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ABSTRACT

)

Conventionally, welding control has been used to assure that
the quality of the weld itself is maintained. Residual
stresses and distortion result from the non-uniform
temperature distribution,form the weld process. In this
thesis, an investigation into the reduction of residual
stresses and distortion is performed. Potential benefits of
reducing these include prevention of stress corrosion
cracking, fatigue failure, brittle fracture and collapse
strength, are discussed.

In an attempt to reduce residual stresses and distortion, a
hydraulic restraining device was designed, constructed and
tested. It was then compared to several other methods being
investigated. This hydraulic restraining device is very
effective in reducing the radial contraction. And -although
it also reduces the residual stresses, it does not change
them from tensile to compressive as some of the other methods
do. Future considerations are also disscussed.

Thesis Supervisor: Koichi Masubuchi
Title: Professor of Ocean Engineering
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CHAFPTER 1

INTRODUCTION

Welding is a complicated process. It is preferred over
other joining processes because of its high joining
efficiency, water and air tightness and mechanical properties
over a wide range of temperatures. However, it creates
thermal strains and stresses.

These strains and stresses are due to the localized heat
of the welding source and the non-uniform temperature
distribution from the weld process. Accompanying stress and
strain is plastic upsetting. As a result residual stresses,
shrinkage, distortion, stress corrosion cracking and buckling
may be produced. [1]

In circumferential butt welds of pipes, localized
residual stresses and distortion are generated. The presence
of these residual stresses can be detrimental to the
integrity of the pipe, such as causing failure and stress
corrosion cracking. [2] The biggest concern of
circumferential welding 1s in nuclear piping and submersible
vessels. This is because residual stresses and distortion
can greatly affect fatigue and collapse strength. [3]

Residual stresses due to welding and thermal/mechanical
loadings contribute to tensile stress. Conventional
circumferential girth welding produces tensile residual
stresses on the inner =1rface on the pipe near the weld.
Therefore, it is advantageous to be able to control and

reduce these tensile residual stresses. [4]
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Determination of residual stresses is complex. It
requires an understanding in metallurgy, heat transfer and
stress analysis. [2] There have been different methods
investigating residual stresses during welding. This thesis
is not concerned with the metallurgy or heat transfer but
with reducing residual stresses and distortion in girth

welded pipe with a restraining device.

1.1. Sources of Residual Stresses

Residual stresses exist internally to the body in the
absence of external forces. Therefore, the stress state is
in static equilibrium within a body, i.e. internally
balanced. [5] In the context of welded structures, residual
stresses are confined to the neighborhood of the weld and
decrease rapidly on either side of it. [6] Residual
stresses alsoc occur when a body is subjected to non-uniform
temperature change, i.e. thermal stresses produced during
welding.

Figure 1-1 shows the changes of temperature and stresses
that occur during welding a bead on a flat plate. Section A-
A is ahead of the arc; therefore, the temperature change and
stresses are zero. Section B-B is at the arc so that the
change in temperature is rapid and uneven. Molten metal will
not support a load; therefore, the stresses are small. Near
the weld, the stresses are compressive because the
surrounding metal is cooler and restrains the expansion of

the heated weld area. At section C-C, the area has started
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Figure 1-1: Schematic Representation of
Changes of Temperature and
Stresses During Welding (7]
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to cool, thus contracting and causing tensile stresses. Away

from the weld, the stresses become compressive to balance the
tensile stresses. At section D-D, the temperature has cooled
producing high tensile stresses at the weld and compressive
stresses away from the weld. [7]

By analogy to a flat plate, when two cylinders are
welded along their circumference, one might expect the hoop
tensile stresses near the weld, lower hoop compressive
stresses away from the weld and negligible axial stresses.
However, radial displacements may modify the stress
distributions. This mode cannot take place in a flat plate
unless it is very thin and can buckle in the regions of
residual compressive stresses. This radial displacement is
the most critical distortion and is caused from
cicumferential shrinkage (a form of longitudinal shrinkage).
The displacement decreases with the distance from the weld.
Figure 1-2 shows that a deflected shape will decrease both
hoop tensile and compressive stresses but will introduce
bending stresses in the axial direction. [3, 8]

During welding, molten metal is deposited. It is
subjected to high temperatures. This hot region cools
rapidly and tends to shrink. However, the cooler surrounding
metal prevents it from contracting. Thus, tensile stresses
are produced near the weld. As temperature goes down, the
yield stress increases as does the tensile stress in the
weld. The final tensile stresses can be as high as the yield

stress. [9, 10]

There’s a difference of opinion when it comes to the
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statement that restraint reduces residual stress. Some

engineers believe residual stress increases with restraint;

while others say it stays about the same. [7]

Sources of Distortion

Distortion is the change in shape or dimensions,
temporary or permanent, of a welded part as a result of
welding. The physical expansion and contraction are the
principal causes of distortion.

During welding the metal is initially heated and
subjected to large temperature gradients. Hence the metal
becomes weaker and is more easily deformed. The tendency for
distortion is determined by the degree of restraint present
at the weld joint. Upon cooling, the metal contracts;
however, the surrounding cold metal tends to resist this

shrinkage But if the metal is weakened enough then this

resistance is low and the metal chrinks causing distortion.[11]

It has been shown that distortion can be controlled on
any given pass by lowering the heat input. However, this
most likely requires more passes. The final distortion might
not be reduced since it is the the sum of all the passes.
Therefore, a more selective sequence might be used, i.e. a
low heat input on the first pass and increasing heat inputs
with each successive pass.

Along with the number of passes goes the amount of weld
metal deposited. The strength of joint is determined by its

design. Excess weld metal does nothing for this strength,




{ but it does increase the effective shrinkage force. By

limited this amount, distortion can be reduced. {11, 12]

The amount of distortion depends on the wall thickness
to the diameter ratio of the cylinder. As the ratio becomes

smaller the distortion is greater. [13] External restraint

- o - -
ABELS S S

has been shown to reduce distortion also.
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In order to reduce residual stresses and distortion, two

a

a

tasks are necessary:

. LR l. .
. .

B
..

1. Development of a control mechanism to exert a
. continuous force on the inner surface to
. produce compressive siresses

2. Comparison of a six point hydraulic load source
and a two point mechanical load source.
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3 CHAFPTEER =
PROBLEMS ASSOCIATED WITH

RESIDUAL STRESSES AND DISTORTION

-

s

> ."

: The purpose of this thesis is to reduce distortion and
residual stresses in girth welded piping. Before one can
attempt to reduce these, it is beneficial to investigate some
of the problems caused by distortion and residual stresses.
This chapter will discuss stress corrosion cracking (SCC),

;f fatigue failure, brittle fracture, and collapse strength.

2.1. Stress Corrosion Cracking

Pial Dt T R R

Stress corrosion cracking is a form of localized
failure that is more severe than other types of metal
attacks. Therefore, it is a combination of stress and
corrosion. SCC is the brittle fracture of a material that is
otherwise ductile. [7]

Generally, it is believed that pure metals do not crack

" h

5 as a result of stress corrosion. Some alloys are more
resistant to cracking than others, i.e. aluminum, copper, and
magnesium. [14]

It has been observed to occur under low applied stress
or no stresses at low. Therefore, other factors must be
present. [15] Three factors that must be present for stress
corrosion cracking to occur: a state of tensile stress, a
corrosive environment, and a sensitized material. If one of

these factors can be reduced, then cracking may be
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eliminated. A corrosive environment can never be eliminated

9

\!

3] , .

’}~ totally; sensitized material cannot always be avoided. Thus
N

removing tensile stress 1s achievable. [4, 16]

s
;%: No cracking has been observed when the surfaces are in
s
0

f;: compression. Tensile stresses result from the presence of

\

£

internal (residual) stresses or an external (applied) load.
.
.$ Causes may be:
e
b 1. deformation near welds
N 2. unequal cooling of metal
3. phase change

X2 4. differential thermal expansion

. 5. dead loading
N 6. pressure differentials.

:h The environment is the reason for corrosion. Metals
. react differently according to the type of environment. [14]
:2 The biggest concern of stress corrosion cracking is its
P ™.

fﬁ susceptibility in the heat affected zone of stainless steel
N weldments, in particular, pipe weldments in nuclear reactor
T
e service. These weldments directly affect the service of

I{‘
2

N beoiling-water and pressurized water reactors which have

’ experienced SCC. The weldment is subjected to a complicated
2
;ﬁ strain history imposed by the heating and cocling cycle. The
e
jﬁ strain history is more complex in a pipe weld than a plate
=T weld. (In a plate stress can be relieved by bending, while
tﬁ circumferential restraint restricts metal movement in a pipe
gj weld.) This strain history increases the susceptibility of
el SCC. [17]
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2.2. Fatigue Failure

The large majority of failures that occur in service,
are numerous and in fact are fatigue failures. Many of these
fatigue failures involve welded structures. Fatigue is
defined as the formation of a crack or cracks as a result of
repeated applications or cycles of loads each of which is
insufficient by itself. The danger of fatigue failure is
that it is difficult to see and can grow slowly. There’'s no
significant dimensional change in a cracked structure so a
crack may propagate through the entire structure before it is
discovered. [6, 15]

Materials, stress concentration, corrosion and residual
stresses contribute to fatigue failure. This thesis is only
concerned with the effect of residual stresses on fatigue
failure. It has been debated whether or not compressive
stresses on the surface increase the fatigue strength. Some
believe that crack growth is retarded by compressive stresses
and increased by tensile stresses. [14, 18]

Pressure vessels, their associated pipework and other
various types of structures may be subjected to a low number
of cycles of loads. The stress that is necessary to cause
fatigue due to a small number of cycles is considerably
greater than those necessary due to a high number of cycles.
These stresses are usually large enough to cause considerable
plastic deformation. Now the relationship between stress and
strain is no longer linear but changes from cycle to cycle.

(6]
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It is necessary to be able to improve fatigue strength
in order to reduce fatigue failure. Some possible methods
are to remove or reduce the load which is causing the

failures, to improve the design or to reduce the stresses.

£ l’&{, P s

To reduce or remove the load it is first necessary to know

58

what the load is. Sometimes this still doesn’t reduce

-
"v

fatigue failure. A designer can choose the type and position

LY
'. /4 "l

of a weld joint or make use of some technique in order to

.,
P L

b .'

improve fatigue strength. However, the designer may be

limited. Reducing stresses is one of the purposes of this

vt

thesis.
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- S . Brittle Fracture
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Brittle fracture means that separation has occurred

g

without plastic flow. Usually brittle refers to a specimen

having less than a few percent reduction in area. However,

’

SRR

specimen that have been proved to be ductile may fail in a

brittle manner. Serious brittle fractures are more likely to

”
AN

occur in welded structures rather than in riveted structures.

2,7,
L

Carbon steels with high tensile residual stresses have

A

s

experienced catastrophic brittle fractures although the

s e

stresses may be well below the yield stress of the material.

»
[y

f14, 15] Thereby reducing residual stresses will decrease

the chance of brittle fracture.
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<, 2.4. Collapse Strength
*;
o
}
It is well known that initial distortion and residual

sq stresses reduce the collapse or buckling strength of
s spherical and cylindrical shells subjected to external
4 pressure. Many papers have been written on this subject.
;j Experimental collapse pressures are frequently lower than the
-
:: pressure calculated from theory. This is due to the failure
’l

of the models to meet the idealized geometry and material
‘\
“ assumptions of the theory. Factors that decrease collapse
-
j strength are distortion, thickness, weld material properties,
.
i residual stresses, boundary effects and loadings. [7]
'f It is almost impossible to weld without introducing some
b distortion or stress. So there will be a reduction in the
- collapse strength. But by reducing distortion and residual
N
N stresses collapse strength increases.
o
¥
¢
o’
A'd
N
L)
-
&
4
‘4
' 19
3
N
v\"‘.-‘.- R I A N W A T ST AT AT A T T R AT




§ g ran dad Y b e Ata A%t d’ A B y VTN 4 VR R e g SR M R RN AR Y W Y gV W am ata ta L Ak, tal eal Sal Yokt

)

e

1Al

;:i CHAFPTER 23

3; AFPFARATUS DESIGN

l‘

L; The PhD Thesis by Andrew DeBiccari, [19] showed that

:é residual stresses and distortion were reduced when an outward
S force was exerted on the inner wall of the pipe while being
A? welded. The apparatus used was a mechanical turnbuckle (see
§§ figure 3-1). The turnbuckle is adjusted by turning rods with
. a hexagonal nut. Once the weld has been started, the

';: turnbuckle can not be adjusted. So when the pipe expands

Bl
'c‘n ‘l
.t

~

from the heat of the weld, there is no longer a force being

A1

exerted on the inner wall.

Also, there is no conclusive results between the
circumferential positioning of the heat source and the
residual stresses and distortions. One possible reason could
be the fact that the "restraining shoes” attached to the
turnbuckle are a two point load source. They loose their

effectiveness as the distance from the rod connection

Sak SO ) NNV
MY - (TR )ﬂfﬁfhsf

increases.

et e

Pt

Since the mechanical turnbuckle did show evidence of

1
s
.

P

reducing residual stresses and distortion, then there is a

1y
l:; possibility that an improved modification of the turnbuckle
E% will reduce residual stresses and distortion even more. The
‘5:’

bk first modification is to go from a mechanical, uncontrollable
~Aafir]
‘j: turnbuckle to a controllable hydraulic restraining device.
R
:3: The second modification is to determine the number of point
1l

’ sources feasible in the design.
R
l. |
Y
)

N
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Z.1. Criteria

There must be considerations in designing any apparatus.
\ The following are the considerations for the design of the
$ hydraulic restraining device:
) a. Employing the concept of the mechanical
N turnbuckle "restraining shoes”
. b. Ability to fit inside the pipe
c. Ability to be controlled during welding
d. Ability to expand and contract

e. Employing the maximum number of point sources
feasible

4
: T.2. Concept of "Restraining Shoe"
W

The mechanical turnbuckle employed the concept of
"restraining shoes”. These “shoes” are two (2) semicircle
pieces of steel. Their dimensions are: 1/4" thick, 4" wide
and have the same radius of curvature as the inner wall of
the pipe. This allows the entire outer surface of the "shoe"
to keep in contact with the inner surface of the pipe.
Hence, a constant force is exerted on the inner wall of the
pipe. Welded to the midpoint of the inner surface of each
“shoe” is a nut. A 1/2" threaded steel rod screws into the
nut of one "shoe"” while another opposite threaded steel rod
screws into the nut on the other "shoe". Both steel rods
thread into a common hexagonal nut. Turning this hexagonal

nut expands or collapses the mechanical turnbuckle. A gap of

22

« A
._._._._F - _,(.‘.J_\. \r'-\"-r\'-""\"



~,‘_.,.'..¢".~g. R R PR ha® Ba® Na' AR* Mt 2 - _gav v M lia s aile taia aud  allh ok sidh N ny balt b ded ‘op TN
‘at

3
i

e

g 1/16" between the "shoes" is allowed in order for the

% turnbuckle to collapse.

;\

o~ e E. Design of the Hydraulic

:% Restraining Device
b The concept of the "shoes” is still easily employed.

%: The difficult aspect is to find a hydraulic restraining
I% device small enough to fit inside the pipe yet maximize the
v number of point sources.

kz After looking through many equipment catalogs, Gary Abel
‘% of Lincoln Controls [20] was contacted. After discussions of
? the idea behind the experiment, the material and the set up
JEE involved, Gary Abel suggested to mount individual hydraulic
ti pistons in a c¢ylindrical ring to fit inside the pipe. Then
:f link the pistons in series with hoses to a hyraulic pump.
»Z Upon receiving a sample of the piston, the aid of Bruce
;g Bailey [21] was employed. Combining the criteria imposed

' with Gary Abel’s suggestions the restraining device in

E% figure 3-2 was designed.

’i The diameter of the pipe and the type of the point

&: sources physically limit the number of point sources to six
‘zé (6) for the hydraulic restraining device. Thus, there are
;Sﬁ six (6) "restraining shoes"” of equal dimensions: 4" wide,
& 1/4" thick and arc length of 6" that has the same radius of
sé curvature as the inner wall of the pipe. A nut is welded at
t; the midpoint of the inner surface of the "shoe". A rod is

8 threaded into

& 23
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:
;.

24

._,.,‘_ o R o e S e e e e e e Lt e e T
(G DACOUNOM . Ry

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

............



each nut and is the means for the force being exerted. Thus,

the concept of the "restraining shoes” is the same whether it
is for two (2) or six (8) "shoes”. Figure 3-3 is an
photograph of the hydraulic restraining device. One of the
“shoes"” is screwed off to show the nut and threaded piston
rod. Figure 3-4 is an photograph showing the placement of
the hydraulic restraining device inside a cylindrical pipe.

The force being exerted comes from the pistons. They
are equally spaced and screwed into an 8" diameter
cylindrical ring. The piston rod is that rod which is
threaded into the nut. Each piston has an inlet and outlet
port. The outlet port of one piston is connected to the
inlet port of the next piston with copper tubing. The first
inlet and last outlet ports connect directly to the hydraulic
pump: a series connection.

The piston is designed for 150 psi of air. However, it
can also residual stresses but for this experiment it is
adequate. The intent of this thesis is to show that an
outward force exerted on the inner wall will reduce

distortion and residual stresses.
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in the Pipe

Photograph of Hydraulic Restraining
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CHAFTER 4
EXPERIMENT TO REDUCE

RESIDUAL STRESSES AND DISTORTION

The selection of the equipment, conditions and procedure
is based on the experiment performed by Andy DeBiccari. [19]
Since the hydraulic restraining device is a modification of
his mechanical turnbuckle, then a comparison between the two
is desired. By including a means of controlling the pressure
during the welding and expanding the number of point sources
for the load distribution, is is expected that the residual
stresses and distortion should be less with the hydraulic

restraining device than those with the mechanical turnbuckle.

4.1. Equipment

An automatic tungsten inert gas set up is the welding
means for the experiment. The power supply is the MILLER
Syncorwave 500, DCSP, GTA/SMA. The JETLINE Engineering Arc
Length Control System, Model ALC-201, regulates the water-
cooled torch, argon gas and voltage which in turn controls
the arc length. The arc length control system is mounted
vertically to a horizontal carriage traveler manufactured by
Linde of Union Carbide. (It is stationary for the purpose of
this experiment.) The filler wire feed system is a product
of Airco Heliweld. Since the torch is stationary, the
mechanism for rotating the pipe is an ARONSON Positioning

Table with a variable speed control and tilt wheel. See
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Appendix A for the details of the equipments’ settings.

The Daytronic 9000 Data Acquisition System is connected
to a Digital Equipment Corporation MINC-23 Laboratory Data
Processing System and records the strain changes, through
strain gages, exerted on the "shoe" and piston rod during
welding. Also through the use of strain gages, the VISHAY
P-350A Digital Strain Indicator and SB-1 Switch and Balance
Unit (see figure 4-1 [22]) determine the strain (residual
stress) changes in the pipe during stress relaxation. (See
Appendix B for exerpts from the manuals for the Daytronics
Converter and Vishay Strain Indicator and a printout of the
MINC’s Fortran computer program.) Agapakis [23] gives the
fundamentals of the acquisition and the computer programs

used in the processing of the data.

4 . 2. Material

Schedule 80, low carbon steel is used for the
cylindrical pipe. Its inside diameter is 12" with a thickness
of 5/16". The sections were cut to a length of 9 inches.
(This length is chosen so the end effects of the cylinder can
be ignored. See Appencdix C for calculations.) There are a
total of six sections, two per weld.

For the '"restraining shoes”, schedule 40, low carbon
steel, 1/4" thickness, is used. There are six (6) "shoes"
having the same radius of curvature as the inner wall of the
12" ID pipe, 4" wide with an arc length of 6°

The cylindrical ring holding the pistons is also
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schedule 40 steel with a 8" diameter.

There are a total of six (6) Air Mite pistons, Model
DAV100-1, connected to a Enerpac P-84 hydraulic pump by high
pPressure hoses.

Three (3) types of strain gages are used. On the
"shoes", SR-4 FAE-25-35 S6 EL biaxial strain gages are used
during welding. (Biaxial gages measure the strains axially
and circumferen- tially.) This same brand should have been
used on the piston rods also, but there wasn’t enough in
supply so a HBM 3/350LY11 (biaxial) strain gage is used also
during welding. The two are very similar but made by
different companies. Triaxial rosette strain gages, SR-4
FAER-12B-35 56 EG are used on the inner and outer wall of the
pipe during stress relaxation. (Triaxial gages measure the
strains in the axial, circumferential and shear direction.)

See Appendix D for more details on the strain gages.

4 _ 3. Procedure

Before performing the welding procedure, two pipe
sections are tack welded at four evenly spaced locations [24]
and a grid system needed is marked on the inner wall of each
of the pipe specimens. Since the "shoe" covers an area in a
60c angle then only one half of the "shoe” is where the data
is taken. Two reasons are behind this decision: 1) the force
from the "shoe” should be symmetric on either side of the
point source, i.e. the piston rod and 2) the limitation on

the number of strain gages that can be hooked up to the SB-1
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Switch and Balance Unit.

Figure 4-2 is an actual photograph showing the grid
system marked on the inner wall by +’s. There are three (3)
grid lines, one located at 0o, 150, and 30c. Each + on the
grid line is at a distance from the centerline of the weld:
0.2%", 0.5, 0.7%", 1.0, 1.5", 2.0", 2.5, 3.0", 4.0", 5.0"
and 6.0". The diameter of each of the specimens at these
locations are measured with a digital micrometer before
welding.

Even though there is a pressure gage on the hydraulic
pump, strain gages are placed on the piston rods and the
"shoes"”. They are then hooked up to the Daytronic 9000 Data
Acquisition System which is connected to a Digital Equipment
Corporation MINC-23 Laboratory Data Processing System so that
the strain change is recorded during welding.

To ensure that the set up and welding conditions are
correct, a sample weld is made on a specimen that will not be
used as data. In order for a comparison to be made with
DeBaccari’s results, the welding conditions need to be very
similar. Through trial and error the welding conditions in
Table 4-1 are used. They vary from DeBiccari’s [19] but only
slightly. Figure 4-3 is a photograph showing the set up of
the equipment and pipe. The pipe is clamped onto the Aronson
positioner and tilted horizontally. The wire feeder is
adjusted properly and the current and voltage are set; all to
ensure the feed wire is depositing into a good weld pool.

With this equipment set up and welding conditions, a

single pass, gas tungsten arc process, circumferential weld

32

- - Vs N N
o DESERE aE A e

P DR R . A K Ta ot e e LTy Ny N N LS NN
-~ _.\_.\_-_'_.\_-‘ o, e \‘.\‘..‘, TR n).\'. - b.. ST MV ) *\-.\‘. U ..‘-
A L, ) g A La AN B gl M e n




. DDA, < B . PPN IE il v PO PG e - , . P ey L. - .
K¢ s (R B A ..Wa\.\n\-\- DA I .\- % et ....!-q........-u- ARCRF It D K R S .-...‘\.........-...-_ @) L, \v.....c.....-... .-..v. ..~....~.......... » .... R
8 0
o]
. -
s -
-~ 0
(W)
4O
PERR IV
nAa
e =
Mmoo
erd eed
O NP
-
~ ]
350
S+ M
oo
) ol
. > (o]
k. o -~ u
. [V
1 4 O
O N
Ay <
Ko
s S
-~ O [sp}
~ (3]
U A
003
-~
o >
LS00
A n

Figure 4-2:




(-."s"s". LN

bW YAt h

"." .A"l ")

S

l-l'n:‘_"
)

¢ ) A-' -l‘ -, :’ .

Fgr YN |

a

" r
b T T T e e Ve

“

4
‘-

LA A
,"'\l‘-.l‘h

S
L)

RO
AT DIUALI

LI |

a
Pl

e
»_»
L R R

L

Table 4-1: Welding Conditions
V = 11.0 volts
I = 250 amps
v = 3 in/min = 0.127 cm/sec
H = 2750 Watts
Feeder wire: diameter = 0.035 in = 0.0889 c¢cm
feed rate = 1.45 in/sec
= 3.68 cm/sec
Argon gas: 12 psi
Tungsten: diameter = 3/32 in = 0.238 cm

34




Photograph of Equipment Set Up

w
™
™
(
<
@
-
3
g
e
fry
v . e e 8 _..-
MO Y NN NA S L A s RS 2 e VR R, S NP PLIC PR =y
5t N.,.\.n\f\..\...n. ,N.z..;.v\d‘.. bl { A= < SN r&..\.-a.h....w Sete” ot n'aae £ a> AR P




is made on three (3) different specimens of cylindrical pipe.

One specimen does not contain the hydraulic restraining
device on the inside while the other two (2) do. Pressures
of 150 psi and 250 psi are set on the hydraulic pump for the
two (2) specimens that contained the hydraulic restraining
device. These pressures act as a force on the "shoe", hence
a restraint. The strain gages are hooked up to the Daytronic
9000 and MINC-23 while welding. (It was discovered that the
strain gages no longer adhered to the metal after welding.
This could be due to the heat intensity being too great for
the bonding. Ther rore, this data is suspect.) The
specimens are cooled naturally. The pressure in the
hydraulic restraining device remains on the specimens while
coolirg.

After cooling, the diameter of each of the specimens is
measured at the grid points previously described with the
same digital micrometer and recorded. Then the rosette
strain gages are located on the inner and outer surfaces of
the pipes, 0.5" from the weld centerline at the 0o, 15¢, and
30c grid lines. (Papazoglou’s thesis [25] shows that the
temperature distribution is the highest at a distance of 0.5"
from the centerline of the weld.) They are coated with
silicon for protection. Then the gages are connected to the
strain indicator and switch/balance unit which measures the
change in the strains.

The residual stresses are determined by the stress
relaxation technique [7]. A cylindrical section containing

the strain gages i3 removed from each of the welded specimens
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by a sawing method; one cut being on the weld centerline, the
second on the other side of the strain gage the same distance
as that from the strain gage and the weld centerline. The
sawing is performed at a slow rate and is constantly liquid
cooled to avoid any unnecessary changes in the residual

stresses. The strain changes are measured and recorded.

4 . 4. Distortion Results

The results of the distortion measurements taken on the
specimen without the hydraulic restraining device are shown
in Table 4-2. This table shows shrinkage as a negative
value. Figure 4-4 is a longitudinal profile of half of the
pipe and compares the radius before welding to the radius
after welding, i.e. distortion, at the 150 angular position
only. The vertical axis is adjusted for a clearer
comparison.

The distortion pattern is similar for axial and angular
positions. (Some discrepancies may be due to the inaccuracy
of the micrometer measurements.) This is expected since the
weld started and finished well enough away from the
measurements and allows for an assumption of quasi stationary
state condition.

The distortion measurements for the specimens with the
hydraulic restraining device are shown in Tables 4-3 and 4-4.
Again shrinkage is shown as a negative value. The distortion
patterns are similar as in the specimen without the

restraint, but the 30° angular position increases slightly
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Figure 4-4: Longitudinal Profile of the Upper Half |
of the Pipe Comparing the Distortion
of the Radius Before and After Welding
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from the 0¢ and 15¢ positions. Figures 4-5 and 4-6 are
longitudinal profiles of half of the pipe and compare the
radius before welding to the radius after welding, 1i.e.
distortion, at the 15¢ angular position only. Again the
vertical axis is adjusted for a clearer comparison. There is
no explanation why the distortion measurements for the
specimen with the 150 psi restraint are in expansion except
that the micrometer may not have been calibrated to the
correct reference value.

Figures 4-7, 4-8 and 4-9 compare the distortion of the
specimen without the restraint to the specimen with the 250
psi restraint at the angular positions of 0o, 15° and 30¢,
respectively. For each angular position of the specimen with
the 250 psi restraint, the shrinkage next to the weld
centerline is considerably less, about 72% - 86%, than that
of the specimen without any restraint. However, further away
from the weld centerline, the 250 psi restraint specimen

expands.
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4 .5. Residual Stress Results

The strain changes measured by the relaxation technique
for =ach of the specimens are given in Appendix E. From the

strain changes the residual stresses are calculated from [7]:

o= ‘Z]__-E-;;;— (£x+ v 69) (56.1)
= ~—_E____

Opn = Cep+ v £ )

() (1_1)2) o %3
(5.2)

yo= ~I-
G (56.3)
® , % and v are the measured strains for the hoop, axial

and shear directions, respectively. E is the modulus of
elasticity of 30 x 108 psi; o 1is Poisson’s ratio of 0.3.
G is the modulus of rigidity or shear modulus and is

calculated from the following equation and the above data:

G = ——-E——— = 11 54 x 10° psi
2¢1+1) pst (5-4)

The negative signs in equations (5.1), (5.2) and (5.3)
reflect that when tensile residual stresses exist, shrinkage
takes place during stress relaxation. The converse is true
when compressive residual stresses exist.

Table 4-5 shows a comparison of the residual stresses
for the specimens. For each angular position on the inner
surface from no restraint to 250 psi, there is a consistent

decrease of residual stress with three exceptions. At the
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Table 4-5:

Inner Surface

Position

OO

15°

30°

%
o
X

Tox

Outer Surface

Position

OO

30°

%9
o
X

Tox

%o
(8]
x

Tox

%
o
x

TOx

No Restraint

23.
48.
11.

40.
63.
14.

45.

61.
14.

No Restraint

Comparison of Residual Stresses

55
88
79

31
87
10

56
88
61

.51
.59
.00

.28
.08
.49

.41
.48
.75

150

27.
43.
.19

35.
.70
11.

40.
46.
11.

FSI
93
30
88
10
13

84

PSI

.44
.74
.42
.91
.24

17
.37

PS1I

.91
.44
.76

.46
.64
.42

.28
.75
.18
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different angular positions, there is a consistent, but

RIS of

small, increase in the stresses with the exception of three.

N

T‘ All the stresses on the inner surface are in tension.

§ The stresses on the outer surface are almost all

ii compressive with the axial stresses being very high. They

® become more compreasive with the use of the restraint. The
:E stresses vary very little with the angular position.

‘i Figures 4-10 through 4-13 show a graph interpretation of
.

this comparison for the hoop and axial stresses for both
inner and outer surfaces. There are no graphs for the shear
stresses because there is not a significant difference.

The next chapter discusses these results and compares

them to other results.
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Figure 4-10: A Comparison of Hoop Stress
on Inner Surface vs. Angular
Position Between Specimens with
No Restraint and 250 psi
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Figure 4-11: A Comparison of Axial Stress
on Inner Surface vs. Angular
Position Between Specimens with
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CHAFTER &

DISCUSSION AND CONCLUSIONS

This chapter discusses the results of the distortion and
residual stresses given in Chapter 4. These results are
compared with those from other investigators. Finally, some

conclusions are given.

5. 1. Discussion: Distortion

Heat sink welding has cool water on the inside of the
pipe while welding. This keeps the inner surface relatively
cool during most of the welding. Thus there is less
shrinkage than in a conventional weld. [26] No figure or
numbers are given for a comparison, but the shrinkage in this
thesis’'s experiment due to the hydraulic restraining device
is also less than that in the weid without the system.

Rybicki, et. al. [27], developed a finite-element model
to predict deflections in girth-butt welded pipes. Figure
5-1 [27] shows a comparison of the computed deflections and
the experimental data. The band reflects the ranges of the
measurements taken along axial lines at four locations, 90¢
apart. At 0.5", this range of deflection is more than twice
that of this experiment’s distortion of the specimen with no

restraint.
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When comparing the distortion to DeBiccari’s [19]

results (see figures 5-2 through 5-5) as originally intended,
the only similarity is that the distortion decreases with the
distance away from the weld. This thesis's results had
expected t~ be less than those of DeBiccari’'s. There’s only
a few data points that are. At the 0° location, both
specimens has less distortion than DeBiccari’s up to 1.5
inches away from the weld centerline. But at the 300
location it’s greater. After the 1.5 inches distance this
experiment’s specimens expand instead of shrinking. One
possible reason might be the fact the hydraulic restraining
device provides a continuous pressure while cooling to the
extent that it over compensates. Other than the pressure
gage on the hydraulic pump, there’s no other means to control
this pressure.

Figure 5-6 shows the comparison between this thesis and
DeBiccari’s of the reduction percentage of distortion for the
restraint to that without the restraint versus the axial
position at the 0¢ and the 30¢ angular position. For this
thesis, the distortion near the weld centerline, i.e. the 0o
position, is reduced by 85%, whereas, in DeBiccari's it is
reduced by 75%. As the angular position increases the
percentage decreases, but there’s still a significant
reduction in both. However, DeBiccari's results have more of
a reduction. Axially, away from the weld centerline, the
reduction percentage increases but remember that the
distortion here is less in numerical value. Therefore, the

percentage changes rapidly with small numerical value
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changes. Note that the end of the "shoe” in this thesis is

A
E% at 30° and the maximum distortion is reduced by 70% while in
] DeBiccari’s thesis it is at 90¢ and the reduction is only 5%.
<23 Even though figures 5-2 through 5-5 show that the hydraulic
)
z' restraining device is not better at some specific locations,
- the percentage in reduction shows that six (6) "shoes" is
TE more effective than two (2) semicircle "shoe", particularly
EE at the ends.
L
Using the same curved beam analysis as DeBiccari [19],
E} Castigliano’s Second Theorem [28], the deflection can be
izs predicted. (See Appendix F for calculations.) Figure 5-7
e
f shows that uniform and varying loading are very close in
Eg deflection prediction. The measured deflection, &m, of this
é; thesis is between the predicted values and the corrected
’3 predicted values.
.; Figure 5-8 compares the stiffness of the "shoe" to the
.% nondimensionalized deflection (see Appendix F for
calculations) at the angular positions 0¢ and 30¢ at 0.25
;a inches away from the weld centerline. The deflections of
o
;: this thesis are the lines while DeBiccari’s are the *. (His
- did not change for 0c and 30¢ positions.) This figure shows
=
fi' that DeBiccari’s "shoe" applies less pressure than this
{EE thesis’s "shoe”. (The higher pressure is intentional.)
it However, it also shows that if more pressure is exerted on
ﬁ% the inner wall then the deflection is reduced.
z; So for a cylinder with a given radius, the deflection
 ~: can be determincd and thereby seiting the criteria for the
ii stiffness at the end of the "shoe".
N
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- 2. Piscussions: Residual Stresses

Figure 5-9 [29] shows the axial residual stresses on the
;f inner surface a pipe at various distances from the weld
l; centerline. Figure 5-10 [7] shows the stresses on both the
. inner and outer surfaces. Close to the weld on the inner
\ surface, the stresses are in tension and close to the yield
strength. It changes very rapidly from tensile to
compression within an inch. The results in [24] are similar.
N Because of this rapid change, this experiment only measured

stresses close to the weld centerline and they are in

L4y N

3 agreement with these figures. The stresses on the ocuter
:{ surface are in compression and this thesis’s results are in
~ agreement with this figure.
™
-
- Heat sink welding is also used to reduce axial tensile
o stresses or even induce compressive stresses on the inner
Yo
! surface of the pipe. [30] Figure 5-11 [31] compares residual
v,
e stresses of a conventional weld to the heat sink weld. This
ki experiment does not induce compressive stresses but does
‘2 reduce the tensile stresses on the inner surface.
/J’
- A computational model has been has been developed by
-
ﬁ{ Rybicki and McGuire. [4] The procedure that it is used for
-,
5 is Induction Heating for Stress Improvement (IHSI). IHSI
b
3 process consists of placing an induction coil around a welded
[,
: pipe to heat the pipe while the interior is cooled by water.
N
. In the computational model, IHSI process alters the thermal
.
n
history through the pipe wall bhence producing compressive
A
f: stresses on the inner surface of the pipe. Rybicki states
-
)
<
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that these computed values of residual stress agree with

experimental data.

Rybicki and Brust ([16] uses a computational model to
determine residual stresses for backlay welding. Backlay
welding is sommelier to IHSI process but the heating is
provided by a series of axial welds deposited along the outer
surface of the pipe. It also changes the tensile stresses on
the inner surface to compressive stresses. The computed
values are in agreement with experimental data.

Table 5-1 compares the residual stresses of this thesis
to DeBicarri’'s [19] thesis at the 0¢ and end of the “shoe”
for no restraint and 250 psi restraint. On the inner
surface, the percentage of reduction in this thesis’s
stresses, both axial and circumferential, is about half that
of DeBiccari’s. The percentage tends to increase with the
angular position.

On the outer surface, the circumferential stresses for
this experiment changed from tensile to compressive while
DeBiccari’s did not. In fact, his values increased.

One might expect that reduction percentage of the
stresses would be similar to that of distortion since axial
stresses are partially caused by bending stresses resulting
from distortion. But that is not the case in this
experiment; there’s a significant difference. Thus, the
reduction of stresses cannot predicted by distortion alone.
This thesis does not intend to consider any of these other

factors.
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f Table 5-1: Comparison of Residual Stresses [ksi]
¥ Between This Thesis, *, and
2t DeBiccari’s, + [19]
'l
b Inner Surface
N Position No Restraint With “Shoe"
X + * +
v
4
; Og 23.55 32.7 21.21 23.8
¥ o, 48.88 38.5 40.71 16.8
% 45.56 34.7 36.61 19.9
: T 61.88 41.0 59.04 12.0
I Reduction Percentage % * +
ol
. % 10 23
o, 17 56
N % 20 43
: 9, 5 71
Quter Surface
" Position No Restraint With "Shoe"
- x + * +
; i
o0 9.51 .6 -0.91 7.1
4 x -31.59 -35.1 -40.44 -15.9
L % 2.41 1.7 -1.28 7.2
: I -45.48 -37.7 -41.75 -17.3
Reduction Percentage % X +
j ) 109 1183 increase
:} o, 128 increase 55
'
(¢ %9 153 423 increase
o, 9 54
=
W
A
"
-
-
' d
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There is a similar pattern to the stresses reduction

when looking at the angular positions for a particular stress
or within the same experiment. There is hardly any change in
the shear stress in either way of looking.

The hydraulic restraining device does not change the
inner surface’'s stresses from tensile to compressive but does
reduce them. However, the reduction is not as much as
expected. Even though the hydraulic restraining device has a
pressure gage and the hydraulic pump can be controlled during
welding, there’s still no way to ensure that there is
constant contact and uniform pressure on the inner surface.
Therefore, some of the heat sink effect is lost.

There is no analysis on residual stresses with respect
to the axial distance. The experiment is limited to 0.5
inches from the weld centerline because of the limitation on

the strain gage indicator.

S9.3. Conclusions

Distortion and residual stresses are a result of thermal
strains and stress. As a result, stress corrosion cracking,
fatigue failure, brittle fracture, and reduce in collapse
strength may occur. Various procedures to control distortion
and residual stresses have been investigated.

The purpose of this thesis is to design a hydraulic
restraining device and investigate its effects on distortion
and residual stresses. Employing this system, measurements

have been taken of the distortion and strains (which residual
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3' stresses are calculated from) on three specimens for a

,& circumferential pipe weld, also known as a girth weld. The
v following conclusions are made:
“E 1. Distortion is significantly reduced, a maximum of
3‘:3' 85% when employing the hydraulic restraining device
-3

2. By increasing the number of point sources, i.e.

f: "restraining shoes", the end of the "“shoe" is more
E; effective

- 3. Distortion is reduced when pressure exerted on the
-R inner wall increases
‘i 4. Residual stresses cannot be predicted by distortion

alone

5. Residual stresses are reduced, a maximum of 20% on
the inner surface and a change from tensile to
compressive on the outer circumferential stress.

tj 6. The hydraulic pistons may limit the size of the

P device thereby limiting the size of the pipe that

it can be used in.

N S5S.4. Fuvure Considerations

f‘ Since stresses and distortion do not attain their final
,i} values until cooling, there is still a need to be able to
> sense the expansion and contraction of the specimen during
;? welding, otherwise known as in-process control. The
W
;& hydraulic restraining device design for this thesis can be
fﬂ controlled but it still does not guarantee that the "shoes"”
;E keep in contact with the inner surface. It does not have an
-,

-

W
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in-processing sensor. Thereby, an optimum restraining force
is still unknown.

Instead of using a digital micrometer for measuring
distortion, another sophisticated method should be used.
There is a lot of room for human error with the setting of
the micrometer. This could possibly be a reason why one of
the specimens showed expansion instead of contraction.

When recording the strain changes on the pistons and
"shoes"” during the weld process, continue to record the
changes throughout the cooling period. Also ensure the
strain gages and bonding adhesive can withstand the high
temperatures.

To obtain data for more of an in depth analysis, it is
necessary to increase the number of strain gages that can
measured simultaneously. This is a function of the equipment
that is available to the laboratory.

The hydraulic restraining device, as is, cannot be used
on smaller diameter pipes. A more thorough search is
necessary for the design, in particular, the various sizes of
the pistons. These pistons are also cumbersome for very
large pipes, not to mention any pressure vessels. It would

be more advantageous to find another means of exerting a

continuous force.
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APFENDIX A

EQUIPMENT DETAILS

MILLER Syncrowave 500 Power Supply Settings:

Polarity
Contactor
Current
Hi Fregq

Craterfill

DCSP
Remote
Panel
Off

Out

Start Current Off

AC Balance
Post Flow

Bottom Right

Ignore
Adjust

Controls Ignore

JETLINE Engineering Arc Length Control System Settings:

R TR

R I I R s
- L

Voltage

Up/Down

Touch Retract
Start Delay
Sensitivity
Stop Retract
Torch

Argon Gas

11 Volts

Manual to position torch

Auto to control arc length during
weld

Broken

Adjust accordingly

Midway

Adjust accordingly

Water cooled

12 psi
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3. LINDE J-GOV Traveler
Levers adjust sideways position
Handwheel adjusts front/back position
Toggle switch micro-adjusts torch position, stop

for stationary position

4. AIRCO Heliweld Wire Feeder

Connect to stem beside torch

Range Switch on low

Feed Switch position accordingly on
Reverse/Forward/Neutral

Speed Dial set on A+1.5 units (no operator’s manual
to convert into length per second but from
timing and measuring this setting converts to

1.45 inches per second)

5. ARONSON Positioning Table

Direction Control Box for forward or reverse

Tilt Control Box for 0-90 degrees positioning

Speed Controller is a turn gage but a rpm
controller is attached to convert rpm’'s to
distance per minute

A special brace of threaded rods was made to hold
the pipe onto the tilt wheel while in the

horizontal position
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Operating Manuals for
Daytronics Converter and
Vishay Strain Indicator

-
-

12 The following pages are excerpts out of manuals from

;S references and [22] and [32] and a printout of the MINC’s

Fortran computer program [23].
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Model 9178A |
Strain Gage Conditioner
Instruction Manual

The Model 9178A is a signal conditioner for use with resistance strain gage trans-
ducers requiring AC excitation. It performs all necessary balancing and calibra-
tion functions, and filters and amplifies the input signal to standard 9000 System
levels. :

With its phase-sensitive carrier-amplifier design, this module is intended for appli-
cations involving transformer coupling to the transducer bridge (as with rotary-
transformer torque sensors) or for operations that require high sensitivity with
optimum signal-to-noise characteristics.

Manufacturer of Intelligent Instrument Systems

VAYTRONIC
Daytronic Corporation ¢ 2589 Corporate Place o Miamisburg, OH 45342 e 513/866-3300
i
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Model 9178A

I. Specifications and Significant i/0 Connections

Table 1. Specifications, Model 9178A

Common-Mode Rejection: Greater than 120 dB.

Output Ripple and Noise: 0.15% of full scale (rms), maxi-
mum.

Accuracy*: 0.1% of full scale.
Dimensions: Standard singie-width module.

Operating Temperature Range: +40°F to +130°F (+4 4°C
to +54.4°C).

Power Requirements: Obtains power from Mainframe
Supply.

* Referenced to the Five-Volt Output. and including the combined effects

of nonlinearity, line-voitage variations between 105 and 130 V, ambient
temperature vanations of +30 F degre 2s about starting value. and six-
months drift of zero and span. Rated accuracy assumes operation with
the Mode! 9530A Digrtal Indicator (or equivalent), using System Ref-
erence Voltage in a ratiometric technique. Possibie errors contributed
by transducer or cable are not inctuded.

1 M

Input Transducers: 4-arm bridges, 90 to 2000 ohms,
nominatly 1to 5 mV/V, fult scale. Internal completion
of 2-arm bridges is also possible.

Cables: 4-, 6-, or 7-wire, depending on application; 5000
ft. maximum length.

Bridge Excitation: Regulated 6 V-AC at 3 kMz.

Balance Adjustment: 10-turn Coarse and Fine controls;
will batance 0.8 mV/V initial unbalance.

Span Adjustment: 10-turn Coarse and Fine controls, 0.5
to S mV/V, full scale.

Outputs: "Prime” and “Called.” Standard Five-Volt Data
Signal (see "Appendix,” 9000 Catalog).

Frequency Response: Selectable low-pass cutoff fre-
quencies of 0.2, 2, 200, and 500 Hz; down 60 dB per
decade above cutoff. Full-scale slew time is 1.4/f
seconds, where f is cutoff frequency.

14 Prime output >

( :_C:_H"_izl.i___..‘é 15 Calied output >
Srnir} Qage
Transducer input [ Conditioner

9178A 1, :Ocillorof synch >

Modute 1/O 7

Connector—

mating connector

1s No 57-30140

{turnished) Fig. 1 Significant I/0 Connections®

NSV 7O A

° For graphic symbols used in this figure, see “Introduction to Input
Signa! Conditioners,” 9000 Catalog For standard signal interface
specifications, bus functions, and pin assignments, see “"Appendix.”
9000 Catalog

Module /O Connector: Provides connection for external
transducer.

Cali Input: Logic signal that places “Called Output” on
the Called Signal Bus (see "Glossary,” 9000 Catalog).

Called Output: Analog output placed on the Called Signal
Bus when and only when the 3178A is in receiptof a
"Call Input” signal.

Prime Output: Continuously available analog output
brought to system Patch-Wire Facility for intercon-
nection with other system elements or peripheral
devices.

Oscillator Synchronlzation: Allows all system 3-kHz
excitation signals to be synchronized from a single
"Master” source, to prevent development of beat
frequencies (see Step 2, below).

Il. Installation and Cabling

1. Carefully read the “Initial Instructions” section (1V)

of your 9000 System Manual.

2. OSCILLATOR SYNCHRONIZATION: Remove the

module from its slot and make sure the Master/Slave
Switch ("S1” of Fig. 8) has been properiy set. If your
system contains only one 9178A and no 9130 or 9132
modules, set the 9178A at “MASTER"; if you have
more than one 9178A or a 9178A and one or more
9130 or 9132 modules, set ONE of these modules
(either a9178A,9130,0r9132) at "MASTER,"and the
remaining modules at “SLAVE."” Refer to your Mode/
9130 or 9132 Instruction Manual for switch location.

3. TRANSDUCER I/0 CONNECTION: When connect-

78

ing a non-Daytronic transducer to the Module 1/0O
Connector at the rear of the 3178A module, use the
appropriate cabling as given in Fig. 2. When a Day-
tronic transducer is used. the necessary cable is
normally supplied with the system. Fig. 3 gives the
cable for connecting a Lebow 1600 Series Rotary
Torque Transducer (only).

NOTE: in all but the shortest tfour- and six-wire ca-
bles, extraneous voltage drops can produce signifi-
cant errors when a "Shunt Calibration” procedure
(described in Section Il1) is attempted. The seven-
wire configuration, however, provides a separate
path for "Calibration Current,” thus allowing vaid
transfer of transducer calibration data, irrespective
of cable length. For optimum accuracy, we there-
fore recommend seven-wire cabling whenever you
intend to perform a "Shunt Calibration.”




MR NS R 55 S50 AF A b 4

iif. Calibration ¢
. + EXC .
! DEADWEIGHT CALIBRATION: You can achieve the ! 8 ‘
| most accurate resuits through an overall “Deadweight 2 EA :
Calibration,” which necessarily takes into account all 3 o '8 816 £ .
tixed resistance characteristics of the transducer/cable “ e ) v
system. 3 a_ . -
6 3 :
1A, Turn mainframe power ON. Affow § minutes for 7 14 Texe
warm-up.
2A. Check to make certain that the mainframe FAULT )
indicator is out. If this light is ON, see Part 4 of “Initial 4~ WIRE CONFIGURATION K
Instructions” and also the respective Mainframe In- -
struction Manual. -
{
14
3A. Set the front-pane! Coarse and Fine SPAN controls N S| 2 Exe T
fully clockwise (see Fig. 4). 2le o9 I . l»_.:
3| ofi® L e
4A. ZERO ADJUSTMENT: Establish a zero input by re- . :_.” = +sig ~siG
moving all load from the strain gage transducer. sle !r;r—} "
Push the front-panel NULL button and alternately cle ol ; ;:-:
adjust the R and C BALANCE controls to produce a & ola = o
minimum output value for the 3178A {minimum = least ‘[ -EXC >
positive or most negative). This output may be dis- o
piayed via a Model 9515A, 9530A, 9590, or 9635. s
6-WIRE CONFIGURATION v
Release the NULL button and bring the output read-
ing to zero by means of the Coarse and Fine R
BALANCE controls.
s 1 +EXC
5A. SPAN ADJUSTMENT: Apply an accurately known e s 2
value of input loading to the transducer — a value 2(e &9 r v
(positive or negative) from 80% to 100% of the trans- 3le el s s
ducer's nominal rating. Using the Coarse and Fine 4l ofu ’
SPAN controls, adjust the 9178A output to equal this 5|e o ——
value. cle o)i3 Y 1
7{é @ fane ‘L Texc
6A. SYMMETRY ADJUSTMENT: See Step 5B, below. [
SHUNT CALIBRATION—an easier though less accurate ~
technique — may be employed when overail “dead- 7 - WIRE  CONFIGURATION

weighting™ is impossible or inconvenient, and is good for
a general accuracy of 1% to 3%."

It a tixed resistor is shunted across one arm of-a strain
gage bridge. it produces an unbatance equivalent to that
of a particuiar value of mechanicai input.** {f this “Equiv-
alent Input” value is accurateiy known, youcanuseitasa
reference paint for calibrating the system.

v

* Greater accuracy 1s possible, if the transducer manufacturer specifies
a precisely known “Eguivalent Input.”

r
A

Croe
P

3.3 "y

Amphenol 57-30140 N
Daytronic 25090 Daytronic 250410 18. First determ‘yne the “EO_UIVALENT INPUT"_VALUE ~
RED Pin: for your particular combination of Shunt Calibration
2 a Resistance (R, in ohms)** and transducer.
: pAl BLACK VEXC
o ol9 I a. I the transducer manufacturer does not specily
2 g BLUE ¢ —EXC an “Equivalent Input” (X), you may easily calcu-
3 °Tiol |} BROWN late this value, which depends on the transducer’s
4lo ofn D Bridge Resistance (R, in ohms) and Full-Scale
5 +SIG Sensitivity (K. in mV/V full scale) — two variables
¢ o]12 GREEN . f U
6 3 _SIG almost always given by the manufacturer. Use
o olir4 ) WHITE JOE this equation to find X as a percentage of full-scale
7 o output.
r e X ORANGE £ caL
{ ) VIOLET 25000 (MV/V) Ry,
P 7 S Xz .
NC . 1000 FEET NCV K R, ’
3.05 METERS '
NOTE: Color-coding 1s for Daytromc factory- where R = 53000 ohms, unless a replacement re-
wired cable Model 85-S. using four twisled. sistor has been instailed (sce below).
shielded pairs of AWG #24 wire 79
** The Modet 9178A 15 normatly shipped with a precision 59 kiobm calr- : _
Fig. 3 Cabling for Lebow 1600 Series bration resistor installed for this purpose (labelled "R86™ n Fig B) .
- ﬂ
AT e e e e o . . ) .
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For example, suppose you have a load cell with a
full-scale rating of 1000 Ib. The manufacturer
specifies a 350-ochm bridge and a full-scale sensi-
tivity of 2 mV/V. Using the 9178A’s internal shunt
resistor, an “Equivalent Input” would be pro-
duced equal to

25000 (mV/V) x 350 ohms
X = o, = 74.15% of a full-

2 mV/V x 59000 ohms scale reading.

Because only nominal values have been used,
this 1s an approximation, but good for general
calibration accuracy of 1% to 3%.

To determine the actual input simulated by the
shunt, simply multiply X by the rated fuli-scale
capacity of the transducer. In the above example,
this would yield 741.5 Ib.

. If the transducer manufacturer specifies an
“Equivalent Input” for some R, other than 59
kifohms, you can either (1} rep/ace the 53 K shunt
in the 9178A with a resistor of the value specified
by the manufacturer, and then proceed to use the
given “Equivalent input”; or (2) you can calculate
an “Equivalent Input” usable with the installed 59 K
calibration resistor:

Re

59000

where X, is the “Equivalent Input” simulated by
the shunt; X, is the “Equivalent Input” specified
by the manufacturer; and R. is the calibration
resistance specified by the manufacturer.

Forexample, if the manufacturer has calibratéd a
10004b. load cell using a 39-kilohm shunt resistor,
and specifies an "Equivalent .nput” of637 Ib., then
the input simulated by the 9178A’s 59-kilohm re-
sistor will be

28.

3B.

48.

5B.

Model 9178A

Follow Steps 2A through 4A of the DEADWEIGHT
CALIBRATION procedure, above.

SPAN ADJUSTMENT: Push the +CAL button. Using
the Coarse and Fine SPAN controls, adjustthe $178A
output to equai the “Equivalent Input” simulated by
the shunt (i.e., the value determined in Step 1B).

NEGATIVE CALIBRATION: If a negative "Equivalent
Input” is also provided, press the -CAL button, and
confirm that the same settings of the Coarse and Fine
SPAN controls (from Step 3B) also produce this
negative output reading. if not, see Step 5B.

SYMMETRY ADJUSTMENT: If, after Step SA or 48,
you find that the transducer does not behave sym-
metrically in both positive and negative directions,
first remove the front panel (two screws in upper
corners) to access the Symmetry Adjustment at the
extreme right. Do not remove the module from its
slot. (This adjustment has been factory-set for as-
sumed symmetrical transducer characteristics.)

Repeat the procedure for positive calibration. Then
press the -CAL button and adjust the symmetry con-
trol to get a reading equal to the negative input ap-
plied (“deadweighted") or simulated (by shunt).

Fig. 4 Model 9178A Front Panel

BALANCE SPAN
Casrss  Fime Cana  Fre
OO d WS
1i -
FILTER
Mt = 0 = + AL - NULL

OO0 00 Ouw

oA KNS AR A N RS

39000 ohms
X, : 6371b, —— = 421 1b. STRAIN GAGE CONDITIONER wooe. T178A @
59000 ohms
0 2 i Aou@16=0.7 Ay
o N Ao @ i0f~0 Q01A;,
T=1.4/t,
-20
& -30 | where A, =output amplitude
s A,,=input amplitude
3 —op— N fo=selected cutoff frequency
-50 T=time-to-answer in seconds
N (output of filter within 0.1%
-60 L
of final value after step
-7001 - v function is applied)
FREQUENCY
Filg. 5 Low-Pass Filter Characteristics
80
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IV. Operation

The only required procedure is low-pass FILTER SELEC-
TION, by means of the two graphically coded push but-
tons on the front panel (see Fig. 4 and the tollowing table).

Switch 1 Switch 2 Cutoff Frequency
IN IN 0.2 Hz
IN ouTt 2 Hz
ouTt IN 200 Hz
ouT ouT 500 Hz

Lowering the cutoff frequency means more effective
noise elimination — but also an increased time-to-
answer ("slew time”). The equations in Fig. 5 give the
fundamental relationships.

The front-panel CALL indicator lights when a “Call Input”
command is present.

V. Verification of Normal Operation

in the event of a system malfunction, the following pro-
cedures should help you determine whether or not the
Model 3178A is a possible source of failure. For general
troubleshooting strategy. see the section entitled “"Mal-
function—Diagnosis and Repair” in the “Initial Instruc-
tions” section (1V) of your 9000 System Manual.

1. To verify 9178A operation, first arrange to view the
module output directly on the system Digital Indi-
cator (or equivalent). Remove from the mainframe
any other modules that might unduly load the ob-
served output signal.

2. To check ZERO and SPAN operation,

a. Establish a zero input by removing all load from
the strain gage transducer. Attempt to zero the
9178A output via the front-panel BALANCE con-
trols, as in Step 4A of Section IIl. Then push the
+CAL button and attempt to adjust the output via
the SPAN controls, so that it equals the value of
the “Equivalent Input” simulated by the shunt re-
sistor (as in Step 3B of Section lif). You may also
confirm up-scale spanning of the 9178A by means
of the Model 9413 Strain Gage Simulator. which
connects to the 9178A Module {/O Connector (in
place of the transducer) and has a push vutton for
transmission of a step-function input of approxi-
mately 12 mV (i.e., 2 mV per V of excitation).

b. If conditions appear normal, and the 3178A output
is stable (free of drift) and quiet (free of excessive
noise), then skip to Step 5.

3. If you are unable to ZERO and SPAN correctly, you
should ascertain whether the fault lies in the module
or in the transducer/cable system. To do so, you may

a. Substitute a transducer/cable known to be in
goaod condition, and repeat Step 2; or

b. Connectto the 3178A 1/O Connector astar-bridge
circuit in an exact condition of balance and re-
peat Step 2.

The Model 9413 constitutes such a star bridge.
Also, you may easily construct the necessary cir-

R

USE JUMPER WIRE

TO CONNECT +EXC
4 RESISTORS T
+ SIG
- SIG
- ExC
{—

Flg. 6 Star Bridge Diagram

cuit yourself, following the diagramin Fig. 6. (Use
180-ohm, 10%-carbon resistors for a 350-ohm
bridge, and 56-ohm resistors for a 120-ohm bridge.
Solder pairs of resistors separately. and then con-
nect the two junctions by a separate jumper wire
Use a short 4-wire cabie, as shown.)

c. If the abnormal conditions observed in Step 2
have now disappeared, your original transducer
and cable are suspect. However, if you are still
unable to ZERO and SPAN correctly, the 8178A
module is probably faulty.

4. Inthe event of excessive output noise, you can easily
check low-pass filter operation. Arrange to view the
module output directly on a DC-coupled oscillo-
scope. For proper terminals, consult the System
Block Diagram and Mainframe Patch-Wire Connec-
tions Drawing included in Section i1l of your S000
System Manual.

a. Select the 500-Hz cutoff frequency (both buttons
OUT). Press the +CAL button, and observe the
square-wave response of the output.®

b. Then select the 0.2-Hz cutoff (both buttons IN).
Again press the +CAL button.” The response
should now be very s/ow, requiring about seven
seconds to reach final value.

c. If the FILTER buttons have no effect on the square-
wave response, the module is probably faulty. If,
however, you see the response described in Step b,
then the noise probably originates from pickup in
the test leads or from common-mode effects of
ground loops or other sources.

5. Output nonlinearity can result from a damaged
transducer, an excessive signal level, or a faulty con-
ditioner. If you suspect a nonlinear output,

a. Establish a zero input by removing all load from
the transducer, and adjust the BALANCE controls
for zero output, as in Step 4A of Section Il (You
may also use the Model 9413 or a similar star-
bridge circuit to simulate a transducer in an exact
condition of balance—see Step 3.b). Push the
+CAL button and note the displayed output-signal
value (y,).

b. Remove the module and replace the installed calr-
bration resistor (r,, labelled "R86" in Fig. 8) with

* You may atso use the Mode! 9413 Stram Gage Simulator to provide this
up-scale step-tunction input

C A slats s AR s R
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Model 9178A

another (rp) of approximately 50% greater vatue.
The 9178A is normally shipped with an r, of 53
kilohms (indicating an rp of about 88.5 K). Do not
use an r, lower than rq; this might produce an off-
scale cutput outside the module's linear range.

. Reinsert the module, push the »CAL button again.
and note the new output-signal value (y»).

The observed output values should bear aninverse
relation to the corresponding resistances: yy/y; =
ro/ry, so thatan r, value about 50% greater thanr,
should yield a y, value about 66.6% of y,. This
check will confirm the essential linearity of the
module.
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- 3.0  DESCRIPTION OF CONTROLS
5: 3.1 CALIB Switch Shunts both the 1200 and 3500
= internal dummies to read
A 5000ue at GF=2. Thus can be
W, used either to verify instru-
: ment accuracy or to compensate
‘j for lead-wire desensitization
" on quarter bridge operation,
& 3.2 OUTPUT Jack Two DC outputs available;
;: requires 3-circuit plug
:: ) (provided) . "Shank" connecticn
. used as ground return for both.
{ Disconnects Null Meter when
used.
£
- Scope output ("ring" connection):
;: Provides filtered DC for
) observing dynamic signals with ;
high-impedance scope or ﬁ
recorder (source impedance }
7,0000) . Linear range 0#250
:, millivolts with sensitivity
::: variable (using SENSITIVITY
t Control) from approx. 0.2 to ;
' 20 mv/ue. Noise and ripple |
L approx. 3pe + lmv, Flat *5%
DC to 60 Hz.
-
: Galvo output ("tip" connection): :
Provides unfiltered DC current :
: to an external null meter or
- oscillograph galvanometer. o
{ {Meter must highly reject lkHz i
': carrier components.) Suggested {
o external meter: *1/2 ma, 1009 ;
b= resistance. SENSITIVITY } :
. control adjusts sensitivity , :
o from approx. 0.08 to 8ye/ua.
v ;
-7 - ;
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9.3

For quarter bridge operation it 1is suggested that
the Strain Indicator be at approximatcly the same
amblent temperature as the active gaqe and test
structure. This is because the "dummy" gage in

the Indicator 1s also a standard straln gaje and
produces the normal apparent strain (due to non-ideal
temperature compensation.) For "room temperature"
testing between 60° and 100°F {l15° and 40°C), the
residual apparent strain caused by a temperature
difference between the "active” and "dummy" gadges
zan generally be neglected, but where either Gage is
below 60°F {15°C], best zero stability will be
achleved by either (1) being certain that both the
active gage and Indicator are close to the same
temperature or, (2) use of a true unstrained
"compensating” gage in the environment of the active

gage.
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FORTRAN TV VG2.0 Fri Ll=-Are-846 0704000528 Feagi Qol

0001
0002

GOG3
Q0G4
QU035
0066
0007/
Q008

0009
001G
0011
0012

. - — - . E W - Ny
o013 2 DATA IX/70° ')//'o om0 A S ge, L Peancldes
FORTRAN IV V025 P Arv-ﬁb 09340532 - T % FAGE 062 ®

0014 .

Pl ’N’ P ol e rsf Ll :% R NN Dy _4\, ,,, el ™ \,-.»\;wﬂﬂﬁ.ﬂ'

&kkx}aA*$$**$$MAA4 N QU LG U O . O B 0 N 2 N 7 7 I R R A A B B 2 O B 2
!
FROGR&M Farall «FUOR A
[

FROGRAM T TRANSFER @SC1LL DaTaA FardilElLLy BETVWEEN '
MINC-23 AaND DAy TRONIC 9650 COMPUTER ITHTVEREACE MODULE El
THRUOUGH THE TEEE-338 IHSTRUMENT [HNVERFOCE BUS

NOW SET TO SaMrllE ONLY 10 CHANNELS 2 \

FOL TO 04 FUOR STRAIN GAEED ;
F20 TO 24 FOR TAC s =

CHANMGE IX VUALUES ACCORDING TO WHAT YOU SAaMRLE K
KA A AR R R R R AR RO AR RO e A A AR AR A A AT R R O KR AR AR AR K HAERNER :

AUTHOR S  Jda . [

,:“;f‘.iC.E‘.‘C‘E‘l(‘:?:C;f‘;;’::‘;f*:i“;:.’:i";t‘l(‘l“

C K
o LasT MOLnIFICATION 20-Ma7-83 (J.h ) .
W . -
i MOOIFIED BY H.. .
C =

C 11-aFR-84 -
C
OO R R A0 AR KOR R AR OACK ROICRAC AR KON AACAOR R AOROKOK SRR RO IR ORI K R AR K K A
C .
C *

LOGICALYXT FNAMECLS)Y »BUF(20) :

LOGLIOCAL®L BUFLA) yRUFZ2(H) v BUF3ICH) »BUFAT/) ks
C N
C If & difTferent numnber of charmels (HOHAN mol 18) ave saomeled :
C change Lhe DIMENSIONS of bhne Tollowing arroews accurdionglyg ':
C IX(29 NCHAN) y BOUTCPRANCHAN) y BQT (2 y NCHAN ) » VAl (5 9y NCH®AY M
C [y

LOGICAL*1L ITX(2y10)sEBOUT(70) o
LOGICALYL BOT(Py105yVAL(Yy10) -
LOGICALXL YNsYNST»VNFL -
DIMENSION T(30600) N
EQUIVALENCE (BOUYCL) VAL CLly13) 4

INTEGER®4 TTML» ITMO "
G
( ASCIT commarwds to he sernd Lo Lhe 9630 -
C <
ODATAE BUFL/7L s 'Oy Ty 15/ -
ODAaTh BUF2/°C/y "H " N’y’[’ Ky 1G -
aTa BUF3/ U7y ’N’ i AT B :
AaTeE BUFA4/ 707y P ST VAT O R T RV ~
C -
(W fivray IX contalns tne numbers of Ghe chidgtmelse Lo oo s Lud iy
C If difFerent Phnnnels are~%ampledflh~5W?uldubu chahddend socurding -

DD Ly 2y 2y 2y 32 Ay ATy TL S };‘uuxj sz/ALk»WCAJHﬁJ E

N ~N7 ’ ’ 44 7 ’ ’ ’ ’ ey s ’ ’ ’ ’ ’ ‘CAT 4 .'_

C 271797079y 1y L w102 1 37y 1 47/ \f /((Lw we ba > fw,am o

C DA

(" NCHAN shiould be sel Lo the pumbey of ohannels that wou :amwle ~
- e T —

C - \ ~ ()2 "

NCHAN:A 3

R

N AT x \\‘w\._ A CR



Aac A -]

0015 . NCHRL=4 !
0014 NCHR2:=6 .
0017 NCHR3=4 ’
0018 NCHK4=7 ’
Q019 INGTR=1 ;
0020 NCHR=20 ”
C 2
Cc OQubtsul Tile inlttitaslizotion
» {
Golt TYPE %y © WHAT I3 THE MAME OF THE OQUTEUT FILD © )
.- 0022 ACCEFT 701y (FNAMECT ) s T=lrld:
0023 701  FORMAT(L4A1) :
“ 0024 FNAME (15)=0 3
0025 OFEN{UNIT= LSy NAME=FNAME » TYFE = NEUW v ACCESS = SEAURRT TAL 7y -
1FORM="'FORMATTED ") 5
2024 TYFE %y 00 YOU WANT AM INFORMATTQN FILE 10 RO CREATHD (v oy v R
0027 ACCEFT 70r7N -
0028 70 FORMAT ¢Aal) '
0027 //;5_;134ﬁ£;'v'> GO TO 100
0031 < CALL INFOA—
C —  — ‘3
' ™ .
0032 TYRE Ky HOW MANY CHANNELS [0 YOU WANT TO SaME_E 7- .
0033 ACCERT &y NCHAN R
C ’
C *,
C Time stere datinition
»
0034 100 TYFE X»* ENTER TIME LIMITS FOR EVERY INTERVAL ]
0035 TYFE X»* ¢ ENTER T1+T2,T3 IN 1/10 SECONDS )~ .
0036 ACCEFPT XsT1sT2,73 _ ;‘
0037 TYFE %» -’ ENTER TIME STEF SIZE FOR EVERY INTERVAL "
0038 TYFE X»° (TI1,TI2»TI3 IN 1/10 SECONDSV’
0039 TYFE X’ NOTE THAT THE TIWME STEFS MUST RE .
0040 TYFE %y’ GREATER THAN OR EQUAL TO 0.1 SEC | - N
0041 TYFE X»’ (FOR 5 STRAIN GAGES AND.YS THERMOCOUFLES) ‘ N
0042 ACCEFT %+TI1,TI2,TI3 N
¢043 N=1 ﬁ
0044 TI=TIt 3
0045 T(1)=0,0 :
0046 40 IF(T(N)LGE.T1) TI=TI2 -
0048 IF(T(N)WGE.T2) TI=TI3 .
0050 IF(T(N).GE.T3) GO TO 41 .
0052 TIN+1)=T(N)+TI A
0053 N=N+1 -
0054 GO .TO 40
0055 41 CONTINUE . :
FORTRAN [V V02,5 Fri 11-4epr-86 09:40:32 FAGE 003 j
0054 TYFE 702 »(TCIJK) s LUK=1yN) -
0057 702 FORMAT(1H »15(/1X+s8F10.23) R
0csa (YE Ky kKKK ARE TIME STERS OK 77 (Y/N) XXk’ /
0059 ACCEFT 705 YNST =
0060 IF (YNST.EQ.’N’) GO TO 100 -
C "
C Set the 9633 resronse time to 0 (Defasult 135 334 msecs) T
C &,
0062 CALL IHRSEND (EUFAsNCHR4, INSTR) “
0063 CALL IRTERMO) »
C -
C Samling rhase 3
C K
00464 FAUSE * TYFE A CARRIAGE RETURN TO START SAMFILING ' '
0067 TYFE %y 'TYFE A SECOND CARRIAGﬁqRETURN T STOQF ' :

LI - - - - - - - - .
N QLS L

> -,".




| ) g at el 2 \J TN oal, * A e gt W U () '~0 el Al Sal b * & ateaty afi alotad val .
-
o
W 3
r C
_Q' 0066 CAaLL GTIMCITMO)
-ks 0067 CALL CUTTIM(ITMGY»IHOyIMOsISO»ITO)
i C '
ﬁ\ C Loor Tor all time stess
N C
00468 DO 121 JJ=1sN
» 0069 1 CalLL GTIM(ITM1)
Y 0070 CalL CUTTIM(ITHMI s IHL,IML»IS1yITL)
: 0071 TIM=(IHLI=-THO)%X35000 ., +(IM1-IMO)IKE00 +(IS1-ISOYXKLIQO. +(IT1-ITO)/&.
¢ 0072 IFCTIMLLT.TC(Id)Y GO TO 1
"~ - 0074 CaALL GTIMCITML)
- Q078 CaLkl CVYTTIM(ITML»IHL»IM1I51-1T1)
,v ~ 00764 TIM=(IH1-THO)X3&L000++(IM1-IMO)IKL0O . +(ISL-IS0YXK1Q+(ITL-ITO)/ 6.
f: C Send *Loc* (2635 memory Treeze) commanrc
Y C
‘§: 0077 901 CALL IEBSEND (RUF1sNCHRI1sINETR)
0 0078 JIil=JJ-1
' Q0079 ARR=TIM/10.
Q080 TYFE 718,JJ1,Q0Q
Ut « 0081 718 FORMAT(3X» I55F10.3)
ol C
)
*: c Loor for all channels
> C
o™ 0082 [0 103 JL=1yNCHAN
- 0083 00 104 J=1420
‘o 0084 104 BUF(J)=" *
[ 00832 BUF2(4)=1X(1yJL)
‘}: 0084 BUF2(S)=IX(2yJL)
- C
- (5 Send "CHN X' (channel samrling) command
- c
0087 902 CALL IRSEND (BUF2sNCHR2»INSTRD
C
c Input =arallel dats from the 94635
ot C
- FORTRAN IV voz2.$ Fri 11-Arr—-86 09:40:32 FAGE 004
o 0088 2900 CALL IEBRECV (BUFsNCHR»INSTR)
:'J C
- Cc Get rid of ILF»CR or unreadable characters
\: c
. 0089 [0 111 I=4,12
A 0090 JLI=(JL-1)%92+1-3
0091 IF (BUF(I)>.NE."15) GO 7O 112
-t 0093 BUFC(I>=" ~
;u 0094 112 IF (RBUF(I).NE,"0) GO TO 11
- 0096 BUF(I)=" ~
. 0097 11 IF (BUFC(I).NE,"12) GO TOQ 111
ﬂ} 0099 RUF(I)=" ~
-* 0100 111 BOUT(JLIY=RUF (1)
. 0101 103 CONTINUE
.:_ C
{ﬂ C Sernd "UNL® (9633 memoruy unfreeze) command
.- C
;- 0102 903 CALL IRSEND (HUF3,NCHRJ3»INSTR)
e C
C Set data to Frorer format
3 : C
- 0103 00 93 I=1sNCHAN
L 0104 J9=9
<. 0103 g 92 IL=1,9 9,
;‘ 0106 IL1=9-1L+1
. AV AT TLAUAL 1L V0N 1207 2y i TN oN

» e

et Ee e bt e A T et T e T e et
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COREN AR RN PR NN
.‘l
\.,
N 0110 J9=49-1
g 0111 92  CONTINUE
o Q112 DO 94 Ji=1,J9 ‘ . e
0y 0113 94 ROT(J1, D)=’ ' CNM?‘ L match
K, ‘ 0114 93 CONTINUE e = o & brarals
C Ve
o~ c Write the dat3 to Lhe disc/éhd disrlas some on the terminsl
}5 c If NCHAN is changeds FORMAT 703 must he cnanged accordinsly
oy c 7
y Q0113 WRITE (13+703)QQ0Qr ¢ SOTCELy Ty vy IL=1,%) 2 D=1y NCHAND
¥ - o116 703 FORMAT (1XyF10.,374X2441Xy9a10)
c TYFE 7047((BOT(IL!].)7IL=1y9’)’I=ly3)r((E\'OT(HLvM)yiﬂ,-':lv‘?*/ri"l-'—'wf'vya)
o . 0117 704 FORMAT (1SX»6{1Xs9A1))
. C
,:S C Check if & carriede return has been tured to stor sameling
Tl c
- 0118 IY=ITTINRO)
N 0119 IF(IY.GE.O0) GO TO 122
0121 120 CONTINUE
XN o122 121 CONTINUE
P:.:‘ - C
o~ c End of time sters loor
N C
- 0123 GO TO 125
N g124 122 TYFE x»’D0 YOU WANT TO CONTINUE SAMFLING IN THE SAME FILE (Y/N
= 0125 ACCEFT 70sYNFL
o 0126 IF (YNFL.NE.’N’) GO TO 120
:. FORTRAN IV vo2.5 Fri 11-Arr—-86 09:40:32 FAGE 003
~ C
~ X . . . .
v c Store sameling information on the disk and close Jutrut, file
o= 0128 125 WRITE(1Ss710) T1sT2sT3sTIL»TIZ»TI3IN
~r 0129 710 FORMAT(/SXy 'TIME LIMITS FOR EACH INTERVAL $y3F10.3/
N 1SX, 'TIME STEF SIZES FOR EACH INTERVAL $7»3F10.3/
Y, 25Xy ‘TOTAL NUMBER OF TIME STEFS AR &P
?& 0130 CLOSE (UNIT=13)
-9 0131 STOF
0132 END
;~$ FORTRAN IV Storade Mar for Froaram Unit .MAIN.
N
,:{ Local Variablesr -FSELT $DATA, Size = 030136 ( 6191, words)
~)
zd Name Ture Offset Name Tyre QOffsetl Name Tuyre O0Offset
I I1%x2 030010 IHO Ix2 030032 IH1 I%x2 030064
o, IJK %2 030050 1L I%2 030114 Lt I%2 30120
- IMo Ix2 0300%4 IM1 Ix2 030066 INSTR  Ix%2 030004
i{ ISQ %2 030036 IS1 Ix2 030070 ITHO Ix4 027766
3¢ ITM1I  Ix4 027762 1TO Ix2 030040 IT1 Ix2 030072
:ﬁ R IY Ix2 030124 J [%2 030110 JJ Ix2 030062
) JJ1 I%2 030100 JL Ix2 030106 JuLI Ix2 020112
s J1 Ix2 030122 Je Tx2 030114 N Tx2 030042
. NCHAN  I%2 027772 NCHR Ix2 030005 NCHR1  Ix%2 027774
W’ NCHR2 Ix2 027776 NCHR3 IX2 030000 NCHR4  1x2 030062
. ele]e! R¥4 030102 TI R4 030044 TIM R¥4 030073
ta . TI1 RX4 030024 TI2 Rx4 030032 TI3 Rx4 030036
\i T1 RXx4 030012 T2 Rx4 030016 T3 Rx¥4 030022
YN Lx1 027756 YNFL Lx1 027760 YNST Lkl 027737
';. Lacal and COMMON Arraus:
)
jﬁ Name Ture  Section Offset -—--—-= Sive-~—--—- Dimensions
:H BQT Lx1 Vec $DOATA 000250 000132 ¢ 45.) (?2910)
‘ BOUT  Lx1 $IATA 000116 000132 ¢ 4Z.) (90) @5
- e .o T A CTA laRaXaYaara laXa¥aXalalh! 14 R AT IBaXAR

R
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I, (6)
20 (4D
4.) (7}
8.) (14)
10.) (25109
6000,) (30002
45, (92100

BUF2 LX1 $0ATA 00003 060006

o BUF 3 LXx1 $TIATA 0000546 000004

% RBUF 4 L1 $DATA 000062 000007
~ , FNaME  Lx1 $0ATA 000000 C00020
Y i IX Lxl $0ATA 000071 000024
T R4 $LATA 000402 027340
VAL LX1 Vec $UATA 000114 000132

P N e e

B

.

Subroutimess Functionsy Statement and Frocessor-Detined Functions:

Name Tuse Name Tuse Name T Name Ture Name Tupra
-

CUTTIM RxXx4 GTIM Fox4 IRRECY  TIx2 IRGEND  IXx2 IRTERM  IXZ
INFO Ix2 ITTINR I%x2
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BOOT UP MINC

Step 1 : Insert SYSTEM DISK in the left drive { SY: ).

Step 2 : Insert PROGRAM DISK in the riget drive ( DK: ). R
Step 3 : Turn on the power switch.

Step 4 : Enter date and time

ex. 12-Jan-87 (return)
14:00 (return)
Loa® 1% @
EDIT FILE
Step 1 : Type R KED (return) T cma s TEm ;,5‘)
Step 2 : % appears on the screen, then type FILE NAME which you

want edit.
Step 3 : Edit file using cursole key.
Step 4 : When you finish editting, hit (gold key) (command key)

EXIT (enter key). Then *x appears on the screen, please
hit ctrl- C.

COMPILE AND LINK SOURCE FILE
MINC has only FORTRAN COMPILER.

Step 1 : Make SOURCE FILE following the above steps. SOURCE
FILE NAME MUST HAVE .FOR discription. L7 Pl
ex. TEST.FOR

Step 2 : Type FORT FILE NAME (return).
ex. FOR TEST

Step 3 : Type LINK FILE NAME ,SY:Presve I 8L/4
ex. LINK TEST,SY:PETSVK
note: SY:PLTSVK is object file of plot sobroutines

RUN YOUR SOFTWARE éfbva204£a~|bwzj

Step 1 : Type RUN FILE NAME (return).
ex. RUN TEST
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:E'. APFENDIX C
E PIPE LENGTH CALCULATIONS
”
_:' In order for the end effects of the cylinder to be
Y
a: ignored, then the length of the pipe needs to be determined
Y
> so that the cylinder will behave as one of infinite length.
,: This happens when [33]:
- 1 > 2Pl = 6.86 inches (C.1)
b
oy where 1 is the half length of the cylinder
N
e and
.. b4 = 3(1-v2) = 0.915 inches4 (C.2)
™ (rt)2
3 PI = 3.14159
g
(Y
- where v = 0.3, Poisson’s ratio
;J r = 6.3125", outer radius of pipe
o t = 0.3125", wall thickness
SS9
.. As long as the half length of the cylinder is greater
"4
=§: than 6.86 inches then the cylinder will behave as that of
;Q infinite length and end effects can be ignored. The half
< length of 9 inches ensures the infinite length assumption.
»
N
: Y
N
-
o
[
2
'
f:
fﬂ
fi
v‘.
1
'
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STRAIN GAGES

The electrical conductivity of metals is explained from
the concepts of quantum mechanics. The theory indicates that
a perfectly pericdic metallic crystal lattice has perfect
conductivity, zero electrical resistance. Resistance to the
passage of electrons arises from irregular spacing of the
metal ions. Thermal vibrating creates this irregularity.
Hence, electrical resistance increases on heating. Residual
stresses are a result of heating during, thus contributing to
this electrical resistance. [34]

Residual stresses are measured by the elastic strains
existing in the body. Strain gages measure these strains by
measuring the electrical resistance. A strain gage consists
of a thin metallic foil, bonded within insulating backing
called a carrier matrix or grid material. Figures D-1 [23]
and D-2 [35] show a variety of strain gage configurations.
The electrical resistance of this grid material varies
linearly with strain. When the specimen is loaded or stress
relieved, the strain on its surface is transmitted to the
grid material by the adhesive and carrier matrix. The strain

of the specimen is determined by measuring the change in the

electrical resistance of the grid material. [36]
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Figure D-1: Various Strain Gage
N Configurations [?3]
N
1
L]
"
L
l
i
W
Ld
, 100
1
'rv_frr--r.r O TR R T T L N S A N R R T I - U
ARy .r" iy -; \_-'._ <N ‘_\ NI AN A AT L L L (S T L e Ll e

5




l"l-l | e

S

Ml e 4

PS4

-‘I » Ij. »

R

a2 e

Figure D-2:
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Application of Strain Gages

To apply the strain gages to the surface of the
specimen, the surface is roughened with 240 grit sandpaper
and cleaned with isopropyl alcohol. When no more
contaminants are visual after cleaning with isopropyl
alcohol, then the strain gage is be bonded to the surface.

Do not touch the gage with hands, use tape or tweezers.
To ensure the gage is in the correct position, tape it to the
surface with transparent tape. Lift the gage leaving some of
the tape adhered, like a hinge, and apply the catalyst to the
back of the gage. Then apply the adhesive to the surface
where the gage will adhere. Replace the gage on the surface,
cover with a teflon film to protect skin from catalyst and
adhesive, and press down firmly for approximately one minute.
Inspect the gage for full adhesion. If not, repeat the steps
with a new gage. If it is fully adhered, then remove the

tape and solder leads to the terminal strip. [35]
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AFFENDI X E

STRAIN/STRESS CALCULATIONS

Stress is related to strain by the following equations [(7]:
. _ E.1)
Ee = o,~ viog+ °,) (
E.2
E Ce = 06— v(02+ OX) ( )
Es = o,~ vio + og> (E.3)
T =Gy (E.4)
Rearranging these equations give:
o, = E £ + v(oe+ oz) (E.la)
E.2a
Og = E £g *+ v(oz+ ox) ( )
o, =E g, + vio + og’ (E. 3a)
= XI_
Yy = - E.4a
G ( )
Substituting above equations into equation (E-1la) gives:
o =E e + v (E gg+ v Co_+ 0. ) + o0_}
x X 9 r4 X z (E.lb)

. 2 2
» <+ + -+
E £+ v E £g vt oo, ve oo v o,

Grouping the alike terms leave:

(A-v? o = E e+ v gg) + W2+ ) o (E.1c)

For this experiment stress in z direction is zero. Therefore:

o, = —iFram (et v e (E.1d)

By the same analogy:

(E.2b)

= —m_bE__
O = ——— -~ (gt v € )
(2 (1-v2) o x
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Using equations (E.1d), (E.2b) and (E.4a) the stresses are
calculated from the strain change measured from the VISHAY
strain indicator while the specimens were cut. Tables E-1,
E-2 and E-3 show the strain change measurements and stress
calculations for each specimen.
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Strain/
Stress

6

£g * 10
6

£, % 10

?p, * 10°
[ksi}

o [ksi
Tex [ksi]

£g * 10°

e, » 10°

Yo, ™ 10°
og [ksil
o, [ksil
LW (ksil

~~~~~

Table E-1:

Strain Measurements and Stress
Calculations for Specimen
without Restraint
Angular Position
Inner Surface
0 15 30
-296 -705 -8900
~1394 -1726 -1607
-1022 -1222 -1266
23.55 40. 31 45.56
48.88 63.87 £1.88
11.78 14.10 14.61
Outer Surface
0 15 30
-633 -660 -535
1148 1262 1540
0 476 758
.51 9.28 2.41
-31.569 -35.08 -45.48
.00 -5.49 -8.75
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- Table E-2: Strain Measurements and Stress

. Calculations for Specimen

o with 150 psil Restralot

2

o~ Strain/ Angular Position
Stress

': Inner Surface

v 0 15 30
£g * 10° -492 -699 -870

-

& £, * 10° -1184 1298 1158

- e, * 10° 710 -962 -1026

f vg Lksil 27.93 35.88 40.13

.,

i o (ksil 43.90 49.70 46.78

) * _

L To, [ksil 8.19 11.10 11.84

;

3 Outer Surface

s 0 15 30
s £g * 108 -396 -225 -183
[
f £, % 10 1174 1096 1140
7
x

- %g [ksil 1.44 -3.42 -5.24
o o, lksil -34.79 -33.91 -35.77
K To, Lksi) ~4.74 591 -9.37
v

{‘

>

'd

."
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Strain/

ot _
otress

- &
g * 10
£ % 10°

o [ksil
19, [ksi]

6
£g w 10

g w10°
x

»* 10°
[ksil

Yoy
%¢
o [ksil

Ty (ksil

AN N IO SO A N AN T N
VN VY I Iy, o,

Table E-3:

. 6
Fo, * 10

e AR Ra AL At i Sul sl Vol Sad RaQ Bat sa R Vol Vel Vol ¥ f

Strain Measurements and Stress

Calculations for Specimen
with 250 psi Restraint

-300
~1145
-697
21.21
40.71

8.04

-374
1339
586

-0.91

-40.44

-6.76

Angular Position

Inner Surface

15
-140
-1277
-876
17.25
43.48

10.11

Quter Surface

15
-451
1550

643

-0.46

-46.64

~7.42

. Y
.

.S~ O

30
-630
-1602
-1073
36.61
59.04

12.38

30
-375
1379

622
-1.28
-41.75

-7.18

T IRW



&u:=
&v=
Ku=

Kv=

&u
&v
Ku
Kv

AFPFENDIX F

DEFLECTION PREDICTION AND
RESTRAINING FACTOR CALCULATIONS

Castigliano’s Second Theorem {28] gives calculations for

deflections and restraining factor of a curved beam:

pRA4{1—[(theta/z)~1]cos(theta)—0.55in(theta)}/EI
wR"4{[Btheta-PI]sin(theta)+[PItheta—thetaA2]cos(theta)
pR74/(&uET)

wRh 4/(&VEI)

Using this thesis’s data at 300 at x = 0.25":

&u = &v = 0.004"
p = U.036 *xEI/R"4
w = 0.079 *EI/R"4

Using DeBiccari’s data for same:

&u = &v = 0.003"
p = 0.027 *EI/R"4
w = 0.059 xEI/R™4

Then:

o

.036133 *x{1-{(theta/2)-1]cos(theta)-0.5sin(theta)}
009856 *x{[3theta-Fl]jsin(theta)+[PItheta-theta " 2]lcos: i =
.036133 /&m
.079655 /&m

o

"ot ol

.

where &m is the measured distortion. However, &u and &v are
for zero distortion at 0o and in these theses there is
distortion at 0o. So there must be a correction factor in

the equations:

&u + 0.002cos(theta)
&v + 0.002cos(theta)

&*¥u
& kv

[AEE

108
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X The following table, Table F-1, gives the results of the

above equations.

\ Table F-1: Calculation Values for Deflections
- and Restraining Factor

Theta Theta & &v &*ku & Xv &m
radians degrees

0.0000 0 0.00000 0.00000 0.00200 0.00200 0.002
0.2618 15 0.00112 0.00118 0.00306 0.00311 0.002
0.5236 30 0.00400 0.00400 0.00573 0.00573 0.004
0.7854 45 0.00784 0.00750 0.00926 0.00891
1.0472 60 0.01188 0.01082 0.01288 0.01192

S 1.309¢C 75 0.01545 0.01374 0.01597 0.01425

;' 1.5708 90 0.01807 0.01564 0.01807 0.01564

E For figure 5-8, a nondimensional distortion, &e: the

ratio of the measured distortion to the radius, is plotted

i against the restraining factor, K. The data are at 0.25"

&

- away from the weld centerling and for 0¢ and 30c. The

; following table, Table F-2, show the calculated values.

'3

S

- Table F-2: Calculated Values for Nondimensional

Deflections and Restraining Factor

Thizs Thesis DeRicecari’s Thesis
&m &e Ku Kv &m &e Ku Kv

0.002 3.33E-04 18.086 39.83 0.003 5.00E-04 9.03 19.91
0.004 6.67E-04 9.033 19.91 0.003 5.00E-04 §.03 18.91

108




o rEe e .;"-."-ﬁ.‘f%

N e
» }A't 4”5 I’

.ﬁlﬁLﬁ-

PN
PP IRl

L e e

)

AENESNN,

DO

~

L2 OO

-

; Pl al .n‘_"

[1]

(2]

£33

[4]

(5]

(6]

(7]

[81]

(81

[10]

(11]

REFERENCES

Masubuchi, K., "Thermal Stresses and Metal Movement
During Welded Structural Materials Especially High
Strength Steels”, International Conference on Residual
Stresses in Welded Construction and Their Effects,
London, England, 15-17 November 1977, pp. 1-13.

Chandra, U., "Determination of Residual Stresses due to
Girth-Butt Welds in Pipes”, Journal of Pressure Vessel
Technoloeogy, Volume 107, Number 2, May 1985, pp. 178-184.

Fujita, Y., Nomoto, T., Yasuzawa, Y., Yamada, S.,
Matsumura, H., Hasegawa, H., Ino, I., and Takasugi, N.,

"A research on Welding Deformation of Spherical Shell

Structures”, Naval Architecture and Ocean Engineering,
Volume 20, 1982.

Rybicki, E. F., and McGuire, P. A., "A Computational
Model for Improving Weld Residual Stresses in Small
Diameter Pipes by Induction Heating", Journal of
Pressure Vessel Technology, Transactions of the ASME,
Vol. 103, August 1981, pp. 294-299.

Treuting, R. G., Lynch, J. J., Wishart, H. B., and
Richards, D. G., Residual ess Measurements, American
Society for Metals, Cleveland, Ohio, Copyright 1852.

Gurney, T. R., Fatigue of Welded S ures, Cambridge
University Press, New York, 1968.

Masubuchi, K., Analysis of We d Structures, Pergamon
Press Inc., New York, 13880.

Vaidyanathan, S., Todaro, A. F., and Finnie, 1I.,
"Residual Stresses Due to Circumferential Welds",
Journal of Engineering Materials and Technology,
Transactions of the ASME, October 1973, pp. 233-237.

Narayanan, R., "“"The Influence of Residual Shrinkage
Stresses on the Ultimate Strengths of Stiffened Steel
Flanges”, International Conference on Residual Stresses
in Welded Construction and Their Effects, London,
England, 15-17 November 1977, pp. 165-172.

Macherauch, E., “Different Sources of Residual Stresses
as a Result of Welding", International Conference on
Residual Stresses in Welded Construction and Their
Effects, London, England, 15-17 November 1877,

pp. 2B7-282.

Phillips, A. L., Editor, Welding Handbook: Section One,
American Welding Society, 1968.

110




S

Pl s

ey S A Y

T 4 Ay

P

_ OCNIRONNINES

ENLE
I

(12]

[13]

[14]
(15]

(16]

[17]

[18]
(19]
(20]
[21]

(22]

(23]

(24]

[25]

----------

® - -
\'.s"."\. SO CR A

Vaidyanathan, S., Weiss, H., and Finnie, I., "A Further
Study of Residual Stresses in Circumferential Welds™,
Journal of Engineering Materials and Technology,
Transactions of the ASME, October 1973, pp. 238-242.

Ohsawa, M., Nakajima, H., Nagai, A., and Minehisa, S.,
"Distortion of Thick Cylinder Welds by Narrow Groove MIG
Welding", Technical Report X-1035-83, International
Institute of Welding, 1983.

Masubuchi, K., 13.15 Class Notes, 1985.

Papazoglou, V. J., Masubuchi, K., Goncalves, E., and
Imakita, A., "Residual Stresses Due to Welding and
Computer-Aided Analysis of Formation and Consequences",
SNAME Transactions, Volume 90, 1982, pp. 365-390.

Rybicki, E. F., and Brust, F. W., "A Computational Model
of Backlay Welding for Controlling Residual Stresses in
Welded Pipes", Journal of Pressure Vessel Technology,
Transactions of the ASME, Vol. 103, August 1981,

pp. 226-232.

Atteridge, D. G., Bruemmer, S. M., Charlot, L. A. and
Page, R. E., "Evaluation and Acceptance of Welded and
Repair-Welded Stainless Steel for LWR Service",
NUREG/CR-3613-3, PNL-4941, September 1985,

Ray, Samarjit, "Study of Residual Stresses in Welding”,
Indian Welding Journal, April 1984, pp. 45-52.

DeBaccari, Andrew, "Control of Distortion and Residual
Stresses in Girth Weld Pipes”, MIT PhD Thesis, 1986.

Abel, G., Lincoln Controls, Woburn, MA., personal
conversation.

Bailey, B, Mechanical Engineer, Laboratory of Nuclear
Science, MIT, Cambridge, Ma., personal conversation.

Vishay Intertechnology, Inc., Model P-350A Digital
Strain Indicator Instruction Manual, Vishay Instruments,

Malvern, PA.
Agapakis, John E., "Fundamentals of Computer-Aided

Experimentation for Welding”, Report No. 83-16,
Department of Ocean Engineering, MIT, Cambridge, MA.

Rampaul, H., Pipe Welding Procedures, Industrial Press
Inc., NY, NY, 1973.

Papazoglou, V. J., "Analytical Techniques for
Determining Temperatures, Thermal Strains and Residual
Stresses During Welding”, MIT PhD Thesis, 1981.

111

..........




i

‘AR,

hs, K

N AA

>
(Y
[\

’ X
LI I
P

g
LS I S i B )

-~ i
PIFIIPN T

s %

it Sy

T

[26]

(27]

(28]

(29]

[30]

(31]

[32]

[33)

(34]

[35]

[36]

Chrenko, R. M., "Residual Stress Studies of Austenitic
and Ferritic Steels”, International Conference on
Residual Stresses in Welded Construction and Their
Effects, London, England, 15-17 November 1977,

pp. 79-88.

RKybicki, E. F., Schmueser, D. W., Stonesifer, R. W.,
Groom, J. J., and Mishler, H. W., "A Finite-Element
Model for Residual Stresses and Deflections in Girth-
Butt Welded Pipes”, Journal of Pressure Vessel
Technology, Transactions of the ASME, Vol. 100,
Number 3, August 1978, pp. 256-262.

Timoshenko, S., Strength of Materials, Part II, Robert
E. Krieger Publishing Co., Inc., New York, 1955.

Chrenko, R. M., "Thermal Modifications of Welding
Residual Stresses”, Residual Stress an tress
Relaxation, Kula and Weiss, Editors, Plenum Press,
New York, 1982, pp. 81-70.

Sagawa, W., Shimizu, T., Enomoto, K., and Sakata, S.,
"Residual Stresses in Girth Butt Welded Pipes and
Treatment to Modify These", The International Journal of
Pressure Vessels and Piping, Volume 16, Number 4, 1984,
pp. 299-3183.

Leggatt, R. H., "Residual Strecsses at Girth Welds in
Pipes", Welding in Energv-Related Projects, Pergamon
Press Inc., NY, 1984, pp. 429-440.

Daytronic Corporation,_"Model 9178A Strain Gage
Conditioner Instruction Manual", “9000" Modular
Instrument System, Miamisburg, OH, Nov 1981.

Ugural, A. C., Stresses in Plates and Shells,
McGraw-Hill Book Company, 1981.

Treuting, R. G., Lynch, J. J., Wishart, H. B., and

Richards, D. G., Residual Stress Measuremnts, American
Society for Metals, Cleveland, Ohio, Copyright 1952.

BLH Electronics, "SR-4 Strain Gage Catalog”, Waltham,
MA, 1980.

Omega Engineering Inc., "Omega Quick Selection Guide Y
Series Foil Strain Gages', copyright 1984 by Omega
Engineering Inc., USA.

112




|
ot
I‘_ﬁ‘:‘-\ I‘- ‘\‘I

>




