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NOMENCLATURE

bore area of the cylinder tube

bore area of the cylinder minus rod cross sectional area
cross sectional area of the cylinder wall

total cross sectional area of the tie rods

eccentricities of Toading at cylinder and rod supports,
respectively

modulus of elasticity of the ith tube material
modulus of -elasticity of tie rods material

friction coefficient times the radius of the support pin at
the cylinder and rod supports, respectively

lateral force at the piston head backside and frontside
metal-to-metal contact points, respectively

lateral force at the stuffing box inside and outside metal-
to-metal contact points, respectively

final force in bottom tie rods in deflected cylinder
final axial force on the cylinder wall

final axial force on cap side cylinder part in an intermedi-
ately supported cylinder

final axial force on head side cylinder part in an intermedi-
ately supported cylinder

force in tie rods equal to force on the cylinder wall, before
pressurizing the cylinder

lateral force on the ith piston bearing
lateral force on the ith rod bearing
final force in the tie rods in straight pressurized cylinder

final force in top tie rods in deflected cylinder



Ll T —

W T © O

and Kr

moment of inertia of the ith tube

stiffnesses of the rotational springs at the cylinder and
rod pin supports, respectively

stiffness of -the ith piston bearing in compression
stiffness of the ith rod bearing in compression

length of the modeled cylinder part

distance of the ith step point from the cylinder support

overhanging length of the cylinder part from the cylinder
support

length of the modeled rod part
distance between the supports
length of the cylinder tube

overhanging length of cylinder tube in intermediately sup-
ported cylinders

pressurized length of the cylinder during forward stroking
pressurized Tength of the cylinder during backward stroking

length of the cylinder tube part within supports in inter-
mediately supported cylinders

length of tie rods between the tie rod nuts
number of piston bearings and seals on the piston head
bending moment at the s1iding connection

moment at the cylinder support due to overhanging cylinder
part's self weight

tie rod moment on the cylinder part

number of rod bearings and seals in the stuffing box
fluid pressure on the cap side

fluid pressure on the head side

separation pressure

axial compressive load on cylinder during a forward stroke
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PCL

RC and Rr

RCL
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axial tensile load on cylinder during a backward stroke
radial clearance between piston head and cylinder tube

lTateral reactions due to self weights of the system at the
cylinder and rod supports, respectively

radial clearance between rod and stuffing box
weight per unit length of the ith tube

total concentrated weight at the ith step point
displacement of the piston head backside edge
displacement of the stuffing box inside edge

change in length of the cylinder tube due to pressurization
of the cylinder

displacement of the piston head frontside edge
displacement of the stuffing box outside edge

change in Tength of the tie rods due to pressurization of
the cylinder

change in length of the tie rods due to bending of the
cylinder

slope of the cylinder at the cylinder support
slope of the cylinder at the step point
crookedness angle at the ith sT1iding connection
slope of the rod at the rod support

Poisson's ratio for the cylinder material
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CHAPTER 1
INTRODUCTION

Fluid power cylinders have found a wide application in practice in
all branches of industry. The primary functions of fluid power cylinders
in industrial application are to move or position Toads or mechanisms. A
cylinder will properly perform these functions only if the stresses and
deflections to which it is subjected remain within tolerable limits. In
addition to physical sizes, stroke and operating pressure, the design of
a cylinder must be based on the same principles of stress analysis as any
other structural member.

To date empirical formulae have been used for establishing loading
limits. The factors of safety incorporated into such formulae are sub-
jective in nature and have resulted generally in overly conservative
ratings for static loading.

Historically, all attempts at developing structural analysis tech-
niques for statically loaded cylinders have considered them as Tong col-
umns, and buckling loads were calculated by using classical buckling
theory. A regular cylinder was, at best, treated as a stepped column
with constant crookedness angle at the s1iding connection (1). Analyses
for telescoping cylinders have been developed (2)(3) for computing the
critical Toad by treating them as stepped column having a finite number
of steps with rigid connections. As yet a bending analysis of tie rod

cylinders has not been made.



Presented herein are the methods of analyses for regular, telescop-
ing and tie rod éy]inders which permit the determination of stress and
deflection at any point in the system under any particular loading, and
hence, permit the determination of the critical load for a cylinder as-
sembly by iterating with different loads and comparing the maximum
stresses and deflections with limiting values.

The analyses include the influences of: the crookedness angle at
the s1iding connection; the eccentricity of loading at both supports;
the friction effects at both supports; self weights of.the_system; stop
tube effects; and overhanging. cylinder part. effects.in the case of in-
ternally mounted cylinders. The analyses app]y.towregular, telescoping,
and tie rod cylinders with: pinned, fixed, or elastically restrained |
supports; solid rod or hollow rod with or without fluid pressure in it;
any number of piston and rod bearings.and sealss; .and.-any.number of tie
rods.

Three separate computer programs have been.written for the analyt-
ical procedures developed for the three major types of cylinders, mainly
to determine the critical load for the system and to. determine the max-
imum stresses and deflections in the system at any operating pressure.
The programs can be further used to make parametric studies and to de-

velop design aids.



CHAPTER II
CYLINDERS--GENERAL

General information on fluid power cylinders is presented in this.
chapter. This general information on types of cylinders, parts of cyl-
inders, cylinder sealing, and cylinder.mounts, was obtained from sever-
al cylinder manufacturer's catalogs, design handbooks, and specifications.

Fluid power cylinders are linear actuators which are used in indus-
trial applications to move or position loads or mechanisms. Cylinders
can be categorized into two types on the basis of the kind of fluid
used--"pneumatic," where air is the fluid; or "hydraulic," where oil is
the fluid. The same design concepts are used for both types -except that
pneumatic cylinders are usually designed for much lower pressures.

The higher the fluid pressure which can be used in a cylinder, the
more compact and more efficient the hydraulic system is Tikely to be.
However, there is an upper Timit at which the stresses in the material
involved in accommodating the internal pressure start to outweigh the
advantages to be gained. This is in the range of 5,000 to 6,000 psi
(350-420 kg/cmz), although higher pressures still may well be utilized
in large cylinders for press work. Normally, however, 3,000 psi (210
kg/cmz) is the maximum for normal working, and 2,000 psi (140Akg/cm2) is
a more usual maximum for industrial hydraulics.

In the case of pneumatic cylinders, the maximum pressure available

from a compressed air supply is of the order of 90 to 100 psi (6.3 to



7.0 kg/cmz)o Compressed air is seldom produced and worked at higher
pressures, except for specialized applications, because of the practical
difficulties involved both in compressing and utilizing an essentially
"elastic" fluid at high compression ratios.

Some of the factors favoring pneumatics are: Tow initial cost;
Tow operating costs; high reliability, high operating speeds; simplicity
of control; operation in hazardous ambients; eperation at. high tempera-
tures; and cleanliness of operation. Some. of the.factors favoring hy-
draulics are: high output forces; high rigidity of system; good syn-
chronization possible; extremely high power amplification; working com-

ponents self-lubricated by fluid; and low noise levels.
Types of Cylinders

Cylinders can be categorized into different groups.in many ways.
For example: depending on the type of.fluid used--pneumatic cylinders
and hydraulic cylinders; depending on whether.the. piston.is acted on by
fluid pressure on one side or both sides--single. acting.cylinders and
double acting cylinders; depending on their.structural. shape and appli-
cation--roundline series or regular cylinders,.squareline. cylinders or
tie rod cylinders, telescoping cylinders, differential. cylinders, multi-
piston cylinders, tandem and duplex cylinders, . locking.cylinders, ro-
tating cylinders, etc. Brief descriptions of the most.commonly used

cylinders are given in the following sections.

Single Acting Cylinders

These are the simplest type of cylinders (Figure.1). Fluid pres-

sure is applied to one side only of the.piston.to.produce the power
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Figure 2. Double Acting Cylinders



stroke, or outward stroke. Return action on release of the fluid pres-
sure is by means of a spring or some external force or by gravity, in

the case of a vertical cylinder. Depending on the type of return action,
these cylinders are generally classified as: gravity return cylinders,
force return cylinders, and spring. return cylinders.. ng lesser used
variations on.the single acting cylinder are'thenplunge?ftype (ram

type), and the through-rod typea‘.InAthe“former.caseg%hewconventionaT
piston and rod assembly is replaced by a plunger, the’acf%on remaining
the same. The through-rod configuration is unusual for a single acting
cylinder, but may be employed where greater mechanical rigidity is re-

quiredu

Double Acting Cylinders

This type -of cylinder is by far the most common,.and can be used
in nearly all types of applications (Figure 2). With a double acting
cylinder, ports are provided at each end so. that the piston can be
acted on by fluid pressure on both sides, alternately, to extend and
retract the rod. The single rod configuration is..the more usual, al-
though the thfough—rod form may be adopted for greater rigidity or where
exactly equal forces are required on both the outward.and inward stroke.

Two other familiar types in single and double acting. cylinders are:
one piece cylinders and threaded head cylinders.. One.piece cylinders
are compact and simple, but unlike other types,.they.cannot be repaired
when damaged or worn.. Threaded head cylinders .can. be disassembled for

repair by unthreading either or both ends from the. cylinder body.



Tie Rod Cylinders

The oldest and most common type made is typically used in industri-
al jobs (Figure 3). The cylinder body is held together by four or more
tie rods that extend the full length of the body and pass through the
end caps or mounting plate. This type performs. any of the functions

that the above two types perform.

Telescoping Cylinders

This type of cylinder, also known as a co-axial cylinder, is often
used where a relatively Tong stroke is required in relation to the re-
tracted length of the cylinder (Figure 4). These are manufactured as
either single acting or double acting. The disadvantages with this type
of cylinder are that the operating speeds, both when extending and re-
tracting, vary over the total stroke. Force output is highest at the
beginning, when full piston area is used, and lowest at the end of the
stroke, when only the area of the final stage can be used to transmit

force.

Differentia] Cylinders

The differential cylinder is used where differential outputs are
required. Figure 5 shows a three volume, double acting differential
cylinder. There are three modes of operation--inward and outward
stroking of the piston and main hollow rod unit, and independent exten-
sion via pressurization of the third volume. The same principles can be

applied to give a Targer number of modes of operation.
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Figure 3. Tie Rod CyTlinder
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Figure 4. Telescoping Cylinder
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Figure 5. Differential Cylinder



Tandem and Duplex Cylinders

Tandem cylinders comprise single or double acting cylinders mounted

ments, capable of providing separate movements, and because of this,
tandem cylinders are sometimes called multi-position cy]inde?s. The
-simplest and most common type is a two cylinder combinafion giving a
three position movement (Figure 6). In the case of duplex cylinders the
cylinders are physically separated, but their pistons are mounted on a

common rod (Figure 7).

Multi-Piston Cylinders

Multi-piston cylinders provide specialized motion by moving two
or more pistons simultaneously. The positional cylinder shown (Figure

8) provides three rod positions: one step, two steps, or full retract.
Parts of Cylinders

Figures 9, 10 and 11 show all.the important parts of regular, tele-
scoping and tie rod cylinders, respectively. Descriptions of the major

components are given in the following paragraphs.

Cylinder Tube

The cylinder tube is usually hard drawn tubing, although cast tubes
and welded tubes are -also in use.: - Common materials used in medium duty
and heavy duty cylinders are hard drawn brass or steel tubes, aluminum,
brass, bronze, iron or steel castings, -or welded steel tubes. A high
bore finish and excellent geometric and material properties.increase the

durability and efficiency of the cylinder and increase the 1ife of
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Figure 7. Duplex Cylinder

Figure 8. Multipiston Cylinder



Tube
Rod

Piston
Cap end
Head

Head retaining design
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Piston bearings and seals

Rod bearings and seals

Rod scraper and/or wiper

‘Piston nut

Ports

Piston seal "0" ring

Rod bearing "0" ring

Figure 9. Parts of a Regular Cyiinder
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Tubes

Rod (or tube)

Piston (just a metal cap)
Cap end

Gland nuts (act as bearings)
V-rings (seals)

Bearings and seals

Figure 10. Parts of a Telescoping Cylinder
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Tube
Rod
Piston

Cap end

Rod bearing cartridge
Head

Piston bearings and seals

Rod bearings and seals

POPEOOOO

@ Rod scraper and/of wiper

Pilot fitting or self-locking
nut

@ Ports

16

(:) Piston seal "0" ring
(:) Rod bearing "0" ring
Tie rod and nuts

(:) Cushion sleeve of stop tube
in long cylinders

Needle valve or ball check
valve

: Qz) Head cushion

Cap cushion
Cushion spear

@:) Tube seals

Figure 11. Parts of a Tie Rod Cylinder
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bearings and seals. A honed finish, which is common in medium to high
pressure cylinders, is capable of producing a surface finish of 10-15
microinches (400-600 microns). The bore surface may be protected by

nickel or chromium plating.
Piston Rods

Piston rods are normally of hardened steel, ground and polished,
or chrome plated and polished. A very smooth rod finish is desirable
as this reduces wear on the rod bearings and seals. Since the diameter
of the rod can be relatively large, a hollow rod may be preferred in
some cases. Wiper seals only or wiper seals together with metal scrapers
are generally used to provide protection against dirt or solid contamin-

ants clinging to the rod surface being drawn back into the rod bearing.
Piston

The piston is generally constructed of cast iron or high grade
alloy iron or steel, but Tight weight cylinders may use heat treated
aluminum alloy. The piston is usually of one-piece construction, but
may be of two-piece or three-piece construction for certain types of
seals. The piston may be attached to the rod by a nut or nuts, threaded

in place on the end of the rod, or welded to the rod. -
End Covers

Cap and head ends are usually made of aluminum stock, brass stock,
bronze stock, or aluminum, brass, iron or steel castings. They do not
present any particular problem in design or material construction, since

no Timitation is imposed on their thicknesses. The main problem is the
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method of fastening them in place to provide a .tight;.high pressure
seal. Popular types of covers are threaded, we1d1ng, or shear bar
-types - (full 360° internal locking key type), and f1na11y tie rod con-
struction. Probably the most pos1t1ve f1tt1ng of all for high pressure
operation, is tie rod construct1on The end covers are usually square
in shape, with holes drilled in each corner through which high tensile
steel tie rods are fitted and bolted. The cover can seal on a gasket,

or be plug fitted to accommodate an 0-ring seal.

Stop Tube

The function of a stop tube (Figure 11) is to.limit the minimum
distance between the piston and\rpd;bearing.when the piston rod is in
its fully extended position. This increase in spacing serves to reduce
bearing loads and, at the same time, to increase the structural rigidity

of the assembly to prevent excessive deflection and jack-knifing.

Rod Bearing Cartridge

The externally removable cartridge (Figure 11) is a steel shell
~containing a floating metal rod scraper, rod bearing, multiple vee
chevron packings with a male adapter, and all spring loaded. In case of
wear or damage of bearings and packings, the-cartridge can be easily

threaded out and replaced with a new or rebuilt cartridge.
Cylinder Sealing

Hydraulic seals are used in many different operating conditions.
The ideal would, of course, be one type of seal for all pressures, tem-

peratures, surfaces,and fluids. The ranges of use of most types are, ..
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however, very limited. For this reason the differences between the
various types of seals are great. In the following paragraphs a summary
of different types of seals is presented.

AT1 seals can be described &5 falling into three basic categories:

1. Positive interference seals--which are designed to be larger
than the seal housing, such that they have built-in interference which
ensures an immediate seal at low pressures.

2. Pressure energized seals--which require a housing which permits
rapid access of fluid pressure to the sealing Tips to ensure successful
operation. These have a low friction value at low pressures while fric-
tion values at high pressures may be higher than with positive interfer-
ence seals.

3. Housing preloaded seals--which differ from positive interference
seals in that they need to have 1light tension applied endwise to effect
the initial sealing. As pressure increases, the seal 1ip load becomes
greater against the static and dynamic faces, as with other seals.

Seals are also classified as dynamic seals and static seals.
Dynamic seals between a moving and a static surface are used on the rim
of the piston and inside the rod opening in the cylinder head. These
are also known as packings. The most common types of dynamic seals are
Tip seals, U-seals, and V-rings, often stacked together into a chevron
configuration. Static seals are used at many points between two static
surfaces, for example, piston to rod, cylinder to end cap, cylinder to
head, etc. O0-rings are the most common type of static seals.

Lip seals which include flange, cup, U-cup, U-ring, and V-ring are
made of impregnated leather or synthetic rubber, with or without fabric

reinforcement. The most common fabrics are cotton duck, asbestos, and
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nylon. V-rings are installed in sets, each set consisting of a number
of V-rings and male and female adapter rings. The female adapter sup-
ports the entire set when the set is under pressure and the male adapter
acts as a guide and spacer. Both types of adapters are usually made
from metal, hard homogeneous rubber, leather, phenolics, or fabric
reinforced rubber.

Squeeze type seals include D-rings, delta rings, T-rings, square-
rings, X-rings, and O-rings. O0-rings used as rod seals or piston seals,
must be used in conjunction with backup rings. The main function of a
backup ring is to reduce the clearance gap around a rod or piston so
that extrusion of the 0-ring is prevented. Backup rings are usually
made of thin metal, bakelite, leather, or teflon.

Piston seals and rod seals are dynamic seals. Prevention of leak-
age is their main purpose. On the other hand, low static and dynamic
friction is important so that maximum cylinder power and smooth piston
movement can be obtained. They must be long wearing and tough. They

must have resistance to rolling, extrusion, and have good shape retention.
Cylinder Mounts

A wide variety of mounts are available for pneumatic and hydraulic
cylinders. Each type of mount has its own specific application. They
can be grouped broadly as "floating" or "rigid" mounts with numerous
variations on individual attachments.

A floating mount anchors the cylinder at one point only with free-
dom to move in one plane. The common forms of floating mounts are Cap,
Intermediate or Head trunnion and Clevis mounts (Figure 12 (a)). These

are also referred to as pivoted centerline mountings. For fully
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floating mounting, ball and socket or universal joint type mounts fitted
to the rear end cover, can be used.

Rigid mounts support the cylinder rigidly at the point of support
and may be single or double mounts. These can be sub-divided into
fixed centerline mountings and fixed noncenterline mountings. Some
forms of fixed centerline mounts are--cap and flange, head and flange,
tie rod mount, and centerline lugs (Figure 12 (b)). Some forms or
fixed non-centerline mounts (foot mounts) are--side end lug, side end
angle, integral key, and flush (Figure 12 (c)). A1l of the above may be

used in combination, for example: flange and foot.



CHAPTER III
REVIEW AND DISCUSSION OF EARLIER ANALYSES

Early analytical investigations of cylinders use Euler's buckling
analysis for columns. Initially, only the rod portion was analyzed as
an axially Toaded, slender column (1). For short and intermediate length
columns, numerous empirical formulas, each with certain limitations, were
developed.

In the slender column analysis of the rod portion, the cylinder was
considered as a sealed tube with internal fluid pressure. Because the
cylinder is usually much stiffer than the rod and it was misinterpreted
that the cylinder would not buckle, only the rod portion was considered
in the analysis. However, tubes sealed at both ends will have a stabi-
Tizing axial Toad in the wall due to internal pressure that is exactly
equal to the destabilizing compression Toad carried by the fluid. In
cylinders one end is sealed rigidly and the other end is sealed by means
of a sliding connection. Due to the presence of the sliding connection
there will not be stabilizing axial load in the wall of the cylinder.
Hence, the cylinder must also be included in the analysis for buckling.
When it was felt necessary to include both cylinder and rod in the
analysis, the system was treated as a stepped, continuous column (Figure
13).

A transcendental equation describing buckling of an ideal stepped

column was developed (4) (5) along the same lines as for Euler's simple
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column. With the use of this equation, charts for computing the critical
buckling loads of stepped columns with a rigid connnection at the step
were developed (6).

Although the stress distribution in the stepped column is not the
same as the actual cylinder stress distribution, it turns out to be for-
tuitously correct for buckling analysis, since buckling is mainly due to
bending moments. If either axial load or internal fluid pressure causes
any bending, it is found that the bending moment distribution is the
same for both cases, and lateral elastic buckling is primarily dependent
on bending moment (7). Hence, for only buckling analysis, the internal
pressure in the cylinder can be replaced by axial load on the walls of
the cylinder. This axial Toad, which is equal to pressure times cross
sectional area of the cylinder bore, is the same as the load on the rod.
It should be noted that this analysis cannot be used to determine stress
failure of the cylinder, since the stress distribution in the cylinder
due to internal pressure is comp]éte]y different fEOm that due to axial
load.

A real cylinder differs from a stepped column mainly in the follow-
ing aspects. The axial load is transmitted over part of the length of
the column by fluid pressure. The two parts are not rigidly joined, but
have a sliding contact between them. When the cylinder is straight
there is no force transferred at the sliding connection, but when the
cylinder is deflected lateral forces perpendicular to the axis of the
cylinder are developed at the interface. These forces transfer moments
across the interface and develop a crookedness angle between the two

parts (Figure 14).
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The presence of the crookedness angle reduces the stiffness of the
system and hence the Toad carrying capacity decreases. Several analyses
were developed to account for crookedness angle at the sliding connection
between the cylinder and rod (8) (1) (9). In one of the procedures (1)

a constant crookedness angle determined from empirical data was assumed;
in another (9) a small eccentricity in loading was assumed to account
for the crookedness angle.

A more rigorous analysis (8) was made which includes the effects of
self weights and crookedness angle, but the cylinder part was treated as
an infinitely stiff member which restricts the application to a particu-.
lar type of cylinder.

The critical load is the smallest when the distance between the
cylinder support and piston rod support is at its maximum. In general,
only this case needs to be investigated. However, if the force developed
by the assembly decreases inherently as the length between supoorts in-
creases, investigations must be made for several combinations of load
and length. When the cylinder is not fully extended, the central over-
Tapping part consisting of the rod inside the cylinder may be reasonably
long compared to the éy]inder tube and rod portions on either side of it.
In such a case it is required to consider two steps in the system result-
ing in three parts with different bending stiffnesses. With certain
approximations, equations for moments and stresses in these three spans
were developed (10) for this particular type of cylinder.

For buckling analysis, a telescoping cylinder can be treated as a
stepped column with more than one step. A few procedures have been
developed (2) (3) for computing the critical load of a column having a

finite number of steps with rigid connections.
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It should be noted that in all the methods of analysis no direct
solution is possible and the critical load is obtained by iteration.
Stepped column analyses apply only for long, and to some moderately long,
cylinders. Cylinders which are fairly short usually fail by yielding
(material failure) due to combined direct and bending stresses, since
the real cylinder is neither ideal nor perfectly axially loaded.

Little work has been done towards the analyses of cylinders with
tie rods. Equations for hoop and axial stresses in a straight cylinder
mounted at the head were developed (11), but as yet bending analyses of

tie rod cylinders have not been made.



CHAPTER IV
DEVELOPMENT OF ANALYSIS
Types of Failure

Failure types are categorized as primary failures and secondary
failures.

Primary failures are structural failures of the main components
(cylinder, rod and tie rods), which mainly depend on length, yield
stress and stiffness of the members. Primary failures in cylinders can
occur due to: excessive axial stress as in short columns; excessive
hoop stress due to internal hydraulic pressure; buckling, as in long
columns; or a combination of axial, bending and hoop stresses resulting
in excessive of material capacity. Where the cylinder part is very stiff
compared to the rod, the rod can fail individually by excessive stress
or buckling, depending on its length. If a tie rod cylinder bends ex-
cessively, some tie rods may. lose tension resulting in fluid leakage or
others may yield in tension.

~Secondary failures are due to stress concentrations at threads,

piping connections, welds, bolt holes, etc., due. to failure of nonstruc-

~tural components such as bearings and seals, or due to failure of sec-

ondary structural elements such as support pins. These failures are
mainly due to the configuration and strength characteristics of the
individual elements and local effects such as wear and tear, fatigue and

stress concentrations.
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The analysis developed herein is concerned only with primary
failures. Once the capacity of the system against primary failure has
been determined, the secondary components can always be proportioned

suitably to avoid secondary.types of failures.
Factors Influencing Primary Failure

Failure occurs when any type of stress at any point in the system
reaches a prescribed 1imit. In the following paragraphs the factors
that influence the magnitude of stresses in the system are discussed.

The main factor contributing to any kind of stress at any point is
the axial load. In the rod it produces direct axial stresses and hoop
stresses if the rod is hollow and pressurized, and in the cylinder it
results in hoop stresses due to hydraulic pressure. Axial load also
interacts with deflections to develop bending stresses in both rod and
cylinder portions.

Eccentricity of loading, eccentricity of supports, and self weights
develop bending moments in the system and, hence, bending stresses.

The cylinder support location and type of support, either fixed
or pinned, determines the effective length of the system. As the cylin-
der support is moved toward the rod end, the distance between pins de-
creases which in turn increases the load carrying capacity. On the
other hand, in the case of an inclined or horizontal cylinder with an
intermediate cylinder support, the overhanging portion beyond the cylin-
der support produces a constant moment at the cylinder pin which will
induce moments and stresses in the system.

The crookedness angle at the sliding connection causes the system

deflections to increase and, hence, increases the bending moments and
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bending stresses.

---- /Stop‘tubes reduce the contact forces at the cylinder/rod interface
~ by increasing the lever arm of the moment carried by the s1iding connec-
tions. Stop tubes also reduce the crookedness angle.and hence reduce
deflections, moments and stresses. It is to.be noted that as the stop
tube length increases, the extended.length .of the cylinder also increases
which in turn reduces the .load carrying capacity of the cylinder. The
stresses resulting from each of the above may be additive or subtractive.

Friction moments at nonrotating support pins. tend to.stabilize the
system. However, rotation of the support pins occurs in.mechanisms where
a rotating crank is pinned to the rod end, in which case friction moments
may be either stabilizing or destablizing depending on the direction of
rotation of the pins.

AT1 of the above mentioned factors are. included.in the analysis
described later. There are numerous other factors which may influence
the stresses in the system. However, these factors cannot be treated
mathematically and can only be accounted for by increasing the factor

of safety applied to the system.
Problem Definition

Methods of analysis to determine the capacity of the system and to
determine deflections and stresses in the system at .any other loading
for regular, telescoping and tie rod cylinders are presented here. The
effects taken into consideration in the analyses are:- selfweight of the
system; loading eccentricities at both ends; variation in crookedness
angle due to the elasticity of the bearings; friction moments at sup-

ports; general support conditions--pinned, fixed or elastically
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restrained; cylinder support location anywhere along the cylinder length;
inclination of the cylinder; and solid rod or hollow rod with or without

internal pressure.

Assumptions and Limitations

The assumptions and Timitations on the above effects used in the
development of the analyses are described below:

1. A1l materials are linearly elastic, isotropic and homogeneous.

2. Deflections are small compared to the total length of the system.

3. Ordinary bending analysis is applicable.

4. The system is perfectly straight before loading.

5. The axes of the cylinder and rod-portions.are.co1jnear before
<1oading. |

6. The rod is fully extended but the piston head is; not in con-
tact with the stuffing box. |

7. The length of the s1iding connection is small .compared to the
total length of the cylinder. In telescoping cylinders, the ratio of
Tength of each sliding connection to the total.length of its. neighboring
tubes is small.

8. The system can be treated as piecewise prismatic.with a change
in cross section occurring at each sliding connection.

9. The portion of the rod within the sliding connection region
remains straight.

10. Bearings and seals at the sliding connections can be replaced
by Tinear springs in the plane of bending.

11. There is no axial force transfer through friction in either

piston head or stuffing box bearings.
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12. A11 applied forces and moments act in one of the principal
planes of the system and produce bending in that plane only.

13. Al1 support.pins are perpendicular.to.the plane of bending.

14. Cylinder support.anywhere along the.cylinder length however
the sliding connection must be between the cylinder and rod supports.

15." The end blocks.(cap and.head) of .a.cylinder with tie rods re-
main perpendicular to the cylinder axis at the.cylinder ends before and
after loading.

16. A1l tie rods are pretensioned to the same level before exter-

nal load is applied to the system,
Analytical Model

The assumptions discussed above permit the real.structure to be
modeled as shown in Figure 15. The two parts of the model, AC and CB
(Figure 15 (b)), have stiffnesses equal to the cylinder and rod stiff-
nesses, respectively. The step point, C, is the point at which the
cylinder axis and the rod axis meet when the system. is deflected due
to loads. Parts AC and CB are Toaded uniformly with cylinder and rod
weights per unit length, respectively. The weight.of the sliding con-
nection is applied as a concentrated load .at.the step point C, as shown
in Figure 15. For an intermediate cylinder support.condition, the
moment due to weight of the overhanging part.is.applied.at the cylinder
support.

Rotational springs at the supports can represent pinned, fixed, or
elastic end restraint conditions, depending on their stiffnesses. The
bearings and seals at the sliding connection are replaced by linear

springs.
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Method of Analysis

A real fluid power cy11ndér may be considered as a beam-column
with flexible joints at each sliding connection. As indicated earlier,
the flexible joint.develops a crookedness. angle,.the magnitude of which
depends on the bending moment at the sliding connection.. In this analy-
sis a differential equation for deflections.is written for each part and
solved using boundary conditions .that deflections and slopes are con-
tinuous at each sliding connection. The number of unknown constants in
the solution of differential equations and the number of available bound-
ary conditions are equal, and hence the unknown constants can be deter-
mined.

The moment equations and the slope compatibility condition equation
at each sliding connection involve the crookedness.angle.term which is
an unknown. Hence, the complete solution will be in terms.of the unknown
crookedness angle.

To determine the crookedness angle and.the .deflected equilibrium
position, the following method is used. An initial value of the crook-
edness angle is.determined (a small value is. assumed in the case of
“vertical.cylinders).from.the.moment at the sliding.connection due to
selfweight. This value of corrkedness angle.and the applied load are
used to estimate the deflections of the system. . .Using.this estimate of
deflections a new bending.moment at the sliding.connection.is determined
along with the corresponding value of the crookedness .angle. The process
is repeated until constant values of crookedness angle are obtained on
successive iterations. This process converges to an error in the crook-

edness angle of less than half a percent of the total angle within 3 to
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5 iterations.

The analysis for tie rod cylinders is similar to that for regular
cylinders with the addition of a moment term for the cylinder part due
“to deformation of the tie rods. The magnitude of the tie rod moment
depends on the deflected shape of the cylinder and is always opposite in
direction to the bending moment in the cylinder. Hence, the tie rod
moment reduces bending moments in the cylinder and reduces deflections.
The tie rod moment term is evaluated by the following method. First,
the deflections of the cylinder are determined with the tie rod moment
equal to zero and the tie rod moment corresponding to this deflected
shape is calculated. A fraction of 'this moment is applied to the system
and the analysis is repeated. Again, the tie rod moment is determined
and a fraction of this is added to the previous applied moment. This
process is repeated until applied and calculated moments agree. It
should be noted that at every step of this process, determination of the
crookedness angle also requires iteration.

From the above discussion it is clear that two distinctly different
parts of the analysis are linked by the iteration procedure. These two
parts are: determination of the crookedness angle for a particular
moment at the sliding connection, and determination of deflections in
the system.

Although the crookedness angle analysis is the same for regular,
telescoping and tie rod cylinders, the deflection analysis differs for
each type. The following four chapters deal with these four types of
analysis, namely: determination of the crookedness angle; deflection
analysis for regular cylinders; deflection analysis for telescoping cyl-

inders; deflection analysis for tie rod cylinders.



CHAPTER V
DETERMINATION OF CROOKEDNESS ANGLE

The sliding connection at the cylinder/rod interface in a fluid
power cylinder introduces an angular deflection at the interface which
increases with increasing applied load. To account for this angular dis-
tortion in the deflection and stress analysis of the cylinder, the rela-
tionship between crookedness angle and moment at the sliding connection
must be determined. As indicated in Chapter II, the bearings and seals
may appear in a variety of configurations and materials. Because of
differences in design, assembly, and materials used in the sliding con-
nection components, no completely general relationship is possible. The
following procedure is used to develop the relationship between the
moment and the crookedness angle at the sliding connection. It is suffi-
ciently generai that, with adjustments in the stiffnesses, it can be
used for the analysis of a wide variation of configurations of the bear-
ings and seals.

As the cylinder deflections increase with loading, the lateral loads
on the bearings and seals increase. The compression in the bearings and
seals, and hence, the anQu]ar deflection is directly proportional to the
lateral loads. This linear variation of crookedness angle with the
moment at the sliding connection is valid as long as no contact point
(contact of rims of piston head or stuffing box with the cylinder wall

or rod, respectively) is developed at the s1iding connection. Depending
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on the configuration of the s1iding connection (clearance between piston
head and cylinder wall; clearance between stuffing box and rod; piston
head and stuffing box lengths; and overlap length of cylinder and rod),
as the crookedness angle increases, a contact point can occur. This con-
tact point introduces a kinematic constraint and also a part of the
lateral Toad develops at that point. Hence, when a contact point occurs
there exists a different relationship between moment and crookedness
angle. The increase in crookedness angle terminates when two kinematic
constraints develop due to the occurrence of two contact points.

It can be seen from the above discussion that for low values of
moments at the sliding connection there exists a direct relation between
the moment and the crookedness angle. However, as the moment increases,
a contact may occur either at the front edge of the piston head or at
the outside edge of the stuffing box at which time the moment-crookedness
angle relation changes. As the moment continues to increase, a second
contact point occurs after which the crookedness angle remains constant.
Depending on the configuration of the sliding connection, these pairs of
contact points may be in three different combinations, such as: the
front and back edges of the piston head; the outside and inside edges of
the stuffing box; or the front edge of the piston head and the outside
edge of the stuffing box. The equations for the moment-crookedness angle
relationship for these six different cases and the equations for the
lateral forces on the bearings and seals and on the contact points are
developed in the following sections for a general sliding connection with
any number of bearings and seals.

The Tline diagram (Figure 16) shows the crookedness angle between the

cylinder axis and the rod axis, and the deformations of piston bearings
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69,1 = 1 to M are the deformations in the piston head bearings;
62,1 = 1 to N are the deformations in the rod bearings;

XP,i = 1 to M are the distances of the piston head bearings from
.~ the piston head backface (see Figure 17);

Xr,i =1 to N are the distances of the rod bearings from the stuff-
' ing box innerface (see Figure 17);

XP is the distance of the piston head backface from
step point C; and

X" is the distance of the stuffing box innerface from
step point C.

The bearings and seals are modeled as linear springs, hence
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F? and F' are the lateral forces on the piston bearings and rod

1

i

Equations (5.1) and (5.2) are combined to obtain

bearings, respectively; and

g =

P.(xP P
K5 (X + X])

in which X" and XP are related by

X" =6c - xP

where GC = gland clearance (see Figure 17).

K"

KP and K are the stiffnesses of the piston bearings and rod bear-
ings, respectively, which are modeled as linear springs.

p
P.iyP . yP
KM (xF + XM)
r
KE-(xr + xg)
(5.3)
(5.4)

Absence of Kinematic Constraints

The moment across the sliding connection develops lateral forces on

only the bearings and seals.

Figure 17 shows the crookedness angle and

the corresponding forces on the bearings and seals. Summation of ver-

tical forces gives,

M N
) FP= 7 Fr .
i=1 1 =1 ]

(5.5)

These forces are expressed in terms of 6 using Equation (5.3) to obtain
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which may be solved for xP

N N M
KXt +6C oY KT - 7 kPexP
i=1 ' ! i=1 ' =1 ! T
Xp = . (5'6)
[
LK+ LK

i=] i=1

Moments are summed about point C to obtain

M N

r
08+ o)+ TR ) < (57
= 1=

i=1

where MG is the bending moment at the sliding connection. The Tlateral
forces in Equation (5.7) are expressed in terms of 6 using Equation
(5.3), which results in

Mg

6 = 7N 5 (5.8)

p.p P Y‘.Y‘ r
]Ki (XF + Xi) + 1Z1K1 (x" + Xi)

ne-~—m=

i
The displacements at the piston head front edge and at the stuffing

box outside edge are,

68 = (XP + PHL) -6 (5.9)
and
8% = (X" + SBL)-o (5.10)
where
PHL = piston head length; and
SBL = stuffing box length.

For a certain value of moment, if either 6? is greater than PCL

(piston clearance from cylinder wall), or 6; is greater than RCL (rod

clearance from stuffing box), the next case with one kinematic constraint
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should be considered. If both the displacements are greater than the
corresponding clearances, the proper type of one kinematic constraint
case to be used is determined by noting whether 6? exceeds PCL first or
6; exceeds RCL as 6 is increased in Equations (5.9) and (5.10). If 5?
exceeds PCL, the case with one kinematic constraint at the piston head
front edge results, and if 6? exceeds RCL, the case with one kinematic

constraint at the outside edge of the stuffing box should be considered.
Presence of One Kinematic Constraint

Contact at the Piston Head Front Edge

The metal-to-metal contact of the front edge of the piston head

with the cylinder wall (Figure 18) establishes that
6% = PCL. (5.11)
The crookedness angle is expressed as

o = —PCL (5.12)
XP + PHL

with the sign of the moment at the sliding connection.

Summation of vertical forces gives,

M

L

n-L—m=

P P -

Fis, Fy (5.13)
1

i 1
where F$.=1atera1 contact point force at piston head front edge. Bearing
forces in terms of 6, Equation (5.3), are substituted in Equation (5.13),
and the equation for the lateral contact point force may be expressed as

N N M | M N
FRo=oef T KU +6ce J KT - T kPaxP o xPe( T P+ T kD).
f j=1 1 j=1 1 =y 1 j=1 v 427

(5.14)
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A summation of moments about the contact point yields

Mp P NY‘ r
- iz]Fi-(PHL - xB) + iglFi-(PHL +GC + X)) = M. (5.15)
Equations (5.3) and (5.12) are equated to provide
PeL-KE. (XP + xP)
Fo = s i=1toM
P+ pHL
and
. PCL-K?-(GC - xP 4 x{)
Fy = ; i=1toN. (5.16)
XP + pHL
Combination of Equations (5.15) and (5.16) results in
N M M.<PHL
r r r r r., r G
; 121(GC+xi)-(PHL+GC+Xi)-Ki-1Z](PHL-Xi)-Xi K; -
X" = e M SN g .
5EE-+121K1'(PHL-Xi)-+1Z]Ki-(PHL+GC+Xi)
(5.17)

For all signs to be consistent, PCL must have the same sign as MG; hence,
MG/PCL is always positive.
The displacements at the piston head back edge and at the stuffing

box outside edge are,

ag = xP.g (5.18)
and
a; = (X" + SBL)-o. (5.19)

For a certain value of moment, if either 6E is greater than PCL, or
6; is greater than RCL, the next case with two kinematic constraints
should be considered. If both the displacements are greater than the

corresponding clearances, the proper case of two kinematic constraints
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to be used is determined by noting whether dg exceeds PCL first or 6¥
exceeds RCL as 6 is increased in the Equations (5.18) and (5.19). If ag
exceeds PCL, the case with kinematic constraints at both edges of the
piston head should be used, or if 6¥ exceeds RCL, the case with kinematic
constraints at the piston head front edge and at the stuffing box outside

edge should be considered.

Contact at the Stuffing Box Outside Edge

The metal-to-metal contact of the stuffing box outside edge with
the rod (Figure 19) establishes that,

a; = RCL (5.20)

The crookedness angle is expressed as

6 = RCL (5.21)
GC - XP + SBL

with the sign of the moment at the sliding connection.
In the same manner as in the previous case, summation of vertical

forces gives,

(5.22)

IIM
IIMZ

' r
1 1 * Ff

i
when bearing forces in terms of 6, Equation (5.3) is substituted in
Equation (5.22), the Tateral contact point force at the stuffing box
outside edge is

Fl o= 0. {XP+( Z K + Z k%) Z i+ X{+GC- 2 K!- ? KP-xP)3

't i=1 1 =1 e j=1 142 1

(5.23)

Moments are summed about the contact point to obtain
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M N r r
L FE-(sBLracext) - 7 FY-(sBL-X]) = Mg (5.24)
i=1 i=1
Equations (5.3) and (5.21) are equated to provide
RCL-KE- (xP + xB)
P = s i=1toM
! GC - XP + SBL
and
RCL-k -+ (aC - XP + x¥)
Ff = L 1. i=1toN. (5.25)
! Gc - xP + sBL
Equation (5.25) is substituted in Equation (5.24) to yield
M Mg+ (6C+SBL)
Z (GC+XY) - (SBL-XY) K- ] (SBL+GC+XE) X+ Kp+ g —
o _ il 5 i
X" = G 1 - N
ﬁft-+iz]K1-(SBL+Gc+x Z +(SBL-X, )
(5.26)

Again, for all signs to be consistent, RCL must have the same sign as
MG; hence, MG/RCL is always positive.
The displacements at the piston head front edge and at the stuffing

box inside edge are,

sg = (XP + PHL) -0 (5.27)
and
ag = x 0. (5.28)

For a certain value of moment, if either 6? is greater than PCL, or
6E is greater than RCL, the next case with two kinematic constraints
should be considered. If both the displacements are greater than the
corresponding c]eafances, the proper case of two kinematic constraints

to be used is determined by noting whether Gg exceeds PCL first or 6E
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exceeds RCL as 6 is increased in Equations (5.27) and (5.28). If 6?
exceeds PCL, the case with kinematic constraints at the piston head
front edge and at the stuffing box outside edge should be used, or if

GE exceeds RCL, the case with kinematic constraints at both edges of the

stuffing box should be considered.
Presence of Two Kinematic Constraints

Contact at Piston Head Edges

The metal-to-metal contact at the piston head edges with the cylin-

der wall (Figure 20) establishes that,

xP

-PHL/2-0 (5.29)

and also,

6 = 2-0(PCL)/PHL (5.30)
with the sign of the moment at the sliding connection.
Moments are summed about the piston head backside contact point,
k : N r
FR-PHL + § FRexP+ T Ffe(ae + X)) = M
i=1 ' T !

f G

from which

M N
- P.xP _ r. r
MG 1Z]F1 X3 1Z]Fi (GC + Xi)

P
Ff BHL (5.31)
Summation of vertical forces gives the backside piston head edge

contact point force,

N
ol TP R (5.32)
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Contact at Stuffing Box Edges

The metal-to-metal contact at the stuffing box edges with the rod
(Figure 21) establishes that,

xP

GC + SBL/2-0 (5.33)

and also,

6 = 2-0(RCL)/SBL (5.34)

with the sign of the moment at the sliding connection.

Moments are summed about the stuffing box inside edge contact point,

M N

r, P. P LT

FeeSBL + .Z F (GC + Xi) + _Z FieXy = Mg
i=] i=1

from which

Mg - .

F?-(Gc + x?) -
Er - i
f

1 i
SBL

r ,r
FieX]

-
nL—m=

1

(5.35)
The stuffing box inside contact point force is obtained from summa-
tion of vertical forces,

Fp = Fo +

N M
' ] Fy - _Z]F?. (5.36)

i=1

Contact at Piston Head Front and

Stuffing Box OQutside Edges

The metal-to-metal contact at the piston head front edge with the
cylinder wall and the stuffing box outside edge with the rod (Figure 22)
establishes that,

_ PCL + RCL
® = PHC + GC + SBL (5.37)

with the sign of the moment at the sliding connection.
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Figure 21. Contact at Stuffing Box Edges
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Figure 22. Contact at Piston Head Front
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The distance of point C from the piston head backface is given by,

xP = E%E-- PHL (5.38)

with PCL/e being always positive for consistent sign convention.

Summation of moments about the stuffing box outside contact point

gives,
M N r r
Mg - I Fi-(sBL +6c+xE) + J Fi-(sBL - x])
fP - i=] i=] (5.39)
f PHL + GC + SBL :
Summation of vertical forces gives,
M N
r_p P _ r
Ff Ff + 1Z1F1 1Z1Fi' (5.40)

Lateral Forces on Bearings and Seals

In all cases, after the crookedness angle, 6, is calculated, the

lateral forces on the bearings and seals are calculated with Equation

(5.3).



CHAPTER VI

ANALYSIS OF REGULAR CYLINDERS

Equations for moments, slopes and deflections at all points along
the Tength of the cylinder are developed in this chapter for regular
cylinders. The problem definition, assumptions and limitations and the
modeling method are given in Chapter IV. Figure 23 shows the resulting
system for regular cylinders with all forces and reactions.

In this analysis, differential equations for deflections are written
for the cylinder and rod parts of the deflected cylinder. These differ-
ential equations are solved using the boundary and compatibility condi-
tions to obtain the deflection equations. The slope equations are then
obtained by differentiation of the deflection equations.

A line diagram of a typical hydraulic cylinder is shown in Figure
24 in three possible positions: perfectly straight; with an initial
crookedness angle, 8', at no axial load; and in a loaded condition with
crookedness angle, 6, which increases with load. The system will pro-
gress through these three positions as-an axial load is applied at the
ends. It is clear that the deflection at any point in the system is
partly due to the presence of the crookedness angle and partly due to the
bending of the cylinder and rod elements. In Figure 24, the portion of
the deflection from the perfectly straight position to the position indi-
cated by the dotted lines is due to the crookedness angle, and the por-

tion from the dotted Tines to the bent position is due to the bending

49
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moments -in the system. The differential equations in this analysis are
written in terms of the total deflection.

At a typical section in the cylinder portion, e.g., Section 1-1,
Figure 24, the bending moment due to curvature obtained from ordinary

bending theory is

dzy]
My = -Eq-1,- 2 (6.1)
where
E] = modulus of elasticity of the cylinder material; and

[, = moment of inertia of the cylinder part.
The bending moment at the same location due to the external loads

and reactions is

P.(e ~e ) Pe(f ~F ) Ko - K -6
_ rc’ ., _ r ¢’ c ¢ rro.
M] =T X 3 X + [ X
+R'sx =M =-Pef -K g - Yl--x2 + Pe(e, +y,) (6.2)
c p c c ¢ 2 c ™ N :
where
P = axial load on the cylinder;
L = length of the cylinder between supports;
e. and e, = eccentricities of Toading at cylinder and rod supports,
respectively;
o and 6. = slopes of the cylinder axis and rod axis at the cylinder
support and rod support, respectively;
Kc and Kr = stiffnesses of the rotational springs at the cylinder
and rod pin supports, respectively;
fc and fr = friction coefficient times the radius of the support
pin at the cylinder and rod supports, respectively;
Ré = lateral reaction at the cylinder support due to self
weights of the system (see Figure 23?;
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moment at the cylinder support due to the self weight
P of the overhanging part of the cylinder;

=
1]

Wy weight per unit length of the cylinder part; and

¥y = deflection at any distance x in the cylinder part from
the cylinder support.

For equilibrium, the internal and external moments must be equal;

hence, Equations (6.1) and (6.2) may be combined to yield

d~y e -e f -f K+o_ - K -0
1 2 - 2. r c, r c, c ¢ rr..
d2+K1'y1 Kyol- == =+ == *x - Pl X
X
R! M K +8 w
_ < P c ¢, 1 .2 _
p Xt 5t f_ + — t 5p X ec] (6.3)
where

2 _ P
Ky = =10

A similar analysis of a typical section in the rod portion, e.g.,

Section 2-2, results in

2
d-y e -e f -f
2 . W2, - Wl.rr_c . r c.
-—c]—z—‘l‘ Kz'yz = K2 I: L (L"X) - L (L'X)
X
K6 - K +8 R!
+ ST (LX) - —F (LX) + f
K <0 W
+ PP LA 5%5- (L-x)2 - e.] (6.4)
where
2 P
K = ———
2 E2-I2
R; = lateral reaction at the rod support due to self weights of the
system (see Figure 23);
W, = weight per unit length of the rod part;

and other variables are as defined earlier. Differential Equations

(6.3) and (6.4) describe the load deflection behavior of the cylinder
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and rod portions of the system.
The boundary and compatibility conditions which are to be enforced

on the solutions of these equations are:

x =20 Yy = 0
x =L Yo = 0
X = A 1=
and X = % EZl-— 6 = i{g (6.5)
o dx dx :

The general solutions of Equations (6.3) and (6.4) are

e _-e f -f
= . . . 1 . - r c . r‘ c [
y1 =G4 cos(K1 X) + D] s1n(K] X) T X+ — X
K <6 _ - K 8 R! K -0 W
cC C r r C cC C 1 2
- Pl X X Tt =X
(0 < x g_zc) (6.6)
and
. e .ec fr'fc
Yy = C2-cos(K2-x) + Dz-s1n(K2-x) + —rt——--(L-x) - T «(L-x)
Ko - K «0 R! K _+8
cC C rr r ror
+ Pl «(L-x) - - +(L-x) + T, + =5
w
2
+ __Z?P e (L-x) (2, <x <L) (6.7)
where,
M w
= P - R
T] P + fc eC ;TE? (6.8)
1
and
o
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C1, C2, D], and D2 are constants to be determined using the boundary
and compatibility conditions, Equation (6.5).

Application of the deflection boundary conditions at the ends

yields:
Kc’ec
C] = -T_I - P (6.]0)
and
C, = [-D,sin(K,-L) - T, - Kr-er]. 1 (6.11)
2 2 2 2 P cos(Kz-L) :

AppTlication of the deflection compatibility condition at the sliding
connection, i.e., at x = Les and substituting for C] and C2 from Equa-
tions (6.10) and (6.11) yields

_ sin(KZ-zr) K 0
D-I'S'ln(K-I',QC) + Dz‘ m= (T-I + P )‘COS(K-I'R,C)

K <6 cos(Kzozc)

r r
- (T + =) cos (K, 1) ™ 13 (6.12)
where
W W
T3=—2§-—1—2-. (6.13)
PeKy Pk’

The equations for slopes are equal to the first derivative of the

deflection Equations (6.6) and (6.7). These slope equations are

dy e -e f -f
1 _ K e . . - __rc r c
ol -C] K1 s1n(K] X) + D, K] cos(K1 X) —t T
K<6_ - K 8 R' w
- £ CP-L r.r. —%-+ —% X (o < x f_zc) (6.14)
and
dy, _ ®r€c fr'fc

= - - 2-K2-sin(K2-x) + DZ-Kz-cos(Kz-x) -t T



55

L] - L] !
] K. <6 K.+ X 5ﬁ.
P-L P

Wy

-p"(L-X) (2

<x <L)

(6.15)
AppTlication of the slope compatibility condition at the sliding
connection, Equation (6.5), and substitution for C] and C2 from Equations
(6.10) and (6.11) yield:

cos(Kz-zr)

Dy-Kyecos(Kya ) - DyKye —ostics KoL)

- C. C . L] 1 L]
= (-T, - ) Ky s1n(K] ZC)

K +6 Koesin(Ko+2 ) W
2 2 7c 1
2" TP ) TR TPt (6.16)

where

— ] ] - N - .
w1 = RC + Rr w] Zc w2 zr.

Equations (6.12) and (6.16) are solved simultaneously to obtain

0 - l-o[(T . Kc-ec).Kz—K]-tan(K]-zc)-tan(Kz-zr)
1 Q 1 P tan(K]-zc)~tan(K2~£r)

K. -6 K2
sin(K]-zc)-sin(Kz-zr)

K2 W

. — + (6 + —19- 1 ]
3 s1n(K1-zc)-tan(K2-zr) P sin(K1-2C§

(6.17)

- T

and

l—-[(T . Kc'ec). . K1-cos(K?-L)
2 Q 1 P s1n(K1-2c)-s1n(K2-zr)

Kr-er . Kz-tan(K1-zc)-tan(K2-zc) + K

T. 4 1
= ( . . 1 .
2 P l:an(K] R,C) s1n(K2 L )

-cos(Kz-zc)
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K,+cos(K,+L) W cos(K,-L)
- T, 1 2 - (6 + —). 2 " (6.18)
3 tan(K]-zc)-sin(Kz-zr) P sianz-zri :

where,
Ky Ko

Q= tan(K]-257'+ tan(Kz-z;T (6.19)

The values of the constants C], C2’ D], and D2 in the deflection
Equations (6.6) and (6.7), and in the slope Equations (6.14) and (6.15)
are given by Equations (6.10), (6.11), (6.17), and (6.18), respectively.
The crookedness angle, o, is determined by the method explained in
Chapter V. Two other unknowns, eC and 0.5 exist in the deflection and

slope equations and in the equations for the constants C], CZ’ D], and

D2. These two unknown slopes at the supports are determined from the
following slope boundary conditions.
dy]
x=0 ——a;(——ec
and
dy2
x =1 ——X—Gr (6.20)

Combination of Equations (6.10, 6.11, 6.14, 6.15, 6.17, 6.18, and

6.20) yields two equations of the form:

eC-A1] + er-A12 = B] (6.21)
and
ec-A21 + er-A22 = B, (6.22)
where,
K K -(K2-K1-tan(K]-zc)-tan(Kz-zr)) . Kc (6.23)

1
- -I c .
P K]-tan(Kz-zr) + K2-tan(K]-2C) PeL




57

Ke Ky-Ko 1
A12 7P 'K]otan(Kz-zr) + Kz-tan(K]-zé) 'cos(K]-zc)-cos(Kz-zr)
K
r
- o (6.24)
- fl .. K2-K]~tan(K].-5Lc)-tanv(Kz-IJLr)
1 Q 1 tan(K1-2C7-tan(K2-2r)
K2 K2
- L e . - T30 53 K. <% ). K
2 s1n(K] zc) s1n(K2 x;)f sin( 1 zc) tan( 2-2;)
W e _-e f -f R!
1 1 _r ¢ r . c C
M A T Cory o0 s i e 2 (6.25)
A.. = - EE.. K1 KZ' . 1
21 P K]-tan(Kz-zr)+K2-tan(K]-zc) cos(Kl-zc)'cos(Kz-zF)
K
+ oo (6.26)
o e 1e Er.{Kz-tan(K1-zc)-tan(Kz-zc)+K]. Kzocos(KZ-zC)
22 P K]-tan(Kz-zr)+K2-tan(K1-227 cos(KZ-zr)-cos(Kz-L)
K. K,+sin(K,+L) K
S 2 L (6.27)
P cos(Kz-L) P.L
B, = KT21 I s I;Tsin(K )
1 "¢ 2 °r

. Kz-tan(K]-zc)-t?n(Kz-zC)+K] .cos(Kz-zc)
2 tan(Kl-zc)-s1n(K202r) cos(Kz-L)

- T, K] _(e+.lfd.]_). 1 ]
3 tan(K]-zc)-sin(Kz-z;) P sin(Kz-zri

e.-e f -f R!
r c, r c,r
+ TyeKyotan(KyeL) - —t Tt 5 - (6.28)

Simultaneous solution of Equations (6.21) and (6.22) gives
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_ BysAyy - AgyeBy
S " Ry A KA (6.29)
1122 ~Ry27Ryy
and
o - BaA11 - Poy°By (6.30)
P AyptAyy - AgptAyg

Equations (6.10), (6.11), (6.17), (6.18), (6.29), and (6.30) give
the values of all the six unknowns, C], C2’ D], DZ’ 0> and 8.5 respec-
tively, in the deflection Equations (6.6) and (6.7), and in the slope
Equations (6.14) and (6.15).

The moment equation for the cylinder portion is given by Equation

(6.2). Similarly, the moment equation for the rod portion is given by

+ P-(er + yz) (6.31)



CHAPTER VII
ANALYSIS OF TELESCOPING CYLINDERS

The analysis of a telescoping cylinder with an arbitrary number of
tubes is developed in this chapter. For a cylinder with n tubes, there
will be n-1 sliding connections. The numbering system for tubes and
sliding connections is shown in Figure 25. This figure also shows the
forces and reactions on a modeled telescoping cylinder. The modeling is
the same as for regular cylinders and corresponds to the problem defini-
tion, assumptions, and limitations stated in Chapter IV.

The method of analysis is the same as for regular cylinders. Dif-
ferential equations relating the deflections and loads are written for
each tube and are solved using appropriate boundary and compatibility
conditions. The solution of each differential equation will have two
unknown constants, and in addition the slopes at the supports are un-
knowns in all equations. These (2n + 2) unknowns are determined using
two deflection boundary conditions at the supports, two slope boundary
conditions at the supports, and a deflection and a slope continuity com-
patibility condition at each sliding connection.

The bending moment at any section in the first tube portion, Figure

25, due to the external forces and reactions is

P(e -e ) P(f - ) K +6_ = K -0
_rc r'c c’c” rr '
M] = L ‘X - 3 X + 3 X + Rcix
W
- M- Pfl - K ee - 5+ Pale, * yp). (7.1)

59
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Similarly, for the second tube portion,

P(e.~e.) =~ P(f -f) K6 - K-8
d - r c__ . - _.____._____r C . C C r r . I'
M2 = T X T X + T x + RC X
2 W
1 2 2
My - Pefe - Ket0g = Wpeaglx - ) - e (x- gg)
For the tube portions 3 to n,
P(e_-e ) P(f -f ) K6 =~ K -0
_ r c .. r c’ . c C rr. .
My =—T— x-—T— x+ C X+ Rex
o
- Mp - P.fc - Kc.ec - W].RI-I'(X - —2—)
i-1 Lt W,
0T welg.- o(x - 3=y T 2
JZZ Wj(lj 'Q'J-_]) (x 7 ) 2 (x «Qf.i_'l)
i-1
- Ax-2.) + Ple +y.); i = .
jZ1 wJ(x zJ) P(ec y1), i=3tn (7.3)

where the variables are as defined in Chapter VI.
At any section, the internal bending moment due to the curvature

obtained from ordinary bending theory is
dzyi

M- = -EO’I-.
i LI B

; 1i=1ton. (7.4)

For equilibrium, the internal and external moments must be equal;
hence, Equations (7.1), (7.2), and (7.3) may be combined with Equation
(7.4) to yield

ikl F Ky = (Y ex + Y WKE o X8 (7.5)
2 1°91 c 2™ T T2 .
2 2
d~y Wy, °K 2

2 2 _ 2 kK il
T3 T Ky = (Y x H Y LG+ — (x - =)
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Wz’Kg ) W]-Kg
T L P (7.6)
2 2
d-y. Wq e Lq K 2
i 2 _ . 2 171 ™ _ 1
X
K? 'i...'l 2,-+R¢-_'l
+ —-'-p- . 'Z WJ.'(ZJ--ZJ-_])'(X - = 5 )
j=2
G , KA _
tp(x -y )0 4 —P'jz] wJ.-(x - zj); i=3ton
(7.7)
where
K1?=E%—_;1=1ton (7.8)
i i
e _-e f -f K6 -~ K. «0 R!
..r c__rc c c rr. c
a1 77T I (7.9)
and
M K -6
- _.p __c ¢
YCZ b fc 5 + e (7.10)

The general solution of Equations (7.5), (7.6), and (7.7) yields
the deflection equations.
For tube portion 1,

¥y = C]-cos(K]-x) + D]-sin(K]-x) - YC]°x - Y02

PR S S ' (7.11)

W

2
P-K]
For tube portion 2,

Yy = Cz-cos(Kz-x) + Dz-sin(KZ-x) - Yc1-x - Yc2
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For tube portions 3 to n,

i = Ci-cos(Ki-x) + Diosin(Ki-x) - YC1~x - Yc2

w.z .i- - 2/+21
+]P1_(x__; I_l_ ZW("’L )(X_J_J__)

Y 2 M 1 I i
t s o(x - gi_]) - ETE2-+ F-SZ] wj-(x - zj); i=3ton

i
(7.13)
The equations for slopes are obtained from the first derivatives of
the deflection Equations (7.11), (7.12), and (7.13). These slope equa-
tions are:
For tube portion 1,

dy; . Wy
i -C]~K]-s1n(K1-x) + D1-K]-cos(K1-x) - Yc] t o (7.14)

For tube portion 2,

d.Vz _ . W-l°5L-I
a5 - -C2-K2-s1n(K2-x) + DZ~K2'cos(K2-x) - Ycl t—5
Wy Wy
+ ‘ﬁ"(x - 21) t 5 (7.15)
For tube portions 3 to n,

a5 - —Ci-Ki-sin(Ki-x) + D K -cos(K *X) - Yc] t =5

'I .i'.l W
+ ﬁ--J L Wy (z 25 1)+ (x i)t e Z W

=3 ton (7.16)



64

In the above slope and deflection equations Ci and Di’ i=1ton,
and 0¢ and 6, are the (2n + 2) unknowns. The following (2n + 2) bound-
ary and compatibility conditions are used to determine these unknown
constants.

The boundary conditions at the cylinder and rod supports are

dy
- 1.
x=0 —ax Gc (7.]7)
Xx=0 y1 =0 (7.18)
dy
- n_ v
X =L ax - Op (7.19)
X =L yn =0 (7.20)

The compatibility conditions at each sliding connection are

X = 8 Yi = Yie i=1 ton-] (7.21)
dy. dy.
_ i _ Y+l _

Application of the boundary and compatibility conditions results in

the following (2n + 2) equations. Equation (7.17) yields,

K K e -e f -f R!
c - rc, r c__c
Ut pD "Dk - gt - (7:29)
Equation (7.18) yields,
K M W
.—G- :..—-E- -I
6.0 5 * - fote t - (7.24)
1

Equation (7.19) yields,

K
c . ry o
0. por t Cn-Kn~s1n(Kn-L) - Dn-Kn-cos(Kn-L) + er-(l - ?ETQ =

(1]
1
(0}
-+
]
-+
el
=

1-z1+_1_,§ wee(2.m0, 1)
L L P P Pk M T
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n-1

+ %—- T W, (7.25)
=1 9
Equation (7.20) yields,
K _*0 M R!
. . ec1 . r r: - __..E _C'
Cn cos(Kn L) + Dn sm(Kn L) + 5 e, fr Ft 5 L
W, 2 n 2.+,
S N R FY NI 23 3-1
p—(L-=2)-p jzz Wit (gt g ML -~
B N R T (7.26)
+ -5 ° -.L_Ral 7-6
ke P ogm 9

Equation (7.21) yields,

Ci_]-cos(K1_1-zi_]) + Di_]-sin(Ki_]-zi_]) - Ci-cos(Ki-zi_])

. i1 Wy .
- Di-s1n(Ki-2i_]) = P-K2 - P-K2 ; 1i=2ton
i-1 i
(7.27)
Equation (7.22) yields,
i Kiopsin(Ky_qonyq) * Dy goKy _qcos(K;_ye2y )
+ Ci-Ki-sin(Ki-zi_]) - Di-Ki-cos(Ki-zi_])
Wi
=6, ;*—5-; i=2ton (7.28)

Equations (7.23) through (7.28) are solved simultaneously to determine
the unknown terms. To simplify the solution, these equations are
arranged in a matrix form as shown below.

[S] {U} = {R} (7.29)
The matrix form, shown in Figure 26, is solved for the unknown vector

(U},
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wy =17 w3 (7.30)
The crookedness angle at each sliding connection is determined as
described in Chapter V. Once the crookedness angles and the unknown
constants Ci's and Di's and the end slopes 0. and 6, are determined, the
moment, deflection, and slope at any section in the system are determined
from Equations (7.1) to (7.3), (7.11) to (7.13), and (7.14) to (7.16),

respectively.



CHAPTER VIII
ANALYSIS OF TIE ROD CYLINDERS

The presence of tie rods increases the capacity of the cylinder to
resist bending; however, the cylinder with tie rods has an additional
form of failure due to the potential separation of the cap or head from
the cylinder body resulting in fluid leakage. This separation failure
is mainly due to the combination of stretch in the tie rods when the
fluid load is transferred through them to the mountings and longitudinal
contraction with radial expansion of the cylinder due to fluid pressure.
Either or both of these factors may cause the separation, depending on
the cylinder mounting position, the piston head position in the cylinder,
and the side on which pressure is applied.

Two independent analyses are required for cylinders with tie rods:
first, to determine the separation pressures for different piston head
positions and pressurized sides in a straight cylinder; and second, to
determine the failure load for a fully extended cylinder due to excessive
stress resulting from axial load and bending. Equations for these inde-

pendent analyses are developed in the following sections.
Analysis for Separation Pressures

Due to the initial tensioning of the tie rods, there exists a long-
itudinal compressive stress in the cylinder wall. When the cylinder is

pressurized, the load on the rod end is transferred through the fluid
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to the cylinder mountings. Whether the load transfer takes place through
the tie rods or not, and whether there is cylinder longitudinal contrac-
tion due to fluid pressure or not depends on: (1) the type of cylinder
mount (cap mounting, intermediate mounting or head mounting (see Figure
27))s (2) piston head position; and (3) pressurized side (rod side or
cap side).

When the piston head is in the position shown in Figure 28(a) with
pressure on the cap side, only a very small length of the cylinder is
subjected to pressure and hence there is no axial contraction of the
cylinder due to pressure. As the piston head moves away from the cap,
the pressurized length of cylinder increases and the axial cylinder con-
traction due to hoop and radial stresses increases. The axial contrac-
tion is maximum when piston head is very close to the cylinder head or
when it is in contact with the cylinder head. Depending on the type of
mounting, for the fully extended position, the load may or may not be
transferred through the tie rods. In cap-mounted cylinders, Figure
27(a), the load is not transferred through the tie rod during the forward
stroke until the piston head comes in contact with the cylinder head.

In other cases of mounting, Figures 27(b) and 27(c), the Toad is always
carried through the tie rods. When the pressure is relieved from the

cap side and applied to the rod side, initially there is no cylinder con-
traction, but as the piston head moves toward the cap the pressurized
length of cylinder increases and hence cylinder contraction increases
correspondingly. Cylinder contraction is maximum when the piston head

is very close to the cap or in contact with the cap. Again, for this
backward stroke, depending on the type of mounting, the load may or may

not be carried through the tie rods. For each mounting style, the
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Figure 27. Cylinder Mounting Positions
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(e) Case 5: Pressure on rod side; P.H. anywhere along the
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(f) Case 6: Pressure on rod side; P.H. in contact with
cylinder cap

Figure 28. Piston Head Positions and Pressurization
Side Combinations
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separation pressure for any piston head position during a cycle of opera-
tion can be defined by six equations. These equations are developed in
the following sections.

The six different cases that result from different piston head posi-
tions and pressurized side are shown in Figure 28. Separation occurs
when the Tongitudinal compressive Toad on the cylinder wall reduces to
zero due to tie-rod stretch and Tongitudinal contraction of the cylinder.
To develop the equations for compressive Toad on the cylinder, the
following equilibrium equations and compatibility conditions are used.

Combinations of forces at the cap and head ends of the cylinder and
at an intermediate support are shown in Figure 29, for the mounting cases
shown in Figure 27, and piston/pressure cases shown in Figure 28. Equi-

Tibrium is described by the following equations.

At cap end:
Ft - (FC or Fcc) - (P or P' or zero) = 0 (8.1)
At intermediate support:
Fcc - Fcr + (P or P' or zero) =0 (8.2)
At head end:
(FC or Fcr) - Ft + (P or P' or zero) =0 (8.3)
wherev
Ft = final force in tie rods;
Fc = final axial force on cylinder wall;

F .. and Fcr = final axial force on cylinder wall on the cap side
and on the head side, respectively, in the cylinder
supported at an intermediate point;

P = axial compressive load on cylinder during a forward
stroke; and
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P' = axial tensile Toad on cylinder during a backward
stroke.

The compatibility condition that applies to all the cases is

6y +6.=0 (8.4)
where
Gt = chaqge in length of the tie rods due to pressurization of the
cylinder; and
ac = change in length of the cylinder tube due to pressurization

of the cylinder.

The change in length of tie rods, 8> for all cases is given by

5t - - (Fi ; TE).Lt (8.5)
t "t
where

Fi = force in tie rods = force on cylinder wall, before pressuriza-
tion;

Lt = length of tie rods between tie rod nuts;

At = total cross sectional area of tie rods; and

Et = modulus of elasticity of tie rod material.

The change in length of the cylinder, GC, is due to two effects: first,

8.p.» due to hoop and radial stresses in the pressurized part of the

chr
cylinder; and second, 6&, due to change in axial force on the cylinder

wall.

§ . =8

c chr * Gé (8.6)

The change in length of the cylinder due to hoop and radial stresses

is due to the Poisson's ratio effect and is given by

=

= _C. .
Schp = Ec (sh + Sr) LX (8.7)

where
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u Poisson's ratio of the cylinder material; and

o

Ee

Lx is either LC

‘modulus of elasticity of the cylinder material.
p OF Lép, Figure 27(a), the pressurized length of the
cylinder, depending on which side of the piston head is pressurized.
Sh and Sr’ the‘hoop and radial stresses, respectively, at any radial

distance, r, are given by

2 — 2 A -E
s, = 3P_.(] + P_Q = b (1 + 9-9 (8.8)
h =22 2 TR 2 7
and
2 — 2 Ap 2
s =3P .(1-by-D" 4. b, (8.9)
r b2-a2 r2 AC r2
where

a = inner radii of the cylinder tube;
b = outer radii of the cylinder tube;
Ab = bore area of the cylinder tube; and
Ac = cross sectional area of the cylinder wall.
p is either p or p', depending on which side of the piston head is pres-
surized, where p is the fluid pressure on the cap side and p' is the
fluid pressure on the head side.

Substitution of Equations (8.8) and (8.9) in Equation (8.7) yields

u A

c = b
S = ——-(2¢p t—)oL (8.]0)
E. AC X

chr

which is independent of the radial distance, and hence, the axial con-
traction of the cylinder due to hoop and radial stresses is constant at
all radial distances.

The change in length of the cylinder due to change in the axial

force, aé, depends on the type of mounting. For cap or head mounting,



76

(F, - F)-L

i C
§! = - - (8.11)
o AC EC

where Lc = length of the cylinder tube.
In the case of intermediate mounting, the axial force in the
cylinder to the Teft of the mounting differs from that to the right by
a quantity equal to P or P', or may be the same on both sides (see equi-
Tibrium equations, Figure 29), depending on the piston head position.
Hence,
(F, - F_)-L

6‘ = - .I A .EC CC - .l CY‘. C CC . (8.]2)
c C c ¢

Substitution of Equations (8.5) and (8.10) and either Equations
(8.11) and (8.12) as appropriate into the compatibility condition, Equa-
tion (8.4), and into the corresponding equilibrium condition, from
Figure 29, permits evaluation of the compressive force on the cylinder
and the tension in the tie rods for all cases of mountings, piston head
positions and pressurized sides. Once the equations for the axial force
in the cyTinder wall are determined, the separation pressures, pg> are
evaluated by equating the cylinder wall force to zero and solving for
P or P' (which is Ps times the corresponding bore area, Ab or AB). The
resulting equations for the forces in the cylinder wall and tie rods and
for the separation pressures for all six cases (Figure 28) of each mount-

ing position (Figure 27) are given in the following sections.

Cylinder Mounted at Cap

Case 1 (Figure 28(a)):
F =F. =F,. (8.13)

Separation will not occur at any pressure.
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Case 2 (Figure 28(b)):

L
= - 2ePey . —CP_ .7 =
Fo=Fi- 2P B 7=F, (8.14)
c ¢
where
Z = L (8.15)
L L ’
t + C
At.Et AC.EC
F./A
b, = - (8.16)
c c
Case 3 (Figure 28(c)):
P-L L
= C (1 - . EPy.7 _
c c c
Fo=F +P (8.18)
F:/A
pe = — 10 - (8.19)
- C (1 - 2.4 . _CP).
Vogmes(h - 2 )2
c c
Case 4 (Figure 28(d)):
P'-LC
F o=F, -P' +—5.7 (8.20)
C i Ac EC
Fp= F+ P! (8.21)
F./A!
b
pg = —T— (8.22)
I
c ¢
Cases 5 and 6 (Figures 28(e) and (f)):
P'-L A L'
- ' c . b _"cpy.
FC = F_i - P' + A -F '(] -2 Uc‘Al. ) JA (8.23)

c ¢ b c
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Cylinder With Intermediate Mount

Case 1 (Figure 28(a)):

cc

cr

cc

cr

Ps

F o+ P
Fi/Ay
L A -L'
b ¢
1 - "Tji"(] - 2eu . -11——J2)-Z
AC Ec c Ab LC
P-L
F. + i _EC-Z - P
! c ¢
Fcc *PERy
Fi/hy
1 - Lcc .7
ActEe
Pel. : I__Ep_)
Fo = P+ —SC.(1 = 2ep - Z
i Ac EC c LCc
Fee *P=F¢
Fi/Ap
L L
1 = S (] = 20« <Pz
AEe ¢ Lee

Case 3 (Figure 28(c)):

cc

eor = F t Z;%Ec'(] - 2tuge EER)'Z - P
Fcc + P

Fi/Py
1- A:E (1= 2 E-‘L:J:-)-z
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(8.24)

(8.25)

(8.26)

(8.27)

(8.28)

(8.29)

(8.30)

(8.31)

(8.32)

(8.33)

(8.34)
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Case 4 (Figure 28(d)):

P'-L L
F_=F. +o— C(1--&.z=F (8.35)
cc i Ac Ec LC t
Fcr = FCC - P! (8.36)
F./A!
ps = b - (8.37)
V- (- 92
c ¢ c
Case 5 (Figure 28(e)):
P'-L L L! <A
Foo=F, +p—Co(1--CS_p., . CB by, ¢ (8.38)
cc i Ac Ec LC c LC Ab t
Fcr = Fcc - P (8.39)
F./A!
i’"b
Ps = [ [ R (8.40)
1 - (1 - =& - 24y & _E?KTEQ.Z
Ac Ec Lc ¢ Lc b
Case 6 (Figure 28(f)):
P'-L A -L!
= - 1 C . b ¢ .
Foe = Fep = Fy = P4 (1 - 200 D)2 (8.41)
cC C b ~c
Ft = Fcc + P (8.42)
F./A)
P = r b AT (8.43)
1 - (1 = 2+p_» ) Z
ActEe ¢ Ap-le
Cylinder Mounted at Head
Case 1 (Figure 28(a)):
P-Lc ( )
F =F, + Z-P 8.44
c i AC EC
Fp=F +P (8.45)



Pg = L
1 - —FC

Fi/Ab
c
¥4
ActEc

Cases 2 and 3 (Figures 28(b) and (c)):

P.L L
= C (1 = 24y « _EPY.7 _
fe = Byt - 2w 2 - P
cC C C
Fp= F +P
i Fi/Ry
"s LC ( EEEQ
1= (1 = 20y - .z
AC Ec c LC

Case 4 (Figure 28(d)):
F =F, =F

Separation will not occur at any pressure.

Case 5 (Figure 28(e)):

L' <A
Fo=F; - g.uc.p'.._lﬂl_b_. 7=F

C AC-EC-Ac t
]
) Fi/Ap
Ps LA
2ey . —CB b,
e RE A

Case 6 (Figure 28(f)):

P'.L A L'
F =F, =P' + —S4(1 = 2ep_+ _2__229.2
c i Ac'Ec c Ab°Lc
Fo = F, + P
i Filhy
Pg L AL

b “c
1 _.__gi_.(] - ey - -Tj——EQ'Z
Ac EC c. Ab LC
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(8.46)

(8.47)

(8.48)

(8.50)

(8.51)

(8.53)

(8.55)
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Bending Analysis

The procedure for bending analysis of cylinders with tie rods is
virtually the same as that for regular cylinders except that modifica-
tions to account for the effects of tie rod forces are required. When
the cylinder is deflected due to loading, the cylinder bends, but the
tie rods, due to initial tensioning, remain straight. Forces in all tie
rods are initially equal; however, due to curvature of the cylinder, the
end blocks rotate and result in unequal tie rod forces across the
cylinder. This difference in forces develops a constant moment along
the cylinder part which acts in an opposite direction to the moments due
to applied loads. Hence, the addition of tie rods increases the bending
capacity of the cylinder. The method of analysis is as described in
Chapter 1IV.

The tie rod moment for any deflected shape of the cylinder is
determined as follows. As indicated in Figure 30, the change in Tength
of the top tie rods due to bending, Gtm’ is

Sem = R-(eC -06_) (8.56)

g
where

R = distance of the axis of the top or bottom tie rods from the
axis of the cylinder in the plane of bending (see Figure

30(a))s
ec = slope of the cylinder at the cylinder support; and
eg = slope of the cylinder at the step point c.

By linear stress-strain relations, the change in top tie rods force, aFt,
is

S, (A /2)-E ) A, -E
_ Ttm V't t__tm Tt "t
aFt = Lt = = Lt . (8.57)
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(a) Initial Tie Rod Forces in Straight Position

—=F, _+oF L
/2"t Fyjp+SF

t

(b) Final Tie Rod Forces in Deflected Position

2-R-6Ft
(c) Resulting Tie Rod Moment on Cylinder

Figure 30. Determination of Tie Rod Moment
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The force in the top tie rods with the cylinder straight and pressurized
is Ft/2. The tie rod force, Ft’ is determined from Equation (8.14) or
(8.30), depending on the mounting position. Final force in the top tie

rods is

F

- L.
Feop = 7 - OFy (8.58)

By symmetry, the final force in the bottom tie rods is

Fy
Fhot = 2 ¥ oF¢ (8.59)

The tie rod moment due to the difference in tie rods force is
-9) _tt (8.60)

In the analysis the tie rod stresses are checked for yielding and for
compressive stress.

The equations for moments, slopes, and deflections are the same as
developed for regular cylinders with the following modifications to
account for the tie rod moment.

The moment equation for the cylinder portion is obtained by adding
a term (-Mt) to Equation (6.2). The moment equation for the rod portion
remains the same as Equation (6.31).

The equations for slopes and deflections in the cylinder portion
and rod portion and the equations for slopes at the supports are the
same as slope Equations (6.14) and (6.15) and deflection Equations (6.6)
and (6.7), and slope at support Equations (6.29) and (6.30) with T, and
E
(Equations (6.10) (6.17) (6.18) (6.25) and (6.28)) in regular cylinder

instead of T] and T3 in all these equations and in all other equations

analysis involving T] and T3 where,
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' t
T] = T-I '+ (8.61)

and

Mt
TI3 = T3 + __P__ . (8.62)

In the tie rod moment Equation (8.60), the cylinder part slope at
the sliding connection, eg’ is an unknown, which is obtained by evalua-

tion of Equation (6.14) at x = %y
. ®r €
= -C1-K]-s1n(K]-z]) + D]-K]'cos(K]-z1) -

0
g

C
. Pl -t (8.63)



CHAPTER IX

STRESS CALCULATIONS

Failures in cylinders can occur due to: excessive axial stress;
excessive hoop stress; a combination of axial, bending, and hoop
stresses resulting in excessive axial and shear stresses; or, excessive
lateral deflection. The methods for calculation of these stresses are
developed in the following sections.

The analyses developed in Chapters VI, VII, and VIII give the equa-
tions for moments, slopes, and deflections in the cases of regular,
telescoping, and tie rod cylinders. The bending stresses can be deter-
mined from the bending moments by ordinary bending theory. For any
particular values of axial load and corresponding fluid pressure, the
axial direct stress and the hoop stresses can be calculated. Shear
stresses resulting from the combination of axial, bending, and hoop
stresses can be calculated by the theory of elasticity. The equations
for calculation of these stresses for the three types of cylinders are

given below.

Axial Stresses

Axial stresses act parallel to axis of the cylinder and are produced
by the axial loading on the system. Due to the presence of the sliding
connection, there are no axial stresses in regular and tie rod cylinders.

The axial stress in the rod part is compressive and is given by one of
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the following equations depending on whether the rod is solid, or hollow

with or without internal fluid pressure.

Solid rod:
_ _4-p
Ga_-._d?_’ (9.])
™ %0

Hollow rod without fluid pressure:

4-p

o, = 3 (9.2)
a 2 2 ?
W(dro - dyy)
Hollow rod with fluid pressure:
2 2
_ p-(d ;- dp;)
o_ = : (9.3)
a (dZ _ d2 )
ro ri
where
dro = outer diameter of the rod;
dri = inner diameter of the rod; and
dci = inner diameter of the cylinder tube.

In telescoping cylinders, there will be uniform axial compressive
stress in the innermost tube (or rod) due to the axial loading given by
Equations (9.1), (9.2), or (9.3) depending on whether the rod is solid,
hollow without fluid pressure or hollow with fluid pressure. In Equation
(9.3), dci is the inner diameter of the second innermost tube. There
will be no axial stress due to axial loading or fluid pressure in the
second innermost tube. In the remaining tubes there will be uniform
axial tensile stresses due to the fluid pressure (Figure 31). The

general equation for calculating this tensile stress in any tube in a

telescoping cylinder with n tubes is
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Figure 31. Axial Stresses in a Telescopic Cylinder
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p-(d? i~ d? n-1
o. = > 2 5 J=1ton-2 (9.4)
a (d2 _ d2 )
0,J 1,
where
di i = inner diameter of the jth tube; and
d0 j= outer diameter of the jth tube.

Bending Stresses

The bending stress at any point in the system is given by

_ Bifer
% = W (9.5)

The bending moment, Bif, at any section is given by the moment equa-
tions derived in earlier chapters. r is the radial distance from the
centroidal axis at which bending stress is required. i1l is the moment
of inertia at the section.

Bending stresses and axial stresses both act in the axial direction
and may be either additive or subtractive. Maximum bending stresses at
a section occur at the extreme fibers and, in a span of constant cross
section, at the Tocation of maximum bending moment. The maximum bending
moment in a span with constant cross section is determined from the

moment equations derived earlier for each type of cylinder.
Hoop Stresses

Hoop stress varies from a maximum at the inner surface of a tube to
a minimum at the outer surface. At the inner surface of a pressurized

tube the hoop stress is

.+d§.
.=p-—°’3———2-=i;j=1ton (9.6)

.= d .
15
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and at the outer surface is

2
2+d; .
Oho = P * 57———{4jz~— s J=1ton (9.7)

0,J 1,J

Hoop stresses act perpendicular to the axial and bending stresses.
Shear Stresses

The stresses (axial plus bending stresses and hoop stresses) of an
elemental square having sides parallel to the axis and perpendicular to
the centroidal axis of the cylinder are the principal stresses. Hence,
the maximum shear stress at any point is given by

o.) t (o
GS - ( h) (za + Ub) (9_8)

with appropriate signs for Ops Tg» and O+
Stress Failure Criteria

The critical Tload occurs when the stress at any point exceeds a -
corresponding prescribed limiting stress. The stresses to be compared
with limiting stresses in each tube are:

1. Total stress in the axial direction (axial plus bending
stresses) at the extreme fibers at the point of maximum bending moment
in each tube.

2. Maximum hoop stress in each tube.

3. The shear stresses at the point of maximum bending moment in
each tube, at the outermost element and the innermost element of the
wall. The shear stress can be maximum at the innermost element or the
outermost element depending on the wall thickness of the tube, pressure

in the tube, and the bending moment at the section.



CHAPTER X

COMPUTER PROGRAMS AND APPLICATIONS
OF THE ANALYSES

Computer Programs

The analytical procedures described in the preceding chapters for
regular, telescoping and tie rod cylinders have been programmed for so-
Tution on a digital computer. The programs are written in FORTRAN IV
Tanguage and should require only minor revisions to be operable on other
computers. The three programs SACREG, SACTEL, and SACTIE are for the
stress and deflection analysis of regular, telescopic and tie rod cylin-
ders, respectively.

A1l three programs have two options in common: (1) determination
of the critical load and analysis for the critical load and for a fac-
tored load. The safety factor can be applied to either the Timiting
stresses or to the critical Toad; (2) analysis of the system for any in-
put -operating pressure. - Programs SACREG and SACTIE also provide for the
determination of the required stop tube length to limit the crookedness
angle and the forces on the bearings to input values.

The programs generate automatically as much of the required data as
possible in order to minimize the amount of input data and to permit the
solution of as many problems as desired on a single run. The inputs
required in general are the dimensions of the major parts, material

properties, inclination, support conditions, support pin friction
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coefficients, and loading eccentricities at the supports.

The results given by the programs are: the critical load and the
corresponding pressure, the factored load and the corresponding pressure,
or Toad corresponding to input pressure and the required Tength of stop
tube; the maximum longitudihal stresses, maximum deflections, their
Tocations, and existing factor of safety on these stresses, in the cyl-
inder tube part and rod part; hoop stresses, maximum shear stresses and
their locations, and the existing factor of safety on these stresses;
the Tongitudinal stresses at supports in the case of fixed supports and
the corresponding factor of safety; the crookedness angle, lateral forces
on each bearing, and the metal to metal contact forces, if any.

Descriptions of the programs , flow charts, guides for data input,
~example problems and results, and listings for programs SACREG, SACTEL,
and SACTIE are given in Appendices A, B, and C,respectively.

Example Problems

The example problems for.all three programs are given in Appendix
A, B and C, respectively. The example problems for each program il1lus-.
trate all options of the program and all the possible variations and
alternatives in the input data. A listing of the input data is included

with the results.
Parametric Studies

Limited parametric studies of regular cylinders for variations in
the crookedness angle, loading eccentricity and friction coefficient
have been performed. The effect of each parameter on the critical load

for various stroke lengths was investigated for a horizontal cylinder
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with pinned ends.

Ideal conditions shown in the Figures 32, 33 and 34 are zero crook-
edness angle, zero friction coefficients and zero Toading eccentricities.
The cylinder chosen for the parametric study. is.the.first example cyl-

inder described in Appendix A.

Effect of Crookedness Angle

Variations in crookedness angles were introduced by varying the
clearances between the piston head and cylinder wall, and between the
stuffing box and rod. Figure 32 shows the variation of the critida]
lToad with respect to stroke length at several constant values of crook-
edness angle. The curves indicate that the effect of croodedness angle

decreases as the stroke length increases.

Effect of Eccentric Loading

Figure 33 indicates that positive eccentricities decrease the crit-
ical Toad for all stroke lengths where the effects}of self weights and
eccentricities are additive. - Small negative eccentricities increase the
critical load for all stroke lengths because the effect of self weight
is opposite to the effect of the eccentric loading. At longer strokes
the interacting self weight and eccentric loading effects result in

higher critical loads than for the ideal situations.

Effect of Friction Coefficients

Parametric study on friction coefficients is shown.for a cylinder
with rotating pins. 1In cylinders with rotating pins small positive

friction coefficients result in slightly higher critical loads than for
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A _
200 6 - Crookedness Angle at
S1iding Connection
\!
\ Ideal
6 ~ 0.052°
160 1
0.1°
120 1
80 1
401
T T N T v. : T'r
20 40 60 80 100
Stroke Length in Inches
Figure 32. Effect of Crookedness Angle on Critical Load Versus

Stroke Variation for Cylinder REGI
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ECLC - Eccentricity of Loading at Cylinder Support

200: ECLR - Eccentricity of Loading at Rod Support
Ideal
ECLC and ECLR = -0.1 in.
160 - ECLC and ECLR = +0.1 in.
ECLC and ECLR = -0.75 in.
ECLC and ECLR
120 1
80 1
40 1 =
! I T T >
20 40 - 60 80 100
Stroke Length in Inches
Figure 33. Effect of Loading Eccentricities on Critical Load

Versus Stroke Variation for Cylinder REGI
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the ideal case due to the effect of self weights and friction moments
interaction (Figure 34). At higher friction coefficients, the end
friction moments affect the critical load to a greater extent than the
self weight, hence, the critical load is reduced. In cylinders with
nonrotating pins the effect of friction is always to increase the sta-
bility of the system, and hence, the critical load.

In general, whenever the effects of ecﬁentric loadings and friction
coefficients compensate the effects of self weights, the system acquires
some additional stability, and hence, results in higher load capacity

than for 1dea1 conditions.
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FCC - Friction Coefficient at Cylinder Support
FCR - Friction Coefficient at Rod Support

Ideal

0.005

/’I
-
(]
(]
o
b=
o
-n

0O
=
n

FCC and FCR = 0.1

FCC and FCR

Figure 34.

T T T T B Lo

20 : 40 . - 60 80 100
Stroke Length in Inches

Effect of Friction Coefficients on Critical Load
Versus Stroke Variation for Cylinder REGI



CHAPTER XI

SUMMARY AND RECOMMENDATIONS

The analyses presented here for regular, telescoping and tie rod
cylinders include all the important factors that influence the capacity
of a cylinder and that can be treated mathematically. These factors
are: the crookedness angle at the sliding connection; the eccentricity
of Toading at both ends; the friction effects at both supports; self
weights of the system; and stop tube and overhanging cylinder part
effects. The analyses are applicable to wide variations in cylinder
characteristics. The major variations are: the type of support condi-
tion, pinned, fixed, or elastically restrained; solid rod or hollow rod
with or without fluid pressure; any number of piston and rod bearings
and seals; and, in the case of tie rod cylinders, any number of tie rods.

The numerical values describing the effects are frequently nbt
under the control of the designer and are hard to estimate, hence, it is
necessary to develop design aids and charts for standard systems for
ranges of the important parameters. - The computer programs developed
~will be very useful in developing such design aids and charts, apart
from their basic use in determining critical loads and stresses and de-
flections in a particular system.

Additional work should be directed toward the following points:

1. Development of design charts and graphs for standard cylinders

for variations of parameters.
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2. Determination of the Tinear spring stiffnesses and equivalent
rectangular cross sections for modeling the bearings and seals to repre-
sent the real condition is difficult. Hence, experimental determination
of moment-curvature relations at the sliding connection for standard
cylinders and analytical modeling comparison with the experimental re-
sult are recommended.

3. In the case of tie rod cylinders, it is assumed that the end
blocks remain perpendicular to the cylinder axis even after the cylinder
is deflected. This assumption permits the calculation of tie rod moment
analytically. There is a possibility that the end blocks may not remain
perpendicular to the cylinder axis after deflections occur. An experi-
mental varification of this is necessary, which would provide a method
for estimating more correctly the value of the tie rod moment.

4. An overall experimental investigation to determine the capacity
of a cylinder with sophisticated instrumentation for measuring the ef-
fects of the influencing factors would provide more complete confidence
in the analytical techniques and the general purpose programs developed

herein.
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APPENDIX A

COMPUTER PROGRAM FOR REGULAR CYLINDERS--SACREG
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Program SACREG

The analytical procedure for regular cylinders developed in Chapter
VI has been programmed for solution on a digital computer. The program
is written in FORTRAN IV language and should require only minor revisions
to be operable on other computers. Double precision (16 digits accuracy)
arithmetic is used, and the program can be run on any computer which has
a storage capacity of 80 K bytes. A summary flow diagram is shown in
Figure 35. Details of all the Subprogram Operations, Guides for Data
Input, Example Problems, Listings of Input Data, and Program Outputs are

given in the following sections.
Subprogram Operation

MAIN

MAIN is a driver subroutine for the complete program. MAIN sets up
keys to perform different operations and calls all the major subroutines
to perform the major operations in the program. For all three problem
types, MAIN first goes through critical load analysis. Then, for first
problem type sets up factored load analysis, and for second and third
problem types checks for input pressure being greater than critical

pressure; if not, it goes through corresponding type of analysis.

INPECO

Subroutine INPECO reads all the input data; checks problem name
being blank for end of run; and checks the input data at several stages
for proper input. If any error is observed, the error is printed out

and the program terminates. Echo prints out all the input tables.
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(Read and echo run 1D ]

(Read problem ID]

[ProbTem name blank?>—'eS
No
(Echo problem ID]

(Read problem data |

[Error in problem data? >———[Yes Print err‘orl

No
(Echo problem data | Sto

Generate additional required
data and constant terms

=37 Yes | Calculate lengths
[I,S LPRTP = 37 using stroke length

NO‘ . ]

Calculate trial load and
lToad increments

4

1 and KWIT = 1]

[KEYST

0 and moment at step =a

IKEYF
ICa]cu]ate el

-€

. ICalculate C], D], C2, and 02
Y

Figure 35. Summary Flow Diagram of Program SACREG
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n
—-—




Y
[Calculate moment at step)
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Yes
Is KEYST = 2 and Yes| Are 6 and F No
LPRTP = 37 within 1imits?
i | Yes
No Increment stop

tube lengths

Calculate maximum deflections
and moments in cylinder and rod

. (

Calculate maximum Tongitudinal

stresses, hoop stresses, and
shear stresses

Yes Is KEYST = 2?
or is KEYF = 2?

to input pressure

4
: IKEYST = 2'

No

[Stresses close to limiting stresses?)»—Ngntrgg?n?gad—aJ
Yes :

L YeS  «Ts LpRP = 17]
No
[[s pressure > input pressure? >N —tPrint error]
' Yes ]
alculate Toad corresponding Stop)

—{Print results]

No

103

[Is LPRTP = 1 and factor of safety > 1.02»
v

Figure 35. (Continued)
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+Yes v
[Ts KWIT = 22— es

No
[KWIT = 2 and KEYF = 2]

Factored load _ Critical load
or trial load Factor of safety

b

Yes

{1s LFSTP = LOAD?]
No

4

Limiting stresses
Factor of safety

Limiting stresses =

y

END

Figure 35. (Continued)
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CONSTI1

Subroutine CONST1 calculates all the constant quantities which do
not vary throughout the program. The constant quantities are: stiff-
nesses of bearings and seals; cross sectional properties of cylinder and
rod; hoop stress coefficients; self weight reactions at supports; fric-
tion moment coefficients; and moment due to overhang in case of cylinders

with overhang.
TRIALP

Subroutine TRIALP calculates a trial load and two Toad increments
required for the iteration process in evaluating the critical load for
the cylinder. The trial load is the smallest of critical load by Euler's
buckling criteria considering the full length stiffness as that of rod
only, critical load by hoop stress criteria for the cylinder part, and
critical Toad by hoop stress criteria for the rod part in the case of
hollow pressurized rods. The first load increment is one-fiftieth of
the trial Toad and the second is one-thousandth. The larger load incre-
ment is for faster convergence and the smaller load increment is for

better accuracy.
EQBRIM

Subroutine EQBRIM determines the equilibrium position of the system
for any particular load by repeating the calculation of deflections in
the system and the crookedness angle until two consecutive values of the
crookedness angle are in close agreement. This subroutine calls sub-

routine THCDS for calculating the values of constant terms in the
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deflection equations and calls subroutine THETA for calculating the
crookedness angle at a particular value of moment at the sliding connec-

tion.
THETA

Subroutine THETA calculates the crookedness angle at the sliding
connection for any particular value of the moment at the s1iding connec-
tion. This subroutine also calculates the forces on the bearings by
calling subroutine GFORCE and the metal-to-metal contact forces at the

sliding connection.
GFORCE

Subroutine GFORCE calculates the forces on the bearings for a par-

ticular value of crookedness angle at the sliding connection.

THCDS

Subroutine THCDS calculates the slopes at the supports and the con-
stants in the deflection and moment equations at particular values of

load and crookedness angle.

STOPTB

Subroutine STOPTB determines the required length of stop tube by
incrementing the length of stop tube by small quantities and checking
the crookedness angle and the lateral forces against the limiting values

at each length.
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XATYMX

Subroutine XATYMX determines the distances at which the maximum

deflections occur in cylinder and rod parts.
YMAXS

Subroutine YMAXS calculates the maximum deflections in cylinder and

rod parts at the places determined by the subroutine XATYMX.
STRCHS

Subroutine STRCHS calculates the maximum bending moments and, hence,
maximum longitudinal stresses, maximum hoop stresses, and maximum shear
stresses in the cylinder and rod parts; checks these stresses against
the Timiting stresses and makes corresponding change in the trial load
using load increments. This process is repeated until any one of the
maximum stress values exceeds the Timiting stress. The analysis is re-

peated for previous load value.
OUTPUT

Subroutine OUTPUT prints out all the results: the maximum deflec-
tions, the maximum stresses, the factor of safety existing on these
stresses, and the distance from cylinder support at which the above
quantities occur in the cylinder and rod parts; the crookedness angle;

and the forces on the bearings.



Program SACREG--Guide for Data Input

PROGRAM IDENTIFICATION (Two alphanumeric cards at the beginning of run)

L |
1 80
L |
1 80
Format--20A4
PROBLEM IDENTIFICATION (One card at the beginning of each problem)
Prob.
Name
NPROB Problem Description ,
I |
1 4 11 80
Format--20A4
Program stops if NPROB is blank
TABLE 1: CONTROL DATA (One card for each problem)
LPRTP 2 3 4 5 6 7
|1 [ ] [ | [ | [ ] [ |
1 5 1T 14 21 24 31 34 41 44 51 54 61 64 80

Format--LPRTP - I1; 2 to 7 - A4

801



LPRTP = T1--Critical load analysis and analysis for a factored load using given factor of safety

2--Analysis for a particuiar f]uid p?eSsure

3--Analysis to determine a stop tube length for given Timiting values of crookedness angle and

lateral force at the sliding connection at a given fluid pressure

If any of the following tables are same as in the previous problem and are to be retained for this

problem, enter "KEEP" in the corresponding blocks 2 to 7

Enter only LPRTP for the first bfob]em

TABLE 2: UNITS OF MEASUREMENTS (No card if TABLE 2 1is retained from previous problem)
LNTU LODU LPREU LANGU
I N |
T T 14 2T 24 3T 34 IT 44 50

Format--A4 for all
LNTU

Unit of Tengths (ex: INCH, FEET, CM, MET, etc.)
LODU - Unit of loads (ex: LBS, KIPS, KGS, etc.)

LPREU - Unit of pressures (ex: KSI, PSI, KSCM, etc.)
LANGU - Unit of angles (enter DEG or RAD starting in column 41)
TABLE 3: CYLINDER DIMENSIONS (No cards if TABLE 3 is retained from previous problem;

details)

Card No. 1--Lengths

see Figure 36 for

601
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(enter negative]
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CHDS CS?Q-gleara?ge bgtween
cylinder wall an
N J#-EPTK stuffing box
e 3 RID (zero if solid)
1 + ]
CcoD ~~,PHD P sp———
e LI =0
$ ;: e Lt Rl —'}{P{)‘-
p ===d o py o RL g
e ' EXL -
Figure 36. Cylinder Dimensions for SACREG
V' |
. Rod |
Piston
RBT RBW
Head v _\j_,' s %
_ s ]
| S | b
PRT T
\L 4 PRDST - — RBDST —
L Sy
< Cylinder "4k PRW
Figure 37. Dimensions of Bearings and Seals for SACREG .
| .
+ve ECLC ¥ . _ ' —J#ve ECLR
-ve ECLC -ve ECLR
- e / -t -
+ve direction
+ve direction"// for FCR

for FCC

Figure 38. Sign Conventions for Eccentricities of Loading
' and Friction Coefficients for SACREG



STROK PHL SBL EPTK CHDS LFLUID
L I | I ] _
1 11 21 31 41 50 61 63 80
Format--LFLUID--A3; E10.3 for the rest
LFLUID - Enter "YES", for hollow rod with fluid
- Enter "NO" or blank, for hollow rod without fluid or solid rod
Card No. 2--Lengths (card No. 2 is not input for LPRTP = 3)
CL RL EXL STPTB
[ i [ [ |
1 11 21 31 40 80
Format--E10.3 for all
Card No. 3--Diameters
* + sk t+
COD CID ‘ ROD RID CPD ) RPD PHD SBD
I I I I | | | |
1 11 21 31 4] 51 61 71 80

Format--E10.3 for all

* CPD - Leave blank if cylinder support is fixed

t RPD - Leave blank if rod support is fixed

** and ++ - See next card

Card No. 4--Clearances

LLL



- tt
CSBC PCL RCL

[
T

I I ]

11 21 30 80
Format--E10.3 for all
**Input either PHD or PCL; if both are input, PCL will be used and PHD will be ignored
IIInput either SBD or RCL; if both are input, RCL will be used and SBD will be ignored

TABLE 4: BEARINGS AND SEALS (No cards if TABLE 4 is retained from previous problem; see Figure 37 for

details)

Piston Head Bearing Cards: (one card for each bearing)

PRW PRT PRE PﬁK _ PRDST NEND
L | I I I I
1 11 21 31 41 50 61 63 80
Format--NEND--A3; E10.3 for the rest
NEND - Enter "END" on the last piston head bearing card
* Input either (PRW, PRT and PRE) or (PRK); if PRK and some or all of PRW, PRT, and PRE are input,
PRK will be used and the rest ignored
Rod Bearing Cards: (one card for each bearing)
RBW RBT RBE RBK RBDST NEND
L I I I I I
1 11 21 31 41 50 61 63 80

Format--NEND--A3; E10.3 for the rest

¢l



NEND - Enter "END" on the last rod bearing card

* Input either (RBW, RBT, and RBE) or (RBK); if RBK and some or all of RBW, RBT and RBE are input,
RBK will be used and the rest ignored

PRE and RBE - Young's modulus of piston head bearings and rod bearings

PRK and RBK - Stiffnesses of piston head bearings and rod bearings per unit length (force required to
compress a unit length of bearing by one unit)

TABLE 5: WEIGHTS AND MATERIAL PROPERTIES (No card, if TABLE 5 is retained from previous problem)

WC WR WPH WSB ECYL EROD FYCYL FYROD

L 1 [ l I I l |
T T 21 31 a1 51 61 Al 80

Format--E10.3 for all

WC and WR - Weight of cylinder and rod per unit length
WPH - Weight of piston head
WSB - Weight of stuffing box

ECYL and EROD

Modulus of elasticity of cylinder and rod, respectively

FYCYL and FYROD

Yield stresses of cylinder and rod, respectively

TABLE 6: INCLINATION, FIXITY, FRICTION COEFFICIENTS, AND LOADING ECCENTRICITIES (No card if TABLE 6 is
retained from previous problem)

* * * *
CINCL LCEND LREND FCC FCR ECLC ECLR

l [ I ]| I l l |
10 3133 36 38 41 51 61 71 80

-]
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Format--LCEND and LREND--A3; E10.3 for the rest

CINCL - Inclination of the cylinder with horizontal (always positive and between 0° and 90°)
LCEND - Enter FIX for fixed or PIN for pinned cylinder support
LREND - Enter FIX for fixed or PIN for pinned rod support

FCC - Friction coefficient at cylinder pin. Leave blank if LCEND is FIX
FCR - Friction coefficient at rod pin. Leave blank if LREND is FIX
ECLC

Eccentricity of loading at cylinder end
ECLR - Eccentricity of loading at rod end
* See Figure 38 for sign convention
The direction of friction moments at the pins should be visualized by the user depending on the
direction of rotation of the pins in the case of rotating pins, and depending on the predicted

direction of the slopes at ends of the system for that particular loading, and accordingly proper
signs should be assigned for FCC and FCR

TABLE 7: FACTOR OF SAFETY, OPERATING PRESSURE, ALLOWABLE o6 AND F (No card if TABLE 7 is retained from

previous problem)

FS LFSTP OPPRE ALTH ALF

| I ] I |

—

[

11 14 21 ' 31 41 50 80
Format--LFSTP--A4; E10.3 for the rest
If LPRTP

1 - enter only FS and LFSTP

2 - enter only OPPRE

pLL



= 3 - enter only OPPRE, ALTH and ALF
FS - Factor of safety

LFSTP - Factor of safety type (enter LOAD if FS is to be applied to the critical load obtained; enter
STRS if FS is to be applied to the limiting stresses)

If only critical load analysis is required and no factored load analysis is required, leave this card
blank or enter FS < 1.0, and LFSTP--LOAD or STRS or blank

OPPRE - Particular operating pressure for which analysis is required
ALTH - Allowable crookedness angle at the sliding connection
ALF - Allowable total lateral force on bearings (total force on piston head bearings or total force

on rod bearings which are equal to each other)

NEXT PROBLEM

Start from "PROBLEM IDENTIFICATION" card

END OF RUN

At the end of last problem data set, insert a blank card (only first 4 columns need to be blank, the
rest of the card may be used for comments)
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STRESS ANALYSIS OF HYDRAULIC CYLINDERS

SIMPLE, REGULAR CYLINDERS WITHOUT TIE RODS
OCTOBER 30y 1975 VERSION
Ke Lo SESHASAIL
SCHOOL OF CIVIL ENGINEERING

OKLAHOMA STATE ONIVERSITY
STILLWATERy OK = 74074

FACTORS CONSIDERED IN THE ANALYSIS:

l.
2.
3.
4.
5.
6o
7.
8.

TYPES OF
l.
2.
3.

RESULTS
le
2.
3.
4e
5e

6.
T.

8.

SELF WEIGHT

LOADING ECCENTRICITY AT BOTH ENDS
STIFFNESSES OF BEARINGS

FRICTION MOMENTS AT SUPPORTS
VARYING CYLINDER SUPPORT LOCATION
INCLINATION OF CYLINDER

END CONDITIONS - PINNED OR FIXED

SOLID ROD OR HALLOW ROD WITH OR WITHOUT FLUID IN IT

PROBLEMS:

DETERMINATION OF CRITICAL LOAD AND ANALYSIS FOR
CRITICAL AND A FACTORED LOAD
ANALYSIS FOR A PARTICULAR PRESSURE

ANALYSIS TO DETERMINE REQUIRED LENGTH OF STOP-TUBE

GIVEN BY THE COMPUTER:

CRITICAL LOAD AND CORRESPGNDING PRESSURE
CROOKEDNESS ANGLE

MAX DEFLECTIGN, MAX LONGITUDINAL ANU SHEAR STRESSES, |
DISTANCE AT WHICH THEY OCCUR, FACTOR OF SAFETY'S ON |

THESE STRESSES FOR BOTH CYL AND ROD PORTIONS
MAXIMUM STRESSES AT SUPPORTS IN CASE OF FIXED
SUPPORTS AND FACTOR OF SAFETY ON THIS STRESS

MAX IMUM HOOP STRESS IN CYLINDER, AND RUOD ALSO IF
THE ROD IS HALLOW , AND FACTOR OF SAFETY ON THIS
LOAD ON EACH BEARING AND AT OTHER CONTACT POINTS
AXTAL TENSION AND END. DEFLECTIUN IN OVERHANG IN
CASE OF TRUNNIGON MCUNT

REQUIRED LENGTH OF STOP-TUBE AND CORRESPONDING
EXTENDED LENGTH ( IN ANALYSIS OF TYPE 3. )

C===— >>> MAIN PRUGRAM
C
IMPLICIT REAL * 8 ( A - Hy O = £ )
COMMON EXLy P
COMMON / BRGSTF / PKKX, SPRK, RBKY, SRJK
COMMON / CANDDS / Cly C24 Bl, D2
CUMMON / CLEAR / PCL, RCL
COMMCN / CLERNC / CSBC, PCL1, RCL1
COMMON /7 CONSTS / EELy FFL, AKTHC, AKTHR
COMMON / CRPROP / RDZy CYZ, RDZT, CYZLy HSCCI, HSCCOs HSCRI,
* HSCRG, BAREAC, BAREAR, CAREAC, CAKEAR
COMMON / DIAMTS / COD, CIDy RCD, RID, CPD, RPD, PHD, SO
COMMON / ECCTRI / ECLC, ECLR
COMMGN /7 ENDS / LCEND, LREND
COMMON / FRCONS / FCCY, FCRD,» CCNM
COMMON / FSGPTF / OPPRE, ALTH, ALF, FSy LFSIP
COMMCN 7/ GLOFOR /. FX{5), FY(5)y Fly F2, F3, fé4
COMMON / 1D / IDCARD(40)» NPROB, LPROB(19), LPRTP
COMMON / INCLFR / CINCL, FCC, FCR
COMMON / LENGTS / STRCK,y PHLs SBL, EPTK, CHOS, LFLUID
CUMMON / PISTON / PRW(5), PRTI5), PRE(5), PRK(5), PRDST (5)4 NPHBR
COMMON / PROPTS / ECYL, EROD, FYCYL, FYROD
COMMON / RODBRS / RBW(S), RBT(5), RBE(5), RBK(S), R3DST(5), NKUBR
COMMON / STPTBS / CL, RL, STPTB
COMMON / UNITS / LNTU, LCCU, LPREU, LANGU
COMMON / WGTCON / WPH, WSB .
COMMON / wGTINI / WC1l, WRl, WPH1, WSB1
COMMGN 7/ WGTVER / WCs WR
C
DATA ZERO, ONE, H180 / 0.0D00, 1.0D0J, 180.0D00 /
DATA PI /7 3.141592653589793D00 /
DATA IBLNK, LOAD, LDEG / 4H v+ 4HLOAD, 4HDEG /
[
NPRCB = IBLNK
10 CALL INPECO ( IBLNK, GC )
FYCYLT = FYCYL
FYRCDT = FYRCD
CALL CONST1
I ( ECYL, EROD, CHDSy LANGU,
] RDIy CYKy RDKy CSSTFy RSSTF )
CALL TRIALP .
I ( ERODy LPRTP, ROL, FYCYL, BAREAC, HSCCI, LCEND, FYRUD,
I BAREAR,y HSCRI,
o] PINCRl, PINCR2 )
[
C=—== >>> KEV-— KWIT IS SETUP TO APPLY FACTOR OF SAFETY AND REPEAT
C ANALYSIS FOR FACTORED LOAD
C
KWIT =1
C
C===— >>> KEY-- KEYF IS SETUP TO QUIT LOOP AT FINAL ITERATION
c .
20 KEYF =1
C
C——== >>> KEY-- KEYST IS SETUP TO CHECK INPUT PRESSURE AGAINST CRIT. PRt
c
KEYST =1
[

9Ll



[
C

== >>> KEY*S—— KEYT AND KEYP ARE SETUP TU MAKE PROPER LOAD INCREMENTS

KEYT
KEYP

1
1

c
C=——= >>> INITIALILE TETA ANC BMG = ZERQ
c

4
c——
[

C
C—--
[

C
c—-
C

C
C—
[

TETA = LERU
BMG = ZERQD
30 CALL EQBRIM ’
{ PRKs, PRDST. RBKy RBDST, NPHBR, NRDBR, CYKs RDKy LPRTP,
1 GCs RPDy BMGy CSSTF, RSSTF,
o] CLTs RLT, CKy RKy B8l, BB2y TETA, DEFG, THC- )
IF ( LPRTP .NE. 3 ) GO TO 4G
IF ( KEYST .EQ. 1 ) GO TO 40

== >>> CONVERT ALLOWABLE THETA TO RADIANS, IF INPUT IN DEGREES
ALTHL = ALTH

TEMP = Pl / H180
IF ( LANGU .EQ. LDEG ) ALTHL = ALTH * TEMP
ITERAT = 1
CALL STOPTB .
1 { TETA, NPHBR, NRDBR, ALTHL, ALF, STROK, ITERAT, GC )

IF ( ITERAT .NE. 1 ) GC TO 30
40 CALL XATYMX

I { CLT, CKy RKy DEFGy

0 XCYs XRD, CSLPC, CSLPR )
CALL YMAXS ,

I L XCY, XRDy CKe RK, CSLPC, CSLPR, BBl, BB2,

0 YCMAX, YRMAX )

CALL STRCHS
( KEYF, KEYT, KEYP, XCYs XRDs YCMAX, YRMAX, RIDs CHDS,
OPPRE, FYRODT, FYCYLT, PINCRl, PINCR2, KEYST, LFLUID,
HSCy HSR, AXTEN, CSTR, CSTRP, RSTR, RSTRP, CSSs NCSS,
RSSs NRSS )

=¥~

— >>> IS IT FINAL ITERATION? ? ?
IF ( KEYF .NE. 3 } GO TO 30
IF ( KEYST .NE. 1 ) GO TO 50
IF { LPRTP .EQ. 1 ) GC TG 50

== >>> PROTECTION AGAINST INPUT OPERATING PRE. BEING > CRITICAL PRE «

PRES = P / BAREAC

IF { OPPRE .GT. PRES )} GG TC 100
P = OPPRE * BAREAC
KEYST = 2
TETA = ZERQ

GU TO 30
50 CALL outeurt

I ( KWlT, BAREAC, XCY, XRDy YCMAX, YRMAX, CHDSs GC, TETA,
I FYCYL, FYROD,» CSTRy CSTRP, RSTR, RSTRP, HSC, HSR, AXTEN,
1 NPHBR, NRDBRs THCs CSSs, NCSS, RSS, NRSS )

- 5)) IF THIS PROBLEM 1S COMPLETE GO TO NEXT PROBLEM

[

[ ——

c

Cm——
[
100
210
1
2
3

IF ( KWIT JNE. 1 } GO TO 10
IF ( LPRTP .NE. 1 ) GO TQ 10
IF ( FS .LE. ONE ) GU T3 10

>>> FACTOR OF SAFETY [S TO BE APPLIED TO STRESS JR LUAD

P =P / FS
KWIT =2
TETA = ZERO
IF ( LFSTP .EQ. LOAD } GO TG 30
FYCYLT = FYCYL / FS
FYRODT = FYROD / FS
GO TO 20

>>> ERROR MESSAGES

PRINT 210, PRES

GO To 10

FORMAT { 1HL, 20(/),10(10X,21H%%* *%kx ERROR *%% #%% / Y207747y
10Xy 38HOPERATING PRESSURE IS GREATER THAN THE /
10X, 42HCAPACITY( CRITICAL LOAD ) OF THE CYLINDER. //
10X, 37HTHE MAXIMUM PRESSURE FOR THE CYL IS =y1P0D10e3,/7}

END .

L1L



SUBROUT INE INPECO ( IBLNK, GC )

C—+—— >>> SUBROUTINE TO READ AND ECHO INPUT DATA FOR SACREG

IMPLICIT REAL * 8 ( A~ H, C - Z)

COMMON
COMMCN
COMMON
COMMON
COMMCN
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

EXLs P

/ CLERNC / (CSBC, PCLl, RCL1

/-DIAMTS / COD, CID, ROD, RID, CPD, RPD, PHD, SBD

/ ECCTRI / ECLC, ECLR

/ ENDS / LCENDs LREND

/ FSOPTF / OPPRE, ALTH, ALF, FS, LFSTP

/ 1D / IDCARD(40)s NPROBs I[PROB(19), LPRTP

/ INCLFR / CINCL, FCC, FCR

/ LENGTS / STROK, PHL, SBL, EPTK, CHDS, LFLUID

/ PISTON / PRW(5)y PRTI5)y PRE(5), PRK(S), PRDST(5), NPHBR
/ PROPTS / ECYL, ERCD, FYCYL, FYROD

/ RODBRS / RBW(5)e RBT(5)s RBE(S5), RBK(5), RBDST(5),y NRDBR
/ STPTBS / CLs RL, STPTB

/ UNITS  / LNTU, LODUs LPREU, LANGU

/ WGTINI / WCl, WR1l, WPHL, WSB1

DIMENSION PRK1(5), RBK1(S)

DATA ZERGs TWO / 0.0D00, 2.0D00 /
DATA KEEP, IEND, LYES / 4HKEEP, 3HEND, 3HYES /

C-—== >>> FGRMATS

10 FORMAT
20 FORMAT
30 FORMAT
40 FORMAT
50 FORMAT
60 FORMAT
70 FORMAT
60 FORMAT
90 FORMAT
1
1CO FORMAT
110 FORMAT

1
120 FORMAT
1
130 FORMAT
1 .
140 FORMAT
. 1
160 FORMAT
1
2
190 FORMAT
210 FORMAT
1
2
220 FORMAT
1

2
3

(
(
[}
{
(
(
{
(
(

{
{

{

20A4

A4y 19A4

4Xe 11y 5Xy 6( A4, 6X )

4Xe 40 66Xy A4 )

8F10.0

5F10.0y 10X, A3

3F10.0, A3, 2X, A3, 2X, 4F10.0

F10.09 A4y 6X, 3F10.0

1Hl, 4X, 36HPROGRAM SACREG - STRESS ANALYSIS OF ,
2LHCYLINDERS { REGULAR )y /7y 20 5Xy 20A4y / )y /

5Xe BHPROBLEM 4 A4, //4 1X, 19A4

/v 5Xe 11HINPUT DATA:, //y 5Xs BHTABLE 13, 5X,
12HCONT ROL DATA

/+ 10Xe 41HPRGBLEM TYPE = 1 - CRITICAL LOAD ANALYSIS,
31H & ANALYSIS FOR A FACTORED LOAD, /

/+ 10X, 27THPRCBLEM TYPE = 2 — ANALYSIS,

26H FOR A PARTICULAR PRESSURE, /

/v 10Xy 27THPROBLEM TYPE = 3 - ANALYSIS,

39H TO DETERMINE SUITABLE STOP-TUBE LENGTH, 7/

/v 18Xe 3THTABLES RETAINED FROM PREVIOUS PROBLEM, //,
20X+ 2H 24 4Xe 2H 3y 4Xs 2H 44 4Xy 2H Sy 4Xs 2H b6,
4Xe 2H T4 /9 17Xy 60 2Xy A4 )

23Xy 25HNQ KEEP OPTIONS EXERCISED, /

/3y 5X¢ 33HTABLE 2: UNITS OF MEASUREMENT,//, 17X,
6HLENGTH, 6Xs 4HLCAD, 5X, 8HPRESSURE, 3X, 7HANGULAK,
/7y 11Xy 40 TXs A4 )
//s 5X» 32HTABLE 3:
BHLENGTHS:y //y 19Xs» 23HSTROKE
40HSTUFF ING BOX END PLATE
5( 2X, 1PD12.5 )

CYLINDER DIMENSIONS, //y 10X,
PISTON HEAD, 2X,
HINGE DISTey //s 14X,

-

-~

230 FORMAT
1

240 FORMAT

250 FORMAT
1

260 FORMAT
1

270 FORMAT
280 FORMAT
282 FORMAT
284 FORMAT
290 FGRMAT

WN -~

310 FORMAT

Swn—

320 FORMAT
1
330 FORMAT
1
2
3
340 FORMAT
350 FORMAT

N~

360 FORMAT

W

370 FORMAT

N

380 FORMAT

~NouvmdwWwN e

390 FORMAT
1

2
4C0O FORMAT
410 FORMAT
420 FORMAT
430 FORMAT

1
2
3
450 FORMAT

460 FORMAT
1

-

//+ 18Xs 20HCYL INDER

RODy 8X4s
23HEXTENDED STOP TUBE )
/v L4Xe 4 2X, 1PD12.5 ) )

/e 15Xs 23HTHESE NOT INPUT BECAUSE,

35H STOP TUBE LENGTH ANALYSIS IS ASKED, / )

7+ 10X, 10HDIAMETERS:, //, 17X, LOHCYL. QUTER, 4Xs

38HCYL. INNER RCD GQUTER ROD INNER, / )
14Xy 40 2X, 1PD12.5 )y 2Xy YHSOLID ROD, 7 )
14Xy 41 2Xy 1PCl2.5 )y 2X, LOHHOLLOW ROD )
72Xy 1O0HWITH FLUID )
72Xs 13HWITH NO FLUID i

/9 18Xy 23HCYL. PIN * ROD PIN *, 3X,

26HPISTON HEAD @ STUF. BOX 34//+ 14Xy 4( 2X, 1PD12.5 ),

/v 16X, 26H(* ZERG, THE ENO IS FIXED),

32H (@ ZERO, OTHER OPTION IS INPUT) )

79 10Xs L9HCLEARANCES BETWEENZ, //, 12X

2( 6Xy BHCYLINDER )y 8X, 3HRODs /4 9Xy 3( 11X, 3HAND ),

/s 16Xy 12HSTUFFING 8GXs 2X, L3HPISTON HEAD @, 2X,

1IHSTUF . BOX @5 //4+ 14Xs 30 2Xs LPD1245 )y /4 29X,

31H(@ ZERQ, CTHER GPTIGN IS INPUT) ]
1Hl, 4X+ 31HTABLE 4: BEARINGS AND SEALS,s //, LOX,
16HPISTON BEARINGS:, 7/ )

21Xy 3{ 2H Ay 12X )y 2H B, 7X, 13HDISTANCE FRUM,y /,

20X, SHWIDTHy 7X, 9HTHICKNESS, 2X, 14HYCOUNGS MGODULUSy 3 X,

9IHSTIFFNESSy S5X, 9HBACK FACE, //,

50 14X, 5( 2Xy 1PD12.5 )y / ) )
10X, 13HROD BEARINGS:, / )
15Xy 4BH(A IS USED TO CALCULATE 8 ~ HENCE. EITHER A CR

» 10HB IS INPUT, /4, 28X,

46HZERO 'S ABOVE INDICATE THAT THEY ARE NGT INPUT)y /7 )

/s 5Xy 44HTABLE 5: WEIGHTS AND MATERIAL PROPERTIES,

//s 10Xy 1THWEIGHTS OF PARTS:, //, 13X, SHCYLINDER, 9X,

3HRODy 7Xy L1HPISTON HEAD, 2X, 12HSTUFFING 80Xy /s 21X,

L7TH(PER UNIT LENGTH)y //, 14X, 4{ 2X, 1PD12.5 de / )

/s LOXy 20HMATERIAL PRUPERTIES:, //, 22Xy

14HYOUNGS MODULUS, 15Xy 12HYIELD STRESS, /, 10X, .

2( 8Xy 8HCYLINDER, 9X, 3HRUD ),//, 14X, 40 2X, 1P012.5)7)

/e 5Xs 43HTABLE 63 INCLINATION, FIXITY, FRICTION ,

34HCOEFFICIENTS, LOABING ECCENTRICITY, //, 10X,

34HCYL INCLINATIGON WITH HORIZONTAL = , LPDL2.5y //y 46X,

24HCYLINDER END ROD END» //4 10X,

L19HSUPPGRT CONDITIONS: s 21Xs A3, 12X, A3, /7y 10X,

36HFRICTION COEFFICIENTS AT SUPPORTS: , 21 1PD12.5, 2X

/v 15Xy 19H(ZERG IF FIXED END), /, 10X,

23HLOADING ECCENTRICITIES:, 13X, 2( LPD12.5, 2X be / )

/e 5Xe 42HTABLE 73 FACTUR OF SAFETY UR OPERATING,

36H PRESSURE AND/OR ALLOWABLE THETA & F, /, 18X,

25HDEPENDING ON PROBLEM TYPE, /

/v 10Xy 27HONLY CRITICAL LOAD ANALYSLS , /

/v 10Xy L9HFACTOR OF SAFETY = 4 Fb6e3, 4H ON , A4, 7/

/+ 10X, 21HOPERATING PRESSURE = , 1PD12.5, /

- -

/+ 10Xy 32HOPERATING CYLINDER PRESSURE = 9 1PGL2.54//,
10X, 32HALLOWABLE CROOKEUNESS ANGLE =y 1PULlZ.5,

LOH AT GLAND, //+10Xs32HALLOWABLE TGTAL LATERAL FURCE =
1PD12.5, 13H ON BEARINGS, / )
///y 10X, 30H***%%x ERROR IN LENGTHS sxsxs, / )
7474 10X, THX*Xx¥kx

32HERROR : PHD IS GREATER THAN CID v OH ¥XExk, / )

8LL



470

%80
450
[

C———

c

500

[ ofp—

[o—

510

[ore—

520

530

FORMAT ( //7+ 10X, TH¥*kxx
1

3THERROR = RU IS GREATER THAN SBD  %okxki, /
FORMAT ( //, 10X, oH¥¥%x% , 19HPROGRAM TERMINATED , SH¥xk%k%
FORMAT ( 1H1

>>> READ AND ECHG RUN AND PRUBLEM [DENTIFICATIUN

IF { NPRCB oNEe. IBLNK ) GG TO 500
READ ( 54 10 ) { IDCARD( I )y I =1, 40 )
READ { 5, 20 ) NPROB, ( IPRUB( T )y I = 1, 19 )

>>> TEST FOR END OF RUN

IF { NPRCB .EQ. IBLNK ) GO TO 1700
PRINT 90y ( IDCARD( I )y [ = 1, 40 )
PRINT 100y NPROBy ( IPROB{ I )y I = 1, 19 )

>>> READ TABLE 1: PROBLEM TYPE AND TABLES TO BE RETAINED FROM
PREVIOUS PROBLEM

READ ( 5, 30 ) LPRTP, KEEP2, KEEP3, KEEP4, KEEP5, KEEP6, KEEPT
IF ( KEEPZ .EQ. KEEP ) GO TO 510

>>> READ TABLE 2: UNITS OF MEASUREMENT

READ ( 5y 40 ) LNTU, LODU, LPREU, LANGU
IF ( KEEP3 .EQ. KEEP ) GO TC 540

READ ( 5+ 60 ) STROK, PHL, SBL, EPTK, CHDS, LFLUID
1F | LPRTP .EQ. 3 ) GO TG 520

>>> READ TABLE 3: LENGTHS AND DIAMETERS
READ { 5, 50 ) CL, RLy EXLy STPTB

READ ( 5, 50 ) COD, CID, ROD, RIDy CPD, RPDy PHD, SBD
READ ( 54 50 ) CSBC, PCLL, RCL1

~ >>> CALCULATE GLAND CLEARANCE

GC = ZERG
IF ( LPRTP .NE< 3 ) GC = CL - STROK - PHL

>>> TEST FOR PROPER INPUT

IF ( LPRTP .EQ. 3 ) GO TO 530
A = EXL — CHDS - EPTK - CL - SBL - RPD / TwWO
IF { A +LT. STROK ) GO TO 1600 :
IF { PCL1 <6T. ZERO 4GRe RCL1 .GT. ZERO ) GO TO 540
IF ( PHD .6T. CID ) GO TO 1100
IF { ROD .GT. S8D ) GO TO 1200

IF | KEEP4 .EQ. KEEP ) GO TQ 585

>>> READ TABLE 4: PISTON RINGS AND ROD BEARINGS DETAILS

I =1
J=1

READ ( 5, 60 ) PRW{I), PRT(I), PRE{I)s PRKL(I), PRDST{I), NEND
PRK{I) = PRKL(I)

-

560
570

580
585

Cm——

550
c
C—=—
c
c

*

600
[

C ————
C
[
c
610

C-——

612
614

616
618

620

640
650

6170

IF { NEND .EQ. LEND ) GU TO 560
I=1+1
G0 TO 550
 NPHBR =1
READ [ 5, 60 ) RBWIJ)s RBT(J)y KBE(J)s RBKL(JD, RBDST(J), NEND
RBK(J) = RDKL{J)
IF ( NEND .EQ. IEND ) GO TO 580
J=g+1
60 TO 57¢
NRDBR = J
IF { KEEPS .EQ. KEEP ) 60 TG 590
>>> READ TABLE 5: WEIGHTS OF PARTS AND MATERIAL PROPERTIES
READ ( 5, 50 ) WCl., WRL, WPHL, #S8l, ECYL, ERGD, FYCYL, FYROD
IF { KEEP6 .EQ. KEEP ) GO TC 600

>>> READ TABLE 6: INCLINATION, END FIXITY, FRICTION COEFFICIENTS
AND ECCENTRICITY OF LOADING

READ ( 5, 70 ) CINCLy CSSTF, RSSTFy LCENDy LREND, FCC, FCR, ECLL
ECLR
IF { KEEP7 .EQ." KEEP ) GO TG 610

>>> READ TABLE 7; FACTOR GF SAFETY AND ITS TYPE, OPERATING
PRESSURE AND ALLOWABLE THETA AND LATERAL FURCE
DEPENDING ON THE PROBLEM TYPE

READ ( 54 80 ) FS, LFSTP, OPPRE, ALTH, ALF
CONT INUE

>>> PRINT ALL THE TABLES READ

PRINT 110
IF ( LPRTP - 2 ) 612, 6l4, 6l6
PRINT 120
GO TO el8
PRINT 130
G0 TO 618
PRINT 140
PRINT 160, KEEP2, KEEP3, KEEP4, KEEPS5, KEEP6, KEEPT
IF { KEEP2 .NE. IBLNK ) GO TO 620

IF ( KEEP3 .NE. IBLNK ) GC TG 620
IF ( KEEP4 .NE. IBLNK ) GO TO 620
IF ( KEEPS <NE. IBLNK ) GO TO 620
IF ( KEEP6 +NE. IBLNK ) GO TO 620
IF ( KEEPT .EQ. IBLNK ) PRINT 190

CONTINUE
PRINT 210, LNTUs LODU, LPREU, LANGU
PRINT 220s STROK, PHL» SBL, EPTK, CHDS
PRINT 230

If ( LPRTP .EQ. 3 ) GO TO 640
PRINT 240, CLy RLy EXLy STPTB

GO TG 650
PRINT 250
PRINT 260

IF ( RID .GT. ZERO ) GC TO 670
PRINT 270, COD, CID, ROD, RID

GO TO 680 .
PRINT 280, COD, CIDs RCD, RID

6l



6175
680

690
100

Cm——
1000
1100
12¢0
1600
1700

C==—

IF { LFLUID .NE. LYES ) GO T0O 675
PRINT 282
GO TC 680
PRINT 284
PRINT 290, CPDs RPD, PHO, SBD
PRINT 310, CSBC, PCL1l, RCL1
PRINT 320
PRINT 330, ( PRW{I)s PRT(I), PRE(I), PRKI{T)4PROSTA(I) y1=1y NPHBR )
PRINT 340
PRINT 330, ( RBW(I), RBT(I), RBE(I), RBK1UI)4RBOST(I)yI=1, NROBR )
PRINT 350
PRINT 360y WCle WRly WPHl, WSBL
PRINT 370, ECYL, ERODy FYCYL, FYRQGD
PRINT 380, CINCL, LCENDy LREND, FCC, FCR, ECLCy ECLR
PRINT 390
IF ( LPRTP .EQ. 1 .AND. FS .LE. ONE ) GO TO 690
IF { LPRTP .EQ. 1 ) PRINT 410, FS, LFSTP
GO TO 700
PRINT 400
IF { LPRTP .EQ. 2 ) PRINT 420, OPPRE
IF ( LPRTP .EQ. 3 ) PRINT 430, OPPRE, ALTH, ALE
RETURN :
>>> DIAGONOSTICS FOR [LLEGAL INPUTS
PRINT 450
GO TO 1600
PRINT 460
GO TG 1600
PRINT 470
PRINT 480
PRINT 490
>>> END OF RUN IF ERROR IN INPUT IS ENCOUNTERED
sTop
ENO

SUBRCUTINE CCNST1
I ECYLy ERODy CHDS,s LANGU,
o] ROIs CYKy ROKy CSSTF, RSSTF )
c
C-=— >>> SUBROUTINE TO CALCULATE CONSTANT TERMS FOR CONVENIENCE
C

IMPLICIT REAL * 8 ( A -~ hy O - 2 )

COMMON /7 BRGSTF / PRKX, SPRK, R3KY, SRBK
COMMON / CRPROP / RDZy CYZ, RDZIs CYZIy HSCCI, HSCCUy» HSCRI,
* HSCROy BAREAC, BAREAR, CAREAC, CAREAR
COMMON / CLEAR / PCL, RCL
COMMON / CLERNC / CSBC, PCL1, RCLL
COMMON / DIAMTS / COOy CIDs RODy RIDy CPD, RPD, PHD, SBD
COMMON / ENDS / LCEND, LREND
COMMON / FRCONS / FCCY, FCRDs CONM
COMMON / INCLFR / CINCL, FCC, FCR
COMMON / PISTON / PRW(5), PRT(5), PRE(5)s PRK(5), PROST(5) s NPHBK
COMMON / RODBRS / RBW(5), RBT(5), RBE(5), RBK{5)y R3DST{S)s NRDBR
COMMON / WGTCON / WPH, WSBH
COMMON / WGTINI / WC1l, WRly WPH1, WSBL
COMMON / WGTVER / WC, WR
4
DATA ZERO, TWO, FOURs SXTFOR / G.0000, 2.0000, 4.0D000, 64,0000 /
DATA HL80, AINFIN / 180.0D00, 1.0020 /
DATA PI / 3.141592653569793000 /
OATA LDEGe LFIX / 4HDEG o 3HFIX /
[
C~=== >>> CALCULATE STIFFNESSES CF BEARINGS AND SEALS IF NOT INPUT
c
SPRK = LERG
PRKX = LERG

OU 110 I = 1, NPHBR
IF { PRKUI) .GT. ZERGC ) GO TO 100
PRK(I) = CID * PRW(I) * PRE(I) 7/ PRT{I)

100 PRKX = PRK{I) * PRDST(I) + PRKX
110 SPRK = PRK{1) + SPRK

SRBK = ZERO

RBKY = ZERO

DO 130 I = 1, NRDBR
LF ( RBK(I) .GT. ZERG ) GG TO 120

RBK(I) = ROD * RBW(I) * RBE(I) / RBT(I)
120 RBKY = RBK(I) * RBOST(I) + RBKY
120 SRBK = RBK(I) + SRBK
c .
C-—== >>> CALCULATE CROSS SECTIONAL PROPERTIES
c .
- ROD2 = ROD * ROD
RID2 = RILD * RID
cape = C0D * CCD
cibD2 = CIlD * CID
CY1l = Pl % ( COD2 * COU2 - CID2 * CID2 ) / SXTrLR
RDI =PI * ( RON2 * ROD2 - RID2 * RID2 ) / SXTFCR
RDZ = RDI * TwO / ROD
cyz = CYI * TWG / CGC
RDZI = 1.00+20
IF { RID .GT. ZERO ) RDZI = ROI * TWO / RID
CcYz1 = CYI % TWC /7 CID
c

0¢L



C-——— >>> BURE AREAS AND CRUSS SECTIONAL AREAS OF CYLINDER AND ROD
c

BAREAC = PI % CIG2 / FGUK
BAREAR = PI * RIV2 / FOUR
CAREAC = PIL * { COD2 - CID2 )} / FOUR
CAREAR = PI * ( ROD2 = RID2 ) / FOUR
[
C-——— >>> CALCULATE HQOOP STRESS COEFFICIENT
c
RDENC = COD2 - CID2
HSCCI = ( CCD2 + CID2 ) / RDENC
HSCCO = TWO * CID2 / RDENC
RDENR = ROD2 - RID2
HSCRI = ( ROD2 + RID2 ) / RDENR
HSCRO = TWO * RID2 / RDENR
C
CYK = DSQRT ( ECYL * CYf )
RDK = DSQRT ( EROD * ROI )
C -
C——=— >>> CALCULATE CLEARANCES AT PISTON HEAD AND STUFFING BOX
[
PCL = { CID - PHD ) / TWO
IF ( PCLL .GT. ZERQ ) PCL = PCL1
RCL = { SBD - ROD ) / TWwO + CSBC
IF ( RCL1 «GT. LERD ) RCL = RCL1 + CSBC
c
C-—=— >>> CALCULATE VERTICAL COMPONENTS OF WEIGHTS
c
TEMP = Pl / H180
BETA = CINCL
IF ( LANGU .EQ. LDEG ) BETA = CINCL * TEMP
cB = DCOS( BETA )
wC = WCl * CB
WR = WR1 * CB
WPH = WPHL * CB
Ws8 = WSBl1 * (8
[
C-==— >>> CALCULATE FRICTIGON MOMENT COEFFICIENTS
c
: FCCY = FCC * CPD / TwO
FCRD = FCR * RPC / TWO
[
C-—— >>> ESTABLISH STIFFNESSES FOR ROTATIONAL SPRINGS AT SUPPORTS
c ZERO IF PIN; VERY HIGH IF FIXe.
c
CSSTF = ZERO
RSSTF = ZERO
IF ( LCEND +EQ. LFIX ) CSSTF = AINFIN
IF { LREND .EQ. LFIX ) RSSTF = AINFIN
c .
C==~— >>> MOMENT DUE TO OVER HANG
c
CONM = WC * CHDS * CHDS /7 TWO

IF { CHDS .6T. ZERC ) CGNM = ZERO
IF ( LCEND .EQ. LFIX ) CONM = ZERO
RETURN
END

[opm—

Cm——

100

C———

110

SUBROUTINE TRIALP

L
g

22>

ERODLy LPRTP, RDIs+ FYCYLy BAREAC, HSCCl, LCENDy FYRTD,
BAREAR, HSCRI,
PINCRL, PINCR2 )

SUBROUTINE TC CALCULATE TRIAL LUAD AND LCAD INCREMENTS

IMPLICIT REAL ¢ 8 ( A - H, 0 - £ )
COMMON EXL,y P1
COMMON / LENGTS / STROKs PHL, SBL, EPTK, CHDS, LFLUID

DATA TWO, FIFTY, FIVHUN / 2.0D00, 50.0D000, 500.0000 /
DATA PI / 3.141592653589793D00 /
BDATA LFIXs LYES / 3HFIXs 3HYES /

>>>

If LPRTP = 3 CALCULATE APPRGXIMATE EXTENDED LENGTH

IF { LPRTP - 3 ) 110, 100, 110

EXL = STROK + STRUK + PHL + SBL + CHDS + EPTK
>>> TRIAL LOAD (1) AS PER EULERS BUCKL ING, CONSIDERING FULL
LENGTH STIFFNESS AS THAT OF RUD ONLY
Pl = Pl * PI * EROC * RDI / ( EXL * EXL )
IF ( LCEND .EQ. LFIX ) Pl = TWO ¥ Pl
>>> TRIAL LOAD {2) AS PER EXCESSIVE HOOP STRESS RESTRICTION IN CYL
P2 = FYCYL * BAREAC / HSCCI
>>> TRIAL LOAD (3) AS PER EXCESSIVE HOOP STRESS RESTRICTIGN IN RCO
P3 = FYRCLC * BAREAR / HSCRI
IF ( LFLUID .NE. LYES ) P3 = p2
>>> TRUIAL LOADy SMALLER OF (1), (2) AND (3)
Pl = DMINL{ P1l, P2, P3 )
>>> CALCULATE LOAD INCREMENTS
PINCRL = Pl / FIFTY
PINCR2 = Pl / ( FIVHUN * TwO )
RETURN
END

LeL



PO
c
c

SUBRGUTINE EQBRIM
PRKe PRUST, RBK, RBDST, NPHER, NRDBR, CYK, ROKy LPRTP,

I GCe RPOy BMGy CSSTF, RSSTF,
a CLT.» RLTs CKy RKy BBL, 8B2y TETA, DEFGy THC )
>>> SUBROUTINE TO CALCULATE CONSISTENT VALUES OF DEFLECTIONS AND

CROOKEDNESS ANGLE BY ITERATING, FOR A PARTICULAR VALUE OF LOAD

IMPLICIT REAL * 8 { A~ Hy O - Z )
COMMON EXL, P

COMMON. / BRGSTF PRKXs SPRK, RBKY, SRBK

COMMON STPTBS CLos RLy STPTB
COMMON WGTCON WPH, WS8
COMMON / WGTVER / WC, WR

/
COMMON./ CANDDS / Cl, €2, Dl, D2
COMMGN / CLEAR / PCL, RCL
- COMMON / CONSTS / EEL, FFL, AKTHC, AKTHR

COMMON / ECCTRI / ECLC, ECLR
CGMMON / FRCGNS / FCCY, FCRD, CONM
COMMON / GLDFOR / FX(5), FY(5), Fl, F2, £3, F4
COMMON / LENGTS / STROKs PHL, SBL, EPTK, CHDS, LFLUID
COMMON / REATNS / REC, RER

/ /

/ /

OIMENSION PRK{ NPHBR ), PRDST{ NPHBR ), RBK{ NRDBR ) yRBDST{NRDBR }

DATA ZERQ, TWO, HUNDRD / 0.0D00, 2.0D00, 100.0000 /
DATA LFIX / 3HFIX /

>>> COUNTER TO QUIT LOOP AT SPECIFIED NUMBER OF ITERATIGNS

N =1
If { LPRTP .NE. 3 ) GO TQ 50

>>> CALCULATE CYLINDER, ROC AND EXTENDED LENGTHS IN CASE OF
STOP-TUBE LENGTH DETERMINATION ANALYSIS

CcL = STROK + PHL + GC
RL = STROK + SBL + RPD / TWO + GC
EXL = CL + EPTK + CHDS + RL - GC
60 TO 50
>>> CALCULATE TRANSFORMED CYLINDEK AND ROD LENGTHS
CLT = CL + EPTK + CHDS - Y
RLT =RL = X

>>> CALCULATE EQUIVALENT CONCENTRATED LATERAL LOAD AT STEP
W = WPH + WSB + WC * Y + WR * X
>>> CALCULATE LATERAL REACTIONS AT SUPPORTS

REC = { W * RLT + CONM + WC * CLT * { RLT + CLT / TwO
* ) + WR * RLT *# RLT /7 TWO ) / EXL

RER = W ¢+ WC * CLT + WR * RLT - REC
CALL THCDS
1 . ( CYKy RDKy CLTy RLTy CSSTF, RSSTF, TETA, W,
0 8Bly BB2s CKy RKy CKLLLy SK1Ll, THC )

c
C-=== >>> CALCULATE DEFLECTION AT SLIDING CONNECTION
c
DEFGL = ( AKTHC - AKTHR ) * CLT / EXL - WC * CLT % CLT /
* ( TWO * P ) )
- VEFG = Cl * CKILL + Gl * SKLLL - EEL * CLT + FFL * CLT
* - DEFGL + BBl — REC # CLT / P
C
C-=—— >>> CALCULATE BENDING MOMENT AT INTERFACE
c
BMG =P % CLT * ( EEL - FFL ) + DEFGL * P + P * ECLC
* + REC * CLT - CCNM - P % { FCCY + AKTHC - DefFG )
c

C=—— >>> CALCULATE CROOKEDNESS ANGLE = THETA, AT SLIDING CONNECTION
c

50 CALL THETA

I { PRK, PRDST, RBK, RBUSTy NPHBR, NRDBR, GCy BMG) PHLsSBLy

o Xe Yy TETAF )
N =N+ 1
IF ( N- 2 ) 20, 20y 60
60 DTETA - = DABS{ TETA / HUNDRD )
DIFF = DABS( TETAF - TETA )
TETA = TETAF
c
C-—=- >>> ARE INITIAL AND FINAL THETAS CLOSE?
¢ )

IF { DIFF .LT. DTETA ) -RETURN
IF ( N .GT. 25 ) RETURN
GO TG 20

END

acl
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SUBROUTINE THETA
It

{ PRK, PRDST, RBK»s RBDST, NPHBR, NRDBR, GC, &MG, PHL »SBL,
Xe Yo TETA )

>>> SUBROUTINE TC CALCULATE CROGKEDNESS ANGLE AND FURCES AT
INTERFACE

IMPLICIT REAL * 8 { A= H, O - 2 )

COMMON / BRGSTF / PRKXs SPRK, RBKY, SRBK

COMMON / CLEAR / PCL, RCL ’

COMMON / GLDFOR / FX(5), FY(5), Fl, F2, F3, F4&

DIMENSION PRK( NPHBR ), PRDST( NPHBR ), RBK{ NRDBR ) yRBOST(NRDBK)

DATA ZERO, ONE, TWO / 0.0000, 1.0000, 2.0D00 /

>>> MONITOR FOR PROPER SIGN

SIGN = ONE
IF € BMG ) 100, 110, 100
SIGN = BMG / DABS( BMG )
SRPBK = SRBK + SPRK
Fl = ZERO
F2 = ZERO
F3 = ZERC
Fa4 = ZERO

>>> CASE 12 NO METAL TO METAL CONTACT AT SLIDING CUNNECTION

X = ( RBKY + GC * SRBK - PRKX ) / SRPBK
Y =G6C - X
IF { PCL .EQ. ZERO .AND. RCL .EQ. ZERG ) GG TO 690
CF = LERO
00 130 I = 1, NPHBR
CF = CF + PRK{I) * ( X + PROST(I) ) * ( X + PRDST(I))
DO 140 I = 1, NRDBR
CF = CF + RBK(I) * (Y + RBOST(L) ) * ( Y + RBOST(I))
TETA = BMG / CF
01 = 1 X + PHL ) * DABS{ TETA )
D2 =0 Y + SBL ) * DABS{ TETA )

IF { D1 .GE. PCL .AND. D2 .GE. RCL ) GO TO 170
IF ( D1 - PCL ) 150, 200, 200
IF D2 - RCL ) 750, 300, 300

D22 =PCL * (Y + SBL ) / | X + PHL )
IF { D22 - RCL ) 200, 300, 300

>>> CASE 2: CONTACT AT FRONT FACE OF PISTON HEAD

XNUM = LERG »
XDEN = LERO
A = PHL + GC
B = DABS{ BMG ) / PCL
DO 210 1 = 1, NPHBR
TEMP = PRK{I) * { PHL - PRDST(I) )
XDEN = XDEN + TEMP
XNUM = XNUM + TEMP * PROST(I)
XNUM = ~ XNUM .

D0 220 I = 1, NRDBR
TEMP = RBK(OI) * ( A + RBDST(I) )
XDEN = XDEN +. TEMP :
220 XNUM = XNUM + TEMP * ( GC + RBDST(I} )
XNUM = XNUM - B * PHL
XDEN = B + XDEN
X = XNUM / XDEN
Y = 6L - X
TETA =PCL / ( X + PHL ) # SIGN
D3 = DABS( TETA * X )
D2 = { Y + SBL ) * DABS( TETA )
IF ( D3 .GE. PCL .AND. D2 .GE. RCL ) GO TO 270
IF { D3 - PCL ) 240, 400, 400
240 IF { D2 - RCL ) 250G, 600, 660
250 Fl = TETA % ( RBKY + GC * SRBK - PRKX - X * SRPBK )
60 10 750
2170 TETA = PCL * TwC / PHL
D2 = L PHL / TWO + GC + SBL ) * TETA
IF ( D2 - RCL ) 400, 600, 600
o
C—=== >>> CASE 3: CONTACT AT FRONT FACE OF STUFFING BOX
c
3¢0 XNUM = ZERO
XDEN = ZEROD
A = SBL + GC
B = DABS({ BMG ) / RCL
00 310 I = 1, NPHBR
TEMP = PRK{I) * ( A + PRDST(1) )
XDEN = XDEN + TEMP
310 XNUM = XNUM + TEMP * PRDST(I)
XNUM = = XNUM
00 320 I = 1, NRDBR
TEMP = RBK{I) * { SBL - RBOST(I) )
XDEN = XDEN * TEMP
320 XNUM = XNUM + TEMP * ( GC + RBOST(I) )
XNUM = XNUM + 8 * A
XDEN = B8 + XDEN
X = XNUM / XDEN
Y =60 - X
TETA =RCL /7 L Y + SBL ) * SIGN
D1 = { X + PHL ) * DABS( TETA )
D4 = DABS( TETA * Y )
IF { D1 .GE. PCL .AND. D4 .GE. RCL ) GO TG 370
IF { D1 - PCL ) 340, 6060, 6CO
340 IF { D4 - RCL ) 350, 500, 500
350 F2 = TETA * ( X * SRPBK - RBKY - GC * SRBK + PRKX )
GO TO 750
370 TETA = RCL * TWGC / SBL
D1 = ( PHL + GC + SBL / TWO ) * DABS( TETA )
IF ( D1 - PCL ) 500, 600y 600
c .
C-=— >>> CASE 43 CONTACT AT FRCNT AND BACK FACES CF PISTGN HEAC
C
400 X = = PHL / TwWC
TETA = TWO * PCL / PHL * SIGN
Y =6C - X
CALL GFORCE ( PRK, PRDST, TETA, X, NPHBR, FX )
CALL GFORCE ( RBKe RBDST, TETA, Y, NRDBR, FY )

gzl



4170

480

Cm———

500

570

580

C=-=

600

670

680

690

750

D0 470 I = 1, NPHBR
F3

= F3 + FX(I)
Fl = Fl + FX{I) * PROST{I)
DO 480 I = 1, NRDBR
F3 F3 - FY(1)
Fl FlL + FYUI) * ( GC + RBDST{I) )

Fl
F3

{ BMG - F1 ) / PHL
F1 + F3

LI T )

RETURN

>>> CASE 5: CONTACT AT FRONT AND BACK FACES OF STUFFING BOX

X = GC + SBL / TwWO
TETA = TWG * RCL / SBL * SIGN
Y =60 - X
CALL GFORCE ( PRK, PRDST, TETA, Xs NPHBR, FX )
CALL GFORCE ( RBK, RBDSTy TETA, Y, NROBR, FY )
DO 570 I = 1, NPHBR
F2 = = FX(I) * ( GC + PROST{I) ) + F2
F4 = = FX(I) + F4
DO 580 I = 1, NRDBR
F2 = F2 = FY{I) * RBDST(I)
F4 = F4 ¢ FYLI)
F2 = ( BMG + F2 ) / SBL
= F2 + F4

RETURN

>>> CASE 63 CONTACT AT FRONT FACE OF PISTON HEAD AND FRONT FACE

OF STUFFING BCX

TETA = L PCL + RCL ) / ( PHL + GC + SBL ) * SIGN
X " = PCL / DABS( TETA ) - PHL
Y =60 - X
CALL GFORCE ( PRKy PRDST, TETA, X, NPHBR, FX )
CALL GFORCE ( RBK, RBDST, TETA, Y, NRDBR, FY )

DO 670 I = 1, NPHBR

Fl == FX{I) * { SBL + GC + PRDST(I) ) + F1
F2 = FX(I) + F2
DO 680 I = 1, NRDBR
F1 = FL + FY(I) * ( SBL — RBOST(1) )
F2 = - FY{I) + F2
F1 = ( BMG #+ F1 ) / { PHL + GC + SBL )
£2 = Fl + F2
RETURN
TETA = ZERO
CALL GFURCE ( PRKs PRDST, TETA, X, NPHBR, £X )
CALL GFORCE ( RBKs RBDSTy TETA, Y, NRDBR, FY )
RETURN.
END

L=

1co

SUBROUTINE GFURCE
1

{ AKy DSTy TETA, X, N,

>>> SUBROUTINE TO CALCULATE FURCES ON EACH BEARING

IMPLICIT REAL * 8 ( A ~ Hy U -~ Z )
DIMENSION AK{N)s DST(NJ), F(N)

DG 100 I = 1, N
(1) = AK(I) * (X + DST(I) ) * TETA
CONTINUE
RETURN
END

vl



SUBRCUTINE THCDS
I { CYK, RDKy CLT, RLT, CSSTF, RSSTF, TETA, W,
0 881y, 882y CKy RKe CKLLLly SKILL, THC )
c
C-=== >>> SUBROUTINE TO CALCULATE SLUPES AT SUPPGRTS AND CONSTANTS IN
4 DEFLECTION EQUATIONS
C
IMPLICIT REAL * 8 { A - Hy O - 2 )
COMMON EXL, P )
COMMCN / CANDDS / Cls C24 DL, D2
CUMMON / CONSTS / EEL, FFL, AKTHC, AKTHR
COMMON / ECCTRI / ECLC, ECLR
COMMON / FRCONS / FCCY, FCRD, CONM
COMMON / REATNS / REC, RER
COMMON / WGTVER / WC, WR
C
UDATA ZERO, ONE / 0.000, 1.D00 /7
c

HlllllillllllllIIIIIIIIIIIIIIIIH"IIII||I|IIIIIIIlllllllI|IIIIII||II|IIIIIHII

DSQRT (P )
SQP 7/ CYK
SQP / RDK
CK * CK

RK * RK

CK * CLT
RK * RLT
RK % Ct T
RK * EXL

DTAN( AK1LL
DSIN( AK1L1
DCOS{ AKIL1
DTAN{ AK2L2
DSIN( AK2L2
DCOS{ AK2L2
DCOS( ak2Ll
OTAN( AK2L1
DCGS ( AK2EL
DSING AK2EL
DTAN( AK2EL
CK / TKLLl + RK / TK2L2

CK * TK2L2 + RK * TKLL1

RK = CK # TKILL * TK2L2

RK # TK1Ll * TK2L1 + CK

TKILL * ¥K2L2

SKiL1 * SK2L2

CK1LL * CK2L2

SK1L1 * TK2t2

CK2L2 * CK2EL

TKILl * sSK2L2

WR / { P % RK2 )

WC / (P * CK2 )

WRPK2 - WCPK2

CSSTF / P

RSSTF 7 P

{ ECLR — ECLC ) 7/ EXL

{ FCRD - FCCY ) / EXL

CONM / P + FCCY - ECLC - WCPK2
FCRD - ECLR ~- WRPK2 .
TETA + W / P

- e .

o
C-—==~ >>> CALLULATE SLOPES AT CYLINDER AND KOL SUPPORTS

[
*
*
*
*
*

c

c
*
*
*

RETURN
END

All
Al2
8l

A21
A22

82

THDEN
THC
THR
AKTHC
AKTHR
881
8B2

cl
D01

D2

c2

L L T I N I I R B TR I

NS HhS w0

ONE - AKCBP * CK * CKCON / BKCUN + AKCBP / XL
AKRBP % CK * RK / BKCON / CC - AKR P / EXL

( BBL * CKCON / TT =~ WCWR * RK / ST - BBZ * Ri
SS + BB3 / SKILL ) * CK / AKCOW - EEL + FFL
REC 7 P

= AKCBP * CK * RK / BKCON /CC + AKCBP / EXL
ONE + AKRBP * CK2L1 * DKCON * RK / CCEL / BKCON
AKRBP * RK * TK2EL - AKRBP / EXL

( BBL * CK / CC - B32 * CKCGN * CK2L1l 7 CCEL
WCHR ® CK / CK2L2 - 883 * TKILL / CK2L2 ) * RK
BKCGN ¢ BB2 * RK * TK2EL — EEL + EFL + RER / P
ALl * A22 - Al2 % A21

{ Bl * A22 - A12 * B2 ) / THDEW

(ALl * 82 — a21 = Bl ) / THDEN

AKCBP * THC

AKRBP * THR

BB1 + AKTHC

BB2 + AKTHR

C—=— >>> CALCULATE CONSTANTS IN DEFLECTEON EQUATIOUNS

-8B1

{ BBL * CKCON / TT - WCWR * RK / ST - B32 % Rk
SS + BB3 / SKILL ) / AKCGN

{ BBl * CK % CK2EL / SS ~- uB2 * DKCON = CK2LL
TS — WCWR * (K * CK2EL / TS - §B3.% CK2EL
SK2L2 ) / AKCCN

{ - D2 * SK2EL - 882 ) / CK2EL

Gel



[ T—

100

110

o em—

120

900
910

SUBROUTINE STCPT8
I ( TETA, NPHBR, NRDBR, ALTH, ALF, STROK, ITERAT, GC )

>>> SUBRUUTINE TC CALCULATE THE REQUIRED LENGTH OF STOP-TUBE

IMPLICIT REAL * 8 ( A~ Hy U - 2 )
COMMON / GLDFOR /7 FX(5)y, FY(5), Fl, F2y F3, F4

DATA TWO, HUNDRD / 2.0D00, 100.0D00 7/
>>> INCREMENT FOR STOP-TUBE LENGTH
GCi = STROK / HUNDRD

>>> CALCULATE TOTAL LATERAL FORCE

TF = DABS( F1 ) + CABS( F2 ) + DABSI F3 ) + DABS( F4)
DO 100 I = 1, NPHBR

TF = TF + DABS( FX(I) )
DO 110 I =1, NRDBR

TF = TF + DABS( FY(I) )

F = TF / TWO

>>> CHECK TOTAL FORCE AND CROOKEDNESS ANGLE LIMITS

IF { F «LT. ALF .AND. CABS( TETA ) «LT. ALTH ) RETURN

6C = 6C + GCI
IF { GC - STROK / TWO / TWO ) 120, 1204 900
ITERAT = 2 '
RETURN
PRINT 910
FORMAT { 1Hl,s ///+ 50 25H% * % = * ERROR * * * * ¥ /)y
1 ///+ 45HFURCE AND CROOKEDNESS ANGLE LIMITS AT 2/
2 45HSLIDING CGNNECTION ARE TOO SMALL 3 o/
3 45HRESULTS IN UNECONOMICAL DESIGN; o/
4 45HSTOP TUBE LENGTH BECOMES > STROKE / 43 o/
5 45HSUGGESTION — INCREASE LIMITING VALUES. o/ )
sTopP
END

SUBRGUTINE XATYMX
I

CLT, CKy RKy DEFG,
XCY, XRD, CSLPC, CSLPR

C
C==== >>> SUBROUTINE TO CALCULATE THE DESTANCES AT wHICH MAXIMUM
c DEFLECTIONS OCCUR
C
IMPLICIT REAL * 8 { A~ H, 0 - 2 ]
COMMON EXL, P
COMMON / CANDDS / Cl, C2, Cl, D2
COMMON / CONSTS / EEL, FFL, AKTHC, AKTHR
COMMON / REATNS / REC, RER
COMMON / WGTVER / WC, WR
Cc S
DATA ZERO, HUNDRD / 0.000, 100.000 /
c
C==— >>> INCREMENT FOR X
C
AINCR = CLT / HUNDRD
csLp = - EEL + FFL - ( AKTHC - AKTHR ) / EXL
CSLPC = CSLP - REC / P
CSLPR = CSLP + RER / P
Xcy = CLT
XRD = CLY
C
C==— >>> POINT AT WHICH MAXIMUM ODEFLECTION OCCURS IN CYLINDER
Cc
1co ANG = CK * XCvY
CSLOP =~ Cl1 * CK * DSIN( ANG ) + D1 * CK * DCOS( ANG )
* + CSLPC + WC * XxCY / P
IF ( DEFG ) 140, 140, 120
120 IF { CSLOP ) 160, 160, 200
140 - IF { CSLOP ) 200, 160, 160
1€0 xcy = XCY - AINCR
GO TO 100
C
C==— >>> POINT AT WHICH MAXIMUM DEFLECTION OCCURS IN ROD
c
2C0 ANG = RK * XRD
RSLOP = - C2 * RK * DSIN( ANG ) + D2 * RK * DCOS( AnG )
* + CSLPR — WR * ( EXL - XRD ) / P
IF ( DEFG ) 240, 240, 220
220 IF ( RSLOP ) 300, 260, 260
240 IF ( RSLOP ) 260, 260, 300
2€0 XRD = XRD + AINCR
GO TO 200
300 RETURN
END

92l



SUBROUTINE YMAXS
{ XCY, XRDy CKy RKy CSLPLy CSLPR, 8B1l, 882,

0 YCMAXy YRMAX
C
C==— >>> SUBROUTINE TO CALCULATE MAX. DEFLECTIONS IN CYLINDER AND ROD
c
IMPLICIT REAL * 8 ( A - Hy O - Z )
COMMCN EXL, P
COMMON / CANDDS 7 Cl, €2, Dl, D2
COMMON / WGTVER / WC, WR
c
DATA TWO / 2.0000 /
c
CANG = XCY * CK
RANG = XRD * RK
TWOP = TWO * P
XRDP = EXL - XRC
c
C==— >>> MAXIMUM DEFLECTION IN CYLINDER
C
YCMAX = Cl * DCOGS{ CANG ) + D1 * DSIN( CANG )
* + CSLPC * XCY + BBL + WC * XCY * XCY / TwoP
C
C——-— >>> MAXIMUM DEFLECTION IN ROD
[
YRMAX = €2 * DCOS( RANG ) + D2 * DSIN({ RANG )
* = CSLPR * XRDP + BB2 + WR * XRDP * XRDP / TWOP
RETURN
END

SUBRUUTINE STRCHS

1 ( KEYF, KEYTy KEYPy XCY, XRDy YCMAX, YRMAX, RIDy CHDS,
I OPPRE, FYRODTy FYCYLT, PINCRLy PINCRZ, KEYST, LFLUID,
[} HSCy HSRy AXTENs CSTR, CSTRPy RSTRy RSTRP, CSS, NCSS,
-0 RSSe NRSS ]
C
C-=— >>> SUBROUTINE TO CHECK THE MAXIMUM STRESSES WITH THE LIMITING
C STRESSES
[
IMPLICIT REAL * 8 { A - Hy, 0 - Z )
COMMON EXLy P
COMMGN / CONSTS / EEL, FFLy AKTFC, AKTHR
COMMON / CRPROP / ROZs CYZy RDZI, CYZl, HSCCI, HSCCU, HSCRI,
* HSCRO, BAREACL, BAREAR, CAREAC, CAREAR
COMMON / ECCTRI / ECLC, ECLR .
CUMMON / FRCONS / FCCY, FCRO, CCNM
COMMUN / REATNS / RECs RER
COMMON /7 WGTVER / WE,+ WwR
o
DATA ZERQs TWO / 0.0D00, 2.0000 /
DATA LYES / 3HYES /
c
C===— >>> CALCULATE BENDING MOMENTS AT MAXIMUM DEFLECTION PUINTS
C
8MC1 = ( EEL — FFL + ( AKTHC =~ AKTHR ) / EXL ) % pP#XCY
BMC = DABS({ BMCL + REC * XCY - CONM - P * FCCY - AKTHC
* * P — WC ¥ XCY * XCY / TWO + P * ( ECLC + YCMAX 1))
XRDP = EXL - XRD
BMR = DABS( = BMCL * XRDP / XCY + RER * XRDP - P
* * FCRD ~ AKTHR * P — WR * XRDP * XRDP / TwO
* + P * ( ECLR + YRMAX ) )
[
C-=== >>> CALCULATE BENDING MOMENTS AT SUPPORTS
c
BMCP = DABS( - CONM - P * ( FCCY + AKTHC - ECLC ) )
BMRP = DABS( —= P * ( FCRD + AKTHR — ECLR ) )
Cc
C—==== >>> CALCULATE ALL STRESSES
C
C HOOP STRESSES
C
PRE = P / BAREAC
HSC = HSCCI * PRE
HSCO = HSCCO * PRE
HSR = ZERO
IF { LFLUID +EQ. LYES ) HSR = HSCRI * PRE
HSRC = ZERC
IF { LFLUID 4EQ. LYES ) HSKC = HSCRU * PRE
C
C LONGITUDINAL STRESSES
c

AXTEN = ZERG
If { CHDS .LT. ZERU ) AXTEN = P / CAREAC

CSTR = BMC / CYZ
CSTRI = 8MC / CYZI
CSTRP = BMCP / CYZ
CSTRPI = BMCP / CYZI
PR =p

L2l
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C

C=== >>>

c

20

30

40

50

&0

70

80
90

IF ( LFLUID .EQs LYES') PR = P — PRE * BAREAR

AXRST = PR / CAREAR

RSTR = BMR / RDZ + AXRST
RSTRI = BMR / RDZI + AXRST
RSTRP = BMRP / RDL + AXRST
RSTRPI = BMRP / RCZI + AXRST

SHEAR STRESSES

€SSO = HSCO + CSTR
CSSI = HSC + CSTRI
CSSPO = HSCO + CSTRP
CSSPI = HSC + CSTRPI

IF (CSSPOGT «CSSPILAND<CSSPGLGT .CSSOAND.CSSPOLGT-CSSIIGO TO4O
IF ( CSSPI .GT. CSSO .AND. CSSPI .GT. CSSI ) GO TO 30
IF { CSSO «GT. CSSI ) GO TO 20

Css = Css1
NCSS =2
GO TO S0
Css = CSs@
NCSS =1
GO TO S0
Css = CSSPIl
NCSS =2
GO TO 50
CSs = CSSPC
NCSS =1
RSS = ZERO
NRSS =0
IF { LFLUID .NE. LYES ) 6O 70 90
RSSPO "= HSRO + RSTRP
RSSPI = HSR + RSTRPI
RSSO = HSRC + RSTR

RSSI = HSR + RSTRI
IF {RSSPO.GT«RSSPI<ANC.RSSPOGT «RSSO.AND.RSSPO.GT.RSSI)GO TO80
IF ( RSSPI .GT. RSSO «AND. RSSPI .GT. RSSI ) GO TGO 70
IF ( RSSO .GT. RSSI ) GO TO 60

RSS = RSSI
NRSS =2
GO TG 90
RSS = RSSO
NRSS =1
GO0 TG 90
RSS = RSSPI
NRSS =2
GG TO 90
RSS = RSSPC
NRSS =1
CONT INVE

IF ( KEYF «NE. 1 ) GO TO 500
IF ( KEYST .NE. 1 ) GO TO 500

CHECK WITH LIMITING STRESSES

STRMX1 = DMAXL{ CSTR, CSTRP, HSC,s CSS )

STRMX2 = DMAX1( RSTR, RSTRP, HSRs RSS ) X
IF ( STRMX1 .GT. FYCYLT .GR. STRMX2 .GT. FYRODT ) GO TU 100
IF { KEYT .EQ. 2 ) GO TO 400

[
c——-_
c

100

C———-

200
400

500

>>> CHANGE THE TRIAL LCAC CORRESPGNDINGLY

P = P + PINCRL
RETURN
IF { KEYP 4EQG. 2 ) GO TO 200
4 = P = PINCRL + PINCR2
. KEYT =2
RETURN

>>> ITERATIVE REFINEMENT SECTION

4 = P - PINCR2
KEYF =2

RETURN
4 = P + PINCR2
KEYP =2

RETURN
KEYF =3

RETURN

END

8¢l



SUBROUTINE OUTPUT

I

{ KWITy BAREACs XCY, XRDy YCMAX, YRMAX, CH)S, GC, TETA,
FYCYLTy FYRUDTy CSTRy CSTRPy RSTRy RSTRP,HSCyHSRy AXTEN,

I NPHBR, NRDBRy THC» CSSy NCSS, RSSs NRSS )
c .
C-==— >>> SUBRGUTINE TO PRINT ALL THE RESULTS
c
IMPLICIT REAL ¥ 8 ( A - Hy 0 - 2 )
COMMON EXLy P
COMMON / ENDS / LCEND, LREND
COMMON / FSOPTF / OPPRE, ALTH, ALF, FS, LFSTP
COMMON / GLDFOR / FX(5)y FY(5), Fly F2, F3, F4
COMMON /7 ID / IDCARD(40), NPROBy IPROB(19), LPRTP
COMMON /7 UNITS 7 LNTU, LCDU, LFREU, LANGU
c
DATA ZERGy TWO, H180 / 0.0000s 2.0D00, 180.0D00 /
DATA PI / 3.1415926535697$3000 /
DATA LDEGy LFIX / 4HDEG , 3HFIX /
C
C-—— >>> FORMATS
C
1C0 FORMAT { 1Hls 5X» 36HPRGGRAM SACREG — STRESS ANALYSIS OF ,
1 21HCYLINDERS ( REGULAR )y //4 2 5Xy 20A4y / )y / )
110 FORMAT ( 5Xes BHPROBLEM o A4y //4 1X, 19A4& )
120 FORMAT ( //, 5X+35HRESULTS: CRITICAL LOAD ANALYSIS, /
130 FORMAT ( //+ 5Xs44HRESULTS: ANALYSIS FOR A GIVEN OPERATING ,
1 BHPRESSURE, / )
140 FORMAT ( //¢ 5X+45HRESULTS: ANALYS IS TO DETERMINE STOP-TUBE ,
1 6HLENGTH, / . )
150 FORMAT ( /414Xs25HCRITICAL LOAD = 91PD10.3y 4Xy A4,
1 //+14Xs25HMAXIMUM FLUID PRESSURE = 41PDL0.3s &Xs A4,y
2 /74 14X4 25HCROOKEDNE SS ANGLE = 11PD12.5y 2Xy A4y / )
160 FORMAT ( /,14X:125HOPERATING PRESSURE = 11PD103,y 44Xy A4y
1 /7+14X,25HLOAD = ¢1PDL0<3, 4Xy A4y
2 //+ 14X+ 25HCROOKEDNESS ANGLE = 91PD12.5¢ 2Xy A4, / )
180 FORMAT { /o 5Xs34HREQUIRED LENGTH OF STOP-TUBE = 1PD10.3,4X, A4
1 //+ 5X¢34HCORRE SPCNDING EXTENDED LENGTH = 1PD10.3,4X, A4
2 //y 5Xe 32HRESULTS WITH THIS STOP-TUBE ARE:, / )
250 FORMAT ( 1Hl, /4 5X+40HANALYSIS AFTER APPLYING GIVEN FACTUR OF ,
1 LOHSAFETY OF 4 F6434 2Xy 2HON, 2X, A4, 2H: , / )
260 FORMAT ( /¢14Xe25HLOAD = 21PD10.3, 4Xy A4,
1 //+14X925HFLUID PRESSURE = +1PD10.3+ 4X, A4,
2 /794 14Xy 25HCROOKEDNESS ANGLE = 91PD12.5¢ 2Xy A4y / )
300 FORMAT { /s 5Xs 9HCYLINDER:,
1 //+10X¢29HMAXIMUM DEFLECTION . = 91PD10.3, 4Xs A4,
2 /710Xy 29HMAXIMUM LONGITUDINAL STRESS= ,1PD10.3, 4X, A4,
3 //+10Xs29HAT A DISTANCE FROM CYL SUP = ,1PD10.3, 4X, A4,
4 //4910X,29HFACTOR OF SAFETY ON CYL = 41P010.3, / )
310 FORMAT ( /,10Xs29HMAX LONG STRESS AT CYL ENU = ,1PD10.3y 4X, A4,
1 " //+10X,29HFACTOR OF SAFETY GN CYL = 51PD10.3, / )
312 FORMAT ( /,10X,29HMAX SHEAR STRESS IN CYL = 31PD10.3, 44Xy A4,
1 /410Xy 24HAT MAX LONG STRESS POINT )
314 FORMAT ( 10Xs 21HAND AT CUTER SURFACE )
316 FORMAT ( 10X, 21HAND AT INNER SURFACE )
318 FORMAT ( /,10Xs29HFACTOR OF SAFETY ON CYL = ¢1PD10.3, 7/ )
320 FORMAT (  /+10Xy29HMAXIMUM HUOP STRESS 'IN CYL = ,1PD10.3, 4X, A4,
1 //+10Xe 29HFACTOR OF SAFETY ON CYL = +1PU10.3, / )
325 FORMAT (  /+10X+29HAXLAL TENSION IN OVER HANG = ,1PD10.3, 4X, A&,

1 ’ /7110X4 2SHFACTOR OF SAFETY ON CYL = »iPD10. 3,
2 77+ 10Xy 29HEND DEFLECTICN IN OVERHANG = ,1PD10.3, 4X, A% )
330 FORMAT ( /, 5Xs 9HROD iy

1 //1210Xy 29HMAX IMUM DEFLECT ION = 9 1PD10.3, 4Xy A4,
2 /710Xy 29HMAXIMUM LONG ITUDINAL STRESS= +1PO10<3, 4Xy Aa,
3 //+v10Xe 29HAT A DISTANCE FROM CYL SUP = 11PD10.3,y 4Xy A4,
4 //910Xy29HFACTCR GF SAFETY GN RQOD = y1PD10.3, 7/ )
340 FORMAT (  /y1CXs29HMAX LONG STRESS AT ROD END = 11PDLOL3, 44Xy A4,
1 //+ 10Xy 29HFACTOR OF SAFETY ON ROD = »1PU10.3, / )

342 FORMAT (

348 FORMAT (
350 FORMAT (

/910X929HMAX SHEAR STRESS IN ROD v1PU10.3y 4Xy Ad,y
1 /+ 10Xy 24HAT MAX LONG STRESS PUINT )
/910X ¢29HFACTOR GF SAFETY ON ROD 2 1PD10.3, / )
/910X 29HMAXIMUM HOOP STRESS IN ROD 2 1PD10.3, 4X, A4,
//+10Xy 29HFACTOR OF SAFETY ON ROD +1PU10.3, / i

1
360 FORMAT ( 1Hls /74 5Xs 29HFGRCES AT SLIDING CONNECTION:y /7, 15X,

370
380

350 FORMAT ( //8X38HF1- FORCE AT PISTON HEAD FRONT FACE

400

520

530

540

Cm==—

550

PON -

WN -

1 23HPISTON BEARINGS (SEALS)y 6X, SHFORCE, /,25X, 2HNU, / )
FORMAT ( /4 5t 25X+ [2, 12X, 1PDLGe3, 2X, A4, // ) )
FORMAT ( /418Xy 20HRCD BEARINGS (SEALS),s 6X, SHFORCE s /4 25Xs 26NO/)
=1PD11.3,2XA4
//8X38HF2—- FURCE AT STUFFING BOX FRGNT FACE =1PD1l.3,2XA%
//8X38HF3~ FORCE AT PISTUN HEAD BACK FACE =1PD11.3,2XA4
//8X38HF 4~ FORCE AT STUFFING BUX INNER FACE =1P011.3,2XA4
/+11X+33H(ZERO FORCES INDICATE NO CONTACT) , /7 )
FORMAT ( ///+ 10X, 39HTHETA EQUAL TO ZERO I[MPLIES CONTINUOUS
L7HCONTACT AT GLAND. o /o 10X,
34HABOVE FORCES CANNOT BE CALCULATEDw .
33HHENCE, ARE PRINTED GUT AS ZERO'S. o // )

TEMP = H180 / PI

IF ( LANGU .EQ. LDEG ) TETA = TETA * TEMP
PRE = P / BAREAC

IF ( KWIT «NE. 1 ) GO TG 540

>>> PRINT ALL RESULTS

PRINT 100, ( IDCARD(I)y I =1, 40 )

PRINT 1104 NPRCBy ( IPROB(I), I = 1, 19 3
GO TO { 510, 520, 530 ), LPRTP

PRINT 120

PRINT 150+ Py LODU, PRE, LPREU, TETA, LANGU
GO TO 550

PRINT 130

PRINT 160, OPPRE, LPREU, P, LODU, TETA, LANGU
G0 TO 550

PRINT 140

PRINT 180y GCy» LNTUs EXL, LNTU

PRINT 1504 P, LODU, OPPRE, LPREU, TETA, LANGU
GO TO 550

PRINT 250, FS, LFSTP

PRINT 260y P, LODU, PRE, LPREU, TETA, LANGU

>>> CALCULATE THE FACTCR OF SAFETY®S UN MAXIMUM STRESSES WITH
LIMITING STRESSES AND PRINT

FCSF = FYCYLT / CSTR
PRINT 300, YCMAX, LNTU, CSTR, LPREU, XCY, LNTU, FCSF
IF { CSTRP .GT. ZERO ) FCSF = FYCYLT / CSTRP
IF ( LCEND <EQ. LFIX ) PRINT 310, CSTRP, LPREU, FCSF

62l



560

570

FCSF EYCYLT / CSS
Ccss CSS / TWG
PRINT 312, CSS, LPREU
IF ( NCSS .EQ. 1 ) PRINT 314
IF ( NCSS .EQ. 2 ) PRINT 316
PRINT 318, FCSF
FCSF = FYCYLY / HSC
PRINT 320, HSC, LPREU, FCSF
IF { CHDS .GE. ZERO ) GO TG 560
FCSF = FYCYLT / AXTEN
ENDDF = THC # CHDS
PRINT 325, AXTEN, LPREU, FCSF, ENDDF, LNTU
FCSF = FYRODT / RSTR
PRINT 330, YRMAX, LNTU, RSTR, LPREU, XRDy LNTU, FCSF
IF ( RSTRP .GT. ZERO ) FCSF = FYRODT / RSTRP
IF { LREND .EQ. LFIX ) PRINT 340, RSTRP, LPREU, FCSF
IF ( HSR .EQ. ZERO ) GO TO 570
FCSF = FYRGOT / RSS
RSS = RSS / TwWo
PRINT 342, RSS, LPREU
IF ( NRSS <EGC. 1 ) PRINT 314
IF { NRSS .EQe. 2 ) PRINT 316
PRINT 348, FCSF
FCSF = FYRODT / HSR
PRINT 350, HSRy LPREU, FCSF
PRINT 360
PRINT 370, ( I, FX(I)y LODUy I = 1, NPHBR )
PRINT 380
PRINT 370, ( &y FY(1)y LODU, I = 1, NRDBR )
PRINT 390, Fl, LODU, F2, LCDU, F3, LODUy F4, LGOU
IF ( TETA .EQ. ZERO ) PRINT 400
RETURN
END
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VENC VD WA~

00V00V00)L11111k1L42
123456705901234567890

£22222222333333333344444444445555555555606666656677777 177778
123456 7390123’05678‘1012345678’10123456789012365078901234307890

EXAMPLE PRNILEMS TU DEMONSTRATE ALL TH
CODED JUNE 9, 1976

REGL
1

50.0°
56413
7.0
C.0
0.316
0.365
0.316
0.35
0.0032
0.0
2.0
REG2
1
50.0
56013
7.0
0.0

0.35
0.35
3.2

30.0

REG4
1
60.0
66.13
0.005
0.316

0.35

€ OPTICNS AND VARIATIONS IN INPUT DATA

aY Ke Lo SESHASAI
LPRTP=1; P-P; SOLIU ROC; HORIZUNTAL CYL INDER.
INCH KIPS KSI. VEG
6el13 4eb4 0.76 3.0 NO
56.82 116.71 0.0
6.0 3.0 0.0 4.75 4.75 5.989 3.009
0.451 500.0 2.375
0.25 1000.0 3.9
04451 500.0 5.45 END
0.2 750.0 3.15 END
0.002 0.05 0.07 29000.0 29000.0 125.0 125.0
PIN PIN +0.025 +0.025 +0.1 +0.12
LOAD .
LPKTP=1; P-F; HOLLOWw ROD WITH NO FLUID; VERTICAL CYLINDER.
KEEP KEEP
6413 444 0. 176 3.0
56482 116.71 0.0
6.0 3.0 le5 4.75 5.989
0.009
2100.0 243175
8800.0 3.9
2100.0 5.45 END
3900.0 3.15 END .
PIN FIX =-0.02 +0.1 =0.05
STRS -
LPRTP=1: F-F; SOLIC ROC: 30 DEG INCLINED CYL.
INCH L8S PSI DEG
6013 444 0.76 3.0
56.82 116.71
6.0 3. 0.0
0.011 0.009
210000040 2,375 - -
3800000.0 3.9 .
2100000.0 5.45 ' END
0.2 750000.0 1.75
0.4 250000.0 3.5 END
2.0 50.0 70.0 29000000. 29000000. 75000.0 125000.0
FIXx FIX =0.05 -0.025
LPRTP=1% P-P; SOLIU ROD; HORIZONTAL CYLINDER WITH A OVERHANG.
INCH KIPS KS1 RAD
6013 4ehb 0.76" ~15.0
66.32 118.71 0.0
5.5 2.75 0.0 2.0 3.0 5.49 2.76
0.01 0.008 .
0.451 500.0 2.375
4800.0 3.9
2100.0 5.45 END
0.2 750.0 3.15 END

0000000001 1111111112222222222333 3353333444444444455555555556000000606 11 ITTITIT!S
12345676901234567390123456759012 3455769012345070890123456789012545013901234567L90

0.003 0.00175 0.04
0.0
1.0 LUAD
REGS LPRTP=2; F-P; HOLLOw
2
CM KGS
127.0 15.57 11.28
142,57 144.38 296.5
17.78 15.24 7.62
0.01
0.8 le15 35000.0
1.0 0.8 70000.0
1.0 0.5 50000.0
1.5 1.0 23.0
0.75
175.0
REG6 LPRTP=3; P-P; SOLID
3
INCH KIPS
60.0 6.13 4.44
7.0 6.0 3.0
0.005
0.0032 0.002 0.05
0.0

2.0
THES IS A BLANK CARD

0.Cé6 29000.0
PIN PIN +0.05

2900040

12949

YES
15.22

END
END
7050.0

R3O wITH FLUID: INCLINED CYLINUER;
KGSC RAD
l.53 7.62
2.0
3.8 12.0
6.0
10.0
371000.0 13.5
8.0
32.0 2100000.0 2100000.9
FIX PIN =0.05

ROO; HORIZONTAL CYLINDER, -

KSI DEG
0.76 3.0
0.0 4.75 475

2100.0 2.375
88020.0 3.9

29000.0
PIN PIN 0.0 =3.05

5.989

END

100.0

L25.0
.31

METRIC UNITS.

7.64

5830.0
+0.1

3.009

12549
0.1

LEL



PROGRAM SACREG - STRESS ANALYSIS OF CYLINDERS ( REGULAR )

EXAMPLE PRUBLEMS TO DEMCNSTRATE ALL TkE OPTIONS ANC VAKIATIONS IN INPUT DATA

CODEU  JUNE 9. 1976 BY Ke Lo SESHASAIL

PROBLEM REGL
LPRTP=1; P-P; SOLID ROD; HORIZONTAL CYL INDER.
INPUT CATA:

TABLE 1: CCNTRGL DATA

PROBLEM TYPE = 1 - CRITICAL LOAD ANALYSIS & ANALYSIS FOR A FACTORED LOAD

TABLES RETAINED FROM PREVIOUS PROBLEM
2 3 4 5 6 7
NO KEEP OPTIONS EXERCISED

TABLE 2: UNITS OF MEASUREMENT
LENGTH LGAD PRESSURE  ANGULAR
INCH KIPS ksl DEG
TABLE 3: CYLINDER DIMENSIONS
LENGTHS:
STROKE PISTON HEAD STUFFING 60X
5.C0000D 01  6.13000D 00  4.440000 00
CYLINDER RCD EXTENDEC
5.613000 01  5.682000 01  1.167100 02
DIAMETERS:
CYL. OUTER  CYL. INNER ROD OUTER

7.C00000 00 .6.000000 00 3.000000 00

CyL. PIN * ROD PIN »*

4.750000 00 4.750000 00 54989000 00

CLEARANCES BETWEEN:
C YL INDER CYLINDER RGOD
AND AND AND
STUFFING BCX PISTCN HEAD @ STUF. BOX &

0.0 0.0 0.0

PISTCN HEAD @

END PLATE
7.600000-01

STOP TUBE

0.0

ROD INNER

0.0

STUF. BOX @

3.009000 00
(* ZEROs THE END IS FIXED) (d ZERO, OTHER OPTION IS INPUT)

{8 ZERO,» OTHER OPTIGN IS INPUT)

TABLE 4: BEARINGS AND SEALS

PISTON BEARINGS:

A A A 8 DISTANCE FKGOM
WIDTH THICKNESS YOUNGS MOUULUS STIFENESS 3ACK FACE
2.37500C 22
3.90000D0 00

5.450000 00

3.160000-01
3.650000-01
3. 160000-01

4.510000-01
2.500000-01
4.510000-01

5.CCC000 V2 0.0
1.000000 03 0.0
5.000000 02 0.0

RCD BEARINGS:

DISTANCE FROM

A A A 8
WIDTH THICKNESS YUUNGS MODULUS STIFFNESS BACK FACE

3.£000C0-01 2.000000-01 7.500000 02 0.0 3.150000 09
(A IS USED TO CALCULATE B - HENCE, EITFER A OR B IS INPUT

ZERQ'S ABOVE INDICATE THAT THEY ARE NOT INPUT)

TABLE S: WEIGHTS AND MATERIAL PROPERTIES

- WEIGHTS OF PARTS:

CYLINDER

ROD PISTON HEAD STUFFING 80X
(PER UNIT LENGTH)

3.200000-03 2.000000-03 5.000000-02 7.000000-02

MATERIAL PROPERFIES:

YOUNGS MODWL US YIELD STRESS
NOER

HINGE DIST. crt ROD CYL INDER ROV
3.00000D0 00 2.900000 04  2.900000 04 1.250000 02 1.250000 02
TABLE e: INCLINATEON, FINETY, FRICTION COEFFICIENTS, LOADING ECCENTRICITY -
CYL INCLIMTION WETH HCRIZCNTAL = 0.0
CYLINDER END ROD END
SUPPORT CCNDITIONS: PIN PIN
SOLID ROD FRICTION COEFFICEENTS AT SUPPORTS:  2.500000-02  2.500000-02
(ZERC IF FIXED END)
LOADING ECCENTRICITIES: 1.000000-01  1.200000-01

FACTOR OF SAFETY OR OPERATING PRESSURE AND/OR ALLGWABLE ThETA € F
DEPENDING ON PROBLEM TYPE

TABLE 7:

FACTOR OF SAFETY = 2.000 ON LOAD

el



PRUGRAM SACREG - STRESS ANALYSIS OF CYLINDERS ( REGULAR )
EXAMPLE PRCBLEMS TO UEMONSTRATE ALL THE OPTIONS AND VARIATIONS IN INPUT DATA

CODED JUNE 9, 1976 BY Ke Lo

PROBLEM REGL

LPRTP=1; P-P; SOLID ROD; HORIZONTAL CYLINDER.

RESULTS:

CRITICAL LOAD =
MAXIMLM FLUIC PRESSURE =
CROOK EDNESS ANGLE =

CYLINDER:

RCD

MAXIMUM DEFLECTION =
MAXIMUM LCNGITUDINAL STRESS=
AT A DISTANCE FROM CYL SUP =
FACTOR OF SAFETY ON CYL =
MAX SHEAR STRESS IN CYL =
AT MAX LGONG STRESS POINT

AND AT INNER SURFACE

FACTOR OF SAFETY ON CYL =

MAXIMUM HOOP STRESS IN CVYL =
FACTOR OF SAFETY ON CYL =

MAXIMUM DEFLECTION =
MAXIMUM LCNGITUDINAL STRESS=
AT A DISTANCE FRGM CYL SUP =
FACTOR OF SAFETY ON ROD =

SESHASAI

CRITICAL LOAD ANALYSIS

1.2820
4.533D

4+79594D-02

1.9130
1.676D
5.8980
7.46CD

2.2000

2.8410

2.964D
4.2180

2.0830
1.2400
7.1370
1.0080

02
00

o1
01
[+1]

00

01
00

02
o1

KIPS
KSI
DOE6

INCH
KSl
INCH

KSI

INCH
KSI
INCH

FORCES

FL-
£2-
F3-
F4-

AT SLIDING CCNNECTION:

PISTON BEARINGS (SEALS) FORCE
NO

1 2.532D 0C

2 2.1730 01

3 7.9420 00

ROD BEARINGS (SEALS) FORCE
NO

1 1.3470 o1

FCRCE AT PISTON HEAD FRONT FACE = 0

FORCE AT STUFFING BOX FRONT FACE = 1.874D 01

FORCE AT PISTGN HEAD BACK FACE = 0

FORCE AT STUFFING BOX INNER FACE =
(ZERO FORCES INOICATE NO CONTACT)

«0

-0

0.0

KIFS
KIPS

KIPS

KIPS

KIPS
KIPS
KPS

KIPS

€el



ANALYSIS AFTER APPLYING GIVEN FACTOR OF SAFETY UF 2.000 ON LOAD:

LOAD
FLULD PRESSURE
CROOK EDNESS ANGLE

CYLINDER:

ROD

MAXIMUM DEFLECTION

MAXIMUM LCNGITUDINAL STRESS=

AT A DISTANCE FROM CYL SUP
FACTOR OF SAFETY ON CYL
MAX SHEAR STRESS IN CYL

AT MAX LONG STRESS POINT
AND AT INNER SURFACE

FACTOR OF SAFETY ON CYL

MAXIMUM HCOP STRESS IN CYL
FACTOR OF SAFETY ON CYL

3

MAXIMUM OEFLECTION

=

MAXIMUM LCNGITUDINAL STRESS=

AT A DISTANCE FROM CYL SuPp

FACTOR OF SAFETY ON ROD

6.408D 01
2.266D 00
7.465080-03

1.5070-01
1.348D 00
5.7630 01

9.2750 01

7.9870 00

7.8250 00

1.4820 01
8.4350 00

1.6390-01
1.691D 01
6.9730 01
7.3910 00

KIPS
KSI
0DEG

INCH

INCH

KSI

KSI

INCH
KSI
INCH

FORCES AT SLIUING CGNNECT ION:

PISTCN BEARINGS (SEALS) FURCE
NU
1 3.1320-02
2 1.872D0 00
3 T 8.7390-01
RCO BEARINGS (SEALS) FORCE
NG
1 2.7770 00
Fl— FORCE AT PISTGN HEAD FRONT FACE = 0.0

F2- FORCE AT STUFFING BOX FRONT FACE = 0.0
F3— FORCE AT PISTON HEAD BACK FACE = 0.0

F4— FORCE AT STUFFING BOX INNER FAEE = 0.0
(ZERO FORCES INDICATE NO CONTACT)

KIPS
KIPS
KIPS

KIPS

KIPS
KIPS
KIPS
KIiPS

rel



PROGRAM SACREG - STKESS ANALYSIS OF CYLINDERS ( REGULAR )
EXAMPLE PROBLEMS TC DEMCNSTRATE ALL ThE OPTIONS AND VARIATIONS IN INPUT DATA
COUED JUNE 9y 1976  BY K. L. SESHASAI
PROBLEM REG2
LPRTP=1; P~Fi HOLLOW ROD WITH NO FLUID; VERTICAL CYLINDER.
INPUT DATA: :
TABLE 1: CCNTROL DATA
PROBLEM TYPE = 1 — CRITICAL LUAD ANALYSIS & ANALYSIS FOR A FACTORED LOAD

.YABLES RETAINED FROM PREVIOUS PROBLEM )
2 3 4 5 6 7
KEEP KEEP
TABLE 23 UNITS GF MEASUREMENT
LENGTH LOAD PRESSURE ANGULAR
INCH KIPS KSI DEG
TABLE 3: CYLINDER DIMENSIONS
LENGTHS:
STROKE PISTCN HEAD 'STUFFING BOX END PLATE HINGE DIST.

5.000000 01 6.130000 00 4.44000D 00 7.600000-01 3.000000 00

CYL INDER ROD EXTENDED STOP TuBE
5.€13000 01 5.682000 01 1.167100 02 0.0
DIAMETERS 3
CYL. OUTER CYL. INNER ROD CUTER ROD INNER

7.000000 00 6.000000 00 3.00000D0 00 1.500000 00 HOLLOW ROD
WITH NO FLUID

CYL. PIN * ROD PIN » PISTCN HEAD @ STUF. BOX @

4.75000D0 00 0.0 5.98900D0 00 0.0
(* ZERO, THE END IS FIXED) (& ZERO, OTHER OPTION 1S INPUT)

CLEARANCES BETWEEN:

CYLINDER CYLINDER ROD
AND AND AND
STUFFING BOX PISTCN HEAD @ STUF. BOX @

9.000000-03

0.0 0.0
(@ LERO, OTHER CPTICN IS INPUT)

TABLE 4: BEARINGS AND SEALS
PISTON BEARINGS:

A A A [} UISTANCE FR3M
WIDTH THICKNESS YCUNGS MODULUS STIFFNESS SACK FACE
0.0 0.0 0.0 24100000 03 2.375000 00
0.0 0.0 0.0 8.800000 03 3.900000 09
0.C 0.0 0.0 2.10000D 03 5.450000 00
RGO BEARINGS: -
A A - A 8 DISTANCE FRUM
WIDTH THICKNESS YOUNGS MODULUS STIFFNESS BACK FACE
0.0 0.0 0.0 3.900000 03 3.150000 00

(A 1S USED TO CALCULATE B - HENCE, EITFER A OR B IS INPUT
ZERQ'S ABOVE INDICATE THAT THEY ARE NOT [NPUT)
TABLE 5: WEIGHTS AND MATERIAL PROPERTIES
WEIGHTS OF PARTS:

CYLINDER ROD

PISTON HEAD STUFFING BOX
(PER UNIT LENGTH)

3.200000-03 2.000000-03 5.000000-02 7.000000-02

MATERIAL PROPERTIES:

YOUNGS MODILUS YIELD STRESS
CYLINDER ROD CYL INDER ROD

2.900080 04 2.900000 04 1.250000 02 1.250000 02

TABLE 6: INCLINATION, FEXITY, FRICTION COEFFICIENTS, LOADING ECCENTRICITY
CYL INCLINATION WITH HORIZONTAL = 9.00000D 01
CYLI&DER END ROD ENO
SUPPORT CONDITIONS: PIN FIX
FRICTION COEFFICIENTS AT SUPPORTS: -2.000000-02 0.0

(ZERO IF FIXED END)
LCADING ECCENTRICITIES: 1.0000C€0-01 -5.000000-02

TABLE 7: FACTOR OF SAFETY OR OPERATING PRESSULRE ANU/OR ALLCWASLE THETA & F
DEPENDING ON PROBLEM TYPE

FACTOR OF SAFETY = 4.000 ON STRS

Gel



PRCGRAM SACREG - STRESS ANALYSIS OF CYLINDERS ( REGULAR )

EXAMPLE PRUBLEMS TO DEMONSTRATE ALL THE OPTIONS AND VARIATIONS IN INPUT DATA
CGDED  JUNE 9, 1976 BY Ke Lo SESHASAL

PRCBLEM REG2

LPRTP=13 P-F; HOLLOW ROD WITH NO FLUID; VERTICAL CYLINDER.
RESULTS: CRITICAL LOAD ANALYSIS

CRITICAL LCAD = 2.924D 02 KIPS
MAXIMUM FLUID PKESSURE = 1.0340 01 KSI
CROOKEONESS ANGLE T 6431454C-02 CEG

CYLINDER:
MAXIMUM DEFLECTION =  8.1820-01 INCH
MAXIMUM LCNGITUDINAL STRESS= 1.1320 01 KS1
AT A DlSTﬁNQE FROM CYL SUP = 5.761D 01 INCH
FACTOR OF SAFETY ON CYL = 14104D 01
MAX SHEAR STRESS IN CvL = 3.8660 01 KS1
AT MAX LONG STRESS POINT
ANG AT INMNER SURFACE
FACTOR OF SAFETY ON CYL = 1.6170 00

MAXIMUM HCOP STRESS IN CYL = 6.7620 01 KSI
FACTOR OF SAFETY ON CYL = 1.8490 0C

RQOO. :
MAXIMUM DEFLECTIGN = 8.5230-01 INCH
MAXIMUM LCNGITUDINAL STRESS= 1.2460 02 KS1
AT A DISTANCE FROM CYL SUP = 6.453D 01 INCH
FAC*OR OF SAFETY ON ﬁGD = 1.0030 00

MAX LONG STRESS AT ROD END = 1.2490 02 KSI

FACTOR OF SAFETY ON ROD = 1.,0000 00

FCORCES AT SLIDING CONNECTION:

PISTCON BEARINGS (SEALS) FORCE
NO

1. 2.2870-01

2 1.5750 01

3 7.345D 0GC

RCD BEARINGS (SEALS) FORCE

NO .

1 2.3320 01
Fl- FGRCE AT PISTON HEAD FRUNT FACE = 0.0
F2- FORCE AT STUFFING BOX FRONT FACE = 0.0
F3— FORCE AT PISTCN HEAD BACK FACE = 0.0
F4— FORCE AT STUFFING BOX INNER FACE = 0.0

(ZERO FORCES INDICATE NG CONTACT)

KIFS
KIPS
KIPS

KIPS

KIPS
KIPS
KIPS
KIPS

9l



ANALYSIS AFTER APPLYING GIVEN FACTUR OF SAFETY OF 4.000 ON STRS:

LOAD

FLUID PRESSURE

CROUKEDNESS ANGLE

CYLINDER:

MAXIMUM UDEFLECTION

MAXIMUM LCNGITUDINAL STRESS=

AT A DISTANCE FRCM CYL SUP
FACTOR OF SAFETY ON CYL

MAX SHEAR STRESS IN CYL
AT MAX LONG STRESS POINT

AND AT INNER SURFACE

FACTOR OF SAFETY ON CYL

MAXIMUM HCOP STRESS IN CYL

FACTOR OF SAFETY ON CYL

MAXIMUM DEFLECT ION

MAXIMUM LONGITUDINAL STRESS=

AT A DISTANCE FROM CYL SUP
FACTOR OF SAFETY ON ROD

MAX LONG STRESS AT ROD END
FACTOR OF SAFETY ON hDD

13050

4.616D

3.929690-03

02
00

4+6190-02

7.0460-

5.761D
1.774D

1.5620

4.001D

3.0180

4.142D

o1
01
02

o1

00

o1
00

4.734D-02

2.855D
6.2800
4.3780

2.858D
4.374D

01

o1
a0

01

00

KIPS
KSI

0EG

INCH
KSI

INCH

KSI

KSI

INCH
KS I
INCH

FORCES AT SLIDING CONNECTION:

PISTCN BEARINGS (SEALS) FORCE
NC
1 1.423D-02 KIPS
2 9.8010-01 KIPS
3 4.5710-01 KIPS
RCD BEARINGS (SEALS) FORCE
NO
1 . 1.451D 00 KIPS
Fl- FORCE AT PISTON HEAD FRONT FACE = 0.0
F2— FORCE AT STUFFING BOX FRONT FACE = 0.0
F3- FORCE AT PISTON HEAD BACK FACE = 0.0
Fé4~ FORCE AT STUFFING BOX INNER FACE = 0.0

(ZERO FORCES INDICATE NO CONTACT)

KIPS
KIPS
KIPS
KIPS

el



PRCGRAM SACREG ~ STRESS ANALYSIS OF CYLINDERS { REGULAR )
EXAMPLE PROBLEMS TG DEMONSTRATE ALL THE OPTLINS AND VARIATIONS IN INPUT CATA
CODED JUNE 9, 1976 8Y Ke ‘Lo SESHASAI
FRCBLEM REG3
LPRTP=13 F~F; SOLID ROD; 30 DEG INCLINED CvL.
INPUT CATA:
TABLE 1: CCNTROL DATA

PROBLEM TYPE = 1 - CRITICAL LOAD ANALYSIS & ANALYSIS FOR A FACTORED LOAD

TABLES RETAINED FROM PREVIOUS PROBLEM
2 3 4 5 6 7
NG KEEP GPTIONS EXERCISED .

TABLE 2: UNITS OF MEASUREMENT
LENGTH LOAD PRESSURE  ANGULAR
IACH L8s Ps1 DEG
TABLE 3: CYLINDER DIMENSIONS
LENGTHS: o .
STROKE IPISTON HEAD STUFFING BOX  ENOD PLATE HINGE DIST.

5.00000D O1L €.130000 00 4+440000 00 7.600000-01 3.000000 00

C YLINDER ROD EXTENDED STOP TUBE
5.61300D 01 5.682000 01 1.167100 02 0.0

DIAMETERS :
CYL. OUTER CYL. INNER ROD. OUT €R ROD INNER
7.000000 00 6.000000 00 3.000000 00 0.0 SOLID ROD

CYL. PIN * ROD PIN * PISTON HEAD @ STUF. BOX a

0.0 0.0 0.0 0.0
(* ZERO, THE END IS FIXED) (@ ZEROQ, OTHER OPTION Is INPUT)

CLEARANCES BETWEEN:
CYL INDER CYL INDER ROD
AND AND AND
STUFFING BOX PISTON HEAD @ STUF. 80X @

5+€00000-03 1.10000D-02 9.000000-03
(@ ZEROs OTHER OPTIGN IS INPUT)

TABLE 4: BEARINGS AND SEALS
PISTON BEARINGS:

A A A 8 DISTANCE FRLM
WIOTH THICKNESS YOUNGS MODULUS  STIFENESS BACK FACE
0.0 0.0 0.0 24100000 06 2.375000 00
0.0 0.0 0.0 8.800000 06  3.900090 '00
0.0 0.0 0.0 2.100000 06  5.450000 00

RCO BEARINGS:

A A A -8 DISTANCE FROM
WIDTH THICKNESS YGUNGS MUDULUS STIFFNESS B8ACK FACE
3.500000-01 2.000000-01 7.500000 05 0.0 1.750000 00
3.500000-01 4+000000-01 2.500000 05 0.0 3.500000 00

(A IS USED TO CALCULATE B ~ HENCE, EITHER A OR 8 IS INPUT
. ZERQO'S ABOVE INDICATE THAT THEY ARE NOT INPUT)
TABLE 53 "WEIGHTS AND MATERIAL PROPERTIES
WEIGHTS OF PARTS:

CYLINDER ROD PISTON HEAD STUFFING BOX
(PER UNIT LENGTH)

3.200000 00 2.000000 00 54000000 01 7.000000 01

MATERIAL PROPERTIES:

YOUNGS MODULUS YIELD STRESS
R

CYL INUER ROD CYLINDE ROD

2. 500000 07 2.90000D 07 7.500000 04 1.250000 05

TABLE 6: INCLINATIONs FIXITY, FRICTION COEFFICIENTS, LOADING ECCENTRICITY
CYL INCLINATION WITH HORIZONTAL = 3.000000 01

CYLINDER END ROD END
SUPPORT CCNDITIONS: FIX FIX
FRICTION COEFFICIENTS AT SUPPORTS: 0.0 0.0
(ZERC IF FIXED END)
LCADING ECCENTRICITIES: =5.000000-02 -2.500000-02
TABLE 73 FACTOR OF SAFETY CR OPERATING PRESSURE AND/OR ALLOWABLE THETA & F

DEPENDING ON PROBLEM TYPE

ONLY CRITICAL LOAD ANALYSIS

g€l



PROGRAM SACREG — STRESS ANALYSIS OF CYLINDERS ( REGULAR )

EXaMpP
CODED

PRECBL

LPRTP=13 F~F3 SOLID ROD; 30 DEG INCLINED CYL.

RESUL

LE PRUBLEMS TU DEMUNSTRATE ALL THE OPTIONS AND VARIATICNS IN INPUT DATA

JUNE 9,4 19706 8y Ke Lo SESHASAI

EF REG3

TS8: CRITICAL LOAU ANALYSIS

CRITICAL LCAD =
MAXIMUM FLUID PRESSURE =

CROOKEDNESS ANGLE =

CYLINDER:

MAXIMUM DEFLECTION =
MAXIMUM LCNGITUDINAL STRESS=
AT A DISTANCE FROM CYL SUP =

FACTOR OF SAFETY ON CYL =

MAX LONG STRESS AT CYL END =
FACTOR OF SAFETY ON CYL =
MAX SHEAR STRESS IN CYL .=
AT MAX LONG STRESS POINT

AND AT INNER SURFACE

FACTOR OF SAFETY ON CYL =

MAXIMUM HCOP STRESS IN CYL =
FACTOR OF SAFETY ON CYL =

MAXIMUM DEFLECT ION =
MAXIMUM LCNGITUDINAL STRESS=
AT A DISTANCE FROM CYL SUP =

FACTOR OF SAFETY ON ROD =

MAX LONG STRESS AT ROD END =
FACTOR OF SAFEFY ON ROD =

3.212D 05
1.136D 04

6.916260-04

8.0700~-03
1.012D 02
5.7530 01
7.4090 02

843650 02

8.966D 01

3.749D 04

1.0000. 00

7.4270 04
L. 010D 0G

9.0960-03
4.6200 04
6.903D 01
2, 706D 040

446490 04

2.689D 00

LBs
PSI
DEG

INCH
PSSt
INCH

pPsi1

PSI

PSI

INCH
51
INCH

PSSl

FORCES

Fl-
F2-
F3-

Fa-

AT SLIDING CONNECT IGN:
PISTON BEARINGS (SEALS) FORCE
NC
1 3.1720-01 L8S
2 1.6330 02 LS
3 7.827 01 LBS
RCD BEARINGS (SEALS) FORCE
NG
1 1.9550 02 t8S
2 4. 644D 01 - LBS
FORCE AT PISTON HEAD FRONT FACE = 0.0
FORCE AT STUFFING BOX FRONT FACE = (.0
FCRCE AT PISTON HEAC BACK FACE = 0.0
FORCE AT STUFFING BOX INNER FACE = 0.0

(ZERO FORCES INDICATE NQ CONTACT)

LBsS
LBS
L8s

L8s

6€1



PROGRAM SACREG = STRESS ANALYSIS CF CYLINCERS { REGULAR )
EXAMPLE PRUBLEMS TU GEMUNSTRATE ALL THE OPTIONS AND VARIATIONS IN INPUT DATA
CODED  JUNE 9, 1976  BY K. L. SESHASAI
PRCBLEM REG4

LPRTP=13 P=P; SOLID ROD; HORLZONTAL CYLINDER WITH A GVERHANG.
INPUT CATA:
TABLE 1: CCNTROL DATA

PROBLEM TYPE = 1 ~ CRITICAL LGAD ANALYSIS & ANALYSIS FOR A FACTORED LOAD

TABLES RETAINED FROM PREVICUS PROBLEM
2 3 4 5 6 7
NG KEEP CPTICNS EXERCISED

TABLE 2: UNITS OF MEASUREMENT
LENGTH LOAD PRESSURE ANGULAR
INCH KIPS KSI - RAC
TABLE 3: CYLINDER DIMENSIONS
LENGTHS: )
STROKE PISTON HEAD STUFFING BOX END PLATE HINGE DIST.

6000000 01 6.130060 00 4+44000D0 00 7.600000-01 -1.50000D O1

CYLINDER ROD EXTENDED STOP TUBE
6.€1300D 0L  6.682000 01  1.18710D 02 0.0
_DIAMETERS :
CYL. OUTER  CYL. INNER ROD OUTER ROD INNER
6.500000 00  5.500000 00  2.750000 00 0.0 SOLID ROD

CYL. PIN # ROD PIN * PISTON HEAD &  STUF. BOX a

2.C0000D0 00 3.000600 00 5.490000 00 2.76000D 00
(* ZERO,» THE END IS FIXED) (a ZERO, OTHER OPTION IS INPUT)

CLEARANCES BETWEEN:
CYLINDER CYLINDER ROD
AND AND AND
STUFFING BOX PISTON HEAD & STUF. BOX &

5. C00000-03 1.000000-02 8.000000-03
(@ ZERO, OTHER OPTIGN IS INPUT)

TABLE 43 BEARINGS AND SEALS
PISTON BEARINGS:

A A A 8 UISTANCE FRUM
AIDTH THICKNESS YOUNGS MODULUS STIFFNESS BACK FACE
3.160000~-01 4+510C00~01 5.,006000 w2 Je0 . 2375000 VY
0.0 0.0 0.0 d.800000 03 3.5000C0 00
0.C 0.0 0.0 2.10000D 03 5.450000 00

RCD BEARINGS:

UISTANCE FROM

A A A 8
WIDTH THICKNESS  YOUNGS MODULUS STIFFNESS BACK FACE
3. £0000D~-01 2.000000-01 7.500000 02 0.0 3.150000 00

(A IS USED TO CALCULATE B - HENCE, EITHER A OR 8 IS INPUT
ZERD'S ABOVE INDICATE THAT THEY ARE NOT INPUT)
TABLE 5: WEIGHTS AND MATERIAL PROPERT LES
WEIGHTS OF PARTS:

CYLINDER ROD PISTON HEAD STUFFING BOX
(PER UNIT LENGTH)

3. C0000D-03 1.750000-03 4.00000D0-02 6000000-92

MATERIAL PROPERTIES:

YOUNGS MODULUS ) YIELD STRESS
CYLINDER ROD CYLINDER ROD

2.50000D 04 2.900000 04 1.00000D0 02 1.250000 02

TABLE 6: INCLINATION, FIXITY, FRICTION COEFFICIENTS, LOAUVING ECCENTRICITY
CYL INCLIMTIGN WITH HCRIZCNTAL = 0.0
CYLINDER END ROD END
SUPPORT CCNDITIONS: . PIN *PIN
FRICTION COEFFICIENTS AT SUPPORTS: 5.000000-02 0.0

(ZERC IF FIXED END)
LOADING ECCENTRICITIES: 0.0 1.000030-02

TABLE 7: FACTOR OF SAFETY OR OPERATING PRESSURE ANO/OR ALLCWAGLE ThETA & F
OEPENDING ON PROBLEM TYPE

FACTOR OF SAFETY = 1.000 ON LOAD

ovlL



PROGRAM SACREG — STRESS ANALYSIS OF CYLINDERS ( REGULAR )

EXAMPLE PROBLEMS TO OEMONSTRATE ALL THE OPTIONS AND VARIATIUNS IN INPUT DATA
SESHASAL

CODED JUNE 9+ 1976 BY Ke Lo

PROBLEM REG4

LPRTP=13 P-P; SOLID ROD; HORIZONTAL CYLINDER WITH A OVERHANG.

RESULTS:

CRITICAL LOAD =
MAXTMUM FLUID PRESSURE =
CROOKEDNESS ANGLE =

CYLINDER:

MAXIMUM DEFLECTION =
MAXIMUM LCNGITUDINAL STRESS=
AT A DISTANCE FRGM CYL SUP =
FACTOR OF SAFETY ON CYL =
MAX SHEAR STRESS IN CYL =
AT MAX LONG STRESS POINT

AND AT INNER SURFACE

FACTCR OF SAFETY ON CYL =

MAXIMUM HCOP STRESS IN CYL =
FACTOR OF SAFETY ON CYL =

AXIAL TENSION IN OVER HANG =
FACTOR OF SAFETY ON CYL =

CRITICAL LOAD ANALYSIS

T7.4700 01
3.144D 00
1.278460-03

2.512D0 00
1.4640 01
4.952D0 01
6.8290 00

1.5690 01

3.186D0 00

1.8990 o1
5.265D 00

7.9250 00
1.262D0 01

END DEFLECTION IN OVERHANG = =7.7970-01

NAXiMUH DEFLECTION =
MAXIMUM LCNGI*UDINAL STRESS=
AT A DISTANCE FROM CYL SUP =
FACTOR OF SAFETY GN ROO =

2.940D 00
1.224D 02
6.784D 01

1.0220 00

KIPS
KSI
RAD

INCH
KSI
INCH

KSI

KSI

KSI

INCH

INCH

KSI
INCH

FORCES AT SLIDING CUNNECTION:

PISTCN BEARINGS (SEALS) FORCE
NO
1 9.6370-03 KIPS
2 1.7200 01 KIPS
3 8.2660 00 KIPS
ROD BEARINGS (SEALS) FORCE
NO
1 2.548D 01 KIPS

Fl~ FORCE AT PISTON HEAD FRONT FACE 0.0 "7

F2- FORCE AT STUFFING BOX FRONT FACE 0.0

"

F3— FCRCE AT PISTON HEAD BACK FACE = 0.0

F4~ FORCE AT STUFFING BOX INNER FACE = 0.0
(ZERO FORCES INDICATE NO CONTACT)

KIPS
KIPS
KIPS

KIPS

Ll



PRCGRAM SACKEG ~ STRESS ANALYSIS GF CYLINDERS ( REGULAR )
EXAMPLE PRCBLEMS T DEMONSTRATE ALL THE UPTIONS ANU VARIATIGNS IN INPUT GATA
CCDED JUNE 9, 1976  8Y K. L. SESHASAL
PRCBLEM REGS

LPRTP=2; F-Pi HOLLOW RUD WITH FLUID: INCLINED CYLINDER; METRIC UNITS.
INPUT DATA:
TABLE 1: CCNTROL UATA

PROBLEM TYPE = 2 — ANALYSIS FOR A PARTICULAR PRESSURE

TABLES RETAINED FROM PREVIGUS PROBLEM
2 3 4 5 6 1
NO KEEP CPTIONS EXERCISED

_TABLE 2: UNTS CF MEASUREMENT
LENGTH LOAD PRESSURE  ANGULAR .
(4] KGS © KGSC RAD
TABLE 3% CYLINDER ODIMENSIONS
LENGTHS ¢
STROKE - PISTON HEAD STUFFING BOX END PLATE HINGE DIST.
1.270000 02 1.557000 0L  1.128000 01  1.930000 00 7.62000D 00
CYLINDER ROD EXTENDED STOP TUBE
1.42570D0 02  1.443800 02 2.965000 02 0.0
DIAMETERS 3

CYL. OUTER CYL. INNER ROD OUTER ROD INNER
1. 778000 01 1.524000 01 7.620000 00 3.800000 00 HOLLOW ROD

WITH FLUID
CYL. PIN * ROD PIN * PISTCN HEAD @ STUF. BOX @

0.0 1.200000 01 1.522000 01 7.640000 00
(%' 2EROs THE END IS FIXED) (@ ZERO, OTHER OPTION IS INPUT)

CLEARANCES BETWEEN:
C YL INDER CYLINDER RCD
AND AND
STUFFING BOX PISTCN HEAD @ STUF. BOX @

1.600000-02 0.0 0.0
(8 ZERO, QTHER CPTION IS 'INPUT)

TABLE 4: BEARINGS AND SEALS

PISTON BEARINGS:

A A A
WIOTH THICKNESS YCUNGS MODULUS
8.C00000-01  1.150000 €O 3.500000 04
1.000000 00 8.000000-01 7.000000 04
9.C 0.0 0.0

RCO BEARINGS:

A A A
WIDTH THICKNESS YOUNGS MODULUS

1.€00000 00 5.000000-01 5.CC0000 04

3 DISTANCE FR3M
STIFFNESS BACK FACE
0.0 6.00000C 09
0.0 1.000000 01

3,71000L 05 1.350000 01

8 OISTANCE FRUM
STIFFNESS BACK FACE
0.0 8.00000C VO

(A IS USED TO CALCULATE B8 - HENCE, EITHFER A OR B IS INPUT
ZERQ'S ABOVE INDICATE THAT THEY ARE NOT INPUT)

TABLE S WEIGHTS AND MATERIAL PROPERTIES
WEIGHTS OF PARTS:

C YLINDER
(PER UNIT LENGTH)<

PISTON HEAD
1. £00000 00 1.000000 00 2.300000 01

MATERIAL PROPERTIES:

VOUNGS MODULUS

CYLINDER ROD CYLINDER

2. 100000 06 2.100000 06 7.050000 .03

TABLE 6:

CYL INCLIMATION WITH HORIZONTAL = 7.500000-01

CYL INDER END

SUPPORT CCNDIT IONS: FIX
FRICTION COEFFICIENTS AT SUPPORTS: 0.0

(ZERC [F FIXED END)
LCADING ECCENTRICITIES: 0.0

TABLE 73
DEPENDING OGN PROBLEM TYPE

OPERATING PRESSURE = 1.750000 02

STUFFING BOX

3.200000 0L

YIELD STRESS

ROD

8.80000D 03

INCLINATION, FIXITY, FRICT ION COEFFICIENTS, LOADING ECCENTRICITY

ROD END
PIN
~5.000000-02
1.000000-01

FACTOR OF SAFETY OR OPERATING PRESSURE AND/OR ALLOWABLE THETA & F

arl



PRCGRAM SACREG ~ STRESS ANALYSIS OF CYLINDERS  REGULAR )
EXAMPLE PRUBLEMS TO DEMONSTRATE ALL THE OPTIONS AND VARIATICNS IN INPUT DAT A
COCED JUNE 9y 1976 BY K. L. SESHASAL .

PRCBLEM REGS

LPRTP=23 F-P; HOLLOW RUD WITH FLUID: INCLINED CYLINDER; METRIC UNITS.

RESULYSi AMALYSIS FOR A GIVEN OPERATING PRESSURE
OPERATING PRESSURE = 1.7500 02 KGSC
LOAD = 3.1920 04 KGS
CROOKEDNESS ANGLE = =1.369320-05 RAD
CYLINDER:
MAXIMUM DEFLECTION =  T.1590-02 CcM

MAXIMUM LCNGITUUINAL STRESS= 1.0200 01 KGSC
AT A DISTANCE FROM CYL SUP = 1.4700 02 CcM
FACTOR OF SAFETY ON CYL = 6.909D 02

MAX LONG STRESS AT CYL END = 1.9030 02 KGSC
FACTOR OF 5AFETY'ON cYL = 3,7050 01

MAX SHEAR STRESS IN CYL = 6.5370 02 KGSC
AT MAX LONG STRESS POINT

AND AT INNER SURFACE

FACTOR OF SAFETY ON CYL = 543930 00

MAXIMUM HOOP STRESS IN CYL = 1.144D 03 KGSC
FACTOR OF SAFETY ON CYL = 6.161D 00

ROD B
MAXIMUM DEFLECT ION = 1.1140-01 cM
MAXIMUM LONGITUDINAL STRESS= 1.0910 03 KGSC
AT A DISTANCE FROM CYL SUP = 2.161D 02 cM
FACTOR OF SAFETY ON ROD = 8.0630 0C
MAX SHEAR STRESS IN ROD = 6.604D 02 KGSC
AT MAX LONG STRESS POINT
AND AT INNER SURFACE
FACTOR OF SAFETY ON ROD = 6.6620 0C

MAXIMUM HOOP STRESS IN ROD = 2.909D 02 KGSC

FACTOR OF SAFETY GN RCD = 3,026D 01

FORCES AT SLIDING CONNECTION:

PISTCN BEARINGS (SEALS) FORCE
NC

1 -4.5690 00

2 -8.946D0 01

3 =4.267D 01

RCO BEARINGS (SEALS) FORCE
NO

1 =1.367D 02

KGS
KGS

KGS

KGS

Fl—- FORCE AT PISTON HEAD FRONT FACE = 0.0

F2— FORCE AT STUFFING BCX FRONT FACE = 0.0

F3— FORCE AT PISTON HEAD BACK FACE = 0.0

F4- FORCE AT STUFFING BOX INNER FACE = 0.0

(ZERO FORCES INDICATE NO CONTACT)

KGS
KGS
KGS

KGS

eyl



PROGRAM SACREG - STRESS ANALYSIS OF CYLINDERS ( REGULAR )
EXAMPLE PROBLEMS TU DEMUNSTRATE ALL THE OPTIGNS AND VARIATIGNS IN INPUT CATA
CODED JUNE 9, 1976 BY K. L. SESHASAI
PROBLEM REG6

LPRTP=3; P-P3 SOLID ROD: HORIZONTAL CYLINGER.
INPUT DATA:
TABLE 1: CCNTROL DATA )

PROBLEM TYPE = 3 - ANALYSIS TO DETERMINE SUITABLE STUP-TUBE LENGTH

TABLES RETAINED FROM PREVIOUS PROBLEM
2 3 4 5 6 7
NO KEEP CPTIONS EXERCISED

TABLE 23 UNITS OF MEASUREMENT
LENGTH ‘LoAD PRESSURE  ANGULAR
INCH K1PS§ KST DEG
TABLE 3: CYLINDER DIMENSIONS
LENGTHS: : )
STROKE PISTON HEAD STUFFING ‘BOX  END PLATE  HINGE DIST.

6.000000 O1 6.130000 00 44440000 00 7.600000-01 3.00000D0 00

CYLINDER ROD EXTENDED STOP TUBE
THESE NOT INPUT BECAUSE STOP TUBE LENGTH ANALYSIS IS ASKED

OIAMETERS:
CYL. OUTER CYL . INNER ROD OUTER ROD INNER
7.€00000 00 6.000000 00 3.000000 00 0.0 SOLID ROD

CYL. PIN * ROD PIN * PISTCN HEAD @ STUF. BOX 3

4750000 00 4750000 00 5.989000 00 3.009000 00
{* ZERQ, THE END IS FIXED) (@ ZEROy OTHER OPTION IS INPUT)

CLEARANCES BETWEEN:
CYLINDER CYLINDER RQC
AND AND AND
STUFFING BOX PISTON HEAD @ STUF. BOX @

5.000000-03 0.0 0.0
(@ ZERO, OTHER OPTION IS INPUT)

TABLE 4: BEARINGS AND SEALS
PISTCN BEARINGS:

A A A 8 OISTANCE +ROM
WIDTH THICKNESS YOUNGS MODULUS STIFFNESS BACK FACE
c.C 0.0 0.0 2.10000D 03 23750005 00
0.0 0.0 2.0 8.800000 03 3.900000 00
0.0 0.0 0.0 2.100000 03 5.450000 929

RCD BEARINGS:

A A A ] DISTANCE FROM
WIDTH THICKNESS - YOUNGS MODULUS STIFFNESS BACK FACE
0.0 0.0 0.0 3.900000 03 3.150000 00

(A IS USED TO CALCULATE B - HENCE, EITHER A OR 8 (S INPUT
ZERQO'S ABOVE INDICATE THAT THEY ARE NOT INPUT)
TABLE 5: WEIGHTS AND MATERIAL PROPERTIES
WEIGHTS OF PARTS:

CYLINDER ROD PISTON HEAD STUFFING BOX

0
(PER UNIT LENGTH)
3.200000-03 2.000000-03 5.000000-02 7.000000-02

MATERIAL PROPERTIES:

YOUNGS MODULUS YIELD STRESS
CYLINDER ROD CYLINDER ROD

2.500000 04 2.900000 04 1.003000 02 1.250000 02

- .
TABLE 63 INCLINATICNs FIXITY, FRICTION COEFFICIENTS, LOADING ECCENTRICITY

CYL INCLIMTION WITH HORIZONTAL = 0.0

CYLINDER END ROD END
SUPPORT CCNDITICNS: PIN PIN
FRICTION COEFFICIENTS AT SUPPORTS: 0.0 ~5.000000-02
{ZERC IF FIXED END)
LOADING ECCENTRICITIES: 0.0 1.000000-01
TABLE 73 FACTOR OF SAFETY OR CPERATING PRESSURE AND/OR ALLOWABLE THETA & F
DEPENDING ON PROBLEM TYPE
OPERATING CYLINDER PRESSURE = 2.000000 00

ALLCWABLE CROOKEDNESS ANGLE = 7.500000-03 AT GLAND
ALLOWABLE TOTAL LATERAL FORCE = 1.000000 01 ON BEARINGS

ol



PROGRAM SACREG ~ STRESS ANALYSIS OF CYLINDERS ( REGULAR )
EXAMPLE PROBLEMS TU DEMONSTRATE ALL THE OPTIONS AND VARIATIONS IN INPUT DATfA
CODED JUNE 9+ 1976 BY K. L. SESHASAI
PROBLEM REG6
LPRTP=3; P-P; SOLID ROD; HORIZONTAL CYLINDER.

RESULTS: ANALYSIS TO DETERMINE STOP-TUBE LENGTH

REQUIRED LENGTH OF SlUP*TOBE = 4.2000 00 INCH
CCRRESPCNDING EXTENDED LENGTH = 1.409D 02 INCH
RESULTS WITH THIS STOP-TUBE ARE:

CRITICAL LOAD = 5.655D 01 KIPS
MAXIMUM FLUID PRESSURE = 2.000D 00 KSI
CROOKEDNESS ANGLE = 6.977220-03 DEG

CYLINDER:
MAXIMUM DEFLECTION = 5.3580-01 INCH
MAXIMUM LCNGITUDINAL STRESS= 3.064D 00 KSI
AT A DISTANCE FROM CYL SUP = 6.858D 01 " INCH
FACTOR OF SAFETY ON CYL = 3,264 01
MAX SHEAR STRESS IN CYL = 7.851D 0C KS1
AT MAX LONG STRESS POINT
AND AT INNER SURFACE

FACTOR OF SAFETY ON CYL = 6.368D 00

MAXIMUM HOOP STRESS IN CYL = 1.3080 Ol KSI
FACTOR OF SAFETY ON CYL = 7.6470 00

ROD 3
MAXIMUM DEFLECTION = 5.9270-01 INCH
MAXIMUM LENGIFUDINAL STRESS= 2.1060 01 KSI
AT A DISTANCE FROM CYL SUP = 8.504D 01 INCH
FACTOR OF SAFETY ON ROD = 4.6190 00

FORCES AT SLIDING COUNNECTION:

PISTCN BEARINGS (SEALS) FORCE
NO
1 2.7310-01 KIPS
2 2.779D0 00 KIPS
3 1.0590 GG KIPS
ROD BEARINGS (SEALS) FORCE
NO
1 4.1110 00 KIPS
Fl- FORCE AT PISTON HEAD FRONT FACE = 0.0
F2- FORCE AT STUFFING BOX FRONT FACE = 0.0
F3- FORCE AT PISTON HEAD BACK FACE = 0.0
F4— FORCE AT STUFFING BOX INNER FACE = 0.0

(ZERO FORCES INDICATE NG CONTACT)

KIPS
KIPS
KIPS

KIPS

arl



APPENDIX B

COMPUTER PROGRAM FOR TELESCOPING
CYLINDERS--SACTEL
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147
Program SACTEL

The analytical procedure for telescoping cylinders developed in
Chapter VII has been programmed for solution on a digital computer. The
program is written in FORTRAN IV 1anguége and should require only minor
revisions to be operable on other computers. Double precision (16 digits
accuracy) arithmetic is used, and the program can be run on any computer
which has a storage capacity of 80 K bytes. A summary flow diagram is
shown in Figure 39. Details of all the Subprogram Operations, Guide for
Data Input, Example Problems, Listings of Input Data, and Program Outputs

are given in the following sections.

Subprogram Operation

MAIN is a driver subroutine for the complete program. MAIN sets up
keys to perform different operations and calls all the major subroutines
to perform the major operations in the program. For both problem types
MAIN first goes through critical load analysis. Then, for first problem
type sets up factored load analysis, and for second problem type checks
for input pressure being greater than critical pressure; if not, it goes

through corresponding type of analysis.
INPECO

Subroutine INPECO reads all the input data; checks problem name
being blank for end of run; checks the input data at several stages for
proper input. If any error is observed the error is printed out and the

program terminates. Echo prints out all the input tables.
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(Read and echo run ID|

(Read problem ID|

/

[Problem name b]ank?

No ‘
(Echo problem ID]

[Read problem datal

[Error in problem data?)»—Xgif(EEiEE:EEEEEj

No

(Echo problem data (Stop )

[
Generate additional required
data and constant terms

Calculate trial load
and load increments

[KEYST = 1 and KWIT = 1]

Initialize 6's = 0 and
moment at steps = 0

IKEYF = ]

[Calculate 6's]

-

Calculate Ci and Di’ i=1+ton

[Calculate moments at steps]
7

Figure 39. Summary F]ow'Diagram of Program SACTEL



X
[Calculate o's]

[Are o's converging? No

Yes

Calculate maximum deflections and
moments in cylinder and rod

Y
Calculate maximum Tongitudinal
stresses, hoop stresses, and
shear stresses in each tube

Yes Is KEYST = 2?
or is KEYF = 2?
No
[Stresses close to limiting stresses?y N0, Change trial
- 1oad
'Yes
Y
e (Is LPRTP = 17]
No
[[s_pressure > input pressure2>—N° . (Print error]
: yes
Calculate Toad corresponding to (Stop )
input pressure

[
IKEYST = 2|

_o{Print results]

[[s LPRTP = 1 and factor of safety > 1.07— Ho
’yes
[[s KWIT = 27 >— Yes
No

[KWIT = 2 and KEYF = 2]

4

Factored load _ Critical load
or trial load Factor of safety
¥

Figure 39. (Continued)
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L
Yes (Ts LFsTP = LoAD?]

No

. Limiting stresses
Limiting stresses = J <

Factor of safety|

Y

END

Figure 39. (Continued)
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TITLE

Subroutine TITLE prints the title, and program identification and
problem identification cards. TITLE also obtains the date from the

machine and prints it.

CONST

Subroutine CONST calculates all the constant quantities which do
not vary throughout the program. The constant quantities are: stiff-
nesses of bearings and seals; cross sectional properties of cylinder and
rod; hoop stress coefficients; self weight reactions at supports; fric-
tion moment coefficients; and moment due to overhang in the case of

cylinders with overhang.

TRIALP

Subroutine TRIALP calculates a trial load and two load increments
required for the iteration process in evaluating the critical load for
the cylinder. The trial load is the critical load given by Euler's
buckling criteria considering the full length stiffness as that of the
rod only. The first load increment is one-fiftieth of the trial load
and the second is one-thousandth. The Targer load increment is for

faster convergence and the smaller Toad increment is for better accuracy.

EQBRIM

Subroutine EQBRIM determines the equilibrium position of the system
for any particular Toad. The equilibrium position is determined by re-

peating the calculation of deflections, bending moments, and crookedness
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angles at all sliding connections until two consecutive values for all
crookedness angles are in close agreement. This subroutine calls sub-
routine MTRXOP for calculating the values of constant terms in the
deflection equations; calls subroutine DEFMOM for calculating the deflec-
tions and moments at the sliding connections; and calls subroutine THETA

for calculating the crookedness angles at all the sliding connections.

THETA

Subroutine THETA calculates the crookedness angles at all the slid-
ing connections. THETA also calculates the forces on the bearings by
calling subroutine GFORCE and the metal-to-metal contact forces at all

the sliding connections.
GFORCE

Subroutine GFORCE calculates the forces on the bearings at any
sTiding connection for a particular value of crookedness angle at that

sliding connection.
MTRXOP

Subroutine MTRXOP formulates the [S] matrix and the {R} vector and
solves for the unknown vector {U} by calling subroutine SIMSOL. Vector
{U} is a vector consisting of the constant terms in the deflection and

moment equations and the slopes at the supports.
SIMSOL

Subroutine SIMSOL solves for the unknown vector {U} by Gauss elimi-

nation in [S] * {U} = {R}.



153

DEFMOM

Subroutine DEFMOM calculates the deflections and moments at the

input lengths. It also calculates the moments at the supports.
XATYMX

Subroutine XATYMX calculates the distances at which maximum bending

moments occur in each tube.
SLOPE

Subroutine SLOPE calculates the slope at an input distance from

cylinder support.
STRCHS

Subroutine STRCHS calculates fhe maximum longitudinal stress, maxi-
mum hoop stress, and maximum shear stress in each tube; checks these
stresses against the 1imiting stresses and makes corresponding changes
in the trial Toad using load increments. This process is repeated until
any one of the maximum stress value exceeds the 1imiting stress. The -

analysis is repeated for previous Toad value.
OUTPUT

Subroutine OUTPUT prints out all the results: the maximum deflec-
tions, the maximum stresses, the factor of safety existing on these
stresses, and the distance from the cylinder support at which the above
quantities occur in each tube; the crookedness angles; and the forces on

the bearings at each sliding connection.



Program SACTEL--Guide for Data Input

PROGRAM IDENTIFICATION (Two alphanumeric cards at the beginning of run)

[

]

L

1
Format--20A4

PROBLEM IDENTIFICATION (One card at the beginning of each problem)

Prob.
Name
NPROB Problem Description

|

1 4 11
Format--20A4

Program stops if NPROB is blank

TABLE 1: CONTROL DATA (One card for each problem)

LPRTP 2 3 4 5 6
[ [ 1 [ ] [ 1 [ ] [ ]
T 5 T 14 2T 24 3T 34 4T 44 51 54

Format--LPRTP - I1; 2 to 7 - A4
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-LPRTP = 1--Critical load analysis and analysis for a factored load using given factor of safety
2--Analysis for a particular fluid pressure

If any of the following tables are same as in the previous problem and are to be retained for this
problem, enter "KEEP" in the corresponding blocks 2 to 7

Enter only LPRTP for the first problem

TABLE 2: UNITS OF MEASUREMENTS (No card if TABLE 2 is retained from previous problem)

LNTU LODU LPREU LANGU

1 11 14 21 24 31 34 41 44 80

Format--A4 for all

LNTU - Unit of lengths (ex: INCH, FEET, CM, MET, etc.)

LODU - Unit of loads (ex: LBS, KIPS, KGS, etc.)

LPREU - Unit of pressures (ex: KSI, PSI, KSCM, etc.)

LANGU - Unit of angles (enter DEG or RAD starting in column 41)

TABLE 3: STROKE AND EXTENDED LENGTHS AND END DIMENSIONS (No card if TABLE 3 is retained from previous
problem; see Figure 40 for details)

.].
NCYL STROK EXL CHDS EPTK cPD RPD
[ ] L l | L L |
T 45 T 21 31 2y 51 61 70 80

Format--NCYL - I2; E10.3 for the rest

qsl



f«— CHDS —
(enter negative)
CHDS
\‘ /—EPTK | .
P o T c(2) —
3 E = -1 r——CL(n)—*—,
CID(1) ‘(f) = | : ODﬁn).
© ) 2) PV <~ =1
’ , con(1) 'I : COD‘{Z) l _ $ e T RPD — =
) | I Y s |
! ; — = CID(n)
! . .
CPD E===d
» EXL >4'

Figure 40.

Lengths and Diameters of Tubes and General Dimensions for SACTEL
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NCYL - Number of tubes (including rod)

STROK

Stroke length of the cylinder
* CPD - Leave blank if cylinder support is fixed
+ RPD

Leave blank if rod support is fixed

TABLE 4: EACH TUBE DIMENSIONS AND MATERIAL PROPERTIES (No cards if TABLE 4 is retained from previous

problem; one card per tube; n cards for n number of tubes; order of cards--outer tube card to
inner tube card; see Figure 40 for details)

cL CoD CID WC ECYL FYCYL LFLUID

I | | 1 I | [ 1

[
T

11 21 31 41 51 60 71 73 80
Format--LFLUID - A3; E10.3 for the rest

* Required for only last tube

LFLUID - Enter "YES", for hollow rod with fluid
- Enter "NO" or blank, for hollow rod without fluid or solid rod
WC - Weight of tube per unit length
ECYL - Modulus of elasticity of tube material
FYCYL - Yield stress for tube material

TABLE 5: INTERFACE DIMENSIONS AND DETAILS OF BEARINGS (No cards if TABLE 5 is retained from previous

problem; one set of cards per interface; m sets of cards for m interfaces (m=n - 1); each set
consists of two interface identification and dimensions cards, plus as many cards as the number
of bearings at that interface; the sets can be in any order; see Figure 41 for details)

LSl



— PCL Tube (1)

 CSBC

T OO

Tube (j+1)

—— PHL ——~ s7PTB e spL b

SBD #

PHD RBW
_.i I.‘,._
RBT— }
. /
PRT b pROST =i ¥
_Y — RBDST ~ RCL

"5 LPRW

F__————__- Sliding Cbnneqtion (i) ——~———~———>1

Figure 41. Dimensions at a Typical Sliding Connection (i)

for SACTEL

tve ECLC T > é
-ve ECLQ_ ~

B Ty .

A.:%t:._____

+ve direction"/

for FCC

__@}_ +ve ECLR

 -ve ECLR

-
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+ve direction

for FCR

Figure 42. Sign Conventions for Eccentricities of Load-
ing and Friction Coefficients for SACTEL



Interface Identification and Dimensions Cards:

.i.
MI ~ NPHBR NRDBR STPTB CSBC PEL RCL
[T 17 I I | I Il
1 45 10 15 21 31 41 51 60 80
* T
PHL SBL WPH WSB PHD SBD )
L I [ I I | |
1 11 21 31 4] 51 60 80
Format--MI - I2; NPHBR and NRDBR - I1; E10.3 for the rest
MI - Number of the interface
NPHBR - Number of piston head bearings at this interface
NRDBR - Number of rod bearings at this interface
WPH - Weight of piston head
WSB - Weight of stuffing box
* Input either PHD or PCL; if both are input PCL will be used and PHD will be ignored
t Input either SBD or RCL; if both are input RCL will be used and SBD will be ignored
Piston Head Bearings Cards:
PRW PRT PRE PRK PRDST
L | I | I I
1 11 21 31 41 50 80

Format--E10.3 for all
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Input either (PRW, PRT, and PRE) or (PRK)
will be used and the rest ignored

Rod Bearings Cards:

RBW RBT RBE RBK

; 1f PRK and some or all of PRW, PRT and PRE are input, PRK

RBDST

| | |

TABLE 6:

11 21 31
Format--E10.3 for all

41 50

80

Input either (RBW, RBT, RBE) or (RBK); if RBK and some or all of RBW, RBT and RBE are input, RBK will

be used and the rest ignored

PRE and RBE - Young's modulus of piston head bearings and rod bearings

PRK and RBK - Stiffnesses of piston head bearings and rod bearings per unit length (force required

to compress a unit length of bearing by one unit)

retained from previous problem)

CINCL

L
T

* *
LCEND LREND FCC FCR

*
ECLC

INCLINATION, FIXITY, FRICTION COEFFICIENTS, AND LOADING ECCENTRICITIES (No card if TABLE 6 is

*
ECLR

1 I

[ 11 1]
10 31 33 36 38 41 51 61

Format--LCEND and LREND - A3; E10.3 for the rest

71

CINCL - Inclination of the cylinder with horizontal (always positive and between 0° and 90°)
LCEND - Enter FIX for fixed or PIN for pinned cylinder support
LREND - Enter FIX for fixed or PIN for pinned rod support

FCC - Friction coefficient at cylinder pin.

Leave bTank if LCEND is FIX
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FCR - Friction coefficient at rod pin. Leave blank if LREND is FIX

ECLC - Eccentricity of loading at cylinder end

ECLR - Eccentricity of loading at rod end
* See Figure 42 for sign convention
The direction of friction moments at the pins should be visualized by the user depending on the
direction of rotation of the pins in the case of rotating pins, and depending on the predicted

direction of the slopes at ends of the system for that particular loading, and accordingly proper
signs should be assigned for FCC and FCR

TABLE 7: FACTOR OF SAFETY OR OPERATING PRESSURE (No card if TABLE 7 is retained from previous problem)

FS LFSTP OPPRE
L ] il |
1 T 13 21 30 80

Format--LFSTP - A4; E10.3 for the rest

LPRTP = 1 - Enter only FS and LFSTP
= 2 - Enter only OPPRE
FS - Factor of safety
LFSTP - Factor of safety type (enter LOAD if FS is to be applied to the critical load obtained; enter

STRS if FS is to be applied to the limiting stresses)

If only critical load analysis is required and no factored load analysis is required, leave this card
blank or enter FS < 1.0, and LFSTP--LOAD or STRS or blank

OPPRE - Particular operating pressure for which analysis is required

L9L



NEXT PROBLEM

Start from "PROBLEM IDENTIFICATION" card

END OF RUN

At the end of last problem data set, insert a bl
rest of the card may be used for comments)

ank card (only first 4 columns need to be blank, the

29l



C
C—=== >>> MAIN PROGRAM - SACTLL

ﬁnﬁﬂﬁhﬂﬁﬁﬁﬁﬁnﬁﬁﬁhﬁt‘lﬁﬁﬁnﬁﬁﬁﬁﬁnﬁnﬁﬂhnﬁﬂﬁnﬁnnﬁﬁnﬁﬂhﬁﬂﬁﬁf‘lhﬁﬁﬁﬂ

C
IMPLICIT REAL * 8 ( A - H, 0 - ¢ )
COMMCN / BEARDM / PRW(9,5), PRT(9,5)s PRE(9,5),
1 RBW(9+5), RBTI9,5), RBE(9,5)
COMMON / BEARPR / PRKX(9), SPRK(S)s REKY(9), SRBKI(9)
COMMCN / BRSTDS 7/ PRK(9,5), RBK(9+5) s PRDST(945)y RBDST(%,5)
COMMON / CANDDS 7 C( 10 ), D( 10 )
/ /
/ /

STRESS ANALYSIS OF HYDRAULLC CYLINUERS

TELESCOPING CYLINDERS
COMMON CKCLTW CK{ 10 )y CLTC 10 )y W( 9 )
COMMCN

CCNSTS CSECI9)y PCLLLY )y RCLL(9), WPHL(9), WSB1(9),

JANUARY 15, 1975 VERSIGN 1 HLl(lO)'PHD(9)'SBD(9)yClD(lO)vCUU(lO).ECVL(IO)
COMMCN / CRPROP / CYZ(10), CYZI(10)s BAREA(10), LAREA(10),

1 HSCI(10), HSCO(10)

COMMON CYLWT WC(1C), EEL, FFL

COMMGN ECCENT ECLC, ECLR

COMMCN ENDS LCEND,y LREND

COMMON FCSSTF FCCY, FCRD, CSSTF, RSSTF, CCNM

CUOMMGN GLDFOR FX19450)y FY(19,5)y F1(9)y F2(9), F3(5), Fal(5)
COMMON GLLNTS STPTBI9), PHL(9), SBL(9), CL(LD), EPTK

Ke Lo SESHASAI / /
/ /
/ /
/ /
/ /
/ /
COMMON / INFRPD / CINCL, FCC, FCRy, CPU, RPD
/ /
/ /
/ /
/ /
/ /
/ /

SCHCUL CF CIVIL ENGINEERING
OKLAHOMA STATE ONIVERSITY
STILLWATER, OK - 74074

COMMCN iD TOCARD(40), NPROBs IPKOUB(1S), LPRTP

FACTORS CCONSIDEREC IN THE ANALYSIS: COMMON NBEARS NPHBR{9), ANRDER(9)

COMMON QPFSTP FYCYL(10), OJPPRE, FS, LFSTP
l. SELF WEIGHT

2. LOADING ECCENTRICITY AT BOTH THE ENDS
3. STIFFNESSES OF THE BEARINGS

4e FRICTION MGMENTS AT THE SUPPORTS

5« VARYING CYLINDER SUPPORT LOCATION

6. INCLINATION OF THE CYLINDER

|

|

|

|

I

|

]

I

]

|

]

|

|

|

I

|

I

|

|

|

|

|

: COMMCN

|

|

|

|

7. END CONDITIONS — PINNED OR FIXED : DIMENSIUN FYCYLT(10), BM(10)y TETA(Y)s DEF(10), XL(1D)
)

|

|

|

1

|

|

|

|

|

|

i

|

I

|

|

|

I

|

|

|

|

|

|

|

|
]

PHS BWC APHI9), WSBI(9)y PCL(9)y RCL(S)y CYK(10)
COMMON

COMMON

SPRMOM AKTHC, AKTHR

STRESS TLSTO(10)y HSI(10)y SSUCLO)y SSI(LO),
TLSRPCOy TLSCPCGs AXSCH, PRES

1
COMMON / UNITS / LNTU, LCDU, LPREU, LANGU

8. SOLID ROD CR HALLCh RUD WITH OR WITHGUT FLUID IN IT OIMENSIUN BMG( 9

DATA ZERG, ONE, Hi30 / 0.0C93, h.DUJO. 180.0000 7/
DATA PI / 3.141592653585793000 /
DATA IBLNK, LCAD, LDEG / 4H v 4HLOAD, 4HDEG /

TYPES OF PROBLEMS:

l. DETERMINATION OF CRITICAL LOAD AND ANALYSIS FOR
CRITICAL AND A FACTORED LGAD
2. ANALYSIS FOR A PARTICULAR PRESSURE

NPROB = IBLNK
“100 CALL INPECO
0 { NCYL, EXL, CHDS, LFLUIU
DO 120 I =1, NCYWL .

120 FYCYLT(I) = FYCYLL I )
CALL CONST
1 ( NCYL, LANGU, CHDS, EXL
CALL TRIALP
1 ( ECYLUINCYL)y CYZINCYL), COUCNCYL), EXL,

U Ps PINCRL, PINCRZ

RESULTS GIVEN BY THE COMPUTER:

L. CRITICAL LOAD AND CORRESPONDING PRESSURE

2. CROCKEDMNESS ANGLES AT THE INTERFACES

3. MAX DEFLECTICN, MAX LONGITUDINAL AND SHEAR STRESSES,
DISTANCE AT WwHICH THEY OCCUR, FACTOR OF SAFETY'S ON
THESE STRESSES FOR 30TH CYL AND ROD PORTIONS

4e MAXIMUM STRESSES AT SUPPORTS IN CASE OF FIXED
SUPPORTS AND FACTOR OF SAFETY'S ON THESE STRESSES

5« MAXIMUM HOOP STRESSES IN EACH TUBE AND FACTGR QF
SAFETY'S ON THESE STRESSES

6+ FORCES ON EACH BEARING AND AT OTHER CONTACT POINTS

T AXIAL TENSION AND END DEFLECT ION IN OVERHANG IN
CASE OF TRUNNION MGUNT

C==== >>> KEY== KWIT IS SETUP TC aPPLY FACTUR OF SAFETY avd ~tPEAT
ANALYSIS FOR FACTURED LOAD

oo

KWIT = 1
C-=== >>> KEY=- KEYF IS ScTU® Tu QUIT LUJP AT FINAL [TERATION
2c0 KEYE = 1

C===—= >>> KEY-— KEYST IS SETUP TC CHECK INPUT PRESSURE AGAINST (XITICaL

€Il



C PRESSURE .
c

KEYST =1
C
C==== >>> KEY'S-— KEYT AND KEYP ARE SETUP TU MAKE PRUPER LOAD INCREMENTS
C
KEYT =1
KEYP =1
NM1 = NCYL - 1
C
C==== >>> INITIALIZE TETA'S AND BMG'S EQUAL TO ZeRrO
C

D0 220 1 = 1, NCYL
BMG(I) = ZERQO
220 TETA(I) = LERG
300 CALL EQLIBM
1 ( NCYLy CHDS, EXLy Py, AML,
0 BMGy DEF, TETA, THC, REC )
CALL XATYMX
I ( NCYL, DEF, BMGs EXL, REC, P,
s} XL
CALL DEFMCM
I { Py EXLy RECy NCYL, 2, XLy
0 OEF, BM, BMC, BMR )
CALL STRCHS

I ( NCYL, P, BM, CHDS, LFLUID, BMR, BMC, FYCYLT, CID(NCYL),
I PINCR1, PINCR2, KEYF, KEYST, KEYT, KEYP )
o
C==—>>> IS IT FINAL ITERATION? ? ?
C
IF ( KEYF - 3 ) 300, 320, 30G0
320 IF { KEYST - 1 ) 500, 340, 500
340 IF { LPRTP - L ) 360, 50C, 360
C
C==— >>> PROTECTIGN AGAINST INPUT OPERATING PRE. BEING > CRITICAL PRE.
C
360 PRES = P / EAREA( NM1 )
IF ( OPPRE - PRES ) 380, 380, 1000
380 P = OPPRE * BAREA( NM1 )
KEYST = 2
GO 7O 30¢C
500 CALL OUTPUT -
14 { Py XLy DEF, CHDSy THCy NCYL, TETA, KW IT, NM1 )
C
C-=== >>> IF THIS PROBLEM IS COMPLETE GO TO NEXT PROBLEM
[
IF ( KWIT - 1 ) 10G, 520, 1CO
520 IfF { LPRTP - 1 ) 100, 540, 100
240. IF { FS - ONE ) 1100, 100, 560
C
C---= >>> FACTCR. OF SAFETY (S TO BE APPLIED TO STRESS 0OR LOAD
C
560 P =P / FS
KWIT =2
IF ( LFSTP .EQ. LOAD ) GO TG 300
. 00 580 I = 1, NCYL
580 FYCYLT(I) = FYCYLL I ) / FS

GO TO 200

C
C==== >>> ERRGR MESSAGES
[
1000 PRINT 11005 PRES
G3 TG 100 - ’
11CJ FORMAT ( IH1, 200/) o 10(LOX 2 H%#% %k ERROR %% % 7 V1177,
1 10Xy 33HOPERATING PRESSURE IS GREATER THAN THE /
2 10X, 42HCAPACITY( CRITICAL LJAD ) GF THE CYLINDER. //
3 L10X» 37THTHE MAXIMUM PRESSURE FOR THE CYL IS =,1P010.3,/7/)

END
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SUBROUTINE INPECO 1 24H AND MATEKIAL PROPERTIES » //+ 10X, 3HNU«j5X,

. 0 { NCYL, EXL, CHCS, LFLUID ) 2 OHLENGTH, 6X, 9HCUTER UIA, 4X, 9KINNER DIA, 2X,
¢ e 3 L2HWT/UNIT LNT.y 2Xy LOHYOUNGS MODs 3X, 1OHYLELD STRS /)
C==== >>> SUBROUTINE TO READ AND PRINT INPUT DATA FOR SACTEL 250 FORMAT ( 10X 13, 1X, 6( 1X, 1PC12.5 ) )
¢ - 260 FORMAT ( 27X, 28H( HCLLCa ROD WITHOUT FLUIG ), / )
IMPLICIT REAL * 3 { A = Hy, 0 - 2 ) 270 FORMAT ( 28X, 25h( HOLLOW ROD wITH FLUID ) o /7 )
COMMON / BEARDM /7 PRW(Se5)y PRT(945), PRE{9+5), 280 FORMAT ( 34X, 13H( SGLIC RGCD ) 4 / J)

1 RBWIS15), RBT{9,5), RBE(9,5) 300 FORMAT ( 1H1,4X, 33HTABLE 5: INTERFACE UIMENSIUNS ,

COMMON / BRSTDS / PRK(945), RBK(945), PRDST(%,5), RBDST(9,5) 1 24H AND DETAILS OF BEARINGS o / J
COMMGN / CONSTS 7/ CSBC(9), PCLL(9)y RCLLI(S)y WPHL(9), WSBL(S), 310 FORMAT ( 10X,33HOETAILS AT INTERFACE NUMBER =, 12,

1 HCI(IO)oPHD(‘?JvSD‘D(‘))vCID(l-’))-CDD(10),ECYL(10) 1 /7+15Xy39HNUMBER OF PISTCN BEARINGS =, 12,
CUMMON / ECCENT / ECLC, ECLR ) 2 /115X 4 39HNUMBER GF ROD BEARINGS =, 12,
COMMON / ENDS . / LCEND, LREND 3 //+15X,39HLENGTH OF STOP TUBE = ,1PDLZ.5,
COMMON / GLLNTS / STPTBI9), PHL(9), SBL(9), CL{l0), EPTK 4 /915X, 39HCLEARANCE SETWEEN CYL & STUFFING BOX = ,1P012.57)
COMMON / ID / IDCARD(40), NPRUB, IPROB(19), LPRTP . 320 FORMAT { /437Xs 6HLENGTH, 7Xy SFDIAMETER, 6X, SHCLEARANCE s 6X
CUMMCN / INFRPD / CINCL, FCCy FCRy CPU, RPD 1 SHWEIGHTy /4 48X, 27TH(CNE OF THESE TWO IS INPUT), 7/,
CUMMON / NBEARS / NPHBR(9), NRDER(9) 2 20Xs L2HPISTON HEAD 4 4( 2X, 1PD12.5 ), //, 20X,

COMMON / OPFSTP / FYCYL(10), OPPRE, FS, LFSTP 3 L2HSTUFFING £0Xy 4( ZXs 1PD12.5 ) )

COMMKCN / UNITS / LNTU, LCOUy LPREU, LANGU 330 FORMAT ( //+ 15X, L6HPISTON BEARINGS:, /, 77X, L3HDISTANCE Frin,

¢ . 1 /v 15X, 3HNOey 6X, SHWIDTH, 7X, SHTHICKNESS, 2X,
DATA ZERQ, POOOL, ONE / 0.0000, 0,0001000, 1.0000 / 2 L4HYOUNGS MGCULUS, 3Xy FHSTIFFNESS, 4X, 12HBACK FACE GF,
DATA IBLNK, KEEP, LYES / 4h » 4HKEEP, 3HYES / ) 3 /v TTX, LIHPISTON HEAD, /
¢ 340 FORMAT ( 5( 15X, 12, 1X, 5( 2X, 1PDL2.5 ) / } )
C=—— >>> FORMATS . 350 FORMAT ( 15X, 16HRCD BEARINGS 3y /, 77X, 13HOISTANCE FROM,
¢ 1 /v 15Xy 3HNOes 6Xe SHWIDTH, 7X, SHTHICKNESS, 2X,
10 FORMAT ( 20A4 ) 2 L4HYCUNGS MOLULUS, 3X, YHSTIFFNESS, 4X, 12HBACK FLCE OF
20 FORMAT ( A4, 19A4 ) 3 /v TTX, 12HSTUFFING BOX, / )
30 FORMAT ( 4Xs Ily 5X¢ 6( A4y 6X ) ) 360 FORMAT { 20X, 33H(NOTE: EITHER WIUTH, THICKNESS, ,
40 FORMAT { 4X, 40 6X, A4 ) ) 3THYOUNGS MODULUS OR STIFFNESS IS INPUT., /, 23X,
50 FORMAT ( 5F10.0 ) 42HZERG'S INDICATE THAT THEY ARE NCT INPUT. ), 7 )
60 FORMAT { 3X, [2, 5X, 6F10.0 ) 380 FORMAT { /, 5X, 43HTABLE 6: INCLINATION, FIXITY, FRICTILN ,
70 FORMAT { 3X, 12, 20 4Xy I1 ),y 5Xs 4F10.0 ) 1 34HCOEFFICIENTS, LOADING ECCENTRICITY, /7, 10X,
80 FORMAT (. 6F10.0, 10X, A3 ) 2 34HCYL INCLINATION WITH HORIZUNTAL = o LPDL2.54 //4 40X,
S0 FORHAI* F10.0, 20Xy 2( A3, 2X )y 4F10.0 ) 3 24HCYLINDER END ROC ENUy //5 10X,
100 FORMAT™#'F10.0s A4s 6X, F10.0 ) 4 L9HSUPPORT CONDITICNS:, 21Xy A3, 12Xy A3, //, 10X,
110 FORMAT { /, 5X, LLHINPUT DATA:, //, 5Xs SHTABLE 13, 5X, 5 36HFRICTION CUEFFICIENTS AT SUPPORTS: 4 2( 1PD12.5, 2X )

1 L2HCONTRGL DATA ) 6 /v 15Xs 19H(ZERO IF FIXED END)y 7/, 10X,

120 FORMAT ( /7, 10X, IQvl:,’H'PRUBLEM TYPE = 1 - CRITICAL LOAD ANALYSIS, 7 23HLOADING ECCENTRICITIES:, L3X, 2( LPUL2.5, 2X )y / )

1 31H & ANALYSIS FOR A FACTORED LOAD, / ) 390 FORMAT ( /, 5X, 39HTABLE 7: FACTOR OF SAFETY, ITS TYPE,

120 FORMAT ( /, 10Xy 27HPROBLEM TYPE = 2 = ANALYSIS, 1 22H CR GPERATING PRESSURE, / )

1 26H FOR A PARTICULAR PRESSURE, / ) 410 FORMAT ( /4 10X, LOHFACTOR OF SAFETY = , Fo.3, 4H ON , A4, / )

160 FORMAT ( 18X, 37HTABLES RETAINED FRUM PREVIOUS PROBLEM, //, 420 FORMAT ( /, 10X, 21HUPERATING PRESSURE = 4, 1IPD12.5, / )

1 20Xy 2H 24 4Xy 2H 34 4X, 2H 4, 4X, 2H 5, 4X, 2H 6, 430 FORMAT ( /, 10X, 31HCRITICAL LCAD ANALYSIS 1S ASKED, / )

2 4Xs 2H Te /5 17Xs 60 2% A4 ) ) 480 FORMAT ( //, 10X, GH¥*#%% , LOHPRUGRAM TERMINATED , 5H# sk )

150 FORMAT ( 23X, 25HNO KEEP. CPTIONS EXERCISED, / ) 450 FORMAT { 1H1 )
210 FORMAT ( /, 5X, 33HTABLE 2: UNITS OF MEASUREMENT 4//, 17X, 7C0 FORMAT ( IHL, 150/), 5( 10X, GH*xkx% ,

1 OHLENGTH, 6Xy 4HLCAD, 5X» BHPRESSURE, 3X, 7HANGULAR, 1 28HERROR IN INPUT LENGTHS sssxx , , ) )

2 7/ 11X, 41 7Xy A4 ) ) . 720 FORMAT ( L1HL, 15(/), 10X, cH¥%%#x ,

220 FORMAT { //+ S5Xy 32HTASLE 13: STROKE AND EXTENDED, 1 L3HERROR = PCLLI(, I2, 20H ) IS NEGATIVE #ssxx )

1 27H LENGTHS ANC END DIMENSIONS N 740 FORMAT ( 1HLl, 15(/), 10X, GH%:%x%s% .

2 //+ 15X, 35HNUMBER OF TUBES{ INCLUDING R3O0 ) = , 12, 1 12HERROR = CILIly 124 20H ) IS LESS THAN PHO (, 12,

3 /s 15X, 35HSTROKE LENGTH = 4 1PD12.5, 2 GH ) FmEas )

4 /s 15Xy 35HEXTENDED LENGTH = 5 1PD12.5, 760 FCORMAT ( lHls 15(/), 10X, 6H*%%¥3% ,

5 //+ 15Xy 35HCYL. HINGE DIST. FROM END PLATE = , 1PD12.5, 1 13HERROR = RCLL(, 12, 20H ) IS NEGATIVE #%xk% )

6 7+ 15X, 35HEND PLATE THICKNESS =.» 1PD12.5, 780 FORMAT ( 1Hl, 15(/), 10X, 6H#*%#% , 12HERROR — COD(, 12,

7 //y 15Xs 3SHCYLINDER PIN DI AMETER =, 1PD12.5, 1 *+1 ) IS GREATER THAN SBD('y 12, 8H ) #éstn )

8 /+ 15X, 35HRID PIN DIAMETER = 4 1PD12.5/) c .

230 FORMAT ( /, 5X, 2BHTABLE 4: TUBE DIMENSIONS , C-=— >>> READ AND ECHO RUN AND PROBLEM LOENTIFICATION
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[F { NPROB .NE. IBLNK ) GO TO 1000
READ ( 54 10 ) ( IDCARD( T )y I = L, 40 )

LOCO READ ( 5, 20 ) NPRD3, ( IPRuB( I Yo I =1, 19)
C===— >>> TEST FOR END OF RUN
C
IF { NPROUB .EQ. IBLNK ) GO TO 3200
CALL TITLE
C
C—== >>> READ TABLE l1: PROBLEM TYPE AND TABLES TO BE RETAINED FRUM
[ PREVIOUS PROBLEM
C
REAL ( 54 30 ) LPRTP, KEEP2, KEEP3, KEEP4y KEEPS, KEEP&, KEEP7
IF ( KEEP2 .EQ. KEEP ) 60 TG 1100
c .
C——== >>> READ TABLE 2: UNITS OF MEASUREMENT
C
READ ( 54 40 ) LNTU, LODU, LPREL, LANGU
1100 IF ( KEEP3 .EQ. KEEP ) GO TO 1200
C -
C-=== >>> KEAD TABLE 3: GENERAL UIMENSIONS
c
READ ( 5460 ) NCYL, STROK, EXL, CHDS, EPTKs CPDy RPD
1200 If { KEEP4 .EQ. KEEP ) GO TG 1300
C
C==—— >>> READ TABLE 4: OIMENSIONS ANG MATERIAL PROPERTIES OF EACH TUBE
C
READ ( 5480 ) ( CL(I), cOD(I), CID(I), WCllI),y ECYL(I), FYCYL(I),
1 LFLUIDy I = 1, NCYL )
13C0 IF ( KEEP5 .EQ. KEEP ) GO TG 1500
NM1 = NCYL - 1
c .
C-=== >>> READ TABLE 5: DIMENSIONS & MATERIAL PROPERTIES AT INTERFACES
C

DC 1400 I = 1, NML

READ ( 5470 ) MI, NPHBR(MI), NRDBR{MI), STPTB(MI), CSBCIMI),
1

PCLL(MI), RCLLIMI)
REAG ( 5480 ) PHLIMI)y SBLIMI), WPHL(MIL), WSBL(MI)oPHO(MI), SBO(MI)
K = MI
= NPHBR( MI )

L
READ ( 5450 ) { PRW(KsJ)y PRT{KyJ)y PRE(KydJ), PRK(KyJ )y PRDSTIK,J)
1 .

v J =1, L

L = NRDOBR( MI )
READ ( 5450 ) ( RBW(KyJ)y RBT{KyJd)y RBE(KyJ), RBK(Kesd)s RBDSTI(K,J)
1 v J =1, L)
1400 CONT INUE
C==—— >>> TEST FOR PROPER INPUT
c ’ ’
CHKEXL = CHDS + EPTK + CL( NCYL )
DO 1450 I = 1, NML
1450 CHKEXL = CHKEXL + CL{I) - SBL(I) - STPT5(I) - PHL(I)

DIFF = DABS( CHKEXL - EXL )
I¥ ( DIFF .GE. 0.01D00 ) GO TU 2500

CHSTRK = EXL — CHDS -~ EPTK - CL( NCYL )
IF { CHSTRK «LT. STROK ) GO TO 2500
DO 1490 I = 1, NM1

+ P0O0OO1

l4¢€0
147C
14€0
1490
15ce

Cm===

16C0

Cmm =

1700

C—-—

1750

1760
17170

1780
1790

1

If ( PCLLLI) ) 260C, 1460, 1470
IF ( CID(I) oLT. PHULI) ) GC TO 2700
[F ( RCLLICI) ) 2429, 1432, 1490
[F ( COD(I+L) .GT. SEU(I) ) SC TO 2900
CUNT INUE
IF { KEEP6 +EQ. KEEP ) 45C TC 1600
>>> READ TAGLE 63 INCLINATION, END FLXITY, FRICTION CCEFFICIENTS
AND ECCENTRICITY OF LOACING

REAC ( 5490 ) CINCLy LCEND, LREND, FCCy» FCRy» ECLC, ECLR
IF { KEEP7 .EQ. KEEP ) GO TC 1700
>>> READ TABLE 7: FACTOR GF SAFETY, ITS TYPE / UPERATING PRFSSuUKE
READ ( 5,100 ) FS, LFSTP, CPPRE
CCGNTINUE

>>> PRINT ALL THE TABLES READ

PRINT 110
IF ( LPRTP .EQ. 1 ) PRINT 1z0
IF { LPRTP .EQ. 2 ) PRINT 120
PRINT 160, KEEP2, KEEP3, KEEP4, KEEPS, KEEPO, KEEPT
IF ( KEEP2 .NE. IBLNK ) GO TO 1750
If ( KEEP3 .NE. IBLNK ) GO TO 1750
IF { KEEP4 .NE. IBLNK ) GO TO 1750
IF [ KEEP5 .NE. [BLNK ) GO TO 1750
( KEEP6 oNE. IBLNK ) GO TQ 175G
IF ( KEEPT .EQ. IBLNK ) PKINT 190
CONT INUE
PRINT 210, LNTU, LCDU, LPREUs LANGU
PRINT 220, NCYL, STROK, EXL, CHOS, £PTK, CPD, RPD
PRINT 230
D0 1760 I =1, NCYL
PRINT 250, I, CL(I), COD(I), CIO(I), WCLIT)y ECYL(I),y FYCYL(I)
IF ¢ CID(C NCYL ) ) 1730, 1780, 1770
IF ( LFLUID .NE. LYES ) PRINT 260
IF ( LFLUID .EQ. LYES ) PRINT 270
GC TC 1790
PRINT 280
CONT INUE
PRINT 300
D0 1800 I = 1, NM1
PRINT 310, I, NPHBR({I), NROBR(I)y, STPT&(I}, CSBC(I)
PRINT 320y PHLUI)y PHC(I),PCLL(1),WPHLI(T), SBLII)y SBOUID)eRCLICT),
WSB1(I)
PRINT 330
= NPHBR( I )

L
PRINT 340, ( Js PRW(I,J), PRT(I,J), PRE(L4Jd)y PRKILsd)y PROST (144)
1

1
18¢C0

v J =1, L)

PRINT 350

L = NRDGR( I )

PRINT 340¢ ( Jy RGWII,J)s ROT(I4d), ROE(L9d) s RBK(I4d)s RBUST(I,J)

2 Jd =1, L)
CUNTINUE
PRINT 360 : :
PRINT 380, CINCLys LCEND, LREND, FLC, FCK, ECLCy ECLR
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PRIN

T 390
IF ( LPRTP .EQ. 1 ) GO TGO 1500
IF ( LPRTP 4.EQ. 2 ) PRINT 420, OPPRE

GO TO 1950
1900 IF ( FS .LE. ONE ) PRINT 430
IF { FS .GT. GNE ) PRINT 410, FS, LFSTP
1950 RETURN
C
C=—== >>> DIAGGNGSTICS FCR ILLEGAL INPUTS
Cc
2500 PRINT 700
GG TG 3100
26C0 PRINT 720, I
GO TO 3100
27C0 PRINT 7404 I, I
GO TO 3100
2800 PRINT 760y 1
GG TC 3100
29C0 PRINT 780, I, I
3100 PRINT 480
32C0 PRINT 490
o}
C-=== >>> END OF RUN IF ERROR IN INPUT IS ENCOUNTERED
C
sTOP
END
SUBROUTINE TITLE
c
C-=== >>> SUBRCUTINE TO PRINT TITLE, PROGRAM IDENTIFICAT IONs AND PROBLEM
Cc IDENTIFICATION
c
IMPLICIT REAL * 8 ( A - Hy 0 - 2 )
REAL * 8 IDATE
COMMON /7 ID / IDCARD(40), NPROB, IPROB(19), LPRTP
C
100 FORMAT { 12, 1X, 12, 1X, 12 )
110 FORMAT ( 1H1, %Xy 35HPROGRAM SACTEL - STRESS ANALYSIS OF
1 25H CYLINDERS ( TELESCCPIC )46X,6HDATE: 2 124 1H/ 4 124 1H/,
2 124 / )
L20 FORMAT ( /, 2( 5X, 20A4, / ) )
120 FORMAT ( 5Xs 8HPROBLEM , A4y 1H:, //, 1X, 1944 )
CALL DATE ( IDATE )
CALL CORE ( IUATE, & )
READ ( 99, 100 ) MONTH, I[DAY, IVEAR
¢ .
C-~— >>> PRINT DATE
C
PRINT 110, MONTH, IDAY, IYEAR
PRINT 120y ( IDCARDL I )y I = 1, 40 )
PRINT 130y NPROBy { IPPOBL I )y I = 1, 19 )
RETURN
END

SUBROUTINE CONST
1

€ NCYLy LANGU, CHCS, EXL
[
C==== >>> SUBRUUTINE TO CALCULATE CONSTANT TEKMS FOR CONVENIENCE
C
IMPLICIT REAL * 6 ( A - Hy O -~ 2 )
COMMON / BEARUM / PRW(Y%,5), PRT(9,5), PRE(Y,5),
1 REW(945)y RBT(945), REE(9,5)
COMMCN 7 BEARPR / PRKX(9), SPRK(5), R3KY(9)y SRBK(9)
COMMON / BRSTDS / PRK(9,5), RBK(945) s PRDST(S,5)y RBDST(9,5)
COMMCN / CONSTS / CSBC(9), PCLLI9),y RCLL(9)y WPHI(9), WSBL(S),
1 NCl(lO)yPHD(9)ySBD($)'ClD(IO)QCOO(IC)'ECYLKIO)
CUMMON / CRPRGP / CYZ(10), CYZ1(10), BAREA(10), CAREA(10},
HSCI{10), HSCG(10)
COMMON / CYLWT / WC(10), EEL, FFL
CUMMOUN / ECCENT / ECLC, ECLR
CCMMON / ENDS / LCEND, LREND X
COMMON 7/ FCSSTF / FCCY, FCRD, CSSTF, RSSTF, CINM
COMMON / INFRPD / CINCL, FCC, FCR, CPU, RPD
COMMUN / NBEARS / NPHBR(9), NRCPR(v)
CUMMON / PHSBUWC / WPHI9), WSB(9), PCL(9)y RCL(9), CYKI(10)
C
CATA ZERCs» TwWG, FOUR, SXTFCR / 0.0000, 2.0000s 4.0D0CG, 64.0L00 /
DATA HL80, AINFIN / 18G.000C, 1.2020 /
DATA PI / 3.1415926535£57530C0 /
DATA LDEGs LFIX / 4HDEG , 3HFIX /
[
C-=—— >>> CALCULATE STIFFNESSES OF BEARINGS AND SEALS IF NOT INPUT
c
NM1 = NCYL - 1
D0 150 I = 1, NML
SPRKI{I) = ZERC
PRKX(I) = LERC
NL = NPHBR( I )
DO 110 J = 1, NL
IF ( PRK{ 1,4 ) ) 95, 95, 100
S5 PRK{I+sd) = CID(I) * PRW{l+J) * PRE(I,4) / PRT{I,J)
100 PRKXUI) = PRK( IsJ ) * PRDSTU I4J ) + PRKX({ I )
110 SPRKII) = PRK( I,4J ) + SPRK( I )
SRBK(I) = ZERC
RBKY(I) = ZERO
NL = NRDBR{ I )
03 130 J = 1, AL
IF € RBK( I,J ) ) 115, [15, 120
115 RBKII,J) = CCDCI+L) * RBW(I,J) * RBE(I,J) / RBT(1,J)
120 RBKY(T) = RBK(I,J) * RBOST(I,J) + RBKY(I)
130 SRBK(I) = REBK(I,J) + SHBK(I)
150 CONTINUE
TEMP = PI / H180
SETA = CINCL
IF ( LANGU .EQ. LCEG ) 3ETA = CINCL * TEMP
cs = DCCS( oETA )
C
C-=== >>> CALCULATE CROSS SECTIONAL PROPERTIES
C
DO 200 I = 1, NCYL
COu2 = CCOCI) * Cout )
CIv2 = Clotn *= cio(n
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Con4 = €OD2 * CGH2 SUBROUTINE TRIALP
CID4 = CID2 * CIu2 I ( ECYLN, CYZIN, COCNs EXL,
cYl =PI * ( COD4 - CIu4 ) / SXTFOR s} Py PINCRL, PINCR2
CYZ(I) = CYI * TwWC / CCO( I ) C
IF { CIDL T ) 117G, 179, 160 C==== >>> SUBROUTINE TO CALCULATE TRIAL LuAD ARD LCAU INCREMENTS
160 CYZILL)= CYI * TwQ / CIO( I ) C
C N . : IMPLICIT REAL * 3 ( A - H, 0 - 2 )
C-—— >>> BORE AREAS AND CROSS SECTIOMAL AREAS OF TUBES . C :
c . DATA ONEP25, TWO. FIFTY, THOSND / 1.2500012.030+504009,1930.002) /
170 BAREA(I) = Pl * CIGC2 / FCUR ) DATA PI / 3.141592653589793000 /
DEN = €0D2 - clIv2 . DATA LFIX / 3HFIX /
CAREALI) = PI * DEN / FOUR C .
C : : C-==— >>> TRIAL LOAD (1) AS PER EULERS SUCKLINGy CCNSIDERING FULL
C-—— >>> CALCULATE HOOP STRESS COEFFICIENTS [ LENGTH STIFFNESS AS THAT OF ROD ONLY
C C
HSCI(I) = ( CCD2 + CID2 ) / DEN PI2 = Pl = PI
HSCO(I) = TwWO * CID2 / DEN H EXL2 = EXL * EXL
CYK(I) = DSQRT( ECYL(I) * CYI ) . CYIN = CYZN * CGDN / TwO
IF ¢ I - NCYL ) 190, 200, 200 P = PI2 * ECYLN * CYIN / EXL2
C P = P * ONEP25
C—=— >>> CALCULATE CLEARANCES AT PISTGN HEAD AND STUFFING BOX PINCRL = P / FIFTY
C : PINCR2 = P / THOSND
150 PCLII) = ( CID(I) - PHO(I) ) / TwWo RETURN N
IF ( PCLLI(I) .GT. ZERO ) PCL(I) = PCL1II) END
RCLEI) = ( SBOD(I) = COC(I+1) ) / TWO + csecir)
IFf ( RCLLI(I) +GT. ZERGC ) RCL(I) = RCL1(I) + CSBC(I)
C
C-=-—— >>> CALCULATE VERTICAL CCMPCNENTS OF WEIGHTS
C
WPHII) = WPHI{I) #* C8
WSB(I) = WSBL{I) * CB
2C0 WC{I) = WwCl(I) % (B
C
C-—==~ >>> CALCULATE FRICTICN MOMENT CCEFFICIENTS
c A
FCCY = FCC * CPD / Tw0
FCRD = FCR * RPC / TwWO E
FFL = { FCRD = FCCY ) / EXL
EEL = ( ECLR = ECLC ) /7 EXL
c -
C-=== >>> ESTABLISH STIFFNESSES FOR RGTATIONAL SPRINGS AT SUPPORTS AS
[o PER INPUT SUPPORT CONDITIONS ’
C
CSSTF = ZERG ' f
RSSTF = ZERO .
IF ( LCEND .EGe LFIX ) CSSTF = AINFIN H
IF { LREND .EQ. LFIX ) RSSTF = AINFIN .
C
C——— >>> MOMENT DUE TC CVER HANG
[ “
CONM = WC(l) * CHDS * CHDS / TwO
IF { CHDS ) 230, 230, 220
220 CONM = LERCO
230 ILF ( LCEND +EQ. LFIX ) CONM = ZERO
RETURN

END
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SUBROUTINE EQLIBM
( NCYLy CHUS, EXL, Py AMI,

v] BMy UEF, TETA, THC, REC
Cc
C==== >>> SUBRUUTINE TC CALCULATE CONSISTENT VALUES OF DEFLECTIONS AND
C CROOKEDNESS ANGLES 8Y ITERATING, FOR A PARTICULAR LCAD
c
IMPLICIT REAL * 8 ( A - Hy, 0 - 2 )
COMMON / ZEARPR / PRKX(9), SPRK(9) s RBKY(S), SRBK{9)
COMMON / BRSTDS / PRK(9+5)y RBK{9y5)y PRUST(9,5), RBDST(9,5)
COMMCN / CANDDS / C( 10 )y O( 10 )
COMMON /7 CKCLTW / CK{ 10 )y CLT( 10 ), wl 9 )
COMMON / CYLWT / WC(10)s EEL, FFL
COMMGN / ECCENT / ECLC, ECLR
COMMON / FCSSTF / FCCY, FCRDy CSSTF, KSSTF, CCNM
COMMON / GLDFOR / FX{945)y FY(945), F1(9)y F2(9), F3(9), F4a(9)
COMMCN / GLLNTS / STPTB(9)y PHL(9)y SBL(9)y CL(LO), EPTK
COMMUN / NBEARS / NPHBR(9), NRUBR(9)
COMMON / PHSBWC / WPH(S)y WSBEI9)s PCLI9)s RCLI9), CYK(LO)
COMMON 7/ SPRMOM / AKTHC, AKTHR
COMMON 7/ STFODST / PRKT(5), PRDSTT(5), RBKT(5), RBDSTT(5)
c
DIMENSION BM(NCYL), CEF(NCYL)y TETA(NCYL), TETAF(9)
DIMENSION FXX( 5 )y FYY( 5 )
UIMENSION X(9), Y(9)
DIMENSION S( 22, 22 ), R( 22 )
[
OUATA TWOs HUNDRD / 2.0000, 100.0000 /
C
KOQUNT =1
sQp = DSQRT{ P )
DG 210 I =1, NCYL
210 CKEI) = SQP / CYK( I )
GU TO 400
[+
C —=== >>>CALCULATE TRANSFORMED CYLINDER AND ROD LENGTHS
c R
220 CLT(L) = CLE 1 ) + EPTK + CHDS = SBLI 1 ) — Y( 1 )
IF ( NCYL - 2 ) .230, 250, 230
230 DG 240 [ = 2, NML
240 CLTCI) = CLTC I-1) = X{ I-L ) = PHL{ I-1 ) + CL( I )
* =Y I ) =-s$BLCT )
250 CLTINCYL) = CLT( NCYL=1 ) - X{ NCYL-1 ) = PHL({ NCYL-1 )
* + CLC NCYL ) -
C
C-=== >>> CALCULATE LATERAL REACTION AT CYLINDER SUPPORT
c
REC = CONM + WC( 1 ) ¥ CLT( 1 ) * { EXL = CLT(1)/TWO )

DO 300 1 =1
Wi 1)

NML
WPHUE) + WSS(L) + WC(I) * Y(I) + WC(I1+1) * X([)

Honow e

cici CLTC I+1 ) - CLT( I )
cLc2 CCLTC I+41 ) + CLTC 1 ) ) / Twd
REC REC ¢ Wl L ) * ( EXL - CLT( I ) )
1 + WC( I+l ) * CLCL * ( EXL - CLC2 )
3co CONTINUE
REC = REC / EXL
NTEMP = 2 * NCYL + 2

CALL MTKXQP

( Py EXL, KCCy TETA, NTEMP, NML

(8] THCy THR, S, R )

AKTHC = CSSTF * THC

AKTHR RSSTF * THR
CALL DEFMOM
I { Py EXLs RECy NCYL, L, CLT,
o} DEF, BM, BMC, BMR )
400 DO 450 I = 1, NM1

KPHBR = NPHBR( [ )
DO 410 J = 1, KPHBR
PRKT(J) = PRK( I,J )
410 PROSTT{J) = PROST( I,J )
KRDBR = NRODBR( I )
DO 420 J = 1, KRDBR
RBKT(J) = RBK( I,J )

420 RBOSTT(J) = RBDST( I,y )
c
C===— >>> CALCULATE CRGCKECNESS ANGLES AT SLIDING CONNECTIONS - THETA'S
c . .
CALL THETA
{ KPHBR, KRDBRy STPTG(I), BM(I), PHL(1)y SBL(I)y PCL(I),
I RCLEID)y PRKX(I)y SPRK(I)y RBKY(I), SRBKII) e XCI)y Y(I),
8] TETAF(I)y FLUI)y F201)y F3(L)y F4(I1)y, FXX, FYY )
DO 430 J = 1, KPHBR
430 FXU Ted ) = FXX( J )
00 440 J = 1, KRDBR
440 FYU T4d ) = FYYL J )
450 CONT INUE
KEY =1
I[F ( KOUNT - 1 ) 470, 450, 470
460 KEY =2
c .
C-—=— >>> ARE INITIAL AND FINAL THETAS cLose?
c
4170 BC 500 I = 1, NM1 R .
OTETA = DABS{ TETA( I ) / HUNDRD )
DIFF = DABS{ TETAF( I ) ~ TETA( I ) )
TETA(I) = TETAF( I )
IF ( DIFF - DTETA ) 5CC, 50C, 490
490 KEY =2
5C0 CONTINUE
IF ( KOUNT - 10 ) 520, 520, 550
520 KOUNT = KOUNT + 1
IF ( KEY - 1 ) 550, 550, 220
550 CONTINUE
RETURN

END
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SUBKOUTINE THETA

{ NPHBR, NRDBKe GCs 8MGy PHL, SBL, PCL, RCL+ PRKXy SPRK,
I RBKYs SRBK,
s} Xo Yo TETAs Fly F2, F3, F4, FX, FY )
c
C-—-= >>> SUBROUTINE TC CALCULATE CROCKEUNESS ANGLE AND FOREES AT
% INTERFACE
Cc
IMPLICIT REAL ¥ 8 ( A =~ Ky 3 ~ Z )
COMMON / STFDST / PRK(S), PRDST(5), RBK{5)s RBDST(5)
C
DIMENSION FX{ NPHBR )}, FY( NRDBR )
c
DATA ZERO, ONE, TWO / 0.0DGO, 1.0000, 2.0000 /
C
C——==>>> MONITCR FOR PROPER SIGA
C
SIGN - = ONE
IF ( BMG ) 80 , 100, 80
80 SIGN = BMG / DABS( BMG )
100 SRPBK = SRBK + SPRK
Fl = ZERGC
F2 = LERO
F3 = ZERO
Fa4 = (ERC
C
C-=== >>> CASE 1: NO METAL TG METAL CONTACT AT SLIDING CONNECTIGN
C
X = | RBKY + GC * SRBK ~ PRKX ) / SRPBK
Y =60 - X :
IF ( PCL .EQ. ZERC .AND. RCL .EQ. ZERO ) GO TO 690
CF = ZERQO
DO 130 I = 1, NPHBR
130 CF = CF + PRKUT) * ( X + PROST(L) ) * ( X + PRDST(I))
D0 140 I = 1, NROBR .
140 CF = CF + RBK{I) * ( Y + RBOST(I) ) * { Y + RBDST(I))
TETA = BMG / CF
Dl = X + PHL ) * DABS( TETA )
D2 = LY + SBL ) * DABS( TETA )
IF ( D1 .GE. PCL .AND. D2 .GE. RCL ) GO T0 170
IF { D1 - PCL ) 150, 200, 2C0
150 IF D2 - RCL ) 750, 300, 300
170 D22 =PCL * { Y + SBL )/ { X + PHL )
IF ( D22 - RCL ) 200s 300, 3200
C
C-——= >>> CASE 2: CONTACT AT FRCNT FACE OF PISTGN HEAD
c
2C0 XNUM = ZERC
XDEN = ZERO
A = PHL + GC
8 = DABS( BMG ) / PCL
DG 210 I = 1, NPHBR
TEMP = PRKUI) * ( PHL = PROST(I) )
XDEN = XUEN + TEMP
210 XNUM = XNUM + TEMP * PRDSTI(I)
XNUM = - XNUM
D0 220 T = 1, NRDBR

TEMP

= RBK(I) * { A + RBOST(1) )

220

240
220

210

[ol—

3c0

310

320

340
350

370

Cm—r

400

IF.{ 03 .GE.
IF ( D3 - pPC
IF ( D2 - RC
Fl
GO TG 750
TETA
D2
IF { D2 - RC

XDEN + TEMP i
XNUM + TEAP = ( GC + R3DST(I) )
XNUM - 8 = PHL

3 + XDEN
XNUM / XDEN
6C - X

PCL / € X + PHL ) * SIGN

DABS( TETA * x )

(Y + SBL ) * DABS( TETA )
PCL oAND. D2 .GE. RCL ) GG TG 270
L ) 240, 400, 4cCO

L ) 250, 609, 600

= TETA * ( BKY + GC % SRBK = PRRX — X * SREGK )

L T I TR TR I

= PCL * TWC / PHL
= CPHL / TuO + GC + SsL ) * TETA
L ) 400, 600, 6GC0

>>> CASE 3: CONTACT AT FRCNT FACE OF STUFFING BOX

XNUM
XDEN
A

B

DO 3101 =
TEMP
XDEN
XNUM
XNUM

DG 320 1 =
TEMP
XDEN
XNUM
XNUM
XDEN
X

"~

-

LI I T T I T T TR

Y
TETA
D1
04
IF { Dl .GE.
IF ( DL - PC
IF ( D4 - RC
F2
GO TO 750
TETA
01
If { D1 - PC

= ZERC
= ZERO
= SBL + GC
= DABS{ BMG ) / RCL
v NPHBR
= PRKUI) * ( A + PRUST(I) )
= XDEN + TEMP
= XNUM + TEMP ® PRDST(I)
= —= XNUM
NRDBR

RBK{I) * { SBL - RBOST(I) )
XDEN + TEMP .

XNUM + TEMP * ( GC + R8DST(I) )
XNUM + B3 * A

8 + XDEN
XNUM / XDEN
6C - X

RCL / (Y ¢ SBL ) * SIGN

( X + PHL ) = DABS( TETA )

DABS( TETA * Y )

PCL .ANC. D4 .GEe RCL ) GO TO 370

L ) 340, 6COy 600 .

L ) 350, 500, 500

= TETA * ( X * SRPBK - RBKY - GC * SR8K + PRKX )

RCL * TAG 7/ SoL
{ PHL + GC + SBL / TWO ) * DABS( TETA )
L ) 500, 6G3y 600

>>> CASE 4% CONTACT AT FRCAT AND BACK FACES GF PISTON HEAC

X = — PHL / TaQ

TETA = TwO * PCL / PKL * SIGN

Y =60 - X
CALL GFORCE [ PRK, PKOST, TETAy, Xy NPHBR, FX )
CALL GFORCE ( R8Ky RBOST, TETA, Y, NROBR, £Y

DO 470 1 = 1, NPHBR

3

= 3 ¢ FX(D)

0LL



410 F1 = F1 + FX(I) * PROST(I) SUBROUTINE GFORCE
D0 480 I = 1, NROBR 1 ( AKy BST, TETA, X, N,
F3 = F3 - FY(1) g F )
480 F1 = FL + FY(I) % ( GC + RBOST(I) ) : c
F1 = ( BMG - FL ) / PHL . C===— >>> SUBKOUTINE TO CALCULATE FORCES UN EACH BEARING
F3 = FL + F3 c
RETURN IMPLICIT REAL * 8 { A -~ H, 0 - 2 )
c DIMENSION AK(N)s DSTUN), F(N}
€-=== >>>.CASE 5: CONTACT AT FRONT AND BACK FACES GF STUFFING BOX - c
c . 0010 I =1, N
5C0 X = 6C + SBL / TwO FUI) = AK(L) * ( X + DST(I) ) * TETA
TETA = TWO * RCL / SBL * SIGN : 10 CONTINUE
Y = 6C - X RETURN
CALL GFORCE ( PRKy PRDST, TETA, X, NPHBR, FX ) END
CALL GFORCE [ RBKy R6OST, TETAs Y, NRDBR, FY ) :
D0 570 I = L, NPHBR
F2 = = FX(I) * ( GC + PROST(I) ) + F2
570 F4 =~ EXUI) + F4
DG 580 I = 1, NRDBR
F2 = F2 - FY(I) * RBOST(I)
580 Fé = F4 + FY(I)
F2 = ( BMG + F2 ) / SBL
F4 = F2 + F4
RETURN
c
C-—=== >>> CASE 6: CONTACT AT FRONT FACE OF PISTON HEAD AND FRONT FACE
c OF STUFFING BOX
c
600 TETA = ( PCL + RCL ) / ( PHL + GC + SBL ) * SIGN
X = PCL / CABS( TETA ) - PHL
v =6C - X
CALL GFORCE ( PRKs PRDST, TETA, X, NPHBR, FX )
CALL GFORCE ( RBKs RBDST, TETA, Y, NRDBR, FY )
DO 670 I = 1, NPHBR
F1 = - FX(I) * | S8L + GC + PRDST(I) ) '+ F1
670 F2 = FX(I) + £2
D0 680 I = 1, NRDBR
F1 = FL + FY(I) * ( SSL - RBOST(I) )
680 F2 = - FY(I) + F2
F1 = BMG + FL ) /{ PHL + GC + SBL )
© O F2 = Fl + F2
RE TURN
650 TETA = ZERO
750 CALL GFCRCE  PRKy PRGST, TETA, Xy NPHER, EX )
CALL GFORCE ( RBKs R3DST, TETAs Y, NRDBR, FY )
RETURN
END

LLL



SUBROUT INE MTRXOP
I { Py EXLs REC, TETA, NTEMP, NML,
THCy» THRy S, R
[

C===— >>> SUBRCUTINE TC FURM S & R MATRICCS IN S #* U = R ANL SOLVE FOK U

c
IMPLICIT REAL * 8 ( A - Hy 0 = 2 )
COMMON 7/ CANDDS 7 C{ 10 ), O( 10 )
COMMON / CKCLTW /7 CKI 10 )y CLT( 10 )y w( 9 )
COMMON /7 CYLWT / WCI(10), EELy FFL
COMMON / ECCENT / ECLC, ECLR
COMMON / FCSSTF / FCCY, FCRDy CSSTF, RSSTF, CONM

DIMENSION S( NTEMP, NTEMP ), R( NTEMP ), TETA( NML )
DATA ZERCs ONE, TWO / 0.0000y 1.0000, 2.0D00 /
NCYL = NM1 + 1
C==== >>> SET MATRICES INITIALLY TC ZERQO

00 50 I = 1, NTEMP

RU 1 ) = ZERC
D0 50 J = 1, NTEMP
50 S{IsJ) = ZERO

C—=== >>> FORMULATE S MATRIX

DO 100 T = 1, NCYL
A =CK{ I ) * CLT(L 1)
J =1 %2
S(J¢leJ) = DCCS( A ) -
S(J+l+J+1) = DSINL A )
IF ¢ T - 1) 100, 100, 90
S0 A =CKO I ) *CLT( I-1)
StJ=1,J) = - DCCS( A )
S{J=14J+1) = - DSING A )
S(Jsd) = CK (I ) * DSIN(C A )
StJded#l) = - CKU I ) * DCOS ( A )
. A = CK( I-1 ) * CLT( I-1 )
S(J9d=2) = = CK{ I-1 ) * DSIN( A )
S(Jded—1) = CK( E-1 ) * DCOS( A )
100 CONT INUE
J =
DEN = P % EXL
S(141) = ONE + CSSTF / DEN
S(143) = - CK(L 1)
S(1,J42) = - RSSTF / DEN
S(241) = CSSTF /7 P
S{2+2) = ONE
S(J+1eJ+2) = RSSTF / P
S(J+241) = CSSTF / DEN
A = CK{ NCYL ) * CLT( NCYL )
S(J+2+d) = CK( NCYL ) * DSIN( A )
S(J+2,d¢1) = ~ CK( NCYL ) * DCOS( A )
S (J+24J+2) = ONE - RSSTF / DEN
[
C==== >>> FGRMULATE R MATRIX

C
RO 1) = FFL - EEL - REC / P
RE 2 ) = ECLC ~ FCLY = CONM / P + wC{1)/7(P=CK(L)®CK(L)
RUJ+1) = ECLR - FCRD = CONA / P ¢ REC = eXL / P
1 =WCLL) * CLT(L) * { EXL = CLT(L) 7/ TWwCL ) / P
2 +WCINCYL) 7 (P % CKINCYL) * CRINCYL) )
RUJ#2) = FFL - kL - REC / P ¢ WC(1) % CLT(Ll) / P
DO 200 I = 2, NCYL
S ceel = CLT{ I ) -cCLT I-1 )
cLcz = EXL = (CLTC I ) #+ CLT( I-1 ) ) / TWO
R{J+1) = ROJ+1) - WC(I) * CLCL * CLC2 / P
1 - Wl I-1 ) % ( EXL = CLT( I-1 ) ) / P
R{J+2) = REJ+2 )+ WCl I ) % CLCL / P + W( I-1 ) 7 P
K =1 % 2
RO K ) = TETA( I-1 ) # Wl I-1 ) /7 P
R{K=1) = (WCUI-1)/(CK(I-1) *CK(I=-1) )
1 —WCL T )/ CCKOC T ) xCKELD) )Y L P
2C0 CCNTINUE ;
Cc
C==== >>> SOLVE FOR UNKNOWN VECTCR U
[
CALL SIMSOL ( S, Ry NTEMP )
THC =R( 1)
THR =R J +2)
DO 3001 =1, NCYL
K =1 * 2
Ct 1) =RLK)
DU I ) =R K+ 1)
300 CONT INUE
RETURN
END

)

el



SUBRGUTINE SIMSOL ( Sy Ry N ) SUBRCUTINE DEFMOM

C 1 { Py EXLe RECy NCYLy [LEN, XL,
C-==— >>> SUBROUTINE TC SOLVE FGR U VECTOR IN S # U = R 0 DEF, 3M, BMC, GMR )
c USING GAUSS EL IMINATION C
C (=== >>> SUBROUTINE TG CALCLLATE DEFLECTIONS AND BENDING MOMENTS AT
IMPLICIT REAL * 8 ( A — Hy, 0 - 2 ) c INPUT LENGTHS AL 'S, AND SBENDING MUMENTS AT SUPPORTS
[ C
DIMENSION S{ N» N )y R( N ) IMPLICIT REAL * 5 ( A - Hy 9 = 7 )
c CCMMON / CANDUS / C( 1G ), 0l 1G )
C-——— >>> FORMULATE UPPER TRIANGULAR MATRIX CGMMCN / CKCLTW / CK( 10 ), CLTC 10 )y wl 9 )
c COMMON / CYLWT / WC(10), EEL, FFL
DO 130 I = 1, N CUMMCN / ECCENT / ECLC, ECLR
TEMP = S( 1,1 ) COMMON / FCSSTF / FCCY, FCRDos CSSTF, RSSTFes CONM
DO 100 J = 14 N COMMON /7 SPRMOM / AKTHC, AKTHR
S(Led) = S{ 1,J ) / TENP c
1¢0 CONT INUE : DIMENSION DEF(NCYL), 2M(NCYL), XL{NCYL)
RUT ) =RUT ) / TEMP : c
IF ( I .EQ. N ) GO TG 130 _ UATA ZERG, TWO / 0.0003, 2.0D0C /
1Pl =1+ 1 c
00 120 J = IP1, N YCONL = ( EEL - FFL ) % P + ( AKTHC - AKTHR ) / EXL +KEC
HOLD = S( Jul ) YCON2 = CONM + P % ( FCCY - ECLC ) + AKTAC
00 110 K = I, N MM = NCYL
SUJeK) = SC JyK ) = HOLD * S( I,K ) IF { IDEN .EQ. 1 ) MM = NCYL - 1
110 CONTINUE ; DC 200 I = 1, MM
RUJ ) =REJ ) = HOLD * R( I ) A = CKE T ) % XU )
120 CGNT INUE A =CO1 ) *0DCGSUAD + D1 ) % OSING 4 )
120 CONTINUE IF ( I .6T. 1 ) G3 TO 100
c B = YCONL * XL(I) - YCON2 - NC(I)*XL(I)*XL(I) / Tes
C-==-= >>> BACK SUBSTITUTION GO TO 150
c 100 K =1-1
DO 1501 =2, N i 8 = ZERG .
I =N +1-1 IF { K <EQ. 1 ) GO TO 130
M =11 +1 : DO 120 J = 2, K
DO 150 J = M, N N =J-1
ROEI) = RU IT ) = S( [Led ) * R( J ) : 120 8 =B + WC( J ) * (CLTC J ) - CLT( N ) )
150 CUNTINUE : 1 FOXLOI)=(CLT (J)+CLTIND ) /TWO ) #W [ JD# (XL (13- LLT(J)J
RETURN 120 B = -8 + YCONL * XL( I ) - YCON2
END 1 SWCUL)*CLTEL) % (XL(I)=CLT(1)/ThO )
2 WCLDI*(XLAT)=CLT(KID*(XL(1)=CLT(K) 3/ Twd
3 =Wl 1) % (XLO L ) =CLT( 1) )
150 DEF(I) = A = 8/ P = WCLI ) / (P # CKU 1 ) % Ck( I ) )
BMII) =8 + P * CEF( I )
2¢o0 CONTINUE
BMR = P % ( FCRD — €CLR ) + AKTHR
IF ¢ IDEN - 1 ) 300, 309, 250
250 BMC = YCON2
RETURN
DEF(NCYL) = ZERG
BMINCYL) = BMK
RETURN
END

€Ll



C

SUBRCUTINE XATYMX
1

0

( NCYL, DEF, 8M, EXL, REC, P,
XL

C—==—= >>> SUBROUTINE TO CALCULATE DISTANCES AT WHICH MAXIMUM BENDING

[
C

10
20

40
50

100

120

130

140
260
1

500
6C0

MOMEMTS OCCUR IN EACH TUBE

IMPLICIT REAL * 8 ( A - Hy G - 2 )

COMMON / CANDDS / C{ 10 ), D( 1G )

COMMGN / CKCLTW / CK( 10 )y CLT( 10 )y Wl 9 )
COMMON / CYLWT / WC(10), EEL, FFL

COMMON / SPRMOM / AKTHC, AKTHR

DIMENSION DEFU(NCYL), BM(NCYL), XL{NCYL)
DATA ZERCs FIFTY / 0.0000, 50.0C00 /

XINCR = EXL / ( NCYL * FIFTY )
CALL SLOPE ( EXL,s RECy Py ZERO, 1, S8
DO 600 I = 1, NCYL
IF (I -1) 10, 20, 1C
CALL SLOPE ( EXLy RECy Py CLTUI-1), I, SB
CALL SLOPE ( EXLs RECy, Py CLT(I), I, SF
XLen) CLT( 1)
DF DEF( 1 )
D8 ZERG
I -1) 50, 50, 40
08 =DEF(L I -1
IF { DB .GE. ZERO +AND. OF .GE. ZERO ) GO TO 130
IF { DB <LE. ZERO .AND. DF .LE. ZERD ) GO TO 120
IF ( ( SB .LE. ZERC «AND. SF .LE. ZERO ) JOR.
( SB .GE. ZERC .AND. SF .GE. ZERO ) ) GO TO 100
GG TO 260
IF ( DABS( BM(I) )
GO TO 500
IF ( SB .LE.
IF ( SB .GE.
GG TO 26C
If ( SB .GE. ZERC .AND. SF
IF ( SB +LE. ZERO .AND. SF
GO TO 260
XLOI) = CLTL I-11
GO TO 500 ’
XLOI) = XLUI) = XINCR .
CALL SLOPE ( EXLs RECy Py XL(I), I, Sl
IF ( ( SI «GEs ZERD +AND. SF .GE. LERO ) .OR.
{ SI «LE. ZERD +AND. SF JLE. ZERO ) ) GU TO 260
CCNTINUE
CONTINUE
RETURN
END

houon

IF (

«LTe DABS{ BM(I-1) ) ) XL(

ZERQ .AND. SF
ZERC +AND. SF

«LE« ZERO ) GO TO 500
«GE. ZERO ) GU TO 140

«GEs ZERO ) GO TO 500
«LE. ZERO ) GO TO 140

I )=2CLT( I-1)

SUBROUTINE SLCPE
I

Py XL I, SL )

( EXLs REC,
C
C==— >>> SUBRCUTINE TQ CALCULAYTE THE SLUPE AT INPUT DISTANCE XL FRUM
C CYLINDER SUPPORT
C
IMPLICIT REAL * 8 ( A - hy 0 = 2 }
COMMUN / CANDDS / C( 1C ), O( 1C )
COMMON / CKCLTW / CK( 10 )y CLT( 10 )y wi § )
CCMMGN /7 CYLWT / WC(10), EEL, FFL
- COMMON / SPRMOM / AKTHC, AKTHR
c
YCONL = —EEL + FFL = (( AKTHC - AKTHR )/ EXL + REC ) /P
A = CKU I ) % XL
A = =ClI) % CKUI) * DSIN(AJ + D(I) # CK(I) * JCOS(A)
IF I -2 10, 20, 30
10 SL = A + YCONL + WC( 1 ) * XL / ¢
RETURN
20 SL = A + YCCNL + W('L ) /7 P
1 + 0 WCE 1) *CLTC 1 ) + WC(2)*IXL=CLT(L)) ) / P
RETURN
3 M1 =1-1
CON =Wl 1)
D0 60 J = 2, IML
60 CON = WCL J ) % [ CLT(J) = CLT(J=1)) # w(J) + CCN
CON = [ CON + WC(I)* XL = CLT(I-1))#wC(LI*CLT(L)) /P
SL = A + YCONL + CCN
RETURN
END

vLL



SUBROUTINE STRCHS RETURN

( NCYLy Py BM, CHDS, LFLUID, BMR, BMC, FYCYLT, CIDN, C
1 PINCRLy PINCR2y KEYFy KEYSTy KEYT, KEYP ) C==== >>> CHECK wITH LIMITING STRESSES
C c
C==== >>> SUCROUTINE TO CHECK THE MAXIMUM STRESSES WITH THE LIMITING 340 03 500 I = 1, NCYL .
C STRESSES STRMX = DMAXL( HSI(IJ}, TLSTO(1), SSULLI*Td Qs SST(I)=Twidi
[ IF ( STRMX - FYCYLT(I) ) 50C, 500, 600
IMPLICIT REAL * 8 { A = Hy O = 2 ) 5C0 CONT INUE
COMMCN / CRPROP / CYZ(10)y CYZI(10)y BAREA(LOI), CAREA(10), IF ( TLSCPC - FYCYLT( 1 ) ) 510, 510, 609
1 HSCI(L0), HSCC(10) 510 IF ( TLSRPO - FYCYLT{ NCYL ) ) 520, 520, 600
COMMGN / STRESS / TLSTG(10), HSI(10), SSU(10), SSi{10), C :
1 : TLSRPQy TLSCPO, AXSGH, PRE C==— >>> CHANGE THE TRIAL LCAD CORRESPONDINGLY
c : c
DIMENSIUN BM(NCYL)s FYCYLT{NCYL) 520 If ( KEYT - 2 ) 530, 540, 530
c 530 P = P + PINCR1
DATA ZERG, TWO / 0.0D00, 2.0D00 / RETURN
DATA LYES / 3HYES / 540 P = P + PINCR2
C KEYP =2
c RETURN
C-=== >>> CALCULATE ALL STRESSES 6C0 IF ( KEYP - 2 ) 0620, 640, 62¢C
c 620 P = P - PINCRL
NM1 = NCYL - 1 KEYT =2
PRE = P / BAREA( NM1l ) . ’ RETURN
DO 50 I = 1, NM1 640 P = P - PINCR2
AXSTR = ( BAREA(I) - BAREA(NML) ) * PKE / CAREA( I ) KEYF =2
HSI(I) = HSCI( I ) * PRE RETURN
HSO = HSCCL I ) * PRE END
BSTRO = DABS( 8M( I ) ) / CYZ( 1 )
BSTRI = DABS( BM( I ) ) /7 CYZI( I )
TLSTCUI) = AXSTR + BSTRO
SSO(I) = ( HSC + BSTRC — AXSTR ) / TwO
SSICI) = ( HSIC I ) + 3STRL - AXSTK ) /7 TWO
50 CCONT INUE
AXSTR = ( P = PRE * BAREA( NCYL ) ) / CAREA( NCYL )
IF ( CHDS ) 70, 60y 60
60 AXSCH = ZERC
GO TO 80
70 AXSOH = PRE * BAREA{ 1 ) / CAREA( 1 )
80 IF { LFLUID <EQ. LYES ) GU TO 90
HSI{NCYL) = ZERQ
HSO = LERO
GG TG 100
S0 HSI{NCYL) = HSCI{ NCYL ) * PRE
HSO = HSCO( NCYL ) * PRE
1co BSTRO = DABS( BM( NCYL ) ) / CYZ{ NCYL )

BSTRI = ZERQO
IF ( CIDN .GT. <ERO ) BSTRI = DABS( 8M( NCYL ) ) 7 CYZI( NCYL)
TLSTOUNCYL) = AXSTR + BSTRO
SSO(NCYL) = ( HSO + BSTRC + AXSTR ) / Tw0Q
SSIANCYL) = ( HSI( NCYL ) + BSTRI + AXSTR ) / Twa
BSRPO = DABS( BMR ) / CYZ( NCYL )

TLSRPO = AXSTR + HBSRPO
BSCPC = DABS( 8MC ) /7 Cvz( 1 )
AXSTR = { BAREA( 1 ) - BAREAl NML ) ) * PRE / CAREA( 1 )
TLSCPO = AXSTR + BSCPO
If ( KEYF - 1 ) 320, 300, 320
300 IF { KEYST - 1 ) 320, 340, 320
320 KEYF =3

§/1



SUBRCUTINE GUTPUT
1

( Py XLy DEFy CHUSy THCy NCYLs TETA, KwiIT, NML )
C
C==== >>> SUBRCUTINE TC PKINT ALL THE RESULTS
c
IMPLICIT REAL * 8 ( A - Hy 0 - 2)
COMMCN / ENDS / LCEND, LREND
COMMON / GLDFOR / FX{9,5)y FY(945)s FLUS), F2(9)y F3(9), F4(9)
COMMGN / 1D / IDCARD(40J)s NPROBs IPROB(19), LPRTP
COMMCN 7/ NBEARS / NPHBR{9)s NRCER(9)
COMMON / OPFSTP / FYCYL(10), OPPRE, FS, LFSTP
COMMON / STRESS / TLSTO(10)y HSI(10), SSG(10), SSI{10J,
1 TLSRPOy TLSCPC, AXSUH, PRE
COMMON / UNITS / LNTu, LODUs LPREU, LANGU
[
DIMENSICN XL(NCYL)s» CEF(NCYLJ), TETA(NM1)
c
DATA ZERGy TwOs H180 / 0.00CCy 2.0000, 180.0D00 /
DATA PI / 3.141592653569793000 /
DATA LDEGs LFIX / 4HDEG + 3HFIX /
DATA LIS, LOS / 2HIS, 2HOS /
DATA LRAD / 4HRAD /
4
C==-= >>> FCORMATS
C
110 FORMAT { // 5X+4THANALYSIS AFTER APPLYING GIVEN FACTGR Gf SAFETY ’
1 3HOF ¢ F643y 2Xs 2HUNs 2Xs A4y 2H: , / )
120 FORMAT ( // 5X,40HRESULTS: CRITICAL LOAD ANALYSIS, / )
130 FORMAT ( // 5X,44HRESULTS: ANALYSIS FOR A GIVEN OPERATING ,
1 BHPRESSURE, / )
140 FORMAT ( /10X,33HCRITICAL LOAD FUOR THE CYLINDER = v 1PD10.3,2Xy A4,
1 //10X433HCORRESPONDING MAXIMUM PRESSURE = »1PD10.3¢2X,A%)
160 FORMAT ( /10X+33HOPSRAT ING PRES OF THE CYLINDER = 2 1PD10. 342X, A4,
1 //10Xy33HCORRESPONDING LUAD = ¢1PD10.3,2X,A4)
180 FORMAT ( // S5X,48HNOTES FOR THE FOLLOWING TABLES:
1 //10X448H1 THE NUMBERS IN PARENTHESES ARE FACTOURS OF
2 /10X¢48H SAFETY AGAINST CORRESPGNDING STRESSES
3 //10X,48H2 DEFLECTION, LONGITUDINAL STRESS, AND SHEAR
4 /10X448H STRESS VALUES ARE AT CRITICAL SECTION
5 //10X,48H3 MAX LONGITLDINAL STRESS IS AT OUTER SURFACE
6 /10X +4TH AND MAX HOGP STRESS IS AT INNER SURFACE )
150 FORMAT ( /10X,48H4 HCOP STRESS AT ANY RACIAL DIST. IS CONSTANT
1 /10Xy 48H ALONG THE LENGTH OF THE TUBE
2 //10X948H5 CCODE " [S" MAX SHEAR STRESS IS AT INNEK FACE
3 /10Xy4%8H CODE "OS" MAX SHEAR STRESS IS AT OUTER FACE
4 //10X+48H6 ZERO METAL TO METAL CONTACT FORCES INDICATE
5 /10X947H NC CONTACT )
200 FURMAT ( 1H1 )
240 FORMAT { //10X420H * * % % % % % % % &
1 34H TABLE CF STRESSES AND DEFLECT IONS
2 20H * % % % % % % % % x )
260 FCRMAT ( //10X+48HTUBE CRIT SECTIGN DEFLECTION LUNGITUDINAL
1 48H SHEAR CULE HCGOP
2 /10X448H NO. FROM CYL END STRESS
3 47H STRESS- STRESS )
280 FORMAT ( /21Xe 40 A4y 10X )y 2X, A4 )
300 FORMAT ( /11X, 12, 4( 4Xs 1PD1G.3 )y 1Xs A2, 3X, 1PD10.3 )
320 FORMAT ( )

44Xs 201 1H{y 1PC10.3, LH)y 2X )y 2X, 1H(, 1PD10.3s 1H)

330 FORMAT (
340 FORMAT (
1
2

360 FORMAT (

wNn e

380 FORMAT (

UV WN -

4C0 FORMAT (

N -

420 FORMAT {
1

440 FORMAT

4€0 FURMAT

480 FORMAT

5C0 FORMAT (1
1

520 FORMAT (

1
540 FORMAT (

44Xy 210 iH(s 1PL1D.3, LH)y 2X ) ’
//1GXy48HMAX LONGITUDINAL STRESS AT CYLINDER FIXEC End
2Xs 1PDL0.3, 2Xy A4, .
//10X943HFACTCR GF SAFETY AT THIS STKESS
2Xs 1PD10.3
//10X948HMAX LONGITUUINAL STRESS AT ROu FIXEU END
2Xe 1PD10.3, 2X, A4,
//10X448HFACTOR OF SAFETY AT THIS STRESS
2Xs 1PD10.3
/710X +4BHUNIFCRM ‘AXIAL TENSILE STRESS IN OVERRANG
2Xy 1PD10.3y 2Xy A4,
//10X+48HFACTCR OF SAFETY AT THIS STRESS
2Xy . 1PD1C.3,
//10Xy48HEND DEFLECTION OF THE OVERHANG
2Xy LPD10.3, 2Xs A4,y /
10XeL4H * = % % % % »
| 46HTABLE OF CROOKEONESS ANGLES ANV BEARING FCRCES
14H % % % % % % %

//10X+43HINTERFACE CROOKEDNESS ANGLE ’
L9HFORCES AT INTERFACE
13X920HNO. CEGREES s 28Xy A4
13X+20HNO. RADIANSy» 26X, A4
/13Xy 124+ 38Xy 1PD12.5 .
H+40Xy30HON PISTCN HEAD BEARING NC. 0
10¢ T1s 3H =, 1PD10.3, /4y TiLX )
41X 930HCN RCD BEARING NO. ’

100 T1ly 3H = , 1FD10.3, /4 71X )

41X934HMETAL TO METAL CONTACT FORCES - .
1 //41X+34HF1 ~ AT PISTON HEAD FRONT FACE = , 1Pul0.3,
2 /41X934HF2 - AT STUFFING 8UX FRONT FACE =-, 1PD10.3,
3 /41X934HF3 — AT PISTUN HEAD BACK FACE =y 1P0U1G.3,
4 /41X+34HF4 - AT STUFFING BOX INNtR FACe = , 1PD1D.3
c
C==== >>> PRINT ALL RESULTS
c
CALL TITLE
IF ( KWIT - 1 ) 1020, 1020, 1000
1000 PRINT 110, FS, LFSTP
PRINT 140, P, LODU, PRE, LPREU
GG TG 1200
1020 IF ( LPRTP - 1 ) 1060, 1260, 1100
10€0 PRINT 120
PRINT140, Py LGOU, PRE, LPREU
GO TG 1200
L1C0 PRINT 130
PRINT 160+ OPPRE. LPREU, P, LODY
12¢0 CONTINUE
PRINT 180
PRINT 190
PRINT 240
PRINT 260
PRINT 250y LANTU, LNTU, LPREU, LPREU, LPREU
D0 1600 I = 1, NCYL
IF € SSO( I ) — SSICt I ) ) 1300, 1300, 1400
13C0 SS = SSIt 1)
KODE = LIS
GO TO 1500
14C0 SS = SSCG{ I )

)
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C

[
1500

15¢0
1600
1620

16320
1640

1650
1660

1680

17¢0

KQODE = LOS

>>> CALCULATE THE FACTOR OF SAFETY'S ON MAXIMUM STRESSES WITH
LIMITING STRESSES ANU PRINT

FSLS = FYCYLL T ) 7/ TLSTOC I )

FSSS = FYCYLL I 0 /7 ( TWO % SS )
[F ( HSIU I ) JLE. ZERO ) GC TO 1550

FSHS = FYCYLC I ) / wSIC I )

PRINT 300y Ly XL(T)y DEF(I)y TUSTO(1J), 5S, KGDE, HSI(I)
PRINT 320, FSLS, FSSS, FSHS
GO TG 1600
PRINT 300, Iy XLU(I), DEF(I), TLSTO(I), 5S, KODE
PRINT 330, FSLS, FSSS

CONT INUE
IF { TLSCPO ) 1620, 1632, 1620
Fscp = FYCYL( 1 ) / TLSCPO

LF ( LCEND .EQ. LFIX ) PRINT 340, TLSCPO, LODU, FSCP
IF ( TLSRPC ) 1v40, 1650, 1640
FSRP = FYCYL( NCYL ) / TLSRPO
IF { LREND «EQ. LFIX ) PRINT 360, TLSRPO, LODU, FSRP
IF ( CHDS ) 1660, 1680, 168C -
FCSF = FYCYL( 1 ) / AXSOH
ENDOF = THC * CHCS
PRINT 380, AXSOHs LPREU, FCSF, ENDDF, LNTU
PRINT 200
PRINT 400
PRINT 420
IF ( LANGU .EQ. LDEG ) PRINT 440, LODU
IF | LANGU .EQ. LRAD ) PRINT 460, LODU
TEMP = H180 / PI
NM1 = NCYL - 1
DO 1700 I = 1, NML
THETA = TETA( I )
If ( LANGU .EQ. LDEG ) THETA = TETA({ [ ) % TEMP
PRINT 480, I, THETA

NL = NPHBR{ I )
PRINT 500y ( Jy FX( Ted Jy J = 1y NL )
NL = NRDBR( I )

PRINT 5200 ( Jo FY( I4J )y J = 1, NL )

PRINT 540, FLU T )y F20 I )y F3( L )y F4( I )
CONTINUE

RETURN

END

LL]
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. CARD

EXAMPLE PRUBLEMS TU UEMGNSTRATE ALL THE UPTIONS AND VAKIATIONS IN INPUT DATA 55
CODED  UJUNE 9, 1976 3Y K. L. SESHASAI 56
TELL LPRTP=13 P=P; SOLID RGD: HORIZONTAL CYLINUERS EQUIVALENT TO PROB. REGL 57
i 58
INCH KIPS KS L . DEG 59

2 50.0 116471 3.0 0.76 4475 4.75 60
60457 7.0 6.9 0.0032 25900.0 . 125.0 61
62495 3.0 0.0 9,602 29000.0  125.0 62
L 3 1 0.0 9.¢ 9.0 0.0 63
6413 4444 0.03 0.07 54939 3.009 64
0.316 0.451 506.0 2.375 65
0.365 0.25 1000.0 3.9 66
0.316 04451 500.0 5445 67
0.35 0.2 750.0 3.15 68
0.0 PIN PIN +0.025 +0.025 +0.1 +0.12 69
2.0 LOAD 70
TEL2 LPRTP=1; P-Fj HOLLOW RGO WITH NG FLUID; VERTICAL CYLINDER. 71
1 KEEP 12

3 66.0 129.76 3.0 0.76 2.0 1.0 73
46494 7.0 6.025 0.6032 29000.0 100.0 74
52.13 4.75 4.0 0.0022 29000.0  100.0 15
45.5 3.0 1.5 0.002 29000.0  100.0 NO 76
- 1 3 1 0.G03 77
6.13 [ 0.04 0.06 6.014 4.76 78
2160.9 2.375 79

88C0.0 3.9 80

2100.0 5445 81

3900.0 3.15 82

2 2 1 0.009 0.008 . 83

4.0 4.0 0.03 0.04 . 84
0.316 0.3 500.0 1.0 85
0.316 0.3 500.0 2.375 86
0.45 0.2 500.0 . 2.5 87
90.0 PIN FIX -0.05 +0.1 -0.05 88
4.0 STRS 89
TEL3 ‘LPRTP=13 F~F3 SOLIC ROD; 30 ‘DEG INGLINED. - 90
1 : . 91
INCH LBS PS1 DEG * 92

4 90.0 144.0 4.0 1.0 93
37.0 8.0 7.0 3.5 29000000. 75000.0 94
42.0 6425 5.5 2.8 29000000, 75000.0 95
45.0 | 4.75 - 4.0 2.5 29000000, 75000.0 96
4540 3.0 0.0 2.0 29000000, 125000.0 97
1 2 1 1.0 0.C02 0.005 0.004 98

5.0 5.0 30.0 40.0 99

2100000.0 2.375
8800000.0 3.9

0.35 0.2 750000.0 1.75
2 1 1.0 0.001 0.005 0.005
4.0 4.0 25.0 35.0

2100000.0 1.75
8890000.0 2.9
. 4000000.0 2.0
3 2 1 2.0 0.001 0.005 0.008

0200090001 1111111 1122222222223333333333444444444455555555556 666566666 T7TT11T(11 .

12345678901234567589012345673901234567890123456 78401234567890123456769012345%0707 -

40 4.0 35.0 30.0
3020000.0 1.75
8002000.0 2.9
40380009.0 2.5

30.0 FIX FIX ~0.05 =0.7225
TEL4 LPKTP=13 P~P; SOLIU KOU: HJRIZONTAL CYLINDER WITH 4 OVERHANG«

1

INCH KIPS KSI RAD

3 64.0 101.0 -11.0 1.0 2.0 1.0
40.0 6.25 5.5 0.0028 29000.0 75.0
45.0 4.75 4.0 0.0025 29000.0 75.0
45.0 3.0 0.0 0.002 29000.0 100.0

1 2 1 1.0 0.001
4.0 4.0 0.025 0.GC35 5.495 4.755

2100.0 1.75
88C0.0 2.9
40C0.0 2.0
2 2 1 2.0 0.001 0.005 - 0.008
4.0 4.0 0.035 0.03
30G0.0 1.75
8000.0 2.9
4000.0 2.5

0.0 PIN PIN +0.05 +0.1
1.0 LOAD
TELS LPRTP=2; F-P; HOLLOW RGO WITH FLUID; INCLINED CYL; METRIC UNITS.

2

(4] KGS KSCM RAD

3 165.0 294.0 9.0 2.5 3.0
102.5 16.0 14.0 1.5 2100000.0 7050.0
113.5 12.0 10.0 1.3 2100000.0 7050.0
11440 8.0 5.0 1.2 2100000.0 8800.0 YES

1 2 1 2.5 0.005 0.01 0.01
10.0 10.0 15.0 18.0
0.8 0.25 35000.0 i - 3.5 . e L
0.8 0.25 35000.0 ) 8.0 - - .
0.8 0.25 50000.0 7.0 :

2 2 1 5.0 0.005
10.0 10.0 15.0 16.0 9.99 8.01

375000.0 3.5
375000.0 8.0 -
500000.0 7.0 ’

0.75 FIX PIN -0.05 +0.1

175.0 .
THIS IS A BLANK CARD
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PRCGRAM SACTEL - STRESS ANALYSIS OF CYLINDERS { TELESCOPIC )

UATE: R&/16/10 TABLE 52 [NTE2FACE DIMENSICNS AND CETAILS GF BEARINGS

CETAILS AT INTEKFACE NUMBER = 1
EXAMPLE PROBLEMS TU DEMONSTRATE ALL' THE OPTIONS AND VARIATICNS IN INPUT CATA .
CODED  JUNE 9+ 1976 s8Y Ke Lo SESHASAI NUMBER OF PISTON BEARINGS = 3
. NUMBEK CF ROU 3EARINGS =1
PROBLEM TELL:
LENGTH F STGP TUBE = ued
LPRTP=1; P-P; SCLID RODU; HORIZONTAL CYLINGER; EQUIVALENT TO PROB. REGL CLEARANCE BETWEEN CYL & STUFFING BJX = 0.0
INPUT CATA:
LENGTH DIAMETER CLEARANCE wEIGHT
TABLE 1: CCNTRCL vATA - (ONE OF THESE TwD IS INPUT)
PROBLEM TYPE = | ~ CRITICAL LOAD ANALYSIS & ANALYSIS FOR A FACTORED LCAD PISTON HEAD 6.130000 00 5.98500D0 00 0.0 5.000000-02
TABLES RETAINED FROM PREVICUS FROBLEM STUFFING BOX 4.440000 00 3.005000 09 0.0 7.000900-02
2 3 4 5 6 7
PISTCN BEARINGS: .
NO KEEP OPTIONS EXERCISED UISTANCE FROM
NO. WIDTH THICKNESS YOUNGS MOUJLUS STIFFNESS BACK FACE OF
. PISTCGN HEAD
TABLE 2: UNITS OF MEASUREMENT .
. 1 3.160000-01 4.51G000-01 5.00C0000 02 0.0 24375000 00
LENGTH LCAD PRESSURE ANGULAR 2 3.650000-01 2.50000D0-01 1.000000 03 0.0 3.90000D0 00
3 3.160000-01 4.510000-01 5.000000 02 0.0 5.450000 00
INCH KIPS KSI DEG
ROD EEARINGS :
. DISTANCE FROM
TABLE 3: STROKE AND EXTENDED LENGTHS ANC END DIMENS IONS NO. WIDTH THICKNESS YOUNGS MOOULUS STIFFNESS CGACK FACE UF
: STUFFING 80X
NUMBER OF TUBES( INCLUDING RGD ) = 2
STROKE LENGTH = 54000090 O1 1 3.50000D-01 2.000000-01 1.50G000 02 0.0 3.150000 00
EXTENDED LENGTH = 1.167100 02 .
: {NOTE: EITHER WIDTH, THICKNESS, YOUNGS MODULUS OR STIFENESS IS INPUT.
CYL. HINGE DIST. FROM END PLATE = 3,000000 00 . ZERO'S INDICATE THAT THEY ARE NOT INPUT. )
END PLATE THICKNESS = 7.600000-01
CYLINDER PIN GIAMETER = 44750000 00 TABLE 63 INCLINATION, FIXITY, FRICTICN COEFFICIENTS, LGCADING ECCENTRICITY
ROD PIN DIAMETER = 4.750000 00
CYL INCLIMATION WITH HORIZONTAL = 0.0
TABLE 4: TUBE DIMENSIONS AND MATERIAL PROPERTIES CYLINDER END RCD END
NC. LENGTH OUTER DIA INNER DIA WT/UNIT LNT. YOUNGS MOD YIELD STRS SUPPORT CCNDITIGNS: PIN PIN .
1 6.057000 01 7.000000 00 6.000000 00 3.200000-03 2.900900 04 1.250000 02 FRICTION COEFFICIENTS AT SUPPORTS: 2.500000-02 2.500000-02
2 64255000 01 3.000000 00 0.0 2.000000~-03 2.900000 04 1.250000 02 (ZERC IF FIXED END)
( SOLID RCD ) LOADING ECCENTRICITIES: 1.000000-01 1.20000C-01
TABLE 7: FACTOR CF SAFETY, ITS TYPE OR CPERATING PKESSURE

FACTOR OF SAFETY = 2.000 CON LOAD
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PRUGRAM SACTEL =~ STRESS ANALYSIS OF CYLINOERS ( TELESCUPIC ) OATE: 8/16/76
EXAMPLE PRUBLEMS TU DEMUNSIRATE ALL THE OPTIDNS AND vAKIATIONS IN INPUT DATA
CCDED  JUNE v, 1976 BY Ke Le SESHASAL

PRCBLEM TELL:

LPRTP=1; P-P: SOLID RUO: HORIZONTAL CYLINDER; EQUIVALENT TC PROZ. REGL

RESULTS: CRITICAL LOAD ANALYSIS
CRITICAL LDAD FGR THE CYLINDER = 1.281D0 02 KIPS
[CCRRESPONCING MAXIMUM PRESSURE = 4.5320 00 KSI

NOTES FOR THE FOLLOWING TABLES:

1 THE NUMBERS IN PARENTHESES ARE FACTCRS OF
SAFETY AGAINST CORRESPONDING STRESSES

2 DEFLECTIONy, LONGITUDINAL STRESS, AND SHEAR
STRESS VALUES ARE AT CRITICAL SECTICN

3 MAX LCAGITUDINAL STRESS IS AT CUTER SURFACE
AND MAX HOOP STRESS IS AT INNER SURFACE

4 HOOP STRESS AT ANY RADIAL DIST. IS CONSTANT
ALONG THE LENGTH OF THE TUBE

5 COUE " IS" MAX SHEAR STRESS IS AT INNER FACE_
CODE “CS™ MAX SHEAR STRESS IS AT OUTER FACE

6. ZERD METAL TO METAL CONTACT FORCES INDICATE
NC CONTACT :

# k % x % & % % % % TABLE OF STRESSES AND DEFLECTIONS * * * % % % % % % x

TUBE CRIT SECTION DEFLECTION LONGITUDINAL SHEAR CODE HOOP

NOs FROM CYL END . STRESS STRESS STRESS

' INCH INCH KSI KSI KSI

1 5.398D 01 1.9080 00 1.671D 91 2.198D 01 IS 2.963D 01
( 7.4810 00) ( 2.844D 00) ( 4.2180 00)

2 7.0030 01 2.077D0 00 1.237D0 02 6.184D 01 OS

( 1.0110 00) ( 1.0110 00)

¥ R ok % 4 % xTABLE OF CROOKEDNESS ANGLES AND 3EARING FuURCES =

INTERFACE
NJd.

1

CRCCKEDNESS ANGLE
DEGREES

4. 151330-02

FCRCES AT INTERFACE
KIPS

CN PISYCN HEAL BEARING NU. 1
:
ON ROD BEARING NO. 1
METAL TC METAL CONTACT FORCES -
Fl - AT PISTGN HEA) FRONT FACE

F2 - AT STUFFING BUX FRONT FACE

F3 — AT PISTCN HEAD BACK FACE
F4 - AT STUFFING 30X INNER FACE

I

[T

"

[T

25200 20
2.1610 1
7.9250 90

l.3470 )1

0.0
1.8650 21

0.0

08L



PRCGRAM SACTEL - STRESS ANALYSIS GF CYLINGERS ( TELESCOPIC )

EXAMPLE PRCBLEMS T0O DEMONSTRATE ALL THE OPT IUNS
JUNE 9, 1976 BY Ke Lo SESHASAIL

COVED

PRCBLEN TELL:

LPRTP=13 P-P; SOLID POD; HORIZONTAL CYLINDER;

ANALYSIS AFTER APPLYING GIVEN FACTIR OF SAFETY OF

CRITICAL LOAD FCR THE CYLINDER = 6.407D 01 KIPS

CCRRESPONCING MAXIMUM PRESSURE = 2.266D 00 KSI

NOTES FOR THE FOLLOWING TABLES:

1

THE NUMBERS IN PARENTHESES ARE FACTCRS OF
SAFETY AGAINST CORRESPONDING STRESSES |

CEFLECTION, LCNGITUDINAL STRESS, ANC SHEAR
STRESS VALUES ARE AT CRITICAL SECTION

MAX LONGITUDINAL STRESS IS AT CUTER SURFACE
AND MAX HOOP STRESS IS AT INNER SURFACE

HOOP STRESS AT ANY RADIAL DIST. IS CONSTANT
ALONG THE LENGTH OF THE TUBE

CODE " IS™ MAX SHEAR STRESS IS AT .INNER FACE

CODE "GS"™ MAX SHEAR STRESS IS AT GUTER FACE

ZERO METAL TO METAL CONTACT FORCES INDICATE
NO CUNTACT -

2.000 ON

CATE: 8/16/76

AND VARIATIONS IN INPUT DATA

EQUIVALENT TG PROB. REGL

LOAD:

¥ Kk % % % % % % TABLE OF STRESSES AND DEFLECTIONS * # % % % % % % # %

TUBE CRIT SECTION DEFLECT ION LONGITUDINAL

NO. FROP CYL END STRESS
INCH INCH KSI

5.7630 01 1.5070-01 1.3480 00

( 9.276D 01

6.886D0 01 l. 636D-01 1.694D O1

( 7.3310 00)

SHEAR

STRESS

KSI

7.9860D
7.826D

8.468D
7.3810

CODE HOOP
STRESS
KSI
00 IS 1.4820 01
00) ( 8.4370 '00)
00 0s
00

1

INTERFACE CRDOKEDNESS ANGLE
NC.

CEGREES

1.467910-03

* % ¥k 5 4 & XTASLE UF CRCGKEDNESS ANGLES ANO BEARING FGRCES =

FORCES AT INTERFALE
RIPS

ON PLSTON HEAD JEAXING Wi

[

QN ROD EEAKING NO. 1
METAL TC METAL CONTACT FURCES -

Fl - AT PISTGN HEAD rRONT FACE
F2 -~ AT STUFFING BUX FRGNT FACE
F3 — AT PISTON HEAD SACK FACE
F4 - AT STUFFING BOX INNER FACE

%

[T

£ % % % %

3.1520-02
le3720 27
847330-01

27170 )

Doc D
.

L8L



PROGRAM 5°.TEL - STKESS ANALYSIS OF CYLINDERS ( TELESCOPIL ) VAT EZ: 8/le/l6

EXAMPLE PROBLEMS T DEMONSTRATE ALL THE UPTICNS AND VARIATIONS IN INPUT CATA
COCED  JUNE 94 1976 BY Ke Lo SESHASAI

PRCBLEM TEL2:
LPRTP=1; P=F; HOLLOn RUD WITH NO FLUID; VERTICAL CYLINDER.
INPUT DATA: :
TABLE 1: CCNTROL CATA
PROBLEM TYPE = 1 - CRITICAL LOAD ANALYSIS & ANALYSIS FCR A FACTORED LOAD

TABLES RETAINED FRCM PREVICUS PROBLEM

2 3 4 5 6 7
KEEP
TABLE 2: UNITS OF MEASUREMENT
LENGTH LCAD PRESSURE ANGULAR
INCH KIPS KSI DEG
TABLE 3: STROKE AND EXTENDED LENGTHS AND END DIMENSIONS
NUMBER CF TUBES( INCLUDING RGLC ) = 3
STROKE LENGTH = 64600000 O1
EXTENCED LENGTH =  1.29760D 02

3.C00000 00

CYL. HINGE DIST. FROM END PLATE . “
7.600000-01 ?

END PLATE THICKNESS

[

"

CYLINDER PIN DIAMETER
ROD PIN DIAMETER

2. 000000 00
1.00000D 0O

TABLE 4: TUBE DIMENSIONS AND MATERIAL PROPERTIES

NO. LENGTH OUTER DIA IANER DIA WT/UNIT LNT. YOUNGS MOD YIELD STRS

i 4694000 01 7.00000D0 00 6.02500D0 00 3,.200000-03 2.900000 04 1.000000 02
2 5.213000 01 44750000 00 4.000000 00 2.20000D-03 2.900000 04 1.700C00 02
3 4+550000 01 3.000000 00 1.500000 00 2.000000-03 2.900000 04 1.000000 02

( HOLLOW ROD WITHOUT FLUID )

TABLE 53 [NTERFACE CIMENS LONS afu GETAILS OF obARINGS
DETATLS AT INTERFACE NUMSER = 1
NUM3ER OF PISTON BEARINGS = 3
NUMBER OF ROD 3EARINGS = 1
LENGTH CF STUP‘TUBE 0.2

CLEARANCE BETWEEN CYL & STUFFING BOX 3.000000-03

LENGTH CIAMETER CLEARANCE
(ONE CF THESE Tw3 1S [NPUT)
PISTCN HEAD 6.13000C 00 ©+014000 00 0.0

STUFFING BOX 44440000 00 4.760000 00 0.0

PISTCN BEARINGS:

NO. WIDTH THICKNESS YGCUNGS MODULUS STIFENESS
1 0.0 0.0 0.0 20100009 03
2 0.0 0.0 0.0 8.800000 03
3 0.0 0.0 0.0 2.10000D 03

ROD BEARINGS 3

NO. WIDTH THICKNESS YOUNGS MODULUS STIFFNESS
1 0.0~ - 0.0 0.0 3.900000 03

ODETAILS AT INTERFACE NUMBER = 2

NUMBER OF PISTON BEARINGS = 2

NUMBER OF ROD BEARINGS = 1

LENGTH GF STOP TUBE = 0.0

CLEARANCE BETWEEN CYL & STUFFING BCX = 0.0

LENGTH CIAMETER CLEARANCE

(ONE OF THESE TWO IS INPUT)
PISTON HEAD 4.000000 00 0.0 9.000000-23

STUFFING BOX 4.000000 00 Ry 8.000000-03

PISTCN BEARINGS:

NO. WIDTH THICKNESS YOUNGS MODULUS STIFFNESS
1 3.160000-01 3.000000-01 5.000000 02 0.0

2 3.160000-01 3.000000-01 5.006000 02 0.0

ROD BEARINGS :

NO. WIDTH THICKNESS YGUNGS MODULUS STIFFNESS

WEIGHT

4.000929-02

©.000G000-02

. DISTANCE FROM

BACK FACE GF
PISTON HEAD

2.375300 00

3.9009% 00
54450000 00

DISTANCE FhuM
baACK FACE GF
STUFFING 83X

34150000 J0

WE IGHT

2,000990-92

4.00000v-02

CISTANCE kKM
BACK FACT OF
PISTON HEAD

1.000020 0O
2.375000 00

DISTANCE FROM
BATK FACE CF
STUFFING 3GX

8L



1 4.500000-01 2.300000-01 2+J0CC0D 02 0.0 2.530000- 00

GHOTE:  LITHER wlDTH, THICKNESS, YCUNGS MODULUS CR STLEFNESS 1S INPUT. PROGRAK SACTEL - STRESS ANALYSIS OF CYLINOERS ( TeLESCRPIC ) BATE:  =/lu/To
LERI'S INOILATE THAT THEY ARE NOT [NPUT. ) '

EXAMPLE PRUBLEMS TO OEMCNSTRATE ALL THC GPTICAS AND VARLATIGNS IN INPUT DAT .

TABLE 63 IACLINAT I, FIXITY, FRICTION CIEFFICIENTS, LCAUING ECCENTRICITY CODED  JUNE 9+ 1976  BY K. L. SESHAsAL
CYL INCLIMTICN wiITH HCRIZONTAL =  9.00000D 01 PROBLEM TEL2:
CYLINDER ENO ROD END LPRTP=1; P-F; HOLLOW RIOD WITH NO FLUID; VERTICAL CYLINDER.
SUPPURT CCNDITIONS: PIN FIX
RESULTS: CRITICAL LOAD ANALYSIS

FRICTION COEFFICIENTS AT SUPPORTS: =5.000000-02 0.0
(ZERC IF FIXED END)
LCADING ECCENTRICITIES: " 1.000000-01 -5.000000-02 CRITICAL LOAD FUR THE CYLINDER = 1.8710 02 _KIPS

CCRRESPONDING MAXIMUM PRESSURE = 1.4590 01 KSI[
TABLE 7: FACTOR OF SAFETY, ITS TYPE OR CPERATING PRESSURE
- NCTES FCR THE FOLLOWING TAGYLES:
FACTCR OF SAFETY = 4.000 ON STRS
L THE NUMBERS IN PARENTHESES ARE FACTCRS OF
SAFETY AGAINST CORRESPONDING STRESSES

2 DEFLECTION, LONGITUDINAL STRESS, AND SHEAR
STRESS VALUES ARE AT CRITICAL SECTION

3 MAX LONGITUDINAL STRESS IS AT CUTER SURFACE
AND MAX HOOP STRESS IS AT INNER SURFACE

4 HOOP STRESS AT ANY RADIAL DIST. IS CONSTANT
ALONG THE LENGTH OF THE TUBE

5 CODE " IS% MAX SHEAR STRESS IS AT INNER FACE
CODE ™(S™ MAX SHEAR STRESS IS AT GQUTER FACE

6 ZERO METAL TO METAL CGNTACT FCRCES INDICATE
NO CONTACT

% kK % % X % % x TABLE OF STRESSES AND DEFLECTIONS * * % # % % % & % *

TUBE CRIT SECTION DEFLECTION LG&GKTUD!AAL SHEAR CUODE HCCP

NO. FROM CYL END STRESS STRESS STRESS'
INCH INCH KS1I KSI KS1
1 4.398D 01 8.2490-02 2.5650 01 3.8900 01 IS 1.0000 02
( 3.8990 20} ( 1.2850 90) ( 1.0000 90)
é 6.0750 01 9.351D-02 4.651D 00 4.5100 01 IS ce 7400 I1
( 2.150D0 01) ( 1.0940 09) O lala3c M)
3 8.8430 01 7.3250-02 3.47CD0 C1 1.735D 01 CS$

{ 2.8320 90) ( 2.3820 0M)

MAX LONGITUDINAL STRESS AT ROD FIXED ENO = 3.726D 01 KIPS

FACTOR OF SAFETY AT THIS STRESS = 246820 20

€81



Ok R = % & STALE OF CROCKEUNESS ANGLES AND SEARING FCRCES *

INTERFACE
NQ.

1

CROOKEDNESS ANGLE
UEGREES

1.01217:-02

1.785760-02

FGRCES AT INTERFACE
KIPS

ON PISTCN HEAC SEARIﬁG NOa

GN RUD BEARING NO. 1
METAL TG METAL CUNTACT FORCES -

Fl ~ AT PISTGN HEAD FRONT FACE
F2 - AT STUFFING BUX FRONT FACE
F3 - AT PISTCN HEAD BACK FACE
F4 - AT STUFFING 80X INNER FACE

ON PISTON HEAU BEARING NO. 1
2
ON ROD BEARING NO. 1
METAL TG METAL CUNTACT FORCES -
Fl = AT PISTCN HEAD FRONT FACE

F2 ~ AT STUFFING BOX FRONT FACE

F3 - AT PISTCN HEAD BACK FACE
F4& - AT STUFFING BOX INNER FACE

1=
2
3

] "

howonou

3.6665-02
2.5240 20
1.1770 30

3.7330 J0

ooCoo
occoo

7.7150-01
L.674D 00

2.446D 00

0.0

0.0
0.0

PRCGKAM SACTEL ~ STRESS ANALYSIS OF CYLINOERS ( TELeSCGPIC ) AT o/ le /s
EXAMPLE PROBLEMS TU SEMULNSTRATE ALL THE UPTISNS Ano VARLATICNS (6 INPUT Culs
CCUED JUNE S, 1976 8y Ke Lo SESHASAL

PRCBLEM TEL2:

LPRTP=13 P-F; HGLLGW RJD WITH NC FLUIUS VERTICAL CYLINUCRS
ANALYSIS AFTER APPLYING GIVEN FACTOR OF SAFETY OF 4,000 o STRS:

CRITICAL LOAD FOR THE CYL INDER = 4.6170 01 KIPS

CORRESPONCING. MAXIMUM PRESSURE = 3.722n 90 KS1

NOTES FOR THE FGLLOWING TASLES:

1 THE NUMBERS IN PARENTHESES ARE FACTORS OF
SAFETY AGAINST CORRESPCNDING STRESSES

2 DEFLECTION, LONGITUDINAL STRESS, AND SHEAR
STRESS VALUES ARt AT CRITICAL SECTICN

3 MAX LONGITUDINAL STRESS IS AT GUTER SURFACE
AND MAX HOOP STRESS IS AT INNER SURFACE

4 HOOP STRESS AT ANY RADIAL DIST. [S CONSTANT
ALONG THE LENGTH OF THE. TUBE

5 CODE "iIS" MAX SHEAR STRESS IS AT IANER FACE
CODE ™CS“ MAX SHEAR STRESS IS AT QUTER FACE

6 ZERO METAL TO METAL CONTACT FORCES INDICATE
NO CONTACT

% 5 4k % 2 ¥ % FASLE OF STRESSES AND DEFLECTEUNS & * * % & % * % % x

TUBE CRIT SECTION DEFLECTION LCNGITUDINAL SHEAR' CODE HGGP
NC. FROF CYL END STRESS STRESS STRESS
INCH INCH [ $3 KS1 KSt
1 443960 01 f.lhbD-OZ $.2400 00 9.6500 00 IS 2.5060 01
¢ 1.6230 C1) ( 5.181D 00) ( 4.0000 00)
2’ 5.8160 01 1.2540-02 6.6020-01 1e1210. 0L IS 2.1670 01
t 1.515D0 92) - ( 4.459D 29) Caws?2id 00)
3 12390 02 P.586D-06 844590 00 442290 00 uS

( 1.1820 O01) ( 1.l¥20 Ol)

MAX LONGITUDINAL STRESS AT RCD FIXED END = 344533D 20 KIPS

FACTUR OF SAFETY AT THIS STRESS = 1.1790 01
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% w8 4 XTABLE UF CRCUKEDNESS ANGLES AND 3CARING FGRCES *

INTERFACE
NG

1

CROUKEBNESS ANGLE
UEGREES

1. 588460-03

1.86631D-03

FGRCES AT INTERFACE
KIPS

N PISTCN HEAD BEARING NO.

ON ROD-BEARING N

-

METAL TC MET AL CUNTACT FORCES -

Fl — AT PISTON HEAD FRONT FACE
F2 = AT STUFFING BUX FRONT FACE
F3 = AT PISTON HEAD BACK FACE
F4 - AT STUFFING 80X INNER FACE

ON PISTON HEAD BEARING NO. 1
by . b

L

nononn

ON ROD BEARING NO. 1=

METAL TC METAL CONTACT FORCES -

Fl = AT PISTCN HEAD FRONT FACE
F2 = AT STUFFING BOX FRONT FACE
F3 - AT PISTCN HEAD BACK FACE
F4 — AT STUFFING BOX INNER FACE

[T

5.7530-33
3.9620-01
1.848D-01

5.8670-01

8.0630-02
1.75CD~-01

2.5560-01

PRCGRAM SACTZL ~ STheSS ANALYSIS OF CYLINUERS { TELtSCUPIC ) DATE:  o/lu/Te
EXAMFLE PRUBLEMS T UEMONSTRATE ALL THE OPTIJNS AN VASIATIONS [N IAPUT UATA
CDDED  JUNE 9, 1976  3Y K. L. SESHASAL
FPRCBLEM TEL3:
LPRTP=1; F=F; SILIU R0O: 30 DEG INCLIAED.

INPUT LATA:
TABLE 1: CCNTROL DATA
PRCBLEM TYPE = 1 ~ CRITICAL LCAD ANALYSIS & ANALYSIS FOP A FACTIRED LUAL

TABLES RETAINED FROM PREVICUS PROBLEM

2 3 4 5 6 7
NO KEEP OPTIONS EXERCISED

© TABLE 2: UNITS OF MEASUREMENT
LENGTH LOAD PRESSURE ANGULAR
INCH L8S PSI VEG
TABLE 3: STROKE AND EXTENDED LENGTHS AND END DIMENSIUNS
NUMBER OF TUBES( INCLUDING ROD ) = 4
STROKE LENGTH . = 9.000000 01 . .-
EXTENDED LENGTH = 1.440000 02
CYL. HINGE OIST. FROM END PLATE = 4.C0000D0 00
END PLATE THICKNESS = 1.000000 0O
CYLINDER PIN DIAMETER = 0.0
ROD PIN DIAMETER = 0.0
TABLE 4: TUBE DIMENSIONS AND MATERIAL PROPERTIES
NQ. LENGTH OUTER DIA INNER DIA  WT/UNIT LNT. YOUNGS MOC YIELD STRS
1 3.700000 O1 8.000000 00 7.00066D 00 3.900000 0C 2.900000 07 7.500000 94
2 4.2C000D 01 6.250000 00 5.500000 00 2.30000D 90 2.909000 07 7.53)CCD 24
3 4.5C000D0 01 4.75000D 00 4.000G0D 00 2.500000 00 2.900000 07 7.504C00 04
4. 2.000000 00 2.90000D 07 1.25000D 05

4.500000 01 3.00000D 00 0.0
{ SOLID RCD )
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{INE OF THESE TWO IS INPUT)

2.320000-03

CLEARANCE

5.0003000-03

4.00000D-03

STIFFNESS

2.100000 06
8.800000 06

STIFFNESS

0.0

TABLE S: INTERFACE DIMENSICNS ANU LETAILS OF BEARINGS
DETAILS AT INTERFACE NUMBER = 1
NUMB ER OF PISTON GEARINGS = 2
.NUMBER OF RUC 3EARINGS = 1
LENGTH JF STUP Tuuk = 1490000 09
CLEARANCE BETWEEN CYL & STUFFING BOX =
LENGTH CIAMETER
PISTON HEAD 50000000 00 2.0
STUFF ING B8OX 2.000000 00 0.0
PISTCN BEARINGS:
NO. WIDTH THICKNESS YCUNGS MODULUS
1 0.0 0.0 0.0
2 0.0 0.0 0.0
ROD BEARINGS B )
NO. WIDTH THICKNESS  YGUNGS MODULUS
1 3.500000-01 2.000000-01 7.500000 05
DETAILS AT INTERFACE NUMBER = 2
NUMBER OF PISTUN BEARINGS - = 2
NUMBER OF ROD BEARINGS = 1
LENGTH OF STOP TUBE 1.000000 00
CLEARANCE

PISTCON HEAD

STUFFING BOX

=
BETWEEN CYL & STUFFING BOX =

LENGTH DIAMETER

(ONE GF THESE TwO IS INPUT)

4.00000D 00 940

4.000000 00 0.0

PISTCN BEARINGS:

NO. WIDTH THICKNESS YCJUNGS MODULUS
1 0.0 0.0 7.0
2 0.0 3.0 0.0
RGD BEARINGS H
NO. WIOTH THICKNESS YOUNGS MOoULUS

1.000000-03

CLEARANCE

5.000000-03

5.000000-03

STIFFNESS

2.100000 06
8.800000 06

STIFFNESS

WEIGHT

3.000000 01

4.00000D0 O1

DISTANCE FROM
BACK FACE OF
PISTON HEAD

2.375000 00
3.900000 00 .

DISTANCE FROM
BACK FACE OF
STUFFING BOX

1.750000 00

WEIGHT

2.500060 01
3.500000 01

OISTANCE FROM
BACK FACE OF
PISTCN HEAD

1.750000 00
2.90000D 00

OISTANCE FROM
BACK FACE OF
STUFFING BOX

1 0.0 0.0
CETAILS AT INTEKFACE NUMBER

NUMBER OF PISTON BEARINGS
NUMBEK OF RUJ GBEARINGS

LENGTH CF STUP Tuwnf

CLEARANLE SETWIEN CYL & STUFFING 30X

LENGT H

PISTGN HEAC

STUFF ING 80X

PISTCN BEARINGS:

4.000000 0C Je0

4.030C20 coO 0.0

Ced 4.000000 06

2
L

2.9J0000 0
1.000000-03

won

CIAMETER CLEARANCE

(CNE CF THESE TWO IS T.4PUT) .

5.006000~-03

8.000000-03

2.000000 20

wEIGHT

3.5090CV 21

3.200000 V1

LUISTANCE +rOM
BACK FACE OF
PISTON HEAD

1. 756000 00
2.90000D OV

VISTANCE FRUM
BACK FACE CF
STUFFING 80X

24500090 00

NO. WIDTH THICKNESS YGUNGS MODULUS STIFFNESS
1 2.0 0.0 0.0 3.000000 06
2 0.0 2.0 2.0 §.00000D Vo
ROD EELARINGS H
NO. WIDTH THICKNESS YOUNGS MODULUS STIFFNESS
1 0.0 0.0 0.0 4.+00000u 20
(NCTE: EITHER WIDTH, THICKNESS, YOUNGS MOODULUS OR STIFFNESS IS INPUT.

ZERO'S INDICATE THAT THEY ARE NOT INPJT. )

TABLE 6@

CYL INCLINATION WITH HORIZONTAL

SUPPORT. CONDITIONS:

= 3.000000 01
CYLINDER END.—. RCD ENV

FIX FIX

FRICTION COEFFICIENTS AT SUPPORTS: 0.0 . 0.0

(ZERC IF FIXED END)
LOADING ECCENTRICITIES:

TABLE 72

CRETICAL LCAD ANALYSIS IS ASKEC

=5.000000-02 ~-2.50000D-02

FACTOR OF SAFETY, ITS TYPE QR CPERATING PRESSURE

INCLINATIONy FIXITY, FRICTICN COEFFICIENTS, LOADING ECCENTRICITY
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EXAMPLE PROSLENS TO DEMONSTRATE ALL THE OPTIONS
CODED  JUNE 9, 1976 BY Ke Lo SESHASAIL

PRCBLENM TEL3:

LPRTP=1; F-F3; SOLID ROD: 30 DEG INCLINED.

RESULTS: CRITICAL LOAD ANALYSIES
CRITICAL LOAD FOR THE CYLINDER = 1.1980 05 LBS
CORRESPONCING MAXIMUM PRESSURE = 9.5320 03 PSI

NOTES FOR THE FOLLOWING TABLES:

L THE NUMBERS IN PARENTHESES ARE FACTCRS OF
SAFETY AGAINST CORRESPONDING STRESSES

2 DEFLECTION, LONGITUDINAL STRESS, ANL SHEAR
STRESS VALUES ARE AT CRITICAL SECTION

3 MAX LCNGITUDINAL STRESS IS AT CUTER SURFACE
AND MAX HOOP STRESS IS AT INNER SURFACE

4 HOOP STRESS AT ANY RADIAL DIST. IS CONSTANT
ALONG THE LENGTH OF THE TUBE

5 CODE "IS" MAX SHEAR STRESS IS AT INNER FACE.
CODE "0S™ MAX SHEAR STRESS IS AT GUTER FACE

6 ZERO METAL TO METAL CONTACT FORCES INDICATE
NOQ CONTACT

PRCGRAM SACTEL - STRESS ANALYSIS GF CYLINDERS { TELESCGPIC )

DATE:

&/16/76

AND VARIATIONS IN INPUT DATA

* ¥ % x % & * % * * TABLE OF STRESSES AND CEFLECTIONS * * * * % * * x x %

TUBE CRIT SECTION DEFLECT ION LONGITUDINAL

NG. FROM CYL END STRESS
INCH INCH PSI
1 3.5120 ol 2.7800-03 2.115D0 04
( 3.547D0 co)
2 %.6850 01 8. 4920-03 1.560D0 04
{ 4.8090 cO)
3 9.078D 01 1.054D-02 5.199D0 02
{ 1.443D0 02)
4 1.433D 02 7.9120-06 1.8250 04
{ 6.8510 cO)

MAX LONGITUDINAL STRESS AT CYLINDER FIXEC END =

FACTOR OF SAFETY AT THIS STRESS =

MAX LONGITUDINAL STRESS AT ROD FIXED END =

FACTOR OF SAFETY AT THIS STRESS =

-

-

-

SHEAR

STRESS

PsI

2.5490
1.4710

2.9860
l.256D

2.8220
1.329D

9.123D
6.8510

coo

04 IS
00)

04 IS
00)

04 IS
00)

03 0s
00)

2.169D 04

3.458D 00

1.329D 04

©.8350 00

E

-

L8S

LsS

HOooP

STRESS

PSsI

7.181D
1.044D

T7.4970
1.0000

5.6010
1.3390

04
00)

o4
00)

04
00)

* ¥ % & %

INTERFACE
NO.

1

* *TAGLE OF CROCKEGNESS ANGLES AND oEAKING FORCES *

CRCCKEDNESS ANGLE
UEGREES

~1.384750-03

1.042190-03

9.782260-04

FURCES AT INTERFACE
LBsS

JN PISTCN HEAC 3EAKING NU. 1
2

OGN ROC BEARING NO. 1
AETAL TS METAL CUNTACT FORCES -
Fl - AT PISTCN HEAD FRONT FACE
F2 = AT STUFFING BUX FRONT FACE
F3 - AT PISTIN HEAD BACK FACE
F4 - AT STUFFING 30X INNtR FACE

ON PISTGN HEAD BEARING Ni. 1
2

ON ROC EEARING NU. 1
METAL TG METAL CONTACT FORCES -

Fl - AT PISTCN HEAD FRONT FACE
F2 - AT STUFFING BOX FRONT FACE
F3 — AT PISTON HEAD BACK FACE

F4 ~- AT STUFFING BUX INNER FACE

ON PISTON HEAD BEARING N3J. i
2
ON ROC BEARING NO. 1

METAL TO METAL CONTACT FORCES -

£l — AT PISTCN HEAD FRONT FACE
F2 - AT STUFFING BUX FRONT FACE
F3 - AT PISTCN HEAD BACK FACE
F4 - AT STUFFING BOX INNER FACE

w o % %

"

-2.957L
=5.037u

=5.0320

5.3950
3.0090

3.5490

Ji
J2

12

ol
02

ol
22

L8L



PROGRAM SACTEL - STRESS ANALYSIS OF CYLINDERS ( TELESCOPIC )

EXAMPLE PROBLEMS TG DEMONSTRATE ALL THE OPTIONS
CODED JUNE 9, 1976 BY Ke L. SESHASAI

AND VARTATIONS

PRCBLEM TEL4:
. LPRTP=1; P-P; SOLID ROD; HORIZONTAL CYLINDER WITH A UVERHANG.
INPUT DATA:

TAELE 1: CCNTROUL DATA

PROBLEM TYPE = 1 - CRITICAL LGAD ANALYSIS & ANALYSIS FOR A FACTORED LOAD

TABLES RETAINED FRCM PREVIOUS PROBLEM
2 3 4 5 6 7

* NO KEEP CPTIONS EXERCISED

UNITS OF MEASUREMENT

TABLE 2:
LENGTH LOAD PRESSURE ANGULAR
INCH KIPS KS I RAC
TABLE 3: STROKE AND EXTENDED LENGTHS AND END DIHENSIDNS
i
NUMBER OF TUBES( lNCLUDING RGD ) = 3
STROKE..LENGTH .« o e . % 64400000 O1.
EXTENDED LENGTH . = 14010000 02
CYL. HINGE DIST. FROM END PLATE = -1.100000 Ol
END PLATE THICKNESS = 1.000000 00
CYLINDER PEN DIAMETER = 2.600000 00
R ROD PIN OIAMETER = 1.000000 00
T
TABLE 4: TUBE DIMENSIONS AND MATERIAL PROPERTIES
NC. LENGTH OUTER DIA INNER DIA WT/UNIT LNT.

1 4.0G000D 01
.2 4.500000 01
3 4.500000 01

6.25000D 00 '5.50000D0 00 2.800000-03

4.750000 00 4.000000 00 2.50000D-03

3.000000 00 0.0 2.00000D0-03
( SOLID ROC )

YOUNGS MOD

2.90000D 04
2.900000 04

DATE: 8/16/776 TABLE 5: INTERFACE DIMENS IONS AND DETAILS OF BEARINGS
OETAILS AT INTERFACE NUMBER = 1
IN INPUT DATA
NUMBER OF PISTCN BEARINGS = 2
NUMBER GF ROD BEARINGS = 1

LENGTH CF STOP TUBE

= 1.000000 00
CLEARANCE BETWEEN CYL & STUFFING BOX =

1.000000-03

LENGTH DIAMETER CLEARANCE

(ONE OF THESE TwC IS INPUT)
PISTON HEAD

44000000 00 54495000 00 0.0

STUFFING BOX 4.00000D 00 4.75500D Q0 0.0

PISTON BEARINGS:

NO. WIDTH THICKNESS YOUNGS MODULUS ST IFFNESS
1
1 0.0 0.0 0.0 2.100000 03
: 2. 0.0 0.0 0.0 8.800000 03

ROD BEARINGS H - :

NO. WIDTH

THICKNESS YOUNGS MODULUS STIF;NESS

l 0.0 0 O 0.0 4.000000 03

DETAILS AT lNTERFACE NUHBER = 2

NUMBER OF PISTON BEARINGS = 2
NUMBER OF ROD BEARINGS = 1
LENGTH OF STOP TUBE = 2,00000D 00

N CLEARANCE BETWEEN CYL & STUFFING BOX = 1,00000D0-03 ©

e e % s me wes mem £ s em e o

LENGTH B cunﬁx " CLEARANCE
ESE Tw

(ONE OF 0-1S INPUT)
YIELD STRS

PISTON HEAD 4.000000 00 0.0 N 5.00090D-03
2.90000D0 04 7.50000D O1

7.500000 01 :
1.000000. 02 %

STUFF ING BOX 4.000000 00 0.0 8.000900-03

¢ 3
; b

.

PISTCN BEARINGS:

STIFFNESS

NO. WIDTH THICKNESS YOUNGS MODULUS

1 0.0 0.0 0.0 3.000600 03
2 0.0 0.0 0.0 8.000308 03
ROD BEARINGS : -
NO. " WIDTH THICKNESS YOUNGS HDBUFUS STIFFNESS

WEIGHT

2.500000-02

3.50000D0-02

OISTANCE FROM
BACK FACE GF.
PISTGN HEAD

1.750000 00
2.900000 00

DISTANCE FROM
BACK FACE ©F
STUFFING 80X

2.000000 00 :

WE IGHT

3.500000-02

3.000000-02

bISTANCE FROM
BACK FACE OF
PISTON HtAD

1.750200 €O
2.90000D 00

DISTANCE FROM
BACK FACE OF
STUFFING BUX

88l



1 0.0 0.0 d.0 4.000000 03 2.500000 00
(NOTE: EITHER WIDTH, THICKNESS, YCUNGS MOUDULUS CR STIFFNESS IS I[LPUT.
ZERQ'S INUICATE THAT THEY ARE NOT INPUT. )
TABLE 62 INCLINATIUN, FIXITY, FRICTION COEFFICIENTS, LOADING ECCENTRICITY
cyL ENCLIAATICN WITH HCRIZCNTAL = 0.0
CYLINDER END ROC. END
SUPPORT CCNDITIONS: PIN PIN
FRICTION COEFFICIENTS AT SUPPORTS: 5.000000-02 0.0

(ZERC IF FIXED END)
LCADING ECCENTRICITIES: 0.0 1.000000-0L

TABLE 7: FACTOR OF SAFETY, ITS TYPE OR OPERATING PRESSURE

CRITICAL LOAD ANALYSIS [S ASKED

PRCGRAM SACTEL — STRESS ANALYSIS OF CYLINDERS { TEL=3CuPIC ) DATE: 3/16/T6
EXAMPLE PROBLEMS TO DEMONSTRATE ALL THE OPTIINS AND VARIATICNS IN INPUT CATA
CCDED JUNE 9,4 1976 8Y Ke Lo SESHASAL

~
PRCBLEM TEL4:

LPRTP=1; P-P; SOLID RCD; HORIZONTAL CYLINDER WITH A QVEKFANG.
RESULTS: CRITICAL LOAD ANALYSIS

CRITICAL LOAD FOR THE CYLINDER = 1.198D 02 KIPS

CORRESPONDING MAXIMUM PRESSURE = $.532D 00 KSI

NOTES FOR THE FOLLOWING TABLES:

1 TRE NUMBERS IN PARENTHESES ARE FACTGRS OF
SAFETY AGAINST CORRESPCNDING STRESSES

2 DEFLECTION, LONGITUDINAL STRESS, AND SHEAR
STRESS VALUES ARE AT CRITICAL SECTIGN

3 MAX LONGITUDINAL STRESS IS AT GUTER SURFACE
AND MAX HOOP STRESS IS AT INNER SURFACE

4 HOOP STRESS AT ANY RADIAL DIST. IS CONSTANT
ALONG THE LENGTH GF THE TUBE

5 CODE "IS" MAX SHEAR STRESS IS AT INNER FACE
CODE "CS™ MAX SHEAR STRESS IS AT GUTER FACE

6 ZERO METAL TO METAL CONTACT FORCES INDICATE
NG CONTACT

* % X K % % & % ¥ x TABLE OF STRESSES AND DEFLECTIONS # * % % = % % = % #

TUBE CRIT SECTION DEFLECTION LONGITUDINAL SHEAR coos HOGP
NO. FROM CYL END STRESS STRESS STRESS
INCH INCH KSI KSI KS1
1 2.3850 01 8.7750-02 1.6740 01 3.036D 01 IS 7.4970 01
( 4.4800 00) ( 1.2350 00) ( 1.0000 00)
2 5.9300 01 1.758D0-01 5.852D0 )0 3.048D 921 IS 5.6210 C1
( 1.2750 01) ( 1.230D 00) ( 1.339D 29)
3 6.262D 01 1.7770-01 2.875D 01 1.4380 91 QS
( 3.4780 G0) ( 3.478D 0Q0)
UNIFORM A XIAL TENSILE STRESS IN GVERHANG = 3.2720 01 KSI
FACTCR OF SAFETY AT ThIS STRESS = 2.2920 00
END DEFLECTION OF THE OVERHANG = =4.0520-02 INCH

63L



¥ ok ok ¥k TABLE OF CROUKEUNESS ANGLES ANL oEARING FORCES *

INTERFACE
NO.

1

CROCKEUNESS ANGLE
RADIANS

1.316900~04

2.048380-04

FCXCES AT INTERFACE
KIPS

UN PISTCN HEAD BEARING NO. 1
2

ON ROD BEARING NO. - 1

METAL TC METAL CONTACT FURCES -

Fi

F2 — AT STUFFING 80X FRONT FAGE.

F3 - AT PISTCN HEAU BACK FACE

F4 - AT STUFFING BUX INNER FACE

ON PISTCGN HEAD BEARING NO. 1
2

ON ROD BEARING NUO. 1

= AT PISTCN HEAU FRONT FACE

METAL TG METAL CONTACT FORCES -

AT
AT
AT
AT

PISTCN HEAD FRONT FACE
STUFFING BOX FRUNT FACE
PISTCN HEAD BACK FACE
STUFFING 80X INNER FACE

ERE I S

1.6510-01
2.0260 90

2.191D 0V

[
cooe

6.4730~-01
3.6110 00

4.+2580 00

nouono
[=R=N=Na=]

PROGRAM SACTEL - STRESS ANALYSIS UF CYLINDERS ( TELESCHPIL ) cales a/lu/lTo
EXAMPLE PRIBLEMS Tu DEMCNSTRATE ALL THE UPTIUNS ANG VARTATLIONS In INPUT LATA
CCDED  JUNE 9, 1976 8y K. Lo SESHASAIL
PRCBLEM TELS5:
LPRTP=2; F~P; HOLLCW ROD WITH FLUTD3 INCLINED CYL§ METWIC UNITS,.
INPUT EBATA:
TABLE 1: CCNTRCL DATA
PROBLEM TYPE = 2z - ANALYSIS FOR A PARTICULAR PRESSURE
TABLES RETAINED FRGM PREVICUS FRCBLEM
2 3 4 5 ] 7

NO KEEP OPTIONS EXERCISED

TABLE 2: UNITS OF MEASUREMENT
LENGTH LCAD PRESSURE ANGULAR
CM KGS KSCM RAD
TABLE 3: STROKE AND EXTENDED LENGTHS AND ENU UIMENSICNS

NUMBER OF TUBES( INCLUDING ROD 1}
STROKE LENGTH
EXTENDED LENGTH

3
1.650000 02
2.540000 €2

CYL. HINGE DIST. FROM END PLATE
END PLATE THICKNESS

9.00090D 00
2, 500000 Q0

CYLIADER PIN DIAMETER
ROD PIN OIAMETER

0.0
3.G0000D 00

TABLE 4: TUBE DIMENSIONS AND MATERIAL PROPERTIES
NC.o LENGTH QUTER DIA INNER DIA WT/UNIT LNT. YOUNGS MUC YIekh STRS
1 1.025000 02 1.600000 0L 1.4000C0 01 1.500000 00 2.103000 06 T.050000 U3
2 1.135000 02 1,200000 01 1.00000D0 01 1.30000D 00 2.100000 06 7.0208C00 23
3 1.140000 02 8.00000D 02 5.000000 00 1.200000 00 2.100000 Ou 8.4800C0D 03

{ HOLLOW ROD WITH FLUID )
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TABLE 53 [INTERFACE OIMENSIUNS AND DETAILS OF 3EARINGS
OETAILS AT INTERFACE NUMBER =1

NUMBER 5F PISTON BEARINGS = 2
‘NUMB EK OF KuD BEARINGS = 1

LENG TH CF STJP TusE = 2.500000 00
CLEARANCE BETWEEN CYL & STUFFING BOX = 5,000000-03
LENGTF CIAMETER «CLEARANCE
(ONE GOF THESE TwO IS INPUT)
PISTON HEAD 1.000000 01 0.0 1;000000—02

STUFFING bOX 1.00000D0 Q1 J.0 1.000000-02

PISTCN BEARINGS:
NO. WIDTH THICKNESS YCUNGS MUDULUS STIFFNESS
1 8.000000-01 2.500000-01 3.500000 04 0.0
2 3.000000-01 2.50000D-01 3.500000 04 0.0
ROD BEARINGS :

NO. WIDTH THICKNESS YOUNGS MODULUS STIFFNESS

1 8.000000-01 2.500000-01 5.00C000 04 0.0

DETAILS AT INTERFACE NUMBER = 2
NUMBER OF PISTON BEARINGS = 2
NUMBER OF ROL BEARINGS = 1

LENGTH OF STOP TUBE = 5.00000D0 OO
CLEARANCE BETWEEN CYL & STUFFING BAX = 5,000000-03

LENGTH CIAMETER CLEARANCE
(ONE GF THESE TwO IS INPUT)
PISTON HEAD 1.000000 01 9.99000D 00 0.0

STUFFING BOX 1.000000 01 4.01GC0D 00 0.0

PISTCN BEARINGS:

NO. WIOTH THICKNESS ~ YCUNGS MODULUS® ST IFFNESS
1 0.0 0.0 " 9.0 3.750000 05
2 0.0 0.0 0.0 3.750000 05

ROD EBEARINGS :

NG. WiGTH .~ THICKNESS YCUNGS MODULUS STIFFNESS

WEIGHT

1.50C90D o1

1.800000 01

DISTANCE FROM
BACK FACE OF
PISTON HEAD
3.500000 00
8.000000 00

DISTANCE FROM
BACK FACE OF
STUFFING BOX

7.000000 00

WEIGHT

1.500000 01

1.600000 01

DISTANCE " FROM
BACK FACE UF
PISTUN HEAU

3.500000 .00°
84000000 00

OISTANCE FROM
BACK FACE UF
STUFFING BUX

1 9.0 0.0 0.9 5.039000 J5 7.000990 GO

(NOTE: EITHER WIDTH, THICKNESSs YUUNGS MUDULUS Cin STIFENESS 1S INPUT.
LERQ'S INDICATE THAT THEY ARE NuT INPUT. )

TABLE 6: INCLINAT ION, FIXITY, FRICTICN CUEFFICISHNTS, LUASING ELCENTRICITY

CYL INCLIMATICN wITH HORIZONTAL = 7.500000-01
CYL INUER ENO ROD END
SUPPORT CONDITIONS: FIX PIN

FRICTION COEFFICIENTS AT SUPPORTS: 0.0
(ZERC IF FIXED END)

=5.00000D-02

LCADING ECCENTRICITIES: 0.0 1.000000-01
TABLE 72 FACTOR OF SAFETY, ITS TYPE OR OPERATING PRESSURE
OPERATING PRESSURE = 1.,750000 02
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PRCGRAM SACTEL —- STRESS ANALYSIS UF LYLINDERS ( [ELESCOPIC )

wATC:

EXAMPLE PRUBLEMS TU DEMOUNSTRAT
CCDED  JUNE 9, 1970 oY

ALLTHE CPTIGNS aND VARIATICNS IN INPu(
Ke Lo SESHASAL

PRCBLEM TFLS:

LPRTP=2; F-P; HOLLOW RUD WITH FLUIO; INCLINED CYL; METRIC UNITS.

RESULTS: ANALYSIS FOR A GIVEN OPERATING PRESSURE

CPSRATING PRES OF THE CYLINDER = 1.7500 02 KSCM

CORRESPONCING LOAD = 143740 04 KGS

NOTES FOR THE FOLLOWING TABLES:

L THE NUMBERS IN PARENTHESES ARE FACTORS OF
SAFETY AGAINST CORRESPCNUING STRESSES

2 CEFLECTION, LONGITUDINAL STRESS, AND SHEAR
STRESS VALUES ARE AT CRITICAL SECTIGN-

3 MAX LONGITUDINAL STRESS IS AT QUTER SURF ACE
AND MAX HOOP STRESS IS AT INNER SURFACE

4 HOOP STRESS AT ANY RAODIAL DIST. IS CONSTANT
ALCNG THE LENGTH OF THE TUBE

5 CODE "IS" MAX SHEAR STRESS IS AT INNER FACE
CODE "(CS™ MAX SHEAR STRESS IS AT OUTER FACE

6 ZERO METAL TO METAL CONTACT FORCES INDICATE
NC CONTACT

c/le/706
L
LarTa
INTERFACE CROCKEUNESS ANGLE
NJ. RADIANS
1 =-1.810180-06
2 6.219910-05

¥ ¥ K 4 % % & % x TABLE OF STRESSES AND OEFLECTIONS * * & % % % x % %

TUBE CRIT SECTION DEFLECTION LONGITUDINAL SHEAR CODE HOQOP
NO. FROM CYL END STRESS STRESS STRESS
CcM CM KSCM KSCM KSCM
1 1.0150 02 2.9700~02 2.9370 02 ' 542520 02 1S 1.3180 03
( 2.4000 01) ( 6.7120 00) { 543480 JU)
2 1.914D 02 6+6650~-02 6.9520 01 5.1420 02 IS %+705D 02
( 1.013D ¢2) ( 6.855D 90) ( 7.2¢50 90)
3 2.0190 02 6.767D0-02 4.8370 02 441390 02 IS 3.9%40 02
( 1.8190 01) ( 1.063D 901) { 2.2040 o1)
MAX LONGI TUDINAL STRESS AT CYLINGER FIXEC END = 442630 02 KGS
FACTOR UF SAFETY AT THIS STRESS = 1.6540 C1

* & #TABLE OF CROCKEDNESS ANGL=S ANC BEAREING FCRCES #

FCKCES AT INTERFACE
KGS

UN PISTCN HcAC wEARING Nl 1
2
CN RCU BEARING NO. 1

METAL TC METAL CONTACT FORCES -

Fl = AT PISTCN HEAU FRUNT FACE
F2 - AT STUFFING odX FRONT FACE
F3 - AT PISTCN MEAU BACK FACE

F4 = AT STUFFING BiUX INNER FACE
ON PISTON HEAD BEARING NO. 1

2
CN ROD BEARING NO. 1

METAL TC METAL CONTACT FORCES -

F1 - AT PISTCN HEAUD FRONT FACE
F2 = AT STUFFING 8UX FRONT FACE
F3 =~ AT PISTCN HEAD SACK FACE

F4 - AT STUFFING 8GX INNER FACE

[T i

"o

nonou

E

—4.337¢0
=S.04 L

~leblol

0.0
0.0
2.0
0.0

1.1310
2.131D

3.3120

cocoo
0.000

Ji
Jl

02
02

92

26l



APPENDIX C

COMPUTER PROGRAM FOR TIE ROD CYLINDERS--SACTIE

193



194
Program SACTIE

The analytical procedure for tie rod cylinders developed in Chapter
VIII has been programmed for solution on a digital computer. The program
is written in FORTRAN IV language and should require only minor revisions
to be operable on other computers. Double precision (16 digits accuracy)
arithmetic is used, and the program can be run on any computer which has
a storage capacity of 80 K bytes. A summary flow diagram is shown in
Figure 43. Details of all the Subprogram Operations, Guide for Data In-
put, Example Problems, Listings of Input Data and Program Output are

given in the following sections.

Subprogram Operation

MAIN is a driver subroutine for the complete program. MAIN sets up
keys to perform different operations and calls all the major subroutines
to perform the major operations in the program. For all three problem
types, MAIN first goes through critical load analysis. Then, for first
problem type it sets up factored load analysis, and for second and third
problem types it checks for input pressure being greater than critical

pressure; if not, it goes through corresponding type of analysis.
INPECO

Subroutine INPECO reads all the input data; checks problem name
being blank for end of run; checks the input data at several stages for
proper input. If any error is observed the error is printed out and the

program terminates. Echo prints out all the input tables.
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(Read and echo run 1D]

(Read problem ID|

Yes
[Problem name blank?>————(Stop )

No
(Echo problem ID]

(Read problem datal

y
[Error in problem datd?)»—-l§§—~{EEEEE:§EEEEﬂ

No
(Echo probTlem data] Sto

Generate additional required
data and constant terms

D Yes Calculate lengths
[Ls LPRTEO_ 37 using stroke length
!

Calculate trial load
and load increments

[KEYST = 1 and KWIT = 7]

Y

Initialize 6 = 0 and
moment at step = 0

and TRM = 0
[KEYF =]
l TRMOM = TRM |

]Ca]cu]ate d

Figure 43. Summary Flow Diagram of Program SACTIE
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[ -y
L 2

Calculate C], D], C2, and D2

[Calculate sTopes at cylinder ends

[ Calculate TRM|

[Calculate moment at step |

lCa]cu1ate d
, N
[[s 6 converging? >—"°

Yes
(TRMOM = TRMOM + TRM/100]

Is [TRMOM| > [TRM[7»—No |

Yes

2 and\Yes| Are 6 and F \ No
3? within Timits?

No ]Yes

Is KEYST
LPRTP

Increment stop
tube lengths

Calculate maximum deflections
and moments in cylinder and rod

Calculate maximum Tongitudinal
stresses, hoop stresses, shear
stresses, and tie rod stresses

1
Yes Is KEYST = 2?2
or is KEYF = 2?
yo
- — No Change
IStresses close to ];m1t1ng stresses? trial load
es

. Yes TS IpRIP = 17]
[

Figure 43. (Continued)
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No
¥
[fs pressure > input pressure? >—H9v1Pr1nt error
Yes ' g
Calculate Toad corresponding (Stop)

to input pressure

IKEYST = 2|

~(Print results]

[ ' Calculate
Is LPRTP = 1 and No _|separation
factor of safety 1.0? pressures
Yes > and print
[[s KWIT = 27>—°S |
No

[KWIT = 2 and KEYF = 2]

4
Factored load _ _ Critical load
or trial Toad Factor of safety

Yes

<Is LFSTP = LOAD?]

No

s . _ Limiting stresses
Limiting stresses = Factor of safety
¥

END

Figure 43. (Continued)
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CONSTI

Subroutine CONSTT calculates all the constant quantities which do
not vary throughout the program. The constant quantities are: stiff-
nesses of bearings and seals; cross sectional properties of cylinder and
rod; hoop stress coefficients; self weight reactions at supports; fric-
tion moment coefficients; and moment due to overhang in the case of

cylinders with overhang.
CONST2

Subroutine CONST2 calculates the constant terms involved in tie rod

stress and separation pressures calculation.
TRIALP

Subroutine TRIALP calculates a trial load and two load increments
required for the iteration process in evaluating the critical load for
the cylinder. The trial load is the smallest of critical load by Euler's
buckling criteria considering the full length stiffness as that of rod
only, critical Toad by hoop stress criteria for the cylinder part, and
critical load by hoop stress criteria for the rod part in the case of
hollow pressurized rods. The first load increment is one-fiftieth of
the trial load and the second is one-thousandth. The larger load incre-
ment is for faster convergence and the smaller load increment is for

better accuracy.

EQBRIM

Subroutine EQBRIM determines the equilibrium position of the system

for any particular load. The equilibrium position is determined by
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repeating the calculation of deflections, bending moments, tie rod
moment, and the crookedness angle until two consecutive values of tie

rod moment and two consecutive values of crookedness angle are in close
agreement. This subroutine calls subroutine THCDS for calculating the
values of constant terms in the deflection equations and calls subroutine
THETA for calculating the crookedness angle at a particular value of

moment at the sliding connection.

THETA

Subroutine THETA calculates the crookedness angle at the sliding
connection for any particular value of the moment at the sliding connec-
tion. This subroutine also calculates the forces on the bearings by
calling subroutine GFORCE and the metal-to-metal contact forces at the

sliding connection.

GFORCE

Subroutine GFORCE calculates the forces on the bearings for a parti-

cular value of crookedness angle at the sliding connection.

THCDS

Subroutine THCDS calculates the slopes at the supports and the con-
stants in the deflection and moment equations at particular values of

Toad and crookedness angle.

STOPTB

Subroutine STOPTB determines the required length of stop tube by

incrementing the length of the stop tube by small quantities and checking
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the crookedness angle and lateral forces against the Timiting values at

each length.
XATYMX

Subroutine XATYMX determines the distances at which the maximum

deflections occur in cylinder and rod parts.

YMAXS

Subroutine YMAXS calculates the maximum deflections in cylinder and

rod parts at the places determined by the subroutine XATYMX.
STRCHS

Subroutine STRCHS calculates the maximum bending moments and, hence,
maximum longitudinal stresses, maximum hoop stresses, and maximum shear
stresses in the cylinder and rod parts, and calculates the tie rod
stresses; it checks these stresses against the Timiting stresses and
makes corresponding change in the trial load using load increments. This
process is repeated until any one of the maximum stress values exceeds

the Timiting stress. The analysis is repeated for previous load value.

SEPPRE

Subroutine SEPPRE calculates the separation pressures for all piston

head positions in a cycle of operation.

QUTPUT

Subroutine OUTPUT prints out all the results: the maximum deflec-

tions, the maximum stresses, the factor of safety existing on these
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stresses, and the distance from the cylinder support at which the above
quantities occur in the cylinder and rod parts; the stresses in tie rods,
and the factor of safety existing on these stresses; the crookedness

angle; and the forces on the bearings.



Program SACTIE--Guide for Data Input

PROGRAM IDENTIFICATION (Two alphanumeric cards at the beginning of run)

L
1
Format--20A4

PROBLEM IDENTIFICATION (One card at the beginning of each problem)

Prob.
Name
NPROB Problem Description

[ ] l

1 4 11
Format--20A4

Program stops if NPROB is blank

TABLE 1: CONTROL DATA (One card for each problem)

LPRTP 2 3 4 5 6 z
] l ] 1 | i 1 l l [ I e i
1 5 11 14 21 24 31 34 41 44 51 54 61 64

Format--LPRTP - I1; 2 to 7 - A4

¢0¢



LPRTP = 1--Critical load analysis and analysis for a factored load using given factor of safety
2--Analysis for a particular fluid pressure

3--Analysis to determine a stop tube length for given limiting values of crookedness angle and
lateral force at the s1iding connection at a given fluid pressure

If any of the following tables are same as in the previous problem and are to be retained for this
problem, enter "KEEP" in the corresponding blocks 2 to 7

Enter only LPRTP for the first problem

TABLE 2: UNITS OF MEASUREMENTS (No card if TABLE 2 is retained from previous problem)

LNTU LODY LPREU LANGU
[ ] [ I
1 T 14 2T 28 3T 38 43 80

Format--A4 for all

LNTU - Unit of lengths (ex: INCH, FEET, CM, MET, etc.)

LODU - Unit of loads (ex: LBS, KIPS, KGS, etc.)

LPREU - Unit of pressures (ex: KSI, PSI, KSCM, etc.)

LANGU - Unit of angles (enter DEG or RAD starting in column 41)

TABLE 3: CYLINDER DIMENSIONS (No cards if TABLE 3 is retained from previous problem; see Figure 44 for
details)

Card No. 1--Lengths

€0¢
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}o——  CHDS ——{
enter negative
CHDS TRL TJ oL
Fv——— CLE
I*\ 4 Epprr——— o1 gy
of ——=—rrrrt ‘ |
i PN STPTB[ ' |} RID (zero if solid)
COD L=4 PHD| . e
©) or SBD, ROD ———= {0
cip -4t T T 1
RS RCL ~ k
g F — , RPD
CPD 'L—L:—:i ~| PHL} RL >
[L‘ —_—= EXL
Figure 44. Cylinder Dimensions for SACTIE
\/\ |
Piston Rod RBW #
Head RBT SO
. N !
PRT rPERaT' L
e P -
. Cylinder Lﬂ ,,1 RBDST
<+ - == CSBC »
Tie Rod§ T ]

Figure 45. Dimensions of Bearings and Seals for SACTIE

|
-ve E I S 4 \ *__,_-ve

+ve direction—"/ +ve direction
for FCC _ for FCR

Figure 46. Sign Convention for Eccentricities of

Loading and Friction Coefficients
for SACTIE




STROK PHL SBL EPTK CHDS LFLUID

L | I I I l
1 11 21 31 41 50 61 63

Format--LFLUID - A3; E10.3 for the rest

LFLUID - Enter "YES", for hollow rod with fluid

- Enter "NO" or blank, for hollow rod without fluid or solid rod

Card No. 2--Lengths (card No. 2 is not input for LPRTP = 3)

CL RL EXL STPTB
| , | | ! 1
1 11 21 31 40

Format--E10.3 for all

Card No. 3--Diameters

* T % iy

COD CID ROD RID CPD RPD PHD SBD
i l I r l I P E
1 11 21 31 41 51 61 71

Format--E10.3 for all
* CPD - Leave blank if cylinder support is fixed
t RPD - Leave blank if rod support is fiked

** and tt - See next card

Card No. 4--Clearances

G0¢
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*%*
CSBC PCL RCL
L l I |
1 11 21 30 80
Format--E10.3 for all
** Input either PHD or PCL; if both are input, PCL will be used and PHD will be ignored
T+ Input either SBD or RCL; if both are input, RCL will be used and SBD will be ignored
Card No. 5: Tie Rods Details
* *
TRL CLE TRCA R
L | L | |
1 11 21 31 40 80

Format--E10.3 for all

TRL - Tie rod length
CLE - Exact cylinder length
TRCA - Tie rods total cross sectional area
R - Distance of tie rods from cylinder axis in the plane of bending

* TRL and CLE are not input if LPRTP = 3

TABLE 4: BEARINGS AND SEALS (No cards if TABLE 4 is retained from previous problem; see Figure 45 for
details

Piston Head Bearing Cards: (one card for each bearing)

90¢



PRW PRT PRE PﬁK PRDST NEND

L I I | [ |
1 11 21 31 41 50 61 63 80
Format--NEND - A3; E10.3 for the rest
NEND - Enter "END" on the last piston head bearing card
* Input either (PRW, PRT and PRE) or (PRK); if PRK and some or all of PRW, PRT, and PRE are input,
PRK will be used and the rest ignored
Rod Bearing Cards: (one card for each bearing)
RBW RBT RBE RBK RBDST NEND
L | l | [ l [ I
1 11 21 31 4] 50 61 63 80

Format--NEND - A3; E10.3 for the rest
NEND - Enter "END" on the last rod bearing card

* Input either (RBW, RBT, and RBE) or (RBK); if RBK and some or all of RBW, RBT and RBE are input,
RBK will be used and the rest ignored

PRE and RBE - Young's modulus of piston head bearings and rod bearings

PRK and RBK - Stiffnesses of piston head bearings and rod bearings per unit length (force required to
compress a unit length of bearing by one unit)

TABLE 5: WEIGHTS AND MATERIAL PROPERTIES (No cards if TABLE 5 is retained from previous problem)

Card No. 1: For Cylinder and Rod

L0¢



WC WR WPH WSB ECYL EROD FYCYL FYROD

L I I [ | ] I , [ |
1 11 21 31 41 51 61 71 80
Format--E10.3 for all
Card No. 2: For Tie Rods
PRC ETR FYTR TRIF
L I | I I
1 11 21 31 40 » ‘ 80

Format--E10.3 for all

WC and WR - Weight of cylinder and rod per unit length
WPH - Weight of piston head
WSB - Weight of stuffing box

ECYL, EROD and ETR

Modulus of elasticity of cylinder, rod and tie rods, respectively

FYCYL, FYROD and FYTR

Yield stresses of cylinder, rod and tie rods, respectively

PRC - Poisson's ratio for cylinder material

TRIF

Initial force in tie rods (total of all tie rods)

TABLE 6: INCLINATION, FIXITY, FRICTION COEFFICIENTS, AND LOADING ECCENTRICITIES (No card if TABLE 6 is
retained from previous problem)

* * * *
CINCL LCEND LREND FCC FCR ECLC ECLR
I

I ] ! I
T T0 3733 36 38 41 57 67 77 30

80¢



Format--LCEND and LREND - A3; E10.3 for the rest

CINCL - Inclination of the cylinder with horizontal (always positive and between 0° and 90°)
LCEND - Enter FIX for fixed or PIN for pinned cylinder support
LREND - Enter FIX for fixed or PIN for pinned rod support

FCC - Friction coefficient at cylinder pin. Leave blank if LCEND is FIX

FCR - Friction coefficient at rod pin. Leave blank if LREND is FIX
ECLC - Eccentricity of loading at cylinder end
ECLR - Eccentricity of loading at rod end

* See Figure 46 for sign convention

The direction of friction moments at the pins should be visualized by the user depending on the
direction of rotation of the pins in the case of rotating pins, and depending on the predicted
direction of the slopes at ends of the system for that particular Toading, and accordingly proper
signs should be assigned for FCC and FCR

TABLE 7: FACTOR OF SAFETY, OPERATING PRESSURE, ALLOWABLE o and F (No card if TABLE 7 is retained from
previous problem)

FS LFSTP OPPRE ALTH ALF
I I | I | | ]

1 1T 14 21 31 41 50 80
Format--LFSTP - A4; E10.3 for the rest
If LPRTP = 1 - enter only FS and LFSTP
= 2 - enter only OPPRE

60¢



= 3 - enter only OPPRE, ALTH and ALF
FS - Factor of safety

LFSTP - Factor of safety type (enter LOAD if FS is to be applied to the critical load obtained; enter
STRS if FS is to be applied to the limiting stresses)

If only critical load analysis is required and no factored load analysis is required, leave this card
blank or enter FS < 1.0, and LFSTP--LOAD or STRS or blank

OPPRE - Particular operating pressure for which analysis is required
ALTH - Allowable crookedness angle at the sliding connection

ALF - Allowable total Tateral force on bearings (total force on piston head bearings or total force
on rod bearings which are equal to each other)

NEXT PROBLEM

Start from "PROBLEM IDENTIFICATION" card

END OF RUN

At the end of last problem data set, insert a blank card (only first 4 columns need to be blank, the
rest of the card may be used for comments)

oLe
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STRESS ANALYSIS OF HYDRAULIC CYLINDERS

SIMPLE, REGULAR CYLINDERS WITH TIE RODS
JANUARY 30, 1976 VERSION
"Ke Lo SESHASAI

SCHOOL CF CIVIL ENGINEERING
OKLAHOMA STATE ONIVERSITY
STILLWATERy OK - 74074

FACTORS CONSIDERED IN THE ANALYSIS:

le SELF WEIGHT

2. LOADING ECCENTRICITY AT BOTH ENDS

3. STIFFNESSES OF BEARINGS

4o FRICTION MOMENTS AT SUPPORTS

5« VARYING CYLINDER SULPPORT LOCATION

6. INCLINATICN OF CYLINDER

7. END CONDITIONS — PINNED OR FIXED

8. SOLID ROD OR HALLOW ROD WITH OR WITHOUT FLUID IN IT

9. TIE ROD FORCES AND MOMENTS PRODUCED BY THEM WHEN
THE CYLINDER IS OEFLECTED . o

TYPES OF PROBLEMS:

1. DETERMINATION OF CRITICAL LOAD AND ANALYSIS FOR

! CRITICAL AND A FACTORED LDAD

2o ANALYSIS FOR A PARTICULAR PRESSURE

3. ANALYSIS TO DETERMINE REQUIRED LENGTH OF STOP-TUBE

RESULTS GIVEN 3Y THE CCMPUTER:

l. CRITICAL LOAC AND CORRESPONDING PRESSURE

2. CROOKEDNESS ANGLE

3. MAX DEFLECTION, MAX LONGITUDINAL AND SHEAR STRESSES,|
DISTANCE AT WHICH THEY OCCUR, FACTOR OF SAFETY'S ON |
THESE STRESSES FOR BOTH CYL AND RGD PORTIONS

4. MAXIMUM STRESSES AT SUPPORTS IN CASE OF FIXED
SUPPORTS ANC FACTGOR OF SAFETY ON THIS STRESS

5. MAXIMUM HOOP STRESS IN CYLINDER, AND ROO ALSO IF
THE ROD IS HALLOW , AND FACTOR OF SAFETY ON THIS

6. LOAD ON EACH BEARING AND AT OTHER CONTACT POINTS

7. AXIAL TENSION AND END OEFLECTION IN OVERHANG IN
CASE OF TRUNNIGN MCUNT

8. REQUIRED LENGTH GF STOP-TUBE ANC CORRES PONDING
EXTENDED LENGTH { IN ANALYSIS OF TYPE 3. )

9. TIE ROD FORCES IN CEFLECTED CYLINDER

10. SEPARATION PRESSURES WITH CYL REMAINING STRAIGHT

C

C==—— >>> MAIN PROGRAM - SACTIE

C
IMPLICIT REAL * 8 { A = Hy 0 - Z )
COMMON EXL, P

COMMON / BRGSTF / PRKX, SPRKs RBKY, SRBK
COMMCN / CANDDS / Cl, C2,4 Cly D2
COMMON / CAREAS / BAREAC, BAREAR, CAREAC, CAREAR, RAREAC
COMMON / CLEAR / PCL, RCL
COMMCN /7 CLERNC / CSBC, PCLl,y RCL1
COMMON / CONSTS / EEL, FFL, AKTHC, AKTHR
COMMCN 7 CRPROP / RDZ, CYZ, RDZIy CYZL, HSCCI, HS5CCO, HSCRI,
COMMON / DIAMTS / COD, CIC, RCD,s RIDy CPUs RPDy PHD, SBEC
CUMMON / ECCTRI / ECLC, ECLR
COMMGN / ENDS / LCEND, LREND
COMMON / FRCONS / FCCY, FCRDs CCNM
COMMON 7/ FSOPTF / OPPRE, ALTH, ALF, FS, LFSTP
COMMON / GLDFGR / FX(5), FY(5)y Fly F2, F3, F4
COMMON / 10 / IDCARD(4C), NFRUB, IPROB(19), LPRTP
COMHON / INCLFR / CINCL, FCCs FCR
COMMCN / LENGTS / STRCKy PEL, S8Ls EPTKs CHDS, LFLUID
COMMON / PISTON / PRW(5), PRT(5), PRE{5), PRK{5)y PRDST(5), NPHHR
CCMMON / PROPTS / ECYL, EROD, FYCYLy FYRGD
CCMMCN / RODBRS / RBW(5), RBT(5), RBE(5), RBK(5), RBDST(5), NRDER
COMMON / STPTBS /. CLs RL, STPTB
COMMCN / TIEROD / TRLs CLE, TRCA, Rs PRCy ETR, FYTR, TRIF
COMMCN / UNITS / LNTU, LCDU, LPREU, LANGU
COMMON / WGTCON / WPH, wSB
COMMON / WGTINI / WC1l, WR1l, WPHl, WSB1
COMMON / WGTVER / WC, WR
DATA (ERO, ONE,s H180 / 0.0D00, 1.0D00, 180.0000 /
DATA PI / 3.141592653589793000 /
DATA IBLNK, LOAD, LDEG / 4H s 4HLOAD, 4HDEG [/
[
NPROB = IBLNK
10 CALL INPECO ( IBLNK, .GC
FYCYLT = FYCYL
FYRODT = FYRCD
CALL CONST1
1 ( ECYL, ERODy CHOSs LANGU,
o RDIy CYK, RDKy CSSTF, RSSTF
IF { LPRTP .EQ. 3 ) GO TO 15
CALL CONST2 ( FCCN )
15 CONTINUE
CALL TRIALP
I ( EROD, LPRTP, RDI+ FYCYL, BAREAC, HSCCl, LCEND, FYRID,
I BAREARy HSCRI,
o PINCR1, PINCR2
c
C—==— >>> KEY-— KWIT IS SETUP TG APPLY FACTOR OF SAFETY ANO KEPEAT
[ ANALYSIS FOR FACTORED LOAD
c
KWIT =1
c
C==== >>> KEY—-— KEYF IS SETUP TO QUIT LOOP AT FINAL ITERAVICN
C -
20 KEYF =1

HSCRO

Lle



c
C—--= >>> KEYST IS SETUP TO CHECK INPLT PRESSURE AGAINST CRITICAL PRE.
c

KEYST =1
[ .
C-—+= >>> KEY'S—— KEYT AND KEYP ARE SETUP TO MAKE PROPER LOAD INCREMENTS
c

KEYT =1

KEYP =1 )
c :
C--— >>> INITIALIZE TETA, BMG, AND TRM = ZERO
c

TETA = ZERC

BMG = ZERQ

TRM = ZERO

30 CALL EQBRIM

I ( PRKy PROST, RBKy RBDST, NPHBR, NRDBRsy CYKs RDK, LPRTP,
1 GC, RPDy BMGy CSSTF, RSSTF,

0 CLT, RLT, CKs RKs BBLl, BB2, TETA, DEFGs THC, TRM )
IF ( LPRTP .NE. 3 ) GG TC 40
IF { KEYST .EQ. 1 ) GO TO 4¢C

C
C-—== >>> CCNVERT ALLOWABLE THETA TO RADIANS, IF INPUT IN DEGREES
[
ALTH1L = ALTH
TEMP = PI / H180
IF { LANGU <EQ. LDEG ) ALTHL = ALTH * TEMP
ITERAT =1
CALL STOPTB
1 { TETA, NPHBR, NROBRy ALTHl, ALF, STROK, ITERAT, 6C )

IF ( ITERAT .NE. 1 ) GC TGO 30
40 CALL XATYMX
I { CLT, CKe RK, DEFG,
1} XCYy XRDs CSLPC, CSLPR )
CALL YMAXS
I ( XCYs XRDy CKy RK, CSLPCy CSLPR, BBls BB2,
1] YCMAX, YRMAX )
If { LPRTP .NE. 3 ) GC TQ 45
CALL CONST2 ( FCON )

45 CCONTINUE
¢
C-—— >>> KEY-— KEYTR [S TO QUIT LOOP AND PRINT RESULTS WHEN SEPARATION
c OCCURS DUE TO LOSS OF TENSICN IN TIE .RODS
C
KEYTR =1

CALL STRCHS

I { KEYFy KEYT, KEYP, XCY, XRD, YCMAX, YRMAX, RID, CHDS,

I OPPRE, FYRODT, FYCYLT, PINCR1, PINCR2, KEYST, LFLUID,

1 TRMy FCONs TSTRT, TSTRBs KEYTR,

o HSCy HSRs CSTRy CSTRP, RSTR, RSTRP, CSS, NCSS, RSS,NRSS)
c :
C===— >>> IS IT FINAL ITERATION? ? ?
c

IF [ KEYF .NE. 3 ) GO TO 30
IF ( KEYST .NE. 1 ) GO TQ 50
IF ( LPRTP .EQ. 1 ) GO T0 S¢C

C——=— >>> PROTECTICN AGAINST INPUT OPERATING PRE. BEING > CRITICAL PRE.

PRES
If ( CPPRE .
P

P / BAREAC
T. PRES ) GO 7O 100
OPPRE * EAREAC

LI L T T -y )

KEYST 2
TRM ZERO
TETA ZERC
GO TU 30 -
50 IF { KWIT NE. 1 ) GO T0 60

CALL SEPPRE ( CLE )
€0 CALL OuTPUT . .
{ KWIT, BAREAC, XCY, XRD, YCMAX, YRMAX, CHDS, GC, TETA,

I
I FYCYL, FYRCDy CSTR, CSTRP, RSTRy RSTRP, HSCe hSKy EPTK,
1 FYTRs KEYTR, NPHBR, NRDBRs THC, CSS, NCSS, RSS, NRSS,
1 TSTRT, TSTRB )
[ .
C-——">>> [F THIS PROBLEM IS CCMPLETE GO TO NEXT PRCBLEM
C
IF ( KWIT .NE. 1 ) GC TO 10
IF ( LPRTP .NE. 1 ) GC TG 10
IF { FS .LE. ONE ) GO TD 10
[
C——— >>> FACTOR OF SAFETY IS TC 3E APPLIED TO STRESS OR LGAD
c
P =P/ FS
KwI T =2
TRM = ZERO
TETA = ZERG
IF { LFSTP .EQ. LCAD ) GG TC 30
FYCYLT = FYCYL / FS
FYRCDT = FYROC / FS
GO TO 20
C

C-=— >>> ERROR MESSAGES

[

100 PRINT 210, PRES

GG TG 10
210 FORMAT ( LlHLly 20(/)910(10X,2LH*¥% %3k ERROR *%% xx% /J ),////,
1 10X, 38HOPERATING PRESSURE IS GREATER THAN THE /
2 10Xy 42HCAPACITY{ CRITICAL LOAD ) OF THE CYLINDER. //
3 10Xy 37HTHE MAXIMUM PRESSURE FOR THE CYL IS =,1P0l0.3,//)
END

¢le



. SUBRCUTINE INPECC ( IBLNK, GC )
G==—— >>> SUBROUTINE TO READ AND E£CHO INPUT DATA FOR SACREG
c .
IMPLICIT REAL * 8 ( A - Hy C = 2 )
COMMON EXL, P
CGMMCN / CLERNC / CSBC, PCLl, RCLL
COMMON / DIAMTS / COD, CIDy RGD, RIDy CPUs RPDs PHD, SBD
CGMMCN / ECCTRI / ECLC, ECLR ‘
COMMGN / ENDS /7 LCENDC, LREND
COMMON / FSOPTF / OPPRE, ALTH, ALF, FS, LFSTP
COMMON / 1D / IDCARD(40), NPROB, IPROB(19), LPRTP
COMMCN / INCLFR /7 CINCL, FCC, FCR
COMMON / LENGTS / STRGK, PHL, SBLs, EPTK, CHDS, LFLUID
COMMON / PISTON / PRW(5), PRT(S5)s PRE(5), PRK(5), PRDST(5), NPHBR
COMMCN / PROPTS / ECYL, ERGUs FYCYLs FYROD
COMMON / RODBRS / RBW{(5), RBT(5), RBE(5), RBK(5), RBDST{5), NRDBR
COMMON / STPTBS / CL, RL, STPTB
COMMCN / TIEROD / TRL, CLE, TRCA, Ry PRC, ETR, FYTR, TRIF
COMMON / UNITS / LNTU, LODU, LPREU, LANGU
CCMMGN / WGTINI / WC1l, WR1, WPH1, WSBL
c
DIMENSION PRK1(5), RBK1(S)
c
DATA ZEROy ONEs TWO / 0.0000, 1.0000, 2.0D00 /
DATA KEEP, IEND, LYES / 4HKEEP, 3HEND, 3HYES /
c .
C-—=— >>> FORMATS
[
10 FORMAT ( 2044 . . .
Z0 FORMAT ( A4, 19A% :
30 FORMAT ( 4Xs Ils 5Xe 6{ A4y 6X )
40 FORMAT [ 4X, 4( 6X, A4 ) o
50 FORMAT ( 8F10.0
€0 FORMAT ( 5F10.0, 10X, A3
70 FORMAT { F10.0, 20X, A3, 2Xs A3, 2X, 4F10.0
80 FORMAT ( F10.0, A4, 6X, 3F10.0
90 FORMAT { 1HLls, 4Xs 36HPROGRAM SACTIE - STRESS ANALYSIS OF »
1 23HCYLINDERS WITH TIE RODSs //y 2( 5Xy 20A4y / )y /
100 FURMAT ( S5X, 8HPROBLEM o A4y //, 1X, 19A4
110 FORMAT ( /, S5Xs LLHINPUT DATA:, //s 5X, BHTABLE 1z, 5X,
1 A 12HCONTROL DATA
120 FORMAT ( /, 10X, 41HPROBLEM TYPE = 1 - CRITICAL LOAD ANALYSIS,

1
120 FORMAT
1
140 FORMAT
1
160 FORMAT
1
2
190 FORMAT
210 FORMAT
1
2
220 FORMAT
1
2

-

31H & ANALYSIS FOR A FACTORED LODAD, /

/v 10X,

2THPRCBLEM TYPE =

2 - ANALYSIS,

26H FOR A PARTICULAR PRESSURE, /
/» 10Xy 27HPRCBLEM TYPE = 3 — ANALYSIS,
39H TO DETERMINE SUITABLE STOP-TUBE LENGTH, /

/e 18Xe 3THTABLES RETAINED FROM PREVIOUS PROBLEM, //,
20Xy 2H 29 4Xy 2H 34 4X9 2H 4y 4Xy 2H 5, 4X, 2H 6,
4Xe 2H T4 /9 17Xy 60 2Xy A% )

23Xy
/v 5Xo

/7y
1/

11X,

8HLENGTHS 2,
40HSTUFFING BCX

5Xs 32HTABLE 3:

25HNO KEEP OPTIONS EXERCISED, /
33HTABLE 2:
6HLENGTH,

UNITS OF MEASUREMENT¢//4 17X,
6Xe 5Xs BHPRESSURE, 3Xs THANGULAR,

40 TXy

4HLCAD
A4 )
CYLINDER DIMENSIONS, //, 10X,
19X, 23HSTROKE PISTON HEAD, 2X,

ENC PLATE HINGE DISTes //y 1l4Xs

1/,

-~

-~

220

240
250

260

2170
280
282
284
250

3
.310

315

320

330

3
FORMAT
1

FORMAT
FORMAT

1
FORMAT

1
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

1

2

FORMAT

SWN -

FORMAT

mP W~

FORMAT

FORMAT

wNno-

340 FORMAT
350 FORMAT

360

370

380

350

~N -

FORMAT

wWN -

FORMAT

VW N

FORMAT

NOVDWN

FORMAT

N

5( 2Xs 1PD12.5 ) )
( /7y 18Xy 20HCYLINDER RODy 8Xy
23HEXTENDED STOP TUBE ]
(/s 14Xe 40 2Xy 1PLL245 ) )
( 7y 15X, 23HTHESE NOT INPUT BECAUSE,
35H STOP TUBE LENGTH ANALYSIS IS ASKED, / )
( /s 10X, LOHCIAMETERS:e //4 17X, 1OHCYL. OUTER, 4X,
38HCYL. INNER ROD OUTER RGO INNER, / )
{ 14X, 4( 2X, 1PDL2.5 )y 2X, 9HSOLID RODs / )
{ 14X, 40 2X, 1PDL2.5 )y 2X, 1OHHGLLOW ROD )
{ 72Xy, 10HWITH FLUID )
{ 72Xy 13HWITH NC FLUTD )
( /s 18Xe 23HCYL. PIN * ROD PIN %, 3X,
26HPISTON HEAD @ STUF. BOX @4//s l4Xy 40 2Xe LPD12.5 ),
/» loX, 26H(* 2ERGs THE END IS FIXtD),
32H (@ ZERO, OTHER GPTION IS INPUT) )
{ /» 10Xy 19HCLEARANCES BETWEEN:, //s 12X,
2( 6Xy BHCYLINDER )y 8Xy 3HRODs /9 9Xy 3( L1Xs 3HAND ),
/v 16Xy 12HSTUFFING BUXy 2X, L3HPISTCN HEAD &, 2X,
L1HSTUF. BOX ay //» 14Xy 3( 2Xy 1PD12.5 )y /s 29X,
31H(@ ZERO, OTHER CPTICN IS INPUT) )
{ /y 10X, 17HTIE RODS DETAILS:, .
//9 15Xy 38HCLEAR TIE ROC LENGTH = »1PD12.5y
/9 15X¢38HEXACT CYLINDER LENGTH = 9 1PD12.5,
/v 15X, 38HTOTAL TIERODS CROSS SECTIONAL AREA = ,1PD12.5,
/s 15X438HDIST GF TIE ROCS FROM CYL AXIS = 91PD12. 5y
/v 20Xy 23H( IN PLANE OF BENDING ), /7 )
{ 1Hly 4X, 31HTABLE 4: BEARINGS AND SEALSs //+ 10X,
L6HPISTON BEARINGS:, / )
( 21Xe 3( 2H Ay 12X )» 2H Bs 7Xs L3HDISTANCE FROM, /,
20Xy SHWIDTHy 7Xs 9HTHICKNESSs 2X, 14HYOUNGS MODULUS, 3 X,
GHSTIFFNESS s 5Xs 9HBACK FACE, //,
5( 14Xy S5( 2Xy 1PD12.5 )y / ) )
( 10Xy 13HROC BEARINGS:, / )
( 15Xy 48H(A IS LSED 10 CALCULATE B8 — HENCE, EITHER A OR
+ 1OHB IS INPUTs /4 28Xy -
46HZERO*S ABOVE INCICATE THAT THEY ARE NOT INPUT), / )
( /v 5Xv 44HTABLE 5: WEIGHTS AND MATERIAL PRCPERTIES,
//+ 10X+ LTHWNEIGHTS OF PARTS:, //y 18Xy BHCYLINUER, 9X,
3HRODy 7Xy 1LHPISTCN HEADs 2Xy L2HSTUFFING BOXy /9 21X,
17H(PER UNIT LENGTH) s //s 14X+ 4( 2X, 1PDL2.5 )y / )
( /+ 10Xy20HMATERIAL PROPERTIES:,
//+ 34Xe35HCYLINDER ROD TIERODSy
/7y 15Xe 15HYOUNGS MODULLS o+ 3( 2X, 1PD12.5 ) ,
//s 15X¢15HYIELD STRESS » 30 2Xy 1PD12.5 )
//+ 15X9 15HPGI SSCNS RATIC 2Xy 1PCl2.5 '
///+ 10Xy 34HTOTAL INITIAL FORCE IN TIE RUDS = 4 LPU12.5,/ )
{ /» 5Xy 43HTABLE 6: INCLINAT ICNy FIXITY, FRICTION ,
34HCOEFFICIENTS,y LOADING ECCENTRICITY, //, 10X,
34HCYL INCLINATICON WITh HORIZONTAL = 4 1PD12.5ys //y 46X,
24HCYLINDER END RCD ENDs //+ 10X,
L9HSUPPORT CONODITIONS:y 21Xy A3, 12X, A3, //4 10X,
36HFRICTICN COEFFICIENTS AT SUPPORTS: , 2( 1PD12.5, 2X )
/¢ 15Xy 19H(ZERG IF FIXED END), /s 10X,
23HLOADING ECCENTRICITIES:s 13Xy 2( LPD12.5y 2X )4 / )
{ /+ 5Xy 42HTABLE 7: FACTOR OF SAFETY UR OPERATING,

36H PRESSURE AND/OR ALLOWABLE THETA & F, /,
25HDEPENDING ON PROBLEM TYPE, /

18X,

ele



400 FURMAT ( /, 10X, 27HONLY CRITICAL LOAD ANALYSIS , /

410 FORMAT ( /, 10X, 19HFACTGR CF SAFETY = , Fo.3y 4H ON + A4,y /

420 FORMAT ( /, 10X, 21HOPERATING PRESSURE = s+ 1PD12.5, /

430 FORMAT ( /s 10X, 32HOPERATING CYLINDER PRESSURE = 9 1PD12.54//,
1 10X, 32HALLCWABLE CROOKEDNESS ANGLE =y 1PD12.5,
2 10H AT GLAND, //,10X432HALLOWABLE TGTAL LATERAL FCRCE =
3 LPD12.54 13H ON BEARINGS, /

450 FORMAT ( ///4 10X, 30H*¥*x%%
460 FORMAT ( ///+ 10X, TH®*%xx
1 32HERROR : PHD IS GREATER THAN CID , &H *ekkk, /
470 FORMAT { ///y 10X, TH**k%x
1 37HERROR : RD IS GREATER THAN S8D *hkkxk, /
480 FORMAT ( //y 10X, 6H¥***¥* , 19HPROGRAM TERMINATED o SH¥#xx%
4S0 FORMAT ( 1H1
C
C-—== >>> READ AND ECHC RUN AND PROBLEM IDENT IFICAT ION

ERRCR IN LENGTHS #x%*x, /

IF ( NPROB .NE. IBLNK ) GO T0 500
READ ( 55 10 )" { IDCARD( I )y I = 1, 40 )
500 READ ( 5, 20 ) NPROBy ( IPROB{ I ), I = 1y, 19 )

)
)
)

)
)

-

c
C===— >>> TEST FOR END OF RUMN
c :
IF ( NPRCB .EQ. IBLNK ) GO TG 1700
PRINT 90, { IDCARD( I ), I = 1, 40 )
PRINT 100y NPROB, ( IPROB( I )y I = 1, 19 )
C .
C-—=— >>> READ TABLE 1: PRGBLEM TYPE AND TABLES TO BE RETAINED FROM
C- - s - PREVIGUS PROBLEM. R . : SR ~
c
READ ( 5, 30 ) LPRTP, KEEP2, KEEP3, KEEP4, KEEP5, KEEP6, KEEPT
IF { KEEP2 .EQ. KEEP ) GO TUO 510
C
C——— >>> READ TABLE 2: UNITS CF MEASUREMENT
c

READ ( 54 .40 ) LNTU, LDDU. LPREUs LANGU
510 IF ( KEEP3 .EQ. KEEP ) GO TGO 540
READ ( 54 60 ) STROKy PHLs SBLs EPTK, CHDSy LFLUID
IF { LPRTP .EQ. 3 ) GO TO 520
C==== >>> READ TABLE 3: LENGTHS AND DIAMETERS
READ ( 5, 50 ) CLy RLy EXLy STPTH
520 READ ( 5, 50 ) COD, CID, ROD, RID, CPD, RPD, PHD, SBD
READ ( 54 50 ) CSBCy PCL1l, RCL1
READ ( 55 50 ) TRLs, CLEy TRCA, R

[
C=—== >>> CALCULATE GLAND CLEARANCE
c
© 6C = ZERO
IF { LPRTP .NE. 3 ) GC = CL - STROK - PHL
C
C==== >>> TEST FOR PRUPER INPULT
c
IF { LPRTP .EQ. 3 ) GO TC 530
A = EXL — CHDS - EPTK - CL - SBL - RPD / TWO "
IF ( A .LT. STROK ) GO TO 1000
530 If ( ( PCLL +GT. ZERC ) .OR. { RCL1 .GT. ZERO ) ) GO T0 540

560
510

580
SES

C—==-

560

C===—

600

Cm———

610

Cmm——

620

LF ( PHD «GT. CIC ) GC TC 1100
IF ( ROD .GT. SBD ) GG TG 1200

IF ( KEEP4 .EC. KEEP ) GC TC 585

>>> READ TABLE 4: PISTON RINGS AND ROD BEARINGS DETAILS
I 1
J 1
READ ( 5, 60 ) PRW(I)y PRT(I), PRE(I), PRK1(I), PRDOST( 1)y NEND
PRK(I) = PRKL(I)
IF ( NEND .£Q. IEND ) GO TO 560
. I =14+1
GO TO 550
NPHBR = [
READ { 54 60 ) RBW{J)y RBT{J)y RBE(J}, RBKL1(J), RBOST(J)s NEND
RBK(J) = RBK1(J)
IF ( NEND +EQ. IEND ) GO TO 580
J=Jd+1
GU TO 57C
NRDBR = J
IF { KEEP5 .EQ. KEEP ) GC TC 590

non

>>> READ TABLE 5: WEIGHTS OF PARTS AND MATERIAL PROPERTIES
READ ( 5+ 50 ) WCls WRl, WPHL, wSBly ECYL, ERGD, FYCYL, FYRGD
READ ( 55 50 ) PRCy ETRy FYTR, TRIF

If ( KEEP6 .EQ. KEEP ) GC TC 600

INCLINATION, ENU FIXITY; FRICTION COEFFICIENTS
AND ECCENTRICITY OF LOADING :

>>> READ TABLE 6:

REAC ( Sy 70 ) CINCLs LCENDs LREND, FCC, FCR, ECLC, ECLR
IF { KEEP7 .EQ. KEEP ) 6O TC 610

FACTOR OF SAFETY AND ITS TYPE, OP:RATING
PRESSURE AND ALLOWABLE THETA AND LATERAL FORCE
DEPENDING ON THE PROBLEM TYPE

>>> READ TABLE 7:

READ ( 5, 80 ) FSs LFSTP, CPPRE, ALTH, ALF
CONTINUE

>>> PRINT ALL THE TABLES REAC

PRINT 110
IF ( LPRTP .EQ. 1 ) PRINT 120
IF ( LPRTP .EQ. 2 ) PRINT 130
IF { LPRTP .EQ. 3 ) PRINT 140
PRINT 160+ KEEP2y KEEP3, KEEP4y, KEEP5, KEEP6, KEEPT
F KEEP2 «NE. IBLNK ) GO T0 620
IF ( KEEP3 .NE. IBLNK ) GO TO 620
IF { KEEP4 .NE. IBLNK ) GO TC 620
IF ( KEEPS 4NE. IBLNK ) GO 10 620
IF { KEEP6 .NE. IBLNK ) GO TO 620
IF ( KEEP7 .EQ. IBLNK ) PRINT 190
CONTINUE
PRINT 210, LNTU, LCDUs LPREU, LANGU
PRINT 220, STROKs PHL, SBLy EPTK, CHDS

vLe



640
6EC

6170

6175
680

650
700

c_-——

[
1000
1100
12€0

1600
17¢0

PRINT 230

SUBRUUTINE CUNSTIL
I

IF ( LPRTP .EQe 3 ) GO T3 640 { ECYLy ERGD, CHDS, LANGU,
PRINT 240, CLs RLs EXLs» STPTB 4] RDIy CYKs RUKy. CSSTF, RSSTF )
GO T0 650 c . :
PRINT 250 C==== >>> SUBROUTINE TO CALCULATE CONSTANT TERMS FOR CONVENIENCE
PRINT 260 c
IF ( RID .GT. ZERU ) GO TO 670 IMPLICIT REAL * 8 ( A - Hy, 0 - 2 )
PRINT 270, CODy CIDs ROD, RID COMMON / BRGSTF / PRKXy SPRK, RBKY, SRBK
GU TO 680 COMMUON / CAREAS / BAREAC, BAREAR, CAREAC, CAREAR, RAREAC
PRINT 280, COD, CID, RCD, RID COMMON / CLEAR / PCL,s RCL
IF ( LFLUID .NE. LYES )} GO TO 675 COMMCN / CLERNC 7/ CSBC, PCLL, RCLL -
PRINT 282 COMMON / CRPROP / RDZ,y CYZ, RDZIs CYZI, HSCCI,» HSCCOs HSCRI, HSCRO
GU TO 680 COMMON / DIAMTS / COD, CID,y RGD, RID,y CPD, RPD, PHO, SBD
PRINT 284 COMMCN / ENDS / LCENCy LREND ’
PRINT 290, CPDy RPD, PHD, SB0 COMMON 7/ FRCGNS / FCCY, FCRDy CCNM
PRINT 310, CSBCy PCLLs RCLI1 COMMON / INCLFR / CINCL, FCC, FCR
PRINT 315+ TRLs CLE, TRCA, R CCMMGN / PISTCN / PRW(5), PRT(5), PRE(5}, PRK{S5)y PRDUST(5)s NPH3R
PRINT 320 COMMON / RODBRS / RBW(5), RBT(5), RBE(5), RBK(5), RBDST(5), NROBK
PRINT 330, ( PRW(I)y PRT(I)y PRE(I)y PRKL{I)sPROST(I) 4I=1y NPHBR ) COMMON / WGTCON / WPH, WSB
PRINT 340 CGMMCN / WGTINI / wWCl, WRl, WPHl, WSBl
PRINT 330, { RBW(I1)s RBT(I}s RBE(I), RBKLLI),RBDST(I)sI=1, NROBR ) - COMMON 7 WGTVER / WCs WR
PRINT 350 ’ C
PRINT 360+ WCls WR1l, WPHl, WSB1 DATA ZERC, TWCs FCUR,y SXTFGR / 0.00D00, 2.0D00, 4.0000, 64.0000 /
PRINT 370, ECYL, ERODy ETRs FYCYL, FYROD, FYTR, PRC, TRIF DATA H180, AINFIN / 180.0000, 1.0020 /
PRINT 380s CINCL, LCEND, LRENDy FCCs FCR,y ECLC, ECLR DATA PI / 3.141592653589793000 /
PRINT 390 DATA LDEGs LFIX / 4HDEG , 3HFIX /
IF ( LPRTP .EQ. 1 .AND. FS .LE. GNE ) GO TC 690 c .
IF ( LPRTP .EQ. 1 ) PRINT 410, FSy LFSTP C—==— >>> CALCULATE STIFFNESSES OF BEARINGS AND SEALS IF NOT INPUT
GO TO 700 ; C
PRINT 400 SPRK = LERO
IF ( LPRTP .EQ. 2 ) PRINT 420, OPPRE . PRK X = ZERO
If ( LPRTP .EQ. 3 ) PRINT 430, OPPREs, ALTH, ALF DO 110 I = 1, NPHBR
RETURN IF { PRK{I) .GT. ZERO } GO TO 100
PRK(I) = CID * PRW(I) * PRE({I) / PRT(I)
>>> DIAGONCSTICS FOR ILLEGAL INFUTS 1c0 PRKX = PRK(I) % PROST(I) + PRKX
110 SPRK = PRK(I) + SPRK
PRINT 450 SRBK = LERO
GO T7C 1600 RBKY = ZERC
PRINT 460 DU 13C I = 1, NRDBR
60 TO 1600 IF { RBK(I) .GT. ZERO ) GO TO 120
PRINT 470 RBK{I) = ROD * RBW(I) * RBE(I) / RBTI(I)
PRINT 480 120 RBKY = RBK{I) * RBDST{I) + RBKY
PRINT 490 130 SR8K = RBK(I) + SRBK
C
>>> END OF RUN IF ERROR IN INPUT IS ENCOUNTERED C——— >>> CALCULATE CROSS SECTIONAL PROPERTIES
c
STCP RCD2 = ROC * ROC
END RID2 = RID * RIO
cob2 = (00 * COD
Clp2 = CIC * CIC
RDI = Pl * ( RCD2 * ROD2 - RIVZ2 * RID2 ) / SXTFUR
CcYI =PI % ( COV2 * COv2 - CIu2 * CID2 )} / SXTFOR
RDZ = RDI * TWG / RCC
cyZ = CYL * TwG / CGD
RDZI1 = 1.00+20
IF ( RID «GT. ZERG ) RBZI = RUI * TWO / RID
cyzl = CYL -* ThG / CID
c

G1¢



C--== >>> BOURE AREAS AND CR3SS SECTIGNAL AREAS OF CYLINDER ANC ROD

. SUBROUTINE CCNST2 ( FCCN )

c . c
BAREAC = PI * CIL2 / FCUR C-—=— >>> SUBROUTINE TC CALCULATE THE CONSTANT TZRMS INVOLVED IN
BAREAR = PI * RIU2 / FCUR 4 TIE ROD STRESS AND SEPARATICN PRESSURES CALCULAT ICNS
RAREAC = PI * ( CID2 - ROD2 ) / FOUR c
CAREAC = PI * ( cCpb2 - cu}z ) / FOUR IMPLICIT REAL * 6 { A= Hy O = 2 )
CAREAR = PI * ( RGD2 - RID2 ) / FOUR CUMMON / CAREAS / BAREAC, BAREAR, CAREAC, CAREAR, RAREAC
c COMMON / LENGTS / STROK, PHL, SBL, EPTK, CHDS, LFLUID
C--== >>> CALCULATE HOOP STRESS CCEFFICIENT COMMCN / FRGPTS / ECYL, ERGCs FYCYL, FYRCD .
c COMMON / SEPCON / SLAE, TEMPC, TEMPR, CCL, FBAC, FBAR
RDENC = COD2 - CID2 COMMON / STPTBS / CLs RL, STPTB
HSCCI = { CGCD2 + CID2 ) / RDENC CCMMCN / TIERGD / TRLs CLE, TRCAs Ry PRCy ETRy FYTR, TRIF
HSCCO = TWO * CID2 / RDENC c
RDENR" = ROD2 - RIC2 DATA ZERC, TWO / 040CCCy 2.0D00 /
HSCRI = ( ROD2 + RID2 ) / RDENK c
HSCRO = TWC * RID2 / RDENR SLAE = TRL * CAREAC * ECYL / ( TRCA % ETR ) + CLE
CYK = DSQRT. { ECYL * CYI ) FBAC = TRIF / BAREAC
RDK = DSQRT ( EROD * RDI ) FBAR = TRIF / RAREAC
C PLC = CL - STPT8 - PHL
C==== >>> CALCULATE CLEARANCES AT PISTON HEAD AND STUFFING BOX PLR = CL - PHL
c ) TEMPC = TWG * PRC * PLC
PCL = ( CID - PHD ) / TwWO TEMPR = TWC * PRC * PLR
IF ( PCL1 .GT. ZERG ) PCL = PCL1 FCON = TEMPC / SLAE
RCL = ( SBD - RGD ) / TWO + CSBC ccL = CHDS + EPTK
IF { RCL1 .GT. ZERO ) RCL = RCL1 + CSBC IF ( CCL .GT. ZERGC ) RETURN
c FCON = ( CCL + TEMPC ) / SLAE
C-—— >>> CALCULATE VERTICAL CGMPONENTS OF WEIGHTS ) RETURN
[4 END
TEMP = PI / H180 .
BETA = CINCL .
IF ( LANGU .EQ. LDEG ) BETA = CINCL * TEMP
[«:} = DCCS( BETA )
WC = Wl * C8
WR = WR1l * CB
WPH = WPHL * CB
wSB = WSBL * CB
c .
C—--—— >>> CALCULATE FRICTION MCMENT COEFFICIENTS
[4 ’ .
FCCY = FCC * CPD / Twa
FCRD = FCR * RPC / TwO
c
C—=—= >>> ESTABLISH STIFFNESSES FOR ROGTATIONAL SPRINGS AT SUPPORTS
[4 2ERO IF PIN; VERY HIGH IF FIX.
c
CSSTF = ZERO
RSSTF = ZERC
[F ( LCEND <EQ. LFIX ) CSSTF = AINFIN
IF. ( LREND «EQe LFIX ) RSSTF = AINFIN
C
C-==— >>> MOMENT DUE TO OVER HANG
c
CONM = WC * CHCS * CHDS / TWO

IF ( CHDS «GT. ZERC ) CCNM = ZERO
IF { LCEND .EQ. LFIX ) CONM = ZERO
RETURN
END

Ile



SUBRGUTINE TRIALP

I

ERGD, LPRTP, RDI, FYCYL, BAREAC, HSCCI, LCEND, FYROD,
BAREAR, HSCRI,

c PINCRL, PINCR2 ' )
[
C=—=- >>> SUBROUTINE TO CALCULATE TRIAL LOAD AND LOAD INCREMENTS
c
IMPLICIT REAL * 8 { A — Hy G ~ 2 )
COMMUN EXL, P1 )
COMMON / LENGTS / STROKy PHL, SBL, EPTK, CHDSs LFLUID
DATA TwWU, FIFTY, FIVHUN / 2.0DCC, 50.0D00, 500.0000 /
DATA PI / 3.141592653589793000 /
DATA LFIXy LYES / 3HFIX, 3HYES /
[ .
C——-= >>> IF LPRTP = 3 CALCULATE APPRGXIMATE EXTENDED LENGTH
c
If ( LPRTP .~ 3 ) 110, 100, 110
100 EXL = STROK + STROK + PHL + SBL + CHDS + EPTK
c
C——— >>> TRIAL LUAD (1) AS PER EULERS BUCKLING, CONSIDERING FULL
c LENGTH STIFFNESS AS THAT OF ROD ONLY
c .
110 Pl = Pl * Pl * EROD * RDI / ( EXL * EXL )
IF ( LCEND .EQ. LFIX ) Pl = TWO * P1
c
C-=== >>> TRIAL LOAD (2) AS PER EXCESSIVE HOOP STRESS RESTRICTION IN CYL
C
P2 = FYCYL * BAREAC / HSCCI
c
C—=-== >>> TRIAL LOAD (3) AS PER EXCESSIVE HOOP STRESS RESTRICTION IN RCD
c
P3 = FYROD * BAREAR / HSCRI
IF ( LFLUID .NE. LYES ) P3 = p2
c
C-—— >>> TRIAL LOAD, SMALLER OF (1), (2) AND (3)
c
Pl = DMINL( P1, P2, P3 )
c
C-==— >>> CALCULATE LDAD INCREMENTS
[
PINCRL = P1 / FIFTY
PINCR2 = P1 / ( FIVHUN % TwO )
RETURN
END

SUSBRGUTINE EQBRIM

{ PRKy PRUST, RB8Ky RBDST, NPHBR, NRUBR, CYKs RDKy LPRTP,

1 GC+ RPD,y BMGy CSSTF, RSSTF,
o} CLTy RLT, Cks RK, BBLl,y 8B2, TETA, DEFG, THC, TRM )
[
C-—== >>> SUBROUTINE TO CALCULATE CONSISTENT VALUES OF DEFLECTIONS AND
C CROGKEDNESS ANGLE BY ITERATING, FOR A PARTICULAR VALUE LF LGAD
C .
IMPLICIT REAL ¥ 6 ( A - hy C ~ Z )
COMMON EXL, P
COMMGN / BRGSTF / PRKXs SPRKy RBKY, SRBK
COMMON / CANDDS / Cl, C2, Cly D2
CUMMON / CLEAR / PCL, RCL
COMMON / -CONSTS / EELy FFLy AKTHC, AKTHR
COMHMON / ECCTRI / ECLC, ECLR
COMMON / FRCUNS / FLCY, FCRD, CCNM
COMMGN / GLDFGR / FX(5)y FY(5), Fl, F2, F3, F4
COMMON / LENGTS / STROK, PHL, ‘SBL, EPTK, CHODS, LFLUID
COMMGN / REATNS / REC, RER
CCMMCN / STPTBS / CLs RL, STPTB
COMMON /7 TIEROD / TRLy CLE, TRCA, R, PRC, ETRy FYTR, TRIF
COMMGCN / WGTCON / WPH, WSB
COMMCN / WGTVER / WCy WR
c
DIMENSION PRK{ NPHBR ), PRDST( NPHBR ), RBK( NRDBR ) yRBDST(NRDBR)
c
DATA ZERG, TWO, HUNDRD / 0.0D0U, 2.0D00, 100.0000 /
DATA LFIX / 3HFIX /
C
TRMOM = TRM
M =1
N =1
IF { LPRTP .NE. 3 ) GO TO 50C
C
C-==— >>> CALCULATE CYLINDER, ROC ANL EXTENDED LENGTHS IN CASE GF
C STOP-TUBE LENGTH DETERMINATIGN ANALYSIS
[+
CL = STRCK + PHL + GC
RL = STRGK + SBL + RPD / TwO + GC
EXL = CL + EPTK + ChDS + RL - GC
TRL = CL + EPTK + SEL
CLE = CL
GO TC 50
C .
C==—— >>> CALCULATE TRANSFORMEC CYLINDER AND ROD LENGTHS
C
20 CcLr =CL ¢+ EPTK + C+DS - Y
RLT = RL - X
[
C~—=— >>> CALCULATE EQUIVALENT CONCENTRATED LATERAL LOAD AT STeP
[
L] = WPH *+ WSB + WC * Y + WR *x X
C
C==== >>> CALCULATE LATERAL REACTICNS AT SUPPQORTS
C .
REC = (W % RLT + CONM + wC * CLT % ( RLT + CLYT 7/ TwO
* ) + WR * RLT # RLY / TWO ) / EXL
RER = W + WC * CLT + WR * RLT - REC
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CALL THCODS
1  CYKy RDKy CLTy RLTy CSSTFy RSSTF, TETA, W, TRMOM,

s} 881y BB2y CKy RKy CKlLls SKlL1ls THC )
c
C===— >>> CALCULATE DEFLECTION AT SLIDING CONNECTION
[
DEFGL = ( AKTHC - AKTHR ) % CLT / EXL — wC * (LT * CLT /
* { TWC * P )
DEFG = Cl * CKLLL + C1 * SK1L1 - EEL * CLT + FFL * CLT
* - DEFGl + BBl — REC * CLT /7 P
C B
C-=— >>> CALCULATE CYLINDER SLOPE AT SLIDING CONNECTION
c
THCG == Cl * CK * SKIL1 + Dl * CK * CKIL1l - EEL + FFL
1 - ( AKTHC - AKTHR ) / EXL - ( REC - wC * CLT ) / P
c
C===— >>> CALCULATE TIE RCD MOMENT
C
TRM =R * R * { THC - THCG ) * TRCA * ETR / TRL
c
C—=== >>> CALCULATE BENDING MCMENT AT INTERFACE
c
BMG =P % CLT * ( EEL - FFL ) + DEFGL * P + P * ECLC
* + REC % CLT - CCNM - P * ( FCCY +# AKTHC - DEFG )
c
C===— >>> CALCULATE CROOKEDNESS ANGLE - THETA, AT SLIDING CUNNECTION
c
50 CALL THETA
| { PRKs PRDST, RBK, RBDST, NPHBR, NRDBR, GC, BMG, PHL,SBL,
Xe Yo TETAF )
N =N+ 1
IF { N- 2 ) 20, 20y 60
€0 DTETA = DABS( TETA / HUNDRD )
DIFF = DABS( TETAF - TETA )
TETA = TETAF
C
C—==— >>> ARE INITIAL AND FINAL THETAS CLOSE?
[
IF ( DIFF .LT. DTETA ) GO TC 80
IF ( N .GT. 25 ) GO TO 80
60 TO 20
80 TRMOM = TRMOM + TRM / HUNDRD
C
C~=== >>> IS TIE RCD MCMENT CONVERGING TU A CONSTANT VALUE?
C

IF { DABS( TRMOM ) .GT. DABS( TRM ) ) RETURN
M = +
IF ( M .GT. 100 ) RETURN
GC TC 20
END

SUBRCUTINE THETA
1 { PRKy PRDST, RBK, RBDST, NPHBR, NRDBR, GC, 8MG, PHL,SBL,

s} Xe Yy TETA )
c
C—=== >>> SUBROUTINE TU CALCULATE CROGKEDNESS ANGLE AND FORCES AT
c INTERFACE .
C .
IMPLICIT REAL * 8 { A - Hy 0 - 2 )
COMMON / BRGSTF / PRKX, SPRK, REKY, SRBK
COMMON / CLEAR / PCL, RCL
COCMMCN / GLDFCR / FX{5)y» FY(5)y Fl, F2y F3, F4
C
DIMENSIUN PRK{ NPHBR )y PROST( NPHBR ), RBK( NRDEBR ) 4RECST(NRDBR)
c
DATA ZEROs ONEs TWC / 0.0D00, 1.0D300, 2.0D00 /
C
C——~—— >>> MCNITCOR FOR PROPER SIGN
c
SIGN = ONE
IF ( BMG ) 80 , 100, 80
&0 SIGN = BMG / DABS{ BNG )
100 SRPBK = SRBK + SPRK
Fl = ZERC
F2 = ZERO
£3 = ZERG
- F4 = ZERG
c
C—=— >>> CASE 1: NO METAL TO METAL CONTACT AT SLIDING CONNECTICN
c
X = { RBKY + GC * SRBK — PRKX ) / SKPBK
Y =6C - X :
1 ( PCL .EQ. ZERO .AND. RCL .EQ. ZERD ) GG TO 690
CF = LERC
DO 130 I = 1, NPHBR .
130 CF = CF + PRK{I) * { X #+ PROST(I) ) * ( X + PRuGST(L))
00 140 I = 1, NRDBR
140 CF = CF + RBK{I) * ( Y + RBDST(I) ) * ( Y + RBDST(I1))
TETA = BMG / CF
Dl =1 X + PEL ) * DABS( TETA )
D2 = { Y + SBL ) * DABS( TETA )
IF ( Dl .GE. PCL .AND. D2 +GE. RCL ) GO TO 170
IfF { D1 - PCL ) 150, 209, 200
150 IF ( D2 - RCL ) 75GC, 3CC, 3CC
170 v22 =PCL * (¥ + SBL ) / ( X+ PHL )
IF ( D22 - RCL ) 200, 320, 300
c
C=—~== >>> CASE 2: CONTACT AT FRGNT FACE OF PISTON HEAD
[
2C0 XNUM = LERC
XDEN = LERO
A = PHL + GC
8 = DABS( BMG ) / PCL
DO 210 I = 1, NPHBR
TEMP = PRK{1} * ( PkEL - PROST(I) )
XDEN = XDEN + TEMP
210 XNUM = XNUM + TEMP * PRUST(I)
XNUM = — XNUM

DC 220 I = 1. NROBR
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220

240
250

2170

C———
3co0

310

340
350

370

C———

400

TEMP = RBKEI) * ( A + RBOST(I) )
XDEN = XDEN + TEMP
XNUM = XNUM + TEMP * { GL + RbDST(I) ) 410
XNUM = XNUM - B * PHL
XDEN = B + XDEN
X = XNUM / XODEN 480
Y = G6C - X
TETA = PCL / { X + PHL ) * SIGN
D3 = DABSI( TETA * X )
D2 = ( Y + SBL ) * DABS( TETA ) [
IF ( D3 .GE. PCL .AND. D2 .GE. RCL ) GO TO 270 [
IF ( D3 - PCL ) 240, 400, 400 C
IfF ( D2 - RCL ) 25C, 6C0, 6CO 500
Fl = TETA * { RBKY + GC * SRBK — PRKX - X * SRPBK }
GC TC 750
TETA = PCL * ThC / PHL
D2 = ( PHL / TWO + GC + SBL ) * TETA
IF { D2 - RCL ) 400, 609, 600
>>> CASE 3: CONTACT AT FRONT FACE OF STUFFING BOX 570
XNUM = LERO
XODEN = LERO S5E&0
A = §BL + GC
B8 = DABS{ BMG ) / RCL
D0 310 I = 1y NPHBR
TEMP = PRK(I) * ( A + PROST(1) ) C
XDEN = XDEN + TEMP Cm——
XNUM = XNUM + TEMP * PRDST(I) C
XNUM = = XNUM c
DO 320 I = 1, NRDBR 6C0
TEMP = RBK{I) * ( SBL - Ra3DST(I) ) .
XDEN = XDEN + TEMP
XNUM = XNUM + TEMP * ( GC + RBDST(I) )
XNUM = XNUM + B * A
XDEN = B + XDEN
X = XNUM / XDEN
Y = 6C - X 6170
TETA =RCL /7 { Y + SBL ) * SIGN
D1 = { X +# PHL ) * DABS( TETA )
D4 = DABS( TETA * Y ) 680
IF ( D1 .GE. PCL .AND. D4 .GE. RCL ) GO TG 370
IF ( D1 - PCL ) 340, 6CCy 6CO0
IF £ D4 - RCL ) 350, 500, 500 ’
F2 = TETA * { X * SRPBK — RBKY — GC * SRBK + PRKX ) 650
GG TG 750 750
TETA = RCL * TWC / SBL
01 = ( PHL + GC + S8L / TwWO ) * DABS( TETA )
If ( o1 - PCL ) 500, 600, 600
>>> CASE 43 CONTACT AT FRONT AND BACK FACES CF PISTON HEAD
X = — PHL / TuQ
TETA = TwO * PCL / PHL * SIGN
Y =60 - X
CALL GFCORCE ( PRKs PRDSTy TETA, X, NPHBR, FX )
CALL GFORCE ( RBKe RBDSTs TETA, Y, NRODBR, FY )

0C 470 1
F3

RETURN

>>> CASE

TETA
Y
CALL GFCRCE (
CALL GFORCE (
60 570 1
F2
Fé4
00 530 1
F2
F4
F2
F4
RETURN

>>> CASE 6:

TETA
X
Y
CALL GFCRCE (
CALL GFORCE (
0O 670 I

RETURN

TETA
CALL GFORCE (
CALL GFORCE
RETURN
END

NPHBK

F3 + FX(I)

FL + FX(1) * PRDST{(I)

NRDBR

F3 - FY(I)

Fl « FY(I) * ( GC + RBDST(1) )
( BMG - F1 ) /7 PHL

FflL + F3

I
-
W

[T T T

CONTACT AT FRCNT AND BACK FACES CF STUFFING BGX

GC + SBL / TuC

= TWC * RCL / SBL * SIGN
= 6C - X
PRKy PROST, TETA, X, NPHBR, FX )
RBKs RBOST, TETA, Y, NROBR, FY )
= 1ls NPHBR
= = FX(I) * ( GC + PRDSTU(I) ) + F2
== FX{I) + F4
= 1+ NRDBR
= F2-- FY(I) * RBUSTI(I1)
= F4 + FY(I)
= ( BMG + F2 ) / SBL
= F2 + F4 .

CCNTACT AT FRCNT FACE UF PISTON HEAD AND FRONT FACE
OF STUFFING 80X

{ PCL + RCL ) / ( PHL + GC + SBL )

PCL / DABS{ TETA ) - PHL

GC - X
PRKy PRLCST,
RBKy RBDST,

= 1+ NPHBR

= FX{I) * ( SBL + GC + PRDST(1) ) + F1

FX{1) + F2

NRDBR

FL # FY(I) * ( SBL - RBDST(I) )

- FY(I) + F2

( BMG + F1 ) / { PHL + GC + SBL )

Fl1 + F2

* SIGN

TETA,
TETA,

NPHBR
NROBR,

FX )
FY )

Xy
Yoy

= ZERC
PRKy PRDST, TETA,
RBKs RBDST, TEtTA,

X9
Yy

NPHBR
NRDBR»
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SUBROUTINE GFORCE SUBRUGUTINE THCDS
1 I : (

( AKy USTy TETA, X5 Ny CYKy RDKy CLTy RLTy CSSTFy RSSTFy TETA, W, TRM,

o F s} 881y, 032y CKy RKy CKLLL, SKILl, THC )
c c
C~==— >>> SUBROUTINE TO CALCULATE FORCES UN EACH BEARING C-—-— >>> SUBRCUTINE TG CALCULATE SLGPES AT SUPPURTS ANC CONSTAKNTS IN
C c ODEFLECTION EQUATICNS
IMPLICIT REAL * 8 { A~ Hy O - 2 ) C
DIMENSION AK{N)s USTIN), F(N) IMPLICIT REAL * 8 ( A - Hy O - 2 )
c COMMUN EXL,s P
DU 101 =1, N . COMMON / CANDDS / Cle C2y D1, D2
FOI) = AK(I) * ( X + DST(1) ) * TETA COMMGN / CCNSTS / EELs FFLy AKTHC, AKTHR
10 CCNTINUE A COMMON / ECCTRI / ECLC, ECLR
RETURN COMMON / FRCONS. / FCCY, FCRO, CCNM
END . COMMCN / REATAS / REC, RER
COMMON / WGTVER / WC,s WR
4
DATA ZERC, GNE / 0.D00, 1.L00 /
c
sQp = DSQRT ( P )
CK = SQP / CYK
RK = SQP / RDK
CcK2 = CK # CK
RK2 = RK * RK
AKILL = CK * CLT
AK2L2 = RK * RLT
AK2LL = RK % CLT
AK2EL = RK % EXL
TKILL = DTAN( AKIL1 )
. SKLLL = DSIN{ AKlLl )
. CKIL1 = DCOS( AKLLL )
TK2L2 = DTAN( AK2L2 )
SK2L2 = DSIN{ AK2L2 )
CK2L2 = DCOS( AK2L2 )
CK2Ll = DCOS( AK2L1 )
TK2LL = DTANL AK2L1 )
CK2EL = DCOS( AKZEL )
SK2EL = DSIN{ AK2EL )
TK2EL = DTAN{ AK2EL )
AKCON = CK / TKILl + RK / TR2L2
BKCCN = CK * TK2L2 + RK * TKkiL1l
CKCON = RK - CK % TKILL * TK2L2
DKCON = RK * TKIL1 * TK2LLl + CK
T = TKILl * TK2L2
SS = SKIL1 * SK2L2
cc = CK1L1l * CKaL2
ST = SK1Ll * TK2L2
CCEL = CK2L2 * CK2EL
TS = TKILL % SK2L2
WRPK2 = WR / ( P * RK2 )
WCPK2 = WC /7 ( P % CKZ )
WCWR = WRPK2 — WCPK2 + TRM / P
AKCBP = CSSTF / P
AKRBP = RSSTF / P
EEL = ( ECLR - ECLC ) / EXL
FFL = { FCRD - FCCY ). / EXL
BB1 = CONM / P + FCCY - ECLC — WCPK2 + TRM / P
882 = FCRD — ECLR - WRPK2
363 = TETA + w / P
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C

C—=== >>> CALCULATE SLUPES AT CYLINDER AND ROD SUPPORTS
C N
All = ONE - AKLBP * CK % CKCON / BKCON + AKCBP / EXL
Al2 = AKRBP * CK * RK / BKCON / CC - AKRBP / EXL
Bl = { BBl * CKCON / TT - WCWR * RK / ST - BB2 * RK
* / SS + BB3 / SKILL ) * CK / AKCON — EEL + FFL
* - REC /7 P
A21 = = AKCBP * CK * RK / BKCON /CC + AKCBP / EXL
A22 = GONE + AKR3P * CK2L1l * DKCON * RK / CCEL / BKCON
* — AKRBP * RK #* TK2EL - AKRBP / EXL
82 = ( BBL * (K / CC - 8B2 * DKCCN * CK2L1l / CCEL
* = WCWR * CK / CK2L2 - BB3 * TKIL1l /7 CK2L2 ) * RK
* / BKCON + B32 #* RK * TK2EL — EEL + FFL + RER / P
THDEN = All * A22 - Al2 * A2l
THC = ( Bl * AZ22 - p12 * B2 ) / THDEN
THR = ( All * B2 — A2l * Bl ) / THDEN
AKTHC = AKCBP * THC
AKTHR = AKRBP * THR
a8l = BBl + AKTHC
BB2 = BB2 + AKTHR
C
C—=== >>> CALCULATE CONSTANTS IN DEFLECTION EQUATIONS
c
Ccl = -BBl
01 = ( BBl * CKCON / TT — WCWR * RK / ST — BB2 * RK
* / SS + BB3 / SKILl )} / AKCCN
D2 = ( BBl * CK * CK2EL / SS — BB2 * DKCGN * CK2L1l
* / TS — WCWR * CK * CK2EL /. TS — BB3 * CK2EL
* / SK2L2 ) / AKCCN
c2 = ( - D2 * SK2EL - BB2 ) / CK2EL
RETURN
END

SUBRCGUTINE STGPTB
L g

( TETA, NPHBR, NKRLCER, ALTH, ALF, STRGK, ITERAT, GC )
C
C——== >>> SUBROUTINE TO CALCULATE THE REWUIRED LENGTH OF STCP=-TUSBL
c
IMPLICIT REAL ¥ 8 { A = Hy C - ¢ )
COMMGN 7/ GLDFOR / FX(5), FY(5)s Fle F2, F3, F4
C
DATA TwOs HUNDRD / 2.0000, 100.GC00 /
c
C
C==== >>> INCREMENT FUR STCP-TUBE LENGTH
c
GCI = STRCK / HUNDRC
. C
C==== >>> CALCULATE TOTAL LATERAL FORCE
c
TF = DABS( F1 ) + CASS( F2 ) + CABS( F3 ) + DABS( F4)
D0 10 T = 1, NPHBR
10 TF = TF + DABS( FX(I) )
DO 20 I = 1, NROBR
20 TF = TF + DABS( FY(I) )
F = TF / TWG
c
C—=== >>> CHECK TOTAL FORCE AND CROOKEUNESS ANGLE LIMITS
c
IF ( F «LT. ALF .AND. DABS( TETA ) .LT. ALTH ) RETURN
GC = GC + GCI
IF ¢ 6C - STROK / TWO / TWO ) 120, 120, $00
120 LTERAT = 2

RETURN
900 PRINT 910 :
910 FORMAT (-1HLls ///4 5( 25H* * % * » ERRCR * % % % %, / ),

1 ///+ 45HFORCE AND CROOKEONESS ANGLE LIMITS AT o/

2 45HSLICING CCNNECTION ARE TOO SMALL; o/

3 45HRESULTS IN UNECGNOMICAL DESIGN; o "/

4 45HSTOP TUBE LENGTH BECOMES > STROKE / 4; '/

5 45HSUGGESTION — INCREASE LIMITING VALUES. o/ )
sTOoP ’

- END
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SUBRCUTINE XATYMX ) - SUBRCUTINE YMAXS

I [ CLT, CKy RK, DEFG, . I { XCY» XRUe CKy RKy CSLPCy CSLPR, BBL, 882,
c XCYs XRDs CSLPC, CSLPR . ) s YCMAX, YRMAX :
4 c
C-=== >>> SUBROUTINE TO CALCULATE THE DISTANCES AT WHICH MAXIMUM C—=—— >>> SUBROUTINE TO CALCULATE MAX. DEFLECTIONS IN CYLINOER AND R3D
C DEFLECTIONS OCCUR c
c L IMPLICIT REAL * 8 { A = H, C - Z)
IMPLICIT REAL * 8 { A~ Hy, 0 = 2 ) ) COMMUN EXL, P
COMMCN EXLy P } CCMMON / ‘CANDDS / Cl, C2, U1, D2
COMMCN /7 CANDDS / Cl, €2, Cly D2 COMMON / WGTVER / WC, WR
COMMON / CONSTS / EEL, FFL, AKTHC, AKTHR C
COMMON / REATNS / REC, RER : DATA TWO / 2.0D00 /
COMMCN / WGTVER / WC, WR . [+
c v : CANG = XCY * (K
DATA ZERGs HUNDRD / 0.D00,y 100.000 / RANG = XRD * RK
C ’ TWOP = TwQ * P
C-=— >>> INCREMENT FOR X : XRDP = EXL = XRD
c [
© AINCR = CLT / HUNCRD : C==— >>> MAXIMUM DEFLECTICN IN CYLINLER
CSLP = - EEL + FFL — { AKTHC - AKTHR ) / EXL [+
CSLPC = CSLP - REC 7 P YCMAX = Cl * DLOS( CANG ) + 0L * DSING CANG )
CSLPR = CSLP + RER / P . ® + CSLPC * XCY + BBL + WC * XCY * XCY / TwOP
xCy = CLT [+
XRD = CLT C——== >>> MAXIMUM DEFLECTION IN ROD
[ c .
C—=== >>> POINT AT WHICH MAXIMUM DEFLECTION OCCURS IN CYLINDER YRMAX = C2 * DCCS( RANG ) + L2 * DSIN{ RANG )
[+ * =~ CSLPR * XRDP + 882 + WR * XRDP # XRDP / ThOP
100 ANG = CK * XCY : RETURN
CSLOP = ~ CL * CK * DSIN( ANG ) # D1 * CK * DCOS( ANG ) END
* + CSLPC + WC * XCY / P
IF ( DEFG ) 140, 140, 120
120 IF ( CSLOP ) 160, 160, 200
140 IF ( CSLOP ) 200, 160, 160
1€0 xCY = XCY - AINCR
GO TO 100 i )
c
C—=== >>> PCINT AT WHICH MAXIMUM CEFLECT ION OCCURS IN ROD
c
200 ANG = RK * XRD .
- RSLOP = — €2 * RK * DSIN( ANG ) + D2 * RK * DCOS{ ANG )
* + CSLPR — WR * [ EXL = XRD ) 7 P
IF ( DEFG ) 240, 240, 220
220 [F ( RSLCP ) 300, 260, 260 .
240 IF { RSLOP ) 260, 260, 300 :
260 XRD = XRD + AINCR
GO TO 200
3C0 RETURN
END
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SUBROUTINE STRCHS

I { KEYFy KEYT, KEYP, XCY, XRD, YCMAX, YRMAX, RICy ChDS,
I OPPREs FYRODT, FYCYLTs PINCR1ly PENCR2, KEYST, LFLUID,
1 TRMy FCCNy TSTRT, TSTFB, KEYTR,
s} HSCy HSRs CSTRy CSTRP, RSTRy RSTRP,y CSSe NCSSy RSSeNRSS)
C - .
C-—=— >>> SUBRCUTINE TO CHECK THE MAXIMUM STRESSES WITH THE LIMITING
c STRESSES
c
IMPLICIT REAL * 8 ( A - Hy 0 - 2)
COMMON EXLe P
COMMCN / CAREAS / BAREAC, BAREAR, CAREAC, CAREAR, RAREAC
COMMON / CONSTS / EELy FFLs AKTHCy AKTHR
COMMON / CRPROP / RDZ, CYZy RDZEy CYZIs HSCCI, HSCCO, HSCRI, HSCRO
CGOMMON / ECCTRI / ECLC, ECLR
COMMON / FRCCNS / FCCY, FCRDs CCAM
COMMON / REATNS / RECs RER
COMMCN /7 TIERCD / TRLy CLEs TRCA, Ry PRCy ETRy FYTR, TRIF
COMMUN / WGTVER / WCoe WR
C

DATA ZERCy TWC / 0.0000, 2.0000 /
DATA LYES / 3HYES /

[
C~—== >>> CALCULATE BENDING MCMENTS AT MAXIMUM DEFLECTION POINTS
c

8MC1 ( EEL - FFL ¢ { AKTHC - AKTHR ) / EXL ) * P*XCY

8MC = DABS( BMCl ¢ REC * XCY - CONM - P * FCCY - AKTHC
* ¥ P - TRM — WC * XCY * XCY / TWO + P*{ECLC+YCMAX))
XRDP = EXL - XRD .
BMR = CABS( - BMC1l * XRDP / XCY + RER * XRDP - P
* * FCRD - AKTHR * P - WR * XRDP * XRDP / TWO
* + P #% ( ECLR + YRMAX ) )
C
C=== >>> CALCULATE BENDING MOMENTS AT SUPPORTS
c
sMCP = DABSL — CONM - P * { FCCY ¢ AKTHC - ECLC )= TRM)
BMRP = DABS( - P * ( FCRD + AKTHR — ECLR ) )
[
C==== >>> CALCULATE FINAL TENSICNS IN TIE RODS
c
FT = TRIF - P * FCCN
TRMF = TRM / ( THGC * R )
FTT = FT / TWC - TRMF
FTB = FT / TwO + TRMF
IF { FTT .GT. ZERC +GR. FTB «GT. ZEKD ) GO TO 10
KEYTR = 2
KEYF =2
10° CCNTINUE
[+
C-—== >>> CALCULATE ALL STRESSES
[
C=== >>> HOOP STRESSES
c .
PRE = P / BAREAC
HSC = HSCCl * PRE
HSCO = HSCCO * PRE
HSR = ZERC

IF { LFLUID <EQ. LYES ) HSR = HSCRI * PRE

c
Cm=== D>>
(%

C
C—=— >>

Cc
C—==— >>>

20
30
40

50

€0

I¥

IF

IF
IF
IF

GG

IF

I

GG

HSRO = ZERGC
{ LFLUIU <EUe LYES ) HSRC = HSCRU * PRE

LONGITUDINAL STRESSES

FISTR = FT / CAREAC
CSTR = 8MC / CYZ + FTSTR
CSTRI = BMC / CYZI + FTSTR
CSTRP = BMCP / CYZ + FTSTR
CSTRPI = BMCP / CYZI + FTSITR
PR =P

( LFLUIC <ECe LYES ) PR = P - PRE * BAREAR
AXRST = PR / CAREAR
RSTR = BMR / RDZ ¢ AXRST
RSTRI .= BMR / ROZI + AXRST
RSTRP = BMRP / RDZ + AXRST
RSTRPI = BMRP / RDZI + AXRST

TIE ROD LONGITUDINAL STRESSES

TSTRT = FTT * TWC /7 TRCA
TSTRB = FTB * TWC / TRCA

SHEAR STRESSES

Csso = HSCO + CSTR
CSS1 = HSC + CSTRI
CSSPO = HSCC + CSTRP
CSSPI = HSC + CSTRPL

(CSSPU.GT.CSSPI.ANG.CSSPC.GT.CSSD.AND.CSS#D.GT.CSSIDGO TC=0
( CSSPI .GT. CSSC .AND. CSSPI .GT. CSSI ) GO TO 30°
( €SSO .6T. CSSI ) GO TO 20

Css =.CSSt
NCSS =2
10 50
Css = (sSse
NCSS =1
TG0 50
Css = CSSPI
NCSS =2
T0 50
Css = CSSPC
NCSS =1
RSS = LERO
NRSS =0
{ LFLUID .NE. LYES ) GC TC 90
RSSPO = HSRO + RSTRP
RSSPI = HSR + RSTRPI
RSSO = HSRC + RSTR
RSS1 = HSR + RSTRI
(RSSPLoGT aRSSPIANLRSSPLGT oRSSUANDGRSSPULGTLRSSINIGCE TG o0

( RSSPI .GT. RSSO «AND. RSSPI .GTe RSSI ) GO TG 70
( RSSC .GT. RSSI ) GJ TO 60
RSS = RSSI

NRSS =2

TG 90
RSS = RSSC
NRSS =1

€ee



)
80
99
[
Co=——
c
c
C—-—_
c
100
c
C————
c
2¢0
400
500

>>>

GO TO S0

RSS = RSSPI
NRSS =2
GO TG 90
RSS = RSSPO
NRSS =1
CONTINUE

IF ( KEYF .NE. 1 ) GO TO 50C
IF ( KEYST .NE. 1 ) GO TG 500

CHECK WITH LIMITING STRESSES

STRMX1 = DMAX1({ CSTR, CSTRPs HSC,s CSS )

STRMX2 = DMAX1( RSTR, RSTRPs HSR, RSS )
IF { STRMX1 «.GT. FYCYLT .GR. STRMX2 .GT. FYRODT ) GO TO 100
IF { ( TSTRT .GT. FYTR ) .OUR. { TSTRB .GT. FYTR ) ) GO 7O 100
IF ( KEYT .EQe 2 ) GO TO 400

)}) CHANGE THE TRIAL LOAD CORRESPONDINGLY

RETURN

P = P + PINCR1
IF { KEYP .EQ. 2 ) GO TO 200
P = P — PINCR1 + PINCR2
TRM = LERO
KEYT =2

RETURN

>>> ITERATIVE REFINEMENT SECTION

P = P - PINCR2
TRM = ZERO
KEYF =2

RETURN
P = P + PINCR2
KEYP =2

RETURN
KEYF =3

RETURN

END

C
C——=— >>> SUBRUOUTINE TO CALCULATE THE SEPARATION PRESSURES FOR ALL
C PISTCN HEAD POSITICNS IN A CYCLE OF CPERATION
c
IMPLICIT REAL * 8 ( A - Hy U - 2 )
COMMCN / CAREAS / BAREAC, BAREAR, CAREAC, CAREAR, RAREAC
COMMON /. SEPCCN / SLAE, TEMPC, TEMPR, CCLs FBAC, FBAR
COMMGN / SEPRES / SPl, SP2, SP3, SP4, SP5, SP6
C
DATA ONE / 1.GD00 /
c
SP3 = FBAC / ( ONE - ( CLE — TEMPC ) / SLAE )}
SPé6 = FBAR / ( UNE - ( CLE — TEMPR * BAREAC / RAREAL
1 / SLAE )
IF ( CCL ) 20, 10, 10
[
C==-— >>> FOR SUPPORT AT CYLINDER CaP
[
10 spP2 = FBAC * SLAE / TeMpPC
SP4 = FBAR / ( ONE - CLE / sSLAE )
SP5 = SP6
RETURN
[+ .
C—=—= >>> FOR INTERMEDIATE SUPPORT ALCNG CYLINDER LENGTH
[
20 sP1 = FBAC / ( ONE + CCL / SLAE )
SP2 = FBAC / ( CONE - {-CCL - TEMPC ) / SLAt )
SP4 = FBAR / ( ONE - { CLE + (CL ) / SLAE )
SPS = FBAR / ( ONE - ( CLE + CCL - TEMPR * BAREAC /
1 RAREAC )./ SLAE )
RETURN
END

SUBRCUTINE SEPPRE ( CLE )

)

vee



SUBROUTINE UUTPUT 1 //+10Xe 29HFACTUR OF SAFETY ON CYL = »1P010.3y / )
1 ( KWIT, BAREACy XCY, XRDy» YCMAXy, YRMAX, CHD Sy, GC, TETA, 325 FORMAT ( /+1CXs29HEND LEFLECTICN IN OVERHANG = ,1PD10.3, 4Xe A4 )
1 FYCYLT, FYRCDTy CSTR, CSTRP, RSTRy, RSTRP,HSC, kSR, EPTK, 330 FURMAT ( /, 5X, 9HRGD HE)
I FYTRy, KEYTRy NPHBRy NRDBRy THCy CSSs NCSS, RSS, NRSS, L //+10Xy 29HMAX IMUM DEFLECTION = +1PU10e3y 4Xy A4,
1 TSTRT, TSTRB ) 2 //+10Xe29HMAXIMUM LONGITUDINAL STRESS= 1P010.3y 4Xs A4,
C 3 /79 10Xy 29HAT A DISTANCE FROM CYL SUP = 41P010.3y 4X» Alb,
C==== >>> SUBROUTINE TO PRINT ALL THE RESULTS 4 //+10X¢29HFACTGR GF SAFETY ON ROD = ¢1PD10.3y / )
c 340 FURMAT ( /410X,29HMAX LCNG STRESS AT RGD END = +1PDLO.3, 4X, A4,y
IMPLICIT REAL * 8 ( A - Hy C - .2) //+ 10Xy 29HF ACTOR OF SAFETY ON KOD = 91PDL10.3y / )
COMMON EXL. P 342 FORMAT ( /+10Xs29HMAX SHEAR STRESS IN ROD = » 1PD10+3y 4Xy A4
CCMMCN 7/ ENDS / LCENCs LREND 1 /910Xy 24HAT MAX LONG STRESS POINT )
COMMON / FSOPTF / OPPRE, ALTH, ALF, FS, LFSTP 348 FORMAT ( /,10X,29HFACTOR GF SAFETY GN RCD = 91PD10.2y / )
COMMCN / GLOFOR / FX(5)y FY(5)y Fly F2, F3, F4 350 FORMAT ( /,10X,29HMAXIMUM HOGP STRESS IN ROD = ,1PD10.3, 4X, A4,
COMMCN 7 1D / I1DCARC(40), NPRO8B, IPRUB(19), LPRTP 1 /74 10X, 29HFACTGR GF SAFETY ON RCD = +1P010.3, / )
COMMON / SEPRES / SPls SP2y SP3, SP4, SP5, SP6 360 FORMAT ( LHls //s S5Xs 29HFCRCES AT SLIDING CUNNECTIGN:s //, 15X,
COMMGN / UNITS / LNTU, LODU, LPREU, LANGU 1 23HPISTON BEARINGS (SEALS)y 6Xs SHFURCE, /425X 2HND, / )
Cc 370 FORMAT ( /, 5( 25Xy IZy 12Xy LPGLG3y 2Xe A4, /7 ) )
DATA ZERG, ONEs TWOs H1B80 / 0.0C00, 1.0000, 2.0000, 180.0D00 / 380 FORMAT ( /,18Xs 20HRCD BEARINGS (SEALS)s 6Xy SHFURCE s/ +25Xe 2HNO/)
DATA PI / 3.141592653589793000 / 360 FORMAT ( //8X38HF1- FORCE AT PISTON HEAD FRCONT FACE =1PC0l1.3,2XA4
DATA LDEGs LFIX / 4HDEG , 3EFIX / 1 //8X38HF2—~ FORCE AT STUFFING B8UX FRONT FACE =1pPD1l.3,2XA4
C 2 //B8X3BHF3~ FORCE AT PISTUN HEAD BACK FACE =1P011.3,2XA4
C——== >>> FCRMATS 3 //8X38HF4— FORCE AT STULFFING BOX INNER FACE =1PCll.3,2XA4
c 4 /911Xy 33H(ZERO FORCES INUICATE NO CONTACT) 4 / )
1CO0 FORMAT ( 1H1l, 5Xe¢ 36HPROGRAM SACTIE - STRESS ANALYSLS OF , 4CO FORMAT ( ///+ 10Xy 39HTHETA EGQUAL TU ZERG IMPLIES CONTINUDUS
1 23HCYLINDERS WITH TIE RODS, //y 2( 5Xy 20A4y / )y / ) 1 LTHCONTACT AT GLANU. 4 /, 10X,
110 FURMAT ( 5Xy BHPRGBLEM , A4, //, 1X, 1944 ) 2 34HABOVE FORCES CANNOT BE CALCULATED.
120 FURMAT ( //s 5X¢35HRESULTS: CRITICAL LOAD ANALYSIS, / ) 3 33HHENCE, ARE PRINTED CUT AS ZERO'S. , // ]
130 FORMAT ( //+ 5Xs44HRESULTS: ANALYSIS FOR A GIVEN OPERATING . 420 FORMAT ( //, 5Xs SHTIE RODS:, / )
1 8HPRESSUREs / - ’ R 430 FORMAT { //,10X529HSTRESS IN TOP ROODS = 2 1PD10.3,y 4Xy A4,
140 FORMAT ( //y 5Xs45HRESULTS: ANALYSIS TG DETERMINE STOP-TUBE , 1 //410Xy29HFACTGR CF SAFETY GN THESE = ,1PD10.3, / )
1 6HLENGTHy / ) 440 FORMAT ( //,10X,29HSTRESS IN BOTTUM RODS = ¢1PD10.3y 44Xy A4,
120 FORMAT (  /,14X,25HCREITICAL LCAC = 41PD10.3, 4Xy Al 1 //+10X929HFACTCOR OF SAFETY ON THESE - = ,1PD10.3, / -
1 /714Xy 25HMAXIMUM FLUID PRESSURE = 41PD10e3y 4Xy Al 450 FORMAT ( 1Hl, ///4 5X, .
2 //+14X925HCROCKEDNESS ANGLE = ¢1PD12.5y 2Xy A4y / ) 1 44HSEPARATICON PRESSURES WITH CYLINDER STRAIGHT:+///y 13X,
160 FORMAT ( /+14Xy25HOPERATING PRESSURE = y1PD10e3 s 44Xy A4y 2 15HSTROKE POSITION+SX+13HPRESSURE ON o
1 /79 14Xy 25HLOAD = 31PD10.3y 4Xy A4, 3 L9HSEPARATION PRESSURE, / )
2 //+14X425HCROCKEGNESS ANGLE = s1PD12.5¢ 2Xy A4y / ) 460. FORMAT ( /10X+33HRETRACTED (NO CONTACT) CAP SIDE,
180 FORMAT { /s 5Xe¢34HREQUIRED LENGTH UF STOP-TUBE = 1PD10.3,+4X, A% 1 5X913HNO SEPARATICN, / )
1 //s 5Xy34HCORRESPONDING EXTENDED LENGTH = 1PD10.3+4XyA% 470 FORMAT (  /10Xs33HRETRACTED (NG CUNTACT) CAP SIDE+4X,1PD10.3,
2 /7y 5X+32HRESULTS WITH THIS STOP-TUBE ARE:, / ) 1 2Xy A4y / )
250 FURMAT ( LHls /. 5X,40HANALYSIS AFTER APPLYING GIVEN FACTGR OF , 4E0 FORMAT | LOX¢33HEXTENBEL (NC CCONTACT) CAP SIDEy1PD1443,2XyA4,
1 LOHSAFETY OF o Fb6e3y 2Xy 2HONy 2Xs A4y 2H: 4 / ) 1 //10Xs33HEXTENDED (CONTACT ) CAP SIUEs1PDl4+342XyA4,
2€C FORMAT (  /+14Xy25HLCAD . = +1PDL03y 4Xs A4,y 2 //10X433HEXTENCED (NO CONTACT) ROC STUE, 1PD14.342XyA4,
1 /7 914Xy 25HFLUID PRESSURE = 91PD10.3 v 4Xy Ad, 3 /710X +33HRETRACTED (NC CONTACT) ROC SICEs1PD14<3+2Xy A4y
2 //514X+25HCRGCKEDNESS ANGLE = 91PD12.59 2Xy A4e / ) 4 //710X+33HRETRACTED (CONTACT ) RUD SIDEs1PD144342X,44)
300 FORMAT (/s SXs 9HCYLINDER:, 450 FORMAT U //» 5Xs 2THFAILURE DUE TO SEPARATIUN;
1 //+10Xs 29HMAXIMUM DEFLECTION = +1PD10.3s 4Xy A4, 1 21HTOP GR BCTTOM TIE RCOy /4 5X,
2 //+10Xs29HMAX IMUM LCNGITUDINAL STRESS= ,1PD10.3y 4Xe A4, 2 28HFORCE BECAME LESS THAN ZEROe o / )
3 /79 10X429HAT A DISTANCE FROM CYL SUP = 41PD10+3,s 4X» A4, 4
4 //+10X429HFACTGR CF SAFETY ON CYL = y1PD10.3y 7 ) TEMP = H180 7/ PI
310 FORMAT ( /+10X,29HMAX LONG STRESS AT CYL END = ,1PD10.3, 4Xs A4, IF ( LANGU .EQ. LDEG ) TETA = TETA * TEMP
//+ 10Xy 29HFACTOR OF SAFETY ON CYL = 41PD10.3, / ) PRE = P / BAREAC
312 FORMAT ( /410X,29HMAX SHEAR STRESS IN CYL = 91PD10.3y 4Xs A4, IF ( KWIT .NE. 1-) GO T3 54C
1 /910Xy 24HAT MAX LONG STRESS POINT ) [
314 FORMAT ( 10Xs 21HAND AT OUTER SLRFACE ) C——=— >>> PRINT ALL RESULTS
316 FORMAT ( 10X, 21HAND AT INNER SURFACE ) Cc
318 FORMAT ( /,10X,29HFACTOR OF SAFETY ON CYL = +1PD10.3, / ) PRINT 100y ( ICCARD(I}, I = 1, 40 )
320 FORMAT | = +1PD10.3, 4Xs A4, PRINT 110y NPRCB, ( I[PRCB(I)y I = 1, 19 )

/+ 10X 29HMAX IMUM HOGOP STRESS IN CYL

Gee



540

GG TG ( 510y 5204 530 )y LPRTP

PRINT 12C

PRINT 150, P, LODUs PREs LPREU, TETA, LANGU

GG TO 55¢C
PRINT 130

PRINT 160, CPPRE, LPREU, Py LCDUs TETA, LANGU

60 .TD 550
PRINT 140
PRINT 180, GC,

LANTUs EXLs LNTU

PRINT 150, P, LODU, OPPRE, LPREL, TETA, LANGU

GG TG 550
PRINT 250, FSy

LFSTP

PRINT 260, P, LODU, PRE, LPREU. TETA, LANGU

PRINT 450
IF ( CHUS + EPTK ) 600,
550 PRINT 460
GU TO e&lC
6C0 PRINT 470, SP1l, LPREU

610 PRINT 480s SP24 LPREUs SP3, LPREUs SP4y LPREUy SPYsLPREU,SPG,LPKEY

RETURN
ENC

550, 590

C==== >>> CALCULATE THE FACTCR GF SAFETY'S ON MAXIMUM STRESSES WITH
C LIMITING STRESSES AND PRINT

550 FCSF = FYCYLT / CSIR
PRINT 300, YCMAX, LNTU, CSTR, LPREUs XCY, LNTU, FCSF
IF ( CSTRP .GT. ZERO ) FCSF = FYCYLT / CSTRP
IF ( LCEND <EQ. LFIX ) PRINT 310, CSTRP, LPREU, FCSF

560

51C

FCSF
css
PRINT 312, CSS.

= FYCYLT /7 CSS
= CSS / TwWO
LPREU

IF ( NCSS .EQe 1 ) PRINT 314
If { NCSS .EQ. 2 ) PRINT 316

PRINT 318, FCSF
FCSF

PRINT 320, HSC,

IF ( (.CHDS

ENDOF

= FYCYLT / HSC

LPREUs FCSF .

+ EPTK ) .GT. ZERO ) GO TO 560
= THC * CHCS

PRINT 325, ENDDF, LNTU

= FYRODT / RSTR

PRINT 330, YRMAXy LNTU, RSTRs LPREUsy XKDy LNTU, FCSF

IF ( RSTRP

«GT. ZERQ ) "FCSF = FYRODT / RSTRP

IF { LREND .EQ. LFLX ) PRINT 340, RSTRP, LPREUs FCSF
IF ( HSR <.EQ. ZERC ) GG TO 570

ECSF
RSS
PRINT 342, RSS,

= FYRODT / RSS
= RSS / TwO
LPREU

IF ( NRSS .EQ. 1 ) PRINT 314
IF ( NRSS .EQ. 2 ) PRINT 31¢

PRINT 348, FCSF
FCSF
PRINT 350, HSR,
FCSF
PRINT 420

= FYRODT / HSR
LPREUs FCSF
= FYTR / TSTRT

PRINT 430, TSTRT, LPREU, FCSF

FCSF

= FYTR / TSTR8

PRINT 440, TSTRBs LPREUs FCSF
IF ( KWIT <EQ. L <AND. KEYTR <EQ. 2 ) PRINT 490

PRINT 360
PRINT 370, ( Iy
PRINT 380
PRINT 370, ( I,

EX(I)y LUDUy I = Ly NPHBR )

FY{I)y LGDUy I = 1y NRDBR )

PRINT 390, Fls LODUs, F2, LOOUs F3, LODUy F4, LCDU
IF ( TETA .EQ. ZERC ) PRINT 400
IF ( KWIT .EQ. 1 «AND. FS .GT. ONE ) RETURN

9¢¢



0000009091 111111111222222222233333333334444444444555555555560666666666T17T17177178
123450749012345675901234567890123456789012345678501234567890123456789501234567550

EXAMPLE PRCBLEMS TQ DEMGNSTRATE ALL THE OPTIONS AND VARIATIONS IN INPUT DATA

COuEL
TIEL
1

50.0

035
0.35
3.2

0.25
30.0

TIES
1
60.0

66413
6.5

JUNE 9,

1976 3Y K. L. SESHASAL
LPRTP=13 P-P3 SOLID ROD; HOKIZONTAL CYLINDER.
INCH KIPS ks 1 DEG
6.13 4eb4 0.76 3.0 NO
56.82 116.71 0.0
6.0 3. 0.0 4.75 415 5.949 3.009
56463 4.0 3.1
0.451 500.0 2.375
0.25 1000.0 3.9
0.451 500.0 5.45 END
0.2 750.0 3.15 END
0.002 0.05 0.07 29000.0  29000.0 ° 125.0 125.0
29000.0  125.0 240.0
PIN PIN' +0.025  +0.025 +0.1 +0.12
LOAD
LPRTP=13 P-Fi HCLLOW RCD WITH NO FLUID; VERTICAL CYLINDER.
KEEP KEEP
6.13 4.4 0.76 3.0
56,82 116,71 0.0
6.0 3.0 1.5 4.75 5.989
0.009
56.63 4.0 3.1
2100.0  2.375
8800.0 3.9
21000  5.45 END
3960.0.  3.15 END
. PIN FIX =-€.02 +0.1 -0.05
STRS
LPRTP=1; F-F; SOLID ROD; 30 DEG. INCLINED CYL.
INCH LBS | . PSL ¢  DEG-
6.13 4.4k 0.7 3.0
56.82 116.71 D . '
6.0 3.0 . 0.0
0.011 0.009
56463 4.0 3.1
2100000.0 2.375
8800000.0 3.9
2100000.0 5.45 END
0.2 750000.0 1.75
0.4 250000.0 3.5 END
2.0 50.0 70.0 29000000, 29000000+ 75000.0 1250000
29000000.0125000.0 240000.0
FIX FIX -0.05 -0.025

LPRTIP=1; P-P; SQLID

INCH- KIPS
6413 444
66.82 118.71
5.5 2.75

ROD¥ HORIZONTAL CYLINDER WITH

KSI RAD

0. 76 -15.0

0.0

0.0 2.0 . 3.0

A OVERHANG.

549 2.76

C0C0C000011111111112222222222333335333344444444443555555555660066066c 1111117177
1234567890123456789012345673501234567390123456789012345678901234567350123456755 v

0.005
71.33
d.316

0.35
0.003

0.0032
0.25
0.0

0.01 c.008
66,63 4.0 2.3
0.451 500.0 2.315
080240 3.9
21G0.0 9445 END
0.2 750.0 3.15 END
0.00175 0.04 0.06 290092.9 29300.0 109.u 1évay
29000.0 125.0 24C.0
N ) PIN PIN +#0.05 +9. 31
LOAD .
LPRTP=23 F-P; HOLLOW ROD WITH FLUID: INCLINED CYLINOER; METRIC UNITS.
CM KGS KGSC RAD
15.57 1l.28 1.53 1.62 YES
144.33 296.5 0.0
15.24 7.62 3.8 12.0 15.22 T.04
144 .07 25.0 7.175
1.15 35000.0 6.0
0.8 70000.0 10.0
371000.0 13.5 END
0.5 50000.0 8.0 . END .
1.0 23.0 32.0 2100000.0 '2100000.0 7050.0 8800.0
2100000.0 10000.0 125000.0
FIX PIN -0.05 +#0.1
175.0 H
LPRTP=3; P-P; SOLID ROD; HORIZONTAL CYLINDER.
INCH KIPS KSI -DEG
6.13 444 0.76 3.0 NO i
6.0 3.0 0.0 4.75 475 5.989 3.009
4.0 3.1
2100.0 2.375
8800.0 3.9
" 2100.0 5.45 END
3900.0 3.15 . END
0.002 0.05 0.07 29000.0  29000.0 - 100.0 125,90
29000.0 125.0 240.0 B
PIN PIN 0.0 ~0.05 +0.1
2.0 0.0075 10.0
THIS IS A BLANK CARD

Lee



PRCGRAM SACTIE ~ STRESS ANALVSIS CF CYLINGEKS WITH FIE RUDS
EXAMPLE PROuLEMS TO UEMONSTKATE ALL THE GPTEGNS ANU VARIATICAS IN INPUT CATA
CODED  JUNE 9, 1976 9Y K. L. SESHASAIL
FRCALEM TIEL

LPRTP=1; P-P; SOLID ROD: HORIZONTAL CYLINGER.
INPUT CATA:
TABLE 1: CGNTROL DATA

PRCBLEM TYPE = L - CRITICAL LOAD ANALYSIS & ANALYSIS FOR A FACTORED LOAD

TABLES RETAINED FROM PREVIOUS PRGBLEM
2 3 4 5 6 7

NC KEEP CPTIONS EXERCISED

TABLE 2: UNITS OF MEASUREMENT
LENGTH LOAD PRESSURE ANGULAR
INCH KIPS KS 1 DEG
TABLE 3: CYLINUER DIMENSIONS
LENGTHS:
STROKE PISTON HEAD STUFFING 80X END PLATE HINGE DIST.

5.000000 01 €.130000 00 4+440000 00

7.60000D-01 3.00000D0 00

C YL INDER ROD EXTENDEG STOP TUBE

5.613000 01 5.682000 o1 1.16710D 02 0.0

DIAMETERS :
CYL. OUTER CYL. INNER ROC QUTER ROD INNER
7.000000 00 6.00000D0 00 3.00000D 00 0.0 SOLID ROD

CYL. PIN #* ROD PIN = PISTGN HEAD @' STUF. BOX @

4.750000 00 4-750600 00 5.989000 00 3.009000 00
{* ZERO, THE END IS KIXED) (@ ZERO, OTHER OPTION IS INPUT)

CLEARANCES BETWEEN:
CYL INDER CYLINDER ROD
AND AND AND
STUFFING 30X PISTON HEAD @ STUF. BCX a

0.0 0.0 0.0
(@ ZERCe OTHER QOPTICN IS INPUT)

TIE RODS LCETAILS:

6.133000 01
5.663000 01
4.00000D 00
3.100000 00

CLEAR TIE ROD LENGTH
EXACT CYLINDER LENGTH
TOTAL TIERODS CROSS SECTIONAL AREA
DIST OF TIE RODS FROM CYL AXIS
( IN PLANE OF BENDING )

TAELE 4: BEARINGS AND SEALS
PISTON BEAKINGS:

A A A 8. OISTANCE +RIM
wWIDTH THICKNESS  YCUNGS MUDULUS STIFFNESS BACK FACE

2.375000 00
3.9C0000 J9
5450000 J0

3.16000C0-01 4+510G90~-01 5.000000 02 0.
3. €50C00-01 2.500C930-01 1.00200D 03 D
3.100000-01 4.510C0D-01 5.CCU000 Cc2 Qe

ooc

RCD BEARINGS:

N A A A -] DISTANCE FRUM
WIDTh THICKNESS YCUNGS MGLOULUS STIFFNESS BACK FALE
3.500000-01 2.0G000D-01 7.563000 02 0.0 34150000 09

(A IS USED TO CALCULATE B — HENCE; EITRER A_UR B8 IS INPUT
ZERO'S ABOVE INDICATE THAT THEY ARE NOT INPUT)
TABLE 5: WEIGHTS AND MATERIAL PROPERTIES
WEIGHTS OF PARTS:

CYL INDER ROD PISTON HEAD STUFFING BOX
(PER UNIT LENGTH)

3.200000-03 2.000000-03 5.CC000D~-02 7.000000-02

MATERIAL PROPERTIES: -
CYLINDER ROD TIERODS
YOUNGS MODULUS 2.900000 04 2.9000C0 04 2.900000 04
© "YIELC STRESS 1250000 02 = 1425000602 1250000 -02
PCGISSONS RATIO 2.500000-01

TCTAL INITIAL FORCE IN TIE RODS = 2.4C000D 02

TABLE 63 INCLINATION, FEXITY, FRICTICN CUEFFICIENTS, LOADING ECCENTRICITY
CYL INCLIMATICN wITH HCRIZCNTAL =. 0.0
CYLINDER END .~ ROD END
SUPPORT CCNDITIGNS: PIN PIN
FRICTION COEFFICIENTS AT SUPPORTS:  2.500000-02 2.500000-02

ZERC IF FIXED END)
LOADING ECCENTRICITIES: 1.000000-01 1.200000-01

TABLE 72 FACTOR OF SAFETY OR OPERATING PRESSURE AND/OR ALLOWABLE THETA & F
OEPENDING ON PROBLEM TYPE

FACTOR OF SAFETY = 2.000 ON LOAD

8¢¢



PROGRAM SACITE - STRESS ANALYSIS OF CYLINDERS WI(TH TIE RODS

EXAMPLE PROBLEMS TG CEMONSTRATE ALL ThE OPTIONS AND VARITATIGNS IN INPUT DATA
CODEO  JUNE 9, 1576 3y Ke Lo SESHASAIL .

PRCBLEM TIEL"

LPRTP=1; P-P; SOLIL RUU; HORIZONTAL CYLINDER.
RESULTS: CRITICAL LUOAD ANALYSES

CRITICAL LOAD =. 1.296D 02 KIPS
MAXIMLM FLUIC PRESSURE = 4,583D 00 KS1
CROOKEDNESS ANGLE =  4.803230-02 CEG

CYLINDER:
MAXIMUM DEFLECTION = 1.9010 CC INCH
MAXIMUM LCNGITUDINAL STRESS= 3.530D 01 KSI
AT A DISTANCE FRCM CYL SUP = 5,896C 01 INCH
FACTOR OF SAFETY ON CYL = 2.54‘10 [}
MAX SHEAR STRESS IN CYL = 3.1660 01 KSI
AT MAX LCNG STRESS POINT
AND AT INMER SURFACE

FACTCR OF SAFETY ON CYL = 1.9730 0C

MAXIMUM HCOP STRESS IN CYL = 2.997D 01 KSI.
FACTOR OF SAFETY GN CYL = 4.1710 00

RCD H
MAXIMUM OEFLECTION = 2.0800 0C INCH
MAXIMUM LCNGITUDINAL STRESS= 1.252D 02 (371
AT A DISTANCE FROM CYL SUP = 7.135D 01 INCH
FACTOR OF SAFETY ON ROD = 9. ‘?870‘01

TIE ROCS:
STRESS IN TOP ROUS = S5.176D Ol KSI
FACTOR OF SAFETY ON THESE = 2.4150 00
STRESS IN BOTTCM RCUS = 6.0560 o1 KSI

FACTOR UF SAFETY ON THESE = 2.0610 0C

FCRCES

F1-
2~
F2-

F4=

AT SLIDING CCNNECT IGh:

PISTCi oEARINGS (SEALS) FORCE

NC
1 2.55C00 ¢C
2 2.1830 01
- 3 7.565D0 0C
RCD BEARINGS (SEALS) FORCE

NC
1 - 1s346D 01
FORCE AT PISTON HEAD FRCNT FACE = 0O

FORCE AT STUFFING BOX FRONT FACE = 1.888D 0l

FORCE AT PISTON HEAD BACK FACE = ¢

FCRCE AT STUFFING BOX INNER FACE =
(ZERO FORCES INDICATE NO CONTACT)

KIPS
KIPS
KIPS

TKIPS

<0

.0

0.0

KIPS
KIPS
KIPS

KIPS

6¢¢



ANALYS IS AFTER APPLYING GIVEN FACTOR OF SAFETY OF 2.000 0N LCAD:
FOKCES AT SLIOING CONNECTION:

LOAD = 6.4790 01 KIPS PISTCN BEARINGS (SEALS) FCRCE
NO
FLUID PRESSURE = 2.2920 00 . Ksl
CRUOKEDNESS ANGLE ‘= 7.464120-03 DEG . 1 3.1300-02 KIPs
2 1.8710 00 KIPS
CYLINDER:
. 3 8.7330-01 KIFS
MAXIMUM UEFLECTIGN = 1.4830-01 INCH
MAXIMUM LCNGITUCINAL STRESS= 2.378D 01  KSI
RGD SEARINGS (SEALS) FORCE
AT A DISTANCE FROM CYL SUP = 5.7630 01 INCH . NO
FACTOR OF SAFETY CA CYL = 5.256D 00
1 2.7750 GC KIPS
MAX SHEAR STRESS IN CYL = 1.931D 01  KSI
AT MAX LONG STRESS PCINT
AND AT INNER SURFACE
Fl- FORCE AT PISTON HEAD FRONT FACE = G.0 KIPS
FACTOR OF SAFETY. CN CYL = 3.237D 00 )
F2- FORCE AT STUFFING 80X FRONT FACE = 0.0 KIPS
MAXIMUM HCOP STRESS IN CYL = 1.4980 01  KsI F3- FORCE AT PISTON HEAD BACK FACE = 0.0 KIPS
FACTOR OF SAFETY ON CYL = 8.343D OC . F4~ FORCE AT STUFFING BOX INNER FACE = 0.0 KIPS
(ZERQ FORCES INGICATE NO CONTACT)
ROD :
MAXIMUM DEFLECTION = 1.6210-01 INCH
MAXIMUM LCNGITUDINAL STRESS= 1.7010 01 . KSI . - ‘ .

AT A DISTANCE FRGM CYL SUP = 7.031D 01 lvNCH

FACTOR OF SAFETY ON ROD = 7.3500 OO SEPARATION PRESSURES WITH CYL INDER STRAIGHT:
STROKE POSITION PRESSURE CON SEPARATION PRESSURE

TIE ROCS: .
RETRACTED (NO CONTACT) CAP SIDE. AC SEFARATION.
STRESS [N TOP RODS = 5.769D 01 KSI EXTENDED (NG CONTACT) CAP SIDE 7.238C 01 KSI
FACTOR OF SAFETY ON THESE = 2.1670 aC . EXTENDED  (CONTACT ) CAP SIDE §.967U 00 KSIL
EXTENDED (NG CCATACT) RGO SIDE 1.541C 01 KSI
STRESS IN BOTTOM RODS = 5.8510 Gl KSI RETRACTED (NG CCNTACT) ROD SIDE 1.2710 01 Kle
FACTOR OF SA#ETY CN THESE = 2.1360 00 RETRACTED (CONTACT ) RGO SIDE 1.2710 01 KSI
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PROGRAM SACTIE - STRESS ANALYSIS OF CYLINDERS WITH TIE RODS
EXAMPLE PROBLEMS TC DEMCNSTRATE ALL THE GPTIONS AND VAR [AT IONS IN INPUT DATA
CODED JUNE 9, 1976 BY Ke Lo SESHASAIL
PRCBLEM TI1E2
LPRTP=13 P~F; HOLLOW ROD WITH NO FLUID; VERTICAL CYLINUER.
INPUT CATA: .
TABLE 1: CONTRGL U0ATA

PROBLEM TYPE = 1 - CRITICAL LOAD ANALYSIS & ANALYSIS FOR A FACTORED LOAD

TABLES RETAINED FROM PREVIOUS PROBLEM

2 3 N 7

KEEP KEEP

TABLE 2: UMTS GF MEASUREMENT
LENGTH LoAD PRESSURE  ANGULAR

INCH KIPS KS1 DEG

TABLE 3: CYLINDER DIMERSICAS
LENGTHS:
STROKE PISTON HEAD STUFFING BGX  END PLATE  HINGE DIST.

5.000000 01 62130000 00  4.440000 00 7.600000-01 ’3.00QODD Qo

CYL INDER ROD EXTENDED STOP TUBE
5. €13000 Gl 5.68200C 01 1.16710D0 02 0.0
CIAMETERS :
CYL. OUTER CYL. ENNER RGD CUTER ROD INNER

7.000000 00 6.000000 00 3.000000 00 1.50000D0 00 HOLLOW ROD
WITH NO FLUID

CYL. PIN * ROC PIN * PISTGN HEAD @ STUF. BOX @

4.1750000 0C 0.0 5.989000 00 0.0 .
(* 2ERC, THE END IS FIXED) (& ZERO, OTHER OPTION IS INPUT)

CLEARANCES BETWEEN:

CYLINDER CYLINDER - ROC
AND AND AND
STUFFING 80X "PISTGN HEAD @ STUF. BOX @

0.cC 0.0 9.CGU00D-03
(& ZERO, OTHER OPTION IS INPUT)

TIE RUDS CETAILS:

6.133000 01
5.663000 01
4.00000D 00
3.100000 00

CLEAR TIE ROD LENGTH
EXACT CYLINDER LENGTH
TOTAL TIERODS CROSS SECTIONAL AREA
DIST OF TIE RODS FRCM CYL AXIS
( IN PLANE OF BENDING )

TABLE 4: BEARINGS AND SEALS
PISTON BEZRINGS:

A A A B OISTANCE FRGH

WIOTH THICKNESS YOUNGS MODULUS STIFFNESS BACK FACE
0.C Q0.0 0.0 2.100000 03 2.37500D0 00

0.0 0.0 0.0 8.300000 03 3.900000 02
0.0 0.0 0.0 2.100000- 03 5.45C000 00

ROD BEARINGS: . S

A A A 3 OISTANCE FRUM

WIDTH THICKNESS YOUNGS MODLLUS STIFFNESS BACK FACE
0.C ) 0.0 0.0 3.900000 03 3.15G60C0 00

(A IS USED TU CALCULATE B - HENCE, EITHER A OR B IS INPUT
ZERQ'S ABOVE INDICATE THAT THEY ARE NOT INPUT)
TABLE 5: WEIGHTS AND MATERIAL PROPERTIES
WEIGHTS OF PARTS:

CYLINDER RCD
)

PISTON HEAD STUFFING BOX
o{PER UNIT LENGTH

3.200000-03 2.000000-03 5.000000-02 7.000000-02

MATERIAL FROPERTIES:
a T - " CYLINDER " aeo TIERQCS

YOUNGS MODULUS 2.900000 04  2.5000CD 04  2.9C000D 04
YIELC STRESS 1.250000 02  1.2560CD 92  1.250000 02

POISSCNS RATIO 2+500000-01
TCTAL INITIAL FORCE IN TIE RDDS‘=' 2.40000D0 02

TABLE 6: INCLINAT IONy FIXITY, FRICTION COEFFICIENTS, LOADING ECCENTRICITY
CYL INCLIMTICN wiTH HORIZGNTAL = 9.0C0C0D 01
CYLINDER END ROD END
SUPPORT CCNDITIONS: . PIN FIX
FRICTION COEFFICIENTS AT SUPPCRTS: ‘—2.000900—02 0.0

(ZERC.If FIXED END) .
LCADING ECCENTRICITIES: 1.000000-01 =-5.000000-02

TABLE 7: FACTOR OF SAFETY OR OPERATING PRESSURE AND/OR ALLOWABLE THETA & F
DEPENDING ON PROBLEM TYPE

FACTOR OF SAFETY = 4.000 ON STRS
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PROGRAM SACTIE ~ STKESS ANALYSIS OF CYLINDERS wITH TIE ROOS
EXAMPLE PROBLEMS TO OEMCNSTRATE ALL THE OPTIONS ANG VARIATIONS IN INPUT DATA

COCEC  JUNE 9, 1976 sy Ke Lo SE

PRCBLEM TIE2

LPRTP=1; P-F; HOLLCW RUD WITH NO FLUID; VERTICAL CYLINDER.

RESULTS: CRITICAL LOAD ANALYSIS

CRITICAL LOAD =
MAXIMLM FLUID PRESSURE =

CROOK EDNESS ANGLE =

CYLINDER:

MAXIMUM DEFLECTICN =
MAXIMUM LCNGITUCINAL STRESS=
AT A DISTANCE FROM CYL SUP =
FACTCR OF SAFETY GN CYL =
MAX SHEAR STRESS IN CYL =
AT MAX LONG STRESS PGINT
AND AT INNER SURFACE

FACTCR OF SAFETY CN CYL =

MAXIMUM HCCP STRESS IN CYL =

FACTOR OF SAFETY ON CYL =

RaC s
MAXTIMUM DEFLECTION =
MAXIMUM LCNGITUDINAL STRESS=
AT A DISTANCE FRCM CYL SUP =
FACTOR OF SAFETY ON ROD =

MAX LONG STRESS AT ROD END =

FACTOR OF SAFETY GN RGD =
TIE RCOS:

STRESS IN TOP RODS =

FACTCR OF SAFETY ON THESE =

STRESS IN 8CTTCM RODS =
FACTOR OF SAFETY ON THESE =

SHASAI

2.9610
1.0490

6.207400-02

0z
o1

7.9130-01

2.8350
5.7610

4.4080

4.7850

1.3050

6.8610

1.8220

01
01
00

o1

00

o1
oc

8.2910-01

1.2480
6.4530

1.0020

L1.2480
1.0020

4.7710

2.6200

5.4890

2.2170

0z
ol
0o

02
00

01
00

o1
cc

KIPS
KSI
DEG

INCH
KSI
INCH

KSI

Ks1

INCH
KSI

INCH

KSI

KSI

KS1

FGRCES AT SLIUING CUNNECTION:

PISTCN BEARINGS (SEALS) FCRCE
NO

1 2.2480-01

2 1.548D 01

3 7.2210 cGC

RCD BEARINGS (SEALS) FORCE
NG

1 2.2930 o1

Fl— FORCE AT PISTON HEAD FNBNT FACE = 0.0
F2- FORCE AT STUFFING 80X FRONT FACE = C.0
F3- FORCE AT PISTCN HEAD BACK FACE = 0.0

f4— FORCE AT STUFFING BOX INNER FACE = C.0
(ZERO FORCES INDICATE NC CONTACT)

KIFS
KIPS
KIPS

Kirs

KIPS
KLEPS
KIPS

KIPS
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ANALYS IS AFTER APPLYING GIVEN FACTOR OF SAFETY OF 4,000 ON . STRS: X
. . FORCES AT SLIUING CONNECTION:

Loao =" 3.434iD 01 KIPS : PISTEN BEARINGS (SEALS) FORCE
NE
FLUID PRESSURE = 1.2130 00 KS1
CROOK EDNESS ANGLE £ 7.138$50-04 OEG . . 1 2.588D-03 KIPS
2 . 1.78CD-01 KIPS
CYLINDER:
3 8.305D-02 KIPS
MAXINMUM UEFLECTICN = T7.486D0-03 INCH :
MAXIMUM LCNGITUDINAL STRESS= 2.3150 01 KSI ’
RCD BEARINGS (SEALS) FGRCE
AT A OISTANCE FRCM CYL SUP = 5.781D Ol INCH NO
FACTOR OF SAFETY ON CYL = 5.4000 00
1 . 2.6378-01 KIPS
MAX SHEAR STRESS IN CYL = 1l.5620 01 KSI
AT MAX LCNG STRESS POINT -
AND AT INNER SURFACE
. Fl~ FORCE AT PISTON HEAD FRONT FACE = (.0 KPS
FACTOR OF SAFETY ON CYL = 4.8000 0C . . .
F2- FURCE A1 STUFFING BEX FRCNT FACE = 0.8 KIes
MAXIMUM HOOP STRESS IN CYL = 7.9340 0C KSI . €3~ FURCE AT PISTON HEAD BACK FACE = C.C KiePs
FACTOR OF SAFETY ON CYL = 1.5760 01 F&— FORCE AY STUFFING BCX SNNER FACE = 0.0 KIPS
{ZERD FOMCES INDICATE MB CONTACT)
ROD -3
MAXTMUM DEFLECTION = 7.7070-03 INCH

MAXIMUM LCNGITUDINAL STRESS= 7.1520 00 ks —
AT A DISTANCE FROM CYL SUP = 6.2800 O1 I‘.H .
FACTOR OF SAFETY ON ROD = 1.7480 01

'
MAX LONG STRESS AT ROD ENMO = 7.1520 00 KSI ~ E ‘
FACTCR OF SAFETY ON ROD = 1.7480 01 . SEPARATION PRESSURES WITH CYLINDER STRAIGHT:
STROKE POSITION PRESSURE CN SEPARAT ICN PRESSURE
TIE RCOCS:
RETRACTED (NC CCATACT) CAP SIDE AC SEPARAT 1ON
STRESS IN TOP RODS . = 5.,8880 01 KSI EXTENDED (NO CONTACT) CAP SIDE 7.2380 01 KSI
FACTOR OF SAFETY ON THESE = 2.1230 0G : EXTENDED (CONTACT ) CAP SIDE $.967C 00 KSI
) EXTENDED (NO CONTACT) RCD SIDE 1.541C 01 KSI
STRESS IN BOTTOM ROUS = 5.,9110 01 KSI ’ RETRACTED (NO CONTACT) ROD SIDE 1.2710 01 KSI
) RCD SIDE 1.271c 01 KSI

FACTOR OF SAFETY CN THESE = 2.1150 00 RETRACTED (CONTACT
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PROGRAM SACTIE - STRESS ANALYSIS OF CYLINUERS WITH TIE RUDS
EXAMFLE PRCULENMS TC OEMCNSTRATE ALL THE OPTIONS AND VARIATIONS IN INPUT DATA
COUED JUNE 9, 1976 av Ke L. SESHASAI
PRCBLEM TILE3
LPRTP=1; F~F; SOLID ROD: 30 DEG INCLINED CYL.
INPUT DATA: .
TABLE 1: CCNTRCL bATA

PROBLEM TYPE = 1.~ CRITICAL LOAD ANALYSIS & ANALYSIS FOR A FACTORED LOAD

TABLES RETAINED FROM PREVICUS PRCBLEM
2 3 4 5 L] 7

NG KEEP OPTVIONS EXERCISED

TABLE 2: UNITS OF MEASUREMENT
LENGTH LGAD PRESSURE  ANGULAR
INCH L8s PSI DEG
TABLE 2: CYLINDER DIMENSIONS
LENGTHS :
" STROKE PISTON HEAD STUFFING 80X  END PLATE  HINGE DIST.

5.00000D 01 6.130000 00 4.44000D0 00 7.600000-01 3.6000C0 80

CYLINDER ROD EXTENDED STOP TUBE

5.€13000 O1 5.662000 01 1.167100 @2 0.0
DIAMETERS @

CYL. OUTER €YL . INNER ROD OUTER ROD INNER

7.C0000D 00 6.00000C 00 3.000000 00 0.0 SOLID ROD

_CYL. PIN * ROD PIN * PISTCN HEAG @ STUF. 8OX @

0.C 0.0 - 0.0
(* ZERC, THE ENG IS FIXED) (& ZERO, OTHER OPTION IS INPUT)

CLEARANCES BETWEEN:
CYLINDER CYLINDER RAC
AND AND
STUFFING BCX PISTCN HEAD @  STUF. BOX &

5.C00000-u3 1.100000-02 9.6CCC00-03
{3 LEROs, OTHER GPTIGN IS INPUT)

TIE RODS CETAILS:

TABLE 4: BEARINGS AND SEALS

PISTCN BEARINGS:

. A A A 8 DISTANCE FROM
WIOTH THICKNESS YOUNGS MJUDULUS STIFFNESS BACK FACE
0.C C.0 0.0 2.100000 vo 2.375000 00
0.0 0.0 0.0 8.400000 06 3.90000D 00
0.6 0.0 0.0 2.100000 06 5.45C000 00

RCC BEARINGS:

A A A 8 CUSTANCE FROM
wWiDTH THICKNESS YCUNGS MODLLUS  -STIFFNESS BACK FACE
«500000-01 2.00000C-01 7.500000 05 0.0 1.75C0CD 00
3.500000-01 4.00000D0-01 2.503000 05 0.0 3.500000 00

(A 1S USED TG CALCULATE B - HENCE, EITHER A OR B IS INPUT
ZERO'S ABOVE INDICATE THAT THEY ARE NOT INPUT)

TABLE £: WEIGHTS AND MATERIAL PROPERTIES

WEIGHTS CF PARTS:

CYL INDER RGD PISTUN HEAL STUFFING BOX
{PER UNIT LENETH)

3.200000 o€ 2.000000 €0 5.00C00D " 01 7.00000C 01

MATERIAL FROPERTIES:
CYLINDER "0 T1ERODS

YOUNGS MODULUS  2.900000 07  2.9000CD 07  2.900000 07

YIELC STRESS ~ 7.500000 04  1.25000C 05  1.250000 05

POISSONS RATIO 2.500000-01

TGTAL INITIAL FORCE IN TIE RODS = 2.4G0000 05

TABLE 6: INCLINATION, FEXITY, FRICTICN COEFFICIENTS, LGADING ECCENTRICITY

" CvL INCCINATION WITH HCRTZONTAL = 3.000000 01

CYLINDER END RCD END
SUPPORT CCNDITIONS? FIX FIX
FRICTION COEFFICIENTS AT SUPPORTS: 0.0 0.0
(ZERC IF FIXED END) :
LOADING ECCENTRICITIES: =5.000000-02 =2.500000-02
TABLE 7: FACTGR CF SAFETY OR OPERATING PRESSURE AND/OR ALLGWABLE THETA & F

UEPENDING ON PROBLEM TYPE

ONLY CRITICAL LOAD ANALYSIS

CLEAR TIt RCD LENGTH
EXACT CYLINDER LENGTH
TOTAL TIERODS CROSS SECTIONAL AREA
DIST OF TIE RODS FRCM CYL AXIS
{ IN PLANE OF BENDING )

HUHa

6133000 01
5.063000 01
4.00000D0 00
3.100000 00

14X



PROGRAM SACTIE — STKESS .ANALYSIS OF CYLINLERS WITH TIE RUDS

EXAMPLE PROBLEMS TQ UEMONSTRATE ALL THE OPTIINS ANU VARIATICNS IN INPUT DATA
CCDED JUNE 9, 1976 BY Ke Lo SESHASAL . FORCES AT SLIDING CONWECTION:

. - PISTCN BEARINGS (SEALS) FGRCE
PRCBLENM TIE3 NO

LPRTP=1; F-F; SOLID ROD; 30 DEG INCLINED CYL.

1 1.9676-01 LBS
RESULTS: CRITICAL LOAD ANALYSIS R 1013 0z Las
CRITICAL LCAD = 2.3160 05  L8S 3 4-8540 01 LBS
MAXIMUM FLULO PRESSURE = ¥.1910 03  PSI
CROOKEDNESS ANGLE = 4.289710-04 CEG RED BEARINGS (SEALS) FORCE
CYLINDER: : : 1 1.2120 02 UBs
MAXIMUM CEFLECT [ON = 5.5260-03  INCH ‘ 5 2.8800 01 L8S
MAXIMUM LCNGITUDINAL STRESS= 2.104D 04  FSI )
AT A DISTANCE FRCM CYL SUP = 5.7530 01  INCH ,
FACTOR OF SAFETY ON CYL = 3.5650 OC £1- FGRCE AT PISTON HEAD FRONT FACE = 6.0 Les
F2- FORCE AT STUFFING BCX FRONT FACE = 0.0 L8s
MAX LONG STRESS AT CYL END = 2.1310 C4  FSI F3- FGRCE AT PISTON HEAD BACK FACE = 0.0 Les
FACTOR OF SAFETY ON CYL = 3.487D 00 i » Fa- FORCE AT STUFFING BOX INNER FACE = 0.0 L8s

(ZERO FORCES INDICATE NO CONTACT)
MAX SHEAR STRESS IN CYL = 3.7450 04 218
AT MAX LONG STRESS PGINT
AND AT INNER SURFACE

FACTOR OF SAFETY GN CYL = 1.0000 00

MAXIMUM HCOP STRESS IN CYL = 5.356D 04 PSI

FACTOR OF SAFETY ON CYL = 1.4CCD CC ’ SEPARATION PRESSURES WITH CYLINDER STRAIGHT:
<00 . : _ STROKE POSITION PRESSURE CN SEPARAT ICN PRESSURE

MAXIMUM DEFLECTION = 6.0780-03  INCH ;

RETRACTED (NC CCATACT)  CAP SIDE NC SEFARAT ION"
MAXIMUM LONGITUDINAL STRESS= 3.323D 04  FSI T

. EXTENDED (NGO CONTACT)  CAP SIDE 1.2360 04 PSI

AT A DISTANCE FRCM CYL SUP = 6.846C Ol INCH

EXTENDED (CONTACT )  CAP SIDE - $.967C 03 PSI
FACTOR OF SAFETY CN ROD = 3.7610 0OC

EXTENDED (NO CCNTACT)  ROD SIDE 1.541D 04 PSI
MAX LONG STRESS AT ROD END = 3.3520 C4  PSI ‘ RETRACTED (NG CUNTACT)  ROD SIDE 1.2710 04 PSI
FACTOR OF SAFETY ON RCD = 3.7300 00 . RETKACTED (CONTACT ) RCGD SIDE 1.271C 04 Psl

TIE RODS:

STRESS IN TOP RODS = 5.337D0 04 FSl

FACTCR OF SAFETY ON THESE . = 2.342D0 0G

STRESS [N oCTTCM RODS = 5.305D 04 Pl

FACTGR UF SAFETY UN THESE = 2.3560 CC
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PRCGRAM SACTIE - STRESS ANALYSIS OF CYLINOERS WITH TIE KODS
EXAMPLE PRCBLEMS TC DEMCNSTRATE ALL Tht OPTIONS AND VARIATIONS IN INPUT DATA
CODED JUNE 9+ 1976  BY K. L. SESHASAIL
PRCBLEM TIE4

LPRTP=1; P-P; SOLID RODi HURIZONTAL CYLINDER WITH A OVERHANG.
INPUT DATA:
TABLE 13 CONTRGL DATA

PROBLEM TYPE = 1 — CRITICAL LOAD ANALYSIS & ANALYSIS FOR A FACTORED LOAD

TABLES RETAINED FROM PREVICUS FRGCBLEM

TABLE 4: BEARINGS AND SEALS

PISTON BEARINGS:

A A a
WIOTH THICKNESS  YGUNGS. MODULUS
3.16C000-CL  4.510000-01  5.000000 02
0.C 9.0 0.0
0.C 0.0 0.0
RGD BEARINGS:
‘A A : A
WIDTH THICKNESS YOUNGS MUDLLUS

3.500000-01  2.00000C-01

7.500000 02

8
STIFFNESS
0.0
8.800000 03
2.100000 03

B8
STIFFNESS

0.0

OISTANCE FRUA
dACK FACE

2.37500C 2

3.90000D 00
5.45C000 00

DISTANCE FRUM
cACK FACE

3.150000 20

(A IS USED TO CALCULATE 8 - HENCE, EITFER A OR

8 IS INPUT

2 3 4 5 6 7 ZERQ'S ABOVE INDICATE THAT THEY ARE NOT INPUT)

NO KEEP OPTIONS EXERCISED

TABLE 5: WEIGHTS AND MATERIAL PROPERT IES
TABLE 23 UNITS OF MEASUREMENT . WEIGHTS OF PARTS:
LENGTH LOAD PRESSURE ~ ANGULAR ) CYLINDER RCD PISTON HEAD STUFFING 30X
(PER UNIT LENGTH)
INCH KIPS kST RAD B )
3.000000-03  1.750000-03  4.000000-02  6.000000-02
TABLE 3: CYLINDER DIMENSIONS
MATERIAL: FRCPERTIES:
LENGTHSz
) CYLINDER ROD TIERGDS
STROKE PISTON HEAD STUFFING BOX  END PLATE  HINGE DIST.
: . YOUNGS MODULUS ~ 2.96000D 04  2.9000dC 04  2.5000CD 04
6.€0000D0 01  6.13000D 00  4.44000D 00  7.600000-01 ~1.500000 O1
e R . - -VIELD STRESS.. -~ 1.000080 02 -- 1.2500C0.02-. .1.250000 92 .
CYLINDER ROD EXTENDED STOP TUBE - POISSONS RATIO .  2.50000D-01
€.613000 01  6.682000 01 . 1.187100 02 0.0
: TGTAL INITIAL FORCE IN TIE RODS = 2.400000 02
DIAMETERS : .
3
CYL. OUTER  CYL. INNER ROD OUTER ROD "INNER i TABLE 6: IMCLINATICN, FIXITY, FRICTION COEFF ICIENTS, LOADING ECCENTRICITY
! .
€.500000 00 5.50000C 00 2.750000 00 0.0 - SOLID ROD Ly CYL INCLIMTION. WITH HORIZONTAL = 0.0
. ) CYLINDER END RO END
JCYL. PIN *  ROD PIN *  PISTCN HEAC @ STUF. BOX @
SUPPORT CCNDITIONS: PIN PIN
2.C0000D 00  3.000000 00 5.490000 00  2.760000 00 :
(# ZERO, THE END IS FIXED) (& ZERO, OTHER OPTION IS INPUT) FRICTION COEFFICIENTS AT SUPPORTS:  5,0000CD-02 V.0
(ZERC_IF FIXED END) i )
CLEARANCES BETWEEN: LCADING ECCENTRICITIES: 0.0 1.000000-02

CYLINDER
AND

STUFFING B8CX PISTON

CYLINDER
AN

ROC

D AND
HEAD @ STUF. BOX &

5. 03

02

TIE RODS CETAILS:

l.
{3 ZERO,

OTHER OPTION IS INPUT)

CLEAR TIE RGO LENGTH

EXACT CYLINDER LENGTH

TOTAL TIERODS CROSS SECTIONAL

DIST OF TIE RODS FRCM CYL AXIS
{ IN PLANE OF BENDING )

7.133000 01
6.663000 01
4,000000 00
2.800000 02

AREA

WH RN

TABLE 7:
DEPENDING ON PROBLEM TYPE

GONLY CRITICAL LCAD ANALYSIS

FACTOR OF SAFETY OR OPERATING PRESSURE AND/OR ALLCWABLE THETA & ¢
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PROGRAM SACTIE ~ STRESS ANALYSIS OF CYLINDERS wITH TIE RODS

EXAMPLE PROBLEMS TO OEMUNSTRATE ALL THE OPTIONS AND VARIATICNS IN INPUT DATA FORCES AT SLIDING CONNECTIGN:
CCCEC  JUNE 9y 1976 8Y Ke Lo SESHASAL
PISTON BEARINGS (SEALS) FORCE
PRGBLEM TIE4
LPRTP=1; P-P; SOLIU RCD; HORIZUNTAL CYLINCER WITH A OVERHANG. 1 9.5230-03 KIPS
2 l.70C0 01 KIPS
RESULTS: CRITICAL LDAC ANALYSIS
. 3 841680 00 KIFS
CRITICAL LOAD = 7.504D 01 KIPS
MAXIMLM FLUID PRESSURE = 3.158D 00 KSI T ' RCD BEARINGS (SEALS) FGRCE
NO
CROOKEDNESS ANGLE = 1+263340-03 RAD
1 2.518D 01 KIPS
CYLINCER:
‘ MAXIMUM DEFLECTION = 2.4700 00 INCH
PAXIMUM LCNGITUCINAL STRESS= 3.6970 Ol KSI Fl~ FORCE AT PISTON HEAD FRONT FACE = 0.0 KIPS
AT A DISTANCE FROM CYL SUP = 4.9520 C1 INCH F2- FORCE AT STUFFING BOX FRONT FACE = 0.0 KIPS
FACTOR OF SAFETY GN CYL = 2.7050 00 F3~ FCRCE AT PISTON HEALC BACK FACE = 0.0 KIPS
F4— FORCE AT STUFFING BOX INNER FACE = C.0 KIPS
MAX SHEAR STRESS IN CYL = 2,7100 01 KslI . (ZERG FORCES INOICATE NO CONTACT) .

AT MAX LONG STRESS POINT
ANC AT INNER SURFACE

FACTOR OF SAFETY GN CYL = 1.845D 00

MAXIMUM HCOP STRESS IN CYL = 1.9080 01 KSI
FACTOR OF SAFETY ON CVL = - 5.2410 00

. SEPARATION PRESSURES WITH CYL INDER STRAIGHT:
ENC DEFLECTION IN OVERHANG = —-7.5720-01 INCH H

aco . STROKE POSITION PRESSURE ON SEPARATION PRESSURE
MAXIMUM DEFLECT ION = 29000 0G  INCH RETRACTED (NO CONTACT) - CAP SIDE 1.075C 01 KS]~
MAXIMUM LCNGITUDINAL STRESS= 1.2150D 02 kst EXTENDED (NO CONTALT)  CAP SIDE $.4660 00 KS;
:‘"‘A OISTANCE FROM CYL SUP = 6.784D 01 INCH EXTENDED (CONTACT )  CAP SIDE 1.1570 01 KSI
FACTOR OF SAFETY ON ROD = 1.0290 00 EXTENDED (NC CCNTACT)  RCO SIDE 1.734C 01 KSI
RETRACTED (NO CONTACT)  ROD SIDE 1.4220 0L KSI
TIE ROCS: RETRACTED (CONTACT )  ROD SIDE 1.5190 0L KSI

STRESS IN TOP RODS = 5.589D 01 KS1

FACTOR OF SAFETY ON THESE = 2.236D 0C

STRESS IN BOTTOM RODS = 6.1590 01 KSI

FACTOR OF SAFETY ON THESE = 2.030D 00

LEZ



PROGRAM SACTIE - STRESS ANALYSIS OF CYLINDERS wiTH TIE RUDS
EXAMPLE PROBLE¥S TG UEMCNSTRATE ALL ThE OPTICNS AND VARIATIONS IN INPUT DATA
CODED JUNE 9, 1976 sY Ke Lo SESHASAI
PROBLEM TIES

LPRTP=2; F-P; HCLLCW ROU WITH FLUID: INCLINED CYLINUER; METRIC UNITS.
INPUT CATA: ’
TABLE 1: CCNTROL DATA

PROBLEM TYPE = 2 — ANALYSIS FOR A PARTICULAR PRESSURE

TABLES RETAINED FROM PREVIOUS PROBLEM
2 3 4 5 6 7

NO KEEP OPTIONS EXERCISED

TABLE 2: UNITS OF MEASUREMENT
LENGTH LCAD PRESSURE  ANGULAR
L] KGS KGSC RAD
TABLE 33 CYLINDER DIMENSIONS
LENGTHS 3

STROKE PISTON HEAD STUFFING 80X END PLATE HINGE DIST.

1.27000D 02 1.55700D0 O1 1.128000 01 1.930000 00 7.620006 00 °

CYLINDER RCD EXTENDEL STOP TUuBE H
14425700 02  1.44380D 02 2.$65C0D0 02 0.0

DIAMETERS
CYL. OUTER  CYL. INNER ROD OUTER ROD INNER

11118000 01 1.524000 01 7.620000 00 3.800000 00 HOLLCW ROD
. WITH FLUID

CYL. PIN * ROD PIN * PISTON HEAC @ STUF. BOX @

0.0 1.20000D0 01 1.522000 01 7.640000 00
(* ZERQ. THE END IS FIXED) (& ZERO, GTHER OPTION IS INPUT)

CLEARANCES BETWEEN:
CYL INDER CYLINDER ROD
AND AND AND
STUFFING BOX PISTGON HEAD @ STUF. BOX @

1.00000C-02 0.0 0.0
{8 ZERQ, CTHER CPTICN IS INPUT)

TIE RCDS CETAILS: i [ — e mes a

1.557300 02
1.440700 02

2.500000 01
7.750000 00

CLEAR TIE ROD LENGTH
EXACT CYLINDER LENGTH .
TOTAL TIERCDS CRCSS SECTIONAL AREA
OIST OF TIE: RODS FROM CYL AXIS
{ IN PLANE OF BENDING )

TABLE 4: BEARINGS AND SEALS
PISTUN BEZARINGS:

A A A 4 OISTANCE FRUM
WIDTH THICKNESS YCUNGS MOCULUS STIFFNESS BACK FACE
8.C€00000-01 1.150000 Q0 3,5C0000 C4 0.0 0.00000C 99
1.000000 00 ©6.000000-01 7.00000D0 04 0.0 1.£00000 O1
0.C 0.0 0.0 3.717000 05 1.350000 0Ol

RCO BEARINGS:

DISTANCE FROM

A A A 8
WIDOTH THICKNESS YOUNGS MODLLUS  STIFENESS BACK FACE
1.€0C00D. CC 5.000000-01 5.0G6C00D 04 0.0 8.000000 00

(A IS USED TO CALCULATE B ~ HENCE, EITHER A OR B IS -INPUT
ZERQ'S ABOVE INDICATE THAT THEY ARE NOT INPUT)
TABLE 53 WEIGHTS AND MATERIAL PROPERTIES
WEIGHTS OF PARTS:

C YL INDER ROD
TH)

PISTCN HEAD STUFFING BGX
(PER UNIT LENG . .

L. £0000D 00 1.000000 00 2.30000D0 O1 3.200000 01

MATERIAL PROPERTIES:S
CYLINDER ROD TIERODS

YOUNGS MODULUS ~ 2.100000 06  2.100000 06 2.100000 06

Y1ELC STRESS 7.050000 03, 8.300000 03  1.00000D 04

POISSONS RATIO 2.50000D0-01
TOTAL INITIAL FORCE IN TIE RODS = 1.250000 05

TABLE 63 INCLINATION, FIXITY, FRICTICN COEFFICIENTS, LOADING ECCENTRICITY
CYL_INCLIMTION WITH HORIZONTAL = 7.500000-G1
CYLINDER END  ©ROD END
§ SUPPORT CCNDITIONS: FIX © PN

FRICTION COEFFICIENTS AT SUPPORTS: 0.0 -5%000000-02

ZERC IF FIXED END) -
LCADING ECCENTRICITIES: 0.0 1:000000-01

TABLE 72 FACTOR OF SAFETY CR GPERATING PRESSURE AND/OR ALLOWABLE THETA & F
! OEPENDING ON PROBLEM TYPE =
¢ 3

OPERATING PRESSURE = 1.750000 02
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PROGRAM SACTIE - STRESS ANALYSIS OF CYLINGERS wiTH TIE &30S TIE RODS:

EXAMPLE PRUBLENMS Tu DEMUNSTRATE ALL THe GPTIUNS ANU VARIATICNS IN INPUT DATA
CCCEO  JUNE 9,4 1970 oY Ke Lo SESHASAL

STRESS IN TCP RCODS = 4.906C 93 KGSC
PRCBLEM TIES FACTUR OF SAFETY CN THESE = 2.03SD CC
LPRTP=2; F-P; HOLLOW ROD WITH FLUID; INCLINED CYLINDER; METRIC UNITS.
STRESS IN BOTIGM ROUS = 4.8020 C3 KGSC
RESULTS: AMALYSLS FCR A GIVEN CPERATING PRESSURE
FACTOR OF SAFETY ON THESE = 2.Cu20 CC
CPERATING PRESSURE = 1.7500 02 KGSC
LOAD = 3.1920 04 KGS
FORCES AT SLIDING CUNNECTICN:
CROOKEDNESS ANGLE = -2.38437C-35 RAD .
PISTCN BEARINGS (SEALS) FORCE
NO
CYLINDER:
MAXIMUM DEFLECT{UN = 5.4150-02 (o] . 1 ~7.956C 00 KGS
MAXIMUM LCNGITUDINAL STRESS= 1.864C 03 KGSC . 2 -1.5580 02 KGS
AT A DISTANCE FROM CYL SUP = 1.4700 02 cM 3 ~-7.4300 01 KGS
FACTOR OF SAFETY ON CYL = 3.7820 OC
RCD BEARINGS (SEALS) FORCE
MAX LONG STRESS AT CYL END = 2.004D 03 KESC NO .
FACTCR OF SAFETY CN CYL = 3.51$D_0C
L 1 -2.3800 G2 KGS
MAX SHEAR STRESS IN CYL = 1.562D 03 KGSC
AT MAX LGAG STRESS POINT
AND AT INNER SURFACE '
Fl— FORCE AT PISTON HEAD FRONT FACE = GC.0 KGS
FACTCR OF SAFETY ON CYL = 2.2560 00
F2— FORCE AT STUFFING BCX FRONT FACE = 0.0 KGS
MAXIMUM HCOP STRESS IN CYL = 1.1440 03 KGSC F3— FCRCE AT PISTON HEAD BACK FACE = 0.0 KGS
FACTOR OF SAFETY ON CYL = 6.1610 00 F4- FORCE AT STUFFING BOX INNER FACE = G.0 KGS
(ZERC FORCES INCICATE NG CONTACT)
ROD :
MAXIMUM DEFLECT ION .= 9.156D-C2 cH
MAXIMUM LCNGITUDINAL STRESS= 1.076D 03 KGSC ‘ SEPARATION PRESSURES WITH CYL INDER STRAIGHT:
AT A DISTANCE FROM CYL SUP = 2.2200 02 ("]
STROKE POSITION PRESSURE CN SEPARATIGN PRESSURE
FACTOR OF SAFETY ON ROD = 8.1750 0OC
RETRACTED (NO CONTACT)  CAP SIUE NC SEFARATION
MaX SHEAR STRESS IN ROD = 6.604D 02 KGSC
AT MAX LONG STRESS POINT - EXTENDED (NC CCATACT) CAP SIDE 5.984LC 03 KGSC
ANC AT INNER SURFACE
EXTENDED (CUNTACT )  CAP SIDE 6.017C 02 KGSC
FACTOR OF SAFETY ON ROD = 6.662D 0C
: EXTENDED (NC CCNTACT)  RCD SIDE 1.234C 03 KGSC
MAXIMUM HCOP STRESS IN KOU = 2.9C9D €2 KGSC RETRACTED (NC CCNTACT)  ROD SIUE 1.C230 03 KGSC
FACTCR OF SAFETY CN RCD = 3.026C 01 RETRACTED (CONTACT )  ROD SIDE 1.0236 U3 KGSC
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PROGRAM SACTIE - STRESS ANALYSIS OF CYLINGERS wlTH TIE RODS

EXAMPLE PROBLENFS TG DEMCNSTRATE ALL TFE OPTIONS ANC VARIATIONS IN INPUT DATA
CCCED  JUNE 9, 1976 BY Ke Lo SESHASAIL

PROBLEM TIES

LPRTP=3; P-P; SOLID ROU: HORIZONTAL CYL INDER.
INPUT CATA:
TABLE 13 CCNTRCL LATA

PROBLEM TYPE = 3 - ANALYSIS TO DETERMINE SUITABLE STOP-TUBE LENGTH
TPBLES RETAINED FROM PREVIOUS PROBLEM

2 3 4 5 6 7

NO KEEP OPTIONS EXERCISED

TABLE 2: UNITS OF MEASUREMENT
LEAGTH LCAD PRESSURE  ANGULAR
LACH KIPS Ks1 DEG
TABLE 3: CYLINDER DIMENSIONS
LENGTHS: _
STROKE PISTON HEAD STUFFING 0K END PLATE  WINGE DIST.
6.€00000 0L  6.130000 00 4 u.ooon 00  7.600000-01  3.000000 o0
CYLINDER ROD | Exreuoic }" sTod Tusé £ g
THESE NOT INPUT BECAUSE STOP TUBE LENGTH ANALYSIS 1S ASKED
BIAMETERS A
CYL. CUTER  CYL. INNER ROC CUTER ROD INNER
7 W & 00 3.0 0 0.0 ' SoLID RGD
CYL. PIN *  ROD PIN #  PISION HEAD @ STUF. 80X @
44750000 00  4.75000C 00  5.989000 00. 3.00900D 00

{* ZERO, THE END IS FIXED) (@ ZERO, OTHER OPTION IS INPUT)
CLEARANCES BETKEEN:
CYLINDER

CYL INDER ROD

AND AND
STUFFING BOX PISTGN HEAD @ STUF. BCX a

5.C00000-03 0.0

0.0
(@ ZEROs OTHER GPTIGN IS INPUT)
TIE RODS CETAILS: o -
CLEAR TIE ROD LENGTH = 0.0
EXACT CYLINDER LENGTH = 0.0
TOTAL TIERODS CROSS SECTIONAL AREA = 4,00000D 00
DIST OF TIE RODS FROM CYL AXIS = 3.100000 00

€ IN PLANE GF BENDING )

TABLE 42 BEARINGS AND SEALS

PISTCN BEARINGS:

A a ) A B DI STANLE - FROM
WIDTH THICKNESS YCUNGS MODULUS  STIFENESS BACK FACE
0.0 0.0 0.0 2.100000 03 © 2.375000 00
0.¢C 0.0 0.9 8.80000D 03  3.90C3CD 90
0.¢ 0.0 0.0 2.100000 03 5.450000 00
RCD BEARINGS: N
A A A 8 DISTANCE FROM
WIDTH THICKNESS YCUNGS MODULUS  STIFFNESS BACK FACE
0.c 0.0 0.0 3.900000 03  3.156000 00
(A IS USED TO CALCULATE B - HENCE, EITHER A OR B IS INPUT
. ZERG'S ABOVE INDICATE THAT THEY ARE NOT INPUT) -
WEIGHTS AND MATERIAL PROPERTIES

TABLE 52
WEIGHTS OF PARTS: N

CYLINDER
(PER UNIT I.ENG'I'HJ

PISTON HEAD STUFFING BOX

7.000000-02

i 3.200000-03 2.008000~-03 5.€C0000-02
MATER IAL PROPERTIES:
CYLINDER ROD TIERODS
YOUNGS MODULUS 2.,900000 04 2.9000C0 04 2.900000 04
Bl ~YLELE- STRESS ‘14000000 02-- 12250000 02 -

1.25080D0 02 - - RN,

. POISSONS RATIO 2.580000-01

TCTAL INITIAL FORCE IN TIE RODS = 2.400000 02

i TABLE 6: INCLINATION, FEXETY, FRICTICN CCEFFICIENTS, LOAGING ECCENTRICITY
o CYL. INCLINATICN WITH. HCRIZCNTAL, = 0.0 ... ... -
o CYLINDER END ROD END
2
H SUPPORT CCNDITIONS: PIN PIN

FRICTION COEFFICIENTS AT SUPPORTS: 0.0 -52000000~02

(ZERT.If FIXED END) e
LOADING ECCENTRICITIES: 0.0 1.090000—01 :

TABLE T: FACTOR CF SAFETY OR OPERATING PRESSURE ANDIOR ALLUNABLE THETA & F

DEPENDING ON PROBLEM TYPE

2.0000600 00 =

7.500000-03 AT GLAND

OPERATING CYLINDER PRESSURE =
ALLCWABLE CROCKECNESS ANGLE =

ALLCWABLE TOTAL LATERAL FORCE = 1.00060D0 01 ON BEA!(NGS

ove



PROGRAM SACTIE ~ STRESS ANALYSIS OF CYLINDERS wIFH TIE ROUS
EXAMPLE PRUBLENS TO CEMCNSTRATE ALL THE UGPTIONS AND VARIATIONS IN INPUT DATA

COCED JUNE 9. 1976 a8y Ke Lo SESHASAI

PRCBLEM TIE6

LPRTP=3; P-P; SOLID RCO: HORIZUNTAL CYLINDER.

RESULTS: ANALYSIS TO DETERMINE STOP-TUBE LENGTH
REQUIRED LENGTF OF STUP-TUBE = 3.6000 00 INCH
CCRRESPCNDING EXTENDED LENGTH = 144030 02 INCH

RESULTS WITH TKIS STGP-TUBE ARE:

CRITICAL LOAD = 5.655D Cl KIPS
MAXIMUM FLUIC PRESSURE = 2.0000 00 KSI

CROCK EONESS ANGLE' = 7.435940-02 0EG

" CYLINDER:
MAXIKUM DEFLECTION = 5.0260-01  INCH
MAXIMUM LCNGITUDINAL STRESS= 2.515D 01  KSI
AT A DISTANCE FRGM CYL SUP = 6.844D 0L - INCH
FACTOR UF SAFETY ON.CYL = 3.9760 .00
MAX SHEAR STRESS N CYL = 1.8950 ‘o st

AT MAX LOMG STRESS POINT
AND AT INNER SURFACE

FACTOR OF SAFETY ON CYL = 2.6390 00

MAXIMUM HCOP STRESS IN CYL = 1.308D 01 kSl

FACTOR OF SAFETY ON CYL = T7.6470 00

ROD H
MAX IMUM DEFLECT ION = 5.,5800-01 INCH
MAXIMUM LCNGITUDINAL STRESS= 2.628D Ol KSI
AT A DISTANCE FROM CYL SUP = 8.4870 01 INCH

FACTOR OF SAFETY ON ROD = 4.7560 CC

TIE RCCS:
STRESS IN TOP RODS = 5.7510 01 KSt

FACTOR OF SAFETY GN THESE = 2.174D 00

STRESS IN oOTTOM RUDS = 5.9050 01 KSI

FACTCR OF SAFETY CON THESE = 2.117D 00

FCRCES AT SLICING CCANECTICN:

KIPS

PISTCN BELARINGS (SEALS) FURCE
NG

1 2.534D-01

2 2.8030 00

3 - 1.0910 0OC

RCD BEARINGS (SEALS) FORCE
NC

1 4.1480 00

KIPS

KIPS

KIPS

Fl- FORCE AT PISTGN HEAD FRCAT FACE = 0.0

KPS
F2- FORCE AT STUFFING 80X FRONT FACE = C.0 KIPS
F3- FORCE AT PISTON HEAD S8ACK FACE = C.0 KIPS
F4~ FORCE AT STUFFING BOX INNER FACE = 0.0 KIPS
(ZERO FORCES INDICATE NO CONTACT)
SEPARATION PRESSURES WITH CYLINDER STRAIGHT:

STROKE POSITICN PRESSURE CN SEPARAT'ION PRESSURE
RETRACTED (NG CCNTACT) CAP SIDE NO SEPARATION
EXTENDED (NO CONTACT) CAP SIDE 6.9670 01 KSI
EXTENDED (CONTACT ) CAP SIDE $+932C 00 KSI
EXTENDED (NO CONTACT) ROD SIDE 1.544D0 01 KSI
RETRACTED (NO CONTACT) RGD SIDE 1.2640 01 KSI1

! RETRACTED (CGNTACT ] ROD SIDE 1.264D 01 KSI
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