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Agencies of the Department of Deferme.
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prior contractual approval.
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Washington, DC 20362 by iaing the self-addreased Standardization Document
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1 FORSWORO

1. ‘l’hisstandard covers fabrication requirements and acceptance criteria
for pipe bending.
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.:..;,..,:..;l. -..,,..r.,-1...!!-.r.l]..::;42..:.7..~<;:.. .,, ~=
—.. -— —-. .“..-

1. SCOPE
.,.-.

1.1 g. ‘l’hisstandard covers pipe bending, heat treatment, and
inspection requirements and acceptance criteria for piping used for ships of
the United States Navy.

2. REFERENCED DOCUkDINTS

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

SPECIFICATIONS

FEDEU
NW-T-700

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

MILITARY
NIL-P-1144

MIL-T-1368
., ...,: .. ...

.-
,.

MIL-T-150n5 -

MLL-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 -

extent specified herein.

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

Tube, Aluminum, Drawn, Seamlesa, 1100.
Tube,,Aluminum Alloy, Drawn, Searaleas,3003.
Tube, Aluminum Alloy, Drawn, Seamleae, 5052.
Tube, Aluminum Alloy, Drawn, Seamless, 5086.

Pipe, Corrosion-Resistant, Stainleas Steel,
Seamlese or Welded.

Tube and Pipe, Nickel-Coppe; Alloy, Seamless and
Welded. ..

Tubes, 70-30 and 90-10 Copper Nickel Alloy,
Condenser and Heat Exchanger.

Tube, Steel, SeauJesa, Marine Boiler Application.
Tube, Copper-Nickel (70-30 and 90-10), Seamlesa and
Welded.
Tube, Carbon Steel, Electric Resistance Welded,
Marine Boiler.
Tube and Pipe, Chromium-Molybdenum Alloy Steel,
Seamleas.

Tubing, Steel, Alloy, Molybdenum, Seamlesa.
Tube and Pipe, Carbon Steel, Seamleas.
Tubes, Brass (Red Braaa), Seamlesa.
Tube and Pipe, Corrosion-Resistant Steel,
Seamlesa.

Tube and Pipe, Nickel-Chromium-Iron Alloy.
Tube and Pipe, Nickel-Copper Alloy, 8eamlesa Air
Melted.
‘lube,
108,

Pipe,

copper (Seamless) (Copper Numbers 102, 103,
120, 122, and 142).
Carbon Steel, Seamless.

1
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STANDARDS

1

MILITARY
MIL-STO-271 -
MIL-STD-278 -

PUBLICATIONS

I NAVSEA 250-1500-1

MIL-STD-1627B(SH)
2 September 1981 -=#-..,...

...-y=:,

Nondestructive Testing “Requirementsfor Metals.
Fabrication Welding and Inspection; and Casting
Inspection and Repair for Machinery, Piping and
Pressure Vessels in Ships of the United States Nav:

- Welding Standard.
NAVSEA 0900-LP-O01-7000 - Fabric~tion and Inspecting of Brazed Piping

I Systerns.

I
~. NAVSEA OD 45845 - Metrology Requirement List (METRL).

(Copi”esof specifications, standards, drawings, and publications required
by contractor 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. Unlese 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 - P$pe, Steel, Black and Hot-Dipped, Zinc-Coated Welded
and Seamless.

A 106 - Seamless Carbon Steel Pipe for High-Jempexe.ture.Service.
p.213 - Seamless Ferrltic and Austenitic 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 copies ah&ld be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)

(Technical society and technical association specifications and standards
are generally available for reference from libraries. Thev are al.iodistri-
bute; among ~echnical groups and using Federal agenciea,) “

3. DEFINITIONS

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

3.2 Approved (approval). The item under consideration
by the authorized representative of the Commander, Naval Sea

aaaurance management

haa been accepted
SYStema Command

(NAVSEA) (includes Naval Ship Systems Engineering Station (NAVSSES),
Philadelphia, %pervisors of Shipbuilding, Conversion and “Repair,and Naval
Shipyard or Activity Commanders). Unless otherwise specified,approved as
used herein shall be by the authorized‘representative.

2

,...
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3..3..Authorize.d,,.repr.esentative.=.hy””covernme~t’representative specifically
authorized to approve equipment, material, or procedures within the scope of
this document for NAVSEA. They are aa follows:

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

(b) For Commercial shipyards: The delegeted representative of the
Supervisor of Shipbuilding, Conversion end Repair (SUPSHIP), Or
the American Bureau of Shipping when apecified in the Ship’s
Specifications for a particular ship. This includes all expli-
cable areas in the shipyard and applicable items furnished to
the ehipyard by aubcontractora.

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

. .

(d) When delegated by (a), (b) or (c) above,. the representative Of the
Defense Contract Administration Services Management Araa (DCASMA).

(e) Technical representative specifically authorized by NAVSEA.

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

3.5 Bend radius; The-radius-from the-center of c“rvat”re to the center-

line (axis) of the pipe, expreseed 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
eize (npa) pipe or a Z-inch tube is 10 inches.

3.6 Bending procedure. A written pipe bending procedure containing ell
the eaeential elements and guidance information necessary to produce pipe bends
which meet the requirements of t.hiestandard.

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

3.8 Cold bending. ‘he bending of pipe at any temperatureat which
strain hardening occurs (aee table II).

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

3.10 Dent. A depreaaion in the contour of the pipe surface.

3.11 Flatness. An area on the pipe surface having no curvature.

3.12 -. A groove, cavity, nr scooped out area on the pipe surface
produced by a sharp object or abraaive.

3.13 Hot bending.
hardening doea not occur

The bending of pips at a temperature at which strain
(see table II).

3.
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3.14 Hump. A rounded protrusion or bulge on the backwall or heel of the
pipe.bend c~d by the improper placement of the bending mandrel.

3.15 Internal support. Rigid or flexible mandrels, eilica eand, or low
melting alloys used to support ,theinside of the pipe during bending.

3.16 Linear indication. h indication greater than l/16-inch long,
revealed by nondestructive inspection, whose length is equal to or greater
than three times its width.

3.17 Local GOvernmant representative. The representative of the Govern-
ment agency having cognizance of inspection at the placa of bending or such
other locatinn where the workpiece requires inspection.

. .

3.18 Minimum design wall thickness. The wall thickness specified on the
fabrication drawing or computed in accordance with the applicable sbipbuild-
in~ specification aa the minimum accautable for the temr.eratureand ureasure-.
application, whichever is greater.

3.19 Pipe. The term .’pipe”shall be asaumed to ❑ean “pipe or tube’”,
In accordan=ith the nomenclature set forth by the material specification.

3.20 Pipe ratio. .The ratio of the pipe outside diameter (D) to its
wall thickneaa (t), i.e., D/t.

3.21 Procedure qualification. The term “’procedurequalification” means
a bending procedure which meets the requirements of and is evaluated in
accordance with this standard. ,.. ........-<..:.,.-2... .....

3.22 Qualified. The term ““qualified”meana that the item under consi-
deration has been approved as required by this standard.

3.23 ~. A round bottomed creaee 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 innar half or the half of the pipe
aion during bending.

.3.25 Wrinkles. llefinite folds, creases, or crinklee
face of the pipe during bending operations.

4. GEWSRAL REQUIREMSWTS

undergoing compreB-

formed nn the sur-

4.1 Responsibilities, Each organization performing work in accordance
with this fitandardshall ba raaponsible for conformance to the requirements
contained herein.

4.2 Applicability. This standard shall be used when referenced in the
applicable shipbuilding specifIcation, fabrication document, fabricatinn
drewing, contract, or equipment epectfication.

I 4

I ““’ . ..-----’
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1 4.3- ;~intenance.:of~re.c.ords..iZ;Vp~~a,e,.otherwise:=pe~fied by NAVSEA,,. . .:”..:-:’*PR,I.,
fequired-Y.co”rds’shill be mafnt”aii-eilby th”eorganization performing the work
and be available to the authorized representative throughout the life of the
contract and for a period 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 aa agraed
upon by NAVSEA and the contractor.

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

Material

Carbon steel

—.

Alloy steel

I CorrOaiOn-
resietant

I steel

TABLE 1. Crouping of base material.

Applicable
Group No. document Class or type

s-1 ASTM A 53 Pipe (seemless or welded)

MIL-T-16286 Tube, seamlese, cleee a

MIL-T-17188 Tube, welded

MIL-T-20157 Tube and pipe

t.lIL-P-24338. Pipe, carbon eteel, eeamlese

ASTM A 106 Pipe, seadesa, grade B

s-3 MIL-T-16286 CMO claes d (tube)

MIL-T-20155 CMo”(tube and pipe)

s-4 “ASTN A 213 CrMo grade Tll

MIL-T-16286 CrMo claaa f (tube)

MIL-T-18165 CrMo claes 1 (tube end pipe)

s-5 MIL-T-16286 CrMo class e (tube)

MIL-T-18165 CrMo clase 2 (tube and pipe)

S-8 MIL-P-1144 304, 316, 321, 347, 304L, 316L

MIL-T-16286 Claes c (tube aaaml-eas)

MIL-T-23226 304, 304L, 347, 348 (tube and
pipe)

5
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Material

Aluminum
alloy

Copper

MIL-STD-1627B(SH)
r-. . ““ 2 September”1981

.. ....... . ...:.-..,,~,..TABLE .1,—— ----- Grouping of base material:“”- Continued

Applicable
Group No. document Class or type

S-21 NN-T-700 ---

NN-T-700/1 1100 (tube, drawn, seamless)

WW-T-700/2 3003 (tube, drawn, aeamleaa)

s-22 NW-T-700/4 5052 (tube, drawn, seamless)

NW-T-700/5 5086 (tube, drawn, seamless)

S-31 MIL-T-24107 Copper tube (seamless)

S-32 MIL-T-2016S Brass pipe

s-34 MIL-T-15005 70-30, 90-10 (tube)

MIL-T-16420 70-30~ 90-10 (tube)

s-42 MIL-T-1368 NiCu (tube)

MIL-T-23520 NiCu (tube or pipe)

. s-43 .1.’. MIL-T-23227 Tube and pipe

ASTM B 167 Tube and pipe

ASTM B 444 Tube and pipe

4.4.1 Material quality. Prior to bending, pipe materials @hall have
been given tbe required visual examination and nondestructive inspection in
accordance with the applicable material specifications.

Brass

COpper-
nickel

Nickel-
copper

-Ni-Cr-Fe--- -

Ni-Cr-Mo-Cb

4.4.1.1 Baae material condition. Prinr to bending, tbe base material in
the vicinity of the bend shall be in the follnwing conditions:.

Material (see table I) Condition (see table IV)

s-1 Stress relieved, annealed,
normalized, or normalized
and tempered.

s-3, s-4, s-5 Annealed, normalized and
tempered, or quenched and
tempered.

s-8, “S-21,S-22, S-31,
S-32, S-34, s-42, S-43 Annealed.

6

Downloaded from http://www.everyspec.com



M2L-STD-1627B(SH)

17 c ;~ September 1981

I

I

., -,.4.4.1:.2<.Bap&materiaL ..cl.e.a~.&neB=.:>?EriOr:’to:bending,the PiPe surfac~~,,,{~’.~c++,;&-~
inside”=ri~-~~~siile-;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. Pipee selected for bending shall have sufficient
actual wall thickness to aesure that the backwall meets the minimum deeign
thickness (Tin)or the minimum required thickness in the applicable ship-
building or component specification. In addition, backwall thinning ehall not
exceed 20 percent from the actual prebend pipe wall thickness. The 20 percent
backwall thinning limit does not apply to copper and brase tubee.

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

4,5 Lubricants. Lubricant shall be used in bending operations to
prevent galling of the pipe material during bending and to prevent rapid wear
nf the die. Lubricant shall be eesy to remove after bending and shall not
stain the pipe, A lubricant that worka effectively on one pipe materiel may
not ba effective fnr another. Mineral oils and organic fate, euch as lanolin,
are commonly ueed lubricant. Examplee of acceptable lubricants are lanolin,
lard oil, viecous oils, and soap eolutinns. Lubricants shall have good eurface
adhesion and film strength at bending temperatures.

4.5.1 Unacceptable lubricant ingredianta. Use nf lubricants containing
tha follnwing ingredienta are n“otpermitted:

(a) Lubricants containing sulfur or chlorine ehall.not be used
on group s-8,,.S-31, S-32, S-34, S-42, and”S-43 materials.

(b) Carbonaceous lubricant shall not ba usad on group s-8
materials.

(C) Lubricant containing halOgene, araenic, bismuth, copper,
phosphorus, aulfur, tin, lead, cadmium or zinc in excess of
250 parte per million (p/m) total halides Or 250 P/m Of
individual elemente shall not be used on material intended
for eervice at tamperaturee exceeding 400”F.

4.5.2 When mendrele are uead, the pipe outer and inner e.urfaceeshall
be lubricated prior to bending. Tools in sliding contact with the pipe ehall
be lubricated prior to the start of the bending operation. Adequate lubrica-
tion shall be applied to aluminum alloye due to their tendency tn gall with the
mandrels. The wiper die, pressure die, and outer surface of the pipe ehould be
coated with a light lubricant due ‘to their cloee fit. Inadequate lubrication
may result in bend failures.

4.6 Equipment.

4.6.1 Maintenance of equipment. Bending equipmant shall be free of con-
ditions which could reeult in tool marks, gouges, or scratches on pipe surfaces,
exceeding the acceptable criteria of thie standard.

4.6.2 Bending machinae. “Pipebanding may be performad on the following
types of etandard bending equipment:

7
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-.. . ..L. (a)-Ram type.bending machine.. .. ...
(b) till type bending machine.
(c) Compression type bending machine.
(d) Rotary type bending machine.
(e) Rotary type bending machine with a
(f) Portable nwmual bending machine.

booster unit.

The eelection of the type of bending machine that ia to be employed is depen-
dent on the bend radius and quality of the bend requirad. The ram and roll
type bending machinea may be employed where the bend radiua required is large
and high production rates are not required. When higher quality bends and
smaller bend radii are reauired. the rotarv or comuresaion tvDe bendirm macbinei
aheuld be emuloved. Reta& tvue bending &chines &th a boo~~er unit ~hould be. . . .
employed when a bend radius equal to or less than 3D ia required. Portable
manual editions of some of the bending machines lieted above may be employed
when the enargy required to make the bends is determined to be adequate.

.4.6.2.1 Ram type bending machine. ‘Ramtypa bending machines consist of
a bending die.mounted on a ram and two pivoted pressure dies. The pipe ia
bent by the bending die, puabing the pipe between the pressure dies, which
wraps the pipe around tba bending die as shown on figure 1. The force to push
the.bending die ia usually supplied,by a hydraulic ram”or a press. The bend in
a ram type bending machine is limitad to 120 degrees qnd tbe bend radius should
be at leaat 6D.

4.6.2.2 Roll type bending machine. Roll type bending machinea “consist
of three properly spaced rolls. The method of bending pipe by this m’chine is

. ... . ...... 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-
dia type bending machine consiats of a atationary bending die, clamping block,
and movable pressure die. The pipe ia bent by clamping one end of the pipe to
the bending die and the pressure die moves around the bending die, forcing the
pipa into the bending die groove as ahown on figure 1. The maximum angle of
bend that can be produced is 180 degreea. ‘lhistype ,of a bending machine is
not recommended for pipe ratioe greater than 30.

4.6.2.4 Rotary type bending machine. The roCary type or drawn bending
machine ia recommended for obtaining quality pipe bends up to 180 degrees.
The machine conaiata of a rotating bending die, clamping block, wiper dia and
sliding or stationary pressure die. The method of bandfng is shown on fIgure
1 and described in 4.6.2.4.1 through 4.6.2.4.4. The maximum angle ,ofbend ia
180 degreea~

4.6.2.4.1 Clamping block. The clamping block holds the end of tbe pipe
to the bending die with sufficient force to keep it from moving while it is
beine bent around the die. The groove surfacaa of the clamoinz block need not
be a%oth and polished, unleaa ii la detrimental to the fin~ah~d product surface

,,
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f.inls,h::requireqe<~g-~q.~-enl.th~,gio,ove~siirface.eref.theclamping block are re-
qu~red to % “smooth or’”p~lished,the clamping length of the pipe should be in-
creeeed to distribute the higher clamping forces requirad. Resin or emery cloth
may be employed in the clamping block to avoid slippage, When short clamping
length must be employed, the end of the pipe ehould be plugged to avoid flat-”
tening by the clamping forces.

4.6.2.4.2 Bending die. The bending die rotetes around e pivot and pulls
or draws the pipe around it. The bending die alao 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 also eupporte the outer half or heel of
the pipe bend. The pressure die may be stationary or slide with the pipe. The
eliding type la preferred beceuse it distributes the applied etreaaes more
evenly;

4.6.2.4.4 Wiper dies. The wiper die is stationary and oppoeite the pres-
eure diea. The wiper die supporte the inner half of the pipe and keepa the
pipe throat from wrinkling. When a wiper die ie employed, the gap between the
wip~r 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. l%is machine ia
essentially the rotary type bending machine with the force being applied to the
etraight end of the pipe. This force reduces the pull on the pipe to bend it
around the bending die as ahown on figure 1. Booster unit enables emaller
radlue..bende 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 pl.peewith a pipe
ratio greater than 30. Internal eupporte are used to support the inside of
the pipe during bending to prevent it from flattening and wrinkling. The mini-
mum bend rediua that a pipe can be bent without internal support is dependent
on the pipe ratio. The greater the pipe ratio, the greeter the minimum bend
radii that will require internal eupport. The typee of internal eupport nOr-
mally employed in pipe bending are rigid mmdrels, flexible mandrels, and
loose fillers. The type of internal eupport that is to be employed ie depen-
dent on the pipe ratio, bending radiue, and amount of out-of-roundnese that la
allowable. When employed, internal supporce ehall be inserted prior to the
be-giiiiiig‘of the bending operation. Internal supporte do not correct flat-
tening or wrinkling that hae elready occurred.

4.6.2,6.1 Looee fillers. Looee fillers, such aa silica eand and approved
low-melting material (such es rosin) may be employed for internal support when
mandrele ere not available or practicable. Low-melting rosin, melting at temper-
ature not to exceed 400”F, shall be used for bending at ambient temperature,
Removal of rosin by direct torch heating shall be limited to 400”F. Silica sand
used for high temperature bending ehall be dry. The sand should be 91 percent
minimum silica, containing no nnnferroue contaminente and have e fineneas suf-
ficient to yield a surface which meets specification requirements. Sand previ-
wsly used in nonferrous pipea shall not be used in ferrouB pipee end vice verea.
i guide as to when internal support may be needed ia shown on figuree 2 and 3.

.
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, .- -’z 4.6.2.6..1-.1-~g. - One pipe end shall&e~..
closed off and the pipe filled with sand. %=’”’Care shall be taken to insure t at
the sand is dry, otherwise internal pressura will build-up during heating and
may be detrimental 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
type and are shown on figure 4. The mandrel is held in a fixed position and
the”pipe is ,pulledover 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 bendinl
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 t]
bend 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 enough, flattening of tbe pipe and wrinkling and bulging of
the throat of the pipe bend can occur. The clearance between the rigid mandr{
and the pipe should not exceed 20 percent of the wall thickness. If the
mandrel is tno tight; the pipe ~ay rupture in the bend. Mandrels shall be
lubricated.

4.6.2.6.3 Flexible msndrels. Flexible mandrels consiat of one or more
balls .attechedto a rigid mandrel.” Flexible mandrels extend-further into the
behd ‘andshould be employed in small radii bending operations that require
more support., ..,. Flexible mandrels are held in a fixed position eimilar to that
‘fok’-the“;ieidmand’tels. The flexible mandrels and their uositions are shown-
on figure 5, Flexible mandrels shall be lubricated and r~quire an apparatus
to remove them from the bent pipe. Clearance between the mendrel and the pip(
wall should range from 0.001 inch to 0.095 inch. The maximum clearance for
pipe ratios greater than 30 should be 10 percent of the wall thickness. The
higher quality bends will have the closest fit. Flexible mandrels shall be
made of heat-treated tool steel, ground and polished to prevent marring the
inside surfece of the pipe. Chromium-pleted carbon steel mandrels may also b[
used; however, areas that display loose or flaked plating shall be immediate:
replated. For corrosion-resistant steel, Cu-Ni, Ni-Cu, or Ni-Cr-Fe pipes,
mandrels made of eluminum bronze ,mayaleo be used.

5. BENDING REQUIREMENTS
.._-..

5.1 Bending procedures. Prior to performing production bending, each
organization shall prepere detailed written bending procedures based on the
re~uirements and acceptance criteria of this standard (see appendix). The
procedures shall include the following information: I

(dj
(e)
(f)

Base materiel type, pipe size and well thickness. I
Pre-bending preparetione (see 4.4.1 and 4.4.1.1).
Bend redius.
Bending temperature range..
Type of bending machine.
Type of lubricant.

10
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~...,+~.fg)~~~~,~d.aggle .adju8tment.procedure, where applicable.:..$...: .,:.
““’’’”(h)Out-of-round and buckling repair procedures.

(i) Poet bending heat treatment, as applicable,
(j) post bending cleaning requirements.
(k) Inspection requirement and acceptance standards.

5.2 Bending criteria. Unlees otherwise approved by NAVSEA, piping shall
not be bent to a r’adiualeaa than 2D, except that S-31 and S-32 (copper and
braas) materials may be bent to 1.5D.

5.3 Bending procedure qualification. Nhen pipe is bent to a radius “of
lese than SD, each organization shall qualify its procedure by performing test
bends for each of the followlng groupa of materiel:

(a) S-1, 5-3, S-4, and S-5 (carbon and alloy steel).
(b) S-8 (CRES).
(c) S-21, S-22 (aluminum alloy).
(d) S-31, S-32 (copper, brass).
(e) 5-34, S-42, S-43, (Cu-Nf, Ni-Cu, Inconel).

, Qualification of any material in a group qualifies
within that group. Qualification of a bend to a radius
qualifiea for all bends intermediate to that radius and

- 5.3.1 Teat specimens. Teat specimens for bending
tion shall be as follows:

for all materials
of leaa than SD
5D.

procedure qualifica-

. . . (a) Qualification up Co 6 inches npa: Two 90 degiee benda each
consiating of one thickest and one thinnest wall thickneaa
pipe used in production, on 1 inch nps and 6 inches nps pipea
(or the largest production pipe less than 6 inches rips).

(b) Qualification over 6 inches npa: Two.90 degree bends for each
nps size, consisting of one thickest and one thinneet wall
thickneaa pipe used in production.

5.3.2 Production bends as qualification teat. At the option of the
activity, cwo production benda which represent the smallest radius bend for
the system may be used aa qualification test. In this caae, qualification

W@ies tO that Particular size and wall thickness only; however, the quali-
fication appliea to all material within that group.

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

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

’11
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-.. .”... :* ~ +.4 .1}..~he,guallficatio~.~e~~ report.shall include;,~h~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, if performed.
(f) Description of post bending heat treatment, if performed. I

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 shall be the responsibility of each
activity to assure that all sub-contractors.have procedures based on this
standard or have procedures qualifled and approved in accordance with 5.3.,

5..4.4 Waiver of qualification test. Qualification tests for bending pipe,
where the possible failure of the pipe ia remote and would not endanger the
ship or equipment, may be omitted provided ,thisomission is permitted by the
applicable fabrication document or is approved in writing by the authorized
representative.

5.~.5- ‘fransferral of qualification, Qualification shall not be trans-
ferred from one activity to another activity. I

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

5.4.7 Previously qualified 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 e.pecifi-
cations. The “cold” or ““hot’”bending temperatures shall be as specified in
table II.

.12
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,,,, ~. . .. . . . . :=,:. ..; . . .TABLE..11,,Cold and hot bending temperatures,
,.: :..

Material Group No. Cold bending (“F maximum) Hot bending (“F)

Carbon steel s-1 1150 1650 - 1850

Alloy steel s-3 900 1650 -1900
s-4, s-5 900 1700 - 1950

COrrOsiOn- S-8 ~1800

resistant
eteel

Aluminum S-21 400 500- 800
alloy s-22 500 600- 800

Copper - S-31 400 .800- 1600

Braa6 S-32 500 800 - 1650

Copper-nickel s-34 11 400

Nickel-copper s-42 ~f 900

Ni-Cr-Fe and s-43 4/1000
Ni-Cr-Mo-Cb

---- -....:-..: ’.:
~/ These materials shall be cold bent only.

5.6 Material control. The following material controls shall be required:

(a)

(b)

(c)

For corrosion-resietant steel pipes: The silica send 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
etther corrosion-resistant ateel or rust free ferrous tool
steel and shall not be used on material other than corrosion-
reaiatant steel. Resin shall not be ueed for pipe filling.

For carbon and alloy steel pipes: The silica sand shall be
clean and dry and shall not be ueed for purposee other than
filling ferrous pipes. Resin shall not be used “forpipa
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 purpoeea other than filling nonferrous
pipee. Galvanized parts or lead tools shall not come in con-
tact with the pipe.

r3
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welded pipes, the weld shall not be located in any of the principal axes aa
shown 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 the desired bending
temperature throughout the section to be bent. The fuel ueed in heating shall
not contain more than 30 grains of total sulfur per 100 cubic feet of gaa.
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 flama.

5.8.1 Torch heating. Every precaution shall be taken to ensure gradual
heating of the section and that it ia within the temperature range specified.
Sweeping motions of the torch ehall be employed.to avoid local overheating in
any location, In general, heating of pipes by ‘torchshould not be attempted
for pipes greater than 3.50 inches rips. However, local heacfng 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
centact 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 zinc, in
excess of .250p/m toteI halides or 250 p/m of.individual el~ente maY alaO be

4 employed..>.., --. ---.-,,.:..,.-....... . ........ .,---- ,.

.. 5.8..3 Adjustments and corrections. Bend anglea, Out-Of-round, and cor-
rectable buckling or other surface irregularitiesmay 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). men pOst bending heat
treatment ia required, it shall conform to the requirement specified (see
table 111) for bends leas than 3D.

5.8.3.1 Bend adjustment in the closingdirection. Bend angle may be
adjusted in the closing direction to any degree. Post bending heat treatment
ia not required unless the bend requires Post bending heat treatment. Adjust-
ment mada after post bending heat treatment need not be re-heat treated if the
adjustment did not exceed 10 degreea.

5.8.3.2 Bend adjuatment in the Opening direction. Bend angle msY be
adjusted once in the opening direction. The adjustment shall not exceed 10
degrees. POEt bending heat treatment ia not required unleaa the bend requires
post bending heat treatment. For adjustments greater than 10 degrees, ths
pipe shall.be restored to the pre-bending condition in accordance with 4.4.1.1

I before the adjustment.

5.8.3.3 Reverse bending. Reverse bending, after the pipe haa bean adjuste
in the opening direction, is not permitted unless the pipe ia removed from the
bending machine and restored to it”apre-bending condition ic accordance with
4.4.1.1.

I
I
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Corrections:for,.out-of-round.,,.buckles, bulges, and dents.
Exceeeive out-of-round may be corrected. Post bending heat treatment is not
required unless the bend Iteelf requires It. Carrect~on 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 thst tha 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 band.

6. POST BENDING HEAT TREATMENT PJIQU2RBHSNTS

6.1 Gener@l. Unless otherwiee approvad by NAVSEA or its authorized repre-
sentative, peat bending haat treatment shall be performed ae epecified in 6.2
through 6.6.5. Peat bending heat treatment ie performed to restore ductility,
improve corrosion-reaietance, or reduce peak atreeaee.

6.2 Cleaning prior to heat treatment. The bent “pipeshall be cleaned to
remve all of the lubricants and filler material prior to heat treating in
accordance with section 8.

6.3 Peat bending heat treatment. The peat bending heat treatment re-
quired and the heat treeting temperature shall be as epecified in tables III
and IV. If a post bending heat treatment other than that required in this
eectipn is specified in an applicable eyetem or componant specification, it
shell apply.

. . TABLE III. Poet bending heat treatment. 4/

Material Bending Peat bending
group Bend radii temperature heat treatment

s-1, s-3, 5D and over Cold
s-4, s-5

None ZI and ~~

3D to less than SD Cold Strase relieve

2D to lese than 3D Cold Anneal or normalize
and temper

2D and over Rot None

S-st s-34 2D and over Cold None

S-21, S-22, 3D and over Cold None
S-42, S-43

2D to leas than 3D Cold Anneal

2D and over( Hot ~1 None

S-31, S-32 l-1/2D and over Cold None

Hoc None

Footnotes at top of next page.
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I

Carbon steel with wall thickne6s 3/4 inch and over shall be stress relieved.

Alloy steel with wall thickne66 1/2 inch and over or pipe sizes 4 inches
and over shall be stress relieved,

Aluminum alloys (s-21, S-22) only may be hot bent. Alloys S-42 and S-43
shall be cold bent.

TABLE IV. ~
c

Materiel
group

s-1
s-3
s-4
s-5
s-$

S-21, s-22
S-31, s-32 ._
s-34
S-42

S-43

!nding and postbending heat treatment temperatures and mode of

S.tre6s relieve
“F

1100- AC
1100 - AC
1300 - AC
1350 - AC

. .... ---- +.,2+.

Anneal
“F

1600 - FC
1600 - FC
1600 - FC
1600 - FC
1900 - WQ

~/650 - AC

800 - AC
1300 - I$Qor AC
1450 -AC

1850- AC .- .-.

Normalize
‘F

~t1675- AC
1700 - AC
1675 - AC
1650 - AC

., .,. :, . . ..

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

Temper
“F

1200 - AC
1200 - AC
1325 - Ac
1350 - AC

.

1.”

Temperature r.oleranceehall be plus or minus 25”F. The holding time at
temperature.shall be 1 hour per inch of material thicknea6 but shall be
not lese than 1/2 hour.

Tempering i.6required if carbon content exceeds 0.30 percent.

750”F for 3003 aluminum alloy.

6.4 Post bendfng-heat–tr=at=en~ pioiedures (furnace).

6.4.1 Loading temperature. The furnace temperature shall not exceed
600”F”at time the bent component i6 pieced in it.

6.4.2 Rete 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 6hall be heated to the
specffied temperature. The holding times shall be 1 hour.per inch of maximum
thickness with a minimum of 1 hour for pipe sizes 4.500 inches end above and
30 minutes for pipe sized below 4.500 iuches. During the holding period the
temperature differential between the highest and lowest reading of the bent
component shall not exceed 75”F,
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‘ ‘6:4;.!!~:Preventing.oxfdatioh’;.-d~stortion’,and ernbrittlement. wring 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 corrosi.on-reaistant steels. A slightly oxidizing fur-
nace atmosphere ehall be employed for corrosion-resistant steel. The flame
ahell not impinge directly on the bent component surface. Support shall bc
provided for the bent component, to minimize distortion.

6.4.5 Sate of cooling. The mode of cooling from the holding temperature
shall be aa 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 ie apeciffed, the quenching shall
be accomplished 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. Unleaa otherwise approved by the authorized repre-
sentative, local post bending heat treatment shall not be performed on group
;-3, S-4, S-5, S-8, or S-43 baae materiels.

6.5.2 Heating method. Post bending heating shall be accomplished by the
kae of electric inductance or electrical resistance
.ocelheating methods.

6.5.3 Rate of he~ting. l%e rate of localized
O“F per 5 minute period,

devices, or ;ther app;ovcd

heating shall not exceed

6.5.4 Helding temperature and time. Holding temperature and time
e aa specified in 6.4.3.

6.5.5 Sate of cooling. The rate of cooling shall be aa specified

ehall

in 6.4.5.

6.6 Temperature ❑easuring methods.

6.6.1 Pyrometric equipment. Bxcept aa apecffied 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
>nsidered to be the temperature of the pipe, provided all observed temperatures
;e WIthin the temperature range apecified in table IV.

6.6.2 Locating thermocouples. Thermocouples shall be loceted to measure
!e temperature at the anticipated hotteat point on the pipe and at the antici-
:tedcoolest point. The number of thermocouples provided shall aasure complete
verage of the pipe and adequate temperature history. If more than one pipe
to be streaa relieved at the same time, thermocouples shall be attached to

ch pipe. In no caae, however, shall more than six thermocouples be required
r a furnace charge. For local heating operations, not less than two thermo-
uplea shall be atteched to the pipe.

17
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P12 wires ‘shallbe electrically
insulated except at their hot junctions. Iriorder to avoid erroneous .readimgs,
thermocouples shell be so arranged that flames do not impinge on the junctions
or the wires themselves. When the electrical resistance besting method is used,
the thermec.oupleprovided to control the operation shell be covered by e pro-
tective wrapping, to prevent direct radfatiOn Of the heating elements On its
hot junction. Theruncouples ehall be attached to the pipe by e method which

1“ insures thet the thermal junction is held firmly.

6.6.4 Pyrometrically controlled furnecea. When a recording pyrometric
control furnace can be verified that the temperature variation within the
furnace driesnot exceed 75eF, the furnace.control thermocouples may be used
es 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 end
accessories shall be periodically calibrated at intervals in accordance with
NAVSEA OD 45S45 or when any changes or repair to furnaces or heating devices
would mitigate the accuracy nf previous calibration.

I I 7, INSPECTION REQUIREMENTS AND ACCEPTANCE STANDARDS

7.1 Inspection personnel. Visual examination and nondestructive inspection
/. personnel shall be required.to pass a vision test in accordance with MIL-sTD-271.

NondestructIve inspection personnel for ultrasonic measurement, magnetic particl
I or liquid penetrant inspections ehalI also be.qualified in accordance with MIL-
t 5TD-271.,.,. J,,= c_,. , ~.. ~

-------- . . . .. :. .,
. . . . . . .. . . .! -!, ..-..,-.

.7.2 Acceptance standards. Unlees otherwise specified by NAVSSA, acceptan[
criteria shall be in accordance with .7.3through 7.10.

I 7.3 Surface condition. The bent pipe shall be free of cracks. The pipe
surface shall be examined for pits, gouges, scratches, or tool marke. Rsndomly

I 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

I is greater, and provided this depth does nnt reduce the wall thickness below
it5 minimum requirement. Discontinuities exceeding this limit shall be removed
by fairing in either by grinding or buffing to a radiue of 3 times the depth.
The final wall thicknees after defect removal shall meet the minimum thickness
requirement. -

7.4

7.5
and shal1

i,”

Wrinkles. Pipe surface shall be free of wrinklee.

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

(a) For pipe with working pressure of 600 pounds per square
inch (lb/in2) and greater: 5 percent (maximum).

(b) For pipe working pressure less than 600 lb/in2: S percent
(maximum).

18
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t I ; ~~ 7+5,:L; I Out-of-roundness calculation. Out-of-roundness shall be calculated
as follows:

Out-of-round (percent) = o.d. max. - o.d. min.
o.d. nom. x 100

Where: o.d. max. = Maximum meaaured outside diameter (o,d.) at the
bend.

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

2

7.6 Buckles, bulges, humps, eteps, and dents. The bent pipe shall be
exahined for excessive buckles, bulgee, humps, atepa, and dents. Buckles,
bulges, humpe, steps, and dents will be acceptable provided the following
conditione (see figure 7) are met:

7.7
aeete the

(a) Buckles, bulges, humps, steps, and dents shall blend emoothly
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 diamiter to,height ratio (D/h) as shown on figure 7, ehall
equal or exceed 12/1.

Flatneas. Flatnesa on the pipe surface will be acceptable if it
requirements shown on figure 8.

. .
7.8 Wall thickness measurement. The wall thickness at the bend of the

lent pipe shall meet the minimum design wall thicknees requirement specified in
:he applicable shipbuilding apecification and 4.4.2. Measurements shall be made
~itha micrometer or calibrated ultrasonic instrument in accordance with
[11,-STD-271. Particular attention shall be given to the backwall and on those
ocetione where defects have been removed by grinding or hammering.

7.9 Nondestructive inspection. Pipe bends of 3D and leaa shall be
agnatic particle or liquid penetrant inspected, in accordance with MIL-STO-271
s applicable, on the area that waa bent plus at least 1 inch beyond both ends
E the bend. When magnetic particle inspection is required, the yoke method
hell be used. Cracks are not acceptable. Linear indications exceeding 1/16-
~ch in length shall be examined and explored to assure that cracking is not
:eeent.

7.10 Meaaurementa and inspections. Production P-1 piping in accordance
lth MIL-STD-278, P-3a piping in accordance with NAVSEA 0900-LP-O01-7000, and
ping for claas 1 welds as defined in Supplement 2 of NAVSEA 250-1500-1, 0.080
!ch in pre-bending wall thickness and over, which have a bend radius of 3D arid
ss and which is bent to an angle greater than 60 degrees, shall have tbe wall
.icknessand out-of-roundness measured at each bend and the bent surfaces shall
inspected for conformance to the acceptance criteria of this section. Other

pe.bends may be inspected on a sampling basia, 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

precaution shall be in accordance with the information provided in the appli-
cable Material Safety Data Sh6et (Form OSHA-20), or the precautionary label
on the,container of the material.

8.1.2 Cleaning. Piping component and assemblies of components shall be
thoroughly cleaned after fabrication and before installation in the ship to
reuuwe loose particles, grease, dirt, oil, rust, and scele. Superficial eoft

rusting such as that caueed by ehort time exposure to the atmosphere is accept-
able. Open ends of piping and components shell be eealed for storage until fins
aaaembly. Cleening, capping, and degreesing shall be in accordance with a

I
—.

written production procedure.

,9. NOTES

9.1 Changes from previOue issue. Aeteriske (*) are
r~vision to identify changes with respect,to the previoue

I extensiveness of the changee.

I
r--..-..,.ti.m..= ~.. ,+,.. .,. n.. . . . . . . . . . . . . .

-., . . . . —.,.

. .
. . . . .

not used in this
iesue, due to the

Preparing activity:
Navy - SU
(Project 471O-N576)

I

I

,-----
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NO MANDREL

I PLUG OR
FORNED*

ONE-BALL*

Find the pipe ratio (0/t) end’the
bend radius (R/0) In the left-hand
and center scaIes, and lay a straight.
edge across them. The zone 011 the

rl ght-hand sca Ie where the straight-
edge fal Is shows whether or not an
internal support Is requl red, and
what type. Bends for which the

pipe ratio 1s more than 40 always
require a multi ball mandrel or filler
material .

II
;
I NULTIBALL*’

* FI Iler material Is optional.
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FOR BEND 90° OR mRE

BEND
RAD 1US

3

1
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,J

.1
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4 TIMES
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I F A MULTI BALL MANOREL IS. I NDI CATEO
IN NC+!OGRAPH A, FINO THE PIPE RATl O
ANO THE BEND Rf@j US IN THE LE~:.
HANO AND THE CENTER SCALES ANO LAY
A STRAIGHTEDGE ACROSS THEM. THE
NUMBER OF BALLS NEEOED IN THE MULTI
BALL MANOREL WILL BE INOICATED ON
THE RIGHT-HAND SCALE .

NOM3GRAPH B—,

Nomography to determine when internal eu:,pOrtie required.
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FIGURE 3,

4.0

3.5

3.0

2.5

2,0

1.5

PIPE RATIO

For det’ermln Ing conditions for successfu I hot bending
of pipes I ,5 to 3 Inch In diameter w“lthout the use of
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I I I I I I
_ 90° bends Safe /

Sand fll led bend eree
/

(hot bending)

/ ‘
# I

Doul >tfu I bend erea

J

56789 10 1{ 12 13 14 15

PIPE RATl O

For determlnlno condl tlons for successfu I hot bendl ngB-
of pipes of alj diameters with the use of a mandrel
or fll Ier.

-Guide for determining the‘need of internal support
‘ in hot bending.
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The weld shall not be located at the
axes I-3 or 2-4.
It is preferred that the weld be located
at Iacations A or B.

,-

FIGURB 6. Location of weld for welded pipe.
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APPENDIX
DATA REQUIREMENTS

I ‘lo. DATA

I 10.1 Data requirements. Nhen this standard is used in a contract which
Lncorporetes a DD Form 1423 end invokes the provisions of 7-10k.9(n) of tha

I
Defense Acquisition Regulation (DAR), the data requirements identified below
i?illbe developed as epecified by an epprovad Date Item Description (DD Form
1664) and delivered in accordance with the approved Contrect Date Requirements
;ist (DD Form 1423) incorporated into the contract. When tha provialone of
)AR-7-104.9(n) are not invoked, the data agecified below will be deliverad bv
:he contractor in accordance with the
“squiredby this etandard is cited in

Paragraph Date requirement

5.1 Procedures, teet
, 5.4 Reports, tent

cent~act requirements. Deliverable d~ta
the following paragraph:

Applicable DID =.

UDI-2’-23732 ,—

DI-T-2072 10.1.b

(CoPies Of date item deecriptiOne required by the concractora in connection
Lch specific acquisition functions should ba obtained from”the contracting
:tivity or as directed by the contracting officer,)

10.1.1. The data requirements.of 1’O.l-end”any tack in the standard required
,“be performed to meet e data requirement may be waived by the contracting/
:quisition activity upon certification by the offeror that identical data were
.bmittedby the offeror and accepted by the Government under a previous contract
r identical item acquired to this standard, This does not apply to epecific
ta which may be required for each contract, regardless of whether an Identical
em hes been supplied previously (for example, test reports).

T+U.B.GoVERNMENT PRINTING0FF5c&Ig8i.?03-0Z3/Mi4

I
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