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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] This application relates generally to repair of
flange holes and, more particularly, to methods for re-
pairing holes in flanges of gas turbine engine casings,
see e.g. US 2005/0173492 A1 or US 2005/0173493 A1.

DESCRIPTION OF RELATED ART

[0002] Because engine casing flanges are made to
stringent dimensional requirements in terms of I.D. and
0.D. dimensions, flatness and hole location, and
materials/mechanical performance requirements, the
heat input and during the repair and resultant distortion
needs to be controlled to prevent flange distortion or a
degradation in material microstructure around holes in
the flange and mechanical performance.

[0003] Casing holes can become oversized in service
due to wear or corrosion. Restoration of the inside diam-
eter of small diameter holes is difficult to achieve with
conventional fusion welding processes due to weld dis-
tortion and mechanical property degradation. One par-
ticular type of corrosion is corrosion pitting which has
been found in gas turbine engine compressor casing
flange bolt holes.

[0004] Thereis, thus, a need for resistance weld repair
of casing flange holes that avoids fusion discontinuities
and excessive distortion. There is also a need for a weld
repair of casing flange holes that minimizes weld distor-
tion while optimizing the microstructure in the repair area
to enhance mechanical performance of the flange around
the hole.

SUMMARY OF THE INVENTION

[0005] A method for repairing at least one degraded
bolt hole in a metallic casing flange having first and sec-
ond sides using resistance welding includes: a) reaming
or cleaning and removing at least some corrosion on an
inside and around the bolt hole to form a reamed hole;
b) mounting the metallic casing flange so that the metallic
casing flange floats relative to upper and lower electrodes
of a welding machine; c¢) radially and axially clamping an
area of the flange surrounding the reamed hole; d) plac-
ing upper and lower filler slugs in the reamed hole; e)
placing the upper and lower electrodes against the upper
and lower filler slugs and applying a welding current
through the upper and lower electrodes while applying
pressure forces to the upper and lower filler slugs with
the upper and lower electrodes and resistively heating
and melting the upper and lower filler slugs respectively
to form a weldment; and f) the applying welding current
includes pulsing the welding current on and off a first
number of cycles.
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[0006] The method may further include cooling to so-
lidification or cooling to solidification and then in situ tem-
pering a substantially liquid pool formed by the welding
current under the pressure of the upper and lower elec-
trodes.

[0007] The pulsing may be performed with progres-
sively increasing amounts of current for successive ones
of the first number of cycles. The in situ tempering may
include applying a tempering current through the upper
and lower electrodes and pulsing the tempering current
on and off a second number of cycles wherein the tem-
pering current is substantially lower than the welding cur-
rent.

[0008] The pulsing of the welding may be immediately
followed by the in situ tempering wherein the tempering
current is held substantially constant during the second
number of cycles and cooling and solidification of the
substantially liquid pool occurs after the first number of
cycles. A new bolt hole may be drilled in the weldment.
[0009] Boron may be placed between the upper and
lower filler slugs and the flange before placing the upper
and lower electrodes against the upper and lower filler
slugs and applying the welding current.

[0010] The resistive heating and melting of the upper
and lower filler slugs may be thermally controlled to avoid
formation of retained austenite in the solidified liquid pool.
The thermally controlling may include maintaining tem-
perature of the substantially liquid pool below a peak tem-
perature at which retained austenite forms in the solidi-
fied liquid pool. The upper and lower electrodes may be
cooled with water and water temperature may be con-
trolled.

[0011] Degraded bolt holes in a metallic flange of a
metallic casing may also be repaired using resistance
welding first reaming or cleaning and removing at least
some corrosion on insides and around degraded bolt
holes to form reamed holes and mounting the casing on
arotatable table of or associated with a resistance weld-
ing machine so that the metallic casing flange floats rel-
ative to upper and lower electrodes of a welding machine.
Next, an area of the flange surrounding one of thereamed
holes is radially and axially clamped and upper and lower
filler slugs are placed in the reamed hole and the weld-
ment is formed as explained above. Weldments are
formed in each of the reamed holes using the rotatable
table to position each of the reamed holes with respect
to the upper and lower electrodes.

[0012] A welding arrangement for performing repairs
of degraded bolt holes in a metallic flange of a metallic
casing includes the casing mounted on a rotatable table
of or associated with a resistance welding machine, the
casing fixtured in a floating fixture mounted on the table
so that the metallic casing flange of the casing floats rel-
ative to upper and lower electrodes of the welding ma-
chine, radial and axial clamps radially and axially clamp-
ing respectively an area of the flange surrounding a
reamed hole, upper and lower filler slugs disposed in the
reamed hole, upper and lower electrodes against the up-
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per and lower filler slugs, the resistance welding machine
operable forapplying awelding current through the upper
and lower electrodes while applying pressure forced P
to the upper and lower filler slugs with the upper and
lower electrodes, the resistance welding machine oper-
able for resistively heating and melting the upper and
lower filler slugs respectively to form a weldment, and
the resistance welding machine operable for pulsing the
welding current on and off a first number of cycles.
[0013] The resistance welding machine may be oper-
able for cooling to solidification and then in situ tempering
a substantially liquid pool formed by the welding current
under pressure of the upper and lower electrodes. The
resistance welding machine may be operable for pro-
gressively increasing amounts of current for successive
ones of the first number of cycles. The radial and axial
clamps may be mounted on a clamp fixture rotatably fix-
tured on the flange and rotatable about an axis of the
table and the casing centerline.

[0014] The resistance welding machine may be oper-
able for cooling to solidification and in situ tempering a
substantially liquid pool formed by the welding current
under the pressure of the upper and lower electrodes,
and for progressively increasing amounts of current for
successive ones of the first number of cycles, and for
applying atempering current through the upperand lower
electrodes and pulsing the tempering current on and off
a second number of cycles during the in situ tempering,
and wherein the tempering current is substantially lower
than the welding current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Theforegoing aspects and other features of the
invention are explained in the following description, taken
in connection with the accompanying drawings where:

FIG. 1is a perspective view illustration of two halves
of a gas turbine engine split compressor casing with
flange bolt holes that are degraded due to wear or
corrosion.

FIG. 2 is a perspective view illustration of one of the
degraded flange bolt holes illustrated in FIG. 1.
FIG. 3 is a diagrammatical illustration of a method
for repairing the degraded flange bolt hole illustrated
in FIG. 2.

FIG. 4 is a flow chart illustration of the method for
repairing the degraded flange bolt hole illustrated in
FIG. 3.

FIG. 5 is a perspective view illustration of an exem-
plary welding machine for the method for repairing
the degraded flange bolt hole.

FIG. 6 is a perspective view illustration of a clamping
fixture for use on the casing illustrated in FIG. 4.
FIG. 7 is a partially perspective partially cross-sec-
tional view illustration of the casing and welding elec-
trodes of the welding machine illustrated in FIG. 6.
FIG. 8is a cross-sectional view illustration of the cas-
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ing and welding electrodes of the welding machine
illustrated in FIG. 7 taken through 8-8 in FIG. 7.
FIG. 9 is a graphical illustration of pulsing current
during the repair method outlined in FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

[0016] lllustrated in FIG. 1 is an exemplary turbofan
gas turbine engine split compressor casing 10 circum-
scribed about a casing centerline 12. The compressor
casing 10 includes upper and lower casing halves 14, 16
having upper and lower casing flanges 18, 20 respec-
tively. Flange bolt holes 22 are disposed through the up-
per and lower casing flanges 18, 20. At least some of the
bolt holes 22 are degraded, typically, due to wear or cor-
rosion.

[0017] lllustrated in FIG. 2 is an exemplary degraded
bolt hole 24 through one of the upper or lower casing
flanges 18, 20 having pits 26 indicating degradation due
to wear and/or corrosion. Degraded surface areas 28
within the degraded bolt hole 24 and on first and second
sides 30, 32 of flange 18 are indicated by pitting 29. A
method for repairing the damaged or degraded bolt hole
24 as disclosed herein and outlined in FIGS. 3 and 4,
removes degraded material 34 on an inside 36 of and
around the degraded bolt hole 24 on the first and second
sides 30, 32 of the flange 18 as indicated in FIG. 3.
[0018] lllustrated in FIGS. 3 and 4 is an exemplary
method of repairing the degraded bolt hole 24 using re-
sistance welding. The method includes cleaning and re-
moving at least some of the corrosion or degraded ma-
terial 34 on the inside 36 and around the degraded bolt
hole 24 such as by reaming the bolt hole. An exemplary
reaming step includes reaming the cylindrical degraded
bolt hole 24 to form a reamed hole 33 having a reamed
outdiameter D1=9.779 mm (0.385 inches) correspond-
ing as compared to a new undamaged bolt hole having
an original design diameter D2 = 8.763 mm (0.345
inches) . One or more or all the bolt holes in the flange
may have the degraded material 34 be removed before
using resistance welding and heating to fill the reamed
holes 33 with weldments 41. After the weldmentand tem-
pering of the weldment is completed, a new bolt hole with
the original design or other diameter is drilled.

[0019] Asfurtherillustrated in FIGS. 3, 5, 6 and 8, after
the one or more reamed holes 33 have been formed in
the flange 18, the compressor casing 10 is mounted on
a spring loaded or otherwise floating fixture 50 supported
by springs 51 on a rotatable table 52 of or associated
with a resistance welding machine 54. The casing 10 is
mounted on the table 52 so that an axis 55 of the table
52 is collinear with the casing centerline 12. The casing
10 is floated or spring loaded so that during welding and
heat treatment steps pressure forces P are applied even-
ly during both steps by upper and lower electrodes 70,
72. The floating provides an even application of pressure
or pressure distribution between the upper and lower
electrodes 70, 72 of the welding machine 54. The springs
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allow the case flange to float relative to the upper and
lower electrodes 70, 72 (illustrated in more detail in FIG.
8). This prevents warping as upper and lower filler slugs
38, 39 collapse during welding to form the weldment 41
because of the pressure from the pressure forces P ap-
plied by the upper and lower electrodes 70, 72. This also
allows use of lower cost conventional resistance welding
machine. The collapse during welding is illustrated in
FIG. 9 by the measured Displacement and Acceleration
along vice jaw travel of the upper and lower electrodes
70, 72.

[0020] An area 56 of the flange 18 surrounding the
reamed hole 33 is radially and axially clamped by radial
and axial clamps 60, 62. The radial clamp 60 clamps
inside and outside diameters ID, OD of the flange 18 with
radially outwardly and inwardly clamping forces F1 and
F2 respectively as illustrated in FIG. 3. The axial clamp
62 clamps the first and second sides 30, 32 of flange 18
between constraint tool base 64 and constraint clamp 66
respectively with first and second axial clamping forces
AF1 and AF2 respectively. The constraint tool base 64
and the constraint clamp 66 include clamp holes 68 to
allow upper and lower electrodes 70, 72 to pass through
the constraint tool base 64 and the constraint clamp 66
to contact and apply pressure to the upper and lower filler
slugs 38, 39 used to form a weldment 41 in the reamed
hole 33.

[0021] Theclamps constraintheflangeto preventedge
bulge and out of plane warping of the flange 18 during
welding. The radial and axial clamps 60, 62 are mounted
onaclampfixture 67 thatis rotatably fixtured on the flange
18 and rotatable about the axis 55 of the table 52 and
the casing centerline 12.

[0022] Theconsumable upper and lower filler slugs 38,
39 include cylindrical sections 37 attached to caps or
retaining lips 40. The upper and lower filler slugs 38, 39
are made from the same metal as the casing flanges.
The upper and lower filler slugs 38, 39 are placed in the
reamed hole 33. Optionally, a coating or layer of Boron
46 may be disposed between the cylindrical sections 37
and the metal of the flange 18 and between the retaining
lips 40 and the metal of the flange 18. As illustrated here-
in, the Boron 46 may be applied to contact surfaces 42
offirstand secondfiller slugs 38, 39 that contact the metal
ofthe flange 18 before the plugs are placed in the reamed
hole. In the exemplary welding method illustrated herein,
a layer of Boron about 0.0051 mm (0.0002 inches) thick
is used. The Boron suppresses the melting point of the
metal of the plugs.

[0023] Resistance welding is then performed by apply-
ing welding current through the upper and lower elec-
trodes 70, 72 to melt the upper and lower filler slugs 38,
39 respectively while applying a pressure force P with
the electrodes to the upper and lower filler slugs 38, 39
to form the weldment in the reamed hole 33. The resist-
ance welding is thermally controlled by thermally control-
ling the electrodes. Resistive heating of the upper and
lower filler slugs 38, 39 and the a portion of the flange 18
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around the reamed hole 33 produced by the welding cur-
rent results in coalescence in a substantially liquid pool
73 (see FIG. 3) that substantially fills the reamed hole
33. The upper and lower electrodes 70, 72 are then used
to apply pressure with pressure forces P to the substan-
tially liquid pool during cooling and/or in situ heat treat-
ment or tempering.

[0024] One thermal control method is controlling cool-
ing water temperature of water used to cool the upper
and lower electrodes 70, 72 during the resistance welding
step. Electrical current passing through the upper and
lower electrodes 70, 72 is pulsed during the resistance
welding step. Pulse time (number of cycles, 1 second =
60 cycles for US power supply) and cooling time between
pulses are two parameters used to control pulsing the
welding current on and off. Another thermal control meth-
od is controlling the welding current passing through the
electrodes.

[0025] The amount of pressure applied with the elec-
trodes to the upper and lower filler slugs 38, 39 is also
controlled during the resistance welding step. Electrode
material is important for good weld properties and a bi-
metallic material made of copper and tungsten (Cu-W)
is an exemplary material suitable for the resistance weld-
ing step.

[0026] The resistance heating provided by the welding
machine is controlled and limited by the temperature of
the weld which is held to a peak temperature that avoids
the formation of retained austenite in the corners of the
weldment. The peak temperature is below the eutectoid
temperature for the steel of the casing. Martensite is the
desired microstructure of the weldment. The exemplary
material used forthe casing and flanges is M152 stainless
steel having a peak temperature somewhere around its
melting point which is about 1371.1 degrees Celsius
(2500 degrees Fahrenheit) or higher. After welding, the
weldment is heat treated or tempered by heating the
weldment at a substantially lower temperature illustrated
herein as in a range of about 537.78 - 648.89 degrees
Celsius (1000-1200 degrees Fahrenheit).

[0027] FIG. 9graphically illustrates an exemplary puls-
ing for the repair method including welding and in-situ
heattreatmentortempering. FIG. 8 represents measured
results and parameters from a development test of the
method. The pulsing of the current on and off as illustrat-
ed includes 6 pulses each at a progressively higher or
increased current to better control weld nugget growth
(melting) and prevent surface expulsion due to fit-up tol-
erance variation between the plugs and the hole. This
progressively heats up the plugs as indicated by the tem-
perature curves T1 and T2 until they melt and form the
weldment. The pulsing also allows the weld nugget to
cool between pulses which prevents or reduces retained
austenite formation. The temperature curves T1 and T2
are used only to indicate the heating and the actual tem-
peratures in the pooland weldment are much higher. The
thermocouples were not close enough to the weldment
area inside the hole to measure actual temperature of
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the pool and weldment.

[0028] T1was measured by afirst thermocouple locat-
ed on the top side of the weld near an outer diameter of
the upper electrode on the top side of the flange. Its lo-
cation should have been at the outer edge of the heat
affectzone andis notin the actual nugget, thus, indicating
lower readings in the range of about 260 to 315.56 de-
grees Celsius (500 to 600 degrees Fahrenheit). T2 was
measured by a second thermocouple located on the bot-
tom side of the weld near an outer diameter of the lower
electrode on the bottom side of the flange. Its location
should have been at the outer edge of the heat affect
zone and is not in the actual nugget or pool, thus, indi-
cating lower readings in the range of about 260 to 315.56
degrees Celsius (500 to 600 degrees Fahrenheit). The
differences in T1 and T2 are probably due to proximity
of the thermocouples to the weld (these are hard to ac-
curately align and still clamp the parts).

[0029] When Boron is applied to the contact surfaces
42 of first and second filler slugs 38, 39 instead of getting
melting in center and growing a nugget at high welding
current, a reduced welding current is used. The welding
time is extended and the heat from the hotter center is
conducted to the interface between the edge of the hole
and the plug causing localized melting due to the pres-
ence of the boron which is a melting point suppressant.
For example, the welding current may be reduced from
about 18 - 20 kiloamperes (kA) to about 7 - 8 kiloamperes.
As current continues to flow for a long period of time,
boron diffuses into the base metal plug causing the locally
melted area to solidify as the concentration of boron de-
creases.

[0030] Additionally excess material from the consum-
able upper and lower filler slugs 38, 39 and particularly
the caps or retaining lips 40 may be removed after the
welding and tempering. The excess material may be re-
moved with a machine, such as a grinder, so that the first
and second sides 30, 32 of the flange 18 are smooth and
even. The new bolt hole may be then drilled or otherwise
machined in the newly welded area so as to be consistent
with the level of the adjoining flange material.

[0031] After the welding and in situ tempering is com-
pleted, the casing is placed in a furnace for a 6 hour long
tempering cycle which is exemplary of a long term deep
tempering either before or after the new bolt holes are
drilled or machined into the flange. The nugget has al-
ready solidified and the microstructure has transformed
to un-tempered martensite. The partial tempering of the
martensite reduces the hardness in the weldment and
prevents cold cracking while the part awaits other holes
to be repaired. After the welding is completed, the casing
is placed in a furnace for the 6 hour or long period tem-
pering cycle.

[0032] The presentinvention has been describedinan
illustrative manner. It is to be understood that the termi-
nology which has been used is intended to be in the na-
ture of words of description rather than of limitation. While
there have been described herein, what are considered

10

15

20

25

30

35

40

45

50

55

to be preferred and exemplary embodiments of the
present invention, other modifications of the invention
shall be apparent to those skilled in the art from the teach-
ings herein as defined by the appended claims.

Claims

1. A method for repairing at least one degraded bolt
hole (24) in a metallic casing flange (18) having first
and second sides (30, 32) using resistance welding,
the method comprising:

a) reaming or cleaning and removing at least
some corrosion on an inside (36) and around
the bolt hole (24) to form a reamed hole (33);
b) mounting the metallic casing flange (18) so
that the metallic casing flange (18) floats relative
to upper and lower electrodes (70, 72) of aweld-
ing machine (54);

c) radially and axially clamping an area (56) of
the flange (18) surrounding the reamed hole
(33);

d) placing upper and lower filler slugs (38, 39)
in the reamed hole (33);

e) placing the upper and lower electrodes (70,
72) against the upper and lower filler slugs (38,
39) and applying a welding current through the
upper and lower electrodes (70, 72) while ap-
plying pressure to the upper and lowerfiller slugs
(38, 39) with the upperand lower electrodes (70,
72)andresistively heating and melting the upper
and lowerfiller slugs (38, 39) respectively to form
a weldment (41); and

f) the applying welding current includes pulsing
the welding current on and off a first number of
cycles.

2. The method of claim 1, further including cooling to
solidification or cooling to solidification and then in
situ tempering a substantially liquid pool (73) formed
by the welding current under the pressure of the up-
per and lower electrodes (70, 72).

3. The method of claim 2, wherein the pulsing of the
welding current is performed with progressively in-
creasing amounts of current for successive ones of
the first number of cycles.

4. The method of claim 1, further comprising:

cooling to solidification and in situ tempering a
substantially liquid pool (73) formed by the weld-
ing current under the pressure of the upper and
lower electrodes (70, 72),

the in situ tempering includes applying a tem-
pering current through the upper and lower elec-
trodes (70, 72) and pulsing the tempering cur-
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rent on and off a second number of cycles, and
wherein the tempering current is substantially
lower than the welding current.

The method of claim 4, wherein the pulsing of the
welding current is performed with progressively in-
creasing amounts of current for successive ones of
the first number of cycles and immediately followed
by the in situ tempering wherein the tempering cur-
rent is held substantially constant during the second
number of cycles and cooling and solidification of
the substantially liquid pool (73) occurs after the first
number of cycles.

The method of claim 5, further comprising placing
Boron between the upper and lower filler slugs (38,
39) and the flange (18) before placing the upper and
lower electrodes (70, 72) againstthe upperand lower
filler slugs (38, 39) and applying the welding current.

The method of claim 6, further comprising drilling a
new bolt hole in the weldment (41).

The method of claim 2, further including thermally
controlling the resistive heating and melting of the
upper and lower filler slugs (38, 39) to avoid forma-
tion of retained austenite in the solidified liquid pool
(73).

The method of claim 8, wherein the pulsing of the
welding current is performed with progressively in-
creasing amounts of current for successive ones of
the first number of cycles.

The method of claim 9, wherein the thermally con-
trolling the resistive heating and melting includes
maintaining temperature of the substantially liquid
pool (73) below a peak temperatureatwhichretained
austenite forms in the solidified liquid pool (73).

The method of claim 10, wherein the thermally con-
trolling the resistive heating and melting includes
cooling the upper and lower electrodes (70, 72) with
water and controlling water temperature of the water.

Tthe method of claim 1 for repairing degraded bolt
holes (24) in a metallic flange (18) of a metalliccasing
(10), the flange (18) having first and second sides
(30, 32) using resistance welding, wherein the ream-
ing or cleaning and removing step a) is done on in-
sides (36) and around degraded bolt holes (24) to
form reamed holes (33);

wherein the mounting step b) comprises mounting
the casing (10) on a rotatable table (52) of or asso-
ciated with a resistance welding machine (54) and
so that the metallic casing flange (18) floats relative
to upper and lower electrodes (70, 72) of a welding
machine (54); and the method further comprises:
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13.

14.

15.

g) repeating steps c) through f) for each of the
reamed holes (33) using the rotatable table (52)
to position each of the reamed holes (33) with
respect to the upper and lower electrodes (70,
72).

A welding arrangement for performing repairs of de-
graded bolt holes (24) in a metallic flange (18) of a
metallic casing (10), the arrangement comprising:

a casing (10) mounted on a rotatable table (52)
of or associated with a resistance welding ma-
chine (54),

the casing (10) fixtured in a floating fixture (50)
mounted on the table (52) so that the metallic
casing flange (18) of the casing (10) floats rela-
tive to upper and lower electrodes (70, 72) of
the welding machine (54),

radial and axial clamps (60, 62) radially and ax-
ially clamping respectively an area (56) of the
flange (18) surrounding a reamed hole (33),
upper and lower filler slugs (38, 39) disposed in
the reamed hole (33),

upper and lower electrodes (70, 72) against the
upper and lower filler slugs (38, 39),

the resistance welding machine (54) operable
for applying a welding current through the upper
and lower electrodes (70, 72) while applying
pressure to the upper and lower filler slugs (38,
39) withthe upper and lower electrodes (70, 72),
the resistance welding machine (54) operable
for resistively heating and melting the upperand
lower filler slugs (38, 39) respectively to form a
weldment (41), and

the resistance welding machine (54) operable
for pulsing the welding current on and off a first
number of cycles.

The welding arrangement of claim 13, further includ-
ing the resistance welding machine (54) operable for
cooling to solidification and then in situ tempering a
substantially liquid pool (73) formed by the welding
current under pressure of the upper and lower elec-
trodes (70, 72).

The welding arrangement of claim 13, further com-
prising:

the resistance welding machine (54) operable
for cooling to solidification and in situ tempering
a substantially liquid pool (73) formed by the
welding current under the pressure of the upper
and lower electrodes (70, 72),

the resistance welding machine (54) operable
for progressively increasing amounts of current
for successive ones of the first number of cycles,
the resistance welding machine (54) operable
for applying a tempering current through the up-
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per and lower electrodes (70, 72) and pulsing
the tempering current on and off a second
number of cycles during the in situ tempering,
and

wherein the tempering current is substantially
lower than the welding current.

Patentanspriiche

Verfahren zum Reparieren zumindest eines bescha-
digten Bolzenlochs (24) in einem metallischen Ge-
hauseflansch (18) mit einer ersten und zweiten Seite
(30, 32) unter Anwendung von Widerstandsschwei-
Ren, wobei das Verfahren umfasst:

a) Nachrdumen oder Reinigen und Entfernen
zumindest einiger Korrosion an einer Innenseite
(36) und um das Bolzenloch (24) zur Bildung
eines nachgeraumten Lochs (33);

b) Montieren des metallischen Gehauseflan-
sches (18), so dass der metallische Gehause-
flansch (18) relativ zu einer oberen und unteren
Elektrode (70, 72) einer SchweilfRmaschine (54)
schwebt;

c) radial und axial Festklemmen einer Flache
(56) des Flansches (18), die das nachgeraumte
Loch (33) umgibt;

d) Platzieren eines oberen und unteren Flillstop-
fens (38, 39) in dem nachgerdumten Loch (33);
e) Platzieren der oberen und unteren Elektrode
(70, 72) an dem oberen und unteren Fllstopfen
(38, 39) und Anlegen eines Schweilistroms
durch die obere und untere Elektrode (70, 72),
wéhrend Druck mitderoberen und unteren Elek-
trode (70, 72) auf den oberen und unteren Fll-
stopfen (38, 39) ausgelibt wird, und Widerstand-
serwarmen und Schmelzendesoberen bzw. un-
teren Fullstopfens (38, 39) zur Bildung einer
Schweillkonstruktion (41); und

f) wobei das Anlegen des Schweilstroms ein
Ein-und Auspulsen des Schweilistroms Uber ei-
ne erste Anzahl von Zyklen enthalt.

Verfahren nach Anspruch 1, des Weiteren enthal-
tend ein Kilhlen bis zur Verfestigung oder ein Kiihlen
bis zur Verfestigung und dann ein In-situ-Anlassen
eines im Wesentlichen flissigen Pools (73), der
durch den Schweilistrom unter dem Druck der obe-
ren und unteren Elektrode (70, 72) gebildet wird.

Verfahren nach Anspruch 2, wobei das Pulsen des
Schweillstroms mit fortlaufend zunehmenden
Strommengen flr aufeinanderfolgende der ersten
Anzahl von Zyklen durchgefiihrt wird.

Verfahren nach Anspruch 1, des Weiteren umfas-
send:
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1.

Kihlen bis zur Verfestigung und In-situ-Anlas-
sen eines im Wesentlichen flissigen Pools (73),
der durch den Schweilstrom unter dem Druck
der oberen und unteren Elektrode (70, 72) ge-
bildet wird,

wobei das In-situ-Anlassen ein Anlegen eines
Anlassstroms durch die obere und untere Elek-
trode (70, 72) und ein Ein- und Auspulsen des
Anlassstroms Uber eine zweite Anzahl von Zy-
klen enthalt und

wobei der Anlassstrom im Wesentlichen niedri-
ger als der SchweilRstrom ist.

Verfahren nach Anspruch 4, wobei das Pulsen des
Schweillstroms mit fortlaufend zunehmenden
Strommengen fir aufeinanderfolgende der ersten
Anzahlvon Zyklen durchgefihrt wird und unmittelbar
vom In-situ-Anlassen gefolgt ist, wobei der Anlass-
strom wahrend der zweiten Anzahl von Zyklen im
Wesentlichen konstant gehalten wird, und ein Kih-
len und Verfestigen des im Wesentlichen flissigen
Pools (73) nach der ersten Anzahlvon Zyklen erfolgt.

Verfahren nach Anspruch 5, des Weiteren umfas-
send ein Platzieren von Bor zwischen dem oberen
und unteren Fillstopfen (38, 39) und dem Flansch
(18) vor dem Platzieren der oberen und unteren
Elektrode (70, 72) an dem oberen und unteren Full-
stopfen (38, 39) und Anlegen des Schweilstroms.

Verfahren nach Anspruch 6, des Weiteren umfas-
send ein Bohren eines neuen Bolzenlochs in der
Schweiltkonstruktion (41).

Verfahren nach Anspruch 2, des Weiteren enthal-
tend ein thermisches Kontrollieren der Widerstand-
serwarmung und des Schmelzens des oberen und
unteren Flllstopfens (38, 39), um eine Bildung von
Restaustenit in dem verfestigten flissigen Pool (73)
zu vermeiden.

Verfahren nach Anspruch 8, wobei das Pulsen des
Schweillstroms mit fortlaufend zunehmenden
Strommengen fir aufeinanderfolgende der ersten
Anzahl von Zyklen durchgefiihrt wird.

Verfahren nach Anspruch 9, wobei das thermische
Kontrollieren der Widerstandserwarmung und des
Schmelzens ein Aufrechterhalten einer Temperatur
des im Wesentlichen flissigen Pools (73) unter einer
Hochsttemperatur enthalt, bei welcher sich Restaus-
tenit in dem verfestigten flissigen Pool (73) bildet.

Verfahren nach Anspruch 10, wobei das thermische
Kontrollieren der Widerstandserwarmung und des
Schmelzens ein Kiihlen der oberen und unteren
Elektrode (70, 72) mit Wasser und ein Kontrollieren
einer Wassertemperatur des Wassers enthalt.
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Verfahren nach Anspruch 1 zum Reparieren be-
schadigter Bolzenldcher (24) in einem metallischen
Flansch (18) eines metallischen Gehauses (10), wo-
beider Flansch (18) eine erste und zweite Seite (30,
32) aufweist, unter Anwendung von Widerstands-
schweilken, wobei der Schritt a) zum Nachraumen
oder Reinigen und Entfernen an Innenseiten (36)
und um beschadigte Bolzenlécher (24) zur Bildung
nachgerdaumter Lécher (33) erfolgt;

wobei der Montageschritt (b) ein Montieren des Ge-
hauses (10) auf einem Drehtisch (52) einer oder in
Verbindung mit einer WiderstandsschweilRmaschi-
ne (54) umfasst und so, dass der metallische Ge-
hauseflansch (18) relativ zu einer oberen und unte-
ren Elektrode (70, 72) einer SchweilRmaschine (54)
schwebt;

und das Verfahren des Weiteren umfasst:

g) Wiederholen der Schritte c) bis f) fir jedes
der nachgeraumten Locher (33) unter Verwen-
dungdes Drehtisches (52) zum Positionieren je-
des der nachgeraumten Locher (33) in Bezug
auf die obere und untere Elektrode (70, 72).

SchweilRanordnung zum Durchfiihren von Repara-
turen an beschadigten Bolzenldchern (24) in einem
metallischen Flansch (18) eines metallischen Ge-
hauses (10), wobei die Anordnung umfasst:

ein Gehause (10), das auf einem Drehtisch (52)
einer oder in Verbindung mit einer Widerstands-
schweillmaschine (54) montiert ist,

wobei das Gehause (10) in einer schwebenden
Befestigung (50) am Tisch (52) befestigt ist, so
dass der metallische Gehauseflansch (18) des
Gehauses (10) relativ zur oberen und unteren
Elektrode (70, 72) der SchweilRmaschine (54)
schwebt,

radiale und axiale Klemmen (60, 62), die eine
Flache (56) des Flansches (18), die das nach-
geraumte Loch (33) umgibt, radial bzw. axial
festklemmen,

einen oberen und unteren Flllstopfen (38, 39),
die im nachgeraumten Loch (33) angeordnet
sind,

eine obere und untere Elektrode (70, 72) am
oberen und unteren Fllstopfen (38, 39),
wobei die WiderstandsschweiRmaschine (54)
zum Anlegen eines Schweillstroms durch die
obere und untere Elektrode (70, 72) betatigbar
ist, wahrend mit der oberen und unteren Elek-
trode (70, 72) Druck auf den oberen und unteren
Fullstopfen (38, 39) ausgelibt wird,

wobei die WiderstandsschweiRmaschine (54)
fir eine Widerstandserwarmung bzw. ein
Schmelzen des oberen und unteren Flllstop-
fens (38, 39) betétighar ist, um eine
SchweilRkonstruktion (41) zu bilden, und
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15.

wobei die Widerstandsschweillmaschine (54)
flr ein Ein- und Auspulsen des Schweilstroms
Uber eine erste Anzahlvon Zyklen betatigbar ist.

Schweilkanordnung nach Anspruch 13, des Weite-
ren enthaltend die WiderstandsschweiRmaschine
(54), die zum Kihlen und Verfestigen und dann In-
situ-Anlassen eines im Wesentlichen flissigen
Pools (73) betétigbar ist, der durch den
Schweilistrom unter dem Druck der oberen und un-
teren Elektrode (70, 72) gebildet wird.

Schweilkanordnung nach Anspruch 13, des Weite-
ren umfassend:

die WiderstandsschweilRmaschine (54), die
zum Kihlen und Verfestigen und In-situ-Anlas-
sen eines im Wesentlichen fllissigen Pools (73)
betatigbar ist, der durch den SchweilRstrom un-
terdem Druck der oberen und unteren Elektrode
(70, 72) gebildet wird,

die Widerstandsschweilmaschine (54), die flr
fortlaufend zunehmende Strommengen fir auf-
einanderfolgende der ersten Anzahl von Zyklen
betatigbar ist,

die WiderstandsschweilRmaschine (54), die
zum Anlegen eines Anlassstroms durch dieobe-
re und untere Elektrode (70, 72) und Ein- und
Auspulsen des Anlassstroms Uber eine zweite
Anzahl von Zyklen wahrend des In-situ-Anlas-
sens betatigbar ist und

wobei der Anlassstrom im Wesentlichen niedri-
ger als der SchweilRstrom ist.

Revendications

Procédé de réparation d’au moins un trou de boulon
dégradé (24) dans une bride de carter métallique
(18) ayant des premier et second cotés (30, 32) en
utilisantune soudure parrésistance, le procédé com-
prenant les étapes consistant a :

a) aléser ou nettoyer etretirer au moins une cer-
taine corrosion a l'intérieur (36) et autour du trou
de boulon (24) pour former un trou alésé (33) ;
b) monter la bride de carter métallique (18) de
sorte que la bride de carter métallique (18) flotte
par rapport aux électrodes supérieure et infé-
rieure (70, 72) d’'une machine a souder (54) ;

c) bloguer radialement et axialement une zone
(56) de la bride (18) entourant le trou alésé (33) ;
d) placer des pastilles de remplissage supérieu-
re et inférieure (38, 39) dans le trou alésé (33) ;
e) placer les électrodes supérieure et inférieure
(70, 72) contre les pastilles de remplissage su-
périeure et inférieure (38, 39) et appliquer un
courant de soudage a travers les électrodes su-
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périeure etinférieure (70, 72) tout en appliquant
une pression aux pastilles de remplissage su-
périeure et inférieure (38, 39) avec les électro-
des supérieure et inférieure (70, 72) et chauffer
par résistance et faire fondre les pastilles de
remplissage supérieure et inférieure (38, 39),
respectivement, pour former une soudure (41) ;
et

f) lapplication d’'un courant de soudage com-
prend l'impulsion du courant de soudage pour
le connecter et le déconnecter sur un premier
nombre de cycles.

Procédé selon la revendication 1, comprenant en
outre le refroidissement jusqu’a solidification ou le
refroidissement jusqu’a solidification suivid’un reve-
nu in situ d’un bain sensiblement liquide (73) formé
par le courant de soudage sous la pressiondes élec-
trodes supérieure et inférieure (70, 72).

Procédé selon la revendication 2, dans lequel I'im-
pulsion du courant de soudage est effectuée avec
des quantités de courant croissant progressivement
sur des cycles successifs du premier nombre de cy-
cles.

Procédé selon la revendication 1, comprenant en
outre :

le refroidissement jusqu’a solidification et le re-
venu in situ d’'un bain sensiblement liquide (73)
formé par le courant de soudage sous la pres-
sion des électrodes supérieure et inférieure (70,
72),

le revenu in situ comprenant I'application d’un
courant de revenu a travers les électrodes su-
périeure et inférieure (70, 72) et I'impulsion du
courant de revenu de maniére a le connecter et
a la déconnecter sur un second nombre de cy-
cles, et

dans lequel le courant de revenu est sensible-
ment inférieur au courant de soudage.

Procédé selon la revendication 4, dans lequel I'im-
pulsion du courant de soudage est effectuée avec
des quantités de courant croissant progressivement
sur des cycles successifs du premier nombre de cy-
cles et immédiatement suivie par le revenu in situ
dans lequel le courant de revenu est maintenu sen-
siblement constant au cours du second nombre de
cycles etle refroidissement et la solidification du bain
sensiblementliquide (73) se produisent apres le pre-
mier nombre de cycles.

Procédé selon la revendication 5, comprenant en
outre le placementde bore entre les pastilles derem-
plissage supérieure et inférieure (38, 39) et la bride
(18) avant de placer les électrodes supérieure et in-
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12.

13.

férieure (70, 72) entre les pastilles de remplissage
supérieure etinférieure (38, 39) etd’appliquer le cou-
rant de soudage.

Procédé selon la revendication 6, comprenant en
outre le forage d’un nouveau trou de boulon dans la
soudure (41).

Procédé selon la revendication 2, comprenant en
outre la commande thermique du chauffage par ré-
sistance et de la fusion des pastilles de remplissage
supérieure et inférieure (38, 39) pour éviter la forma-
tion d’austénite retenue dans le bain de liquide soli-
difié (73).

Procédé selon la revendication 8, dans lequel I'im-
pulsion du courant de soudage est effectuée avec
des quantités de courant croissant progressivement
sur des cycles successifs du premier nombre de cy-
cles.

Procédé selon la revendication 9, dans lequel la
commande thermique du chauffage par résistance
et de la fusion comprend le maintien de la tempéra-
ture du bain sensiblement liquide (73) en dessous
d’une température de pic a laquelle 'austénite rete-
nue se forme dans le bain de liquide solidifié (73).

Procédé selon la revendication 10, dans lequel la
commande thermique du chauffage par résistance
etde lafusion comprend le refroidissementdes élec-
trodes supérieure et inférieure (70, 72) avec de 'eau
et la commande de |la température de 'eau.

Procédé selon la revendication 1 pour réparer des
trous de boulons dégradés (24) dans une bride mé-
tallique (18) d’un carter métallique (10), la bride (18)
ayant un premier et un second c6té (30, 32), en uti-
lisant un soudage par résistance, dans lequel I'étape
d’alésage ou de nettoyage et de retrait a) est effec-
tuée a l'intérieur (36) et autour des trous de boulons
dégradés (24) pour former des trous alésés (33) ;
dans I'étape de montage b) comprend le montage
du carter (10) sur une table rotative (52) d’'une ma-
chine de soudage par résistance (54) ou associée a
celle-ci et de sorte que la bride de carter métallique
(18) flotte par rapport aux électrodes supérieure et
inférieure (70, 72) d’une machine de soudage (54) ;
et le procédé comprend en outre :

g) la répétition des étapes c) a f) pour chacun
destrous alésés (33) en utilisant la table rotative
(52) pour positionner chacun des trous alésés
(33) par rapport aux électrodes supérieure et
inférieure (70, 72).

Aménagement de soudage pour effectuer des répa-
rations de trous de boulons dégradés (24) dans une
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bride métallique (18) d’un carter métallique (10),
'aménagement comprenant :

un carter (10) monté sur une table rotative (52)
d’une machine de soudage par résistance (54)
ou associé a celle-ci,

le carter (10) étant monté dans un dispositif flot-
tant (50) monté sur la table (52) de sorte que la
bride de carter métallique (18) du carter (10) flot-
te par rapport aux électrodes supérieure et in-
férieure (70, 72) de la machine de soudage (54),
des attaches radiale et axiale (60, 62) bloquant
radialement et axialement, respectivement, une
zone (56) delabride (18) entourantun trou alésé
(33),

des pastilles de remplissage supérieure et infé-
rieure (38, 39) disposéesdans le trou alésé (33),
des électrodes supérieure et inférieure (70, 72)
contre les pastilles de remplissage supérieure
et inférieure (38, 39),

la machine de soudage parrésistance (54) étant
a méme d’appliquer un courant de soudage a
travers les électrodes supérieure et inférieure
(70, 72) tout en appliquant une pression aux
pastilles de remplissage supérieure etinférieure
(38, 39) avec les électrodes supérieure et infé-
rieure (70, 72),

la machine de soudage parrésistance (54) étant
a méme de chauffer par résistance et de faire
fondre les pastilles de remplissage supérieure
et inférieure (38, 39), respectivement, pour for-
mer une soudure (41), etla machinede soudage
par résistance (54) étant a méme d’impulser le
courant de soudage pour le connecter et le dé-
connecter sur un premier nombre de cycles.

14. Aménagement de soudage selon la revendication
13, comprenant en outre la machine de soudage par
résistance (54) qui est a méme de refroidir jusqu’a
solidification le tout suivid’un revenu in situ d’un bain
sensiblement liquide (73) formé par le courant de
soudage sous la pression des électrodes supérieure
et inférieure (70, 72).

15. Aménagement de soudage selon la revendication
13, comprenant en outre :

la machine de soudage par résistance (54) qui
est a méme de refroidir jusqu’a solidification et
d’appliquer un revenu in situ sur un bain sensi-
blementliquide (73) formé par le courantde sou-
dage sous la pression des électrodes supérieu-
re et inférieure (70, 72),

la machine de soudage par résistance (54) qui
est a méme d’augmenter progressivement les
quantités de courant sur des cycles successifs
du premier nombre de cycles,

la machine de soudage par résistance (54) qui
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est a méme d’appliquer un courant de revenu a
travers les électrodes supérieure et inférieure
(70, 72) et

d’impulser le courant de revenu afin de le con-
necter et le déconnecter sur un second nombre
de cycles au cours du revenu in situ, et

dans lequel le courant de revenu est sensible-
ment inférieur au courant de soudage.
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