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1. Thig Military Standard i=z approved for uge by Ogden
ALC/MMDSA, Department of the Air Force, and ig avallable for use
by all Departmente and Agencies of the Department of Defense.
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1. SCOPE

1.1 Scope. Thig standard covers the eﬁgineering
requirements for electrodeposition of a hard chromium on high
gtrength steel mubgtrates and the properties of depomit.
Subgequent heat treating techniques needed to insure low hydrogen
embrittlement of gteel are alaso desmcribed.

1.2 Documentation. This standard meetz and exceeds the
requirements of QQ-C-320 and can be used when plating in
accordance with QQ-C-320.

1.3 Purpose. Chrome plating iz appiied for wear reszistance,
reconditioning worn or underaize partz, and guch incidental
aorrogion protection as the specified thickness of the deposit
may afford. Where corrozion protection ie desired, an undercoat
of nickle 0.025 to 0.080 millimetera (0.001 to 0.002 in)
thickness 18 recommended.

1.4 Clasgification

1.4.1 Clasges. Chromium plating covered by this standard
ahall be of the tollowing clasgsesa:

a. Claga 1 - Crack free (mee 4.8)

b. Clasa 2 - Limited cracking allowed (s2ee 4.8)

o. Clags 3 - Moderate cracking allowed {see 4.10)
NOTE: When not apecitied, plating class shall be Class 3.

1.4.2 Types. Chrome plating covered by this standard =hall
be of the following typesn:

a. Type 1 - Plated to =pecified dimensions (zee 4.11)

. b. Type II - Procesgsed to specified dimensiona after
plating (see 4.12)

2. REFERENCED DOCUMENTS

2.1 Doocuments. The following documents of the issue in
effect on date of invitation for bide or request for proposal,
torm a part of this standard to the extent apecified herein.

SPECIFICATIONS "

Federal
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0-C-303 Chromium Trioxide, Technical
0-8-800 Sulfuric Acid, Technical
QQ-C-320 Chromium Plating (Electrodeposited)
Militapy
MIL-8-13165 Shot Peening ot Metal Parts
MIL-I-28138 Ingpection Materials, Penetrant
MIL-R-81641 Rotary Flap Peening of Metal Parts
STANDARDS
Military
MIL-STD-866 Grinding of Chrome Plated Steel and
Steel Parts Heat Treated to 180,000 PSI
or Ovenr
MIL-STD-871 Electro-Chemical Stripping of Inorganic
Finishe=r
MIL-STD-1B04 Abrasive Blagt of Ailraratt Componente
MIL-STD-1049 Inzpection, Magnetic Particle
MIL-STD-6866 Ingpection, Liguid Penetrant

{Copiea of specificationa, atandarda, drawings and

publications required by suppliers in ccnnectian with zpeaitio
procurement funcotions should be obtained from the procuring

activity or ag directed by the contracting officer).

2.2 Other publications. The following doocuments form a part
of thig #tandard to the extent specified herein. Unless
otherwige indicated, the igaue in effect on date of invitation
tor bidz or request for proposal shall apply.

American Society for Teating and Materials
ASTM E8 Standard Tenzion Testing ot Metallic Materials
(Appliaatioﬁrfor coplea should be addressed to the American
Society tor Testing and Materials, 1916 Race Btreet,
,Philadelphig. PA 19103).

Aerospace Material Specifications

AMS 2640 Magnetic Particle Ingpection
AMS 2845 " Fluorescent Penetrant Inapection

(Applioxations for copleaz szhould be addressed to SAE, 400
Commonwealth Drive, Warrendale, PA 15086-0001)

2.3 Order of precedence. In the event'of a conflict between

2
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e referencaeg cited herain,
take precedence,

.

the text of thig gpecification an
the text of this apegification ghal

Mas S aasawSmlll

th
1
3. DEFINITIONS

3.1 High atrength ateel. For the purpose of this standard

high atrength steel is defined as asteel heat treated to 1.24 X
10® Pa =quared (180,000 p=zl) and above.

3.2 Material batch. All items proceassed at one time through
the plating bath.

4. GENERAL REQUIREMENTS

4.1 Materjals and equipment. Materiala and equipment used
in achromium plating are aa follows:

4.1.1 Materials
a. Chromium Trioxide, Technical (0-C-303)
b, Sulfuric Acid, Technical (0-S-808)

c. Anodes

7% Tin-lead; wires, rod, or strip
7% Antimony-lead; wireas, rod, or sirip

4.1.2 Equipment

: a. Power source. Either generated or rectified D.C.
curnent may be uszed. Ripple value ghall not exceed 10 percent as
‘meagured by dividing the Root Mean SBquare of the A.C. voliage
component by the D.C. Voltage. This can beat be measured by
uging an RMS A.C. Voltage Meter and dividing this value by the
D.C. Veltage. These measurementas are to be taken acroas the
anode and cathode buz at the tank.

b. Tankg. Tanks shall be resistant to the operating
temperature and the chemical environment.

a. Temperature contrel. Plating tanks to be operated at
temperatures other than room temperature shall be equipped with
automatios temperature indicating and regulating device=s.

d. Instrumentation. An ammeter ghall be placed in
geplieg with the chromium tank cathode. The ammeter zhall have
sufficient shunta and switches to provide a full-scale reading
equal to the maximum capacity of the power source, and an
accuraey of + 8 percent of the current being measured.

3
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e. Blast equipment. Blast cabinetz shall be located near
the plating line. The size of the cabinet shall be adequate to
enclose the parts to be plated. Air lines ahall be suitably
trapped and filtered to prevent in-process contamination of the
partse to be aleaned.

f. Bake oven. An oven capable of baking parts at 191 +
14=C (375 * 28<F) a#hall be located near the plating line. The
g#ize of the oven szhall be adequate to enclose parta to be plated.
The oven shall be equipped with temperature indicating, recording
and regulating devices.

4.2 Specification QQ-C-320. The requirements of QQ-C-320
ghall be plated to be compllied with on all partz, in conjunction
with those zpecified in this standard. If there iz a conflict
between the two documentz, however, the requirements of this
gtandard shall govern.

4.3 Finiszh. The plated part will have a finish that is

amooth, continuous, homogenousg, adherent, and free from pits,
hligtera, nodulag and any other indicationsg of harmful defects.

e w A sidlaaes Sitfm & =1l =2l RaRlS L2 nLgL 4l E

4.4 Shot peening. All parts shall be shot peened in
accordance with MIL-8-13165 or MIL-R-81841, unless otherwige
gpecified.

4.5 Embrittlement. Qualification teat specimens and process
aontrol test specimenzs shall be subjected to a sustained load
test at 7B percent of the ultimate notched tengile astrength. The

gpecimeng ahall endure thig sustained load for 200 hours minimum

mwidhanidt a1 T4t Am mwnan~ L4 2
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4.6 PReproceszsing. Parta rejected for defective plating,
requiring stripping and replating, shall include all of the
pre-plating steps ot this standard. Parts shall be stripped in

LATT OAMT AN
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accordance wit
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4.7 Plating thickness. The plating thicknesza ghall be as
apecified on the engineering drawing or other applicable
direotives. Except when otherwise specified, the minimum
thicknegs shall be 0.5 miilimetera {(0.002 in)-and the maximum
thickneas 0.2 millimeters (0.008 in) on the finiahed part. .

4.8 Class 1. Parts plated to Clasz 1 ghall not show a mud
eraocking pattern when fluorescent penetrant inspected. (2ee
8.3.1}

4.9 Clags 2. Parts plated to Clasa 2 are allowed to show
some cracking pattern when fluorescent penetrant inspected (see
5.3.1). As a general rule cracks exceeding 13mm (i/2 in) in

4
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length or individual areas of cracking exceeding 19 square
agentimeters (3 aq in) or 10 percent of plated area whichever is

emaller should be cauge for rejection of the part.

4.10 Clage 3. Parte plated to Clazs 3 are allowed to show a
moderate amount of aracking when fluorescent penetrant inspeated

(gea 58.3.1). To determine part acceptability the part will be

acleaned to remove the penetrant materiale and the areas of
aoracking inepected visually uging an oblique light. If the
oracking pattern can be discerned, that will be cauge for
rejection of the part.

4,11 Type I Plating. For Type I Plating, the items shall be
plated to the dimension and Burtfesce finish speaified on the
dprawing. The gurfacae finiszh on the lLtem before plating =hall be
equal to or better than the required finish after plating. Type
I plating may be buffed or lapped after plating 1f dimeneional
tolerances and surface aonditions cannot be controlled in the
plating operation.

4.12 Type II Plating. For Type II plating a minimum of 0.05
millimetera (0.002 in) more chrome than desired shall be
depogited (per surface). The excess aghall be ground off to give
the final dimension and surface finigh desired. Steel parts heat

treated to 1.24 X 10°® Pa (180,000 peil) and above ahall be ground
in acgordance with MIL-QTD- RRR All ﬁ'nnll'nd cohrome platad

A M ensE i FYa Was - o Mmaatn Swaaa W =0 s

surfaces shall be fluorescent penetrant inapected (see 8,.3.1}).
Chrome plated surtfaceg showing indicationg of abusive grinding
{gpiral, barber pole, cirular, patch or lineay crack patterna},
apalling or blistering a2hall be cauze for rejection of the parte.

5. DETAILED REQUIREMENTS

8.1 General notesz

6.1.1 Prior to plating. Except for finish grinding
operationa, all machining, forming, welding and shot peening
ghall be complatad prior to plating.

B.1.2 Baking. Parts ashall be baked for stress velief before
plating for four hours minimum at 191 + 14° cersius (376 t 2B°F).
Shot peening shall be performed before plating and atter stress
relleving.

8.1.3 Plating sequence. If chromium and cadmium are used in
aombination, the chromium ghall be depozited first. When chrome
plating i=s to be followed by cadmium plating, the 23 hour minimum
bake period, requived by 8.2.7, can be replaced by a four hour
bake peariod at 191 *+ 14~C (375 + 25°F), provided the part i=s

baked for 23 hours minimum after completion of the cadmium

5
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plating.

5.1.4 Storage of parts. Storage of parts between atrezs
relief and cleanling shall be controlled te prevent contact with
water or other corrosive materials. Partz2 shall be sgtored to
permit free circulation of air around the parts.

5.1.%5 Handling of partze. After the partz have been eleaned,
they =2zhall be handled in such a manner (white gloves, eta) that
will asgsure a minimum of contamination.

5.1.6 Maeking. Sections or areas of a part that are not to
be plated shall be masked off{. Plug and masking materialz that
do not contaminate the plating bath ashall be uaed. Maaking
gahould be performed at the mort convenient gtep prior to plating.

5.1.7 BRacking. Sufttficient contact area and presgure ghall
be provided to carry the current without overheating. Racking
should be performed at the mosat aconvenlent gtep prior to plating.
When gang plating (two or more like partsa) care should be taken
to asg2ure a uniform division ot current flow to each part ot
uniform tank =2pacing and metioculous ‘cleaning and shaping ot
racking contact surfaceaz or by providing isolated controlled
current patha to each individual part; amperage limits gpecified
in 5.2.4.

8.2 Plating procedure. The chromium plating procedure shall
be as described below:

§.2.1 Step No. 1. Partas shall be vapor degreased, solvent
cleaned or alkaline cleaned. Cathodic cleaning iz not permitted.

WARNING
PROVIDE ADEQUATE VENTILATION DURING
DEAREASING OPERATIONS., AVOID SKIN
AND EYE CONTACT WITH SOLVENT SOLUTIONS.

5.2.2 Step No. 2. The preferred method of cleaning ig by
dry blagting using 80-180 grit aluminum oxide (Als0Oz) or silicon
dioxide (810:) or garnet per MIL-STD-1504. Other nonembrittling
cleaning procedgses can be uged with the approval of the procuring
activity. Elapsed time between completion of cleaning and Step
No. 3 shall not exceed aixty minutes.

5.2.3 Step No. 3. Anodic etch 18.5 to 48.5 ampa/decimeter
aquared (1 to 3A per aq. in.) for 30 secondsg to 10 minutez. Etch
in the following soluticn (preferred) or in the plating bath,
5.2.3: ’

Chromic Acid 225-300 gram/liter (30-40 oz/gal)

6
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Temperature 32 to B0 degreeg C (90 to 140°F)
NOTE: Etching increaseg i1ron contamination in the plating bath,
therefore, the use of solution 5.2.3 lg recommended.

5.2.3.1 Alternate reverge etch solutionz. A aulfuriec aecid
or a sulfuric-hydroflueric acid mixture can be used asg an
alternate (reversge etch golution) to the solution specified in
5.2.3. The conditionz for the employment of either the sulfuric
acf{d or the sulfurie-hydrofluoric acid mixtures are ag follows:

a. Harty percent sulfuric acid.

{1) Operating range - 35-45 percent gulfuric acid by

<
[
P
-
i3
2

*2) Temparature - ambient.

Current density - 15.5 to 46.5 amps/decimeter
e X
i .

A - w - . 3 -
58 per ag. ifi. ) , 4adnuvuaigc

ﬁquu:'ud {1 tt‘:j
14) Time - 30-120 seconds.
b. ZFulfuric-hydrofluoric acid.

{1} Operating range - gulfuric aecid, 20-30 percent
by volume: 70 percent hydrofluoriec acid, 3-10 percent by volume.

{2) Temperature -~ ambient.

i3) QCurrent densgity -~ 31.0 to 62.0 ampe/decimeter
squared (2 to 4A per 2q. 1n.}, anodie.

{4) Time - 60-90 meconds.

§5.2.4 gtep No. 4. Chromium plate at 15.8 to 46.5
ampa/decimeters squared (1 to 3A per g2q. in.) to the required
thiokness. When feagible, apply voltage so that the current will
flow upon immergion of parts. Chromium plate in the following
golution:

a. Chromic Acid 228-270 gram/liter (30-36 oz/gal)
b. Sulfurie Acid 2.25-2.7 gram/liter (.30-.36 oz/gal)
. Trivalent Chrome 4 grame per liter (g/l) max

d. Iron 5 g/1 max

e. Ratio Chromic Acid/Sulfurie Acid 80/1 to 12071

7
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f. Temperature 82 to 60<C (128 to 140<F)

NOTE: It is general practice to start plating at a higher
current (two to three times the plating current) and continue fon
a zhort time (0.8 to 1.0 minute). This helps in activating the
surface. :

NOTE: Other plating molutions may be used when approved by the
regpongible engineering organization provided the deposgit meets
the requivements of this atandard.

WARNING ‘

PROVIDE ADEQUATE VENTILATION WHEN USING
CHROMIC PLATING SOLUTIONS. WEAR PROTECTIVE RUBBER
GLOVES AND CHEMICAL QOCAALES TO PREVENT
SKIN AND EYE EXPOSURE.

§.2.8 gtep No. 8. Rinse parts in cold water and inapeat for
datects and adequate bulldup. If underaize, return to plating
tank and continue plating. If plating is adequate, remove masgking
and racking, and clean as neceggary.

5.2.6 Step No. 6. Rinse all parts in hot water and blow dry
with compessed ailr. Elapsed time betwesen completion of plating
and start of baking, astep number 7, shall not exceed four hours.

8.2.7 Step No. 7. Bake all parts heat treated to 1.24 X 10°
Pa (180,000 pei) and above for twenty three hours minimum, at 101
+ 14= C (378 + 285<f) (2ee 5.1.3).

5.3 Inapection. Inspection shall be in accordance with the
inspection and teste in QQ-C-320 and this standard.

§.3.1 Penetrant inspection. The partz =s2hall be cleaned and
inspected for the requirements of paragraphs 4.8, 4.9, 4.10 and
4.12 in accordance with MIL-STD-5866, Type I, Method A, B or C
uging material per MIL-I-25135 droup VI. Penetrant penetration
time will be 20 minutesg minimum.

8.3.2 Magnetic particle inapection. When specified, parts
shall be cleaned and inspected per MIL-8TD-1948, for any
deleteriousz procezsing effectz on the part. The acceptance
standard should be a & required by the responsible engineering
organization.

5.4 Procesg controls. Solutions used in the plating process
shall be checked periodically and maintained in accordance with
the requirements of this procesaz standard.

5.5 Qualification embrittlement tegt. The vendor shall

8
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demonstrate his ab
requirementa of 4.

a. Four round notched 4340 steel specimens each from
geparate heats, heat treated to a tensile strength of 1793 to
1931 megapascals (260,000 to 280,000 psi) shall be prepared. The
configuration fhall be in acoordance with Figure 8 of ASTM
gtandard EB8 for round gpecimens. Specimena zhall have a 60
degree Y-notoh located approximately at the center of the gauge
length. The orogg gection area at the root of the V-notch shall
be approximately equal to half the area of the full oroas egection
area o! the apecimen’s reduced ssotion. The V-notch sghall have a
0.254 + 0.00127 millimeter (0.010 + 0.0008 in.) radius of '
curvature at the base of the notch.

b. During plating the =specimens shall be mounted
gsymmetrically on a rack by themselves. All areas of the rack
except the contact area ghall be aoated with a a2uitable maskant.
An ammeter, having a senaitivity of 0.8 amperes or better zhall
ba adonnected to the apecimen rack and the ocathode bar. The
gpecimen shall be plated at two amperes per sguare inch for three
heourg. The apecimen shall be baked for twenty-three hourzs at 191

+ 14=C (375 + 28°F) within four hours of removal from the bath.

~ MTha ananimanes mill ha syyhdambnd A 900 haAayvime At
L) EE IR nr‘h‘l‘l;‘.n VW A ok i N ek b ) S Y WO NG L Lo -l - el

static loading at 78 percent of the ultimate notched tenzile
gtrength. The teat 2hall be considered pasged it all four
gpecimens meet the requinremants of 4.8.

d. Upon succeesful completion of the atatic load test,
one of the notched tensile apecimens shall be sectloned acrass
the notch parallel to the axie ot the specimen. PFPhotomicrographs
shall bs taken of the notched area and examined for complete
coverage of the notoh (use 80-100x magnification).

5.8 Procvess control embrittlement acceptance test. The
proceas ‘control embrittlement acceptance teagt =shall be as
follows:

a. Two gtandard specimens of the type noted in 85,.8a
ghall be plated per 5.5b in conjunctiton with the plating of
iteme. The gpecimens sghal] be =ubjected to & sustained load teat
of 785 percent of the ultimate notch tenaile gtrength of the
material for 200 hours minimum and shall meet the requirementa of
4.8, Fallure of any one of the apecimena ghall conatitute
tallure of the test, and production ghall ceaae until the cause
of failure ig determined and the bath requalified. Acceptance of
ltema completed after the last successiully completed acceptance
teat 2hall be withheld until the extent and cause of failure have
been determined.



Downloaded from https://www.everyspec.com

MIL-STD-1501C (USAF)

b. The test for embrittlement shall be conducted a=s
often ag deemed necezsary with a maximum interval of every ninety
(80) calendar daya. 1f the embrittlement test has not been
performed in the ninety (00) days preceeding the proceasing of a
material batch, the bath must be qualified in accordance with

§.8.

5.7 Safety and health. This document specifies the use of
certain materiala which have been listed in 28 CFR 1910 (OSHA

Standards) as "Toxic and Hazardoug Subztancez®. Personnel

expoaure to these materials during the proceaz must be limited to
the values epecified in applicable portiona of OSHA Standard

1910.1000.

Custodian:

Preparing Activity:
Air Force - 99 )

Air Force - 170
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