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AEROSPACE ARP 1331
RECOMMENDED '
Society of Automotive Engineers, Inc. PRACTICE | lswed  March 197

Revised

TWO PENNSYLVANIA PLAZA, NEW YORAK, N.Y. 10001

THE CHEMICAL MILLING PROCESS

1. PURPOSE:

1.1 This recommended practice provides recommendations concerning the chemical milling of aluminum|
magnesium, and titanium base alloys, and specialty alloys.

1.2 The detailetll recommendations are based on practical engineering and production elxperience that
will enable ndustry to make proper use of the chemical milling process.

2. GENERAL: [Chemical milling is a process used for controlled dissolution'of metalg in order to ob-

tain weight reduction and specific design configurations. The amount of metal removed is a function
of the materinl being etched, the etchant composition and temperature,”and the timel of immersion in
the etchant solution.

2.1 Application|of Chemical Milling Process: This process can.be used in the following ways:

a) Remove metal from the surface of formed or irregular shaped parts such as fprgings,
castings, extrusions, or formed wrought stock., Metal may be removed from |the entire
surface of the part or from selected areas.

b) Reduce| web thicknesses below practical ‘machining, forging, casting, or forming limits.

¢) Taper sheets and preformed shapés.

d) Produce stepped webs, resulting in the consolidation of several details into
one integral piece.

e) Remove metal from.the surface of tough, hard-to-machine alloys.

2.2 Advantages|of Chemical Milling Process: The advantages of this process are as f¢llows:

a) A part may be chemically milled on both sides simultaneously. In so doing, the part
is prodessed twice as fast and warpage which might result-from the release of 'locked in'
stresses is minimized.

b) Production capacity is increased because many parts can be chemically milled at one
time. This can be done by chemically milling a large piece before cutting out the parts
or by milling many separate pieces in the tank at one time.

¢) Close tolerances may be held when chemically milling.

d) There are many ways to save weight by using this process. Extrusions, forgings, castings,
formed sections, and deep drawn parts may be lightened considerably. Raw stock, such as
sheet or bar, which would normally be heavier because of the limitations due to standard sizes
or minimum thickness restrictions required for forming, forging, or casting, may also be
lightened considerably. Using this process, parts may be produced with very thin web sections
without fear of excessive warpage or distortion by observing the proper relationship between
pocket size and web thickness. \

Copyright 1974 py Society of Automotive Engineers, Inc. Printed in U.S. A,
All rights reserved.
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e)

f)

g)

h)

i)

)

k)

1

Tapering of sheets, extrusions, or formed sections may be readily accomplished by using this
process. Various tapers may be made on one or both sides of a part.

The design of sandwich construction parts can be improved by leaving heavy bands or stiffeners
(integral with one or both skins) at attachment points.

Parts may be formed and heat treated prior to chemical milling. Since forming is easier prior to
the machining operation, less expensive forming dies are required and costly "check and straighten"
work is largely eliminated. Warpage resulting from heat treating is also minimized.

The process permits the design of lighter-weight, integrally-stiffened parts which are simplified
by the elimination of riveting, welding (seam, spot, and fusion), or metal bonding.

Parts mar olishing of the

milled suxface.
The surfage finish of many castings can be improved by chemical milling.

Thin partd may be blanked out using special techniques incorporating the use of photosensitive
masks and spray etching equipment.

Machine plracticality or conventional machining methods need/not limit the designer or manu-
facturer of chemical milled parts.

2.3 Limitations of|Chemical Milling Process: The limitations.of this process are as follpws:

2)

b)

c)

d)

e)
f)

g)

h)

i

Fillet radii are determined by factors such as depth of cut, alloy, etchant, and maskant and are
approximdtely equal to the depth of cut. Inside corners take a spherical shape, putside corners
remain sharp.

Aluminumf-base alloy castings are pormally difficult to chemical mill due to the porosity and
inhomogeneity of the cast material.(Such castings may be chemical milled where neither
smooth sulrfaces nor high strengths are required.)

Welded parts must be considered individually because chemical milling over a welded area often

results in|pits and uneven etching. Many welded materials can be satisfactorily [chemically milled;
however, [individual tests should be performed to determine the advisability of chemically milling a
particulay part. Parts may be chemically milled by masking the welded area.

Surface ifregilarities such as dents and scratches are reproduced in the chemicgl milled surface

of aluminym-base alloys. Surface dents and scratches in magnesium-base alloyss tend to wash out or
disappear as a result of chemical milling. Selective masking of scratches and dents can be used to
produce good parts. ’

surface waviness and thickness variations are reproduced but not enlarged.
Normally, cuts in excess of 0.500 in. (12.70 mm) deep are not recommended.

Holes, deep and narrow cuts, narrow lands, and sharp, steep tapers should not be
attempted.

No one etchant can be used on all alloys. Caution should be exercised in selection of the etchant
for the alloy being chemical milled.
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RECOMMENDATIONS:

Design Considerations:

3.1.1 Depth of Cut: Although cuts up to 2.0 in. (51 mm) deep have been made in plate, the following limitations

3.1.

3.1,

3.1.

3.1,

3.1.

3.1.

3.1

3.1,

3.1

may be used as a guide:

Maximum Depth Per Surface

Inch (Millimetres)
Sheet and Plate 0.500 (12.70)
Extrusion 0.150 ( 3.81)
Forging 0.250 ( 6.35)

Depth of Cut Tolerance:

.1 Becaupe the etchant solutions used in the chemical milling process reproduce the thickness variations
of the joriginal raw stock, the question of expected process tolerances ig’ indeed complex. When forging
or maghining operations precede chemical milling, the final tolerances must either be enlarged to allow
for the thickness variations introduced by these operations or thése variations must be removed.

.2 The process tolerances can be improved by using premiuror close tolerance stock, by pregrinding or
chemifal sizing stock to a close tolerance, by segregating incoming stock according to actual thickness,
by individually handling during the etching cycle or, where possible, by using narrower widths of stand-
ard sHeet which are controlled to a closer tolerancé’by the producing mill.

.3 A reafonable production tolerance for chemical milling is + 0.002 in. (0. 05 thm). To this must be
added|the actual raw stock tolerance prior to Chemical milling. With the abovg comments in mind, the
tolerances shown in Fig. 1 are recommended as a guide for production chemical milling.

Lateral Tolerances: For cuts up to.0.250 in. (6.35 mm) deep, a lateral tolerange of +0.030 in. (0.76 mm)
is normal as shown in Fig. 2. Thig tolerance can be reduced considerably as also shown, with maximum
effort.

Minimum Land Width: The minimum land width should be twice the depth of cufj but not less than 0. 125 in.
(3.18 mm). It need not be greater than 1.0 in. (25 mm). Narrower lands are ppssible but more expensive
to achieve.

Minimym Width-of Cut: The minimum wilith of cut should be twice the depth of put plus 0. 060 in.
(1. 52 mm) for cuts up to 0.125 in. (3.18 mm) deep and twice the depth of cut plys 0.125 in. (3.18 mm) for
cuts over:0Y125 in. (3.18 mm) deep. '

Cuts on Opposite Sides: Cuts on opposite sides of the metals should not be directly opposite one another
because of the heat transfer problem. The recommended minimum distance between cuts on opposite
sides for normal production work is 0. 250 in. (6.35 mm).

Tapers: Tapers greater than 0. 100 in. per lineal foot (8.33 mm/m) are not recommended for aluminum.
Much more gradual tapers are recommended for other metals.

Grain Direction: Aluminum parts should be chemical milled in such a way that the length of the cut will
be parallel to the grain.

Surface Finish: The surface finish of chemical milled parts is determined by the initial surface finish,
the alloy, the heat treat condition, the depth of cut, and the etchant used. In general, good quality stock
free from scratches, pits, and other damage should be specified for chemical milled parts. The following
surface finishes can be expected:
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3.1.10 Forming and Heat Treating: Parts

3.1.11

3.2

3.2.1

3.2.2

3.2.3

3.2.4

3.3

3.3.1

3.3.1

3.3.1

Aluminum - 53 to 142 RHR (1.35 to 3.61 um)
Magnesium - 2710 63 RHR (0.69 to 1.60 pm)
Steel - 27 to 223 RHR (0.69 to 5.66 Lm)
Titanium - 13to 45 RHR (0.33 to 1.14 pm)

ical milling.

should be formed and, when necessary, heat treated prior to chem-

Trim Area: Whenever possible, chemical milled parts should be designed with trim area. Trim area is

exXcess material surrounding the actual part. The excess material is trimmed off after chemical milling.
When no trim area is provided, much time and money is spent in protecting the edge of the part.

Tooling Considerations:

Template Mater]

ials:

The two most popular template materials are aluminum sheet @nd

Aluminum temp)
mended when co

mtoured or irregular shapes are to be scribed.

Template Desigh:

ates are recommended for flat or slightly curved surfaces.

scribe lines so

Undercut Ratio:
dicular to the e3
known for each

Color Coding: (

ing the sequencs

each level should be permanently marked on the tool:

Production Consi

posed surface but also undercuts the mask, this undercut ratio or etch f.
hlloy and designed into the template.

Dn chemical milling templates that have more than one level of cut, a col

lerations:

hat a knife slip during the scribing operation would affect only the area g

Inasmuch as the process etchant solution dissolves‘metal not only in a ¢

of mask removal is recommended. -Inaddition, the depth of cut and fin:

.1

.2

Cleaning:

An absolutely
other foreign|
etching of the
contaminated|
procedures b
all parts prigq

One or more

clean surface, free'of oil, grease, primer coatings, marking inks, sc

rlass laminates.

Glass laminates are recom-

Whenever possible, templates should be designed with a-minimum of stiffeners across

f strippable mask.

irection perpen-
hetor must be

pr code designat-
b1 thickness for

, soil, and

e
matter, is the prime requirement to ensure proper adhesion of the mas:Eland uniform

material. Because parts or stock received for chemical milling norm
with one or more of the above types of soil, it is recommended that stan

r to masKing.

y have surfaces
dard cleaning

e established for each of the primary alloys and that the correct procedure be used on

of-the following steps is required to clean satisfactorily the alloys of aluminum, magnesi-

um, titanium

a)

and steel.

Solvent wiping or vapor degreasing or both are used to remove the visible oil or
grease, primer coatings, and marking inks.

Parts may be hand wiped using a

clean rag and a fresh suitable solvent until the soil is removed (normally, solvent
wiping is used to remove primer or marking inks) or the parts may be suspended
in a standard vapor degreasing tank until degreased. In either case, this step
greatly prolongs the life of the alkaline cleaner solutions.

b) Alkaline

cleaners remove invisible oil, surface dust, traces of primer, marking

inks, and minor inclusions which have been pressed into the surface in the forming
or handling operations.

Scale, oxides, and conversion coatings must also be removed to ensure uniform

mask adhesion. This is done by immersing the parts or stock in solutions which

have been s
aluminum a.ﬁe

oys or the descalers for steel and titanium alloys.

cially compounded for the specific task, such as the deoxidizers for
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3.3.1..3

3.3.1.4

3.3.2

3.3.2.

3.3.3.

3.3.3.

3.3.3.

3.3.3.

Scribing|and Stripping Etching Area:

-5- ARP 1331

The success of most chemical milling operations depends upon the efficiency of the rinsing steps.
It is, therefore, very important that all parts be thoroughly rinsed immediately following each chem-
ical treatment.

After cleaning, parts should be handled only with clean, cotton gloves to avoid recontamination with the
natural oils present in the hands.

Masking:

Except where all-over metal removal is desired, all chemical milled parts should be masked as soon
as possible after the parts have been cleaned, dried, and cooled to room temperature.

The mask is a coating of any kind which is used to control the location of the. unetched or nonmilled
areas of a part by protecting these areas from the action of the etchant solution.

A magk must have sufficient adhesion to cling tightly to the part when it is imnlersed in the etchant

solutibn. A mask must also have sufficient adhesion to protect the edgesof-et¢hed areas, thus produc-
ing gdod, sharply-defined, etched lines. The adhesion must not be too-tight, hHowever, or the mask will
be difficult to hand-strip prior to etching.

Chemlical milling maskants may be applied by dip, spray, flow-coeat, roller-cgat, or brush, or by silk’
screehing for shallow etching.

.1

The exposure of areas to be etched is accomplished-by first cutting the mask along lines which define
the ayeas, using a thin-bladed knife(X-Acto knife'or equivalent) and then removing the mask, as de-
sired| by hand stripping.

requife the use of templates for this purpose. Constructed of sheet metal or glass laminate, a tem-
plate [is approximately the same size and contour as the part and fits snugly inst the masked surface
to be letched. The specific areas to be etched are defined by cut-out sections of the template.

For dingle parts, layout tools are used o outline the areas to be scribed. H;Z production schedules

Prioq to scribing, the template is placed over the part, properly located accoxding to index holes or
tabs,|and clamped sectrely against the masked part.

Scri:tng is an art which requires patience and skill. The flat side of the scribje knife blade is placed
against the edge of the cut-out area of the template and held perpendicular to the surface of the part.
Suffigient pressure is applied to penetrate the mask without scratching or goug ing the metal beneath,
and the blade’ is drawn along the outline to scribe completely the area to be etdhed (see Fig. 3). Under-}
cuttijglor overcutting the mask at the edge of the template results in changes in the line location on the
etched part.

When scribing is complete, the template is removed and the mask stripped from the areas to be etched
by peeling it away from the metal toward the center of the area to be etched. The scribed and stripped
areas may be inspected for proper dimensions and any tendency of the mask to lift from the surface.
Abnormalities which may cause rejection of the finished part can usually be repaired, but if they are
too extensive, the part should be stripped completely, recleaned, and remasked.

3.3.4 Etching:

3.3.4.1 TImmersion of a part in an etching solution to remove metal and leave a predetermined design is the

basic operation of the chemical milling process. The cross section of the finished part may show
tapers, selected reduction in certain dimensions, uniform reduction in all dimensions, or a combina-
tion of these configurations.
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3.3.4.2 A series of tanks filled with special solutions constitute the chief equipment used in the etching opera-
tion. These tanks should be arranged to permit rapid transfer of parts from one to another as etching
and surface finishing or rinsing proceeds. The tanks are constructed of materials which resist the
action of the etchant solutions and are fitted with auxiliary equipment to permit control of the solutions
in the tanks and the fumes from the tanks. A

3.3.4.3 Etch tanks require several types of auxiliary equipment. Tanks should be fitted with heat exchangers
for temperature control, agitation elements to aid in heat transfer as well as to maintain uniform con-
centration of chemicals throughout the tank, and float controls or warning devices to maintain proper
fluid level. A venting system above the tank is used to carry fumes away from the operating area.

3.3.4.4 Baskets or racks are used for simultaneous etching of smaller parts, and these may be shifted from
tank to tank by an overhead monorail or bridge crane. Large parts which are impractical to rack may
be handled individually by the crane. :

3.3.4.5 Rinses and other solutions remove undesirable surface coatings or deposits forméd byt the action of the
etchant solutipns. A rinse system is, preferably, a combination deep-rinse tank-with|continuous over-
flow gutters and a low-pressure spray system above the overflow level. Agitation of Water in the
deep-rinse tapk hastens rinsing action and reduces sludge or scale build-up/in the tank. Most rinsing
and surface finishing solutions are operated at or near room temperature," and becausp the heat gen-
erated by chemical reaction with immersed parts is slight, heat exchangers are unnecgssary.

3.3.4.6 To ensure uniform metal removal, etchants have been specially. férmulated which not bnly dissolve
metal but alsq control sludge formation, etch rate, and surfacé finish.

3.3.4.7 For example,|in aluminum etching solutions operated atKigh concentrations and tempgratures, there is
a tendency for metals such as copper and zinc to plate.out on the surface being etched,| producing ir-
regularities on the surface or the formation of a hardisludge. To avoid these faults aluminum etchants
have been spefially formulated which produce sméoth, uniformly etched surfaces with|no sludge prob-
lem.

3.3.4.8 Because the dppth of metal removed is dependent upon the time of immersion in the et ching solution, the)
etch rate for 3 particular metal or alloy must be determined prior to production of paxts. Etch rate is
the depth of metal removed from a_surface by the etching solution per unit time, exprgssed in mils
(thousandths df an inch) per minute)(millimetres per surface per minute). This unit ig abbreviated to
M/S/M. A gdneral formula fof determining etch rate is:

E =§ » wherd E = etch rate; M/S/M (mils (millimetres)/surface/minute)

s =,depth of metal removed per surface, mils (millimetres)

t-7= time required to remove "'s'" metal, minutes.

Practical etch rates range from 0.5 to 0.2 M/S/M (0. 013 to 0. 064 millimetre/S/M).

3.3.4.9 To determine the correct time of immersion in the etchant, the rate of each etch must be determined
periodically through the work period and after any etchant additions are made.

3.3.4.10 The etch rate may be determined by immersing a small panel of material which corresponds to the
material which is to be etched. For example, if parts of 2024-T4 alclad are to be run, the panel
should be 2024-T4 alclad of approximately the same thickness. The test panel is cleaned and its thick-
ness measured by micrometer. The panel is then immersed in the etchant solution, etched for not
less than 10 min., removed, rinsed, dried, and its thickness again measured. If, in 10 min., 10 mils
or 0.010 in. (0.25 mm) was removed from one side of the panel, the etch rate is 1 M/S/M determined
as shown below:

g - 8 _ .mils removed/side _ 10 (0.25 mm)
Tt time © 10 (10 minutes)
= 1 Mil/Surface/Minute or 1 M/S/M (0. 025 mm/S/M)



https://saenorm.com/api/?name=568817af8befe5ec7d6488d2ab0f85fd

T ARP 1331

3.3.4.11 The time of immersion to remove metal to a given depth can now be determined according to the
formula:

T:

=l

where, T = Time, in minutes, required to etch surface to desired depth
S = Mils (mm) of metal to be removed per surface
E = Etch rate of alloy in M/S/M (mm/S/M)

In the example mentioned, a 0.060-in. (1.52-mm) cut could be made in:

60 mils (1.52 mm)

T = T™M/s/M (0. 025 mm/s/M)

= 60 min. or 1 hour

3.3.4.12 As sopn as the operator becomes familiar with the etchant solution and’etching process, he will know

approximately what the etch rate is. He may, therefore, elect to,determine thg etch rate and immer=-
.. sion tjme using the production parts.

3.3.5 Demaskipg:

3.3.5.1 After the parts have been treated to remove smut, the parts are ready for mask [removal. Hand strip-

ping or|any other mask removal method may be usedprovided the method is not fletrimental to the base
materigl.

3.3.5.2 To redyce handling effort and time spent in thisoperation, special demagking solutions have been pre-
pared. | The masked parts are immersed for-a short time in the demask solution| These solutions

swell the mask or loosen the mask-to-metal bond, or both, allowing the mask to|be easily pulled off
by hand.

PREPARED BY
SAE AEROSPACE MATERIALS DIVISION
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