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of the Air Fovce, and iE available for
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uee
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1. SCOPE

1.1 s~ .
veauirements for

MIL-STD-1501C (USAF)

This standard covers the engineering
electrodeposition of a hard chromium on high

st;ength steel substrates and the properties of deposit.
Subsequent heat treating techniques needed to insure low hydrogen
embrittlement of steel are also described.

1.2 Documentation. This standard meets 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 is appliad for wear resistance,
~econditloning worn OP undersize partfz, and such incidental
aorrosion protection as tbe specified th+okneas of the deposit
may affo~d. Where corrosion protection ie desired, an undercoat
of nickle 0.025 to 0.050 millimeters (0.001 to 0.002 in)
thickness is recommended.

1,4 Cla88iticati0n

1.4.1 Classes. Chromium plating covered by this standard
#hall be of the following classes:

a. Cla8s 1 -

b. Claes 2 -

c. Class 3 -

Crack free (8ee 4.8)

Limited craoking allowed (see 4.9)

Moderate cracking allowed (see 4.10)

NOTE : When not specified, plating class shall be Class 3.

1.4.2 T~. Chrome plating covered by this standavd shall
be of the following types:

a. Type 1 - Plated to specified dimensions (see 4.11)

b. Type II - Processed to specified dimensions after
‘plating (see 4.12)

2. REFERENCED DOCUMENTS

2.1 Doauments. The following documents of the issue in
effeat on date of invitation fop bids or Pequeet for pm.posal,
form a pa~t of this standard to the extent specified herein.

SPECIFICATIONS “

Federal
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MIL-STD-1601C (USAF)

O-C-303
0-s-809
QQ-C-320

Military

MIL-S-13165
MIL-I-25135
MIL-R-81841

STANDARDS

Military

MIL-STD-S66

MIL-STD-871

MIL-STD-1504
MIL-STD-184Q
MIL-STD-6S66

Chyomium Trioxide, Technical ,
Sulfunic Acid, Teahnical
Ch~omium Plating (Electnodeposited)

Shot Peening of Metal Parts
Inspection Materials, Penetrant
Rotary Flap Peening of Metal Parts

Grinding of Chrome Plated Steel and
Steel Parts Heat T~eated to 180,000 PSI
or Over
ElectPo-Chemical Stripping of Inorganic
Finishes
Abrasive Blast of Aircwaft Components
Inspection, Magnetic Particle
Inspection, Liquid Penetrant

(Copies of specifications, standa~dg, drawings and
publications required by supplie~= in connection with spec!ific
ppoc+u~ement funations should be obtained from the pmx!uring
activity or as directed by the aontraating offic,er).

2.’2 Other publications. The following doauments fo~m a part
of this standard to the extent specified herein. Unle8s
otherwise indicated, the issue in effect on date of invitation
fon bids on request for proposal shall apply.

AmeFican Society for Te8tin.g and Materials

ASTM ES Standard Tension Testing of Metallic Materials

(Appliaationfo~ copies should be addres8ed to the American
Society for Testing and h!ate~iala, 1916 Race Stmeet,
Philadelphia, PA 19103).

Aero8Dace Material Specifications

AMS 2640 Magnetic Pamtiale Inspection
AMS 2645 Fluorescent Penetrant Inspection

(Applications for copies should be addr~ssed to SAE, 400
Commonwealth Drive, Warrendale, PA 15096-0001)

2.3 Order of Precedence. In the event”of a conflict between

2
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the text of this specification and the references cited herein,
the text of thig specification shall take precedence.

3. DEFINITIONS

3.1 High strength steel. For the purpose of this standard
high strength steel is defined as steel heat treated to 1.24 X
100 pa squared (180,000 psi) and above.

3.2 Mate~ial batcb. All items prOceBsed at one time through
the plating’ bath.

4. GENERAL REQUIBEMSNTS

4.1 Materials and eauipment. Matevials and equipment ueed
in ahromium plating are as follows:

4.1.1 Materials

a. Ch~amium Trioxide, Technical (0-C-303)

b. SUlfUPiC Acid, Technical (0-S-809)

c. Anodes

7% Tin-lead; wires, rod, or strip
7X Antimony-lead; wi~ea, rod, or strip

4.1.2 ECfUiDI!M?IIt

a. Power source. Either generated or rectified D.C.
\aurrent may be used. Ripple value shall not exceed 10 percent .ag
measu~eti by dividing the Root Mean Square of the A.C. voltage
component by the D.C. Valtage. This aan best be measured by
ueing an RMS A.C. Voltage Meter and dividing this value by the

. . D.C. Voltage. These measurements are to be taken across the
anode and aathode bus at the tank.

b. T-. Tanks shall be resistant to the operating “
‘temperature and the chemiaal environment.

Temperatu~e control. Plating tanks to be opevated at
temperat~~es other than room temperature shall be equipped with
automatic temperature indicating and regulating devices.

d. Instrumentation. An ammeter shall be placed in
SePie@ with the ch~omium tank cathode. The ammeter .ehall have
sufficient ~hunts and ~witches to provide a full-eaale reading
equal to the maximum capacity of the power source, and an
aoauracy of L 5 percent of the current being measured.

3
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MIL-STD-1501C (USAF)

e. Blast equiDment. Blast cabinets ehall be located near
the plating line. The e.ize of the cabinet shall be adequate to
enclose the parts to be plated. Ai~ lines shall be suitably
t~apped and filtered to prevent in-process contamination of the
pants to be cleaned.

f. Bake oven. An oven capable of baking parts at 191 1
14-C (3’75x 2!3”F) shall be lo@ated near the plating line. The
size of the oven shall be adequate to enclose parts 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 complied with on all parts, in conjunction
with those specified in this standand. If there is a conflict
between the two documents, however, the requirements of this
standa~d shall govevn.

4.3 Finish The plated part will have a finish that is
smooth, c-~us, homogeneous, adherent, and free from pits,
blisters, nodules and any other indications of harmful defects.

4.4 Shot peening. All partg shall be shot peened in
acao~dance with MIL-S-13165 or MIL-R-E1841, unless otherwise
specified.

4.5 Embrittlement. Qualification test specimens and process
control test specimens shall be subjeatsd to a sustained load
test at 75 percent of the ultimate notched tensile strength. The
specimens shall endure this sustained load for 200 hours minimum
without failing OF cracking.

4.6 ReDrocessin~. Parts rejected fop defective platlng,
nequining s.tnipping and replating, shall include all of the
pre-plating etepfi of this .etandavd. Parte shall be Etvipped in
aaaordance with MIL-STD-8’Y1.

4.7 Plating thiakness. The plating thickness shall be as
specified on the enginee~ing dnawing or other applicable
dineotives. Except when othe~wise speaified, the minimum
thickness shall be 0.5 millimeters (0.002 In) -and the maximum
thickness 0.2 millimeters (0.008 in) on the finished pant. ,

4.8 Class 1. Parts plated to Class 1 shall not show a mud
cracking pattern when fluorescent penetrant inspected. (see
5.3.1)

4.9 Class 2. “Parts plated to Class 2 are allowed to show
some cracking pattern when fluorescent penetrant inspected (see
5.3.1). As a general rule cracks exceeding 13mm (1/2 in) in

4
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length or individual areas of craaking exceeding 19 square
centimeters (3 sq in) or 10 peraent of plated area.whiahever is
smaller should be cauee for rejection of the part.

4.10 Class 3. Parts plated to Class 3 are allowed to show a
modevate amount of a~aaking when fluorescent penetrant inspeated
(see 5.3.1). To dete~mine part aaaeptability the pant will be
aleaned to nemove the penetrant materials and the areas of
a~aaking inepected visually ueing an oblique light. If the
araaking pattern aan be diaaerned, that will be cause fon
mejeation of the part.

4.11 Type I Plating. For Type I Plating, the items shall be
plated to the dimension and surfaae finish speaified on the
d!$awing. The su~faae finish on the item befoPe plating shall ba
equal ta or better than the required finish after plating. Type
I plating may be buffed or lapped after plating if dimensional
tolerances and surfaae conditions cannot be controlled in the
plating operation.

4.12 Type 11 Plating. FOP Type II plating a minimum of 0.05
millimeters (0.002 in) more chrome than desired shall be
deposited (per surface). The excess shall be ground off to give
the final dimension and surface finish desired. Steel parts heat
treated to 1.24 X 10° Pa (180,000 psi) and above shall be ground
in aaaordance with MIL-STD-866. All ground ahrome plated
aurfaae.e shall be fluorescent penetrant inspected (see 5.3.1) .
Chvome plated surfaaes showing .indications of abuaive grinding
(spiral, barber pole, airular, patch or linear arack patterna),
apalling or blistering .ehall be cause for rejeation of the parts.

5. DETAILED REQUIREMENTS

5.1 General notes

5.1.1 Pnior to plating.. Exaept for finish grinding
operations, all machining, forming, welding and shot peening
shall be completed prior to plating.

6.1.2 Bakin&. Pants shall be baked for stress relief before
plating for four hours minimum at 191 L 14- cevsius (375 L 25-F).
Shot peening shall be pevformed befo~e plating and after stregs
relieving.

5.1.3 Plating sequenae. If ahpomium and cadmium ape used In
combination, the chromium shall be deposited first. When ch~ome
plating is to be followed by aadmium plating, the 23 hour minimum
bake pe~iodr required by 9.2.7, can be replaced by a four hou~
bake period at 191 L 14°C (375 L 25-F) , provided the part is
baked for 23 hotn$s minimum afte~ completion of the cadmium

Fi
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plating.

5.1.4 Storage of pa~ts. Storage of parts between stress
relief and cleaning shall be controlled to pnevent contact with
water. or othen corrosive materials. Parts shall be stored to
permit free circulation of air around the parts.

5.1.5 Handling of parts. After the parts have been cleaned,
they shall be handled in .euah a manner (white gloves, eta) that
will assure a minimum of contamination.

5.1.6 Masking. Sections or areas of a part that are not to
be plated shall be masked off. Plug and masking materials that
do not contaminate the plating bath shall be used. Mae&ing
should be pevfo~med at the most convenient step prior to plating.

5.1.7 Racking. Sufficient aontact area and p~essure shall
be provided to carry the current without overheating. Raaking
should be performed at the moe+t convenient step prior to plating.
When gang plating (two or more like parts) care should be taken
to assure a uniform divieion of cument flow to each part of
uniform tank epacing and meticulous cleaning and shaping of
~aaking contaat surfaces OP by p~oviding isolated controlled
current paths to each individual pant: amperage limits specified
in 5.2.4.

5.2 Plating procedure. The chromium plating procedure shall
be aa desc~ibed below:

5.2.1 Step No. 1. Parts shall be vapo~ degreased, solvent
cleaned or alkaline cleaned. Cathodic cleaning is not permitted.

WARN IN13
PROVIDE ADEQUATE VENTILATION DURINQ
DECREASING OPERATIONS. AVOID SKIN

AND EYE CONTACT WITH SOLVENT SOLUTIONS.

5.2.2 SteD No. 2. The p~efer~ed method of @leaning is by
dry blasting using 80-180 grit aluminum oxide (AlaO=) or silicon
dioxide (S10=) or garnet per MIL-STD-1504. Other nonemb~ittling
cleaning processes can be used with the approval of the procuring
activity. Elapsed time between completion of cleaning and Step
No. 3 shall not exceed sixty minutes.

5.2.3 steD No. 3. Anodic etch 15.5 to 46.5 amps/de@imeter
squared (1 to 3A per sq. in.) for 30 seconds to 10 minutes. Etch
in the following solution (ppeferred) on in the plating bath,
5.2.3:

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

6
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Temperatu~e 32 to 60 deg~ees C (9o to 140°F)

NOTE : Etching Increases iron contamination in the plating bath,
~efore , the use of solution 5.2.3 is recommended.

5.2.3.1 Alternate reverse etch solutione. A sulfuric acid
or a #ulfurl,..-hydnofluoric acid mixtu?.e can be used as an
alternate (reverse etch solution) to the solution speeified In
5.!2.3. The condition8 for the employment of either the sulfu~ic
acid or the e{~lfuric-hydrofluoric acid mixtures are as follows:

a. ?arty peraent sulfuric acid.

:1) Operating range - 35-45 percent sulfuric acid by
volume.

n) Tempe~ature - ambient.

(3) Current density - 15.5 to 46.5 amps/declmeteP
squared (1 t! 3A per sq. In.) , anodic.

(4) Time - 30-120 seconds.

b. <,~lfuric-hydrofluoric acid.

Ii) Operating range - sulfuric acid, 20-30 percent
by volume: “?0percent hydrofluoric acid, 3-1o pencent by volume.

(2) Temperature - ambient.

:3) Current density - 31.0 to 62.0 amps/decimeter
squared (2 to 4A per sq. In.) , anodic.

{4) Time - 60-90 seconds.

5.2.4 &t.ep No. 4. Chromium plate at 15.5 to 46.5
amps/decimete~s squared (1 to 3A per sq. in.) to the required
,thicknese.. When feasible, apply voltage =0 that the cu~rent will
flow upon immevsion of parts. Chromium plate in the following
solution:

a. Chromic Acid 225-270 gram/liter (30-36 oz/gal)

b. Sulfuwi@ Acid 2.25-2.7 gvam/liter (.30-.36 ozlgal)

c. Trivalent Chrome 4 grams per liter (g/l) max

d. Iron 5 gll max

e. Ratio Chromic Acid/Sulfuric Acid 80/1 to 120/1

7’
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f. Temperatu~e S2 to 60°C (125 to 140-F)

NOTE : It is genepal practioe to start plating at a higher
current (two to three times the plating current) and aontinue for
a short time (0.5 to 1.0 minute) . This helps in activating the
surface.

NOTE : Other plating solution8 may be used when app~oved by the
responsible enginee~ing organization p~ovided the depoBit meet8
the Requirements of this standard.

WARN INQ
PROVIDE ADEQUATE VENTILATION WHEN USING

CHROMIC PLATINQ SOLUTIONS. WEAR PROTECTIVE RUBBER
QLOVES AND CHEMICAL GOGGLES TO PREVENT

SKIN AND EYE EXPOSURE.

5.2.5 Step No. 5. Rinse parts in cold water and inspect for
defects and adequate buildup. If undersize, Feturn to plating
tank and continue plating. If plating is adequate, ~emove masking
and racking, and clean as necessary.

5.2.6 SteD No. 6. Rinse all parts in hot water and blow dry
with compessed air. Elap8ed time between completion of plating
and stavt of baking, step number”l, shall not exceed four hour8.

5.2.7 SteD No. 7. Bake all parts heat treated to 1.24 X 108
Pa (lB0,000 psi) and above for twenty thnee hours minimum, at 191
~ 14- C (3’75~ 250!) (see 5.1.3).

5.3 IIISDeCtiOn. Inspection shall be in accordance with the
inapeation and tests in QQ-C-320 and this standard.

5.3.1 Penetrant inanection. The parts shall be cleaned and
inspected for the ~equirements of pa~agraphs 4.S, 4.9, 4.10 and
4.12 in accordance with MIL-STD-6866, Type I, Method A, B or C
using material per MIL-I-25135 Group VI. Panetnant penetration
time will be 20 minutes minimum.

5.3.2 Magnetic particle inspection. When specified, partg
shall be cleaned and inspected per MIL-STD-1949, for any
deleterious processing effects on the part. The acceptance
standard should be a s required by the responsible engineering
organization.

6.4 Process controls. Solutions used in the plating process
shall be checked periodically and maintained in accordance with
the requirements of “this process standard.

5.5 Qualification embrittlement test. The vendor #hall

8
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demonst~ate his ability to p~ovide ohromium plate which meets the
requirements of 4.5 as follows:

a. FOUP round notched 4340 steel epecimen= each fvom
separate heats, heat treated to a tensile strength of 1793 to
1931 megapascals (260,000 to 280,000 psi) shall be pnepared. Tbe
configuration shall be in accordance with Figure S of ASTM
standard ES for round gpec!imens. Specimens shall have a 60
degree V-notch located approximately at the center of the gauge
length. The cross section area at the root of the V-notch shall
be approximately equal to half the area of the full @ro8s section
area of the specimen’s reduced 8e@tion. The V-notch shall. have a
0.264 Q 0.00127 millimeter (0.010 ~ 0.0005 in.) radius of
@urvatuPe at the base of the notah.

b. During plating the specimens shall be mounted
symmetrically on a rack by themselves. All areas of the rac?k
except the contact area shall be ooated with a suitable megkant.
An ammeter, having a sensitivity of 0.S amperes or better shall
be aonnected to the specimen rack and the cathode bar. The
specimen shall be plated at two amperes per square inah ion three
hours. The specimen 8hall be baked for twenty-three hours at 191
L 14-C (37’5L 2B-F) within four houns of removal fnom the bath.

a. The specimens will be subjected to 200 hours of
static loading at 70 percent of the ultimate notched tensile
strength. The test shall be considered pasged if all four
specimens meet the r@quir.sments of 4.S.

d. Upon successful completion of the static load test,
one of the notched tensile specimens shall be sectioned across
the notch parallel to the axia of the specimen. Photomicrographs
shall “be taken of the notched area and examined for complete
cove~age of the notch (use SO-1OOX magnification) .

5.6 Process control embrittlement acceptance test. The
proaesa ‘control embrittlement acceptance test shall be as
ffollows:

a. Two standard specimens of the type noted in 5.5a
shall be plated pen 5.5b in conjunction with the plating of
items. The specimens shall be subjected to a sustained load test
of 75 pencent of the ultimate notch tensile strength of the
material for 200 hour= minimum and shall meet the requirements of
4.0. Failure of any one of the specimens shall constitute
failure of the test, and production shall cease until the aause
of failure is determined and the bath requalified. Acceptance of
items completed aftem the last successfully completed acceptance
test #hall be withheld until the extent and cause of failure have
been determined.

9.
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b. The test for embrittlement shall be conducted as
often as deemed necessary with a maximum interval of every ninety
(90) calendan days. If the emb~ittlement test has not been
perio~med in the ninety (90) days preceding the processing of a
material batch, the bath must be qualified in accordance with
5.5.

5.7 Safety and health. This document speaifies the use of
certain materials which have been listed in 29 CFR 1910 (OSHA
Standards) a8 “Toxia and Hazardou8 Sub8tance8”. Per,eonnel
exposure to the8e materials during the process must be limited to
the values specified in applicable portions of OSHA Standard
1910.1000.

Custodian: Preparing Aativity:
Aiv Fovae - 99 AiF Force - ’70

Project Number:
MFFP-F423
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