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FOREWORD

1. This standard covers fabrication requirements and acceptance criterla

for pipe bending.
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Thie stahdard covergs pipe bending, heat treatment, and

inspection requirements and acceptance criteria for piping used for ships of

the United States Navy.

2. REFERENCED DOCUMENTS

2.1

Issues of documents.

The following documents, of the issue in

effect on the date of invitation for bids or request for proposal, form a
part of this standard to the extent specified herein.

SPECIFICATIONS '

FEDERAL
WW-T-700

WW-T-700/1
WW-T-700/2
WW-T-700/4
WW-T~700/5

MILITARY
MIL-P-1144

MIL-T-15005

MIL-T-16286
MIL-T-16420

MIL-T-17188
MIL-T-18165

MIL-T~20155
MIL-T-20157
MIL~T-20168
MIL-T-23226

MIL-T-23227
MIL-T-23520

MIL-T-24107

MIL-P-24338

MIL-T-1368 -

Tube, Aluminum and Aluminum Alloy, Drawn,
Seamless, General Specification For.

Tube, Aluminum, Drawn, Seamless, 1100,

Tube, Aluminum Alloy, Drawn, Seamless, 3003.

Tube, Aluminum Alloy, Drawn, Seamless, 5052.

Tube, Aluminum Alloy, Drawn, Seamless, 5086.

Pipe, Corroslon-Resistant, Stainless Steel,
Seamless or Welded.
Tube and Pipe, Nickel—COpper Alloy, Seamless and

Welded. -

Tubes, 70-30 and 90-10 Copper Nickel Alloy,

" Condenser and Heat Exchanger.
Tube, Steel, Seamless, Marine Boiler Applicatiom.

Tube, Copper-Nickel (70-30 and 90—10), Seamless and

Welded.
Tube, Carbon Steel, Electric Resistance Welded,

Marine Boiler.
Tube and Pipe, Chromium-Molybdenum Alloy Steel,
Seamiess.
Tubing, Steel, Alloy, Molybdenum, Seamless.
Tube and Pipe, Carbon Steel, Seamless.
Tubes, Brass {Red Brass), Seamless.
Tube and Pipe, Corrosion-Resistant Steel,

Seamless.
Tube and Pipe, Nickel~Chromium—Iron Alloy.

Tube and Pipe, Nickel-Copper Alloy, Seamless Air
Melted.

Tube, Copper {Seamless) (Copper Numbers 102,
108, 120, 122, and 142).
Pipe, Carbon Steel, Seamless.
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STANDARDS e
MILITARY
MIL-STD-271 - Nondestructive Testing Requirements for Metals.
MIL-STD-278 - Fabrication Welding and Inspection; and Casting
Inspection and Repair for Machinery, Piping and
Pressure Vessels in SBhips of the United States Navy,
PUBLICATIONS
-NAVSEA 250-1500-1 . = Welding Standard.
NAVSEA 0900-LP-001-7000 - Fabrication and Inspection of Brazed Piping
. Systems.
NAVSEA OD 45845 - Metrology Requirement List (METRL).

(Coples of specifications, standards, drawings, and publications required
by contractors in connection with specific acquisition’ functions should be ob-
tained from the contracting activity or as directed by the contracting officer.)

2.2 Other publications. The following documents form a part of this
standard to the extent specified herein. Unless otherwise indicated, the issue
in effect on date of invitation for bids or request for proposal shall apply.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

A 53 - Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded
and Seamless.,
A 106 - Seamless Carbon Steel Pipe for High=Temperature.Service.

A 213 - Seamless Ferritic and Austenitiec Alloy-Steel Boiler,
Superheater, and Heat-Exchanger Tubes.

B 167 - Nickel-Chromium-Iron Alloy (UNS N06600) Seamless Pipe
and Tube.
B 444 - Nickel-Chromium~Molybdenum-Columbium Alloy (UNS N06625)

Seamless Pipe and Tube.

(Application for coples should be addressed to the American Soclety for
Testing and Materlals, 1916 Race Street, Philadelphia, PA 19103.)

(Technical soclety and technical association specifications and standards
are generally avallable for reference from libraries. They are also distri-

4 h]
buted amwong technilcal groups and using Federal agencies.)

3. DEFINITIONS

3.1 Activity. The organization under the same quality assurance management
performing work to which this standard is applicable.

3.2 Approved (approval). The item under consideration has been accepted
by the authorized representative of the Commander, Naval Sea Systems Command
(NAVSEA) (includes Naval Ship Systems Engineering Station (NAVSSES),
Philadelphia, Supervisors of Shipbuildi15, Conversiorn and Repair, and Naval
Shipyard or Activity Commanders). Unless otherwise specified, approved as

used herein shall be by the authorized representative.




'hardening does not occur (see table II).
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3r3;,Authoriaedgrepnesentative.:.Any“covernmeﬁt'repreaentative specifically
authorized to approve equipment, material, or procedures within the scope of
this document for NAVSEA. They are as follows:

(a) For Government shipyards: The delegated representative of the
Shipyard Commander.

(b} For Commercial shipyards: The delegated representative of the
Supervisor of Shipbuilding, Conversion and Repair (SUPSHIP), or

the American Bureau of Shipping when specified in the Ship's

Specifications for a particular ship. This includes all appli-
cable areas in the shipyard and applicable items furnished to
the shipyard by subcontractors. ’

{c) For Government purchase items: The delegated representative of
the Commanding Officer, NAVSSES, Philadelphia or of the Officer
in Charge, NAVSSES Detachment, Mechanicsburg, or of the Officer
in Charge, NAVSSES Detachment, Norfolk.

(d) When delegated by (a), (b) or (c) sbove,.the representative of the
Defense Contract Administration Services Management Area (DCASMA).

(e} Technical representative specifically authorized by NAVSEA.

3.4 Backwall or pipe heel. .The outer half or the half of the pipe
undergoing tension during bending.

3.5 Bend radius. The radius  from the-center of curvature to the center-
line (axis)} of the pipe, expressed as a number multiplied by the pipe or tube
size. For example, the bend radius of a 5D bend for a 2-inch nominal pipe
size (nps) pipe or a 2-inch tube is 10 inches.

3.6 Bending procedure. A written pipe bending procedure containing all
the essential elements and guidance information necessary to produce pipe bends
which meet the requirements of this standard.

3.7 Buckles and bulgee. A wavy condition which may form on the pipe
throat surface during the bending operation.

3.8 Cold bending. The bending of pipe at any temperature at which
strain hardening occurs (see table II).

3.9 Crack. A linear crevice, fissure, rupture, or fracture of the pipe
surface.

3.10 Dent. A depression in the contour of the pipe surface.
3.11 Flatness. An area on the pipe surface having no curvature,

3.12 Gouge. A groove, cavity, or scooped out area on the pipe surface
produced by a sharp object or abrasive.

3.13 Hot bending. The bending of pipe at a temperature at which strain
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3.14 Hump. A rounded protrusion or bulge .on the backwall or heel of the
pipe. bend caused by the Improper placement of -the bending mandrel.

3.15 Internal support. Rigid or flexible mandrels, silica sand, or low
melting alloys used to support the inside of the pipe during bending.

3.16 Llinear indication. &n indication greater than 1/16-inch long,
revealed by nondestructive inspection, whose 1ength is equal to or greater
than threa timeeg 1its wideh,

ol S4R N 4 ERe SRR Y]

3.17 local Government representative. The representative of the Govern-
ment agency having cognizance of inspection at the place of bending or such
other locatlon where the workpiece requires inspection.

3.18 Minimum design wall thickness. The wall thickness gpecified on the
fabrication drawing or computed in accordance with the applicable shipbuild-
ing specification as the minimum acceptable for the temperature and pressure
application, whichever ig greater

3.19 Pipe. The term "pipe” shall be assumed to mean "pipe or tube”,
in accordance with the nomenclature set forth by the material specification.

3.20 Pipe ratio. -The ratio of the plpe outside diameter (D) to its
wall thickness (t), L.e., D/t.

3.21 Procedure qualification. The term "procedure qualification” means
a bending procedure which meets the requirements of and is evaluated in
accordance with this standard. B RS o S T T S

3.22 Qualified. The term "qualified” means that the item under consi-
deration hag been approved as required by this standard,

3.23 Step. A round bottomed crease on the throat of a pipe bend caused
by the lack of, or improper spacing of the wiper die during the bending
operation. _

3.24 ‘Throat. The inner half or the half of the pipe undergolng compres-—
gicn during bending. '

-3.25 WUrinkles. Definite folds, creases, or crinkles formed on the sur-
face of the pipe during bending operations.

4. GENERAL REQUIREMENIS

4.1 Respongibilities., Each organization performing work in accordance
with this standard shall be responsible for conformance to the requirements
contained herein.

4.2 Applicabllity. This standard shall be used when referenced in the
applicable shipbuilding specificatiocn, fabrication document, fabrication
drawing, contraet, or equipment apecification.
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7 4 3;.Maintenance ofhrecordaﬁihﬂnLgssﬂptherwisa_specified by NAVSEA,
required téecords shall be maintaiiied by the organization performing the work
and be available to the authorized representative throughout the life of the
contract and for a pericd of 3 years after delivery. At the expiration of the
record retention period, NAVSEA or its authorized representative shall be
furnished written notification. Disposition of records shall be as agreed

upon by NAVSEA and the contractor.

4.4 Material. Base material shall conform to the applicable contract,
shipbuilding or equipment specifications. A list of generally used piping or
tubing materials, arranged in groups in accordance with their composition,
are specified in table I.

TABLE I. Grouping of base material.
Applicable
Material Group No. document Class or type
Carbon steel 5-1 -ASTM A 53 Pipe (Beamless or welded)
MIL-T-16286 Tube, seamless, class a
MIL~T-17188 Tube, welded
MIL-T-20157 Tube and pipe
_ I1~-P-24338. Pipe, .carbon steel, seamless
ASTM A 106 Pipe, seamless, grade B
Alloy steel S-3 MIL-T-16286 CMo class d {tube)
MIL-T-20155 CMo (tube and pipe)
S-4 "ASTM A 213 CrMo grade T11
| MIL-T-16286 | GrMo class £ (tube)
MIL-T~18165 CrMo class 1 (tube and pipe)
§-5 MIL~T-16286 CrMo class e (tube)
MIL-T-18165 CrMo class 2 (tube and pipe)
Corrosion- s-8 MIL-P-1144 304, 316, 321, 347, 304L, 316L
resistant
steel MIL~T-16286 Class ¢ (tube seamless)
MIL-T-23226 304, 304L, 347, 348 (tube and
pipe)
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r, --iowvt pc -TABLE I. Grouping of base material: - Continued
Applicable
Material Group No. document Class or type
Aluminum 5~21 WW-T-700 —_—
alloy :
WW-T-700/1 1100 (tube, drawn, seamless)
WW-T-700/2 3003 (tube, drawn, seamless)
§5~22 WW-T-700/4 5052 (tube, drawn, seamless)
WW-T-700/5 5086 (tube, drawn, seamless)
Copper S~31 MIL-T-24107 Copper tube (seamless)
Brass 5~32 MIL-T~20168 Brass pipe
Copper- S~34 MIL-T-15005 70-30, 90-10 (tube)
nickel
MIL-T-~16420 70-30, 90-10 (tube)
Nickel- S~42 MIL-T-1368 HiCu (tube)
copper -
MIL-T-~23520" NiCu {tube or pipe)
- =Ni=Cr-Fe - - - §=43 ... |.. MIL-T~23227 Tube .and pipe
ASTM B 167 Tube and pipe
Ni-Cr-Mo-Cb ASTM B 444 Tube and plpe

4.,4.1 Material quality.

been given the required visual

(=1 =183 e )

accordance with the applicable

4.4.1.) Base material condition.

Prior to bending, pipe materials shall have
examination and nondestructive inspection in

material specifications.

Prior to bending, the base material in

the vicinity of the bend shall be in the following conditions:

Material (gsee table I)

5-1

§-3, §-4, §-5

s-8, 5-21, 5-22,

§-31, .

§-32, S-34, 5-42, §-43

Condition (see table IV)

Stress relieved, annealed,
normalized, or normalized
and tempered.

Annealed, normalized snd

tempered, or quenched and
tempered,

Annealed.
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~J“,_151;ﬁ.§:}§gi"Bagg¢matariak“clegnk;neasa;;ﬁkinr:tozbending, the pipe surfaces,
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inside and outside, shall be clean and free of foreign matter which may result
in nicks and gouge marks on the bent pipe surface.

4.4.,2 Wall thickness. Pipes selected for bending shall have sufficlent
actual wall thickness to assure that the backwall meets the minimum design
thickness (Tm) or the minimum required thicknees in the applicable ship-
building or component specification. In addition, backwall thinning shall not
exceed 20 percent from the actual prebend pipe wall thickness. The 20 percent
backwall thinning limit does not apply to copper and brass tubes,

4.4.3 Surface condition. The surfaces to be bent shall not have any dents,
nicks, or gouges in excess of that permitted by this standard (see section 7).

4,5 Lubricants. Lubricants shall be used in bending operations to
prevent galling of the pipe material during bending and to prevent rapid wear
of the die. Lubricants shall be easy to remove after bending and shall not
stain the pipe. A lubricant that works effectively on one pipe material may
not be effective for snother. Mineral oils and organic fats, such as lanolin,
are commonly used lubricants. Examples of acceptable lubricants are lanolin,
lard oil, viscous oils, and soap solutions. Lubricants shall have good surface

adhesion and film strength at bending temperatures.

4.5.1 Unacceptable lubricant ingredients. Use of lubricants containing
the following ingredients are not permitted:

(a) Lubricants containing sulfur or chlorine shall.not be used
.on group S-8,-5-31, §-32, 5-34, 5-42, and §5-43 materiels.

(b) Carbonaceous lubricants shall not be used on group 5-8
materials. :

{¢) Lubricants containing halegens, arsenic, bismuth, copper,
phosphorus, sulfur, tin, lead, cadmium or zinc in excess of
250 parts per million (p/m) total halides or 250 p/m of
individual elements shall not be used on material intended
for service at temperatures exceeding 400°F.

4.5.2 When mandrels are used, the pipe outer and inner surfaces shall
be lubricated prior to bending. Tools in sliding contact with the pipe shall
be lubricated prior to the start of the bending operation. Adequate lubrica-
tion shall be applied to aluminum alloys due to their tendency to gall with the
mandrels. The wiper die, pressure die, and outer surface of the pipe should be
coated with a light lubricant due to their close fit., Inadequate lubrication

may result in bend failures.

4.6 Equipment.

4,6, Maintenance of equipment. Bending equipment shall be free of con-
ditions which could result in tool marks, gouges, or scratches on pipe surfaces,
exceeding the acceptable criteria of this standard.

4.6.2 Bending machines. Pipe bending may be performed on the following
types of standard bending equipment:
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iz..i .. (a):-.Ram type bending machine. - ...
(b) Roll type bending machine,
(c) Compression type bending machine.:
(d) Rotary type bending machine.
(e) Rotary type bending machine with a booster unit.
(f) Portable manual bending machine. .

The selection of the type of bending machine that is to be employed is depen-
dent on the bend radius and quality of the bend required. The ram and roll
type bending machines may be employed where the bend radius required is large -
and high production rates are not required. When higher quality bends and
smaller bend radii are required, the rotary or compression type bending machines
should be employed. Rotary type bending machines with a bocster unit should be
employed when a bend radius equal to or less than 3D 15 required. Portable
manual editions of some of the bending machines listed above may be employed
when the energy required to make the bends is determined to be adequate.

4.6.2.1 Ram type bending machine. Ram type bending machine

c st
a bending die mounted on a ram and two pivoted pressure dies. The pi e 1s
bent by the bending die, pushing the pipe between the pressure dies, which
wraps the pilpe around the bending die as shown on figure 1. The force toc push
the bending die is usually supplied by a hydraulic ram or a press. The bend in
& ram type bending machine is limited to 120 degreas and the bend radius should
be at least 6D.

6.2.2 Roll type bending machine. Roll type bending machines consist

rnnnr1v gnaced rolls. The method of bending nina hv thisg machine is

FRVpETa Ay Spinwwl L aass Dkt ARl SRt

shown on. figure 1.1 _Bend angles of 360. degrees can be obtained on this type of
bending machine with a minimum bend radius of approximately 6D on unfilled
pipes.

4.6.2.3 Compression type bending machine, The compression or stationary-
die type bending machine consists of a stationary bending die, clamping block,
and movable pressure die. The pipe is bent by clamping one end of the pipe to
the bending die and the pressure die moves around the bending die, forcing the
pipe into the bending die groove as shown on figure 1. The maximum angle of
bend that can be produced is 180 degrees. This type of a bending machine 1s
not recommended for plpe ratios greater than 30. .

4.6.2.4 Rotary type bending machine. The rotary type or .drawn bending
machine is recommended for obtaining quality pipe bends up to 180 degrees.
The machine consists of a rotating bending die, clamping block, wiper die and
sliding or stationary pressure die. The method of bending is shown on figure
1 and described in 4.6.2.4.1 through 4.6.2.4.4., The maximum angle of bend is
180 degrees.

4.6.2.4.1 Clamping block. The clamping block holds the end of the pipe
to the bending die with sufficlent force to keep it from moving while it is
being bent around the die. The groove surfaces of the clamping block need not
be smooth and polished, unless it is detrimental to the finished product surface
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finish -Tequirement’.:.{Wien.the . groove -surfaces rof the-clamping block are re-
quired to be ‘smooth or polished, the clamping length of the pipe should be in-
creased to distribute the higher clamping forces required. Resin or emery cloth
may be employed in the clamping block to avold slippage. When short clamping
length must be employed, the end of the pipe should be plugged to avoid flat-
tening by the clamping foreces.

4.6.2.4.2 Bending die. The bending die rotates around a pivot and pulls
or draws the pipe around it. The bending die also supports the inner half or
throat of the pipe bend.

4.6.2.4.3 Pressure die, The pressure die presses the pipe into the groove
of the bending die. The pressure die alse supports the outer half or heel of
the pipe bend. The pressure die may be stationary or slide with the pipe. The
sliding type is preferred because it distributes the applied stresgses more
evenly,

4.6.2.4.4 Wiper dies. The wiper die is stationary and opposite the pres-
sure dies. The wiper die supports the inner half of the pipe and keeps the
pipe throst from wrinkling. When a wiper die is employed, the gap between the
wiper die and bending die can be critical in avoiding steps in the throat of
the pipe bend.

4.6.2.5 Rotary type bending machine with a booster unit, This machine is
essentially the rotary type bending machine with the force being applied to the
straight end of the pipe. Thie force reduces the pull on the pipe to bend it
around the bending dile as shown on figure 1., Booster unit enables smaller
radius--bends to be made on the pipe.

4.6.2:6- Internal support. A method for internally supporting pipe is
usually required when bending to small radii or when bending pipes with a pipe
ratic greater than 30. Internal supports are used to support the inside of
the pipe during bending to prevent it from flattening and wrinkling. The mini-
mum bend radius that a pipe can be bent without internal support is dependent
on the pipe ratic. The greater the pipe ratio, the greater the minimum bend
radii that will require internal support. The types of internal support nor-
wally employed in pipe bending are rigid mandrels, flexible mandrels, and
loose fillers. The type of internal support that is to be employed is depen-
dent on the pipe ratio, bending radius, and amount of cut-of-roundness that is

allowable, When employed, internal supports shall be inserted prior to the
‘-\nn nine AfF #ha hondine Aannratrian Temtn At aunnnarts Ao naFr anrract Flaeo
El-lblllnlls WA hl-l UGIIULLIB WHEGL O LAWLLe Lll L-GI.IICI-J- BU!JP A wD WY LU wUh LGWwY A40 W

tening or wrinkling that has already occurred.

4.6.2.6.1 Loose fillers. Looase fillers, such as silica sand and approved
low-melting material (such as rosin) may be employed for internmal support when
mandrels are not available or practicable. Low-melting rosin, melting at temper-
atures not to exceed 400°F, shall be uged for bending at ambient temperature,
Rewoval of rosin by direct torch heating shall be limited to 400°F. Silica sand
used for high temperature bending shall be dry. The sand should be 91 percent
minimum silica, containing no nonferrous econtaminants and have s fineness suf-
ficlent to yleld a surface which meets speclfication requirements. Sand previ-
ously used in nonferrous pipes shall not be used in ferrous pipes and vice versa.
A guide as to when internal support may be needed is shown on figures 2 and 3.
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<t -4,6.2,61.1 -Filling. the pipe prior to .heating.” One pipe end shall:-be. .
closed off and the pipe filled with sand. Care shall be taken to insurenghat
the sand 1s dry, otherwise internal pressure will build-up during heating and
pay be detrimentél to the bending operation. The sand shall be tamped or the
pipe vibrated to ensure that the sand is packed tightly. Then the second end
shall be closed off.

4.6.2.6.2 Rigid mandrels. Rigid mandrels consist of the plug or formed

- e P R T e o A -~ - - - -
type and are shown on figure 4. The mandrel %s held in & fixed position and

the pipe 1s pulled over it. This work hardens the backwall of the pipe which
increases its resistance to flattening., The pulling force of the pipe acting
on the mandrel tip holds the mandrel and the pipe in the groove of the bending
die and prevents the inner wall from wrinkling. The placement of the rigid
mandrel in the pipe is important to achieve.a satisfactory pipe bend. The
largest diameter portion of the mandrel should extend a short distance into the
band as shown on figure 4. If the mandrel extends too far into the bend it
can cause a bulge or hump in the backwall of the pipe. If the mandrel does
not extend in far encugh, flattening of the pipe and wrinkling and bulging of
the throat of the pipe bend can occur. The clearance between the rigid mandrel
and the pipe should not exceed 20 percent of the wall thickness. If the
mandrel is too tight, the pipe may rupture in the bend. Mandrels shall be
lubricated.

4.6.2.6.3 TFlexible mandrels. Flexible mandrels cconsist of one or more
balle attached to a rigid mandrel., Flexible mandrels extend further into the
bend ‘and should be employed in small radii bending operations that require
more. supporﬁ. Fiexible mandrels are held in a fixed posltlun similar to that
‘for'the rigid mandrels. - The flexible mandrels and their positions are shown
on figure 5. Flexible mandrels shall be lubricated and require an apparatus
to remove them from the bent pipe. Clearance between the mandrel and the pipe
wall should range from 0.001 inch to 0.095 inchk. The maximum clearance for
pipe ratios greater than 30 should be 10 percent of the wall thickness. The
higher quality bends will have the closesat fit. Flexible mandrels shall be
made of heat~treated tcol steel, ground and polished to prevent marring the
inside surfaee of the pipe. Chromium—pleted carbon steel mandrels may aleo be

replated. For corrosion-resistant steel, Cu-Ni, Ni-Cu, or Ni-Cr~Fe pipes,
mandrels made of aluminum bronze may also be used.

5. BENDING REQUIREMENTS

5.1 Bending procedures. Prior to performing production bending, each
organization shall prepare detailed written bending procedures based on the
requirements and ecceptence criteria of this standard (see appendix) The

?fbceuures shall include the followiln

o
oe
[
h
o
|
E
{
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o

{a) Base material type, pilpe s8ize end wall thickness.
{b) Pre-bending preparations (see 4.4.1 and 4.4.1.1).
(c) Bend radius.

(d) Bending temperature range..

(e) Type of bending machine.

(f) Type of lubricant.

10
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(g)...Bend angle adjustment. procedure, where applicable,
'(h) “Out-of-round and buckling repair procedures.

(1) Post bending heat treatment, as applicable,

(3) Post bending cleaning requirements.

(k) Inspection requirements and acceptance standards,

B et
rens

5.2 Bending criteria. Unless otherwise approved by NAVSEA, piping shall
not be bent to a radius less than 2D, except that S§-31 and S$-32 (copper and
brass) materials may be bent to 1,5D.

5.3 Bending procedure qualification., When pipe is bent to a radius of
less than 5D, each organization shall qualify its procedure by performing test
bends for each of the following groups of materisl:

(a) 8-1, 5-3, S~4, and S~5 (carbon and alloy steel),
(b) 5-8 (CRES).

(c) S§-21, S$-22 (aluminum alloy).

(d) s-31, S-32 (copper, brass).

(e) 5-34, 5-42, §-43, (Cu-N{, Ni-Cu, Incomel).

+ Qualification of any material in a group qualifies for all materials
within that group. Qualification of a bend to a radius of less than 5D
qualifies for all bends intermediate to that radius and 5D.

= 5,3.1 Test specimens. Test specimens for bending procedure qualifica-
tion shall be as follows:

.. {a) - Qualification up to 6 inches npe: Two 20 degree bends each
consisting of one thickest and one thinnest wall thickness
plpe used in production, on 1 inch nps and 6 inches nps pipes
(or the largest production pipe less than 6 inches nps).

(b) Qualification over 6 inches nps: Two-90 degree bends for each
nps size, consisting of one thickest and one thinnest wall
thickness pipe used in productien.

5.3.2 Production bends as qualification test. At the option of the
activity, two producticn bends which represent the smallest radius bend for
the system may be used as qualification test. In this case, qualification
applies to that particular size and wall thickness only; however, the quali-
fication applies to all material within that group.

5.3.3 The test bends ghall meet the requirements of sections 4 and 7.1
through 7.9.

5.4 Qualification test approval. The qualification test report (see
appendix) shall be submitted to the authorized representative for approval and
the bending procedure submitted for information. A copy of the qualification
test report and the bending procedure ghall be gsubmitted to NAVSEA for

lnformation.

11
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+5.4.1: The.qualification test report. shall include the following test
data:

(a} Magnetic particle or liquid penetrant inspection, as applicable,
{b) Wall thickness survey.
(c) Out-of-round measurements.
(d) Bending quality (such as buckles and waviness in bending).
(e) Description of repairs, 1f performed.
(£) Description of post bending heat treatment, if performed.

5,4.2 Special requirements. Depending on the application of the proposed
procedure or the bend radius used, NAVSEA or its authorized representative may
request that additional tests be performed to supplement the qualification

tests,

5.4.3 Vendor qualification. It ghall be the responsibility of each
activity to assure that all sub-contractors have procedures based on this
standard or have procedures qualified and approved in accordance with 5.3,

5.4.4 Walver of qualification test. Qualification tests for bending pipe,
where the possible failure of the plpe 1s remote and would not endanger the
ship or equipment, may be omitted provided this omission is permitted by the
applicable fabrication document or 1s approved in writing by the authorized
representative.

5.4.5  Transferral of qualification. Qualification shall not be trans-
ferred from one activity to another activity.

" 5.4:6 Alternative procedures. Procedures contained in NAVSEA technical
manuals may be used when authorized by the applicable contract, equipment, or
shipbuilding specification without requalification.

5.4.7 Previously qualifled procedures. Procedures previously qualified
shall not require requalification.

5.5 Bending temperature. Pipe bending may be accomplished "cold” or
"hot", except as prohibited in table II or by fabrication drawings or specifi-
cations. The “"cold” or “"hot” bending temperatures shall be as specified in
table II.

.12
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TABLE "IT.. Cold and hot bending temperatures.

Material Group No. Cold bending (°F maximum) Hot bending (°F)
Carbon steel 5-1 1150 1650 - 1850
Alloy steel 5-3 900 1650 ~ 1900

S=4, 5-5 900 1700 - 1950
Corrosion-~ 5-8 l/BOO

resistant ' .

gteel
Aluminum S-21 400 500 - 800
alloy 5-22 500 600 - 800
Copper 5~31 400 .800 —- 1600
Brass 5~32 500 800 - 1650
Copper-nickel $-34 1/ 400
Nickel-copper §-42 1/ 900
Ni-Cr-Fe and S-43 1/1000
Ni-Cr-Mo-Cb .

—

1/ These materials shall be cold bent only.

5.6 Material control.

The following material controls shall be required:

(a)

(b)

(c)

For corrosion-resistant steel plipes: The silica sand used shall
be clean and dry, and shall not be used for purposes other than
filling corrosion-resistant steel pipes. Hand tools that come
in contact with the corrosion-resistant steel pipe shall be
either corrosion-resistant steel or rust free ferrous tool

steel and shall not be used on material other than corrosion-
resistant steel, Resin shall not be used for pipe £filling.

For carbon and alloy steel pipes: The silica sand shall be
clean and dry and shall not be used for purposes other than
£illing ferrous pipes. Resin shall not be used for pipe
filling. Galvanized parts, bronze or lead tools shall not
be used or come in contact with the pipe.

Nonferrous pipes: The silica sand shall be clean and dry and
shall not be used for purposes other than filling nonferrous
pipes. Galvanized parts or lead tools shall not come in con-
tact with the pipe.

13
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welded pipes, the weld shall not be located in any of the principal axes as
ghown on figure 6. Preferably, the weld should be located 60 + 15 degrees
from the back arc of the bend. ’

5.8 Heating of pipes. The pipe shall be heated by furnace, induction
heating, or by gas torch only long enough to obtain Che desired bending
temperature throughout the section to be bent. The fuel used in heating shall

...... < £

The atmosphere or type of flame during heating shall be slightly reducing for
all materials except corrosion-resistant steels. Corrosion-resistant steels

require a slightly oxidizing atmosphere or flame.

5.8.1 Torch heating. Every precaution shall be taken to ensure gradual
heating of the sectivn and that it is within the temperature range specified.
Sweeping motions of the torch shall be employed. to avoid local overheating in
any location. In general, heating of plpes by ‘torch should not be attempted
for pipes greater than 3.50 inches nps. However, local heating of larger pipe
sizes to keep the pipe at a desired temperature during bending is permitted.

, 5.8.2 Temperature measurements during heating and bending. Optical or
contact pyrometers shall be employed to check temperatures during heating, to
prevent overheating, and during bending to ensure bending in the specified
temperature range. Temperature indicating crayons that contain no halogens,
arsenic, bismuth, copper, phosphorous, sulfur, tin, lead, cadmium, or zine, in
excess of 250 p/m total halides or 250 p/m of individual elements may also be
emplioyed. ' '

P T - g ,
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5.8.3 Adjustments and corrections. Bend angles, out—-of-round, and cor-
rectable buckling or other surface irregularities-may be adjusted or corrected
at the original bending temperature or at any temperature within the range of
“cold" or “hot" bending as applicable (see table II). When post bending heat
treatment is required, it shall conform to the requirement specified (see
table III) for bends less than 3D,

1 . B 7 e gy -— .y
5.8.3.1 Bend adjustment in the closing-d tion. Bend angle may be

is not required unless the bend requires post bending heat treatment. Adjust-~
ment made after post bending heat treatment need not be re-heat treated i1f the
adjustment did not exceed 10 degrees.

5.8.3.2 Bend adjustment in the opening direction. Bend angle may be
adjusted once in the opening direction. The adjustment shall not exceed 10
degrees. Post bending heat treatment 1s not required unless the bend requires

ater than 10 degrees’ thé

LAAEALE AW

pipe shall be restored to the pre-bending condition in accordance with 4.4.1.1
before the adjustment. :

5.8.3.3 Reverse bending. - Reverse bending, after the pipe has been adjuste
in the opening direction, is not permitted unless the pipe is removed from the
bending machine and restored to its pre-bending condition in accordance with

4.4.1'1‘
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. 5.8.3.4 Corrections: for .out-of-round,-buckles, bulges, and dents,
Excessive out-of-round may be corrected. Post bending heat treatment is not
required unless the bend itself requires it. Correction of buckles, bulges
and dents may be accomplished cold by the use of curved face or broad face
hammers or by hammer and flatter provided that the corrections do not produce
dents or peen marks which are not in accordance with 7.3, 7.6 and 7.7.

5.9 Marking. Marking of. pipe for identification purposes shall not be
applied on any area within the pipe bend.

6. POST BENDING HEAT TREATMENT REQUIREMENTS

6.1 General. Unless otherwise approved by NAVSEA or its authorized repre-
sentative, post bending heat treatment shall be performed as specified in 6.2
through 6.6.5. Post bending heat treatment is performed to restore ductility,
improve corrosicn-resistance, or reduce peak stresses.

6.2 Cleaning prior to heat treatment. The bent ‘pipe shall be cleaned to
remove all of the lubricants and filler material prior to heat treating in
accordance with section 8.

6.3 Post bending heat treatment. The post bending heat treatment re-
quired and the bheat treating temperatures shall be as specified in tables III
and IV. If a post bending heat treatment other than that required in this

saction is specified in an applicable system or component specification, it
shall apply.

TABLE III. Post bending heat treatment. 1/

Material Bending Post bending
group Bend radii temperature heat treatment
$-1, 5-3, 5D and over . Cold None 2/ and 3/
S"4 ] S_S
3D to less than 5D Cold Stress relieve
2D to less than 3D Cold Anneal or normalize
and temper
2D and over Hot None
5-8, S-34 2D and over Cold None
5-21, §-22, 3D and over Cold None
S=42, 5-43
2D to less than 3b Cold Anneal
2D and over ' Hot 4/ None
$-31, §-32 1-1/2D and over Cold None
Hot None

Footnotes at top of next page.

15
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-1f‘Material“conditioanrio¥ tohbendingvshall beiin:accordance with 4.4.1.1.
E/ Carbon steel with wall thickness 3/4 inch and over shall be stress relieved.

3/ Mlloy steel with wall thickness 1/2 inch and over or pipe sizes 4 inches
and over shall be stress relieved.

4/ Aluminum alloys (S~21, $-22) only way be hot bent. Alloys S-42 and $-43
shall be cold bent.

TABLE 1IV. Pfebending and postbending heat treatment temperatures and wode of
cooling. 1/

Material ' Stress relieve Anneal Normalize Temper
group °F °F °F °F

5-1 1100 - AC 1600 ~ FC 2/1675 ~ AC 1200 - AC
s-3 1100 - AC 1600 - FC 1700 ~ AC 1200 - AC
S~4 1300 - AC 1600 - FC 1675 ~ AC 1325 - AC
8-5 1350 - AC 1600 - FC 1650 ~ AC 1350 - AC
S-B .. .| 1900 - wQ

§-21, §-22 ’ 3/650 ~ AC

§-31, 5-32 __ o 800 - AC

5-34 1300 - WQ or AC

8-42 1450 - AC :

S—l‘3 . - [T, P 2 B PN 1850" Ac IR . ) e e .

Note: AC = Alr cool; "FC = Furnace cool; WQ = Water quench.

}f Temperature tolerance shall be plus or minus 25°F.  The holding time at
temperature shall be 1 hour per inch of waterial thickness but shall be
not less than 1/2 hour.

2! Tempering is required if carbon content exceeds 0.30 percent,

3/ 750°F for 3003 aluminum alloy.

e e L

6.4 Post bending heat treatment procedures (furnace).

6.4.1 Loading temperature. The furnace temperature shall not exceed
600°F at time the bent component is placed in it.

6.4.2 Rate of heating. The rate of heating above 600°F shall be not
greater than 400°F per hour.

6.4.3 Holding temperature and time. The bent pipe shall be heated to the
specified temperature., The holding times shall be 1 hour. per inch of maximum
thickness with a mininum of 1 hour for pipe sizes 4.500 inthes end above and
30 minutes for pipe sized below 4.500 inches. During the holding period the
temperature differential between the highest and lowest reading of the bent
component shall not exceed 75°F.

16
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“Goh ol -Preventing-o oxidation} disgtortion, and embrittlement. During the
heating and holding ‘periods, the furnace atmosphere shall be controlled to
minimize surface oxidation and embrittlement. The furnace atmosphere shall
be sulfur-free. A slightly reducing furnace atmosphere is recommended for
all materials except corrosion-resistant steels, A slightly oxidizing fur-
nace atmosphere shall be employed for corrosion-resistant steel. The flame
shall not impinge directly on the bent component surface. Support shall be
provided for the bent component, to minimize distortion.

6.4.5 Rate of cooling. The mode of cooling from the holding temperature
shall be as specified in table IV. When furnace cooling is specified, the rate
of cooling above 600°F shall be not greater than 200°F per hour,

6.4.6 Quenching. Where water quenching is specified, the quenching shall

be accomplighed immediately (less than 10 seconds) after the pipe is removed
from the furnace.

6.5 Post bending heat treatment procedures (localized area).

6.5.1 Applicability. Unless otherwise approved by the authorized repre-
sentative, local post bending heat treatment shall not be performed on group
-3, 8-4, 5-5, 5~8, or S~43 base materials,

6.5.2 Heating method. Post bending heating shall be accomplished by the

1se of electric inductance or electrical resistance devices, or other approved
ocal heating methods.

6.5.3 Rate of heat;gg. The rate of localized heating shall not exceed
0°F per 5 minute period.

6.5.4 Holding temperature and time. Holding temperature and time shall
e a5 specified in 6.4.3.

6.5.5 Rate of cooling. The rate of cooling shall be as specified in 6.4.5.

6.6 Temperature measuring methods.

6.6.1 Pyrometric equipment. Except as specified in 6.6.4, recording
'rometric equipment shall be provided to indicate the temperature of the pipe
id not the furnace. The average of the observed temperatures of the pipe is
maidered to be the temperature of the pipe, provided all observed temperatures
‘e within the temperature range specified in table IV.

6.6.2 Locating thermocouples. Thermocouples shall be located to measure

e temperature at -the anticipated hottest point on the pipe and at the antici-
:ted coolest point. The number of thermocouples provided shall assure complete
verage of the pipe and adequate temperature history. If more than one pipe

to be stress relleved at the same time, thermocouples shall be attached to
ch pipe. 1In no case, however, shall more than six thermocouples be required
T .8 furnace charge. TFor local heating operations, not less than two thermo-
uples shall be attached to the pipe.

17
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insulated except at their hot junctions. In order to avold erroneous readings,
thermocouples shall be so arranged that flames do not impinge on the junctions
or the wires themselves. W¥hen the electrical resistance heating method 1s used,
the thermocouple provided to control the operation shall be covered by a pro-—
tective wrapping, to prevent direct radiation of the heating elements on its
hot junction. Thermocouples shall be attached to the pipe by a method which

insures that the thermal junction is held firmly.

6.6.4 Pyrometrically controlled furnaces. When a recording pyrometric

control furnace can be verified that the temperature variation within the
furnace does not exceed 75°F, the furnace-control thermocouples may be used
as the indication of the temperature of the part being heat treated in lieu of

thermocouples attached to the component.

6.6.5 Maintaining calibration. Temperature recording instrument and
accessories shall be periodically calibrated at intervals in accordance with
NAVSEA OD 45845 or when any changes or repair to furnaces or heating devices
would mitigate the accuracy of previous calibrations.

, 7. INSPECTION REQUIREMENTS AND ACCEPTANCE STANDARDS

7.1 1Inspection personnel. Visual examination and nondestructive lnspection
personnel shall be required to pass a vislon test in accordance with MIL-STD-271.
Nondestructive inspection persomnel for ultrasonic measurement, wagnetic particle
or liquid penetrant inspections shall also be qualified in accordance with MIL~-

STD—Z?-].-...--.-.,ﬂ FLLIEEPL N S .- at T
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7.2 Acceptance standards. Unless otherwise specified by NAVSEA, acceptance
criteria shall be in accordance with 7.3 through 7.10. '

7.3 Surface condition. The bent pipe shall be free of cracks. The pipe
surface shall be examined for pits, gouges, scratches, or tool marks. Randomly
distributed round bottomed discontinuities are acceptable provided they do not
exceed a depth of 0.010 inch or 5 percent of the nominal thickness, whichever
is greater, and provided this depth does not reduce the wall thickness below
its minimum requirement. Discontinuities exceeding this limit shall be removed
by fairing in either by grinding or buffing to a radius of 3 times the depth.
The final wall thickness after defect removal shall meet the minimum thickness

requirement. - -

7.4 Wrinkles. Plpe surface shall be free of wrinkles.

7.5 Out-of-roundness. Bent pipe shall be measured for out-of-roundness
and shall meet the following requirements:

(a) For pipe with working pressure of 600 pounds per square
inch (1b/inZ) and greater: 5 percent (maximum).
(b) For pipe working pressure less than 600 1b/in?: B8 percent

(maximum).

18
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‘11 irele5ul:r Qut-of-roundness calculation., Out-of-roundness shall be calculated
as follows:
Out-of-round (percent) = o.d. max. -~ c.d. min.
o.d. nom. x 100

Where: o.d. max. = Maximum measured outeide diameter (o.d4.) at the

bend.
o.d. min. = Minimum measured o.d. at the bend.
o.d, nom. = 0.d. max. + o.d. min.
2

7.6 3Buckles, bulges, humps, steps, snd dents. The bent pipe sh

examined for excessive buckles, bulges, humps, steps, and dents. Buckles,

bulges, humps, steps, and dents will be acceptable provided the following
conditions (see figure 7) are met:

(a)

Buckles, bulges, humps, steps, and dents shall blend smoothly
in a gradual manner.
(b) The maximum vertical height of any buckle, bulge, hump, step,

or dent shall not exceed 3 percent of the nominal pipe o.d.
(C) The Ainmnrnr to hn‘gh* ratic (Dfu} as shown on f;gure ?, ghall

equal or exceed 12/1.

7.7 Flatness. Flatness on the pipe surface will be acceptable 1f it
teets the requirements shown on figure 8.

7.8 Wall thickness measurement. The wall thickness at the bend of the
ent pipe shall wmeet the minimum design wall thickness requirement specified in
‘he applicable shipbuilding specification and 4.4.2. Measurements shall be made
"ith 2 micrometer or callbrated ultrasonic instrument in accordance with
IL~8TD-271. Particular attention ghall be given to the backwall and on those
ocations where defects have been removed by grinding or hammering.

7.9 Nondestructive inspection. Pipe bends of 3D and less shall be
agnetic particle or liquid penetrant inepected, in accordance with MIL-S§TD-271
8 applicable, on the area that was bent plus at least 1 inch beyond both ends
f the bend. When magnetic particle inspection is required, the yoke method
hell be used. Cracks are not acceptable, Linear indications exceeding 1/16-

a

ach in 1Pﬂn‘fh nhn11 ‘\ﬂ examine (‘ and . Avnlcve“ to assure thﬂh C‘facki‘ﬂg i5 not
regent.

7.10 Measurements and inspections. Production P-1 piping in accordance
.th MIL-STD-278, P-3a piping in accordance with NAVSEA 0900-LP-001-7000, and
.ping for class 1 welds as defined in Supplement 2 of NAVSEA 250-1500-1, 0.080
ich in pre-bending wall thickness and over, which have a bend radius of 3D and
ss and which is bent to an angle greater than 60 degrees, shall have the wall
Ackness and out-of-roundness measured at each bend and the bent surfaces shall
1n§n9rrpd for rnnFnrmnnnn to the nnnap?nnnn nrirnh{n nf this section. cher
pe- bends may be inspected on a sampling basis, in lieu of 100 percent, subject
the approval of the authorized representative.
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8.1 General.

8.1.1 Safety. Some materials used for cleaning are hazardous. The area
where cleaning operations are performed shall be adequately ventilated. Safety
precautions shall be in accordance with the information provided in the appli-
cable Material Safety Data Shéet (Form OSHA-20), or the precautionary label

~on the container of the material.

8.1.2 Cleaning. Piping components and assemblies of components shall be
thoroughly cleaned after fabrication and before installation in the ship to
remove loose particles, grease, dirt, oil, rust, and scale. Superficial soft
rusting such as that caused by short time exposure to the atmosphere 1s accept~
able. Open ends of piping and components shall be sealed for storage until final
assembly. Cleaning, capping, and degreasing shall be in accordance with a

written production procedure.

9. NOTES

. 9.1 Changes frow previous issue. Asterisks (*) are not used in this
revision to identify changes with respect to the previous issue, due to the

extensiveness of the changes.

Preparing activity:
Navy ~ SH
(Project 4710-K576}
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FIGURE .|, Types of banding machines.
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FIGURE 2., Nomographs to determine when internal suwport is required.
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FIGURE 3..;Guide for determiningﬁthe ‘need of internal support
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APPENDIX
DATA REQUIREMENTS

"10. DATA

10.1 Data requirements. When this standard is used in a contract which
incorporates a DD Form 1423 and invokes the provisions of 7-104.9(n) of the
Defense Acquisition Regulation (DAR), the data requirements identified below
#111 be developed as specified by an approved Data Item Description {DD Form
1664) and delivered in accordance with the approved Contract Data Requirements’
sist (DD Form 1423) incorporated into the contract. When the provisions of
JAR-7-104.9(n) are not invoked, the data specified below will be delivered by
‘he contractor in accordance with the contract requirements. Deliverable data
‘equired by this standard i1s cited in the following paragraphs:

Paragraph Data requirement Applicable DID Option
5.1 Procedures, test UDI-T-23732 , ——
v 5.4 Reportsg, rest DI~-T-2072 10.1.b

(Copies of data item descriptions required by the contractors in connection
tth specific acquisition functions should be obtained from the contracting
:tivity or as directed by the contracting officer.)

10.1.1 The dets requirements- of 10.1-and any task in the standard required
» 'be performed to meet a data requirement may be waived by the contracting/
«qulsition activity upon certification by the offeror that identical data were
bmitted by the offeror and accepted by the Government under a previous contract
r identical item acquired to this standard, This does not apply to specific

ta which may be required for each contract, regardless of whether an identical
em has been supplied previocusly (for example, test reports).

#U.S, GOVER_N’MENT PRINTING OFFICE:HN-'IOS-O%S/&-N
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