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M1L-S-6872B
14 June 1968
SUPERSEDING
MIL~8-6872A

.16 December 1954

MILITARY SPECIFICATION
SOLDERING PROCESS, GENERA L SPECIFICATION FOR

This specification is mandatory for use by all
Departments and Agencies of the Department
of Delense.

1. SCOPE

1.1 Scope - This specification presents general fabrication and quality
requirements for non-electrical assemhlies of steel, coated steel, {tinned; terne;
galvanized; electroplated with zinc, cadmium, or nickel; and clad) copper and
copper alloys, lead and lead alloys, zinc and zinc alloys, nickel and nickel alloys,
tin and tin alloys, aluminum and aluminum alloys, produced by soldering processes
using selder [iller metals having a lower melting point than the base metal. Filler
metals used for making soldered joints have a flow temperature below B00® F
(426° C}. The filler metal is distributed between the joint surfaces usually by
capillary action in closely fitted components and by gravity in cases of wide gaps
{see 3.6).

1.2 Clagsification -

1.2, 1 Spldering methods ~ Soldering methods shall be of the following
types:

Type I - Conduction (soldering iron) soldering

Type I - Flame heat {torch or gas burner) soldering
Type Il - Dip scldering

Type IV - Resistance scldering

Type V ~ Oven or furnace soidering

Type VI - Inductlon soldering

Type VI - Ultrasonic goldering

Type VIO - Spray gun soldering

Type IX -~ Wave sgoldering

2. APPLICABLE DOCUMENTS

. 2.1 The following documents of issue in effect on date of invitation for
bids or request for proposal form a part of thiz specification to the extent specified
herein,
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SPECIFICATIONS
Federal '
O-F-506
W-8-.564
W-8-570
QQ-8-571
GGG-8-59
GGG-T-570
Military
MIL~M-3800
MIL~I-6866

MIL~1-6870

MIL-5-12204
MIL-F-12784
MIL-F-14256
STANDARDS
Federal

Fed., Test Method
Std. No. 151

Military
MII-STD-105

MIL-STD-454

Flux, Solderin;g; Paste and Liquid

Soldering Gun

Soldering Iron, Electric

Solder; Tin-All'oy;.Lead—Tin Alloy; and Lead Alloy

Soldering Iron; Non-electric {(coppers)

Torch Kit, Soldering (propane gas) -

Metallizing Outfits (Wire-gas), Gunsand Accessories
Inspection, Penetrant Method of

Inspection Requirements, Nondestructive for
Alrcraft Materials and Parts

Solder, Aluminum Alloy
Flux Soldering (Stearine Compound IC-3)

Flux, Soldering, Liquid (Rosin-base)

Metals; Test Methods

Sampling Procecures and Tables for Inspection by
Attributes

Standard General Requirements for Electronic
Equipment
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{Copies of specifications, standards, drawings and publications required by
suppliers in connection with specific procurement functions should be obtained from
the procuring activity or as directed by the contracting officer.)

2.2 °  Other publications - The following documents form a part of this
speocification to the extent specified herein. Unless otherwise indicated, the lgsue
" in effect on date of invitation for bids or request for proposal shall apply.

Society of Automotive Fngineers

AMS-4750 Solder - Tin- Lead 45 Sn-55 Pb
AMS-4755 Solder - Lead-Silver 94 Pb-5.5 Ag
AMS-4156 Solder - 97.5 Pb-1,5 Ag-1 8n

(Applications for copies should be addressed to the Soclety of Automotive
Englneers,»lnc. , 485 Lexington Avenue, New York, N,Y. 10017.)

American Society for Testing and Materials
ASTM B32 Solder Metal

- -

ABTM B284 Rosin Flux Cored Solder
{Applications for copies should be addressed to the American Soclety for
Testing and Materials, 1916 Race Street, Philadelphia, Pennsylvania 19103,)

3. REQUIREMENTS
3.1 Materials -

3.1.1 Solder metals- Unless otherwise specified by the procuring
activity, solder metal shall conform to QQ-8-571, MIL-8-12204, ASTM B32,
ASTM B284, AMS 4750, AMS 47566 or AMS 4756, as applicable. With the approval
of the procuring activity, other solder metals may be used, provided the detailed
regquiremenis contained herein are complied with.

3.1.2 Fluxes - Unless otherwise specified by the procuring activity,
fluxes shail conform to O-F-506, QQ-5-571, MIL-F-12784 or MIL~F-14266 as
applicable, Fluxes shall be employed as necessary to promote wetting of the parent
metal surfaces. The quantity of the flux or fluxes employed shall be no more than
pecessary toobtain satisfactoriiy soldered joints. Fluxes shall dissoive or Temove
any oxides and prevent additional oxidation of the solder metal and the hase metal
during heating, Fluxes may be applied in the form of paste, liquid, powder or as the
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core of soider fillar metal, With approval of the procuring activity, other golder
fluxes may be used, provided the flux or fluxes employed are no more active chemi~
cally than necessary to obtain satisfactorily soldered joints to comply with the
detailed requirements contained herein,

3.1,3 Selection of solder alloys - Unlesa othexrwise speclfied on drawlngs,
solder alloys shall be selected 1n accordance with Tables I, O, m, Iv, V, or Vlas
applicable,
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Vs LaJg 4 A AT AIGAMV RVAMGALE T W-I-DDEI-UIA WA WAL AWM PVWVEILAWA W \-li-r LA LA l’ =
depend upon types of metals to be joined. Tin-lead golders have good corrosion
resistance to most of the common media, Fluxes of all types may be used with
these soldexrs. Treatment of flux residues with the tin-lead solders shall be
dictated by flux used.

3.1.3.2 Tin-antimony-lead solders - The tin-antimony-lead solders =
(see Table II} shall not be used on aluminum and aluminum alloys, zinc and zine
alloya and galvan{zed (zinc-coated} steel, unless otherwise specified.

3.1.3.3 Tin-antimony, tin-silver, and lead-silver solders - Tin-antimony
solders (see Table III) have a higher electrical conductivity than the tin-lead solders
and shall be used where lead contamination must be avoided; such as food contailning
vessels. Tin-silver solders (see Table III), similiar to the tin-antimony, should be

smmmmd Paa Flesn foisdmesemnn ek wmrawals ner mwn aevemlfad a P = A BTV PR o Fry ey

USeq 10X 1ifie INSWUMENt Work, as l.ur.'_y' arc gppLcu 'r\hu; a fodi u.'u.a. Lead-silver
soldere (see Table II) will readily wet steel and copper but thelr flow characteristica
are very poor. The lead-sllver solders shall be protected against humid atmosphere
conditions in storage as they are susceptible to such corrosion conditions and may be-
come unusable as solders. Zinc chloride base fluxes shall be used with the lead-silver
solders a3 rosin fluxes are readily decomposed.

3.1.3.4 Tin-lead-zine, tin-zinc, tin-zinc-aluminum and zine-aluminum
golders ~ The tin-lead-zinc, tin-zinc and tin-zinc-aluminum solders (see Table IV)

.should be used for the joining of aluminum, The tin-zinc gsolders, especially

those with a zinc content of 20 to 30 percent, should be used to minimize the
electrogalvanic corrosion of soldered joints. By increasing the zinc contents or with
the addition of aluminum these sclders will exhibit greater corrosion resistance;
however greater application difficulty witl be experienced because of the high

liguidus temperature, Similarly zinc-aluminum solders, with high solidus tempera-

tures, limit application where such solders may be ugsed. The flux for the zinc-
aluminum solder should be limited to the reaction type,

3.1.3.5 Fusible alloys - Where a soldering temperature below 360° F is
required, fusible alloy low temperature solders {see Table ¥V} shail be used. Fusibie
alloy solders should be used on heat treated surfaces where higher temperature
solders would result in softening of parts, where adjacent material Is temperature
senslitive, .in step -soldering operations to avoid destroylng nearby joints, or on tempera—

ture sensitive devices where failure of a soldered joint is required at low temperature.
4
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3.1.3.6 Indium solders - The indium sclders {(see Table VI} shall be, used
for apecial applications when specified. Lead-silver solder conforming to QR-8-671,
composition Ag 2.5, does not wet most metal well, but with the addition of 1 to 2
percent Indium, the wetting properties of the lead-silver solder are improved. Lead-
silver-indium solder shall be usedwherealkaline corrosion is a problem, Low melting
indium solder containing bismuth should not require acid fluxes or precoating,

3.1.4 Selection of flux -

3.1, 4.1 Types - Fluxes may be classified into three groups based upon the
corrosive nature of resfdue. From these three groups, namely; highly corrosive,
intermediate, and noncorrosive, good soldering practice requires the selection of
the mildest flux that shall perform satiefactorily in a specific application (see 6.3.1).

3.1.4.1,1 Corrosive fluxes - Soldering flux conforming to O-F-506 is classi-
fled as a highly corrosive flux. This flux shail be used where conditions require a
rapid and highly active fluxing, to be stable over various temperature ranges and -
when using the higher melting temperature solders. As the residue remains chemi-
cally active after soldering, the residue must be removed to prevent severe corrosion
at the joint. Corrosive fluxes shall not be used in the soldering of closed contalners

such as thermostats or bellows.

3.1.4.1,2 Intermediate fluxes - Soldering flux conforming to MIL-F-12784
in classified as an‘intermediate flux. This flux shall be used in quick spot soldering
operations where minimum controlled quantities may be applied and where sufficient
heat can be applied to fully decompose or volatilize the corrosive constituents. Inter-
mediate flnxes shall not be used where undecomposed flux may spread onto insulating
sleeving, or in soldering closed systems where corrosive fumes may deposit on
critical parts of the assembly. The flux should not be used with torch or flame
heating due to the tendency to char, burn or volatilize when heated.

3.1.4.1.3 Noncorrosive fluxes - Soldering fluxes conforming to MIL~F~14256
and Types R, RMA and RA of QQ-8-571 are classified as noncorrosive flux. The non-
corrosive or rosin flux, consisting of the resin and a suitable organic golvent, becomes
protective at soldering temperatures. As the residue Is hard, nonhygroscopic, does
not cause corrosion, and is electrically nonconductive, it is mainly used for electrical
and electronic systems. The plain noncorrosive flux has a slow fluxing action on
anything but clean or precoated metal surfaces. Type W of MIL~F-14266 or Type R
of QQ-5-571 shall be used for all critical applications of electronic parts, Type A
of MIL-F-14256 or Types RMA and RA of QQ-S-571 shall be used for more active
cleaning, as this flux containg a small amount of complex organic compounds which
will increase the fluxing action without altering the noncorrosive nature of the

resgidue,

3.2 Preparation of joints -
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TABLE V
FUSIBLE ALLOY 8OLDERS 1/
Nominal Composition Temperature ° F
Name Anti- | Bis- | Cad- Pasty
Tin | Lead mony | muth | mium Solldus Liguidus Range Application
Lipowits § 13.3| 26,7 | ~-~ | 60 10 168 168 0 Where a
Bonding | 12,5 | 26 -~ | 50 12.5 158 165 7 soldering
| (Wood's) temperature
Eutectic | --- | 40 --- | 52 8 197 197 0 below 360° F
Buteotic | 15,5 { 32 wee 152,55 | == 203 203 0 is required.
Roge's 22 23 -== 150 === 204 229 25
Matrix 14,5 | 28,6 9 48 — 217 440 223 -
Moldand{ ---144.5| --- |65.6 | =-- 255 255 0
pattern
1/ No applicable specifications
TABLE VI '
INDIUM SOLDERS 1/
Nominal Composition Temperature ° F
Pante Application
Tin | Indium | Bismuth | Lead | Cadmiwm | Solidus | Liquidus { =™ ™
: Range
8.3 | 18.1 44.7 22,6 6.3 117 117 0 { Special
12 21 49 18 - 136 136 0 | purposes
12,8 4 48 25.6 9.6 142 i49 7
s0 |s0 . —_— o 243 280 17 |Glass to metal
48 52 e . o 243 243 o |or glass to glass
soldering

1/ No applicable specifications

10
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3.2.1 ‘ Cleaning - The mating surfaces and adjacent areas of all parts
to be joined shall be thoroughly cleaned to remove all oil, grease, paint, pencil

marking, drawing or cutting lubricant, dirt. meale. artificial nxide or rst !!!!!}, and

EHIIAMILE,) VEMWILL Ve SwRrreirl sl aldaney Mo Y] TwSSYi Da raiiii s o=

any other foreign substance. For the removal of oll or greases from surfaces, either
solvent or alkaline depreasing shall he used. Vapor degreaging with solvents of the
trichloroethylene types will leave the least residual film on the surface. Acid
cleaning or pickling shall be used to remove rust, scale and oxide or sulfide from
the parts to provide a chemicalily cleaned surface, When pickiing treatment is used,
articles shall be thoroughly washed in hot water and dried as quickly as possible to
prevent subsequent corrosive action. Abrading by grit or shot blasting, mechanical
grinding or sanding, filing, wire brushing or other mechanical methods may be
used where effective, Shot or grit blasting should be preferable to sand blasting.
Blast cleaning shall not be used with lead and Jead alloys. o
3.2.2 Deburring - Burrs shall be removed to permit proper fitting of
parts and flow of metal using band filing, scraper, shave hook or power-driven

abrasives wheeis or discs.

3.2.3 Precoating - Precocating should be used so that the soldering
operation will be more rapid and uniform as well as to avold the use of strong acid
fluxes for agsembly. Metalg, such as aluminum, aluminum bronzes, highly alloyed
steels and cast iron shall be precoated, unless otherwise specified, Steel, brass
and copper should be precoated if the application warrents and when speclfied.” To
facilitate soldering; coatings of tin, copper, sflver, cadmium, fron, nickel and
alloys of tin-lead, tin-zinc and tin-copper shall be applied to basis metal surfaces.
Precoating by electrodeposition, chemical conversion, or hot dipping shall be in
accordance with the applicable specifications.

3.2.4 Joints -

o N A1
3.2.4.1 Seiection - The selection of a joint design for a specific ap-

plication shall depend largely on the requirements of the assembly as well as heating
method to be used, fabrication technigques prior to soldering, quantities to be
goldered, as well a8 method of applying solder,

soldering, namely the lap joint and the butt joint. The lap joint should be used when-
ever possible as this joint offers the greatest possibliity of obtaining joints inan
assembly with the maximum strength, Butt foints should be limited to cress sectional
area of one member. The butt joint must be free of defects to be efflcient and should

only be used where sealing is required,

3.2.5 Fit - Unless otherwise specified by the procuring activity, the .
clearance between mating surface of steel parts, being furnace soldered, shzall not
exceed 0. 003 inch, The clearance between mating surfaces when other methods are

LAt Ttl U, S RIIRll: 11 Lical4llv S 2

3.2.4.2 Joint design -~ Two basic types of joint design should be used for i
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used shall not exceed 6, 605 inch, except in areas of a joint or joints where one or
both mating surfaces are intentionally beveled or when precoated metals are usged, in
which case a clearance of 0. 001 inch or less shall be required. In fabrication of

aluminum assembles where sheets, clad with soldering metal is employed, the joints

shall make contact as the cladding material provides sufficient clearance. When a
cladding material is not employed, parta shall be positioned and assembled so that
the clearance between mating surface 1s 0.005 to 0. 015 inch when a chemical flux is
used and between 0, 002 to 0. 010 inch when a reaction flux is used, unleas otherwise
-specified on drawing (see 6.3.2). Unless otherwise specified, joint olearance for
copper and copper alloys shall be maintained from 0. 003 to 0, 005 inch,

3.2.8 Assembly of parts - Parts'to be joined shall be held in position
by j}igs, clamps, supports or be gelf-fixturing. Fixtures used to hold parts and
assemblieg in alignment during soldering shall be designed to allow expansion of the
parts during heattng and contraction during cooling. Jigs, fixtures, and clamps shall
be of noncontaminative materials and should only involve point or line contact. Wﬁen
authorized by the procuring activity, staking, pinning, riveting, tack-welding or
spot-welding may be used for positioning of parts, but shall not be located in areas
subject to high stresses in service, On closed assemblies, vent holes shall be lo-
catedand drilledas specified. Stop-off materizls may be used to restrict flow of

solder metal when required.

3.2.7 Application of flux - Flux shall be applied to the surfaces to be
aoldered. The flux, uged alone or from a flux cored solder, when heated, shali be
fluid and effective in removing and excluding oxides and other impurities from the
joint being soldered. The flux should aliow lowering of the surface.tension of the

molten solder so that the solder will flow readily and adhere to the metal, The flux

ghall be readily d!s?’“""" from the metal b hv the molten solder.

3.2.8 Application of solder metal - Sufficient soldering altoy, in the
form of wire, shims, strip, powder with a residue free of chemical agents, or plated
form (gsolder-flux paste), shall be preplaced or fed in close proximity to the joint,
preferably on one side only, in sufiicient quantity to produce a satisiactory joint.
Joints having one end inaccessible to vigual inspection, shall have the solder metal
placed at the blind end prior to assembly, whenever it is practicable to do so.

3.3 Methods and procedures -

3.3.1 Type I - Conduction {soldering iron) soldering-

3.3.1.1 Eguipmen - Conduction soldering or soldering iron operation

shall be performed with scldering irons having copper b bits which may be heated

electrically, by oil or coke, or by gas flame. Regardless of the types of irons used,

the copper bit shall store and conduct heat from the source to the part being soldered,

12
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shall store and convey molten soider and shall withdraw the surplus motlten solder,
Internally fired gas flame-heated soldering irons may be used where electric power
is not readlly avallable or where soldering iz done automatically at high rates of
gpeed. Electrically heated irons, often more convenient than gas-heated irons,
should be used in manual high-epeed repetitive operations, where light welght and
ease of manipulation are desfrable and open flames are objectionable. Selection

of iron shall be such as to perform the necessary soldering operations with the
greatest efficlency. For soldering process, electric soldering irons, conforming

to W-5-570, soldering gunas, conforming to W-35-564, or non-electric soldering irons,
conforming to GGG-S-595 may be used.

* 3.3.1.2 Procedure - The areas to be joined shall be heated above the
liquidus temperature of the solder. To deliver the maximum heat to the part, the

copper bit of the soldering iron shall be applied at the correct angle. The fiat side
of the bit shall be applied to secure the maximum area in contact. Excessive time
and temperature shall be avoided to prevent unreliable joints and damage to parts,

If required, thermal shunta (heat sinks) shall be used for protection of parts. The
parts to be joined shall be held together in such a manner that parts shall not move
in relation to one.another during the soldering operation. The goider shali be ap-
plied to the joint and not to the soldering iron., The joint shall not be disturbed until
the solder has completely solidified,

* 3.3,2 Type II - Flame héat {toxch or gas burner) soldering -
* 3.3.2.1 Equipment - The selection of a torch or gas burner for soldering

shall be controlled by the size, mass and confipuration of the assembly to be Boldered.
Time for performing the operation will also be a factor for equipment selection,
Depending upon the temperature and amount of heat required, fuels such as acetylene,
propane, butane, and natural gas, may be used with air, compressed air or oxygen.
Portability shall be another factor in selection of a torch, For feld work, a
soldering torch kit, GGG-T-570, using propane gas may be used for torch soldering.

* 8.3.2.2 Procedure - Parts shall be preheated with a neutral or slightly
reducing flame to bring the entire joint uniformly to the liquidus temperature of
the solder, but no higher than necessary to provide a satisfactory joint. Localized
overheating shall be avoided. The golder ghall be intreduced at one edge of the
fnterstice or in a groove provided for one of the mating surfaces, and shall flow by
capillary action to {ill the interstice,

* . %,3.8 Type NI - Dip Soldering -
* 3.3.38.1 Equipment - Dip soldering shall be performed by immersing the

the agsembled joint into & flux solution and then {nto & bath of molten solder or by
dipping the parts into a bath of molten solder alloy covered with a layer of flux, Pots

asgembled joint with preplaced solder metal in a bath of molten flux, by immersing

13
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for the bath, either electrically heated or gas heated units, shall be of such capaocity
and construction as to allow production without appreciably lowering the temperature
of the bath, The flux shall be a type which has a stable flowability within the soldering
temperature range, and possesses satisfactory fluxtng properties., The flux bath

shall be free of metallic impurities.

3.3,3,2 Preheating - When required or specified by the procuring activity,
~ assemblies shall be preheated in a sultable furnace and atmosphere to a temperature
of 25 to 100° F below the solidus temperature of the aoldering alloy. Generally

- PRy, = e L oA gy

when a molten baih of solder {8 employed, no preneaung is required.

r3.3 Procedure - The assembly, together with }iga or fixtures, when
used immediately upon removal from.the preheat furnace, shall be dipped into the
molten bath at a uniform rate so that the position of the prepared solder metal is not
disturbed. Soldering times are dependent upon the shape and cross section of the
assembly. Soldering is complete when the golder metal has flowed evenly into the
joints. At thispointthe agsembly shall be removed slowly from the bath at a rate that
will not cause loss. of the molten solder metal. The composition and quantity of solder

[y R P . R T ) I Thea
flix or molten solder shall be adjusted periodically. The operating temperature of

the molten flux bath shall not exceed the lguidus temperature of the specified soldering
alloy by more than 20° F.

3.3.4 Type IV - Resigtance soldering -

3.3.4.1 Equipment - The current (low voltage with increasing amperage)
from a heavy-duty variable transformer and electrode size shall be selected so that
heat and pressure will be distributed over a large enough area to allow the solder
alloy to flow freely, but not large enough to cause overheating.

3.3.4.2 Procedure - Assembled parts shall be placed between a ground
and 2 movable electrode or between two movable electrodes and the current pasaed
through the system. Heating of the joint I8 generated by contact with the electrodes

and the heat energy evolved is a direct product of the resiastance ofthe workandthe cur-

rent passing through it @ = I2R). Resistance soldering electrode bit generally
cannot be turned. Therefore flux and solder must be in proper position before
beating. Heating shall be discontinued as soon as the solder metal has flowed and
formed [illets.

3.3.5 Type V -~ Oven or furnace soldering -

3.3.5.1 Euigmen - Ovens and furnaces shall be of suitable design and
construction, heated by either gas or electricitv, and shall provide uniform temperature
within the working zone. Automatic tempurca*are controlling and recording devices,
preferably of the potentiometer type, shall be provided to satisfactorily control fur-
pace temperature. Temperature variation within the soldering ranges shall be no

14



Downloaded from http://www.everyspec.com

MIL-S-6872B

greater than plus or minus one and one-half percent from the control point. Means
shall be provided for controlling the oven or furnace atmosphere as required, A
reducing atmosphere does not allow joints to be made without flux. An ipert -
atmosphere will prevent further oxidation of the parts but a flux must be present to
remove the oxide that is already present, All but the acid-type fluxes are subject
to decomposition when maintained at elevated temperatures for extended time in
furnace goldering. Dew point and composition of almospheres shallbe suffieiently
controlled to prevent oxidation of carbon stee), low alloy steels, and stainless steels.

3.3.5.2 Procedure - Parts shall be assembled with proper (it ip align-
ment ag required with proper clamping fixtures. Flux may be used in addition to
control of oven or furnace atmosphere. Assemblies, cradled and racked, shall be
placed in the oven or furnace in such a manmer that the atmosphere can reach all parts
of the soldering assembly readily and bring the entire assembly to soldering tempera-
ture in the shortest posalble time. Parts shall be held in the oven or furnace untll =
the filler metal has melted and formed the desired bonding. After soldering has been
accomplished, assemblies shall be cooled in protective atmosphere, as required, to
prevent oxidation. The cooling of parts may be accelerated on removal from the
oven or furnace by the use of an air blast on the hot parts, caution being taken to

prevent warpage.

3.3.6 Type VI - Induction soldering -

3.3.6.1 Equipment - Induction coils shail be of suitable design and con-
struction so as to provide suitable heating of the joint areas. Coll deaign must allow
for corner effects on rectangular parts; surface frregularities which must be in the
heat zone; and for joining of dissimilar metals, particularly joints composed of both
magnetic and non-magnetic components,

3.3.6.2 Procedure - The mating surfaces shall be coated with flux,
either corrosive or noncorrosive, containing a minimum percentage of solvent in-
order to reduce the amount of volatile matter driven off during heating or enclosed
in a suitable atmosphere. -The filler metal shall be placed in position and the joint
heated by placing within or near a suitable induction heating coil.

-3. 3.7 Type V11 - Ultrasonic soldering -

3.3.7.1 Equipment - Oscillators for generating electrical impulses and
magnetostrictive transducers ghall be of suitable design and construction so ag to
provide suitable cavitation erosion on the surface of the metal to permit molien
solder to wet the surface. The ultragonic vibrations shall be transmitted from the
laminated nickel core which is used to reduce eddy currepts to the joint. A metal

rod of suitable length which connects the transducer to the soldering bit shall be
attached to the core so that maximum disturbance will regult at the free end. The
free end of the metal rod which forms the soldering bit shall be immersed in a

- small pool of molten solder that contacts the surface to be soldered, The metal
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rod shall then be moved across the surface of the bage metal or joint so that the
ultragonic vibrations break up the oxide on the surface exposing the underlying metal
to the wetting action of the molten solder.

3.3,7.2 Procedure - The area to be coated shall be heated to the soldering
temperature, A suitable quantity of solder shall then be melted on the surface to
form a molten puddle. The end of the transducer rides over the surface. Two such
solder-~coated areas shall then be placed together and heated until the solder coat
melts and forms a bond.

3.3.8 Type VIO - Spray gun scldering -

3.3.8.1 E Ey._lent Spray guns shall be of suitable design and con-
struction 8o as to permit heating and spraying & continuous feed solid solder wire,
Depending upon gun design, propane, acetylene, or natural gas with oxygen may -
be used for heating and apraying. This equipment ig similar to that detailed in

MILl~M-3800.

3.3.8.2 Procedure - Parts shall be assembled with proper ftt and fixed
in alignment 28 required. Using ordinary metal spraying technigques, the vast
majority of the solder i3 melted by the neutral flame of the gun. The solder should
contact the part in a semi-liquid form., The balance of heat required to melt the
filler metal and bring the entire joint uniformly to the liguidus temperature of the
_golder for flowing is to be supplied by the part.

3.3.9 Type IX - Wave soldering -
3.3.8.1 ﬂ,m“'lﬁguluul - Wave solder ing equipment shall be of a sultable

design and construction to permit an automat{c application of the solder. A con-
tinuous stream of golder shall be pumped up into the spout, forming a head of soider
through which the work can be passed. The equipment and materials used in the
equipment shall be capahle of pumping a fresh-amount of solder into the solder head
at all times go that the dross will not accumulate on the solder surface or come in
contact with the work. Al flax and flux residues which are wiped off the work and
normally stay on top of the solder bath shall be carried down with the wave into a
special reservoir where they shall not come in contact with any future work. Means
shall be provided so that the solder which is pumped out of the bottom of the solder
container iz always at the same temperature and the solder reaching the-head has no
time to be cooled down hy air drafts and other incidental side effects. The equip-
ment shall be such that the temperature of the solder touching the work shall be
uniform and can easily be contrelled and maintained.

3.3.9.2 Procedure - Parts shall be fluxed by sultable application methods

such as brushing, rolling, spraying, foaming, dipping, wave fluxing, etc. The work
shall then be passed through the equipment so that the molten solder and oil are
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pumped together to hit the work simultaneously and prevent rapid oxidation. Oil
disperaion shall be smooth and evenly distributed by the injection where the veloeity
of the solder is greatest. It is of importance that preheating prior to soldering be

performed In order to glve the flux enough temperature and time to clean and pre-
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pare the surfaces because of the reduced time of the wave., After wave soldering
has been accomplished, assemblles must be adequately post treated to remove ofl,
whenever used in conjunction with this method.

soldering may be substituted for the specified types of soldering methods when
approv>d by the procuring’agency.

3.4 Post solderlng treatment -

3.4.1 Cooling - Proper Jigging, assembly or controlled cooling shall be
employed to prevent excessive deformation of the joint or fallure of the joint during
golidification of the golder. The cooling method may be varied to suit each individual

srailontdoe wannn o
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3,8.18 Other types - Other types of methods and procedures for E
-I.

3.4.2 Flux removal - Immediately after soldering and cooling, flux
shall or shall not be removed depending upon the degree of corrosiveness. Fluxes
conforming to MIL- F-14266 or those meeting the requirements of types R and RMA
of QQ-5-661 having a rosin base do not generaily require removai of e regidue,
except if appearance is a prime factor or if the joint area is to be painted or other-
wige coated. Fluxes conforming to O-F-506, identified ag corrosive, because of
having a zinc chloride or other corrosive base, leave a fused residue. Flux residue
shall be removed by & method which is not injurious to the surface finish and which
will not remove parent metal and solder metal to below tolerances specified in the
applicable drawings. A suitable test such as detatled in 4.4.5.1 or 4, 4.5.2 may be
used to determine that the flux has been adequately removed.

3.4.3 Passivation of soldered stainless steel assemblies - Unless spect- !
fled in the applicable drawings or gpecifications, assemblies that have been soldered !

shall not be given a nitric acld treatment for passivation, Assemblies joined with
the lead-tin, lead-antimony-tin, and lead-antimony solders are attacked by the passi-
vation treatment, thus they shall not be passivated.

3.6 Quality of joint -

3.6.1 Workmanghip ~ Soldered assembiles shall be processed in a
careful and workmanlike manner. The solderlng shall be free from acratches.
roughmess, sharp edges, duilness, looseness, biistering, foreign matter and other
evidence of poor workmanship that will render the asgemblies unsuitable for the

purposes intended, Defects in quality of workmanship as detailed in 3.5.7 and the

subparagraphs thereo” shall be considered as fallure at some point In the proces

and one In which the 1 -t shall be rejected unless it can be repaired prior to final
Inspection.
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3.5.2 Appearance - A solder joint shall have a bright non-crystalline
metalle appearance {he degree of brightness may vary with the golder used) with
good adherence and shall be clean and smooth. Solder shall cover the joint and form
a slight fillet between the terminal area and each slde of the joint. The Joined sur-
faces shall be covered with a coating of solder that leaves the general outline of the
surfaces vigible although the joint itself may be obseured.

3.5.3 Flow and wetting action - The solder connection shall indicate
comnatibility hetween the solder and the surfaces being joined by evidence of good
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flow and wetting action. Wetting and proper compaubiuty shall be achieved when the
solder filet feathers and thins out at the edges and bonda to the base material In
those areas where sufficient joint area exista to allow golder gpread, Bolder fillets
at cylindrical surfaces formed at a direction other than parallel with the cylinder
axis shall form a fillet which blends to the cylindrical surface tangentially.

3.5.4 Line of demarcation -~ A line of demarcation where solder fillet
blends to surfaces being Joined shall be acceptable provided wetting as specified in
3.5, 3 has been achieved.

3.5.6 Sharp projections - All sharp projections ghall be removed.

3.5.6 Contour - The contour of an outside solder joint shall be of a
uniform radius with a minimum amount of excess solder or flagh over the adjacent
surfaces.

3.5.7 External defects -

3.5.7.1 Porosity - This defect is the result of gases being expeiled. It

appears as small, round, smooth surfaced pockets on the surface of the solder metal,
The presence of porosity is undesirable but 1s acceptable provided the number, depth,
and area of concentration does not Interfere with the function of the completed assembly,
unless otherwise specified.

3.5.7.2 Bligters - This surface condition resulting from the overheating of
the base metal shall be cause for rejection.

3.56.7.3 Residual flux - No residual flux shall be permitted on the surface
of a soldered joint except those from organic-base fluxes where residuea are non-
corrosive or from rosin-base types (see 3.4.2), in-which case the residual flux may
be left in place unless removal is dictated by the applicable drawing or specification,
or appearance, or the joint area is to be painted or otherwige coated.

3.5.7.4 _Exgessive solder alloy - Soldering metal in excess of that
required for the joint is acceptable provided the excess solder metal does not lnterfere
with the function of the completed assembly.

18
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3.6.7.5 Unmelted soldering alloy - The presence of unmelted soldering
alloy in a joint i8 undesirable, and may be cause for rejection of the part. However
it shail be acceptable for wide gap soldering when permitted by appiicable drawings
or specifications.

3.5.7.6 Penetration - Solder alloy-must appear on all edges of a joint
Indicating proper flow through the joint. ILack of penetration shall be cause for
rejection of the part. ’

o 8.7.7 Cold solder joint - The solder shall adkere smoothly to the parts
being joined. The joint shall not be chalky in appearance, lacking metallic luster,

siaw shall i hava 8 pauch ity ollad un zurface, A cold solder oint shall be asusa
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for rejection of the part as it may contaln cracks due to selder not having flowed
smoothly.

3.5.7.8 Disturbed golder joint - The solder connection shall not have an

irregular, dull rough appearance cause by movement of the joint before the solder
has fully solidified. This defect shall be cause for rejection as there will be a poor
mechanical connection in which the parts forming the joint can move, :

3.6.8  Internal defects - Internal defecis in a soldered joint are undeairable
apd may be cause for rejection of the part. When specified in contract or purchase
order, soldered parts shall be examined (see 4. 4,4.2) for internal quality of Joint.

3.5.8,1 Total aggregate area - When specified, the unsoldered area
ineluding trapped flux, scattered porosity and voids shall not exceed 20 percent of
the faying surface of the respective joint for aluminum and alumipum alloys, and 15
percent for all other metals.

.5.8.2 Mg;g um extent o :g ngg e defect ~ When specified, no single un-
ea gl

T a ghall excead 20 percent overlap distance of the joint for aluminum
and aluminum alloys. and 16 percent ln all oth metals,
3.6 Quality of {oint for electrical and electronic equipment -
3.6.1 Genera} - Unless otherwise specified In applicable apecification,

contract or purchase order, the provisions of this specification shall not be applicable
for soldered joints for electrical and electronic conmections, The requirements for
such joints shall be in accordance with Requirement 5 of MIL-STD-454,

3.7 Resoldering ~ Resoldering of joints shall be avowed. Ii for any
reasgon a satisfactory joint is not initially obtained, the joint shall be taken apart, the

parts shall be cleaned and the entire soldering operation repeated so that the quality
standards for resoldered loint shall be the same as for an original loint, Excessive

SRAAIT SO AR Lag 344 44-2
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solder (gee 3,5.7.4), unmelted soldering alloy (see 3.5,7,6), lack of penetration -

- (see 3.5.7.6), cold solder (see 3.5.7.7) and disturbed solder {see 3.5.7, 8) at the

L

+*

Joints will require only rebeating and reflowing of the solder.
4, QUALITY ASSURANCE PROVISIONS

4.1 Responsiblility for inspection - Unless otherwise apecified in the
contract or purchase order, the supplier {8 responsible for the performance of all
inspection requirements as specified herein. Except as otherwise specified In the con~
tract or order, the supplier may use his own or any other facilities suitable for the
performance of the inspection requirements speecified herein, unless disapproved by the
Government, The Government regerves the right to perform any of the ingpections
get forth in the anseification where such ingpectiong are deemed necessaryv to aasure
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supplies and services conform to prescribed requirements. -

4.2 Sampling -
4,2, 1 Lot size - For the purposes 'of sampling, a lot shall consist of

all soldered parts of the same design or kind manufactured by the same process and
operator during one continuous period and submitted for inspection at one time. ’

4,2.2 Sampling - A random sample shall be selected from each inspec-
tion lot in accordance with MIL-STD-105, Inspection Level I, Acceptable Quality
Level 2.5 percent defects and subjected to the visual, dimensional, pressure-tightness,
destructive and flux removal examinations specified,

4.3 Inspection and test - Inspection and test procedures shail be in

accordance with the requirements of MIL-I-6870 and as specified herein,

4.4 Test methods -
4.4,1 Visual examination ~ Soldered joints shall be visually examined to

determine the quality of the jolnt as specified in3.5.1, 3.5.2, 3.5.3, 3.56.4, 3.6.5,
3.5.6, and 3.5.7. Fluorescent or dye penetrant, MIL.1.6866, procedures may be
used as inspection aids. All indicated flaws shall be checked visually at 5 to 10 power
magnification,

4.4.2 Dimenstonal inspection ~ Samples from each inspection lot,
gelected in accordance with 4.2, 2, shall be inspected for compliance with dimensional
requirements of applicable drawings and spectfications,

4. 4.3 Pressure tightness - Where gas or liquid tightness is required
of a joint In accordance with the applicable drawings or specifications, the soldered
assembly shall be tested at pressures greater than required service pressures, unlesas

otherwise specified. Samples from each Inspection lot shall be selected in accordance
uith 4 0 0 Yainte shall ha subiast to nragsurs-ag gnecified by ‘the apnlicable drawings,

Willli 5. 2. 4. oOINLS Sidi: 32 DUOITLE LV paLoaua v o Spovailie iy mas oppasvadas Sn st

specifications, safety codes or purchase order,
20 ) .
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* 4,44 - Destructive tests - When specified in the contract or purchase
crder, samples selected in accordance with 4. 2.2 shall be inspected for complance
with physical stress property requirements of the applicable drawings or apecifi~
cations.

* 4.4, 4.1 Tension or shear - Tension or shear tesats shall be determined in
accordance with Method 211 of Fed, Test Method Std. No. 151,

* 4,.4.4.2 Peel - The peel test may be used to determine compliance with
the quality of lap joints as specifled in 3.5.8. One part of the joint shall be firmly
held in a vise while the other part 1s peeled away from the lap joint using pliers.
The soldered area shall be checked visually at 5 to 10 power magnificatfon to de-
termine the general quaiity of joinis.

* 4.4.5 Flux removal - Samples from each inspection lot, selected In
accordance with 4, 2. 2, shall be Inspected for compliance with 3. 4,2 to determine
gompleteness of flux residue removal.

* 4,4.5.1 Chloride containing flux residues - Soldered areas shall be tested
for completeness of flux removal by leaching the area with a small quantity of dis-
tilled or deionized water. Industrial or tap water from pipe lines or conduits as used
for processing tanks and vats shall not be used because of its impurities. To the
leach, a few drops of nitric acid and a few drops of 5 percent silver nitrate solution
shall be added. If a white precipitate is formed {n an amount greater than that formed
in an egual volume of standard sodium chloride solution (equivalent to 126 ppm as
chloride) treated in a like manner, the flux removal is not complete.

4.4.5.1.1 Sandard sodium chloride solution - Weigh 0. 2060 0. 005 grams
of sodium chloride which has been dried for 2 hours at 225° F and dissolve In dis-
tilled water. Dilute to 1 Iiter at 70° F in a volumetric flask,

* 4.4,5.2 Hurnidity test - When epectfied in the contract or purchage order,

soldered arezg ghall be tested for completenesa of fiux removal residue and corrosive
actlon on the materials involved by the humidity or environmental cabinet test.

* 4,4.5.2.1 Test cabinet - The humidity test cabinet shall he lined with sheet
_ 4 z_k f J— PP Y o R AR, W Ty gre—"n § e e 3 |

metal wun SDlﬂel'eﬂ or wemeu ]OIIII:S to iorm a vapor ugm. COAIlDer, ll“! Waill il
be heavily insulated to minimize heat loss and condensation. Temperature and
humidity controls shall be automatic and shall be capable of maintaining a dry bulb
temperature of 100 32° F and a wet bulb temperature of 88 12° F. There shall not
be more than 2° F temperature difference between any two points in the test area at
any time.

* 4.4.5.2.2 Procedure ~ Selected samples shall be placed in the humidity
cabinet and exposed to the conditions stated in 4, 4,5.2, 1 for a period of 72 hours,
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Formation of or washing by condensate on the specimens shall not be permitted.
The samples at the end of the test perlod shall be examined visuzlly or at & magni-
fication of 4 X to determine evidence of corrosion causedby contamination from the
Aux residues or by the cleaning solutions,

4.5 Rejection -~ Soldered assemblies not conforming to the requirements
of this specification shall be rejected.

4.5,1 Regsubmitted inspection lots - Lotd found unacceptable may be
resubmnitted in accordance with MIL~-STD-105,

8, PREPARATION FOR DELIVERY

6.1 The requirementa of Section 5 are not applicable to this speci- -
fication.
6, NOTES

8.1 Intended uge - This specification is Intended for use in the control

of non~electrical soldering processes aa applied to various metals and alloys in
menufacturing and maintenance facilities for assemblies, Soldering procedures are
uged to obtafn desired properities, such as leak tightness, pressure tightness, and
heat conductivity within the limits of the respective materials. The solders required
for the processes, detailed in this specification, as structrual materfalg, are weak
when compared with the materinls which they are generally used to join. To avoid
depending upon the strength of solder, joints for structural assemblies should be so
designed that surfaces to be goldered by the various methods wiil require the sclder
only to seal and stiffen the assembly.

8.1.1 Copper and copper alloys ~ Copper and copper alloys are soldered
to form simple economical joints on equipment such as heat exchangers, automotive
radiators, heating unita, finned tubing, water lines, and flexible metal hose that
requires leak tighiness and good heat conductivity,

6.1,2 Steelg - Tin plated steel used for air ducts, amplifier frames,
condensor and capacitor cana, alr filters and gas meter cases are often soldered
by the dip soldering process. Terne steel i3 soldered for assembly into air cleaners,
gagoline tanks, cans, radiator parts, oil pans, fire extinguisher bodies and burial
caskets. Frames, tube covers, chassis for electronlc eguipment of galvanized steel
are soldered for assembly, Stinless steel cans, pails and buckets are often soldered
after spot welding or riveting to provide leak tight joints, '

6.1.3 Nickel and nickel alloys - Nickel and nickel alloya are solderable,

Application should be limited where resistance corrosion is not an impartant factor.
Solder can be used for sezling non-pressurized water containera provided the strength
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of the jJoints is supplied by rivets, bolts, staking, lock seams, spot welds or other
mechanical means. The soldering process should be limited to jeints in sheet metal
not more than 5/8 inch thick. Since the solders are weak compared to the basis
nickel and nickel alloys, they should not be used for attaching fittings to nickel-
copper fuel tanks or pressurized water containers. In the event soldering must be
used for joining nickel and nickel alloys, only the corrosive fluxes (see 3,1.4.1.1)
are recommended.

* 6.1.4 Lead and lead alloys ~ Lead pipe with soldered jo!nts or soldered
copper 1ittings are used to convey water underground or In drainage and venting
systems. Leaded sheathed cables for telephone, telegraph and electrical power
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* 6.1.6 Aluminum and aluminum alloys - Tube fin assembliesa and
cellular assemblies of aluminum and aluminum alloys are jolned by dip soldering.

belng used for sealing of electronic components encased in tin or copper plated
magnegium alloy containers,

* 6.1.7 Cast Iren - Soldering processes may be used for repair of
broken or worn cast iron equipment, Surface cracks and depressions caused by
inclusions or metal-mold rezction may be filled with solder if the defects are supevr-
ficial and application is not critical, Zinc chloride flux should be applied to the cast
iron part prior to soldering application.

* 6.2 Cadmium-silver and cadmium- zinc golders - Cadmium-silver
and cadmium-zinc solders have been used for the joining of aluminum and its alloys
to itgelf or with digsimiliar metals by processes detailed in this specification, These.
solders are extremely dangerous and are of a highly toxic nature. Overheating the
solder during ioining can vaporize the cadminm to produce highly dangerous and
practically odorless fumes. Precautions must be taken for proper ventilation during
soldering processes which may not be suitable or available. Their use is not recom-
mended as there are other materials, non-toxic in pature, that are avaiiable and
covered by specifications if soldering of aluminum is required. Also ultrasonie

fpnhn!nnnn for nnlr?nrlncr lﬂnn 2.3 '7\ have heen ﬂpvnlnmﬂ and are hphncr used commer-

cially which would not require the use of these toxic solder types.

6.3 Fluxes ~

8.3.1 Noncorvosive -~ Noncoryosive a5 wsed o 3. 1. 4.1 A Clﬁﬁ"l .
fluxes of this type is only a relative term. The noncorrosive fluxes are not as
corrosive as the other fluxes listed, namely highly corrosive (see 3.1.4.1,1) or
intermediate {see 3,1.4.1,2), taut all Ruxes must be corrosive in order to perform
their function. In general, the amount of corroslon resulting from nonremoval or
of nopcorrosive filuxes may not be harmiul to the soldered part or articie.
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6.3.2 . Chemical and reaction fluxeg - Chemical and reaction fuxes
are a special group of corrosive fluxes developed for soldering aluminum, A chemical
flux 18 generally composed of an organic fluoboride (guch as boron trifluoride
monoethanolamine), a metal fluoborate {(such as cadmium fluoborate), vehiole (such
as methyl alcohol) and a plasticizer (such as stearic acid). Modifiers such as zino
fluoride, zinc chloride or ammonium chloride may also be incorporated into the
formulation. Reaction fluxes usually are compoged of zinc chloride, tin chloride
or combinations with other metallic halides and ammonium chloride.

* 6.4 Changes from previous issue - The margins of this specification
are marked with an asterisk to indicate where changes (additions, modifications,
correctiona, deletions) from the previous issue were made. This was done ag a
convenlence only and the Government assumes no liability whatsocever for any
fnaceuracies §n these notations. Bidders and contractors are cautioned to evaluate
the requirements of this document based on the entire content frrespective of the
marginal notatlons and relationship to the last previous tssue.

Custodians: Pre'paring activity:
Army - WC Navy - AS
Navy - AB {Project No. THIM-0007)

Air Force - None

Review activities:
Army - WC, M1, GL, MU
Navy - A8, OS
Alr Force - None

User actlvities:
Army - EL
Navy - MC, SH
Alr Force - None

Review/user information is current as of date of this document. For future co-
ordination of changes to this document, draft circulation should be based on the
information fn the current DODISS,
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