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(57) ABSTRACT 

Apogo Welding apparatus especially for spot Welding metal 
sheets at selected locations spaced aWay from their edges 
Wherein the sheets are held in a temporary assembly With the 
selected locations engaged and separate programmable posi 
tioners move a primary (pogo) electrode and a backup 
electrode sequentially against opposite sides of the selected 
locations to spot Weld the sheets at the selected locations in 
sequence. Various alternative programmable positioners, 
including robots of varying types, may be used to carry the 
electrodes. 
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PROGRAMMABLE POGO WELDING APPARATUS 
AND METHOD 

TECHNICAL FIELD 

[0001] This invention relates to spot Welding apparatus, 
particularly to so-called pogo Welding With a single elec 
trode Welding gun. 

BACKGROUND OF THE INVENTION 

[0002] It is knoWn in the art relating to spot Welding to 
connect the central portions of large sheet assemblies by 
so-called pogo Welding. In this method, a Welding gun 
having a single electrode is moved sequentially to a series of 
Welding locations at each of Which spot Welding is per 
formed by transmitting current from the Welding gun elec 
trode through the sheets to be joined to backup electrodes 
located beloW the speci?ed Welding locations. 

[0003] FIG. 1 shoWs the concept of a prior pogo Welding 
apparatus 10, Which includes a programmable robot 12 
having a linearly movable base 13 supporting a movable 
jointed arm 14 carrying a Welding gun 16 With a single pogo 
electrode 18. The electrode is connected electrically With a 
transformer 20, also connected With an electrically-conduc 
tive stand 22. The stand supports a plurality of copper 
backup electrodes 24, each of Which engages one of selected 
Welding locations 25 on the loWer side 26 of a temporary or 
loose assembly of tWo metal sheets, supported on the stand 
to be spot Welded into a permanent assembly 28. 

[0004] In operation, the pogo electrode 18 is moved 
sequentially by the robot 12 to each of the selected locations 
25 on the opposite upper side 30 of the assembly 28. There, 
the electrode engages the upper side 30 opposite from each 
of the backup electrodes 24 in sequence. At each location 25, 
the Welding gun 16 is energiZed to conduct Welding current 
through the assembly 28 to the opposite backup electrode 
24, spot Welding the metal sheets together. 

[0005] In this prior arrangement, a part of the Welding 
current travels through the metal sheets to the neighboring 
backup electrodes 24 While the remainder passes through the 
assembly betWeen the opposing electrodes to perform the 
spot Welding process. Signi?cant current shunting may lead 
to discrepant Welds. The prior process requires a different 
table or tool tray speci?cally designed to engage the selected 
locations for each differing component design that is to be 
spot Welded. Thus, a neW or modi?ed component requires 
provision of a modi?ed Welding ?Xture With the backup 
electrodes positioned in the changed locations. 

SUMMARY OF THE INVENTION 

[0006] The present invention replaces the conductive 
stand or tray With a suitable support, Where needed, and a 
programmable positioner carrying a single backup electrode. 
The support holds the metal sheets in temporary assembly 
during the spot Welding procedure. The positioner carries the 
single backup electrode on a movable head, Which is uni 
versally movable Within a desired envelope. The positioner 
is programmed to move the backup electrode sequentially to 
the various selected locations to be spot Welded so that the 
backup electrode is positioned against one side of the sheet 
assembly at selected locations When the robot-carried pogo 
electrode is moved against the opposite side of the assembly 
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at the respective selected locations. Various types of posi 
tioners may be utiliZed Which may be suitable for the 
particular components to be Welded. 

[0007] Unlike the prior table or tray With multiple prepo 
sitioned backup electrodes arranged for use With a single 
component design, the positioner of the invention may be 
used With differing component designs as may be desired by 
merely reprogramming the controller for the positioner 
instead of requiring a neW or modi?ed electrode tray or 
table. The invention further eliminates shunting of Welding 
currents aWay from the active Welding location, since only 
tWo opposing electrodes are provided for conducting current 
through each of the selected Welding locations. Thus, Weld 
quality becomes more consistent and the ?Xture costs result 
ing from design changes are substantially reduced. 

[0008] These and other features and advantages of the 
invention Will be more fully understood from the folloWing 
description of certain speci?c embodiments of the invention 
taken together With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a schematic side vieW of a prior art pogo 
Welding apparatus; 

[0010] FIG. 2 is a vieW similar to FIG. 1 shoWing an 
improved apparatus according to the invention; 

[0011] FIG. 3 is a similar vieW shoWing application of an 
alternative apparatus; 

[0012] FIG. 4 is a vieW shoWing multiple positioners for 
increasing assembly output; 

[0013] FIGS. 5-8 are schematic side vieWs of various 
planar positioners usable in the apparatus of FIG. 3; and 

[0014] FIG. 9 is a vieW similar to FIG. 2 shoWing an 
alternative programmable positioner. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0015] Referring noW to FIG. 2 of the draWings in detail, 
numeral 32 generally indicates a programmable pogo Weld 
ing apparatus according to the invention. Apparatus 32 
includes a ?rst positioner in the form of a robot 12 as in the 
prior art embodiment. If appropriate, any other suitable form 
of programmable positioner may be substituted for the robot 
12 Within the scope of the invention. The robot 12 includes 
a base 13, a jointed arm 14 carrying a Welding gun 16 With 
a pogo electrode 18 connected With an electrical transformer 
20 carried on the base 13 as before. AWorkpiece in the form 
of an assembly 28 of tWo metal sheets has loWer and upper 
sides 26, 30 as in the prior art embodiment. 

[0016] Apparatus 32 differs in that the Workpiece assem 
bly 28 is carried by a suitable holding ?Xture or support 34 
for supporting the assembly in position to be spot Welded. A 
programmable manipulator or positioner 36 is located 
beneath the assembly and includes a base 38 that is linearly 
movable along a rail 40 eXtending about the length of the 
assembly 28. The base 38 carries a positionable head 42 
adjustably supported by a plurality of control arms 44. The 
head carries a copper backup electrode 46, Which is elec 
trically connected through the positioner 36 to the trans 
former 20. The control arms 44 and the base 38 are adjust 
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able by programmable controls, not shown, to adjust the 
position of the base along the rail 40 and the attitude and 
position of the head 42 relative to the base 38. 

[0017] In operation, the backup electrode 46 is thus mov 
able along the length of the assembly 28 by linear movement 
of the base 38 and is adjustable laterally and by tilting if 
needed to reach selected Welding locations 25 on the back, 
or loWer side 26, of the Workpiece assembly 28. Spot 
Welding is accomplished by the programmed robot 12 
moving the pogo electrode 18 along the upper side 30 of 
assembly 28 sequentially from one to the next of the selected 
locations 25 at Which spot Welding is to be performed. 
Concurrently, the positioner 36 moves the backup electrode 
46 along the loWer side 26 sequentially to the corresponding 
selected locations 25 of the assembly 28. Each spot Weld is 
then completed one at a time When both electrodes are then 
in place on opposite sides of a selected location 25, and the 
process is repeated at each location until the Welding 
sequence is complete. The programmed robot 12 and posi 
tioner 36 are then moved to their loading positions, the 
?nished assembly 28 is removed from the holding ?xture 
and a neW un?nished assembly is loaded in the holding 
?xture to be Welded. 

[0018] FIG. 3 illustrates an application of the apparatus 32 
of FIG. 2 to spot Welding of a tunnel undershield 48 to a 
tunneled ?oor pan 50 of a vehicle to form a ?oor pan 
assembly 52. The components of the assembly 52 are again 
carried in a suitable holding ?xture or support 54. The robot 
12 and the positioner 36 are then controlled to concurrently 
move the pogo electrode 18 and backup electrode 46 to 
opposite sides of the assembly 52 at selected Welding 
locations 56 Where spot Welding is performed along opposite 
sides of the tunnel 58. In this application, the positioner head 
42 moves both linearly along the rails 40 With the positioner 
36 and also moves laterally, as Well as tilting, to place the 
backup electrode 46 in direct opposition to the pogo elec 
trode 18 at each of the selected locations 56. 

[0019] FIG. 4 shoWs a variation of the embodiment of 
FIG. 3 Wherein a pair of positioners 36 are spaced linearly 
along the rails 40. Each of the positioners carries a backup 
electrode 46 on a head 42 adjustably mounted on a base 38 
as in FIG. 3. The spaced positioners 36 are located so that 
tWo robots 12 may be operated concurrently With the posi 
tioners 36 to Weld a ?oor pan and undershield assembly 
similar to assembly 52 in a shortened period of time. 

[0020] Because the tunnel assembly 52 of FIG. 3 is 
aligned longitudinally along the central axis (or X axis) of a 
vehicle, the rails 40 Will be aligned parallel With the central 
axis, and the mechanism carried by the base 38 may be 
limited to tWo-dimensional operation With three degrees of 
freedom in the Y-Z plane normal to the X-axis. FIGS. 5-8, 
Wherein like numerals indicate like parts, illustrate four 
alternative mechanisms Which could be used to provide the 
required motions for the positioners 36 of FIGS. 3 and 4. 
These embodiments are all based on a tWo-loop, eight-bar 
topology With three actuated joints. 

[0021] FIG. 5 shoWs a mechanism 58 having a base 60 
pivotably connected by tWo telescoping bars 62, 64 to an 
upper portion of a head 66 carrying a backup electrode 46. 
Athird bar 68 of ?xed length is pivotable on the base 60 and 
engages a slide 70 in the loWer portion of the head 66. By 
extending and/or retracting the bars 62, 64, the head 66 may 
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be raised or loWered and moved laterally from side to side. 
Rotation of the third bar 68 around its loWer pivot 72 tilts the 
head 66 about the upper pivot 74 and adjusts the attitude of 
the electrode 46 to a position normal to the portion of the 
assembly to be Welded at each location. 

[0022] FIG. 6 shoWs a similar mechanism 76 With a base 
60, telescoping bars 62, 64, head 66 and backup electrode 46 
as in FIG. 5. A third telescoping bar 78 is pivotally con 
nected betWeen the base 60 and the loWer end of the head 66. 
Bars 62, 64 move the head as in FIG. 5. Extension and 
retraction of the third bar 78 tilts the head about its upper 
pivot 74 to adjust the attitude of electrode 46. 

[0023] FIG. 7 shoWs a mechanism 80 With a base 60 
mounting three pivotable bars 82, 84, 86 that rotate about 
loWer pivots at the base 60. Bars 82, 84 connect With links 
88, 90, respectively, Which, in turn, connect to an upper 
pivot 74 of the head 66. Bar 86 connects With link 92 that 
also connects With a loWer pivot 94 of the head. Rotating 
bars 82, 84 about their loWer pivots raises or loWers the head 
66 or moves it laterally as desired. Rotating bar 86 tilts the 
head 66 about its upper pivot 74 to adjust the attitude of the 
electrode 46 as desired. 

[0024] FIG. 8 shoWs a mechanism 96, Which is a variation 
of the embodiment of FIG. 7, Wherein the head 66 is 
generally horiZontal and the electrode 46 is mounted on an 
upper side of the head near its pivot 74. Rotating bars 82, 84, 
86 move and tilt the head 66 and electrode 46 as in FIG. 7 
so that only the orientation of the head 66 is changed. 

[0025] FIG. 9 shoWs an alternative pogo Welding appa 
ratus 100 similar to that of FIG. 2 except for the use of a 
different form of positioner 102. The positioner 102 includes 
a linearly movable base 104 supporting a column 106 that is 
both vertically extendable and rotatable about a vertical axis, 
not shoWn. A lateral arm 108 carried by the column supports 
a vertical head 110 that is rotatable and tiltable to adjust a 
backup electrode 46 mounted thereon. Positioner 102 is 
operated by internal motors and mechanisms controlled by 
a programmable control, not shoWn, to move the electrode 
46 sequentially to engage the loWer side 26 of the Workpiece 
assembly 28 at various selected positions 25. The robot 
moves the pogo electrode 18 against the upper side 30 of the 
assembly at the same locations, and the Welding procedure 
is completed sequentially at the selected locations. 

[0026] The positioner 102 may be considered as a spe 
cialiZed form of robot that is used to support and move the 
backup electrode 46 in completing the pogo spot Welding 
procedure. The inventors further contemplate the alternative 
use of other forms of robots or positioner mechanisms that 
are programmable to folloW the positioning motions of the 
robot 12, or other positioner, in sequentially placing the 
electrodes 18, 46 on opposite sides of the Workpiece assem 
bly 28 to complete the Welding operations at each of the 
selected locations. 

[0027] While the invention has been described by refer 
ence to certain preferred embodiments, it should be under 
stood that numerous changes could be made Within the spirit 
and scope of the inventive concepts described. Accordingly, 
it is intended that the invention not be limited to the 
disclosed embodiments, but that it have the full scope 
permitted by the language of the folloWing claims. 
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1. Apparatus for automatic spot Welding of metal sheets, 
the apparatus comprising: 

a support for holding a pair of metal sheets in a temporary 
assembly With opposing surfaces in contact for spot 
Welding at selected locations; 

?rst and second electrodes selectively engageable With 
opposite sides of the assembly at the selected locations 
for conducting spot Welding current to Weld the sheets 
together at said locations; 

a ?rst positioner programmable to move the ?rst electrode 
to sequentially engage each of the selected locations on 
one side of the assembly; and 

a second positioner programmable to move the second 
electrode to simultaneously engage each of the selected 
locations on an opposite side of the assembly for spot 
Welding of the assembly at said locations. 

2. Apparatus as in claim 1 Wherein at least one of the 
positioners includes a parallel link mechanism. 

3. Apparatus as in claim 2 Wherein said mechanism 
includes a pair of triangularly-related positioning and sup 
porting links. 

4. Apparatus as in claim 2 Wherein said mechanism is 
linearly movable along a track. 

5. Apparatus as in claim 1 Wherein at least one of the 
positioners includes a serial aXis mechanism. 

6. Apparatus as in claim 5 Wherein said at least one 
positioner is a robot arm mechanism. 
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7. A method for automatic spot Welding of metal sheets, 
the method comprising: 

combining a pair of metal sheets into a temporary assem 
bly having at least selected locations in contact for spot 
Welding the sheets together; 

supporting the temporary assembly in position With both 
sides of the selected locations eXposed for engagement; 

automatically actuating a ?rst programmable mechanism 
to move a Welding gun With a ?rst electrode into 
engagement With one side of the assembly at the 
selected locations in sequence; 

automatically actuating a second programmable mecha 
nism to move a backup electrode electrically connect 
able With the Welding gun into concurrent engagement 
With an opposite side of the assembly at the corre 
sponding selected locations in sequence; and 

actuating the Welding gun during engagement of both 
electrodes With the assembly at each of the selected 
locations to sequentially spot Weld the metal sheets 
together at the selected locations. 

8. A method as in claim 7 Wherein the programmable 
mechanisms are positioners. 

9. A method as in claim 8 Wherein at least one of the 
programmable mechanisms is a robot. 


