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This standard covers thermal spray processes for repair or overhaul of
Naval ship machinery.

iii



Paragraph 1.
1.1
1.2

.
W N e e

L]
N =

°

w NN NN NN
. . .

e e o o o
I I I T N B R N e S~ o
* e @ . .
SN eWN

.
.

.
w DN = =

I O R S T SR R S O R e e R Sl
.

.
NN
.
w W
.
N -

L]
W
.
w

[
.
[

S PP WW W W W N

[
.

. .
oW N

. L]

. L]

- .
W N -

SEeabDEAEEPPPEPRPERPRPEPREEPSF
.

W W WWwWwWwWwwWwwwww
.

Downloaded from http://www.everyspec.com

MIL-STD-1687A(SH)
11 February 1987

SCOPE © 0 6 0000600000006 000000060600000000000006000000000000

SCOpe © 06 00656 0060060006 0600000006060600060000000¢00000000s00s0900

Application © 0 0 000600000000 00C0000000006000600800800000s0e

nEFERENCED DUUUMENTS ee0s00c 0000000 OPRBISIEEIEBSIIEIIINESTRETSTESESS
Government decumeptc sssssssesececscesscssssesessovvse
Specifications and Standard R RN I IR S S N Y

Other Government publications esceccceccescccccccccacs
Other publicationS eeessceccccoessesccsccvccccccsans
Order of precedence ceceescescssccescccocccscnscsscss

GENERAL

RF()UIREM}‘JNTS © 0 06 6 0 6 006000606060 000 0000000000000 00

Quality assurance System PR R R R R I S A S RU RN I

Management ceceecesessesscscvessscsacssscsscssaccoccss
Inspection SYStemM secsccccccccsscccascsccacscvcccccne
RECOTAS eeeesscccocscssscsssccsssssesssssasssscsssssssocse
RecOrd fOIrM eeosscocesscccassscscscccssscossssecsscccssce
Maintenance Of recordS eeseeescsccsscsceccsssscsscccs
Noncomnliance cceesesee eeesssc0ccessesssss00ceessso e

NOLCQUp

Qualification and certification requirements sceecec..
Facility certification requirements ceeceseccccsscss
Naval shipyards eeeeceseesssccssesscscsccccccsanccncns
Other Government and commercial activities .eeecceceee
Quality control program approval eceececcccccacscccacs

AT __ 1 P
Navai s
Other G
Thermal

hipvards

nipyaras
gvernmen
spray
piajy

© 60 000 e s B 00 GO0 0 ORGP OREOLLLIESESEESSNSSS

and commercial activities ceceeccass

r
procedure approval eseeecccccecccsccces

Naval shipyards eeceececceccscsscccscossascccscscnscns
Ships Intermediate Maintenance Activities (SIMA)

10at IMAS secevessccoscsssccssssssscscsccncsoss
Other Government and commercial activities sceeeeess

and Af

Sprayin

g procedure qualification secececccececcccaen

Spraying procedures eesceecceccccseccsscsssssssccscens

Submitt

Procedu
Visual
Bend te

Extent
Substra

al for approval ..esceccccscccccvsscscnncances

re qualification testing seecececccccccnnccss
Qualification test requirements ..ccecececcccscccsoces
examination requirement ceccecccccccccsccccse
Microscopic examination ceeescescccscocscscsccccsssns

SE ececoossecvseccsccocscscsccccssosscscscscscsccccsoose

St ® & 0 0 0060 000 00
ablished requirements cc::se
of use of quali

te MAteridl ecececeececscscccescssossscscssscccsasn

Spray procedure e s 6000000000000 0000000c0000s0000000CE TS
al elementsS cesecececocscccsosseassssccccsccnaos

Essenti

iv

Page

p—

-

RN N et et e

(S

coococo o oo N VMuUL S S

NNN NSNS




Downloaded from http://www.everyspec.com

MIL-STD-1687A(SH)
11 February 1987

OPNNTENTC -
VULV L LIV L O (V]

Paragraph

GeNEYAl cecsccccsccccsssccscssosrsessccscssccscsscscscsese

L2 L]

b Training for operators and inspectors

. - - be“eral EEEEEEREREEE NI NN N B N A BRI S EEE B BB I
NeavratAnra

L] . . vpELatruvLro 0 0600000000000 0 PP PeSISETETSSES

JAL2. Operator written fest ..::.cscc2222222222222200.

Vision test requirements ccececeee
Inspector training eseeececscececcecscs

»
LN NN MNDNN -
.
SN W

4.2, Inspector written test ecesecessecce
b Operator qualification testing ...
4. Alternative qualification methods
h. Qualification test examinations ..
he5, Visua
JA5. Micro

Bond test examination ecscecscccee
Limits of certification .cececoces
Maintenance of certification ...
Records for operator qualification
Quality control ..

e o
. .

.
[ )NV, BNV, IRV, I, B W, RV, R W)
.
N U W N e

- ® 6 0 0 0 00 00 % 00000
D R R N -4 A
. . LU_PLUbCSD LIIDPTLLAULL 20000000000
- .
2. End item requirement ........2:2.-2....

»
ooV UV UVEERESESREERAMESESRSEEEEEESEESS
| »

Test specimens for quality control
Test procedures seseecosececccccse

.
»

W NN+
.
-

”
VUt & WK E =
=
[N
n o

.6.1.1

6.1.2 Specimens for visual and bend tests
.6.1.3 Specimens for bond tesSt cecececces
.5. Visual examination .

roscopic examination eseececccee
Bend teSL eccccecscsscccccccccccnnse

»

B N N N N O S S S s e . T R S e O R L S e i D
. .

=23« N Wie) Qe N6 NN« B
L)

Inspection R R R R R I I I I B )

Preparation of test specimens ...c...
Specimens for microscopic examination

L ]

.b. Bond teSt ceececoscoccrscoscoscsacsccss

L] L] Il Spraying ® © 0 0060606600060 0006008006005 08000000

«6.5.2 Application ceeececccescscccscassacas
5. DETAILED REQUIREMENTS cveccccccecccnes
5.1 FEaunioment .. ...:::2:22:22222222%2 c2saaaa
5.1 Equipment .cccssccccccscescssseessssscsssnans
5.1.1 Spraying SYStemS ceeeecccccsscsoccccs
5.1.1.1 Wire oxygen—fuel gas SPray eeesecscoece
5.1.1.2 Powder oxygen—fuel gas Spray eeeecece..
5.1.1.3 AYC SPTaAY ecececesccoccccscssosasscsne
5.1.1.4 Plasma SPray eeeceoscescsccascsscsosse
5.1.1.5 Thermal spray SYSTEMS ceeecovscccccss
[ 1 n AL o LY o2 mmad o
Jelel ADrasSive D1aSULlilyg CQULPHKCIIL seesss oo
51 2 1 Air eauninment . ... ..:22:28:2:222a22222222a2
5.1.2.1 Alr equipment ..c::ccceccsscccsssessccessassananaa
5.1.3 Fixturing for mechanical positioning .eccecececcaces

JL dJelwlill 1uu1l o 1uIl v MU L] L r e .

&
.
&~
)
]
la]
2]
Q
=
=
14
[
(a4
~
'Y
e
=}
e
=]
oQ
el
=
[
|
[ Y
H
[ N
0
'Y
rt
[
o]
]
Y
j=]
[=9
(2]
®
2]
[md
b
Ly}
[N
0
'Y
ct
e
[*]
=]
[
Pt

b— e
N NN

——
NN

12

i5
i5
15
15
15



Downloaded from http://www.everyspec.com

MIL-STD-1687A(SH)
11 February 1987

FAcilitieS eeeeccccccsosssscscscacsccccccvascssonnss 13
WOTKIiNg ATreas seeeecesccccccccsssssssesssssescsnces 15
Abrasive blasting areas cecececccccccsserescccccses 1D
Thermal Spraying areas eeeeeeeecccecsssccscssssssas 16

Paragraph

L]
.
.

NN

ALEAS e e e e s e e eeeccccrcsovsovscssvscsovsrsososossnscsioscs s A

[ ]
.
N
N -
oo
W o
o 0

Thermal Spray equipment eeecececeescccsssscscssesss 16
Protective equipment seeeeeceeccescsvccscscacaasess 16
Fixturing for mechanical positioning ecececesccccecne

L]
N W N = e b s

>
=2
la}
o
wn
s
<
m
o ¢
—
[}
n y
(4
e
=]
[0}
®
el
[
e
=
8
o
=]
t
L]
L]
.
L]
.
L ]
.
.
L]
.
.
.
L]
.
.
L]
.
L]
L]
.
[ ]
L)
p—
(=)}

.
.
[o—

Materials © 0060606000600 00060000600C800000606000000s00000s00

~aed 1 o

Coating MaterialS eeeserssccscescccscecsscscnacsaces
Coating LYPE eceecececccsossescoscssccccccsssscacacsanse
Thermal spray wire and powder eeececececcecccccsconssns
Storage, identification, and separation of wire

~N N O

[V, NG, NV, G, BV, IV, IV, BV, W, BV, BV, I, RO, RS,
y PO
WWWWWNRNNNINNNRNDNNDN
L]

.
[SRPROR I —

. . L]
L] . L]
. L]
w N~
— b b
~NN

and pOWdEr eeececescessscsecsscssscccccssoccrsnnce
Thermal SpPray £aseS ceeceecscscscscscsscccscsccsccscanse

17

5.3.2 17

5.3.2.1 For flame SPraying eecesecececcccecoccccscscsscsceas 17

5.3.2.2 For plasma SPraying seeeeceeesscscecscccsssasocsees L7

5.3.3 Abrasive blasting particles e.eeeeecececssscoscsses 17
5.3.3.1 ReqUirements .cscsesseesssssccccocsosssccsoncscnsas
.3.3.2 RESErictiONS seeeesescecscosscscscsocsscsssssoscsscnse

Masking materialS cesececcscscssoscccccccsccncoancnse
1 For abrasive blasting ecceceeccecevssccscscssscccccoces
.2 For thermal Spraying ecececececsecsesscscscoscsccscccsse
3

—
o 00 o &

1Q

Irregular Shapes seesecececcccevsoscsssssscccccccccs

3
.

.
[ RS S
.

Sealants © 8 060600606606 006006000060606006068000000000000s0000000

Prhcess ssssssssssseeessesesessseencssccssesrressocsr

Surface condition cececececscecosscccscsccscscsscacns
Solvent cleaning esececececceccccessescsscssccssoscccccnse
Heat cleaning eececscecsscocesscscsscsvsosasascaccess
Machining for surface preparation e.cecececescccces
Undercutting .

.
S Ww W W W W W
.

o
f—

.
.
.
N -

L]
N UL WD —
— et P et e et et et e
O W O WO 0 & 00 Co &

- - .l- "M EEEREEEEEREERE NN I I I BRI AR I A B B

9 2] T I S 3
h4.2.2 Threading or grooving of cylindrical surfaces ..... 19
423 Shoulders ceeeessscssssssssssscscsscscssscssessssessces 19

Masking 5 00 000000080000 000000 GOOGEOGOOEGIOEOCEOROIEOIEOEOETBOSIEOETOTTDOILE

Abrasive blasting for surface preparation .ceeeecee

BN b
O O O

Spraying © © 00 0000600000000 0000000000000 00000000000s00

Application of sealant scesesceccccccccsccscssccnns
Surface finishing eeceeceececcccceccsccccccsscscssoscne
Safety precautions

]

.

.
W O R e TR S S
.

N
ot

N

NN
—

@0 e e e s 0000000000000

VRV IRV, NV, NG,V RV, NV, IR, NV, BV, RV, RV, R RV RS R, B I A
L]
FeP U R I
L ]

. Thermal spray app csssscssscssscsscssssans
5:.5.1 GenNEeral cesessesescscsossessescssssaccccsscsscscncsssae
.J. A

Machinery eeeeeccscccescccccsescascscoscsnssesocsosscscccss

<
o
o]
<
(0]
o
V)
o
he]
—
P
0
V]
T
[
@)
=
2]
.
.
. -
Ll
)
.
.
.
.
L]
-
L]
L]
.
.
.
.
.
L]
L]
L]
.
.
L]
.
L]
NN NN
Ao WWw

Equipment # 5 0 0000800000 es 00 et 0CsOOCECEOIOOIEOOIOIOIEOIEOEOINTOTS

Proposed applications ceeceececscecssessccevesccnces

WO
.

.
[V I, )]
.
NN DN
L]
N = —
.
—
N
o

vi



Downloaded from http://www.everyspec.com

MIL-STD-1687A(SH)
11 February 1987

CONTENTS - Continued
o gontinued

LN N

NOTES ceveccocccccsscocsssosoacssoscsssacsossscsnaccsanas
Intended USE cececocecccscsccsevssssscscsscscscccsscnccs
General requirements .ceeececesccscssssscossscssanae
Data requirements

Paragraph

[ W4 W< W« N« e )
*
oW N -

® 0 0 0 0000 0 0800000 02000000 00O OR PO OOODS
. SubjECt term (key Wgrd) listiﬂg sessssssssscsesssss s
. Changes from pIeVious 1SSUE eceeecscccccconccnscsssns

FIGURES

Figure l. Wire oxy—fuel spray process and parameter record ...
2. Wire arc spray process and parameter record ceeeeese
3. Powder oxygen = fuel spray process and parameter

record ® © 0 00000 00 00000000 0000500000000 0000000000000
4, Plasma spray process and parameter record sccesececss
5. Oxide, porosity comparison chart (200X) eseecececccces
TABLES

m_ 11 T

Table L.
TT
Lire
ITI.

vii/viii

NN
O oo



Downloaded from http://www.everyspec.com



Downloaded from http://www.everyspec.com

MIL-STD-1687A(
1 n

H)
1 k) == -7
1 February 1987

S
8

1.1 Scope. This standard covers thermal spray processes for machinery
repair and corrosion protection of Naval ship machinery, except the spraying
of aluminum for corrosion protection which is covered in DOD-STD-2138. This
standard does not apply to primary and secondary systems of nuclear ships.

Included are requirements for the qualification of thermal spray procedures
anAd Anaratranra rani1d romantae and agndidanrcra FAar 11co nf fharmal enrav matarial
alLlu UPCLGLULD’ Lc\.{u.LLCII.ICII.La aLllu suLuau\._c AL o< UL LCIICT L NG A DPLG] mwmaLveiLiLaa
and equipment, quality assurance requirements, and descriptions of applicable

1 r e > 1 had 7 ~ ~ 1 Iy i 4 rr
qualification tests.

1.1.1 The thermal spray processes covered by this standard are: (a) wire
spraying of consumable coating material using oxygen—fuel gas, or using two
consumable electrodes in an electric arc system, and (b) powder spraying, using
oxygen—fuel gas or plasma arc.

1.2 Apnlication. Th

pray coatings shall be used only for machinery

e ls
applications specifically permitted herein (see 5.5.2) or for which prior approval
has been obtained from the Naval Sea Systems Command (NAVSEA).

rma

1.2.1 Requirements of this standard pertain only to the thermal spray
coatings applied to ferrous and non-ferrous metal substrates.

2.1 Government documents.

2.1.1 Specifications and standard. Unless otherwise specified, the
following specifications and standard of the issue listed in that issue of the
Department of Defense Index of Specifications and Standards (DoDISS) specified
in the solicitation form a part of this standard to the extent specified herein.

SPECIFICATIONS
FEDERAL
0-T-620 - 1,1,1-Trichloroethane, Technical, Inhibited
(Methyl Chloroform).
BB-A-106 - Acetylene, Technical, Dissolved.
BB~A-1034 - Air, Compressed, for Breathing Purposes.
PD_U_QQA — UHwAwnoam
DD==000 = nyulugeu-
BR-H-1168 - Helium, Technical.
BB-0-925 - Oxygen, Technical, Gas and Liquid.
TT-T-548 - Toluene, Technical.
MILITARY
MIL-M-3800 - Metallizing Outfits (Wire-Gas), Guns and
Accessories.
MIL=-W=6712 = Wire; Metallizing.
MTL=-A-1R455 Aronn Tachniral
MIL-A-18455 - Argon, Technical.
1

= rmmlhen I mee e~ S S Y —_—— e A Y2 _ - R A —
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MTIYT TTMADY (M a2 2)
ILLITARY (Continuea)
MIL-P-80109 -~ Plasma Spray Systems; Powder; Guns; and
Accessories.
MIL-M-80141 - Metallizing Outfits, Powder-Gas, Guns and

Accessories.
Metallizing System, Wire, Electric Arc, Guns
and Accessories.

MIL-P-83348 -~ Powders, Plasma Spray.

MIL-M—-80226

MILITARY
DOD-STD-2138

Metal Sprayed Coating Systems for Corrosion
Protection Aboard Naval Ships. (Metric)

***** ns an andar ctors

connection with spec1fic acqu131t10n functions should be obtained from the

contracting activity or as directed by the contracting officer.)

in

d hy contr
a oY Clic in

da ra
uo Lviivia

2.1.2 Other Government publication. The following other Government
publication forms a part of this specification to the extent specified herein.
Unless otherwise specified, the issues shall be those in effect on the date of

R

tne bOLlCJ.LdL.L()ll.

PUBLICATIONS

DEPARTMENT OF TRANSPORTATION (DOT)
Code of Federal Regulations (CFR) 29, 1910.107 - Spray booths.

(The Code of Federal Regulations (CFR) and the Federal Register (FR) are
for sale on a subscription basis by the Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402.)

2.2 Other publications. The following documents form a part of this stan-
dard to the extent specified herein. Unless otherwise specified, the issues of
the documents which are DoD adopted shall be those listed in the issue of the

DoDISS specified in the solicitation. The issues of documents which have not
been adopted shall be those in effect on the date of the cited DoDISS.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
C 633 - Standard Test Method for Adhesion or Cohesive Strength
of Flame-Sprayed Coatings. (DoD adopted)
D 4285 - Standard Test Method for Indicating Oil or Water in
Compressed Air.
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AMERICAN WELDING SOCIETY (AWS)
OPP - Thermal Spraying - Practice, Theory and Application.
A3.0 - Standard Welding Terms and Definitions Including Terms for

A e o Nl Qe sy d e e -
DUluULL 1Y Tht‘[lﬂd.l. Dpld_YLllg dllu J.llCLllld.L bULL iy

Do ~ > ~

prazing,

should be addressed to the American Welding

Box 351040, Miami, FL 33135.)

copies

gl ¥

LeJeune Road, P.O.

ion

(Applic for
550 NW

Society, Inc.,

STEEL STRUCTURES PAINTING COUNCIL (SSPC)
SP 5 - White Metal Blast Cleaning.

(Application for copies should be addressed to the Steel Structures
4400 Fifth Avenue, Pittsburgh, PA 15213. )

Laild 12C faviovul a8 Lils

W
-I

1na Council,

(Nongovernment standards are generally available for reference from
libraries. They are also distributed among nongovernment standards bodies
and using Federal agencies.)

2
<
QS
>

W W

.
this st

take

nd
na

precedence.

3. DEFINITIONS

3.1 Definitions used in the preparation of drawings, spraying procedures,
specifications, and correspondence related to the thermal spraying shall con-
form to AWS A3.0 and OPP.

3.2 The following definitions are applicable to this standard:

(a) Blasting. A method of cleaning or surface roughening by a forcibly
projected stream of sharp angular abrasive.

(b) Bond coat. A preliminary (or prime) coat of material which
improves adherence of the subsequent thermal spray deposit.

(c) Coating system. One or more thermal spray coatings that are quali-
fied for use singly or in combination. An example of a one-coat-
ing system is a stainless steel coating applied for restoration of
dimensions. An example of a two-coating system is a nickel-base
bond coat and ceramic finish coat for a steam seal.

(d) Composite powder. Powder particles that are formed by physically
combining two or more materials in intimate contact, so that the
end particles function as a unit.

(e) Electric arc spraving. A thermal spraying process wherein the heat
source is an electric arc struck between two consumable electrodes
of a coating material, and compressed gas (usually air) is used to
atomize and propel the material to the work piece.

(f) Flame spraying. A thermal spraying process wherein an oxy-fuel gas

flame is utilized as the source of

materials in powder, wire, rod, or
or may not he

heat for melting the coating
cored form. Compressed gas may

the m

used for atomizing the ma

the work piece.

and npronelling
atomlzing and propeiiing

(9%
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(g) Fused spray de9031te A qelf—fluxlng spray dep sit which is
subsequently heated to coalescence within itself and with

the substrate.

(h) Gradated coating. A thermal sprayed deposit composed of mixed
materials in successive layers which progressively change in
composition from the constituent material of the substrate to

the surface of the sprayed deposit
I

na A process nF r|or\

PanY

e

N’
T

pruLcoss ucpy

A osl

purpose of resisting abrasi
or impact. Various coatings may be used either in the as-
sprayed condition or machined or ground to dimensions.

(j) Interface. The contact surface between the spray deposit and

the substrate or two different types of sprayed materials

ra) AV 4 1 . < o ~ eSO ~ 2 AN - ~ = ~ ParEES S~
(k) Masking. The method of protecting areas adjacent to the surface
to be thermally sprayed or blasted to prevent adherence of a

coating or surface roughening.

(1) Plasma spraying. A thermal spraying process wherein a non-
transferred constricted electric arc-gas mixture (called a
plasma) is utilized as the source of heat for melting and
propelling the coating material to the work piece.

(m) Powder flame spraying. A method of flame spraying wherein the

mmtbnarial o ko anvaund 3o 1n nawdar FfAarm
didterltal tO DE dpraytd 1o 1il pUWUTL 1ULllle

(n) Seal coat. Material applied in liquid form, to infiltrate the
pores of a thermal spray deposit.

(o) Spalling. The flaking or separation of a sprayed coating.

(p) Substrate. Any material upon which a thermal sprayed coating
is deposited.

(q) Thermal spraying. A group of processes where
metallic or nonmetallic materials are deposi i
semi-molten condition to form a coating. The coating may
initially be in the form of powder, ceramic rod, or wire.

(r) Wire flame spraying. A method of flame spraying wherein the
metallic material to be sprayed is in wire form.

4, GENERAL REQUIREMENTS

4,1 Quality assurance system. A written quality assurance system shall
be implemented and maintained which assures that the requirements of this
standard and the functions of the thermal sprayed coatings are met (see 6.3).

4.1.1 Management. Effective management for quality of thermal spray of
machinery components shall be clearly prescribed by written procedures. Written
procedures shall be prepared which assign responsibility and provide account-
ability for performing work and inspection. Personnel performing quality

functions shall have sufficient, well-defined sponsibility, authority and the
organizational freedom to identify and evaluate problems and to initiate,

recommend, or provide solutions. Management shall review the status and adequacy
of the quality program through semi-annual documented audits.
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4.1.2 Inspection system. The performing activity shall maintain an inspec-
tion system adequate to assure NAVSEA or authorized agent that all of the require-
ments of this standard have been met. Written procedures shall be prepared to
assign responsibility and provide accountability for performing work and inspec-
tion. Personnel performing acceptance inspections shall be trained and qualified
for the work they are to perform. Records of such training shall be maintained.

4,1.3 Records. Unless otherwise specified herein, written records shall
be prepared and maintained for each sprayed component (see 4.l1.4). The records
shall include at least the following information:

(a) Identification of spraying activity.

(b) Specific identification of component and system (such as, no. 1
fire pump main).

(c) Component drawing or part number.

(d) Component material (Military, ASTM, or other specification).

(e) Ship identification.

(f) Job order or work number.

(g) Cleaning method and method of base metal preparation (abrasive
blasting, threading).

(h) Sketch showing area to be sprayed, undercut depth and length,
shoulders, masking locations.

(i) Reason for spraying.

(j) Spray procedure identification (and revision).

(k) Bond and finish coat material - generic type and manufacturer's
identification.

(1) As-sprayed coating thickness (bond and finish).

(m) Final coating thickness.

(n) Method of surface finishing (grinding, machining).

(o) 1If ground, state grinding wheel and surface finish.

(p) Sealant material and sequence of application.

(q) Date sprayed.

(r) Sprayer's identification.

(s) Inspection procedure and results.

(t) Inspection personnel identification.

(u) Cognizant NAVSEA equipment manager.

(v) NAVSEA Materials and Assurance Engineering Office approval date.

(w) Date installed.

(x) Installation and alignment personnel.

(y) Installed ship compartment location.

4.1.4 Record form. A record form shall be prepared prior to commencement
of the operation which it covers. Operations shall be recorded prior to the
commencement of the next operation. Each item on the record form shall be
signed and dated by the operator, except for those checkpoints designated for
verification by the inspectors. When a specific item on the record form is not
applicable, the letters "N.A.," (Not applicable) shall be entered. Prior to
acceptance, all items on the record forms shall be marked as specified (see
4.1.3).
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4.1.5 Maintenance of records. Unless otherwise specified, the sprayed
component record form shall be maintained by the performing activity and shall
be available to NAVSEA upon request. Disposition of records shall be as agreed
upon by the NAVSEA agent or the contractor. The performing activity shall
maintain records to be made available to NAVSEA or its authorized agent.

4.1.6 Noncompliance. In the event of noncompliance with the requirements
of this standard, the applicable work covered by this standard shall be suspended
until the performing activity has demonstrated that work deficienci<s have been
corrected.

4.2 Qualification and certification requirements.

4.2.1 Facility certification requirements. Performing activities shall
have thermal spray facilities that meet the requirements for working areas
(see 5.2.1 through 5.2.5).

4.2.1.1 Naval shipyards. Prior to production implementation, Naval ship-
yards shall submit a request to NAVSEA Materials and Assurance Engineering Office
for certification of their thermal spray facility. The request shall contain
written evidence that the facility meets the requirements of this standard.

4.2.1.2 Other Government and commerical activities. Prior to contract
award, activities shall submit a request to the Supervisor of Shipbuilding for
certification of their thermal spray facility. The request shall contain
written evidence that the facility meets requirements of this standard.

4.2.2 Quality control program approval. Performing activities shall have
a quality control program that addresses requirements for management (see 4.l.1,
4.1.2, 4.1.4, 4.1.5, 4.3, 4.4, 5.3, and 6.3). 1In addition, each activity shall
have a written audit plan and audit the thermal spray operation on a periodic
basis.

4.2.2.1 Naval shipyards. Prior to production work, Naval shipyards shall
submit a request to NAVSEA Materials and Assurance Engineering Office for
certification of their quality control program for thermal spray.

4.2.2.2 Other Government and commercial activities. Prior to contract
award, activities shall submit a request to the Supervisor of Shipbuilding for
certification of their quality control program for thermal spray (see 6.3).

4.2.3 Thermal spray procedure approval. Thermal spray procedures shall
meet the requirements specified in 4.3.

4.2.3.1 Naval shipyards. Thermal spray procedures shall be approved by
NAVSEA.

4.2.3.2 Ships Intermediate Maintenance Activities (SIMA) and Afloat IMAs.
Thermal spray procedures shall be approved by NAVSEA.

4.2.3.3 Other Government and commercial activities. Thermal spray pro-
cedures shall be approved by NAVSEA.
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4,3 Spraying procedure qualification. Spraying procedure qualification
shall include preparation of spraying procedure and procedure qualification
test data (see 4.3.1.1).

4.3.1 qpraylngigpo ures. Performing activities shall prepare written
A am e m e namm mn ad mmsm b s bmmben mmn Se A WY Aam mmmmae dmnd cenl 2 £vr
SpLaydliily p LCUULCD afm PELLULII LEDLD \DELC “HeJes) dd I1CHYULILETU LU {Juallly LlICOC
procedures. The procedures shall include at least the items listed on figures
1 through 4, and a listing of the sequence in which the various processes (such

as blasting, inspections, and degreasing) are performed. An approved spray
procedure may be used by a facility other than the developing facility. Each
spray operator who will be using a previously qualified procedure shall be
qualified on that procedure in accordance with 4.4.3.
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AVSEA ures
performing activity of responsibility for conformance with other requirements
of this standard. Contractors shall be responsible for similar qualification

of all sub—contractors.

s e n
pr cedure. For the v1sua1 and bend examinatlon. two specimens shal
in accordance with 4.6.1.2 and examined and tested in accordance w
and 4.6.4. Results of the tests shall conform to the requirements of 4.3.3.1
and 4.3.3.3. For the microscopic examination, two specimens shall be prepared

pede

in accordance with 4.6.i.1, and examined in accordance with 4.6.3. KResults of
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and 4.6.5, and shall meet the requirements of 4.3.3.4.

4.3.3 Qualification test requirements.

4.3.3.1 Visual examination requirement. The as sprayed coating shall have
a uniform appearance and shall be free of the following:
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(e) Chips or loosely adhering particles.

(d) Evidence of o0il or other contaminants.
(e) Pits exposing the undercoat or substrate.
(f) Coating separation.

(g) Spatter, or ummelted particles.

A_3.133.7 1irrngrnonis avaminatian Tha ranetrditnante nf tha ~santring chall ha
Te TR TS A LAAVA VO WY N - — ACAulA L L “AVLLe ALl WO VA VU L. o VA LR e &~ \—UGLLLAB oLl AL L ue
un{for ly distributed and there shall be no separations between the coating and

substrate. The porosity and oxide content shall not exceed the limits specified
in table I (see 4.3.3.5). Bondline contamination (such as, abrasive blasting
grit, disbonds, and oxidation at the substrate and coating interface) shall be
less than 10 percent. Unreacted globular particles shall be less than 10 percent
of the coatling cross-sectional area with the average diameter of the particles
not exceeding 0.002 inch.
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4.3.3.3 Bend test. No flaking, delamination or gross cracking of the
coating shall occur due to bending (see 4,6.4). Small hairline cracks or
alligatoring of the coating in the vicinity of the bend are permissible.
Ceramic coatings may exhibit flaking associated only with the edges of the

bend specimen.

4,3.3.4 Bond test. The average and minimum single specimen bond strengths
of the five tested specimens shall meet or exceed the applicable bond strengths
specified in table I (see 4.3.3.5).

4.3.3.5 Non—established requirements. When limits for comparison are not
specified in table I, the test data shall be submitted to NAVSEA for approval
(see 6.3).

4.3.4 Extent of use of qualified spraying procedure.

4.,3,4,1 Substrate material. A qualified procedure for a coating or coating
system may be used on any substrate which is in the same general composition
group (see 4.,3.,4.1.1) as the substrate used in the qualification tests. Changes
in the abrasive blasting parameters may be needed to achieve the required surface
roughness profile for substrates with a hardness value greater than 10 Rockwell C
points hig
each sprayed component there shall be verification that the anchor tooth profile
meets the requirements of 5.4.4 (see 4.5.1).

gher than that of the substrate used in the qualification tests. For

Liidin vaao SUuloliadle allitcal

4,3.4,1.1 Materials shall be grouped as follows: carbon, low alloy, stain-
less steels, and cast iron; nickel base a' loys; copper base alloys; aluminum base
loys

alloys; tin base alloys; and titanium

Q.l
JL

4.3.4,2 Spray procedure. The using activity shall verify by demonstration
that the procedure meets the requirements of this standard. Test parameters and
results shall be documented.

4,3.4.3 Essential elements. A change in any of the essential elements
r -

listed below requires requalification of the procedure. However, minor changes
in parameters are allowed, provided the test results cof the original procedure
or table I are met or exceeded.

(a) Material type.

(b) Grit type and size.

(c) Gun type and model (for plasma and oxy—fuel powder).

(d) Nozzle type and size.

(e) Primary gas type, pressure, and flow rate (for plasma).
lasma)

gas tvpe and pressure (for ms

gas Lype and pressu \IOor~ s

seconcary
(g) Powder port (for plasma).
(h) Operating voltage (for plasma).
(i) Linear surface speed (feet per minute same as revolutions per
minute (r/min) times circumference times traverse speed).
(j) Deposition rate (pounds per hour).
(k) Coating thickness per pa
(1) e

Chaoanaoan ~f
[0 %

SSe
viange fuel gas (fCL oxy—fuel
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4.4 Personnel training, qualification, and certification.

4.4,1 General. This section provides the requirements for training,
qualification, and certification of spray operators. A spray operator shall
) B -~ =12 Cces _ 1 | S Ji R [ GRS S - PR Y o S | | P 1 =1 L2122 o PR a1
be qualiliried by aemonstrating, as speciiied nerein, tneé apiilty to appiy tne
cnecified coating gsvetem. uging the annlicahle annroved thermal snrav nrocess.
specified coating system, using the applicable approved thermal spray process.

4.4.2 Training for operators and inspectors.

4,4,2.1 General. The following minimum training and written tests are
required for qualification and certification. Activities shall maintain records

of their tralnlng program and written tests.

4.4.2.2 Operators. Spray operators shall receive classroom and hands-on

training on:

(a) Basic safety, equipment and tool handling.
(b) The general theory and applicability of thermal sprayed coating
e pa t

systems; rface preparation; the flame, elec ric arc and
nlagma oanray nactring nrarnocpe and maintrananara and »anair» ~AF
PLdD la Dpl.d_y l,UdL.LllB PLUbCDDCD alll lalLilitciialice aitiu LCPQLL UL
equipment; sealants; finishing; quality control; diagnosis of

good and degraded coatings.

(c) Specific training on the thermal spray equipment and coating
processes for which operators are being qualified. The minimum
training time for the various processes shall be:

Training time (hours)
Coating process Basic Classroom On-the—job
Flame 20 - 40
Electric arc 20 - 20
Plasma 20 20 80

L,4,2.3 O

TeSTele s

erator written test. T noerator chall ¢
eracoer T in racge sna

D e 0 1
p e ope r sh pl

a written test covering the critical aspects of the theory, applications criteria,
this standard, and aspects of the coating processes and equipment operation for

which he is being qualified. The written test shall be approved by NAVSEA,

4.4,2.4 Vision test requirements. Each spray operator and inspector shall
s an annual vision test. Vision tests shall be conducted using standard test
h

o u{nnn1 Anv1d Fuo Tha agtandard Af arnmnantanpra Ffar vician
Iy, vidudl alCuliye ineé stanaarda or aCicpiLaulic 10Ul vidiou

T i
atural or corrected near distance aoulrv such that the individual

is capable of reading JI letters on the standard Jaegar type chart for near
vision. Other equivalent visual tests may be substituted for the Jaegar chart.

B

4.4.2.5 Inspector training. Inspectors shall be given at least 6 hours of
classroom instruction on the general theory, application and coating processes,

quality assurance, and requirements of this standard with emphasis on the inspec—
tion information and action. The training shall include hands—on training with
the inspection tools (such as, 10X magnifier, coating thickness gauge, profile

tape) on good and bad coatings on representative parts.

p—
—
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4.,4.2.,6 Inspector written test. The inspector shall satisfactorily com-
plete a written test covering the training material. The written test shall
include, at a minimum, questions on the essential elements specified in 4.4.2.2,
and shall be approved by NAVSEA.

4.4.3 Operator qualification testing. The operator shall prepare test
specimens in accordance with 4.6.1 for visual, microscopic, bend and bond tests.
Two specimens shall be prepared for the visual, microscopic and bend examinations
(the same panels may be used for these examinations), and five specimens for the
bond test. The specimens shall be examined and tested in accordance with 4.6.2
through 4.6.5, and meet the requirements of 4.4.5.1 through 4.4.5.4. The
operator shall use a qualified procedure developed for the particular coating
and thermal spray process. The operator shall set up the spraying equipment
according to the parameters required by the spraying procedure. The substrate
test specimens shall be the substrate used in the qualification of the procedure
in accordance with 4.3.4.1.

4,4.4 Alternative qualification methods. The operator may also be quali-

fied on a new procedure by demonstrating satisfactory performance in accordance
with 4.3.2.

4,4,5 Qualification test examinations.

4,4,5,1 Visual examination. The results of the visual examination shall
meet the requirements of 4.3.3.1.

4.4.5.2 Microscopic examination. The results of the microscopic examina-
tion shall meet the requirements of table II.

4.4.5.3 Bend test examination. Results of bend tests shall meet the
requirements of 4.3.3.3.

4.,4,5.,4 Bond test examination. The average and minimum single specimen
bond strengths of the five tested specimens shall meet or exceed the applicable
bond strengths specified in table I, or the minimum average and single specimen
bond strengths approved for procedure qualification.

4,4.,5.,5 Limits of certification. Operators meeting the requirements for
the performance tests shall be certified to perform spraying with the coating
system and spray process used in qualification testing.

4.4.,5.,6 Maintenance of certification. Certification shall be maintained
in accordance with 4.4.5.6.1 through 4.4.5.6.3,

4.4.5.,6.1 Certification of the operator shall be retained unless a period
of 6 months has elapsed since the last production use of the thermal spray
process by that operator.

4.4,5,6.2 Operators whose certification has lapsed may be requalified by
satisfactorily completing the qualification tests of 4.4.3.

12
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4.4.5.6.3 Qualification testing may also be required at any time an
operator's performance is questionable as evidenced by documented rejected
data or as requested by NAVSEA or its delegated representative.

4.4.6 Records for operator qualification. Records of qualification and
requalification test data results and annual eye examination results shall be
maintained by the thermal spray shop or activity, and shall be subject to
review and audit by NAVSEA or authorized agent.

4.5 Quality control.

4.5.1 In-process inspection. In-process inspection of each sprayed com—
ponent shall assure, as a minimum, verification of the anchor-tooth prepared
surface with a profile tape test; no moisture, oil, grit, contaminants, blisters,
cracks, chips, pits, or coating separation are present before or during spraying;
coating thickness per pass conforms to the procedure, if this is an essential
element; and the coating manufacturer's recommended temperature range is main-
tained.

4,5.2 End item requirement. Inspection and testing of end item shall be
as specified in the contract.

4.5.2.1 Inspection. As a minimum, the end item inspection of sprayed
coatings shall include a visual examination. The finished coating, when
examined with a 10X magnification, shall be free of defects such as cracks,
blisters, chips or loosely-adhering particles, o0il or other contaminants which
bleed out through the coating, pits exposing the undercoat or substrate, and
coating separation. The item shall be checked for correct dimensions.

4.5.3 Test specimens for quality control. Prior to commencement of each
day's production, a bend test specimen shall be prepared in accordance with
4.6.1.2 and tested in accordance with 4.6.4; the specimen shall meet the require-
ments of 4.3.3.1. In the event of failure, the cause shall be identified and
the problem corrected, and another specimen shall be sprayed and tested as above.
The spray procedure should be changed as needed to prevent future failure. When
specified by the contract, quality control of items used in critical applications
shall include testing of specimens which are prepared during the production run
and are representative of the production part whenever possible. The quality
control testing, the sampling plan (for spraying of multiple items) and the
requirements for the specimens shall be as specified in the contract.

4,6 Test procedures.

4.6.1 Preparation of test specimens.

4.6.1.1 Specimens for microscopic examination. Panels approximately 3 by
2 inches by 0.050 inch (minimum) shall be sprayed on one of the large faces using

the appropriate spraying procedure and metal substrate. The coating thickness
shall be 0.008 inch (minimum).

13
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4.6.1.2 Specimens for visual and bend tests. Panels approximately 3 by
2 inches by 0.050 inch (minimum) to 0.063 inch (maximum) shall be sprayed on one
of the large faces using the appropriate spraying procedure and metal substrate.
The coating thickness shall be 0.008 + 0.002 inch, or the maximum thickness
recommended by the coating manufacturer, whichever is smaller. Two-coat samples

shall have 0.002 to 0.003 inch bond coat and at least 0.005 inch t

AN onat
UPp LuUdate

4.6.1.3 Specimens for bond test. Specimens shall be machined and tested
in accordance with ASTM C 633.

4.,6.,2 Visual examination. Each of the as—sprayed specimens shall be
examined at 20 to 50X magnification.

A 6.3

4eCel Ml onic ex 1nar1nn a section

amin 0SCO
amir oscopic examination, a section

inc 0.25 to O 50 inch wide shall be cut from each of the
prepared panels. The section shall be mounted on the longer side of the cross-—
section and then prepared metallographically. Cross—sections shall be examined
at 100 to 200X magnification for the final examination. The oxide and porosity
contents shall be determined by the use of line-—intercept, grid—area, or optical

comparison techniques, or by using comparison photographs, as shown on figure 5.

4.6.4 Bend test. The sprayed panels shall be bent approximately 180
degrees on a 1/2-inch diameter rod. The coating shall be on the tensile side
of the bend. The bend specimen shall be examined visually without the aid of
magnification.

4.6.5 Bond test.

4,.6.5.1 Snraving Spraying shall be

nerf
.6.5.1 Spraying. praying shall be perf
procedure and substrate. Areas not to be sprayed shall be masked on the outer
diameter to prevent overspraying. The as—sprayed thickness shall be greater

than 0.015 inch.

rformed using the appropriate
riormeg g ap

4.6.5.2 Application. The coating shall be applied as evenly and uniformly
as possible to maintain the squareness of the machined test specimen. [If the
squareness of the machined specimen cannot be maintained during the coating,
gr1nd1ng is nprm1qq1b]9 to restore the squareness, provided the coating thickness

is not reduced below the minimum thickness stipulated by the manufacturer. After
grinding, the specimen may be cleaned by vapor degreasing or solvent washing.

5. DETAILED REQUIREMENTS

At AT

5.1.1 Spraying systems.

5.1.1.1 Wire oxygen—fuel gas spray. Equipment for the wire spray system
shall meet the requirements in accordance with MIL-M-3800. The atomizing air
shall meet the requirements of 5.i.2.1.

14
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5.1.1.2 Powder oxygen—-fuel gas spray.

-

The powder spray system shall

include the powder spray gun,
regulators, and mechanical or
the requirements specified in

necessary hoses, flowmeter, fuel gas and oxygen
aspirator feed for powder. Equipment shall meet
MIL-M-80141.
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Equipment shall meet the requirements specified in MIL-M-80226. Conversion
units to adapt existing suitable power sources for electric arc spraying are
also acceptable as long as performance is in accordance with MIL-M-80226. The
atomizing air shall meet the requirements of 5.1.2.1.

5.1.1.4 Plas spray. The plasma arc spra y system shall include a plasma
spray gun, power unit, control console and feed hopper. Equipment shall meet
the requirements specified in MIL-P-80109,

5.1.1.5 Thermal spray systems. Equipment not covered by the Military
Specifications specified in 5.1.1.1 through 5.1.1.4 shall be qualified by the
performing activity.

s
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5.1.2.1 Air equipment. The air equipment used for the abrasive blast,
wire—oxygen—fuel gas spray and arc spray processes shall utilize air having a
maximum of 5 milligrams condensed hydrocarbons per cubic meter and a dew p01nt

of plus 14°F or lower at standard temperature and pressure (6 , 14,5 1b/in
absolute) prior to the final filtering and moisture separatloi unit. Standards
which apply are ASTM D 4285 and BB-A-1034. For abrasive blasting, minimum air
pressure at the blast generator of 50 1b/in? and 75 1b/in? is required for
pressure type and suction type blasting units, respectively.

5.1.3 Fixturing for mechanical positioning. Fixtures for mechanical
positioning shall be used whenever possible to support the work piece and thermal

spray gun in order to maintain a constant, controllable and repeatable gun—to-
work distance and angle. Relative movement between work piece and gun shall be
accuratelv controlled and the nroner curface feetr per minute maintained ag
accurately controlled and the proper surface feet per minute maintained, as
specified in the approved procedure.

5.2 Facilities.

5.2.1 Working areas. The following minimum requirements shall be met for
thermal spray working areas.

5.,2.1.1 Abrasive blasting areas If abragive hlagting ig carried out in

5:2.1, Abrasive blasting areas. If abrasive blasting is carried out in
an enclosed area other than a designated blasting booth, the air in the enclosed
areas shall change at least once per minute. Additional safe breathing apparatus
(operator's hood) shall be used.

15
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5.2.1.2 Thermal s

5.2.1.2.1 Enclosed areas. Enclosed areas shall be equipped with positive
exhaust and wet dust collector systems which provide adequate air flow in accor-=
dance with AWS OPP and CFR 29, part 1910.107. An air respirator mask and eye
and ear protection shall be provided for the operator.

5.2.1.2.2 Open areas. Thermal spraying in open areas shall be carried out
ouly when the components to be sprayed are adequately protected and the dust and
oise do not interfere with adlacent operations.

5.2.2 Abrasive blasting equipment. The following list of equipment identi-
fies the minimum required for performing abrasive blasting operations. Equipment
shall be in satisfactory working order. Gauges shall be properly calibrated.

(a) Blaster utilizing air
according to 5.1.2.1,

(b) Steel blasting table or cabinet.

(c) 0il and moisture separator.

(d) Air pressure regulators with pressure gauges.

(e) Profile tape.

(f) Blast nozzle equipped with a dead-man switch.

(o) Ahracive (gee 5.3.3)

\s/ AvILasive

free of o0il and moisture

(s
(h) Sample meta
(i) Caliper or
5.2.3 Thermal spray equipment. The list of equipment for thermal spray
operations shall meet the requirements of 5.1.1 for the applicable spraying
system. Equipment shall be in satisfactory working order. Gauges and flow
meters shall be properLy LdLLULchu, and all gas and air connections shall be
soap tested for leaks every 3 months. In-line water and oil filters shall be
located between the compressor and the metal spray equipment. These filters
shall be periodically inspected and serviced to assure delivery of uncontaminated
dry air. When greater control is required, automatic dew point measuring instru-
ments with feedback to control the quality of air shall be installed. Optional
equipment may be required as specified in the contract for special application

2 e R S [V Fe Faval
in accordance with MIL-M-3800.

5.2.4 Protective equipment. The following protective equipment

worn by thermal spray operators

hall

o
(o
[}

(a) Air respirator.

(b) Noise protection (ear muffs and plugs).
(c) Eye protection.

(d) Protective clothing.

5.2.5 Fixturing for mechanical positioning. Fixturing for mechanical
positioning shall be as specified in 5.1.3.

16
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5.3 Materials.

5.3.1 Coating materials.

5.3.1.1 Coating type. The coating material shall be as specified in the
contract or by engineering personnel of the performing activity.

5.3.1.2 Thermal spray wire and powder. Wire and powder used for thermal
spraying shall be in accordance with MIL-W-6712 or MIL-P-83348, respectively.
Materials not included in MIL-W-6712 or MIL-P-83348 may be used, providing a
qualified spray procedure has been established for the material (see 4.3).
Wire and powder shall be the same as specified in the procedure to be used.

5.3.1.3 Storage, identification, and separation of wire and powder. Stored
wire and powder shall be protected from environments that can harm the quality
of sprayed coatings. Powder suspected of being contaminated by foreign matter
shall not be used. Storage recommendations of the coating manufacturer shall be
followed. Powders shall be shaken prior to use to break up any segregation or
agglomeration that may have occurred during storage. The contents of powder
containers and wire reels shall be identified.

5.3.2 Thermal spray gases.

5.3.2.1 For flame spraying. The gases listed below are recommended for
flame spraying. Other gases may be used for a spray procedure if that spray
procedure has been qualified for that gas.

Gas Specification Type
Oxygen BB-0-925 Commercial
Acetylene BB-A-106 Commercial

5.3.2.2 For plasma spraying. Gases for the plasma spray process shall be
as follows:

Gas Specification

Hydrogen BB-H-886
Pre-purified 99.95 percent
Maximum oxygen content 0.05 percent

Nitrogen Pre-purified
Maximum oxygen content 0.002 percent
Argon MIL-A-18455

High purity
Maximum dewpoint minus 76°F
Helium BB-H-1168, grade A

5.3.3 Abrasive blasting particles. Abrasive blasting particles used for
surface preparation shall be aluminum oxide grit to provide the anchor tooth
pattern for thermal spray application. Chilled angular iron grit may be used
only on carbon and low alloy steels and aluminum substrates. The aluminum
oxide particles shall have a 16 to 30 mesh size. The chilled iron grit shall
have a 25 to 40 mesh size.

17
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3.1 Requirements. Abrasive particles shall be clean, dry, sharp, and
xcessive fines. Lxcessive fines are defined as greater than 25 percent
3.2 Restrictions. Abrasive particles shall not contain any feldspa

mineral constituents that tend to break down and remain on the bULde@.
particles that may have been used for cleaning heavily contaminated
shall not be used for final surface preparation, even though the

has been rescreened. Grit that is noticeably worn or dull when com=-

pared with new grit under a magnification of 10X shall not be used.

5.3.4 Masking materials.

5.3.4.1 For abrasive blasting. Any masking material which provides ade-
quate protection of the substrate and does not cause corrosion or contaminatio
of the spray coating or substrate may be used. Following abrasive blasting, any

masking material which is unsuitable as a masking material for the thermal spray

process shall be removed.

spraying. Tapes, liquid masking compounds,
may be used as thermal spraying masking materi
be designed for high temperature use.

5.3.4.2 For thermal si
ber or metal shielding

Tapes used for spray masking shall

licon
als

Materials shall not cause corrosion or contamination of the sprayed coatings.

5.3.4.3 Irregular shapes. For instances when holes, slots, keyways or
other types of recesses cannot be protected by tapes or shields, inserts of
arbon or metal may be ed. These inserts are left 1n place aurlng abra

ing spray be removed fini

m

ve

i
hdi

[N

o]

UV‘

T A2 1
lasti i ng.

5.3.5 Sealants. The sealant, if required, shall be specified for each

specific application.
5.4 Process.
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5.4.1.1 Solvent cleaning. Prior to any blasting or spraying, all surfaces
have come in contact with any oil or grease shall be solvent cleaned.
degreasing is preferred' however, solvent washing may be used. Solvents

’T‘r1

1ct

nta

the 1batr in
Lllc DUUDLLCILCO

chlorocet =
Or in

residue film ocethane
toluene in accordance with TT=T-548 are acceptable cleaners
mable and toxic nature of most solvents, proper precautions, such as adequate
ventilation shall be followed during solvent cleaning (see 5.4.8 for safety
precautions). Precautions shall also be exercised to protect any parts which
may be attacked by the solvents. Any anchor tooth surface that has come in
contact with oil or grease shall be solvent cleaned or vapor degreased and then
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5.4.1.2 Heat cleaning. Porous materials which have been contaminated with

grease or oil shall be solvent cleaned and then heated for 4 hours to char and
drive out the foreign materials from the pores. Steel castings shall be heated
at ASNPT mawdmiam TAar hoat=traatahla nanforrane allave ancinearing nercannal
au vIJuv r Ua A Lilllille LUl LicCacu LicaLauv.ic HliviilL T 1L 1L1UuO O.LJ.U]D’ CllsLlLCCL L115 peLOVIILICL
of the performing activity shall be contacted for baking temperature range.

5.4.2 Machining for surface preparation.

5.4.2.1 Undercutting. The substrate shall be undercut when necessary, as
listed below. The undercut shall be limited to a depth that will not reduce the
component strength (see 5.5.i.1).

Allow for a uniform finish coating thick

(a) A
(b) Remove existing spr
(c) Remove damaged or contami
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5.4.2.3 Shoulders. At each of the undercut sections on a cylindrical part,
the shoulders shall be cut at an angle of 15 to 45 degrees. Dovetails shall not
be used. A radius of 0.015 to 0.020 inch should be cut at the corner of the
undercut,

5 4.2.13.1 The nindercut chanld not avtend tao the and of the chaft A wald

e Teale e 411€ unucCriucr Soulull UL caccuuG LU i i ULl LIiiT Silal te o weailu
bead may be deposited at the end of the shaft to provide a shoulder, if no
mechanical or metallurgical damage to the substrate is caused.

5.4.3 Masking. Masking shall be performed on all adjacent areas which may
be exposed or affected by the blasting or thermal spraying process.

5.4.4 Abrasive blasting for surface preparation. Prior to thermal spraying,
t+tha curfacrac tn ha roataod chall ha nranarad hy ahraciuvea hlact+ing #A a ~nloan matal
ic SULLAaLTo LU uc CuUuaLcu 2ilail i uc }JLCPQLCL‘I U_y auviaolve U.LCIDLLI.IS LU a cCcicTail ucuead
surface and a 2 to 3 mils anchor—tooth surface profile. When distortion may be
encountered due to the rt configuration, the anchor-tooth pattern may be reduced

P g

a r—t 1ittern C
to a 1 mil profile, minimum, provided the other tests (such as bend and bond tests)

meet requirements.

5 4.1 Prior to reuse, the aluminum oxide shall be screened using a
30-mesh screen, visually inspected for debris and oil contamination, and shall

-~ £

| L

-~ At At d A Ao

a ~11
1y OL1LTC ntaminatior LESL .

(a) Fill a clean 150-milliliter (mL) (5-ounce) vial or bottle half
full of screened abrasive particles.

(b) Fill the remainder of the vial or bottle with clean water.

(c) Cap and shake vial or bottle.

(d) Inspect water for oil sheen.

(e) 1If any oil is observed, the abrasive particles shall not be used
in the final anchor-tooth blasting process.

/£ NTann hlactdimns amniidaman rmarmtlanes L1 acsdoar catnrdal arnAd Tataor
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5.4.4.2 The blasted surface shall have a white metal blast pearance with
an anchor~tooth (not peened) surface profile as specified in 5.4.4 and validated
(measured) with profile tape and a dial micrometer. Blasting shall be done in
accordance with SSPC 5. A white metal blast cleaned surface finish is defined as
a steel surface with a gray—-white, uniform metallic color, slightly roughened to
form a suitable anchor pattern for coatlngs. The surface shall be free of oil,
, dirt, mill scale, rust, corrosion products, oxides, paint, or any other
n matter. The color of the clean surface may be affected by the particular
, ive medium used. Photographic or other visual standards of surface prepara-
tion shall be used to further define the surface if specified in the contract or
order. Abrasive blasted surfaces shall not be allowed to come in contact with
contaminated surfaces prior to completion of metal spray and sealing processes.

Prepared surfaces shall be handled cnly with clean gloves, rags, or slings.

= 0Q ﬂ'«:'

Contact with any oil or grease (such as touching with a bare hand) may result
in failure of the coating. The slightest presence of oil, oxidaticn or cther
foreign material on the surface to be sprayed may result in separation of the
thermal spray coating. The blasted surface is rejectable if the white metal
blast condition is lost.

5.4.5 Spraying.

5.4.5.1 The spraying operation shall be started within 2 hours after prepa-
ration of the surface has been completed. If more than 15 minutes, but not over
2 hours, is expected to elapse between the preparation of the surface and the

S
spraying operation, or whe the part shall be removed to another location, the
prepared surface shall be protected from oxidation and contamination and from
handling and fingermarks. Wrapping with clean paper (free of newsprint) will
usually provide adequate protection. If more than 2 hours elapse between surface
preparation and spraying, or if oxidation or contamination from any other source

5.4.5.2 Components shall not be sprayed if the substrate temperature is
below 60°F, or if the substrate temperature is less than 10°F above the dew
point of the ambient air. Wherever possible (or practical) the work shall be
preheated to 200 to 225°F to eliminate surface moisture. Higher preheats (350°F)
may be required on a case basis for specific r coatings which may

thick f atin ients, or differences

n n mpe ur ) 1 using a
icks or evices shall not be used as
detrimental materlal contamination will result. If preheating is done with a
gas flame, the flames shall not be directly applied onto the area to be sprayed
to avoid possible surface oxidation and contamination by carbon deposits. Gas
flame preheating is acceptable if test specimens that are preheated with a gas

flame pass their respective test criteria.

ck-

|_4.

5.4.5.3 The spraying operation shall be nrerr pted only to measure th
ness or temperature, to change spraying material m bond or undercoat to finish
coat, or to permit cooling to prevent overheating. Durlng spraying, the tempera-
ture of the work shall not exceed 350°F or the tempering or aging temperature of

the substrate, whichever is lower. Cooling may be accomplished by use of blast

of clean, dry air, carbon dioxide or other suitable gas introduced near, but
mnd AL At T ey sin v N Aawmaa hkaAad X OoT Y Aatrn
not airectliy upon, tne area being sprayed.
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5.4.5.4 The direction of the thermal spray shall be as close as possible
to an angle of 90 degrees with the surface being coated and not less than 45
degrees.

L /Z & & Th o vrnarls ahall kha a1 TAawad A AnAl mnAarmally A »Aanm Famnaratiira

Jete e 111 WOLRK »Dlidll U aliovowcu LU CLuoulL 1UL d..l.J.y LU Luug LTciupciracturcc
after spraying is completed. If it is necessary to cool the work more quickly,
a blast of air, carbon dioxide or other suitable gas may be directed onto the

work. The blast shall be maneuvered to obtain a uniform cooling rate over the
entire section., There shall not be any quenching with liquid.

5.4.6 Application of sealant. Thermal sprayed coatings shall be sealed
after spraying and again after finishing to minimize corrosion of the substrate.
The particular sealant selected will depend on the maximum use temperature of
the component and the purpose of sealing the coatings. Some applications may
not require that a sealant be used, but elimination of the sealant requires
NAVSEA approval.

5.4.7 Surface finishing. Surface finishing shall be used to obtain the
specified dimensions and to provide a finer surface finish than the as-sprayed
. O U, ~ e 2 A.:A_ o gy — e - 1

be used in the as-sprayed condition whenever permitted.
s and thickness
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of the coating. The p 1 g;
Soft materials, such as bronze and babbltt, may be s

5.4.7.1 Care shall be taken in any machining or grinding operation in
order to avoid damage to the coating. Improper techniques during the finishing

operation could result in pull=out of particles, thus producing a severely
nitrt+ad irfana Avr haat In Alrd oy Tha gnvauad mared~lao abhall kAo Alanmler abhanwa A
preicu surrace or eat <Cnéecki 15 111C SDpPplayclu palitllClitTo osildll ve clcocdl .L_y ollcalicdy
and not pulled from the surface as a result of the finishing operation.

5.4.8 Safety precautions. Safety practices shall be as follows.

5.4.8.1 Thermal spraying, like any other industrial process has its
inherent hazards. Potential hazards include vapors, dusts and fumes, gases,

the wire spray gun, noise and arc ultraviolet radiation. These hazards can be
eliminated or minimized when proper safety precautions are taken. The require-
ments of AWS OPP shall be complied with.

5.4.8.2 Approved solvents (such as, toluene, trichloroethane and alcohol)
have vapors that are harmful and can be fatal; and, therefore, shall be used only
with adequate ventilation. Prolonged breathing of vapors and repeated contact
th the skin s 1 be avoided. Toluene and alcohol are also flammabi
r t a r !

e taken.

5.4.8.3 Before opening any gas valve, assure there is adequate ventilation
in the work area. Examine all gas equipment regularly for leaks and loose con-—
nections, tightening or replacing as necessary. Gas cylinders shall be secured
to keep them from falling. Cylinders in use shall be kept away from the thermal

spray operation so that molten spray or flame will not reach them. If this is
P S P i R BN £ o e o m b e P Ny R B [y L -11 ) S U . I | TIL e S —~ -1 a
10L pPpObBS1IDIE, L1IE L[eS5Sistdill sShieldsS sndall € providaede. wnen not 1n use, snut
off gas and place valve caps on cylinders.
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use face shields
to protect the eyes,
Personnel near blasting operations

5.4.8.4 When abrasive blasting in semi-confined spaces,
with dust hoods or helmets with forced fed puritied air,
face, chin and neck from flying particles.
shall wear protective safety eyewear.

5.4.8.5 Maintain thermal spray guns in accordance with manufacturer's
recommendations. Do not light the wire gun without wire in the nozzle as flames
may shoot back into the gun causing equipment damage and operator injury. When

lighting the gun, use a friction lighter; do not use matches.

5.4.8.6 Both abra31ve blasting and thermal spraying generate dusts and
fumes, posing a respiratory hazard. Adequate ventilation combined with use of
proper personal protectloi equipment normally provide satisfactory protection.
In closed areas, a water wash booth with a positive exhaust system shall be used
to minimize the hazardous concentrations of dusts and fumes. Appropriate
personal respiratory protection shall be worn during spraying and sealing
operations. 1If operator discomfort such as dizziness or nausea develops, stop

spraying. Determine the cause for the discomfort and correct the cause before
resuming the spraying process.

5.4.8.7 Noise levels generated by the thermal spray process are sufficient
to cause temporary deafness or permanent loss of hearing, and fatigue. utfs
and properly fitted soft rubber ear plugs shall be worn by thermal spray opera-
tors and personnel in the immediate spray vicinity to reduce the high intensity
noise levels to acceptable conditions. Use of cotton wads is specifically

Ear m

prohibited.
5.4.8.8 1Infrared, visible and ultraviolet radiation from the thermal spray
process can cause eye discomfort and damage. When spraying, a suitable filter
plate shall be used with the helmet, face shield or goggles as follows:
(a) Wire flame spraying: Shades 2 - 4
(b) Powder flame spraying: Shades 3 - 6
(c) Plasma spraying: Shades 9 - 12
(d) Wire arc spraying: Shades 9 - 12
WARNING: Covers shall be placed over windows of the thermal spray facility
when spraying to protect the eyes of personnel working outside or
passing by.
5.4.8.9 Flame-resistant clothing and leather or rubber gauntlets shall be
wvarn Annring rharmal anrauving o baan harm€.:1 Flyginma marttialan Funm #1lwmmma]
WULIIL Uul illy Lilciiulalr oSpliaylily LU RoCcp llatrliiul LLy.L 15 parLrciclcd L LIl LiHeriild .l
sprayed materials from skin contact. Aluminized clothing may be used, taking
care radiation and ultraviolet light are not reflected onto unprotected skl
areas. Care shall also be taken as aluminized clothing may present a dange
from electric shock.
5.4.8.10 Operators shall wear protective equipment as specified in 5.2.4.
5.4.8.11 Two persons shall be present at all times during the sgpraying
operation; one inside the spray booth and one outside

N
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5.5 Thermal spray applications.
5.5.1 Generai.
R:5;1;1 Thermal Qpray coatlngs an be applied to buildup worn or mis-

Thermal spray coatings are
not 1ntend d to fill gougcs or similar localized damage without building up the

entire area. Thermal spray deposits do not restore properties such as tensile
strength or resistance to fatigue stresses.

~Af aacqgi

facility. Selection shall be made from the presented 11st1ngs in
II whenever possible. Thermal spray applications and coatings not specified in

tables T and II and 5.5.2 shall receive NAVSEA approval on a case-by-case basis
before spraying.
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TABLE IT. Recommended spray proqgggggg,l/

Spray
Spray material Spray
Substrate Application processg/ codeé/ categoryﬁ/
Carbon, low
alloy, and Fit pP Pi 4.1
stainless FpP Pl 4.1
steel; FW/FW W1/ W2 2.1
Cast iron Wear, seal,
_erosion PP/ PP P1/P2 5/4.1/8.1
FP/FP P1/P2 4.1/8.1
Nickel base
alloys Fit PP P3 6.1
Fp P3 6.1
FW W3 6.2
Wear, seal,
_erosion PP/ PP P3/p2 5/6.1/8.1
Fp/Fp P3/p2 6.1/8.1
Bronze Fit PP P4 5.1
FP P4 5.1
FW/FW W1/ Wa 5.2
Wear, seal,
erosion PP/ PP P4/ P2 5/5.1/8.1
T FP/FP P4/ P2 5.1/8.1

These procedures are recommended for the listed applications and substrates
{(operators must be qualified in accordance with 4.4.3). Other procedures
may be used if the procedures and operators are qualified in accordance
with 4.3 and 4.4.3, respectively.

See table III for powder and wire chemistries.

Spray categories and associated bond strength, porosity, oxide and thickness
requirements are given in table I.

The bond strength requirements for the ceramic top coat apply (spray category

8.1 from table I).
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5.5.2 Approved applications.

5.5.2.1 Machinery. Thermal spray is approved for machinery applications
on surface ships with the following exceptions:

Qwuat

vy + am
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idcat
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nes.
(c) Sh1p s service turblne generators.
(d) Reduction gears.

(e) Lineshafts and lineshaft bearings.

.1 Equipment. Permitted applications on surface ships include main
forced draft blowers and equipment of equal or lesser criticality.
hQ{
pai

b
mentg are:
nents arc.

(a) Repair of static fit areas to restore original dimensions,
finish, and alignment.
(b) Repair of seal (including packing) areas to restore original

dimensions and finish.

(¢) Repair of fit areas on shafts to restore original dimensions
and finish (except for motor generator sets).

(d) Buildup of pump shaft sleeves and wear rings to restore

original dimensions.
(e) Repair of bearing shaft journals to restore original dimensions.
(f) Babbitt bearings for auxiliary equipment.

Thermal spray is not approved for repair of submarine components. Requests for
deviations to this exclusion should be addressed to NAVSEA.

5.5.2.2 Proposed applications. Applications that are not specified in
5.5.2.1 require specific NAVSEA approval. This approval will be based on the
results of a laboratory or service test to determine the adequacy of the coating
in the proposed application.

6.1 Intended use. This standard defines the qualification, procedure
approval, and documentation requirements, and approved applications for thermal
spray processes used for machinery repair and corrosion protection (except
thermal spraying of aluminum for corrosion protection) of Naval machinery.

[ ey S S i ot 11 1.
ng 4dctivities suoudid.

6.2 General requirements. All sprayi
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Obtaln NAVSEA cert1f1cat10n of the qualxty assurance system and
thermal spray facilities (see 4.2.1 and 4.2.2).

(c) Train and qualify all spray operators and inspectors (see 4.4).

(d) Obtain NAVSEA approval of spray procedures or demonstrate ability

to use previously approved procedures (see 4.2,3, 4.3.1, and

4.3.4).
(e) Prepare and Smelt sprayed component record forms (see 4.1.3,
4.1.4, and 4.1.5).
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6.3 Data requirements. When this standard is used in an acquisition

which incorporates a DD Form 1423, Contract Data Requirements List (CDRL),
the data requirements identified below shall be developed as specified by an

approved Data Item Description (DD Form 1664) and delivered in accordance with
O 1 ANDY [ Wy P at. A_..A...--A. T . . el ok memmzed oL o m a n.n
Lile approvea UURL inc orporar.ecl ll O tne CONnLrdcCte. wilen wvne P[UVLbLUHb UJ. vov
FA Supnlement Part 27 Sub=Part 27.410-6 (DD Form 1423) are invoked and the
FAR Supplement, Part 27, Sub-Part 27.410-6 (DD Form 1423) e invcked and the
DD Form 1423 is not used, the data specified below shall be delivered by the

contractor in accordance with the contract or purchase order requirements.
Deliverable data required by this standard are cited in the following paragraphs.

Paragraph no. Data requirement title Applicable DID no. Option

4.1 and 4.2.2 Plan, quality assurance UDI-R-21374 —_——
program

4.2.2.2, 4.3.1.1, Certification data/report UDI-A-23264 —

and 4.3.3.5

(Data item descriptions related to this standard, and identified in section

6 will be approved and listed as such in DoD 5010.12-L, AMSDL. Copies of data
LI gy Arxnn,.-f..o--!,\n nnnnnnnn -t oA b mant ~men d e mAeea rxd b aAnma~d £4 A
Lcil o> >CLLpLiol 1S LCL[UJ.LCU U_y tiieé CONnCraciors in LUllllCLLLUll witlil Spclitric
acquisition functions should be obtained from the Naval Publications and Forms
Center or as directed by the contracting officer.)
6.4 Subject term (key word) listing.
Electric arc
Plasma
Powder flame
Spray
Thermal
Wire flame
6.5 Changes from previous issue. Asterisks or vertical lines are not
used in this revision to identify changes with respect to the previous issue
diioe tn tha ovtancivenace nf thoa ~rhancac
AS S ¢4 - v il CALLTLHIg A VUCLILOO i Lo 4 \,llﬂlls(—a.

Preparing activity:
Navy = SH

{(Project MFFP-N346)
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A. Materials (Military specification and trade names)

flatel 14ls \ 1

Coating: bond coat finish coat _

Substrate

Lot 1o.

B. Preparation D. Coating parameters

Method of cleaning Pounds/hour

Masking information _ Gun to work distance in.

Fixturing type Surface feet per minute
Blast grit type and size Preheat temperature =
Nozzle to work distance Spray time (per pass) __
Nozzle size Total no. of passes =

C. Spray equipment supplements Thickness per pass
Gun type Method of cooling:

Gears type Air Gas

Air cap type Forced Static

VT

Wire nozzle type no. Coating thickness:
Nozzle orifice size As~-sprayed _ _

Type of gas used (1) _ After finishing

Type of gas used (2) E. Sealer type

n
i
(1
(0]
~

1) F
i/ Iy

Finishing method

Lighting pressures (2)

Flow (1)

low (2)

&2

"
¥
b
"

FIGURE 1. Wire oxy-fuel spray process and parameter record.

28



Downloaded from http://www.everyspec.com

A. Materials (Military specification and trade names)

Coating: bond coat Finish coat L
Substrate
Lot no. L _
B. Preparation D. Coating parameters
Method of cleaning . Pounds/hour
Masking information Gun to work distance (in)
Fixturing type Surface feet per minute
Blast grit type and size _ Preheat temp.
Nczzle to work distance Spray time per pass
C. Spray equipment supplements Total no. of passes
Gun type R L Thickness per pass
Wire size _ Method of cooling:
Atomizing gas _ Air _ ____ Gas
Type e Forced ___ Static __
Pressure _ . Coating thickness:
Atomizing air lb/iﬁz_’ﬂaiw__*m____‘_ As-sprayed
Volts _ o After finishing L
Amps L . E. GSealer type
Spray distance F. Finishing method

FIGURE 2.

Wire arc spray process and parameter record.
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A. Materials (Military specification and

Coating: bond coat

Substrate

Lot no.

B. Preparation

Method of cleaning

Masking information

Fixturing type

Blast grit type and size

Nozzle to work distance

C. Spray equipment supplements

Gun type

Nozzle type no.

Air cap

Type of gas used (1) _

Type of gas used

D. Arc gas settings

Regulator (1) 1b/inZ L

Regulator (2) 1b/in?

Console flow C.F.H.

Gas (1) R -
Gas (2) e
FIGURE 3.

(SH)
987

trade names)

Finish coat

E. Powder feeder

Type

Carrier gas
Flow C.F.H. _
Wheel RPM

Vibrator

=

etering
g

Pressure

Flow control clicks
Meter wheel o

Spray rate

Transport valve setting

Powder valve setting _

F. Coating parameters

work distance

Gun

to

Surface feet per minute

Preheat temperature

in.

Spray time (per pass)

Pounds per hour

w
<

Powder oxygen - fuel spray process and parameter record.
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Total no. of passes

Coating thickness per pass _

Forced __ Static

Coating thickness:

As sprayed _

H. Finishing method

FIGURE 3. Powder oxygen - fuel spray process and parameter
record. - Continued
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Materials (Military specification and trade names)

Coating: bond coat

Substrate _

Lot no.

Preparation

Method of cleaning

Masking information

Fixturing type

Blast grit type and size

Nozzle to work distance

Nozzle size

Spray equipment supplements

Thermal spray gun type

Nozzle type no.

Type of gas used (1)

Type of gas used (2) _

Arc gas settings

Regulator (1) 1b/in? .

Regulator (2) 1b/in?

Console flow C.F.H.

Power

Voltage dc operating

Amperes dc operating

E.

G.

Finish coat .

Powder feeder

Type _

Carrier gas

Flow C.F.H.

Wheel r/min

Powder port

Powder gas orifice

Air vibrator Pressure

Meter wheel

Spray rate

Coating parameters

Gun to work distance in.

Surface feet per minute

Preheat temperature

Pounds per hour

Spray time (per pass)

Total no. of passes

Coating thickness/pass

Method of cooling:

Air Gas

Forced . Static

*Adjust gas flow as necessary to obtain the voltage range required.

FIGURE 4.

32
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FIGURE 4.
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Coating thickness:
As sprayed
As finished
H. Sealer type
I. Finishing method
Plasma spray process and parameter record. - Continued
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Oxide, porosity com

FIGURE 5.
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(TO DETACH THIS FORM, CUT ALONG THIS LINE
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Thermal Spray Processes For Naval Ship

achinery Applications

T
3a. NAME OF SUBMITTING ORGANIZATION

D VENDOR

M ysea
J vstrn

b. ADDRESS. (Street, City, State, ZIP Code)

D MANUFACTURER

4. TYPE OF ORGANIZATION (Mark one)

5. PROBLEM AREAS
a Parsgrasph Number and Wording:

b. Recommended Wording:

¢. Resson/Rationsle for Recommendastion:

6. REMARKS

’ Code) — Optional

c. MAILING ADORESS (Street, City, State, ZIP Code) — Optional

8. DATE OF SUBMISSION (YYMMDD)

| R




