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Introduction
g 5

BBepgeHue

Flame brazing of aluminum is not
new. In fact the very first brazed
aluminum assemblies were pro-
duced using a chloride based flux
and a flame as the heat source.

What has changed over the years is
the sophistication of the types of
fluxes available and to a certain ex-
tent the alloy selection. However,
even if one returns to the absolute
basics of a flame, filler metal and
flux, there remains a great deal to
be learned about the fundamentals
of flame brazing of aluminum. This
becomes especially evident when
the brazing engineer applies his
techniques and equipment to
NOCOLOK® flux flame brazing and
years of learned practice seem to
fail. This is largely due to the fact
that the years of acquired knowl-
edge of flame brazing aluminum
has come from corrosive chloride-
based flux brazing.

Unfortunately, the same techniques
can not be directly applied to
NOCOLOK® flux flame brazing. It is
therefore the
article to re-familiarize the brazing
engineer with the fundamentals of

intention of this

flame brazing aluminum and use

those fundamentals to realize all
the advantages of NOCOLOK® flux
brazing.
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[Maika antoMUHUS B OTKPLITOM
nnamMeHv He npepcTasnseT cobomn
HWuero Hosoro. Befib yxxe camble
nepBsble cnasHHbIe antoMUHUEBbLIE
KOHCTPYKLMKU U3roTaBMBanuch ¢
NMOMOLLIbIO (hritoca Ha XNOPHOM
OCHOBE Y C NMPUMEHEeHUEM
nnamMeHu B Ka4eCTBe UCTOYHMKA
Tenna.

C TeyeHem BpeMeHn U3MEHNUIIOCh
TONBbKO Ka4YeCcTBO NPUMEHSIEMbIX
BMOOB (hSIOCOB U, B UBBECTHOM
CTerneHu, Takxke Bblbop
MCMoNb3yeMbIX B KaYecTBe
NpWnoeB cnniaBoB. Tem He MeHee,
ecnv obpaTUTbLCA K OCHOBaM Mamnku
B OTKPbITOM MyIaMeHU ¢
MCMONb30BaHNEM MPUMOS U
¢hntoco., crnegyeT Npu3HaTh,YTO
npu navike antoMUHUS MHOT1e
NMPUHUMMBI eLé He[oCcTaToOuHO
M3yYeHbl. ATO CTaHOBUTCA
0COB6EHHO O4YeBMOHbIM, KOoraa
WHXXEHEPbI, CNeLuanusmpyoLmnecs
B 06nacTu navku, neltatoTcs
NMPUMEHUTL CBOW MHOIONETHUM
OMbIT B TEXHOJIOMMK Nanku ¢
ncnonb3dosaHem NOCOLOK Flux
W Npuv 3TOM BOpPYr obHapyXusaoT
CBOIO HECOCTOSITENBHOCTL. B
nepByto 0Yepeb NPUYNHOM 30eCb
ABNAETCA TO, YTO UX MHOIONETHUM
OMbIT B Navke antoMUHKA B
OTKPbLITOM NyiameHu 6asunpyeTtcsa Ha
NPUMEHEHUM XJTOPCOAEPKALLMX
¢hntOCOB, BbI3bIBAKOLLMX KOPPO3UIO.

K coxaneHnuto, npu navike ¢
nomotbio NOCOLOK Flux B
OTKPbITOM MiaMeHU HeNb3A NPSMO
NPUMEHSATL TY XXe CaMyto TEXHUKY
nanku. Llenb 3ToM ctaTtbu — eLle
pa3 BEpHYTbLCA K OCHOBaM Manku
antoMWHKUA B OTKPLITOM MIiaMeHu v
npv 9TOM Npu3HaTh BCE
npevmMyLLecTBa npoLecca namku ¢
nomoubio NOCOLOK Flux.

NOCOLOK® js a registered trademark
of Alcan Aluminium Ltd, Canada

NOCOLOK® /2 Alcan Aluminium Ltd, Canada ®
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NOCOLOK ® zaperucTpupoBaHHbii TOProswii 3HaK
gupmer of Alcan Aluminium Ltd, Canada



According to the American Weld-
ing Society, brazing is the joining of
metals using a molten filler metal,
which on cooling forms a joint. The
filler metal melting temperature is
above 450°C, but below the melt-
ing point of the metals. Flame bra-
zing then implies the use of a flame
as the heat source to accomplish
what is described above.

Flame brazing lends itself well to
joining components with simple
configurations such as tube-to-
tube, tube-to-fitting and joints
having large thermal mass differ-
ences. Since much faster heating
rates are possible than in furnace
brazing, flame brazing is versatile
and as will be explained in more
detail later, can braze some Mg
containing alloys.
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American Welding Society
onpenenseT nanky TBEpObIM
npunoem, kak coeguHeHue
MeTansoB C MOMOLLbIO
pacnnaBneHHOro NMp1nos, KOTOPbIV
npu ocTbiBaHUM 0b6pasyeT eguHoe
uenoe . Temnepartypa nnasneHus
npunosi coctaenseT cBbile 450°C,
HO HWXe, Yem TemnepaTypa
nnaBneHnst CoefUHAEMbIX
petanen. B paHHom cnyvae anq
OMMCaHHOr O BbILLE MpoLiecca B
KavyecTBe UCTOYHMKA Tenna
npuUMeHsieTCa nNnams.

[Malka B OTKPLITOM MflaMeHu
npMMeHnMa O CoequHeHUs
neTtanen ¢ HeCNoXXHbIMU
KOHCTPYKLMOHHBIMU (hopMamu,
Kak, Hanpumep, Tpyba — Tpyba,
Tpyba — naTpyboK, a Takxe gns
COefIHEeHUA feTanen ¢ CUIbHO
OoTNMYaloLLEeNCa TEPMUYECKN
3hHEKTUBHON Maccom. [MOCKONbKY
nanka B OTKPbITOM MyamMeHu
obecneunsaeT ropasgo 6onee
BbICOKYIO CKOPOCTb Harpesa, Yem
narvka B ne4u, oHa HaxoguT
MHOIOCTOPOHHEE NMPUMEHEHUE U
genaeT BO3MOXHOM, Kak ornuMcaHo
HWXXe, NanKy MarHumi-cogeprkaLlmnx
CrnaBoB.

Flame Brazing
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What is
Flame Brazing?
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YT1o Takoe
navka B

OTKPbITOM
nnameHu?

lNavika B OTKPbITOM rifiaMeHn



What is
NOCOLOK® Flux?
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Y10 Takoe
NOCOLOK® Flux?

NOCOLOK flux is a white powder
consisting of a mixture of potas-
sium fluroaluminate salts of the
general formula K43 AlF4_g. The
flux has a defined melting point
range of 565°C to 572 °C, below
the melting point of the Al-Si bra-
zing alloy. The flux is non-corrosive
and non-hygroscopic and is only
very slightly soluble in water (0.2 %
t0 0.4 %). The shelf and pot life of
the flux is therefore indefinite. The
flux does not react with Al at room
temperature or at brazing tempera-
ture and only becomes reactive
when molten.

Role of the Flux

Once molten the flux works by
dissolving the oxide film on the Al
surfaces to be joined and prevents
further oxidation. The flux wets the
Al surfaces and allows the filler
metal to flow freely into the joints
by capillary action. Upon cooling,
the flux solidifies and remains on
the surfaces as a thin, tightly adher-
ent film, which need not be remov-
ed.

Joint Clearances

The recommended gap tolerances
for flame brazing range from
0.1 mm to to 0.15mm. Larger gap
clearances can be tolerated, but
capillary action is reduced, gravity
activity is increased and more filler
metal may be required. Friction fits
should also be avoided as this will
restrict filler metal flow and result
in discontinuities in the brazed joint

area.
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NOCOLOK Flux — ato 6enbii
MOPOLLIOK, COCTOSILLMIA U3 CMECH
KanundTopantoMMHUEBBIX CONEN C
oben popmynon Kq_3 AlF 4.6.
®dnioc obnagaeT TOYHO
onpefenéHHbIM ManasoHoM
Temneparypbl NnaBneHns oT

565 °C o 572 °C, nexxalmm Huxe
Temnepatypbl nnasnexus Al-Si-
npunos. Onioc aenseTca
HEKOPPO3MBHBLIMM U
HEermrpoCKOMUYHbLIM U MOYTU He
pactsopum B Boge (0T 0,2 % io
0,4 %). MoaTomy OH MOXeT
XPaHWUTBLCA B CKNaACKMX YCMOBUAX
HeorpaHuyeHHoe Bpewms. NMpu
KOMHaTHOM Temnepartype unu
Temnepartype namku e He
pearupyet c aniomuHnem. OH
CTaHOBUTLCA aKTUBHbLIM TOJTbKO B
pacnnaBfieHHOM COCTOAHUM.

Ponb chnroca

B pacnnaBneHHOM coCTOSHUM
¢hntoc pacTBopsieT UMetoLLMecs Ha
NMOBEPXHOCTAX COeAUHAEMbIX
antoMWHUEBbIX feTasiel OKUCHbIEe
MNeHKWU U NpensTcTByeT
ganbHeunemy okucneHuo. dnioc
cMauvBaeT antoMUHUEBLIE
NMOBEPXHOCTM Takum 06pasom, 4YTo
npunon, BcnegcTeve
KanunnapHoro addekTa, MoXxeT
cBOOOOHO TeYb K MECTaM Cnamnku.
[Mocne oxnaxkxgeHus doc
3aTBepeBaeT U OCTaéTcA Ha
NMOBEPXHOCTH B BUOE TOHKOWM,
NMPOYHOM MNEHKU, He TpebyloLLen
yhaneHus.

YucToTa coegUHEHHUA.

PekomeHpyemble [onycku Ha
3a30p Npu nNamke B OTKPbITOM
nnameHu coctasnsaoT oT 0,1 Mm
0o 0,15 mm. Bonbluas BennumHa
XOTS M JornyckaeTcs, HO
NpenATCTBYeT KanuiispHoOMy
ahheKTy, NoBLILLAET BEC U NPU
aToMm TpebyeT 6onbLue Npunos.
CnepyeT nsberaTb CIULLKOM
NAOTHOrO CXXaTua COeanHAEMbIX
NMOBEPXHOCTEM, MNOCKOSbKY 3TO
npenaTcTByeT cBO6OAHOMY
pacTekaHuio Npunos n BeOEeT K
HepaBHOMEPHOW MPOYHOCTH B
MecTax Crnavku.



Since the principles of flame bra-
zing can be explained using the
most basic equipment, only the
equipment necessary for manual
flame brazing is described. From
the basic principles, all other equip-
ment is only a matter of the degree
of automation the end user wishes
to achieve.

Hardware

Torch

It is critical that the joint area is
brought up to temperature uni-
formly. For this reason a dual head-
ed torch capable of heating the
joint from 2 sides is recommended.

Torch Tip

A multi-orifice tip generates a
broader flame at the exit of the tip.

This feature enhances component
temperature uniformity during heat
up. Pin-point flames should be
avoided as burn-through can easily
occur.
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Coniio ropenku

Tak Kak NpuHLMMbI Npouecca
navku MoryT 6blTb 06 BACHEHBI Ha
ocHoBe 6a30B0ro o6opyfnoBaHus,
3paeck OyfgeT onncaHo TOMbKO
obopygnosaHue, Heobxogumoe Ans
py4HoW naviku. B npuHumne sce
[Opyrue cMcTembl OTNMYaTCA
NULLb Xenaemon CTeneHbio
aBTOMaTM3aLum.

O6opypoBaHHe

MaAnbHaA namna.

OueHb BaXkeH paBHOMEPHbIV
HarpeB MecCT cnavku. [ns aToro
pPEKOMEHOYETCHA NPUMEHEHWE
nassibHOM namnbl ¢ ABYyMS
rofioBKamu, C MOMOLLbIO KOTOPOWM
MEeCTO Narku MOXXHO pa3orpeTb C
LIBYX CTOPOH.

Conno ropernku

Mpu HanMuuM conna co MHOrUMM
OTBEPCTUAMMU Ha BbIXoe
obpasyeTcs 6onee LWMpokoe
nnams. OTo no3sonseTt 6onee
paBHOMEPHO pasorpeTb geTarsb.
CnegnyeT nsberatb TOYEUYHOro
niamMeHu, Tak Kak 3To MoXeT
NMPUBECTU K NPOXUIraHUIO OeTanu.

Recommended
equipment for
flame brazing
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PekomeH-
Aayemoe
obopyoBaHHe
AJ1A nank1 B
OTKPbITOM
nnamMeHH.

Dual headed torch Filler metal
Mk A2 1 £
lNasnbHas namna c gByMsi rosioBKamm Mpuriov




Consumables

Gas

Most commercial gas mixtures are

acceptable for flame brazing Al:

® oxygen — propane

® oxygen — methane

® oxygen — natural gas

@® oxygen — acetylene
(oxyacetylene)

Oxyacetylene combination produc-

es the hottest flame and may be

used, but with extreme care to

avoid and burn-

through.

overheating

Filler Metal

The filler metal alloy most com-
monly used for flame brazing Al is
AA4047 which contains 11 to 13 %
Si. The Al-Si phase diagram shows
the eutectic at 577 °C with 12.6 %
Si. AA4047 filler alloy therefore has
the lowest melting temperature
with the highest fluidity, ideal prop-
erties for flame brazing Al.

The filler metal is available in a va-
riety of shapes and forms including
wire, rings, foil and powder. When
used as a powder, it is usually
mixed with flux and a carrier to
form a paste (more on pastes
below). The filler metal wire is also
available commercially either cored
or coated with flux, precluding the
application of flux.

Brazing Paste

Commercially available brazing
pastes consist of the flux, powder-
ed filler metal and a binder/carrier
to keep everything in uniform sus-
pension. This paste is all inclusive,
there is no need to supply flux or
filler metal to the joint separately.
Brazing pastes can also be applied
with automatic dispensers, with
syringes or by brush application.
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BonbLIMHCTBO MMEIOLLUXCA B
npopaxke ra3oBbIx cmMmecen
NpUrogHbl AN Navku antoMUHUA B
OTKPLITOM MSIaMeHu:

B kucnopogf — nponaH

B kucnopop — meTaH

B «kucnopod — Np1poaHbIN ras

B kucnopof — aueTuneH
KombuHauus kucnopog -aueTuneH
obecneunBaeT camyto BbICOKYHO
Temnepatypy nnamexu. MNMpun eé
NPUMEHEHUN peKkomMeHayeTcs
KpanHAs OCTOPOXXHOCTb, YTOObI
nsbexxaTb neperpesa uam
NpoXUWraHua getanen.

Mpunon

Mpw narke antoMMHKUA B OTKPLITOM
niamMeHu B Ka4ecTBe Npunos yatile
BCEro NpMMeHAETCA crnas
AA4047, cogepxawuin ot 11 po
13 % Si cambIx pasnMuHbIX
¢opmax, Hanpumep, B BUAE
NpPOBOJIOKK, KoneL,, honbru un
nopoLuka. B Buge nopotuka oH, kak
npasuno, cmelwmsaeTcs. Ha
hasoson guarpamme AL — Si
9BTEKTUKa Haxogutca npu 12,6 %
Si B parioHe 577 °C. Takum
obpaszom, npunovi AA4047
obnapgaeT camoun HU3KOM
TemnepaTypou nnasneHns npu
HauBbICLLEN TEKYYECTH -
vMoeanbHOe CBOMCTBO AN Namku
antoMUHKUA B OTKPLITOM MI1aMeHHU.

Mpuno BeinyckaeTcs ¢ hocom m
CBA3YIOLLMM BeLLECTBOM A0
nacToobpasHoOro COCTOAHMSA
(6orbLUE O MacTax cM. HUXe). B
BUE NPOBOJSIOKM OH MOXET ObITb
nosibIM, @ TaKXKe C HAHECEHHBbIM Ha
NMOBEPXHOCTb (PJIOCOM, YTO
n3baBnseT oT nocnegyoLwero
HaHeceHua oca.

MacTa gnA namkwu.

MmetoLmecs B HanMumnm nactbl
SIBMAOTCA FOMOrEHHON CycneH3unemn
13 chntoca, Npunos B Buae
MOpPOLLIKa U CBA3YIOLLLEro
BeLlecTsa. [ockonbKy nacta
COLEPXXUT BCe HeobXoaMMble
KOMMOHEHTbI, MPUMEHEHUe
[OMOJSIHUTENBLHO hritoca Unm
npunos He Hy>XHo. Nacta moxxeT
HaHOCUTLCA TakKXe
aBTOMaTUYECKUMU [O3UPYIOLLUMU
yCTpOMCTBaMM, LUNPULLAMU UK
KUCTBIO.



Flux Paste

This is very similar to brazing pastes
except that there is no powdered
filler metal present, meaning that
flux pastes requires filler metal in
one form or another to be added to
the joint separately. The advantage
of using a flux paste is that the end
user does not have to prepare his
own paste.

In-House Paste Preparation
The least expensive and most com-
mon is the in-house preparation of
flux pastes. The flux is mixed with
either water or alcohol and/or
water at 40% to 60 % solids.
Using some alcohol in the paste
quicker
drying. Using pastes prepared in-
house of course requires that the
filler metal be supplied to the joint
separately. These pastes are not
easily dispensable automatically
and are most often applied with a
brush.

formulation allows for

For brazing a tube-to-tube joint,
the table below summarizes the
complexity level in applying the flux
and filler metal in their various
forms:

FHE
HHABESHEFEMHML, BF
FHRRER. B E M
MBENEEEIFELUREMN
BB meER, FHENE
MitaZ, HFAFREAHD
B ) & 7 F .

B F/E

BRABRK. BHAHB FEER
H Ml & F B . 40-60% B [H &
FHMAKZE, KM Z
BEHESH. MAZEATMS
R ERE TR, S8 FEH
ERE I I g D A
ShEmME R, BREHNER
SHTH®, BERUAL
FHM AW B SR,

FRA WG TR T AL
BERT, 6 R RGBS R R
M R R EF AR

Pnioc-nacTa.

OHa oT/iMyaeTcs OT NacTbl TONIbKO
TEeM, YTO HE COLOepPXUT
MOpPOLLKOO6Pa3HOro Npunos.
[MoaTomy npumeHeHue drioc-
nacTbl npegycMmaTpuBaeT
HaHeceHve Ha coeanHsAeMble
NMOBEPXHOCTH NPUMOSA B TOM MUK
MHOM Buge. NpumeHeHne dntoc-
nacTtbl 0aéTt TO NPenMyLLLEeCTBO,
YTO MONb30BATESO HE NPUXOONUTCA
CcaMOMy U3roTaBnmnBaTh NacTy.

®droc-nacta CO6CTBEHHOro
NPUroTOBMEHHA.

MpurotoBneHue dntoc-nacTbl B
OOMALLHKX YCIOBUAX ABMNSAETCA
camblM 3KOHOMMUYHbIM U
obLenpuHATEIM MeTogom. dntoc
CMeLUMBaeTCA C BOJOW Unu ¢
ankorosnem B nporopummn 40 % K
60 % WM 1 ¢ TeM, U C Opyrum.
[obasneHune ankorons BeOéT K
605ee 6bICTPOMY BbICbIXaHUIO
nactbl. [pyn ucnonb3oBaHUK NacTbl
COH6CTBEHHOIO U3rOTOBIEHUS
HY>KHO [OMOSTHUTENbHO HAHOCUTb
NpuWnon Ha MecTa CoeanHEHUS.
Takue nacTbl THKENO HAHOCUTb
aBTOMAaTUYeCKU, MO3TOMY MPU X
MCMONb30BaHUM Yallle BCEro
MCMONb3YyeTCs KUCTb.

B tabnuue onvcaHbl NpoLeccsl
HaHeceHus ntoca 1 NpUnos B UX
pasnMyHbIX BUOax npu nae4Hom
coeauHeHUn OByx Tpyo6:

Flux Cored or Coated Wire
ELZHEERR BN
MonaA unu nokpbiTaA
chnrocom npoBosioka

Flux Pastes

M A

®dnroc-nacta

Brazing Pastes

HHEHE

MaAnbHaA nacTta

In-House Paste Preparation
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MacTa cO6CTBEHHOrO W3roTOBJIEHWA

1. Preplace ring at the joint
TE BT 48 B8 Sk &b F AL R
£ £ 18 35

HaoXuTb KOnbLO Ha
MECTO COefiMHEHUS

1. Apply or dispense paste at the joint
TE £F 4% B 3k
o DA
B 2 A& ek -k
6 1R &
HaHecTu nacTy Ha MecTo coeauHeHus
BPYYHYIO U JO3VPYIOLLMM YCTPOMCTBOM

1. Preplace ring at the joint
TE 4R 8 sk kRS

HanoXXutb KONbLLO HA MECTO
CcoeanHeHUs

1. Prepare paste
BC i) £F 51 8

CwmeluaTb nacty

2. Braze 2. Dry 2. Apply or dispense paste at the joint  2.Preplace ring at the joint
FFIE T %% TE EF 4% 8 Sk 38 AL %5 n Bk 3 TE €F #5 8 3k ¥ L W E
FEREE £F 15 %
MasTtb BeicyLumTb HaHecTu nacTty Ha MecTo coefiMHeHnss  HanoXuTb KOMbLO Ha
BPYYHYIO MIM [O3MPYIOLLIMM YCTPOWCTBOM  MECTO COefMHEHUSA
3. Braze 3. Dry 3. Apply paste at the joint
£F 48 F 42 TE 6F #8283 7 &
5% 83 L &R E
MasaTtb Bbicylumtb HaHecTtu nacTy Ha MecTo coeauHeHus
4. Braze 4.Dry
£F 45 F &
Maatb Beicywntb
5. Léten
B 45
MaaTtb



Procedure
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This section describes the necessary
steps and control procedures to en-
sure a properly brazed joint.

1. Clean the Components

The joint area must be cleaned free
of cutting and machining lubri-
cants. Aqueous cleaning, solvent
dipping or wiping are acceptable
procedures.

2. Assemble the Components

The components are assembled
with the filler alloy ring in place.

There must be intimate contact
between the 2 components to be
joined and the alloy ring.

Assemble the Components

CoenuHutb getanm
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Clean the Components
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OTOT pasgen NocBsLLEH ONUCaHUIo
LLIaroB ¥ KOHTPOSbHbIX MPOLIECCOB,
HeobxoauMmbIx Ona obecneveHuns

HaOé>XHOro NaeyYHoro CoeaUHeHus.

1. OYnCTUTB geTanu

CoepguHsAemble getanv cnegyet
OYUCTUTb OT CMA30YHbIX
MaTepwuanoB. OuncTka Mo MMU
cpencTBamMu, norpyxeHue B
cneumarnbHbIi pacTBOp UK
npoTupKa ABNAOTCA JOMYCTUMbBIMU
cnocobamu.

2. CoegMHUTL geTanu

CoBMECTUTb fileTanu C KOMbLIOM 13
npunos. Npu 3ToM 06e getanu
[OIMKHbI ObITb NIIOTHO COEAMHEHbI
C KOJIbLIOM M3 MpUMos.




3. Apply the Flux

The flux is then applied with a small
brush around the circumference of
the joint at a loading of about 25 to
30 g/m2.

4. Dry the Flux

The flux should be allowed to dry
before the application of intense
heat to begin brazing. This can be
done by allowing the joint to air dry
or alternatively by gently heating
the surrounding joint area with the
flame, which will heat the metal
and dry the flux. Intense heat
should be avoided before the flux
has dried, otherwise splattering
and flux fall-off will occur.
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Apply the Flux
7w £r A

HaHecTtun ¢priroc

3. HanecTu chnroc

3arem Ha MecTo CoeiuHEHMs
ManeHbKOW KUCTbIO HAHOCKTCS
cprioc B KonnuecTse 25 30 r/m2.

4. BbicywuuTb corroc

Mpexpe, Yem HauyMHaTbL pa3orpes,
ntoc cnenyeT BbICYLUNTb. OTOr0
MOXXHO A06UTbCs 06QyBaHWeM Uin
NérkMm noJorpeBomM BOKpyr MmecTa
coeauHeHus, Takum obpasom,
4yTOb6bI METannN pasorpesncsa u
ntoc Bbicox. Moka ¢ntoc He
BbICOX, cnefgyeT nsberatb
UHTEHCUBHOIO HanF,‘BaHVIﬂ,‘-IToﬁbI
rtoc He pacTpeckancs 1 He
oTBanNUnCs.

Dry the Flux
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5. Heating

Once the flux has dried, more in-
tense heat to begin the actual
braze sequence can be applied. The
braze flame should not be allowed
to impinge on any one area very
long to avoid overheating and
burnthrough. The component with
the higher thermal mass should be
heated more. The flame should not
be allowed to rest on the flux or
preform ring to avoid premature
melting before the joint area is uni-
formly heated to braze tempera-
ture. The flame should be kept
moving at all times, moving back
and forth between the components
of different mass in such a way as
to bring the entire joint to tempera-
ture uniformly.

There are 3 temperature indications
in NOCOLOK flux flame brazing.
The first is the appearance of a
yellow flame at the Al surface. This
indicates that the surface is starting
to overheat/burn, since the alumi-

num skin always runs hotter than
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Heating
T R

HarpesaHue.

ﬁ

5. HarpeBaHue.

Kak TofbKO (toC BLICOXHET,
MECTO COeMHEHNA MOXKHO
pasorpeBaTtb CUSIbHEE, YTOObI
NPUCTYMUTb COBCTBEHHO K
npoveccy naviku. lNMpu aTom He
cnegyeT [ONro HaNpaBnATk Nnamsa
Ha 0fHO ¥ TO Xe& MecTO, YTObbI
nsbexxaTb neperpesa u
npoxxuranvsa matepuana. [etans ¢
601bLUEN TEPMUYECKH
3hheKTUBHOM Maccomn QOmKHa
pasorpeBaTbCs cunbHee. MNnams
He [0MKHO BO3[eNCTBOBaThL Ha
¢hntoc nnm KonbLO NPUNOSA , 4TOObI
OHM He pacnnaBuICb PaHbLue,
YeM coefiuHsAeMble NOBEPXHOCTH
paBHOMEPHO MPOrpeloTesa [0
Temneparypsbl nanku. Mnamvsa
cnegyeT NOCTOAHHO NepemeLlaTtb
mMexay AeTanaMmu pasnnyHomn
Macchbl Takum 06pas3om, 4ToObI
coeinHsAeMbIe MOBEPXHOCTH
nporpenncb paBHOMEPHO.

[pn narke B OTKPbLITOM NiamMeHu ¢
NOCOLOK Flux nmetotcs Tpu
nokasartens Temnepartypbl.
MepBbIt — énToe nnams Ha
NMOBEPXHOCTU aNOMUHUSA,
yKasblBaeT Ha HaYMHaIOLLMIACH
neperpes / NPOXOor NOBEPXHOCTH,
BeOb TemnepaTypa Ha
NMOBEPXHOCTM BCErfa BhILLE, YeMm
BHYTpM getanu. Ytobbl nsbexarb
3TOro, nNnams [OSHKHO He Tak
YyacTo nonagaTe Ha
COOTBETCTBYIOLLYIO 06nacTb.

IERY XER

Melting point
A T

Toyka nnasrieHns
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the component center. The flame
must visit the area less frequently to
avoid burning. The second indica-
tor is the first sign of flux melting,
that is the fluxed area turns from
white to clear. This indicates that
the joint temperature is about
565 °C. At this point the flames can
be played directly on the joint and
filler metal ring. Very shortly after
flux melting, the filler metal ring
begins to shape (third
temperature indicator) and begins
to melt at 577 °C. The molten filler
metal is quickly drawn into the joint
by capillary action. As soon as the
full preform ring is molten, the
flame should be quickly removed
and the brazed joint allowed to
cool.

loose

6. Post Braze Treatment

After cooling, no further treatment
is required. The flux, although visi-
ble is non-corrosive and non-hy-
groscopic. With the brazing condi-
tions optimized, meaning minimal
flux residue, the surfaces can be
painted with relatively good paint
adhesion over the flux residue. If
absolutely desired, the flux residue
can be removed, but only by me-

chanical means such as wire brush-
ing and grit blasting. Removing the
flux residue is recommended only
when joint cleanliness is absolutely
imperative.
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Brazed joint
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BTopon nokasaTtenb-Havano
nnasneHus toca, Npu aTom
6enas NoBepXHOCTb C HAHECEHHBIM
IFOCOM CTAHOBUTCA YMCTON. DTO
yKasblBaeT Ha TO,4TO Temnepartypa
cocTasnseT okono 565°C. Tenepb
nnamsa MOXXHO HanpassiATb NPAMO
Ha MeCTO Nawku 1 Ha KomnbLo
npunos. Bckope nocne
pacnnasneHus dnioca KonbLo
Npunos HauMHaeT TepsaTb Popmy
(4TO ABNAETCA TPETHUM
rnokasarenem Temneparypsbl) 1
pacnnaensetcs npu 577 °C.
PacnnaBneHHbIM npunom
6narogaps KanuansapHomy
ahpekTy 6ICTPO 3anonHAET 3a30p
Mexnay coeguHAaeMbIMn OeTanamu.
Kak TOfIbKO KOSbLIO MOSTHOCTLIO
pacnnaevTcs, Nnams cnegyet
HemepaneHHo ybpaTk U oxnaguTb
peTane.

6. Mocnenae4HaA o6paboTka

[Mocne oxnakgeHus He TpebyeTcsa
LOMNOJIHUTENIbHOM
obpaboTkun.OcTaBLumMiCA ritoc
HEKOPPO3MBEH U HErMIPOCKOMUYEH.
Bcnepcteue ontumanbHbIX
YCIIOBUI Narkun Ha NoBEPXHOCTH
MMEIOTCA NULLb MUHUMATbHBIE
ocTaTku toca n X MOXKHO
3akpacuTb, MPY 3TOM Kpacka
XOPOLLO NOXUTCA HA NOBEPXHOCTb.
[Mpn HeobxogMMOCTH ocTaTKM
hntoca MOXHO yaanuTb. Ons
3TOro PeKOMEHAYIOTCA TONMbKO
MexaHW4eckne cpeacTsa, Kak,
Hanpvmep, NPOBOJIOYHbIE LLETKM
WNW NECKOCTPYMHBIM annapar.
YoaneHue octaTkos ¢oca
pekoMeHayeTcs TOMbKO, eCin
ouMLLEHME MecTa Nanku
abcontoTHO HeobXoAMMO.

coefuHeHne, nasiHHoe TBép,quM npurisiem



Alternatives
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AnbTepHaTHBbI

Fluxing Prior to Assembly

The procedure described above is
the most common and reliable
method to ensure good quality
brazed joints, but is not the only
one. For instance with a tube-to-
tube joint, with the filler metal ring
in place, the flux can be applied to
the lower portion of the straight
tube prior to insertion in the ex-
panded tube. In this case, a light
flux loading around the circum-
ference of the joint after assembly
is still required to cover the filler
metal ring.

Feeding the Joint

with Filler Metal

Another alternative to using a pre-
form ring is to feed the filler metal
into the joint with filler alloy wire or
rod during heating, after the flux is
molten. This method is frequently
adopted by brazers who have had
experience with choride flux flame
brazing or who have welding back-
grounds. To the novice brazer, this
method is very difficult because the
window between when the flux
becomes molten and when the flux
dries out is very small, when bra-
zing in air. The window of oppor-
tunity is in the order of a few
seconds and skilled brazers are able
to work within this window. By
placing the preform ring at the joint
prior to heating ensures that the
flux will not dry out before the filler
begins to melt.
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HaHeceHue chntoca nepep
coefMHEHHWEM feTanewn

BeieonucaHHbIM npouecc
ABNAETCA OOLLENPUHATBLIM U
caMblM HagEéXHbIM, HO He
€[OMHCTBEHHbIM METOAOM ONA
obecneyerusn
BbICOKOKAQ4Y€CTBEHHOr 0 Nae4yHoro
coeauHeHus. Npu coeguHeHUn
Tpyb C 3apaHee yCTaHOBIEHHbIM
KOJIbLIOM NMPUMOos PIoC MOXeT
ObITb HAHECEH, Hanpumep, Ha
HWXKHIOIO YacTb BHYTPEHHEN
Tpy6bl, Npexpae, Yem BCTaBUTb €&
B 6onee wmpokyto Tpyby. B aTom
crnyyae nocne coefiMHeHus
cnepyeT HAHECTU HEMHOrO ¢hntoca
BOKpYr 3a30pa Tak, YTobbl OH
MOKPbI KOMbLO MPUMOS.

BBepeHue npunon B 3a3op
Mexay aeTanAMM.

AnbTepHaTUBON NPUMEHEHUIO
KoneL, Npunos ABMAETCA Takxe
BeJeHVe Npunos B Buae
NMPOBOMOKN UM CTEPXKHS BO BPEMS
pasorpesa B 3a30p Mexay
coeguHaemMbIMM aeTangamMmu nocre
pacnnaenexus roca. AToT
MeToq 4acTo NpUMeHsieTcs
cneuuanMcTaMmu, UMeLLMmn
[0CTaTOYHbIN OMbIT CBaPKK UNK
nawmkun B OTKPbITOM MiamMeHn ¢
¢hrocamm Ha OCHOBE XTOPUAOB.
[Nsa HauYMHaOLWMX 3TOT MeToq
OYeHb TPYAEH, NOCKOSMbKY
BPEMEHHOW MPOMEXYTOK MeXAy
pacnnasfieHMeM W BbICbIXaHUEM
chntoca BO BpeEMSA Navikv B
OKpy>KaroLLer BO3QYyLLUHOM cpefe
0YeHb KOPOTOK. B 0OCHOBHOM, OH
cocTaBnseT HEMHOrMe CeKyHAbl, 1
TOJIbKO OMbITHBIN CrieLanucT
MOXKET BbINOJIHUTS CBOIO paboTy 3a
Takoe kopoTkoe Bpems. HanpoTus,
€CJIM KOJbLIO MPUMOS YI0KEHO B
3a30p Mexay getanamu nepen
HarpeBoMm, TO hIIOC HE MOXeT
BbICOXHYTb NPEeXXae, YemM HauHET
NNaBUTLCS NPUMOW.




The table below lists the chemical
composition and melting point
range of common alloys suitable
for NOCOLOK flux flame brazing.

As shown in the Table, alloys that
are considered difficult or impossi-
ble to braze by furnace methods
can be flame brazed. In furnace
brazing, Mg diffuses to the surface
and reacts with the surface oxide to
form  MgO and spinels of
MgO:Al,03, which have reduced
solubility in NOCOLOK flux. Fur-
thermore, Mg and/or MgO can
react with the flux, rendering it less
effective. The rule of thumb for fur-
nace brazing is to limit the total
amount to less than 0.5 wt % Mag.

In flame brazing, higher Mg levels
can be tolerated since the faster
heating rates do not allow the dif-
fusing Mg enough time to appre-
ciably decrease the beneficial ef-
fects of the flux. Up to 1 wt% Mg
can be brazed with relative ease,
while greater than 1wt% Mg may
be possible under some circum-
stances (increased flux loadings,
extremely fast heating rates).

T &£ 5l # T & M NOCOLOK”
HRABERAN & &EH,
ARSI,

mEFR, EPPFERT
RS BREE-EEER
GEETH T RBEHR. EH
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W5 R m AL B R 4& R
3 % T NOCOLOK® 4F # 11
LEREILES = 8L — 5
MR WA . A, 8 F1 ()
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WEF BB, PRy E
MENZEENESTERT
0.5% @ & It |

TXKBERN, BREN G
BERETERZN, BNmAE
RiEm, /T BRMERH
RBRRELZEERHREH

B Tabnuue, koTopas npueegeHa
HWXe, 0aeTcs XMMUYECKUIA cocTaB
W Temneparypbl NiaBneHus
CMaBoB, MMEILLMXCA B Mpofdaxe
W NPUrodHbIX ON1A Narku B
oTKpbIToM NnameHn ¢ NOCOLOK
Flux .

Kak BuoHO 13 Tabnuupl, cnnassl,
NPUMeHeHWe KOTOopbIX AR Naku B
Nneyn cUnTaeTCa TAKENLIM UK
HEBO3MOXXHbIM, MPUrOAHbI ANA
navku B OTKpbITOM nnameru. MNpu
namnke B nNeyv NpoucxoauT
Onddysna marHmsa Ha
NOBEPXHOCTb U OH pearmpyeT ¢
OoKMCNaMu Ha MOBEPXHOCTH,
npespatyasce npn atom 8 MgO u
KpucTanamyeckne coefuHeHus
Tuna MgO:Al,Og, cnabo
pacTteopstomecs B NOCOLOK
Flux. Kak cnencteue atoro, Mg u/
nnm MgO moxeT BcTynaTe B
peakuum ¢ hnocom 1 ocnabnatb
ero geuncteue. lNpu nanke B neum
LOOMyCTUMOE CofiepXXaHne MarHus

RE AR 6F ) B R AR AR . A B coctaBnsieT meHee 0,5 % Beca.
BEHX10M MR, TR E n y

— pY Nanke B OTKPLITOM MiiamMeHu
kTR, FEE Y

1% B #F BE, 708 i R &
B (SN NBERE, RS
kR ) AT B4R

ponyckaeTcs 6onee BbICOKOE
cofep>kaHne MarHus, MoCKOJbKY
OMy3HbIN MarHui npu 6onee
BbICOKOW CKOPOCTW HarpeBsa He B
COCTOsIHUM Bonee Unm MmeHee
3HauYUTENbHO BO3[ENCTBOBATL Ha
dntoc. MNpu cogep>xaHnm marHus
0o 1% Beca obpaboTka He
npeacTaBnseT CI0XXHOCTH, Npu
onpenenéHHbIX YCNoBUAX MOXXHO
nasaTb ¥ Matepuansl, cogepxaluve
MarHui B Konumyectse 6onee 1%
Beca (MOBbILLEHHOE KONMYECTBO
¢hntoca, 04eHb BbICOKas CKOPOCTb
Harpesa).

Alloys suitable
for flame
brazing

& F NOCOLOK®
£ 7 K 4G 5T JF
H & %

Cnnassbl,
nogxopAwue
AJ1A nanKu B
OTKPbLITOM
nnameHH.

Aluminum association
alloy composition

HEEHIEFLE

CocTaB antoM1HUEBbIX
cnnaBoB

Alloy Composition (% By Weight) Approx. Melting Range
& LR e (ERAE S H) #E AN
Cnnas CocTaB B BECOBbIX NpoLeHTax To4ku NnaBneH.
AA- Si Fe Cu Mn Mg Zn Ti Solidus (C°) Liquidus (C°)
AE & * % 4 7 B 123 R B & WA
3003 0.6 0.7 0.05-0.20 1.0-1.5 - 0.10 - 643 654
1145 0.55 Si+Fe 0.05 0.05 0.05 0.05 0.03 640 655
1070 0.20 0.25 0.04 0.03 0.03 0.04 0.03 640 655
3005 0.60 0.70 0.30 1.0-1.5 0.20-0.6 0.25 0.10 640 655
3105 0.60 0.70 0.30 0.30-0.80 0.20-0.80 0.40 0.10 635 655
6951 0.20-0.50 0.80 0.15-0.40 0.10 0.40-0.8 0.20 - 616 654
3102 0.40 0.7 0.10 0.05-0.40 - 0.30 0.10 645 655
6063 0.20-0.6 0.35 0.10 0.10 0.45-0.9 0.10 0.i0 616 652
6061 0.40-0.8 0.7 0.15-0.40 0.15 0.8-1.2 0.25 0.15 616 652




Precaution

Mg containing alloys have lower
melting points than those alloys
containing very low or no Mg (see
Table above). The most common
high strength machineable alloys
for example are AA6061 and
AA6063 which typically contain 1
wt % and 0.5wt %, respectively.
Note that both of these alloys have
a solidus of 616 °C. This means
that these alloys, when overheated
are prone to incipient grain bound-
ary melting. The effect of over-
heating manifests itself as degrada-
tion of the microstructure and a
roughening of the skin, commonly
known as ‘orange peel’ effect.
These effects are illustrated in the
photomicrographs below.

EE B W

FHEBRENEEBAEALRE
BHAERAN S & B AE
(b)) BREREMBHD
R E A Y B G & o AAGO6T
1 AAG0G3 , 2 St B K 4 A
HEH1% M05% ERILMEG
&. X ZHMAH & FE616°CH
H—BAZK., XEHRE X &
HEeErdgEE MBS H B
BB R LB R A0 . X B B
HEMmMEBANGELHNEMA
NEM, BEAERE., XHE
WHM L ERMBERE, X
AR E AT E KR 6
& 3.

As extruded
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CripeccoBaHHbIN

Heated to 630 °C

Jn 7 £ 630 °C

Pasorpetobivi o 630°C

H 48 & £ AA7004,
BREYEHARRAF(EENHANBHAR)

CHUMOK o MUKPOCKOIMOM criaBa [l MaluMHHHOM

OCTOpOXXHO!

Copepyxalme MarHui cnnasbl
obnapatoT 6o51ee HU3KUMU
TOYKaMU MaBfieHNs, YeM CraBbl
C HE3HaUYUTENbHbIM KOJIMYECTBOM
mMarHus unu soobuue 6e3 ero
npucyTCTBUA (CM.Tabnuuy Bepxy).
Haunbonee 4yacto NnpMmMeHsieMbIMK
ABMAOTCSA, HAaNpUmMep,
BbICOKOMPOYHbIE CMaBbl 4N1A
MaLLnHHoM obpaboTkn AAG061 n
AAB063 c cogep>xaHnem marHus
cooTBeTCTBEHHO 1% 1 0,5%. B
oboux crnyvasx Temnepartypa
Havana nnaeBfieHNs cocTaBnseT
616°C, TO ecTb, Npu nNeperpese y
3TUX CMNJIaBOB HaUMHaOT
NAaBUTLCA NMOBEPXHOCTM 3EPEH.
CnepcTteuem ABnsieTCA
paspyLLeHUe MUKPOCTPYKTYpPbI 1
rpy6as noBepxHOCTb, U3BECTHaS,
KakK atpPeKT anenbCMHOBOM KOPKK.
OT10T 3hheKT BUAEH Ha
HWXenprBeOEHHbIX CHUMKaX nom
MUKPOCKOMOM.

Cross-Section of As-Extruded and Overheated
Machineable Alloys

KRR ET,

obpabotku AA7004 B cripeccoBaHHOM 1 pa3orpeTom
COCTOSIHUM B 10MNepeYHOM paspese (MoBepxXHOCTb U

BHYTPEHHSIS CTPYKTYpa)




This effect is worse in the outer skin
since this area sees a higher
temperature (Ts surface tempera-
ture) than deeper within the
component (Tj joint temperature)
as illustrated below. Metallurgical
degradation of this type can cause
problems with the longevity and
suitability of machined surfaces
such as threads in fittings.

R M R AE R TR M E A
B oW & H R (Ts) & T % #
WO R B R E (T)E & B
B), 20 TFTH. B#an
2B WX RGO oW, B 3l
[ LR NE TR
E AR R (R R
80)

OTOT 3hheKT CUNbHEE BbIpaXeH
Ha NMOBEPXHOCTU, MOCKONbKY
Temneparypa 3gechb Bbiwwe (Ts —
Temneparypa Ha NoBepPXHOCTH),
yem BHyTpu getanm (Tj —
Temnepatypa Mecta CoeQUHEHMs),
CM. UNNIOCTPALMIO BHU3Y. OTOT
BWA MOBPEXOEHUNA MOXET
MOBMMATL Ha CPOK CyXObl 1
(hYHKLMOHANbHYIO MPUrogHOCTb
MexaHu4ecku obpabaTbiBaeMbIxX
NoBEPXHOCTEN, Kak, Hanpuvep,
pesbba uTHHra.

Tube

i
Tpyba

Filler Metal Ring

KonbLo npunos
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g ® Melting point of flux
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2 128l E

Time B ] Bpewms

* Concept courtesy of Burner Flame Technology, Ltd.
*HF A ok S HF B & iy Burner Flame Technology, Lid 2+ & #¢ £ 3 % i 66 /i

* Kouenuus Burner Flame Technology, Ltd

Schematic of joint*
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Cxematnyeckoe
u3obpakeHne naeyHoro
coegnHeHus



Automation
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ABTO-
mMaTU3sayHAa
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YenHoyHas ycraHoBKa

The procedure described above is
for manual flame brazing using a
hand held torch and visual indi-
cators (flux melting) for monitoring
process parameters. Flame brazing
is easily automated and the level of
automation can vary between sim-
ple shuttle systems to fully auto-
matic brazing carousels including
optical pyrometry temperature
measurements. Regardless of the
level of automation, the principles
of manual flame brazing still apply.

Shuttle Systems

The shuttle system consists of a
framework on which 1 or 2 com-
ponents requiring brazing are
mounted where the motor driven
framework laterally shuttles the
braze joints between 1 or 2 braze
stations each equipped with oppos-
ing flames (the equivalent of a
double headed torch). The shuttle
is usually configured such that 1 or
2 new components requiring bra-
zing can be installed on the return
of the shuttle to its original position
and the brazed units unloaded.

Shuttle system
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OnucaHHbIN BhILLE NPOLLECC
OTHOCUTCS K pyYHOW Namnke c
NMOMOLLIbIO PYYHOM FOPENKK U
MCMONb30BaHNA BU3yarbHbIX
nokasarenew (pacnnasneHve
hntoca) onsa HabnogeHus 3a
napameTpamu npouecca. Nanka B
OTKPbLITOM MJIaMeHu Nerko
nopaaéTcs asTomaTusaluu, ot
MPOCTBIX YENTHOYHbBIX YCTPOWCTB A0
MOJSTHOCTbLIO aBTOMAaTU3UPOBaHHbIX
KapyceslbHbIX YCTAaHOBOK C
OnNTU4YeCKNUM NMpPomMeTpUYeCKUM
YCTPOWCTBOM A1 KOHTPONA
Temnepatypsl. HesaBucrumo ot
YPOBHSA aBTOMaTM3aLMK, NPUHLIMMEI
py4HON Naviku BCe elle
NPUMEHAIOTCA.

YenHo4Hble ycTporcTBa

YenHoYHble yCTPOMCTBa — 9TO
pambl C MOTOPHbLIM NPUBOAOM ANIA
3aKpenneHns U TPaHCMopPTUPOBKU

1 unm 2 petaneu,
npegHasHayeHHbIX Ans nanku. OHu
LOBWXYTCS B3ad M Briepef Hag 1
UK 2 NasfbHbIMKW yCTaHOBKaMU ¢
pacrosioXXeHHbIMW Opyr NPOTHB
opyra ropenkamu (aHanor ropenku
C OBymsA ronoskamu). Cuctema
CnpoeKTUpoBaHa Takum obpasom,
41O YXKe 0bpaboTaHHble aeTanu ¢
NerkocTbio 3aMEHSATCA Ha HOBBIE.




Carousels

Flame brazing carousels are at the
upper level of automation. The ca-
rousels move assembled compo-
nents to be brazed continuously
from flame station to flame station
pattern
(hence the name carousel). Usually,
each flame station consists of 2
stationary and opposing torches
between which the joint to be bra-

arranged in a circular

zed is indexed. As the component
moves from station to station, the
joint temperature gets progressively
hotter. The number of stations de-
pends on the joint configuration
and weight. The joint is thus uni-
formly heated to brazing tempera-
ture. The last station where brazing
takes place may be equipped with
an optical pyrometer to monitor
braze joint temperature. After bra-
zing, the joint may be cooled by air
or water spray. Other options in-
clude automatic application of filler
metal and/or dispensing of flux
(filler flux/brazing
paste).
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KapycernbHble yCTaHOBKH

KapycenbHble ycTaHoBKM Ans
Nankn B OTKPbITOM NameHn
npencTasnaloT cobon bonee
BbICOKYIO CTyNneHb aBToMaTu3saumn.
KapycenbHas ycTaHoBka
HenpepbIBHO NpoaBuUraeT
cobpaHHbIe KOMMOHEHTbI,
npegHasHayeHHble Ons namku,
Yyepes pacronoXXeHHble Mo Kpyry
nassbHble yCTaHOBKM (oTcioaa
Ha3BaHWe — KapycesbHas
ycTaHoBka). Kak npasuno, kaxxpas
nasnbHas ycTaHOBKa COCTOUT U3
ABYX (PUKCUPOBAHHbIX,
pacrnonoXeHHbIX Apyr NpoTuB
Lpyra ropefiok, Mexgy KoTopbIMu
OBuXeTca geTanb. B To Bpems,
Kak geTtanb npoaBuraeTcs ot
ropersiku K ropeske, Temneparypa
MecTa cranky NoCTOAHHO PacTéT.
KonunyecTBo nasnbHbIX YCTaHOBOK
onpepgenaeTca KOHgUrypaumnen
NnaeyHoro CoOeQnHEHUs U ero
BecoM. OT0 obecneunsaeT
paBHOMEPHbIN NPOrpes..
MocnenHaa nasnbHas ycTaHOBKA,
roe npomcxonuT NPOLLECC NanKu,
MOXeT ObITb cHabxeHa
OMTUYECKUM NUPOMETPOM ANA
KOHTpOns TemnepaTypbl Nanku.
Mocne naikn naeuHoe
coefiMHeHne oxnaxmnpaeTca
06yBOM MM 06pbI3rMBaHUemM
Bogou. CyLLecTBylOT CUCTEMBbI
aBTOMaTUYECKOro BeeHWUs Npumnos
1 /unn HaHeceHua dntoca
(npunonHble KonbLa, doc/nacTa
ONs navku).

Carousel
& # 3 6F AR R 5
KapycernbHas ycTaHoBka



Bimetallic
Joining
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Optical Pyrometry
Measurements

Automatic flame brazing carousels
are often equipped with infra-red
pyrometers to measure the tempe-
rature of the braze joint area. The
information is fed to a computer
and the computer “tells’ the torches
to flip away from the joint when
the proper temperature is reached.
The pyrometer however cannot de-
termine an absolute accurate tem-
perature. As aluminum heats up,
the oxide layer changes and there-
fore the emmissivity of the surface
changes and it becomes difficult to
modify the pyrometer to track
these changes dynamically. It is
possible to get reproducible accu-
rate relative temperatures of the
heat affected zone, but not of the
joint itself. In other words, optical
pyrometry measurements can be
used to monitor the consistency of
the brazing process from part to
part (for the same given part), but
the information by itself for a single
part would not be that useful.

Flame brazing aluminum to an-
other metal such as bronze, copper,
steel and stainless steel is possible,
but requires special care and atten-
tion. Dealing with all Al-metal com-
binations in detail is beyond the
scope of this brochure, but a few
comments on Al-Cu joining is note-
worthy, since this combination is
common in the refrigeration indus-
try (copper tube to aluminum roll-
bond panel, for example).

There is a eutectic between Cu and
Al at 548°C. When the flux melts
and the surface oxides are remo-
ved, inter-diffusion of Al and Cu is
rapid and unavoidable. This means
that at braze temperature, the Al
and Cu materials are quickly consu-
med to form the eutectic metal.
Management of time and tempera-
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MupomeTpbl ANA ONTUYECKOro
M3MepeHUA TemnepaTypbl

ABTOMaTUYECKME KapyCernbHble
YCTaHOBKM A1 NanKun B OTKPbITOM
naamMeHu 4acTo ocHallaloTCs
MH(bpaKpacHbIMU NMPOMeTpamMu
01151 UISMEPEHUSA TEMMepaTypbl
mMecTa namku. iHcopmavms
HanpasnseTcs B KOMMbIOTEP,
KoTOpbI obecrneyvBaeT yoaneHue
ropesiku OT MecTa namku, Kak
TONbKO AOCTUIHYTa Hy>KHas
Temnepatypa. OgHako,nMpomeTp
He MOXXeT abCoJIIOTHO TOYHO
onpenenuTb Temnepatypy. Mpu
HarpeBaHuv antoMUHUSA BMeCTe C
OKMCHOM NNEHKON U3MEHAETCSA
TakKXxe 9MUCCUOHHas
XapaKTepuUCTUKa NMOBEPXHOCTU, U
oTperynupoBaTb MMPOMETP Tak,
YTObbI OH yNaBnuBan aTu
M3MEHEHUs1 B AUHAMMKE, OYEHb
TpygHo. MNMupomeTp moxeT
BbldaBaTb TOYHYIO OTHOCUTENbHYIO
Temnepartypy HarpeBaemoro
ydacTka, HO He JeTanu B LieJfloM.
Takvm 06pasom, ¢ NOMOLLIbIO
OMNTUYECKUX MUPOMETPUYECKMX
N3MePEHU MOXKHO OTCNeXHnBaTb
paBHOMEPHOCTbL MpoLuecca nnanku
OT geTanu K geTanu (ans ogHou u
TOW e [aHHOW JeTanu).xoTs
MHopmMauma rno Kakom-To
KOHKPETHOW JeTasnu He
npencTaenfeT 0cobom Nonb3bl.

Marika anomuHMa ¢ apyrumm
mMeTannamu, kak, Hanpumep,
Mefb, CTanb UM HepXxaBsetoLLas
cTanb, BO3MOXHa, HO TpebyeT
0Cco60¥ TLAaTeNbHOCTH U
BHMMAaTeNIbHOCTU. KOHeuYHo, aTa
bpoLutopa He MOXKET OXBaTUTb BCE
BO3MO>XHble KOMOMHaLWUK
anoMUHUA ¢ OPYrMMn MeTannamu.
Mbl paccMoTpuM 3ecb HEKOTOPbIE
pekomMeHpaumm no navke
anoMUHNA 1 Mean, Tak Kak aTa
KOMOMHaLMA YacTo NPUMEHSETCA B
XOS10AMIbHOM NMPOMBILLIEHHOCTH
(ranpumep, MegHble TPyObl Ha
anoM1MHUEeBOM UcnapuTene).

OBTEKTUYECKUI AhEKT Mexay
Menbio 1 antoMUHMEM NMpoucxoanT
npu 548°C. Korga ¢pntoc nnasutca
M NOBEPXHOCTHasA OKUCHasA nnéxHka
ynansetcs, bbicTpas B3aMmHas
Ondadysna antoMmHUS U Meau
HeunsbexHa, TO ecTb, Npu
Temnepatype namku oba paboumx
BelllecTsa- Meab U antoMUHUIA —



ture is critical to minimize the inter-
diffusion and metal consumption.
There is an advantage however.
Since filler metal is created in-situ,
there is no need to supply filler
metal to the joint. The only require-
ment is that the design of the joint
allows metal consumption without
sacrificing joint integrity.
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From the preceeding discus-
sions, it is evident that NOCO-
LOK flux flame brazing is not a
complicated process and that
if the fundamentals of manual
brazing are followed, any level
of automation can be achie-
ved. The most important
aspects of the discussion are as
follows:

® NOCOLOK flux melts just
before the filler metal
temperature

® Once molten, the flux
remains active only for a
short period before drying
out

® Preplacing the filler metal
in the joint is preferred,
but with some skill may be
fed into the joint after the
flux melts

® Temperature uniformity is
critical and excessively high
surfaces temperatures must
be avoided
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6bICTPO 06pa3yloT IBTEKTUYECKYIO
cmecb. Bpems u Temnepatypa npu
3TOM fIBNAIOTCA KpaviHe BaXKHbIMU
thakTopamu, ecnm Mbl XOTUM
MWUHUMU3MPOBATL 3TY B3aUMHYIO
oncysmio u notpebnenve
meTanna. OgHako, 30ecb MMeeTcs
1 MPEUMYLLLECTBO: MOCKOJbKY
npunon cospaeTcs Kak 6bl cam no
cebe, TO Npu navike He TpebyeTcsa
OOMOJIHUTENBbHOIro NPUNoA. Hy)KHO
UMeTb BBMAOY, YTO 3TOT
OOMONHUTENbHBIM pacxod MmeTtanna
He [OMMKEH BNWATb Ha Ka4ecTBO
naeyvyHoro CoeanHeHUs.

From left to right: Al-Cu, Al-stainless,
Al-brass and Cu-Al

MEEL: HHE. BFFH.
AR R

Al-Cu, Al-nernpoBaHHas ctarib,
Al-natyHb, n Cu-Al

Kak BugHo 13 Bcero
BbILLIECKA3aHHOr 0, MPOLIeCC Nanku
B OTKPbLITOM MyiaMeHu C
mcnons3oBaHnem NOCOLOK Flux
He ABNIAeTCA CJI0XKHbIM
npoueccom. Ecnv cneposatb
OCHOBaM Py4HOM Marku, MOXXHO
OOCTWUYb Nobon cTeneHn
aBToMaTmsaLmn.

BaxkHenLwMMM acnekTamum 3Toro
npoLiecca fBNATCA cnegytoLime:

® NOCOLOK Flux nnasutcs
HernocpeacTBEHHO nepes
pacnnasneHvemM npunos

® PacnnaBneHHbIR gntoc
0CTaéTCs akTUBHbBIM JI1LLb
KOPOTKOE BPEMS [0 BbICbIXaHWsA

® PekomeHpyeTcs
npenBapuTenbHOE HaHeCEHWe
NpUNosi Ha MeCTO Manku, HO Mpwu
HanMyMn [OCTaTOYHOrO OnbITa
MO>XHO M MogaBaTth ero nocne
pacnnaenenus cpntoca

® Becbma BaKeH paBHOMEPHbIN
pasorpes; cnepyeT n3beraTb
Ype3MepHOro pasorpeBaHus
NMOBEPXHOCTU

Conclusions

% it
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