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[57] ABSTRACT

A method of making a heat exchanger of the type used in
vehicle radiators and having a core of spaced welded, as
contrasted to lock-seam, tubes and interconnecting fins
connected to spaced liquid tanks. The method, which per-
mits machine-operated mass production of these exchang-
ers, comprises stacking solder-coated core tubes in vertically
spaced sets of a plurality of essentially horizontal tubes with
serpentine fins located between each vertical pair of tube
sets, arranging a top and a bottom rigid support plate against
each of the topmost and bottommost tube sets, applying
compression to the resulting stack through the support
plates, banding the stack into an easily handled rigid assem-
bly, applying a header plate to each essentially vertical side
of the assembly with the tube ends extending through
corresponding holes in the header plates, gang welding the
projecting ends of the tubes to the exterior of the respective
header plates by means of a movable multihead automatic
welder, dipping this core assembly into a liquid soldering
flux dip, blowing heated air at a temperature above the
melting point of the solder over the outer surfaces of the core
assembly to bond the fins to the tubes, applying a solder
sealant coating over the adjacent junction areas of tubes and
header plates that are opposite to the welds, the welds
thereby being on the liquid side and the solder on the air side
and finally removing the support plates and bands from the
core and attaching the enclosing tanks to the header plates in
fluid tight relation.

22 Claims, 5 Drawing Sheets
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METHOD OF MAKING A HEAT
EXCHANGER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a continuation of application Ser. No.
426,462, filed Oct. 20, 1989, now abandoned which is a
continuation of Ser. No. 220,914, filed on Jul. 19, 1988 now
abandoned which is a continuation of Ser. No. 20,163 filed
on Feb. 26, 1987 now abandoned and a Re-Issue of Ser. No.
771,448 filed on Mar. 12, 1985, now abandoned, which is a
Re-Issue of Ser. No. 250,111, filed Apr. 2, 1981 now U.S. Pat.
No. 4,377,024 which is a continuation-in-part of Ser. No.
105,626 filed on Dec. 20, 1979 now abandoned.

BACKGROUND OF THE INVENTION

Heat exchangers of the liquid-air type used in automotive
vehicle cooling systems, air conditioning systems and the
like, involve considerable labor to produce. Where auto-
matic machinery is used to produce. the exchanger, espe-
cially where weldment construction is employed at the joints
uniting the parts, there is frequently a large percentage of
rejects because of pinholes, fissures and other leakage open-
ings in one or more of the weldment joints. Even one such
leakage opening resulits in rejecting the exchanger. Such an
opening is ordinarily difficult to locate and laborious and
expensive to correct.

The method of this invention permits the step-by-step
mass production of heat, exchangers and avoids substan-
tially entirely the leakage problem by providing, a sealant
coating of solder over the air side of the welds which are
themselves on the liquid side. In addition, any leakage is
from the liquid interior of the heat exchanger to the outer air
side so that its detection and correction are easily accom-
plished.

The invention will be described in one embodiment
thereof as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart illustrating the successive steps in
the mass production method of this invention;

FIG. 2 is a schematic exploded perspective view of an
initial step in making the core assembly;

FIG. 3 is a schematic perspective view illustrating the
next step in the method;

FIG. 4 is a similar schematic perspective view illustrating
the gang welding of the projecting ends of the tubes to a
header plate;

FIG. 5 is a schematic fragmentary perspective view
illustrating one embodiment of uniting the tubes of the core
to the intermediate fins which serve as spacers;

FIG. 6 is a schematic fragmentary perspective view
illustrating the applying of the sealant solder which func-
tions as a second bond;

FIG. 7 is an exploded schematic perspective view illus-
trating the final assembly of the heat exchanger;

FIG. 8 is a schematic front elevationai view, partially
broken away, of a completed heat exchanger produced
according to the method of the invention;

FIG. 9 is a schematic fragmentary perspective view of a
partially complete heat exchanger manufactured by the
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2
method of this invention;

FIG. 10 is an enlarged fragmentary schematic sectional
view taken substantially along line 10—10 of FIG. 9.

BRIEF DESCRIPTION OF THE ILLUSTRATED
EMBODIMENT

FIG. 1 illustrates the flow chart for mass producing the
heat exchangers illustrated at FIGS. 8, 9 and 10 according to
the methods of this invention in which the important steps
are illustrated in the successive FIGS. 2-7, inclusive.

As illustrated by the flow chart of FIG. 1, the welded core
tubes, core spacers or fins, core sides or rigid support plates,
grooved side assembly plates and bake bars or rigid support
plates are arranged at the beginning 10 of the parts flow as
illustrated in FIG. 1. In an initial step 19, the ends 16 of the
welded tubes are expanded so as to fit snugly in holes 67 in
the header plates 33 and to prevent inward distortion during
welding of the tube ends to the header plates.

A core assembly is then produced as illustrated in FIG. 2
in which a core assembly fixture has sides in the form of
parallel plates with confronting surfaces 12 that are provided
with spaced vertical grooves 13. These side plates 11 are
held in an adjustable bracket 14 and are spaced apart a
distance equivalent to the spacing of the header plates in the
heat exchanger.

In making the core assembly, coplanar sets of solder-
coated tubes 15 are arranged between the side plates 11 with
the ends 16 of tubes held for movement in the grooves 13.
In the illustrated embodiment, there are four of the tubes 15
to a set and these tubes are the customary flat or oval
cross-section structure.

Arranged between each set of tubes 17 is a spacer here
shown as a serpentine fin 18. As can be seen from FIG. 2,
the core assembly comprises a series of alternate sets 17 Of
tubes and intervening fins 18.

The top and bottom of the core assembly are each
provided with a “bake bar” 21 which operate as top and
bottom-rigid support plates. These bake bars are movable
relative to and extend between the side surfaces 12 of the
plates 11. The method step of FIG. 2 is illustrated in the flow
chart of FIG. 1 at 22.

In the next step, as illustrated at 23 and 24 and shown in
detail in FIG. 3, the assembly of FIG. 2 is held in a bracket
25 that is provided with pressure screws 27. These screws
engage the tube support plate 21 to apply pressure thereto as
illustrated by the arrow 28. This pressure compresses the
assembly of plates 21 and sets 17 of tubes with intervening
fins 18 into tight contact. While so held, the stack 31 is
banded into an easily handled rigid assembly by applying a
plurality, here shown as two, of spaced, taut metal tie bands
32 around the stack including the support plates 21 and
encircling the stack as shown in FIG. 3.

As a part of the production of the assembly shown in FIG.
3 and illustrated at 24 in FIG. 1, the header plates 33 are
forced over the projecting ends 16 of the solder-coated
welded tubes 15 by causing these ends to project through
similarly shaped openings 34 in these plates.

The resulting assembly which now includes the header
plates 33 is moved to the next station 35 of the assembly
method where the first bond or weld joint is made uniting
each tube end to each header plate. At this station 35 where
the first bond weld 36 is applied on what will become the
liquid side of the [head] hear exchanger, there is provided a
gang welding multitorch welder 37. As is illustrated in FIG.
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4, this welder welds eight tube ends 16 simultaneously to the
corresponding header plate 33 and as is customary with this
type of equipment, the welding is antomatically controlled.

In the next station of the process, as illustrated at 38 in
FIG. 1 and at FIG. 5, the core assembly from FIG. 4 with the
tube ends welded to the header plates 33 is dipped into a tank
41 of liquid solder flux 42 of a customary type and then
withdrawn from this solder flux bath 42 past the exhaust of
a hot air blower 43 whose hot air exahust 44 is at a
temperature above the melting point of the solder, illustrated
at 45 in FIG. 2, coating on the tubes 15. This core bonding
at station 38, as illustrated at FIG. 5, unites the fins 18 at
their crests 46 to the fiat sides of the tubes 15.

At the next station 47, shown schematically in FIG. 1, the
second bond or back soldering of the welds 36 is applied.
Here, as is illustrated in FIG. 6, the air side solder sealant 48
is applied. In the illustrated embodiment, this is accom-
plished by blowing a flowing mixture 51 of powdered solder
and flux over the adjacent junction areas of the header plates
33 and tube ends 16 on the air side. This can easily be
accomplished by a commercially available blower 52. As
can be seen from FIG. 10, the solder sealant or second bond
48 is located on the air side of the exchanger-while the welds
36 are on the liquid side. The solder sealant 48 is provided
as shown by heating the exterior of each header plate 33 by
means of a traversing burner 53 from which heat is con-
ducted through the header plate 33 to the area of the solder
48 where the solder is melted to provide the second bond or
solder sealant 48.

At the next station 54 (FIG. 1) of the flow chart of FIG.
1, the final assembly steps occur. Here the upper tank 55 and
lower tank 56 are attached. Each of these tanks has a flange
57 and 58 provided with bolt holes 61 and 62 for cooperating
with similar bolt holes 63 and 64 at the outer edges of the top
and bottom header plates 33. At the same time, the tie bands
32 are removed and the bake bars or support plates 21 are
removed and returned to the beginning station as illustrated
by the elongated arrow 65 in FIG. 1.

The method of this invention provides a second bond
which is the air side solder coating 48 that is useful both in
strengthening the unit and also providing a sealant for any
small openings that may develop. Welds 36 being located on
the liquid side of the heat exchanger leak toward the air side
as shown at FIG. 10 if any leaks should occur.

Heat exchangers of this type, particularly thin wall tube
weldment type heat exchangers, are difficult to make in
commercially desirable high rates of production through the
use of production machines because of an undesirably high
mount of leakage. The method of this invention permits high
speed production of weldment heat exchangers even with
thin wall tubes, with practically no leakage openings
because the solder sealant is in position to fill any such
leakages should they occur. The solder also provides a
secondary bond for added strength. Among the metals that
can be welded and which are therefore useful in making heat
exchangers by the method of this invention are steel, oxy-
gen-free or deoxidized copper, brass and aluminum.

As is shown in detail in FIG. 10, the tube-receiving hole
67 in each header plate 33 is defined by a flange 68 which
projects outwardly in that it is turned outwardly from the
plane of the plate 33. Each flange 68 and the corresponding
tube end held therein have substantially coplanar surfaces
before the welding that provides the welds 36. This combi-
nation of welds 36 and solder seals 48 results in a heat
exchanger 66 that is very strong not only because of the
welds but also because of the dual bond construction that

10

15

20

25

30

35

45

50

55

60

65

4

comprises the combination of the welds 36 and solder seals
48.

The important points to be kept in mind are that solder
joints are well-known to be weak, normally averaging about
10—40 Ib/in of solder fillet. Welded brass, on the other hand,
is very strong, for example about 30,000-33,000 psi tensile
strength. However, [there] the the welds are prone to defects
caused by zinc foming, thermal distortion and irregularities,
and the solder precoatings on the tubes.

In view of the above properties, a 1.2-inch long solder
fillet is capable of sustaining a tensile load of about 12-48
Ib. A weldmerit tube-to-header joint [is] in the same tube
(0.5 x0.096 radiator tube with a 0.006-inch thick tube wall)
will sustain a tensile load of about 216238 1b. or about 4.5
to 20 times more load-carrying ability than the soldered
joint. The dual bond of this invention, therefore, is charac-
terized by the weld containing small defects. The solder
sealant of the dual bonded joint, however, having excellent
capillary flow properties, fills any defects in the welds to
provide a leak-tight structure. Thus, the welds provide about
75-95% of the maximum sustainable load while the solder
of the dual bond fills any leakage openings and also con-
tributes to the strength of the dual bond combined joint.

Thus, the solder joint is weak and a weld joint is strong,
but one without the other is deficient because the soldered
joint is not strong enough while the weld joint may leak. A
leaky welded joint structure cannot be used without the
solder sealant. The two together, therefore, provide high
joint strength and a substantial absence of leaks. Actual tests
have shown that the combination as described and claimed
herein has a structural life at least 5-10 times longer than the
conventional soldered heat exchanger where everything else
is the same.

I claim:

1. In making a weldment heat exchanger having an air
side core of spaced tubes and interconnecting fins extending
between liquid tanks, the method comprising:

(a) stacking solder-coated welded core tubes in a plurality
of spaced sets of a plurality of spaced tubes each with
serpentine fins arranged between each adjacent pair of
tube sets;

(b) arranging end rigid support plates against each of the
end tube sets to provide a stack;

(c) applying compression to the resulting stack through
said support plates, the tubes having substantially
coplanar ends projecting beyond the sides of the stack;

(d) banding said stack into an easily handled rigid assem-
bly by applying a plurality of spaced, taut tie bands
around the support plates and encircling said stack;

(e) applying a header plate to each side of the assembly
having tube ends with said tube ends extending through
corresponding holes in the header plates;

(f) gang welding [said] rhe projecting ends to the exterior
of said header plates by means of a movable, multi-
head, automatic welder;

(g) dipping the resulting core assembly into a liquid
soldering flux;

(h) blowing heated air at a temperature above the melting
point of said solder over the outer surfaces of said core
assembly to bond the fins and tubes together;

(i) blowing a flowing mixture of solder and flux over the
adjacent junction areas of the tubes and header plates
that are opposite to the location of [said] the welds, the
welds thereby being on the liquid side of the heat
exchanger and the solder mixture on the air side;
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() heating said adjacent areas of the tubes and header
plates to melt said solder mixture and thereby coat the
said adjacent areas of the tubes and header plates with
solder to seal the air side of the welds at said adjacent
areas against any leakage opening that may occur in the
welds;

(k) removing said end support plates and spaced bands
from said core; and

(1) attaching a tube enclosing liquid tank to each of said
header plates in fluid tight relation.

2. The method of claim 1 wherein each [said] of the tube
receiving [hole] holes in the header plates is defined by an
outwardly projecting flange relative to said core that overlies
the projecting ends of the tubes.

3. The method of claim 2 wherein each flange and
corresponding tube end have substantially coplanar end
surfaces with the welds being essentially located at the
coplanar ends.

4. The method of claim 1 wherein said core tubes are
arranged in spaced sets with the serpentine fins inserted
between each adjacent pair of tube sets, said sets being
generally parallel to each other and generally perpendicular
to the header plates.

5. The method of claim 1 wherein said compression that
is applied to the said stack is sufficient to retain the con-
tacting surfaces of support plates, tubes and fins in intimate
contact with each other throughout steps (a)-(j) of said
making of the heat exchanger, said intimate contact being
maintained by said taut tie bands.

6. The method of claim 1 wherein said assembly is held
in position with the one ends of tubes projecting upwardly
during the welding of the one set of tube ends of the header
flanges and the assembly is then rotated to arrange the other
ends of the tubes upwardly for the welding of these ends to
their header plate.

[7. The method of claim 1 wherein said solder mixture is
blown along the air side of each header.]

8. The method of claim 1 wherein said stacking of the
tubes, serpentine fin spacers and end support plates is in an
assembly fixture having confronting surfaces intersected by
vertically spaced grooves in which the ends of the sets of
tubes are held and between whose confronting surfaces the
fin spacers are located.

9. The method of claim I wherein steps (a)—(), inclusive,
are performed sequentially in the sequence listed.

10. In making a weldment heat exchanger having an air
side core of spaced tubes and interconntecting fins extending
between liquid tanks, the method comprising:

(a) stacking a plurality of solder-coated tubes in a plu-
rality of spaced sets with fins arranged between each
adjacent pair of tube sets;

(b) arranging rigid end supports against the stack;

(¢) applying compression to the resulting stack through
said supports, the tubes having substantially coplanar
ends projecting beyond the sides of the stack;

(d) securing said stack in an easily handled rigid assem-
bly;

(e) applying a header plate to each side of the assembly
having tube ends with said tube ends extending through
corresponding holes in the header plates;

(f) gang welding the projecting ends to the exterior of said
header plates by relatively moving said stack and a
mulii-head, automatic welder;

(g) applying a soldering flux to the resulting core assem-
bly;

(h) applying heat at a temperature above the melting point
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of said solder over the outer surfaces of said core
assembly to bond the fins and tubes together;

(9) applying solder over the adjacent junction areas of the
tubes and header plates that are opposite to the loca-
tion of the welds, the welds thereby being on the liquid
side of the heat exchanger and the solder on the air
side;

(/) heating said adjacent areas of the tubes and header
plates to melt said solder and thereby coat the said
adjacent areas of the tubes and header plates with
solder to seal the air side of the welds at said adjacent
areas against any leakage opening that may occur in
the welds;

(k) removing said end supports from said core; and

() attaching a tube enclosing liquid tank to each of said
header plates in fluid tight relation.
11. In making a weldment heat exchanger having an air
side core of spaced tubes and interconnecting fins extending
between liquid tanks, the method comprising:

(a) stacking a plurality of solder-coated tubes in a plurlity
of spaced sets with fins arranged between each adja-
cent pair of tube sets;

(b) arranging rigid end supports against the stack;

(¢) applying compression to the resulting stack through
said supports, the tubes having substantially coplanar
ends projecting beyond the sides of the stack;

(d) securing said stack in an easily handled rigid assem-
bly;

(e) applying a header plate to each side of the assembly
having tube ends with said tube ends extending through
corresponding holes in the header plates;

(f) gang welding the projecting ends to the exterior of said
header plates by relatively moving said stack and a
multi-end, automatic welder;

(g) applying a soldering flux to the resulting core assem-
bly;

(h) applying heat at a temperature above the melting point
of said solder over the outer surfaces of said core
assembly to bond the fins and tubes together;

() applying a sealant over the adjacent junction areas of
the tubes and header plates that are opposite to the
location of the welds, the welds thereby being on the
liquid side of the heat exchanger and the sealant on the
air side;

(7) causing the sealant to substantially solidify to seal the
air side of the welds at said adjacent areas against any
leakage openings that may occur in the welds;

(k) removing said end supports from said core; and

(D) attaching a tube enclosing liquid tank to each of said

header plates in fluid tight relation.

12. The method of claim 11 wherein said sealant is a
solder and step (j) is performed by first melting the solder to
thereby coat the adjacent areas of the tubes and header
plates and thereafter allowing the solder to cool below its
melting point.

13. The method of claim 11 wherein steps (a~(l), inclusive,
are performed sequentially.

14. In making a vehicular radiator having an air side core
of spaced tubes and interconnecting fins extending between
liquid tanks, the method comprising:

(a) stacking a plurality of tubes in a plurality of spaced

sets with fins arranged between each adjacent pair of
tube sets;

(b) arranging rigid end supports against the stack;
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(c) applying compression to the resulting stack through
said supports, the tubes having substantially coplanar
ends projecting beyond the sides of the stack;

(d) securing said stack in an easily handled rigid assem-
bly;

(¢) applying a header plant to each side of the assembly
having tube ends with said tube ends extending through
corresponding holes in the header plates;

() fusing the projecting ends to the exterior of said header
plates by heating at least the junction areas of said
tubes and said header plates to form a strong tube to
header joint;

(g) bonding the fins and tubes together;

(k) applying a sealant over the adjacent junction areas of
the tubes and header plates that are opposite to the
location of said fused ends, the fused ends thereby
being on the liquid side of the radiator and the sealant
on the air side;

(i) causing the sealant to substantially solidify to seal the
air side of the fused ends at said adjacent areas against
any leakage openings that may occur in the fused ends;

() removing said end supports from said core; and

(k) attaching a tube enclosing liquid tank to each of said
header plates in fluid tight relation.

15. The method of claim 14 wherein step (g) is performed
after step (f).

16. The method of claim 14 wherein step (i) provides a
secondary, relatively weak tube to header joint.

17. In making a radiator for a vehicle having a core of
spaced tubes and interconnecting fins extending between
liquid tanks, the method comprising:

(@) stacking a plurality of solder-coated tubes in a plu-
rality of spaced sets with fins arranged between each
adjacent pair of tube sets to provide a stack;

(b) arranging end supports against the stack;

(c) applying compression to the stack through said sup-
ports, the tubes having substantially coplanar ends
projecting beyond the sides of the stack;

(@) securing said stack in an easily handled rigid assem-
bly;

(e) spplying a header plate to each side of the assembly
having tube ends with said header plate having a
plurality of holes, said tube ends extending through
said holes;

() welding said tube ends to the header plates with some
or all of said welds being prone to defects to provide a
core assembly;

(¢) applying a soldering flux to said core assembly;

(h) applying heat at a temperature above the melting point
of said solder over the outer surfaces of said core
assembly to bond the fins and tubes together;

(i) contacting the adjacent junction areas of the tube ends
and header plates with a melted solder having excellent
capillary flow properties so that the solder with its
excellent capillary flow properties fills defects in the
welds to provide a leak-tight structure;

() removing said end supports from said core; and

(k) attaching a tube enclosing liquid tank to each of said
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header plates in fluid tight relation.

18. The method of claim 17 wherein said radiator has an
air side and a liguid side and step (i) is performed over said
Junction areas on the air side.

19. In making a radiator for a vehicle having a core of
spaced tubes and interconnecting fins extending between
liquid tanks, the method comprising:

(a) stacking a plurality of tubes in a plurality of spaced

sets of fins arranged between each adjacent pair of tube
sets to form a stack;

(b) arranging the tube sets so that the tubes have sub-
stantially coplanar ends projecting beyond the sides of
the stack;

(c) applying a header plate having a plurality of holes to
each side of the assembly having tube ends so that said
tube ends extend through respective ones of said holes;

(d) welding said tube ends to the header plates with some
or all of said welds being prone to defects;

(e) bonding the fins and tubes together;

() contacting the adjacent junction areas of the tube ends
and header plates with a sealant having excellent
capillary flow properties so that the sealant with its
excellent capillary flow properties fills defects in the
welds to provide a leak-tight structure; and

(g) attaching a tube enclosing liquid tank to each of said

header plates in fluid tight relation.

20. The method of clain 19 wherein said radiator has an
air side and a liguid side and step (f) is performed over said
adjacent junction areas on the air side.

21. The method of claim 19 wherein end supports are
arranged against the stack and compression is applied to the
stack through said supports prior to step (c).

22. The method of claim 19 wherein the tubes are solder-
coated and a soldering flux is applied to the core prior to
step (e) and heat is applied at a temperature above the
melting point of the solder to bond the fins and tubes
together.

23. In making a radiator for a vehicle having a core of
spaced tubes and interconnecting fins extending between
liquid tanks, the method comprising:

a. stacking a plurality of tubes in a plurality of spaced sets
with fins arranged between each adjacent pair of tube
sets to form a stack;

b. arranging the tube sets so that the tube ends project
beyond the sides of the stack;

c. applying a header plate having a plurality of holes to
each side of the assembly having tube ends so that said
tube ends extend through respective ones of said holes;

d. fusing said tube ends to the header plate with some or
all of the fusions being prone to defects;

e. bonding the fins and tubes together;

f- applying a sealant having excellent capillary flow
properties over the adjacent junction areas of the tube
ends and header plates to seal and fill the defects in
said fusions; and

g. attaching a tube enclosing liquid tank to each of said
header plates and fluid type relation.

* % % % %
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