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(54) SYSTEM AND METHOD OF MAKING A WELDED ASSEMBLY

(57) A system 10 and method of making a welded
assembly 12. The system 10 includes a welding system
20 and an ultrasonic inspection device 22. The welding
system 10 is configured to weld a first part 26 to a second

part 28. The ultrasonic inspection device 20 transmits an
ultrasonic beam to facilitate pre-weld inspection and/or
post-weld inspection.
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Description

TECHNICAL FIELD

[0001] This patent application relates to a system and
method of making a welded assembly.

BACKGROUND

[0002] A weld inspection scanner is disclosed in U.S.
Patent No. 8,037,763.

SUMMARY

[0003] In at least one embodiment, a method of making
a welded assembly is provided. The method may include
determining a gap profile between a first part and a sec-
ond part with an ultrasonic inspection device that trans-
mits an ultrasonic beam. The gap profile may be deter-
mined by transmitting the ultrasonic beam and receiving
reflected signals that may be indicative of a gap between
the first part and the second part. The first and second
parts may be welded based on the welding parameters
that may be selected based on the gap profile when a
gap of the gap profile does not exceed a gap threshold
value.
[0004] In at least one embodiment, a method of making
a welded assembly is provided. The method may include
welding a first part to a second part to form a weld and
executing a post-weld inspection with an ultrasonic in-
spection device after welding the first part to the second
part. The post-weld inspection may be executed by trans-
mitting the ultrasonic beam through the first part to the
second part and receiving reflected signals that are in-
dicative of discontinuities in the weld. The post-weld in-
spection may include rotating the first part and the second
part about an axis with respect to the ultrasonic inspection
device or rotating the ultrasonic inspection device about
an axis with respect to the first part and the second part.
[0005] In at least one embodiment, a system for mak-
ing a welded assembly is provided. The system may in-
clude a welding system and an ultrasonic inspection de-
vice. The welding system may be configured to weld a
first part to a second part. The ultrasonic inspection de-
vice may transmit an ultrasonic beam through the first
part and may receive reflected signals that may be indic-
ative of a gap between the first part and the second part.
The welding system may vary a size of a weld that may
join the first part to the second part based on a gap profile.
The gap profile may be based on the reflected signals
and may be generated before executing the weld with
the welding system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Figure 1 illustrates an exemplary system for making

a welded assembly.

Figure 2 is a section view of a welded assembly that
is configured as a differential assembly.

Figure 3 is a flowchart of a method of making a weld-
ed assembly.

Figure 4 is a magnified view of a first part and a sec-
ond part prior to welding.

Figure 5A is a magnified view of a properly located
weld.

Figure 5B represents an image from an ultrasonic
inspection device of the weld of Figure 5A.

Figure 6A is a magnified view of an improperly lo-
cated weld.

Figure 6B represents an image from an ultrasonic
inspection device of the weld of Figure 6A.

Figure 7A is a magnified view of an exemplary weld
having discontinuities.

Figure 7B represents an image from an ultrasonic
inspection device of the weld of Figure 7A.

DETAILED DESCRIPTION

[0007] As required, detailed embodiments of the
present invention are disclosed herein; however, it is to
be understood that the disclosed embodiments are mere-
ly exemplary of the invention that may be embodied in
various and alternative forms. The figures are not nec-
essarily to scale; some features may be exaggerated or
minimized to show details of particular components.
Therefore, specific structural and functional details dis-
closed herein are not to be interpreted as limiting, but
merely as a representative basis for teaching one skilled
in the art to variously employ the present invention.
[0008] Referring to Figure 1, an exemplary system 10
for making a welded assembly 12 is shown. The system
10 may include a welding system 20, an ultrasonic in-
spection device 22, and a control system 24.
[0009] The welding system 20 may be configured to
weld a first part 26 to a second part 28 to form the welded
assembly 12. In Figure 1, two parts are labeled second
parts 28 to make it clear that the welding system 20 may
weld multiple parts together. The welding system 20 may
include a fixture subsystem 30, one or more welding units
32, and an encoder 34.
[0010] The fixture subsystem 30 may be configured to
support one or more parts. For instance, the fixture sub-
system 30 may directly or indirectly support and/or re-
ceive the first part 26 and/or the second part 28. In the
embodiment shown in Figure 1, the fixture subsystem 30
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includes a first fixture 40 and a second fixture 42. The
first and/or second fixtures 40, 42 may be configured to
grasp and secure the one or more parts such that the
one or more parts may not move with respect to the fixture
subsystem 30. In addition, the fixture subsystem 30 may
be configured to rotate one or more parts, such as the
first and second parts 26, 28 about an axis 44. For ex-
ample, an actuator such as a motor may be provided that
may facilitate rotation of the fixture subsystem 30 about
the axis 44. It is also contemplated that the fixture sub-
system 30 may not provide rotational functionality in one
or more embodiments.
[0011] One or more welding units 32 may be disposed
proximate the fixture subsystem 30. A welding unit 32
may be configured to execute one or more welds that
may couple the first part 26 to the second part 28. In
Figure 1, two welding units 32 are shown; however, it is
contemplated that a greater or lesser number of welding
units 32 may be provided. The welding units 32 may be
of any suitable type. For example, a welding unit 32 may
be configured to provide a weld of any suitable type, such
as a laser weld or an arc weld. In Figure 1, the welding
units 32 are illustrated as laser welding units in which
exemplary laser welding beams are depicted with dashed
lines. The welding units 32 may be stationary or may be
configured to move or rotate about the axis 44 so that a
weld may be provided that may extend at least partially
around the axis 44.
[0012] The encoder 34 may provide data indicative of
the rotational position or angular position of the fixture
subsystem 30 and/or the first and second parts 26, 28
with respect to the axis 44. The encoder 34 may be of
any suitable type, and may be disposed in any suitable
location for detecting rotational or angular movement.
Angular position data from the encoder 34 may be asso-
ciated with data obtained by the ultrasonic inspection de-
vice 22, thereby allowing the angular position of data or
data points detected by the ultrasonic inspection device
22 to be known and stored. The encoder 34 may be omit-
ted in configurations where the fixture subsystem 30 is
stationary.
[0013] The ultrasonic inspection device 22 may be
used for inspection before and/or after executing a weld
with the welding system 20. The ultrasonic inspection
device 22 may transmit one or more ultrasonic beams
into or through the first part 26, the second part 28, and/or
a weld that may join the first part 26 to the second part
28. Any suitable ultrasonic inspection device may be
used. An example of a suitable ultrasonic inspection de-
vice 22 is a General Electric Phasor XS Series portable
phased array ultrasonic flaw detector. The ultrasonic in-
spection device 22 may include a main unit 46 and a
probe 48.
[0014] The main unit 46 may include a controller or
control unit that may control operation of the ultrasonic
inspection device 22. In addition, the main unit 46 may
include a keypad or operator input device and a display.
[0015] The probe 48 may communicate with the main

unit and may include one or more ultrasonic beam trans-
ducers that may transmit an ultrasonic beam. For exam-
ple, multiple transducers may be provided that each
transmit or emit an ultrasonic beam in a fixed direction
or the ultrasonic inspection device 22 may have a one or
more transducers that may employ phased array ultra-
sonics to transmit or emit an ultrasonic beam that may
be electronically steered. In addition, the transducer or
transducers may receive reflected signals or reflected
ultrasonic waveforms. The ultrasonic inspection device
22 may process the reflected signals and identify and
provide quantitative data based on the reflected signals
that may be indicative of one or more gaps located be-
tween the first part 26 and the second part 28 before
welding the first part 26 to the second part 28. Such data
may be used to control the welding system 20 to vary the
size of a weld that may join the first part 26 to the second
part 28 as will be discussed in more detail below. In ad-
dition, the ultrasonic inspection device 22 may identify
and provide quantitative data based on the reflected sig-
nals that may be indicative of discontinuities located in
the weld and/or adjacent to the weld as will be discussed
in more detail below.
[0016] An encoder 34 may be associated with the ul-
trasonic inspection device 22. The encoder may provide
data indicative of the rotational position or angular posi-
tion of the probe with respect to the axis 44. Angular
position data from the encoder 34 may be associated
with data obtained by the ultrasonic inspection device
22, thereby allowing the angular position of data or data
points detected by the ultrasonic inspection device 22 to
be known and stored. An encoder 34 that is detects an-
gular movement or position of the probe 48 may be omit-
ted in configurations where the probe 48 is stationary.
[0017] The control system 24 may monitor and control
operation of components of the system 10. The control
system 24 may include a microprocessor-based control-
ler or control module that may monitor and/or control var-
ious components, such as the welding system 20 and
the ultrasonic inspection device 22. The control system
24 may also communicate with various sensors or input
devices. For instance, the control system 24 may be con-
figured to receive a signal or data from an encoder 34
and/or the main unit 46.
[0018] Referring to Figure 2, an exemplary welded as-
sembly 12 is shown. In Figure 2, the welded assembly
12 is configured as a differential assembly that may be
provided with a vehicle drivetrain assembly, such as an
axle assembly, transfer case, or wheel hub assembly.
The differential assembly may transmit torque in a man-
ner that permits two different shafts, such as wheel axles
to rotate at different velocities. In at least one embodi-
ment, the differential assembly may include a ring gear
50, a differential case 52, a differential cap 54, and a
differential unit 56. For illustration purposes, the differ-
ential case 52 may be a first part 26 and the ring gear 50
and/or the differential cap 54 may be a second part 28.
[0019] The ring gear 50 may be configured to rotate
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about the axis 44. The ring gear 50 may have a center
hole 60 and a set of teeth 62. The center hole 60 may
extend around the axis 44 and may receive the differential
case 52. The ring gear 50 may be fixedly disposed on
the differential case 52. For example, the ring gear 50
may be welded to the differential case 52 with a first weld
64. The first weld 64 may extend continuously around
the axis 44 and may be located on opposite side of the
ring gear 50 from the set of teeth 62. In one or more
embodiments, the first weld 64 may extend generally per-
pendicular to the axis 44. The set of teeth 62 may be
arranged around the center hole 60 and may engage and
mate with corresponding teeth of another gear, such as
a pinion gear, that may rotate about a different axis than
axis 44.
[0020] The differential case 52 may receive various
components of the differential assembly. For example,
the differential case 52 may be disposed proximate and
may receive the differential cap 54 and/or the differential
unit 56. The differential case 52 may be configured to
rotate with respect to a housing that may support the
differential assembly. For instance, the differential case
52 may be rotatably disposed on a bearing that may be
disposed in the housing and that may facilitate rotation
of the differential assembly about the axis 44. In at least
one embodiment, the differential case 52 may include a
first opening 70, a second opening 72, a cavity 74, and
a set of spider pin holes 76.
[0021] The first opening 70 may extend around the axis
44 and may be configured to receive a first shaft that may
be operatively coupled to the differential unit 56. For ex-
ample, the first shaft may receive torque from the differ-
ential unit 56.
[0022] The second opening 72 may extend around the
axis 44 and may be disposed opposite the first opening
70. The second opening 72 may be configured to receive
the differential cap 54.
[0023] The cavity 74 may be disposed between the
first opening 70 and the second opening 72. The cavity
74 may extend along the axis 44 and may be configured
to receive the differential unit 56.
[0024] The set of spider pin holes 76 may be arranged
around the axis 44. The set of spider pin holes 76 may
extend from the cavity 74 and may be disposed between
the ring gear 50 and the cavity 74.
[0025] The differential cap 54 may be disposed proxi-
mate and may be received in the first opening 70 of the
differential case 52. The differential cap 54 may include
a differential cap opening. The differential cap opening
may extend around the axis 44 be configured to receive
a second shaft that may be operatively coupled to the
differential unit 56. For example, the second shaft may
receive torque from the differential unit 56.
[0026] The differential cap 54 may be fixedly disposed
on the differential case 52. As such, the differential cap
54 may rotate with the differential case 52 about the axis
44. In addition, the differential cap 54 may be rotatably
disposed on a bearing that may be disposed in the hous-

ing and that may facilitate rotation of the differential as-
sembly about the axis 44.
[0027] The differential cap 54 may be welded to the
differential case 52 with a second weld 78. The second
weld 78 may extend continuously around the axis 44 and
may be generally located on opposite side of the ring
gear 50 from the set of teeth 62. In one or more embod-
iments, the second weld 78 may extend generally parallel
to the axis 44. The second weld 78 may be completely
spaced apart from the first weld 64. In addition, the sec-
ond weld 78 may extend at an angle with respect to the
first weld 64. For example, the first weld 64 may extend
substantially perpendicular to the second weld 78 in one
or more embodiments.
[0028] The differential unit 56 may be configured to
permit the first shaft and the second shaft to rotate at
different speeds or inhibit the first shaft and the second
shaft from rotating at different speeds. The differential
unit 56 may be generally disposed in the center hole 60
of the ring gear 50 and may be disposed in the cavity 74
of the differential case 52. In at least one embodiment,
the differential unit 56 may include a first gear 80, a sec-
ond gear 82, a spider 84, and a plurality of pinion gears
86.
[0029] The first gear 80 may be disposed proximate
the differential case 52 and may be coupled to the first
shaft. For example, the first gear 80 may be disposed
along the axis 44 and may have a center bore. The center
bore may receive the first shaft such that the first gear
80 may not rotate with respect to the first shaft. The first
gear 80 may include a set of teeth that may be arranged
on a side or face of the first gear 80 that faces toward
the spider 84 and pinion gears 86. A thrust washer 88
may be provided between the first gear 80 and the dif-
ferential case 52 to inhibit movement along the axis 44
or axial movement of the first gear 80 away from the
second gear 82.
[0030] The second gear 82 may be spaced apart from
and may be disposed opposite the first gear 80. The sec-
ond gear 82 may have substantially the same configura-
tion as the first gear 80 in one or more embodiments.
The second gear 82 may be disposed proximate the dif-
ferential cap 54 and may be coupled to the second shaft.
For example, the second gear 82 may extend along the
axis 44 and may have a center bore. The center bore
may receive the second shaft such that the second gear
82 may not rotate with respect to the second shaft. The
second gear 82 may also include a set of teeth that may
be arranged on a side or face of the second gear 82 that
faces toward the spider 84 and pinion gears 86. A thrust
washer 88 may be provided between the second gear
82 and the differential cap 54 to inhibit axial movement
of the second gear 82 away from the first gear 80.
[0031] The spider 84 may be disposed in the differen-
tial case 52 and may be configured to rotate about the
axis 44 with respect to the first gear 80 and/or the second
gear 82. The spider 84 may include a set of pins 90 that
may be arranged along a first spider axis 92 and a second
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spider axis 94. The first spider axis 92 and the second
spider axis 94 may intersect and may be disposed sub-
stantially perpendicular to each other and substantially
perpendicular to the axis 44. Ends of the pins 90 may be
received in a corresponding spider pin hole 76 in the dif-
ferential case 52 and may be spaced apart from the hous-
ing so as not to interfere with rotation of the differential
unit 56.
[0032] A pinion gear 86 may be rotatably disposed on
each pin 90. Each pinion gear 86 may be generally dis-
posed in the cavity 74 of the differential case 52 and may
be retained on a corresponding pin 90 with a thrust wash-
er 88. For instance, two pinion gears 86 may rotate about
corresponding pins 90 that may extend along the first
spider axis 92 and two pinion gears 86 may rotate about
corresponding pins 90 that may extend along the second
spider axis 94. Each pinion gear 86 may include a set of
teeth that may mate with teeth of the first gear 80 and
the second gear 82.
[0033] Referring to Figure 3, a flowchart of a method
of making a welded assembly is shown. The welded as-
sembly may be made using the system 10 previously
described. The method will primarily be described with
the reference to welding a first part to a second part. For
example, in the context of a differential assembly, the
first part 26 may be the differential case and the second
part 28 may be the ring gear and or the differential cap.
[0034] At block 100, the method may position the parts
that are to be welded. For example, the first part 26 and
the second part 28 may be positioned in a clamp or fixture
of the fixture subsystem 30 such that the first part 26 may
be disposed adjacent to the second part 28 at a location
or region to be welded. As such, at least one surface of
the first part 26 may be disposed proximate and may
engage at least one surface of the second part 28 prox-
imate a desired weld location. An example of positioning
of a first part 26 and a second part 28 prior to welding is
shown in Figure 4. In Figure 4, a surface of the first part
26 is disposed adjacent to a surface of the second part
28. Ideally, the surface of the first part 26 and the surface
of the second part 28 may abut each other such that no
gaps may be present between the surfaces in the region
to be welded. However, one or more gaps 98 may exist
between the surfaces due to irregularities (e.g., contam-
inants, voids, protrusions, etc.), surface finish variations,
or other factors. As such, the surface of the first part 26
may differ from the surface of the second part 28 such
that one or more gaps may be present between the sur-
faces.
[0035] At block 102, a pre-weld inspection may be per-
formed to determine a gap profile. The pre-weld inspec-
tion may be performed using the ultrasonic inspection
device 22. The gap profile may be determined by trans-
mitting one or more ultrasonic beams and then receiving
reflected signals that may be indicative of the relative
positioning between the first part 26 and the second part
28. For example, the ultrasonic inspection device 22 may
transmit one or more ultrasonic beams through the first

part 26 to or toward the second part 28, and then receive
reflected signals that may be indicative of a gap or dis-
tance between the first part 26 and the second part 28.
[0036] The gap profile may be determined prior to
welding along a region where the weld is to be provided.
The first and second parts 26, 28 and the ultrasonic in-
spection device 22 may move with respect to each other
during the pre-weld inspection so that a gap profile may
be generated along an extended distance. For example,
the first and second parts 26, 28 may be held in a sta-
tionary position while the ultrasonic inspection device 22
moves or rotates about the axis 44 with respect to the
first and second parts 26, 28. The ultrasonic inspection
device 22 may move or rotate over a predetermined an-
gular distance during the pre-weld inspection. For exam-
ple, the ultrasonic inspection device 22 may rotate ap-
proximately 360° or at least one revolution around or
about the axis 44 when a weld is to extend continuously
around the axis 44. Alternatively, the ultrasonic inspec-
tion device 22 may be held in a stationary position while
the first and second parts 26, 28 move or rotate together
(e.g., not with respect to each other) about the axis 44
with respect to the ultrasonic inspection device 22. For
example, the fixture subsystem 30 of the welding system
20 may rotate the first and second parts 26, 28 approx-
imately 360° or at least one revolution around the axis
44 when a weld is to extend continuously around the axis
44. As another option, the ultrasonic inspection device
22 and the first and second parts 26, 28 may simultane-
ously rotate about the axis 44 with respect to each other.
For example, the ultrasonic inspection device 22 may
rotate in a first direction about the axis 44 while the first
and second parts 26, 28 may rotate together in a second
direction or opposite direction about the axis 44. Thus, a
gap profile may be generated that may include data
points that may be indicative of gaps or distances be-
tween the first part 26 and the second part 28 at multiple
angular positions and thus over a three-dimensional ar-
ea. The gap profile may be associated with angular po-
sitions provided with one or more encoders 34 as previ-
ously discussed.
[0037] The probe 48 of the ultrasonic inspection device
22 may be in direct physical contact with a part, such as
the first part 26 or the second part 28, when ultrasonic
signals are transmitted and reflected. For example, the
probe 48 may engage a surface of the first part 26 and
may be spaced apart from the weld that is being inspect-
ed. Alternatively, or in addition, a lubricant or gel may be
provided between the probe 48 and the part to facilitate
ultrasonic inspection and/or relative rotational movement
between the probe 48 and the first and second parts 26,
28. The probe 48 may be separated from the part prior
to welding to avoid potential thermal damage to the probe
48. In addition, the pre-weld inspection may be performed
without submerging the parts in a water bath.
[0038] At block 104, the method may determine wheth-
er a gap size exceeds a gap threshold. For instance, the
method may determine a maximum gap of the gap profile
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or a maximum distance between the first part 26 and the
second part 28, and compare the maximum distance to
a gap threshold value. The gap threshold value may be
indicative of a gap size at or beyond which the welding
system 20 may not be capable of providing an adequate
weld. The gap threshold value may be a predetermined
value that may be based on development testing. If the
gap size or maximum gap exceeds the gap threshold
value, then method or method iteration may end at block
106 without welding the first part to the second part. If
the gap size or maximum gap does not exceed the gap
threshold value, then the method may continue at block
108.
[0039] At block 108, weld parameters may be selected
based on the gap profile. The weld parameters may be
adjusted during welding to vary the size of the weld in
proportion to the gap profile. As such, the system 10 may
be operated to vary the configuration of a weld to attempt
to properly join the first part 26 to the second part 28 and
eliminate gaps between the first part 26 and the second
part 28 over a desired or target weld penetration distance.
For example, the rotational speed or angular velocity be-
tween the welding system 20 and the first and second
parts 26, 28 may be varied, such as by decreasing the
relative angular velocity when a larger weld size is de-
sired. Other weld parameters may also be varied that
may be dependent upon the type of welding employed.
For example, in a welding system 20 that employs laser
welding, the power provided to the laser may increase
as the gap size proximate the focal point increases. In a
welding system 20 that employs a filler material like con-
sumable wire electrode, such as arc welding or braze
welding, the amount of filler material or wire electrode
feed rate may increase as the gap size increases.
[0040] At block 110, the first and second parts 26, 28
may be welded together or provided with one or more
welds 64, 78. The first and second parts 26, 28 may be
welded together using the welding system 20 and may
be operated using the selected weld parameters. The
first and second parts 26, 28 and the welding unit 32 may
move with respect to each other during welding. For ex-
ample, the first and second parts 26, 28 may be rotated
about the axis 44 with respect to a stationary welding unit
32, the welding unit 32 may be rotated about the axis 44
with respect to stationary first and second parts 26, 28,
or the first and second parts 26, 28 and the welding unit
32 may be simultaneously rotated in opposite directions,
similar to the relative movement options between the
probe 48 and the first and second parts 26, 28 previously
described with respect to block 102. For example, a con-
tinuous weld that extends completely around the axis 44
may be provided by rotating the welding unit 32 and/or
the first and second parts 26, 28 approximately 360°
about or around the axis 44.
[0041] At block 112, a post-weld inspection may be
performed to assess the configuration and quality of the
weld. The post-weld inspection may be executed or per-
formed using the ultrasonic inspection device 22 in a sim-

ilar manner as the pre-weld inspection previously dis-
cussed at block 102. As such, one or more ultrasonic
beams may be emitted or transmitted and then reflected
signals may be received. In addition, relative motion be-
tween the welded first and second parts 26, 28 and the
probe 48 may be provided to facilitate inspection of the
entire weld or a desired portion of the weld 64, 78. For
example, the welded first and second parts 26, 28 may
be rotated about the axis 44 with respect to the probe 48
of the ultrasonic inspection device 22 or vice versa. The
reflected signals may be indicative of the configuration
of the weld (e.g., weld size, weld penetration distance,
etc.) and may be indicative of discontinuities located with-
in or near the weld. Discontinuities may include voids or
cavities within the weld (weld porosity, weld cracks, etc.)
and voids or cavities adjacent to the weld (cracks along
the heat affected zone adjacent to the weld, voids or gaps
that were not filled by the weld, etc.). Moreover, the size,
shape, and/or position of discontinuities may be meas-
ured and quantified.
[0042] At block 114, the weld penetration distance or
weld penetration depth may be assessed. The weld pen-
etration distance may be based on the reflected signals
obtained during the post-weld inspection. Weld penetra-
tion distance may be best understood with reference to
Figures 5A and 5B and Figures 6A and 6B.
[0043] In Figure 5A, a weld that has a proper location
is shown. In Figure 5A, the weld 200, which may be the
first weld 64 or the second weld 78, is centered about
line 202 and has a weld penetration distance D1. Line
202 may be referred to as a weld center line 202. In Figure
5A, the weld center line 202 may substantially coincide
with a targeted weld location or a desired weld center
line 204. The weld penetration distance D1 may be meas-
ured from the top of the weld 200 to the bottom of the
weld 200.
[0044] In Figure 5B, an associated image of this weld
200 that may be provided by the ultrasonic inspection
device 22 is shown. The boundary lines 210 and 212 may
represent or include the expected locations of the top
and bottom of the weld 200, respectively, while the region
between the boundary lines 210 and 212 may depict the
area between the top and bottom of the weld 200. In
Figure 5B, no lines or artifacts are shown between bound-
ary lines 210 and 212, which is indicative of an adequate
weld penetration distance.
[0045] In Figure 6A, a weld 200’ that does not have a
proper location is shown. In Figure 6A, the weld 200’ is
again centered about line 202 and has a weld penetration
distance D2. The weld penetration distance D2 or dis-
tance from the top of the weld 200’ to the bottom of the
weld 200’ is approximately half of weld penetration dis-
tance D1. This reduced weld penetration distance is a
result of misalignment of the weld center line 202 and
the targeted weld location or desired weld center line
204. This misalignment results in no weld being provided
along distance D3.
[0046] In Figure 6B, the lack of a weld along distance
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D3 is depicted as a line 214 that extends from the lower
boundary line 212 to a point is representative of the bot-
tom of the weld 200’. The length of line 214 may be pro-
portional to the distance from the bottom of the weld 200’
to boundary line 212. As such, post-weld inspection per-
formed by the ultrasonic inspection device 22 may detect
and quantify the weld penetration distance, which in turn
may allow the misalignment distance between the actual
weld center line 202 and the desired weld center line 204
to be quantified and used for quality control to adjust the
weld center line 202 into closer proximity with the desired
weld center line 204 or desired weld location. For exam-
ple, the distance and direction in which to move the weld-
ing unit 32 (having a location that corresponds with the
weld center line 202) with respect to the fixture subsystem
30 (having a location that may correspond to the location
of the first and second parts 26, 28 and the desired weld
location) may be calculated or based on data in a lookup
table, which may be populated during development test-
ing.
[0047] If the weld penetration distance is less than the
threshold weld penetration distance, then the weld pen-
etration distance may not be sufficient and the method
may continue at block 116. If the weld penetration dis-
tance is not less than the threshold weld penetration dis-
tance, then the weld penetration distance may be suffi-
cient and the method may continue at block 118.
[0048] At block 116, the weld may be rejected or re-
worked and the weld location or alignment may be ad-
justed for a subsequent weld. The weld location or align-
ment may be adjusted to attempt to increase the weld
penetration distance to at least the threshold weld pen-
etration distance for parts that are subsequently welded.
For example, the position of the welding unit 32 may be
adjusted with respect to the fixture subsystem 30 or vice
versa. As such, the weld center line 202 may be aligned
with or positioned closer to the desired weld center line
204, which in turn may increase the weld penetration
distance for subsequently welded parts. As such, the
method may adjust the positioning of a subsequent weld
based on a detected weld penetration distance of a pre-
viously welded part when the detected weld penetration
distance is less than the threshold weld penetration dis-
tance. Accordingly, the method may provide a closed
loop system that may automatically detect inadequate
weld penetration distances and may automatically adjust
the welding system 20 for subsequently welded parts to
attempt to meet specifications and reduce scrap.
[0049] At block 118, the method may determine wheth-
er detected discontinuities in the weld are acceptable.
Discontinuities may be assessed based on characteris-
tics of the detected discontinuities, such as quantity
and/or volume. Examples of discontinuities are shown in
Figures 7A and 7B. In Figure 7A, a weld is shown that
has a solidification crack 220, voids 222, and an unweld-
ed region 224. These defects may be detected with the
ultrasonic inspection device 22 and may result in the ex-
emplary image shown in Figure 7B. Software of the ul-

trasonic inspection device 22 may be configured to detect
and quantify or define discontinuities in a manner known
by those skilled in the art, which in turn may allow indi-
vidual defects to be counted and may allow their internal
volume to be measured. A weld 200 may be acceptable
when a total number of weld discontinuities detected by
the ultrasonic inspection device 22 is less than a thresh-
old discontinuity quantity and/or when a total internal vol-
ume of the weld discontinuities does not exceed a thresh-
old discontinuity volume. The threshold discontinuity
quantity and threshold discontinuity volume may be pre-
determined values that may be based on development
testing.
[0050] If the total number of weld discontinuities or dis-
continuities detected in the weld is not less than the
threshold discontinuity quantity and/or the total internal
volume of the weld discontinuities exceeds the threshold
discontinuity volume, then the weld 200 may be rejected
at block 120. A welded assembly 12 having a rejected
weld may subsequently repaired or reworked or may be
scrapped if the weld cannot be adequately repaired or
reworked. If the total number of weld discontinuities or
discontinuities detected in the weld 200 does not exceed
the threshold discontinuity quantity and/or the total inter-
nal volume of the weld discontinuities does not exceed
the threshold discontinuity volume, then the weld may be
accepted at block 122.
[0051] In at least one embodiment, the system and
method described above may allow a weld to be inspect-
ed without destructive testing, without visual inspection
(such as by using a die penetrant), and without submerg-
ing the weld and associated parts in a water bath. As
such, inspection time and associated inspection costs
may be reduced. In addition, the system and method may
allow weld inspection to be automated and performed as
part of a welding assembly line. Moreover, the system
and method may allow feedback to be provided to main-
tain correct weld positioning.
[0052] While exemplary embodiments are described
above, it is not intended that these embodiments de-
scribe all possible forms of the invention. Rather, the
words used in the specification are words of description
rather than limitation, and it is understood that various
changes may be made without departing from the spirit
and scope of the invention. Additionally, the features of
various implementing embodiments may be combined
to form further embodiments of the invention.

Claims

1. A method of making a welded assembly comprising:

determining a gap profile between a first part
and a second part with an ultrasonic inspection
device that transmits an ultrasonic beam,
wherein the gap profile is determined by trans-
mitting the ultrasonic beam and receiving re-
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flected signals that are indicative of a gap be-
tween the first part and the second part;
determining whether a gap of the gap profile ex-
ceeds a gap threshold value;
selecting weld parameters based on the gap
profile when the gap does not exceed the gap
threshold value; and
welding the first part to the second part based
on the selected weld parameters to form a weld.

2. The method of claim 1 wherein the first part is not
welded to the second part when a maximum gap of
the gap profile exceeds the gap threshold value.

3. The method of claim 1 wherein the gap profile is de-
termined by rotating the first part and the second part
about an axis with respect to the ultrasonic inspec-
tion device such that the first part does not rotate
with respect to the second part.

4. The method of claim 3 wherein the first part and the
second part rotate at least one revolution about the
axis when the first part and the second part are ro-
tated.

5. The method of claim 1 wherein the gap profile is de-
termined by rotating the ultrasonic inspection device
about an axis with respect to the first part and the
second part.

6. The method of claim 1 wherein the weld parameters
vary a size of the weld in proportion to the gap profile.

7. The method of claim 1 further comprising executing
a post-weld inspection with the an ultrasonic inspec-
tion device after welding the first part to the second
part by transmitting the ultrasonic beam through the
first part to the second part and receiving reflected
signals that are indicative of discontinuities in the
weld, preferably the post-weld inspection includes
rotating the first part and the second part about an
axis with respect to the ultrasonic inspection device.

8. A method of making a welded assembly comprising:

welding a first part to a second part to form a
weld; and
executing a post-weld inspection with an ultra-
sonic inspection device after welding the first
part to the second part by transmitting the ultra-
sonic beam through the first part to the second
part and receiving reflected signals that are in-
dicative of discontinuities in the weld, wherein
the post-weld inspection includes rotating the
first part and the second part about an axis with
respect to the ultrasonic inspection device or ro-
tating the ultrasonic inspection device about an
axis with respect to the first part and the second

part.

9. The method of claim 8 further comprising accepting
the weld when a total number of discontinuities de-
tected in the weld does not exceed a threshold dis-
continuity quantity.

10. The method of claim 8 further comprising accepting
the weld when either (1) a total internal volume of
the discontinuities in the weld does not exceed a
threshold discontinuity volume or (2) a total number
of discontinuities detected in the weld does not ex-
ceed a threshold discontinuity quantity and a total
internal volume of the discontinuities in the weld does
not exceed a threshold discontinuity volume.

11. The method of claim 10 wherein the post-weld in-
spection includes determining a weld penetration
distance based on the reflected signals, wherein the
weld penetration distance is sufficient when the weld
penetration distance is not less than a threshold weld
penetration distance, preferably the weld is rejected
when the weld penetration distance is less than the
threshold weld penetration distance, preferably fur-
ther comprising adjusting positioning of a subse-
quent weld based on the weld penetration distance
the weld penetration distance is less than the thresh-
old weld penetration distance.

12. A system for making a welded assembly, the system
comprising:

a welding system that is configured to weld a
first part to a second part; and
an ultrasonic inspection device that transmits an
ultrasonic beam through the first part and re-
ceives reflected signals that are indicative of a
gap between the first part and the second part;
wherein the welding system varies a size of a
weld that joins the first part to the second part
based on a gap profile that is based on the re-
flected signals and is generated before execut-
ing the weld with the welding system.

13. The system of claim 12 wherein the weld extends
continuously around an axis that extends into the
first part and the second part.

14. The system of claim 12 wherein the weld is inspected
with the ultrasonic inspection device after welding
the first part to the second part by transmitting the
ultrasonic beam through the first part to the second
part and receiving reflected signals that are indica-
tive of discontinuities in the weld.

15. The system of claim 12 wherein the first part is a
differential case and the second part is a ring gear,
wherein the differential case and the ring gear coop-
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erate to form at least part of a differential assembly
or the first part is a differential case and the second
part is a differential cap, wherein the differential case
and the differential cap cooperate to form at least
part of a differential assembly.
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