERESRREREEEEN S

Y=PDEZ(I,J)*ZL/(SZY*DABSCHDEZ))
GO TO 48

53 Y=PDEX(I,J)*ZL/(SZY*DABSCHDEZ))

GO TO 48

RSN ERRRE NS R RS
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4 Y=PSZ(I,J)*ZL/(SZY*DABS(PHSZ-PSSZ))
GO TO 48 :
C
54 Y=PSX(I,J)*ZL/(SZY*DABS(PHSZ-PSSZ))
GO TO 48

c.‘i#t‘ttt‘ttt STRESS Unit(kgf/mZ) EERSEREEERER RN
3
S YaSZ(I,J)*ZL/(SZY*DABSCHSZ-S5Z))
GO TO 48
C
55 Y=SX(I,J)*ZL/(SZY*DABSCHSZ-SSZ))
GO TO 48

C
C..Q“"I.“t- STRESS INCREHENT Unit-(HPa) AR RRERERRREERRERE

C
6 Y=PDSZ(I,J))*ZL/(SZY*DABS(PHDSZ-PSDSZ))

GO TO 48
C
56 Y=PDSX(I,J)*ZL/(SZY*DABSCPHDSZ-PSDSZ))
: GO TO 48
ct..-“‘*‘##t' STRESS INCREMENT Unit-(kgf/MZ) (TR IR TP E A g
C
7 Y=DSZ(I,J)*ZL/(SZY*DABSCHDSZ-SDSZ))
GO TO 48
57 Y=DSX(CI,J)*ZL/(SZY*DABSCHDSZ-SDSZ))
GO TO 48
4
Coenssnnnrsans EQUIVM.ENT STRESS Unit-(MPa) SRR dRtRdbds
C
8 Y=PSOTOS(I,J)*ZL/(SZY*DABSCPHSOTO))
. GO TO 48
c.‘t.tttt“t‘. EQUIVALENT STRESS Unit-(kgf/m) EEERREERER eSSBS RR R
C
9 Y=SOTOSCI,J)*ZL/(SZY*DABSCHSOTOS))
GO TO 48
48 X=XX(J)*ZL/(SZX*D)
2-PZ(I)
C

Coessassnnns ROTATION OF Z-AXIS/ ‘BANK *##sssssssss
50 XA=X*COS(ABZ)-Y*SIN(ABZ)
YA=X*SINCABZ)+Y*COS(ABZ)
X=XA
Y=YA

Cesssrseraex ROTATION OF Y-AXIS/ HEADING ***+s+ss*
ZA=Z*COSCAHY)-X*SINCAHY)
XA=Z*SINCAHY)+X*COSCAHY)

Z=ZA
X=XA

C
Cesssasexsss ROTATION OF X-AXIS/ PITCH #+sssssssss

ZA= Z*COSCAPX)+Y*SINCAPX)
YA=-Z*SINCAPX)+Y*COSCAPX)

Z=ZA
Y=YA
C .
G0. T0 -(74,76,78,79),3U
: IFCIL.EQ.2) GO TO 62

Cesssswssss DRAWING THE LINE IN THE CIRCUMFERENTIAL DIRECTION ¢¢¢esesesssse
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IFCJ.EQ.-NN) THEN
CALL MOVTO2(X,Y)
ELSE
CALL LINTO2CX,Y)
ENDIF

40 CONTINUE

30 CONTINUE

C

C*#esssex DRAWING THE LINE IN THE LONGITUDINAL DIRECTION ##*¢sesses
C

ILe=2
C

DO 60 J=-NN,NN,1
C

DO 70 I=0,KK

GO TO 80
4

62 IF(I.EQ.Q) THEN
CALL MOVTO2(X,Y)
G0 TO 70
ELSE IF(CJ.EQ.-NN.OR.J.EQ.NN) THEN
CALL LINCOL(2)
ELSE IFCJ.EQ.@) THEN
CALL LINCOL(S)
ELSE
CALL LINCOL(6)
ENDIF
CALL LINTO2(X,Y)
C
70 CONTINUE
60 CONTINUE
c
IFCIN.NE.1) GO TO 72
IF(D.LE.100.0) THEN
U=400.0
XU=50.0
YU=50.0
ELSE IF(CD.LE.400) THEN
ZU=700.0
XU=100.0
YU=100.0
ELSE
2U=1000.0
XU=500.0
YU=500.0
ENDIF

JU=1

@)

X1=-XU*ZL/(SZX*D)
Y1=(YU-HM/2.0)*ZL/(SZY*D)
Z1=-1.5*ZU+PZ(0)

™

X=0.0
Y=(0.0-HM/2.0)*ZL/(SZY*D)
=11

CALL LINCOL(3)

GO TO s@

74 XB=X
YB=Y
CALL MOVTO2(XB,YB)
JU=2
X=X1
Y=(0.0-HM/2.8)*ZL/(SZY*D)
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C

C

C
C
C

76

78

79
72

%

200

202

=71
GO TO s@

CALL LINTO2(X,Y)
JU=3

CALL: MOVTO2(XB,YB)
X=0.0

Y=Y1

Z=71

GO TO 5@

CALL LINTOZ2(X,Y)
Ju=4

CALL MOVTO2(XB,YB)
X=0.0

Y=(0.0-HM/2,0)*ZL/(SZY*D)

Z=-0.5*ZU+PZ(0)
GO TO 50

CALL LINTO2(X,Y)
D=1

CALL CHAMOD

CALL TITLE3(IN,SA,XV,YV,FILE1,FILE2,SIZE,DATE,DRANER,WORKS,
MATERIAL,MM,JT,ABZ1,AHY1,APX1,S2ZX,SZY,ITD,JF)

CALL LINE

PRINTZ200

FORMAT(/4X, '** INPUT @(ZERO) TO GO TO FURTHER SETP. **'/)

READ*,JZ
WRITE(*,202) JZ
FORMAT(5X, '3Z=",13/)
CALL PICCLE

IFCID.EQ.1) GO TO 232
IF(IN.EQ.2) THEN

JT=1

JD=1

GO TO o4

ELSE IFCIN.EQ.3) THEN
IT=2

JD=1

GO TO &4

ELSE IF(IN.EQ.4) THEN
JT=3

JD=1

GO TO 64

ELSE IF(IN.EQ.S5) THEN
JT=4

JD=1

GO TO o4

ELSE IF(IN.EQ.6) THEN
JT=5

JD=1

GO TO 64

ELSE IF(IN.EQ.7) THEN
JT=6

JD=1

G0 TO-64

ELSE

ENDIF

(s#esess CALL SUBROUTINE TITLE3 TO DRAW THE TITLE BOCKS #e#essess
c '

Cesssess CALL SUBROUTINE LINE TO DRAW THE SCALE LINE *e*esvensense
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232 WRITEC*,230)
230 FORMAT(/4X’ THEREERXFRSREERNERER SR ARk RREB SRR dSd SRS dddba "
L1 A

%/4X, ten :
®/4X, *#* DO YOU WANT TO CHANGE THE DATA L
x/4X, hen AS SHOWN BELOW. . sot
%/4X, ree INPUT THE NUMBER 8
%/4X, i Lo
%/4X, *#* 1.ANGLE OF PITCH,HEADING AND BANK ===> 1 **',
%/4X, "**  2,SCALE RATIO OF Z VS X AND Z VS Y ===> 2 ®*',
%/4X, "** 3.NO CHANGE (TO STORE e - i
%/4X, ves THE UP-TO-DATE DATA TO THE FILE) ser
%/4X, "#+ 4.NO CHANGE (NOT TO STORE ——e> 4 o0,
%/4X, rex THE UP-TO-DATE DATA TO THE FILE) vor,
%/4X, *#* 5 _FINISH wee> § 0o,
%/4x' 'ttt#tttltttttt!t“#ttttttltlti#tt#t‘ttttt.tt.t.t'/7)
PRINT*, '**---  INPUT THE PERMISSIBLE NUMBER FROM 1 TO 5, ---*¢'
READ*, JS

IFCJS.EQ.1) GO TO 96
IF(JS.EQ.2) GO TO 96
IF(JS.EQ.3) GO TO 302
IFCJS.EQ.4) GO TO 99
IFCJS.EQ.5) GO TO 400

PRINT*,'*** INPUT YHE PERMISSIBLE No.,AGAIN, ®#ess'
GO TO 232
C

302 WRITE(C*,304)
304 FORMAT(//4X,"** YOU HAVE COMPLETED THE DRAWING OF THE DATA. **',

%/4X'*** THE DATA IS WRITTEN TO G FILE. *******'/)

IF(IM.EQ.2) THEN

PRINT*, '@@@@@ You must choose No.4. €eeeeee’
GO0 TO 232

ELSE

ENDIF

IF(IM.EQ.6) THEN
PRINT*,'@@ You cannot store it and choose No.4. €@’

GO TO 232
ELSE
ENDIF

IF(JM.EQ.4.0R.JM.EQ.5.0R.JP.EQ.3) GO TO 350

OPEN(11,FILE="G1l'//FILE1l,STATUS="UNKNOWN')
OPEN(C12,FILE="G2"'//FILE1,STATUS="UNKNOWN')
OPEN(13,FILE="G3"//FILE1,STATUS="UNKNOWN")
OPENC14,FILE="G4"'//FILE1,STATUS="UNKNOWN')
OPEN(C15,FILE="GS5"//FILE1, STATUS="UNKNOWN")

IFCNF.EQ.11) THEN
NH=11

ELSE IF(NF.EQ.12) THEN
NH=12

ELSE IF(NF.EQ.13) THEN
NH=13

ELSE IF(NF.EQ.14) THEN
NH=14

ELSE IF(NF.EQ.15) THEN
NH=15
ELSE
ENDIF
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C

C

C

C

WRITE(NH, 601)ABZ1,AHY1,APX1

WRITE(NH, 602)SZX, SZY

CLOSE(11, STATUS="KEEP")
CLOSEC12, STATUS="KEEP")
CLOSE(13,STATUS="KEEP")
CLOSEC14,STATUS="KEEP")
CLOSEC15,STATUS="KEEP")
GO TO 348

350 IF(IM.EQ.4.0R.JM.EQ.5.0R.JP.EQ.3) GO TO 356

PRINT*, "**** ERROR HAPPENED IN DRWA3DSB **%**=*'

STOP

356 OPEN(21,FILE="G1'//FILE2,STATUS="UNKNOWN')

OPENC22,FILE="G2"//FILE2,,STATUS="UNKNOWN")
OPEN(23,FILE="G3"//FILE2, STATUS="UNKNOWN")
OPEN(24,FILE="G4"//FILE2, STATUS="UNKNOWN')
OPEN(2S, FILE="G5"//FILE2,STATUS="UNKNOKN')

IF(NF.EQ.11) THEN
NH=21

ELSE IF(NF.EQ.12) THEN
NH=22

ELSE IF(NF.EQ.13) THEN
NH=23

ELSE IF(NF.EQ.14) THEN
NH=24

ELSE IF(NF.EQ.15) THEN
NH=25

ELSE

ENDIF

WRITE(NH,601)ABZ1,AHY1,APX1

WRITE(NH,602)S2X,SZY

CLOSE(21,STATUS="KEEP")
CLOSE(22,STATUS="KEEP')
CLOSE(23,STATUS="KEEP')
CLOSE(24,STATUS="KEEP"')
CLOSE(25,STATUS="KEEP")
GO TO 352

348 WRITE(*,310) FILE1
310 FORMAT(/4X,'*** WRITING THE DATA FOR DRAWING TO THE RESULT ’

%/10X,"'FILE R",A12,'

Cessssss WRITING THE DATA FOR DRAWING TO THE RESULT FILE ®ovsesessves
c

OPEN(3,FILE="R'//FILE1, STATUS="UNKNOWN",ACCESS="APPEND')

IF(IM.EQ.3.0R.JP.EQ.2) THEN

WRITE(3,311)

ELSE : ;.
ENDIF

HRITE(3,312)

WRITE(3,314)IN,ABZ1,AHY1,APX1

311 FORMAT(//4X,'€€ee@ Change the data of the existing file. eeeee’/)

312 FORMAT(//4X,"'****THE DATA TO DRAW THE 3-D GRAPH *******'/)
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314 FORMAT(/4X, 'IN=",I3,
%/4X, 'Bank of Z-axis(deg.)= ',F10.6,
%/4X, 'Heading of Y-axis(deg.)=',F10.6,
%/4X,'Pitch of X-axis(deg.)= ',F10.6,//)

WRITE(3,316)52X,SZY
316 FORMAT(/4X,'SCALE RATIO OF Z-AXIS VS X-AXIS=',F10.4,

X4X,'SACLE RATIO OF Z-AXIS VS Y-AXIS=',F10.4,//)

CLOSE(3,STATUS="KEEP")
GO TO 99
C
352 WRITE(*,320) FILE2
320 FORMAT(/4X,"*** WRITING THE DATA FOR DRAWING TO THE RESULT °*,

%/10X, "FILE R',A12," D)
OPEN(6,FILE="R"//FILEZ,STATUS="UNKNOWN" ,ACCESS="APPEND")

WRITE(6,322)
322 FORMAT(//4X,"'****THE DATA TO DRAW THE 3-D GRAPH *##ssss'/)

WRITE(6,324)IN,ABZ1,AHY1,APX1
324 FORMAT(/4X,'IN=',I3,
%/4X,'Bank of Z-axis(deg.)= ',F10.6,
%/4X, 'Heading of Y-axis(deg.)=',F10.6,
%/4X,'Pitch of X-axis(deg.)= ',F10.6,//)

WRITE(6,326)SZX, SZY
326 FORMAT(/4X,"SCALE RATIO OF Z-AXIS VS X-AXIS=',F10.4,
%4X, 'SCALE RATIO OF Z-AXIS VS Y-AXIS=',F10.4,//)

CLOSE(6,STATUS="KEEP")
GO TO 99

Cessssassser FINISH OF THE 3-D DRAWING sevswwesees

C
490 CALL GINEND
WRITEC*,*)'**** YOU HAVE COMPLETED THE 3-D DRAWUNG, ®*e®¢e’
RETURN
END
oo e L i e i s R e e e e e o e 0 5 an

C'.Q““tt.--itt!t!tttt't'lttt.'ttt‘!t‘#".ttt#.-tt.ttt“tt**‘*‘*‘i#i.“‘..l....‘...‘."'
c“ltt-t#tt“!it"t"!!!-‘ll‘!t!t"tttttt*it#tt'--"t“t‘l“t“‘-...........t.....i.......-.‘

LI TP Y

C*¢#+s THIS IS THE SUBROUTINE PROGRAMME FOR DRAWING THE FRAME OF 3-D GRAPHICS, ®eeeses

c-“'tt"‘-..I*I‘ttﬂ‘t!Iit.'t'-tt‘.i.‘.-'I““‘“*"*0..!.!!.“.‘.‘.‘.“"..C...‘I....‘..ll...

SeRERRRREERkEE
C
Cosonnnsssnpns SUBROUTINE FRAMEZ ‘**##sssrsdisisss
C
e SUBROUTINE FRAMEZ(SA,XV,YV)
C
CALL SCALE(C1.0/5A)
c CALL SHIFT2(-XV,=YV)
CALL RGBDEF(12,0.7,0.8,1.0)
CALL LINCOL(12)
’ CALL RFILL(0,0,0.0,12.0,70.0,24.0)
CALL RGBDEF(13,1.0,1.0,0.7)
CALL LINCOL(13)
c CALL RFILL(9,0,0.0,0.0,70.0,12.0)

CALL LINCOL(1)
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CALL BROKEN(@)

CALL MOVT02(9.0,0.8)
CALL LINWID(Q.4)

CALL LINT02(239.0,0.2)
CALL LINT02(239.0,179.0)
CALL® LINT02(9.0,179.0)
CALL LINT02(@.9,0.0)

C
CALL LINWID(@.3)
CALL MOVT02(0.0,24.0)
CALL LINT02(239.0,24.9)
C
= CALL MOVT02(0.0,36.0)
c* CALL LINT02(70.0,36.0)
il CALL LINT02(70.0,24.0)
C
CALL LINWID(®.2)
CALL MOVT02(239.9,12.0)
CALL LINTO2(@.5,12.0)
CALL MOVT02(70.0,0.0)
CALL LINT02(70.0,24.0)
CALL MOVT02(115.90,0.0)
CALL LINT02(115.9,24.0)
CALL MOVT02(160.0,0.0)
CALL LINT02(160.0,24.0)
C
CALL CHAMOD
C
CALL SHIFT2(XV,YV)
CALL SCALE(SA)
C
RETURN
END
Connsnaniiasis emecccccccciccsceccsmssssscssssssssscsssssessssssssssas B LT T ——

-

L D T T T P P PP,
seenses
Ce» THIS IS THE SUBROUTINE PROGRAMME FOR DRAWING TITLE BLOCK CONTENTS AND DIMENSIONS.

LL
C'tttt‘t“.t##t*.t“*t‘it“.‘!t#t*#*“*.ttttt#t‘#‘t--...!"!.t'“#t“‘0“###“..‘.‘..."!0...

sebsn s

C
Ceesssss  SUBROUTINE TITLE3 FOR MODEL-1 OF STRESS-STRAIN ANALYSIS ###tevsesscssssns

C
SUBROUTINE TITLE3CJIN,SA,XV,YV,FILE1,FILE2,SIZE,DATE,DRAWER, WORKS,

% MATERIAL,MM,JT,ABZ1,AHY1,APX1,SZX,SZY,1TD,JF)

C
IMPLICIT REAL*8CA-H,L,0-Z), INTEGER*4(I-K,M-N)
CHARACTER FILE1*12,FILE2*12,SIZE*14,DATE*10,DRAWER*12,WORKS*12,
% MATERTAL*12
C
COMMON/DAT1/ LS(@:26),TLS(@:26),DH(@:25),NR(@:25),R(0:25,5),
% AN(@:25,5)
COMMON/DAT2/ D, WS, TS, KK, NN
C
DIMENSION XARR(4),YARR(4)
C
C

Ceesevssnasess WRITING THE DESCRIPTION OF TITLE BLOCK CONTENTS USING GINO/LIB. ®¢essssssssess
C

CALL SCALE(1.0/SA)

CALL SHIFT2(-XV,=-YV)

CALL RGBDEF(16,0.5,1.0,1.0)
CALL LINCOL(16)
XARR(1)=0.0

aEaNala!
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nnNnANANANAAA

c-
Cl
C*

XARR(2)=70.0
XARR(3)=70.0

XARR(4)=0.0

YARR(1)=12.0

YARR(2)=12.0

YARR(3)=24.0

YARR(4)=24.0

CALL MOVTO2(XARR(1),YARR(1))
CALL POLTOZ2(XARR,YARR,4)

CALL POFT02(@,0,0,XARR,YARR,4)

CALL LINCOL(2)
CALL LINWID(@.5)

CALL MOVT02(12.0,15.0)
CALL CHASIZ(7.0,6.0)
CALL CHASTR('CADFORM')

CALL MOVT02(12.9,15.0)
CALL CHASIZ(4.0,5.0)
CALL CHASTR('3-D DRAWING')

CALL LINWID(Q.2)
CALL MOVT02(2.9,3.0)
CALL CHASIZ(2.8,4.5)

IFCIN.EQ.1) THEN

CALL CHASTR('3-D Deformation Surface')
ELSE IFCIN.EQ.2.AND.JT.EQ.Q) THEN

CALL CHASTR(® Strain Ez(%)')

ELSE IF(IN.EQ.2.AND.JT.EQ.1) THEN

CALL CHASTR(' Strain Ex(%)')

ELSE IFCIN.EQ.3.AND.JT.EQ.Q) THEN

CALL CHASTR('Strain Increment dEz(%)')
ELSE IFCIN.EQ.3.AND.JT.EQ.2) THEN

CALL CHASTR('Strain Increment dEx(%)')
ELSE IF(IN.EQ.4.AND.JT.EQ.@) THEN

CALL CHASTR(' Stress Sz(MPa)')

ELSE IFCIN.EQ.4.AND.JT.EQ.3) THEN

CALL CHASTR(' Stress Sx(MPa)')

ELSE IFCIN.EQ.S5.AND.JT.EQ.Q) THEN

CALL CHASTR(' Stress Sz(kaf/mm2)')
ELSE IF(IN.EQ.5.AND.JT.EQ.4) THEN

CALL CHASTR(' Stress Sx(kgf/mm2)')
ELSE IF(IN.EQ.6.AND.JT.EQ.@) THEN

CALL CHASTR('Stress Ince. dSz(MPa)')
ELSE IF(IN.EQ.6.AND.JT.EQ.S5) THEN

CALL CHASTR('Stress Incr. dSx(MPa)')
ELSE IFCIN.EQ.7.AND.JT.EQ.Q) THEN

CALL CHASTR('Stress Incr.dSz(kgf/mm2)')
ELSE IF(IN.EQ.7.AND.JT.EQ.6) THEN

CALL CHASTR('Stress Incr.dSx(kgf/mm2)')
ELSE IFCIN.EQ.8) THEN

CALL CHASTR('Equivalent Stress (MPa)')
ELSE IFCIN.EQ.9) THEN

CALL CHASTR('Equiv. Stress (kgf/mm2)')
ELSE
ENDIF

CALL LINCOL(CS)

CALL CHASIZ(2.0,2.0)

CALL MOVT02(71.0,9.0)

CALL CHASTRC'WORKS(Mill)')
CALL MOVT02(71.0,21.8)
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CALL CHASTRC'DRAWER')
CALL MOVT02(116.0,21.0)
CALL CHASTR('DATE')

CALL MOVT02(116.0,9.0)
CALL CHASTR('MATERIAL")
CALL* MOVT02(162.0,9.0)
CALL CHASTR(C'SIZE')

CALL MOVT02(162.0,21.0)
CALL CHASTR(C'FILE NAME')

CALL LINCOL(6)

CALL CHASIZ(5.0,5.@)
CALL MOVT02(165.0,2.0)
CALL CHASTR(SIZE)

CALL MOVT02(170.0,14.0)
IFCITD.EQ.2.AND.JF.EQ.1) THEN
CALL CHASTRCFILEZ)
ELSE
CALL CHASTRCFILE1)
ENDIF

CALL CHASIZ(3.5,4.0)
CALL MOVT02(118.0,2.0)
CALL CHASTRCMATERIAL)

CALL MOVT02(118.0,14.0)
CALL CHASTR(CDATE)

CALL MOVT02(73.90,14.0)
CALL CHASTR(DRAWER)

CALL MOVT02(73.0,2.0)
CALL CHASTRCWORKS)

A A AL LI I P TTTT Y

Co#ewwssrrenss THE DESCRIPTION OF STAND No. THAT ARE DRAWN

C
CALL RGBDEF(13,1.0,1.0,0.7)
CALL LINCOL(13)
CALL RFILL(O,0,3.90,159.0,51.0,168.9)
CALL RFILL(9,0,3.90,168.0,114.0,177.0)

CALL LINCOL(2)

CALL CHASIZ(3.5,4.5)

CALL MOVT02(5.0,170.0)

CALL CHASTR('Stress-Strain Analysis')
IF(MM.EQ.1) THEN

CALL CHASTR('(Model-1)')
ELSE IF(MM.EQ.2) THEN

CALL CHASTRC'(Model-2)')
ELSE
ENDIF

CALL MOVT02(5.0,161.0)

CALL CHASTR(C' 3-D DRAWING ')

CALL LINCOLC1)

CALL MOVT02(3.0,168.0)

CALL LINT02(114.0,168.0)

CALL LINT02(114.0,177.0)

CALL LINT02(3.0,177.0)

CALL LINT02(3.0,159.0)

CALL LINT02(51.0,159.0)

CALL LINT02(51.9,168.0)

CALL MOVT02(185.0,170.0)

CALL CHASIZ(3.9,4.0)
CALL LINCOL(C2)
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CALL CHASTR('Rotation Angle of')
CALL MOVT02(185.90,164.9)

CALL CHASTR(' Axis (deg.)')
CALL LINCOL(Ce)

CALL MOVT02(197.0,158.0)

CALL: CHASTR('Bank =')

CALL CHAFIX(ABZ1,7,2)

CALL MOVT02(197.90,152.9)

CALL CHASTR('Head =")

CALL CHAFIX(AHY1,7,2)

CALL MOVT02(197.0,146.0)

CALL CHASTR('Pitch=")

CALL CHAFIXCAPX1,7,2)

CALL MOVT02(200.0,138.0)
CALL LINCOL(C2)

CALL CHASTR('Scale Ratio')
CALL LINCOL(6)

CALL MOVT02(200.9,132.8)
CALL CHASTR('SZX =')

CALL CHAFIX(SZX,7,2)

CALL MOVT02(200.0,126.0)
CALL CHASTR('SZY =')

CALL CHAFIX(SZY,7,2)

CALL MOVT02(125.0,172.0)

CALL LINCOL(C2)

CALL CHASTR('Pass Line Length')
CALL LINCOL(6)

CALL MOVT02(130.0,164.0)

CALL CHASTR('L=")

CALL CHAFIX(TLSCKK),9,2)

CALL MOVT02(165.0,164.0)

CALL CHASTRC'mm')

CALL CHAMOD
CALL SHIFT2(XV,YV)
CALL SCALECSA)

-

c---IIttt"*#‘.“.t‘tt‘tt#tt.tt"t'tlltttttit!tt‘-"t"t!ttti-itItt.i‘..“!‘Q...Q'*.‘l‘t.“.l

SEERREE

G THIS IS THE SUBROUTINE PROGRAMME FOR STRESS-STRAIN ANALYSIS MODEL-2.

-y

e L T T T T PPy

I

C THIS SUBROUTINE COMPUTE POINTS OF DEVIDED MESH OF FLOWER AND STRAIN WITH CONSIDERATION OF
LATERAL CONTRACTION OF MESH.

c..".“'.lﬁtt.'!""!‘!l'tl‘tt.“#‘tttt‘t"'l.tt*it‘.‘"-"-...‘.“-‘.“""-......“U"‘...

LR L 2L

C

SUBROUTINE SNANA2
o

IMPLICIT  REAL*8(A-H,L,0-Z), INTEGER*4(I-K,M-N)
C

COMMON/DAT1/ LS(0:26),TLS(@:26),DH(@:25),NR(@:25),R(0:25,5),

% AN(@:25,5)

COMMON/DAT2/ D, WS, TS, KK, NN

COMMON/DAT3/ EE,SEQ@, HH, ANYU, BL, WV

COMMON/DAT4/ PE, ITD, IDH, IIDH, JF

COMMON/DATS/ TLO(0:25),TLN1(@:25), AH(0:25), AW(@:25), WE(Q:25),
% AWY(0:25)
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COMMON/DAT6/ RN(@:25,6), DLN(C®:25,6), TLN(®:25,6),DLE(0:25)
COMMON/DAT?/ N1F,RSF

COMMON/AAN/ AAN(@:25,0:5)
COMMON/POINT2/ PXE(Q:25,-22:22), PYE(@:25,-22:22), PZ(0:25),

% DB(0:25,0:21), TLE(0:25,0:21), ANE(Q:25,0:22)
COMMON/STA1/ EZ(0:25,0:20), EX(@:25,0:20), DEZ(@:25,0:20),
% DEX(@:25,0:20), DLZ(0:25,0:20), DZ(@:25,0:20), BB

COMMON/STA2/ HDEZ, HEZ, SDEX, HEX, SEX
COMMON/STA4/ FRD(@:10),DEXF(@:10,0:20),DEZF(0:10,0:20),
% DB0(©:10,0:20),TLEC(0:10,0:20)

#4kxkrsd® DEFINITION OF FUNCTION ##es=
PE=3.1415926535898/180

EEEREE R R AR RN E R RN AR ARk

[alaNalala]

FNS1(A,B)=A*DSIN(B*PE)
FNC1(A,B)=A*(1-DCOS(B*PE))
FNS2(A,B,C)=(A-B)*DSIN(C*PE)
FNC2(A,B,C)=A*(DCOS(B*PE)-DCOSCC*PE))

PRINT®, "****** Strain Analysis Model-2 start.  ***¥**'

I T TR R PSS R R SR 222 2232 222 2 R R R R 2R R R 2 2 R Attt bttty

C

C

C

C WRITE(*,520)

C 520 FORMAT(1H1,6X,'I',6X,'J",6X, "RNCI,J)",6X, ANCI, )",
C %6X, "TLNCI,J)',7/)

o DO 530 I=1,KK

C DO 540 J=1,NR(CI)

C WRITEC*,542),3,RNCT,J),ANCT, ), TLNCI,3)

C 542 FORMAT(/,4X,I3,4X,I3,4X,F10.4,4X,F10.4,4X,F10.4)
540 CONTINUE

WRITE(t’t)'i#ttttttttt.tttttttttttttttttt‘tttttrttt'

C 530 CONTINUE
Cosrasarsnsnasnss s s stk s hsdirbisbsbbsssssrensansnss
HDEZ=0.0
HEZ=0.0
SDEX=0.0
HEX=0.0
SEX=@.0

alal

BB1=WS/(2*NN)
BB2=BB1*100200.0
NB3=IDNINT(BB2)
BB4=NB3/100000.0
BB=BB4

WRITE(*,200)BB1,BB2,NB3,BB4,B8B
200 FORMAT(///4X,'BBl= ',F10.5,//,4X,'BB2=',F12.2,//,4X,'BB3= ',I9,
%//,4X,"'BB4= ', F10.5,//,4X,'BB= ',F10.5,///)

WRITE(C*,*)'**** INPUT ZERO TO ADVANCE #**%***!
READ* ,NC

C
C**** Definition of RN(CI,NR(I)+1) to avoid the calculation of division by zero.

C
DO 5@ I=0,KK

C
RNCI,NRCI)+1)=RN(CI,NRCID)
DLNCI ,NRCI)+1)=RNCI,NRCI)+1)*ANCI,NRCI))*PE
TLNCI,NRCID+1)=TLNCI,NRCI))+10*DLNCI,NRCID+1)
C

50 CONTINUE
C-tttttqzt‘tttttttt!-tt--ttttittm-ttttttttt‘$¢$ttttt‘tt
WRITEC*,22) '
22 FORMAT(1H1,X,'I",3X,"'J",3X,'RNCI,4)",4X, "RNCI,S) ", 2X,
%'DBCI,J)",2X, "TLECII)',2X, "TLNCI2)',2X, 'TLNCI3)', 2X,
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%'TLNCI4)',2X, "TLNCIS)',/)
(il i L L L T T T T
DO 10 I=0,KK
C
DO 20 J=@,NN
C =
IF(I.EQ.Q) THEN
Cewse2se® Tnitialising data at No.@ stand #**+*sssss
C
PXE(CI,J])=BB*]
PYECT,J)=-DH(I)
TLECI,J)=BB*(J+1)
ANE(T,J)=0.0
EZ(I,J)=0.0
EX(1,))=0.0
DEZ(I,])=0.0
DEX(I,))=0.0
D8(I,J))=BB
DLZ(I,))=200.0
DZ(I,J))=200.0
GO TO 20 .

ELSE IF(J.EQ.Q) THEN
PXE(I,J))=0.0
PYE(I,J))=-DH(I)
ANE(I,))=0.0

ELSE

ENDIF

DZ(I,J)=LSCI)

DLZ(I,3)=DSQRT(DZ(I,J)**2+(PXECT,1)-PXECI-1,1))**2+
%CPYECT,J)-PYE(CI-1,3))**2)

RX=DZ(I,J)/0Z(I-1,3)

DEZ(T,J)=DLOG(DLZ(T,3)/(DLZ(I-1,3)*RX))

DEX(I,J)=-BL*DEZ(I,J)

EZ(I,))=EZCI-1,3)+DEZ(I,I)

EXCI,J)=EXCI-1,3)+DEXCI,)

DB(I,J)=DB(I-1,J)*DEXP(DEX(I,3))

IF(DEZ(I,J).GT.HDEZ) HDEZ=DEZ(I,J)
IFCEZ(I,J).GT.HEZ) HEZ=EZ(I,J)
IF(DEX(I,J).LT.SDEX) SDEX=DEX(I,J)
IFCEX(T,J).GT,HEX) HEX=EX(I,J)
IFCEXCI,J).LT.SEX) SEX=EX(I,J)

IFCJ.EQ.Q) THEN
TLECI,J)=DB(I,J)

ELSE
TLECI,J)=TLECT,J)-1)+DB(I,J)
ENDIF

c‘.-ttt!tttt#‘tttt#*"‘tlt!tt‘!ttt‘ttt.tt‘tt".*‘tt““““t

c
WRITEC*,25)I,3,RNCI,4),RNCI,5),08CT,3),TLECT,3), TLNCT,2),
%TLNCI,3),TUNCI,4), TLNCI,5)
25 FORMAT(/,12,2X,12,2X,F10.3,2X,F7.2,2X,F?.3,2X,F7.2,2X,F7.2,
%2X,F7.2,2X,F7.2,2X,F7.2)

Cl-‘-l!-ltttttttt“t#t‘tttt'tt't"'*#.‘*‘##.‘ttt.###‘-‘t--‘tt

IFCTLECT,J).LE.TLNCI,1)) THEN
CHreass st nd bt Rt SRR e L RN R RN RN RN AR R RRRER RN AR R R R SRR RN
C WRITE(*,502)TLECI,J),TLNCI,1)
C 582 FORMAT(/,5X,'PART(1)',4X, 'TLECI,))=",F10.4,4X,
C %'TLN(I,1)=",F10.4,/)

ctttitt‘*"".*‘*.*‘!"*##*t**t*.ttttttt't‘tt#.t#‘t‘t'tttt-

C
ANE2=TLE(I,J)/(RNCI,1)*PE)
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C
d g R L I T T i Iy
@ WRITE(*,504)ANEZ,RN(CI,1),PE
C 504 FORMAT(/,2X,'ANE2=",F10.4,4X, 'RNCI,1)=",F10.4,4X,
C %'PE=",F15.10,/)
C WRITEC*,*)"===nn= INPUT ZERO TO ADVANCE, ----- J
C READ* ,NNK
ad A il et T T YT Ll L]
PX2=FNS1(RN(I,1),ANE2)
PY2=FNC1(RN(I,1),ANE2)-DH(I)
C
GO TO 30
C
ELSE IFCTLECI,J).LE.TLN(CI,2)) THEN
it a L LI Pl g L L Ty
c WRITE(*,506)TLECI,)),TLN(CI,1),TLN(CI,2)
C 506 FORMAT(/,5X,'PART(2)',4X, 'TLECI,))="',F10.4,4X,
C %'TLNCI,1)',F10.4,4X, 'TLN(I,2)=",F10.4,/)
CrFeesssasss s st s s RSN RBS R SRR RR RIS RRRRABERRRRAERRRRAE S
C
ANEZ=(TLE(I,J)-TLNCI,1))/(RN(CI,2)*PE)+AANCI, 1)
C

C‘*tt#0tt.t..*tttt#tittitt".‘*"itt*t‘.tttttti“.'!‘i‘*“

C WRITEC*,5@7)ANE2,RN(CI,2),PE

C 507 FORMAT(/,2X, 'ANE2=',F10.4,4X, 'RNCI,2)=",F10.4,4X,
C %'PE=",F15.10,/)

C WRITEC®,*)"'===--- INPUT ZERO TO ADVANCE, ===-- v

C READ* ,NNK

C

PX2=FNS2(RN(I,1),RN(I,2),ANCI,1))+FNS1(RN(CI,2),ANE2)
PY2=FNCL1(RN(I,1),AN(I,1))+FNC2(RN(CI,2),AN(I,1),ANE2)-DH(I)
GO TO 3@

C.ttt-tt.ttt‘l*‘*"'t!‘"!t‘*.ttt‘tttttitti.tttt!t‘tt'!tt'll

ELSE IFCTLECT,J).LE.TLNCI,3)) THEN
ct‘-l'.-..-“."!-‘-.ll“i.'.“."ttt“t.t!t.it‘."'t..t'-!
C WRITEC*,508)TLECT,J), TLNCT,3)

C 508 FORMAT(/,5X,'PART(3)',4X, 'TLECI,))=",F10.4,4X,
C %'TLNCI,3)=",F10.4,/)

C‘.#t#.t'"*““'*“Qttt“‘t‘t#*#"0*‘"‘t‘*‘#ttt‘-"‘t!'..-

C
ANE2=(TLE(CI,J)-TLN(CI,2))/(RNCI,3)*PE)+AAN(T, 2)

E.‘I..‘..‘Q'..‘t"'F'“.'.'".""‘"."‘#*“‘.‘-"."'.‘..

C WRITEC*,510)ANE2,RNCI, 3), PE

C 510 FORMAT(/,2X, "ANE2=',F10.4,4X, 'RNCI,3)=",F10.4,4X,

C  %'PE=',F15.10,/)

C WRITEC*,*)"=====~ INPUT ZERO TO ADVANCE. =---- '

C READ* , NNK
CI‘Q‘.‘.l"1‘lCQ!?l.‘1*"*“t‘*t*t“.-tt‘..-i..""l.‘...!!‘l!".".

PX2=FNS2CRNCT,1),RNCT, 2D, ANCI, 1))+ENS2(RNCT, 2), RNCT, 3), AANCI, 2))+
%FNS1CRNCI,3),ANE2)

PY2=FNC1(RNCI,1),ANCI,1))+FNC2CRNCI,2),ANCI, 1), AANCI, 2))+
%FNC2CRNCI,3),AANCT, 2),ANE2)-DHCT)

GO TO 30

ELSE IFCTLECI,J).LE.TLNCI,4)) THEN

ANE2=(TLE(CT,J)-TLNCI,3))/CRNCT, 4)*PE)+AANCE, 3)
PX2=FNS2(RNCI,1),RN(CT,2),ANCI,1))+FNS2(RNCI, 2),RNCT, 3), AANCT, 2))+
%FNS2(RNCI,3),RNCI,4),AANCT,3))+FNS1CRNCT, 4),ANE2)
PY2=FNC1(RNCT,1),ANCI,1))+FNC2CRNCI, 2),ANCT, 1), AANCI, 2))+
%FNC2CRNCI, 3),AANCT,2),AANCT, 3))+FNC2(RNCT, 4) , AANCT, 3),ANE2)-DH(I)
GO TO 30

ELSE IF(TLECI,J).GT.TLNCI,4)) THEN
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ANE2=(TLECT,J)-TLNCI,4))/CRNCI, 5)*PE)+AANCT, 4)

PX2=FNS2(RNCT,1),RNCI,2),ANCI, 1))+FNS2CRNCT, 2), RNCI, 3), AANCT, 2))+
¥FNS2CRNCI,3),RNCI,4),AANCT, 3))+FNS2(RNCT,4),RNCI, 5),AANCT, 4))+
%FNS1CRNCI,S),ANE2)

PY2=FNC1CRNCI,1),ANCT, 1))+FNC2CRNCT, 2),ANCI, 1), AANCIT, 2))+
%FNC2CRNCI, 3),AANCT, 2), AANCT, 3))+FNC2CRNCI, 4 ,AANCI, 3),AANCT, 4))+
%FNC2CRNCT,5),AANCT, 4, ANE2)-DHCI)

GO TO 30

WRITE(*,100)
100 FORMAT(//,'$338$ Error happened in the calculation of divided',
%' points',/,’ in subroutine SNANA2. $$3$%%3',//)

sTOP

LA A AR R R L R R R R L P L L LR I LR S L R LR R R P R R Rt R L R LR L L]

30 IFCI.GE.N1F)THEN
WRITEC*,500) TLECI,J),RNCI,1),ANE2
500 FORMAT(/,4X, 'TLECI,))=',F10.4,4X, 'RNCI,1)=",F10.4,4X,
%'ANE2a",F10.4,/)
WRITEC*,*)'*** INPUT ZERO(Q) TO ADVANCE. *##+'
READ* , NKK
ELSE
ENDIF
LR E T R LR e 2 R R R E 2 A R 2 3t R R 1R 2 R R a2 R R i3 R PR i3 2 il d] ]
30 ANECT,J+1)=ANE2
PXECT,J+1)=PX2
PYECT,J+1)=PY2

NONCANONN

NOoNN

20 CONTINUE
IFCI.EQ.Q) GO TO 10

wRITEc$’t)'ttttttttttttt-tt:ttt-:t-t-t--t-:-t--ntttt'

(o I o T o ]

C

CrHeessassssssds s s st bastsnbssbNss st ub it b s Rt ARSI NI SR ARSI RESRRI SR NE SRR ER S

C** C(Consideration of Fin-pass Reduction (17th Sept. 1992) L

ci-tt1't.ttt*tt‘**tt‘tt't#ttt‘tt#*#‘tt‘ttl!‘l#*#**‘.##t.‘t‘t'l.l.‘l"*"!‘.‘.‘*.‘l..

C
IFCI.LT.N1F) GO TO 12

C
TLE2=2*TLECI,NN-1)
IFCTLE2.LE.TLN1CI)) GO TO 12
C
C**** Calculation of Fin-pass Reduction #*##++*
C
FROCI)=DLOGCTLE2/TLN1(I))
C

WRITE(*,62)
62 FORMAT(1H1,X,'I',3X,'J',2X,"FRDCI)',3X, 'DBOCI,J)",3X, "DB(I,J)",

%2X, "TLEOCT,J)",2X, 'TLECT,J)", 3X, "TLNICI)/2', /)

C
DO 68 J=0,NN

C
DEXF(CI,J)=-FRD(CI)
DEZF(CT,J)=-RSF*DEXF(I,J)

C
DEZ(I,J)=DEZ(I,)+DEZF(CI,))
DEXCT,J)=DEXCT,))+DEXFCI, 1)

C e
EZCI,))=EZ(T,))+DEZFCI,))
EXCI,J)=EXCI,I)+DEXF(CT,I)

C
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DBOCI,J)=DB(I, )
DBCI,J)=DB(I,J)/DEXPCFRDCI))
TLEOCT,J)=TLECI, )
TLECT,J)=TLECT,J)/DEXPCFRDCI))

IF(DEZ(I,J).GT.HDEZ) HDEZ=DEZ(I,J)
TFCEZ(T,J).GT.HEZ) HEZ=EZ(I,J)
IFCDEX(CI,J).LT.SDEX) SDEX=DEX(I,J)
IFCEXCI,J)).GT.HEX) HEX=EX(I,J)
IFCEXCT,J).LT.SEX) SEX=EX(I,J)

IFCTLECT,J).LE.TLNCI,1)) THEN

ANE2=TLE(I,J)/(RNCI,1)*PE)
PX2=FNS1(RNCI,1),ANE2)
PY2=FNC1(RN(I,1),ANE2)-DHCI)
GO TO 65

ELSE IFCTLECT,J).LE.TLNCI,2)) THEN

ANE2=(TLECI,J)~TLNCT,1))/CRNCI, 2)*PE)+AANCT, 1)
PX2=FNS2(RNCT,1),RNCI,2),ANCI,1))+FNS1CRNCI,2), ANE2)

PY2=FNC1(RN(I,1),ANCT,1))+FNC2CRNCT,2),ANCT, 1), ANE2)-DH(I)
GO TO 65

ELSE IFCTLECI,J).LE.TLN(CI,3)) THEN

ANE2=CTLECT,J)-TLNCT,2))/CRNCI, 3)*PE)+AANCI, 2)

PX2=FNS2CRNCI,1),RNCT,2),ANCT, 1))+FNS2CRNCT, 2),RNCT, 3),AANCT, 2))+
%FNS1CRNCI,3),ANE2)

PY2=FNC1CRNCT,1),ANCI,1))+FNC2CRNCI, 2),ANCT, 1), AANCT, 2))+
%FNC2CRN(I, 3),AANCT, 2),ANE2)-DHCI)

GO TO 65

ELSE IF(TLE(CI,J)).LE.TLN(CI,4)) THEN

ANE2=(TLECT,)-TLNCI,3))/CRNCI,4)*PE)+AANCT, 3)
PX2=FNS2CRNCT,1),RNCT,2),ANCT, 1))+FNS2CRNCT, 2),RNCT, 3), AANCT, 2))+
%FNS2CRNCI, 3),RNCT,4),AANCT, 3))+FNS1CRNCT, 4), ANE2)
PY2«FNC1(RNCT,1),ANCI,1))+FNC2CRNCI, 2),ANCT, 1), AANCT, 2))+
KFNC2CRNCT, 3),AANCT, 2) , AANCT, 3))+FNC2CRNCT, 4) , AANCT, 3),ANE2)-DH(CI)
GO TO 65

ELSE IFCTLE(CI,J).GT.TLNCI,4)) THEN

ANE2=CTLECI,))-TLNCI,4))/CRNCI, 5)*PE)+AANCT, 4)

PX2=FNS2CRNCI, 1),RNCT, 2),ANCT, 1))+FNS2CRNCT, 2), RNCI, 3), AANCT, 2))+
%FNS2CRNCT, 3),RNCT,4),AANCT, 3))+FNS2CRNCT, 4), RNCT, 5), AANCT, 4))+
%FNS1CRNCI,S),ANE2)

PY2=FNC1CRNCT, 1), ANCT, 1))+FNC2CRNCI, 2),ANCT, 1), AANCI, 2))+
%FNC2CRNCT, 3),AANCT, 2),AANCT, 3))+FNC2CRNCT, 4),AANCT, 3) ,AANCT, 4))+
%FNC2CRNCI,5),AANCI,4),ANE2)-DHCI)

GO TO 65

e S S S

WRITE(*,182)
102 FORMAT(//,'$3888 Error happened in the calculation of divided',
%' points',/," in subroutine SNANAZ, $3$$%$',7/)

STOP

---------------------------------------------------------------------

65 ANECT,J+1)=ANE2
PXECT, J+1)=PX2
PYECT, J+1)=PY2
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WRITE(C*,64)I,3,FRDCI),DBOCI,J),DBCI,J), TLEOCT, 1), TLECT, ),
% TLNICI)/2
64 FORMAT(/,I2,2X,12,2X,5(2X,F10.3),4X,F10.3)

60 CONTINUE

12 WRITE("‘)'ﬂﬁnﬂ--.
10 CONTINUE

c.i‘ttt‘t-!.--.‘“1#!#ttt'ttt‘tttltttl!t"l*tt..".“O“‘i““'t‘***“.‘..l‘-t‘-..‘t-‘t----II

Sk EsR kbR EEn
C"ttltt.ttt“‘**ti‘#‘*#t##‘tt#'*#“*##‘i**iittittt#.“'#*‘t"#‘.‘.t..“"..‘tti#i.t*‘t‘.t#‘.

LA L L L Lt

C

ct--Itlti"-'*tti‘t‘tttttt‘ttttttttt‘t-“itttt##‘t.‘t"t.titt‘#tttt..t‘tt‘.tt!l'-‘-.'l.“..“

SEERRERR

C** THIS SUBROUTINE IS FOR 3-D DRAWING OF RESULTS BY STRESS-STRAIN ANALYSIS MODEL-2. ##eees

c--."--#**t'-..t'l.‘!'."’.‘..t'.!t-‘.t‘!.Ot‘-..‘..**.“““‘"‘.".‘-‘.‘.tﬁﬁttttt-.‘...--..

SEEsRRE

C
c.tt.ttt#¢'¢¢ SUBROUTINE DRAW3DZ ##tssssxssrissns

C
SUBROUTINE DRAW3D2(HDEZ,HEZ,SDEX,HEX,SEX,HDSZ,SDSZ,HSZ,SSZ,HSX,
%SSX,HSOTOS, PHDSZ,, PSDSZ , PHSZ,, PSSZ , PHSX, PSSX, PHSOTO, FILE1,FILEZ,
%MM,SIZE,DATE,DRAWER,WORKS ,MATERIAL)

IMPLICIT REAL*8(A-H,L,0-Z), INTEGER*4(I-K,M-N)
CHARACTER FILE1*12,FILE2*12,SIZE*14,DATE*10,DRAWER*12,WORKS*12,
% MATERIAL*12

COMMON/DAT1/ LS(@:26),TLS(0:26),DH(0:25),NR(0:25),R(0:25,5),
% AN(0:25,5)

COMMON/DAT2/ D, WS, TS, KK, NN

COMMON/DAT4/ PE, ITD, IDH, IIDH, JF

COMMON/DATS/ TLOCQ:25),TLN1(@:25), AH(Q:25), AW(@:25), WE(2:25),

AWY(0:25)

COMMON/POINT2/ PXE(Q:25,-22:22), PYE(@:25,-22:22), P2(0:25),

DB(0:25,0:21), TLE(Q:25,0:21), ANE(0:25,0:22)

COMMON/STA3/ PDEZ(@:25,-20:20), PEZ(0:25,-20:20),

PDEX(@:25,-20:20), PEX(0:25,-20:20)
/STA3A/ PEZE(@:25,0:20), PEXE(Q:25,0:20),PEZP(0:25,0:20),
PEXP(@:25,0:20), PDEPS0(0:25,0:20)

COMMON/STS1/ DSZ(@:25,-20:20), DSX(0:25,-20:20),52(2:25,-20:20),
5X(0:25,-20:20), SEQ(0:25,-20:20),
SOTOS(@:25,-20:20), EZE(:25,0:20), EXE(Q:25,0:20),
NHANT(0:25,0:20), EZP(0:25,0:20), EXP(0:25,0:20)

COMMON/STS4/ PDSZ(@:25,-20:20), PDSX(0:25,-20:20),
PSZ(0:25,-20:20), PSX(0:25,-20:20),
PSEQ(Q:25,-20:20), PSOTOS(2:25,-20:20),

/STS4A/ PDWE(Q:25,0:20), PDWP(0:25,0:20),PDW(@:25,0:20),
PDWT(Q:25,0:20), PWT(0:25), PWTR(®:25),
PSWT(@:25), PSWTR
DIMENSION XX(-20:20)

R R

R R R R R R

RRRRR

WRITE(C*,450)FILE1,FILEZ
450 FORMAT(///,5X,'FILEl=",A12,//,5X, "FILE2=",A12,///)
C
WRITE(C*,260)

zsa FORHAT(//4X"tttt.t‘ttt#“.""t““‘#ttit‘tt.“‘"t.tt“‘#t"
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%/4X, res :

%/4X, '*#* 3-DIMENSIONAL DRAWING OF THE RESULTS OF =*=',
%/4x, b STRESS-STRAIN ANALYSIS MODEL-2 e
%/4X, T e
%/4X, R e L L T Ly 75
C =
C*e++++THIS COMAND MAKE THE TIME TO DISPLAY THE ABOVE DESCRIPTION, ####essesxs
WRITE(*,266) .
266 FORMAT(/4X,'**** INPUT ZERO(@) TO ADVANCE FURTHER STEP. **+'/)
READ*, JA
C

Cossensss CALL GINO GRAPHIC PACAGE $*#sssssssssssssssssssssssss
C

CALL GINO

CALL T4510

CALL T4107

CALL UNITSC1.0)

CALL TRANSF(2)

CALL PICCLE
GO TO 998
C
99 CALL SCALE(1.9/5A)
CALL TRANSF(2)
C

998 WRITE(*,100)

100 FORMAT(//4X, ' ### 3280 sassssssssssssnsssssssssasssssssssnses’

%/4X, '#%  CHOOSE A ITEM THAT YOU WANT TO DRAW, **',
%/4X, tew L
%/4X, *## 1, 3-DIMENSIONAL DEFORMED SURFACE =-> 1 **',
%/4X, tex 2. STRAINCEz and Ex) -y 2 T
%/4X, *#+ 3 INCREMENT STRAIN(dEz and DEx) ==> 3 **',
%/4X, *¢* 4. STRESS (S5z and Sx)Unit=[MPa] --> 4 %7
%/4X, *## 5 STRESS (Sz and Sx)Unit=[kgf/mm2]--> 5 **',
%/4X, '#+ 6, STRESS INCREMENT(DSz and DSx) e
x/4X, 'ea Unit=[MPa] --> 6 **',
%/4X, *e* 7. STRESS INCREMENT(DSz and DSx) LLadn
%/4X, tee Unit=[kgf/mm2]--> 7 **',
%/4X, *e» 8. EQUIVALENT STRESS Unit=[MPa] -=> § **',
x/4X, "#* g, EQUIVALENT STRESS Unit=[kgf/mm2]--> 9 **',
%/4X, '** @, FINISH --> 0 **',
%/4X, Tae ..i'
%/4X, TARRRRRERRERNERRERRRRR AR ERESSRRTRRRTREERESA00001 /)
PRINT®, "====== INPUT ONE NUMBER FROM @ TO 9., ====-- '
READ*,JN
IFCIN.EQ.0) GO TO 400
c
o ;
IFCIN.EQ.1.) THEN
NF=31
ELSE IFCIN.EQ.2.0R.IN.EQ.3) THEN
NF=32
ELSE IF(IN.EQ.4.0R.JN.EQ.5) THEN
NF=33
ELSE IFCIN.EQ.6.0R.IN.EQ.7) THEN
NF=34
ELSE IF(IN.EQ.8.0R.JIN.EQ.9) THEN
NF=35
ELSE
ENDIF
GO TO 98
C
96 CALL SCALE(1.0/SA)
CALL TRANSF(2)
IFCJS.EQ.1) THEN
GO TO 98 :

ELSE IF(JS.EQ.2) THEN
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C

lalaNalNaNalal M

C

C

GO TO 97
ELSE
ENDIF

98 WRITE(*,102)

102 FORHATC/4X"“ttttiti‘ttttl‘t#tttt&*t#ttt#t*#t“‘*t#ﬁiit'.!".

%/4X, *#*  INPUT THE ANGLE OF PITCH, HEADING AND wer
%/4X, i BANK OF THE AXIS OF X, Y AND Z. .
%/4X, "** BANK:Rotation of Z-axis(longitudinal) st
%/4X, *** HEADING:Rotation of Y-axis(height) i
%/4X, '#* PITCH:Rotation of X-axis(width) LT
%/4X, '**xcNewly first Input> LL /S
%/4X, . '"=* 1  Input or change when you newly ==->1 **',
%/4X, 1w input the data(ITD=1) L
%/4X, '**<Call existing data> L
%/4X, '#* 2, Call the data from existing file -->2 **',
%/4X, '** 3, Change data in existing file  --->3 **',
%/4X, i Before change, you must choose No.2 e
%/4X, '**<Call existing data and create new file>  **',
%/4x, '#** 4. Call the data from existing file =->4 **',
%/4X, ol and transfer them to the new file .o
%/4X, '** S Input or change when the data =--->5 **',
%/4X, Tae were called from existing file ey
%/4X, 1% and create new file (ITD=2 AND JF=1) **',
%/4X, '**<Call the data from newly created file> el !
%/4X, '**+ 6. Call the data from new file —ee>f ¢,
%/4X, Tee that was created in No.4 and No.5 ey
%/4x’ 't“!t‘t#t‘tt‘t‘t‘i#"tt‘*t*‘t#t*.#t‘i##.*.‘.“‘#'/)

PRINT*, '**--- INPUT THE PERMISSIBLE NUMBER FROM 1 TO 6. ---**'
READ*, JM

IF (IM.EQ.6) GO TO 888

WRITEC*,*)'$$5$ OPEN FILE $$3$3$$°
WRITEC*,*)"***** INPUT ZERO TO ADVANCE ******'

READ*,NS

OPEN(31,FILE="H1'//FILE1l,STATUS="UNKNOWN")
OPEN(32,FILE="H2"'//FILE1,STATUS="UNKNOWN")
OPEN(33,FILE="H3'//FILE1,STATUS="UNKNOWN')
OPEN(34,FILE="H4"//FILE1,STATUS="UNKNOWN")
OPEN(35,FILE="H5"//FILE1, STATUS="UNKNOWN")

IF(IJM.EQ.1.0R.IM.EQ.3.0R.IM.EQ.5) THEN
WRITE(*,104)

104 FURHAT(/4X"*.“'!‘**#‘*tt*'#itt#t‘*tﬁ‘#tlti#“"t‘.‘#l"l.l‘.t#"

%/10X, 'Bank of Z-axis(deg.)=')
READ*,ABZ1
ABZ=ABZ1*PE
WRITE(*,106)
106 FORMAT(//10X,'Heading of Y-axis(deg.)=')
READ*,AHY1
AHY=AHY1*PE
WRITE(C*,108)
108 FORMAT(//10X,'Pitch of X-axis(deg.)=')
READ*,APX1
APX=APX1*PE

ELSE IFC(IM.EQ.2.0R.JIM.EQ.4).AND.ITD.EQ.2) THEN

Ce*e++»* CALL THE DATA FROM THE EXISTING FILE ®###sssssins

C

REWIND NF
READCNF , 621)ABZ1, AHY1, APX1
ABZ=ABZ1*PE
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AHY=AHY1*PE
APX=APX1*PE
C
601 FORMAT(C1H1,///5X,3(CF10.6,5X)/7)
ELSE IF (IM.EQ.2.AND.ITD.EQ.1) THEN
PRINT 220
220 FORMAT(4X,'*** INPUT THE No. 1 BECAUSE OF ITD=1. ***'//)
GO TO 98
ELSE
PRINT 222
222 FORMAT(4X,"*** INPUT THE PERMISSIBLE No. FROM 1 TO 2,AGAIN. ***'/)
GO TO 98
ENDIF
Ceeesss CALL THE DATA FROM THE EXISTING FILE s#sssssssves
IFCIS.EQ.1) GO TO 300
IFCCIM.EQ.2.0R.IM.EQ.4) . AND. ITD.EQ.2) THEN

READ(NF,602)SZX,SZY
602 FORMAT(/5X,F10.4,5X,F10.4//)
JP=0

CLOSE(31,STATUS="KEEP")
CLOSE(32,STATUS="KEEP')
CLOSE(33,STATUS="KEEP")
CLOSE(C34,STATUS="KEEP")
CLOSE(3S,STATUS="KEEP')

GO TO 300
ELSE

C
97 WRITE(*,110)

110 FORMAT(/4X"“1.".‘-..!----l-'-!“‘¢.¥.11"l."¢'!.‘l!‘.‘!‘-.‘!'

’
%/4X, '** Input the scale ratio of Z-axis vs X-axis and **',
%/4x, e of Z-axis vs Y-axis. see,
%/4X, ras oo,
%/4X, © "#* 1. Input or change when you newly ==->1 **',
%/4X, roe input the data(ITD=1) e
%/4X, '** 2. Change the data in existing file ---> 2 **',
%/4X, *#*+ 3, Input or change when the data  ===> 3 **',
%/4X, bt were called from existing file e iR
%/4X, ree and create new file(ITD=2 AND JF=1) ot
%/4X, PEERERAAREARRRRRNEEERARRNICAEEEREANSSRRE RN AR BASaSRT / /Y
PRINT*, '**---  INPUT THE PERMISSIBLE NUMBER FROM 1 TO 3. ---**'
READ*, JP

WRITE(*,111)

111 FORMAT(/4X,'t-tl.-t*ttttttttt‘t#tttttt‘tttttttt‘*t‘tt‘t‘.lt'.'!l’
%/10X, 'The Scale ratio of Z-axis vs X-axis:(Zscale/Xscale)=')
READ*,SZX
WRITE(*,112)
112 FORMAT(//1@X,'The Scale ratio of Z-axis vs Y-axis:',
%'(Zscale/Yscale)=")
READ*,SZY
ENDIF
GO TO 300
Creseevss (]l the data from newly created file.
C
888 OPEN(41,FILE="H1'//FILE2,STATUS="UNKNOWN')
OPEN(42,FILE="H2'//FILE2,STATUS="UNKNOWN")
OPEN(43,FILE="H3'//FILEZ2,STATUS="UNKNOWN")
OPEN(44,FILE="H4'//FILE2,STATUS="UNKNOWN')
OPEN(45,FILE="H5"//FILE2,STATUS="UNKNOWN")

LE Lt Ll ] ]

IF(NF;EQ.11) THEN
NH=41

ELSE IF(NF.EQ.12) THEN
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NH=42

ELSE IF(NF.EQ.13) THEN
NH=43

ELSE: IF(NF.EQ.14) THEN
NH=44

ELSE IF(NF.EQ.15) THEN
NH=45

ELSE

ENDIF

REWIND NH
READ(NH, 6@1)ABZ1,AHY1, APX1
READ(NH, 602)SZX,SZY

CLOSE(41,STATUS="KEEP')
CLOSE(42,STATUS="KEEP')
CLOSE(43,STATUS="KEEP')
CLOSE(44,STATUS="KEEP')
CLOSE(45,STATUS="KEEP")

C
Cres2rsexs Max.Height of the flower in all standS **##sssss

300 HM=0.0
DO 15 I=0,KK
IFCAHCI).GT.HM) HM=AH(I)
15 CONTINUE
C

Ce#***+* DISTANCE OF PLOTING AT X-AXIS WHEN STRESS OR STRAIN IS PLOTTED. *#¢e*eeses

C
DO 17 J=-20,20
XX(J)=(D/NN)*J
17 CONTINUE
C

Ceewsessss MAKING THE DATA OF POINTS IN THE MINUS REAGION *##sssssuss
C

00 10 I=0,KK
C
DO 20 J=1,NN
C
PXECT,-3)=-PXECI,J)
PYECI,-1)=PYECI,])
C
PEZ(CI,-2)=PEZ(I,))
PEX(I,-1)=PEX(CI,J)
c
PDEZ(I,-3)=PDEZ(CI,J)
PDEX(T, -J)=PDEX(T,J)
C

DSz(I,-))=DsZ(I,J)
DSX(I,-J)=DSX(I,J)
PDSZ(I,~))=PDSZ(I,])
PDSX(I,-1)=PDSX(I,J)
SZ(I,-J)=SZ(1,J)
SX(I,-J)=SX(I,J)
PSZ(I,-))=PS2(I,J)
PSX(I,-J)=PSX(I,J)
SOT0S(I,-J)=S0T0S(I,J)
PSOTOS(I,-))=PSOTOS(I,J)
SEQ(T, -1)=SEQ(I,J)
PSEQ(I,-J)=PSEQ(I,J)

20 CONTINUE

10 CONTINUE

C
Ce*essens DEFINITION OF @ POINT AND A SCALE ####essssssbessenss
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Xv=119.0
YV=05.0
C
CALL SHIFT2(XV,YV)
C g
c‘.“.-" SCALE TO DRA“ING EXRREEEE R ARSI REEERT R ERE
&
AAR=239.0/(1.4*TLSCKK))
AAR=AAR*100200
AAR=IDINTCAAR)
SA=AAR/10000
ZL=TLSCKK)

CALL SCALE(SA)

(aRaln (o]

IT=0
D=0

C
c...“‘*‘* DRAWING FRAHE OF 3_D GRAPHICS SR EER TR RERER RS

c*ttttt.t“‘¢CALL SUBROUTINE FRAMEZ (AL EE T LR 221 2 A 2Lt ]

C
64 CALL FRAME2(SA,XV,YV)

C
CALL LINCOL(2)
L=l
JU=0
C
DO 30 I=2,KK
c
DO 40 J=-NN,NN,1
C
80 IFCIT.EQ.0) THEN
G0 T0(1,2,3,4,5,6,7,8,9), N
ELSE IFCIT.NE.®) THEN
G0 TO (52,53,54,55,56,57),JT
ELSE
ENDIF
C
WRITEC*,*)"*** INPUT ERROR. INPUT THE CORRECT NUMBER,AGAIN, ®**s'
GO TO 99
C

c.--..#t‘t““ 3D.DEFORMED SURFACE EEAEER SRS REAIER S
C
1 X=PXECT,J)*ZL/(SZX*D)
Y=CPYECI,J)-HM/2.0)*ZL/(SZY*D)

Z=P2(I)
GO TO 50
C
c“.i.t#‘***‘* STRAIN EEEr kSRS R RN
C
2 Y=PEZ(I,J)*ZL/(SZY*DABSCHEZ))
GO TO 48
C
52 Y=PEX(CI,J)*ZL/(SZY*DABSCHEZ))
GO TO 48
C
c.‘tl'--t""t INCREMENT STRAIN REERENEE R R
C
3 Y=PDEZ(I,J)*ZL/(SZY*DABSCHDEZ))
GO.TO 48
C
53 Y=PDEX(I,J)*ZL/(SZY*DABSCHDEZ))
GO TO 48
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C

c-tttttiit“.‘ STRESS Unit-(Mpa) Lt P L e R T T
C
4 Y=PSZ(I,])*ZL/(SZY*DABS(PHSZ-PSSZ))
GO TO 48
C -
54 Y=PSX(I,J))*ZL/(SZY*DABS(PHSZ-PSSZ))
GO TO 48

C
ct##t‘t*‘ttt*# STRESS Urnlt(kgfIMZJ SRR REXREERREE LR RS

C
S Y=SZ(I,J)*IL/(SZY*DABS(HSZ-SSZ))

GO TO 48
C
55 Y=5X(I1,J))*ZL/(SZY*DABS(HSZ-55Z))
GO TO 48
C

c.-.tt#*itt‘t. STRESS INCREMENT Un-lt-(Hpa) b b AL L S L AL P LS L T

€
6 Y=PDSZ(I,J)*ZL/(SZY*DABS(PHDSZ-PSDSZ))

GO TO 48
C
56 Y=PDSX(I,J)*ZL/(SZY*DABS(PHDSZ-PSDSZ))
GO TO 48
C

C."l"l"#!‘ﬂ STRESS INCREMENT Unit-(kgf/MZ) EREESBEEREBRR RN R RS
C
7 Y=DSZ(I,J)*ZL/(SZY*DABS(HDSZ-SDSZ))
GO TO 48
c
57 Y=DSX(I,J)*ZL/(SZY*DABS(HDSZ-SDSZ))
GO TO 48
C
Creserwwsersee EQUIVALENT STRESS Unit=(MPg) *#s*sssssssssssssss
c
8 Y=PSOTOS(I,J)*ZL/(SZY*DABS(PHSOTO))
GO TO 48

C
(e raigss EQUIVALENT STRESS Unlt-(kgf/MZJ LR R L L LA 2 2 2 P Ei L L]l ]

C
9 Y=SOTOS(I,J)*ZL/(SZY*DABS(HSOTOS))
GO TO 48
C
48 X=XX(1)*ZL/(SZX*D)
Z=PZ(I)
C

Cessesssssss ROTATION OF Z-AXIS/ BANK *#*#sssssses
50 XA=X*COSCABZ)-Y*SINCABZ)
YA=X*SIN(CABZ)+Y*COS(CABZ)
X=XA
Y=YA

c
Cosswassrvas ROTATION OF Y-AXIS/ HEADING *#ssssess

ZA=Z*COSCAHY)-X*SINCAHY)
XA=Z*SINCAHY)+X*COSCAHY)
Z=7A
X=XA

C
c‘#t*&t..‘t. ROTATION OF X-AXIS/ PITCH L L 2 Lt

ZA= Z*COSCAPX)+Y*SINCAPX)
YA=-Z*SINCAPX)+Y*COSCAPX)
Z=ZA

Y=YA -

GO TO (74,76,78,79),JU
IF(JL.EQ.2) GO TO 62
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C
Ce*ssssxsss DRAWING THE LINE IN THE CIRCUMFERENTIAL DIRECTION **ss+sssssss
C
IFCJ.EQ.-NN) THEN
CALL MOVT02(X,Y)
ELSE
CALL LINTO2(CX,Y)
ENDIF
40 CONTINUE
3@ CONTINUE
C

Co##+++++ DRAWING THE LINE IN THE LONGITUDINAL DIRECTION #*+*#*#¢sses

C

JL=2
C

DO 60 J=-NN,NN,1
C .
DO 70 I=0,KK
GO TO 80

62 IFCI.EQ.@) THEN
CALL MOVTO2(X,Y)
GO TO 70
ELSE IFCJ.EQ.-NN.OR.J.EQ.NN) THEN
CALL LINCOL(2)
ELSE IFCJ.EQ.Q) THEN
CALL LINCOL(S)
ELSE
CALL LINCOL(6)
ENDIF
CALL LINTO2(X,Y)

70 CONTINUE
60 CONTINUE

IFCIN.NE.1) GO TO 72

IF(D.LE.100.0) THEN
ZU=400.0
XU=50.9
YU=50.0

ELSE IF(D.LE.420) THEN
ZU=700.0
XU=100.0
YU=100.9

ELSE
2U=1000.0
XU=500.0
YU=500.0

ENDIF

Ju=1

X1=-XU*ZL/(SZX*D)
Y1=(YU-HM/2,0)*ZL/(SZY*D)
Z1=-1,.5*ZU+PZ(0)

X=0.0
Y=(0.0-HM/2.0)*ZL/(SZY*D)
Z=21

CALL LINCOL(3)

GO TO 50

74 XB=X -
YB=Y
CALL MOVTO2Z(XB,YB)
JU=2
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C

76

78

79
72

X=X1
Y=(0.0-HM/2.0)*ZL/(SZY*D)
=71

GO TO 50

CALL® LINTO2(X,Y)
Ju=3

CALL MOVT02(XB,YB)
X=0.0

Y=Y1

Z=71

GO TO 50

CALL LINTO2(X,Y)
JU=4

CALL MOVT02(XB,YB)

X=0.0
Y=(0.0-HW/2.0)*ZL/(SZY*D)
Z=-0.5*ZU+PZ(0) .

GO TO 50

CALL LINTO2(X,Y)

D=1

CALL CHAMOD

C*#ess*s CALL SUBROUTINE TITLE3 TO DRAW THE TITLE BOCKS #**#seesss

C

C

CALL TITLE3CIN,SA,XV,YV,FILE1,FILE2,SIZE,DATE,DRANER,WORKS,

% MATERIAL,MM,JT,ABZ1,AHY1,APX1,52X,SZY,ITD,JF)

Ce#wesss CALL SUBROUTINE LINE TO DRAW THE SCALE LINE #####trsesss

c
C
c

200

202

CALL LINE

PRINT200Q

FORMAT(/4X, "** INPUT @CZERO) TO GO TO FURTHER SETP. **'/)
READ*,]Z

WRITE(*,202) JZ

FORMAT(SX, 'JZ=',13/)

CALL PICCLE

IF(JD.EQ.1) GO TO 232
IF(IN.EQ.2) THEN
JT=1

JD=1

GO TO 64

ELSE IF(IN.EQ.3) THEN
JT=2

JD=1

GO TO 64

ELSE IF(IN.EQ.4) THEN
JT=3

JD=1

GO TO 64

ELSE IF(IN.EQ.5) THEN
JT=4

JD=1

GO TO 64

ELSE IF(JIN.EQ.6) THEN
JT=5

JD=1

GO TO 64

ELSE IF(IN.EQ.7) THEN
JT=6 -

JD=1

GO TO 64

ELSE
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ENDIF
C
232 WRITE(*,230)

230 FOMT(/4X’ TEEAAEEEERERRREEEER LA RERRRANRRNRE SRR RN R R RN R R
*%?

%/4X, tes ,
%/4X; '** DO YOU WANT TO CHANGE THE DATA s,
%/4X, " AS SHOWN BELOW. e
%/4X, e INPUT THE NUMBER e
%/4X, ee wer
%/4X, '** 1.ANGLE OF PITCH,HEADING AND BANK ---> 1 **',
%/4X, "** 2.SCALE RATIO OF Z VS X AND Z VS Y --=> 2 *»',
%/4X, "#* 3.NO CHANGE (TO STORE -3 3 W47,
%/4X, ree THE UP-TO-DATE DATA TO THE FILE) ser,
%/4X, "#* 4.NO CHANGE (NOT TO STORE “e> 4 %0,
%/4X, s THE UP-TO-DATE DATA TO THE FILE) st
%/4X, "*% S5.FINISH —me> § wwr
%/4x' '#tttt!-'tttttt‘!-tt!t-!tl!tttttt#t##*.tttt-tt!--'//)
PRINT*, '#%---  INPUT THE PERMISSIBLE NUMBER FROM 1 TO 5. ---**'
READ*, JS

IF(JS.EQ.1) GO TO %6
IF(JS.EQ.2) GO TO 96
IF(JS.EQ.3) GO TO 302
IFCJS.EQ.4) GO TO 99
IF(JS.EQ.5) GO TO 400

PRINT*, "*** INPUT YHE PERMISSIBLE No.,AGAIN, *#*us'
GO TO 232

302 WRITE(*,304)
304 FORMAT(//4X,"'** YOU HAVE COMPLETED THE DRAWING OF THE DATA. **',

%/4X"*** THE DATA IS WRITTEN TO G FILE, *#*ssss'/)

C
IF(IM.EQ.2) THEN
PRINT*, '@0@6@ You must choose No.4. €€EEeeQ’
GO TO 232
ELSE
ENDIF
C
IF(IM.EQ.6) THEN
PRINT*,'@® You cannot store it and choose No.4. €@’
GO TO 232
ELSE
ENDIF
C
IF(IM.EQ.4.0R.JM.EQ.5.0R.JP.EQ.3) GO TO 350
C
OPEN(31,FILE="H1'//FILE1,STATUS="UNKNOWN')
OPEN(32,FILE="H2'//FILE1,STATUS="'UNKNOWN')
OPEN(33,FILE="H3'//FILE1,STATUS="UNKNOWN")
OPEN(34,FILE="H4'//FILE1,STATUS="UNKNOWN')
OPEN(35,FILE="HS'//FILE1,STATUS="UNKNOWN")
C
IF(NF.EQ.31) THEN
NH=31
C
ELSE IF(NF.EQ.32) THEN
NH=32
C
ELSE IF(NF.EQ.33) THEN
NH=33
C
ELSE IF(NF.EQ.34) THEN
NH=34-
C

ELSE IF(NF.EQ.35) THEN
NH=35
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ELSE
ENDIF

WRITE(NH,6@1)ABZ1,AHY1,APX1
WRITE(NH,602)SZX,SZY

CLOSE(31,STATUS="KEEP')
CLOSE(32,STATUS="KEEP")
CLOSE(33,STATUS="KEEP')
CLOSE(34,STATUS="KEEP")
CLOSE(35,STATUS="KEEP")
GO TO 348

350 IF(IM.EQ.4.0R.JM.EQ.5.0R.JP.EQ.3) GO TO 356
PRINT*, "**** ERROR HAPPENED IN DRWA3DSB #####x'

STOP

356 OPEN(41,FILE="H1'//FILE2,STATUS="UNKNOWN')
OPEN(42,FILE="H2"'//FILE2,STATUS="UNKNOWN")
OPEN(43,FILE="H3'//FILE2,STATUS="UNKNOWN')
OPEN(44,FILE="H4'//FILE2,STATUS="UNKNOWN')
OPEN(C45,FILE="HS"//FILE2,STATUS="UNKNOWN")

IF(NF.EQ.31) THEN
NH=41

ELSE IF(NF.EQ.32) THEN
NH=42

ELSE IF(NF.EQ.33) THEN
NH=43

ELSE IF(NF,EQ.34) THEN
NH=44

ELSE IF(NF.EQ.35) THEN
NH=45

ELSE

ENDIF

WRITE(NH,601)ABZ1,AHY1, APX1
WRITE(NH,602)5ZX,SZY

CLOSE(41,STATUS="KEEP")
CLOSE(42,STATUS="KEEP")
CLOSE(43,STATUS="KEEP"')
CLOSE(44,STATUS="KEEP')
CLOSE(45,STATUS="KEEP')
GO TO 352

C

C******* WRITING THE DATA FOR DRAWING TO THE RESULT FILE #e#sesssasss

C
348 WRITE(*,31@) FILE1
310 FORMAT(/4X,'*** WRITING THE DATA FOR DRAWING TO THE RESULT °*,

%/1eX, 'FILE R',A12,' Ret. )

C
OPEN(3,FILE="R'//FILE1,STATUS="UNKNOWN",ACCESS="APPEND"')

C
IF(IM.EQ.3.0R.JP.EQ.2) THEN

© WRITE(3,311)
311 FORMAT(//4X,'6@ee@ Change the data of the existing file. €6€@@'/)

ELSE
ENDIF -

C

WRITE(3,312)
312 FORMAT(//4X,"****THE DATA TO DRAW THE 3-D GRAPH *sessssr/)
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WRITE(3,314)JN,ABZ1,AHY1,APX1
314 FORMAT(/4X,'IN=',I3,
%/4X,"'Bank of Z-axis(deg.)= ',F10.6,
%/4X, "Heading of Y-axis(deg.)=',F10.6,
%/4X,”Pitch of X-axis(deg.)= ',F10.6,//)

WRITE(3,316)SZX,SZY
316 FORMAT(/4X,"SCALE RATIO OF Z-AXIS VS X-AXIS=',F10.4,
%4X, "SACLE RATIO OF Z-AXIS VS Y-AXIS=',bF10.4,//)

CLOSE(3,STATUS="KEEP")
GO TO 99
C
352 WRITE(*,320) FILE2
320 FORMAT(/4X,'*** WRITING THE DATA FOR DRAWING TO THE RESULT »

%/10X, 'FILE R',A12," '/

C
OPEN(6,FILE="R'//FILE2,STATUS="UNKNOWN" ,ACCESS="APPEND")
c
WRITE(6,322)
322 FORMAT(//4X,'****THE DATA TO DRAW THE 3-D GRAPH **#*+#%+'/)
C

WRITE(6,324)IN,ABZ1,AHY1,APX1
324 FORMAT(/4X,'IN=',I3,
%/4X,'Bank of Z-axis(deg.)= ',F10.6,
%/4X, *Heading of Y-axis(deg.)=',F10.6,
%/4X,"Pitch of X-axis(deg.)= ',F10.6,//)

WRITE(6,326)SZX,SZY
326 FORMAT(/4X,'SCALE RATIO OF Z-AXIS VS X-AXIS=',6F10.4,
%4X, 'SCALE RATIO OF Z-AXIS VS Y-AXIS=',F10.4,//)

C
CLOSE(6,STATUS="KEEP')
GO TO 99
&
Cresassxsss FINISH OF THE 3-D DRAWING ****ssxsxxs
c

400 CALL GINEND
WRITE(C*,*)"**** YOU HAVE COMPLETED THE 3-D DRAWUNG. **%%**'

RETURN
END

cttt.t‘l‘#‘41t!1‘"lF****1-ttttitt‘**t**i.t**#.t*ti“‘*#‘#".Q'.tl“!!'l."l"!.‘.“‘t‘ittt
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Appendix -2

Input data of D=60.5mm x_t=1.75mm

ST R IR R R R R P P L R P L R R R L L

INETIAL INPUT DATA IN FILE RCBRE@-5BC

SEEEEEERREEEE SRR SR AR R RRERE RN ER TR TR

*%

OUTER DIA.

60.50

STAND

CO~NOWV AWM

STAND

STAND

VUSSR R WWWWNRNNRE

NV A WN

No.R

F‘ébUIPIH‘%»uthF‘&-Ulth‘UthF‘hJFJ

WIDTH
187.08
LSCI)

600.00
600.00
450.00
450.00
450.00
1050.00
320.00
900.00

STAND

NV AEAWNRS®

NUMBER OF RADIUS

PuUuiunespphbwNn

RADIUS

99999.,999
26.910
99999.999
63.230
28.900
148.260
52.520
76.010
28,900
109.250
26.820
76.010
28.900
43.690
26,820
76.010
28.900
32.080

THICKNESS
1.75
TLSCI)

600.00
1200.00
1650.00
2100.00
2550.00
3600.00
3920,00
4820.00

DOWNHILL AMOUNT

SoeocooeSS
SSSSSSSSS

ANGLE

0.0385887082
57.6400000000

0.0195836978
30.4800000000
53.5500000000

8.0000000000
22.8300000000
19.9700000000
53.55e0000000
10. 8800000000
45.4500000000
19.9700000000
53.5500000000
27 .5400000000
45.4500000000
19.9700000000
53.5500000000
38.1100000000

L L

NUMBER OF st.
8

DLO

67.3500
27.0717
34,1800
33,6369
27.0106
20.7010
20,9270
26,4927
27.0106
20,7457
21.2750
26.4927
27.0106
21,0002
21.2750
26,4927
27.0106
21.3379

291

Stand No. of 1st Finpass

DLN

67.3494
26.1914
34.1797
33.1714
26.1928
20.5788
20.5784
26.1877
26.1928
20.5795
20.58@9
26,1877
26.1928
20,5796
20.5809
26,1877
26.1928
20.7558

6

TLN(CI,J)

67.3494
93,5408
34.1797
67.3511
93.5439
20.5788
41.1572
67.3449
93,5378
20,5795
41.1605
67.3482
93,5410
20.5796
41,1605
67.3483
93.5411
20,7558



28.790
51.370
28.790
30.140
34.620
30.420
34.620
30.420
30.160
30.400 1

ONNNNYNOONOOD
FPUpapwWwMRKEOVLAEWN

38.5800000000
26.6300000000
38.5800000000
22,5800000000
41,3500000000
32.2800000000
32.7400000000
32.2800000000
31.9600000000
80.0000000000

NUMBER OF DIVISION IN WIDTH= 10

YOUNG'S MODULUS= 21000,00
YIELD STRESS= 30.00

WORK-HARDENING COEFFICIENT= 200.00

POISSON'S RATIO= 9.30
RATIO OF ECy)/E(x)= 0.50
RATIO OF EC(x)/E(y)= 0.45
FORMING VELOCITY= 60.00

IDH= @ IIDH= 0

SIZE= 60.5X1.75mm
"DATE=30. 9.1992
DRAWER=T . TOYOOKA
WORKS=2"MILL
MATERIAL=STEEL

292

19,3857
23.8758
19,3857
11.8780
24.9850
17.1384
19.7826
17.1384
16.8235
95.5044

18,7965
23.4691
18,7965
11,5332
24,3536
16.6454
19.2826
16.6454
16.3354
92.7555

39,5524
63.0215
81.8180
93.3512
24,3536
49,9990
60.2816
76,9270
93.2624

0.0000



Appendix -3

RRFEP BT R ER RN R R E R R RSN h bRk

** INITIAL INPUT DATA IN FILE RCBR42-7M

EFF AR R AR RPN LR AR RN AR RR R LR bbbk

2 OUTER DIA.

42.7
] STAND
1
2
3
4
5
6
7
8
9
(%]
(%] STAND
1
2
3
4
5
6
7
8
9
%]

w
-
U1U\Uﬂ#gh-h:btutututplururutald ég

WIDTH THICKNESS
136.00 1.50
LSCI) TLSCI)
400.00 400.00
400.00 800,00
400.00 1200.00
400.00 1600.00
400.00 2000.00
850.00 2850.00
400.00 3250.00
400.00 3650.020
600.00 4250,00
STAND DOWNHILL AMOUNT
) 0.00 \
1 2.00
2 0.00
3 0.00
4 00
5 00
6 00
7 00
8 .00
) 00
NUMBER OF RADIUS
2
3
4
4
4
5
5
5
1
.R RADIUS ANGLE
28052.500 0.1000000000
22.480 49, 6300000000
13860.300 0.1000000000
54.530 26.2700000000
23.830 46.7600000000
108.650 8. 0000000000
42.960 20. 0000000000
54.530 20.1900000000
25.060 44,4200000000
80.020 10. 8800000000
20.000 43.5400000000
54.530 20.1900000000
25.060 444200000000
32.190 27.3000000000
20.000 43.5400000000
54.530 20.1900000000

293

NUMBER OF st.

DLO

48.9608
19,4723
24,1908
25.0019
19,4480
15.1704
14,9959
19,2154
19.4284
15,1951
15,1983
19.2154
19,4284
15,3377
15.1983
19,2154

6

DLN

48.9595
18.8227
24,1895
24.6580
18.8360
15.0657
14,7341
18,9511
18.8469
15.0527
14,6284
18,9511
18.8469
14,9804
14.6284
18,9511

Input data of D=42.7mm x t=1.5mm

Stand No, of 1st Finpass

TLNCI, D)

48,9595
67.7822
24.1895
48.8475
67.6835
15.0657
29,7998
48,7509
67.5978
15.0527
29.6811
48.6322
67.4792
14,9804
29.6088
48.5599



S e®

WO NNNYN~NOOO W
PUNAWNRPOUAEAWNRPUVEWNE&

NUMBER OF DIVISION IN WIDTH=
YOUNG'S MODULUS= 21000.00

YIELD STRESS=

WORK=-HARDENING COEFFICIENT=

POISSON'S RATIO=

RATIO OF ECy)/E(x)= 0.50
RATIO OF E(x)/ECy)= 0.45

25.060
23.200
20.850
37.000
20,850
21.810
25.000
22.000
25.000
22.000
21.810
27.610
26,600
20.580
26.600
22.890
21.819

30.00

0.30

FORMING VELOCITY= 5.00

IDH= @ IIDH= 0@

SIZE= 42.7x1.5mm
DATE=19. 5.1994
DRAWER=T.TOYOOKA
WORKS=CBR Model mi
MATERIAL=STAINLESS

44,4200000000
38.1100000000
38.5800000000
26.6300000000
38,5800000000
22.5800000000
41.3500000000
32.2800000000
32.7400000000
32.2800000000
31.9600000000
40.0000000000
10.0000000000
80.0000000000
10.0000000000
30.0000000000
180.0000000000
10

200.00
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19.4284
15.4314
14.0393
17.1969
14,0393

8.5952
18.0423
12.3946
14,2855
12,3946
12.1658
19,2754

4,6426
28,7351

4,6426
11.9852
68.5181

18.8469
14,9325
13,5343
16.8483
13,5343

8.2996
17.5011
11.9721
13.8570
11.9721
11.7474
18,7518

4.5117
27.6879

4,5117
11.5925
66.1619

. 67.4068

14,9325
28.4668
45,3151
58.8494
67.1491
17,5011
29.4732
43.3301
55.3022
167.0496
18,7518
23.2635
50.9514
55.4631
67.0555
66.1619



Appendix -4 Input__and output data of D=100mm x

t=1.0mm
*+ INITIAL INPUT DATA IN FILE RY10@8C e
OUTER DIA. WIDTH THICKNESS NUMBER OF st. Stand No. of 1st Finpass
100.00 315.0@ 1.00 9 6
STAND LSCD TLSCI)
1 444,65 44465
2 323.35 768.00
3 625.00 1393.00
4 460.00 1853.00
5 574.01 2427.01
6 260.99 2688.00
7 440,00 3128.00
8 440.00 3568.00
9 500.00 4068.00
STAND DOWNHILL AMOUNT
] 0.00
1 0.0
2 0.00
3 0.00
4 .00
5 0.00
1 2.00
7 0.00
] 2.0
9 0.02
STAND  NUMBER OF RADIUS
1 3
2 3
3 3
4 3
s 3
6 5
7 5
8 5
9 1
STAND No.R RADIUS ANGLE DLO DLN TINCILI)
1 1 99999.999 ©.0173262440 30.2400 30.2398 30.2398
1 2 244,930 8. 0800000000 34,5407 34,4702 64,7100
1 3 99999.999 ©.0531647548 92.7922 92,7895 157.4935
2 1 99999.999 0.0173262440 30.2400 30.2398 39.2398
2 2 B9.220 22.2500000000 34.6473 34,4531 64.6930
2 3 99999.999 9.0531647548 92.7900 92,7895 157.4825
3 1 99999.999 0.0173262440 30.2400 30.2398 30,2398
3 2 40.000 50. 0000000000 34.9066 34,4703 64.7101
3 3 99599.999 0.0531647548 92,7900 92,7895 157.4996
4 1 69.470 25. 1200000000 30.4575 30,2383 30.2383
4 F4 40.000 50. 2000000020 34.9066 34.4723 64,7085
4 3 99999,999 9.8531647548 92.7900 92,7895 157.4981
s 1 43.810 40. 0000000000 30.5851 38,2361 30.2361
5 2 36.410 55, 0000000000 34,9511 34.4711 64,7072
H 3 2261.830 2.3500000000 92.7695 92,7490 157.4562
6 1 50.000 35. 0000000000 30,5433 30,2378 30.2378
[ 2 40.000 50. 0000000000 34.5066 34,4703 64.7081
6 3 250.000 11, 7000000000 51,0509 50.9488 115.6569
6 4 37.3%0 43, 3000000000 28,2567 27.8788 143,5356
6 5 50.000 15, 0000000000 13,0902 12.9591 156.4947
7 1 50.000 40, 0000000009 34,9066 34,5575 34,5575
7 2 44000 45, 0200000000 34,5575 34,1648 68.7223
7 3 152.12¢8 14, 4600000000 38,3912 38.2650 106.9874
7 4 42.000 50. 0000200000 36.6519 36.2156 143.2030
7 5 50.000 15. 0000000000 13,0920 12,9591 156.1620
8 L 50.000 50. 2000000000 43.6332 43.1969 43,1969
8 -2 49,000 30, 0000000000 25,6563 25,3945 68,5914
8 3 79.880 16. 9000000000 23.5615 23.4142 92.0054
8 4 49,000 50. 2000000000 42,7606 42,3242 134,3296
g H 50.000 25. 0000000000 21.8166 21,5984 155.9281
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9 1 50.000 180. 0000000000 157.0796 155.5088
NUMBER OF DIVISION IN WIDTH= 10
YOUNG'S MODULUS= 21000.00
YIELD STRESS=  34.40
WORK-HARDENING COEFFICIENTa  200.00
POISSON'S RATIO= .30
RATIO OF ECy)/E(x)= 9.50
RATIO OF ECx)/ECy)= 0.45

FORMING VELOCITY= 7.50

IDH= @ IIDH= @

SIZE= 100.0X1.8mm
DATE=30. 9,1992
DRAWER=T . TOYOOKA
WORKS=YAMANASHI
MATERIAL=STEEL(KTH4S)
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ot OUT PUT DATA IN FILE RYl@@BC e

CALCULATED RESULTS OF AIT POINTS OF X AND Y AXIS ON THE FLOWER

eses® CALCULATED RESULTS OF THE POINTS OF FLOWER. ®evewssse

------- QUTSIDE POINTS ===secs==
I J) Pxo(I,)) PYO(I)) (I, n Y(I,)  AANCID)
e @ 0.000 0.000 2.000 9.200 0.000
1 9 0.000 0.000 0.000 0.000 0.000
1 1 30.240 8.025 0.000  99999.999 0.017
1 2 64.666 2,446 30.166 244.935 8.097
1 3 156.524 15.559 -14020.837  99005.469 8.150
2 @ 2.000 0.020 0.002 8.000 2.0
2 1 30.240 0.005 2.000  93999.999 @.e17
2 2 64.021 6.658 30.213 89.225 22.267
2 3 149.875 41.859 -37828.827  92549.253 22.320
3 @ 0.ee0 .00 2.000 0.000 0.020
3 1 30.240 0.005 8.000  99999.999 0.e17
3 2 60.877 14.302 30.228 42,005 50.017
3 3 120.467 85.429 -76563.000 64269.895 50.e70
4 0 0.000 0.200 0.000 0.000 0.000
4 1 29.491 6.570 2.000 69.470 25.120
4 2 51.169 32,515 12.510 42,787 75.120
4 3 74.956 122.285 -96595.407  25712.061 75.173
s @ 2.00Q 0.000 N 0.002 0.000
5 1 28.161 10.250 0.000 43.810 40.000
5 2 41.028 41,315 4,757 38.141 95.000
5 3 31.050 133.539  -2212.195 =155.817 97.350
6 @ 2.000 2.000 2.000 2.000 0.000
6 1 28.679 9.042 9.000 50.000 35.000
6 2 45,584 38.322 5.736 41,808 85.000
6 3 44.828 89.279 -203.465 60.111 96.700
6 4 31.727 113,559 7.693 84,917 140,000
6 5 20.718 120.572 -0.413 75.257 155. 000
7 0 0.000 0.000 Q.000 0.000 0.000
Z I 32.139 11.698 0.000 50.000 40.000
7 2 47,689 41.569 3.857 45.404 85,000
7 3 46.199 79.829 -103.852 54.827 99.460
7 4 26.112 109.100 4.771 72.926 149,460
7 S 14,101 114,208 0.785 66.036 164.460
8 @ 2.200 0.000 0.000 0.000 2.e02
8 1 38.302 17.861 9.000 50.000 50.000
8 2 49,022 40,848 0.766 49,357 80.000
g 3 49.657 64.316 -29.645 54.719 96.900
8 4 27.771 99.478 1.012 58.429 146.900
8 S 7.51@ 107.093 0.465 57.582 171,900
9 @ 0.000 0.000 e.e00 0.000 0.e00
9 1 0.000 100.000 0.000 50.000 180.000
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HPOUVAUNFOIVEUNNHEFOVNAWNHOWNHEFOSWNHOWNHDIWNESDSWNHES®

PXI(I,J3)

0.000
0.000
‘30,240
64.525
156.383
0.000
30,240
63.642
149.495
0.000
30.240
602.111
119.700
2.000
29.067
50.203
73.989
0.000
27.518
40,032
30.058
0.000
28.105
44,587
43.834
31.084
208.296
2.200
31.497
46,693
45.213
25.604
13.833
0.000
37.536
48.037
48.664
27.224
7.370
0.000
0.200

PYI(I,])

1.089
1.002
1.005
3.436
16.549
1.009
1.005
7.583
42.784
1.000
1.005
14,945
86.071
1.000
7.476
32,772
122.461
1.002
11.016
41,227
133.411
1.000
9.862
38.409
89.162
112.793
119.666
1.000
12.464
41.656
79.665
108.238
113.245
1.000
18.503
41.022
64.196
98.642
106.103
1.e00
99.000

x(1,3)

9.000
90.000
@.000
30.166
=14020.837
Q.000
0.ee0
30.213
-37828.827
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Q“\J?\llﬂ
W oy

5588

. s = s
=4 ~J OO 0O
a

5388

coorBooonrluse

&R

:

(L, n

0.000
0.020
99999.993
244,935
99005, 469
0.000
99999.999
89,225
92549.253
0.000
99999.999
40.005
64269.895
2.000
69.470
42,787
25712.061
0.9002
43,810
38.141
-155.817
0.000
50,000
41.808
60.111
84.917
75.257
0.200
50.000
45.404
54.827
72.926
66.036
2.802
50.000
49,357
54,719
58.429
57.592
@.000
50.000

Sus
¢88

.

Soilgzg.fisns.lilrnusnn
SEEe8E3384438888888¢8
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®®  QUT PUT DATA IN FILE RY1@@BC

CALCULATED RESULTS OF DIMENSIONS OF FLOWERS ABOUT
THE CIRCUMFERENTIAL LENGTH, HEIGHT, WIDTH, EDGE WIDTH AND
PY OF Max.WIDTH AT OUTSIDE SURFACE AND THE CIRCUMFERENTIAL

LENGTH OF NEUTRAL AXIS

*e*< RESULTS OF EAI:LCULATION OF WIDTH ANDHEIGHT OF FLOWER >***

tand No.

WRNOMAWNMS

C-LENGTH

315.000
315.141
315.355
315.873
316.308
316.611
315.695
315.194
314.856
314.159

N-LENGTH

315.000
314.999
314,965
314,999
314.996
314,912
312.989
312.324
311.856
311.e18

HEIGHT

0.000
15.559
41.859
85.429

122.205
133.539
120.572
114,208
107.0393
100.000

WIDTH

315.000
313.049
299.750
240,934
149.911

82,333

93.970

96.536
100.470
100.000

E-WIDTH

315.000
313.049
299.750
242,934
149,911
62.100
41.437
28.202
15.021
@.000
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** OUT PUT OF SCALE VALUE IN FILE RY10QBC -

THE VALUE:OF DRAWING SCALE :RA= @,53%60
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*® ANALIZE STRESS-STRAIN BY MODEL 1

IN THE FILE RY1eeeC

OUTPUT DATACRESULT) OF X-,Y= AND Z-AXIS POINTS TQ ©*

ST. Mesh PXECI,]) PYECI,J) PZ(I)
e o 2.000 0.000 -2034.000
e 1 15.750 0.000 -2034.000
0o 2 31.500 9.200 -2034.000
"] 3 47.250 2.000 ~2034.000
0 4 63.000 2.000 -2034.000
] H 78.750 9.020 =-2034.020
e 6 94,500 0.002 ~2034.000
] 7 110.250 2.000 =2834.020
e 8 126.000 9.000 ~2034.000
'] 9 141.750 2.000 -2034.000
e 10 157,500 0.200 -2034.000
1 ] 0.000 2.000 -1589.35@
11 15.750 0.001 -1589,350
1 2 31.500 9.008 -1589.350
1 3 47.236 2.601 =1589.350
1 4 62.901 2.207 -1589.350
1 5 78.495 4,428 =1589.350
1 6 94,087 6.642 -1589.350
1 7 109.679 8.866 =1589,350
18 125.271 11,093 -1589,350
1 9 140.862 13.322 =1589.35@
1 10 156.453 15,554 -1589,350
2 [} 2.000 2.000 ~1266.000
2 1 15.748 0.001 -1266.000
2 2 31.496 2.014 -1266.000
2 3 47.140 1.634 -1266.000
2 4 62.252 5.992 -1266.000

4 L1 76.832 11.945 =1266.000
2 6 91,404 17,916 -1266.200
2 7 105.976 23.889 =1266.000
2 8 120.547 29.864 =-1266.000
2 9 135.116 35.841 =1266.000
2 1 149,685 41.821 -1266.000
3 ] @.e00 0.000 -641.000
3 1 15.750 9.001 641,000
3 2 31.500 0.025 -641.000
3 3 46.728 3.616 641,000
3 4 59.367 12,837 -641.0020
3 5 69.515 24.882 641,000
3 6 79.632 36.952 -641,000
3 7 89.748 49.024 -641.000
3 3 99.862 61.098 =-641,000
3 9 109.974 73.173 -641.000
3 19 120.084 85.250 =641.000
4 [} 0.000 2.000 =181.000
4 1 15.613 1.790 -181.000
4 2 308.412 7.077 =181.020
4 3 42.678 16.789 -181.000
4 4 5e.211 30.502 =181.002
4 5 54,290 45.714 -181,000
4 [ 58.332 60.936 =181.000
4 7 62.370 76.159 -181.000
4 ] 66.487 91,383 =181.020
4 9 70.441 126.608 -181.002
4 10 74.472 121.833 -181.000
s [°) 2.000 9.000 393.010
H 1 15.4901 2.831 393.010
H 2 28.786 10.956 393.010
s ‘3 37,843 23.682 393.010
H 4 40,639 39.050 393.010
H 5 39.265 54.735 393.010
5 6 37.741 70.406 393.010

TLSCI)

:

.

BizEzREEEs

444,650
444,650
444,650
444.650
444,650
444 65¢
444,650
444,650
444,650
444,650
444,650

768.000
768.000
768.000
768.000
768.000
768.000
768.000
768.000
768.000
768.000
768.000

1393.000
1393.000
1393.000
1393.000
1393.000
1393.000
1393.000
1393.000
1393.000
1393,000
1393.000

1853.000
1353.000
1853.000
1853.000
1853.000
1853.000
1853.000
1853.000
1853.000
1853.000
1853.000

2427.010
2427.010
2427.010
2427.010
2427.010
2427 012
2427.010
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ANEC'I.J)

1T

BizEzzeies

DLECD)

1

T

.

.

BRERE
283848

333337
PP P

»

L&

FIFIPY

BRRGRGG
PEEPE

-
w
.

GEGRS
FPPPEP:

BEEELG
.
s

.

233

15.746
15.746
15.746
15.746
15.746
15.746
15.746

TLECT,J)

0.000
15.750
31.500
47.250
63.000
78.750
94,500

110.250
126.000
141.750
157.500

0.000
15,750
31.500
47.250
63.000
78.750
94,500

110.250
126.000
141.750
157.509

0.000
15.748
31.497
47,245
62.993
78.741
94,490

110.238
125,986
141.734
157,483

110.249
125.998
141.748
157.438

0.000
15.746
31.491
47.237
62.982
78.728
94.474



5 7 36.107 86.067 393.010
H 8 34.365 101.716 393.010
5 9 32.514 117.352 393.010
- 10 30.554 132.975 393.010
6 e~ .00 0.220 654.000
6 1 15.399 2.453 654,000
6 2 29.253 9.572 654.000
6 3 39.678 21.126 654.000
6 4 44,845 35.77@ 654.000
6 5 45.899 §1.379 654.000
6 6 45.925 67.026 654.020
6 7 44,969 82.644 654.000
6 8 42.012 97.946 654.000
6 9 33.421 110.873 654.000
6 10 20.5e7 119.619 654.000
7 (] 0.000 2.000 1094.000
7 1 15.358 2.443 1294 .000
7 2 29.201 9.531 1094.000
7 3 492,000 20.698 1094.000
7 4 46.200 34,939 1094, 000
7 H 47.719 50.455 1094.000
7 6 47.314 66.059 1094.000
7 7 45.260 81.53@ 1094.00
7 8 39.e082 95.772 1094.000
7 9 28.102 106.747 1094.000
7 10 13.967 113.226 1094.000
8 Q 0.000 0.e20 1534.000
8 1 15.336 2.436 1534.000
8 2 29.163 9.503 1534.000
8 3 49.118 20.508 1534.000
8 4 47.060 34,395 1534.000
8 5 49.609 49,742 1534.000
8 6 48.949 65.293 1534000
8 7 44,166 80.063 1534.000
8 8 34.961 92,566 1534002
8 9 22.280@ 101.525 1534.000
8 10 7.440 106.038 1534.000
9 [ 0.000 0.000 2034.000
9 1 15.296 2.423 2034000
9 2 29.035 9.454 2034000
9 3 40.046 20.405 2034.000
9 4 47.077 34,204 2034 .000
9 S 49.500 49.500 2034.000
9 6 47.077 64.796 20234 .000
9 7 40.046 78.595 20834.000
9 8 29.095 89.546 2034.000
9 9 15.296 96.577 2034 .000
9 1@ 0.000 99.000 2034.000

2427.010
2427.010
2427.019
2427.010

2688.000
2688 .000
2688.000
2688.000
2688.000
2688.000
2688.000
2688.000
2688.000
2688 .000
2688.000

©o OO 00 o 0o OO

BRR52358554
33388888888

oo oo 0o
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96.153
96.552
96.951
97.350

0.020
18.114
36.539
59.239
81.939
88.109
91,703
95.297

111.515
135.821
155.000

0.200
18.076
36.151
56.189
76.758
88,537
94.438

102,671
124,231
145,791
164.460

0.000
18.049
36.897
54,231

ERERBsNrEE,
g§88888338s8e

15.746
15.746
15.746
15.746

15.649
15.649
15.649
15.649
15.649
15.649
15,649
15.649
15.649
15.649
15.649

15.616
15.616
15.616
15.616
15.616
15.616
15.616
15.616
15.616
15.616
15.616

15.593
15,593
15.593
15.593
15.593
15.593
15.593
15,593
15.533
15,593
15.593

15.551
15.551
15,551
15,551
15,551
15.551
15.551
15.551
15.551
15,551
15.551

119.219
125.965
141.710
157.456

0.000
15.643
31.299
46.948
62.598
78.247
93.897

109,546
125.196
142,845
156.495

0.000
15.616
31.232
46,849
62.465
78.081
93.697

109.313
124.930
148,546
156.162

0.000
15.593
31.186
46,778
62.371
77.964
93.557

1es.150
124.742
142,335
155.928

0.000
15.551
31.1e2
46,653
62.204
77.754
93.305

108.856
124.407
139,958
155.509



OUTPUT DATACRESULT) OF STRESS-STRAIN ANALISIS

** MODEL 1 IN THE FILE RY10@BC

Ll

seeevneree® QESIITS OF STRAIN wreressssnnsss

OD=

100.00 TSa=

1.00 NUMBER OF STAND= 9

Stond No. of 1st Finpaoss= 6

NUMBER OF DIVISION1? Ex/Eze @.50 Ez/Ex in Finpass & 5Q= .45
ST, Mesh DEz(%) Ez(%) DEx(%) Ex(%) DEZE(X) DEXECX)
e o 0.020000 0.000000 0.200000 0.000000 0.000000 0.000000
e 1 9. 000000 0.000000 0.000000 0.020000 0.020000 0.020000
[ 2 0.000000 0.000000 0.000000 2.000000 0.002000 0.200000
e 3 0.000000 0.200000 0.0200000 0.000000 0.000000 0.000000
o 4 0.020000 0.000000 0.0200000 0.000000 2.000000 ©.000000
e 5 0.000000 0.000000 0. 000000 0.000000 0.000000 0.000000
[ 6 0.0200200 0.000000 2.000000 0.000002 0.000000 ©.000000
@ 7 0. 000000 0.000000 0.000000 0.000000 0.000000 0.000000
(] 8 0.0200¢00 0.000020 2.000020 0.000002 0.000000 0.000000
e 9 0.000000 2.000000 0.000000 0.000000 0.000000 0.000000
e 10 0.000000 0.000000 ©.000000 0.000000 0.000000 0.000000
i @ 0.000000 0.000000 ©.000000 0.200000 0.000000 0.000000
| 1 0.000000 0.000002 ©.000000 0.000000 0.000000 0.000000
1 2 0.020000 0.000000 0.000000 0.200000 0.000000 0.002000
1 3 0.000091 0.000091 -0.000046 =0.000046 0.000091 -0.000046
1. 4 0.001234 0.001234 -8.000617 -@.000617 0.001234 -0.000617
1 5 0.804357 0.004957 -0.202478 -0.002478 0.004957 -0.002478
1 6 2.011198 0.011198 -0.005599 -2.005593 0.011198 -0.005599
1 7 2.819958 0.019958 -8.009979 =0.009979 0.019958 -0.003979
1 8 0.031244 0.031244 -9.015622 -0.015622 0.031244 -2.015622
1 9 0.0845063 0.245063 =0.022531 -0.022531 ©.045063 -0.022531
1 10 0.061428 0.061420 -@.030710 -9.030710 0.061420  -0.030710
2 [ 0.002000 ©.0200000 0.000000 ©.000020 0.000000 0.000000
2 1 9.000020 0.000000 0.000000 0.000000 0.000000 0.000000
2 H ©.000000 0.000000 0.0002202 0.000000 0.000000 2.000000
2 3 0.,000423 0.200515 -0.000212 -0.000257 0.000423 -0.000212
2 4 2.005819 9.007053 -0.e02923 -2.003526 9.205819 -0.002929
2 5 9.023437 ©0.028393 -9.011718 -0.014197 0.023437 -0.011718
e 6 0.052983 ©.064181 -0.026491  -0.032090 0.852983 -0.026491
2 7 0.994389 0.114347 =0.047195 -0.857174 ©.294389 =0.047195
2 8 0.147606 ©.178850 -2.073803 -0.089425 ©.124569 -0,058826
2 9 0.212571 0.257633 -0.106285  -0.128817 0.114450 =0.044659
2 1 @.289209 9.350629 -2.144605 -0.175315 2.101153 -.030465
3 e 0.200000 9.000000 0.200000 2.0200000 0.030002 0.000000
3 1 0.000000 0.000000 0.000000 0.000000 0.000000 2.000000
3 2 0.000000 0.000000 9.020000 0.000000 2.000000 0.000000
3 3 0.000010 9.800524  -2.000005 -0.020262 0.002010 -0.000005
3 4 0.e00011 0.0087063 ~2.000005 =0.003532 0.000011 =.000005
3 5 -8.000126 0.028268 0.000063 -0.014134 -0.000126 9.000063
3 6 -0.000097 0.064084 0.000048 -0.032042 =0.000097 0.000048
3 I4 @.000101 0.114449 -0.000051  -0.@57224 0.000101  -0.000051
3 8 0.000468 0.179318 -0.000234 =0.089659 0.000026 0.000049
3 9 9.001002 ©.258635 -0.000501 -2.129318 0,000037 0.000075
3 10 @.0017e2 0.352331 -0.000851  -0,176166 0.000043 0.000081
4 0 9.000000 9.200000 0.000000 0.000000 0.000000 0.000000
4 1 2.000761 ©.002761 -9.000380 -0.000380 0.020761 -0.000380
4 2 9.012028 9.012028 ~0.006014 -8.806314 9.012028 -0.006014
4 3 0.044336 0.244860 -8.0822168 -0.022430 @.044336 -9.022168
4 4 9.086391 0.093454 -0.043195 -0.046727 9.086391 =0.043195
4 H @.128797 ©.157065 -0.064338 -9.878532 @.126267 -0.062737
4 6 0.178462 0.242546 -0.089231  -0.121273 0.094316  -0.036369
4 4 9.235423 0.349871 -2.117711 -8.1743936 0.043103 -2.0039%0
4 B ©.293582 0.478899 =0.149791 ~8.239450 0.009543 9.018142
4 9 0.370827 0.629462 -0.185414  -0.314731 0.008053 0.013546
4 10 0.449034 ©.801365 =0.224517 -2.400683 0.007028 0.008641
s @ 0.000000 2.020000 ©.000000 0.000000 0.000000 0.000000

303

9.162573

0.000000
9.000020
0.000000
0.000524
9.027063
0.028268
0.064084
0,114449
©.155839
0.159550
0.162616

0.000000
@.000761
0.012028
0.044862
0.093454
0.154535
©.158900
0.162552
9.165382
0.167604
0.169644

ExECY)
0.000000

{

it

-0.000257 -

-0.003526
-0.014197
-9.03209
=8.057174
-0.074448
-0.067191
-0.06117%

0. 000000

0.000000

9.000000
-9.000262
=9.093532
=0.014134
-0.032042
=0.057224
-0.074339
~0.067116
-0.061034

0.000000
-9.020380
-9.006014
-9.022430
~0.046727
-9.076879
-0.068411
-0.061215
-0.056257
-9.€53579
-0.852454
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0.002550
9.086350
9.197865
$.303911
0.363485
0.442816



5 1 -0.0005%0 0.000171 0.000295 -0.000086
5 2 -0.009343 9.002685 0.004672 -0.001342
5 3 -0.034102 0.019758 0.017051 =0.905379
5 4 ~0.068467 0.024987 0.034234 -0.012493
5 H =9.110476 0.046589 ©.855238 -9.023294
5 6 -0.164657 ©.877889 @.082328 -0.038945
5 7 -0.230449 0.119422 0.115225 -0.059711
H] 8 =-0.3e7197 @.171702 0.153598 -9.085851
5 9 -9.394215 0.235247 @.197128 =8.117623
5 10 -0.490794 ©.310571 0.245397 -8.155286
6 @ ©.000000 0.000000 0.000000 0.000000
1) 1 -0.000066 0.000105 0.000033 -0.000052
6 ] -0.001119 0.201566 0.000560 -0.000783
6 3 -0.003412 0.007346 0.001706  -0.003673
€ 4 -0.004104 0.020883 9.002052 -9.010441
6 5 -0.206831 0.040558 0.023015 -0.020279
6 6 -9,020368 @.857521 9.010184 -2.028761
6 7 -0.0853214 2.066208 0.026607 -0.033104
6 8 -0.118372 9.853330 9.059186  -0.026665
6 9 ~0.203863 0.031384 0.101932 -0.015692
6 10 -0.105944 0.204627 0.052972 -9.102313
7 ] 0.000000 0. 000000 2.000000 0.000000
7 1 -0.000104 0.0800000 0.000052 0.000000
7 2 -2.001564 0.000001 0.000782 -0.000001
7 3 -0.e97277 0.000070 0.003638 -9.002035
7 4 -0.020231 0.000652 @.010116 -0.000326
7 5 -9.039482 0.001076 0.019741 -0.000538
7 6 -2.0956781 0.200740 @.028391 -0.000370
7 7 -0.065866 0.000342 9.032933 -0.000171
7 8 -0,049891 2.003439 0.024945 -0.001720
7 9 -8.219735 8.011649 @.029867 -2.005824
7 1 -0.183032 0.021595 @.091516 -0.010797
8 ) 0.200000 2. 0200000 0.000000 0.000000
8 1 0.000000 0. 000000 0.800000 0.020020
8 2 -0.000001 0.0200001 0.000000 0.000000
8 3 -0.000057 0.000013 0.000028 -0.000006
8 4 -8,000385 0.000267 @.000192 =0.000134
8 s -0.000021 0.001054 0.000011  -0.800527
8 6 0.000103 0.200842 -0.000051 -0.000421
8 7 9.000522 0.000864 -0.000261 -0.0200432
8 8 2.0203600 0.007039 -0.2018002 -@.023519
8 9 0.004143 0.015792 -8.002072 -8.007896
8 10 0.002526 0.024121 -0.001263 -8.012061
9 [ 0.0200000 0.000000 0.000000 0.0200000
9 1 0.000000 0.000220 2.000000 0.000200
9 2 0.000001 0.000001 0.000000  -2.000001
9 3 -0.000012 0.002003 0.002005 -0.000002
9 4 -0.000260 0.000007 0.000130 =0.000004
9 5 -2.001041 0.000014 0.000520 -0.000007
9 6 -0.000092 0.000750 0.000046  -0.200375
9 7 0.002962 0.003826 -0.001481 -9.001913
9 8 0.201665 @.208704 -0.000832 -0.004352
9 9 -0.001143 0.014649 0.000571  -0.007325
9 1 -0.002979 0.021142 9.021490  -0.010571

-0.00059%
-2.009343
=0.034102
-0.068467
-0.110476
-0.164657
=0.230449
-2.307197
-9.322537
-8.332780

0.002000
-0.000066
-0.201119
-0.003412
-0.004104
-0.006031
-0.020368
-0.053214
-0.015586
-0.011717
-0.004761

©.000000
-0.000104
-0.001564
-2.e07277
-2.028231
-0.039482
=0.056781
-0.030804
-0.003056
-0.800615
~0.004717

0.000000
0.000000
-0.200001
-0.000057
=0.000385
~2.000021
9.002103
0.000522
0.003600
0.004143
0.002526

0.000000
0.000000
©.000001
-2.000010
=0.000260
-0.001041
-2.000092
0.002962
0.001665
-0.001143
-9.002535
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0.000295
0.004672
0.017051
0.034234
©.055238
0.082328
0.115225
0.153598
0.142496
2.130736

0.000000
0.000033
0.000560
©.001706
0.002052
0.003015
0.010184
©.026607
-0.015880
-0.821763
«0.009376

0.000192

-0.000261

-8.002072
=8.001263

0.000000
0.0200000
2.020000
0.000005
0.000132
0.000520
2.000046
=0.001481
-0.000832
0.000571
0.091250

0.000171
0.002685
©.010758
0.024987
0.044059
-0.e05757
=0.067897
-8.141815
-8.154933
-0.163136

0.000000
0.200105
0.001566
0.007346
0.020883
©.e38028
-0.026125
-0.121111
-8.157401
-0.166650
«@.167897

0.000000
0.000000
9.200001
0.000070
0.000652
-0.001454
-9.082907
-2.151915
=0.160456
-0.167265
=8.172614

0.000000
0.000000
0.000001
0.e00013
0.000267
-0.001475
-0.082804
-9.151393
=0.156857
-0.163122
-@.170088

0.000000
0.000020
9.200001
0.200003
0.000007
~0.022516
-0.082896
-9.148432
-0,155192
~0.164265
-8.172622

-0.000086
-9.001342
=0.005379
-2.012493
=9.021632
0.013918
2.e54010
©.097342
0.888926
0.078282

©.000009
-0.000052
-0.000783
-2.203673
-0.010441
-0.018617
9.024102
©.080617
0.081461
0.067163
0.0268906
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EEFEREERREN RESULTS OF STRESS LA LI L L Ll L]

ST. Mesh NHAN DSz(kg/mm2) DSx Sz sx SEQ  DSz(WPa) DSx Sz Sx SEQ
e o o 0.0000  0.0000  0.0000  0.0000 34.4000  ©.0000 0.0000 2.0000 0.0000  337.3488
o 1 o 0.0000  0.0000  ©0.0000  0.0000  34.4000  0.0000 0.0000 0.0000 0.0000  337,3488
e 2 o 0.0000  0.0000  ©.0008  0.2000  34.4000  0.0000 2.0000 0.0000 0.0000  337.3488
e 3 @ 0.0000  ©0.0000  0.0000  ©.0000  34.4200  0.0000 0.0000 - 0.0000 0.0000  337.3488
e 4 @ 0.0000  ©.0000  0.0000  0.0000  34.4000  0.0000 0.0000 0.0000 0.0000  337.3488
e 5 @ 0.0000  ©0.0000  0,0000  0.0000  34.4000  0.0000 9.0000 2.2000 9.0000  337.3438
e 6 @ 0.0000  0.0000  0.0000  ©0.0000  34.4000  0.0000 0.0000 2.0000 0.0000  337.3488
e 7 o 0.0000  ©.0000  ©.0000  ©.2000  34.4000  0.0000 0.0000 2.0000 0.0008  337,3488
e 8 @ 0.0000  ©0.0000  0.0000  0.0000  34.4000  0.0000 0.2000 2.0000 2.0000  337.3488
e 9 o 0.0900  0.0000  0.2000  0.0000  34.4000  0.0000 0.0000 2.0000 0.0000  337.3488
e 12 @ 0.0000  0.0000  0.0000  0.0000  34.4000  0.0000 0.0000 0.0000 0.0000 337,348
1 0 1 0.0000  0.0000  0.0000  0.2000  34.4000  0,0000 0.0000 0.0000 0.0000  337.3438
1 01 1 0.0000  ©.0000  0.0000  0.0000  34.4000  0.0000 0.0000 0.0000 0.0000  337,3488
102 1 0.0000  0.0000  0.0000  0.0000  34.4200  0.0000 0.2000 0.0000 9.0000 3373488
103 1 0.0179  -0.0042  0.0179  -0.0042 34,4000  0.1760  -0.0414 0.1760  -0.B414  337.3488
1 4 1 0.2420 -0.8569  ©.2420  -0.0569  34.4000  2.3732  -0.5584 2,3732  -0,5584 337,348
1 05 1 0.9723  -0.2288  ©.9723  -0.2288 34,4000  9.5350  ~2.2435 9.5350  -2.2435  337.3488
1 6 1 2.1965 -0.5168  2.1965 -0.5168 34,4008 21,5407  -5.0684 21,5407  -5.,0634  337,3488
107 1 3.9149  -0.9211  3.9149  -0.9211  34.4000 38,3917  -9.0333 38,3917  -9.0333  337.3488
1 8 1 6.1287  -1.4420  6.1287  -1.4420  34.4000  60.1016  -14,1415 60,1016  -14,1415  337,3488
109 1 8.8392  -2.0798  8.8392  -2.0798  34.4000  86.6831  -20,3960  86.6831  -20.3960  337,3488
1 10 1 12.0478  -2.8348  12.0478  -2.8348 34,4000 118,1484  -27,7996  118,1484  -27.7996  337,3488
2 o 1 2.0000  ©.0000  0.0000  0.0000 34,4000  0,0000 0.0000 0.0000 0.0000  337.3428
2 1 1 0.0000  0.0000  0.0000  0.0000  34.4000  0.0000 0.0000 0.0000 0.0000  337,3488
2 2 1 0.0000  0.0000  ©0.0000  0.0000  34.4000  0.0000 0.0000 0.0000 9.0000  337.3488
2 3 1 0.0830  -0.0195  ©.1010  -0.0238  34.4000  0.8141  -0.1915 2.9%91  -0.2330  337.3488
2 4 1 1.1414  -0.2686  1.3834  -9.3255 34,4000 11,1934  -2,6337  13.5665  -3.1921 3373488
2 5 1 4.5072  -1.8817  S5.5695  -1.3105 34,4000  45.0828  -10.6077  S4.6179  -12.8513  337.3438
2 6 1 10.3928  -2.4454  12.5803  -2.9622 34,4000 101,9182  -23,9808  123.4530  -29.8492  337,3488
2 7 1 18.5148  -4.3564  22.4297  -5.2776 34,4000 181,5684  -42,7220  219.9681  -51.7553  337.3488
2 8 21 24.6742 -4.9512  30.8029  -6.3933 34,4474 241,9715  -48,5549  302.0730  -62.6965  337.8134
2 9 21  23.3198 -2.3825 32.1590  -4.4623 34,6066 228.6834  -23.3642  315.3725  -43.7603  339.37%2
3 10 21 212338  -0.0275  33.2816  -2.8623  34.8011 208,2325  -0.2700  326.3809  -28.0696  341.2825
3 0 1 0.0000  0.0000  0.0000  0.0000 34,4000  0,0000 0.0000 0.0000 0.0000  337.3488
3 1 1 0.0000  ©0.0000  0.0000  0.0000  34.4000  0.0000 0.2000 0.0000 0.0000  1337.3488
3 2 1 0.0000  0.0000  0.0000  0.0000 34.4000  ©.0000 0.0000 0.0000 0.0000  1337.3488
3 3 1 0.0019  -0.0004  ©0.1020  -0.0242  34.4000  0.0186  -0.0044 1.0086  -0.2373  337.3438
3 4 1 0.0021  -8.0005  1.3855  -0.3260  34.4000  0.0203  -0.0048  13.5869  -3,1969  337.3428
3 S 1 -0.0246  0.0058  5.56448 -1.3047 34,4000  -0.2417 0.0569 54,3762  -12,7944  337.3488
3 6 1 -0.0190  ©.0045 12,5703  -2.9577  34.4000  -0.1361 0.0438  123.2729  -29.0054  337.3488
3 7 1 0.0199  -0.0047  22.4496  -5.2823  34.4000  ©0,1949  -0.0459  220.1550  -51.8012  337.3488
3 8 2 0.0094  ©0.0132  30.8122  -6.3801  34.4483  0.0913 0.1293  302.1648  -62.5671  337.3222
3 9 22 0.0138  0.0199  32.1729  -4.4424 34,6086  ©.1356 0.1950  315,5081  -43,5652  339.3942
3 10 2 0.0155  0.0216  33.2071  -2.8407  34.8045  0.1518 0.2120  326,5327  -27.857S  341.3152
4 o 1 0.0000  ©.0000  ©0.0000  ©0.0000  34.4000  0.0000 0.0000 0.0000 0.0000  1337.3428
4 1 1 0.1493  -0.0351  9.1493  -0.0351 34,4200  1.4636  -0.3444 1.4637  -0.3444  337.3488
4 2 1 2.3504  -0.5551  2.3504  -0.5551  34.4000  23.1373  -S.4441 231374  -5.4441  337.3488
4 3 1 8.6967 -2.0463  B8.7995  -2.0705  34.4000  85.2850  -20.8671  86.2937  -20.3344  337.34s8
4 4 1 16.9459 -3.9873  18.3314  -4.3133 34,4000 166,1825  -39.1018  179.7693  -42.2987  337,3438
4 S 21 247953 -5.7361  30.3402  -7.0407 34,4051 243,1592  -56.2516  297.5353  -69.8460  337.3933
4 6 21  19.3627 -1.8286 31.9330  -4.7864 34,5756 189.8831  -17.9329  313,1559  -46.9382  339.¢705
4 7 21 10.8245  2.4093 33.2740  -2.8729 34,7995 106.1517  23.6276  326.3068  -28.1735  341.2669
4 8 22 3.4581  4.8472  34.2704  -1,5328  35.0619  33.9128  47.5351  336.0776  -15.0320  343.8402
4 9 22 2.7062  3.6834 34,0691  -0.7590  35.3547  27.4212  36.1222  342.9293  -7.4431  346.7107
4 10 22 2.2201  2.4806  35.5172  -.3601  35.6986  21.7720  24.3261  348.3047  -3.5314  350.0837

0.0000 0.0000 ©.0000 0.0000  337.3488

5 @ 1 0.0000 0.0000 0.0000 0.0000 34,4000

5 1 1 -0.1157 0.0e272 e.e336  -2.0079 34,4000 =1,1346 0.2670 9.3291 -0.0774  337.3488
5 2z 1 -1.8327 0.4312 0.5266  -9.1239 34,4000 ~17.9730 4.2289 S.1644 =1.2152  337.3488
5 3 1 -6.6892 1.5739 2.1103  -0.4965 34,4000 -65.5988 15,4350 20.6948 =4,8694  337.3428
5 4 1 =13,4301 3.1600 4.9013  -1.1532 34,4000 -131.7042 30.9892 48,0651  ~11.3094 337.3488
5 5 1 -21.6703 5.0989 8.6699 -1.9418 34,4051 -212.5131 50.0031 85.0222 =19.0429 337.3993
5 6 1 -32.2981 7.5995  -9.3650 2.8132 34,5756 -316.7357 74,5261 -3.5798 27,5878 33%.0705
S 7 1 -45.2035 10.6361 -11.9295 7.7632 24,7995 -443,2950  104.3047 -116.9882 76.1312 341.2669
H 8 "1 -60.2579  14.1783 -25.9875  12.6455 35.0613 -590.9279  139.0419 -254.8502  124.0098 343.8402
s 9°33 -64.5665  10.5541 -29.5974 9.7952 35,5227 -633.1807  103.5097 -290.2514 96.9577  348.3588
5 1 33 -67.7445 7.1311  -32.2273 6.7710 36.0924 -664.3467 69.9326 -316.0421 66,4012 353.9453




e

6 0 1 9.0000 0.0000 0.0000 0.0000
6 1 1 -2.0132 0.ee31 0.82e5  -0.0048
6 2 1 -0.2195 0.0517 8.3e71  -0.e723
6 3 1 -0.6693 9.1575 1.4412  -2.3391
6 4 1 -@.8050 @.1894 4,0963 -0.9638
6 5 1 -1.1830 8.2783 7.4869 -1.6635
6 6 1 -3.9953 0.9401 -4.3604 3,7533
6 7 1 -18.4380 2.4560 -22.3675  18.2192
6 8 3 -4.6961 -4,7437 -30.6836 7.9018
6 9 32 -4,2105  -5.8333 -33.8079 3.9619
6 1@ 32 -1.7478 -2 .4?34 =33.9751 4.2777
[]
7 e 1 9.0000 0.0000 0.0000 0.0000
7 1 1 -@.0205 0.0048 0.0001 0.0000
7 2 1 -@.3069 e.e722 0.0002 -9.0001
7 3 1 ~1.4274 0.3359 9.e137  -0.0032
7 4 1 =3.9684 ©.9337 0.1279 -9.8301
7 5 1 =7,7446 1.8223 -8.2577 8.1588
7 6 1 -11.1379 2.6207 -15.4982 6.3733
7 7 A -6.6197 -0.5027 -28.9872 9.7166
7 8§ 32 -1.1016 ~1.5330  -31.7851 6.3688
7 9 2 -0.2264 | -0.3239 -34.0343 3.6379
7 1 32 -1.7020  -2.3715 -35.6771 1.9062
8 ] 1 9.0000 0.0000 0.0000 ©.0000
8 1 1 0.0000 0.0000 ©.0000 ©.0000
8 2 1 ~0.0001 0.0000 0.0001 0.0200
8 3 1 -2.0111 0.0026 0.0025 -0.0006
8 4 1 =9.0755 0.0178 0.0524  -0.0123
8 s 1 -0.0042 0.0010 -0.2618 9.1597
8 6 1 0.0202 -0.0047 -15.4781 6.3692
8 7 1 0.1023 -2.0241 -28.8849 9.6925
8 8 1 0.7061  -0.1661 -31.0791 6.2027
8 9 1 0.8127  -0.1912 -33.2216 3.4467
8§ 100 1 9.4356  -9.1166 -35.1815 1.7896
9 e 1 0.0000 0.0000 2.000@ 2.0000
9 1 1 0.0002 0.0000 2.0001 0.0000
9 4 1 0.0002 9.0000 0.0003 -0.0001
9 3 1 -2.0019 0.0004 0.0006 -0.0001
9 4 1 -9.8510 0.0120 @.0015 -8.0003
9 5 1 -0.2041 @.04802 -0.4660 9.2078
9 6 1 -0.0181 0.0043 ~15.4362 6.3734
9 7 1 9.5809 -0.1367 -28.3039 9.5558
9 8 1 0.3265 -2.0768 -30.7525 6.1259
9 9 1 -0.2242 0.0527 -33.4458 3.4994
9 10 31 -0.4984 @.1130 -35.6799 1.9026
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0.0000
-8.1276
-2.1532
-6.5631
-7.8945

-11.6003
-39.1808
~102.3623
-45.0529
-41.2910
=17.1397

0.0000
-0.2009
=3.0092

~13,9977
=38.9166
-75.9483
-109.2252
-64.9169
-10.8026
-2,2204
~16.6907

0.0000
-@.0003
-2.0011
-9,1092
-0.7393
-@.0429

2.1977

1.0037

€.9243

7.9699

4.8598

©.0000
0.0004
0.0016
-0.0188
-9.4998
-2.0017
-@.1776
5.6969
3.2021
-2,1982
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.03
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1.8575
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17.8702
25.7000
-4.9294
-15.8332
-3,1768
-23.2560

0.0000
0.2015
3.0114
14.1317
40.1706
73.4214
-42,7606
~219.3505
-300.9031
£331.5424
-333.1817

.

1.2540
«2.5269
-151.9858
-284.2673
-311.7058
=-333.7628
-349.8725

-4.5695
-151.9657
=277.5667

0.0000
~0.0474
-8.7086
-3.3251
-9.4519

~16.3133
36.8068
100.2164
77.4901
38.8526
41,9497

2.0000
-9.0021
-2.0005
-0.0315
-9.2951

1,5569
62,5069
95.2870
62.4569
35.6758
18.6937

337.3488
337.3488
337.3488
337.3488
337,3488
337.3993
339.0705
341.2669
346,2144
352.5179
356.0151

337.3488
337.3488
337.34388
337.3488
337.3488
337.3993
339.0705
342.0154
347.1736
352.9556
359.5839

337.3488
337.3438
337.3438
337.3488
337.3488
337.3993
339.27e5
342.0154
347.1736
352,9556
359.5839

337.3428
337.3438
3373438
337.34388
337.3488
337.3993
339.0705
342.0154
347.1736
352.9556
359.5926



-
e
(L]

OUTPUT DATACRESULT) OF X-,Y- AND Z-AXES POINTS TO
ANALYSE STRESS-STRAIN BY MODEL 2

IN THE FILE RY1@@BC

307

ST. Mesh PXECI,J) PYECI, 1) PZ(I) TLSCID ANECI, D)
e 0 0.000 0.020 -2034.000 0.000 0.200
] 1 15.750 0.0e@ -2034.000 9.000 2.000
o 2 31,500 0.ee9 =2034.000 0.000 0.000
(-] 3 47.250 0.e00 -2034,000 0.002 0.e00
e 4 63.000 0.ee9 =2034.000 0.000 0.009
] 5 78.759 9.000 ~2034.000 2.002 .20
e 6 94,500 2.000 -2034.000 ©.000 ©.000
e 7 110.250 e.eee -2034.000 0.000 0.000
L 8 126.000 0.000 -2034.000 0.000 2.000
-] 9 141.750 0.e02 -2034.000 2.000 9.000
") 10 157.500 0.000 -2034.000 0.000 0.220
1 @ 0.000 0.000 -1589.350 444.650 0.000
1 1 15.750 0.001 -1589,350 444 650 0.0e3
1 2 31.500 0.008 -1589.350 444,650 2.313
1 3 47.236 0.60L -1589.350 444,650 4.005
1 4 62.901 2.207 -1589.350 444.650 7.696
1 5 78,495 4.420 =1589.350 444.650 8.105
1 6 94087 6.642 -1589,350 444,650 8.114
1 7 129.678 8.866 -1589,350 444,650 8.123
1 8 125,269 11.093 -1589.350 444,650 8.132
1 9 140.858 13.322 -1589,350 444,650 8.141
1 10 156.445 15.553 -1589.350 444,650 8.150
2 ] 0.000 0.200 -1266.000 768.000 2.000
2 1 15,750 e.ee1 «1266.000 768.000 0.029
2 2 31.500 0.014 -1266.000 768.000 0.831
2 3 47,145 1.635 -1266.000 768.000 11.003
2 4 62.259 5.994 -1266.000 768.000 21.174
2 5 76,839 11.948 -1266.000 768.000 22,275
2 6 91.411 17.919 -1266.000 768.000 22.284
2 7 105.980 23.8% -1266.000 768.000 22.293
2 8 120.544 29.863 -1266.000 768.000 22.32
2 9 135.102 35.836 -1266.000 768.000 22.311
2 10 149.654 41.808 ~1266.000 768.000 22.320
3 0 0.0ed 0.022 -641.000 1393.000 0.000
3 1 15.750 0.001 -641.000 1393.000 ©.029
3 2 31.500 0.0925 -641.000 1393000 1.845
3 3 46,728 3.616 -641.000 1393.000 24.691
3 4 59.367 12.837 -641.000 1393.000 47.537
3 5 €3.515 24,882 -641.000 1393.000 50.025
3 6 79.631 36.950 -641.000 1393.000 58.034
3 7 89.743 49,019 -641.000 1333.000 50.043
3 8 99,851 61.085 -641.000 1393.200 50.052
3 9 109.954 73.150 -641,000 1393.000 50.061
3 12 120.051 85.211 -641.000 1393.000 50.070
4 ) 0.000 0.000 =181.000 1853.000 2.200
4 1 15.613 1.791 ~181.000 1853.000 13,084
4 2 30.412 7.077 =181.00@ 1853.000 26.950
4 3 42,678 16.789 -181.000 1853.000 49,794
4 4 50.210 30,498 -181.000 1853.000 72.635
4 5 54,288 45.703 -181.000 1853.000 75.128
4 6 58.326 €0.914 -181.000 1853.000 75.137
4 7 62.360 76.119 ~181.000 1853.000 75.146
4 8 66.389 91.316 ~181.000 1853.000 75.155
4 9 70.413 186.505 -181.000 1853.000 75.164
4 10 74.432 121.682 -181.000 1853.000 75.173
5 [ 0.000 0.000 393.010 2427.010 0.000
5 1 15,405 2.832 393.010 2427.010 20.836
5 2 28.793 10.962 393.010 2427.010 42.017
5 ‘3 37.848 23,694 393.010 2427.010 67.146
H 4 49.638 39.066 393.010 2427.010 92.274
H 5 39.263 54,753 393.010 2427.010 95.356
5 [ 37.739 70.426 393.010 2427.010 95,755

DB(I,))

15.75000
15.75000
15.75000

15,74843
15,74754
15.74645
15,74516

15.75000
15.75000
15,7500
15.74996
15,74944
15.74776
15,74495
15.74109
15,73592
15.72973
15,72242

15.72230

15.75000
15.74994
15.749¢5
15.74647
15.74264
15.73764
15.73093
15,72250
15.71238
15.70059
15.68716

15.75000
15,74999
15.74979
15.74915
15.74803
15.74633
15.74386

TLECL,D)

15.7500
31.5000
47.250@
63.0000
78.7500
94,5000

118.250@ .

126.0000
141.7500
157.5000
173.2500

15.7509
31.5000
47.2500
63.0000
78.7499
94.4335
110.2486
125.9971
141,7446
157.4910
173.2362

15.7500
31.5000
47.250@
63.0000
78.74%4
94,4972
110.2421
125.9831
141.7192
157.4488
173.1712

15.7500
31.5009
47,2500
63.0000
78.7494
94,4972
110.2421
125,9831
141.71%
157.4487
173.1710

15.750@
31.4999
47,2499
62.9355
78.7381
94.4757
110.2067
125.9292
141.6416
157.3422
173.0293

15.7500
31.5000
47,2498
62.9989
78.7470
94,4933
110.2371

TLNICI)/2

157.5000
157.5000
157.5000
157.5000
157.5000
157.500Q
157.5000
157.5000
157.5000
157.5000
157,5000

157.4995
157.4995
157,4995
157.4995
157.4995
157.4995
157.4995
157.4395
157.4995
157.4995
157,4995

1574825
157.4825
157.4825
157.4825
157.4825
157.4825
157.4825
157.4825
157.4828
157.4825
1574825

157.49%
157.49%
157.49%
157.49%
157.4996
157.49%6
157.499%
157.49%
157.49%
157,499
157.4996

157.4981
157.4981
157.4981
157.43981
157.4981
157.4981
157.4981
157.4981
157.4981
157.4981
157.4981

157.4562
157.4562
157.4562
157.4562
157.4562
157.4562
157.4562



5 7 36.105 86.085 393.012 2427.010 96.154 15.74059
H] 8 34.364 101.729 393.010 2427.010 96.552 15.73648
5 9 32.514 117.356 393.010 2427.010 96.951 15,73148
5 12 30.555 132.965 393.010 2427.010 97.350 15.72557
6 0= 0.000 0.000 654.000 2688.000 e.00Q 15.65147
6 1 15.392 2.454 €54.000 2688.002 18.116 15.65146
6 2 29.256 9.575 654.000 2688.000 36.545 15.65136
6 3 39.681 21.111 654.000 2688.000 59.248 15.65093
6 4 44847 35.777 654.000 2688.000 81.950 15.64994
6 5 45.899 51.387 654,000 2688.000 88.111 15.64845
6 6 45.924 67.033 654.000 2688.000 91.705 15.64719
6 7 44.969 82.643 654.000 2688.000 95.298 15.64659
6 8 42.012 97.948 654.000 2688.000 111,518 15.64783
6 9 33.421 110.873 654.000 2688.000 135.821 15.64949
6 19 20.507 119.619 654.000 2688.000 155.000 15.63501
7 e 0.000 0.000 1094.002 3128.000 2.002 15.61634
7 1 15.359 2.443 1094.000 3128.000 18.076 15.61634
7 2 29.201 9.531 1294.000 3128.000 36.152 15.61634
7 3 42.000 20.698 10234 .000 3128.000 56.199 15.61634
7 4 45.200 34.940 1094.000 3128.000 76.759 15.61629
7 5 47.719 50.455 1094.000 3128.900 88.537 15.61626
7 6 47.314 66.260 10234 .000 3128.000 94.438 15.61629
7 7 45,260 81.53e 1094000 3128.000 102,672 15.61633
7 8 39.081 95.772 1094.000 3128.000 124.233 15.61607
7 9 28.101 106.747 1034.000 3128.000 145.793 15.61541
7 12 13.967 113.226 1234.000 3128.000 164.460 15.61459
8 ] @.008 0.000 1534.000 3568.000 0.000 15,5930
8 1 15.336 2.436 1534.000 3568.000 18.049 15.59301
8 2 29.163 9.503 1534.002 3568.000 36.098 15,59301
8 3 40.118 20.509 1534.000 3568.000 54.232 15.53301
8 4 47.06@ 34.396 1534.000 3568.000 72.653 15,59299
g 5 49.609 49.741 1534.000 3568.000 . 86.766 15.59293
8 6 48.943 65.294 1534.000 3568.000 98.734 15,59295
8 7 44.166 £0.065 1534.000 3568.000 117.155 15.59295
8 8 34.968 92.567 1534.000 3568.000 135.576 15,59246
8 9 22,279 101.526 1534.000 3568.000 153.853 15.59176
8 19 7.440 106.098 1534.000 3568,000 171.900 15,591e8
9 e 0.000 0.e20 2034.000 4068.000 0.002 15.55111
9 1 15.297 2.423 2034.000 4068.000 18.000 15.55111
9 2 29.096 9.454 2034.000 4068. 000 36.001 15,55111
9 3 40.047 20.405 2034.000 4068.0200 54.001 15.55111
9 L 47.078 34.205 2034.000 4068.000 72.001 15.55111
9 5 49.500 49.501 2034.000 4068.008 90.901 15.55111
9 6 47.077 64.798 2034,000 4068.000 108.002 15,55105
9 7 40.045 78.597 2034 .000 4068.000 126.002 15.55080
9 8 29.034 89.547 20834.000 4068.000 144.002 15.55049
9 9 15.295 96.578 2034.000 4068.000 162.e01 15.54991
9 19 0.000 99.002 2034.000 4068.000 180.000 15.54937
ST. Mesh FRDCI) DEZF(%) DEXF(%) DBO(I,J) DB(I,Jd TLEO(CL, )
6 ] 0.0063 0.2824 -0.6276 15.7500 15.6515 15.7500
6 1 9.0063 0.2824 -0.6276 15.7500 15.6515 31.5000
6 2 0.0263 9.2824 -2.6276 15,7499 15.6514 47.2499
6 3 0.0063 0.2824 -0.6276 15.7485 15.6509 62,9993
6 4 0.0063 ©.2824 -0.6276 15.7485 15.6499 78,7478
6 H 0.0063 0.2824 -8.6276 15,7470 15.6485 94.4548
6 6 0.0063 0.2824 -0.6276 15.7457 15.6472 110,2405
6 7 T 9.8063 0.2824 -R.6276 15,7451 15.6466 125.9856
6 8 0.2063 0.2824 -8.6276 15,7463 15.6478 141.7319
6 9 0.0063 0.2824 -0.6276 15.7480 15.64395 157.4799
6 10 ©.0063 @.2824 -8.6276 15.7334 15.6350 173,2133
7 ] 0.0022 0.1011 -0.2247 15.6515 15.6163 15.6515
7 1 e.ea22 0.1011 -0.2247 15.6515 15.6163 31.3029
7 2 @.e022 0.1011 -9,2247 15,6515 15.6163 46,9544
7 3 0.0022 9.1e11 ~0.2247 15.6515 15.6163 62.6059
7 -4 0.0022 0.1011 -Q.2247 15.6514 15.6163 78.2573
7 S 8.0022 e.1011 -0.2247 15.6514 15,6163 93.9087
7 6 0.0022 0.1011 -0.2247 15.6514 15.6163 109.5601
7 7 0.0022 0.1011 -Q.2247 15.6515 15.6163 125.2116
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125.9777
141.7142
157.4457
173.1713

15.6515
31.3029
46.9543
€2.6052
78.2552
93.9036
109.5508
125.1974
1408452
156.4347
172.1297

15.6163
31.2327
46,8492
62.4654
78.0817
93.6979
109.3142
124.9305
142.5466
156.1620
171.7766

15.5930
31.1860
46,7799
62.3721
77.9650
93.5580
109,1509
124.7439
149.3363
155.9281
171.5192

15.5511
31.1022
46.6533
62.2044
77,7556
93.3067
128.8577
124,4085
139,9529
155.5088
171.0582

TLECI,)

15.6515
31.3029
46,9543
62,6052
78.2552
93.9036
129,5508
125.1974
14,8452
156.4947
172,1297

15.6163
31,2327
46.8499
62.4654
78.0817
93.6979
109.3142
124.9305

157.4562
157.4562
157.4562
157.4562

155,9281
155.9281
155.9281
155.9281
155.9281
155.9231
155,9281
155.9281
155.9281
155.9281
155.9281

155.5088
155.5088
155.5088
155.5088
155.5088
155.5088
155.5088
155.5088
155.5088
155.5088
155.5088

TLNICTY/2

156.4947
156.4947
156.4947
156.4947
156.4947
156.4947
156.4947
156.4947
156.4947
156.4547
156.4947

156.1620
156.1620
156.1620
156.1620
156.1629
156.1620
156.1620
156.1620



7 8 0.0022 9.1011 -0.2247 15.6512 15.6161 149.8628
7 9 0.0022 8.1011 -0.2247 15.6505 15.6154 156.5133
7 10 0.e022 9.1011 -0.2247 15.6497 15.6146 172.1630
8 e 0.0015 0.0673 -0.1495 15.6163 15.5930 15.6163
8 1 @.0e15 0.0673 -0.1495 15.6163 15.5930 31.2327
8 2 0.0215 0.2673 -@.1495 15.6163 15,5930 46.8490
8 3 ©.0015 0.2673 =8.1495 15.6163 15.5930 62.4654
8 4 0.2015 0.9673 -9.1435 15.6163 15.5930 78.0817
8 5 0.0015 0.0673 ~0.1495 15.6163 15.5929 93.6980
8 6 0.0015 0.0673 -0.1495 15.6163 15.5930 109.3142
8 7 9.0015 0.0673 =8.1495 15.6163 15.5930 124.9305
8 8 0.2015 9.8673 -0.1495 15.6158 15.5925 140.5463
8 9 2.e215 2.0673 =0.1495 15.6151 15,5918 156.1614
8 12 0.9015 9.0673 -@.1495 15.6144 15,5911 171.7758
9 [} e.ee27 0.1211 -0.2691 15.5930 15.5511 15.5930
9 1 8.e027 0.1211 -@.2691 15,5330 15.5511 31.1860
9 2 9.0027 0.1211 -0.2691 15.5930 15.5511 46.7799
9 3 @.0027 0.1211 -0.2691 15.5330 15,5511 62.3721
9 4 0.0027 0.1211 -2.2691 15,5930 15,5511 77,9651
9 5 0.ea27 0.1211 -0.2691 15.5930 15.5511 93,5581
9 6 0.0027 0.1211 -9.2691 15.5930 15.5511 109.1510
9 7 0.0027 0.1211 -0.2691 15.5927 15.5508 124.7437
9 8 0.0027 @.1211 -0.2691 15,5923 15,5504 140.3360
9 9 0.e027 0.1211 -0.2691 15.5918 15,5499 155.9278
9 10 0.0027 e.1211 -0.2691 15.5913 15.5494 171.5191
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14,5466
156.1620
171.7766

15,5930
31,1860
46.7730
62.3721
77.9650
93.5580
109.1509
124.7439
140.3363
155.9281
171.5192

15.5511
31.1022
46.6533
62.2044
77,7556
93.3067
108.8577
124.4285
139.9589
155.5088
171.0582

156.1620
156.1620
156.1620

155.9281
155,9281
155.9281
155.9281
155.9281
155.9281
155.9281
155.9281
155.9281
155.9281
155.9281

155.5088
155.5088
155.5088
155.5088
155.5088
155.5088
155.5088
155.5088
155,5088
155.5088
155.5088



**  QUTPUT DATACRESULT) OF STRESS~STRAIN ANALISIS

*e MODEL 2 1IN THE FILE RY10QBC

(L]

seveveesere RESULTS OF STRAIN *+++sessevsese

00w

100.09 TS=

1.00 NUMBER OF STAND= 9

Stond No. of 1st Finposse 6

NUMBER OF DIVISION=10 Ex/Ez= 8.50 Ez/Ex in Finpass & SQ= 0.45
ST. Mesh DEz(X) Ez(%) DEx(%) Ex(%) DEZECX) DEXECX)

[-] ] 0.000000 0. 000000 0.000000 0.000000 0.000000 0.020000
e 1 ©.000000 ©.000020 0.000000 0.000002 ©.0600000 8. 200000
@ 2 2.000000 0.000000 0.000000 2.000000 0.000000 0.000000
e 3 0.000000 0.ec0000 2.000000 9.000000 0.000000 0.000002
e 4 2.000000 0. 000000 0.000000 0.000000 0.000000 9.000000
] 5 2.000000 2.000000 2.000000 2.000000 9.000000 9.000000
@ 6 0.000000 2.000020 0.000000 0.000000 2.000000 0.0200000
e 7 0.000000 2.000000 @.000000 9.000002 0.000000 0.000000
] 8 0.000000 2.000000 0.e20000 0.000000 0.000000 0.000000
e 9 8.0600080 0.000002 0.000000 0.000002 0.000000 2.000000
e 10 2.000000 0. 000000 0.000000 9.000000 2.000000 ©.000000
1 @ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
1 1 0.000000 0.000000 0.000000 2.000000 0.000000 0.000000
1 2 0.000000 0. 000000 0.000000 0.000000 0.000000 0.200009
1 3 0.000291 2.000091 -0.000046 =0, 000045 9.000091 =0. 000045
1 4 0.001234 0.001234 -0.000617 -.000617 9.001234 -0.220617
1 5 0.004957 0.004957 -0.002478 -0.022478 2.004957 -0.002478
1 6 9.011198 9.011198 -8.885539 -0.2@5599 0.011198 -0.005539
1 7 ©.019958 0.019958 -0.009979 =0.0¢9979 2.019958 ~0.229979
1 8 9.031243 2.031243 -8.015622 -0.015622 0.031243 -8.815622
1 9 .045060 0.045060 -8.822530 -@.022530 0.045060 -9.022530
1 1 0.061415 2.261415 -@.2307e8 -2.030708 0.061415 -9.030708
2 [} 0. 000000 9.000000 0.000000 2.000000 0.000000 0.000000
2 1 0.0200000 0.000000 2.000000 9.000000 2. 202000 9.000000
2 F4 0.000000 0. 000000 0.000000 0.000000 0.000000 2.000000
2 3 0.000424 0.000515 -9.000212 -8.020258 0.000424 -0.000212
2 4 0.005824 8.827058 -0.002912 -0.823529 9.005824 -0.802912
2 5 0.023447 0.028404 -8.011723 -0.014202 0.023447 -0.011723
2 6 0.052936 0.264194 -0.026498 -0.832097 2.0529% -2.026498
2 7 ©9.094398 2.114355 -@.047199 «@.057178 9.894398 -0.047199
2 8 0.147595 ©.178838  -0.073797  -0.889419 ©.124570  -0.058828
2 9 0.212514 @8.257575 -0.106257 -@.128787 9.114451 =0. 044665
2 1e @.28%72 @.35e487 -@.144536 -0.175243 2.1e1154 -0,030475
3 ] 9.000000 2. 002000 0.000000 0.000000 0. 000000 0.000020
3 1 0. 000000 2. 000000 2.000000 0.000000 9.000000 2.002000
3 2 0.000000 0.000000 2.000000 2.000002 0.000000 0.000000
3 3 0.000029 2.002524 ~0.000005 -8.000262 0.000029 -2.800005
3 4 0.000026 0.007064  -0.000003  -0.003532 0.000006  -0.000003
3 5 -0.000133 0.028271 0.000066  -0.014136 -@.000133 ©.000066
3 6 -0.000107 0.064087 0.000054  -0.032043  -0,000107 0.000054
3 7 0.000082 09.114438  -0.000041  -0.057219 0.000082  -0.000041
3 8 0.000430 ©.179268 -9.000215  -0.089634 0.000024 0.000045
3 9 0.000928 0.258503  -0.000464  -0.129251 0.000035 0.000069
3 1 2.001566 9.352053  -0.000783  -0.176026 0.000039 0.000274
4 @ 0.000000 0.000020 0.000000 0.000000 ©.000000 0.000000
4 1 @.e00761 0.002761 -0.000382 ~@.000380 0.000761 -@.000380
4 2 0.012028 0.012028  -0.006014  -0.006014 0.012028 -0.006014
4 3 0.044334 0.044853  -0.022167  -0.022429 0.044334  -0.022167
4 4 2.086365 @.093429 -@.043183 =0.046714 9.086365 -0,843183
4 5 @.128711 9.156983 -2.064356 -0.078491 9.126259 -0.062744
4 1) 0.178273 9.242360 -9.089137 «-0.121182 @.094805 -@.036383
4 7 0.235067 @.3495e5 -0.117534 ~@.174753 2.048104 -0.004015
4 8 8.298975 8.478243 =@.149438 =0.239121 2.0e9533 @.818129
4 9 2.369860 0.628363 -0,184930 -9.314181 2.008043 2.013543
4 10 0.447569 0.739622 -0.223784 =9.399811 2.007016 0.008649
s @ 0.000000 0.000000 0.000000 0.020000 2.000000 0.000000
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EzE(X)

0.114438
©.155837
0,159545
©.162608

@.000000
2.000761
0.012028
0.0443853
2.093429
0.15453¢
9.158892
0.162542
@.165370
9.167589
0.169625

2.000000

ExECX)

i

-

i

it

o268
- X1

EG3
ER3

oo $
i
g

9. 000000

=0.014202
-8.032097
=0.057178
~0.074450

-0.000262
-9.003532
«0.014136
-0.032043
-0.857219
=0.074404
-2.067126
-0.061108

0.000000
-0.000380
-0.006014
-2.022429
=0.846714
-0.076882
-0.068426
-0.061234
=0.856275
-2.053583
-0.052459

DEPSOT(X)

i

1

T

by

i

i

-
=
&
-

9.102276
0.198507

i

0.001516



H] 1 -2.0005% 0.000171 0.000295 -0.000086
5 2 -0.0@3340 0.002688 2.004670 -0.001344
5 3 ~2.034083 0.210776 0.017041 -0.005388
5 4 -0.068391 ©.025038 0.034196  -0.212519
5 5 -2.110318 0.046664 ©.055159 -0.023332
5 6 -0.164375 0.077985 0.082187 -0.038992
5 7 -9.229978 0.119527 9.114989 -0.059764
H 8  1-0.306448 9.171795 0.153224  -0.085897
S 9 -0.393e75 @.235288 9.196538 =0.117644
5 10 -0.489122 ©.310500 ©.244561 =8.155250
6 @ 0.282399 0.2823%9 -0.627553 -0.627553
6 1 0.282321 0.282492 -@.627514 -0.627600
6 2 0.281177 0.283865 -0.626942 -0.628286
6 3 0.278493 0.289269 -0.625600  -@.630988
6 4 0.276857 0.3018%4 -0.624782 -0.637301
6 5 0.274266 0.320930 -.623487  -@.646819
6 6 0.259116 8.337101 -0.615912 -0.654504
6 7 9.225215 0.344743 -@.598961 ~@.658725
6 8 0.157083 ©.328878 -9.564835 ~2.650792
6 9 0.0872465 0.3087753 -@.522586 =0.640230
6 10 0.182280 0.492781 -@.577434  -0.732744
7 @ 0.101107 ©.3835¢6 -@.224682 -8.852235
7 1 8.1e1013 0.383506  -0.224635  -0.852235
7 2 0.099640 0.383506 -0.223949 -0.852235
7 3 0.094301 8.383570 -0.221279 -@,.852267
7 4 0.082234 ©.384128 -0.215245 -0.852546
7 H] @.063582 0.384512 =0.205919 -0.852738
7 6 9.047042 0.384143 -0.197643  -0.852553
7 7 0.838977 0.383719 -0.193617  -@.852342
7 8 0.858e69 0.386946 -2.203163 -@.853955
7 9 ©.887769 @.395522 -0.218013  -@.858243
7 10 -0.086811 0.405970 -2.130e723 -0.863467
8 0 0.867278 0.450784 -2.149507  -1.001741
8 1 0.067278 9.450784 -0.149507 =1.001741
8 2 0.067278 0.450784 -0.149507  -1.001741
8 3 0.0967225 0.450795 -0.149480  -1.001747
8 4 0.066912 0.451040 -0.149324  -1.001870
8 5 0.267293 0.451805 -0,149514 ~1,002252
8 6 0.067415 ©.451558  ~-@.149575 -1.002129
8 7 0.867868 0.451587  -0.149s801 -1.002143
8 8 0.070954 0.457901  -@.151345 -1.005300
g8 9 9.e71385 0.466907 -8.151560 =1.009803
8 10 ©.0696@9 0.475579  -0.150672 -1.014139
9 @ 0.121087 ©.571871  -0.269082 -1.270824
9 1 @.121087 @.571871  -@.269082 =1.270824
9 2 0.121087 0.571871  -@.269082 -1.279824
9 3 0.121876 0.571871  -0.269077  -1.270824
9 4 9.120831 @.571872 -@.268955 -1.270824
9 H 0.120068 0.571873  -9.268573 -1.270825
9 6 0.121087 0.572645  -0.269082 -1.271211
9 7 0.124273 0.575860 -0.270676  =1.272818
9 8 @.123097 @.580998 -0.2700288 -1,275387
9 9 0.120417 0.587324  -0.268747  -1.27855@
9 10 0.118720 0.594299 -0.267899 =1,282038
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-0.000590
~0.009340
-2.034083
-0.068391
-@.110318
~0.164375
~@.229978
=0.306448
-0.322413
-0.332646

0.043959
0.043780
0.041147
9.032907
0.019062
0.000347
0.044504
0.093383
©.138620
0.124440
0.166341

~0.001246
-0.001283
-2.001822
-9.004152
-0.010068
-0.819471
-2.024731
-0.020955

0.008556

0.044688
-0.084263

-0.000097
=0.000074
0.000279
0.001545
0.004294
9.809341
0.015236
0.020708
0.022078
0.018230
0.070542

0.000316
0.000332
0.200570
0.001484
0.003477
0.006161
0.010142
0.014454
0.012522
0.02%071
0.840727

©.000295
0.00467¢
@.017241
0.03419
0.055159
0.082187
0.114989
©.153224
©.142665
0.130915

-0.169961
-@.169881
-@.168700
-0.164887
~2.158122
-0.149621
-9.185216
=.226985
-8.273087
=8.266493
-0.262477

~0.002473
-0.002479
-@.002568
-9.002933
-0.003764
-0.004730
-0.004236
-0.002461
-9.002570
-2.007893

0.020237

-0.0a1507
-2.001503
-0.001442
-0.001234
-0.000892
=0.000575
-0.e00713
-0.001255
-2.8Q1071
=0.000561
-9.025852

-@.002625
=9.002622
-0.082580
-0.002426
-8.002123
-9.001795
-0.001414
-0.801062
-2.001195
-0.021508
-0.003892

9.00e171
0.002688
0.010776
0.025038
0.044212
-0.005483
~0.067436
-0.141078
-9.154824
-0.163022

0.043959
©.243951
0.943835
@.043683
0.044100
@.844559
0.03%021
0.025947
-0.002457
=9.030334
0.003320

0.042713
0.042669
2.042013
9.039531
0.034032
0.025088
0.014290
0.004331
0.006039
0.014305
-2.080943

0.042617
©.0425935
0.042283
0.041077
©.038325
0.034428
0.029526
0.025700
0.028177
9.032535
-@.010402

9.042933
0.042928
9.242853
©.042560
@.841803
0.04859
0.239669
0.040153

040699
0.241605
©.830325

-0.000086
-0.001344
-0.005388
-0.012519
-2.021721
0.013761
0.053755
0.096349
©.089082
0.078455

-0.169961
-8.169966
~0.170044
-0.17027%
-0.170641
=0.171342
-9.171455
-2.173232
-0.176138
=9.177411
-2.184022

-0.172434
-0.172446
-0.172611
-0.173208
-@.174406
~0.176072
-@,175692
-0.175691
-0,178727
-0.185305
-0.163785

-0.173941
~0.173948
-0,174053
-0.174442
-0.175297
-0.176647
-0.176425
=0.176945
-0.179778
-0.185866
-@.189637

=@,176566
-0.176570
=9.176633
-9.176868
-2.177420
=0.178442
-9.177818
-@.178008
-0.182974
-9,187374
-0.193529

.

il

coonecseses
Eg
88

0.492912
9,493271
0.498710
9.518589
0.562381
0.637481
0.467593
0.376791
0.547731
0.904432
9.801807

9.220430
9.220384
©.219718
9.217358
0.213772
0.213291
0.214038
0.207985
0.209326
0.283720
0.391899

0.146792
©.146797
0.146875
9.147199
9.148119
9.151293
0.156630
9.163391
0.166403
0.161238
0.301193

9.264308
9.264311
9.264366
0.264605
0.265218
9.266257
9.269602
e.27s277
0.272592
0.268273
0.319370



o

TR ERSRERER REwLTs OF STRESS LA LD AL Ll Ll Ll ]

ST. Mesh NHAN DSz(kg/mm2) DSx Sz Sx
e e ° 0.p200 0.0000 2.0000 0.0000
e 1 @ 2.0000 0.0000 0.0000 2.0000
2 2 @ 0.0000 9.0000 0.0000 2.0000
e 3 e ©.0000 0.0000 2.0000 2.0000
e 4 @ 0.0000 0.0000 0.0000 2.0000
e 5 @ 2.0000 0.0000 0.2000 2.0000
e 6 @ 0.0000 0.0000 9.0000 0.0000
e 7 e 0.0000 e.0000 2.0000 2.0000
e 8 e 2.0000 0.0000 2.0000 0.0000
e 9 e 2.0000 9.0000 0.0000 0.0000
e 10 @ 0.0000 0.0000 0.0000 0.0000
1 e 1 ©.0000 2.2000 2.0000 2.0000
1 1 1 2.0000 2.0000 2.0000 9.0000
1 2 1 9.0000 8.0000 2.0000 0.0000
1 3 1 2.0179  -0.0042 0.8179  -0.0042
1 4 1 0.2420  -2.0569 8.2420  -0.0569
1 5 1 8.9723  -0.2288 8.9723  -9.2288
1 6 1 2.1965 -0.5168 2.1965 -0.5168
1 7 1 3.9148  -@.9211 3.9148  -@.9211
i 8 1 6.1284  -1.4420 6.1284  -1.4420
1 9 1 8.8387  -2.0797 8.8387  -2.0797
1 10 1 12.0468  -2.8345  12.0468  ~2.8345
2 o 1 0.0000 2.0000 2.0000 0.0000
2 1 1 2.0200 0.0000 2.0000 2.0000
2 2 1 2.0000 2.02000 2.0000 2.0000
2 3 1 0.0831  -0.0196 0.1011  -9.0238
2 4 1 1.1424  -9.2688 1.3844  -9.3257
2 5 1 4,5992  -1.e822 5.5715  -1.3109
2 6 1 10.3953 - -2.4460 12,5919  -2.9628
2 7 1 18.5165  -4,3568  22.4313  -5.2779
2 8 2 24.6742  -4.9516 30.8026  -6.3936
2 9 21 23,3195  -2,3838 32,1582  -4.4635
2 1 21 21.2334  -0.0298  33.2802  -2.8643
3 e 1 0.0000 0.0000 0.0000 8.0000
3 1 1 0.0000 2.0000 0.0000 2.0000
3 2 1 0.0000 0.0000 0.0000 0.2000
3 3 1 0.0018  -0.0004 2.1029  -0.0242
3 4 1 0.0012  -0.0003 1.3856  -0.3260
3 5 1 -0.0260 9.0061 5.5455  -1.3048
3 6 1 -9.0210 0.0049  12.5708  -2.9578
3 7 1 0.0162  -0.0038  22.4474  -5.2817
3 8 22 0.0086 9.0121  30.8112  -6.3815
3 9 22 e.e1z8 0.0184  32.1710  -4.4451
3 10 22 ©.0143 2.0199  33.2944  -2.B444
4 0 1 0.0000 2.0000 2.0000 2.0000
4 1 1 0.1433  -0.0351 2.1493  -8.0351
4 2 1 2.3594  -@,5552 2.3594  -9.5552
4 3 1 8.6963  -2.8462 8.7992  -2.0704
4 4 1 16,9408  -3,9861 18,3264  -4,3121
4 5 21 24,7928  -5.7385  30.3383  -7.0433
4 6 21 19,3593  -1.8327  31.9301  -4.7905
4 7 u 10.823¢ 2.4037  33.2704  -2.8780
4 8 22 3.4551 4.8436  34.2663  -1.5379
4 9 22 2.7938 3.6821  34.9648  -0.7630
4 10 22 2.2179 2.4816  35.5124  -0.3628
s @ 1 2.0000 0.0000 2.0000 0.0000
s 1 1 -9.1157 0.0272 0.0336 -8.0079
s 2 1 -1.8321 0.4311 8.5273  -9.1241
5 3 1 -6.6854 1.5730 2.1138  -0.4974
5 4 1 -13.4182 3,1565 4.9112  -1,1556
s S5 1 -21.63% 5.0916 8.69%¢  -1,9517
s é 1 «32,2428 7.5865 =2.3126 2.7960
§ 7 1 -45,1110  10.6144 -11.8407 7.7363
5 8 1. -60.1109 14.1438 -25.8446  12.6059
5 9 °°33 -64.5262 10.6017 -29.5614 9,8387
5 10 33 -67.7012 7.1817  -32.1889 6.8189

SEQ
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86.6782
118.1388

0.0000
0.0000
0.00002
0.8151
11.2032
45.1027
101.9433
181.5844
241,9711
228.6859
208.2282

0.0000
0.2002
0.000¢
0.e176
0.0114
-@.2551
-0.2061
9.1584
0.0844
©.1256 -
@.1398

0.0000
1.4637
23.1381
85.2820
166.1329
243.1348
189.8499
106.137@
33.8831
27.3974
21.7505

0.0000
=1.1342
-17.9666
-65.5615
-131.5581
-212.2096
-316,1935
-442,3883
=589.4872
-632,7859
=663.9221

DSx

111

0.0020
0.0000
0.0000
-2.0414
~0.5584
-2.2436
=5.0684
-9.0332
=14,.1410
-20.3949
=27.7974

©.0000
9.0020
0.0000
-2.1918
~2.6360
-10.6124
-23.9867
-42,7257
-48.5589
+23.3773
-9.2918

@.0485
=0.9373
©.1189
0.1807
0.1953

0.0000
-@.3444
=5.4443

-20.0664
-39.0901
-56.2750
-17.9722
23.5723
47,4997
36.108%
24,3363

9.0000
0.2669
4.2274
15.4262
30,9548
49.9317
74,3985
124.0914
138.7028
103.9672
70.4283

wy
L]

it

11

220.1338
302.1549
315.4898
326.5068

0.02000
1,4637
23.1381
86,2907
179.7207
297.5174
331277
326.2709
336.0381
342.8871
348.2573

0.0000
8.3295
5.1715
20,7292
48,1626
85.3079
~3.0658
-116.1174
=253.4490
-289.8988
=315.6649

i

.

T

=14.1410
-20,3949
=27.7974

=-43.5915
-27,8938

0.0000
-0.3444
=5.4443
-20.3037
~42.2872
-69.0709
~46.9787
-28.2239
«15.0813

~7.4826

«3.557%

0.0020
-0.0775
=1.2168
~4,.877%

=11.3324
-19.1393
27.4198
75,8675
123.6215
96.4845
66.8707

SEQ

337.3488
337.34388
337.3488
337.3428
337.3488
337.3488
337,3488
337.3488
337.3438
337.3438
337.3488

337.3488
337.34388
337.3488
337.3488
337.3438
337.3488
337.3488
337.3438
337.34388
337.3488
337.3428

337.3488
337.3488
337.3488
337.3488
337.3488
337.3488
337.3488
337,3488
337.8131
339.3740
341.279

337.3428
337.3488
337.34288
337.3488
337.34238
337.34388
337.3488
337,3488
337.8212
339.3916
341.3096

337.3428
337.3488
337.3428
337.3488
337.3488
3z
339.0668
341.2593
343.8269
346.6890
350,0496

337.3488
337.3428
337.3488
337.3488
337.3488
37,3977
339.0668
341,2593
343.8269
348,311
538711



6 e 21 -1.6221 -36.1785 -1.6221 -36.1785
6 1 22 -1.6578 -36.1723 -1.6242 -36.1802
6 2 2 -2.1838 -36.0821 -1.6564 -36.2062
6 I 2 -3.8213 -35.7727 -1.7976 -36.2701
6 4 21 -6.5480 -35.1701 -1.6367 -36,3257
6 5 21 ~10.2783 -34.5040 -1.5793 -36.4556
6 6 21 -2,5524 -39.6612 -2.8651 -36,8651
6 7 2 5.8356 -45.9161 -6.0051 -38.1798
1) 8 2 13.8833 -53.4232 -12.,7613 -42,8173
6 9 23 10.2675 -52.8832 -19.2939 -43.0445
6 1@ 23 20.2150 -49.0557 -11.9739  -42.2368
7 e 22 -0.4587  -0.6570 -2.0808 -36,8355
7 1 22 -0.4676 -0.6612 =2.0919 -36.8412
7 2 22 -0.5983 -0.7187 -2.2548 -36.9248
7 3 22 -1.1612 -0.9642 -2,8687 =37.2343
7 4 22 -2,5840  -1.5657 -4.2208 -37.8914
7 s 22 -4.8209 -2.4396 -6.4001 -38.8952
7 6 22 -6.0005 -2.6898 -8,8656 -39,5549
7 7 22 -5.0063 -2.0187 -11.0113 -49.1985
7 8 22 1,7967  -@.0006 -10.9646 -40.8179
7 9 22 9.7663 1.2723 =9.5277 -41.7723
7 10 32 -18.0443 -1,1635 -30.0182 -43.4003
8 e 22 -9.1267  -0.3545 -2,2075 -37.19%@
8 1 22 -0.1210 -0.3519 -2.2129 -37.1931
8 2 22 -0.0375 -0,3142 -2.2923 -37.2388
8 3 22 0.2712 -0.1777 -2.5975 -37.4121
8 4 22 0.9291 0.2915 -3.2916 -37.7999
8 5 22 2.1157 0.5141 -4.2844 -38.3811
8 6 22 3.4667 @.89%03 -5.3989 -38.6646
8 7 22 4.6928 1.1441 -6.3194 -39.0544
8 8 22 5.e208 1.2813 -5.9438 -39,5366
8 9 22 4.1680 1.1325 -5.3596 -40.6398
8 1w 22 14,4891 -1.0822 -15.5291  -44.4825
9 0 22 -0.1088 -0.5838 -2,3163 -37.7737
9 1 22 -0.1048 -0.5820 =2.3177 -37.7751
9 2 22 -8.0470 -@.5559 -2,3393  -37.7947
9 3 2z 8.1745  -0.4570 -2.4231 -37.8691
9 4 2 0.6555 -0.2491 -2.6361 -38.0490
9 5 22 1.2976 0.0123 -2.9868 -38.3688
9 6 22 - 2.2427 0.3759 -3.1562 -38.2887
9 7 22 3.2620 0.7555 -3.8574 -38.2988
9 8§ 22 2.8971 2.5911 =3.1368 -38.9455
9 9 22 1.9888 0.2800 -3.3708 -42.3598
9 1 22 9.1292 1.9213 -6.4001 -42.5612

35,3953
35.3960
35.4070
35.4472
35.5356
35.6922
35.5194
35.5596
36.1666
37.3442
37.7038

35.8404
35.8410
35.8507
35.8860
35,9672
36.1229
35,9516
35.9796
36.5893
37.9171
38,4952

36.1368
36.1375
36.1472
36.1833
36.2663
36.4284
36.2678
36.3095
36.9253
38.2427
39.1034

36.6705
36.6712
36.6811
36.7176
36.8019
36.9660
36.8122
36.8653
37.4757
38.7844
39,7494

313

-15.9071
-16.2579
-21.4157
=37.4745
-64.2135
=100.7953
-25.0309
§7.2277
128.3038
100.6901
198.2414

-4,4988
-4.5860
-5.8674
=11.3871
-25.3406
~47.2765
=58.8447
-49.0947
17.6193
95.7743
=176.9543

-1.2425
-1.1869
-0.3682
2.6593
9.1116
20.7482
33.9968
46.0123
49.2368
40.8744
142.0895

=1.0665
-1.0280
-0.4607

1.7109

6.4283
12,7252
21.9932
31.9888
27.5278
19.5039
89.5247

-354.7894
=354.7289
-353.8444
-350.8104
=344.9007
~338.3684
-388.9432
-450.2833
-523,9025
=518.6073
-481.0718

-6.4432
-6.4819
~7.0477
-9.4553
«15.3545
-23.9239
-26,3780
-19.7367
-0.0062
12,4767
=11.4104

=3,4763
-3.4509
=3.0794
-1.7431
0.8969
5.0412
8.7311
11,2200
12,5652
11.1060
-10.6128

=5.7249
-5.7074
=5.4512
-4,4821
-2.4429
0.1289
3.6866
7.4092
5.7971
2.7460
18.8418

-15.9071
=15.9284
-16.2442
-16.7454
-16.0509
=15.4874
~28.0968
=58.8897
-125,1452
£189.2087
-117.4235

=20.4259
=20.5144
-22.1116
-28.1325
~41,3915
~62.7639
=86.9415
-107.9844
-107.5260
-93.4344
=294.,3778

=21.6483
-21.7012
=22.4797
-25.4732
=32.2799
-42.0157
=52.9447
-61.9721
-58.2892
-52,5600
=152,2883

=22.7149
-22,7292
=22.9404
-23.7623
=25.8515
~29.2905
=30.9515
-29.9833
=30.7613
-33,0560
=62.7636

-354.7894
=354.8065
-355.0612
+355.6879
-356.2331
-357.5077
-361.5235
=374.4158
-400.2810
-422.1227
-414.2011

-361,2327
-361.2884
-362,1089
=365.1438
-371.5876
-381.4316
=387.9015
-394,2125
-400.2872
~429.6460
-425.6114

=364.7089
-364.7393
-365.1883
-366.8869
=370.6907
=376.3905
=379.1704
-382.9925
-387.7219
=398.5420
~436.2242

=379.4338
-370,4467
»370.6395
-371.36%
=373.1336
-376.26%
=375.4838
-375.5833
»381.9248
=395,7942
=417.3825

347.1093
347.1165
347.2242
347.6178
348.4850
359.0211
348.3260
348.7204
354.6730
366.2216
369.7484

351.4743
351.4805
351.5750
351.9219
3s52.7181
354.2446
352,5644
352.8389
358.8180
371.8397
377.5087

354.3810
354.3873
354,484
354.8367
355.6511
357.2405
355.6659
356.0744
362.1131
375.0326
383.4729

359.6143
359.6212
359.7183
360.0764
360.9029
362.5129
361.0046
361.5254
367.5110
380.3449
389.8089
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Appendix -5 Input data_of centre bend flower pattern

EEEEERREREERESEE RS RN S SR SN BE RS R RN SRR SRR RN RS

®* INITIAL INPUT DATA IN FILE RCENTRE

EFF SRS RESRRLFRERREIRRERERA I LRSS NRERARRRRRRES

OUTER DIA. WIDTH THICKNESS
101.60 311.96 2.30
STAND LsCID TLSCI)
b 600.00 600.00
2 600.00 1200.00
3 600.00 1800.00
4 600.00 2400.00
5 600.00 3000.00
6 600.00 3600.00
7 600.00 4200.00
8 600.00 4800.00
9 600.00 5400.00
STAND DOWNHILL AMOUNT
0 0.00
1 0.00
2 0.00
3 0.00
4 0.00
5 0.00
6 .00
7 0.00
8 0.00
9 .00
STAND  NUMBER OF RADIUS
1 2
2 2
3 2
4 2
5 2
6 2
7 2
8 2
9 1
STAND No.R RADIUS ANGLE
1 1 50.800 25. 0000000000
1 2 99999.999 0.0769575037
2 1 50.800 50.0000000000
2 2 99999.999 0.0645450031
3 1 50.800 75.0000000000
3 2 99999.999 0.0521325008
4 1 S0.800 100. 0000000000
4 2 99999.999 0.0397200008
5 1 50,800 125. 0000000000
5 2 99999.999 0.0273075002
6 1 50.800 150. 0000000000
6 2 99999.999 0.0148950001
71 50.800 160. 0200000000
777 2 99999.999 0.0099299999
8 1 50.800 170. 0000000000
8 2 99999.999 0.0049650001

L1

NUMBER OF st.

9

DLO

22.1657
134.,3162
44,3314
112.6523
66.4970
90.9884
88.6627
69,3245
110.8284
47.6606
132.9941
25.9967
141.8604
17.3311
150.7266
8.6656

314

Stand No. of 1st Finpass

7

DLN

21.6639
134,3146
43,3278
112.6510
64,9917
90.9873
86.6556
69.3237
108.3195
47.6600
129.9834
25.9964
138.6490
17,3309
147.3145
8.6655

TLN(T,J)

21.6639
155,9785

43,3278
155.9788

64.9917
155.9790

86.6556
155.9793
108.3195
155.9795
129.9834
155,9798
138.6490
155.9799
147.3145
155.9800



9 1 50.800 180.0000000000 159.5929
NUMBER OF DIVISION IN WIDTHe 10
YOUNG'S MODULUS= 21000.00
YIELD STRESS=  31.50
WORK-HARDENING COEFFICIENT=  80.00
POISSON'S RATIO= 0.30
RATIO OF ECy)/ECx)= 0.50
RATIO OF ECX)/ECy)= 0.45

FORMING VELOCITY= 40.00

IDH= @ IIDH= 0

SIZE= 101.6X2.3mm
DATE=14.10.1992
DRAWER=T.TOYOOKA
WORKS=TOKYO UNIV.
MATERIAL=STEEL

315

155.9801

155.9801



endix -

Input data of edge bend

SEPREENER SRS E S SNSRI NSRS RS RS R RR SN R AR RR N

*#+ INITIAL INPUT DATA IN FILE REDGEB

-

AR R R RN EE R RN R SRR R R AR RN SR ES R RN RS

OUTER DIA.

101.60

STAND

WO~ wN e

STAND

STAND

WSO s WM

VWOONNOAO UL EWWNRNR R

STAND

WIDTH

311,96

Ls(I)

sgggsssses
338888888

LWoNOUVAEWNRES

NUMBER OF RADIUS

No.R

HFRNENENENENRENR NS N

HFNNNNNNNN

RADIUS

99999.999
50.800
99999.999
50.800
99999.999
50.800

50.800
99999.999
50.800
99999,999
50.800
99999.999
50.800
99999.999
50.800
50.800

THICKNESS

2.30

TLSCID)

600.00
1200.00
1800.00
2400.00
3000.00
3600.00
4200.00
4800.00
5400.00

DOWNHILL AMOUNT

S838883888

D)

ANGLE

0.0769575037
25.0000000000
©.0645450031
50.0000000000
0.0521325008
75.0000000000
0.0397200008
100. 0000000000
0.0273075002
125. 0000000000
0.0148950001
150. 0000000000
0.0099299999
160. 0000000000
0.0049650001
170. 0000000000
180. 0000000000

NUMBER OF st.

2

pLo

134,3162
22.1657
112.6523
44.3314
90.9884
66.4970
69.3245
88.6627
47.6606
110.8284
25.9967
132.9941
17.3311
141.8604
8.6656
150.7266
159.5929

316

ower

atte

Stand No, of 1st Finpass

7

DLN

134,3146
21.6639
112.6510
43,3278
90.9873
64.9917
69.3237
86.6556
47,6600
108.3195
25.9964
129.9834
17.3309
138.6490
8.6655
147.3145
155.9801

TLNCI, )

134,3146
155.9785
112,6510
155.9788
90.9873
155.9799
69.3237
155.9793
47.6600
155,9795
25.9964
155,9798
17.3309
155.9799
8.6655
155.9800
155.9801



NUMBER OF DIVISION IN WIDTH= 10
YOUNG'S MODULUS= 21000.00

YIELD STRESS= 31.50
WORK-HARDENING COEFFICIENT= 80.00
POISSON'S RATIO= .30

RATIO OF ECy)/E(x)= 0.50

RATIO OF E(x)/E(y)= 0.45

FORMING VELOCITY= 40.00

IDH= @ IIDH= @

SIZE= 101.6X2.3mm
DATE=8.10.1992
DRAWER=T . TOYOOKA
WORKS=TOKYO UNIV.
MATERIAL=STEEL

317



Appendix -7 Input data of circular bend flower pattern

-‘“‘tt‘i.'-*‘“‘--‘t."t'.".'.t.‘l'.“*‘-.l

** INITIAL INPUT DATA IN FILE RCIRCULB

FEEFFFEREFEFFRNNEEF RN RNE TR AN R BRSNS NS TR N R RS

THICKNESS

2.30

TLSCDD

600.00
1200.00
1800.00
2400.00
3000.00
3600.00
4200.00
4809.00
5400.00

DOWNHILL AMOUNT

OUTER DIA. WIDTH
101.60 311.96
STAND LSCI)
1 600.00
2 600.00
3 600 .00
4 600.22
5 600.00
6 600.00
7 600.00
8 600.00
9 600.00
STAND
0
1
2
3
4
5
6
7
8
9

STAND  NUMBER OF RADIUS

LNV & WN R
O e e e s s

No.R

wn
—*
WU bW g

Lol ol Tl S SN

RADIUS

358.630
179.89%0
120.310
90,520
72.646
60.730
57.006
53.721
50.800

Sessessese
S383888888

NUMBER OF DIVISION IN WIDTH= 10

YOUNG®S MODULUS= 21000.00

YIELD STRESS=

31.50

NUMBER OF st.

318

9

DLO

156,4819
156.9836
157.4854
157.9872
158.4890
158.9908
159.1908
159.3934
159.5929

Stand No. of 1st Finpass

7

DLN

155.9801
155.9801
155.9801
155.98e1
155.9801
155.9801
155.97%4
155,9813
155,9801

TLNCT,J)

155.9801
155.9801
155.9801
155.9801
155.9801
155.9801
155.9801
155.9801

. 155,981



WORK-HARDENING COEFFICIENT=  80.00
POISSON'S RATIO= .30

RATIO OF ECy)/ECx)= 0.50

RATIO OF ECx)/ECy)= .45

FORMING VELOCITY= 40.00

IDH= @ IIDH= @

SIZE= 101.6X2.3mm
DATE=8.10.1992
DRAWER=T.TOYOOKA
WORKS=TOKYO UNIV.
MATERIAL=STEEL

319



Appendix -8

Skt bl Rk Rk Rk R R R AR R AR RE RN RS EREE RS

** INITIAL INPUT DATA IN FILE RH146-1 e

I T et T e P P T L Lt

Input_data of D=146.0mm x t=2.0mm

) OUTER DIA. WIDTH THICKNESS NUMBER OF st. Stand No. of 1st Finpass
146.00 461.26 2.00 13 7
) STAND LSCD TLSCI)
1 1000. 00 1000. 00
2 900.00 1900.00
3 780.00 2680.00
4 780.00 3460.00
5 780.00 4240.00
6 1540.00 5780.00
7 625.00 6405.00
3 625.00 7030.00
9 625.00 7655.00
10 870.00 8525.00
11 1730.00 10255.00
12 1995.00 12250.00
13 1150.00 13400.00
) STAND DOWNHILL AMOUNT
0 0.00
1 0.00
2 .00
3 .00
4 .00
5 0.00
6 .00
7 0.00
8 0.00
9 0.00
10 .00
11 .00
12 0.00
13 0.00
) STAND  NUMBER OF RADIUS
1 2
2 3
3 4
4 4
5 4
6 4
¥y 5
8 5
9 5
10 5
11 5
12 5
13 1
@ STAND  No.R RADIUS ANGLE DLO DLN TLNCI, )
1 1 99999.999 0.0942458294 164.4900 164.4884 164,4884
1 2 75.000 50. 2100000000 65.7247 64,8484 229,3368
2 1 99999.999 0.0575937186 100.5200 100.5190 100.5190
2 2 111.210 33. 5600000000 65.1393 64.5536 165.0726
2 3 83.500 449700000000 65.5370 64.7522 229.8247
3 1 361.980 8.0000000000 50.5419 50.4023 50,4023
3 2 147.610 19. 7800000000 50.9588 50.6136 101.0159
re 3 131.400 28.3200000000 64.9480 64.4538 165.4697
3 4 83.500 449700000000 65.5370 64.7522 230.2218
4 1 266.710 10, 8800000000 50.6460 50.4562 50.4562



[N N )

4 2 66.460 44.6700000000
4 3 131.400 28.3200000000
2 4 83.500 44, 9700000000
5 1 197.260 27.3600000000
5 2 66.460 44.6700000000
5. 3 131.400 28.3200000000
5 4 83.500 44.9700000000
6 1 78.560 37.6200000000
6 2 66.460 44, 6700000000
6 3 131. 28.3200000000
6 4 83.500 44.9700000000
7 1 77.650 38.1100000000
7 2 69.830 38.5800000000
7 3 123.610 26.6300000000
7 4 69.83¢ 38.5800000000
7 5 73.040 22.5800000000
8 1 77.650 38.1100000000
8 2 69.830 38.5800000000
8 3 123.610 26. 6300000000
8 4 69.830 38.5800000000
8 5 73.040 22.5800000000
9 1 74.730 52.5000000000
9 2 71.930 30.0000000000
9 3 96.620 15. 0000000000
9 4 71.930 30.0000000000
9 5 72.630 49, 0000000000
10 1 74.730 52.5000000000
10 2 71.930 30.0000002000
10 3 96.620 15.0000000000
1@ 4 71.930 30. 0000000000
10 5 72.630 49. 0000000000
11 1 74.730 52.50600000000
1 2 71.930 30.0000000000
11 3 96.620 15. 0000000000
11 4 71.93e 30. 0000000000
11 5 72.630 49.0000000000
12 1 74.730 52.5000000000
12 2 71.930 30. 0000000000
12 3 96.620 15.0000000000
12 4 71.930 30.0000000000
12 5 72.630 49. 0000000000
13 1 73.000 180.0000000000

NUMBER OF DIVISION IN WIDTH= 10
YOUNG'S MODULUS= 21000.00

YIELD STRESS= 30.00
WORK-HARDENING COEFFICIENT= 200.00
POISSON'S RATIO= ©.30

RATIO OF ECy)/E(x)= @.50

RATIO OF E(x)/E(y)= ©.45

FORMING VELOCITY= 40.00

IDH= @ IIDH= @

SIZE= 146x2.0mm
DATE=20.10.1998
DRAWER=M. ARATANI
WORKS=HISTORY
MATERIAL=SAPH440
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51.8148
64.9480
65.5370
51.219%0
51,8148
64.9480
65.5370
51.5819
51.8148
64.9480
65.5370
51.6485
47.0199
57.4516
47,0199
28.7847
51.6485
47.0199
57.4516
47.0199
28.7847
68.4749
37.6625
25,2951
37.6625
62,1140
68.4749
37.6625
25.2951
37.6625
62.1140
68.4749
37.6625
25,2951
37,6625
62.1140
€8.4749
37.6625
25.2951
37.6625
62.1140
229.3363

51.0351
64.4538
64.7522
50.7415
51.9351
64.4538
64.7522
50.9253
51.0351
64,4538
64.7522
50.9834
46.3465
56.9868
46.3465
28.3906
50.9834
46.3465
56.9868
46,3465
28.3906
67.5586
37.1389
25,0333
37.1389
61.2588
67.5586
37.1389
25.0333
37.1389
61.2588
67.5586
37.1389
25.0333
37.1389
61.2588
67.5586
37.1389
25.0333
37.1389
61.2588
226.1947

101.4913
165.9450
230.6972

50,7415
101,7766
166.2304
230.9825

50,9253
101.9605
166,4142
231.1664

50.9834

97.3299
154.3167
200.6633
229.0539

50.9834

97.3299
154,3167
200.6633
229.0539

67.5586
104.6975
129,7308
166.8696
228.1284

67.5586
1e4.6975
129.7308
166.8696
228.1284

67.5586
1e4.6975
129.7308
166.8696
228.1284

67.5586
104.6975
129,.7308
166.8696
228.1284
226.1947





