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1. SCOPE:

1.1 This SAE Aerospace Recommended Practice describes the aluminum weldbonding
process for fabrication of secondary aircraft structural assemblies
possessing excellent strength, fatigue life, and environmental durability.

1.2 The nature of the weld nugget, produced by resistance weldbonding, provides
microcrack initiators and propagators which compromise the fatigue life.
Additional development work is required to validate this process for each
primary aircraft structure.

1.3 This manufacturing process has been developed and validated for high
strength bare aluminum alloys AMS-4037 and AMS-4045 within the thickness
gages of 0.020 to 0.125 in (0.51 to 3.48 mm). It is expected to be
applicable to other bare aluminum alloys and tempers. The use of this
process is not recommended for clad or mixed bare-clad alloy systems because
of decreased environmental durability.

1.4 The surface preparation system has been validated for use with 80°C (176° F)
service temperature modified epoxy paste adhesive which cures at
120 to 125°C (248 to 257°F). The adhesive contains a radio-opaque
substance, strontium chromate, which permits nondestructive examination for
bondline voids by X-radiography.

1.5 Safety - Hazardous Materials:

While the materials, methods, applications, and processes described or
referenced in this ARP may involve the use of hazardous materials, this ARP
does not address the hazards which may be involved in such use. It is the
sole responsibility of the user to ensure familiarity with the safe and
proper use of any hazardous materials and to take necessary precautionary
measures to ensure the health and safety of all personnel involved.
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2. APPLICABLE DOCUMENTS:

The following publications form a part of this ARP to the extent specified
herein. The latest issue of SAE publications shall apply. The applicable
issue of other publications shall be the issue in effect on the date of the
purchase order.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096.

AMS-3107 Primer, Adhesive, Corrosion-Inhibiting, For High Durability
Structural Adhesive Bonding

AMS~3708 Adhesive, Epoxy Paste, for Structural Weldbond (For 80°C (180°F)
Service

AMS-3755/2 Powder, Fumed Silicon Dioxide, Thickening Efficiency 90

AMS-4035 Aluminum Alloy Sheet and Plate, 4.4Cu - 1.5Mg - 0.60Mn
(2024-0), Annealed

AMS-4037 Aluminum Alloy Sheet and Plate, 4.4Cu - 1.5Mg - 0.60Mn
(2024; -T3 Flat Sheet, -T351 Piate), Solution Heat Treated

AMS-4045 Aluminum Alloy Sheet and Plate, 5.6Zn - 2.5Mg - 1.6Cu -~ 0.23Cr
(7075; -T6 Sheet, -T651 Plate), Solution and Precipitation
Heat Treated

2.2 ASTM Publications:
Available from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.
ASTM B 117 - Salt Spray (Fog) Testing

2.3 U.S. Government Publications:

Available from Standardization Documents Order Desk, Building 4D, 700
Robbins Avenue, Philadelphia, PA 19111-5094.

2.3.1 Military Specifications:

MIL-H-6088 Heat Treatment of Aluminum Alloys

MIL-W-6858 HWelding, Resistance, Spot and Seam

MIL-P-17667 Paper, Hrapping, Chemically Neutral (Non Corrosive)

MIL-C-22751 Coating System, Epoxy Polyamide, Chemical and Solvent
Resistant, Process for Application of

MIL-P-23377 Primer Coating, Epoxy Polyamide, Chemical and Solvent
Resistant

MIL-T-81533 Trichloroethane, 1,1,1 (Methyl Chloroform)
Inhibited, Vapor Degreasing

2.3.2 M111tary Standards:

MIL-STD-453 - Inspection, Radiographic
MIL-STD-860 - Fokker Ultrasonic Adhesive Bond Test
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3. DESCRIPTION OF THE PROCESS:

3.1 Aluminum weldbonding is an assembly process wherein the detail parts are
fixtured by resistance spotwelding through an epoxy paste adhesive with
subsequent oven curing to achieve the strength and fatigue 1ife of the
adhesive bonded structure.

3.2 The nature of the weldbond process, which makes use of a structural paste
adhesive to join two detail parts, causes air entrapment during the mating
of the parts. The entrapped air results in voids in the cured adhesive
bondline. Voids are minimized by close fit up of the detail parts, control
of bondiine thickness during adhesive application, the sequencing of
spotwelds during the welding operation, the use of vent hole(s) in the
cutout areas, and excess material around the peripheral trim lines.

3.3 This ARP describes the different process phases which are eritical for
achieving acceptable quality. They are as follows:

Cleaning prior to and following heat treatment
Solvent vapor degrease
Alkaline clean

Deoxidize

Low voltage anodize
Adhesive primer application
Adhesive application
Assembly

Resistance spotweld
Assembly cure

Alodine

Surface finish

3.4 Anodizing at Tow voltage (1.6 V_DC) produces a_thin anodic oxide layer of
300 to 800 Angstroms (300 x 10-10 to 800 x 1010 m) in thickness which
provides a stable, weldable surface resistance suitable for adhesive
bonding. The surfaces are weldable up to eight weeks after processing.
Scanning electron microscopic measurements of anodic oxide thickness are not
required.

3.5 The process time constraints are as follows:

3.5.1 Paste adhesive should be applied to the primed parts within 120 h from the
time of anodizing and within 24 h following the adhesive primer
application.

3.5.2 The adherend faying surfaces should be mated within 1 h following adhesive
application.

3.5.3 MWelding should be performed within 96 h after the mating of the panel.
3.5.3.1 Provision has been made to store the frozen mated assembly prior to

spotwelding provided that the total adhesive out-time at not over 27°C
(81°F) does not exceed 168 h.
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3.6 Adequate process controls utilize wedge crack extension and weld lap shear
test specimens. The wedge crack extension test requires exposure for
1.0 h + 0.1 to 95 to 100% relative humidity at 50°C + 1 (122°F + 2).

N

TECHNICAL REQUIREMENTS:

4.1 This ARP details the facilities, equipment, materials, materials control,
manufacturing process, and quality assurance for weldbonding. Materials,
other than those shown, should not be used in the fabrication of parts in
accordance with this process.

4.2 Facilities:

In planning a facility for accomplishing aluminum weldbonding, consideration
should be made for the flow of parts from the beginning of cleaning through
all processing operations and the assembly, resistance spotwelding, curing,
and finishing of the structure.

4,2.1 Subsequent to chemical processing and prior to the weld-through operation,
all detail parts, test specimens, and assembled detail parts should be
stored or assembled in an environmentally controlled room. The controlled
area should be maintained within 18 to 25°C (64 to 77°F) with a maximum
relative humidity of 65%. Any process or operation which produces
uncontrolled spray, dust, fumes, or particulate matter utilizing
silicones, waxes, or any material detrimental to adhesive bonding should
not be conducted in the controlled area.

4,2.2 The area should be maintained under a positive pressure differential at
all times by continuously operating air handling systems. The pressure
differential, with the entries closed, should be +0.05 in (+1.3 mm) of
water. The following conditions should apply:

.2.2.1 Regular maintenance of filters.

.2.2.2 No eating in the area.

.2.3 No smoking in the area.

.2.2.4 Maintain records of temperature and humidity in the controlled area.

R T - . T~
N

.2.2.5 Vehicles permitted in the controlled area must be nonpolluting in
operation, such as electrically or hand propelled.

E=N

.3 Equipment:
4,3.1 Chemical Processing and Bonding Equipment:

4.3.1.1 "Solvent Vapor Degrease Tank: Commercially available solvent vapor
degrease tank should utilize metallic baskets with adequate separator
racks or aluminum finger racks. Parts should not contact one another.
The rack should prevent part damage, ensure good vapor circulation
around all part surfaces, and provide efficient condensate drainage.
The recommended solvent is MIL-T-81533 1,1,1 trichloroethane, or
equivalent.
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4.3.1.2 Alkaline Cleaning Tank: Should be constructed of mild steel. The tank
shall be provided with controlled heating and agitation of the
solution. The heater and recorder controller shall be capable of
heating the solution to 70°C + 5 (158°F + 9).

4,3.1.3 Deoxidizer Tank: Should be constructed of polyvinyl chloride (PVC),
CPVC, polyethylene, Koroseal (see 10.1) rubber, or equivalent or 300
series corrosion-resistant steel. If corrosion-resistant steel is used,
means should be provided to ensure complete electrical isolation of the
workpiece from the tank. The tank should contain a means of agitation
either by air or by circulation with a submerged impeller or circulation
pump. The pump and filter housing should be made of PVC or CPVC
material with polypropylene filter cartridges capable of filtration of
(15 pm) particulate matter.

4.3.1.4 Anodizing Tank: Should be constructed from 300 series.corrosion-
resistant steel. Provisions should be made so that the tank is
electrically insulated from the holding fixtures and the parts being
processed. The tank should be provided with air agitation and
continuous filtration by means of a pump and filter housing made of
either PVC or CPVC material with polypropylene filter cartridges. The
electrical power supply for the anodizing operation should produce
direct current with +5% ripple at full power output.

4.3.1.5 Anodizing Racks: Should be constructed of aluminum alloy with
sufficient strength to carry the loads and with adequate current
carrying capacity. The racks should be sulfuric acid anodized and
primed with three cured coats of MIL-P-23377 epoxy polyamide primer,
applied in accordance with MIL-C-22751. Titanium stud contact points
should be placed no farther apart than 1000 times the part thickness.
For instance, a part 0.030 in (0.76 mm) thick should have contacts no
farther apart than 30 in (762 mm). Special titanium nuts, with a sharp
circular edge on one face, should be used to provide electrical contact
to the workpiece in the trim area. Angular relief on the edge provides
rinse water accessibility to the dissimilar metal contact to prevent or
minimize staining. The anodize rack should be inspected weekly for
damage to the insulating coating.

4.3.1.6 Rinse Equipment: Should consist of an overhead shroud astride the
anodize rack to provide spray rinse upon rack withdrawal from the
solutions. Provision should be made for spray rinsing with tap water or
deionized water, separately or simultaneously.

4.3.1.7 Drying Oven: A circulating-air oven, with recording controliers, should
be capable of maintaining a set temperature within +5°C (+9°F) in the
range of 28 to 95°C (100 to 203°F).

4,3.1.8 Curing Oven: The circulating-air oven, with recording controllers,

should be capable of maintaining a set temperature within +5°C (+9°F) in
the range of 38 to 150°C (100 to 302°F).
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4.3.1.9 Storage Rack - Chemically Processed Parts: Weldbond anodized coatings
are fragile and require protection from contact with solids and
liquids. The anodized parts and process control specimens should be
stored in racks where the rack touches the part only on the edges and
outside the peripheral trim line. The racks should be mobile and
enclosed to transport parts from the process line to the clean room.

E-
w

.3.2 HWelding Equipment:

4.3.2.1 HWelding Machine: The spotwelding machife should be a three-phase
machine equipped with a computer-type microprocessor welding controiler
capable of cycle-by-cycle heat control. The machine should be capable
of controlling the weld force within +10 1bf (+44 N) of the set point
and should be capable of controlling the forge force within +50 1bf
(222 N) of the set point. The force settings should be established
using a calibrated Dillon electrode force gage for each machine
certification input. Weld schedules for use with a Pertron
microprocessor controller are referenced in 10.1.

4.3.2.2 Welding Electrodes: Should be water cooled RWMA, Group A, Class 1.

4,3.2.3 Tensile Testing Machine: Should be capable of achieving an accuracy of
+2% of the indicated scale reading.

4,3.2.4 Shear Equipment: The bench shear for preparation of the 1 x 4 in
(25 x 102 mm) production weld process control specimens (see Figure 2)
from the processed 8 x 30 in (203 x 762 mm) test panels should have a
blade length of not less than 12 in (305 mm) and be capable of shearing
atuminum specimens up to 0.125 in (3.18 mm) in thickness.

4.4 Tooling:

Tools and fixtures used to locate details to be weldbonded should apply
pressure to all surfaces being bonded. Tooling required to locate welds or
assist in weld-through assembly should be made from nonmagnetic material and
so designed that the welding current is not shunted through the tool.

4.5 Materials:

4.5.1 Adhesive System:

4.5.1.1 Adhesive: Should be a one-part thermosetting, thixotropic, 90.0% + 0.8
epoxy resin paste meeting the requirements of AMS-3708. The fillers,
3.0% + 0.3 strontium chromate and 7.0% + 0.5 fumed silica in accordance
with AMS-3755/2, shall be homogeneously dispersed in the resin. The

cure temperature shall not exceed 125°C + 5 (257°F + 9). The adhesive
shall be certified as meeting the requirements of AMS-3708.
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4.5.1.1.1 The total allowable adhesive out-of-refrigeration-time (out-time) at
various temperatures should not exceed the following:

Temperature Out-Time
nominal max

°C °F h

27 81 168

29 84 132

32 90 96

35 95 79

38 100 72

4.5.1.2 Adhesive Primer: Should meet the requirements of Table 1.

TABLE 1 - Adhesive Primer Requirements

Property Requirement
Nonvolatile Content 104 + 1
Viscosity 9s+ 1.5
Weight 7.4 1b/gal + 0.2

(0.89 kg/L + 0.02)
Inhibitor 0.185 g/mL + 0.035
Storage Stability, min 6 months at -18°C (0°F),

or lower, or 2 months at
4°C (39°F), or lower,
from the date of shipment

Pot Life 96 h at 18 to 32°C
(64 to 90°F)

Pencil Hardness after cure 4H
4.5.2 Process Chemicals: Should be as summarized in 10.2.
4.5.3 Solvents: Should be as summarized in 10.3.

4.5.4 Adhesive Application Equipment: Should be as summarized in 10.4.
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4.5.5 Miscellaneous Materials: Should be as summarized in 10.5.

4,5.6 Metals: Only bare aluminum alloys in accordance with drawing requirements
should be weldbonded. MWeldbond surface preparation should be in
accordance with requirements specified herein and should be performed
after forming, and the chemical preparation steps prior to and following
the heat treatment operation.

4.5.6.1 Al1 parts, including the wedge crack extension and the welding process
control specimens, that require heat treatment should be solvent vapor
degreased and alkaline cleaned prior to heat treatment.

4.5.6.2 All parts requiring heat treatment should be treated in accordance with
MIL-H-6088.

4.5.6.3 Store clean, dried detail parts and process control specimens in a clean
room prior to weldbond processing.

4.6 Process Preparation:

4.6.1 Operation Sheets: An engineering drawing and operation sheet(s) should be
prepared for each weldbond assembly, showing adhesive application areas
and the specific placement of spotwelds.

4.6.2 Tooling: A1l jigs, fixtures, and tools used in the assembly fabrication
should be kept clean by solvent wiping with acetone prior to, and
following, use.

4.6.3 Part Handling: The utmost care should be taken to ensure that the parts
are not touched at any time during the assembly process. The anodic oxide
coating is extremely susceptible to contamination or physical damage prior
to application and curing of the adhesive. If it becomes necessary to
handle or touch the parts, clean white gloves should be used and contact
should be Timited to the peripheral trim areas.

4.6.4 Makeup of Processing Solutions:

4.6.4.1 Deionized Water: Deionized water used in solution makeup and
replenishment and in rinses, specified herein, should contain not more
than 10 ppm total dissolved solids.

4.6.4,2 Alkaline Cleaner: Makeup, replenishment, and replacement'of alkaline
cleaning solution should be developed to produce optimum processing.

The process shown in 10.6 is recommended but alternate cleaning
materials and processes which produce equivalent results may be used.
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4.6.4.3 Deoxidizer: Makeup, replenishment, and replacement of deoxidizer should
be developed to produce optimum processing. The process shown in 10.7
is recommended but alternate processing which produce equivalent results
may be used.

4,6.4.3.1 Etch Rate: Should be 0.080 to 0.120 g weight loss per 20 min + 0.5
unagitated immersion using AMS-4045 aluminum alloy sheet specimens
0.062 x 3 x 3 in (1.57 x 76 x 76 mm). Determine etch rate daily prior
to use of the deoxidizer solution.

4.6.4.4 Anodizing Solution: Makeup, replenishment, and replacement of the
anodizing solution should be developed to produce optimum processing.
An example is shown in 10.8.

4.6.5 MWeldbond Adhesive:
4.6.5.1 Procurement, Shipping, and Receiving:

4,6.5.1.1 The weldbond adhesive (See AMS-3708) has a shelf 1ife of 168 h at not
over 27°C (81°F). Adhesive shelf 1ife, used in shipping or standing
on receiving docks, decreases the remaining shelf life, day by day.
The procurement and shipping procedures in AMS-3708 must be rigorously
followed to minimize production difficulties.

4.6.5.1.2 Upon receipt of shipment, the receiver should claim the shipping
documents, note the date and time of receiving the adhesive, lot
number, quantity, and note the condition of the shipment dry ice
remaining, condensate on cans or conditioned at room temperature. The
entire shipment should immediately be placed in a freezer at a
temperature lower than -18°C (0°F) unless adhesive cartridges are to
be filled the following day.

4.6.5.2 Storage:

4.6,5.2.1 The weldbond adhesive should be protected from moisture, direct
sunlight, and exposure to elevated temperatures. The adhesive has a
shelf 1ife of six months from the date of manufacture, when stored at
temperatures below -18°C (0°F). The shelf 1life has expired when the
adhesive causes quilting, when weldbonding thin adherends, or when the
welding cannot be accomplished to satisfy 6.3.6.

4.6.5.2.2 Any adhesive stored at -18°C (0°F), or below, for more than six months
may be used on a quart by quart basis. When the above conditions
apply, adhesive application and welding should be accomplished on the
same workshift.

4.6.5.3 Preparation of Adhesive Dispensing Cartridges:
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4.6.5.3.1 The weldbond adhesive should be conditioned to ambient temperature in
an environmentally controlled room to facilitate pouring of the
adhesive into 12 f1 oz (355 mL) dispensing cartridges. Prior to
opening the cans, the cans should be brought up to the dew point, such
that the moisture will not condense on the cans, and all traces of
condensate shall be removed from the cans. The cans should be
opened and the contents thoroughly mixed by a slow, gentle stirring

with minimal introduction of air. The adhesive should be poured
slowly into the rhcnnnunn cartridges having cartridge seals on the
threaded end. Sufficient room should\be left in the cartridge to
insert the plunger dam. Upon insertion of the dam, the cartridge
should be turned upright to allow any entrapped air to collect at the
small end. After settling for not Tess than 0.5 h, the seal at the
small end should be removed, the plunger dam adjusted to expel the
air, and the seal reinserted. Each cartridge should be labeled with

the following information:

Material Identification and Specification Number
Batch or Lot Number

Required Storage Temperature Is -18°C (0°F), or lower
Manufacture Date

Expiration Date

Issuance Date

Maximum Exposure Units (168)

Actual Exposure Units

4.6.5.3.2 One unit of exposure should be defined as the exposure of thawed
adhesive to a temperature not exceeding 27°C (81°F) for 1 h.

4.6.5.4 Receiving Inspection of Adhesive: A sample of the weldbond adhesive,
AMS-3708, from the production 1ot shall be thawed and used to accomplish
the following tests:

4.6.5.4.1 Brookfield Viscosity: The Brookfield viscosity of the weldbond
adhesive should be determined in triplicate on one sample equilibrated
at 20°C + 1 (68°F + 2). The viscosity should range from
500 000 to 2 000 000 centipoises (500 to 2000 Pa-s).

4.6.5.4.2 Lap Shear Tests: An adhesive bonded double overlap shear test panel
should be fabricated from AMS~4045 aluminum alloy sheet, 0.125 in
(3.18 mm) thick in accordance with Figure 1. The average lap shear
value of the four specimens should be greater than 6000 psi (41.4 MPa).

4,6.6 MWelding Machine Qualification:

Documents

Full document details: SAE ARP1675


http://avadocuments2026.com/doc/sae-arp1675
http://avadocuments2026.com/doc/sae-arp1675

SAE INTERNATIONAL ARP1675 Page 11 of 36

4.6.6.1 A1l welding machines should be qualified in accordance with MIL-W-6858.
Qualification may be performed using standard procedures that do not
include the requirements for weldbonding.

4.6.6.2 Requalification should be required if the machine is rebuilt or if
significant operational changes are made on it. A change of location
within a plant not involving a change in power source, maintenance, or
parts replacement does not necessitate requalification.

4.6.7 Weld Schedule Certification: A certified weld schedule should be
established for each material combination and for each thickness
combination to be welded in production. The certification should consist
of the preparation, inspection, and testing of 25 mechanical property
specimens (See Figure 2) using the same techniques as will be used on the
production parts, including cleaning, anodizing, adhesive application, and
antistick material application. MWeld the 25 specimens. -Do not cure the
adhesive. Inspect and test in accordance with 4.6.7.1.

I

.6.7.1 Acceptance Criteria for Helds:

=Y

.6.7.1.1 Visual: Inspect all 25 welded specimens.

N

.6.7.1.1.1 Surface Indentation: Should not exceed 0.004 in (0.10 mm) on
aerodynamic surfaces and 0.10T (thickness of outer member), or
0.005 in €(0.13 mm), whichever is greater, for all other surfaces,
when measured on the surface of the part or determined by
metallographic methods.

4.6.7.1.1.2 External Imperfections: Other imperfections should not exceed the
limits specified in Table 2.

4.6.7.1.1.3 MWeld Location: A1l welds should be located within +0.060 in
(1.52 mm) of the location specified on the part drawing.
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