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6. FABRICATION
6.1 Welding

6.1.1 Weldability

6.1.1.1 General

Although there are problems of weld cracking with all three
general types of stainless steels - austenitic, ferritic,

and martensitic - the reasons behind the cracking difficulties

differ greatly. For this reason, each type will be treated
separately. The austenitic stainless steels in general are

considered to be readily weldable, but there are cracking pro-

blems with certain grades both during welding and subsequent
heat treatment., The ferritic stainless steels of nominal
17% and 27% chromium content exhibit weld cracking problems
which increase in seriousness with increasing chromium con-
tent. Although the 15 to 16% grade has been used for welded
chemical process equipment, the 27% chromium grade is seldom
welded. The martensitic grades give welding difficulties
because of their tendency to harden as the result of the
heating and rapid cooling associated with welding. By use
of proper preheating and post heating temperatures, these
martensitic materials can be welded successfully.

6.1,1.2 Austentic Stainless Steels

a. General. Since most of the major stainless steel equip-
ment items at Savannah River Plant are made of Types 304
or 304L, there have been no serious weldability problems
on these equipment items., As a general rule, filler
metal of Type 308 or Type 308L is added for the first
pass and all remaining passes. There have been some
minor difficulties with root pass cracking when simple
fusion of the edges to be joined was attempted in
highly restrained locations. Cracking has been ex-
perienced in shop fabrication and field repair of equip-
ment items of Type 3093Cb., In efforts to use the inert
gas shielded consumable electrode welding method for
fabrication of Type 309S5Cb in a vendor's shop, weld
metal and adjacent base metal cracked, even with the use
of an electrode which deposited weld metal containing
5 to 7% ferrite. The base metal, being fully austenitic
in this case, and the great amount of dilution of weld
metal by base metal caused by the deeply penetrating
welds, resulted in crack sensitive welds. On another
occasion, attempts to weld, by simple fusion, on some
of the small amount of Type 347 stainless steel pipe
used at Savannah River Plant, resulted in weld cracking
problems. '
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The weldability problems in the straight chromium
martensitic steels result from the deposited weld

metal and the adjacent heated base metal becoming hard
and brittle due to metallurgical transformations which
take place on cooling from the welding temperatures.
Those of the straight chromium ferritic grades result
from the embrittling effect of severe grain growth and
temper brittleness. The austenitic stainless steel
welds, however, at room temperature are without ex-
céption extremely ductile and soft. Cracking as a rule
oceurs at high temperatures immediately after solidi-
fication of the weld metal., Once the metal has passed
through this range without cracking, it will be ductile,
regardless of the alloy. There are several theories
which attempt to explain why certain of the austenitic
grades are susceptible and ¢thers highly resistant to
welded cracking., These will be discussed in a subsequent
section,

b. ConstitutiosofAustenitic Stainless Steels as it Affects
eld Metal Cracking. From a practical standpoint, the
constitution diagram for stsiniess steel weld metal as
developed by Schseffler {Metsl Progress, Vol. 56, 1949)
is a useful tofl for determining approximately what the
structure cf a weld will consist of when the chemical
composition is known, The diagram indicates the regions
where asustenite, martemsite, ferrite, and mixtures of
these structures exist, Fig. 1 shows the constitution
diagram for stainless steel weld metal or M"Schaeffler
diagram™ as it is commonly called., The control ranges
used by Arcos Corporation for several welding electrode
compositions are llsted on the chart, .

The presence of a minimam of 5 to 10% ferrite in the
weld structure prevents cracking. Smaller quantities
will frequently prove effective, Its beneficial action
is probably due to its capacity for dissolving larger
quantitites of harmful elements like phosphorus, silicon,
and niobium than can austenite, and to its action in
creating an increased grain-boundary area, which thins
out the liqu%d films and also lesserns the tendency to
segregation,

c. Nature and Incidence of Crackingz° Cracking in the weld
in austenitic stainless steels, and in the base metal
adjoining it, is due to the additive effects of metal-
lurgical and mechanical factors, and is similar in
appearance and in origin to corresponding defects occurring
in castings.

Certain forms of weld-metal cracks are distinctive in
appearance, and have been appropriately named., Crater
cracks, for instance, are situated in weld craters and
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Preheating and Interpass Temperature Controll. Preheating
and maintaining the proper temperature until the weld is
completed is advisable to insure the successful welding of
the chromium steels. Preheating these steels:

(L) Reduces the as-welded shrinkage stresses by lowering
the temperature differential between weld and base
metal and by lowering the yield point of the material.

(2) Reduces the as-welded hardness of the hardenable grédes
appreciably, but only if the preheat is high enough to
chgl?rate metallurgical transformations (above about

00°F).

{3) Reduces the tendency to crack by reducing notch
sensitivity at the preheating temperature. (This
last effect is the principal advantage of preheatin
the high chromium, non-hardenable ferritic steels.%

Fig. 1 shows impact strength vs. temperature for a number
of low carbon chromium steels. Notch sensitivity is
closely related to a tendency to crack during welding in
the case of the high chromium ferritic steels. The curves
in the above figure show that a preheat temperature of
3009F, is sufficient for welding heavy sections of these
materials without danger of cracking.

The lowest safe preheat temperature for the martensitic
steels is difficult to determine, since hardness is the
most influential property and it does not diminish
appreciably with reasonable degrees of preheat. Experience
must be relied upon to a greater extent in determining the
necessary preheat for welding a particular martensitic
steel.

11% to 14% Chromium Steels. These steels are intensely
air hardening. Filler metal of the same composition as

the base metal can be used, and when properly heat treated,
has excellent mechanical properties in every respect, in-
cluding good impact and fatigue strength. Preheating and
interpass temperature control should be considered as
mandatory. The hardness of the weld, as deposited is
affected very little by preheating unless the preheat
temperature is above 600CF,, which is frequently impractical.
Increasing the preheat temperature results in a deeper heat-
affected zone, but other benefits make the use of the high-
est practical preheat temperature desirable. Experience

has shown that weldments of these steels should be heat
treated without allowing the preheat temperature to drop
after welding. Such practice often entails several inter-
stage heat treatments, but their cost is often justified

in view of the cracking hazard which exists if the weld-
ment is allowed to cool before heat treatment. Because of




6.1.1.3¢c

the common appiications, most of the welding has been done
with austenitic filler metal such as Type 309 or 31C, If
such filler metals are used, the weld will be ductile in
the "as-deposited" condition, but preheating and interpass
temperature control, as described above, should be exereised
to prevent cracking in the heat affected zone of the base

metal.

14 to 18% Chromium Steels. Steels containing 14 to 18%
chromium may be either a martensitic steels with 14
chromium, which quenches to a very high hardness, or a
completely ferritic, single-phase alloy with 18% chromium,
which has no transformation points. Welding of the
martensitic steels within this range is accomplished by

the same general practices as previously set forth for the
11 to 14% chromium steels. In general, welding of tne com-
pletely ferritic steels containing 18% chromium will follow
the same rules as will be set forth below for the 20 to
30% chromium steels.

An alloy close to the middle of this range, containing 15
to 16% chromium, has been used in large quantities in
ammonia oxidation mmlts for the manufacture of nitric acid;
in vessels for the storage of this acid, and in tank cars
for its transportation. These steels are neither as notch
sensitive as the 18% chromium steels nor as air-hardening
as the 14% chromium steels, Equipment of this material is
generally weided wilth glectrodes depositing the same
analysis as the base material.

A study of the notched-bar Impact properties of these
steel (See Fig.2) as they are affected by temperatur.:
will show the reason for preheating materials within this
chromium range before welding and should also relieve
anxiety over the notch semsitivity of the welds when oper-
ating above 150°F. The transition from a brittle cleavage
»acture to a ductile one occurs between temperatures o
about 100° and 2509F,, and when the fracture is.completely
fibrous the notched-bar impact strength is excellent.
Plate material, because of its fibrous structure, will
show much higher values under notched-bar testing at room
temperature than weld metal, because the later, although
only partially ferritic, is compcsed of large columnar
grains which are only partially refined by heat treatment.

20 to 30% Chromium Steels. Steels having 20 to 30%
chromium are nouhardenifig and notch sensitive. They are
single-phase ferritic steels which cannot be refined by
heat treatment. In multiple-pass welds, the heat of weld-
ing does not refine underlying layers of weld metal. 1t
therefore causes grain growth with an increase in notch
sensitivity in the heat affected uzone. Austenitic filler
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metal is generally recommended for welding steels in this
range since the straight chromium deposits are generally
considered to be too brittle, The effect of rolling

when producing plate material is to break down coarse
dendritic grains of the ingot and produce a fibrous

structure with favorable directional properties. An in-
crease in notch sensitivity takes place in the heat

affected zone of weldments as the result of recrystallization
and grain growth. Fig. 3 shows the effect of temperature

on notched-bar impact strength of 27% ehromium weld metal.

1

Post Welding Heat Treatments

11 to 14% Chromium Steels. A tempering treatment for
softening and stress relieving low-carbon chromium steels
in this range is the general practice. The temperatures
usually employed range from 12500 to 1400°F. The soaking
time required will vary with the temperature used. Holding
for two hours at 1400°F, will have the same effect as four
hours at 1300°F, These steels are air cooled after the
tempering treatment.

14 to 18% Chromium Steels. This range of chromium covers
the transition zone of the chromium steels. A low-carbon
steel with 17% chromium will be a single-phase alloy,
almost completely ferritic, whereas a steel with 14.5%
chromium will harden perceptibly upon quenching. However,
the heat treatment for any steel falling within these
limits is the same. Heating to from 1400° to 1450°F. and
soaking for a minimum of four hours for thicknesses up

to one inch, with an increase of one hour for each addition--
al inch of thickness is recommended as the heat treatment
for these steels. A weldment should be cooled in the
furnace down to 1100°F., after which it should be removed
from the furnace and air cooled. Slow cooling through the
750° - 1050°F. range will cause temper brittleness.

20 to 30% Chromium Steels. Rapid quenching following a
long soaking period at from 1600° to 1650°F. is necessary
for steels in this range in order to develop their
maximum toughness and ductility. Soaking periods up to
ten hours are recommended, although shorter soaking times
may be acceptable if the best mechanical properties are
not required. Prolonged holding of these ferritic steels
at temperatures from 750° to 1050°F. or slow cooling through
this range will cause a deterioration in their properties,
resulting in marked embrittlement. While at the em-
brittling temperature, and at all temperatures above about
2500F., these alloys are tough and ductile,
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Sources of Information:

1.

The material in Paragraphs 6.1.1.3 (a),(c), and (d)
has been taken from the Welding Handboo
Four, 1960, published by the American We

Borland, V. C., and Younger, R, N., ™Some Aspects
of Cracking in Welded Cr-Ni Austenitic Steels,"

British Welding Journal, Jan. 1960.

3.

Soldan, H. M., Mayne C. R., "Ductility Related to
Service Performance of Heavy - Wall Austenitic

Pipe Welds,™ Welding Journal, March 1957.
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6.1.2 Welding Processes for Corrosion Resistant Eguipment

6.1.2.1 General

The welding processes generally employed in the shop and
field fabrication of stainless steel piping and equipment
and for the deposition of stainless steel overlays on
carbon steel are the manual metal-arc prccess using
coated electrodes, the submerged arc process, the inert
gas-shielded non-consumahle electrode process and the
inert-gas-shielded consumable electrode process. Each

of these major welding processes will be discussed in
detail and fields of application, advantages and dis-
advantages will be listed.

Electron-beam welding has not been used in the fabrication
of equipment for Savannah River Plant, but it has been
used advantageously ty others in the fabrication of
nuclear fuel elements. Because it is a newly developed
process which has many potential applications and since
many persons are not familiar with the process it will
also be discussed in this section.

6.1.2.2 Manual Metal Arc Process

a. General. The manual metal arc process with coated
electrodes is the most widely used welding method
and is found in all fabrication shops. In this
process, the arc is struck between a metal electrode
and the work piece. The heat of the arc fuses not
only the work material but also the electrode. The
electrode is in the form of a flux covered wire of
suitable material. The fused electrode material
passes through the arc in droplet form and unites
with the fused base metal to form the welded joint.
(See Fig. 1)

b. Welding Electrode Coatings. In metal arc welding,
the metallic electrode is covered with a thick layer
of fluxing ingredients. These flux coverings function
in several ways to prodice weld metal of high mechani-
cal properties:

(1) The flux coverings are usually consumed more
slowly than the metal of the electrode, thus
forming a cupped end that shields the arc partially
from the air.

(2) Combustion of the fluxes produces an envelope of
gases around the arc which excludes the oxygen and
nitrogen of the air from contact with the molten
metal of the weld.

(3) The fluxing ingredients eliminate impurities from
the molten metal of the weld by scavenger action.
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(L) A protective slag covering is formed that covers
the top of the weld and protects the molten metal
from contamination by oxygen and nitrogen from
the air. It also retards the cooling rate of the
weld.

(5) Alloying elements desired in the weld are some-
times supplied from the flux covering. In the
case of Type 309SCb electrocdes, the core wire is
generally Type 309S stainless steel and the
columbium is included in the flux.

(6) Materials are placed in the coatings to increase
the arc stability by virtue of their ease of
ionization or greater emission of electrons.
Materials may also be added to make the flow of
metal across the arc more uniform by reducing the
adhesive force between the molten metal and the
end of the electrode, or by changing the surface
tension of the molten metal so that globular
formation is smaller and more uniform.

Welding Electrode Specifications. Par. 6.1.4.1, Table

C.
2 gives the chemical requirements of the stainless
steel welding electrodes specified in A.S.T.M. A298.
Special electrode compositions not listed by A.S.T.M.
can be obtained from welding rod manufacturers. :
d. Advantages.

(1) The process is universally known. There are many
skilled metal-arc welders available.

(2) Stainless steel electrodes of special chemical
composition and controlled ferrite content are
relatively easy to obtain since standard core
wires can be modified by welding electrode
manufacturers vy additions to the flux coating.

(3) The process is not affected by wind velocities as
are the inert-gas shielded arc processes.

(4) The electrode holder is not bulky. Welding in
confined places can be accomplished by bending the
electrode.

(5) The welding can be accomplished in any position.

(6) The proress is considered by many to be the least
expens.ve method of welding.

(7) Heat input and resultant warpage is less than with
the inert-gas-shielded tungsten arc method.
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Disadvantages

(1) The process is based on a slag blanket. There
is always a danger of slag inclusions.

(2) Careful control of the pool of weld metal is
not as easy as with the inert-gas-shielded
tungsten arc method.

(3) Visibility of the molten pool is impaired by the
slag. .

(1) The process is not adaptable to welding thin gage
materials.

(5) In pipe welding the weld root penetration is not
as smooth as when the inert-gas-shielded tungsten-
arc method is used.

(6) In the case of extra low carbon welds, the metal
deposited by the manuai metal-arc method normally
has slightly higher carbon content than that
deposited by the inert-gas-shielded methods.

Applications. At Savannah River Plant the usage

of the manual metal-arc method with coated electrodes
has decreased in the past few yzars with the increasing
usage of the inert-gas-shieldeu methods.

There has been very little welding of stainless steel
pipe at Savannah River Plant by the manual metal-arc
method. There has been considerable repair work on
process vessels by this method and it has been used
in maintenance work to weld tubes to tube sheets.
Much of the welding by fabricators on stainless steel
process equipment for Savannah River has been per-
formed with the manual metal-arc method. Overlay
welding at certain locations on HWCTR reactor vessel
was performed by this method.
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6.1.2.3 Submerged-Arc Process

ae

Definition. Submerged-arc welding is an arc welding

process where an electric arc is formed between the
work and a bare consumable electrode, and in which

the welding electrode, molten weld metal, and ad jacent
base metal are protected by a blanket of granular,
fusible material which is heaped on the work. Fig. 11
shows a cutaway view of the welding zone in submerged
arc welding.

General Scopel

1. Welding current - Currents up to 4,000 amperes a.c.
or d.c. on a single welding wire electrode have
been used. (In general much lower current values
are used for stainless steel welding.)

2. Thickness range - One pass welding up to 3 in.
thickness and multipass welding up to any thickness
can be done.

3, Welding speed - Up to 200 in. per minute with a
single welding wire. With more than one electrode
in the same welding zone, higher speeds may be
attained.

L. Position - A high welding current with the result-
ing high rate of heat input creates a large pool
of liquid metal. When such conditions are used,
welds must be kept horizontal to prevent spilling.
Welds in which the pool is small may be inclined
as much as 15 degrees from the horizontal without
causing difficulties. If the size of the individual
passes is limited, horizontal welds can be made on
vertical surfaces if a suitable support is provided
for the granular welding composition.

Description of the Welding Qperation.l The heat evolved

by the passage of the electric current through the weld-
ing zone melts the end of the wire and the adjacent
edges of the workpieces, creating a puddle of molten
metal. This puddle is in a highly liquid state and is
turbulent. For these reasons, any slag or gas bubbles
are quickly swept to the surface. The granular welding
composition completely shields the welding zone from
contact with the atmosphere. A small amount of the
composition fuses. This fused portion serves several
functions; it provides a medium through which the elec-
tric passes from rod to work; it completely blankets
the top surface of the weld, preventing atmospheric
gases from contaminating the weld; it dissolves and
thus eliminates impurities that separate themselves
from the molten steel and float to its surface and thus
also can be the vehicle for adding certain alloying
elements.
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As the welding zone moves further down the seam the
fused welding composition cools and hardens into a
brittle, glasslike material which protects the weld
until cool, then usually detaches itself completely
from the weld.

Applications. The submerged-arc process is suitable

for the deposition of welds of high quality in the
manufacture of heavy wall stainless steel welded pipe
and in the fabrication of equipment items from heavy
plate. With the advent of the inert-gas-shielded
consumable electrode welding process, however, much
of the fabrication work that could be performed by
the submerged-arc process has been taken over by the
latter method.

A major field of application for the submerged-arc

process is in the deposition of stainless steel overlay

welds on carbon sterl. In the fabrication of nuclear
power reactor pressure vessels, this method has

been widely used as a method of obtaining a stainless
steel lining in the heavy wall carbon steel or low
alloy steel vessels. In the deposition of overlay
welds, the series submerged-arc method is used in
which two wires are fed into the molten pool. 1In
this case, the arc is formed between the wires

rather than between the wires and -the base metal in
order to minimize penetration into the base metal.
See Pzr. 6.1.6 for further details on overlay welding.

Advantages. The principal advantages of the sub-

merged-arc process are its high deposition rate and
high welding speed. In the case of the series-arc
method in overlay welding, low base metal penetration
is advantageous. Weld metal quality is good. 1In
series-arc welding wires of two different compositions
can be fed into the pool of molten metal to give

welds of a desired non-standard composition.

Disadvantages. The inflexibility of the method is

Source

the principal disadvantage. Most installations are
mechanized although manual welding can be performed.
The use of the granular welding composition to shield
the weld is more troublesome than the use of inert-gas
as a shield in the case of the inert-gas-shielded
methods. Welds in general, must be deposited in *he
flat position.

of Information

l'

"Unionmelt" Welding Handbook, Linde Co., Division of
Union Carbide Corp.
"Unionmelt® is a trade-mark of Union Carbide Corp.
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Inert-Gas-Shielded Tungsten=irc {or Non-Consumable

Electrode) Process

General. 1n this process, the arc is drawn between a

turigsten electrode and the work. Means are provided by
a special electrode holder to flow the inert gas arotnd
the arc. Air is displaced, thus protecting the tungsten
electrode, weld metal and heated base metal from oxi-
dation. See Fig. 1. 'This process is also commonly
known as "Tig" welding-. :

Equipment. The electrode holder is the heart of the

inert-gas-shielded tungsten-arc process. ' It holds
the tungsten electrode and conducts electricity into
it by means of interchangeable electrode clamps and

a conductor. It introduces a gaseous shield around
the electrode and the molten weld metal by means of

a ceramic nozzle. The electrode holder is cooled
either by air or water. Air cooled electrode holders
are furnished in capacities up to 150 amps and those
which are water cooled in capacities to 500 amps.
Fig. 2 shows a typical water cooled electrode holder.

Welding Operations. In any type of welding, the best

obtainable weld is one which has the same chemical,
metallurgical, and physical properties as the base
metal itself. To obtain such conditions, the molten
weld puddle must be protected- from the atmosphere during
the welding operation; otherwise, atmospheric- oxygen
and nitrogen will combine readily with the molten
weld metal and result in a weak porous weld. In
inert-gas~-shielded tungsten-arc welding, the weld
zone is shielded from the atmosphere by an inert gas
which is fed through the electrode holder. Either
argon or helium may be used. “Argon is recommended
because of its general suitability for a wide variety
of metals, and for the considerably lower flow rates
required. Also, when using argon, variations in arc
length have less effect on the heat input to the

weld pudcle.d ' ’ :

In inert-gas-shielded tungsten-arc welding it is
customary to shield the root of the weld from atmos-
pheric contamination by purging the air from the part

“being welded (such as the interior of a pipe or vessel)

with a suitable inert gas. The same inert gases as used
for shielding the arc may be employed for protecting the
underside of the weld, but less expensive nitrogen has
been found suitable. Welds in which the underside of
the root is not shielded exhibit excessive oxidation

and poor, incomplete or erratic penetration.

With this method of welding, the most common practice
is to feed the filler rod by hand, as in the case in

‘oxyacetylene welding. When light gauge material is

being welded, the edges are joined by fusing them
together rather than by adding filler metal. Some
mechanized installations emplcy automatic wire feed.




6.1-2-l+d - 6-1.2-1}%

Filler Wire Specifications. Par. 6.1.4.1, Table 1

gives the chemical recuirements of the stainless steel
welding rods and bare electrodes specified in A.S.T.M.
A-371, Special compositions not listed by A.S.T.M. can
be obtained from welding rod manufacturers.

Applications. The inert-gas-shielded tungsten-arc

process is one of the most valuable methods in the
construction of chemical process equipment. At
Savannah River Plant, this method has been used almost
exclusively for the welding of stainless steel pipe,
regardless of pipe size. There is some usage of this
method in the fabrication of small vessels, but this
application is more economically handled with the
inert-gas-shielded consumable electrode method.

In the manufacture of welded stainless steel tubing

and small diameter pipe the inert-gas-shielded tungsten
arc method is used to join the edges of the formed
stainless steel strip, without the addition of filler
metal. With automatic wire feed it is used in the
manufacture of larger size pipe. The method is also
used almost exclusively in the welding of stainless
steel tubes to tube sheets. It is the method used

in automatic welding of tubes to tube sheets.

Advantages

(1) The deposited metal, when correct procedures are
used, is practically defect-free since there 1s no
use of slag or flux in the process.

(2) The process can be used on light gauge material
since low current values with the resultant
small, highly localized, and readily controllable
arc are employed.

(3) Visibility of the pool of weld metal is excellent
since there is no slag or smoke to obstruct the
operator's vision.

(4) There is no loss of time by the welding operator

in cleaning previously deposited weld beads in
the deposition of multi-pass welds.

Disadvantages

(L) The process must be carefully shielded from wind,
since loss of the protective shield will result
in welds of inferior gquality.

(2) The use of inert gas makes the welding equipment
less portable than with conventional metal-arc
welding with covered electrodes.
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(3) The deposition rate is slower than with the inert-
gas-shielded consumable electrode methed.

(4) The use of inert gas results in additional
material cost,

Source of Infeormation

1. Linde Bulletin: "Heliarc" Manual Welding Equipment,
1959.

"Heliarc" is a trade-mark of Union Carbide Corp.
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6.1.2.5 Inert~Gas-3hlelded Consumable Electrode Process

a.

General,l This welding:prbcess is a variation of the

covered electrode metal-arc process, It involves

establishing and maintaining an arc between the work-
plece and a bare consumable metal electrode, For
practical purposes, the similarity to the covered
electrode metal-arc welding process ends here. The
wire is not fed manually, but mechanically, through

a welding head from which a stream of shielding gas
(usually inert) is simulteneously emitted.l The

weld zone is protected from atmospheric contamination
by a continuous blanket of inert gas, usually argon,
although helium, and various mixtures such as oXygen
with argon (and CO2 with argon) have also proven
satisfactory in welding specific metals.2 A motorized
wire feed unit pushes %or pulls) wire to the welding
torch at a speed selected by the operator, and con-
trolled electronically to prevent speed fluctuation.®
This process is also commonly known as "Mig" welding.
Fig. 1 shows typical edquipment for this welding process,
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Welding Operation - Conventional Egquipment. Metal is

ordinarily transferred from the electrode to the work
‘in a spray-like fashion. The electrode has a small
diameter, usually about 1/16 inch, and the process is
characterized by the relatively high minimum currents
required to create the spray-like transfer. Due to
the spraying action involved, gas metal-arc welding
is also characterized by fine droplets in the form of
spatter adjacent to the molten nuddle. This and the
high current requirement: have been something of a
deterrent to the advancement of this welding process.
In spite of these objections, its many definite ad-
rantages have caused it to be widely used. Direct
current, reverse polarity is_generally used for the
welding of stainless steels.

New Equipment. Heretofore, the consumable electrode

process has had production application on relatively
heavy weldments which could be positioned or rotated
to permit welding in the downhand position. High
current densities, in conjunction with wire diameters
up to 3/32 inch resulted in high deposition rates.
Another result was a relatively large, fluid puddle
which precluded its use for light gage material and
made difficult the welding of work in positions other
than flat. ‘

Several manufacturers of welding equipment now
manufacture equipment that uses welding wire in the
0.020-3.035 in. diameter range. New developments

have resulted in equipment with power characteristics
that enable satisfactory welds to be made on stainless
steel as thin as 18 ga. and which permit welding in
all.positions. .

One new development is the Linde "Short frc" method,
This method uses argon-carbon dioxide gas mixtures for
stainless steel welding, The power source and control
equipment are such that short circuits (between wire

and pool of molten metal) occur "dozens of times per
second"” which produces a small, cool puddle., With

this method, all position welding is easlly accomplished
and wide gaps can be bridged.

Since many developments are being made in the welding
equipment end shielding gases, interested persons are
advised to contact the welding ecquipment manufacturers
for latest information relative to this welding method.

Applications

(1) The principal application for welding equipment of
the conventional type is the fabrication of vessels
and equipment from stainless steel plate, and in
the manufacture of welded pipe where filler metal
must be addad.
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(2)

The new equirment which uses small diameter wire

in addition to being Suitable for plate fabrication
is suitable for sheet meta) fabrication and will
probably become a valuable tool for deposition

of circumferential welds in pipe.

Advantages

(1)

(2)
(3)

(&)
(5)

Since wire is fed continuously from a roll, it
is possible to weld continuously for relatively
long pericds of time without stopping. This is
an advantage in the fabrication of vessels and
other equipment items.

Deep penetration characteristics make it possible
to utilize single pass welds in many cases.

Use of inert gas for shielding eliminates slag
removal. ‘

High welding speeds are possible.

The "dip-transfer" or "Short Arc" method makes
it possible to weld in the vertical and over-
head positions,

Disadvantages

(1)

With conventional equipment, high current re-
quirements and large filler wire size made welding
impossible on light gauge material.

With argon-carbon dioxide mixtures for shield-
ing gas, a small amount of carbon pickup occurs
in the deposited weld metal. The effect of the
carbon pickup should be evaluated when the
weldment will be subjected to severely corrosive
conditions such as boiling nitric acid,.

Sources of Information:

1.
2.

Welding Handbook, 4th Edition, Section 4, fmericen
Welding Society.

Ligde Bulletin "Sigmatic'" Manual Welding Equipment,
1960,

"Sigmatic" is a trade-mark of Union Carbilde Corp.
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6.1.2.6 _Electron-Beam Welding

a. " General.l Briefly, electron-beam welding consists
of conversion of the kinetic energy of a high-velocity
beam of electrons to heat when the electrons strike
the surface of the workpiece. The thermal energy
from the high-voltage stream of electrons is highly
concentrated at the metal surface and is sufficient
to overcome the capacity of the adjacent body to
absorb it through conduction.

b. Types of Apparatus.< At present, both high-voltage
50 to 100 kv) and low-voltage (10 to 30 kv) types of
welding equipment are available. The low-voltage
apparatus is less critical in adjustment and more
easily operated, although the minimum focused spot
size is several times greater in diameter than that
obtained with high-voltage apparatus. In low-voltage
equipment, those x-rays which are produced are soft
enough to be absorbed by the walls of the evacuated
chamber. Direct viewing ports may be provided to
observe the welding position during operation. High
voltage equipment requires lead shielding of appropriate
thickness and indirect optical viewing systems.

Internal gaseous breakdown in the electron gun due

to entrapped gas or metallic vapor liberated from the
workpiece is a serious problem which plagues the
electron-beam welding process. This problem is more
difficult to circumvent at higher electron voltages.

For general purpose welding, low-voltage equipment

is preferable. However in special applications where
exceptionally high depth-to-width ratio is needed in
the penetration pattern, high-voltage apparatus may
be necessary.

c., Description of Equipment2 Electron-beam welding
apparatus consists of an electron gun with assoziated
optics for shaping and focusing the beam; a weiding
chamber equipped with viewing ports {(low voltage type
machine), vacuum-sealed door for easy access to the
interior, and suitable mechanical devices to permit
relative motion between the workpiece and the focused
spot of the electron beam; an evacuating system to
pump down and maintain high vacuum in the welding
chamber and electron-gun structurej and an electrical
system consisting of power supplies, regulating
devices and control equipment for the electron gun,
mechanical pumps and motorized drives. Fig. 1 shows
an electron optical system.
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The Welding Process.3 . Electron-beam welding machines

derive their unique effects in a manner which will be

~described in the following paragraphs.

Basically, a beam of electrons is emitted from a
cathode, accelerated to a high velocity, and sharply
focused to produce an extremely high energy density.

The unique nature of electrons has made it possible

to control their activities with much precision. Thus,
with the advent of sophisticated electron optics,
enornous amounts of energy may be concentrated over
very small areas. Actual eriergy densities on the
order of 10 billion watts per square inch are now
easily attainable with commercial equipment. The
significance of this energy density capability, how-
ever, is not yet fully appreciated in that new and
interesting phenomena are being discovered daily.

It may easily be understood that the bombardment of a
solid by electrons necessarily results in the con-
version of kinstic energy to thermal energy in the
solid. 1In the case of high energy densities, hcwever,
this is not the complete story. It has been normally
accepted that electrons are quickly diffused in a
very small layer of material, and subsequent heating
results from radial thermal conduction from the area
of impingement., This, however, does not account for
the unusually high depth to width ratios resulting
from the use « high energy densities. With high
voltage equipment depth-to-width ratios of heat-
affected zones exceeding 25 to 1 have been experienced
in various materials. "Apparently the electrons are
capable of vaporizing a fine path through the entire
thickness of a solid resulting in localized %"internal
heating". It may be readily shown that electrons
actually emerge from the opposite side of the material
upon which the beam impinges. After operating
parameters were properly adjusted, as many as four
separate layers have been penetrated by the electron
beam. Interestingly, a refocusing of the electron
beam takes place within the material itself. The

most important effect arising from the use of high
energy densities is this prorensity for internal
refocusing accompanying the penetration of solid
materials.

The consequence of internal refocusing may now be
more fully appreciated. In addition to an internal
heating effect resulting in extremely high depth-to-
width ratios of the heat-affected zone, the refocused
beam may actually penetrate material thicknesses
exceeding an accumulation of 1 inch.
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It is pnssible to draw an analogy to this process by
the pacsing of a white-hot wire through a solid block
of ice. Consider now the passing of an electron beam
through a solid material. Parameters influencing
energy density having been properly adjusted for a
specific condition, it is possible to move the work
piece at a given velocity under the electron beam.
Rapid speeds are reported.

In general, it may be shown that high energy density
electron beams produce narrow, sound, fine grained
welds at very high speeds. The high welding speeds

and energy densities provide conditions which
drastically reduce the distortion and shrinkage usually
associated with the normal techniques of materials

joining.

Applications. There are few applications at present

in the fabrication of ckemical process equipment. In

the nuclear field there has been some usage of the

method in the fabrication of nuclear fuel assemblies

(See Fig. 2)1. Some typical welds which can be made

with this method are shown in Fig. 3.4 Fig. 4 3 compares
the fusion zone of a high-voltage electron beam weld

with that formed by typical surface heating techniques.

Advantages

(1) Welds can be made through a solid sheet or plate
into a hidden member beneath the sheet.

(2) Large iepth to width ratio results in thin heat
cffected zone with low shrinkage even in relatively
thick members.

(3) Very light gauge material (as thin as 0.003 in.)
and fine wire can be welded.

(1) Suitable for welding strongly reactive metals
and alloys since welding is performed in a
vacuum.

(5) Welds are of excellent quality since gases are
removed from the molten metal by the vacuum.

(6) Metals with high thermal conductivity are easily
welded.

Disadvantages

(1) Equipment is not portable and is very expensive.

(2) Size of workpiece limited by size of vacuum
chamber of welding machine.
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(3) Highly skilled technicians required to operate
machine.

(L) Welding is slow since each piece to be welded

must be introduced into the vacuum chamber and
very accurately positioned.

Sources of Information:

1. Burton, G., Jr., and Frankhouser, W. L., "Electron-
Beam Welding", Welding Engineér, Oct. 1959.

2. Greene, W. J., Banks, R. R., and Niedzielski, R. .,
i New Electron-Beam Welding Unit", Welding Journal,
Aug. 1960,

3. aemisegger, A. E., Jr., and Nyenhuis, H. A.,
"Super-Depth Welds Made With a High Energy Electron
Beam - A Revolution in Welding", Welding Journal,
Dec. 1961,

L. M"Electron-Beam: Space Age Welding Process", Welding
Journal, Feb. 1962.
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6.1.3 Welding Rods and Electrodes

6.1.7.1 A.S.T.M., Specifications

Qe

be

Welding Rods and Bare Electrodes. A.S.T.M. A371-53T
covers Plorrosion-Resisting Chromium and Chromium-
Nickel Steel Welding Rods and Bare Electrodes".

These are the welding rods and filler wire used with
the inert gas shielded tungsten arc (or non-consumable
electrode) welding method and the inert gas shielded
consumable electrode method.

Table 1 gives chemical requirements specified in
A.S.T.M. A371-53T for welding rods and bare electrodes.

It will be noticed that Types 3095 and 3095Cb are

not included in the chemical requirements table.

These compositions can be obtained from welding rod
manufacturers, however. Type 3095Cb is somewhat
difficult to obtain since it is not widely used as
bare rods and electrodes,and since the more widely
used coated electrodes of 3093Cb composition contain
Type 309S core wire, the columbium being added through
the coating.

Covered Welding Electrodes. A.S.T.M. A208-55T covers
WCorrosion-Resisting Chromium and Chromium-Nickel

Steel Covered Welding Electrodes". Under this
specification, welding electrodes are classified as
suitable for welding with direct current only or for
welding with direct current or alternating current.

Those suitable for use with direct current are identified
by the number suffix "-15". For example, Type 308
electrodes suitable for use with direct current would

be specified as E-308-15. The coating on such electrodes
is called a lime coating. Those electrodes suitable

for use with direct current or alternating current are
identified by the number suffix ™-16" (for example
E-308-16). The coating on such electrodes is called

a titania coating.

There is some controversy relative to the soundness

of welds (with regard to hot cracking) made with titania
type electrodes as compared with those made with lime
type electrodes. Welding procedures for equipment for
nuclear power use almost always specify that lime

coated electrodes be used. This is also the case with
Du Pont Standard Engineering Specifications covering
welding with covered stainless steel electrodes. It

is widely believed that welds made with stainless steel
electrodes with titania coatings are more susceptible
to cracking than those made with lime coated electrodes.
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Discussions with welding electrode manufacturers
relative to this problem have resulted in comments
‘that this is a problem with fully austenitic depos-
its such as Type 310, but that no problems should
result when the deposit is partially ferritic as
is the case with Type 308.

Table 2 gives chemical requirements for covered
electrodes as specified in A.S.T.M. A298-55T.
Although Type 309 and 309Cb are shown to have 0.15
and 0.12 min. % carbon, these grades can be ob-
tained with .08% max. carbon.

In the case of covered electrodes, elements such
as columbium which are present in small quantities,
are frequently added through the coating on the
electrode rather than through the core wire. The
core wire composition is not necessarily the same
as the composition of the weld metal deposited by
the electrode. For this reason, the practice of
removing the coating from covered electrodes and
using the core wire as filler wire for inert gas
shielded welding should be discouraged.
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6.1.3.2 WELDING FILLER METAL COMPARISON CHARTS

AWS-ASTM Classification Numbers vs.
Manufacturers'! Designation

The comparison charts used in
this section were taken from
American Welding Society
Technical Publication A5.0-59.




Par. 6.1.3.2 Table 1
Table 1

Covered STAINILESS STEEL Electrodes

SEE TENTATIVE SPECIFICATIONS FOR CORROSION-RESISTING CHROMIUM AND CHROMIUM-NICKEL STEEL COVERED WELDING ELECTRODES
(AVS A 5.4-55; ASTM A 298-55)

Marofocturers lcﬁfflflfﬁ;fl €308-15 | E302-16 |EOSELCIS [EIOELC16| E309-15 | E309-16 | ESCe-1s | EIBICI-16 | E3G3U13 E3i0-15 | E31014
Air Redoction Sales Co.  [Nrco 19-90C | Airco 188 | = Ao 19.9 |Airco 2512 [Aireo 2512 |~ Jhircozs 1zch - 7 i 2520 | Mo 2520
ACDC, ELC AC-DC DeC AC-DC AC-DC oC AC-DC
Easyarc 308
AC-DC
Alloy Rods Co. IArcaloy Type Arcaloy TypelArcaloy Tyne JArcaloy Type tArcaloy Typelarcaloy Typelarcaloy Type| Arcaloy TypejArcaloy Type - Arcaloy Type|Arcaloy Type
308 Lime | 308 AC-DC [308ELC Lime 308%((): 309 Lime | 303 AC-DC |309Cb Lime |303Ch-AC-DC[303%0 Lime 310 Lime [310 AC-OC
AC-
Arcos Corp. Chromend K,| StaintendK | Chromend K- | Stainlend K- | Chromend | Stainlend | Chiromend - - - Chiomend | Stainlend
Aetocor 308, LC LC HC HC 25/12 Cb HCH, HCN
Fabricor 308 Aerocor 310,
Fabricor 310
Conadian Liguid Air Co., Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy - Arcaloy | Arcaloy
L. 308 Lime | 308 AC-DC [308ELCLime| 308ELC 309 Lime | 309 AC-OC B303Cb Lime [309Ch AC-0C |309%0 Lite 310 Lime | 310 AC-DC
AC-DC
Champion Rivet Co. 308-1 308-2 308 CF-1 | 308 CF-2 3091 3082 309 Cb-1 | 309 Cb-2 309 Mo-1 | 303 Mo-2 361 3102
Eutetic Welding Alloys Corp. - Staintrode B - - = Staintrode C = - - = = Staintiode O
AC-DC AC-DC ACDC
Goses Agamex, S. A, Suemex 199 - - Murex 308 | Murex 309- | Murex 309 - Huorex 309Lb - - Sucmex | Murex 310
Elc 15 50
Hornischieger Corp. Harstain 18-8 [Harstain *A®| Harstain |Harstain *A”| Harstain  [Harstain “A®| Harstain [Harstain“A® | Harstain  [Harstoin *A’[ Harstain  [Harstain“A°
18-8 18-8 ELC | 1B-BELC 2512 512 2512Ch | 25-12Ch | 251280 | 2512Mo 2520 2520
Hobort Brothers Co. 308 DC 308 AC |[308 ELCDC|308 ELCAC| 3030C 309 AC | 309Ch DC | 304Cb AC |39 to DC [ 309 Mo AC ) 310DC 310 AC
Lincoln Electric Co. Stainweld | Stainweld - - - - Stainvield - - - Stainwield -
' A7 D5
Morquette Mfg. Co., Inc. - No. 308 - to, 308ELC - No. 309 - to. 309Cb - - - MNo. 310
Maurath, [ac. Maurath | Mauralh - =T Mastath | Maureth | My Twanath | Bwrah | Mawzth | Maureth | Mawath
E-308-15 | E-302-16 E-309-15 | E-369-16 jE. J) Cu-15| E-353-CL-16 | - E-309%0-16 | E-310:15 | E310:16
McKoy Co. 1880C |188ACDC | 188 ELCDC| 188 ELC | 25 120C 512 ACHCS12 CuDC| 2512 Ch (251700 08| 2512%0 | B8OC| 2970
Lime, Lime, AC-DC Line, Line, AC-DC Lire, AC-DC Lire, AC-DC
18-80C 18-8 ELC DC 25120C P5-12 Cv DC 251245 0C 2520 0C
Titania Titaria Titania Titania Titaria Tilenia
Metal & Thermit Corp. Murex Murex - Murex Murex Murex - Murex - - Murex thurex
308-15 308-16 308ELC-16 | 30915 309-16 309Cb-16 310-15 310-16
Morris, ¥heelor & Co., Inc. | Morvield 85 | Morvicld 95 | Kerweld 35 | Kortald G5 | Morvield 92 | Roield $3 | Korvield 58 | Morteld 98 | borield 96 | MerVield 93 | Murtield 89 | Morviold 99
AC ELC ELC-AC AC Cb Cb-AC Mo tho-AC AC
National Cylinder Gas Div. Surewcld | Sureweld Sureweld | Sureweld Suicweld | Surcweld o Sureweld | Sureweld | Suieweld Surewvield Surcvield | Surcweld
of Cheretron Corp. 308-15 303-16 308ELC-15 | 363ELC 16 30515 309-16 09CL-15 | 309Ch-16 | 305Ne-15 ¢ 305%0-16 310-15 310-16
Pcific Vieldiny Alloys Nig. | Pacific | Pacific | Pacific | Paclic | Pecific | Pacfic | Pacific | Patific | Pacific | Pacific | Pacfic | Pacific
Co. £308-15 £308-16 12303ELC-15 |E362FLC-16 | E309-15 £209-16 1§ E300Ct-15 | E209Cu-16 | E309M0-15 |E309i%0-16 E310-15 £-310-16
Perma-Latem Yiclding Allogs, [Perma-Latei Paralater, - | - lpemeLaten|Pema Later. - - - - Perma-Latemi Pemma- Lzt
Inc. 3080C | 308 AC-DC 309 0C | 309 AC-DC 310 0C | 310 AC-DC
Reid-Avery Ca., Inc. Racolloy Racolley Racolloy 305 Reculloy 309 Rucolloy | Racclioy Rutolloy | Recolley Rewltoy 310,Racolloy 210
P nC] egent o2 Tt 25120C | 2502 | s09Ch | 309Ch | WMo | 090 | s;oc | 5@
Cwti R | e tLC AC-DC  |25-12Cb DCI 25-12Cb  |25-12MoDC | 2512140 AC-DC
i oC [ AC-DC AC-DC AC-DC
g JRS VDN U AU SR S R -
Sheber Soles, Inz. Shoter Shober : Shater Shuber i Shaber Sncher Shcber Shfmer Shober - Shober Ston.er
308-15 308-16 ! 3CGELC-15 [ 30RFLC-i6 30%15 309-16 309Cb-15 | 309Cb-16 | 309%0-15 310-15 316-16
N . . J U [ I R R - T
A. 0. Smith Corp. N 398 DC S¥ 308 Su ¥8 L LL. SY 203 ELL | SW 35900 SV 539 Su 309C8 SV 309Ch |S¥ 303Nt DC{ Sw 3090 | SW 310 DC $¥ 310
lee," AC-DC ‘JC, Lime AC-DC Lire AC-DC bC AC-0C Lime, AC-DC Lime; AC-DC
SW}OBD\, SN O3S ELS Sv/309 DC Lime SW 30940 DC SW 310 DC
Titania DC Titania Titania Titania Titania
Southern Oxygen Co. , Inc. S0CO S0CO 5060 SOCO SOCO Soco S0C0 SOCO S0CO S0Co S0CO S0CO
E308-15 E308-16 ECOBELC-15 E30BELC-16 | E309-15 | E300-16 | E309Cb-15 F309Cb-16 E309M0-15 [E309M0-16 | E310-15 £310-16
Stee! Soles Corg. E308-15 E£308-16 lEEUGELC~15 F}OSELC-I&, F309-18 £200-16 | E309Cb-15 EEOSCMG EJ Mo-15 | E309Me-16 | E310-15 £310-16
wiaos | s | weanezie | 1 gy | o | vissos | - - wale | v
Lime AcoC ! Lire Lime | ACOC Lime '

56915 3336 | 05Cx-15 | 309Ck 16 - - 310 15 BN




Par. 6.1.3.2 Table 2

Table 2
[\ L 3
Covered STAINLESS STEEL Electrodes
Manofocturers m‘;‘flﬁfmr 001 | E30016 | £t | E3NOols | ESI2A5 | EI26 | ENGIS | ENels |EGELCIS|ENEELCI| BITIS | EINTI6
Air Reduction Sales Co. Airco Airco Aitco  |Airco25-20to| Airco 29-9 | Airco 209 (Airod 13-12M0Airco 18-12Va - Airco 18-1240 - Airco 18-12
25-20Cb 25-20Cb 25-20Mc AC-DC DC AC-DC DC C-0C, ELCACDC 5 Mo
pc AC-DC pc Easyarc 316 AC-DC
AC-DC
Alloy Reds Co. Arcaloy Type |Arcaloy Type Arcaloy Type Arcaloy Type |Arcaloy TypeArcaloy Typel Arcaloy Type|Arcaloy Type  Arceloy Type Accatoy Typefrcaloy Type) Arcaloy Type
310Ch Lime [310CbAC-DC [316Mo Lime |31040 AC-DC| 312 Lime 312 AC-DC1 316 Lime | 316 AC-DC 316ELCLime 3%{}5% 317 Lime | 317 AC-DC
Arcos Corp. Chromend - Chromend - Chiomend | Stainfend | Chromend | Stainlend | Chromend Staintend | Chromend | Stainlend
25/20Ch 25/20Mo 29/9 29/9 Ko, Ko KMoLC | KMoLC 18/840 18/8Mo
Aerocor 316,
Fabticor 316
Conodion Liquid Air Co., Ltd.{  Atcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy
310Cb Lime $10Cb AC-DC] 310Mo Line |310K0 AC-DC} 312 Lime 312 AC-DC| 316 Lime | 316 AC-OC 31LG_ELC 3}‘((5‘%((:) 317 Lime | 317 ACDC
ime
Champion Rivet Co. 310Ch-1 310Cb-2 310Mo-1 310Mo-2 3121 312:2 3161 3162 316 CF-1 | 316 CF-2 31l 32
Euvtectic Yelding Alloys Corp. - - - - - - - Staintrode - - - Staintrode
A Mo AC-DC B Mo AC-DC
Gases Agamex, S. A. - urex 310Ch - Murex 310 Mo - Murex 312 - Murex 316 - - - Murex 317
Harnischfeger Corp. Harstain [ Harstain Harstain {Harstain “A* | Marstain |Harstain“A°| Harstain [Harstain “A” Harstain  Marstain “A" | Harstain  |Harstain “A"
2520 Ch {*A’25-20Cb | 2520 Mo 25-20Mo Type 312 | Type 312 | 18-8-2ko 18-82Mo [18-8-2Mo ELC[I8-82M0 ELC| 18-8-3M0 | 18-8-3Mo
Hobart Brothers Co. 310Cb DC | 310Cb AC | 310Mo DC | 310Mo AC 312DC 312AC 7| 316DC 316AC |36 ELCDC (315 ELC AC| 317DC 317AC
Morquette Mig., Co., Inc. - No. 310Cb - No. 310Mo - No. 312 - No. 316 - No. 316ELC - -
Mourath, Inc. Maurath taurath Maurath Maurath - - Maurath Maurath - - Maurath | Maurath
£-310-Cb-15 | E-310-Cb-16 {E-310-t0-15 [E-310-Mo-16 £-316-15 | E316-16 E-3_l7-15 £-317-16
McKay Co. 25-20CH DC | 25-20Ch  {25-20k% DC | 25-20t% 239 0C 29 18-810(316) | 18-810(316)| 18-8MVELC {18-8t0 ELC [18-81c(317) 13-80(317)
ime, AC-DC Lime, AC-DC Lime, AC-DC OC Lime, { ACDC | (316ELC) | (316 ELC) | DC Lire, AC-DC
25-20Ch OC 25--20M0 DC 235DC 18-8t0(316) OC Lime, AC-DC  {18-8M0(317)
Titania Titania Titania DC Titania 18840 ELC DC Titania
(316 ELC)
DC Tilania
Metal & Thermit Corp. Murex Murex - Murex Murex Murex Murex Murex - - - Murex
310Cb-15 | 310Ck-16 310Mo-16 312-15 312-16 316-15 316-16 31716
Mortis, Wheeler & Co., Inc. MorWeld 99 | Morveld99 | MorWeld 99 | MorWleld 89 {MorWeld 152 Morvield 162 | MorWeld 96 | MorWeld 95 | MorWeld 36 | MorWeld 96 MorWeld 193 Mor¥eld 193
Cb Co-AC Mo Mo-AC AC AC ELC ELC - AC AC
Nationo! Cylinder Gas Div. Sureweld | Sureweld Sureweld Sureweld Sureweld | Sureweld | Sureweld | Sureweld Sureweld Sureweld Sureweld | Sureweld
of Chemetron Corp. 310Cb~15 |310Cb-16 | 310Mo-15 | 310io-16 312-15 3i2-16 316-15 316-16 316ELC-15 BI6ELC-16 | 317-15 317-16
Pacific Yelding Alloys Mig. Pacific Pacific Pacific Pecific Pacific Pacific Pacific Pacific Pacific Pacific Pacific Pacific
Co. E310Ch-15 |E310Cb-16 |E310Mo-15 | E310Mo-16 | E312-15 | E312-16 E315-15 | E316-16 [E316ELC-15 [E3I6ELC-16 €317-15 E317-16
Perma-Later Welding Alloys, - - - - - - Perma-Latem [Perma-Latem - - .« -
Ine. 316 DC | 316 AC-DC
Reid-Avery Co., Inc. Racolloy | Racolloy Racolloy | Racolloy [Racolloy 312{Racolloy 312 Racotloy 316 Racolloy 316 [Racolloy 316 [Racelloy 316 Racolloy317{Racolloy 317
310Cb 310Cb 310Mo 310Mo 209DC 1299 AC-DC | 18-12DC |1812AC-DC} ELC ELC 18-12-30  |18-12-3Mo
2520ChDC | 25-20Ch 25-20Mo 25-20Me 18-12 ELC |1812ELC ol AC-DC
AC-DC DC AC-DC pc AC-DC
Shober Sales, Inc. Shober Shober Shober Shober Shober Shober Shober Shober Shober Shober Shober Shobes
310Cb-15 { 310Cb-16 | 31040-15 | 310Mo-16 312-15 312-16 316-15 316-16 {316ELC-15 BISELC-16 | 317-15 317-16
A. 0. Smith Corp. SW 310Cb Sy 310ch | SW310Mo | SW3i0Mo |Sw312DC| SW3lZ SW3l6DC | SW3le | SW3IGELC |Sw 316ELC | SV 317DC | SwW3l7
DC Lime AC-DC DC Lime AC-DC Lime AC-DC Lime, AC-DC DC Lime, AC-DC Lime, AC-DC
SW 316 DC SW 316ELC 5w 317 0C
Titania DC Titania Titania
Southem Oxygen Co., Inc. SOCO $0CO $0Co S0CO $0C0 S0C0 S0CO S0CO S0C0 S0¢c0 S0Co 5060
£310Cb-15 |E310Cb-16 | E310Mo-15 | E310Mo-16 | E312-15 | E312-16 | E316-15 E31616 [E316ELC15 E3IGELC-16| E317-15 | E317-16
Steel Sales Corp. E310Co-15 |E310Cb-16 | E310Mo-15 | E310Mo-16 | F312-15 E312-16 | E316-15 E316-16 |E316ELC-15 [F316ELCAS | E317-15 | E317-16
YVictor Equipment Co. VW310Ch | VW3l0Ch | VW310Mo '310Mo VY312 Vw312 vW3le VW316 VW3I16ELC | VW3I6ELC | VW317 V31T
Lime AC-DC Lime ACDC Lime AC-DC Lime AC-DC Lime AC-DC Lime AC-DC
Vestinghousa Electrie Corp. | 310Cb-15 | 310Cb-16 _‘,B)C\’MS UM 16 31215 312-26 31615 31616 316ELC-15 [ 316ELCA6 | 31715 kipat




Par. 6.1.3.2 Table 3

Table 3
AN NI R ]
Covered STAINLESS SYEEL Electrodes
Marsfactirsis lcll:‘;fmi:z':n’ ENBIS | ENGN6 | ENO5 | EN0s | B34l | B34l | E4035 | E4IGS B4
Air Reduction Soles Co. - - Airco 15Ct | Aireo 15Cr Jirco 19-9Ch Mirea 19-9Ch - Airco 16Cr - Aireo 4-6Ct -
BN DC | 35Mi AC-DC bC AC-DC, Mo BC
“[Easyarc 347
AC-DC
Alloy Rods Co. Arcaloy Type [Arcaloy Type {Arcaloy TypejArcatoy Type Arcaloy Type frceloy TypeiArcaloy Type|Arcaloy Type Arcaloy Type jrcaloy TypoiArcatoy TypeArcaloy Type
318 Lime | 318 AC-DC | 330 Lime |[330 AC-DC | 347 Lime |[347 AC-DC 410 ACDC | 430 Lime 430 AC-DC| 562 Lime 502 AC-DC
Arcos Corp. Chromend | Stainlend | Chvomend - Chromend | Stainlend [Chromend 12, | Stafniend 12| Chromend 16 - Chioriend -
Kho-CB Kho-Cb 15/35 18/9Cb, 18/9Cb 5M
Aerocor 347,
Fabricor 347
Conadion Liquid Air Co., Arcaloy Arcaloy Arcaloy Arcaloy Arcaley Arcaloy Arcaloy Arcaloy Arcaloy Arcaloy | Ascaloy -
Lid. 318 Lime | 318 ACDC | 330 Lime | 330 AC-DC { 347 Lime | 347 AC-DC 410 AC-DC | 430 Lime | 430 AC-DC| 502 Lime |502 AC-DC
Champion Rivet Co. 3181 3182 3301 330-2 347-1 347-2 410-2 430-1 430-2 | Croloy SA | 5022
Eutetic Yelding Alloys Corp. - - - - - Staintrode A - - - - -
AC-DC
Gases Agamex, 5. A, - - - Murex 330 - Murex 347 - Murex 430 - Murex 502 -
Hornischfeger Corp. - - - - Harstain  [Harstain “A") - Harchrome - Harchrome -
18-8Cb 18-8Cb 1% 5
Hobart Brothers Co. 3180C 318 AC 330 DC 330 AC 3470C 347 AC 410 AC 430 DC 430 AC 502 bC 502 AC .
Lincoln Electric Co. Stainweld - - - Stainweld | Stainweld - - - - -
C-Cb A5-Cb A7-Cb
Marquette Mig. Co., Inc. - No. 318 - No. 330 - No. 347 No. 410 - No. 430 - No, 502
Maurath, Inc. Maurath Maurath Haurath aurath Maurath Maurath Maurath Maurath Maurath Maurath Itarath
E-318-15 | E-318-16 | E-330-15 [E-330-16 . | E-347-15 | E-247-16 E-410-16 | E-430-15 | E-430-16 | E-502-15 |E-502-16
McKay Co. 1885 Cb [ 1882%C0 {15350C | 1535 188Ch | 18-5Ch TG BCOC | N e | SCT
. DC Lime, AC-DC Lime, AC-DC DC Live, AC-DC AC-DC Line ACDC | DC-Lime | AC-DC
“f 18-8% Cb 15-35 DC 18-8Ch
DC Titania Titania DC Titavia
Metol & Thcrmi!Co‘:p. - - Murex 33015 [Murex 330-16 Murax 347-15Murax 247-16)) ~ Murex 430-15 - Hurex 502-15 -
furex Croloy
5A, TA, 9A
Moriis, Yheeler & Co., Inc. MorVleld 154 | MorVeld 184 SiorVeld 1951 Mortvzld 385 1 Morizld 97 | Morteld 97 Moreld 196 [ Morleld 197 Woreld 197] Moreld 198 Morteld 198
AC AC AC AC AC AC
Mational Cylinder Gas Div. Surevreld Surewield | Sweweid Sureweid | Sureweld | Sureweld Suraweld | Sureweld Sureweld | Sweweld | Swevield
of Chemetron Corp. 31815 31816 3315 33015 -5 347-15 410-16 430-15 430-16 502-18 502-16°
Pacific Welding Alloys Mfg. Pacific Pacific ifi racific Pazific Pacific Parific Parific Pacific Pacific Pacific
Co. E318-15 E318-16 E230-15 £330-18 E347-15 E347-15 E410-16 E430-15 E430-16 E502-15 | £502-16
Permo-Latem Yelding M]oys, - - - - Perna-Latem|Perma-Latem - - - - -
Inc. 3470C | 347 AC-DC
Reid-Avery Co., Inc. Racolloy 318{Racolloy 318 :Recsltoy 330|Ra 50 Raceiloy 347|Racolloy 347 Racellsy 410{Racolloy 430 Racolloy 430 Racolloy 502: Rarolloy 502
18-8Mo | 18-8MoCb | 1535DC 18-8Ch 18-8Cb 12Cr Mo 430-DC | 430 AC-DC| 5CrMo 5Crio
Cb DC AC-DC DC AC-DC AC-DC D¢ AC-DC
Shober Sales, Inc. Shober Shober Shover Shober Shaber Shober Shober Shober Shober 1> Shober Shober
318-15 318-16 320-15 330-16 347-15 347-16 410-16 430-15 430-16 502-15 502-16
A. 0. Smith Corp. SW3ls DC SV 318 Sy 330 SW 330 SW 347 SW 347 Sv 410 SW 430 SW 430 v 502 -
Lime AC-DC i AC-DC DC Lime, AC-DC AC-DC DC Lime AC-DC | DC Lime,
Sw 347 SW 151
DC Titaria DC Titania DC Lime
Southern Oxygen Co., lnc. S0CO S0Co S0CO S0CC S0C0 30C0 soco S0co Soco Soco ‘SOCO
£318-15 E318-16 E330-15 E330-16 E347-15 E347-16 E410 AC-DC| E430 Lime (E430 AC-DG E502 Lime |E502 AC-DC
Steel Soles Corp. E318-15 E318-16 E330-15 E330-16 E347-15 E347-16 £410-16 E430-15 E430-16 | ES02-15 | ESD2-15
Yictor Equipment Co. V318 V315 YVi330 w330 Vw347 i3y A0 V¥4 VY430 V1502 VWse?
Lime AC-DC Lime AC-DC Lime AC-DC AG-DC Lime AC-DC Lime AC-DC
Westiighnuse Electric Corp. 515 31616 ' 2235 - ‘5‘1"}«1 H7-16 430-1¢ 420-15 43316 30215 -




Par. 6.1.3.2 Table 4

thlsid

ATAMNMA QR i
pere STAINRESS STEEI

WAy

SEE TENTATIVE SPECIFICATIONS FOR CORROSION-RESISTING CHROMIUIL AND clR

1

(AV/S A 5.9-53; ASTM A 371-53)

Tabl

e U

Welding Rods and Electrodes

ONIUH-ICREL STEEL WELDING RODS AND BARE FLECTROVES.

ot | AT [Pepooy | eraoot | Emaoy | erato | ER3ie | ER;eL | ER37 | ERID | ER7 | ERAC | ERA0 | ERA
Air Reductica Soles Co. Airco 308, | Airco 308 | Airco 309, | Airco 310, | Airco 316, | Airco 316 - Airco 330 | Airco 347, | Aireo 410 ~ Airco 430
Aircomalic ELC, | Aircomatic | Aircomatic] Aircomatic| ELC, Aircomatic
A308 | Aircomatic A309 A310 A316 | Aircomatic A347
A308ELC A3IGELC
Allegheny Ludlum Steel Corp. 308 308L 309 310 316 3L 3 330 347 410 420 430 502
Americon Chain & Coble Co., Page-308 | Page-308 | Page309 | Page310| Page-316 Page-316 - - Page-347 | Page-410 | Page-420 Page-430 Page-502
Inc. Page Steel and Vire Div. ELC ELC
Arcos Corp. Chromenar | Chromenar|Chromenar | Chromenar | Chromenar | Chiomenar - Chromenar | Chromenar | Chromenar | Chromenar | Chiomenar Chtomenar
K K-LC HC. HCN KMo | KMo-LC 15/35 19/9Cb 12 12¢ 16 5K
Canadion Liquid AirCo., Ltd. | Type 308 Type 308| Type 309 | Type 310 | Type 316 Type 316 - - Type 347 | Type 410 - Typ2 430 | Type 502
ELC £LC
Champion Rivet Co. Type 308 | Type308 | Type309 | Type3l0 | Type 316 | Type316 | Type317 [ Type330 | Type 347 | Typedld - Type 430 | Type 502
CF CF
Collins-Edmonds, Inc. C-E308 [CE308ELY CE309 | C-E310 | CE316 |CE3ISELC| CE317 CE330 | CE347 | CE410 | C-E420 C-E430 | CESIZ
Drawalloy Corp. Drawalloy | Drawalloy | Drawalloy | Drawalloy | Drawalloy | Drawalloy - - Drawalloy | Drawalloy - Drawalloy | Drawalloy
Type 308 | Type308 | Type303 |Type3l0 | Type 316 | Type3l6 Type 347 | Type 410 Type 430 | Type 502
ELC ELC
Euvtectic Welding Alloys Corp. - - - - - - - - Stainrod A - - - -
GAS
Goses Agamex, S. A, - - - - Inoxidable - - - - - - - -
AGA
Hobart Brothers Co. R308 R308ELC| R309 R310 R316 | R3IIGELC - R330 R347 RA10 R420 R430 R502
Johnston Stoinless Welding fohaston | Johnston | Johnston | Johaston | Johmston | Johnston | Johnston | Johaston Johnston | Johnston | Johnston | Johnston Johnslog
Rods, Inc. Type 308 | Type308L| Type 309 [ Type310] Type 316 Type 316 L| Type3l7 | Type 330 | Type 347 | Typed10] Typed® | Type 430 | Type 502
Lincoln Electric Co. Lincolnv:eld - - - - - - - - - - - -
L-18-8
Linde Co. Oxweld 308 | Oxvield 3081 Oxweld 309| Oxweld 310 { Oxweld 316 Oxveld316L - - Oxweld 60, ; O sweld 410] Oxweld 420 | Oxwield 433 Oaviold 507
t+316CbTa 28
u-347 L
Morquette Hig. Co. fnc, | Ho. G-308_ - - - - - - e D e R -
Maurath, Inc. Maurath - Maurath Maurath | Maurath - Maurath Maurath | Maurath Maurath - Maurath .| Mavrath
ER-308 ER-309 ER-310 | ER-316 ER-317 ER-330 ER-347 ER-410 ER-430 | ER-502
McKay Co. 308 308 ELC 309 310 36 316 ELC 317 330 347 410 120 430 502
Metal & Thermit Corp. Mures 308 |Morex 308-L] Murex 309 |tiurex 310 | Murex 316 |Murex 316-L| Murex 317 | Murex330 | Murex 347 | Murex410 | Murex 420 | Murex 430 | Murex 502
Morris, ¥heeler & Co., Inc. MorWeld 47 - - - W;‘;’}:'d - - - Mor¥leld 48 - - - -
National Cylinder Gos Div. NCG NCG NCG NCG - - - - NCG - - - -
of Chemetron Corp. No. 120,301 No. 311 No. 321 No. 341 No. 351
Pacific Welding Alloys Mfg. Pacific 308 | Pacific308] Pacific 309! Pacific310 |Pacific 316 |Pacific316L | Pacific 317 | Pacific 330;Pacific 347 Pacific410|Pacific420 {Pacific430 |Pacific 502
Co.

Perma Latem Welding Alloys, | Perma-Loy | Perma-Loy | Perma-Loy [ Perma-Loy | Perma-Loy Perma-Loy | Perma-Loy | Pemma-Loy | Perma-Loy | Perma-Loy| Pema-Loy PermaLoy | Pemma-Loy
Inc. G308 G308L G309 G310 G316 G316L G317 G330 G347 G410 G420 G430 G502
Reid-Avery Co., Inc. Racolloy | Racolloy Racofloy | Racolloy | Racolley | Racolloy | Racolloy { Racolloy Racolloy | Racolloy | Racoltoy | Racolloy | Racolloy

308 308 ELC 309 310 316 316 ELC i 330 347 410 420 430 502
A, 0. Smith Corp. Type 308 | Type308 | Type309 | Type 310 | Type 316 Type 316 - Type330 | Type 347 | Typedl0 - Type 430 | Type 502
ELC ELC

Sovthern Oxygen Co., Inc. S0CO - - - S0CO ~ - - S0CO - - - -
308 Bare 316 347 Bare

Stecl Sales Corp. Bare - - - - - - - - - - - -
Type 308

Westinghouse Electric Corp. $$308 | SS30BELC| 95309 $5310 $S316 | SS3IGELC - - $5347 $S410 - 55430 -




6.1.3.3

6.1.3.3 Weld Metal Composition vs. Base Metal Composition

Table 1 lists types of welding rods and electrodes that
can be employed to join the various stainless steel
grades to themselves, to other stainless steel grades,
and to carbon steel.

Where more than one welding electrode composition is
listed, the listing is in order of preference, taking
into consideration factors such as corrosion resistance,
tendency toward cracking, cost, ease of procurement,

and tensile strength. Welding procedure is extremely
important, especially in the case of welding the various
stainless steels to carbon steel. It is recommended
that all stainless steel to carbon steel welding proce-
dures be prepared by persons who are familiar with the
problems that can result from improper procedures.

The electrode compositions in Table 1 that are followed
by an asterisk (*) are not listed in A.S.T.M. A298-55T
or A.S.T.M. A371-53T as standard welding rods or
electrodes (See Par. 6.1.3.1). They can be obtained on
special order, but are not always retained in stock.
When ordering non-~standard welding rods or electrodes
of the columbium stabilized grades, the composition
must be specified so that the elements are balanced to
give sufficient ferrite in the deposited metal to
minimize the tendency toward cracking.
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6.1.3. 4

6.1.%.4 N.E.M.A. COLOR CODES FOR WELDING
RODS AND ELECTRODES

The information in this section was
reproduced from NEMA Standards EW 2-1959
and EW 3-1958.



Par. 6.1.3.4 Fig. 1

Revised December 1963

NEMA STANDARD FOR IDENTIFICATION OF
COVERED ARC-WELDING ELECTRODES

(NEMA Standard 9-25-1963.)

Arc-welding electrodes of the types listed in Tables I through VIIL inclusive, shall be identified either
by imprinting as set forth in Part 1 or by applying the color markings set forth in Part 2.

Part 1
IDENTIFICATION OF COVERED ELECTRODES BY IMPRINTING

When covered electrodes are identified by im- 3. The ink used shall provide sufficient contrast
printing, the imprinting shall be applied as follows: with the electrode coveringso that the letters
and numbers of the electrode type designa-
tion shall bereadable beforeand afternormal
welding applications.

1. At least two legible electrode type des-
ignation markings shall be applied to the
electrode covering in such a manner that at
least one complete type designation shall

come within the space 2 1/2 inches from 4 F L .
Rk . For electrode type designations employing
the grip end of the electrode. the prefix letter E or prefix letters Mil, such
2. The number and letters of the electrode type prefix letter or letters shall be omitted from
designation shall be of bold block type and the electrode type designation imprinted in
of sufficient size to be readable. the electrode coating.
Part 2

IDENTIFICATION OF COVERED ELECTRODES BY COLOR MARKING

When covered electrodes are identified by color marking, the colors shall be applied in accordance with
Tables I to VIIIL

GROUP COLOR——

GROUP COLOR—

“—SPOT COLOR

END COLOR—

/L SPOT COLOR

“—GROUP COLOR

Fig. 1
Location of Color Markings for End-grip Electrodes

NOTE I—In the case of center-grip electrodes, the
end color will be centrally located, and the spot
color will be located on each side of the end color.

NOTE I1—Color references in Fig. 1 and 2 are used
only to denote sequence of colors; they are not in-

tended to show the configuration of the colors to be Fig. 2
applied. Location of Color Markings for Center-grip Electrodes
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6.1.4 Techniques

6.1.4,1 Tube to Tube Sheet

6.1.4.1 - 6.1.4.1.2

Welds

6.1.4,1,1 Ceneral

In the design of heat ex
or for services where 1li
materials are handled, i
welded tube to tube shee

changers for extremely high pressures
guids contaminated with radioactive

t is now common practice to consider

t joints to obtain the maximum insurance

against leakage. Such welds may be seal welds or strength welds

as required by the servi

ce conditions. There is no general

agreement, among users or fabricators of heat exchangers re-

garding the type of weld
be rolled into the tube

te be used and whether the tubes should
sheet prior to welding, after welding,

before and after welding, or not rolled at all. Consequently,

even within the Du Pont
weld types of different
operations will be used
different plants. This
tube sheet welds now in
cr disadvantages of the

6,1.4.1,2 Seal Welds

Company, it will be found that different
combinations of the rolling and welding
for similar service conditions at
section will list types of tube to
general use and will list advantages
various types.

Heat exchanger manufacturers generally prefer to use one of
the seal welding methods. They are generally more adaptable
to automatic welding processes, and since they are generally
smaller in size than strength welds, cause less distortion
of the tube sheet due to weld shrinkage stresses., It is
customary in the case of seal welds to roll lightly prior to

welding merely tco obtain

and tube hole generally

metal to metal contact between tube
without the use of a lubricant.

Following the welding operation the tubes are frequently

fully rolled.

Referring to Figure 1, Methods (a), (b}, (c), (d), (e) and (f)
show the commonly used seal welding methods., Comments on each

method are listed below:

Methods (a) & (b) ~ These methods are essentially the same
except for the chamfer shown in Method (a). The 1/16"
projection in Method (a) is based on the use of 10 ga.
tubes. The projection would be reduced somewhat for

thinner tube walls,

This would be one of the better

seal welding methods where the tube sheet thickness is
sufficient to resist the shrinkage stresses without
objectionable distortion. Although this type of joint
design cannot be guaranteasd to produce a weld with

strength equal to the tube strength, it will, as a rule,
produce welds with greater penetration than with Methods
(¢) and {d). For typical weld penetration values with
10 ga. tubing, see Par, 6.1.4.1.5. This method would
also be of value where, for weldability reasons, it is
desirable to melt as little of the tube sheet material
as possible, This methed is suited to both automatic
and manual welding methcds, Method (a) should give more
uniform weld penetration than method (b).




6.1.4.1.2 - 6.1.4.1.3

Method {c) ~ This is the least reliable method for seal
welding from the standpoint of weld mstal penetration,
It is suitable for automatic welding methods, where
melting of equal portions of tube and tube sheet material
can be tolerated from a metallurgical standpoint, As
shown in Figure 1 Method (c), alternate method, a bead
of weld metal can be deposited over the joint by the metal-
arc process with coated electrodes or by the inert-gas
shielded tungsten arc method with asdded filler metal.
Where it is undesirable to fuse the tube and tube sheet
material together because of the danger of cracking, the
use of a filler rod of controlled ferrite content could
reduce the possibility of cracking.

Method gdg - This method produces welds with penetration less
Than Methods (a) and (b). The welds made by this method do
not project above the surface of the tube sheet. The method
is suitable for automatic welding and would be advantageous,
from a metallurgical standpoint where it i1s desirable to
melt more of the tube sheet material than the tube material.
The amount of weld penetration obtained by this jolnt design
with 10 ga. tubing is indicated in Par. 6.1.4.1.5., Alter-
nate Method (d) was used by Griscom-Russell (now Baldwin-
Lima-Hamilton) where approx. .8T penetration is desired.

Methods (e} & {f) - This is known as a "low restraint® seal
weld since the tube sheet distortion is greatly reduced
over that resulting from the other sesl welding methods,
Although it is sometimes used as a strength weld, weld
penetration equal to the tube wall thickness cannot be
guaranteed., Method (f) covers the situation where it 1is
desirable to roll the tube after welding. The tubes are
slightly "belled"™ at the end so that weld overhang around
the tube I.D. will not interfere with rolling. This is
the best method from the standpoint of welding since
sections of equal thickness are joined, This weld is
made by both manual and automatic methods, usually with-
out the addition of filler metal. With this method, there
is the remote possibility of leakage through the rings
machined around the holes if the tube sheet material con-
tains laminations, or if the tube sheet material is crack
sensitive,

6,1.4.1.3 Strength Welds

Strength welds are normally emplcyed for severe service con-
ditions, such as those involving high temperatures, high
pressures, containment of radicactive msterials or other
extremely hazardous cor expensive materials., Olher situations
might include those where it is not desirable to fully roll
tubes into tube sheets because of unfavorable hardness re-
lationships. In the case of handling highly corrosive solutions
the greater amount of weld metal resulting from the use of
strength welds is advantageous,




6.1.4,1.3

Certain specifications require full rolling prior to welding
with no rolling afterwards, others require light rolling prior
to welding and full rolling afterwards, while others require
light rolling prior to welding and no rolling afterwards.

As shown in Par., 6.1.4.1.5, there is some slight advantage
strengthwise to roll before and after welding, but this
difference would not be sufficient in most cases to warrant
the additional expense. A reason for fully rolling, either
before or after welding, is to close the crevice between tube
and tube sheet to prevent entry of a corrosive liquid con-
tained on the shell side of a heat exchanger. When a corrosive
liquid is contained on the tube side of a heat exchanger, a
fully rolled joint would provide an additional barrier in the
event of leakage through the weld. When fully rolling without
lubricants prior to welding, there are frequently difficulties
from roller breakage. In the case of thin tube sheets, the
heat of welding could cause the rolled joint to leak in
service, When fully rolling after welding, the weld could be
damaged by the lengthwise expansion of the tube. Reaming is
usually required prior to rolling after welding.

The drawings in Figure 1 {g!, (h}, (1), (j), (k), (1), and (m)
show strength weld types. Comments are listed below:

Method (g) - This is the simplest strength welding method, in-
volving only the deposition of a fillet weld of suitable
size by manual welding meth>ds. Some disadvantages in-
clude {1) inability to use automatic welding methods,

(2) length of tubing projecting beyond face to tube sheet,
and (3) possibility of welding operator failing to secure
penetration into corner between tube and tube sheet. This

is a low cost method in that no special tube sheet preparation

is involved,

Method (h) - This is a variation of the fillet welding method
escribed in (g) above., This method enjoys considerable
usage in the fabrication of steam generators for nuclear
powered vessels for the Navy. Welding is performed by
automatic methods, Very close control of dimensions and
welding machine seftings are required for consistent weld
metal penetration of ths required dimension. This method
would probably cause less tube sheet distortion of tube
sheets than the other strength welding methods.

Method (i) ~ This method employs the ™J" groove. By making
the groove the same depth as the tube wall thickness and

sufficiently wide to permit the welder to secure penetration
at the root of the weld, control of weld metal penetration
is not difficult. Distortion of thin tube sheets would be

a problem with this weld method. This is the best strength
weld method for manual welding.

Method (j) - This is a variation of the basic "J" groove weld.
The principal advantage would be to permit the use of
smaller ligaments between tubes.




6.1.4.1.3 - 6.1.4.1.4

Method (k) - This methed iz a variation of tvhe basic "WJ"
grocove method and is well suited to corrosive applications
where it is desirable to cover the end of the tube to
prevent end grain attack. Projection beycnd the face of
the tube sheet is ies: than with Methods (i} and (J)o

Method (1} - This methed involves recessing the tube below
the surface of the ture sheet by an amcauf at least equal
to the wall thickness of the tubing and depositing weld
metal on the end of the tube until the weid penetration
equals the tube wall thickness. Some disadvantages cf
this method include {1) the peo:zsivility of weld metal
extending beyond the tube I D, and causing difficulties
with subsequent rolling operaticns and {2} the tubez on
one erd of & burdie would hsve to be trimmed after rolling
to insure the proper depth below the tube shset gurface.
Advantages would inclode {1} minimum penetration beyond
the tube sheet surface ard (2} nc special machining re-
quired on tube sheet. It is undersicod that some shops
insert & copper rod in the tube hele and depesit the
weld with a titania coaved metal arc welding electrode
to prevent protrusion of weld metal beyoni the tube I.D.
This weld and Methed {m; are not as suitatle for high
pressure and cyclic temperature conditicns as the other
strength weld typeso

Method (m} - This is a variaticn cf the recessed tube design
escribed in {L) above. In thisz design, the possibility

of weld protrusion beyend the tube I.D. i: minimized and
the position is slightly more favorable tor welding.

6.1.4,1.4 Welds for Special Applications

Certain applications reguire tube tc tube sheet joints of
types not covered vy the conventional seal weld and strength
weld types. Some welds for special applications are described
belows

Method {n) ~ This weld vype was developed at Hanferd for an
appiication which involved exposure to a severely corrosively
solution on the cutside of the tubes. It was essential
to eliminate the crevice between tube and tube sheet to
avoid c¢revice attack. By providing a 1f8? clearance
around the tute the crevice conditlon was eliminated.
Further details can be found in the article listed as
Reference 3, Par. 6.,1.4,1.:7.

Method (o) - This joint incorporates a seal weld with the
balance of the joint vack brazed. This joint was
developed at Oak Ridge for a heat exchanger which was
subjected to severe thermal cycling as well as corrosive
conditions on the tuve side. Prior to the use of back
brazing, peripheral cracking of tube to tube sheet welds
occurred during cyclic tests. Further details can be found
in the article listed as Reference 2, Par. 6.1lo.4.1.7.




6.1.4.1.4 - 6.1.4.1.5

Method gg% - This type of weld joint was used by Griscom-
Russell (now Baldwin-Lima-Hamilton) to fabricate certain

types of heat exchangers. This is the only butt-weld
type joint which is used in heat exchanger fabrication.
By use of a small gamma-ray source, radiographs of
reasonably good quality were made in 1-1/2 inch 0.D. tube
to tube sheet welds. Thls type of weld joint is normally
made on single tube sheet units such as U-tube or bayonet
type since the tube end fits into a recess in the tube
sheet projection. This method has not been used on units
with two tube sheets, This 1s probably the most expensive
type of tube to tube sheet joint and would be warranted
only where extremely severe corrosive conditions were
present on the outside of the tubes.

Method (gq) = This method utilizes the same equipment as Method
pP). It has not been used in the fabrication of heat
exchangers, but shows promise as a repair method.

Method (r) - This method involves overlaying a tube sheet with
a crack resistant weld deposit:; then machining in prepar-
ation for welding by the method illustrated or for other
tube to tube sheet joints. This scheme would be useful
for small heat exchangers for severe service conditions
where the only tube sheet material available was fully
austenitic and extremely c¢rack sensitive during welding.

6.1.4,1,5 Properties of Tube to Tube Sheet Joints

a. Strength

Tests on rolled and welded tube to tube sheet joints reported
in the article listed as reference 3, Par. 6.1.4,1.7 are
summarized below. The joint type was similar to Method (d),
Par, 6.1.3,1.2. One inch 0.D. x 12 ga. (0.109™) type 304L
tubing was used and was recessed 1/16® below the tube sheet
surface, The weld was made by fusing the tube sheet material
to the end of the tube without the addition of filler metal.
Each strength range gives results for four samples except
"welded only"™, in which case there were eight samples., The
tube sheet thickness was 2%,

Calculated Tensile

Load at Stress in Tube at
Method Fracture; Lb, Failure, p.s.i.
Welded only ~ 18.750-19,500 68,000-70, 500
Rolled only (no groove) 5,650~ 9,300 20,500~33,700
Rolled only (with groove) 6,830-10,250 24, ,800-37,100

Rolled {no groove) &
welded 18,900.-19,650 68,500-71,300
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Calculated Tensile

Load at Stress in Tube at
Method Fracture, Lb, Failure, Po.S.i.
Rolled (with groove) &
welded 18,650-19.450  67,600-70,500
Rolled (no groove);
welded, rerolled 19,500-20,000 70,700=72,400
Rolled (with groove),
welded, rerolled 19,600-21,100 71,000-76,400
Welded & rolled
(no groove) 19,100-22,000  69,200-79,700
Welded & rolled
(with groove) 18,950-21,150  68,700-76,500

b, Penetration

A comparison of Methods (a); (d), and (1), made by Du Pont
gave the weld penetration values listed below, One inch O0.D.
x 10 Ga. (013h§ tubes were used.

Method (a): Average penetration for eight tubes .078"
Minimum penetration at any spot .062n
Method (d): Average penetration for eight tubes 067"
Minimum penetration at any spot ~OL6™
Method (1): Average penetration for eight tubes . 109"
Minimum penetration at any spot .062n

6.1.4.1.6 Metallurgical Considerations for Welded Joint Construction

(Most of the material in this section was taken from the
article listed as Reference 1 in Par. 6.1.4.1.6).

When welding tubes of the stabilized grades of stainless steel
such as 309Scb or 347 to tube sheets of the same stainless
steel grade or of different grades, the exact chemical
compositicns of the tubes, tube sheets and welding rods (when
employed) must be known to predict the possibility of weld or
base metal eracking. In cases where cracking is predicted,

it may be in order to change the type of welded joint, to use
filler metal where a simple fusion type joint was originally
considered, or to employ a different grade of filler metal from
that originally considered.

The Schaeffler constitution diagram for iron-chromium-nickel
weld metal described in Par. 6.1.1.2, 1s useful in predicting
welding difficulties when working with the Cb stabilized stain-
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less steel grades., This disgram establishes the relationship
between the chemical composition and the microstructure of the
as deposited weld metal,

The composition of stainless steel tubes of the 18-8 type is
usually deliberately balanced by the mill making them fully
austenitic to provide optimum properties for the mill pro-
cesses required to produce the tube to the desired specification
properties, It is alsoc possible for the tube sheets of the

Cb stabilized grades to be fully austenitic, since rolling
characteristics are improved when such a structure is present.

When tube to tube sheet welds are made with coated electrodes,
weld cracking difficulties are seldom encounterzd, since
electrode manufacturers normally use core wire and coating
compositions which result in about 5 to 10% delta ferrite in
the deposited weld metal. With normal penetration of the
component. base metals by the weld, the combination of melted
base metals and melted electrode will generally result in
sufficient delta ferrite in the austenitic weld metal (at
least 2%) to prevent cracking.

When tube %o tube shest welds are made by fusing the component
base metals together by the inert-gas tungsten arc method; there
is the likelihood that the resulting weld will be fully
austenitic., This could result in cracking when the columbium
stabilized grades are being joined. Since automatic welding
methods, which involve fusion of the parts being joined, are
frequently used, the problem of weld cracking is serious. By
the use of the proper type of weld joint, cracking can be
minimized or prevented even though one component member when
melted gives a fully austenitic weld or a weld containing

less than 2% ferrite, as indicated below:

a. In the event that the tube sheet material when melted
gives a weld with over 2% ferrite, while the tube material
gives a fully austenitic weld, weld types which involve
the melting of equal or greater amounts of tube sheet
material should be used, See Fig. 1, Methods (c¢), (d)},
(e), (f) and (h)., If the combination of the melted tube
and tube sheet material, say by Method (d), gives a de-
posit with less than 2% ferrite, the use of added filler
metal is advisable. :

b. In the case where the tube material is slightly ferritic
(over 2%) when melted and the tube sheet material\is fully
austenitic than weld types which involve the melting of
equal or greater amounts of tube material should be used.
See Fig, 1, Methods (a), (b}, (c), (e), and (f).

By the use of the Schaeffler diagram and the compositions of
the tubes, tube sheet and welding electrode, the composition
of the weld metal can be predicted. In most cases;, the re-
sulting weld metal composition will contain sufficient ferrite
that cracking will not occur. Figures 2(a), 2(b), & 2(c) show
how the Schaeffler diagram can be used to predict crack
sensitivity in weld deposits.
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In some cases, the tube and tube sheet may both be so highly
austenitic that it is not possible to obtain a filler wire of
suitable composition to provide the delta ferrite needed in

the weld. In these cases, it is common practice to overlay

the tube sheet with weld metal having the necessary chromium
and nickel equivalents to provide adequate delta ferrite for
making the subsequent tube welds. Figure 1, Method (r) shows a
method of welding tubes to high ferrite overlays.

6.1.4.1.7 Bibliography

The reader 1is referred to the followling artlcles 1f he deslres
more information on the subject:

1. "The Welding of Some Nonferrous and Ferrous Tubes to Tube
Sheets", R. W. Bennett, Welding Journal, Nov. 1958,
pp. 1071-1080,

2. MHeat-Exchanger Fabrication"™, P, Patriarca, G. M. Slaughter
and W, D. Manley, Welding Journal, Dec. 1957, pp- 1172-1178.

3. ®™Joining Tubes to Tube Sheets for Corrosive Radioactive
Chemical Service™, W. R. Smith, Welding Journal, Apr. 1956,

pp. 307-310.

4, "Trepan Joint and Low Ferrite Overlay Stop Microfissuring",
Industry and Welding, May, 1959, ppo 32-3L4.

5. "Commission XI: Recommended Welded Connections for Pressure
Vessels"™, British Welding Journal, Apr., 1957, p. 179 (one
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6. M"G-R Automatic Welding Techniques", The Griscom-Russell Co.,
Bulletin AW-1,
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6.1.4,2 Butt Welds in Pipe

a.

b.

Generall

Since it is essential that a sound root pass be made
to obtain maximum joint integrity, this section will
be concerned primarily with the root pass of the weld
and joint preparations which enable a welder to make
a sound root pass.

The procedures generally used for the deposition of
welds of high quality in austenitic stainless steel
pipe require the use of the inert gas shielded tungsten
arc method. Commercially available inert gas tungsten
electrode holders are used with the normally recommended
conditions for direct current, straight polarity and
gas nozzle flow. In general, 1/16 in. or 3/32 in.
diameter thoriated tungsten electrodes are used. The
arc end of the electrode is ground to a pencil point
which increases arc stability and ease of manipulatien.
When welding stainless steel pipe, all air must be
purged from the pipe at the inside of the welded joint.
In some cases, the whole length of pipe containing the
joint is purged; in other cases, dams or fixtures are
placed at a distance on either side of the joint to
form a chamber which can be purged. In general, the
internal purging is controlled by maintaining a positive
pressure or a continuous gas flow in the purged volume.
Prior to welding, the gas in the volume to be purged

is displaced by maintaining a flow of inert gas for a
given period of time.

Arc starts and stops should not be made in the weld
puddle of the root pass. In order to avoid this, the
usual practices are to use starting and stopping tabs
or to run the arc off on the adjacent base metal within
the groove, while extending the arc length very rapidly.
It is usually recommended that the arc crater be filled
in before the arc is removed from the root pass.

Argon and helium are most commonly used for the shield-
ing and purging gas. Argon is generally preferred.
Nitrogen has had limited usage as the backing or purging
gas., Most procedures require that the purging gas be
maintained for an additional one or two passes after

the root pass has been deposited.

Butt Joint Details

Figure 1 gives the general nomenclature associated with
the details of butt joint preparations.

Figure 2 illustrates various styles of butt joints and
dimensional ranges used for inert-gas-shielded-tungsten-

"arc welding of pipe. The square butt joint, Style 1,
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is generally used for light gage pipe up to 1/8 in.
wall thickness. Vee-groove joints, Style 2, having

a nominal 75° included angle have been used
successfully for selected materials up to 3/4 in.
thick, where the welding conditions were optimum.
This would include fabricating shops where the work
can be positioned and rotated and where there is no
restraint except the actual pipe massl. (This method
has been used almost exclusively for both shop and
field welding at Savannah River Plant. The root
opening was generally a little less than the diameter
of the filler wire, or 1/16 in. - 1/8 in. in most
cases, Filler metal was added to make the root pass
when the pipe was in the horizontal or vertical fixed
positions, but the root pass was made by fusing the
joint together without addition of filler metal when
the pipe was rotated in the horizontal position.
Since Types 304 and 304LL stainless steels were used
for most piping applications, no weldability problems
were experienced.g

Style 3 illustrates a modification of the Vee-groove,
flat-land butt joint. (The term ®flat-land® is used
to describe the extension of the root face or "land"™.)
A pipe wall thickness of 1/2 in. is often considered
a desirable breaking point for changing to a U-type
groove joint, Style 4. As the wall thickness of the
pipe increases, a compound bevel is used after reach-
ing 3/4 to 1 3/8 in. wall thickness to reduce the
volume of weld metal required to complete the weld.
Modified U-type Jjoints having extended lands are used
where root cracking is caused by high reiidual stress
or low hot-weld strength, Styles 5 and 6°.

Two special,butt joint preparations are illustrated
in Figure 3*. The joint design shown as Figure 3 (a)
is also known as the “GE"™ joint. The contour of this
joint prior to welding is such that an essentially
flat root contour is obtained by simply fusing the
edges together. This is an expensive joint to prepare
but is of value where very close control of root
contour is necessary.

The joint illustrated by Figure 3 (b) is formed by
rolling down the machined lip. Addition of filler
metal is recommended with this join

Figuri L4 illustrates several consumable insert joint
types*. The consumable insert permits control of
root bead contour and weld composition.
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Ce

Material Composition2

On many compositions of base metals, cracking or
porosity often occurs during fusion of the root pass
because of undesirable inherent metallurgical phases
or anomalies resulting from segregations and other
residual constituents such as phosphorus or sulfur
being melted into the weld puddle. The addition of
high-quality filler metal, having a more uniform and
more closely controlled chemistry, to the weld puddle
tends to improve the uniformity and quality of the
root pass weld as well as to increase the cross
sectional area at the root of the joint. The filler
metal may be added manually during the actual tungsten-
arc welding of the root pass or it may be added as a
prefit insert ring.

Where austenitic stainless steel piping such as Types
304, 316 and especially 347 is used, a filler metal
of carefully controlled chemistry is almost mandatory
to provide a weld nugget free from cracks. Schaeffler
(Schaeffler, A. L., ™Welding Dissimilar Metals with
Stainless Electrodes™, Iron Age, July 1, 1948) has
provided a constitution diagram (see Par. 6.1.1.2,
Figure 1) showing the general relationship between the
chemical compositionsand the microstructure of the
as-deposited weld metal. The axes of the diagram are
based on the chromium and nickel equivalents rather
than upon the elements only. The chromium equivalent
consists of the total percentage compositions of the
chromium, silicon, molybdenum, columbium, tantalum,
and other ferrite formers, The nickel equivalent is
based on the total of the nickel, manganese, carbon
and other austenite formers.

Type 347 pipe generally exhibits a fully austenitic
microstructure, while Types 304 and 316 may or may not
be fully austenitic. When fully austenitic, if these
types are fused together, cracking will generally
occur. A eontrolled-composition filler metal that will
deposit an undiluted weld having 5 to 10% delta ferrite
in the austenitic matrix has been commonly used to
overcome the cracking tendency. A resulting root pass
weld having at least 3% delta ferrite in the austenite
has been found necessary to obtain crack free welds.

Various filler wires with suitable cnemistry to produce
weld metal having essentially the same nominal com-
position and properties to match the base metal are
available from many commercial suppliers. Insert rings
are commercially in coils or standard ring sizes.
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Another type of consumable weld insert is essentially
a semicircular wire 5/32 in. in diameter with a pro-
jection 0.063 in. square for fitting between the pipe
ends. It is also the practice for some companies to
make their own inserts to various rectangular or
trapezoidal cross sectional designs to accommodate
specific conditions,

Sources of Information

1. "Welding Ferrous Materials for Nuclear Power Piping®,
Committee Report AWS D 10.5-59, American Welding
Society, 1959.

2. "Tungsten-Arc Welding the Root Pass of Power-Pipe Joints®,
R. W. Bennett, Welding Journal, December, 1959,
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6.1.4.3 Welding of Stainless Clad Steel Plate

a., General

This section will cover the joining of integrally
clad plates in which the cladding is one of the
austenitic stainless steels and carbon steel

or low alloy steel is the backing material.

(See Par. 6.1.4.3e for a description of manu-
facturing methods for clad plate.) Depending on
the thickness of the clad plate and the ultimate
usage of the equipment item fabricated from the
plate, the welds may be made in one of the two
methods listed below:

1. The carbon steel or low alloy steel backing
material is joined with carbon steel or low
alloy steel weld metal and the region where
the stainless steel cladding was removed
during joint preparation is overlaid with
stainless steel weld metal.

2. The entire thickness of the clad plate is
joined with stainless steel filler metal.

Where the backing steel is thick, as in the case

of vessels for high pressure service, it is more
economical to use method (1) above. 1In the case

of relatively small clad plate thicknesses, method

(2) above might be the easier way to make the

joint at little or no increase in cost. In the

case of elevated temperature operation or cyclic
temperature operation, the possibility of difficulties
arising from the difference in coefficients of
expansion of the base plate and the weld should

be considered. Butt welds of clad material may have
the carbon steel backling welded with stainless steel,
providing the service conditions do not involve a
cycling operation with a difference of LB50°F between
the maximum and minimum coperating temperature. The
use of such a welding procedure shall also be limited
to a maximum temperature of U50°F.
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Precautions

One of the principal sources of difficulties

in the deposition of welds in clad plate con-
struction is the joining of dissimilar metals

at the carbon steel - stainless steel inter-
face., Carbon steel weld metal should never be
deposited directly on stainless steel by con-
ventional procedures since dilution of the carbon
steel weld metal by the stainless steel will
result in sufficient alloying to produce a
brittle deposit. (Par. 6.1.%.3d gives a special
case where a technique was developed to deposit
carbon steel over stainless steel using an inter-
mediate layer of Armco iron and a very carefully
controlled procedure.)

A11 stainless steel deposits on carbon steel
should be made with filler metal of sufficiently
high alloy content that normal amounts of dilution
by carbon steel will not reduce the alloy content
to such an extent that a brittle composition will
result. In general, Types 308, 316 or 347 weld
metal should not be deposited directly on carbon
or low alloy steels. Types 309, 310, or 312 are
widely used for stainless steel filler metal to

be deposited on carbon or low alloy steels.

Type 310 is a fully austenitic material subject

to hot cracking when there is high restraint in

a welded joint. When Type 310 is used the

welds should be carefully inspected. Welds of
Types 309 and 312 being partially ferritic are
highly resistant to such cracking. Paragraph
6.1.6, "Overlay Teckniques™, and Paragraph 6.1.5
"Welding to Dissimilar Metals™, discuss the
problems which can occur when welding carbon steel
to stainless steel.

When stainless steel weld metal is deposited over
carbon steel at joints in the clad plate,
sufficient thickness of weld must be employed

to prevent migration of carbon in harmful amounts
from the base metal to the surface of the stainless
steel weld that will be in contact with the
corrodent. Since different welding methods

result in different amounts of weld bead pene-
tration into the base metal with different amounts
of dilution, tests should be conducted to deter-
mine the most suitable welding procedure if the
equipment item will be exposed to strong corrodents.
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Where the equipment item is of sufficient
thickness to require stress relief after
welding, the stainless steel cladding com-
position shall be an extra low carbon or
stabilized grade if the corrodent to which it
will be exposed is capable of causing inter-
granular attack on sensitized stainless steels
of non-stabilized regular carbon grades.

c. Techniques

Method A
Figure 1, Method A, illustrates the most
commonly used method for making welded joints
in stainless steel clad carbon or low alloy
steel plate where for economy or stress reasons
it is desirable to deposit stainless steel
weld metal only in that portion of the weld
where the stainless steel cladding was removed
in fabrication and to use carbon or low alloy
steel weld metal for the remainder. The plate
edges are beveled for welding as indicated
in Step 1, the bevel ending 1/16 in. minimum
above the stainless cladding. The carbon or
low alloy steel weld is then deposited as shown
in Step 2, care being taken not to penetrate
any closer than 1/16 in. to the cladding.
It is good practice to use a low hydrogen type
electrode for the first carbon steel or low
alloy steel layer to minimize the danger of
cracking in the event that there is accidental
penetration to the vicinity of the cladding.

The joint is next back gouged from the stainless
steel side, as indicated in Step 3, removing

the minimum amount of material necessary to
reach sound carbon steel weld metal. In

Step 4 the groove resulting from the back
gouging operation is filled with stainless

steel weld metal in a minimum of two layers,
with an additional layer recommended if pro-
jection of the weld above the cladding surface
can be tolerated. The first layer of stainless
steel weld metal should be sufficiently high

in alloy content to minimize difficulties from
weld metal dilution by the carbon steel base
metal. Penetration into the carbon steel should
be held to a minimum. If the cladding is Type
304 stainless steel, the first layer of weld
metal should be Type 309. (Type 310 would also
be acceptable provided that each layer of weld
metal is carefully inspected for cracks.)
Subsequent layers should be Type 308.
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Where the cladding material is Type 316
stainless steel, deposition of the first
layer with Type 309 Mo will make it easier
tc achieve the proper composition in subse-
quent layers which should be deposited with
Type 316.

Where the cladding material is Type 304LL or
Type 347, very careful control of welding
procedure must be exercised to obtain the
required weld metal chemistry in the outer
layers of weld metal. The procedure should
be confirmed by chemical analysis of sample
welds prior to use in a vessel for severely
corrosive conditions.

Some plants require that a strap of wrought
material having the same composition as the
cladding be welded over the completed weld,

as shown in Step 5. This assures that there
are no areas of lower corrosion resistance in
the lining. The fillet welds joining the strap
to the cladding should be carefully inspected
after deposition.

Method B
Figure 2, Method B, iilustrates an alternate
method for the welding of clad plate in which
a carbon steel or low alloy steel weld joins
the base metal portion of the plate and limits
the use of stainless steel to replacing the
cladding where it has been removed prior to
making the carbon or low alloy steel weld.
This method would be more expensive than
Method A in that an additional operation is
required to strip back the cladding and to
replace the stripped back cladding with stainless
steel weld metal. This method allows the use
of welding methods such as submerged arc in the
deposition of the carbon steel weld since there
is no danger of alloy contamination from the
cladding layer.

Great care must be taken in depositing the
stainless steel weld to replace the cladding
removed adjacent to the weld. The first layer
of stainless steel weld metal should be
sufficiently high in alloy content that
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cracking problems will not result from normal
dilution by the carbon steel base metal.

A stringer bead technique should be employed
with care being taken to hold penetration

to a minimum. Refer to Method A for information
on welding filler metal composition. Since
the stainless steel weld metal layer is rather
thin, the proper weld metal chemistry might
not be achieved after the second layer has
been deposited. It might be necessary to grind
off a portion of the second layer and deposit
additional weld metal to assure that the
desired composition has been achieved.

Alternate Step 3 involves the use of an inlay

of wrought stainless steel rather than deposited
weld metal to cover the exposed carbon steel.
The edges of the strip of stainless steel are
welded to the edges of the cladding.

Method C
Figure 3, Method C is essentially the same as
Figure 2, Method B, except that the carbon
steel or low alloy steel weld is deposited from
the stainless steel side of the clad plate.
Refer to Method B above for details.

Method D
Figure 3, Method D, illustrates the most common
method of joining stainless steel clad carbon
steel or low alloy steel plate with a weld that
consists entirely of stainless steel. This
method is most frequently used when rather thin
clad plate is being fabricated.

After the plate has been beveled and fitted up

for welding as shown, a stainless steel weld

is deposited from the carbon steel side. The
welding filler metal should be sufficiently

high in alloy content to minimize the difficulties
such as cracking which could result from

dilution of the stainless steel weld by carbon
steel. Type 309 would be suitable for this
application and Type 310 could be used if the
weld is carefully inspected for cracks. The
stainless steel welding procedure should result
in minimum weld metal dilution by the carbon
steel. Since the stainless steel weld is
under restraint, cracking may result if
excessive dilution occurs.
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After the stainless steel weld has been
deposited from the stainless steel side as
shown in Step 2, the root of the weld is
cleaned by brushing, chipping, or grinding,
as required, and one or more layers of
stainless steel weld metal deposited as shown
in Step 3. The weld metal composition should
be that normally employed to weld the type of
stainless steel used for the cladding. If
the cladding is Type 304, the final layer of
weld metal should be Type 308, If the
cladding is Type 316, it might be necessary
to back gouge prior to deposition of the final
weld metal layers in Step 3 to assure that
the proper weld metal chemistry is achieved
at the surface of the weld.

Method E
Figure 4, Method E, is a variation of Method D,
in that the entire weld is stainless steel,
but that the weld is deposited from the
stainless steel side of the clad plate.
Welding details are similar to those set forth
under Method D.

Method F
Figure 4, Method F, illustrates a method of
making a full penetration corner joint which
utilizes a solid stainless steel weld. After
beveling and fitting up as shown in Step 1,
the weld from the carbon steel side is deposited
with a stainless steel electrode such as
Type 309 which is sufficiently high in alloy
content to minimize problems which can result
from dilution of the stainless steel weld metal
by carbon steel. Type 310 could also be used
if the weld is carefully checked for cracks.
In Step 3 the first layer should be deposited
with Type 309 or 310, penetrating deeply
enough to reach the previously deposited
stainless steel weld. One or more layers are
deposited over the first layer, using the filler
metal composition normally employed for welding
the type of stainless steel used for the
cladding. Care should be taken in depositing
the stainless steel weld in the carbon steel
portion of the joint since dilution by carbon
steel could cause cracking in this restrained
weld. A stringer bead technique should be
employed.
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Method G
Figure 5, Method G, illustrates a method of
depositing a full penetration corner weld in
which the carbon steel portion of the clad
plate is welded with carbon steel. This
weld method would be less likely to give
cracking problems than Method F. It involves
more labor cost in the stripping back of the
cladding.

After stripping back the cladding, beveling,
and fitting up as shown in Step 1, the carbon
steel weld is deposited in Step 2. At least
the first layer of carbon steel weld should

be deposited with low hydrogen type electrodes
to minimize possibility of cracking in the
event that the weld accidentally penetrates

to the stainless steel cladding. In Step 3,
the joint is back gouged from the stainless
steel side until sound carbon steel weld metal
has been reached.

The first layer or first two layers of stainless
steel weld metal, depending on depth of the
gouge in the carbon steel are deposited with

an electrode sufficiently high in alloy content
to minimize cracking problems resulting from
carbon steel dilution. Type 309 is preferred,
but Type 310 could be used with suitable pre-
cautions. The one or more additional layers
should be deposited with the filler metal
composition that is normally employed to weld
the stainless steel type used for the cladding.

Special Procedures

On rare occasions a structure, vessel, or piping
assembly is designed so that the cladding is

on the inside, the inside of the vessel inaccessible
for welding, and the service conditions are such
that it is desirable to join the carbon steel
portions of the item with carbon steel weld metal.
Such was the case with the homogeneous reactor
pressure vessel for Oak Ridge National Laboratories.
It was necessary in this case to deposit carbon
steel weld metal on the stainless steel weld.

After much investigation of welding procedures

(see Reference 2) the procedure described on

the next page was adopted.
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1. As shown in Figure 5, Method H, Type 347
weld metal was deposited in the 347 cladding
from the carbon steel side of the joint
to within 1/16 in. of the interface between
the stainless steel and the carbon steel.
(The cladding was 1/2 in. thick.) The root
pass was made by fusing an insert ring by
means of the inert gas shielded tungsten
arc method.

2. Two layers of Type 308L weld metal were
deposited over the Type 347 weld metal.

3. Two layers of Armco iron weld were deposited
over the Type 308L weld metal, using small
stringer beads and low amperage.

4. The weld was completed with E-7016 low
hydrogen type electrodes,

If an application arises where it is essential
that carbon steel be deposited over stainless
steel, a special welding procedure should be
developed with the assistance of metallurgists
and welding engineers suitably experienced.

Manufacturing Methods for Stainless Clad Steel

Plate

Three methods of manufacture of integrally clad
plates are listed below:

1. Roll bonding, which uses pressure from a
plate rolling mill, with the material at the
proper temperature, to produce a bond between
the two metals while reducing the composite
assembly to the desired gage.

2. Vacuum brazing, which employs a vacuum
between the cladding and backing material
to obtain the effect of externally applied
pressure to force the bonding surfaces
together. This operation is performed at
a predetermined temperature with a brazing
alloy to assist in creating the bond. This
method does not change the thickness of the
cladding or backing material,
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3., Weld overlay uses one of several welding
techniques to produce a weld metal deposit
of uniform chemistry and physical characteristics
over the desired area of the backing steel.
Overlay techniques are discussed in Par. 6.1.7.

Other methods of manufacturing clad plate involve
the use of resistance spot welding to attach
stainless steel sheet to the backing plate, or
the use of fusion welding to attack stainless
steel strips to the backing plate.

The following A.S.T.M. specifications cover
stainless steel integrally clad plate:

A.S.T.M. A-263 - Corrosion-Resisting Chromium
Steel Clad Plate, Sheet, and
Strip

A.8.T.M. A-26L - Corrosion-Resisting Chromium-
Nickel Steel Clad Plate,
Sheet, and Strip

Sources of Information:

Funk, W. H., "Interpretive Report on Welding of
Nickel Clad and Stainless Clad Steel Plate®,
Welding Research Council Bulletin Series,
Number 61, June, 1960.

Bledsoe, L. F., Daly, F. V., Elder, G. E.,
Gall, W. R., and Miller, E. C., "Fabrication of
the Homogeneous Reactor Test Vessel Assembly™,
Welding Journal, October, 1956.
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Step 1 - Tight fit up is desirable. Point of groove
should be 1/16 in. min. above the stainless
steel cladding.

Step 2 - Deposit carbon steel weld from carbon steel
side. First pass should be deposited with a
low hydrogen type electrode to minimize
possibility of cracking in the event that
penetration accidentally reaches cladding.
Penetration should not extend beyond 1/16 in.
from cladding.

Step 3 -~ Gouge from stainless steel side until sound
carbon steel weld metal has been reached.
Do not gouge deeper than necessary.

Step 4 - Deposit stainless steel weld metal to fill
groove resulting from gouging operation.
(See Par. 6.1.4.3c for details.?
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Step 5 - Some plants require for severely corrosive

services that a strip of stainless steel of
the same composition as the cladding be fillet .
welded to cladding to cover the weld. :
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Step 1 - Strip cladding back 3/8 in. min. from each
side of joint. Bevel and fit up. Tight
joint as shown or root gap may be used.

Step 2 - Deposit caibon steel weld by any of the
conventional methods and grind root flush
with underside of carbon steel plate.

Step 3 - Overlay area where cladding has been re-
moved with at least two layers of stainless
steel weld metal. (See Par. 6.1.4.3c for
details.)

Alternate Step 3 - Instead of overlay welding in
the area where cladding has been removed,
an inlay of a strip of wrought stainless
steel can be welded in place.
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Strip back cladding, bevel, and fit up as
shown.

Step 1

Step 2 - Deposit carbon steel weld by any of the con-
ventional methods. Do not deposit carbon
steel on the stainless steel cladding.

Step 3 - Deposit at least two layers of stainless steel
weld metal to restore the stainless steel
layer in the area where the cladding has
been removed. (See Par. 6.l.4.3c for details.)
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Step 1 - Bevel and fit up as shown.

Step 2 - Deposit stainless steel weld from carbon
steel side. (See Par. 6.1.4.3c for details.)

Step 3 - Clean root of weld to remove slag or oxide.
Gouge if necessary. Deposit weld with
electrode type normally used to weld cladding
composition. (See Par. 6.l.4.3c for details.)
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Step 1 - Bevel and fit up as shown.

Step 2 - Deposit stainless steel weld from stainless
steel side. (See Par. 6.1.4.3c for details.)

Step 3 - Deposit stainless steel weld to replace area

where cladding has been removed. See Par.,
6.1.4.3¢c for details.)
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Step 1 - Bevel and fit up for welding.

Step 2 - Deposit stainless steel weld from carbon steel
side. (See Par. 6.1.4.3c for details.)

Step 3 - Brush, grind, or back gouge as required and
deposit remainder of weld from stainless steel

side. (See Par. 6.1.4.3c for details.)
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Step 1 - Strip back cladding, bevel, and fit up for
welding.

Step 2 - Deposit carbon steel weld from carbon steel
side. (See Par. 6.1.4%.3c for details.)

Step 3 - Back gouge from stainless steel side and deposit

stainless steel weld. (See Par. 6.l.4.3c for
details.)
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This is an example of a successful application where
carbon steel weld metal was deposited over stainless
steel, (See Par. 6.1.4.3d for details.)
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6.1.5 Welding to Dissimilar Metals

6.1.5.1 General

This section will cover the welding of the following
dissimilar metal compositions:

a. Austenitic stainless steels to carbon or low alloy
steels.

b. Ferritic and martensitic stainless steels to carbon
or low alloy steels.

c. Austenitic stainless steels to ferritic or
martensitic stainless steels.

d. One type of austenitic stainless steel to another
austenitic stainless steel.

e. Austenitic stainless steels to copper and copper
alloys.

f£. Austenitic stainless steels to nickel and nickel
alloys.

6.1.5.2 Austenitic Stainless Steels to Carbon or Low
Alloy Steels

a, General

In the joining of austenitic stainless steels to
carbon or low alloy steels for low and moderately
high temperatures (say not over approximately 700°F., )
it is customary to use a stainless steel welding rod
that is sufficiently high in total alloy content to
prevent martensite formation when diluted with carbon
steel while at the same time preserving residual
amounts of ferrite, which counteract the tendencies
for hot cracking (at the time of welding) even under
conditions of severe restraint.

Type 309 (25 Cr - 12 Ni) is probably used more than

any other electrode for joining carbon steel to
stainless steel (including overlay welding) for equip-
ment, such as nuclear power reactor pressure vessels,
which will be exposed to severe operating conditions.
Type 312 (29 Cr - 9 Ni) also enjoys some usage in
joining carbon steel to stainless. Type 309 would
normally contain about 5 to 10% ferrite, while Type 312
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would be strongly ferritic, over 20% ferrite.
Although Type 310 is widely used for welding
carbon steel to stainless steel, it is not
employed by nuclear power reactor manufacturers
because of its fully austenitic microstructure.
The austenitic microstructure in Type 310
stainless steel weld metal is susceptible to

hot cracking at the time of welding in highly
restrained weld joints and also, if Type 308
weld metal is applied over Type 310 as in over-
lay welding on carbon steel, or when 304 is
being welded to carbon steel, the normally
partially ferritic Type 308 deposit when diluted
with Type 310 may also become fully austenitic
and crack sensitive., Much Type 310 has been
used for welding stainless steel to carbon steel
for other than critical services and in most
cases the welds are satisfactory. The success
is partially due to the dilution of the Type 310
deposit by carbon steel, making the deposit
partially ferritic and less likely to crack.

The use of INCO-WELD A electrode or INCONEL
Flller Metal 92, will also produce satisfactory
wedls when jolning the austenitic stainless steels
tc carbon steel.

When making a transition joint between austenitic
stainless steel and carbon steel, it is good
practice to "butter" the carbon steel surface

with a layer of Type 309 or other suitable stainless
steel weld metal prior to actually joining it to

the stainless steel. In this manner the portion

of the joint where difficulties are most likely

to occur is deposited while there is little restraint
on the weld metal. Following the deposition and
inspection of the "buttered"™ layer or layers, the
joint between the stainless steel member and the
"huttered®™ layer will be a conventional stainless
steel to stainless steel joint. The welding rod

in this case can be the type normally used to weld
the stainless steel member of the joint (i.e.,

Type 308 if the stainless steel member is Type 304).

Paragraph 6.1.6 on overlay welding gives additional
information on precautions to be taken when
depositing stainless steel over carbon steel.

The deposition of carbon steel or low alloy steel
weld metal on stainless steel results in hard, brittle
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b.

weld deposits which frequently crack when deposited
and which would be likely to fail in service.

Do not deposit carbon steel or low alloy steel

weld metal on stainless steel.

Procedures for Stainless Steel to Carbon Steel

Transition Joints

Figures 1 and 2 illustrate three methods of

joining stainless steel components to carbon steel
or stainless clad carbon steel. Method A (Figure 1)
has been widely used in the welding of stainless
steel pipe to stainless steel lined carbon steel

or low alloy steel nozzles in nuclear power reactor
pressure vessels. The overlay or "puttered™ layer
that is applied to the carbon steel surface should
be of sufficient thickness that the subsequent
welding operation will not adversely affect the
carbon steel base metal. If the right hand member
of the joint shown under Method A is solid carbon
steel or if the cladding is Type 304 stainless
steel, Type 309 should be used for the overlay
operation., Great care must be taken in depositing
the overlay to keep carbon steel dilution of the
stainless steel weld metal to a minimum. Excessive
dilution can cause cracking of the stainless steel
weld metal. Stress relieving, when required,
should be performed after deposition of the
stainless steel overlay. The final weld between
the solid stainless steel and the "buttered™ surface
on the carbon steel can be made with the filler
metal composition normally employed for welding

the solid stainless steel member or the composition
used to apply the overlay on the carbon steel
member.

Method B (Figure 2) employs a short stainless steel
member which is welded to the carbon steel or
stainless clad carbon steel member prior to the
stress relieving operation. This method insures
that the final weld, Figure 2, Weld No. 2, will
have no effect on the carbon steel base metal.
Stress relieving is performed while there is little
restraint on the joint. The final weld is a simple
stainless to stainless joint. This method is more
costly than Method A. In Methods A and B the most
critical portion of the weld, those beads of
stainless steel which contact the carbon steel,

are deposited under conditions of very low restraint.
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Method C is the least desirable of the three
methods. In this method the stainless steel and
the stainless clad carbon steel or carbon steel
member are beveled and fit up for welding,
leaving a suitable root gap., The two are then
joined, using an electrode sufficiently high in
alloy content that cracking of the stainless
steel weld will not occur with normal dilution
from the carbon steel. The welding procedure used
should hold penetration into the carbon steel to
a minimum. One disadvantage with this method is
that the most critical portion of the weld is
deposited while the weld is under restraint.
Another is that local stress relief of the weld
must also be performed on a restrained joint.

Transition Joints for Service at Elevated Temperatures

It is difficult to set forth firm rules for tran-
sition joints between austenitic stainless steels
and carbon or low alloy steels for elevated
temperatures. At the temperatures usually en-
countered in pressurized water type power reactors
(around 600°F.) the use of a stainless steel weld
to join solid stainless steel pipe to reactor
pressure vessel nozzles which have been "buttered"
with stainless steel weld metal and stress relieved
is common practice.

In conventional steam boiler applications where
superheated steam temperatures may reach 1,400°F.,
the problems associated with transition joints
between austenitic stainless steels and low alloy

or carbon steels become more serious. Each tran-
sition joint application should be considered
individually by metallurgists and welding engineers
experienced in that field. The following information
from the published literature on the subject is
intended only to point out that this is a difficult
subject and to indicate the approximate temperature
where conventional transition welds are not adequate.

The article “Austenitic Welds in Type 502 Steel
Piping®, by H. G. Geerlings and W. P. Kerkhof,
Welding Journal, March, 1957, stated that, in
service in a refinery, 20 years of satisfactory
results had been experienced with the use of 25 Cr -
20 Ni electrodes for joining 5% Cr - 1/2% Mo pipe.
They had experienced some failures in the weld
deposits, but not associated with the dissimilar
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metal feature. The authors concluded that
austenitic stainless steel joints in 5% Cr -
1/2% Mo piping can be used up to about
950°F,

The article "Welds Between Dissimilar Alloys

in Full-Size Steam Piping", by Blaser, Eberle,
and Tucker, Proceedings of A.S.T.M., Volume 50,
1950, gives results of tests on welds in

10°3/L in. dia. pipe between austenitic stainless
steels and 2 1/4 Cr - 1 Mo low alloy steel at
1,100°F, and 1,500 p.s.i. internal pressure.
After 4,631 hours at the above conditions along
with 47 week end shutdowns to atmospheric con-
ditions, cracks were detected. Welding was
performed with Type 347 stainless steel
electrodes.

Microscopic examination of various samples re-
moved from cracked and crack-free sections of

the two dissimilar weld joints confirmed that
cracking was initiated in the 2 1/4 Cr - 1 Mo

pipe surface close to and adjacent to the weld
metal interface. During the high-temperature part
of the temperature cycle, the 2 1/4 Cr - 1 Mo
material scaled readily and formed an abrupt step-
like change from the stainless steel weld metal
surface to the 2 1/4 Cr - 1 Mo pipe surface.

This abrupt change undoubtedly promoted stress
concentration and concomitant accelerated localized
oxidation of the low alloy material, leading to
the development of an oxide notch at the highly
stressed weld junction.

Under the combined influerce of stress con-
centration and oxidation, the stress-raising
oxide notch which formed in the 2 1/4 Cr - 1 Mo
pipe surface adjacent to the weld metal junction
developed into a crack which propagated inwardly
in an intercrystalline manner, always following
the fusion zone at a close distance. It is
important to note that the cracks were located
entirely in the 2 1/4 Cr - 1 Mo base metal.
Carbon depletion of the low alloy base metal
occurred. Carbon seems to have concentrated in
the fusion zone and there is also evidence that
some of the carbon had diffused into the Type 347
stainless steel weld metal.
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The following statement on decarburization is
taken from the article "Welding Stainless Steel

to Carbon or Low Alloy Steel®", by J. J. B. Rutherford,
Welding Journal, January, 1959. Failures of the
dissimilar welds tested to destruction have all
involved accelerated-oxidation cracking adjoining
the fusion zone. This occurs within the
decarburized area where the oxidation must be
accelerated, even if only slightly, by the absence
of carbon. Tests performed by the author have
established that decarburization in this type of
service occurs mainly between 1,000 and 1,450°F.,,
the transformation temperature. The driving force
to decarburization lies in the difference in
carbon solubility between ferrite and austenite
probably more than the affinity of chromium for
carbon.

6.1.5.3 Ferritic and Martensitic Stainless Steels to
Carbon or Low Alloy Steels

When welding ferritic or martensitic stainless steels
to carbon or low alloy steels for general purposes

(not high temperature service) austenitic stainless
steel filler metal or modified INCONEL (INCO-WELD A)
will produce welds of suitable quality provided that
the correct welding procedures are followed. Paragraph
6.1.1.3 on the weldability of the straight chromium
stainless steels sets forth the problems that can occur
with these grades and recommends suitable heat treat-
ments to minimize the problems.

There are two methods of making such a joint. The
first would involve overlaying each member of the joint,
utilizing suitable preheat and postheat treatments as
required, and then making a weld without preheat or
postheat between the overlayed surfaces. Austenitic
stainless steel electrodes such as Type 309 which are
sufficiently high in alloy content to minimize the
problems from dilution by the carbon steel or straight
chromium stainless steels are widely used for this
application. INCO-WELD A is also suitable. The
welding procedure used should hold penetration into
the base metal to & minimum. The second method would
involve depositing the weld, with either of the filler
metal compositions listed above, directly between the
two members of the joint. In this case, control of
dilution of the weld metal by both of the base metals
must be exercised while depositing the restrained weld.
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This is less desirable than the first method where
the joint between the weld and the base metal is
made under conditions of low restraint. Preheat
and postheat operations in this case are also more
difficult.

6.1.5.L Austenitic Stainless Steels to Ferritic or
Martensitic Stainless Steels

When welding austenitic stainless steels to straight
chromium ferritic and martensitic stainless steels,
good practice would require that the straight
chromium member be preheated, if necessary, overlayed
with a suitable austenitic stainless steel deposit,
postheated if necessary, and then joined to the
austenitic stainless steel member with an austenitic
stainless steel weld. Paragraph 6.1.1.3 lists welda-
bility problems which can occur with the straight
chromium stainless steels and recommends preheat and
postheat treatments. The use of an austenitic welding
rod such as Type 309 and a welding procedure which
holds dilution of the weld by the straight chromium
member to a minimum is recommended. Type 309 is
sufficiently high in alloy content to minimize the
effects of dilution.,

Austenitic stainless steels can be welded directly to
straight chromium martensitic or ferritic grades with
a Type 309 welding rod or electrode. The problem is
more difficult since the weld in this case would be
restrained and there is an increased possibility of
cracking difficulties from weld metal dilution. Pre-
heat and postheat treatments in this case must be
applied to the entire joint.

6.1.5.5 Welding One Type of Austenitic Stainless Steel
to Another Austenitic Stainless Steel Type

Paragraph 6.1,3.3, Table 1,gives the recommended grades
of filler metal for joining the various combinations

of austenitic stainless steel types. In general, there
is no reason to use the more highly alloyed or more
corrosion resistant type when a filler metal composition
matching the less highly alloyed or less corrosion
resistant member offers no weldability problems. There
is no reason to have the weld any stronger or more
corrosion resistant than the weaker or less resistant

of the two types.
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6.1.5.6 Austenitic Stainless Steels to Copper and
Copper Base Alloys

When welding austenitic stainless steels to copper
and copper base alloys, the following method is
recommended:

1. After beveling, preheat the copper or copper
alloy part to about 1,000°F, and overlay the
bevel area and well over the edges of the bevel
with Nickel eiding Electrode 141 or Nickel
Tiller Metal 61. Sufficient overlay should be
applied so that, after final joint preparation,
the thickness of nickel is at least 5/32",

2. Restore the bevel angle by grinding or machining.

3. Position stainless steel beveled edge and pro-
vide a root gap of approximately 1/8 in. between
it and the bevel of the nickel overlay on the
copper.

L. Deposit weld with one of the alloys listed in
Item 1 above.

6.1.5.7 Austenitic Stainless Steels to Nickel and
Nickel Base Alloys

The following table lists the latest (March, 1964)
recommendations of the Huntington Alloy Products
Division of the International Nickel Company, Inc.,
regarding the welding of stainless steels to MONEL
alloy 400, Nickel 200 or 201, and INCONEL alloy 600.

Dissimilar Metal Arc Welding Inert Gas
Metals Electrodes Arc Welding
MONEL alloy INCO-WELD A Electrode INCONEL Filler

Loo to staln- INCONEL Welding Metal 82%

less steel Electrode 182 INCONEL Filler
Metal g2

Nickel 200 or INCO-WEILD A Electrode INCONEL Filler

201 to stain- INCONEL Welding Metal &o%

less steel Electrode 182 INCONEL Filler
Metal 92

INCONEL alloy INCO-WELD A Electrode INCONEL Filler

600 to stain- INCONEL Welding Metal 82o%

less Electrode 182 INCONEL Filler
Metal 92

*First cholce
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The

following general information on welding of

dissimlilar metals to nickel and nickel base alloys
has been furnished by the Huntington Alloy Products
Division of the International Nickel Company, Inc.

"Joint design and electrode manipulatlon
should be directed toward obtaining minimum
dilution of the weld by the stainless
steel, A moderate increase in the in-
cluded angle of joints may be necessary

to provide room for proper manipulation of
the electrode in order to obtain minimum
dilution. Crack sensitivity of the weld
metal will be in proportion to the amount
of dilution, particularly where the com-
position of plate and electrode differ by
a considerable amount,

"Some general conslderations are glven
below:

1. Since conditions encountered in fabri-
cation welding may vary considerably
with respect to stress, Jjoint design and
plate dilution, each application should
be examined carefully with these varilables
in mind,

2, Certain weld compositions should be
avolded:

a. A ferritic weld deposit if dilution
by nickel, chromium, or copper is to
be encountered,

b. The 18-8 (stainless steel) type of weld
deposit if dilution by more than 3%
‘copper 1s to be encountered.

¢, A high carbon MONEL nickel-copper
deposit if dilution by iron is to
be encountered,
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d, Any MONEL nickel-copper deposit if
dilution by more than 6 to 8% of
chromium 18 anticipated.

e, The 18-8 (stainless steel) type of
deposit if dilutlon by nickel and
chramium is sufficient to result
in the crack-sensitive 35% Ni -
15% Cr weld composition",

Union Carbide Corporation, Stellite Division, in their
bulletin "Fabricatlon of Hastelloy Alloys" makes the
following recommendation for the welding of dissimilar
alloys:

Whenever it is required to Join the HASTELLOY alloys
to another material such as other nickel-base alloys
or stainless steels, and the assembly wlll be in
contact with the corrosive environment, it is
recommended that the welding electrode or rod be of
the same composition as the more noble alloy, ---

in most cases, the HASTELLOY alloys., Electrodes

or filler rod are available to match all compositions
of the HASTELLOY alloys used in corrosion service,

Nickel-base HASTELIOY alloy W was specially developed
for welding dissimilar alloys for high temperature
service, It has essentlally the same composition as
HASTELLOY alloy B with 5 per cent additional chromium
content. It has been used very effectively for a
number of years for joining different cobalt-base
alloys and nickel-base alloys, and also stainless
steels,

The term "HASTELLOY" is a registered trade mark of
Union Carbide Corporation,
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Bevel edge of carbon steel or stainless clad
carbon steel plate for welding.

Apply overlay or "buttered" layer of stainless
steel weld metal of suitable alloy content to

avoid problems from dilution by carbon steel.

Use welding procedure that results in minimum

penetration of weld metal into carbon steel,

Machine or grind to restore required dimensions.
Stress relieving, if required, may follow this
step.

Fit up for welding.

Deposit stainless steel weld by any suitable
process, using the filler metal which is normally
employed for welding the stainless steel member,
or the same filler metal that was employed to
apply the overlay or "buttered" layer on the
carbon steel member.
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Step 1 - Deposit weld No. 1 by Method A (see Fig. 1).
Stress relieve, if required.

Step 2 -~ Deposit stainless steel weld joining the two
stainless steel members, by any suitable method.
Use welding filler metal that is normally
employed to weld the type of stainless steel
- involved.
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Bevel both members and fit up leaving a root gap.

Deposit the weld using stainless steel filler metal of
sufficiently high alloy content to avoid problems from
carbon steel dilution. Welding procedure employed should
hold penetration into the carbon steel to the minimum
value possible.
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6.1.6 Overlay Technigues

6.1.6.1 General

With the advent of pressurized water reactors, the use
of overlay welding has become necessary because of the
heavy sections of plate and forgings involved, and the
requirement that surfaces in contact with the water be
stainless steel. Since the cost of solid stainless
steel plate and forgings would be prohibitive, the use
of clad carbon steel components has become widespread.
Shells can be made from mill clad plate or from carbon
steel plate that is clad by overlay welding after being
formed into the shell. Forgings are almost always clad
by overlay welding.

The welding rods and electrodes and procedures used in
the cladding of carbon and low alloy steels are of ut-
most importance to prevent cracks from forming in the
base metal and in the deposited stainless steel weld

metal.

6.1.6.2 Welding Methed

In the case of large items which can be positioned for
downhand welding, the series submerged arc method is
successfully employed. For smaller items or items which
require welding in other than the downhand position, the
manual metal arc method with coated electrodes is gener-
ally used.

The point to remember in selecting a welding method 1is
to choose the one which gives the minimum amount of
penetration into the base metal, thus minimizing the
amount of dilution of the deposited weld metal by the

base metal.

The use of the inert-gas consumable electrode method

has not been very successful because of the rather great
amount of penetration into the base metal with subsequent
heavy dilution of the first layer of stainless steel with
carbon steel. Although there have been some successful
overlay jobs with the conventional single wire submerged
arc method, there have been cases where the great amount
of dilution of the stainless steel weld metal has resulted

in cracking.

The series submerged arc method consists of employing
converging welding electrodes which feed continuously

and which are connected electrically in series to a power
source. The location and positioning of the converging
welding electrodes are regulated so that a common puddle
is formed on the base metal between the electrodes by
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the arc which passes from one electrode to the other.
In the case of the conventional single wire submerged
arc method, the arc is located between the welding
wire and the carbon steel base metal, thereby digging
into the base metal with considerable dilution of the
deposited stainless steel. The deposited weld puddle
is protected from the atmosphere by a granular flux.
The welding procedure used by one manufacturer of
nuclear power equipment states that the angle between
the electrodes should be 45° and the intersection of
the electrodes 1/4 inch above the base metal.

In the case of the manual metal arc method using coated
electrodes, more control of penetration is possible

than with the single wire submerged arc method and this
method has been successfully used on items which can-

not be positioned for downhand welding, where an item

is too small for series submerged arc welding, or where

a small fabrication shop does not have equipment required
for other welding methods.

Although there is no reported large scale usage of the
inert gas shielded tungsten arc method, there is no
reason to expect dilution difficulties 1f care is exer-
cised., It would be less economical than the other
acceptable methods.

6.1.6.3 Welding Electrodes

Although the various competent fabricators of nuclear
power equipment have some differences in the specific
electrode composition employed for the deposition of

the first layer of weld deposited cladding on carbon

steel, there is general agreement on the requirements
of such an electrode.

(1) The alloy content of the electrods should be high
enough to permit a considerable amount of dilution
by carbon steel without developing a brittle
martensitic structure.

(2) The electrode should not be of a composition which
gives inherent welding difficulties.

(3) When a deposit of lcwer alloy content is depesited
over the first layer, dilution of the second layer
by the first should not cause difficulties in the
second layer.

By use of the constitution diagram for stainless steel
weld metal, Par. 6.1.1.2, Figure 1, the maximum safe
amount of dilution for various welding electrode compo-
sitions can be determined. Welding electrode compositions
not presently shown on the diagram can be plotted on the
diagram.
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Specifically, the following electrodes are used:

(L) For first layer: Type 309, Type 309Mo, or Type 312
are commonly used by various fabricators. Type 309
contains a nominal 25% Cr - 12% Ni, Type 309Mo contains
25 Cr - 12 Ni - 2 Mo, and Type 312 contains a nominal

29 Cr - 9 Ni.

(2) For the second layer: Type 308, Type 308L, or Type
347 are commonly used, the choice generally being
made by the purchaser of the vessel. Type 347 can
give difficulties from cracking.

Although Type 310 has been widely used in the past for
welding the stainless steels to carbon steel and although
it is one of the best compositions with regard to ability
to take heavy dilution by carbon steel without forming
martensite, the large fabricators of nuclear power equip-
ment do not use it for the two reasons listed below.

(1) Being a fully austenitic alloy even in weld deposits,
it is subject to hot cracking.

(2) The normally crack resistant Types 308 and 308L (due
to their ferrite content) may become fully austenitic
and susceptible to cracking if heavily diluted by
welding over a first layer of Type 310.

The alloys with lower alloy content such as Types 308 or
308L (nominal 18% Cr - 8% Ni) should not be used as the
first layer over carbon steel since they will tolerate
1ittle dilution without becoming brittle due to martensite

formation.

6.1.6.4 Preheating and Interpass Temperature

The information in Par. 6.1.6.4 through 6.1.6.7 is taken
from the procedure specification used by a fabricator

of nuclear power equipment. Slight differences are found
in procedures used by other fabricators but such pro-
cedures are the same in principle.

The preheat temperature for the first layer must be main-
tained within the range 150°-250°F. For the remaining
layers, preheat is not required except when the temperature
is below 60°F., then preheat to raise the temperature to
within the range 60°-100°F. The interpass temperature

for the remaining layers shall not exceed 300°F.

For carbon steel, after depositing the first layer or

final layers of cladding, the preheat temperature can

be removed prior to stress relieving, providing the follow-
ing steps are taken: Soak at preheat temperature for four
hours before reducing preheat temperature. In no case
shall the temperature be allowed to drop below 60°F,

before stress relief. :
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For low alloy steel, after depositing the first layer
or final layers of cladding, the preheat temperature
shall not be removed prior to stress relieving.

6.1.5.5 Stress Relieving

A stress relief treatment shall be given all overlay
welding. This stress relief treatment may be performed
after applying the first weld layer alone or after
completion of the overlay. If stress relief is con-
ducted after first layer deposition, subsequent layers
may be applied without stress relief. (Note: Speci-
fications from other sources require that all layers

of the cladding be applied prior to final stress relief.)

Stress relieving details are as follows: Place the
welded structure in a uniform temperature furnace not
over 500°F. A neutral to slightly oxidizing atmosphere
shall be used. In no case shall the atmosphere be
carburizing. The surface of the overlay shall be free
of carbonaceous material, such as grease, when charged
into the furnace. Heat at approximately 100°F. per
hour maximum to a temperature of 1150°F. + 25°, hold
for three hours and cool at 100°F. per hour maximum
until the temperature has fallen below 300°F.

6.1.6.6 Inspection

Al]l visual inspection shall be performed using a five
power lens or higher. Visual inspection shall be done
on completion of the first layer of deposited cladding
prior to any stress relieving. Visual inspection
shall be given the overlay weld on completion of the
remaining layers. After stress relief, the completed
overlay as 1t will be used in the vessel or part,
whether it has been finished by machining or grinding
or left unfinished, shall be reinspected by the dye
penetrant method.

The overlay welding on certain critical components such
as tube sheets, shall be ultrasonically tested after

the stress relief, final machining and visual inspection
operations have been completed.

6.1.6.7 Repair of Defective Areas

Defects such as cracks, porosity (in amounts stated

to be rejectable in applicable specifications), and

slag filled volds shall be removed and the areas re-
welded. All repaired areas are to be reinspected.

Repair welding which does not penetrate through the
first stainless overlay weld layer into the base metal
does not require stress relief. Any repair welding
done on the base metal shall be stress relieved.
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Brazing

6.2

ol Definitionl

6.2.2 Principles of Operation

The term brazing is used to describe a group of welding
processes wherein coalescence is produced by heating to
suitable temperatures above 800°F. and by using a non-
ferrous filler metal having a melting point below that of
the base metals., The filler metal is distributed between
the closely fitted surfaces of the joint by capillary
attraction.

Brazing is distinguished from soldering in that soldering
employs a filler metal melting below 800°F. It is important
to note that brazing does not include the process known as
braze welding. The filler metal used in braze welding ise
melted and deposited exactly at the point where it is to be
used and capillary action is not a factor.

1

The brazed joint, in general, is one of relatively large

area and very small thickness., In the simplest and most
common application of the process, the surfaces to be joined
are cleaned to remove contaminants and loose oxide and are
coated with a flux., The latter is a compound which, when
molten, is capable of dissolving the solid metal oxides still
present, The area is then heated until the flux melts. The
joint area thus consists of clean, solid base metal, bridged
and protected against further oxidation by a layer of liquid

flux.

Filler alloy then is melted at some point on the surface of
the joint area. The capillary attraction between the base
metal and the filler alloy is several times higher than that
between the base metal and the flux., The flux is replaced,
therefore, by the filler alloy. The joint, upon cooling to
room temperature, will be found filled with solid filler
alloy, and the flux, now also solidified, will be found on
the outside of the joint., (To avoid some of the corrcsion
problems associated with the use of fluxes, there 1s now
wide usage of controlled atmospheres to provide a similar
function. See Par. 6.2.4).

Brazed joints are usually made with relatively small clearanceso
The viscosity of the filler alloy, therefore, is almost as
important a factor as surface tension and wettability. Low
viscosity is a desirable characteristic of brazing alloys

since capillary attraction may be insufficient to permit a
viscous filler metal to penetrate close-fitting joints.

6.2.3 Brazing For Low and Moderate Temperature Applications

The brazing methods for stainless st.eel that are familiar to
most persons who work with chemical process equipment involve
the use of one of the silver brazing alloys, ASTM B-260
Classification B Ag, a corrosive flux to insure that the
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brazing alloy will wet the surface of the metal and
penetrate the joint, and heating sources such as an oxy-
acetylene torch, or induction heating coils. Properly made
joints with the silver brazing alloys have good strength at
low to moderate temperatures; but are not resistant to many
of the corrodents that are handled in stainless steel equip-
ment, This limits their usage to mildly corrosive services
in applications where constituents of the brazing alloy,
such as copper, cadmium,; zinc, or silver, are not harmful to
the product being handled. Such brazing alloys when molten
may cause intergranular cracking of highly stressed austenitic
stainless steel parts. Corrosive fluxes must be completely
removed to avoid ¢orrosion of the stainless steel,

In spite of the shortcomings listed above there is consider-
able usage of the silver brazing alloys for joining stainless
steel in small assemblies - especially where mechanical
strength is the main consideration. Table 1 gives the
compositions of the standard silver brazing alloys and Table

2 the solidus and liquidus temperatures and the brazing
temperature ranges. Two standard alloys normally used for
higher temperature applications, B NiCr and B AgMn are included
in the table.

The following table lists suggested service temperature
limits for some standard brazing alloy systems. (The table
was taken from the American Welding Society Brazing Manual,
Reinhold Publishing Corp., 1955).

AWS-ASTM Suggested Limiting Suggested
Filler Metal Temperature For Maximum
Classification Continuous Service, °F. Service Temp.°F.
B Ag 400 500
B CuZn 400 500
B Cu 400 900
B AgMn 500 900
B NiCr 1000 2000

6.2.4 Brazing For High Temperature Applications

With the advent of jet engines and rockets, there have been
rapid advances in the art of brazing for high temperature
applications. Many of the recently developed alloys are
suitable for the brazing of the austenitic, ferritie, and
precipitation hardening stainless steels.

High temperature alloy brazing is a fluxless method of metal
joining. For best results, high temperature brazing alloys
should meet three basic requirements.

1) They should melt in the range of 1850° to 2200°F.
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2) They should produce good wettability - the ability to
spread over a base metal surface while superficially
diffusing into, and alloying with it.

3) They should have oxidation and corrosion resistance
comparable to the high temperature alloys being joinedo2

The chemical composition of a high temperature brazing alloy
is both unusual and transient -~ transient, because it is
altered during the brazing reaction. The brazing alloy
composition and structure after brazing depend on the nature
and extent of diffusion between brazing alloy and base metal.
This ultimate composition may be altered by variations in
diffusion rates produced by superheating, by time at
temperature, and by composition of the base metal.?

To avoid excessive fusion and overheating of the base metal
during brazing, high temperature brazing alloys must melt
within a fairly narrow temperature range (1850-2200°F.)
Eutectic or near-eutectic compositions must be selected to
get base compositions that approach this melting range. When
required, additional elements must be added to lower further
the melting temperature.<?

Nickel is usually selected as a base for these brazing alloys.
There are a number of nickel binary eutectics which have
relatively low melting points. Such alloys can be expected

to bond with iron base alloys (stainless steels) chromium,
cobalt, molybdenum, and nickel base alloys to form nickel-rich
solid solutions at the brazed joint interface., Additional
elements are added to the binary composition to produce a
composition having a melting range within 1850° to 2200°F.
Elements added to nickel to make up high temperature brazing
alloys include chromium, silicon, phosphorus, carbon, and
boron, Gold and cobalt have been used to a limited extent.?

Some additional information about the nickel base brazing
alloys and other high temperature alloys is listed below:

1) Nickel-Silicon-Boron and Nickel-Chromium-Silicon-Borons
This group of alloys contains mainly nickel, with silicon
and boron as the other alloying elements. In addition,
in two of the alloys part of the nickel is replaced with
chromium to provide superior oxidation and corrosion
resistance. In hardness and strength retention in the
1600° to 1800°F. range, these high nickel materials are
unsurpassed. However, they do attack many base metals
by intergranular penetration and solution. {This general
class of alloys is covered by AMS specifications 4775
through 4778 and one of the alloys is covered by ASTM
B-260 Classification B NiCr). The best known trade name
for the general class of alloys is Nicrobraz*, but other
manufacturers supply similar alloys to meet AMS and
ASTM specification requirements,3

*Registered Trademark of Wall Colmonoy Corp.
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Manganese-Nickel: Manganese-nickel (70%-30%) is used for
successfully joining stainless steel, Inconel and other
heat resistant alloys. At elevated temperature it retains
much of its high joint strength (55,000-65,000 psi at room
temperature). It offers better oxidatiom resistance than
silver-copper-lithium or silver manganese.

Its properties fall midway between the latter two fillers
and the nickel-chromium-silicon-boron filler metals. That
is, in oxidation resistance, it is better than the high
silver fillers, but not as good as the Ni-Cr-Si=-B group.
On the other hand, it has much less tendency to dissoclve
or penetrate the base metal (highly undesirable with thin
sections) than do the high nickel alloys.J

Silver-Base Lithium Allovs: Recent research confirmed
by industry experience shows that addition of a small
percentage of lithium markedly improves the fluidity and
wetting ability of many standard alloys. The lithium
alloys typically contain 0.2% lithium. One such filler
metal - sterling silver with lithium - is gaining favor
for brazing 17-7 PH stainless steel honeycomb panels.
Joints retain a tensile strength of about 35,000-40,000
psi (short-time test) at 900°F.

Other fillers in which the addition of small amounts of
lithium has proved advantageous are the silver-copper
eutectic, AMS 4772, and silver-Manganese (85%-15%), ASTM
B-260, Classification B AgMn. These are used to braze
stainless steel bellows, instrument assemblies, hydraulic
lines and a variety of jet engine parts.3

Silver-Palladium and Silver-Palladium-Manganeses Palladium
additions to silver increase the melting temperature, the

strength and the ability to wet iron and nickel-base
alloys. Manganese further improves the wetting. These
alloys do not penetrate or dissolve the base metal to any
extent. Joints of these alloys have been reported to be
less susceptible to crevice corrosion attack than those
made with silver-manganese alloys. Their resistance to
oxidation is similar to other silver base alloys.3

Gold Alloys: In situations where intergranular penetration
of the base metal cannot be tolerated, and where high
strength and excellent oxidation resistance are required
at temperatures around 1600°F., there is strong interest
in gold alloys. Compared with the high nickel alloys,

the gold alloys have lower hardness, better ductility

and less tendency toward intergranular penetration.

Lap joins between Inconel and stainless steel, brazed

with gold-nickel-chromium filler in a helium atmosphere
at 1900°F. without flux, were exposed to air at 1600°F.
for a period of 88 hours with no adverse effect. Still
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other joints, brazed in stainless steel with the same
filler and heated in air for seven days at 1600°F,,
retained a tensile strength of 20,000 psi when tested
at 1600°F. This is considered excellent performance at
this temperature., '

Some of the advanced applications for which these gold
filler metals are being considered include components for
rocket motors, missiles, nuclear reactors and supersonic
aircraft

Table 3 lists some commercially available nickel base brazing
alloys. Table 4 lists some commercially available noble-metal
brazing filler metals. Tables 3 and 4 and the following
paragraphs on atmospheres are taken from DMIC Report 149,
"Brazing For High Temperature Service", Defense Materials
Information Center, Battelle Memorial Institute, Feb., 21, 1961,

With few exceptions, the heat-resistant base materials must
be brazed in a special atmosphere to protect them from
oxidation., In order to insure well brazed joints, it is
necessary to have extensive knowledge of the base metal
characteristics at high temperatures. In particular, the
refractory metals are very susceptible to oxidation and even
small concentrations of these metals in the heat resistant
alloys affect their brazing properties adversely. Care must
be exercised in the selection of the protective atmosphere.
For example, some metals, such as titanium and zirconium, have
a natural affinity for hydrogen and will become embrittled in
such an atmosphere.

Many of the heat resistant alloys can be successfully brazed
in atmospheres of dry argon or helium. This is particularly
true if the surface oxides can be removed readily and if the
parts can be transferred to the furnace in an uncontaminated
condition,

Hydrogen atmosphere is widely used for high temperature
brazing because hydrogen reduces many of the metallic oxides,
and a clean surface is presented for brazing.

Much of the brazing performed in the aircraft and missile
industry is done in a vacuum because of the particular metals
being brazed or because of the nature of the manufacturing
processe

There are many important considerations in brazing with the
alloys used for high temperature applications. These include
joint design,special preparation of surfaces to be joined,
placement of brazing alloy, use of fixtures for supporting
work in furnace, and inspection of the brazed joint. Where
the use of brazing appears to be a suitable method for the
fabrication of a particular equipment item, it is recommended
that details be worked out by a person experienced in the
brazing field to avoid serious and sometimes insurmountable
fabrication problems at a later date.
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6.2.5 Applications

Since the corrosion resistance of brazing alloys i$ generally
inferior to that of the austenitic stainless steels in nitric
acid service there has been practically no usage of brazing

in the fabrication of equipment for Savannah River Plant for
severely corrosive services. There have been some applications
in equipment for mildly corrosive or non-corrosive services,
including the use of Ni-Cr-Si-B brazing alloy for joining

items of Type 410 stainless to form some 12,000 psi strain cells.
Previously a welded strain cell design had failed by fatigue
from a notch formed by incomplete penetration of a weld.

There is extensive use of brazing in the aircraft, rocket and
missile fields.

For items which will be used in non-corrosive or mildly
corrosive environments, even at elevated temperatures, brazing
should be considered in the following instances:

a) Where the design of relatively smyll parts is such that
certain surfaces to be jolned are inaccessible for
welding.

b) Where the stress raisers, shrinkage, or high stresses
resulting from welding cannot be tolerated.

¢) Where thick and thin sections must be joined in compli=
cated, close tolerance assemblies,

d) Where a large number of relatively small assemblies must
be fabricated.

Sources of information:

1. We%ding Handbook, Fourth Edition, American Welding Society,
1960.

2. Feduska, W., "Guide To Better High-Temperature Brazing",
The Iron Age, May 16, 1957.

3. Setapen, A.M., "5 New Brazing Alloys For High-Temperature
Service®, Industry & Welding, May, 1958.




AWS-ASTM
Classifi- Silver
gcation

B Ag-1  4h=-46
B Ag-la  49-51
B Ag-2 34-36
B Ag-3 49-51
B Ag-L 39-41
B Ag-5 Lb-46
B Ag-6 49-51
B Ag-7 55-57
B Ag-8 71-73
B Ag-9 6L,-66
B Ag-10 69-71
B Ag-11  74-76

“Table 1

SILVER BRAZING ALLOYS, ASTM B-260 CLASSIFICATION B Ag
CHEMICAL COMPOSITION

Copper

14-16
14.5-16
25-27
14.5-16
29-31
29-31
33-35
21-23
27-29
19-21
19-21
21-23

]

o5

Zinc
W

Cadmium Nickel Tin

0

0

e

14-18
14.5-18.5
19-23
13.5-17.5
26-30
23-27
14-18
15-19
13-17
8-12
2.5-3.5

Table 2

23-25
17-19
17-19
15-17

2-5'3-5 -
1.5-2.5 -

Le5-5.5

BRAZING ALLOYS, ASTM B-260, CLASSIFICATION B Ag.BNi, Cr, AND B AgMn

SOLIDUS, LIQUIDUS, AND BRAZING TEMPERATURE RANGES

AWS~ASTwm

Classification

B

B
B
B
B
B
B
B
B
B
B
B

o]

Ag-1
Ag-la
Ag-2
Ag-3
Ag-L
Ag-5
Ag-6
Ag-7
Ag-8
Ag-9
Ag-10
Ag-11

NiCr

B AgMn

Solidus
°F.,

1125
1160
1125
1170
1240
1250
1270
1145
1435
1280
1335
1365

1850
1760

Liquidus

1145
1175
1295
1270
1435
1370
1k25
1205
1435
1325
1390
1450

1650
1780

Brazing
Temperature
Range, °F.

1145-1400
1175-1400
1295-1550
1270-1500
1435-1650
1370-1550
1425-1600
1205-1400
1435-1650
1325-1550
1390-1600
1450-1650

2000~2150
1780-2100



TABLE 3 SOME COMMERCIALLY AVAILABLE NICKEL-BASE BRAZING ALLOYS

Brazing
Composition, per cent Temperature, AMS
Alloy Ni Ct Si B Fe Other F Number
1 93,25 3.5 2.25 1 2000
2 91,85 4,5 2.65 1 1300 4778
3 91,25 4,5 3.25 1 1900
4 91,8 4.5 3.5 0.2C 1875
5 93,25 3.5 1,9 1,35 1930
6 91,25 4,5 1.9 2,35 1820
1 12.5 15 5 3,5 3 1 2100
8 71,26 16 4 3.75 4 1 1880 4775
9 72.5 16 5 3.5 3 1840
10 73.2 13.5 4,5 3.5 4.5 0.8C 21580
11 13.85 13.5 4,5 3.5 4,5 0. 15C 21580 4776
12 821 7 4.5 2.4 3 0.5 1925 } a7
13 82 1 4.5 2.9 4.1 1825
14 83,25 6 S 3 2.5 0.15C 1900
15 67-13 16-20 3-10 3 2150
16 77-81 9-11 8-10pP 2100
17 85-87.5 4-5 5.56-7P 1850
18 11-71 11-158 9-10pP 1800
19 70-76 8-10 13-17TMn 2050
20 80 16 4 1850-2150
21 81,45 15 3.4 0. 15C
22 15-85 8-14 1,25-3.5 2-3 1,25-3,25 0.3-0,00C-1,50Co 1780-2120
23 86-88 10-12pP 1800
24 85-87 11-13 2125
25 36.5 5 3.5 20 35Co 1900
26 50 0,5 12 28 4Mo-4, 5P-1Mn 2050
27 41 5 . 35 10P~2Cu-1Co 1900
28 40 2.2 1.7 35 9P-2Cu aud Co 1900
29 42 35,75 11P-7,75Co 1900
30 66 19 10 4 IMn 2150
a1 30 70Mn 1950
32 56 10 10 24pd 1000
33 45 10 9 36Pd 1900
34 78.35 11,56 3.5 3.0 3.5 0,15C 2100
35 62,45 11,6 3.25 2.5 3.75 16W-0,55C 2150
36 72.2 4.5 3.30 20Co 1950
317 90,15 4,0 3.30 1,80 0.75Ti 1950
38 67,00 20,0 10,0 3.00 2150
39 16,00 1,00 16Co-67Mn 1360
40 71.00 19,0 10.0 2150
ia 61,00 19,0 10.0 10Mn 2100
ae 21,0 21.0 8.0 0.80 0,4C-4,0W-45,8Co 2175
43 38.0 33.0 4,0 25Pd 2150
o 11,2 15,2 8.0 2175
4o 13,62 7.1 9.2 0.08 2125
KT 8l.8 11,4 6.8 0.3 2123
47 18.87 13,3 1.6 0.23 2125
"8 93.6 2.2 2.6 1,6 2050
Y] 92.6 2.1 2.8 1,8 2050




Par. 6.2 Table 4

TABLE [, SOME COMMERCIALLY AVAILABLE NOBLE-METAL BRAZING FILLER METALS

Brazing

Alloy Composition, per cent Temperature,

Type Ag Au Pd Cu Ni Mn Cr Lt Al Pt F
Ag 100 1825
AgCu 2 28 1500
AgCu 50 50 1650
AgCulid 92,3 7.5 0,2 1635
AgCuld 89,6 10 0.5 --
AgGuli 92,5 1 0.5 --
AgCuli 71,5 28 0.5 1500
Agli 98 2 1475
AgAl 95 5 1675
AgGuNI 11 21 2 1600
AgCuNi 75 24.5 0.5 1500
AgCuNi 62,5 32,5 5 1700
AgCuNi 71,56 28 0.5 1535
AgCuNiMn 65 28 2 5 1520
AgCuPd 54 25 21 1810
AgCuPd 68 5 27 1560
AgCuPd 58 10 . 32 1635
AgCuPd 65 15 20 1725
AgPd 95 5 1925
AgPpd 90 10 2025
AgPd 80 20 2225
AgPd 70 30 2190
PdN{ 60 40 2325
AgPdMn 5 20 5 2125
AgPdMn 64 33 3 2265
AgPdAl 14,5 80 5.5 2050
AgPdPt 91,8 6,0 0.1 0.1 2 --
AgMn 85 15 1815
AgMnLi 84,5 15 0.5 1875
PdNiMn 21 48 31 2125
AuCu 94 6 1875
AuCu 66,7 33,3 1760
AuCu 20 80 1955
AuNi 82,5 17,5 1875
AuAgCu 20 60 20 1625
AuAgCu 5 75 20 1725
AuCuNi 81,5 15,5 3 1745
AuCuN{ 35 62 3 1960
Au 100 2020
“AuPd 87 13 2450
AuPd 75 26 2635
pd 100 2900
PtPdAu 5 20 15 3150
Pt 100 3290
AuNiCr 72 22 6 1835
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6.3 Soldering

6.,3.1 Definitionl

Soldering is defined as 2 joining process wherein coa-
lescence between metal parts is produced by heating to
suitable temperatures generally below 800°F. and by
using nonferrous filler metals (solders) having melting
temperatures below those of the base metal. The solder
is usually distributed between the properly fitted sur-
faces of the joint by capillary attraction.

6.3.2 Applications

Because of the relatively low strength and poor cor-
rosion resistance of the soft solders there are few
applications in chemical processing equipment where
soldered joints are acceptable. An example of an appli-
cation where the use of soldered joints might be accept-
able is a stainless steel cabinet where leak tight joints
with sealed crevices and rounded corners are desired, but
where corrosive atmospheres are not encountered.

6.3.3 Joint Design

Soldered joints should be of the lap type. Where the lap
joints in sheet metal will be subjected to stress or flex-
ing in service, they should be riveted laps or lock seams
so that the function of the solder will be limited to
sealing against leakage and filling the crevice rather
than providing mechanical strength. Pretinning of the
sheets from which the lap joints are formed is employed to
facilitate flux removal.

6.3.4  Fluxes?

There are numerous fluxing materials commercially available
for soft soldering stainless. Because of the high degree
of corrosion resistance exhibited by the protective film

on the various grades of stainless, the fluxes have to be
strongly corrosive in character. Fluxes of hydrochloric
acid base are commonly employed for that reason. Zinc
chloride is a commonly used fluxing material. Another very
strong etchant that is used on occasions as a fluxing ma-
terial contains hydrochloric acid, nitric acid, and ferric
chloride. It is obviously essential that these fluxing
materials be completely removed from the surface of the
stainless steel. This subject is discussed in Par. 6.3.7.

£.3.5 Solders

Table 1 gives compositions and melting points of the lead-
tin soft solders whichiare commonly used for soldering of
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stainless steel. When these solders were tested in bulk
form, not in bonded form, it was found that elongation

and impact strength reached a maximum at around the 50%
tin-50% lead composition, and that tensile and shear
strengths reached a maximum around the 63% tin-37% lead
composition. Since most soldered joints do not rely
solely on the strength of the solder, mechanical pro-
perties of a particular solder are not a primary con-
sideration. With regard to flow points, it will be
noticed that the etitectic alloy 63% tin and 37% lead pos-
sesses the lowest melting point at 361°F., at which
temperature the alloy melts sharply. Other grades exhibit
a pasty or plastic range beginning at 361°F. and do not
become fully molten until higher temperatures, as shown

in Table 1, are reached. Where joint clearances are large
it is advantageous to use a solder wlth a plastic range
rather than the sharply melting composition to aveid loss
of solder through the joint.

The tin-lead solders are unsatisfactory for use on soldered
joints for service temperatures above 300°F. under sustained
loads. A 95% tin-5% antimony solder, which becomes plastic
at L52°F, is sometimes used where a little better strength
at slightly elevated temperatures is required.

6.3.6 Application of Solder

Although the soldering of stainless steel parts is on many
occasions performed with soldering irons, gas flame, in-
duction heating, etc., as is common for the soldering of
other metals, the necessity for complete removal of flux
residues makes pretinning an attractive method. By the use
of pretinning, the parts to be joined are coated with solder
individually. A corrosive flux may be used if required,
since there are no crevices to retain the flux during the
subsequent cleaning operation. After the parts have been
cleaned, they are assembled and heated for making the final
joint, with addition of more solder if necessary. If a
flux 1s required at this stage, it can be of a noncorrosive

type.
6.3.7 Flux Removal?

An all important rule in joint design is to make certain
that it is possible to remove residual flux upon completion
of soldering. Accessibility must be provided on all sur-
faces of a joint.

A3 the corrosive action of strong fluxes does not cease upon
completion of soldering, it is vitally important to remove
all residues promptly and thoroughly. The necessity for
this cannot be overemphasized. Any residue of flux consti-
tutes a continuing hazard. Even though thoroughly dried on
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completion of a job and thus rendered inactive, any subse-
quent pickup of moisture (as from the atmosphere) will
re-activate the flux, the eventual result of which will

be failure of the soldered zone by corrosive attack.

Thorough washing is necessary for complete flux removal.
Diligent scrubbing may also be called for. Washing should
“be done in clean, flowing hot water (not in a stationary
tank on account of the danger of build-up of bath contam-
ination). Added insurance is afforded by the use of a
slightly alkaline neutralizing bath, followed again by
thorough hot water washing.

6.3.8 Solder Specifications

ASTM B32-60aT, Solder Metal, gives compositions of tin-lead,
tin-lead-antimony, tin-antimony, and silver-lead solders.

ASTM B284-60T covers rosin flux cored solder.

Sources of Information:

1.
2.

Welding Handbook, Section 3, American Welding Society, 1959.

"Stainless Steel Fabrication", Allegheny Ludlum Steel Corp.,
1959.




6.3 Table 1

Table 1 - Soft Solders -

Relationship Between Composition and Melting Characteristice?
Solder Analysis Becomes Melting
% Tin 7% Lead Plastic at °F. Point, °F. Remarks
0 100 - 620
50 50 361 L14 Will darken rapidly
60 L0 361 370 )
63 37 (Butectic alloy 361 JMost generally used
melts sharply) Jwith stainless steel,
65 35 361 364 Yexcept where higher
70 30 361 367 )tin types are preferred.
80 20 361 390
90 10 361 L15
100 0 - 450
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6.4  Thermal Cutting

6.4.,1 General

In this section the newer methods of cutting, such as
"Heliarc"* cutting, are described and compared with
the older methods such as oxyacetylene.

6.L.2 Oxygen Gas Cutting

6.h.,2.1 General Description of Process

The oxygen cutting method is universally used, being applicable
to innumerable jobs. Most maintenance shops employ this type
of equipment because the quality of the cut is good and, in
most instances, this method of cutting is more economical than
other methods.

6.L,2.2 Cutting Operation

Essentially, the cutting of iron or steel by the oxygen cutting
rrocess merely involves the direction of a jet of pure oxygen
cnto an area that is preheated, with the preheat flame sur-
rounding the cutting oxygen jet.

In all oxygen cutting, the preheating flames are first turned
on and directed to the edge of the metal where the cut is to
be started., The edge is heated until a bright red spot
appears. The cutting valve is then opened and, with the
praeheat flames still burning, the torch is advanced at a
steady rate with as little wavering as possible along the
line of cut. If the speed of travel is too great, the slag
and oxide emerging from the bottom of the cut will trail back
at an angle. When this is the case,; a pocr-quality cut
usvally results and there is danger of the stream suddenly
failing to penetrate the steel, The proper speed of cutting
may be determined by a slight drag in the oxide emerging
stream, In other words, the oxlde gtream at the base of the
cgut should trail the cutting tip &lightly.

In Table 1, data for hand-cutting carton steel 1/8 inch to
12 inches thick with oxyacetylene is shown. Machine cutting
speeds and gas consumptions are similar to those shown in
Table 1 except that the cutting oxygen pressures and speeds
are slightly higher,

The process of cutting is mainly one of rapid oxidation of the
metal, In cutting carbon steels, the oxides formed have
melting temperatures which are lower than the melting point

of the steel. Thus, the oxides melt off as fast as formed and
do not hinder the oxidation process. Materials such as
stainless steels, cast iron, aluminum bronzes, and "Hastelloy"
alloys are difficult to cut by the oxygen process. The

*"Hgeliarc" is a registered trademark of Union Carbide Corp.
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reason is that the oxides formed have melting temperatures
which are higher than the melting point of the paren: metal,
An icculating coating of oxides thus formed hampers and,

“n the case of some coxides (such as chromium oxide on
stainless steel), completely stops the oxidation process.
The cutting of these more difficult materials will be dias-
cussed under powder cutting, arc oxygen cutting, and
®Heliarce® cutting.

bo.he2.3 _ Fuel Gases Used

Acetyle propane, and butane are the most commonly used

ne,
fuel gases,

Acetylene is the most widely used fuel for cutting. It is
resdily available, easy to handle, and it hag the highest
combustion intensity which permits a fast start and generally
more efficient cuts con materials up to 12 inchesz thick,

Propane is being used at a number of plants because of its
relatively low cost in large quantities and where it also is
used for purposes other than cutting. However, for proper
combustion, propane requires about four to fiwve times its
volume of oxygen, to some extent offsetting the economic
benefits in light cutting. However, in heavy cubtting and
heavy scrap work, propane is usually more efficient.

Since acetylene is the most widely used fuel gas bscause of
its availability, easze of harndling, and high combustion
intensity, the following remarks will concern oxyacetylene
cutting only.

64,2, Equipment Used

The source of gas supply can be pipeline, manifold, or cylinder,
The pressure regulators are attached to these sources. The
regulators employed are similar to those used for welding
operations., For the majority of cutting operations, the
cxygen consumption is large, making it essential to use a
regulator capable of supplying large flows at the correct
pressure.

A torch is connected to the gas supply by hose lines of
sufficient size to conduct the volume of gases necessary
for the cutting operation without excessive pressure drop.
The hose lines are, in turn, connected to the outlet of the
two pressure regulators (one for the fuel gas and one for

the ocxygen).

Several types of torches are employed in oxyger cutting,

For manual cutting, a welding torch with a cutting attach-
ment {or a hand-cutting torch) may be employed. These torches
are not readily sdaptable for machine cutting. Machine
cutting equipment is generally purchased as a packaged unit.

Most cutting torches on the market are dependable, and no
specific tyre is recommended.
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Portable machines usually travel on a straight section of
track, which performs the funection of guiding the torch
along the line of cut. These machines are widely used in
the preparation of plate for welding (square cut or
bevel), for ripping plate, and other purposes requiring

a straight line cut. An attachment with an adjustable
radius arm permits cutting circles,

6.4,3 Arc Cutting

6.4.3.1 General Description of Processes

Arc cutting is based on the conversion of electrical energy
into heat within the confines of an electrical arc main-
tained between the work and the electrode. Because of the
extremely high temperature developed in the electrical arc,
it can be used to fuse almost any material that conducts
electricity, and is employed for cutting metals. Arc
cutting does not equal gas cutting from the standpoint

of smoothness, quality, or accuracy of cut surfaces, and
is not used where high-quality accurate cuts are required.
It is useful where smooth, uniform cut surfaces are not
essential and where severing is the main object, as in
scrapping operations. Arc cutting also is used for metals
not easily cut in any other manner; such as cast iron,
manganese steel; and large sections of nonferrous metals.
Thres procedures are employed, namely, the carbon-arc,
metal-arc, and arc cxygern methods.

6.4.3.2 _Carbon-Are Cutting

The carbon-arc method uses direct current straight polarity.
This method is not. very extensively employed but may be used
when other cutting equipment is not available. Although
alternating current may be used; it is much more difficult
to control. Graphite electrodes are preferred to carbon
electrodes because they have a much longer service life and
retain a point longer., A point is essential for clean,
smooth cuts. The heavy currents used for arc cutting make
ordinary electrode hoiders unsultable except for light work.
Special holders are recommended that have a long shank, a
special mechanism for gripping, and a shield for protecting
the hands. For currents in excess of 300 amperes, water-
cooled carbon electrods holders are dezirable.

Recommended current valuez for graphite electrodes of different
sizes are:

CURRENT VALUES FOR ARC CUTTING

Electrode Dia {in.) Current (amp)
1/4 200 or less
3/8 200 to 400

1/2 300 to 600
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Electrode Dia (in.) Current {amp)
5/8 LOO to 700
3/ 600 to 800
7/8 700 to 1000
1 800 t.e 1200

Manipulation of the cutting arc, when sutting plates 1/2 inch
thick «r less, cunsists in advancing aloog the live of cut at
a rate equal to that at whick tha metal iz being melted away.
The most smosth and wniform cuts are made when the plate is
in a8 horizental plane, but the operation may be performed
when the plate is in ap inclined or vertical position. For
horizontal cutting, the electrode is held vertical or
pointed slightly forward. For incliined or vertical cutting,
the electrode ig pointed dewnward. When metals heavier than
1/2 inch are being cut, the wertical face of the eut 1s
melted away progressively from top to bottam. Thus, the
bottom of the cut is advanced zlightly abead of the top of
the cut, preducing an undercut that permits the molten

metal to run cut more easily, Skilled cperators can make
narrower cuts., The width and #peed of the cut increases
with the current and diameter of the electrods,

Golicdo3 _ Metei-Arc Cutling

The metal-are procedure employs covered carbon steel welding
electrodes,

The application of heavily ccated electrode to cutting is
not always an economical process, but has certain merits,
particularly where no oxyacetylene torch or graphite |
electrode is available., Electrodes especially designed
for cutting are available, such as "Cuttrode,"™ a coated
electrode manufactured by the Eutectic Welding Alloys
Corporation, The concentrated arc iz advantageous in
hole-piercing operations. Another advantage of the coated
electrode is that there is no danger of excessive carbon
pickup, as in the case with the carbon electrode,

Plates 1/2 inch thick or less can be cut by advancing the
electrode along the line of cut. On heavier plates; the
electrode is pointed forward and moved from the top to
the bottom of the cut so as to keep the bottom slightly
ahead, The width of the cut is approximately constant
for all elestrodes 1/4 inch in diameter or less, For
performance, see Table 2.

The cut produced by metal-are cutting is less ragged than

in carbon-are cutting but, generally, it is not satisfactory
in the preparation of parts fer welding without considerable
trimming by ebiseling cr grinding.

boliosoh _ Are-Osygen Cutting

The arc-oxygen procedure employs tubular electrodes; the arc
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serving to heat the metal to be cut to incandescence. The
oxygen stream issuing from the bore of the electrode ignites
the incandescent metal, and the kinetic energy of the oxygen
stream expels the products of combustion and produces the
cut,

The tubular electrodes used in arc-oxygen cutting are covered
with an electric insulating material to permit insertion into
deep gaps when necessary. Direct current, straight polarity
is preferred. The function of the metal electrode is to
conduct current and maintain an arc of sufficient intensity
to produce incandescence, when following manufacturers
recommended amperage for a specified electrode size.

The tubular steel electrodes are available from Arcos
Corporation in lengths of 18 inches and 1L inches with
3/16-inch and 5/16-inch diameters, respectively. The tubes
are either seamless drawn or of open-seam construction.

A special electrode holder is required for this use.

In arc-oxygen cutting there is normally no manipulation.
When cutting in air with 3/16-inch or 5/16-inch diameter
steel tube core electrode, the technique is to drag the

electrode along the intended line of cut applying slight
pressure.

Arc-oxygen cutting devices may be used as standby shop
equipment or to complement orygen-cutting torches; parti-
cularly for piercing steels, cutting cast iron, nonferrous
metal, stainless steels, and loosely joined plate or sheet
assemblies,

.4.3.5 "Arcair"¥* Cutting

In "arcair' cutting, copper-coated graphite electrodes are used
in an electrode holder similar to a conventional jaw-type
holder (for welding with coated electrodes), The electrode
holder has air jets arranged to direct compressed air directly
behind the electrode by pressing a valve in the holder handle.
Because of the compressed air in contact with the electrode,
oxidation is rapid, and an uncoated electrode would be rapidly
consumed. The copper coating on the graphite electrodes used
with this process greatly extends the life of the electrode,
as it dissipates heat readily while retarding the burning

away of the graphite through oxidation,

For removing defective welds, for plate edge preparation for
welding, or for making grooves in plate, this process is very
useful. It cannot make cuts comparable to oxyacetylene
cutting. Equipment cost is nominal, and it will cut or

gouge all metals, making it an attractive tool in shops

where cost of powder-cutting equipment cannot be justified.

To operate the torch, the electrode is gripped with not less
than L4=1/2 to 5 inches of the electrode extending beyond the
holder jaws. The arc is stmick where it i1s desired to start

*Mpnegir" is a tradename of the Arcair Company
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the groove, The air valve is opened before striking the arc.
The molten puddle is blasted away by the jets of air, and the
arc is moved ahead at the rate of speed required to produce

a cut of the desired depth. The tip of the electrode is held
1ight1{ in contact with the material being cut, and is tilted
slightly away from the direction of travel. Electrodes

should not be burned down closer than 3 inches from the holder
as the excessive heat will damage the holder jaws. The width
of the cut is approximately 1/2 inch to 3/4 inch depending
upon electrode size and amperage, and speed of travel. Groove
depth should not exceed 1/4 inch per pass. If deeper grooves
are desired, a number of passes are required. With a little
practice, an operator will gain the proficiency to make smooth,
regular cuts,

Most of the molten metal is blown away from the cut during

the gouging operation, but some slag (in the form of solidified
droplets of metal) adheres to the edges of the groove. The
slag is removed from the cut or groove as easily as is the

slag from conventional flame cutting.

There is some carbon pickup in the metal adjacent to the cut
or grooved surface with this process. This is not usually
detrimental in carbon steel, cast iron, or some nonferrous
metals such as aluminum, copper, bronze, etc. Carbon pickup,
however, is objectionable in stainless steels, nickel,
"Monel," "Inconel," and certain other metals and alloys.
Laboratory tests have proven the extent of carbon pickup
does not exceed 1/32 inch. Where carbon pickup cannot be
tolerated, grinding of the cut surfaces to a depth of not
less than 1/32 inch should be done,

6.L.4  Powder-Cutting Process

The purpose of powder cutting is to raise the temperature in
the kerf by the heat liberated by the reaction between the
powdered iron and cutting oxygen. The powder used is a fine
iron-rich powder, carried under pressure by air or nitrogen
to an annular space surrounding the machine cutting blowpipe
nozzle or, in the case of the hand-cutting blowpipe, the
powder is injected into the cutting oxygen in the nozzle of
the blowpipe, The powder is held in either an aspiratory-
type or vibratory-type feeder, of which the latter is the
better of the two. The oxygen and acetylene gases are
introduced into the torch in the same manner as in a standard
oxyacetylene torch., The burning iron powder liberates a
great quantity of heat that melts the oxides which do not
melt in the ordinary oxyacetylene flame.

The operation is the same as for cutting mild steel, except
that the powder flow is turned on with the cutting oxygen.
Since extreme heat of reaction is available immediately, the
preheat period is considerably reduced and, in many cases, a
"flying start®™ can be made., During cutting, products of
combustion are given off in a heavy smoke cloud. Suitable
arrangements should be made to remove fumes given off during
cutting. Probably the best way is to use air-exhausting
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equipment but, 1f this is not practical, cutting should be
done in the open air or the operators should use resplirators.

In both hand and machine cutting, the blowplpe 1s held
considerably higher above the surface of the plate than is
usual for mild steel. It is important to maintain a regular
flow of powder according to the amount required (15-100
pounds per hour) for the thickness being cut. Too little
powder stops the cut and too much causes overheating, leading
to an inferior cut edge with excessive slag. It is important
that the powder be kept dry during storage in the dispenser
and, in fact, right up to the nozzle. The compressed air
used also must be completely free of moisture and very often
compressed nitrogen from a cylinder is used instead of air,
because of its greater freedom from dampness. The alir or
nitrogen pressure is 2-10 pounds per square inch.

There 18 a greater slag bulld-up than for the oxyacetylene
cutting of mild steel, which is tightly adhering, with a
bead of fused powder on the top edge. While welds have
been made on the "as cut" surface of stainless steel without
removing scale, this practice is not recommended.

One of the outstanding advantages of this process l1s that it

can cut almost any material. All grades of stainless steel,
cast iron, "Hastelloys'"*, "MONEL" alloy 4#00t, Nickel alloy

200, "INCONEL" alloy 600+, copper, etc can be cut. On the
higher alloys of stainless and nonferrous materials, a specilal
powder containing aluminum 1s employed. Actually, in cutting
nonferrous and high-alloy steel (containing less than 50 percent
iron), the process is a controlled melting operation,

National Cyllnder Gas Company has been licensed by Linde to

manufacture equipment of this process, The process 1s called
the "Ferro-Jet Cutting" by NCG.

6.4,5 "Hellarc"#* Cutting

In "Heliarc" cutting, an extremely high-temperature arc is
maintained between a tungsten electrode and the work pilece.
A constricted arc 1s obtained by recessing the electrode
1/8 inch back from the nozzle, which has an opening of 1/8
inch or 5/32 inch, depending upon nature of metal to be
cut, cutting speed desired, etc. An argon-hydrogen gas
mixture flows at high velocity through the nozzle. The
concentrated and columnated energy of the arc stream, 1n
combination with the high velocity of the gas, melts and
ejects a thin section of metal to form a kerf. The molten
metal 1s removed mechanically and the inert gas prevents
oxldation of the kerf walls.

*"Hagtelloy" is a reglstered trademark of Union Carbide Corp.

**"Hellarc" 1s a reglstered trademark of Union Carbide Corp.

+ MONEL and INCONEL are registered trademarks of the
International Nlckel Co.
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A very attractive feature of this process is 1ts ability to
cut all metals., Speed of cutting 1s, in general, comparable
to that for oxyacetylene cutting of carbon steel. Speed
varies with the material to be cut. It is possible, for
example, to cut 1/4 inch thick aluminum plate at a speed of
300 inches per minunte, while the speed for cutting stalnless
steel of the same thickness is about 60 inches per minute.
When using the argon-hydrogen gas mixture for carbon steel or
stainless steel, a dross (in the form of solidified droplets)
adheres to the opposite edge of the kerf. The dross may be
removed by chiseling or grinding. Other metals are cut clean.
There is no contamination of the cut surfaces.

A high-frequency unit 1is used with a pilot-arc circuit to
initiate the cutting arc. The high-frequency spark lonizes a
path for pilot-arc current between the electrode and the nozzle.
Ionized gas from the pllot arc provides the low-resilstance path
for the cutting arc. A high-frequency unit of higher capacity
than that used for "Heliarc" welding is needed, as argon-hydrogen
gas mixtures are not as readily lonized as the pure argon or
helium used in welding. For the same reason, voltage requirements
are greater than for welding operations. It 1s necessary to have
an open~clrcuit voltage of not less than 90 volts and a closed-
circuit voltage of about 70 volts, which is considerably higher
than conventional rectifiers will deliver. A 600-ampere motor
generator set especially designed for this use is recommended.

. If a conventional generator unit i1s considered for use, not
less than 400-ampere capacity should be used.

Because of the fluctuations in arc length which 1s characteristic
of manual cutting, 1t is necessary to use a gas mixture consisting
of 20 percent hydrogen and 80 percent argon. In machine cutting,
where uniform arc length may be maintained, the gas mlxture is

35 percent hydrogen and 65 percent argon.

Cost of equipment for "Heliarc" cutting, exclusive of power
source, was approximately $1200 in early 1960. "Heliarc" 1s
one of the most attractive developments in thermal cutting
to date, and should have considerable application in Company
construction and maintenance fabrication work.

SAFETY NOTE: Because of the higher voltages used in this
process, it i1s important that operators be instructed not
to touch or adjust the electrode without disconnecting the
power source.
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6.5 - 6.5.1

6.5 Machinability!

6.5.1 General

The stalnless steels are of three general types, namely,

the nonhardenable chromium nickel austenitic grades, the
hardenable chronium martensitic grades, and the nonhardena-
ble chromium ferritic grades, These grades can be classified
into elght groups with regard to machinabllity as follows:

1. Nonhardenable chromium nickel austenitic grades
a, Types 302, 304, 321, 347: 309, 310, etec,
b. Free machining grade, Type 303

¢. Chromium, Nickel, Managanese, Types 201, 202

2. Hardenable chromium martensitic grades
a. Hardenable, low carbon - Types 403 and 410
b. Hardenable, free machining - Type 416
¢. Hardenable, nickel bearing - Types 414 and 431
d. Hardenable, high carbon - Types 420 and 440
3. Nonhardenable chromium ferritic grades
a. Types 430, L42, and 446

In general, the practice of using oversize motors on all
equipment is recommended, as they can take a heavy cut
without fear of chatter and resultant hard spots. The
availability of free machining stainless steel in both
straight chromium and chromium nickel grades simplifies
many machining applications. The addition of sulfur (or
selenium) improves the machinability, but is slightly
detrimental to corrosion resistance. These grades are
specified where considerable machining is involved and
where service conditions can be satisfied.

Proper selection of the cutting tool may be the deciding
factor in the successful machining of the stainless steels.

1 This sectlon was adapted from the Cruclble Steel Company

of America Data Sheet "Crucible Stainless Steels, Machina-
billity Data", Issue #5, December 1961.
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High speed steel tools are adaptable to most form tool opera-
tions. The use of a cast nonferrous cobalt-chromium-tungsten
alloy for continuous or interrupted turning will allow a

higher rate of metal removal due to increased speeds, Tungsten
carbide is recommended on many continuous cutting applications
requiring a high finish. A compromise must be made between
high cutting speeds and tool toughness to meet such appllcations
as tapplng and threading., The type of equlpment, design of
tool, special tool grinds, and the respective preferences of

the men concerned will determine the final tool type selectlon,

6.5.2 Machining the Nonhardenable (Austenitic) Chromium Nickel
Grades and Chromium, Nickel, Manganese @Grades

These grades are characterized by their work hardening
properties and, for that reason, the feed used should be
as heavy as possible within the limits of the machine and
tool material., In this way, a high rate of metal removal
may be obtained by using heavy feeds with relatively low
surface speeds., The work and tools should be rigidly
supported to prevent or minimize chatter and precautions
should be taken to prevent the tool from riding on or glaz-
ing the work. The addition of sulfur (or selenium) in the
free-machining grades lends freer cutting properties and
produces a much crisper and more easily broken chip.

Turning tools, whether high speed steel, cast nonferrous
cobalt~chromium-tungsten alloy, or tungsten carbide should be
ground with a heavy side rake of 10-20° to allow for maxlimum
freedom of cut. The top surface of the tool should be
finished on a fine wheel or hand stoned in order to reduce
the cutting pressure and galling. The tendency for galling
is considerably less with the free-machining grades. A chip
groove 1s usually necessary (except with the free-machining
grades) 1n order to facilitate proper chip disposal as well
as for an added safety precaution, since otherwlse 1t may

be extremely difficult to break the chip., Drills should have
their normal point of 118° changed to 130° when drilling
these steels. A rigid set-up is reqguired and it is sometimes
necessgary to grind a chip breaker on the drill, The use of a
10-15° back hook on threading tools will ease cutting pressure
and improve the thread surface. In threading, the use of a
sulfurized cutting o1l is recommended,

It is essential that the tools used in the machining of
these stainless grades be kept sharp. A dull tool will
tend to harden the surface by means of a rubbing action,
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Complete breakdown or failure of the tool will invariably
create a hard spot which might prove difficult to remove.

Single point tools operating on a cam are usually recommended
for the development of a shape. Form tool operation is
possible and is regular practice. It may present some diffi-
culties under normal operating conditions, however, because
of the necessity to use light feeds. The free-machining
stainless grades are preferred for automatic screw machine
operations as light feeds may be taken without great diffi-
culty, these grades being more suitable for form tool
operations.

For certain applications, notably threading and automatic
screw machine operations, certain advantages can be obtained
by using bars which have been moderately cold drawn.

For details of cutting speed and feed, see Table 1.

6.5.3 Machining the Hardenable (Martensitic) Chromium Stainless
Grades

Machining of the hardenable chromlum grades 1s characterized
by the tendency of the chip to gall or build up on the
cutting edges and radii of the tool. Thils results in high
tool pressures, high temperatures on the cutting point of
the tool, and the tearing of the machined finish of the
work, The addition of sulfur (or selenium) to the free-
machining grades lends freer cutting properties and minimizes
the tendency of the steel to form a buillt-up edge on the
tool. The low carbon grades and the high carbon grades
produce chips that are brittle and stringy. The chips pro-
duced by the free-machining grades are short and brittle,
resulting in relatively easy chip control, The nickel-
bearing grades form chips which are stringy, but are tough
and difficult to break,

Turning tools, whether high speed steel, cast nonferrous
cobalt-chromium-tungsten alloy (see Par., 6.5.2), or tungsten
carbide, should be ground with a moderately heavy side rake
of 8-15° to allow for freedom of cut. A bright top surface,
achleved by finish grinding on a fine wheel or by hand
stoning, will aid in preventing chip bulld-up. In drilling,
the normal drill point of 118° should be changed to 130°,
and a chlp breaker may be necessary to facilitate the curling
of the chip. Threading tools should have a back hook of
10-15° to ease the cutting pressure and improve the thread
surface. The use of a sulfurized cutting oil 1s recommended
on threadlng operations.

For the majority of applications, particularly automatic
screw machine and tapping operations, bars of the low
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carbon and free-machining grades which have been heat
treated to 200 to 24,0 BHN or annealed and cold drawn, are
preferred to material in the fully annealed condition. The
additional hardness and toughness obtained either by heat
treatment or cold drawing reduces the tendency of the chip
to build up on the cutting point, thus allowing a better
machine finish. Although the nickel bearing steels are

heat treatable, they are usually machined in the annealed
and cold drawn condition. Because of the relatively high
hardness of even the fully annealed material, it will seem
more difficult to machine than the other hardenable chromium
grades. The high carbon grades are best machined in the
fully annealed condition. Because of the abrasive action

of the large amounts of chromium carbide, it is necessary
that they be machined at slower speeds than the other stain-
less chromium grades.

For details of cutting speed and feed, see Table 2.

6.5.4 Machining the Nonhardenable Chromium Ferritic Stainless
Grades

As in the case of the hardenable chromium grades, the machin-
ing of the nonhardenable high chromium stainless steels is
characterized by the tendency of the chip to gall or build

up on the cutting edges or radii of the tool. This results
in high tool pressures, high temperatures on the cutting
point of the tool, and the tearing of the machined finish

of the work. The chips produced dre brittle and stringy.

For instructions on turning tools, drills, and threading
tools, refer to instructions given in Par. 6.5.3 for the
hardenable chromium stainless steels.

For the majority of applications, particularly automatic
screw machine and tapping operations, bars which have been
annealed and cold drawn to 200 to 240 BHN are preferable to
material in the fully annealed condition. The additional
hardness obtained by cold drawing reduces the tendency of
the material to build up on the cutting point of the tool,
thus allowing a better machine finish.

For details of speed and feed, see Table 1.
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6.6 - 6.6.3.1

6.6 A.S.M.E, CODE FABRICATION INFORMATION

6.6.1 General

This section contains selected items from Parts UHA and UW of
Section VIII of the A.S.M.E. Boiler and Pressure Vessel Code,
1962 Edition, which pertain to the design, fabrication, and
inspection of stainless steel unfired pressure vessels. The
applicable paragraphs of the A.S.M.E. Code are listed in paren-
theses behind the paragraph titles of this section.

6.6.2 Conditions of Service (UHA-6)

Specific chemical compositions, heat-treatment procedures,
fabrication requirements, and supplementary tests may be re-
quired to assure that the vessel will be in its most favorable
condition for the intended service. This is particularly true
for vessels subject to severe corrosion. These rules do not
indicate the selection of an alloy suitable for the intended
service or the amount of the corrosion allowance to be provided.

It is recommended that users assure themselves by appropriate
tests, or otherwise, that the high alloy steel selected and its
heat-treatment during fabrication will be suitable for the in-
tended service both with respect to corrosion resistance and to
retention of satisfactory mechanical properties during the de-
sired service life.

6.6.3 Materials

6.6.3.1 General (UHA-11)

a. All materials subject to stress due to pressure shall con-
form to one of the specifications given in Section II of
the Code and shall be limited to those listed in Table
UHA-23 (See Tables 1 through 4 of this section) except as
provided otherwise in (b) and (c) and in Pars. UG-10 and
UG-11. (Pars., UG-10 and UG-11 apply respectively to
"Materials Not Fully Identified" and "Miscellaneous Pres-
sure Parts". These regulations apply to all types of
materials. The specifications in Section II of the Code,
referred to above, are identical to the A.S.T.M. specifica-
tions bearing the same numbers. For example, A.S.T.M. A201
is the same as A.S.M.E. SA201).

b. When the desired type of approved stainless steel is lack-
ing in the specification covering the applicable form
(tubing, casting, etc.), the material may be furnished to
the general requirements of an approved specification with
the chemical and mechanical properties conforming to those
shown in another approved specification for the desired

grade,
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¢. Columbium or columbium plus tantalum may be added to Types$
309, 310 and 316 material in an amount not less than nine
times the carbon content and not greater than 1.0 per cent.
These materials are designated Types 309Cb, 310Cb, and
316Cb, respectively, in these rules. The maximum allowable
stress values for materials with columbium or columbium
plus tantalum added shall be the same as given in Tables 1
through 4 (UHA-23) for Types 309, 310 and 316 respectively.
(Author's Note: Fully austenitic stainless steels when
stabilized with columbium or columbium plus tantalum are
highly susceptible to weld cracking. See Par. 6.1.1
"Weldability".)

d. The specifications listed in Tables 1 through 4 (UHA-23)
do not use a uniform system for designating the grade
number of materials that have approximately the same range
of chemical composition. To supply such a uniform system
of reference, Table UHA-23 (Tables 1 through L) give
opposite each grade the AISI type number which has approxi-
mately the same range of chemical composition. These type
numbers are used in the rules of Part UHA whenever refer-
ence is made to materials of approximately the same chemical
composition that are furnished under more than one approved
specification or in more than one product-form.

6.6.3.2 Castings (UHA-8)

a. Approved specifications for castings of high alloy steel
are given in Tables 3 and 4 (UHA-23) together with a tabu-
lation of allowable stress values at different temperatures.
These stress values are to be multiplied by the casting
quality factors of Par., UG-24 (See Par. 6.6.8). Castings
that are to be welded shall be of weldable grade.

¢. Cast high alloy steel flanges and fittings complying with
ASA B16.5-1961 shall be used within the ratings assigned in
these standards.

6.6.4, Design

The rules to be followed in the design of high alloy steel ves-
sels are, in general, the same as for carbon and low alloy
steel vessels. These rules are not included in this section.

6.6.4.1 Minimum Thickness of Plate (UHA-20(b))

The minimum thickness after forming of any plate subject to
pressure shall be 3/32 inch, except that for high alloy materials
in non-corrosive service the minimum thickness shall be 1/16
inch.

6.6.5 Fabrication

6.6.5.1 General (UHA-40)

The rules in the following paragraphs apply specificaliy to the
fabrication of unfired pressure vessels and vessel parts that
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are constructed of high-alloy steel and shall be used in con-
junction with the general requirements for "Fabrication" in
Subsection A, and with the specific requirements for "Fabrica-
tion" in Subsection B that pertain to the method of fabrica-
tion used. (These general requirements are the same as for
carbon and low-alloy steel vessels and will not be included

in this section.)

6.6.5.2 Marking and Mill Test Reports (UHA-41)

a, The specification number, grade or type number, test iden-
tification number, and the name of the manufacturer shall
be legibly marked on each plate not less than 12 inches
from the edges. Die stamping may be harmful for some
conditions of service,

b, The plate manufacturer shall describe on mill-test reports
any heat-treatments carried out by him,

6.6.5.3 Weld-Metal Composition (UHA-42)

Welds that are exposed to the corrosive action of the contents
of the vessel should have a resistance to corrosion that is not
substantially less than that of the base metal. The use of
filler metal that will deposit weld metal with practically the
same composition as the metal joined is recommended. When the
manufacturer is of the opinion that a physically better joint
can be made by departure from these limits, filler metal of a
different composition may be used provided the strength of the
weld metal at the operating temperature is not appreciably
less than that of the high-alloy material to be welded, and
the user is satisfied that its resistance to corrosion is
satisfactory for the intended service. The columbium content
of the weld metal shall not exceed 1.00 per cent.

6.6.6 Heat Treatment

6.6.6,1 Thermal Stress-Relieving (UHA-32)

a, Heat-treatment, including stress relief, of welded vessels
constructed of austenitic chromium-nickel stainless steels
is neither reguired nor prchibited. The need for and the
details of heat-treatment depend on the type of alloy steel
and service conditions.,

b, Ferritic steel parts of austenitic chromium-nickel stainless
steel vessels shall not be subjected to the solution heat-
treatment described in UHA-lOSib), (See Par. 6.6.6.2).

c. All welded vessels constructed of ferritic chromium stain-
less steels, except as permitted in (d) below, shall be
stress-relieved in all thicknesses,
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d. When Type 405 and Type 4105 in plate thicknesses not ex-
ceeding 3/8 in. are welded with austenitic electrodes,
stress-relieving or other heat-treatment is neither man-
datory nor prohibited. For heavier thickness stress-
relieving is required, except that for thicknesses over
3/8 in. and up to and including 1-1/2 in. stress-relieving
need not be performed provided the joints are completely
radiographed, and provided a preheat of 4500F, minimum
is maintained during welding.

e. Thermal stress-relieving of the ferritic stainless steels
shall be performed as prescribed in Par. UW-40 (the para-
graph that gives general rules covering the stress reliev-
ing of carbon and low alloy steel vessels), except that
the holding temperature shall be between 13500 and 14500F,
with a maximum cooling rate of 100°F, per hour in the range
above 1100°F., after which cooling in still air is permitted.

6.6.6.2 Carbide Solution Annealing (UHA-105)

Where maximum corrosion resistance is required, it is advisable
to heat-treat in such a fashion as to place all chromium car-
bides in solution. For such service it is recommended that

the following procedure be followed:

Hold the vessel within the prescribed temperature range for
not less than one hour per inch of thickness, Quench all
parts of the vessel uniformly and as rapidly as possible.
Material not stabilized with columbium or titanium should
be cooled through the range from 1700F. to 1000CF, in not
more than 3 minutes. The rapid cooling should be continued
to below 800CF. Slower cooling rates may be just as satis-
factory for some compositions of the material and condi-
tions of service.

Recommended temperature ranges for carbide solution anneal-
ing of the various austenitic stainless steel grades are as
follows:

A.I1.5.I. Type Number Temperature Range

301, 302, 304, 308, 309, 310 18500 - 2000°F.

321, 347 18500 - 20000F,

316 18500 - 2050°F,

309Cb, 310Cb, 316ChH 18500 -~ 19500F,
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6.6.7 Inspection and Tests

6.6.7.1 General (UHA-50) .

The rules in the following paragraphs apply specifically to the
inspection and testing of unfired pressure vessels and vessel
parts that are constructed of high-alloy steel and shall be used
in conjunction with the general requirements for "Inspection

and Tests" in Subsection A, and with the specific requirements
for "Fabrication" in Subsection B that pertain to the method

of fabrication used.

6.6.7.2 Impact Tests (UHA-51)

Impact tests as prescribed in Par. UG-84 (General Methods and
Requirements) shall be made for the following combinations of
materials and operating temperatures.

a., For Types 304, 30LL and 347 at operating temperatures below
-425°F, and all other materials below -325°F,

b. For the following materials operating at a metal temperature
below -200F. except when the minimum thickness is the greater
of those determined under the most severe condition of coin-
cident pressure f{external or internal) and temperature in
accordance with UG-21 for temperatures (a) -20°F. and above,
and (b) below -200F, in which case the coincident pressure
(internal if above atmospheric and external if below atmos-
pheric) shall be multiplied by two and one half:

1. Ferritic chromium stainless steels.

2. Austenitic chromium-nickel stainless steels with
carbon in excess of 0.10%.

3., Austenitic chromium-nickel stainless steels that have
a nickel or a chromium content in excess of the AISI
standard analysis range of the specified type number
and physical form.

L. Material in casting form.
5, Material in the form of deposited weld metal.

¢. For the following materials at all values of operating tem-
perature: Type 309, 310, 316, 309Cb, 310Cb, or 316Cb material
that is stress-relieved at temperatures below 16500F, The
tests shall include the weld metal and shall be made at room
temperature, or at operating temperature if lower. (Par.
UG-21 states that vessels covered by this section of the Code
shall be designed for at least the most severe condition
of coincident pressure and temperature expected in normal
operation. For this condition, the maximum difference in
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pressure between the inside and outside of a vessel, or
between any two chambers of a combination unit, shall be
considered).

6.6.7.3 Welded Test Plates (UHA-52)

a.

b.

For welded vessels constructed of Type 405 material which

are not stress-relieved, welded test plates shall be made

to include material from each melt of plate steel used in

the vessel. Plates from two different melts may be welded
together and be represented by a single test plate.

From each welded test plate there shall be taken two face-
bend test specimens.

6.6.7., Penetrant 0il and Powder Examination (UHA-3L4)

A1l austenitic chromium-nickel alloy steel welds, both butt and
fillet, in vessels whose shell thickness exceeds 3/L4 in. shall

be examined for the detection of cracks by the liquid penetrant
method. This examination shall be made following heat-treatment
if heat-treatment is performed. All cracks shall be eliminated.

6.6.7.5 Radiographic Examination (UHA-33)

a.

The requirements for radiographing prescribed in Par. UW-11,
UW-51, and UW-52 shall apply to high-alloy vessels, except
as provided in (b).

Butt-welded joints in vessels constructed of materials con-
forming to Type L4LO5 welded with straight chromium electrodes,
and to Types 410 and 430 welded with any electrode, shall

be radiographed in all thicknesses. Butt-welded joints in
vessels constructed of Type 405 material or of Type 410

with carbon content not tc exceed 0.08 per cent, welded with
electrodes that produce an austenitic chromium-nickel weld
deposit or a non-air-hardening nickel chromium iron deposit
shall be radiographed when the plate-thickness at the welded
joint exceeds 1-1/2 in. The final radiographs of all straight
chromium ferritic welds including major repairs to these welds,
shall be made after stress relieving has been performed.

Butt-welded joints in vessels constructed of austenitic
chromium-nickel stainless steels which are radiographed be-
cause of the thickness requirements of Par., UW-11, (joints
in plates or vessel walls in which the thickness at the
welded joint exceeds 1-1/2 in.) or for lesser thicknesses
where the joint efficiency reflects the credit for radio-
graphic examination, shall be radiographed following post-
heating if such is performed.
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6.6.7.6 Radiographic Inspection Techniques and Requirements (UW-51)

a. All welds which require complete radiographic examination
shall be examined throughout their entire length by the
x-ray or gamma ray method of radiography.

b. All butt-welded joints to be radiographed shall be prepared-
as follows: The weld ripples or weld surface irregularities,
on both the inside and outside, shall be removed by any
suitable mechanical process to a degree such that the result-
ing radiographic contrast due to any remaining irregularities
cannot mask or be confused with that of any objectionable
defect., Also the weld surface shall merge smoothly into the
plate surface. The finished surface of the reinforcement
may be flush with the plate or have a reasonably uniform
crown not to exceed the following thickness:

Thickness of

Plate Thickness, In, Reinforcement, In.
Up to 1/2, incl. 1/16
Over 1/2 to 1 3/32
Over 1 to 2 1/8
Over 2 5/32

c. Single welded butt joints made by using a backing strip
which is left in place may be radiographed provided the
backing strip does not interfere with the interpretation
of the resultant radiographs.

d. The weld shall be radiographed with a technique which will
indicate the size of defects having a thickness equal to
and greater than 2% of the thickness of the base metal.

e. As a check on the radiographic technique employed, thickness
gages or penetrameters shall be used in the following manner
to determine whether the requirements of (d) are being met:

1. The penetrameters shall be placed on the side nearest
the radiation source except when complying with the
provisions of (g).

2. At least one penetrameter shall be used for each ex-
posure, to be placed at one end of the exposed length,
parallel and adjacent to the weld seam, with the small
holes at the outer end. When there is any difference
between the angularity of the radiation at the two ends,
the penetrameter shall be placed at the end of maximum
angularity.

3. The material of the penetrameter shall be substantially
the same as that of the plate under examination.




6.6.7.6

L. The thickness of the penetrameter shall be not more
than 2% of the thickness of the plate being radio- "’
graphed, but for thin plates need not be less than
0.005 in. When the penetrameter is placed adjacent
to the weld seam and the weld reinforcement and/or
backing strip is not removed, a shim of the same alloy
as the backing strip shall be placed under the penetra-
meter such that the total thickness being radiographed
under the penetrameter is the same as the total thick-
ness through the weld, including the backing strip when
used and not removed.

The film during exposure shall be as close to the surface
of the weld as practicable, If possible, this distance
shall not be greater than one inch., In this paragraph
ngn is defined as the distance from the radiation side of
the weld to the source of radiation and "f" is defined as
the distance from the radiation side of the weld to the
film. When the ratio "S/f" is less than 7/1, the manu-
facturer shall satisfy the inspector that the technique
employed doing the work is known to be adequate. 1In all
cases when the ratio S/f is less than 7 to 1, the ratio
shall be clearly indicated directly on each film or by
attaching the information thereto.

Penetrameters may be placed on the film side of the joint
provided the manufacturer can satisfy the inspector that
the technique employed in doing the work is known to be
adequate.

When the source of gamma rays is placed on the axis of the
joint and the complete circumference is radiographed with
a single exposure, four uniformly spaced penetrameters
shall be employed.

A1l radiographs shall be free from excessive mechanical
processing defects that would interfere with proper inter-
pretation of the radiograph.

Identification markers, the images of which will appear on
the film, shall be placed adjacent to the weld, and their
locations shall be accurately and permanently marked on
the outside surface near the weld, so that a defect appear-
ing on the radiograph may be accurately located.

The job number, the vessel, the seam, and the manufacturer's
identification symbol or name shall be plainly indicated
on each film.

The radiographs shall be submitted to the inspector with
such information regarding the radiographic technique as
he may request.




6.6.7.6 - 6.6.8.2

m. Sections of weld that are shown by radiography to have any
of the following types of imperfections shall be judged
unacceptable and shall be repaired:

1.

2.

Any type of crack or zone of incomplete fusion or
penetration.

Any elongated slag inclusion which has a length greater
than?:

1/4 in. for T up to 3/4 in,

1/3 T for T from 3/L in. to 2-1/4 in.

3/, T for T over 2-1/L in.

where T is the thickness of the thinner plate being
welded.

Any group of slag inclusions in line that have an
aggregate length greater than T in a length of 12T,
except when the distance between the successive im-
perfections exceeds 6L where L is the length of the
longest imperfection in the group.

Porosity in excess of that shown as acceptable by the
standards given in Figures 1 through 6,

A complete set of radiographs for each job shall be
retained by the manufacturer and kept on file for a

period of at least 5 years.

6.6.8 Castings (UG-2L)

6.6.8.1 Quality Factors

A casting quality factor as specified below shall be applied
to the allowable stress values {Tables 1 through L4). Informa-
tion on inspection and testing of castings is given in Exhibit

a. A factor not to exceed 80% shall be applied when a casting
is inspected only in accordance with the minimum require-
ments of the specification of the material.

b. For carbon, low alloy, or high alloy steels, a factor not

to exceed 100% may be app

requirements of the specification the inspection and test-
ing requirements of Exhibit I are met.

6£.6.8.2 Defects

lied if in addition to the minimum

Serious defects shall be the basis for rejection of the casting.
The inspector shall have the right to demand a similar in-

spection of an

until acceptable castings are consistently produced where a

90 or 100% quality factor is used.

Where defects not impairing

y number of additional castings from the same heat



6.6.8.2 - 6.6.8.3

the strength of the casting have been repaired by welding,
the completed repair shall be subject to reinspection, and
to obtain a 90 or 100% factor, the repaired casting shall be
stress relieved.

6.6.8.3 Identification and Marking

Castings to which a quality factor of 90 or 100% is to be applied
shall be marked with the manufacturer's and materials identifica-
tion marking and in addition the quality factor shall be clearly
stamped on the casting. Test reports or certificates furnished
by the manufacturer shall certify that the castings conform to
the requirements of the Code.




Par. 6.6 Table 1

TABLE UHA.23 MAXIMUM ALLOWABLE STRESS VALUES IN TENSION FOR HIGH.ALLOY STEEL,
IN POUNDS PER SQUARE INCH

For Metal Temperatures Not Exceeding Deg F

Material  and Spec
Specliication Nonilnal Min -20 to
Number Grade Type Composition Tensile Notes 100 200 300 400 500 600 650 700 730

PLATE STEELS
SA-240 . J02 18 Cr-8 Ni 75000  (1)(10) 18750 17000 16000 154:0 15100 14900 14850 14360 14700
SA-240 ‘e 302 18 Cr-8 Ni 75000 (10) 18750 16450 15000 13650 12500 11400 11200 10800 10400
SA-240 .. 304 18 Cr-8 Ni 75000 (1)(10) 18750 17000 16000 15450 15100 14900 14350 14300 14700
SA-240 .. 304 18 Cr-8 Ni 75000 (10) 18750 16650 15000 13650 12500 11600 11200 10800 10400
SA-240 .. 304L 18 Cr-8 Ni 70000 (1) 17500 17000 16000 15000 14000 13000 12500 12000 11500
SA-240 . 304L 18 Cr-8 Ni 70000 . 17500 15300 13100 11000 9700 9000 8750 8500 8300
SA-240 . 309S 23 Cr-13 Ni 75000  (10) 18750 18750 17300 16700 16600 16500 16450 16400 16200
SA-240 . 310S 25 Cr-20 Ni 75000 §2)(10) 18750 18750 18500 18200 17700 17200 16900 16600 16250
SA-240 .. 310S 25 Cr-20 Ni 75000 (3)(10) 18750 18750 18500 18200 17700 17200 16900 16600 16250
SA.240 . 316 18 Cr-10 Ni-2 Mo 75000  (10) - 18750 18750 17900 17500 17200 17100 17050 17000 16900
S$A-240 . 316L 18 Cr-10 Ni-2 Mo 70000 (1) 17500 17500 15800 14750 14000 13600 13450 13250 13000
SA-240 .. 3161, 18 Cr-10 Ni-2 Mo 70000 .. 17500 16250 14500 12000 11000 10150 9800 9450 9100
SA-240 .. 317 19 Cr-13 Ni-3 Mo 75000  (10) 18750 18750 17900 17500 17200 17100 17050 17000 16500
SA-240 .. 321 18 Cr-10 Ni-Ti 75000 10) 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA-240 . 347 18 Cr-10 Ni-Cb 75000 10y 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA-240 e 348 18 Cr-10 Ni-Cb-Ti 75000 10) 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA-240 . 405 12 Cr-Al 60000 .. 15000 15000 -14700 14400 13950 13400 13000 12450 11800
SA-240 .. 410 13 Cr 65000 . 16250 15600 15100 14600 14150 13850 13700 13400 13100
SA-240 .. 4105 13 Cr 60000 .. 15000 14450 14000 13500 13100 12850 12700 12500 12250
SA-240 . 430A 15Cr 65000 .. 16250 16250 15200 14500 14000 13550 13250 12900 12500
SA-240 .. 430B 17 Cr 65000 .. 16250 16250 15200 14500 14000 13550 13250 12900 12500

PIPES & TUBES

Seamless

SA-213  TP304 ... 18Cr.8Ni 75000 (1)(10) 18750 17000 16000 15450 15100 14500 14850 14800 14700
SA-213 TP304 “ee 18 Cr-8 Ni 75000 10) 18750 16650 15000 13650 12500 11600 11200 10800 10400
SA-213  TP304L ... 18 Cr-8 Ni 70000 1) 17500 17000 16000 15000 14000 13000 12500 12000 11500
SA-213  TP304L ... 18 Cr-8 Ni 70000 s 17500 15300 13100 11000 9700 9000 8750 8500 8300
SA-213 TP310 ... 25Cr20 Ni 75000 (2)?10) 18750 18750 18500 18200 17700 172060 16900 16600 16250
SA-213  TP310 ces 25 Cr-20 Ni 75000 (3)(10) 18750 18750 18500 18200 17700 17200 16900 16600 16250
SA-213  TP316 ... 16 Cr-13 Ni.3 Mo 75000  (10) 18750 18750 17900 17500 17200 17100 17050 17000 16900
SA-213  TP316L ... 18 Cr-12 Ni-2 Mo 70000 (1) 17500 17500 15800 14750 14000 13600 13450 13250 13000
SA.213  TP316L ... 18 Cr-12 Ni-2 Mo 70000 . 17500 16250 14500 12000 110Q0 10150 9800 9450 9100
5A-213 TP321 ‘e 18 Cr-10 Ni-Ti 75000 (10) 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA-213  TP321H ... 18 Cr-10 Ni-Ti 75000 (10) 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA-213  TP347 ... 18 Cr-10 Ni-Cb 75000 (lO; 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA.213 TP348 ... 18 Cr-10 Ni-Cb 75000 (10 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA-268 TP405 ... 12Cr.Al 60000 ... 15000 15000 14700 14400 13950 13400 13000 12450 11800
SA-268 TP410 ... 13Cr 60000 S0 15000 14450 14000 13500 13100 12850 12700 12500 12250
SA-268 TP430 ... 16Cr 60000 (9) 15000 15000 14100 13400 13000 12500 12200 11850 11500
SA.268 TP446 ... 27Cr 70000 17500 17500 17500 17500 17500 17500 17500 ... R
SA.312  TP304 ... 18Cr8Ni 75000 (1)(10) 18750 17000 16000 15450 15100 14900 14850 14800 14700
SA-312  TP304 ... 18Cr.8Ni 75000  (10) ~ 18750 16650 15000 13650 12500 11600 11200 10800 10400
SA-312 TP304L ... 18 Cr-8Ni 70000 (1) 17500 17000 16000 15000 14000 13000 12500 12000 11500
SA-312  TP304L ... 18 Cr-8 Ni 70000 ... 17500 15300 13100 11000 9700 9000 8750 8500 8300
SA-312  TP309 ... 25Cr-12Ni 75000  (10) 18750 18750 17300 16700 16600 16500 16450 16400 16200
SA.312  TP310 ... 25Cr-20 Ni 75000 §2)§10§ 18750 18750 18500 18200 17700 17200 16900 16600 16250
$A.312  TP310 ... 25Cr.20Ni 75000 (3)(10) 18750 18750 18500 18200 17700 17200 16900 16600 16250
SA-312  TP3I16L ... 18 Cr-12 Ni-2 Mo 70000 (1) 17500 17500 15800 14750 14000 13600 13450 13250 13000
SA-312  TP3l6L ... 18 Cr-12 Ni-2 Mo 70000 v 17500 16250 14500 12000 11000 10150 9800 9450 9100
SA-312 TP321 ... 18 Cr-10 Ni-Ti 75000 510) 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA-312  TP347 ... 18 Cr-10 Ni-Cb 75000 10) 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA.312  TP348 18 Cr-10 Ni-Cb 75000 (10) 18750 18750 17000 15800 15200 14900 14850 14800 147G0

16 Cr-13 Ni-3 Mo 75000 §10) 18750 18750 17900 17500 17200 17100 17050 17000 169C0

SA.312  TP316
10) 18750 18750 17900 17500 17200 17100 17050 17000 169C0

SA-312  TP317 ... 18 Cr.13 Ni-4 Mo 75000
SA-376  I'P304 ... 18 Cr-8Ni 75000 (1)(10) 18750 17000 16000 15450 15100 14900 14850 14800 14700
SA-376 T304 “es 18 Cr-8 Ni 75000 10 18750 16650 15000 13650 12500 11600 11200 10300 10400
SA-376  TP321 .. 18 Cr-10 Ni-Ti 75000 10) 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA.376 TP347 ... 18 Cr-10 Ni-Cb 75000 10) 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA.376  TP348 ... 18 Cr-10 Ni-Cb 75000 210 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA-376  T'P3ié6 ... 16 Cr-13 Ni.3 Mo 75000 10) 18750 18750 17900 17500 17200 17100 17050 17000 16900
SA-430  FP3oall ... 18 Cr-8 Ni 70000 ) 17500 15850 14950 14400 14100 13900 13850 13800 13700
SA-430  FP3o4ll ... 18 Cr-8 Ni 70000 17500 15850 14800 13650 12500 11600 11200 10800 10400
SA-430  FP32111 ... 18 Cr-10 Ni.Ti 70000 17500 17500 15850 14750 14200 13900 13850 13800 13700
SA-430  FP34711 18 Cr.10 Ni-Cb 70000 17500 17500 15850 14750 14200 13900 13850 13800 13700
SA-430  FP316H 18 Cr-10 Ni-3 Mo 70000 17500 17500 16700 16350 16050 15950 15900 15850 15800
Welded
SA-249  TP304 ... 18Cr.8 Ni 75000 (l)(4)§10) 16000 14450 13600 13150 12800 12700 12650 12600 12500
SA.249  TP304 ... 18Cr-8Ni 75000 (4) (10)16000 14150 12750 11600 10600 9850 9500 9200 8850
SA-249  TP304L ... 18 Cr-8 Ni 70000 (1)(4) 14900 14500 13600 12750 11900 11050 10600 10200 930G
SA-249 TP304L ... 18 Cr-8 Ni 70000 4) 14900 13000 11150 9350 8250 7650 7450 7200 7050
SA-249  TP309 ... 23Cr13Ni 75000 (4)(10) 16000 16000 14750 14200 14100 14050 14000 13950 13800
SA-249  TP310 ... 25Cr20Ni 75000 (2)§4§(10; 16000 16000 15750 15500 15050 14600 14400 14100 13800
SA.249 TP310 ... 25Cr-20Ni 75000 (3)(4)(10) 16000 16000 15750 15500 15050 14600 14400 14100 13800
16 Cr-13 Ni-3 Mo 75000 (4)(10) 16000 16000 15200 14900 14600 14550 14500 14450 14350

SA-249 TP316




Par.

6.6 Table 2

TABLE UHA-23 MAXIMUM ALLOWABLE STRESS VALUES IN TENSION FOR HIGH.ALLOY STEEL,

IN POUNDS PER SQUARE INCH (continued)

800

14550
10000
11X

8100
15700
15700
15700
16750
12700

8100
16750
14450
14450
14550
11000
12750
11950
12050
12050

14550
FO000
11000

R100
15700
15700
16750
12700

BROO
14550
14550
14550
14550
11000
11950
11100
14550
10000
11000

8100
15700
15700
15700
12700

8800
14550
14550
14550
16750
16750
14550
10000
14550
14550
14550
16750
13600
H000
13650
13650
15650

12400
8500
9350
6900

13350

13350

13350

14250

For Metal Temperatures Not Exceeding Deg F

Material and

Specification
850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 Number Grade
PLATE STEELS
eee . .. vee SA-240 302
... v s e e Cee ... s ... ... e e .. o SA-240 302
14300 14000 13400 12500 10000 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-240 304
9700 9400 9100 8800 8500 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-240 304
. v e ... ees v e e . v ces s ces v SA-240  304L
.. SA-240 304L
14900 13800 12500 10500 8500 6500 5000 3800 2900 2300 1750 1300 900 750 SA.240  309S
14900 13800 12500 11000 9750 8500 7250 6000 4750 3500 2350 1600 1100 750 SA-240  310S
14900 13800 12500 11000 7100 5000 3600 2500 1450 750 450 350 250 200 SA.240  310S
16500 16000 15100 14000 12200 10400 8500 6800 5300 4000 3000 2350 1850 1500 SA-240 316
12250 . SA-240  316L
8500 ... e ... .- ... e ve. vee . ... ... ... ‘.- SA-240  316L
16500 16000 15100 14000 12200 10400 8500 6800 5300 4000 3000 2350 1850 1500 SA-240 317
14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA.240 321
14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA-240 347
14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA.240 348
10100 9100 8000 4000 ... SA-240 405
12100 11000 8800 6400 4400 2900 1750 1000 . SA-240 410
11600 11000 8800 6400 4400 2900 1750 1000 . SA.240  410S
11500 10800 9200 6500 4500 3200 2400 1750 . SA.240 430A
11500 10800 9200 6500 4500 3200 2400 1750 . SA 240 430B
PIPES & TUBES
Seamless
14300 14000 13400 12500 10000 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-213  TP304
9700 9400 9100 8800 8500 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-213  TP304
e . e e R vee ves v ... ces e . cee ... SA-213 TP304L
.. SA-213 TP304L
14900 13800 12500 11000 9750 8500 7250 6000 4750 3500 2350 1600 1100 750 SA-213  TP310
14900 13800 12500 11000 7100 5000 3600 2500 1450 750 450 350 250 200 SA-213 TPR310
16506 16000 15100 14000 12200 10400 8500 6800 5300 4000 3000 2350 1850 1500 SA213  TP316
12250 ... SA-213 TP316L
8500 ... SA-213 TP316L
14300 1400 13850 13500 ... SA-213  TP32l
14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA-213 TP321H
14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA-213  TP347
14300 14100 13850 13500 13100 12500 8000 S000 3600 2700 2000 1550 1200 1000 S5A-213  TP348
10100 9100 8000 4000 SA 268 TP405
11600 11000 8300 6400 4400 2900 1750 1000 . ven e . SA.268 TP410
10600 10000 9200 6500 4500 3200 2400 1750 .. ves e e SA.268  TP430
e ces N e e e e . . e e . e e SA-268  TP446
14300 14000 13400 12500 10000 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-312  TP304
9700 9400 9100 8800 8500 7500 5750 4500 3250 2450 1800 1400 100C 750 SA.312  TP304
cee e - . ces e ces ves ves cee e ves e . SA 312 TP304L
o .. . Ve .. e e Cee s e s ... ves ... SA.312 TP304L
14900 13800 12500 10500 8500 6500 5000 3800 2900 2300 1750 1300 900 750 SA.312  TP309
14900 13800 12500 11000 9750 8500 7250 6000 4750 3500 2350 1600 1100 750 SA.312  TP310
14900 13800 12500 1311000 7100 5000 3600 2500 1450 750 450 350 250 200 SA-312  TP310
12250 ... . SA.312 TP316L
8500 ... L s ... v ves e .. ... . ... . ves SA-312 TP316L
14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA.312 TP321
14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA312  TP347
14300 14100 13850 13500 13100 12500 8000 S000 3600 2700 2000 1550 1200 1000 SA-312  TP348
16500 16000 15100 14000 12200 10400 8500 6800 5300 4000 3000 2350 1850 1500 SA-312  TP31¢
16500 16000 15100 14000 12200 10400 8500 6800 5300 4000 3000 2350 1850 1500 SA.312  TP317
14300 14000 13400 12500 10000 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-376  TP304
9700 9400 9100 8800 8500 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-376  TP304
14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA-376  TP321
14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA-376  TP347
14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA.376 TP343
16500 16000 15100 14000 12200 10400 8500 6800 5300 4000 3000 2350 1850 1500 SA-376 TP31g
13350 13050 12800 12500 10000 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-430 FP304H
9700 9400 9100 8800 8500 7500 5750 4500 3250 2450 1800 1400 1000 750 SA.430, FP304H
13600 13600 13550 13500 13100 10300 7600 5000 3300 2200 1500 1200 900 750 SA-430 FP321H
13600 13600 13550 13500 13100 10300 7600 5000 3300 2200 1500 1200 900 750 SA-430 FP347H
15400 14950 14500 14000 12200 10400 8500 6800 5300 4000 2700 2000 1500 1000 SA.430 FP316H
Welded
12150 11900 11400 10600 8500 6400 4900 3800 2750 2100 1550 1200 850 650 SA.249  TP340
8250 8000 7750 7500 7200 6400 4900 3800 2750 2100 1550 1200 850 650 SA.249  TP340
s . .o ves 3.523 TP304L
12700 11700 10600 8900 7200 5500 4250 3250 2450 1950 1500 1100 750 650 SA.249 'r¥%8§k
12700 11700 10600 9350 8300 7200 6150 5100 4050 3000 2000 1350 950 650 SA-249  TP31g
12700 11700 10600 9350 6000 4250 3050 2100 1250 650 400 300 200 150 SA-249 TP310
14000 13600 12800 11900 10400 8850 7200 5800 4500 3400 2550 2000 1550 1300 SA-249 TP316




Par.

6.6 Table 3

TABLE UHA-23 MAXIMUM ALLOWABLE STRESS VALUES IN TENSION FOR HIGH.ALLCY STEEL,

IN POUNDS PER SQUARE INCH (continued)

Material and Spec For Metal Temperaturcs Not Exceeding Deg F
Specificatlon Nominal Min —20 to
Number Grade Type Composition Tenslle Notes 100 200 300 400 500 600 650 700 750

SA-249  TP316L . 18 Cr-12 Ni-2 Mo 70000 (1)(4) 14900 14900 13450 12550 11900 11600 11400 11250 11050
SA-249  TP3l6L . 18 Cr-12 Ni-2 Mo 70000 (4) 14900 13800 12300 10200 9350 8650 8350 8050 7750
SA-249  TP317 . 18 Cr-13 Ni-¢ Mo 75000 (4)(10) 16000 16000 15200 14900 14600 14550 14500 14450 14350
SA.249  TP321 18 Cr-10 Ni.-Ti 75000 (4)(10) 16000 16000 14456 13400 12900 12700 12650 12600 12500
SA249  TP347 18 Cr-10 Ni-Cb 75000 4)510) 16000 16000 14450 13400 12900 12700 12650 12600 12500
SA-249  TP348 18 Cr-10 Ni-Cb 75000 (4)(10) 16000 16000 14450 13400 12900 12700 12650 12600 12500
SA.268  TP405 12 Cr-Al 60000 4) 12750 12750 12500 12250 11900 11400 11050 10600 10000
SA-268  TP410 13 Cr 60000 4) 12750 12300 11900 11500 11150 10900 10800 10650 10400
SA-268 TP430 16 Cr 60000  (4)(9) 12750 12750 12000 11400 11050 10650 10400 10100 9800
SA-312 TP304 18 Cr-8 Ni 75000 (12(4)(10) 16000 14450 13600 13150 12800 12700 12650 12600 12500
SA-312  TP304 18 Cr.8 Ni 75000 (4)(10) 16000 14150 12750 11600 10600 9850 9500 9200 8350
SA-312 'I:P304L 18 Cr-8 Ni 70000 (1)(4) 14900 14500 13600 12750 11900 11050 10600 10200 9800
SA-312 TP304L 18 Cr-8 Ni 70000 (4) 14900 13000 11150 9350 8250 7650 7450 7200 7050
SA-312  TP309 25 Cr-12 Ni 75000 (4)(10) 16000 16000 14750 14200 14100 14050 14000 13950 13800
SA-312  TP310 25 Cr-20 Ni 75000 (2)(4)(10) 16000 16000 15750 15500 15050 14600 14400 14100 13800
SA-312 '1:1’310 25 Cr-20 Ni 75000 (3)(4)(10) 16000 16000 15750 15500 15050 14600 14400 14100 13800
SA-312  TP316 16 Cr-13 Ni.3 Mo 75000 (4)(10) 16000 16000 15200 14900 14600 14550 14500 14450 14350
SA-312  TP36L 18 Cr-12 Ni-2 Mo 70000 (1){4) 14900 13490 13450 12550 11900 11600 11400 11250 11050
SA.312  TP316L 18 Cr-12 Ni-2 Mo 70000 (4) 14900 13800 12300 10200 9350 8650 8350 8050 7750
SA.312  TP317 18 Cr-13 Ni-4 Mo 75000 (4)(10) 16000 16000 15200 14900 14600 14550 14500 14450 14350
SA-312  TP321 18 Cr.10 Ni-Ti 75000 54)(10) 16000 16000 14450 13400 12900 12700 12650 12600 12506
SA312  TP347 18 Cr-10 Ni-Cb 75000 (4)(10) 16000 16000 14450 13400 12900 12700 12650 12600 12500
SA-312  TP348 18 Cr-10 Ni-Cb 75000 (4)(10) 16000 16000 14450 13400 12900 12700 12650 12600 12500

FORGINGS
SA-182 Y6 410 13 Cr 85000 cee 21250 20400 19750 19000 18500 18100 17900 17500 17050
SA-182 [F304 304 18 Cr-8 Ni 70000 (1)(10) 17500 15850 14950 14400 14100 13900 13850 13800 13700
SA-182  I'304 304 18 Cr-8 Ni 70000  (10) 17500 15850 14800 13650 12500 11600 11200 10800 10400
SA-182 FF304L 304L 18 Cr-8 Ni 65000 [¢3) 16250 15850 15400 15000 14000 13000 12500 12000 11500
SA-182  F304L 304L 18 Cr-8 Ni 65000 C. 16250 14550 12850 11000 9700 9000 8750 8500 8300
SA-182 F321 321 18 Cr-8 Ni-Ti 70000 (10) 17500 17500 15850 14750 14200 13900 13850 13800 13700
SA.182  T347 347 18 Cr-8 Ni-Cb 70000 (10) 17500 17500 15850 14750 14200 13900 13850 13800 13700
SA-182 1348 348 18 Cr-8 Ni-Cb 70000 (10) 17500 17500 15850 14750 14200 13900 13850 13800 13700
SA.182 I316 316 18 Cr-8 Ni-3 Mo 70000 (10) 17500 17500 16700 16350 16050 15950 15900 15850 15800
SA-182  T316L 3161, 17 Cr-12 Ni-2 Mo 65000 (1) 16250 15750 15250 14750 14000 13600 13450 13250 13000
SA-182  FJI6L 316L 17 Cr-12 Ni-2 Mo 65000 16250 14850 13450 12000 11000 10150 9800 9450 9100
SA-182  F310 310 25 Cr-20 Ni 75000 (2)(10) 18750 18750 18500 18200 17700 17200 16900 16600 16250
SA-182 310 310 25 Cr-20 Ni 75000 (3)(10) 18750 18750 18500 18200 17700 17200 16900 16600 16250
SA.336 Té6 410 13 Cr 75000 18750 18100 17500 16900 16400 16000 15700 15300 15100
S$A-336 I8 304 18 Cr-8 Ni 75000 (1)(10) 18750 17000 16000 15450 15100 14900 14350 14800 14700
SA-336 T8 304 18 Cr-8 Ni 75000 (10) 18750 16650 15000 13650 12500 11600 11200 10800 10400
SA.336 F8t 321 18 Cr.8 Ni-Ti 75000 (10} 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA.336  L8c 347 18 Cr-8 Ni-Cb 75000 (10) 18750 18750 17000 15800 15200 14900 14850 14800 14700
SA-336 F8m 316 18 Cr-8 Ni-3 Mo 75000 élO) 18750 18750 17900 17500 17200 17100 17050 17000 16900
SA.336 2§ 310 25 Cr-20 Ni 95000 10) 23750 23750 23750 23200 22400 21500 20850 20000 18500

CASTINGS
SA.351 CAILS . 13 Cr.1/y Mo 90000 (6) 22500 22500 22500 22500 22500 22000 21600 20700 19600
SA.351 CF8 . 18 Cr-8 Ni 70000 (1)(6)(11) 17500 16500 15600 15000 14600 14350 14200 14050 13850
SA.351 CFs . 18 Cr-8 Ni 70000 (6)(10) 17500 15700 14250 13100 12200 11700 11500 11300 11100
SA-351 CF8M . 18 Cr-9 Ni.21/y Mo 70000 (1)(6)(11) 17500 16900 16500 16400 16350 16300 16250 16200 16100
SA-351 CIF8$M . 18 Cr.9 Ni-2i/y Mo 70000 (6)(10) 17500 16900 16500 16300 15900 15350 15000 14700 14350
SA-351 CF8C 18 Cr-9 Ni-Cb 70000 (1)(6)(11) 17500 17100 16600 16100 15500 14700 14200 13700 13300
SA.351 CK8C 18 Cr.9 Ni-Cb 70000 (6)(10) 17500 17000 15600 14200 13000 12200 11900 11700 11600
SA-351 CHS8 25 Cr-13 Ni 65000 (6)210 16250 15700 15150 14600 14550 14450 14400 14350 14300
SA-351 CH20 25 Cr-13 Ni 70000 56; 10) 17500 16100 15150 14600 14550 14450 14400 14350 14300
SA-351 CK20 25 Cr-20 Ni 65000 (6)(10) 16250 15300 14900 14600 14550 14450 14400 14350 14300

BOLTING
SA-193  B6 416 12Cr e (5) 20000 19300 18700 18300 17850 17000 16500 15750 14900
SA-193 BST 321 18 Cr-8 Ni-Ti 75000 (5)(7)(10) 15000 15000 13600 12650 12200 11900 11850 11800 11750
SA-193  B8C 347 18 Cr-8 Ni-Cb 75000 (5)(7)(10) 15000 15000 13600 12650 12200 11900 11850 11800 11750
SA-193 B8 304 18 Cr-8 Ni 75000 (5}(7)(10) 15000 13300 12000 10900 10000 9300 8950 8650 8300
SA-193 BSM 316 18 Cr-10 Ni-2 Mo 75000 (5)(7)(10) 15000 15000 13600 12650 12200 11900 11850 11800 11750
SA.193  Bé6 410 13 Cr (5) 20000 19300 18700 18300 17850 17000 16500 15750 14900
SA-320 (10 Grades) (5)(7)(8) . ver

Notnst The stress values in this table may be interpolated to determine values for intermediate temperatures.

Stress values in restricted shear such as dowel bolts, rivets, or similar construction in which the shearing member is so restricted that the section
under consideration would fail without reduction of area shall be 0.80 times the values in the above table.
Stress values in bearing shall be 1.60 times the values in the above table.

(1) Due to the relatively low yield strength o

f this material, the higher stress values at temperatures from 200 through 1050 F were estat-

lished to permit the use of this material where slightly greater deformation is acceptable. The stress values within the above range exceed 62!/
per cent, but do not exceed 90 per cent of the yield strength at temperature, These stress values are not recommended for the design of flang s

or piping.
2)

grain size not finer than AS

)

These stress values =

These stress values at tem

TM

cratures of 1050 F and above should be used only when assurance is provided that the steel has a predominant

0. 6.

hall he considered basic values to be used when no effort is made to control or check the grain size of the steel.
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TABLE UHA-23 MAXIMUM ALLOWABLE STRESS VALUES IN TENSION FOR HIGH.ALLOY STEEL,
IN POUNDS PER SQUARL INCH (continued)

For Metal Temperatures Not Exceeding Deg F V"‘“mmwrIV\VIA:\—KA«-'.;i;.\IM;\-I;I(l -
Specification
500 850 900 950 1090 1050 1100  1150- 1200 1250 1300 1350 1400 1450 1500 Number Grado

10400 10400 L. SA-249 TPGIAL
7500 700 ... S5A-249 TEGL
14250 14000 13600 12800 11900 10400 8850 7200 5800 4500 3400 2550 2000 1550 1300 SA-249  TP317
12350 12150 12000 11800 11500 11100 10600 6800 4250 3050 2300 1700 1300 1000 850 SA.249  TP321
12150 12150 12000 11800 11500 11100 10600 6800 4250 3050 2300 1700 1300 1000 850 SA.249  T1347
12350 12150 12000 11800 11500 11100 16600 6800 4250 3050 2300 1700 1300 1000 850 SA249  TPI348
9350 86G0 7750 6800 3400 ... SA-268  Ti’ans
10150 9850 9350 7500 5450 3750 2450 1500 850 e e .. el el ... SA.268  TP410
9480 9600 8500 7900 5500 3800 2700 2050 1500 . ce. . . ... e SA208 T30
j2400 12150 11900 11400 10600 8500 6400 4900 3800 2750 2100 1550 1200 850 650 SA.312 TPio4
KSnu 8250 800D 7750 7500 7200 6400 4900 3800 2750 2100 1550 1200 850 650 SA.312 TP304
9330 ... SA312 TP304L
L9010 e ‘s SA312 TP304L
13350 12700 11700 10600 8900 7200 5500 4250 3250 2450 1950 1500 1100 750 650 SA.312 TP309
13350 12700 11700 10600 9350 8300 7200 6150 5100 4050 3000 2000 1350 950 650 SA312  TP310
13350 12700 11700 10600 9350 6000  425¢ 3050 2100 1250 650 400 300 200 150 SA.312 TP310
14250 14000 13600 12800 11900 10400 8850 7200 5800 4500 3400 2550 2000 1550 1300 SA-312  TP316
Torno 10400 ... SA-312 TP316L
80 7260 L., SA-312 TP3I6L
14250 14000 13600 12800 11900 10400 8850 7200 5800 4500 3400 2550 2000 1550 1300 SA312  TP317
12350 12150 12000 11800 11500 11100 10600 6800 4250 3050 2300 1700 1300 1000 850 SA.312  TP321
12350 12150 12000 11800 11500 11100 10600 6800 4250 3050 2300 1700 1300 1000 850 SA-312  TP347
12350 12150 12000 11800 11500 11100 10600 6800 4250 3050 2300 1700 1300 1000 ~50 SA.312  TP348
FORGINGS
16300 14000 11000 8800 6400 4400 2900 1750 1000 L e e v Ve Ve SA-182 Fe
Lo 13350 13050 12800 12500 10000 7500 5750 4500 3250 2450 1800 1400 1000 750 SA.182  F304
Iouh 9700 9400 9100 8800 8500 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-182 T304
Mooy L. SA-182  F304L
won L. SA.182  T304L
LSO 13600 13600 13550 13500 13100 10300 7600 5000 3300 2200 1500 1200 900 750 SA.182 T321
13680 13600 13600 13550 13500 13100 10300 7600 5000 3300 2200 1500 1200 900 750 SA.182 347
1Sy 13600 13600 13550 13500 13100 10300 7600 5000 3300 2200 1500 1200 900 750 SA-182  T348
15060 15400 14950 14500 14000 12200 10400 8500 6800 5300 4000 2700 2000 1500 1000 SA-182 1316
12700 12250 ... SA-182  T316L
&0 RSOD L SA-182  ¥3i6L
1§00 14900 13800 12500 11000 9750 8500 7250 6000 4750 3500 2350 1600 1100 750 SA-182  F310
15700 14900 13800 12500 11000 7100  S000 3600 2500 1450 750 450 350 250 200 SA-182  F310
14450 14000 11000 8800 6400 4400 2900 1750 1000 s ce c s ces e SA.336 F6
14550 14300 14000 13400 12500 10000 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-336  F8
0000 9700 9400 9100 8800 8500 7500 5750 4500 3250 2450 1800 1400 1000 750 SA.336 + I8
14550 14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA.336 Bt
14550 14300 14100 13850 13500 13100 12500 8000 5000 3600 2700 2000 1550 1200 1000 SA.336  F8c
16750 16500 16000 15100 14000 12200 10400 8500 6800 5300 4000 3000 2350 1850 1500 SA-336 I8m
17000 15500 14000 12500 11000 9750 8500 7250 6000 4750 3500 2350 1600 1100 750 SA.336 k28
CASTINGS
18300 16000 11000 7600 5000 3300 2200 1500 1000 ces ves e ce cee e SA-351  CAI1S
13600 13350 13000 12600 12100 9600 7500 5750 4500 3250 2450 1800 1400 1000 750 SA-351  CF38
10990 10650 10400 10100 9850 9600 7500 5750 4500 3250 2450 1800 1400 1000 750 SA.351  CF8
15900 15500 15000 13500 12000 10600 9400 8000 6800  S§300 4000 3000 2350 1850 1500 SA.351  CKF8M
14000 13500 13000 12350 11700 10600 9400 8000 6800 5300 4000 3000 2350 1850 1500 SA-351  CF8hnl
12900 12600 12300 11900 11600 11200 10800 8000 5000 3600 2700 2000 1550 1200 1000 SA-351  CFsC
11500 11350 11200 11100 11000 10900 10800 8000 5000 3600 2700 2000 1550 1200 1000 SA.351 CFsC
14180 13900 13500 12500 10500 8500 6500 5000 3800 2900 2300 1750 1300 900 750 SA.351 CH3
14150 13900 13500 12500 10500 8500 6500 5000 3800 2900 2300 1750 1300 900 750 SA-351 CH20
14150 13900 13500 12500 11000 9750 8500 7250 6000 4750 3500 2350 1600 1100 750 SA-351  CK20
BOLTING
13800 12500 11000 ... SA-193 Bé6
11650 11450 11300 11100 10800 10500 10000 8000 5000 3600 2700 2000 1550 1200 1000 SA-193  BST
11650 11450 11300 11100 10800 10500 10000 8000 5000 3600 2700 2000 1550 1200 1000 SA-193  BsC
S000 7750 7500 7250 7050 6800 6300 5750 4500 3250 2450 1800 1400 1000 750 SA-193  BR
Nase 11450 11300 11100 10800 10500 10000 8500 6800 5300 4000 3000 2350 1850 1500 SA-193  B&M
13500 12500 11000 ... R SA-193 B¢
10
SA-320 {Gmdcs

4) These stress values are the basic values multiplied by a joint efficiency factor of 0.85.
$) These stress values are established from a consideration of strength only and will be satisfactory for average service. For bolted joints
where freedom from leakase over a long period of time without retightening 1s required, lower stress values may be necessary as determined
from the flexibility of the flange and bolts and corresponding relaxation properties.
(b} To these stress valucs a quality factor as specified in Par, UG-24 s all be applied.
(7) The-e stress values permitted for material that has been carbide-solution treated.
(3} For temperatures below 100 F, stress values equal to 20 per cent of the specificd minimum tensile strength will be permitted.
(%} This steel may be expected to develop embrittiement at room temperature after service at temperatures above 800 F; consequently, ita
uce at Licher temperatures is not recornmended unless due caution is observed. ’
(10) These stress vadues apply only when the carbon is 0.04 per cent or higher.
(11} For temperatures above 800 I, the strvss values apply only when the carbon content is 0.04 per cent and above.
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Par. 6.6 Exhibit 1

Inspection and Testing of Steel Castings

UA-80 All steel castings shall be inspected in
accordance with (a) or (b) as applicable.

(a) All steel castings 4 in. or less in body
thickness (other than those made to an accepted
standard such as ASA B16.5-1961) shall be

inspected as follows:

(1) Al critical sections! shall be radio-
graphed. Radiographs shall conform to require-
ments of ASTM Specification E71-52, Industrial
Radiographic  Standards for Steel ~Castings.
Castings shall mect Class 1 if wall thickness is
less than 1 in.; Class 2 if 1 in. or over, as defined
in ASTM Specification E71-52.

(2) All surfaces, including machined gasket
seating surfaces, shall be examined by magnetic
particle inspection. In the case of nonmagnetic
materials, liquid penetrant methods shall be used.

Indications exceeding Degree 3 of Types I,
11, and 111 and exceeding Degree 1 of Types 1V
and V of ASTM Specification E125-56T shall be
removed. The technique for magnetic particle
inspcction shall be in accordance with ASTM
Specificatior E109-57T.

(3) Where more than one casting of a par-
ticular design is produced, each of the first five
castings shall be inspected as above.  Where more
than five castings arc being produced, the ex-
amination shall be performed on the first five,
plus one additional casting to represent each five
additional castings. If this additional casting
?roves to be unacceptable, each of the remaining
our castings in the group shall be inspected.

B (4) Castings of non-weldable materials
which contain discontinuitics in excess of the
maximum permitted in (a)(1) and (a)(2) shall be
rejected. Such discontinuitics may be removed
from weldable castings, and the castings may be
repaired by welding after the base metal has gccn
inspected to assure complete removal of discon-
tinuitics, The completed repair shall be re-
inspected by the same method used in the original
inspection. ~ The repaired casting shall be stress-
rehicved.

(5) Al welding shall be performed using
welding procedure qualification in accordance with
Scction IX. The procedure qualification shall be
performed on a test specimen of cast material of
the same specification and subjected to the heat-
treatment before and after welding as will be
applied to the work. All welders and opcrators
performing  this welding shall be qualified in
accordance with Scction IX.

1 Critical Sections: The scctions where defects are usually
encountered, such as the junction of risers, gates, or feeders
to the castings, and at abrupt changes in section.

(b) Al castings having a body greater than
4 in. nominal thickness and castings of lesser
thickness which are intended for extremely
severe applications? shall be inspected as follows:

(1) Each casting shall be subjected to 100
per cent visual and magnetic particle inspection
of all surfaces after heat-treatment. In the case
of nonmagnctic materials, liquid penetrant meth-
ods shall be used. All Type I indications of
ASTM Specification E-125-56T and all indications
exceeding Degree 1 of Types II, III, 1V, and V
shall be removed. The inspection technique
shall be in accordance with ASTM Specification
E-109-57T.

(2) All parts of castings up to 12 in. in
thickness shali; be subjected to complete radio-

raphic inspection and the radiographs shall con-
%orm to the requirements of ASTM Specification
E-71-52, Industrial Radiographic Standards for
Steel Castings. Castings shall meet Class 1 if
wall thickness is less than 1 in.; Class 2 if 1 in.
or over, as definctl in ASTM Specification E-
71-52.

(3) All parts of castings in excess of 12 in,
in thickness which are not radiographed shall be
ultrasonically examined in accordance with the
procedures given in ASTM Specification E-114-
58T, Any discontinuities whose reflections do
not exceed a height equal to 20 per cent of the
normal Back Reflection or do not reduce the
height of the Back Reflection by more than 30
per cent during movement of the transducer 2 in.,
in any direction, shall be considered acceptable.
Indications excceding those limits shall be re-
paired unless proved to be acceptable by other
test methods. The above limits are established
with the use of transducers having approximately
1 sq in. of arca.

(4) Any discontinuitics in excess of the
maximum permitted in Pars. (b)(1), (b)(2), and
(b)(3) shall be removed and the castings may be
repaired by welding after the base metal has been
magnetic particle inspected (or (or nonmagnetic
materials, liquid penetrant inspectec” to assure
complete removal of discontinuities.

(5) All weld repairs of depth exceeding 1
in. or 20 per cent of tﬁc section thickness, which-
ever is the lesser, shall be inspected by radiography
in accordance with Par. (b)(2) and by magnetic
particle (or liquid penetrant) inspection of the
"3 The Code as currently written provides minimum require.
ments for construction and it is recognized to be the responsi.
bility of the designing engincer to determine when the intended
service is of a nature that requires supplementary require~
ments to insure safety; consequently, the designs should
determine when the service warrants that this class of inspec-
tion be specified for steel castings of less than 4 in. nominal
body thickness,
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Inspection and Testing of Steel Castings {Cont'd.)

finished weld surface.  All weld repairs of depth
less than 20 per cent of the section thickness, or
1 in., whichever is the lesser, and all weld repairs
of scctions which cannot be effectively radio-

raphed shall be examined by magnetic particle
%or liquid penetrant) inspection of the first layer
of each 1/, in. thickness of deposited weld metal
and of thc finished weld surtgce. Weld repairs
resultin. from the ultrasonic inspection shall be
inspected by the same method.  Magnetic particle
(or liquid penetrant) testing of the finished weld
surfac ' be done after stress-relieving,

(¢ When repair welding is done after heat-
trea  uc of the casting, the casting shall be
stro-: - .eved.

(7) All welding shall be performed using
welding procedure qualification in accordance
with Scction IX. The procedure qualification
shall be performed on test specimen of cast mate-
rial of the same specification and subjected to the
heat-treatment before and after wcfding as will
be applicd to the work. All weldrys and operators
performing this welding shall alse be qualified
accordance with Section IX. -

(c) [Identification and Marking Fach casting
shall be marked with the manufacturer’s name
and the casting identification, including material
designation. he manufacturer shal! furnish
reports of the chemical and mechanical properties
and certification that each casting conforms to all
the applicable requirements.
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7.
7

HEAT TREATMENT

1l Austenitic Stainless Steels

7.1.1 Carbide Solution Anneal

In the austenitic stainless steels, the greatest degree of
corrosion resistance is realized in the solution annealed
condition. In this condition, all of the chromium, which
is the primary source of the corrosion resistance of the
stainless steels, is in solid solution. If solution
annealed material is heated so that chromium carbides are
precipitated (the precipitation normally occurring at grain
boundaries and slip planes) the corrosion resistance at
the grain boundaries is reduced and intergranular attack
will result in several media, notably boiling nitric acid.
Additional information on the subject of intergranular
attack may be found in Par. 3.2,

The purpose of the solution anneal is to redissolve chromium
carbides. The carbide solution anneal is normally performed
in the temperature range 1950-20500F,, the material remain-
ing at heat for one hour per inch of thickness, followed by
rapid cooling utilizing water quenching, water spray, and
air blast. Although carbides form rapidly when heating
annealed regular carbon material such as Type 304 into the
sensitizing range, the formation of carbides on cooling
through the same sensitizing temperature range proceeds at

a much slower rate. For this reason, cooling of equipment
items to black color in no longer than three minutes from
the time the furnace door is opened is permitted

The information listed below®shows the effect on corrosion
rate in boiling 65% nitric acld after reheating annealed
Type 304 and Type 316 material from typlcal heats into the
sensitizing and solutlon annealing ranges.

Corrosion Rate, In./Mo.

Heat Treatment Tvpe 304 (.,077% C) Type4116 (L062% CJ
As Receivedx* 0.00052 0.00090
1 hr. 10000F,, W.Q.%x* 0.00128 0.00142
1 hr. 1050°F., W.Q. 0.00133 0.0375
1 hr. 1100°F,, W.Q. 0.00676 0.0430
1 hr. 1150°F., W.Q. 0.0205 0.0411
1 hr. 1200°F., W.Q. 0.0137 0.038,
1 hr. 12500F,, W.Q. 0.0145 00,0407
1 hr. 13000F,., W.Q. 0.00884 0.0308
1 hr., 1400°F., W.Q. 0.00292 0.0149
1 hr. 1500°F., W.Q. 0.00097 0.00324

¥Results of unpublished research at the Du Pont Englneerling
Materlals Laboratory by E. A. Kachlk, now wilth the Du Pont
Englneering Department, Englneering Service Divislon.
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Corrosion Rate, In./Mo.

Heat Treatment Type 30L (.077% C) Type 316 (.062% C)
1 hr. 1600°F., W.Q. 0,00073 0.00155
1 hr. 1700°F,, W.Q. 0.00068 0.00147
1 hr. 175C0°F., W.Q. 0.00064 0.00132
1 hr. 1800°F., W.Q. 0.00058 0.00117
1 hr. 18509F., W.Q. 0.00058 0,00102
1 hr. 1900°F., W.Q. 0,000L9 0.00090
1 hr. 1950°F., W.Q. 0.00053 0.00096
1 hr, 2000°F., W.Q. 0.00053 0.00090
1 hr. 2100°F,., W.Q. 0.00054 0.00088
1 hr. 2200°F,, W.Q. 0.00058 0.00091
1 hr. 2300°F., W.Q. 0.00055 0.00089
1 hr. 2400°F., W.Q. 0.00059 : 0.00111

% As received material had been held 1 hr. at 1950°F. and
water quenched

** W.Q. = water quench

7.1.2 Stabilization

Stabilization is a term commonly applied to heat treatments
performed on columbium and titanium stabilized grades to
achieve the maximum corrosion resistance in Type 321, and
to prevent knife-line attack in both the titanium and
columbium stabilized grades when the sequence of welding
and of sensitizing heat treatment followed by exposure to
severe corrodents will be experienced. See Par. 3.8 for
information on knife-line attack.

When Type 321 stainless steel is in the solution annealed
condition, titanium carbides will have been dissolved.
Subsequent exposure to the sensitizing temperature range
of 1000-1400°F. will cause some precipitation of chromium
carbides before the titanium carbides can form and tie up
the carbon. When the chromium carbides form, the material
is not completely resistant to intergranular attack in
strong corrodents such as boiling HNO3. To assure maximum
resistance to corrosion when a Type 321 part will be sub-
jected to the sensitizing temperature range, the part should
be given a prior treatment of from two to five hours at
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1550-16500F, Heating for prolonged periods of time over
17000F. will redissolve the titanium carbides. Once the
titanium carbides have been precipitated, exposure in the
sensitizing temperature range will no¢ seriously affect
corrosion resistance.

In the case of Type 347 stainless steel, stabilizing heat
treatments are not normally required unless (1) the part
has been solution annealed at temperatures which will dis-
solve columbium carbides (approximately 21000F. and higher)
or (2) the material has been welded and if, prior to
exposure to solutions capable of causing intergranular
attack, the part is subjected to temperatures in the
sensitizing range. If the material has been heat treated
as indicated above, it should be stabilized at 1600-20000F.
This will precipitate columbium carbides in the range where
conditions are unfavorable for the precipitation of chromium

carbides.

7.1.3 Stress Relieving

7e1l.3.1 Generall

No hard and fast set of rules can be set up to cover stress
relieving of austenitic stainless steels. A knowledge of
their characteristics and the exercise of careful judgment
are the only suggestions which can be made. 1In all cases
the service requirements govern. Evaluation of these
service requirements coupled with careful consideration of
the basic steel characteristics dictate the type of heat
treatment, if any, which the engineer must specify. Some
situations where stress relieving could be beneficial are
listed below:

a. Where the service environment is conducive to stress
corrosion. (Author’s note: and where it is not possi-
ble to prevent stress corrosion by altering the environ-
ment or by the use of resistant materials of construction.)

b. When dimensional stability is required. This may in-
clude dimensional stability in machining operations or
during subsequent service where nonuniform stress
relaxation might occur.

c. In some cases, life under cyclic loading might be
diminished by high residual stresses. This is a minor
consideration, however, with the austenitic grades.

lHuseby, R.A., "Stress Relieving of Stainless Steels and the
Associated Metallurgy," Welding Journal, Vol. 37, 30,5-3155,
(July, 1958).
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d. 1In extremely heavy sections, welding may impose a multi-
axial stress system which severely limits ductility.
Stress relief is one way of correcting this condition.
(Precautions regarding the stress relief of highly
stressed Type 347 must be taken to avoid cracking.)

7.1.3.,2 A.S.M.E. Code Opinion Regarding Stress Relieving

The A.S.M.E. Unfired Pressure Vessel Code, 1962 edition,
Par. UHA-32, makes the following statement on thermal

stress relieving:

"Heat treatment, including stress relief, of welded
vessels constructed of austenitic chromium-nickel
stainless steels is neither required nor prohibited.
The need for and the details of heat treatment
depend on the type of alloy steel and service condi-
tions., The Nonmandatory Appendix to this Part gives
some general suggestions.”

Nonmandatory Appendix HA, Par. UHA-105, on the heat treat-
ment of austenitic chromium-nickel stainless steels in-
cludes the following statenents:

"Tn recognition of controversial cpinion relative

to the effects of thermal stress relief of austenitic
stainless steels, mandatory requirements for such
have been omitted. Service experience is too limited
to permit comparison between the relative safety of
as-welded and stress-relieved austenitic steel weld- -
ments, particularly in thick sections. It is recog-
nized that the stability of austenitic steels and
their optimum behavior in service are influenced by
the mechanical and thermal treatments that they have
received; however, it is a basic principle that the
Code rules are intendec to provide minimum safety
reguirements for new comnstruction, not to cover
deterioration which may occur in service as a result
of corrosion, instability of the material, or unusual
operating conditions such as fatigue or shock loading."

7.1.3.3 Recommended Temperatures and Times

It is generally recommended that austenitic stainless
steel weldments which require stress relieving be heated
to 1600-17500F., held for one to three hours, and then
air cooled.
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Tests conducted bva. H. Satz of General Electric and re-
ported in the article "Stress Relief of Stainless Type 347

Investigated," Iron Age, Sept. 28, 1950, indicated the
following effect of one hour at temperature in stress

relieving Type 347 stainless steel:

Temperature, OF., Approx. % Stress Relief
900 20
1000 25
1100 32
1200 38
1300 L5
1400 54
1500 63
1600 75
1700 90

No similar data can be found for Type 304 or 304L. More
stress relief should occur for these grades at a given
temperature than indicated above for Type 347.

W. Fleischmann of General Electric Co., conducted addi-
tional tests on Type 347 and reported that temperatures of
16500F . and above caused complete relaxation. G. Linnert
in Welding Research Council Bulletin No., 43, "Welding Type
347 Stainless Steel Piping and Tubing,"™ Oct., 1958, reported
that practical experience with welded Type 347 piping has
shown that a temperature of about 1600°F. produces adequate
stress relief for virtually all applications.

7¢le3.4 Effects of Stress Relief Treatments

a. Sensitization

Air cooling Types 304, 316, 309, and 310 from the stress
relieving temperature range 1600-17500F, will produce

a degree of sensitization which is less severe than

that produced by short-time heating at 1200°F. followed
by air cooling. The effect of stress relieving at the
higher end of the range is less severe from a corrosion
standpoint than at the lower end. Thermal stresses
introduced in the part being stress relieved by ccoling
from the higher end of the range will be more severe
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than from the lower end. The values listed below¥*
show the effect on resistance to corrosion in
bolling 65% HNO3 of alr cooling Type 304 specimens
from three différent heats from various temperatures.

Air Cooled from

Heat Temperature, °F, Corrosion Rate, in./mo.
A 1200 0.006
B " 0.014
C " 0.027
A 1400 0.003
B " 0.002
c " 0.01
A 1600 0.001
B " 0.001
c " 0.003
A 1700 0.001
B " 0.0007
C " 0.002
A 1750 0.0008
B n 0.0006
C " 0.001

If stress relief treatments are required, the unstabil-
ized, normal carbon range stainless steels should be
avoided, if they will subsequently be exposed in even
moderately corrosive environments, or if cleanliness
requirements require the use of pickling for final
¢leaning.

In general, there should be no harmful effects from the
use of stress relief treatments in the range 1600-
17500F. on the stabilized or extra low carbon austen-
itic stainless steel grades, Where severely corrosive
environments are to be handled, corrosion tests should
be conducted to evaluate the effect of any anticipated
stress relieving treatments.

b. Stabilization

In the case of the stabilized austenitic Type 347 heat-
ing into the 1600-17509F, range should be beneficial,
For additional information, see Par. 7.1.2. In the

*Results of unpublished research at the Du Pont Engineering
Materlals Laboratory by E. A. Kachilk, now with the Du Pont
Engineering Department, Englneering Service Division.
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case of Type 321, heating at the lower end of the range
could result in beneficial stabilization, but dissolu-
tion of titanium carbide could occur at the higher end.

c. Sigma Phase

Some embrittlement due to formation of sigma phase may
occur in grades other than 304 and 308.
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7.2 Ferritic Stainless Steels

7.2.1 Annealing

The ferritic stainless steels cannot be hardened by heat
treatment since they undergo only partial or no allotropic
transformation to austenite on heating. Therefore, anneal-
ing or stress relieving is the only useful heat treatment
for these grades. The table below gives the recommended
annealing practice for the ferritic grades.

Annealing Treatment for Ferritic Stainless Steel

Type No. Temperature Time(hrs.) Cooling

LO5 1200 - 1500°F,. 1-2 Air cool or water gquench
L30 1500 - 1650°F. 1-3 100°F./hr.to 1100°F. and
or air cool

14,00 -~ 1525°F. 1-2 Air cool or water quench
L30F, 1200 - 1450°F. 1-2 Air cool or water guench
442,443 1L00 - 1525°F. 1-2 Air cool or water quench
LL6 14,00 - 1525°F. 1-2 Air cgol or water quench

Refer to Par. 6.6 for the ASME Code requirements on stress
relieving of unfired pressure vessels constructed from the
ferritic grades.

The ferritic stainless steels are susceptible to several
phenomena produced by heat and which cause changes in the
mechanical properties. These phenomena are reviewed in Par.
5.2.

Reference

(1) Metals Handbook, Vol. 1, Properties & Selection of Metals,
8th Edition
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7.3 Heat Treatment - Martensitic Stainless Steels

The recommended annealing, hardening and stress relieving
temperatures for the martensitic stainless steels are listed

below:

Annealing Temp. (°F.)

Stress Relieving

2 Hardening Brinell
Type No. Process(l) Full( ) Temp, (°F.) Temp.°F. Hardness
403 )
410 ) 1350-1450 1550~1650 1700-1850 4,50-700 360-380
416 ) 0il quench
L1L ) 1150-1250 (3) 1800-1950 450-700 370-400
431 ) 0il quench;
air small
parts
420 1350-1450 1600-1650 1800-1900 300-700 470-530
Air or warm
0il quench
440 A)
44O B) 1350-1450 1625-1675 1850-1950 300-700 500-620
LLO C) Air or
warm oil
NOTE: 1) Cooling may be accomplished in air, oil or

water.

2) Cool at maximum of 50°F./hour to 1100°F.
then in air, oil or water.

3} These steels do not respond to slow cool-
ing from above the critical temperature.

There are two types of annealing in common practice in this

country.

These are process annealing and full annealing.

Process annealing refers to an isothermal treatment at just
This treatment does not give

below the critical temperature.
complete softening.

Full annealing, however, requires heating to a temperature

above the critical temperature followed by a slow cool

through that temperature and for some distance below it.
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Complex or large parts of the martensitic grades to be
hardened should be preheated at 1450-15000, prior to placing
in a furnace at hardening temperature. The high carbon
grades, i.e. 420 and 440 A, B, C, should always be preheated
prior to hardening.

The martensitic grades should be stress relieved immediately
after hardening. With the higher carbon grades, this is
most important to prevent cracking. Some heat treaters will
stress relieve these grades before they cool completely in
an attempt to prevent cracking

A double tempering or stress relieving treatment is

recommended on any of the high carbon grades. The necessity
for this is to eliminate retained austenite which has not
transformed to martensite during the quench. This retained
austensite can cause cracking at a later time if not eliminated.
A double temper is the most commonly used means for alleviating
this difficulty.,.

On occasions it 1s desirable to use the martensitic stainless
steels at hardnesses lower than are usually obtained by a low
temperature tempering or stress relieving operation in order
to obtain better ductility and impact strength. Par. 2.9,
Tables 1 through 5, give mechanical properties vs. tempering
temperatures for martensitic steel Types 403, 410, 416, 420,
L31 and 440.




7.4 - 7.4.1.2

.7.H Heat Treatment of Precipitation Hardening Stainless Steels

7.4.1 17-4 PH (Armco Steel Corp.)

7.%,1,1 Condition as Supplied by Mill

17-4 PH as shipped from the mill is usuwally in the solution-
treated condition. However, it may be supplied hardened 1if
so desired. Material ordered for forging should be in the
overaged condition. The various conditions in which the
material can be purchased are listed below:

How Condition is Developed

Condition A Solution treated at 1875-1925°F.,
(Solution treated) air cooled or o0il guenched.
Condition H1075, or Solution treated material 1is
H1150 reheated at 1075°F. or 1150°F.
(Sclution treated and for four hours and air cooled.
aged) These conditions are used for

improved ductility.

Overaged for Forging Solution-treated material is
reheated at approximately 1200°F.
to achieve maximum softness and
eliminate possibility of cracking
of large sections. Material in
this condition will not respond
to aging treatments without first
solution treating.

7.4.1.2 Heat Treatment by User

For maximum hardness and strength, material from the solution-
treated condition is heated for one hour at 900 + 10°F. and
air cooled to room temperature. If the material is purchased
in the solution-treated condition (Condition A) and not sub-
sequently hot worked, the hardening treatment can be performed
without solution treating before hardening.

Where ductility in the hardened condition is of importance,
better toughness can be obtained by raising the temperature
of the hardening heat treatment. Unlike regular hardenable
materials which require a hardening plus a tempering or
stress relieving treatment, 17-4+ PH can be hardened to the
final desired properties in one operation. By varying the
heat treating procedure between 900-1150°F. for one to four
hours, a wide band of properties can be attained. See the
section on mechanical properties for selection of the desired
heat treatment, Par. 2.10.
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Material too strong and hard but not ductile enough in the
hardened condition can be reheat-treated at a higher tem-
perature to increase impact strength and elongation. This
heat treatment can be made without a solution treatment
prior to the final heat treatment.

For material hot worked or forged, or castings in the as-
cast condition, a solution treatment at 1875-1925°F. one-
half hour followed by air coocling to room temperature,

then a water or oil quench to 90°F. or lower is recommended
prior to hardening. 011 quenching rather than air cooling
may be used on small, simple sections. This treatment will
refine the grain size and make hardened material more
uniform.

7.4.1.3 Dimensional Change During Hardening

The following information on the effect of precipitation
hardening temperature on dimensional change of Armco 17-4
PH stainless steel was taken from a curve in the Armco Steel
Corp. Technical Data Manual, Armco Precipitation Hardening
Stainless Steels.

Hardening Temp., °F. Contraction
(held at temperature In./In.
for one hour) (approximate)
900 .0005-.0006
1000 .0007
1050 .0007-.0008
1100 .0008
1150 .0013
1200 .0018

7.%.2 Stainless W (United States Steel Corp.)

This grade is similar in composition to 17-4 PH and will

respond to the same heat treatments as stated above for
17-% PH.

7.4.3 17-7 PH (Armco Steel Corp.)
7.4.3.1 Condition as Supplied by Mill

Sheet, strip, plate, bar, and wire of 17-7 PH composition
are normally supplied to the user in the annealed condition,
designated as Condition A. Sheet and strip .050 in. and
thinner are also produced in a hard-rolled condition,
designated as Condition C, for applicaticns requiring max-
imum strength.
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7.4.3.2 Heat Treatment by User

High strengths in parts made from 17-7 PH Condition A material are developed by
three essential steps:

1. Austenite conditioning
2. Cooling to effect transfarmation of austenite to martensite
3. Precipitation hardening

Mechanical properties are guaranteed for three standard conditions of heat treat-
ment - Conditions TH 1050, RH 950 and CH 900, The choice of heat treatments can be
determined by design réquirements.

Mill Annealed 1950 F X 25 F
Condition A

Fabricate
Heat to 1LOO F X 25 F Heat to 1750 F £ 15 F
Hold for 90 Min. Austenite Hold for 10 Min.
Conditioning. 1 pir cool to R.T.

Results in Condition A 1750

Cool to 60 F 20 F

Within 1 hr, ~ Fronetormotion Cool to =100 F X 10 F

Hold for 1/2 hr. . Hold for 8 hrs,

Results in Condition T Results in Condition R -100
Heat to 1050 F * 10 F Heat to 950 ¥ X 10 F

Hold for 90 Min, ____ Praciplration Hold for 60 Min.

Air cool to R.T. [ Hardening Air cool to R.T.

Results in Condition TH 1050 Results in Condition RH 950

Condition € material may be heat treated in the following manner:

Condition C

[

Heat to 900 F * 10 F

Eold for 60 Min,

Air cool to R.T.

Results in Condition CH 900
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7.L., PH 15-7 Mo (Armco Steel Corp.)

7.4.4.1 Condition as Supplied by Mill

Same as for 17-7 PH, see par. 7.4.3.1.

7.he4.2 Heat Treatment by User

Same as for 17-7 PH, see par. 7.4.3.2. .
7.L,.5 AM-350 and AM—355(Allegheny—Ludlum Steel Corp.)

7.4.5.1 Summary of Conditions Vs. Heat Treatments

Grade Condition Heat Treatment Purpose
AM-350 | L Solution treated at 1710 F +25°, air cooled or Preparation for

water quenched Hardening

H* Solution treated at 1850 to 1975 F, air cooled Formability
or water quenched

SCT Condition L plus 3 hours at -100 F plus 3 hours at Hardening
850 to 1000 F, air cooled d

DA Conditicn L or Condition H plus 3 hours at Hardening
1375 F +25°, air cooled to 80 F max, plus 3 hours

at 850 F'+25°, air cooled
AM-355 | L Solution treated at 1710 F + 25° air cooled or Preparation for

water quenched Hardening

H** Solution treated at 1850 to 1900 F, air cooled Formability
or water quenched

SCT Condition L plus 3 hours at -100 F, plus 3 hours Hardening
at 850 to 1000 F, air cooled

DA Condition L plus 3 hours at 1375 F 4 25° air cooled | Hardening
to 80 F max plus 3 hours at 850 F £ 25° air cooled

Equalized and 1425 F +50°, air cooled to 80 F max plus Machining

overtempered** 1050 F +50°, air cooled (best machinability)

* Condition of sheet and strip supplied from the mill.
*% Conditions of bar and forging billets supplied from the

mill.

7.4.5.2 Annealing

These steels are annealed by heating to 1700 to 1950°F. and
cooling to room temperature fast enough to prevent the pre-

cipitation of chromium carbides.
cooling is sufficient.

quenching is recommended.

For sheet and strip, air
For heavier sections, oil or water




7.4.5.2

AM-350 and AM-355 are annealed either:

a., To prepare the steel for maximum response to subsequent
hardening or

b. To impart maximum ductility to sheet and strip for
fabricating operations.

AM-350 and AM-355 are annealed at 1710°F. + 25°F. to prepare
the steels for maximum response to subsequent hardening. After
annealing at this temperature, the austenite is unstab%e

enough to ensure maximum response to hardening by either of

the two heat treating methods to be described later. This
annealed state is designated as Condition L. Allegheny

Ludlum does not normally supply AM-350 and AM-355 in Condi-
tion L because of possible hardening in transit or storage.

For maximum ductility, heat AM-350 to between 1850 and 1950°F.;
AM-355 sheet and strip to between 1850 and 1900°F. The
austenite achieves greater room temperature stability due to
the solution of carbides at these annealing temperatures.

The precipitation-hardening steels have their best forming
properties in this annealed state which is designated as
Condition H. The H treatment is also used as an intermediate
anneal in fabricating operations. Sheet and strip is normally

shipped in Cornditien H

Annealing AM-355 over 1900°F. stabilizes the austenite so
that full hardening does not occur upon subsequent Condition
L annealing plus hardening cycles. Because of this, the
maximum annealing temperature recommended for AM-355 is
1875°F. + 25°F,

Material which has been given this high temperature anneal
must be subsequently reannealed at 1710°F. + 25°F. for 90
minutes per inch of thickness or at least 4 minutes for thin
gages. This ensures maximum response to the SCT hardening

heat treatments.

Surfaces must be completely free from oil or other contami-
nants prior to annealing; and heat treating atmospheres must
not carburize, decarburize or nitride, particularly in thin
sections.

AM-355 castings are homogenized at 2000°F. followed by air
cooling. This treatment eliminates or reduces coring to a
minimum. If a controlled atmosphere is used, this treatment
can be combined with a decarburizing treatment which may be
necessary to remove excess surface carbon picked up from
shell mold materials. Castings must also be given a condi-
tioning anneal at 1750°¢F. *+ 25°F. followed by water or oil
quenching to ensure response to later heat treatment.
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7.4.5.3 Hardening

AM-350 and AM-355 can be hardened:by using‘either of the
following two methodss _ :

1. Hardening by Sub-zero Cooling and Tempering {SCT)

Because the Ms temperature normally f{after 1710°F.
+ 25°F. annea.ing treatment) 1s slightly above room
temperature, AM-350 and AM-355 can be completely
hardened only by cooling to below room temperature.

A minimum of 3 hours at -100°F. ensures maximum aus-
tenite to martensite transformation. ‘

. For the best combination of strength and ductility,
the primary martensitic structure must be tempered.
The highest strength consistent with good ductility
is obtained by tempering at 850°F. for a minimum of

-3 hours., Higher tempering temperatures; up to 1000°F.,
may be used to raise the .2 percent offset yield
strength, to increase the room temperature impact
atrength and ductility and to improve machinability
of bars and forging billets.

If this method of hardening is used, it is necessary
to precede it with an anneal at 1710°F. + 25°F. for

90 minutes per inch of thickness in cases where the
material was previously annealed at 1850 to 1950°F.

If annealing is done atbove 1710°F.;, one can expect a
decrease in the level of strength obtained by subse-
quent hardening. If the annealing temperature reaches
1900 to 1950°F., no response at all may be observed.

2. Hardening by Double Aging {DA)

Another method of hardening AM-350 and AM-355 consists
of a two-stage precipitation-hardening treatment. The
first stage, employing a three-hour treatment at 1350
to 1400%F., results in the precipitation of chromium
carbides. This operation alters the composition of the
austenite so that it transforms completely to martensite
on cooling 80°F. maximum. Further increase in strength
and hardness is obtained by a final aging treatment of
two to three hours at 825 to 875°F. Air cooling is
sufficient in both stages. Double aging of AM-355 must
be preceded by a Condition L amneal, but this is not
necessary for AM-350.

The properties of double-aged AM-350 are not usually
affected by the prior annealing temperature, but a
minor decrease in strength is observed when the anneal-
ing temperature prior to double aging is increased.from
1700 to 1950°F.
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Hardening AM-350 and AM-355 causes an increase in volume.
The designer must be aware of this dimensional growth of
parts being heat treated and must allow for it. AM-350
initially in Condition L, grows approximately .004 in. per
inchy AM-355, initially in equalized and overtempered con-
dition, approximately .0015 in. per inch. Less growth is
experienced with AM_355 because in the equalized and over-
tempered condition, it has already undergone a martensitic
transformation.

7.4.5.4 Equalizing and Overtempering

In the case cf AM-355 bars and forging billlets, inconsist-
encles in hardening response arising from high forging and
process annealing temperatures can be minimlzed by employ-
ing an equalizing treatment of 3 to 4 hours at 1375 to
1475°F, and ailr cooling to 80°F, maximum prior to the
re-solution treatment at 1710°F. and the SCT treatment.
Machinability 1s improved by equalizing followed by an
overtempering treatment for 3 hours at 1050°F. Unless
otherwlse specified, bars and forging billets are supplied
from the mill in the equalized and overtempered conditlon,

7.4.6 A-286 (Allegheny-Ludlum Steel Corp.)

7.4.6.1 Hardening

The heat treatment consists of two parts--a solution treat-
ment followed by an aging treatment.

First is the solution treatment which puts the alloy in its
softest and most ductile condition. This is accomplished
by cooling rapidly from the solution temperature. O0il or
water quenching is recommended for heavy sections while
thin sections, such as sheet, may be air cooled. The solu-
tion temperature may be 1800°F. or 1650°F. for one hour.

In general, creep and rupture strengths increase and rupture
ductility decreases with increasing solution temperature.
The 1800°F. temperature provides a good combination of
properties and is generally recommended, whereas the 1650°F.
temperature is used when a higher notch rupture strength
and slightly higher hardness are required.

Second is the aging or precipitation hardening treatment
which develops its high strength and hardness, and consists
of holding at 1325°F. + 15°F. for 16 hours followed by air
cooling. The hardness and related mechanical properties of
A-286 are highly dependent upon the aging temperature and
somewhat less so on the aging time. Typical changes in
hardness with variations in aging temperature and time of
bar material solution treated 1800°F,--1 hr.--o0il guenched
and then aged as follows:




7.4.6.1 - 7.4.7.2

Aging Time (Hr.)

at 1325°F, Brinell Hardness
0 146
2 27k
Ly 292
8 297
16 288
Aging for 16 Hours at Hardness
Indicated Temperature Brinell Rockwell
1325 293 RC 31
1350 286 RC 30
1375 277 RC 29
1400 262 RC 26
1425 262 RC 26
1450 241 RC 22
1475 217 RB 96
1500 202 RB 93

7o4.7 17-10 P (Armco Steel Corp.)
7ok.7.1 Condition as Supplied by Mill

Normally, this material is supplied in the solution-treated
condition. However, it can also be supplied in the single
and double aged conditions. The various conditions in which
17-10 P can be purchased are described below.

How Condition is Developed

1. Solution Annealed Solution treated at 2050°F.,
water quenched

2. Single Aged Solution treated plus 1300°F.
for 24 hours, water quenched

3. Double Aged Solution treated plus 1300°F.
for 12 hours, water quench, plus
1200°F. for 24 hours, water
quench

7.4.7.2 Heat Treatment

Material received in the solution annealed condition from
the mill has been solution treated as a final operation
before shipment and may be immediately aged either by a
single aging or double aging treatment. Single aging con-
sists of heating to 1300°F. for 24 hours and water quenching.
Double aging consists of heating to 1300°F. for 12 hours,
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water quenching, and then reheating to 1200°F. for 24 hours
and water quenching. The double heat treatment increases
the .2% yield strength by approximately 10%.

If the material has been hot worked or process annealed dur-
ing fabrication, it is necessary that it be solution treated
at 2050°F. for one-half hour and water quenched before aging.
It is recommended that the stock be charged in a furnace no
hotter than 1600°F. and raised at a rate of about 100 degrees
Fahrenheit per hour to 2050°F. The material should be soaked
at 2050°F. for 20 minutes.

Aging 17-10 results in a predictable dimensional change.
This change is a contraction of .0003-.0004 in. per inch.

7-4.8 HNM (The Crucible Steel Co. of America)

Hardening processes are similar to those indicated for 17-10
P above.
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7.5 Ferritic - Austenitic Grade (Type 329)

7.5.1 Hardening

Type 329 stainless steel is generally manufactured in the
forms of bar stock or welded heat exchanger tubing. The
chemical composition range specified by Carpenter Steel
Co. for Type 329 bar stock is: C - 0.20%, Cr - 23.00 -
28.0070, Ni - 2.50 - 5.00%, and MO - 1050 - 2.50%. The
tubular product, known as Carpenter 7 Mo, has the follow-
ing composition: C - 0.08% max., Cr - 26.0 - 28.5,

Ni - 3.75 - 4.50%, and Mo - 1.35 ~ 1.65%.

This grade of stainless steel is not truly austenitic or
ferritic. It contains a large amount of ferrite in an
austenite matrix and has many characteristics of the
ferritic grades. It is annealed by water quenching from
1750° - 1800°F,

Hardening is performed by heating to 1350°F, holding at
that temperature for at least 12 hours and cooling slowly
in the furnace. When so treated, the material will develop
a hardness of approximately 40 to 45 Rockwell C or 375 to
425 Brinell. This treatment renders the steel quite
brittle, having about the same toughness as a good grade

of cast iron.

Although manufacturers of Type 329 refer on occasions to
the material as being hardened by a precipitation harden-
ing mechanism, it actually hardens because virtually the
entire structure is converted to sigma phase.
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8. TESTING AND INSPECTION
8.1 Non-Destructive Methods

8.1.1 Radiographic Inspection

8.1l.1.1 General

Radiography, either by x-rays or gamma rays, consists

of directing rays first to penetrate the object being
inspected and then to fall on sensitive film. As the
amount of penetration varies inversely with the thick-

ness of the object, thinner sections, cracks, or voids
allow more radiation to pass, causing the film to be

darker in these areas. Because the rays travel essentially
in straight lines, flaws, if present, may be located and
evaluated from the film3,

8.1.1.2 Applications

At Savannah River Plant, radiographic examination has
been employed to determine the quality of field and
shop welds in all important piping systems and has
been used on numerous occasions for the determination
of casting soundness, and in the examination of welds
in purchased items such as welded pipe and welded
fittings which were not radiographed by the manufacturer.
The use of this method by suppliers has been specified
for purchased items such as vessels, pipe, tubing, and
castings. It has been widely used for weld inspection
in field erected storage tanks.

A recent application of radiography for Savannah River
Plant at a manufacturer's shop has been the inspection
of longitudinal welds in stainless steel tubing for
severely corrosive rebdiler services. One in. dia.

x 10 gauge welded tubing, even when inspected by radi-
ography for 100% of the weld length has been found
cheaper than seamless tubing.

Another application where radiographic inspection could
be used is for the detection of areas where the wall
thickness of a pipe, tube, or vessel has been thinned
by grinding in fabrication or by corrosion or erosion
in service.

Radiographic examination has also been used by a heat
exchanger fabricator to determine the quality of tube
to tube sheet welds of the type shown in Par. 6.1l.4.1
Figure 1(p). Thulium 170 was used in this case.
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8.1.1.3 Techniques

a. Gamma Ray Radiography of Welds in Pipe

Figure 1 shows methods cémmonly used for gamma
ray radiographic examination of welds in pipe.l

Method A - Film inside, radiation source out-
side. This method could be used for any pipe
size that is large enough to permit inserting
the film. It could only be used for piping
assemblies which are being fabricated since
access to the inside of the pipe is necessary.
Several exposures would be required to cover
the entire weld. This technique would be most
suitable for radiographing local areas in
welds in large pipe. Because of the direction
of curvature, uneven exposure would result
if long films are used.

Method B - Film outside, radiation source inside
This method is suitable when the pipe is
sufficiently large that the distance between
the radiation source and pipe wall is great
enough to permit radiographs of adequate
sharpness to be made. At Savannah River Plant,
this method was used for pipe 6 in. i.p.s. and
larger. An advantage of this method is that
the entire weld can be radiographed with one
exposure. The distance from source to weld
is always the same giving uniform film density.
A disadvantage is that the pipe must be open
to permit insertion of the source of radiation,
making it of limited value for evaluation of
welds in piping systems after installation.

Method C - Film and radiation source outside -
double image, This method was used at Savannah
River Plant for pipe under 2 in. i.p.s. With
this method, the radiation source is placed
sufficiently far from the nearest point on the
weld that both the portion of the weld nearest
the radiation source and the portion of the weld
nearest the film are shown with adequate
definition. The portions of the weld at the
sides of the pipe must be shown on another
exposure taken at 90° to the original. The
radiation source is so placed that the radiation
passes through the weld at an angle, projecting
the weld on the film as an ellipse, A dis-
advantage of this method is the length of time
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required to make an exposure. An advantage
is that both radiation source and film are
on the outside of the outside of the pipe,
making the method suitable for use on in-
stalled piping.

Methods D & E - Film and radiation source out-

side - single image. With these methods the
radiation source is placed sufficiently close
to the pipe that only that portion of the weld
ad jacent to the film is shown with sufficient
definition to permit interpretation. These
methods become useful where the pipe diameter
is sufficiently large that the exposure time
required for the double image method described
as Method C above becomes prohibitive.

Method D could be used for the smaller pipe
sizes such as 2 in. i.p.s. where the source

in direct contact as shown in Method E would be
too close to the film to give good definition.
It could also be used for 3 in. and 4 in. pipe.
These sizes (3 in. and 4 in.) are, however,
examined by Method E on occasions. Method E
is best suited for sizes over about 3 in. to

L in. and can be used up to sizes around 30 in.
where the exposure time becomes prohibitive.
Since both the radiation source and the film
are on the outside of the pipe, these methods
are suitable for use on installed piping
systems.

Method F - The method shown in Figure 2 is now

considered to be acceptable for the examination
of full penetration fillet welds such as used

for the attachment of nozzles to vessel walls.
Since the wall thickness through which the
radiation must pass to reach the film is not
uniform, the double film technique is used.

One piece of film of fast speed and one of slower
speed are placed in the film holder. The exposure
time is chosen so that on the slower speed film,
the thinner portion of the weld is correctly
exposed and on the fast film the thicker portion
of the weld is correctly exposed. By observing
both films, the entire weld can be examined.

Method G - Radiographic examination can be employed

to determine the wall thickness of a pipe as

shown in Figure 2. This method is of value to
determine if low spots have occurred in service as
the result of corrosion or erosion.
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X-Ray Radiography of Welds in Pipe and Tubing

in Multiple Lengths

Figure 3 shows a method that has been used
successfully to radiograph welds in several lengths
of pipe or tubing simultaneously. This method

is widely used when small diameter tubes, such

as heat exchanger tubes must be radiographed.

The tubes are positioned on a rack above the

x-ray machine, and a tube length of approximately
2 1/2 ft. is radiographed with each exposure,

the tubes being moved lengthwise after each
exposure to bring into the range of the machine
the next portion of the length that has not been
radiographed. By means of this multiple tube
radiographing technique, the cost of x-raying

the longitudinal welds in the tubing may be as

low as approximately $0.15-0.25 per ft. for 1 in.
tubing. Large size film is used so that a portion
of each of the tubes on the rack will be shown on
each film.

X-Ray Radiography of Circumferential Butt Welds

in Pipe

Figure lLashows a method commonly used for the
radiographic examination of circumferential bu.t
welds in pipe. At Savannah River Plant, this
method was used for pipe 6 in. i.p.s. and smaller.
The x-ray machine head should be positioned
sufficiently far from the pipe wall toward the
machine that it will show on the film with the
required definition and sensitivity. The x-ray
machine head is so positioned that the radiation
will pass through the weld at an angle, thereby
projecting the image of the weld on the film as
an ellipse. Two exposures 90° apart are required
to produce an image representing the entire
circumference of the weld that is suitable for
interpretation. For pipe larger than 6 in., it
may be necessary to move the Xx-ray machine head
closer to the pipe so that only the portion of
the weld adjacent to the film will show with
sufficient clarity for interpretation.

X-Ray Radiography of Longitudinal Butt Welds in Pipe

When large diameter welded pipe is to be radi-
ographed or smaller pipe in other than extremely
large quantities, the method shown in Figure 4b is
frequantly used. This is slower than the technique
for radiographing multiple lengths previously dis-
cussed, but requires no special racks and facilities
for inverting the x-ray machine head.
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8.1.1.4L Standard Specifications

Section VIII, Unfired Pressure Vessels, of the ASME
Boiler and Pressure Vessel Code provides the most
widely used rules covering the technique for radi-
ographic examination of welded joints and rules for
interpretation of radiographs. Par. 6.6 includes a
summary of these ASME requirements.

Another specification frequently referred to is
MiL~-STD~-271B (Ships), "Military Standard, Non-
destructive Testing Requirements for Metals™. This
specification contains detailed information.on radi-
ographic techniques.

The following ASTM Specifications are availables
EiL2 - Controlling Quality of Radiographic Testing.

This specification covers the following
subjects:

Direction of Radiation
Penetrameters

Levels of Inspection
Placement of Penetrameters
Number of Penetrameters
Location of Markers
Identification of Radiographs
Multiple Film Techniques
Image Quality

Source-Film Distance

E-71 - Industrial Radiographic Standards for Steel
Castings. This specification classifies
castings according to wall thickness and
intended use, and sets forth permissible
defect levels for the different classes
of castings.

E-69 - Tentative Reference Radiographs for Steel
Welds. This publication describes a set
of reference radiographs which can be
purchased for use as an aid in interpreting
radiographs of steel welds.

E-9, - Radiographic Testing. This recommended
practice is intended as a guide for
satisfactory radiographic testing.
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This recommended practice, issued in
1952, is out of date on some subjects.
Some of the subjects covered are listed
below:

Radiation Sources

Radiographic Equivalence Factors

Film

Screens

Radiographic Contrast

Focus-Film Distance

Exposure Charts and Calculators

Exposure Factors and Arrangement of Parts
Protection and Care of Unprocessed Films
Processing Films and Viewing Radiographs

E-52 - Tentative Industrial Radiographic
Terminology for Use in Radiographic In-
spection of Castings and Weldments

8.1.1.5 Radiographic Terms3

a, FEnergy-essentially determines penetration properties
of the radiation. 1In x-ray work, energy is usually
determined by the accelerating voltage (kilovolts)
applied to the anode. In gamma ray work, energy
(a characteristic of the source) is measured in
electron volts (kilovolts). The energy of the
gamma ray corresponds to the maximum energy or
hardest x-ray generated by an x-ray machine at the
same potential.

b, Roentgen - the unit of radiation quantity, which
is based on the ionizing effect of radiation on a
given quantity of air at standard temperature and
pressure.

c. RHM - the Roentgen output per hour of one curie
measured at one meter from the source of radiation.

d. Curie - a measure of the amount of nuclear dis-
integration (3.7 x 1010 per second) indicating the
theoretical radiation output of an isotope. As
the self absorption of different isotopes varies,
the number of curies is only an approximate guide
to the amount of radiation.

e, Milliamperage - the anode current of an x-ray
tube - 1Indicates the quanitity of radiation.
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Half-life - a half-life is the period of time

required for the curie strength of an isotope
to decay to half its prior value.

Half-thickness - the thickness of a material that

reduces the incident radiation by a factor of two.

Sensitivity - a measurement of the flaw detecting

ie

ability. 1t is the ratio expressed as a percentage
of size of flaw discernable to the thickness of

the material. For example, a sensitivity of 2%
indicates that flaws as small as 0.06 in. in the
direction of the radiation can be found in material
3 in. thick.

Definition - the degree of clarity of a radiograph.

J.

Contrast - the difference in tone between the

darkest and lightest portions of a radiograph.

8.,1.1.6 Radiation Sources

General

e

Radiographic inspections are conducted with both
x-rays and gamma rays. The choice of one type

. " radiation over the other depends on the
sensitivity and sharpness of detail requirements,
the thickness of the part, location of the item
to be inspected, and equipment available.

In general, greater sharpness of detail and better
contrast are available from x-rays than from gamma
ray sources. Where very good definition is re-
quired, such as to detect fine cracks in thin
material, an x-ray machine is essential. Where

the stainless steel section thickness is not too
great for portable x-ray machines, the x-ray
radiographic method should be given first con-
sideration even for inspection of field welds.

For field inspection of weldments in heavy plate,
say over about 2 to 2 1/2 in. in thickness, the use
of an isotope is almost a necessity since truly
portable x-ray machines of sufficient capacity

are not available. For shop fabrication, involving
cessels of very heavy plate, say over 3 1n. in
thickness, for severe service conditlions, fabri-
cators should be chosen who possess high voltage
x-ray equipment. Such equipment is available to
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cover the x-ray energy range of 1 to 24 Mev.
This range routinely would cover a thickness
range from 1/2 to 13 in. This is large, very
expensive equipment and is found primarily in
large shops where heavy plate fabrication is
performed.

X-rays are produced when electrons, traveling at
high speed, collide with matter. In the usual
type of x-ray tube, an incandescent filament
supplies the electrons and thus forms the cathode,
or negative electrode of the tube:. A high voltage
applied to the tube drives the electrons to the
anode or target. Thé sudden stopping of these
rapidly moving electrons in the surface of the
target results in the generation of x-rays.

Different voltages are applied to the x-ray tube

to meet the demands of various classes of radi-
ographic work. The higher the voltage, the greater
the speed of the electrons striking the focal

spot. The result is a decrease in wave length

of the x-rays emitted and an increase in their
penetrating power and intensity. The higher
voltage x-rays are used for the penetration of

Table 1 lists typical x-ray machines according to
maximum voltage and gives applications and approxi-
mate practical thickness limits. Portable machines
are generally 150 or 260 kv. These machines,
unless auxiliary cooling is provided, are not
designed for continuous service over long periods
of time, but are suitable for many field inspection

Figure 5 gives typical exposure times for typical,
normal, and high voltage x-ray machines for various
steel thicknesses. Some gamma ray exposure times
are also shown. The gamma ray exposure times can
be shortened somewhat by the use of larger sources
and by shorter source to film distances.

b. X-Ray Machines
thicker and heavier materials.
applications.

c. Gamma Ray Sources3

The twe most common sources used for isotope radi-
ographs are Iridium 192 and Cobalt 60. Other sources
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including radium, Thulium 170, Cesium 137, and
Sodium 24 are also used. Table 2 compares the
properties of several gamma ray sources.

Table 3 compares the thickness ranges covered

by the various gamma ray sources with those of
x-ray machines of various sizes,

Originally, radium was used for industrial
radiography; however, its high cost and its low
specific activity (resulting in large sources
with the attending difficulty of poor definition)
have resulted in the change to isotopesas they
became available.

Cobalt 60 has become widely used because of its
high specific activity, its low cost, and its wide
range of applications.

The radiation from Iridium 192 being softer (of
longer wavelength) than that from Cobalt 60 makes
it more useful for thinner sections. Furthermore,
its extremely high specific activity makes possible
very small but powerful sources. Theoretically,
the short half-life (75 days) of Iridium 192 is

a disadvantage, but modern methods of source
replacement have made Iridium 192 an extremely
useful isotope. Figure 6 compares the physical
dimensions of typical Cobalt 60, Iridium 192, and
Cesium 137 sources of equal size (in curies).

Thulium 170 has attractive theoretical advantages
for very thin sections, but obtaining this
isotope in a sufficiently pure state to obtain
the desired qualities is somewhat difficult.

Cesium 137 has radiation characteristics inter-
mediate between Iridium 192 and Cobalt 60 with a
long (27 years) half-life. Two disadvantages
hinder its wider use. Its specific activity is
low, resulting in long exposure times and physically
larger sources, decreasing the definition of the
radiograph. Secondly, Cesium 137 sources are
composed of compacted Cesium chloride and thus
the possibility of leakage of this material is
much greater than with other sources. For this
reason, the AEC requires that Cesium sources be
inspected at least every six months, adding some-
what to the cost of using Cesium 137. Neither
Iridium 192 or Cobalt 60 sources require these
special inspection procedures.
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Sodium 24 has been used where extremely powerful
sources are required but its very short half-life
of 14 hours prevents its use except for special
applications.

The problem of choosing a source involves con-
sideration of the type and thickness of the
material to be inspected, the exposure time which
can be tolerated, the frequency of the exposures,
cost, desired sensitivity, and geometrical
constraints imposed on the exposure. In isotope
radiography, the quality of the radiation depends
on the isotope chosen. The quantity of this energy
per unit time at a given distance (intensity) is
dependent on the curie size of the source. For
example, Cobalt 60 has nearly twice the average
energy of Cesium 137 and over three times that

of Iridium 192. One curie of Cobalt has an out-
put of 1.350 Roentgen per hour per meter while a
10 curie source would have ten times this amount.

Figure 7 gives typical exposure times for various
thicknesses of steel for Cobalt 60, Iridium 192,
and Cesium 137. In many cases, the source to film
distance would be shorter than the 36 in. value
used in Figure 7, thereby decreasing the exposure
time.

Some recent work reported by Atomic Energy of Canada
gives the following recommended thickness range
for five isotopes when radiographing steel’:

Isotope Thickness Range. In.
Thulium 170 1/8 - 1

Iridium 192 1/L - 2 1/2
Cesium 137 1/2 - 3 1/2
Cobalt 60 3/L - 8

Thorium 228 2 - 8+

8.,1l.1.7 Comparison of X-Ray and Gamma Ray Inspection

Generally speaking, an x-ray machine is more flexible
than an isotope as a radiation source, since its KV

and Milliamps (MA) normally can be varied over certain
ranges. For example, a 150 to 250 kv. machine can cover,
by proper choice of KV and MA, a thickness range in
steel or bronze of 1/16 in. to 2 in. as well as 1 in.

to 8 in. in aluminum or magnesium. The isotope most
nearly approximating this is Iridium 192 which cannot
cover the thinner sections but is good on thicker
sections3,
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Ideally, in order to obtain maximum definition and
contrast, an x-ray machine of the proper KV rating
would be used for all applications requiring radi-
ographic examination. In shop work there is no
difficulty in obtaining x-ray radiographic inspection
of welds where the plate thickness will permit the
use of x~-ray machines up to 250 KV. Several large
fabricators of heavy plate have high voltage equip-
ment with outputs greater than 1,000 KV which permit
the radiographic examination of almost any thickness
of material that would be used in weldments.

In radiography of welds and equipment under field
conditions, there are many problems in the use of
x-ray machines:

a. Truly portable machines have an output limit of sonkt?
around 250 KV. This limits the metal thickness - .4
which can be inspected to about 2 in. of steel.

b. An electrical power source is required.
c. Some cooling mechanism is required.

d. The x-ray machine head, even in portable machines,
is heavy and difficult to position - especially
when radiographing welds in installed piping inza
building.

e. The relatively large size of the x-ray machine
head makes it impossible to perform radiographic
inspections in confined locations.

In addition, the initial cost of an x-ray machine is
high and there is maintenance cost, including periodic
tube replacement.

Isotopes on the other hand require no power source or
cooling; are contained in a smaller source holder which
is highly portable and relatively easy to position,
small enough in size to permit positioning at almost
any conceivable location; and require no maintenance.

The main advantages of isotope radiography are its

low cost, and portability. These characteristics

extend the applications to include many items which due
to their size, shape, or physical location are impossible
to radiograph with the usual x-ray techniques. The

lower cost of #sotope radiography makes the use of
radiography practical for many additional applications3.
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8.1.1.8 Sensitivity

The sensitivity of the radiographic process is the
measure of the success in detecting small defects.
It is customary to express sensitivity as the percent
ratio of the thickness of the smallest detectable
defect to the thickness of the base material. For
example, a technique is said to have a sensitivity of
2% in which the presence of a void 0.020 in. deep
can be seen in a specimen 1 in. thick.

1
In general, sensitivity is dependent upon the entire
radiographic process and, in particular, on contrast
and definition. The table below shows the factors
which directly influence definition and contrast, and
indirectly influence sensitivity:

Factors Affecting Sensitivity

Definition Contrast
1. Focal spot siaze l. Kilovoltage
2. Target to film distance 2. Screens
3. Object to film distance 3. Scattered
radiation
L. Type of film L. Development time
5. Screens 5. Density
6. Screen-film contact 6. Type of film

8,1.1.9 Types of Film

Various types of film are available which differ in
speed, contrast, and graininess. The success of a radi-
ographic examination depends to a large extent on the
type of film used. In general, higher contrast, fine
grain films are slower but produce better quality
radiographic images.

The characteristics of several brands of radioegraphic
film are listed in Table 4.

In the radiographic work conducted during the con-
struction of Savannah River Plant, the film used for
radiographic examination was of the type described in
Table 4 as ™medium speed, high contrast, fine grain".
This film was used with lead screens. No use of in-
tensifying screens was permitted.

Where the high contrast, fine grain type does not give
sufficient definition, film representing one of the very
fine grain, high or very high contrast types should

be used.
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8.,1.1.10 Screens

Lead foil in intimate contact with both sides of
the film during exposure improves the quality of
the radiograph by reducing the effect of scattered
radiation. Lead foil screens permit a reduction
in exposure time with metal thicker than about
0.10 in. of steel and kilovoltages higher than
about 120, In all such exposures, the use of

lead foil screens is recommended because they
improve the quality of the radiograph. With x-rays
below 500 KVP, lead screen thicknesses are

0.005 in. in front of the film and 0.010 in.

a, Lead Foil Screens
behind.
b, Fluorescent Screens

Fluorescent or intensifying screens consist of a
powdered fluorescent material in a suitable binder
coated on a cardboard or plastic support. The

film is clamped firmly between a pair of these
screens during exposure. The radiation causes

the material to fluoresce, thereby exposing the
film by visible light in addition to the radiation
from the source. Fluorescent screens permit

great reduction in exposure time with some loss

of definition. The poorer definition is caused

by the spreading of the visible light emitted from
the screens. Fluorescent screens should be used
only when the exposure necessary without them would
be prohibitive, and the sensitivity that can be
achieved with them is acceptable for the application.
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Physical Size of Isotope Sources?

The physical dimensions of the active material in an isotope source
are important. This size, identified as the “focal point,” is responsible
for radiographic definition, or the sharpness of image outline on the
x-ray film. The smaller the focal point, the more clearly-defined will be
the image. In selecting a source size; the practical definition require-
ments resulting from small size are balanced against speed requirements
resulting from large sources.

Source size is a function of specific activity, which is continually im-
proving as our nuclear reactors are devoted more and more to industrial
requirements. Typical source sizes available today are shown in full
scale below (cross sections of right cylinders).
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Fig. 6 - Comparison of Physical Dimensions of
Typical Gamma Ray Sources of Equal

Size (in Curies).




Par. 8.1.1 PFlg. 7

1000
900

800
700
500

e
S

EXPOSURE MINUTES

33883

>
o

"3
k=

-
o

30

25

20

/
/
Cesium 137 /
10 Curies/
/ /

/] /
// y 4
/Iridium 192 | /

™
\\\

/ / feobalt 60

/110 Curies

DuPont 506 Film with ,010
Lead Screens Back & Front

/ Source Film Distance 36 in.

/ Film Density 1.5

//

0

1/2 1 1-1/2 2 2-1/2 3 3-1/2 4 4-1/2 8§ 5-1/2 6
STEEL THICKNESS INCHES

Fip. 7 - Exposure Chart for Gamma Ray
Radiography of Steel

6-1/2

7




TARLE 1

Par.

8.1.1 Table 1

TYPICAL X-RAY MACIHINES AND APPLICATIONS

Max. Voltare

Applications and Approximate

{kv.-Peak) Screens Practical Thickness Limits
Mone Extremely thin metallic
50 sections, wood, plastics,
biolosical specimens, etc.
Yone or Licht allovs; 5 in. alu-
150 Lead Foil minum or equiv.; 1 in. steel
or equiv.
Fluorescent | 1-1/2 in. steel or equiv.
250 Lead Foil 2 in. steel or equiv.
Myorescent 3 in. steel or equiv.
Lead Foil 3 in, steel or equiv.
400 :
Fluorescent | 4 in. steel or equiv.
Lead Foil 5 in. steel or equiv.
1000
Fluorescent 2 in. steel or equiv.
2CCO0 Lead Foil 8 in. steel or equiv.
Lead Foil 16 in. steel or equiv.
1524 (Mev)
Fluorescent |20 in. steel or equiv.
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Specific Average
Activity Output Half-Thickness
Average (curies/ per curie (inches)
Energy (Kv) Half-Life gram) mphrfieter Concrete-Steel-Lead
Thulium 170 85 (much 127 days 5-50 5-12 — — —
internal conversion)
Iridium 192 350 75 days 10-200 560 2.2 05 0.14
Cesium 137 660 27 years 5 350 2.6 0.8 025
Cobalt 60 1200 5.3 years 2-40 1350 34 1.0 049
Radium 200-2200 1690 vears | 1000 — —_ —
Sodium 24 2700 14 hours 5 2000 — — —_

Table 2 - Sources for Gamma-Ray Radiography
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Thickness Light Alloys Steel and Bronzes
(Aluminum and Magnesium) (Carbon and Stainless
Steel) (Monel and
Bronze)
Under 1/4" 30-150 KV X-ray 30-150 KV X-ray
Thulium 170 €60-250 KV X-ray
Thulium 170
1/4" -~ 1/2» 30-150 KV X-ray 30-150 KV X-ray(PB)**
Thulium 170 60-250 KV X-ray(PB
1/2" - 3/4n 30-150 KV X-rav 60-250 XV X-ra £RB)**
60-250 KV X-ray Iridium 192(PB)**
Thulium 170 Cesium 137(PB)**
3/um - 1n 30-150 KV X-ray 60-250 KV X-ray(PB)**
60~250 KV X-ray Iridium 192(PB5 *
Thulium 170 Cesium 137(PB)**
i - 2 1/2» 30-150 KV X-ray 60-250 KV X-ray(PB)**
60-250 KV X-ray Iridium 192(PB)**
Cesium 137(PB)**
Cobalt 60(PB)**
2 1/2n - 3 1/2" 60-250 KV X-ray 60-250 KV X-ray(CTS)*(PB)**
1000 KV X-ray(PB)**
Cesium 137(PB2**
Cobalt 60(PB)**
3 1/2" - 5 60-250 KV X-ray 1000 KV X-ray(PB)**
Cobalt 60(PB)** Cobalt 60(PB)**
5v - 6" 60-250 KV X-ray(PB)** 1000 KV X-ray(PB)**
1000 KV X-ray(PB)* Cobalt 60(PB)**
Cobalt 60(PB)**
6n - 8" 60-250 KV X-rav(PB(** 2000 KV X-ray(pB)**

*CTS - Using Calcium Tungstate Screens
- Using Lead Screens

**PB

1000 KV X—rayiPB)**
Cobalt AO(PB)**

* %

(From Industry & Welding Magazinet, March 1958)
+ Name changed to WELDING DESIGN & FABRICATION Magazine

Table 3 - Comparison of Thickness Ranges Covered by the
Various Gamma Ray Sources With Those of X-ray Machines
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Comparison chart of X-ray film*

Film

type

Fast speed
High contrast
Fine groin

Trade
name

Ansco Superay ‘A’
Gevaert Structrix D10
liford Industrial B

Recommended
applications

Thin sections or low-density materials, such as alumi-
naum and magnesium alloys. Heavy sections or complete
castings with lead screens at high voltages. Light alloy
and steal castings and welds. Medium to fairly great
thicknesses of heavy metal.

Fast speed
High contrast
Very fine grain

Gevaert Structrix D7

Medium and ‘leivly great thicknesses of light metal e
thin and medium thick objects of heavy metal. Alse
thick ebjects of heavy metals ot high voltag

Fast speed
High contrast
[Extea fins grain

Du Pont Type 510

Thin sections of low-density materials at low voliages
and stest up to 3-in. thick at high votlages.

Fast speed
Medivm contrast
Fine grain

Ansco Superay ‘D’
Kodak Type F

Wide range of thicknesses with intensifying screen for
heavy metals at low voltages. Steel, brass, etc. with
limited kilovoltage machines,

Very fast spoed
High contrast
Medium grain

Ansco Superay ‘C’
Gevaer( Structrix S
ford Industrial G

Especially suited to gamma radiography or production
line work. Thick objects of heavy metal (bronze and

steel ings) at low voltag

Very fast speed
Medium contrast
Medium grain

lliford Industrial A
Kodak Type KK

Heavy castings In steel, bronze, eate, and for rough
examination of slee]l welds, Also castings and assem-
blies having o wide range of thickness or density.

Medivm speed
High contrast
Fine grain

Du Pont Type 506
Hiford Industrial CX
Kodak Type AA

Light metal costings requiring fine detail and critical
examination of steel welds up to 13%-in. thick. Light
metals at lower voltages and heavier stee! parts ot
higher voltages,

Medium speed
Extra high contrast
Extra fine grain

Gevaert Struchrix D4

Thin to medium thick objects of light metal at normal
voltages, and thick objects of light metal end thin
objects of heavy metal at high voltages.

Moderale speed
High contrast
Fine grain

ilford Industrial C

Light metal castings . requiring fine detail and critical
examination of steel wp to Vi-in. thick.

Moderate speed
Extra high contrast
Extra fine grain

Gevaert structrix D2
Hiford Industrial F

Thin or madium thick sectiont of light metal ot low or
medivm voltages when fine detail is required; wllowe
wse of higherthan-wival voltages withowt less of con-
frest,

Moderate speed
Very high contrust
Extra fine grein

' Ansco Superay ‘B’

Kodak Type M

11

‘Ught meotals requiring highest quality definltion; alse
and X i

for high voltage
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8.1.2 Ultrasonic Testing

£.1,2.1 General

Ultrasonic testing is & nondestructive method for
measuring the thickness of, and detecting defects
within, various metallic materials of construction.
Instruments employing pulse-echo and resonance prin-
ciples are used for ultrasoniz inspection. Resonance
techniques are employed primarily for measuring the
wall thickness of piping and equipment. Pulse-echo
techniques are also used for thickness measuring, but
find widest application for flaw detection.

8.1.2.2. Theory of Operation

a. Pulse-Echo Testing

The circuitry of a typical pulse-echo test instru-
ment is shown in Figure 11." The instrument generates
high freguency (0.5-10.0 megacycles per second)
sound waves electronically, and transmits them
through a nonmetallic piezo-electric crystal (e.g.
quartz, tarium titanate, or lichium sulfate) mounted
in a search unit which is coupled with the part
being tested. The crystal vibrates while sending
out the initial pulse, then stops to receive the
reflection of that pulse from a defect and/or the
opposite side of the part under test. The portion
of the initial pulse which is reflected back to the
crystal is converted into electrical energy which

is amplified and transpozed on the screen of a
cathode ray tube, Figure 21, This amplified, re-
flected wave is timed so that the reflection appears
on the screen as a verticsl indication ("pip™") to
the right of the indication se® up by the initial
pulse. The distance between the initial pulse and
each "pip" is an exact meacure of *“he time that the
wave has traveled thrcugh che material being tested.

The above cycle of pulse transmitiing and receiving
is repeated at regular intervals so that an essen-
tially continuous indication is obtained. For a
given ultrasonic velocity in a material, the sweep
can be calibrated directly in terms of distance or
depth. Square wave markers as shown on the sketch
of the cathode ray tube screen on Figure 2 can be
superimposed on the horizontal sweep line. The
steps can be changed to represent any desired unit
of length. The "pip" amplitudes represent the in-
tensities of transmitted or reflected pulses. These
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may be related to flaw size, wave attenuation, wave
spread and other factors.

Resonant Frequency Testing

Resonance instruments such as the Branson "Audigage"
are similar in characteristics to pulse-echo units
in that piezo-electric crystals are used to trans-
mit and receive high frequency sound waves, through
direct contact of the crystal with the test surface.
However, the main difference is that the test fre-
uency is varied between upper and lower limits
?e.g., between 2 and 4 megacycles per second) in-
stead of remaining constant. These instruments are
designed to indicate the frequency at which an exact
number of half wave lengths fit into_the thickness
dimension of the material under test<. A single
half wave fitting exactly in the thickness dimension
is considered the fundamental resonant frequency;
multiples of this frequency are called harmonics.
Use of the higher harmonic resonances is made by
measuring the frequency difference between succes-
sive harmonics. This frequency interval is equal
to the fundamental frequency. If the harmonic
number is known, or determined, the thickness may
be calculated from the following formula:

where T = thickness in inches, f = frequency in
megacycles per second, n = harmonic number, and K
is a constant for the particular material under
test, equivalent to one-half of the sound Veloc%ty
through the material in inches per second x 107°.

8.1.2.3. Ultrasonic Test Methods

There are four basic methods for ultrasonic testing
of materials using pulse-echo principles to detect
flaws. These methods, illustrated in Figure 3-, in-
clude:

.

Straight Beam Searching - makes use of longitudinal

waves -perpendicular to the test surface to detect
defects in materials, and measure wall thickness.

Angle Beam Searching - makes use of shear waves

introduced at an angle to test surface. Locates
defects which might be undetected by straight
beam searching.

Surface Wave Searching - makes use of shear waves

traveling along and just below the test surface for
locating surface defects.
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Tmmersion Searching - makes use of both shear waves

and longitudinal waves to inspect materials totally
immersed in a liquid; particularly applicable to
irregularly-shaped objects.

The first three methods require intimate contact be-
tween the search unit and the surface under test. Gen-
erally, a thin film of a suitable couplant, such as
grease, oil or glycerine, is used between the search
unit and the test surface for maximum sensitivity and
minimum wave attenuation. In the fourth method, both
the search unit and the test specimen aré totally im-
mersed in a suitable liquid couplant, such as water.
The search unit is usually located several inches from
the test specimen, and the sound waves are transmitted
to, and received from, the specimen through the liquid.

A variation of straight beam searching, called through
transmission searching, may be accomplished with modi-
fied pulse—fcho instruments. This method, illustrated

in Figure 4

uses sound waves emitted by one crystal

which are directed at, and received by, a second crystal.
The ratio of amplitude of pulses transmitted and re-
ceived is a measure of the soundness or quality of ma-
terial being tested. This method is used less fre-
quently than the aforementioned pulse-echo methods.

For thickness measuring, both the pulse-echo straight
beam search method and resonance methods are employed.
The wall thickness may be calculated or read directly,
depending upon the choice of test instrument.

8.1.2.4 Ultrasonic Test Applications

Ultrasonic test methods may be applied to almost any
material which is capable of transmitting high fre-
quency sound waves, but find widest application for
metals. For example, some steel mills are using
ultrasonic methods for control of quality in rolled
and forged carbon and alloy steel bar stock, forging
billets, tubing and piping, and rolled plate. In
general, angle beam searching is used for tubing and
piping, and straight beam searching for the other
mill items.

Straight beam searching is used also for plant main-
tenance-type inspection of:

l.

2.

Shafts and piston rods for fatigue cracks and other
defects. .

Clad vessels for areas of loose bonding between clad
and base metal.
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3. Forged components for miscellaneous defects.

L. Miscellaneous eguipment such as tanks, reactors
and piping for determination of wall thickness.

Angle beam searching is used primarily for locating
defects in pipe, tubing and weldments. In recent
years, this technigue has found considerable appli-
cation in inspecting welds in nuclear power reactor
pressure vessels, due to the critical nature of this
service and the inability of radiographic inspection
to detect fine cracks at undesirable orientations in
welds in heavy plate.

Applications for surface wave searching include the
detection of surface defects in hot and cold rolled
sheet and plate, valve springs, extrusions and crank
shafts. This method has been utilized in the in-
ternal probe method for detecting cracks in small
diameter tubing.

The primary application for immersion searching is

flaw detection in objects of irregular shapes where
direct contact of the crystal and object is difficult.
Typical examples are pump impellers, various complex
forgings, extrusions and castings. Also, the relia-
bility of this technique for inspecting metal plate

in thicknesses down to 1/L"%, and pipe and tubing down to
3/16" outside diameter?, has been demonstrated.

Resonance testing is, on occasion, used for the de-
tection of laminations in metal plates. However, its
primary application is the measurement of wall thick-
ness of equipment both in and out of service, where
access to only one side is possible.

8.1.2.5 Sensitivity

The sensitivity of ultrasonic testing depends upon a
multitude of factors, one of the most important of
which is the degree of training and skill of the in-
dividual operating the test equipment. A high degree
of operator training and familiarity with test methods
and material being tested is required for distinguish-
ing between extraneous indications and indications
from defects.

Other factors include choice of test method, type of
material under test, distance of defect from test
crystal, orientation of defect with respect to di-
rection of the sound wave, metal grain size, choice

of crystal couplant (oil, water, etc.), surface rough-
ness, test frequency, and others.
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Using surface wave searching as an example, grooves
0.002" deep have been detected on a sheet metal sur-
face having a surface finish of 25 r.m.s. In gen-
eral, a defect depth of 0.005" appears to be a
practical minimum, I¢ is reported that inclusions
0.008-0,010" diameter located just below the surface
in aluminum extrusions were detected by surface wave
searching as far as 12' away from the crystal contact
point. In carbon and alloy steel, it is expected
that a similar defect could not be detected at so
great a distance from the crystal, due to the poorer
sound transmission qualities of steels compared with
aluminum. The sound transmission qualities of the
stainless steels are poorer than those of carbon
steel,

A second example involved the use of angle beam
searching to inspect fabricator’s welds in 2-1/8"
thick, 1-1/4 Cr-1/2 Mo alloy steel plate. Ultrasonic
testing readily detected all defects revealed by x-
ray examination, plus numerous indications from de-
fects not shown on the radiographs. In one instance,
a tight c¢rack measuring approximately 1/4 x 3/8" (as
revealed by sectioning the weldment) was outlined
with the angle beam uni%, but could not be detected
by x-ray due %o unfavorable orientation. Unfortunately,
it was difficult to determine which ultrasonic indi-
cations were of such size to be considered rejectable.

There is, at present; no single measure of sensitivity
applicable to all methods of ultrasonic testing en-
countered in industry. Sensitivity is usually meess-
ured in terms of amplitude of indications from arti-
ficial defects of a given size and shape in the part
under test. Paragraph 8.1,2.7 contains some examples
of the types of artificial defects used for cali-
bration of ultrasonic testers.

Experience to date has indicated that defects in carbon
and alloy steel weldments equal to or greater than a
1/64" diameter flat bottom hole can be detected ultra-
sonically using angle beam ssarching techniques. This
level of sensitivity also applies in general to straight
beam searching of plate, bar stock and forgings, but

is dependent, of course, on distance of defect from

the search crystal, type of metal, etc. Using angle
beam methods on tubing and piping, a defect 3% of the
wgll thickness is considered to be the practical mini-
mum level of detection.

Most of the aforementioned factors also limit the sensi-
tivity and accuracy of ultrasonic thickness determi-
nations. Usting either pulse-echo or resonance methods,
practical lamits on sccurazy are plus or minus 3% of

the thickness being measured.
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8.1,2.6 Ultrasonic Testing Techniqgues

a. Variables

(1) Test Freguency

The choice of ultrasonic test frequency is
generally dependent upon the type and thick-
ness of material under test, suspected lo-
cation of defects, and the sensitivity and
accuracy required. For example, for pulse-
echo detection of defects, the higher
frequencies (5-10 mc) are used where the
suspected flaws lie close to the test surface,
and where maximum sensitivity is required.
The lower frequencies (0.5-5 mc) are used

to detect defects at considerable distance
from the test surface due to the greater
penetrating power and less beam divergence
of low frequency waves. Most angle beam
searching is done at frequencies of 2-1/2 mc
or less, since the beam must travel twice as
far as a straight beam, and thus requires
good penetration.

For thickness measurements by resonance
methods? low frequency ranges (e.g. 0.75 =
1.5 me) are used for materials above 0.75"

in thickness, poor ultrasonic conductors and
severely corroded materials. High frequency
ranges (e.g. 6-12 mc) are required for ma-
terials less than 0.025" thick, measurement
of small diameter tubes (less than 3/4" 0.D.),and
high accuracy measurement of materials less
than 0.075" thick. The range of 2-6 mc which
overlaps these high and low ranges, is the
most useful for general application in the
thickness range of 0.020™ to 0.75".

(2) Couplants

Al1 ultrasonic test methods require the ex-
clusion of air between the search crystal and
surface under test, since air is a poor trans-
mitter of sound waves. Therefore, this air
space is filled with a fluid couplant to re-
duce extraneous indications and beam spread.
Water is the most common couplant for im-
mersion searching; the choice of couplants
for direct contact testing depends upon test
surface roughness, and degree of sensitivity
required. A light oil similar in viscosity
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to SAE No. 10 fulfills most direct contact
test applications. Glycerine containing a
small amount of wetting agent is used for
maximum sensitivity at high frequencies or
on rough surfaces. High viscosity fluids
such as heavy oils and greases are used at
low frequencies and on smooth surfaces.

Testing of hot surfaces (100°C-200°C) re-
quires high temperature search units and
special couplants. At these temperatures,
ordinary oils become highly liquified and

may even vaporize between the crystal and
test surface, resulting in severe attenu-
ation or loss of indications. Certain sili-
cone and halocarbon oils and greases have
been used successfully under these conditions.

Search Crystals

The ideal search crystal? would have a high
conversion factor of electrical to mechanical
energy, would respond uniformly over a wide
frequency range, would have no internal reso-
nances, and would transmit a straight beam
over long distances. Unfortunately, the best
available crystals are a long way from the
ideal, and the shortcomings are most apparent
at lower frequencies.

Quartz is the most common crystal for both
pulse-echo and resonance testing. Barium
titanate crystals are used in resonance deter-
minations of wall thickness, due to greater
sensitivity compared with quamtz. A relatively
new crystal material, lithium sulfate, is find-
ing widespread application for both pulse-echo
and resonance methods, flaw detection as well
as thickness measuring, due to appreciably
higher sensitivities than quartz or titanate.

Flat crystals are applicable to all flat shapes
as well as slightly curved ones, such as large
cylindrical tanks. Small flat crystals (1/2"
diameter or less) can be used on highly curved
surfaces such as pipe and tubing. However,
for the latter application, it is best to use
a crystal ground to fit the curvature of ma-
terial under test, for maximum sensitivity.
These crystals apply to inspection from the
external surface of equipment. Spring-loaded
curved crystals are also available for measur-
ing the wall thickness of pipe and tubing from
the internal surface.
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The maximum temperature limitations of the var-
ious types of crystals are as follows:

1. Quartz - 150°C.
2. Lithium sulfate - 150°C.

3. Barium titanate - 80°C. (due to depolari-
zation above 100°C.)

The temperature limit of the first two crystals
may be extended to over 200°C. by protective
aluminum oxide and high temperature epoxy
resin coatings over the crystals.

Surface Preparation

Probably the ideal test surface for ultrasonic
inspection is a machined surface finish of
about 63 r.m.s. However, this is rarely en-
countered in the majority of applications for
this type of test. In general, all loose
paint and scale should be removed from the
surface by chipping, wire brushing and/or
light sand blasting. Otherwise, the sound
beam will be attenuated or completely reflected
from the interface between paint or scale and
the test surface. However, a thin coating of
tightly adherent paint will transmit sound
with only slight beam attenuation. At times,
polishing with sandpaper or a disc sander is
required after wire brushing, particularly on
pitted surfaces, if maximum sensitivity is
degired.

Extremely rough surfaces (i.e., a high con-
centration of deep pits) are extremely diffi-
cult to inspect due to scattering of the sound
beam by the uneven surface. Spot inspection
is accomplished by grinding or sanding small
areas (one or more times the crystal area) to
solid metal, to provide a good contact surface
for the crystal. A complete inspection may be
achieved by first wire brushing and then coat-
ing the surface with a tightly adherent plastic
material such as catalyzed epoxy resin. This
results in some beam attenuation but reduces
considerably the scattering caused by the
rough surface.
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Weld Inspection

Ultrasonic inspection of welds has drawn consider-
able attention in recent years, due primarily to
continually rising inspection costs and demand for
higher quality welds in equipment in critical serv-
ices. This interest is also reflected in the fact
that societies such as ASTM and ASME are currently
engaged in drawing up specifications and standards
for this type of test.

Angle beam searching is the best method for locat-
ing defects in butt welds. Straight beam tech-
niques are used for special welds such as nozzles,
internal heads, etc. Figure 5 shows typical in-
dications obtained from straight beam searching of
a weld joining an internal head with the shell of
a high pressure reactor.

In angle beam searching of butt welds, the first
requirement deals with the surface condition of
equipment under test®. The base material on either
side of the weld must be cleaned of weld spatter
and extreme roughness in order to assure intimate
contact between crystal and surface. The internal
and external weld beads must be blended smoothly
into the base metal, with no undercutting, ridges
or gross irregularities which would interfere with
interpretation of indications appearing on the
instrument cathode ray screen.

The instrument is calibrated on a test block equiva-
lent in thickness and properties to the material
under test, and containing artificial defects. In
one method for the location of defects, as shown

in Figure 6, the search unit is fitted with a clear
plastic "ruler" which enables the operator to deter-
mine the location of flaws within the weld deposit.
A 2" thick test block was chosen for purposes of
illustration. The search unit is positioned on one
face near the edge of the block, and moved away from
the edge until an indication is obtained from the
bottom corner. The location of maximum amplitude

of this indication is marked on the cathode ray
screen (1B). The distance from the face of the
search unit to the edge of the test block 1s meas-
ured and marked on the plastic "ruler.™ 3¥n this
manner, indications from the top corner, drilled
hole, and bottom corner (2B) are obtained and lo-
cated on the cathode ray screen and plastic "ruler"
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by appropriate markings. If all of these indi-
cations could be obtained simultaneously, the
cathode ray screen would appear similar to the
bottom sketch in Figure 6. Once calibration is
accomplished, instrument settings remain con-
stant throughout the inspection.

Welds are scanned by moving the search unit for-
ward and backward, alternately approaching and
moving away from the weld, a distance sufficient
to permit the sound waves to pass through the full
thickness of the plate and the weld in both an up-
ward and downward path. Also, the search unit is
moved laterally, parallel to the weld itself, a
distance not to exceed one crystal width for each
forward and back cycle. The resulting scanning
path is shown in Figure 7. Both adjacent sides of
the weld are scanned in this manner; thus, the
sound wave strikes possible defects from four di-
rections (upward, downward, and from either side).

Once an indication from a possible defect is ob~
tained, its location and approximate size must be
determined. The search unit is moved laterally
along the weld to see if the defect has any length,
and toward and away from the weld to determine depth.
If the amplitude falls off and disappears with only
slight lateral, forward and backward movement, it

is assumed that it is a point defect such as a spot
of porosity or slag inclusion. The size of the de-
fect is approximated by comparing the amplitude of
the indication with that from the drilled hole in
the test block. Defects which have length and/or
depth may be elongated slag inclusions, cracks, lack
of fusion or laminations in plate adjacent to the
weld. Since identification of the type of defect

is difficult, an ultrasonic test is usually followed
by x-ray for positive identification.

The position of the defect within the weld deposit

is estimated with the aid of the plastic "ruler",
location of the indication on the cathode ray screen,
and knowledge of weld geometry and path of the sound
waves. Referring to Figure 6, ror example, if a )
defect should appear at Position "H" on the screen,
and Line "T" on the ruler is directly over the center
of the weld, the sound wave is moving upward to
strike the defect, which is about halfway between

the top and bottom of the weld, and on the search
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unit side of the weld centerline. Knowing the
weld geometry, the operator can decide whether
the defect is in the weld deposit, adjacent base
metal, or weld metal - base metal fusion line.

Inspection of Pipe and Tubing

Pipe and tubing is inspected for defects by both
direct contact and immersion techniques. Angle
beam searching has been found to be the most
effective for direct. contact testing. Choice of
angle of the sound beam is based upon the wall
thickness and outside diameter of the material
under test. A 45° angle search unit is appli-
cable to most of the common sizes of tubing and

pipe.

The search unit is fitted with a plastic "shoe"
which is ground to the curvature of the tube 0.D.

The instrument is calibrated on a sample of tubing
equivalent in dimensions and properties to the test
material. The sample tube contains both longi-
tudinal and radial artificial defects, usually
notches having depths 3-5% of the tube wall thick-
ness. The amplitudes of 1ndicatlons from the notches
are located on the cathode ray screen by appro-
priate markings.

The tube is scanned for longitudinal defects by
positioning the search unit so that the sound path
entering the tube wall is parallel to the tube
radial axis (Figure 8a). The tube is rotated and
moved past the sesarch unit so that 100% of the
tube is inspected. In similar fashion, the tube
is scanned for radial defects (Figure 8b) except
that in this case, the search unit is positioned
so that the sound path entering the tube wall is
parallel to the tube longitudinal axis. At times
the search unit is positioned so that the sound
path enters the tube wall between the tube radial
and longitudinal axes, and assumes & spiral path
around the tube. This technique will locate both
radial and longitudinal defects, but with some loss
in sensitivity compared with the above techniques.

For inspection of pipe and tubing on a production
scale, the search equipment is completely auto-
mated. Indications from artificial defects are
located on a recorder which contains an audible
and/or visible alarm and a strip chart. Tubing is
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coated with a fluid couplant and passed contin-
uously beneath the search unit. When a defect is found
which is equasl to, or larger than the artificial
defect, an alarm is given, the amplitude of the
defect indication 1s recorded on the strip chart,

and the defect is located on the tube surface
simultaneously with a paint spot. Thus defective
areas can be located merely by examining the strip

chart and tube for paint spots.

Immersion searching has been found to be a de-
sirable method for inspecting pipe and tubing.
Reference 5 reports on the use of this method for
inspecting pipe and tubing for nuclear power re-
actors. Thin-walled tubing down to 3/16" 0.D.,
and piping to 8" 0.D. was inspected with good
sensitivity and dependability.

d. Inspection of Plate

Both direct contact and immersion search methods
are used for inspecting sheet and plate for lami-
nations and other defects. Surface wave, straight
beam and angle beam sesrching techniques are appli-
cable, depending uponr thicknese of plate, and
location and type of defect. For all methods, the
plate is generzlly laid out to assure 100% in-
spection. A typical layout 1s a series of longi-
tudinal and transverse grid lines 6" apart creating
6" squares. The lines are followed by the search
unit in both directions, using a weaving motion to
cover a path about 3" wide on either side of the
lines.

Surface wave searching is ucsed on thin sheet, or
where defects at or very close to the surface are
of concern, The instrument is usually calibrated
on sheet of thickness and properties equivalent to
the material under test, and containing artificial
notches of depth equal to & specified percentage
of the sheet thickness.

8.1.2.7 Ultracsonic Test Specifications

a. Military Standard

Military Standard MIL-STD-271B (Ships) defines pro-
cedures as well as acceptance limits. For this
reason, it is widely used throughout industry as

an ultrasonic testing specification for use in pur-
chasing mill items from vendors.
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b. ASTM Specifications

In all of the ASTM Specifications, the inspection
procedures are reasonably well defined, but accept-
ance-rejection limits are subject to agreement
between the purchaser and vendor. Thus when refer-
ring to these specifications, the purchaser must
define precisely the acceptance standards with
complete agreement from the vendor for assurance

of quality material. A listing of pertinent ASTM
Specifications is given below:

F1éL - Tentative Method for Ulirasonic Contact In-
spection of Weldments.

This, tentative method outlines a procedure
for inspecting weldments using the pulse-
echo angle beam search method. It covers
surface preparation and inspection tech-
nique but does not define adequately a
means for determining the position of a
defect within the weldment.

A388 - Recommended Practices for Ultrasonic Test-
ing and Inspection of Heavy Steel Forgings.

This recommended praztice refers to other
ASTM Specifications for recommended practices
for pulse-echo and rasonance testing. All
details of test procedure must be specified
by the purchacer. .

AL35 - Tentative Method and Specification for Ultra-
sonic Testing and Inspection of Steel Plates
of Firebox and Higher Quality.

This tentative method covers direct contact
pulse-echo straight beam searching of plate
for defects and outlines scanning procedures.
Acceptance standards are subject to agree-
ment between purchaser and supplier.

E113 ~ Tentative Recommended Practice for Ultra-
sonic Testing by the Resonance Method.

This tentative recommended practice outlines
practices for mezsuring wall thickness and
locating certain defects with direct contact
resonance methods. It covers calibration,
procedures, and interpretation of indi-
cations.
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¢c. Commercial Specifications

Producers of tubular products, plate, bar stock,
and forgings have written specifications to which
they will check their respective products when
ultrasonic inspection is required by customers.
The material listed below is taken from some rep-
resentative specifications:

(1)

Bar Stock (17-4PH)

(2)

General Requirements: In accordance with
MIL-STD-271 (Ships), except as noted below:

Size Range: All bars having a diameter or
thickness 1" and over.

Procedure: Sufficient inspection to be per-
formed to determine maximum response from a
defect. Bars which cannot be rotated, such
as squares, shall be inspected from all sides.

Test Frequency: Five megacycles using 3/L"
diameter of 1-1/8" diameter longitudinal wave
search crystal. While testing bars by the
contact method the equipment shall be ad-
justed to produce a 1" peak-to-peak indi-
cation from the 1/64" diameter flat bottom
hole in a No. 1 Alcoa Series A reference
standard. When testing by the immersion
method, the ultrasonic equipment shall be ad-
justed to produce an indication at least 40%
of full screen indication from a 3/64" di-
ameter flat bottom hole drilled radially in

a bar of 17-4PH of approximately equal di-
ameter and surface roughness as the bar to be
inspected.

Nuclear Piping and Heat Exchanger Tubing

Any suitable ultrasonic pulse-reflection type
of instrument coupled to an angle searching
unit shall be used.

Material to be tested shall be completely ex-
plored. Material shall be spirally fed in
one direction with a feed helix less than one
crystal diameter.
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A calibration standard nominally 6" long
shall be prepared from a randomly selected
piece of the pipe or tubing to be tested.
A longitudinal V-shaped notch shall be
machined on the 0.D. at one end of the
standard and on the I.D. at the other end.
These notches shall have the following
nominal dimensions:

Angle of V - The included angle shall be as
small as possible. It shall not
exceed 35°.

Depth - Equivalent to the maximum defect
depth permitted by the applicable
pipe or tubing specificati on but
in no case less than 3% of the
nominal wall of the pipe or tubing
or 0.004", whichever is greater.

Length - Approximately 1-1/2".

During the calibration of the instrument the
oscilloscope screen shall be marked to show
the "pip" height indicated from the O.D. or
I.D. notch whichever is lower, and these marks
will indicate the maximum height of defect
permissible. The defect "pip" shall be ob-
served as close as possible to the initial
pulse.

One calibration standard as described above
shall be prepared from each size of tubing or
pipe on each order.

Calibration shall be accomplished with the
calibration standard rotating at- the same uni-
form rate as will be used for testing the pipe
or tubing from which it was selected.

The following factors shall be adjusted so as
to achieve an optimum instrument distinction
between notched and unnotched portions when
testing the calibration standard described a-
bove:

Ultrasonic wave entry angle.
Ultrasonic test frequency.
Instrument sensitivity.
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Any pipe or tube showing a defect indication
which exceeds the "pip" height established
from the calibration standard shall be re-
jected. Any pipe or tube not showing such a
defect indication shall be considered as hav-
ing passed the ultrasonic test. Manufacturer
reserves the right to salvage (where practi-
cable) rejected pipe and tubing and retesting
after climination of the cause of the defect
indication, providing such elimination will
not otherwise be considered rejectable within
the specification.

gg) Plate

When ultrasonic testing is performed at the
supplier's plant, straight beam (longitudinal
wave) testing on 100% of the surface will
normally be used. Plates furnished to this
quality shall be free from discontinuities
giving ultrasonic indications exceeding that
obtained from a 1/4" diameter flat bottom hole
contained in a stainless steel reference plate
prepared at the plant.

When angle beam (shear wave) testing is em-
ployed, plates furnished to this quality shall
be free from discontinuities giving ultrasonic
indications produced from an indented notch
the depth of which is 3% of the thickness of
the material being tested or ultrasconic in-
dications exceeding that obtained from a 1/16"
diameter hole drilled parallel to the surface
of the plate.

More restricted standards of acceptance will
be subject to negotiation.

In addition, if complete loss of back reflec-

tion is encountered which cannot be attributed
to surface condition or grain size, the plate

will not be considered ultrasonic quality.

On plates that are not ordered to ultrasonic
quality, but subsequently tested by ultrasonic
methods, rejections will not be considered for
internal discontinuities beyond 3" from the
plate edges.
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Forged Pipe Flanges

Inspection shall be performed by the im-
mersed pulse reflection method. The test
frequency shall be 2.25 to 10 megacycles
as applicable and necessary.

Calibration shall be based on the end re-
flection and shall be recorded as percentage
of back reflection or as percentage loss of
back reflection in accordance with inter-
pretation specified below.

Where the geometry of the test piece prohibits
obtaining an end reflection the transducer
shall be normalized with respect to the test
piece and the instrument adjusted for a maxi-
mum front reflection. Internal defects shall
be recorded as percentage of end reflection
based on calibration against a parallel faced
section of approximately the same thickness

at the same instrument settings. Such angular
manipulation as is necessary shall be used to
determine the magnitude of a defect indication.

Sections with parallel faces shall be tested
from both transverse surfaces allowing suffi-
cient overlap to check 100% of the surface.
Nonparallel sections shall be tested to the
maximum extent possibie.

When testing through parallel cross sections
one or more areas exhibiting a complete loss
of back reflection shall be subject to re-
jection; areas exhibiting as much as a 50%
loss of back reflection shall be recorded and
reported; and defects exceeding 10% of a 3/k4
amplitude end reflection shall be subject to
rejection or review,

.Defective areas encountered when testing

through irregular cross sections shall be sub-
ject to rejection or review if the indications
are in excess of 10% of the 3/4 amplitude end
reflection obtained from a section with par-
allel faces having approximately equal thick-
ness.
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Defects indicated by these tests shall not be
the sole basis for rejection except at the
option of the manufacturer. However, in order
to furnish finished flanges having the re-
quired high degree of internal soundness, ma-
terial showing defect indications in excess
of calibration standard shall be subjected to
further investigation by such nondestructive

or destructive tests as are necessary to insure

the integrity of the finished product.

Results of said additional testing shall be
the criterion for rejection or submission for
review by the purchaser.

8.1.2.8 Cost of Ultrasonic Inspection of Mill Products

Most mills offer this inspection as an "extra". For
example, a large producer of tubular products adds
about 20% to the base price of small diameter stain-

less steel tubing for ultrasonic inspection in moderate

quantities. For carbon steel tubing, however, the
cost extra varies according to tube size and quantity.
Ultrasonic inspection of small -diameter tubing in
large quantities will cost an additional 30-40% of the
base price.

As an example of the cost of ultrasonic testing of
plate, a large producer of stainless steel plate adds
10% to the base price as a quality extra, plus $0.25
per square foot of plate area as a testing extra to

erform this service., The minimum testing charge is
§110 regardless of plate quantity. This applies to
commonly used materials such as Type 304L. Other ma-
terials may be slightly higher.

8.1.2.9 Cost of Ultrasonic Test Equipment

- A typical portable pulse-echo instrument for flaw
detection and thickness measurement, capable of being
used for immersion testing costs $500C-$6000 for the
instrument, one cable, and crystal. Additional crys-
tals cost $75-8200 each, This unit operates on 110V

power supply.

A typical battery powered portable resonance instru-

ment for thickness measurement, where thickness must be

determined by calculation, costs about $1000 for the
instrument with one cable and crystal. Crystals cost
$50-$200 each.
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A portable resonance unit for thickness testing which
gives measurements directly on scales in front of a
cathode ray tube costs about $2000 for a 14" model
with one cable, oscillator, scale, and crystal. Ad-
ditional scales for different thickness ranges cost
75 each, oscillators $285 each, and crystals $100-
150 each. This unit operates on 110V power supply.

8.1.2.10 Advantages and Limitations

The desirable features of ultrasonic testing include’:

1. High sensitivity, permitting detection of minute de-
fects.

2. Great penetrating power, allowing examination of
extremely thick sections.

3. Accuracy in the measurement of wall thickness, flaw
position and estimation of flaw size.

L. Fast response, permitting rapid and automated in-
spection.

5. Need for access to only one surface of specimen.

Ultrasonic testing may be limited by one or more of the
following factors:

1. Requires highest degree of operator skill and train-
ing for precise interpretation of test data.

2. No provisions for a permanent record of the shape
of defects, as in radiography.

3, Undesirable internal structure such as large grain
size, porosity, high inclusion content, dispersed
precipitates, etc.

L. Unfavorable specimen surface conditions, such as
pitting, heavy scale deposits, heavy paint coat-
ings, etc.

5. Unfavorable specimen geometry, such as minute size,
unusual contour and complexity, unusual defect
orientation within specimen, etc.

6. High attenuation of ultrasonic waves in certain ma-
terials, e.g., cast iron, sintered carbides and

plastics.

7. Dampening or complete loss of indications due to
elevated temperatures, fluids and internal deposits
in equipment under test.
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methods of search

straight beam search unit
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(a)

Used to locate defects by projecting a beam
perpendicular to the test surface.

angle beam search unit Used to locate defeces by introducing a beam
of vibrations at an angle to the surface of the
test material. In this manner, discontinuities
are located which, due to their orientation,
cannot be detected by the straight beam tech-
nique.

(b)

surface wave search unit

— Used to project a beam of vibrations which
gt — TP ’ .
- travel along the surface and just below the

L___{ surface of the material, These vibrations will

travel over irregular shaped surfaces.

(c)

immersion type search unit . . I .
Yp Used to inspect materials while immersed in

a suitable liquid such as water or oil. This
method proves more satisfactory than contact
testing for irregular shaped surfaces. Immer-
sion inspection also permits use of a wider
range of testing frequencies. Straight beam or
angle beam techniques are used by varying
the angle of the scarch unit head in relation
to the test surface.

Fig. 3 Ultrasonic Search Methods
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8.1.3 Eddy Current Testing

8.1.3.1 Scope

Although eddv current testing is applicable to many types of
nondestructivé testing including sorting of alloys, determi-
nation of heat treatment condition in a given allcy, measur-
ing plate and tube wall thicknesses, rod and tubing diameter,
electrical conductivity, and cladding thicknesses, this section
will be concerned with the application which probably has the
greatest value for the nuclear field and chemical process in-
dustry field, that of detection of discontinuities in tubular
products such as heat exchanger tubing.

As a quality control measure in the manufacture of metallic
tubing, it is now common practice to pass such tubing through
encircling coils of an eddy current tester at speeds sufficiently
high to make this type of nondestructive testing equipment a
valuable production line tool.

A variation of the eddy current test method in which a coil is
pulled through tubular items is frequently used for the field
Inspection of tubing in equipment items such as heat exchangers
which have been in service., Testing eaqulpment which utilizes
the internal probe method was developed by Shell Development
Company under the name "Probolog'. Branson Instruments, Inc,
has been licensed by Shell to manufacture the "Probolog',

8.1.3.2 Principles

Eddy currents have been useful in many ways, important com-
mercial applications being in the induction motor, in induction
heating, and in eddy current testing.

In eddy current testing, eddy currents are caused to flow in

the test sample and are observed and compared with eddy currents
which flow or which should flow in a "standard" or acceptable
sample. Variations of current flow exceeding an established
limit determined by both theoretical and experimental con-
siderations of the particular test indicate the presence of an
undesirable defect. The detection problem is complicated,

since the currents must be observed by inductive means and by
the fact that any variation in test or test sample conditionms,
such as coil to specimen spacing, specimen electrical conduc-
tivity, magnetic permeability, shape, surface condition, presence
of inclusions, voids, or cracks may affect the flow of eddy
currents. In some cases acceptable variations in quality of a
specimen may cause a greater effect on the flow of eddy currents
than an unacceptable defect. Fortunately in many instances such
effects may be discriminated against by utilizing the time or
phase relations of the eddy currents as well as their amplitude.
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To illustrate the basic eddy current test, consider a coil
having negligible resistance connected to an alternating
current generator with no test specimen near the coil. An
exciting current flows in the coll and establishes an al-
ternating magnetic field. During two quarters of the al-
ternating current cycle, say the first and third, energy is
stored in the magnetic field of the coil, and during the

other two quarters, say the second and fourth, it is being
returned to the generator. The voltage induced in the
exciting coil can be used as an indication of the stored
energy. The voltage induced in a sensing coil placed adjacent
to the exciting coil may also be used to indicate the stored
energy, or in the general case, the magnitude and phase of the
magnetic field. The more nearly such a sensing coil occupies
the same space as the exciting coil, the more accurately will
it give a measure of the magnetic field changes threading the
exciting coil., Two basic eddy current test coil arrangements
are shown in Fig. 1.

When a conducting test specimen is placed near the exciting
coil, eddy currents are induced in it due to electromagnetic
induction. There are a very large number of metallic circuilts
within the test specimen, and each current loop which flows
exerts its own electromagnetic inductive effect upon all other

current loops.

An electrical phenomenon called skin effect which tends to con-
centrate currents near the surface of conductors closest to the
field sources which produce them is active in all eddy current
tests. The skin effect is caused by mutual interaction of the
magnetic field of the exciting currents and the magnetic field
of the eddy currents flowing in the test object, and results

in current distributions of the type given in the equation in
Fig. 2. In an ideal case, that is, for uniform magnetic fields,
the currents decrease exponentially as depth below the surface
increases. The depth of penetration is defined as that depth
at which the current has become equal to i/e, or approximately
377 of its value at the surface. The current decreases more
rapidly with increasing depth for higher test frequency, higher
conductivity and higher magnetic permeability of the test ob-
ject. The depth of penetration is also affected by coil

geometry.

It is helpful in analyzing the output of the eddy current test
coil to plot its impedance or output signal voltage on the im-
pedance plane as shown in Fig. 2. The resistive component of
the coil impedance is plotted along the vertical axis. Changes
in test object conditions result in various values of coil re-
sistance and reactance giving characteristic loci on the
impedance plane. One such loci obtained by varying test object
conductivity for the flat probe test coil case is shown.
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Eddy current nondestructive test instrumentation covers a
range from the simplest alternating current bridge circuits
and current and voltage amplitude measuring devices to highly
specialized impedance or voltage analyzing equipment. The
frequency range used in eddy current equipment ranges from a
few cycles per second to several megacycles. Excitation wave
form may bezeither sinusoidal, single pulse, or repetitive
pulse type.

8.1.3.3 Instrument Arrangement52

Block diagrams of some representative types of eddy current
instruments are shown in Fig. 3.

The impedance of the test coil can be used to control the
operating frequency and amplitude of oscillation of an oscil-
lator as shown in Fig. 3 (a). The detector may monitor
frequency or amplitude, and the oscillator may be tuned to
discriminate against small changes in a single test variable
such as test coil to object spacing, test specimen diameter
or other undesired effects. This type of instrument can be
made very sensitive.

The generator with amplitude detector shown in Fig. 3 (b) is

a simple and useful device. The test coil may be tuned as
shown to increase sensitivity and to give discrimination
against a particular undesired test condition, or may be left
untuned. A compensating or balance circuit may be added be-
tween the test coil and amplifier to give effective control

of the signal presented to the amplitude detector which permits
the application of phase discrimination. A simpler version of
this arrangement is possible by elimination of the amplifier,
placing the detector in the output of the test coil system.

The main sections of an amplitude-phase detector type eddy
current testing device are shown in the block diagram in Fig.
3 {c). Here, a generator supplies excitation for the test
coils, a balance unit provides an adjustable signal which is
combined with the test coil signal output to give a null or
near null signal input to the amplifier. The amplitude-phase
detector serves to suppress signals having a particular phase
angle which is selected by the phase adjust circuit. The
output of the detector drives a readout circuit which may
consist of meters, cathode ray oscilloscope, or recorder.
Some instruments are provided with automatic audible alarms
with adjustable level control, and with automatic reject re-
lay or marker circuits.
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8.1.3.4 Test Coil Arrangement82

Several test coil arrangements used in rod and tubing tests

are shown in Fig. 4. A single primary type coil is shown in
Fig. 4 (a), and a double coil having a primary exciting wind-
ing and a secondary sensing winding is shown in Fig. 4 (b).
These types of coils are often used for conductivity and wall
thickness measurements. In contrast, a differential coil con-
nection is shown in Fig. 4 (c) in which the coils are connected
in electrical opposition. Here, one section of the test object
is compared with an adjacent section. With this arrangement
the effects of slowly varying changes along the rod or tube are
cancelled, and the response 1s greatest to abrupt changes in
condition along the test object. The differential connection
is used for the detection of short cracks, or other local
irregularities, or the detection of abrupt ends of long, uni-
form cracks. Test coils connected in a bridge circuit are
shown in Fig. 4 (d). Here, the test object is compared with a
standard object placed in a second coil.

8§.1.3.5 JInstrument Output Display Methods®

Instrument outputs are commonly displayed on meters, cathode
ray oscilloscope, or direct writing oscilloscopes. Three main
types of cathode ray displays are linear time base, the
elliptical pattern, and the vector point or vectorscope pre-
sentation. In the linear time base display, the instrument
output carrier or demodulated carrier is applied as a vertical
deflection signal, resulting in defect signals displayed along
the time base as they are received. The elliptical pattern is
obtained by applying the test signal carrier to the vertical
deflection system and a reference carrier to the horizontal
system. Amplitude and phase changes of the signal carrier can
be distinguished by changes in the shape and tilt of the ellipse.
The vectorscope presentation displays the test coil impedance
or voltage output on a plane so that characteristic test coil
impedance loci can be directly observed and related to theory
and calibration tests using known standards.

Scanning techniques are closely allied with display methods.

Two scanning methods are shown in Fig. 5. In one a cylindrical
surface is scanned with a probe type coil. In the other a tube
is scanned with an encircling coil., In each case the instrument
output can be displayed using an oscilloscope or recorded with

a linear time base which can be calibrated and synchronized with
the rotation and translation of the test object, making it
possible to relate sections of the record with corresponding
areas of the test object.
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8,1,3,6 Standard Speciflications Covering the Eddy Current Test

ASTM A249-61T, "Welded Austenitic Steel Boiler, Superheater,
Heat-Exchanger, and Condenser Tubes,'" permits, when accepted
by the purchaser, the use of the eddy current test as an al-
ternate to the hydrostatic test., ASTM A450-61T, "General Re-
quirements for Carbon, Ferritic Alloy, and Austenitic Alloy
Steel Tubes," contains the following statement regarding
eddy current testing:

Each tube shall be tested at the mill by passing it through
a nondestructive tester capable of detecting any defect

that completely penetrates the tube wall or any defect

equal to or grester than specified {in the table below).
Such tests shall be made on the welded seam and the adjacent
metal affected thereby, or on the entire cross section of
the tube,; at the option of the manufacturer.

Defective Area,

Wa%} Thiciness* Minor Dimension (Least (Length x
Birmingham Dimension) of the Defect, Radial Depth),
In, Vire rage Length or Depth Sq.In.
0.035 20 0.006 in. 0.0025
0.049 18 0.006 in. 0.0030
0.065 16 121% of wall 0.0030
0.083 1i moomoom 0.0040
0.095 13 i n " 0.0040
0.109 and 12 and " " " 0.0050
over heavier

#For intermediate wall thicknesses, the next lower wall thickness
shown in the table shall apply.
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8.1.3.7 Standards for Eddy Current Tests

One of the problems with eddy current testing has been the lack
of a suitable standard for determining the sensitivity of an
eddy current tester for detecting defects in a particular tube
size and composition. Notches made by conventional machining
methods have several disadvantages: (1) they cold work the
material locally, causing a change in magnetic properties,

(2) they are dimensionally different from natural defects such
as cracks and splits, (3) they are very difficult to produce

on inside surfaces of tubes, and (4) they are difficult to pro-
duce to precise dimensions.

As a result, some tube manufacturers find it difficult to detect
notches made by conventional methods to the ASTM depth require-
ments given in Par. &.1.3.6 although they have observed that in
practice their eddy current test equipment will detect actual
defects considerably shallower than the artificial notches.

When the sensitivity of the eddy current tester is increased so
that the artificial notch is detected, signals from harmless
imperfections, cold worked areas and slight dimensional changes
cause much tubing to be rejected that is suitable in quality

to meet the purchaser's specification. Some tube mills use
tubes containing small diameter drilled holes as their standards
for adjusting machine sensitivity. It is difficult to correlate
the response from a drilled hole with that of a natural defect.

The nearest approach to ideal artificial defects are the notches
produced by spark machining on a device developed by Trent Tube
Company. The device is described in the article "A Standard

for Eddy Current Tests" by H. J. Bowman, Metal Progress, July
1962, With this device, narrow notches of accurately controlled
depth can be made on the I.D. or O.D. of tubes of practically
all metallic materials. The metal adjacent to the notch is free
from metallurgical changes such as cold work or heat effects.
The response to such notches by an eddy current tester should
approach that caused by a natural defect of the same depth.

8.1.3.8 Application in Tube Mills

Most tube mills that manufacture welded stainless steel tubing
now posses one of the several types of eddy current testers

that are available for use in testing full finished tubing on

a nrrduction linc basis. The method is not universally used in
the seamless tube inaustry, where ultrasonic testing seems to

be favored. Many welded tubing manufacturers will eddy current
test full finished tubing, even though the purchaser has not
specified such testing, as a rapid method of finding serious de-
fects such as cracks or splits. The equipment sensitivity in
such cases probably would not be set as high as when the test

is specified by a purchaser. Welded tube mills will eddy current
test to ASTM requirements at no cost to the purchaser as a
substitute for the hydrostatic test.
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In welded tubing mills where there 1s experience in eddy
current testing, the manufacturing methods are chosen that
will cause the least amount of difficulty in the subsequent
testing operations. For example, a tube mill might choose

to make the final tube drawing operation a "plug draw" rather
than a "bar draw" because previous experience has indicated
that the "reeling" operation required to release the bar from
inside the tube after bar drawing produces very small grooves
in the tube surface which are detected by the eddy current
tester, Other mills have found that an 0.D. polishing oper-
ation is necessary to remove minor ripples from the surface
and as the result give a better eddy current test acceptance
rate.

The type of equipment used by the different mills ranges

from rather simple single frequency types to complicated
multi-frequency types which enable the user to obtain better
sensitivity for surface or subsurface defects, and types

which enable the user to filter out the undesirable signals
resulting from minor surface ripples or from areas of cold
work while retaining the signals from actual imperfections

such as cracks, splits, laps, etc. It will be found that

some mills have a great amount of "know-how" about eddy current
theory and equipment, while others rely primarily on the equip-
ment manufacturer®s instructions.

The size range for inspection by the eddy current test method
ranges from the smallest tubing sizes pgoduced to about 3 in.
0.D., maximum with walls 1/2 inch thick. In addition to de-
tecting cracks, seams, and splits, the method will show cold
worked areas, dents, gouges, inclusions, carburized areas,
corroded areas, laps, and certain types of Jeposits on the
inside of the tubing. As the result, it is frequently
difficult to find an open defect on tubing which has been re-
jected, and evaluation programs are sometimes required (in-
cluding evaluation by other nondestructive testing methods) to
permit acceptance of tubing which has been rejected by the
eddy current test.

8.1.3.9 Advantages and Disadvantages

a. Advantages

1. Testing speed is high (over 100 fv. per min.) making
it suitable for routine tests on a production line basis.

2. The test method is highly sensitive to cracks or crack-
like defects.
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6.

The test method with suitable modifications can be
used on both magnetic and nonmagnetic metallic
materials.

The test equipment used can be instrumented to mark
defect locations on the tubing in addition to flash-
ing & light and/or giving en audible signal when a
defective tube is encountered - the test thereby not
being dependent on the inspector's judgment.

Outside surface, inside surface, and subsurface
defects can be detected.

The test is suitable for wide range of tube sizes
and wall thicknesses up to about 3 in. 0.D.

b. Disadvantages

1.

The test is highly sensitive to cold worked areas and
dimensional changes. These may cause rejections of
good quality tubing.

No universally accepted standard is available for
determining testing machine sensitivity for a given
tube material and sigze.

Only full finished tubing is suitable for testing
since dimensional changes and different degrees of
cold work may cause needless rejections.

Tube manufacturing processes must be chosen to
minimize ripples and cold worked areas. Polishing
is often necessary to remove surface blemishes,

Equipment cost is hign.

Method is not necessarily suitable as an inspection
tool for use by the purchaeser of tubing since tubing
which was not produced to meet eddy current test
requirement, although free from harmful imperfections,
will have & high reject rate.
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8.1.3.10 Sources of Information

1. Libby, H. L., "Basic Principles and Techniques of
Eddy Current Testing"™, Nondestructive Testing,
Nov.-Dec. 1956.

2. Libby, H. L., "Evaluation and Inspection of Materials
by Use of Eddy Currents™, Preprint Paper No. 21,
1962 Nuclear Congress, New York, New York, June 1962,
American Societyfor Testing Materials.

3. Grieve, J. R., end Bounds, A. M., "Nondestructive
Testing of Small Tubing", Metal Progress, Dec. 1960,
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FIGURE 3
TYPICAL. EDDY CURRENT INSTRUMENTS
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8.1.4 Liquid Penetrant Inspection

8.1.4.1 General

Liquid penetrant processes are nondestructive testing methods
for detecting discontinuities that are open to the surface,
They can be used effectively in the inspection of nonporous
metallic materials, both ferrous and nonferrous, and on non-
porous non-metallic materials such as ceramics, plastics, and
glass.

Surface discontinuities such as cracks, seams, laps, porosity,
laminations, or Jdack of bond are indicated by these methods.

In all of the penetrant methods, the liquids used enter small
openings such as cracks, fissures, and tube-like passages by
capillary action. The rate and extent of this action are de-
pendent upon such conditions as surface tension, cohesion,
adhesion, and viscosity. It is also influenced by other
factors such as time, and condition of the surface of the
material and of the interior of the discontinuity.

In using any liquid penetrant inspection method, it is very
essential that the surface of the material be thoroughly
cleaned of all foreign matter that would obstruct the entrance
of the liquid into the discontinuity. After the cleaning
operation, the liquid penetrant is applied evenly over the
surface to be inspected and allowed to remain on it a suffi-
cient length of time to permit penetration into possible
discontinuities. The liquid is then completely removed from
the surfaces being inspected and a developer applied to them.
The liquid penetrant that has entered the discontinuities
will then begin to seep or bleed out onto the surfaces, and
the blotting action of the developer will help delineate the
discontinuity. This will indicate the presence, location,
and, in general, the nature and magnitude of the discontinui-
ties present. Depending on the type of penetrant test used
(as described in Par, 8.1.4.2 and 8.1l.4.3) the observation

is visual with the unaided eye or by means of "black light".

Information in paragraphs 8.l.4.1, 8.1.4.2, and 8.1.4.3 was
taken from ASTM Specification E 165-60T, "Tentative Methods
for Liquid Penetrant Inspection®. :

8.1.4.2 Fluorescent Penetrant Inspection Method

There are three variations of the fluorescent penetrant
method. A representative fluorescent penetrant material is
"Zyglo", manufactured by Magnaflux Corporation., Fig. 1
gives a diagrammatical description of the fluorescent
penetrant testing procedure. )
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Details of the three procedures are listed below:

a, Procedure A-1, Fluorescent Water Washable Penetrant.

(1)

(2}

Penetrant Applicatiorn, After the part has been
cleaned by a detergent, solvent, or other suitable
method to remove from the surface any rust, scale,
welding flux, spatter, grease, paint, oily films
and dirt, which might interfere with penetrant in-
spection, the penetrant is applied to the part by
brushing, spraying, or dipping. After the penetrant
is applied, a period of time must elapse to allow
the penetrant to enter any discontinuities that may
be present, It is not necessary that the part be
submerged in the penetrant during this penetration
time since the penetrant will fill discontinuities
by capillary action,

The length of the penetration time depends upon the
material being inspected, the processes through

which it has passed, and the type of discontinuities
expected. Table 1 gives suggested penetration times
for typical discontinuities in a variety of materials.

Rinsing. After a suitable penetration time, the sur-
face film of penetrant on the part is removed by a
water rinse, This rinsing must be complete and
thorough so that the only penetrant remaining will be
within the discontinuities of the part., Drilled
holes and threads shouald be thoroughly rinsed. Sur-
face scratches and shallow blemishes will wash clean.
A suitable spray nozzle should be used for the rinse
operation since the penetrant is more completely
emulsified by the physical action of the water drop-
letso, '

There is danger that hot water may remove some
penetrant from the larger or more shallow discon-
tinuities. This problem is minimized by keeping the
rinse water temperature below 110°F,

A "black light® is used to check the part after rins-
ing to insure that the rinsing operation is complete
and all surface penetrant has been removed,

Developing. After washing the part to remove the
penetrant from the surface, a developer is applied
to draw or blot the penetrant in discontinuities to
the surface., Either a wet developer or a dry de-
veloper can be used to bring out the full brilliance
of the indications. The use of the dry developer




(4)
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results in the utmost in sensitivity and brilliance
and is recommended for use on parts, the function
of which is considered to be of a critical nature,.
The dry developing powder is more easily removed
than the wet developer.

The coating of developer, either wet or dry, is

not in itself fluorescent, but is dark when viewed
under black light., It acts to subdue background
fluorescence on parts and causes discontinuities to
show up with a high degree of contrast.

Wet developer is purchased as a dry powder which is
then mixed with water to form a liquid suspension.
Parts to be treated with the wet developer are dipped
in the solution immediately after rinsing, or applied
with brush or spray and are then dried with hot air.
A film of powder dries out upon the part and develops
indications. ,

When dry developer is used, the part to be treated is
first dried following the rinsing operation. The
developer is applied with a hand powder bulb, powder
gun, or soft brush. Excess powder may be knocked off
by shaking or tapping the part gently, or blowing of f
with low pressure compressed air,.

A developing time should be allowed before inspecting
the part to allow the developer to draw back to the
surface penetrant that may be in the discontinuities.
The developing time should be at least half the time
allowed for penetration. Excessively long developing
time may cause the penetrant in large deep discon-
tinuities to bleed back, causing a broad, smudgy
indication.

Inspection. After the development of indications,
the parts are inspected with a high intensity "black
light™ in a darkened area or booth. A portable hand
lamp should be used over the surface of large parts.
Small parts are more conveniently held under a fixed
light. So-called "black light™ has a wave length of
36504, This light is between the visible and the
ultraviolet in the spectrum. Light in this range is
considered noninjurious to the skin and eyes,

The indications, when viewed under "black light",
will fluoresce brilliantly, and the extent of the

indication marks the extent of the opening of the

discontinuity on the surface. Pores will show as
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~glowing spots, while cracks will show as fluorescent

lines. Where a large discontinuity has trapped a
quantity of penetrant, the indications will spread
on the surface. Experience in the use of the method
allows interpretation to be drawn from the extent of
this spread as to the relative size of the discon-
tinuities. For best results, inspections should be
made in a darkened area, The darker the area, the
more brilliant the indications will show. This is
extremely important when looking for very fine in-
dications,

b. Procedure A-2, Fluorescent Post Emulsified Penetrant.

(1)

(2)

(3)

(4)

General. With the post emulsified procedure, the
penetrating material is not water-washable., Emulsi-
fier is applied as a separate step in the procedure.
It is particularly effective in detecting shallow
crack like surface blemishes from which a water-
washable penetrant might be removed.

Penetrant Application. Same as described for Pro-
cedure A-1, except that recommended penetration times
are given in Table 2,

Emulsification. 1In the p&st emulsified procedure

there is an additional step before the part is ready
for inspection. Since the penetrant is not water
washable as applied on the part, it is necessary to
apply an emulsifier to the part after the penetration
time. The emulsifier combines with the surface pene-
trant and makes the mixture of penetrant and emulsifier
removable by water. The emulsifier is applied by
dipping the part into it or by flowing or spraying it
on the part.

The length of time that the emulsifier is allowed to
remain on the part is critical, particularly for

‘detepting shallow scratch-like discontinuities., For

highest sensitivity to shallow discontinuities, this
length of time should be held at the minimum that will
Jjust give a good water wash., The length of time that
the emulsifier remains on the part is not critical
when only tight, deep cracks are sought, as long as a
clean wash is obtained.

Rinsing. After the emulsification period, the surface
film of penetrant and emulsifier is removed from the
part with a forceful water stream. Rinsing should be
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carried out under a "black light™ to insure com-
plete cleaning of all surfaces.

Rough surface conditions may prevent the emulsifier
from combining with the penetrant and thus reduce
the washability in such areas. It may prevent the
use of Procedure A-2 on parts having exceptionally
rough surfaces, blind holes, and threaded parts.

Developing, Drying, and Inspection. Developing,
drying, and inspection are the same as specified for
the fluorescent, water-washable material in Procedure
A-lo ‘ .

¢. Procedure A-3, Fluorescent Solvent Removable Penetrant

(1)

(2)

(3)

(4)

Penetrant Application. Penetration times for solvent
removable fluorescent penetrant are as shown in Table
2. Apply the penetrant as specified in Procedures

A-1 and A-2, Since this system is usually selected
for its portability, or for checking restricted areas,
the penetrant is often applied from aerosol-type
pressure cans.

Penetrant Removal, After adequate penetration time,
excess penetrant is removed by spraying the surface
with a suitable solvent and wiping it promptly with

a clean cloth. If too much solvent is used it is
possible to remove fluorescent material from the in-
dications. After removal of surface penetrant, ex-
amine the surface with a "black light"™ to insure that
satisfactory cleaning has been accomplished. Excess
material left on the surface will cause a fluorescent
background after development which will interfere
with observation of the indications.

Developing. With Procedure A-3 a solvent-base wet
developer is usually used. Since the solvent
evaporates rapidly, leaving a uniform film of de-
veloper on the surface, no additional drying step is
necessary. For portable applications the developer
can be applied from aerosol-type pressure cans. Water-
base or dry developers could be used as specified in
Procedure A-1.

Inspection, Parts are inspected as described for
Procedure A-1. Procedure A-3 is often used when it
is necessary to perform an inspection out of doors.
If high brilliance fluorescent penetrants are used,
this can be accomplished by shading the area being
inspected.
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8.,1.4,3 Visible Dye Penetrant Inspection Method

Qe

General

Visible dye penetrant inspection makes use of a pene-
trant that can easily be seen in daylight or with
visible light., The penetrant is usually deep red in
color so that the indications produce a definite red
color as contrasted to the white background of the
developer. The sensitivity of this process depends
principally on the same conditions as for fluorescent
penetrants, A representative visible dye penetrant
material is "Dy-Chek™, manufactured by Turco Products,

Inco,

Visible Dye Penetrant Procedures

Three general procedures are used in visible dye pene-
trant inspection:

(1) Procedure B-1, Visible Water Washable. This makes
use of a visible penetrant that is water-washable.
The general processes are similar to Procedure 'A-1,
Fluorescent Water-Washable Penetrant. This 1is a
simpler process but considered not as accurate as
"Procedure B-2 below because water can remove pene-
trant from the discontinuities,

(2) Procedure B-2, Visible Post Emulsified. This visible
dye inspection method utilizes a red dye contained
in a highly penetrating solvent that seeks out and
£ills surface cracks, porosity and discontinuities.
The excess dye penetrant, which is not water-rinsable,
is then removed by applying the emulsifier which con-
verts the penetrant to a water-rinsable emulsion.

(3) Procedure B-3, Visible Solvent Removable. ‘In this
case, the penetrant is not water-washable, and ex-
cesses are removed from the surface by means of a
recommended solvent. (This is the procedure that
has been used at Savannah River Plant.) -

Penetrant Application

After parts have been cleaned with a solvent or by other
suitable methods to remove all foreign material that

would prevent the penetrant from entering discontinuities,
or which would prevent excess penetrant from being re-
moved from the surface, and the parts have been thoroughly
dried, the penetrant is applied. The size, shape, and
number of articles to be inspected will determine whether
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the spray, brushing, or dipping method should be
employed. If only certain critical areas (such as
weldsg are to be inspected, application by brush
or spray will reduce consumption of the penetrant,
and will also facilitate penetrant removal. .

An approximation of the penetration time can be
obtained from Tables 1 and 2., Experience may in-
dicate that longer or shorter penetration times are
necessary for detection of specific types of defects
such as cracks in welds,

The process is designed for use at temperatures be-
tween 60 and 90°F., and should be used within this
temperature range whenever possible.

Penetrant Removal

The method of penetrant removal depends on the type of
penetrant used. Procedures B-1 and B-3 use penetrants
that can be removed with a water and solvent rinse,
respectively, and do not require rinsing aids known as
removers or emulsifiers. This results in eliminating
one operation and one material from the complete pro-
cedure. Accordingly, it can be said that Procedures
B-1 and B-3 are simpler, but these two systems may also
be less accurate than Procedure B-2 because the pene-
trant can be removed from the voids during: the rinsing
operation.

(1)

Procedure B-1l, Water Washable. The water-washable
penetrant is flushed from the external surfaces by
spraying with water. Standard water line pressure
will provide adequate rinsing., Rinse until no
visible evidence of red dye remains on the surface.
Over-rinsing should be avoided to prevent removal
of penetrant from discontinuities.

Procedure B-2, Post Emulsified. The emulsifier is
applied to the area covered by the penetrant by
brushing, flowing, or dipping. The mixture of
emulsifier and penetrant is flushed from the surface
with a water spray. It is essential that all pene-
trant be removed from the surface and that none of
the penetrant be removed from the discontinuities
themselves. The post emulsified method has been
designed with these two major points in mind,

Procedure B-3, Solvent Removable. The penetrant is
flushed off the surface by careful rinsing with a
solvent. The part may be wiped with clean rags or
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towels after application of the penetrant, or
the cleaning may be accomplished with rags or
towels that have been soaked with solvent. Re-
gardless of the cleaning method used, it is
important to remove all traces of penetrant
from the surface since residual penetrant will
bleed through the developer and may mask or

be confused with the areas where penetrant is
bleeding from discontinuities. Non-flammable
solvents used for penetrant removal are chlorin-
ated hydrocarbons. For applications where a
chloride free solvent is required, such are
available, but are flammable,

e, Drying

When solvent-type cleaners have been used to remove
the penetrant, drying is accomplished by evapo-
ration at room temperature. If a water rinse has
been used to remove the penetrant, drying is
generally accomplished by placing the parts in a
heated drier for a period of time sufficient to.
insure adequate surface drying only. Drying
temperature should be maintained between 160° to
2000F, For field appiications drying could be
accomplished by use of heat lamps or by blowing hot
air on the part. Prolonged heating tends to dry
the penetrant in discontinuities which may be pre-
sent,

f. Developing

There are two reasons for applying the developer

to the parts: the film of developer on the parts
furnishes a white coating which serves as a con-
trasting background for the visible dye penetrant,

and the liquid vehicle in the developer draws the
penetrant from the discontinuities to the surface

of the developer film, thus revealing discontinuities.

After excess penectrant has been removed and parts
have been thoroughly dried, a thin, even coating of
developer is sprayed or swabbed on the arca being
inspected. The developer is a liquid suspensicn

of a powdered material., The layer of developer
when dried on the surface of the part should be
white, If the parts have a pink hue, it indicates
that residual penetrant has been left on the sur-
faces. The parts should be re-cleaned and the de-

veloper applied again.
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g. Interpretation of Test Results

As the developer dries to a smooth, even, white
coating, red indications will appear at locations

of discontinuities. Depth of surface discontinuities
may be correlated with the richness of color and
speed of bleed-out.

Usually, a crack or similar opening will show a red
line. Tight cracks or a partially welded lap will
show a broken line. Gross porosity may produce
large indications covering an entire areca. Very
fine porosity is indicated by random red dots.

Since red flaw indications will remain visible until
wiped off manually, there is no need to rework de-
fective parts immediately. In fact, if salvage is
practical, parts can often be reworked with the
location and extent of discontinuities still showing.

8.1.4.4L Applications

The visible dye penctrant method has enjoyed wide usage for
inspection in shop and field fabrication work at Savannah
River Plant and in field repair of equipment. It has also
been specified as an inspection method for use in vendor's
shops to check equipment being fabricated for Savannah River
Plant. Very little usage has been made of the fluoresceunt
penetrant method although many of the applications where the
dye penetrant method was used could have been handled equally
well by the fluorescent penetrant method. ©One of the primary
reasons for favoring the dye penetrant method is that in-
spections are frequently required on localized areas of large
equipment items under shop or field conditions where the use
of a "black light" would be difficult.

Some typical applications for the dye penetrant method are
listed below: '

a, To check the surfaces of welds in stainless steel
equipment for the presence of cracks, porosity or
other defects.

b. To check the effectiveness of back chipping opera-
tions in the fabrication of welded stainless steel
equipment.

¢. To determine if defects have been completely re-
moved in the repair of defective welds.

d. To determine if defects exist in large areas of
overlay welding - such as found in power reactor
applications.




8elohoh = 8.1loho5

e. To determine if defects such as cracks, laps, etc.
are present on the surface of stainless steel cast-

ings.

f. To determine if surface defects are present in
wrought stainless steel items of small to moderate

size, including pipe, tubing, forgings, etc.

g. To determine if known defects completely penetrate
a weld or to determine location of a leak. (In this
case, the penetrant is applied on one surface of a
tube or vessel wall and the developer on the opposite
wall., If there is a leak, the penetrant will show
on the developer.)

h, To check the surface of equipment items which have
been operated to determine if cracks (such as caused
by stress corrosion cracking) are present. The
effectiveness of this application will depend on the
degree to which the equipment item can be cleaned.

8.1.L.,5 Acceptance Standards

There are no generally accepted standards which can be used
for interpretation of results of the penetrant tests. Definite
cracks are rejectable regardless of the item which is being
inspected. In the case of welds, lack of fusion, inromplete
penetration and other linear defects are cause for rejection.
For defects which are not linear, such as porosity and small
slag pockets, it becomes difficult to set forth rules for
acceptance since a small number of such defects are permitted
by the ASME Code when they are detected by radiographic exam-
ination,

With regard'td small non-linear defects, listed below are
excerpts from penetrant testing specifications from two large
manufacturers of nuclear power equipment:

(1) In any 6" length of weld, there shall be no indications

greater than 1/16" dia., nor shall there be more than
indications the sum of whose diameters is greater

than 3« the maximum diameter specified above. In-
dications of pinpoint porosity may be permitted if well
dispersed, and if the pattern formed does not indicate
that they are linearly disposed so as to promote
formation of a crack or other continuous defect under
stress., In no case shall the center-to-center distance
between any two indications be less than 3/16",
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(2) In any 4 inch diameter circular area or 33 sq.in.
area of weld surface examined, there shall be no
indications greater than 1/16" dia., as revealed
by fluorescent penetrant examination, or 3/32" dia.
as revealed by dye penetrant, nor shall there be
more than 6 indications, the sum of whose-dia-
meters is greater than 3 x the maximum diameter
specified herein. Indications of pin point porosity
may be permitted if well disposed, and if the
pattern formed does not indicate that they are
linearly disposed so as to promote formation of a
crack or other continuous defect.
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Fig. 1 Diagrammatical Description of
Fluorescent Penetrant Testing Procedure

(From Magnaflux Corp. Bulletin

"Zyglo & Zyglo-Pentrex Fluorescent
Pecnetrant Testing™

) Clean surface thoroughly.
) Apply penetrant to surface.

PENETRATION

Fiuorescent penetrant on surface seeps Into crack.

(Optional ) Apply emulsifier over penetrant.

EMULSIFICATION

EMULSIFIED PENETRANT
PENETRANT DIFFUSION OF EMULSIFIER INTO

PENETRANT STARTS HERE

EMULSIFIER

PENETRANY IN DEFECT NOT EMULSIFIED

Emulsifier applied to penetrant. Penetrant on svrface and emulsifer are mixed,
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Rinse with water:'

Water spray removes penetrant from surface but not
from cracks ond pores.

Apply developer to surface: Inspect surface with black light:

DEVELOPMENT

n
Developer acts like a blotter to draw penmetrant out of crack,

Black light cavses penetrant to glow in dark.
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TABLE I.—SUGGESTED. PENETRATION TIME FOR WATER-WASI{ABLE-

perature Alloys

PENETRANTS, -
Procedures A-1 and B-1
Material Form . Type of Disconlinuily. l-’fl’::mr:"&n

Aluminum Castings Porosity 5to15
- Cold Shuts 5to 16

Fxtrusions and Forgings Laps 30

Welds Lack of Fusion 30

Porosity 30

All Forms Cracks 30

Magnesium Castings Porosity 15

Cold Shuts 15

Extrusions and Forgings Laps 30

Welds : Lack of Fusion 30

Porosity 30

All Forms Cracks 30

Steel Castings Porosity 30

Cold Shuts 30

Extrusions and Forgings Laps 60

Welds Lack of Fusion 60

Porosity 60

All Forms Cracks 30

Brass and Bronze C1stings Porosity 10

Cold Shuts 10

Extrusions and Forgings Laps 30

, Brazed Parts Lack of Fusion 15

Porosity 15

All Forms Cracks 30
Plastica All Forms Cracks 5 to 30
Glass Al Forms Cracks 5 to 30

Carbide-Tipped Tools Lack of Fusion 30

; Porosity 30

Cracks 10

Titanium and High-Tem- All Use Procedure A-2 (Table IT)
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TABLE I1.—SUGGESTED PENETRATION TIME FOR POST EMULSIVILD
AND SOLVENT REMOVABLE PENETRANTS.

Procedurcs A-2, A-3, B-2, B-3

Materis) Form Type of Discontinuity l.’ﬁ'::'a!:‘iﬁl“
Aluminum Castings Porosity 5
Cold Shuts 5
Iixtrusions and Forgings Laps 10
Welds Lack of IFusion 5
Porosity b
All Forms Cracks 10
Maguesium Castings Porosity 5
Cold Shuts 6
Fixtrusions and Forgings Laps 10
Welds Lack of I'usion 10
Porosity 10
All Forms Cracks 10
Bteel Castings Porosity 10
Cold Shuts 10
Extrusions and Forgings Laps 10
Welds Lack of Fusion 20
Porosity 20
All Forms Cracks 20)
Brass and Bronze Castings Porosity b
' Cold Shuts 5
F.xtrusions and Forgings Laps 10
Brazed Parts Lack of Fusion 10
Poroyity 10
All Forms Cracks 10
Plastics All Forms Cracks 5
Glazs All Forms Cracks 5
Carhide-Tipped Tools Lack of T'usion 5
Porosity b5
Cracks 20

Titanium and High-Tem- Al 20 to 30

perature Alloys
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80145 MAGNETIC PARTICLE INSPECTION

8.1.5.1 Definitiont

Magnetic particle inspection is a non-destructive method for
detecting cracks and other discontinuities at or near the
surface in ferromagnetic materials. Finely divided magnetic
particles are applied to the surface of a part which has been
suitably magnetized. The particles are attracted to regions
of magnetic non-uniformity associated with defects and dis-
continuities, thus producing indications which are observed
visually. This inspection method is commonly known as
"Magnaflux" inspection after the name applied to such equip-
ment by Magnaflux Corporation. There are other manufacturers
of Similar equipment.

8.1.5.2 Principles of Operation?®

The magnetic particle method depends for its operation on
basic magnetic principles. .If a crack, or other crack-like
discontinuity in a magnetized piece of ferromagnetic material
is so located as to be transverse to the direction of the
magnetic field in the material, that field is distorted. The
flux lines are crowded or deflected around the ends of such a
magnetic obstruction. If the obstruction lies near enough

to the surface of the material, some of these flux lines will
be crowded outside the surface of the material, and a "leakage
field" is produced at the surface over the discontinuity. The
closer the discontinuity is to the surface, the stronger the
leakage field, and in the case of a surface crack, the field
is quite strong and highly localized.

If a powder of fine particles of a magnetic material, either
dry or suspended in a liquid, is applied over the surface in
the vicinity of a leakage field, some of the powder will be
attracted and held by the leakage field and will set up a
magnetically held pattern outlining the discontinuity. See
Figure 1.

The greater the obstruction in the magnetic path, the stronger
the leakage field. Sharp, deep cracks at right angles to the
surface give the strongest patterns; and large discontinuities
below the surface having their principal dimension at 90° to
the surface are the most favorable conditions for producing
strong surface indications. Small defects or defects of un-
favorable shape must be close to the surface to be found.
Surface scratches and tool marks produce indications only at
high levels of magnetigzation.,

From the above, two fundamental points are apparent:

a. Given a part containing discontinuities, it is
necessary in order to produce good leakage fields,
to magnetize the part in such a way that the re-
sulting field will cross the discontinuities,
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b. The strength of the leakage field, and hence the .
strength of the powder pattern produced will vary
with the intensity of the magnetization set up in
the part.

Choice of magnetizing current affects sensitivity. A.C.,
because of skin effect, magnetizes the surface layers of
the material more strongly than those deeper in the part.
D.C, gives a more uniform field intensity over the entire
cross section. Thus,; if the inspection is for surface
cracks only, A.C. gives maximum sensitivity, while D.C.
gives greatest sensitivity for the location of subsurface
discontinuities. ' For purposes of magnetic particle in-
spection, rectified A.C. gives the same results as D.Cs

8.1.5,3 Applications

Since magnetic¢ particle inspection 1s suitable only for
use on ferromagnetic materials, it cannct be used on most
of the stainless steel equipment at Savannah River Plant
because of the heayy usage of the austenitic stainless
steels for major items. It is suitable, however, for

use on any of the 400 series stainless steels and on many
of the pr601pitat10n hardening stainless steels including
17-4L,PH in all heat trestment coanditions, and 17-=-7PH, AM350;
and AM355 in the sclution treated and aged conditione

An application where magnetic particle inspection has
been used for Savannah River Plant equipment is for the
inspection of the 17-4PH racks used for manipulating the
control and safety rods for HWCTR.

8.1.5.4 Methods?

While a part is properly magnetized, the magnetic particles
may be applied by one of the following methodss

a. Dry Method

In the dry method the particles are applied from a
hand shaker, mechanical shaker, bulb blower, or
mechanical blower. The powder is applied by dusting
it into still air and allow1ng it to settle evenly
on the surface. The color of the dry powder is
chosen to provide suitable contrast with the color
of the item being inspected,

b, Wet Methods

(1) 011, The material for the wet method is usually
prepared in paste form and the inspection medium
is prepared by mixing the paste with a suitable
light oil. The recommended liquid for the in~
spection vehicle is a well refined, light petro-
leum distillate having a relatively high flash
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point. A suspension of from 1 to 2 per cent solid
material by volume is generally used. The inspec-
tion medium is flowed or sprayed over the area
being inspected.

(2) Water. Magnetic particles suspended in clean water,
or clean water with suitable wetting agents may be
used., Suspension of from 2 to 2% per cent solid
material by volume is generally used.

(3) Fluorescent Method. Fluorescent magnetic particle
inspection is a variation of the wet method. A
paste or powder, similar to that used in the wet
method is used, except that the magnetic particles
are coated with a material that fluoresces when
activated by "black light."

841.5.5 Equipment*
a. Portable Equipment

Approximately 20 standard sizes of portable magnetic-

‘particle inspection equipment are in use. They vary

from small hand-held yokes which consist of permanent
magnets or electromagnets energized from 115 volt,

~A.C. lines to large, 10,000 amp., heavy-~duty power
‘units used for the inspection of large castings, weld-

ments or forgings. Some portable units which would
be of value for use on a large plant are listed below.

(1) Small magnetizing unit which supplies A.C. magnetiz-
ing currents up to 500 amp., for intermittent use
when operated from a 115 volt, A.C, line. Parts
are magnetized with prods or cable coils. Magnetiz-
ing fields are adequate to indicate fatigue and
other surface cracks in shafts, beams or machine
parts up to several inches in diameter. Dry powder
would normally be used with this unit., (This
particular piece of equipment can be carried like
a suitcaseo§

(2) Medium magnetizing unit which supplies up to 500
amp._of magnetizing current when operated from
115 volt A,C, Both half-wave rectified and A.C.
magnetizing currents are available, and the use
of either is at the option of the operator.
Magnetization can be done by cable coils or through
prods. This piece of equipment is in the form of
a small cart which could easily be pushed around
by one man, and is small enough to fit into the
trunk of a car.

(3) Medium service A.C. and half-wave portable unit
which supplies magnetizing currents of 1000 to
2200 _amp. Such units are representative of several
in the low end of the high current group of heavy
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industrial portable units. They are powered by
either 220 or 440 volt lines. Where tests are
to be made with long leads at distances of 80

to 100 ft. from the unit, the unit supplies only
450 ampo This is usually less than is required
for inspection of heavy weldments or castings.
Such units could be pushed manually across a
floor, but wculd require a hoist or crane when
lifting is required, and would require at least
a pickup truck when moving is required.

(4) Heavy-duty A.C. and half-wave portable unit which
suppLies magnetizing currents cf 3,000 amps., and
which provides an automatic demagnetizer. This
unit is similar to the cne described above except
that it ecan supply higher currents through long
leads where large sztructures are to be inspected
at distances of 100 ft, or more from the unit,
This unit and the units described in (2) and (3)
above would normally be used with the dry powder
method.

Stationary Equipment

80102\76

Hand-operated, staticnary, horizontal wet-method
equipment is wi.dely used for testing small manufactured
parts. This type probably accounts for about 75% of
the magnetic-particle equipment inspection units
currently in use in the United States.

Stationary units normally contain a built-in tank with
a pump which agitates the wet particle bath and pumps
inspection fluid through a hand-held hose for applica-
tion to test objects. A part is clamped within the
magnetizing coil between the copper contact faces of
the head and tail stocks. At the operator?s option,
the parts can be magnetized circularly with current
between the heads or leongitudinally with current
through the coil, or both, if desired. While the part
is magnetized, the cperator applies the liquid inspec-
tion medium andthen views the surface for indications.
Most units are provided with inspection hood and black
lights so that the fluorescent magnetic-particle method
can be used,

The stationary units are normally either A.C. or D.C.
but not with both in the same machine. A.C. machines
are the more common and a typical unit would provide
3,000 amp. maximum magnetization current and would
provide for automatic step-~down demagnetization,

Methods o¢f MagnetizatiopB

General

ao

The part being tested may be magnetized either by
passing current through the piece or by inducing a
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magnetic field by means of a central conductor or by
coils. Either alternating current or direct current
may be used for the detecting of surface indications.
Since in circular magnetization the "skin effect" of
alternating current reduces the maximum depth at which
defects can be found, it is recommended that direct
current be used if it is important to detect subsurface
defects.

Continuous Method

In the continuous method, the inspection medium is
applied to the surface under inspection while the full
magnetizing current is still flowing.

In the surge method (direct current only) a high magne-
tizing force is applied and then reduced to a lower
continuous value, which is maintained during applica-

In the residual method the inspection medium is applied
to the surface under inspection after the magnetizing
current has ceased to flow. The effectiveness of this
method depends upon the strength of the magnetizing
force and the retentivity of the piece.

The two general types of magnetization with regard to
direction are longitudinal and circular;, as follows:

(1) Longitudinal. When an item is magnetized longitudi-
nally, the magnetic flux lines are usually parallel
to the axis of the piece. A longitudinally magnet-
ized piece always has definite poles readily detectable
by compass or magnetometer. Longitudinal magnetization
is usually accomplished by placing the forging within
a solenoid, often formed by wrapping cable around
the piece (Fig, 2)., For special applications, magnetic
yokes, or pole pieces (Fig. 3) are sometimes used.

(2) Circular., Circular magnetization is obtained by
passing a current directly through the piece (Fig. 4),
or induced through a conductor or conductors (Figures
5 and 6), Localized circular magnetization may be
obtained by passing current through the local areas
by use of prod-type contacts (Fig. 7). (Prod-type
contacts are widely used for the inspection of welds.)

b,
c. Surge Method
tion of the inspection mediums.
d. Residual Method
e, Direction of Field
8ele5.7 Magnetizing Force3

The minimum field strength which will reveal and permit classgi-
fication of all objectionable defects should be used. The
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maximum field strengths practical are the ones Jjust below
the point at which excessive adherence of the particles
begins to occur over the surface being inspected. When
circular magnetization is used, the magnetic field strength
is directly proportional to the amperage used and inversely
proportional to the outside diameter being inspected.

When prods are used for circular magnetization of a local
area, the field strength is directly proportional to the
amperage used, but alsc varies with the prod spacing and
thickness of section being inspected. ' A magnetizing force
c¢f 100 amp. per linear inch is recommended. The field
strength induced by a sclenoid used for longitudinal magne-
tization is directly proportional to the ampere turns
{prcduct of amperage and number of turns of ccnductor of
sclericid) and varies with the size of the solenoid.

The following table from ASTM E109 suggests current values
for various prod spacingse.

Section Thickness, in.
Prod Spacing, in.
Under 3/4 in. 3/4 in. and over
2" to 4" 200 to 300 amp. 300 tc LOO amp.
Over 4" to less 300 to 400 amp. | 400 to 600 amps
than 6"
6" to 8v 1400 to 600 amp. | 600 to 800 amp.

8,1.5.,8 Demagnetization3

Parts should be sufficiently demagnetized after inspection
s0 that the residual field will not interfere with future
machining operations, magnetic instruments used in the
proximity of the part, or so that leakage fields will not
occur in areas of dynamic contact surfaces.

When direct current is used, demagnetization may usually
be accomplished by repeatedly reversing and progressively
decreasing the magnetizing current, The initial field
strength used during demagnetization should be equal to
or greater than the original magnetizing force. When the
current has been reduced to the vanishing point, the part
should be practically demagnetized. Direct current is
recommended for demagnetizing large partss

When alternating current is used, it is necessary merely
to decrease the magnetizing current in small steps or
continuously to a very low amperage,
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8.1.5.9 Standard Specifications

The following ASTM specifications apply to magnetic particle
inspection:

A 275 Magnetic Particle Testing and Inspection of
Heavy Steel Forgings

A 456 Magnetic Particle Inspection of Large Crank-
shaft Forgings

E 125 Tentative Reference Photographs for Magnetic
Particle Indications on Ferrous Castings

E 109 Dry Powder Magnetic Particle Inspection

.E 138 Wet Magnetic Particle Inspection

Sources of Information

1. ASTM Specification E109.
2. "Nondestructive Testing of Engineering Materials and Parts,"

Manual 67, Materials and Methods, (now Materials in Design
Engineering), February, 1951.

3, ASTM Specification AZ75.
L. Nondestructive Testing Handbook, Vole. 2, The Ronald Press
Company, New York, New York, 1959.
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8.2 DESTRUCTIVE TEST METHODS
8,2.1 Corrosion Evaluation
8,2.1.1 General

The methods most commonly employed for corrosion evaluation
of the austenitic stainless steels are the boiling nitric
acid test and the electrolytic oxalic acid etching method.
The sulfuric acid-ferric sulfate test method has largely
superceded the boiling nitric acid test within the

Du Pont Company. The electrolytic oxalic acid test is
extremely sensitive and is used as an acceptance test
only, the rejects being re-evaluated by the sulfuric acid-
ferric sulfate or the boiling nitric acid test. The
latter two tests are for acceptance or rejection. This
section will discuss all three tests, commenting on the
sensitivity, advantages.and shortcomings of each, and
listing in a general manner the steps followed in per-
forming the tests,

Be2o102 Boiling Nitric Acid Test

a, General

The boiling 65% nitric acid test or Huey Test is

the most widely used method for determining the
susceptibility of stainless steel to intergranular
attack. In the earlier days of stainless steel usage
in the Du Pont Company, it was widely used to screen
stainless steel shipments for incorrect analysis,
improper heat treatment and resistance to inter-
granular attack, regardless of the end use of the
equipment. Its usage in recent years has been res-
tricted primarily to evaluating stainless steels
which will be used in nitric acid or in other services
where intergranular attack can occur on sensitized
or improperly heat treated grades. This test is
described in A.S.T.M. A262,

b, Equipment ]

(1) Flask Test. A one liter Erlenmeyer flask with
either a 30 in., reflux condenser or a bulb-type
condenser is used. Specimens are supported on
glass hooks, stirrups, or cradles in the flask,
fully immersed at all times during the test,
and so designed that specimens tested in the
same container do not come in contact with each
other., Any method of heating that keeps the
test solution boiling throughout the test period
is satisfactorys

(2) Multi-Sample Testing Apparatus., When a large number
of specimens are to be tested, it is permissible
to use a multi-sample testing apparatus especially
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Co,

designed for the purpose and capable of accomo-
dating as many as LO specimens at one time. This
equipment consists of a steam-jacketed silicon
iron vessel with an integrally cast cup in the
bottom and fitted with a stainless steel reflux
condenser. Purified condensed acid drips from

the reflux condenser into the cup and overflows
from it into the main body of acid kept at a

lower level in the kettle proper. With redis-
tilled acid flowing through the cup at a rate of
about four cup volumes per hour, the concentration
of corrosion products in the acid will always be
less than that encountered with conventional
testing apparatus., Because of this lesser accumu-
lation of corrosion products in the acid in contact
with the test pieces, their rates of corrosion in
the multi-sample apparatus are consistently lower
than observed with single sSpecimens in the flask
test. See Par, 8.2.1.2 g and Fig. 1 for information
on the effect of corrosion products on corrosion
rate and Fig. 2 for comparison of rates in multi-
sample and flask tests,

Test Solution

The test solution is c.p- HNO3 and distilled water to
provide a solution having a nitric acid concentration
of 65 + 0.2% by weight as determined by analysis.,

Preparation of Specimens

(1)

(2)

The size and shape of the specimen must be considered
with respect to available facilities for accurate
weighing and the volume of the test solution to be
used. Furthermore, in the case of bar, wire, and
tubular products, the proportion of the total area
represented by the cross-section exposed, may in-
fluence the results. When specimens of such products
are being tested in research investigations, the

ratio of the cross-sectional area exposed to the total
area should be kept. constant from test to test. For
inspection tests, specimens cut from bars, wires, or
tubes should be proportional so that the areas of the
exposed cross-sections shall not exceed half the total
exposed area of the specimen.

Special heat treatment of specimens prior to testing,
or the use of specimens which contain a weld, may be

specified.

When specimens are cut by shearing, the sheared edges
should be refinished by machining or grinding prior
to testing.




(4)
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Specimens should be tested as received, except for
cutting to size and surface finishing. Any scale
on the specimens should be removed chemically prior

-to any further mechanical finishing treatment. Unless

it is desired to test specimens having some particular
surface finish, all surfaces of the specimen, including

edges, should be finished using dry No. 120 grit
abrasive paper.

(4) The specimen should be measured and the total exposed
area, including the inner surfaces of any holes,
calculated.

(5) The specimens are weighed to the nearest 0.001g.

Procedure

f'

(1) A sufficient quantity of the nitric acid test soclution

should be used to cover the specimen and to provide
a volume of at least 125 ml. per sq. in. of specimen
surface.

(2) The best practice is to use a separate container for
each material or treatment of material. However, it
is acceptable to test as many as three specimens in
the same container provided that they are all of
the same grade and all show satisfactory resistance
to corrosion. If more than one of the specimens
tested in the same container fail to pass the test,
it is necessary to retest all specimens in separate
containers, since excessive corrosion of one speci-
men may result in accelerated corrosion of the other
specimens tested with it.

(3) The test ordinarily should consist of five boiling
periods of 48 hours each, with a fresh test solution
being used in each period. Instead of five 48 hour
periods, a combination of one 48 hour period and two
96 hour periods (not necessarily in that order) may
be acceptable.

Calculation and Report

The effect of the acid on the material shall be measured
by determining the loss of weight of the specimen after
each test period, and for the total of the test periods.
Such weight loss determination shall be made with an
analytical balance capable of weighing, to the nearest
0.00lg., specimens having a total area of 50 sq. in. or
less. The corrosion rates should be reported as inches
penetration per month, calculated as follows:

KW
AST
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where:

R = rate of corrosion in inches penetration per
month,

K = 43.9 if A is in sq. in., or 283 if A is in
SQ. Ch.,

= wt., loss in grams,

w
A = total surface area in sq. in. or sq. cCm.,
S = density of the sample in grams per cc,

T

= duration of the test period in hours.

Effect of Corrosion Products in the Nitric Acid

Information in this section was taken from "Testing
Multiple Specimens of Stainless Steel in a Modified
Boiling Nitric Acid Test Apparatus", by W.B. Delong,
American Society for Testing Materials, Special
Technical Publication No. 93.

In the conventional technique for conducting beiling
nitric acid tests, single specimens are exposed in

1000 ml. Erlenmeyer flasks on electrically heated hot
plates. It has long been known that the inclusion of
more than one specimen per test flask frequently leads
to inaccurate results. Good practice has required that
samples be exposed singly in the flasks and that an
essentially constant ratio of sample surface to acid
volume be maintained. These conditions indicated that
it is the corrosion products of the solution of stain-
less steel in 65% nitric acid that causes the elevation
of the corrosion rate of specimens known to have
relatively low rates when exposed in the same flask
with specimens of higher corrosion rates.

A brief investigation into the effects of the presence

of the cations in solution that might accumulate by the
corrosion of stainless steel indicated that chromium is
the principal offender in causing high corrosion rates.
These tests were conducted by adding iron, chromium,
nickel and molybdenum salts in varying amounts to nitric
acid and exposing samples of known corrosion rates in

the solutions. Chromium was the only one of these elements
that caused any appreclable effect on the corrosion rates
of the standard specimens and it resulted in a marked
increase in corrosion.

The relationship between chromium ion concentration in
65% HNO-. and the corrosion of Types 304 and 316 stainless
steel a%e shown in Fig. 1.




8.2.1.2

Tt will be noted that the boiling 65% nitric acid

test does not in reality assess the corrosion resistance

of a given stainless steel specimen to pure boiling nitric
acid, but rather to the acid plus the products of cor-
rosion of that particular sample. The standard test is,
therefore, a self accelerating one and becomes more
selective as the corrosion rate increases, in some respects
a desirable characteristic.

Correlation Between Flask and Multiple Sample Methods

The multiple sample test generally gives a lower rate
than the flask test for a given sample because of the
lower chromium ion content. The correlation between the
flask and multiple sample methods as determined on
samples from 15 stainless steel types is shown in Fig. 2.
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8.2.1.3 ELECTROLYTIC ETCHING METHOD FOR STAINLESS STEEL
ACCEPTANCE TEST

a, General

The oxallc acild etch test as described in reference

(1) at bottom of page 1s a method for determining the
susceptibllity of certain grades of stainless steel

to intergranular corrosion., It is an acceptance

test but not a rejection test., Materials passing the
test need not be tested by the boiling 65% nitric acid
test. Material failing the test shall be evaluated

by the boiling 65% nitric acid test for acceptance

or rejection. (The sulfuric acid-ferric sulfate test may
be used in lieu.of the boiling 65% nitric acid test.)

The oxalic acid test is attractive in that a test can

be carried out in less than one hour whereas the boiling
nitric acid test requires at least 10 days, and the sulfuric
acid-ferric sulfate test 5 days.

Oxalic acid testing is applicable for acceptance testing
only the following materials:

Wrought Types 304, 304L, and 316, cast Types CF-8(304),
CF8M (316{ and CN-7MCu (#20 alloy). The Type 304L is
tested in the sensitized condition while all others are
tested in the solution annealed condition.

b. Sample Preparation

Surface area to be prepared should be one square centi-
meter in area where possible. Specimens should be
examined in cross section, if possible, to detect the
occurrence of surface decarburization since such a
condition may lead to erroneous conditions caused by
the lower carbon content, particularly if samples are
tested in the sensitized condition., Specimens to be
etched are ground to 120 grit finish, then polished on
successively finer emery papers, No. 1, 1/2, 1/0,

and 3/0,

c. Btching Procedure

The specimen is made the anode of the etching cell by
holding it in an electrical clamp which is connected
to the positive terminal of a direct current source.
The negative lead is connected to the cathode which
may be a piece of stainless steel or the stainless
steel beaker. An ammeter and a variable resistance
are provided in the circuit.

Specimens are etched for 1.5 minutes at a current
density of 1 ampere per square centimeter,

The electrolyte is a 10% by weight solution of oxalic
acid in distilled water,

lngcreening Stainless Steels from the 240 Hr. Nitric Acid
Test by Electrolytic Etching in Oxalic Acid", M. A. Streicher,
ASTM Bulletin No. 188, February, 1953, p. 35.
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Examination of Specimens

The specimens after etching are examined with a metal-
lurgical microscope at 200X to 500X. Stainless Types
304, 304L, CF8, and CN-7MCu which show a step structure
or a dual structure after etching are considered accept-
able. A step structure shows no intergranular ditches
at grain boundaries. Since individual grains dissolve
at different rates there is the appearance of a step at
the grain boundaries. The dual structure is primarily
a step structure, but with some intergranular ditches
which do not completely surround grains. No individual
grain is entirely encircled by ditches.

It has been found from comparative tests that those
specimens exhibiting step or dual structure will always
pass the boiling 65% nitric acid test. Those which
exhibit ditch structure encircling one or more grains
on oxalic acid test must be screened by boiling HNOB,
but many of these will be accepted.

For stainless Types 316 and CF8M (Type 316 castings)
only those specimens showing the step structure are
acceptable. Those showing the dual or ditch structure
must be retested.

Selectivity of the Electrolytic Etching Method

Following the sensitizing time of one hour, which was
formerly employed, the electrolytic etching method
would accept only a small percentage of the samples

that would be accepted by the boiling nitric acid test.
This percentage would not exceed 25% and in many cases
would be considerably less. The sensitizing time has
now been reduced to the more realistic value of

20 min.2 and as the result, the acceptance rate with the
electrolytic etching method has improved somewhat.

The article "Screening Stainless Steels from the 240 hr,
Nitric Acid Test by Electrolytic Etching in Oxalic Acid",
by M. A. Streicher, A.S.T.M., Bulletin, No. 188, Feb, 1953,
gives the following example of the selectivity of the
test. Three lots of stainless steel designated as A,

B, and C were evaluated by the oxalic acid test. Lots

A and B were rejected because of a ditch structure

around one or more of the grains after etching while

lot C exhibited only the step structure. The attack

on the sample representing lot A was more severe than
that on lot B. The results of the tests for 240 hr.

and 700 hr. in boiling nitric acid are listed below:

2np Ferric Sulfate-Sulfuric Acid Test", M. A. Streicher,
ASTM Bulletin No. 229, April, 1958.
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Steel

Corrosion Rate In Inches
Penetration Per Month

Lot A, (sensitized Type 30L4)

2L0 hr. 700 hr,

Lot B, (sensitized Type 304L)

0.0035 - 0.0141
0.0007 0.0012

Lot C, (annealed Type 304)

0.0007 © 0.0007
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8.2.1.4 Sulfuric Acid - Ferric Sulfate Test

a., General

Except for some specific cases, the sulfuric acid-
ferric sulfate test has been adopted by Du Pont

as the standard corrosion evaluation method for
austenitic stainless steels which will be subjected

to corrosive services capable of causing intergranular
corrosion. This test largely supercedes the boiling
nitric acid test. The electrolytic oxalic acid etch
test is used as the initial acceptance test where it

is applicable (See Par. 8.2.1.3), the rejected materials
being rechecked by the sulfuric acid-ferric sulfate

test or the boiling nitric acid test, 1In a series of
comparative tests conducted on identical stainless

steel materials by various industrial laboratories

at the request of A.S.T.M. Committee A-10, Subcommittee IV,
excellent agreement was realized on test results with
the sulfuric acid-ferric sulfate test. This agreement
was much better than with the boiling nitric acid test.

b, Testing Procedure

The test solution used is 50% sulfuric acid with
ferric sulfate added as an inhibitor. The sulfuric
acid is not consumed in the test, only the ferric salt,
The amount of ferric sulfate consumed per gram of stain-
less steel dissolved is 10 grams., The specimens are
tested for five days in a boiling solution. Residual
oxide must be removed from the specimens prior to
testing., The ferric sulfate acts as an inhibitor on
clean stainless steel surfaces only and will not pre-~
vent galvanic attack in the presence of oxide. When
conducting the test, use 600 ml. of 50% H,S0, in which
25 go of ferric sulfate has been added. ‘ﬁo change of
acid is required during the test period. Specimens
are measured and weighed prior to the test and weighed
after the test as in the boiling nitric acid test,

and corrosion rate calculations are made as specified
for the nitric acid test. The maximum acceptable rate
has been set at 0,0040 in./mo. A more realistic
sensitizing time of 20 min. at 1250°F, instead of the
former one hour at 1250°F. is emplojed.

c., Advantages

1. The test is shorter, easier, and less costly to
perform. The test time is one-five day period
"~ instead of the minimum of 10 days with three periods
required for the nitric acid test, and no changes
of solution are required as compared with a minimum
of two changes for the nitric acid test.

*M. A. Streicher, ASTM Bulletin No. 229, p. 77, April, 1958,
"A Ferric Sulfate-Sulfuric Acid Test".
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2. Use of the sulfuric acid-ferric sulfatg test solution
will not result in the formation of Cr® in the
corrosion product in the solution. The presence of
corrosion product in the test solution,; therefore,
will not cause acceleration of the corrosion rate on
the specimen, and will not cause end grain attack.

The test actually evaluates the material for suscepti-

bility to intergranular attack whereas the nitric
acid test evaluates the stainless steel in nitric
acid plus corrosion product which is not a true
evaluation of the stainless steel.

3. The sulfuric acid-ferric test detects sensitized
or carburized stainless steel as well as the nitric
acid test does.

L. The test is suitable for use on Type 316L stain-
less steel since it will evaluate that stainless
grade for sensitization by carbide precipitation
only and not for presence of sigma phase. The
nitric acid test detects sigma phase also in Type
316L and accordingly is not a good test when it is
desired only to determine if carbide precipitation
has occurred.

Disadvantages

1. Insufficient work has been performed on welds.
There is an indication from test results performed
to date that the method is not suitable for use on
austenitic stainless steel welds. There have been
several instances where weld samples, which passed
the boiling nitric test with no difficulty, failed
the sulfuric acid-ferric sulfate test.

2. The method is not suitable for evaluation of nitric

acid resistance of Type 316L or other materials which

contain sigma phase in the as welded or sensitized
condition.
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9. MILL PRODUCTS
9.1 Tubular Products

9,1,1 General

This section will discuss both welded and seamless
stainless steel pipe and welded and seamless heat
exchanger tubing., Tubing is a tubular product that is
specified dimensionally by O0.D. and wall thickness.

In the case of pipe, the dimensions are specified by
nominal pipe size or i.p.s. (iron pipe size) for diameter
and schedule number for wall thickness., Nominal pipe
size and pipe 0.D. are the same for pipe of 14 in. out-
side diameter and larger. (Table 1 gives dimensions

and weights for pipe sizes 1/8 in, through 10 in.)

9.1.2 Production of Tubing and Pipe

9¢1.2.1 Seamless ?roguotsl
a, Production by Direct-rolled Hot Finishing

Seamless stainless steel tubes and gipe are made

from solid bars or "tube rounds". Stainless tubular
products are now finished bg cold drawing only to
permit better surface finish, closer tolerances, and
closer control of grain size in final heat treating
operations., Intermediate operations may or may not
be performed hot depending on type of stalnless steel
and final size.

Stated briefly, the seamless process consists of
heating the "tube round", piercing a hole through it
longitudinally, and in the same operation rolling the
tube to & desired diameter and wall thickness.
Auxiliary finishing operations include redling, sizing,
or sinking of the hot tube, followed thereafter by
cold drawing or "tube reducing" to final size,

(Hot extrusion may be substituted for piercing and

in some cases all subsequent operations are performed

cold.)

When stainless steel tubes are produced by rotary
piercing, the following operation is followed:

(1) Centering and heating - A machine turned round is

sent to a centering machine where a shallow hole
is drilled in the center of one end. The center
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(2)

hole provides clearance for the nose of the

point at the start of the piercing operation.

In the case of certain of the highly alloyed
stainless grades, a small diameter hole may be
drilled throughout the entire length of the
billet to ease the load in the mill and to assist
in preserving the piercer point until the pierce
is completed. After the drilling operation, the
round is heated to the proper temperature for
piercing.

Piercing and hot extrusion operations - As shown

in Figure 1, the rolls grip the round between
their faces, rotate it rapidly, force and expand
it over a conical tool known as the "piercing
point", As the round advances over the point

and bar, it takes a tubular form, the wall thick-
ness being regulated by the space between the
shoulder of the piercing point and the rolls.
(Certain sizes and types of tubes, usually in the
more “refractory" alloys which do not lend them-
selves to rotary piercing, are being produced

by hot extrusion (Figure 2). See Par. 9.1.2.1b
for details of the hot extrusion operation.)

(3); Rolling - After rotary piercing or hot extrusion,

(4

the tube hollow is-sent to a rolling mill to
lengthen the tube and reduce the wall thickness
to the approximate dimensions required. As
shown in Figure 3, the rolling mill consists
of two grooved rolls, similar to the rolls in a
bar mill, but with the addition of a plug, which

"lies within the grooves of the rolls, and is

the approximate size of the internal diameter of
the tube. The rough-pierced tube is reheated to
the proper temperature, delivered to the rolling
mill and pushed by a powerful ram into the
grooves of the rolls. The rotation of the rolls
carries it forward over the plug and bar, working
the metal between the roll groove surfaces and
the plug. By means of a set of stripper rolls,
the tube is removed from the bar and returned

to the inlet side of the mill. Five or six or
even more passes with change of plugs may be
required in rolling stainless steel tubes. In
order to make the wall of the tube uniform and
to avoid ribs or overfills, the tube is turned
ninety degrees between each pass through the
rolling mill.

Reeling and sizing - After piercing and rolling,
the tube is in a semi-finished condition, i.e.,
it is of the required wall thickness and approximate




9.1.2.1

diameter, but the surface is somewhat rough,
Directly after rolling, and while the tube is
still hot, it is conveyed to what is known

as a reeling machine. The reeling machine,
shown diagramatically in Figure 4, consists of
two rolls having rather long parallel surfaces.
These rolls operate by cross rolling similarly
to the piercing mill. The reeling rolls both
rotate in the same direction and their axes are
inclined slightly so as to engage the tube on
its two sides and force it spirally over a
smooth mandrel or "reeler plug", which is
supported on a thrust bar on the outlet side
of the mill. Rolling the tube over the plug
removes light overfills and scratches from the
previous rolling operation and generally smooths
and burnishes the surface. The tube is also
rounded and expanded somewhat in diameter, but
remains somewhat constant in wall thickness or
is reduced slightly depending on the pressure
applied.

When the tube has passed through the reeler, the
thrust bar is withdrawn and the tube proceeds to
a sizing mill. The sizing mill consists of
several sets of roll stands having single-grooved
rolls set in tandem whose function it is to hot
size the tube to its proper diameter.

The foregoing describes the essential operations in
the production of direct-rolled hot finished tubing

or pipe. Since almost all the hot-working operations
described are performed by mandrels or plugs supported
in compression, tubes cannot be commercially made

and finished by this process below about 2 in. out-
side diameter except in very short lengths.

Stainless steel tubes are finished by suitable cold
operations which will be described in Par. 9.1+2.1co,

Hot Extrusion

With the advent of hot extrusion, it became possible
to produce tubular products from alloys which could
not be handled by the rotary piercing method. Some
of the alloys which now can be made into tubing by
hot extrusion include 19-9DL, L4LOC, A286, and 17-LPH.
Figure 2 shows important details of the hot extrusion
process. The hot billet is placed in a container

and a hole is pierced through the center with a
piercing mandrel. In some cases the center hole is
drilled. The pierced billet is reheated to the hot
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extrusion temperature, rolled in powdered glass which
melts to coat the surface with molten glass, and

then placed in a container between a die and a ram.
The ram advaancesz and pushes the metal through the
die, and the emerging metal takes the form of the
opening in the die. ILubrication from the molten
glass 1is required on each surface where the hot metal
slides over the tools of the extrusion press. The
Ugine~-Se journet hot-extrusion process described

above differs from conventional hot extrusion in

that the molten glass lubricant is used.

The tube hollows produced by hot extrusion may be
reduced hot or cold to the final size, depending on
the alloy and the intended use of the finished
product. The sequence of operation in manufacturing
0.750 in. 0.D. x 0.109 in. wall Type 309S5Cb tubing
by hot extrusion followed by cold reducing is given
in Par. 9.1.41.

Cold Drawing

Seamless tubing to be sold drawn is given the same
rotary piercing (or hot extrusion), rolling, reeling,
and sizing or reducing operations as tubing that is
to be hot-finished. Prior to cold drawing the tube
is inspected and all surface defects are removed

by filing, grinding, turning, or boring. In addition
there may be pickling to remove scale and annealing
to have the material in the proper condition for
exposure to pickling acids. (Seamless tube hollows
are supplied to redraw mills throughout the country
where they are cold drawn to smaller d:ameter
seamless products.) Tubes are then hot pointed in
swaging dies or under a power hammer so as to pro-
vide a "tang™ for the grips of the draw bench
carriage, and to permit entry into the die through
which they are to be drawn. After pointing, tubes
of some compositlons are annealed, then pickled or
cleaned to remove all traces of scale or oxides,
after which a suitable lubricant or drawing compound
is applied.

The apparatus used for cold drawing consists of a
heavily constructed draw bench in the center of which
is positioned a die through which the tube is drawn,
A heavy, square-linked endless chain travels along
the top of the bench and is geared to a suitable
source of power. Figure 5 shows the general arrange-
ment of a cold-draw bench and an enlarged section of
the tube die and mandrel. (The tube shown in

Figure 5 is being "plug®" drawn.)
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The prepared and annealed tube, now'cold, and with
lubricant applied is partially inserted in the die
with its pointed end projecting through. A mandrel
attached to a bar is placed in the tube from the
opposite end and the pointed end of the tube is
grasped by the grips of the carriage. The hook is
then engaged in the traveling chain and the tube

is thus drawn, being literally squeezed through the
die or between the die and the mandrel previously
inserted. The mandrel is kept in position by the

bar attached to the back end of the draw-bench frame.
The bar goes inside the tube to hold the mandrel in
proper alignment with the die while the tube is being
drawn.

(The operation previously described is often called
"plug'® drawing. Another type of drawing operation
involves threading the tube over a bar of the desired
size, grasping both the tube and bar in the grips

of the carriage and pulling both tube and bar through
the die. This method produces a more accurate tube
with regard to concentricity of 0.D. with I.D. A
reeling operation is required after "bar drawing®

to release the tube from the bar. The slight surface
indentations produced by the rolls in the reeling
operation can give difficulties in eddy current
testing. Par. 9.1.4.2 gives a sequence of operations
for producing welded tubing where the first draw

was a "bar draw" and the second a ®"plug draw"™ to

give a better surface for eddy current testing.)

Following drawing, the tube is annealed, repickled,
and relubricated, and the cycle of operations re-
peated until the desired size is obtained. The
drawing operation reduces both diameter and wall
thickness, the amount of reduction per pass being
governed by the physical characteristics of the metal
and the physical dimensions of the tube. {In many
cases the final draw-bench operation is a "sink"
pass. In this case no bar or mandrel is inserted
in the tube when it is drawn through the die and
accordingly the tube is reduced in diameter and
lengthened with no significant change in wall
thickness.) Final operations, after cold drawing,
consist of applying an appropriate heat treatment,
descaling, straightening, cutting to length and
inspecting.

Tube-Reducing?

In some cases a cold-reducing operation known. as
"tube-reducing™ or M"rocking"™ is used in lieu of




9.1.2.1 - 9.1.2.2

=S

draw-bench operations. In the tube reducing operation
illustrated in Figure 6, the tube is reduced in
diameter by compression over a tapered mandrel. The
rocking-cam dies are semi-circular in shape. Each
has a tapered groove which straddles the tube round.
The dies rock back and forth as the tube round
simultaneously rotates. In time, they cold reduce

the original diameter of the tube round some 25%,

and the original wall thickness about 50%. (These
amounts can be varied.) As the tube round passes
through the rocking dies, it approximately doubles

its original length. The polished, tapered mandrel
controls the inside diameter; the cam dies control the
outer diameter.

Forging and Boring

f.

Heavy wall, large O.D. pipe is, on occasions, pro-
duced by forging a tube hollow and then boring the
I.D. and machining the 0.D. to the desired
dimensions. With the advent of larger size hot
extrusion presses, there is less demand for forged
and bored pipe.

Centrifugal Casting Plus Cold Expansion

A recently developed method for the production of
large diameter seamless pipe involves centrifugal
casting to a desired size and then hydraulically
expanding the cast pipe in a retaining cylinder to
cold work the cast structure. On subsequent annealing,
the structure becomes similar to that of a wrought
material.

9,1.2.2 Welded Products

2.

Heat Exchanger Tubing

Welded heat exchanger tubing is normally supplied in
the full finished condition, which means for most sigzes
that it has been drawn and reannealed after welding.

In some sizes where the diameter is rather large,

the mill, if not instructed otherwise, may choose to
swage and anneal rather than to draw and anneal to
produce the final size. Comments on this manufacturing
method are found later in this section.

In welded tube mills, stainless steel strip from
rolls is continuously formed into tubing. The edges
of the formed strip are joined by the inert gas
shielded tungsten arc method without addition of
filler metal. The underside of the weld is protected
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from oxidation by an auxiliary flow of inert gas.
Most mills roll the strip into tubing so that the
seam is on the top and deposit the weld from the
0.D. of the tube on the top. One mill rolls the
strip into tubing so that the seam is on the bottom
and deposits the weld from the outside of the
tubing in the overhead position on the underside.
They have found that welds deposited in this
position have a slightly concave contour at the
root. This contour is more desirable than a convex
weld in subsequent drawing operations.

After welding, the projecting portion of the face
of the weld on the tube 0.D. is removed by belt
grinding or flattened by swaging. 1In a swaging
machine, there is a rapid hammering action which
removes any projections by flattening them and also
removes out of roundness from the tubing. There is
little wall thickness reduction.

Some. mills anneal and pickle prior to the first
drawing operations while others do not. Drawing is
performed by the methods described in Par. 9.1.2.1c
in the section on seamiess products. After each
drawing operation, the drawing lubricant is removed
by a degreasing operation, usually vapor degreasing.
In some mills, the tubes are degreased and pickled.
They are then annealed, most generally in a furnace
with an oxidizing atmosphere, but sometimes in a
bright annealing furnace. In emerging from the con-
tinuous furnace the tubes are water quenched or air
cooled. If the tubes were annealed in an oxidizing
atmosphere, they are pickled prior to the next cold
reducing operation. The final cold drawing operation
is usually a sinking pass where the 0.D. is reduced
to an accurate final dimensior with little reduction
in wall thickness.

Most purchasers of welded tubing do not specify any
definite amount of cold reduction since in most
services there is little difference in performance
for varying degrees of cold reduction of the tubing.
For tubing to be used in some severely corrosive
services sufficient cold reduction is required that
after annealing, the dendritic cast structure of the
weld is recrystallized and assumes the appearance of
wrought material. Approximately 15% wall thickness
reduction is required before complete recrystallization
of the weld will occur. OSwaging does not cold reduce
the weld sufficiently tkat it will be recrystallized
when subsequently annealed.
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b. Welded Pipe

Many welded tube mills produce pipe up to 2 in,
Schedule 40 and 4 in. Schedule 10 on the same type
of equipment that is used to produce welded heat
exchanger tubing. No filler metal is added during
the welding process. The welded pipe 1s sold in
the "as welded™ condition, in which case it is
merely straightened after welding, or is solution
annealed, pickled, and straightened after welding.

For pipe sizes larger than listed above, the plate
is usually formed into pipe on a press brake and
the weld is made usually by an automatic process
that involves the deposition of filler metal. Such
pipe is normally heat treated after welding.

One manufacturer of welded pipe offers a product
which is tube reduced or "rocked™ after welding to
convert the cast structure of the weld to a wrought
structure.

9.,1.3 Specifications

9.1.3.,1 A.S.T.M. Specifications

A.S.T.M. specifications which cover tubular products
are listed below: (Par. 2.3 lists the A.S.T.M.
Specifications available for each stainless steel type).

A312-61T ~ Seamless and Welded Austenitic Stainless
teel Pipe - Under this specification, the pipe
shall be made by the seamless or an automatic
welding process with no addition of filler metal in
the welding operation. At the manufacturer's option,
pipe may be furnished either hot finished or cold
finished. The pipe shall be pickled free from scale.
When bright annealing is used, pickling is not
necessary., All pipe to this specification is furnished
in the solution annealed condition. (In general,
welded pipe to this specification is limited to the
following maximum sizes: 2 in. Schedule 4O, 4 in,
Schedule 10, and 4 in. Schedule 5. There are no
limitations on the size of seamless pipe other than
those imposed by manufacturing facilities.)

A358-60T - Electric-Fusion-Welded Austenitic

hromium ~+Nickel Alloy Steel Pipe for High-Temperature
Service - Although no restrictions are placed on the
sizes of pipe which may be furnished under thesec.
specifications, commercial practice is commonly

limited to sizes not less tuon & in, nominal diameter.
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The joints shall be double-welded, full-penetration
welds made in accordance with procedures and by
operators qualified in accordance with the A.S.M.E.
Boiler and Pressure Vessel Code, Section IX. The
welds shall be made either manually or automatically
by an electric process involving the deposition of
filler metal., Stainless steel plate material used
for the pipe shall conform to A.S.T.M. A240. All
finished pipe shall be furnished in solution
annealed condition.

A376-61T - Seamless Austenitic Steel Pipe for High-

emperature Central-S8tation Service - At the
manufacturer's option, pipe may be furnished either
hot-finished or cold-finished with, where necessary,
a suitable finishing treatment, All pipe to this
specification is furnished in the solution annealed
condition.

ALO9-60T - Welded Large Outside Diameter Light-Wall
Austenitic Chromium - Nickel Alloy Steel Pipe for
Corrosive or High-Temperature SBervice - The sizes
covered by this specification are 14 to 30 in.
inclusive in Schedules 5 and 10. The welds shall

be made by the manual or automatic electric welding
process. For manual welding the operator and pro-
cedure shall be qualified in accordance with the
A.S.M.E Boiler and Pressure Vessel Code, Section IX.
Pipe to this specification is not heat treated
unless specified by the purchaser.

A430-61T - Austenitic Steel Forged and Bored Pipe

for High-Temperature Service - The material shall

be forged by hammering, pressing, rolling, or
extruding, and shall be brought as nearly as
practicable to the finished shape and size by hot
working. The material shall be adequately worked
under a tool of sufficient capacity to refine the
structure in the wall of the finished pipe. All
forgings shall have both the inner and outer surfaces
machined. The pipe shall be machined to a finish

not coarser than 250 rms after heat treatment, unless
otherwise specified. Pipe furnished to this
specification shall be solution annealed.

A213-61T - Seamless Ferritic and Austenitic Alloy -
Steel PBoiler Superheater and Heat-Exchanger Tubes -
This specification covers tubes 1/2 to 5 in. )
inclusive, in outside diameter and 0.035 to 0.500 in.,
inclusive in minimum wall thickness. All austenitic
stainless steel tubes to this specification shall be
furnished in the solution annealed condition.
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A249-61T - Welded Austenitic Steel Boiler, Super-
heater, Heat-Exchanger, and Condenser Tubes - This
specification covers tubes 1/2 to 5 in. inclusive,
in outside diameter and 0.035 to .320 in., inclusive
in minimum wall thickness. The tubes shall be made
from flat rolled steel by an automatic welding
process with no addition of filler metal. Subsequent
to welding and prior to final heat treatment, the
tubes shall be cold worked to assure that optimum
corrosion resistance in the weld area and base

metal will be developed during heat treatment. All
tubes shall be furnished in the solution annealed
condition.

A268-61 - Seamless and Welded Ferritic Stainless
Steel Tubing for General Service - Tubing to this
specification is furnished to average wall thickness.,
Tubes shall be made by the seamless or welded pro-
cess. All material shall be furnished in the heat-
treated condition unless otherwise agreed between
the maufacturer and the purchaser and so specified
in the order. The heat treatment shall be performed
by a method and at a temperature selected by the
manufacturer.

A269-61 - Seamless and Welded Austenitic Stainless
Steel Tubing for General Service - Tubing to this
specification is furnished to average wall thickness.
The tubes shall be made by the seamless or welded
process. At the manufacturer's option, tubing may

be furnished either hot finished or cold finished.
The tubes shall be pickled free from scale. When
bright annealing is used, pickling is not necessary.
Al]l material shall be furnished in the solution
annealed condition.

9,1.3.2 Military Specifications

Tubing to Military Specification M1L-T-18063A (Ships)
"Tube and Pipe, Corrosion~Resisting Steel, Seamless and
Welded, Radioactive System Service", has been used by
Du Pont for power reactor service. This specification
covers Types 304, 304L, 347, and 348 in seamless pipe
and tube, and electric welded pipe and tube with or
without filler rod. This specification calls for
corrosion evaluation tests, ultrasonic test, liquid
penetrant examination and, in the case of welded products,
radiographic examination. (One mill applies an extra
of 35% to base price when furnishing seamless tubing

to this specification.)
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9.1, 4 Examples of Tubing Manufacturing Procedures

This section will describe the manufacturing processes
used in the production of three sizes of stdinless steel
tubing for Savannah River Plant. These include (1)

3/L4 in. 0.D. x 0.109 in. wall Type 309 SCb seamless
tubing for severely corrosive services, (2) 1 in. 0,D. x
0.134 in. wall welded tubing for severely corrosive
services, and (3) 1/2 in. 0.D. x 0.049 in. wall welded
tubing for a critical water service.

9.1.%,1 3/4 in. 0.D. x 0,109 in. Wall Type 309 S5Cb Seamless
Tubing
This tubing was produced by hot extruding followed by cold

reducing by the tube reducing method and draw-bench
operations., The sequence of operations is listed belows

(1) Pour into 14 in. x 14 in. ingots.

(2) Breakdown cast structure of ingot by hot rolling
into bar stock.

(3) Machine bars into billets 6,850 in, dia. x 14 1/2
in. long.

(n) Spray billets with porcelain enamel.

() Heat to 2180°F. for piercing (enamel prevents
oxidation).

(6) Fierce 2.6 in. dia. hole longitudinally through
billet.

(7) Induct.ion heat to bring pierced billet to 2180°F.

(¢)  Roll billet in powdered glass.

(9) Extrude to 3.50 in. 0.D. x 0.450 in. wall x

‘ 9 ft. 4 in, long.

ElO) Remove glass by immersion in hot caustic solution.

11) mSalt pickle! to remove scale (HzSO,+NaCl).

212) Straipghten.

13) Trim to length.

(14) Classify and condition {(trim to remove defective
areas).

(15) Taper end for tube reducing.

(16) Tube reduce to 2.375 in. 0.D. x 4275 in. wall x
18 ft, 6 in. long.

(17) Cut in half (9 ft. 3 in.).

(18) Degrease with alkaline compound.

(19) Anneal at 2000°F., water quench.

(20) Salt pickle (sce No. 11 abovel.

(21) Rough Straighten.
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Classify for defects.

Tube reduce to 1.500 in. 0.D, x 0.175 in. wall x
23 ft. - O in. long.

Cut in half (ll ft. 6 il’lq)o

Degrease (see No. 18 above).

Anneal at 2000°F., water quench,

Salt pickle (see No. 11 above]).

Rough straighten.

Classify for defects.

Tube reduce to 0,840 in. 0.D, x 0,109 in: wall x
33 ft. 5 in.

Depgrease (see Nos 18 above).

Anneal at 2000°F,, water quench.

Salt pickle (see No, 11 above).

Rough straighten.

Induction heat & in. length on one end.

Form point on end for grip during drawing.

Pickle to remove scale from pointed end.

Sink pass on draw-bench to 0:750 in, 0.D. x 109 in.
wall x 35 ft. long.

Cut points off.

Degrease (see No., 18 above).

Finish anneal at 2150°F, for 1/2 hr,, water quench,
+ 1550°F, for 4 hr., air cool,

Salt pickle (see No. 11 above).

Rough straighten.

Rotary straighten,

Cut corrosion test coupons..

Hydrostatic test.

Acid pickle (HNO3-HF).

Final pickle.

—
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Tubing made in this manner would not pass corrosion
evaluation tests because of I.D. carburization resulting
from retained organic material on the surface {drawing
lubricant) during the annealing steps. More careful
cleaning following tube reducing or sinking and prior to
annealing might have remedied this situation. This tubing
was difficult to clean because of long lengths involved.
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9.1.4.2 1 in. 0.D. x 0,134 in. Wall Type 304L Welded Tubing

This tubing size is not normally produced as full finished
welded tubing. In this case, a minimum tube hollow size
prior to drawing was specified and a maximum carbon con-
tent was specified for outer 0.005 in. on I.D. of tubing.

The sequence of operations is listed below:

Form and weld to 1 1/2 in, 0.D. x 0.154 in. wall.
Swage.

Point.

Pickle (HNO3-HF).

Bar-draw to 1.315 in. O0.D. x 0.147 in. wall.
Vapor degrease and pickle (HNO,-HF) to clean.
Oxide anneal (approximately 2030°F.) water quench.

Machine straighten,

Abrasive cut 1/2 of point and back end.

Repoint. -

Pickle (HNOB-HF).

Dope and dr¥.

Plug~draw to 1,000 in. 0.D. x 0.139 in. wall x
22 ft. 4 in. (with point).

Vapor degrease and pickle (HNO3-HF) to clean.

Oxide anneal (approximately 2080°F.) water quench.

Machine straighten.

Abrasive cut all of point and back end (cut to
approximately 22 ft.).

Hydrostatic test.

Pickle (HNO3-HF).

Pre-inspect” before x-ray.

X-ray 100%.

Eddy current test 100%.

Abrasive cut 7 ft. O in. + 1/8 in.-.000 in.

Passivate in HNO3 to remove abrasive grit and
handling marks.

Final inspection (visual).
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This material passed the corrosion evaluation test with-
out difficulty. There was no evidence of I.D. carbu-
rigation. The cleaning procedure which consisted of vapor
degreasing plus pickling after each cold forming
operation was successful in removing drawing lubricant
prior to the annealing operation.
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9.1.4.3 1/2 in. 0.D, x 0.049 in. Wall Type 304LL Welded

Tubing

This tubing was produced by welding and drawing, followed
by eddy current testing as the final inspection. The
following manufacturing procedure was followed:

Form 0.120 in. thick strip to form 1 1/4 in. 0.D.
tubing and weld.

Belt sand weld 0.D. to remove weld reinforcement.

Vapor degrease.

Bright anneal at 2000°F., rapid air cool.

Form point on end for drawing.

Bar draw.

Cut to length.

Vapor degrease. -

Anneal (see Item 4)

Form point on end for drawing.

Bar draw to final wall thickness (0.D. will be
greater than finished size).

Cut to length.

Sink to final 0.D. (wall thickness remains the same).

Vapor degrease.

Bright anneal at 2000°F., rapid air cool.
Straighten.

Polish 0.D. (180 grit).

Cut to final length (30 ft.).

Grit blast I.D. (220 alundum grit).

Visual inspection.

Hydrostatic test.

Eddy current test.

Passivate in 20% HNO3.

Water rinse and dry.
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Tubing made in the above manner was entirely satisfactory
for the intended application. This process is of interest
because no acid pickling was employed. The grit blasting
step was required only because air was not completely
excluded from the I.D. of the tubihg during the bright
annealing operation, resulting in a very thin straw
colored oxide film,
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Quality Tubing", Reprint from Iron Age, Swepco Tube
Corporation.
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Par. 9.1 Table 1

Table 1 DIMENSIONS AND WEIGHTS OF PIPE SIZES
NOMINAL | OUTSIDE INSIDE NOMINAL| OUTSIDE INSIDE
PIPE SIZE |[DIAMETER WALL [DIAMETER| WT/FT | PIPE SIZE DIAMETER WALL|DIAMETER!WT/FT
Inches Inches 1.P.S. SCHEDULE |Inches Inches Pounds{ Inches Inches 1.P.8. SCHEDULE |iInches Inches Pounds
% 405 108 049 307 | ase3| 3 3.500 55 083 | 3334 | 3.029
40 405 Std. 068 269 | 2447 ' 108 Jd20] 3260 | 4.332
80 80S Ex. Hvy.| .095 215 | 3145 40 40S Std. 216 3.068 | 7.576
80 80S Ex. Hvy. 320 %zoo }(4) %;
v, .540 108 065 | 410 | 3297 160 4381 2.624
40 40S Std. 088 364 | 4248 XX Hvy.| 600 | 2.300 |18.58
80 80S Ex. Hvy.| .119 302 | .5351
K173 4.000 5 5§ 083 3.83¢ | 3472
Yy 675 108 065 545 | 4235 10 108 120 3760 | 4.973
40 40S Std. 091 493 5676 40 40S Std. 226 3.548 9.109
80 80S Ex. Hvy.| .126 423 | 7388 80 80S Ex. Hvy.| .318| 3.36¢ [12.50
A .840 55 065 710 | 5383 4 4.500 58 083 4334 | 3915
108 083 674 | 6710 108 J20| 4260 | 5.613
40 405 Std. .109 622 | .8510 40 405 Std. 237 | 4.026 | 1079
80 80S Ex. Hvy.| .147 | 546 |1.088 80 80S Ex. Hvy.| .337 [ 3.826 | 14.98
160 .187 466 11.304 120 | 4381 3624 119.00
XX Hvy.| 294 252 | 1714 160 531 | 3438 | 2251
XX Hvy.| 674 3.152 |27.54
% 1.050 58 065 920 | .6838
10S .083 884 | .8572| 8 5.563 55 109 | 5345 | 6.349
40 40S Std. 113 824 {1131 105 A34 | 5295 | 7.770
80 80S Ex. Hvy.| .154 742 {1474 40 405 Std. 2581 5.047 | 14.62
160 218 614 11937 80 B80S Ex. Hvy.| .375| 4.813 |20.78
XX Hvy.| .308 434 |2.441 120 500 | 4.563 | 27.04
160 625 4313 | 329
1 1.315 58 065 | 1185 | .8678 XX Hvy.| 750 | 4.063 | 38.55
105 J09 | 1097 1404
40 405 Std. A33 0 1049 [ 179 6 6.625 5S 091 6.407 7.585
80 80S Ex. Hvy.| .179 957 12172 108 134 6.357 9.289
160 .250 815 |2.84 40 40S Std. 2801 6.056 | 18.97
XX Hvy.| .358 599 3.659 80 80S Ex. Hvy.| 432 | S§.761 | 28.57
120 5621 5491 | 36.39
1Y, 1.660 55 065 | 1530 1107 160 718 5.189 | 45.30
105 109 | 1442 |1.806 XX Hvy.| .864 | 4.897 | 53.16
g 40S Std. 140 | 1380 {2273
80S Ex. Hvy. | .191 1.278 12.997 8 8.625 5S 109 8.407 9.914
160 250 | 1160 |3.765 108 48| 8329 | 13.40
XX Hvy.| .382 896 5.214 20 .250 8.125 22.36
30 277 8.071 | 24.70
1% 1.900 55 065 1770 |1.274 40 40S Std. 3221 7981 | 2855
108 109 | 1682 2085 60 406 | 7.813 | 35.64
40 40S Std. 0451 1610 |2.718 80 80S Ex. Hvy.j .500| 7.625 | 43.39
80 80S Ex. Hvy.| .200 1.500 | 3.631 100 .593 7.439 | 50.87
160 281 1338 |4.859 120 718 7.189 | 60.63
XX Hvy.| 400{ 1100 |6.408 140 8121 7001 |67.76
XX Hvy.| 875| 6.875 | 72.42
2 2.375 3 0651 2.245 [1.604 160 9061 6.813 | 74.69
" £§Sd }? Lw; 2.638
td. A54) 2067 [3.653 | 10 7 . 487 ]
80 80S Ex. Hvy.| .218 1.939 |5.022 10750 1(5)2 }g‘; }81% }g '}(9)
160 3431 1689 1 7.444 20 2501 10250 | 28.04
XX Hvy.| 436 | 1.503 ;9.029 30 3071 10136 | 34.24
, 40 405 Std. .365| 10.020 | 40.48
214 2.875 58 083 | 2709 |2475 60 80S Ex. Hvy.| .500| 9.750 | 54.74
105 Jd20] 2635 |3.531 80 593 [ 9.564 | 64.33
40 40S Std. 203 2469 |5.793 100 18| 9224 | 76.93
80 80S Ex. Hvy.] .276 | 2.323 | 7.661 120 8431 9.064 | 89.20
160 3751 2125 1001 140 1000} 8750 [104.1
XX Hvy.| .552| 1771 |13.69 160 1.125| 8.500 [115.7

From: Babcock & Wilcox Company Technical Bulletin 15-C

NOTE
Welghts shown are in pounds per foot, based = 10.68 (D — th All weights are carrled to four digits only, the
on the average woll of the pipe. The following W = Waight in pounds per foot (to 4 digits) Al digit being carried torword it fve or

wos vsed in caleviating the welight D == Outside Diameter in inches (to 3 dudmol plu:n) over, or dropped if undet five,
’.'M. t = Wall thick n ded 1("’ I pl




9.2 - 9.2.4

9.2 Plate

9.2.1 Definitions

The terms plate, sheet, and strip are described as follows:

Plate - Material 3/16 in. and over in thickness and over
10 in., in width.

Sheet - Material under 3/16 in. in thickness and 24 in.
and over in width.

Strip - Material under 3/16 in. in thickness and under
ol in., in width.

9.,2.2 Speclfications

A.S.T.M. specifications for stainless steel plate, sheet and
strip are listed below:

A.S.T.M. A167-61T - Corrosion-Resisting Chromium-Nickel
Steel Plate, Sheet, and Strip

4.S5.T.M. A1l76-61T - Corrosion-Reslsting Chromium Steel
Plate, Sheet, and Strip

A.S.T.M. A240-61T - Corrosion-Resisting Chromium and
Chromium-Nickel Steel Plate, Sheet,
and Strip for Fusion-Welded Unfired
Pressure Vessels

The primary difference between A.S.T.M. A240 and Al67, in the
case of the austenitic or 300 series stainless steels, is

that A240 requires that they be heat treated for best resist-
ance to intergranular corrosion. When purchasing stainless
steel plate to A.S.T.M. A2U40 reqguirements, the purchaser can
specify that the steels be corrosion evaluated by the supplier.

The A.S.M.E. Unfired Pressure Vessel Code permits the use in
pressure vessels of austenitic stainless steel plate to

A.S.T.M. A240 reguirements. For the 400 series stainless
steels, the A.S.M.E.-U.P.V. Code permits the use of plate to
A.S.T.M, A2L0 requirements. A.S.M.E. Code allowable stress
values for the various grades of stainless steel plate are shown

in Par. 6.6, Tables 1 and 2.

9.2.3 Compositions

The chemical compositions of the grades of stainless steel
plate covered by A.S.T.M. Specifications Al67, Al76, and
A2,L0 are shown in Tables 1 and 2.

9.2.h Types of Finish

The applicable A.S.T.M. specifications for stainless steel
plate list the following types of finish as procurable on

plates:




9.2.4% - g.2.7

Hot-Rolled, Annealed or Heat Treated - Scale not removed.
Use of plates in this condition is generally confined to
heat-resisting applications. Scale impairs corrosion
resistance.

Hot-Rolled, Annealed or Heat Treated, Blast Cleaned or
Pickled - Condition and finish commonly preferred for
corrosion-resisting and most heat-resisting 'applications.

Hot-Rolled, Annealed or Heat Treated, Surface Cleaned
and Polished - Polish finish is generally No. 4 finish.

9.2.5 Tolerances, Allowances, Limits, Weights

Thickness tolerances - Table 6%
Width and length tolerances - Table 73
Diameter tolerance, circular ‘plates ~ Table 7%
Annealed plates, flatness - Table 7
Sheared or universal mill plates - camber- Table 7%
Allowances for surface machining - Table &%=
Recommended flame cutting allowances for

edge clean-up - Table 5%
Circle shearing limits - Table 73

Mill size limitations (maximum lengths

for widths and thicknesses listed)

vs. stainless steel types - Tables 9% and 10%
Plate billing weights - Table 8%

9.2,6 Testing and Inspection

All A.S.T.M. specifications covering stainless steel plate
require that the chemical composition (ladle analysis ‘be
determined, and also the tensile strength, yield strength,
per cent elongation, hardness, and bending properties (in
the case of the LOO series stainless steels). In additiocn,
the suppliers will, when specified, conduct a boiling nitric
acid (Huey) test or acidified copper sulfate (Strauss) test.

As indicated in Table 4% the tests required by the applicable
A.S.T.M. specifications are conducted free of charge.

Other tests which may be specified, but for which there is a
charge, are listed below:

Check analysis

Tensile test at low temperature
Impact tests

Ultrasonic inspection

Liquid penetrant inspection

9.2.7 Cost Information

Base price information is shown in Table 3. The costs of
various extras, including those for the special tests listed
above, are shown in Tables 37 4% and 5.%

% Tables were taken from G. 0. Carlson price list.
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Par. 9.2 Table 9

Table 9
MILL SIZE LIMITATIONS VS. STAINLESS STEEL TYPE
TYPES 302, 304, 304L, 321, 403, 410, 430, 302¢ MAXIMUM LENGTHS FOR WIDTHS AND THICKNESSES LISTED .
WIDTHS, inches i
Over Qver Over Over Over Over Over Over Over Over . Over Over Over
Thickness, To 40 50 60 70 80 90 100 110 120 130 140 150 160
inches 40 to to to to to to 1o 10 to to to to to
incl, 50 70 80 90 100 110 120 130 140 150 160 170
incl. incl. incl. incl. incl, incl, incl, incl. incl. incl. incl. incl, incl, |
Yisto V4, excl. 600 600 600 600 350 500 v 1
Ve to %ia, 650 650 630 650 600 550 500 )
Halo I8, 650 650 650 650 600 600 523 j
% to W, 650 650 650 650 600 578 523 500 450 423 350 350 ]
Vato %, " 650 650 650 600 600 573 525 500 450 400 375 350 325 325
% to %, 623 625 625 600 600 578 523 300 450 400 378 350 323 325
Y% to}, 623 600 600 600 600 575 $50 500 450 400 400 350 300 30X
i to 1%, © 600 600 600 $50 550 550 515 500 450 400 375 350 300 300
1Va to 115, 600 600 600 530 350 550 500 450 450 400 378 330 300 300
1V to 134, 600 600 600 550 530 500 500 450 4350 400 375 350 300 300
1% to 2, * 525 450 450 450 450 450 450 425 400 400 350 00| I
2 to %, " 500 450 450 450 450 450 450 415 400 400 330 300
2V to 2Vi, 450 450 450 450 4350 450 400 400 400 350 300 300
2V to 2%, ¢ 425 425 425 450 450 4() 400 400 350 350 300 AN
2% to 3, 300 400 a0 400 400 378 350 350 328 3000 275
3 to3nh, ¢ 400 400 400 300 400) 375 350 325 325 | 300 275
3 to 4, ¢ 350 350 350 350 350 350 325 300 300 2173 250
4 todn, * 300 300 300 300 300 275 275 250 250 218 200
4V (o 5. - 250 250 250 250 250 250 225 225 225 200 200
5 to s, " 250 250 250 250 250 75 225 200 200 175
Shto 6, ~ 225 225 225 200 700 200 200 175 175 150
6 to 6'a, * 225 225 215 200 200 200 2t V75 175 150
6% to 1, * 200 200 200 200 200 200 175 175 150 150
7 o 1%, " 200 200 200 200 200 175 |, 175 150 150
Tva to 8, * 200 200 200 175 175 175 150 150 150
8 to 8%, 200 200 175 175 175 150 - [ 150 150 123
8% 09, - 200 175 175 175 150 150 150 125
9 to 9a, 175 175 175 150 150 150 125 .
94 to 10, incl. 175 175 175 150 150 125 125 :
Over_10 150 125 125 100 100 N B

*Can be made 96" wide up to 480~ long.
{For single plates over 9400 Ibs.—inquire.

TYPES 209, 316, 316L, D319, DI19L,

347, 348 (17-4PH, 17-7PH, PH15-7Mo)t

Plates over 480" long cannot be anncaled.
Plates over 456" long cannot be pickled.

MAXIMUM LENGTHS FOR WIDTHS AND THICKNESSES LISTED

WIDTHS, Inches

Over Over Over Over Over Over Over Over Over Over Over Over Over
Thickness, To 40 50 60 70 80 [ 100 110 120 130 140 150 160
inches 40 to to to to to to to to to to to to to
incl. 50 60 70 80 90 100 110 120 130 140 150 160 170
incl. tncl. incl, incl, inct, incl, incl, incl. incl incl incl, inc!, incl,
Yiato ¥, excl. 550 550 550 550 450 400 .
Vs to %a, " 6 600 600 600 525 450 v
Yiato ¥s, [ 600 600 604} 550 StK) 450
¥ to Vi, 600 600 60 6 550 S0 450 425 460 375 300 275
Vs to %, " 600 600 600 600 525 500 450 400 400 350 350 300 250 250
¥ to Ya, * 600 600 600 575 528 500 425 400 31s 350 300 275 250 250
Yatod, “ 600 600 550 550 525 450 400 375 375 350 300 275 250 225
1 to 1Y, “ 550 550 550 525 450 450 400 375 350 350 300 275
1V to 114, 550 500 500 450 450 400 400 375 350 300 275 250
1% to 134, 550 500 500 450 315 375 3su 300 300 300 275 250
1% to 2, * 450 400 400 400 350 325 325 300 300 275 250
2 to 2V, * 400 400 400 350 350 325 300 300 275 250 250
2V4 to 24, 350 350 300 325 325 300 300 300 275 250
2V to 2%, © 300 300 300 325 325 300 300 275 275 250
2¥% to 3, 300 275 250 300 300 300 275 275 275 225
3 tod, " 300 260 220 300 300 300 275 275 250 225
3% to 4, “ 280 225 225 300 300 275 275 250 225
4 od4%, “ 250 250 250 275 275 250 250 225 200
4% to 5, “ 220 200 200 250 250 200 200 t75 150
§ to S, " 200 200 200 250 200 175 175 150 150
Sh 106, " 180 180 180 175 175 175 150 150
6 to 615, 165 165 165 175 175 150 150 125
6% to 7, “ 150 150 150 175 175 175 150 150
T to A, ¢ 140 140 140 175 175 150 125
Tv2 to B, “ ‘130 120 125 150 150 150 125
8 to 8%, 125 120 120 150 150 125 125
K to9, 125 120 110 150 125 125
9 to 9%, 125 100 100 125 125
9% to 10, incl. 125 100 100 125 125
Over 10 115 100 100 100

*Can be made 96” wide up to 480~ long, except types 347 and 348,
tFor single plates over 9400 1bs.—inquire.

Plates over 4807 long cannot be anncaled.

Plates over 456" long cannot be pickled,



Table 10
MILL SIZE LIMITATIONS VS. STAINLESS STEEL TYPE

Par. 9.2 Table 10

TYPES 3095Ch, 310, 3105Cb, 317, 317L, 318

MAXIMUM LENGTHS FOR WIDTHS AND THICKNESSES LISTED

WIDTHS, inches
Over Over Over Over Over Over Over Over Over Over Over Over Over
ko, | E R E R B R e e e
s incl. 50 60 10 80 90 100 110 120 130 140 150 160 170
incl. incl. incl. incl. incl. incl. incl, incl. incl. inct. incl. incl, Inct.
Yato V4, excl 480 480 480 480
Ye to s, ¢ 480 480 480 480 480
Yiato W " 480 480 480 450 400
3% to YA, 480 480 480 450 400 350 300 250 225
Vito %, “ 480 480 480 450 450 400 350 300 278 258 235 220 200 195
% to 4, " 430 480 480 450 450 400 350 300 275 255 238 220 200 195
Ytol, “ 450 450 450 425 425 400 350 300 278 250 228 200 200
1 to 1%, * 450 450 450 425 428 400 350 300 275 250 2258 200
1% to 144, 450 450 450 425 425 400 350 300 275 250 225
itz to 1%, * 400 400 400 400 400 400 350 300 275 250 225
1% to 2, ¢ 325 325 325 325 328 300 300 278 275 250
2 to2%, * 325 325 328 325 328 300 300 275 275 250
2Vs to 2%, 328 325 325 328 328 300 300 275 250
2% to 2Y., 328 328 325 328 300 300 |- 300 250 250
2% to 3, v 300 300 300 300 300 275 275 250 225
3 to 3%, “ 300 oo 300 300 300 275 250 225 225
3% to 4, incl. 300 300 300 300 300 275 250 225

Plates over 480”7 long cannot be anncaled.

Plates over 456” long cannot be pickled.




10.

10.

10.

- 10.1

MISCELLANEQUS INFORMATION
1 Galligg,CharacteriStics

Although it is known that the austenitic stainless steels
are highly susceptible to galling or seizure when surfaces
of the material are moved over one another under load,

there is little published information available on the
subject. The article reproduced as Exhibit 1 reports

data obtained in tests conducted by Armco Steel Corporation.
Since the article in question was written several years ago,
Armco was requested to supply information on tests conducted
since that date and to give information on stainless steel
combinations not shown on the chart. The additional infor-
mation is given on page 3, Exhibit 1. Also shown on that
page is a correlation of A.I.S.I. stainless steel types with
the designations used by Armco in reporting data.

Additional information developed by Goulds Pump Company and
International Nickel Company and reported in American
Machinist, August 12, 1957, is given in Exhibit 2. The
section on stainless steels was taken from a large: chart
which listed the galling resistance of many other metals

and alloys.




By H. TANCZIYN
Armco Stecl Corp.
Middletown, O.

New testing method at Armco
establishes galling load points
for -most stainless alloys.
Graphical data will take the
guesswork out of selecting
proper steel

Stainless Steel Galling Charasieristic

PREVENTION of galling and sei-
zure of stainless steel surfaces mov.
ing over one another is a unique
problem. Ordinary lubrication
methods are not usually practicable
for stainless equipment due to the
hazards of product contamination.
Yet, little published information
has been available to manufac-
turers who have often applied
stainless steels on the basis of their
experience with carbon steels.

An investigation, conducted in
the regearch laboratories of Armco
Steel Corp., Middletown, O., devel-
oped both a testing method and
the galling characteristics of vari-
ous stainless steels. Work was
limited to study of relatively slow
and restricted movements of stain-
less steel surfaces over one another.

Several Methods Tried — Galling
test described in this article was
adopted after a number of methods
involving the use of torque
wrenches, strain gages, and nut
and bolt assemblies had been stud-

Par. 10. 1 Exhibit 1 Page 1

Wi

THRUST BEARING

LOAD

BUTTON (ROTATED}

BLOCK (STATIONARY!

)

Arrangement for galling test shows how test blocks are loaded and rotated
on the stationary block. Blocks are examined for golling after each turn

ied. The polished base of a cyl-
inder section is rotated under pres-
sure against a polished block sur-
face for one revolution. A series
of assemblies is compressed under
increasing loads until galling oc-
curs.

Test specimens were cleaned with
fresh acetone before testing. Load-
ing control was adjusted to main-
tain constant load during rotation,
but a slight drop-off usually occur-
red during tests. After testing, both
specimens were examined for gal-
ling at 30 x magnification and the
galling load converted to psi based
on contact area. Data were repro-
ducible to within 125 psi at loads
under 1000 pounds and within 250
psi at higher loads.

Surface Influence — Where spe-
cimens were prepared with ma-
chined surfaces, results of the pre-
liminary tests were not reproduc-
ible. With machined surfaces, one
member of the assembly usually
ploughed through the second piece

Reprinted with Permission from April 20 issue of STEEL by
ARMCO STEEL CORPORATION, Middletown, Ohio

s Giccked

like a cutting tool. Small torn areas
on machined surfaces locked to-
gether during testing to produce
galling.

Test specimens finished with 3,0
metallographic polishing paper,
however, gave reproducible data.
More experimenting was done with
smoother surfaces produced by

. polishing on cloth-covered wheels.
But considerable difficulty was en-
countered in maintaining a plane
surface on the specimens so the 3/0
paper finish was used for all fur-
ther tests.

Test Results—The data obtained
in the galling tests are summarized
in the bar graphs. Brinell hardness
values are given with the grade
designation.

Influence of sulphur and sele-
nium additions on the galling re-
sistance of stainless steels is easily
seen. The added sulphur and sele-
nium reduce the frictional forces
between the stainless steel speci-
mens.




Par.

Merchant and Zlatin'  report
that the coefficient of friction for
type 303-S stainless stecl is about
76 per cent of that for type 304
stainless steel. Apparently the sul-
phides are smeared over the stain-
less steel surfaces to form a low
ghear strength film which inter-
feres with the metal-to-metal con-
tact.

Hardness !s Factor—Generally,
stainless steel sections at a rela-
tively high hardness level, or with
a substantial difference in hard-
ness, exhibit better resistance to
galling than the combination of
two soft members. Since there may
be no change in chemical compo-
gition, this relationship between
hardness and resistance to galling
is probably due to the difference
in mechanical properties of the
hardened and soft specimen.

Here Bowden and Tabor? offer
the explanation that the hardened
sections deform elastically near the
contact points under loading, while
the softer, weaker pieces yield
plastically for a significant dis-
tance beneath the contact points.

During movement, hardened sur-
faces may recover elastically with
decrease in pressure and this mo-
tion tends to sever any metallic
welding. Yet in the case of the soft
specimens, the surfaces probably
continue to adhere closely during
the movement of the specimens
with relatively little elastic re-
covery and separation.

Some Oxides Good—The excep-
tionally good resistance to galling
exhibited by type 329 stainless
steel is very likely traccable to a
combination of a suitable oxide
surface film and the hard backing.
Oxide films significantly influence
the galling characteristics of met-
als. Recent work reported in the
literature® indicated that while a
film of Fe,0, incrcased the resist-
ance of mild steel to galling, a film
of Fe,0, did not benefit the steel
for this purpose.

A relatively new precipitation
hardening stainless steel, Armco
17-4 PH, is considered to be a
useful substitute for type 304

stainless steel in applications in-~

volving galling, particularly if used
in two conditions to obtain the de-
gired differential in hardness be-
tween components.

The data from these tests should

10.1 Exhibit 1 Page 2
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A MU S

T 1T T 1 1T 1T
17 Gr, BT 149 va, 17-C.100, RIIM 555
Ansn Pl

|
12 Cr, B1IN 375 va, 17.C-100, BIN 555

| [
17 Cr, BHN 156 vs, 17 Cr, BHN 156
S i

|
17 Cr-FIA, DHN 163 vs. 17 Cr-FM, BHN 163

L
12 Cv-FM,‘BHN 156 vs. 12 Cr-FM, BHN 156

| ! | i i1
12 Cr-FM, RHN 156 vs, 12 Cr-FM, 8HN 223

LN
12 Cr-FM, BHN 156 vs. 12 Cr-FM, BHN 375

O L
12 Cr-FM, BHN 375 vs. 12 C-FM, BHN 375

R L
12 Cr-EM, BHN 156 vs. 17-C-100, BHN 555 i

| L
12 Cr-FM, BHN 375 vs. 17-C-100, BHN 555 I

[ IR
17-C-100, BHN 555 vs. 17-C-100, BHN 555

AR

17.C.100, BHN 555 vs. 17 Cr, BHN 156 |

R PR
27-4.1, BHN 400 vs. 27-4-1, BHN 400

o T ]
27-4-1, BHN 400 vs. 18-8, BHN 140

! 1 1
188, BHN 140 vs. 188, BHN 140
e T T \

|
18-8, BHN 140 vs. 18-8, BHN 302

] [ f
18.8, BHN 140 vr. 18.0, BHN 341

|

o]
18-8, BHN 706 vs. 18.8, BHN 341
Pl ikl

S
|

I [N
18-8, BHN 140 va. 17-C-100, DHN 555

BN
18-12-3 Mo, BHN 152 ve. 18-12.3 Mo, BHN 152
ol piad

[

18-12-3 Mo, BHN 152 vs. 18-12-3 Mo, BHN 250

.

P

16-2, BHN 250 vi. 16-2, BHN 250
2, BHN 250 vi. 16-2, BHN

i
12 Cr, BHN 149 vs. 12 Cr, BHN 149

R L
12 Cr, BHN 375 va. 12 Cr, BHN 375

| |
12 Cr, BHN 149 vs. 12 Cr, BHN 375

e . v s e v e

R

1B-8 F/A-Sa, BHN 170 va. 10-8 F#M.9r RHMN 170

!
18-8 FM-Se, DHN 170 vs. 18-8 FM.So, BHN 350

[ [ | I
10-8 FM-Se, BHN 350 vs. 18-8 FM-Se. BHN 350

| T [ I

ARMCO 17-4 PH, BHN 280 vi. ARMCO 17-4 PH, BHN 200

B N |

[ N P
ARMCO 17.4 PH, BHN 400 vs. ARMCO 17-4 PH, BHN 400

i |
ARE.CO 17-4 PH, BHN 280 vs. ARMCO 17-4 PH, BHN 400

oo

i b
BRONZE, ROCKWELL F-65 vs. BRONZE, ROCKWELL F-65

T
BRONZE, ROCKWELL F.65 vs. CAST IRON, BHN 185

o e f
CAST IRON, BHN 185 vs. CAST IRON, BHN 185

[

NN |
*NO GALLING-SPECIMENS DEFORMED UNDER LOAD

HEEEEEEE

3] 5 20 25

GALLING LOAD - PSI X 1000

30 35 40 45

be useful to manufacturers in selec-
ting stainless steels for applica-
tions where galling occurs, espe-
cially in limited, relatively slow
movement of stainless stecls over
one another, such as in valves and
threaded assemblies.

These data on the galling loads for the various alloys are reproducible
to within 125 psi at loads under 1000 pounds and within 250 psi above that
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Machining'’ Steels. Trans. Am. Soc. Metals
(1948) Vol, 41, p. 663

2. ¥. P. Bowden and D, Tabor: The Plough-
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3. R. L. Johnson, D. Godfrey and E, E
Blsson: Friction of Solid Filma on Stecl and
High Sllding Velocities. NACA Technical Note
No. 157R Aprll, 1948 p. 6
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Correlation Between Stainless Steel Deslgnations Employed
in Par. 10.1, Exhibit 1 and A.I.S.I. Type Numbers

12 Cr Type 410

12 Cr FM Type 416

16-2 Type 431

17 Cr Type 430

17 Cr M Type 430F
17-C-100 Type 440C

18-8 Type 302 or 304
18-12-3 Mo Type 316
18«-8-FM Se Type 303 Se
27-4=-1 Type 329

Additional Armco Information on Galling

The following information was received by letter from Armco
on January 20, 1960;

The paper (Exhibit 1) covers practically all of the test
data of this type that Armco has developed. Additional
galling tests on 17-4 PH in heat treated conditions other
than that shown in the paper have been performed, but the
properties were no better than already listed. Armco has
never performed any galling tests on Type 304 or 316 against
Type 416 heat treated to 240 Brinell, but would predict that
this combination would be better than either Type 304 or

316 in contact with themselves. Similarly, although Type
303 or 303 Se have not been tested against Type 304 or 316,
it is expected that this combination would resist galling
better than Type 304 or 316 in contact with themselves.

Information was received verbally from Armco on September 19,
1960, to the effect that at a given hardness, Type 416 stain-
less steel would have better galling resistance than 17-4 PH
when run against Type 304.
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Gall Resistance of Metals.. |

These data were compiled by P J Olmstead, chief engineer, Goulds
Pumps, with the assistance of G L Cox of The International Nickel Co.

¢

C ourtersy Gy, Pany, Sene sy Falis,

The chart shows the probable gall-

ing characteristics of various combination of ma-
terials. Either material of a combination may be
the stationary or rotating part with no change in
the galling characteristics.

The gall resistance of materials is character-
ized by the following criteria, and the gall re-
sistance increases in the order named:

1. Hardness—such as nitrided or carburized
steels.

2. Hardness plus inherent resistance to seizing
by formation of silicides, as in “3" Monel, “S”
nickel, “S” Inconel, or the like.

3. Inherent resistance to galling as in cast
iron, ductile iron, Ni-Resist or “G” Nickel, duc
to lubricating qualities of graphitic carbon.

Where, and if, possible the following criteria
should be used as a guide in sclecting and ma-
chining materials for gall resistance:

N1

1. Use austenitic against martensitic alloys.

2. Choose mating materials (except bronzes)
with a difference in hardness of 50 Brinell num-
bers.

3. Grind mating surfaces.

Although a combination of materials may in-
dicate non-galling characteristics, consider the
possibility of galvanic corrosion arising from
the combination of materials and the electrolyte
or liquid present. '

This chart was not prepared from an exhaus-
tive study of cach combination of metals, under
adl conditions of galling. The data were first set
down 10 years ago from experiences and occa-
sional bits of information. During this period,
the chart has proved helpful to people who knew
nothing about the subject, and their choices from
the chart were reasonably good ones. The cur-
rent chart incorporates a number of revisions,
based on further experience.

|7
] IR
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- Slel = el (o |@
e ¢ I ER B RE -
sg E’, Avumgg%wwo\? .'.. <
- > B sz 2lelal @ Nl NNy e U ] o 2
3:5.0;"5:333'5:5:" E§§§223§5§§f:u:°§2
eSOz gl eiele|lx[¥Y |§ElEiEloigfal aiaizi2 o™
si2 T CoeleleleleiSid=]us;n] 388 w|o]|2|2] B e
=zt zlF[El | e | 83|5] 5 2|2 S| 3|3 3 2] E|2
A AR PR E R EEE MM HEEHE
UmZAao: :::o:;ﬁ:««%ﬁ.ﬁaziiix::iﬁa
400 Series T “TT1 1 -
Stainless Steel (Soft) $5$S5SSSFIFINININIFIFINIFINIF]F|I N|F[SIF] S|IS|FIN{F|S]F S
300 Series
Stainless Steel {Hard) |S S S S S S|F [F|F [F[S|S{F SIF|IS|F} SiSISIS| S|S|F|[F|S|S|S|S|S
300 Series
Stainless Steel $$5SSFININININIFIFIN|FIF |FIN| N[F|SIF| S|SF{N|F]5] 5|5 |S

Degree of Resistance: S — Satisfactory; F — Fair; N
Notes ! to 7 — See pages .

— Little or None




10.1.3

10.1.3 Information on Wear Tests in Water

Tables 1, 2, and 3 are taken from the "Corrosion and Wear

Handbook™ pages 122, 123, and 124.
tables were conducted in water.

Tests reported in the
Information on test con-

ditions, and interpretation of wear factors are given in

following notes:

FOREWORD TO TABLE 7-3—WEAR TEST
DATA

Test Conditions

Wenr factors were determined by means of two
different wenr test units, One unit, referred to ns the
piston-exlinder test rig, produces wear by menns of
The other unit, referred
to as the journal-sleeve test rig, produces wear by

linear reciproeating mation.
menns of rotational movement.  The mnjority of the
tests were conducted in oxvgenated water vontaining
10 to 30 ce of oxyeen (ST per kilogram of water
The hydrogen content for wear tests in hyvdrogenated
water varied from 200 to 500 co (STP) per kilogram of
water.  For both environments initind electrieal resis-
tivity of the water was 500,000 ohm-cm or greater.
Tests were normally run for 500,000 cyeles. Details of
the test procedures are given in chapter 5 on testing
procedures,

Interpretation of Wear Factorx

Wear fretors for both tests were determined by meas-
uring the weight loss per pound lond per million evcles,

Most of the materinl combinntions conzidered suitable
for serviee application possessed 8 wenr factor less than
100 myg per pound lond per million eyeles,

Spreial Noten

(1) The martensitic stainless steels were teated in the
hardened condition.  For the precipitation-hardening
alloys the symbol PH designntes the hardened condi-
tion, and &A indicates the xolution annealed condition.
Cernmics, cermets, and various miscellaneour mate-
rinks were tested in the axereceived condition.  The
remaining  metals nnd  alloys were tested in the
solution annealed condition.  All references to chro-
minm plating are to plnting applied by an approved

(See ehl 13)

(2) The surfuee finish of untested samples ranged from
8 to 16 microineh (rms).

supplier.

3 The henring combinntions are arranged ro that the
entry in the “materinds” column ix the moving ele-
ment of the wear couple unless otherwise indicated.
The combinntions are lsted in order of increasing
wenr. A complete cross index of sl couples ean be
found in the Kl‘l\l‘l’llllill(l(‘x.
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Table 1
WGCAR TEST DATA
Tyry of Toct [RRIS S A-GE ) S
Faterialc? Versns Ticten (Jourr -l .00 :;-— T;";p. I(?t:) ”:;:;:r
& 43 (Y {ga
SO LRER I VRN g
j};lsgoh 59 or RT-51 Ar Dinzins Alloy #ne x x 500 10 92 _

a Chrosiva, Aa Plated (.00054 x | 500 8| 150
hed Stallits I'h. 6 x x 500 81170
Haynoa 25 (Cold Viori.~d) x x 500 8| 210
Hoynaa No. 21 (SA) x x 500 8] 20
Lead x x 200 8 270
S-Monel x x 500 8| LOO
USS 18-8 W (1) x x | 500 8 [10,0
Lond x x 5C0 10 |2750
AISY 30485 x x 500 8 (3200
17-4_Fi (SA) x x | 500 8 | 105

S-Monnl X X 500 1O jrafz-d
BT A7 Bra~ing Alloy vn% b3 X 500 10 L
RT-S A Arazing Alloy wxa x x 500 10 4
1ead x x 500 10 L
AISI 410 83 Stellite lo. 3 x x 500 8 16
Stellite No. 3 X x 500 10 | 1,0
Stellite No. 6 x x 500 10 | 15
AISI 410 &3 x x 200 10 | 290
AISI L10 S5 x b3 500 10 | 30
AISI 410 8S x X 500 10 | W45

- Graphitar 14 (1)

® Lniry in this colva 1s 1ovirs elc "at of ths vors erunlo
¢ wear Factor - Milligrims per
pound lond per amillion cycles
#* Employed in service **» jlandy & Horman
(1) No valid wear factory howover, this combination wae
successfully utilized.

unless otherwise indicated.
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Table 2
WEAR TEST DATA
¢ of Teat P
MaterialsH Vorms Typ hadlves emp.! Loed Yoar
Piston | Journal|Hydro{Oxy- :
(psi) |Factor
& & gen | gen
e e e SYUnder]| Sdocvel ¢
AISI 416 SS AISY 836 SS x x 500 e 165
AIST 416 S5 x x 500 10 LY
AISL 420 S5 | AIST 470 S5 x x 500 P 130
. AIST 420 S5 x x 500 10 185
loned Chromium flate [ 7T B R | T,
ATST 4L4UC 53 0.005" ) oo Armeo_L7-h_ i x x v | 1 10
AISI LLOC S8 x x 500 8 15
AIST ALOC SS x x 400 10 79
AI5GT LLOC SS x x 200 10 80
— ——— e [P IO
AISI LLOC S5S x X L0 10 3
Armco 17-4 PE (S8) | Stellit~ Koo 3 % x L0 8 19¢
! Voned Chromium Plate T o -
] (0,008") on prmco 17-4 M x x| w0 8 195
Armeo 17-4 1 (11) - x x 5.0 [ LiO
Arveo 17=h 1M (SA) x x| 500 a 1Wwb
T T T T T T Tlianed Chrominm i'iate ! | ]
Armco 17-4 PU(PH) (| (0,005°) on Armen L= 1B I . x l x 500 _1:)___4_ L
we | Chremiun, fs ciared (G408 B YEd 10 60
N e ¥ 4 JEURSESES W
ttoned Chromium Plate on ! I
| Armeo )7-4 11 (0.005") X Pt L e -_,,R__ __i?___
e had .‘i!.'il]ihc No. 3 x x =0 10 L1
_____ Clirome M X J x L00 8 72
o v | stellite No. 3 x b ox foo] & | 150

# Entry in this colwm is moving element of the weer couplo

unless otherwise indicated.

#t Eaploysd in service.

4 wear Factor - Killiyrams per
ponnd load per million cycles.




Par. 10.2 Table 3

Table 3

WEAR TEST DATLE

T5n of Tast FdA1tivon

Matarialew v T Te-po| Lo~d JAREE 3
eraus Pirten |Jouwenall 1L dro ity | opr (pe1) |recter
& & g oo R

s L ey

Armco 17-4 PR (PH)
#» | Chromium, Nitrided x

bad Stellite No. 3

x 500 8 210

Titanium, Nitrided X
wall Colr.ﬁnoy No. & x x 500 10 220
Lo N Stellite No. 6 x x 500 10 320
Stellite No. 21 (SA) % x 500 8 340
S~} onel _ x : x 500 8 L30
Armeo 17-4 PH (PM) i x } x 500 8 hl.:»(;—”
R S,
Haynes 25 (Co}d Yarkad) x x 500 8 470
AISI 304 55 x x 500 8 L75
a% | Stellite No. 3 x x 200 8 2
- '{'8"58533"?;}'3!“5-& Al x x 500 e u
Stellite No. 21 (PH) x x 500 8 25
Lad Stellite No. 3 x x 500 8 25
*» | Stellite No. 6 x x 10 100
‘Wall Colinonoy No. 6 x x 500 8 236

® Entry in thies ooli:m is moving elcrznt of the wsaxr couple
g Viear Factor - Milligrams per

unless otherwise indicated.
vound load per million cycles.

#% Enployed in service.
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Par.
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