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(57) ABSTRACT 

An inter-Welding electrode moving amount detecting 
method includes the beloW steps: moving a driving section 
of electrode driving means having the driving section con 
nected to at least one of a pair of electrodes provided to a 
Welding gun; detecting an inter-Welding electrode moving 
amount due to expansion/contraction of a nugget When a 
member to be Welded is pressed, electri?ed and Welded by 
the pair of electrodes; and obtaining the Inter-Welding elec 
trode moving amounts by adding a moving amount of the 
driving section to an electrode moving direction due to the 
eXpansion/ contraction of the nugget during Welding and a 
de?ection (alternatively, a strain amount) of the Welding gun 
due to a pressing force. 
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INTER-WELDING ELECTRODE MOVING 
AMOUNT DETECTING METHOD AND 

APPARATUS THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an inter-Welding 
electrode moving amount detecting method of detecting an 
amount of movement of pair of electrodes to a direction 
separating from approaching to each other due to expansion/ 
contraction of a nugget during Welding, and relates to an 
apparatus thereof. 

DESCRIPTION OF THE RELATED ART 

[0003] Conventionally, in the ?eld of resistance Welding 
represented by spot Welding, as a method of judging good/ 
inferior Welding quality at real time (during Welding), a 
method of detecting an expansion amount of a nugget 
formed on a member to be Welded as an inter-Welding 
electrode moving amount is knoWn This utiliZes that there is 
a deep causal relationship betWeen thermal expansion and 
Welding quality of an object to be Welded during Welding. 

[0004] A physical phenomenon Which is thermal expan 
sion of the member to be Welded is considered as an amount 
of movement betWeen Welding electrodes during Welding. 
As to hoW to detect an inter-Welding electrode moving 
amount or as to Whether the detected result is processed to 
be a substitute property of the Welding quality, various 
methods are suggested. 

[0005] In general, as a detector for detecting an inter 
Welding electrode moving amount of a Welding gun, a linear 
scale (scale Which is capable of detecting a position in a 
linear direction), a laser distance measuring sensor or the 
like is used. Moreover, in a Welding gun Which uses a servo 
motor as driving means, a position detector Which is con 
tained in or provided to a motor can be used. 

SUMMARY OF THE INVENTION 

[0006] HoWever, the above detectors for an inter-Welding 
electrode moving amount cannot directly measure the physi 
cal phenomenon of a member to be Welded during Welding. 

[0007] Namely, since interference betWeen a Welding jig 
or a member to be Welded on a circumference of Welding 
shot point easily occurs, a detector for an inter-Welding 
electrode moving amount cannot but be mounted To a 
portion separated from electrodes, namely, in a vicinity of a 
driving section or the like such as a rotating shaft or a piston 
rod connected to electrodes and moved (rotated or linearly 
moved) in driving means such as an air cylinder or a servo 
motor. 

[0008] For this reason, a force Which pushes back elec 
trodes of a Welding gun due to thermal expansion of a nugget 
is absorbed by mechanical loss such as de?ection of a 
Welding gun or friction of an air cylinder or a servo motor. 
For this reason, an accurate inter-Welding electrode moving 
amount cannot be detected, and as a result, accuracy of 
judgment as to good/inferior Welding quality is deteriorated. 

[0009] Namely, exactly an inter-Welding electrode moving 
amount Which is a changing amount of an inter-electrode 
dimension is not detected, but only a moving amount of a 
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driving section in a driving apparatus for moving electrodes 
is detected substitutionally, A disadvantage due to this is 
remarkable particularly in the case of a large-siZed Welding 
gun in Which de?ection of the Welding gun is great. 

[0010] The present invention has been achieved With such 
points in mind. 

[0011] Therefore, it is an object of the present invention to 
provide an inter-Welding electrode moving amount detecting 
method and an apparatus thereof Which detect an inter 
Welding electrode moving amount during Welding accu 
rately so as to be capable of improving accuracy of judgment 
as to good/inferior Welding quality. 

[0012] To achieve the object, according to one aspect of 
the present invention, there is provided an inter-Welding 
electrode moving amount detecting method comprising the 
steps of: moving a driving section of electrode driving 
means having the driving section connected to at least one 
of a pair of electrodes provided to opposed end portions of 
a Welding gun to move the pair of electrodes to a direction 
approaching to each other; detecting an inter-Welding elec 
trode moving amount that the pair of electrodes are moved 
to a direction separating from/approaching to each other due 
to expansion/contraction of a nugget When a member to be 
Welded is pressed, electri?ed and Welded by the pair of 
electrodes; and obtaining the inter-Welding electrode mov 
ing amounts by adding a moving amount of the driving 
section to an electrode moving direction due to the expan 
sion/contraction of the nugget during Welding and a de?ec 
tion amount of the Welding gun due to a pressing force 
applied from the electrodes to the member to be Welded. 

[0013] On the other hand, according to another aspect of 
the present invention, there is provided an inter-Welding 
electrode moving amount detecting apparatus, comprising: a 
pair of electrodes mounted to opposed end portions of a 
Welding gun; electrode driving means having a driving 
section connected to at least one of the pair of electrodes; 
driving section moving amount detecting means for detect 
ing a moving amount of said driving section to an electrode 
moving direction due to expansion/contraction of a nugget 
during Welding; and control means for adding the moving 
amount detected by said driving section moving amount 
detecting means and a de?ection amount of said Welding 
gun due to a pressing force applied from said electrodes to 
a member to be Welded so as to obtain the inter-Welding 
electrode moving amount. In the construction, the driving 
section to moved so that one of said electrodes is moved to 
a direction Where the electrodes approach to each other, and 
When said member to be Welded is pressed and electri?ed 
and Welded by said pair of electrodes, the inter-Welding 
electrode moving amount that said pair of electrodes are 
moved to a direction separating from/ approaching to each 
other due to the expansion/contraction of the nugget is 
detected. 

[0014] According to the above aspects, an inter-Welding 
electrode moving amount during Welding is detected accu 
rately so that the forming state of the nugget is obtained 
de?nitely and accuracy of the judgment of good/inferior 
Welding quality can be improved. 

[0015] In other Wards, the pressing force applied from the 
electrodes to the member to be Welded can be detected more 
accurately, and the stiffness factor of the gun arm can be 
calculated more accurately. 
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[0016] Furthermore, those manners according to the 
present invention have a great advantage that a stiffness 
factor related to pressing force and a stiffness factor related 
to strain amount can be obtained easily Without adding a neW 
structure. Further, those manners can be applied commonly 
to various kinds of Welding guns, and the stiffness factor 
related to pressing force and the stiffness factor related to 
strain amount can be easily checked or corrected suitably. 

BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

[0017] The above and further objects and novel features of 
the present invention Will more fully appear from the 
folloWing detailed description When the same is read In 
conjunction With the accompanying draWings, in Which: 

[0018] FIG. 1 is a block structural diagram schematically 
shoWing a Welding apparatus of the present invention; 

[0019] FIG. 2 is a schematic diagram for explaining a 
method of detecting an inter-Welding electrode moving 
amount: 

[0020] FIG. 3 is a control block diagram shoWing a 
method of detecting an inter-Welding electrode moving 
amount: 

[0021] FIG. 4 is a schematic diagram for explaining a 
method of obtaining a stiffness factor of a Welding gun; 

[0022] FIG. 5 is a diagram shoWing a relationship 
betWeen a pressing force and a de?ection amount of the 
Welding gun; 

[0023] FIG. 6 is a How chart shoWing a method of 
obtaining the stiffness factor of the Welding gun; 

[0024] FIG. 7 is a How chart shoWing a speci?c detecting 
method for an inter-Welding electrode moving amount; 

[0025] FIG. 8 is a blocks structural diagram schematically 
shoWing another embodiment of a Welding apparatus 
according to the present invention; 

[0026] FIG. 9 is a schematic diagram for explaining a 
method of detecting an inter-Welding electrode moving 
amount; 

[0027] FIG. 10 Is a control block diagram shoWing a 
method of detecting an inter-Welding electrode moving 
amount; 

[0028] FIG. 11 is a schematic diagram for explaining a 
method of obtaining a stiffness factor of a Welding gun; 

[0029] FIG. 12 is a How chart shoWing a method of 
obtaining the stiffness factor of the Welding gun; 

[0030] FIG. 13 is a How chart shoWing a speci?c detecting 
method for an inter-Welding electrode moving amount 

[0031] FIG. 14 is a diagram shoWing one example of a 
time change of the inter-Welding electrode moving amounts 
obtained by the detecting method of FIG. 7 or FIG. 13: 

[0032] FIG. 15 is a block structural diagram schematically 
shoWing another embodiment of a Welding apparatus 
according to the present invention; and 

[0033] FIG. 16 is a block structural diagram schematically 
shoWing still another embodiment of a Welding apparatus 
according to the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] There Will be detailed beloW the preferred embodi 
ments of the present invention With reference to the accom 
panying draWings, FIG. 1 to FIG, 7 and FIG. 14. Like 
members are designated by like reference characters. 

[0035] FIG. 1 is a block structural diagram schematically 
shoWing a Welding apparatus of the present invention. This 
Welding apparatus is composed of a Welding gun 10 and a 
control unit 20. 

[0036] The Welding gun 10 has a gun arm 11, a movable 
side electrode 12, a ?xed side electrode 14, a sevro motor 18 
(hereinafter, motor) as electrode driving means, and an 
encoder 19 as driving section moving amount detecting 
means. This Welding gun 10 is normally mounted to a distal 
end of a robot arm or the like. 

[0037] MeanWhile, the control unit 20 Is composed of a 
central processing unit (CPU) 22, an auxiliary arithmetic 
unit 24 and a storage device 26. 

[0038] A rotating shaft, not shoWn, as a driving section of 
the motor 18 is connected to a feed pendulum 15. This feed 
pendulum 15 is ?tted Into a supporting member 16 Which 
supports the movable side electrode 12. At the time of 
Welding Work, rotation of the rotating shaft of the motor 18 
is transmitted to the feed pendulum 15. When the feed 
pendulum 15 rotates, the supporting member 16 moves 
doWnWard so that the movable side electrode 12 presses a 
member to be Welded 1 by means of a pressing force. 

[0039] The encoder 19 is mounted to the rotating shaft of 
the motor 18, and measures a moving amount of the driving 
section of the motor 18 (a rotational amount of the rotating 
shaft). A signal from the encoder 19 is transmitted to the 
CPU 22 so as to be utiliZed for calculating an inter-Welding 
electrode moving amount during Welding. 

[0040] In addition, the CPU 22 outputs an instruction to 
the motor 18 on pressing or releasing of the movable side 
electrode 12 according to a Welding program previously 
stored in the storage device 26 so as to control torque of the 
motor required for Welding. Further, the CPU 22 controls an 
electric current to be applied to the electrodes. 

[0041] The storage device 26 stores the Welding program, 
Welding conditions (Welding applied force, Welding current, 
electrifying time, electrifying interval) and the like. 

[0042] Since most of Welding guns Which use a servo 
motor as electrode driving means are provided as an appli 
cation of a robot, in general the control unit 20 is usually 
contained in a robot control unit. Therefore, also the motor 
18 of the Welding gun 10 is operated as one axis of a robot 
so that its position is controlled. For this reason, the encoder 
19 Which is a servo motor position detector is normally 
incorporated in the motor 18. 

[0043] Particularly in the present embodiment, a pressing 
force detector 17 (a pressing force detecting means) for 
detecting a pressing force Which Is applied to the member to 
be Welded 1 from the electrodes 12 and 14 is provided to the 
gun arm 11 to Which the electrodes are mounted. More 
speci?cally, as shoWn in FIG. 1, the pressing force detector 
17 is provided to the supporting member 16 Which supports 
the movable side electrode 12. HoWever, the pressing force 
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detector 17 can be provided to an arbitrary portion of the gun 
arm 11 Where a pressing force equivalent to a pressing force 
generated betWeen the electrodes can be detected. Moreover, 
as the pressing force detector 17, for example, a pressure 
sensor is used. More particularly, a strain gauge is used in 
such a manner that a pressure value gained through a 
diaphragm provided in an input portion of the strain gauge 
is converted into electric pulse, or a pieZoelectric element is 
used in such a manner that a pressure value gained through 
the pieZoelectric element is directly converted into electric 
pulse. A signal from the pressing force detector 17 is 
transmitted to the CPU 22. In the CPU 22, a pressing force 
applied to the member to be Welded 1 is utiliZed for 
calculating an inter-electrode moving amount during Weld 
mg. 

[0044] The Welding Work by means of a Welding apparatus 
is carried out schematically as folloWs. At ?rst, the member 
to be Welded 1 is brought in contact With the electrodes 12 
and 14 With pressure from its up-and-doWn direction by 
means of a predetermined Welding pressing force. In a state 
that the member to be Welded 1 is brought in contact With the 
electrodes 12 and 14, a Welding current is supplied from a 
poWer source, not shoWn, to the electrodes 12 and 14 by 
control of the CPU 22 so that Welding is started. When the 
Welding is starred, a nugget is started to be formed at a 
Welding point of the member to be Welded 1, and the 
member fuses so as to be thermally expanded. At this time, 
if a force due to expansion of the nugget is stronger than the 
Welding pressing force, this force pushes back the electrode 
12 so that the motor 18 is rotated reversely Thereafter, When 
electrifying of the electrodes 12 and 14 is stopped, the 
nugget contracts The expansion and contraction are carried 
out for predetermined time (Welding time), and a suitable 
nugget is formed so that the Welding is completed A moving 
amount of the electrode 12 due to expansion and contraction 
of the nugget at the time of Welding is measured as a rotating 
amount of the rotating shaft of the motor 18 by the encoder 
19. 

[0045] When the electrode 12 is brought In contact With 
the member to be Welded 1 With pressure and a torque of the 
motor 18 is increased, the gun arm 11 of the Welding gun 10 
is de?ected according to its stiffness. HoWever, While the 
electrode 12 is being pressed, the gun arm 11 is maintained 
in a state that the pressing force and de?ection are balanced. 
When the Welding is started in this state, a de?ection amount 
of the gun arm 11 is increased momentarily by thermal 
expansion of the nugget formed on the member to be Welded 
1. At this time, the pressing force and the de?ection are 
imbalanced, and the electrode 12 is pushed back until the 
balanced state is obtained. A displacement amount of the 
electrode 12 is measured by the encoder 19. 

[0046] Therefore, a value Which is measured by the 
encoder 19 is not expansion and contraction of the nugget 
itself, but only a moving amount of the electrode 12 is 
measured as a rotating amount of the rotating shaft of the 
motor. Therefore, With only this value, an inter-Welding 
electrode moving amount Which is an amount that a pair of 
the electrodes 12 and 14 are moved to a direction separating 
from and/or approaching to each other due to expansion 
and/or contraction of the nugget cannot be detected accu 
rately. The present invention provides means for solving this 
problem. 
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[0047] FIG. 2 Is a schematic diagram for explaining the 
method of detecting an inter-Welding electrode moving 
amount. FIG. 3 is a control block diagram shoWing the 
method of detecting an inter-Welding electrode moving 
amount. FIG. 4 is a schematic diagram for explaining the 
method of obtaining a stiffness factor of the Welding gun. 
FIG. 5 is a diagram shoWing a relationship betWeen a 
pressing force and a de?ection amount of the Welding gun. 

[0048] As shoWn in FIGS. 2 and 3, in the present embodi 
ment, a moving amount h of the driving section of the motor 
18 to an electrode moving direction (a feed amount of the 
rotating shaft to an axial direction corresponding to a 
rotating amount) is added to a de?ection amount pkl Which 
is obtained by multiplying a pressing force p applied from 
the electrodes 12 and 14 to the member to be Welded 1 by 
a factor (hereinafter called as stiffness factor related to 
pressing force) k1 corresponding to stiffness to the gun arm 
11. As a result, an inter-Welding electrode moving amount H 
is obtained (H=h+ pKl). The stiffness factor k1 is a de?ec 
tion amount of the Welding gun to the electrode moving 
direction When a pressing force is applied. As the stiffness is 
loWer, the factor becomes larger, and as the stiffness is 
higher, the factor becomes smaller. 

[0049] Namely, the encoder 19 Which is a servo motor 
position detector contained in the motor 18 detects a moving 
amount h of the driving section of the motor 18 To the 
electrode moving direction due to thermal expansion and 
contraction of the nugget 2 during Welding. An de?ection 
amount pkl of the gun arm 11 due to thermal expansion and 
contraction of the nugget 2 Which is not output from the 
encoder 19 is obtained. The moving amount h and the 
de?ection amount pkl are added so that a true inter-Welding 
electrode moving amount, namely, an amount that the pair of 
electrodes 12 and 14 are moved to the direction separating 
from/approaching to each other due to expansion and con 
traction of the nugget is obtained. 

[0050] The de?ection amount pkl of the gun arm 11 can 
be obtained by multiplying an output of the pressing force 
detector 17 by the stiffness factor k1 related to pressing 
force. Here, since the pressing force detector 17 is provided 
to the gun arm 11 to Which the electrodes 12 and 14 are 
fastened. For this reason, in comparison With, for example, 
the case Where an output value of the motor 18 as driving 
means of the electrodes 12 and 14 is utiliZed, the pressing 
force detector 17 is not in?uenced by mechanical loss Which 
exists in a transmission path of a generated pressing force. 
Therefore, the pressing force p Which is applied from the 
electrodes 12 and 14 to the member to be Welded 1 can be 
detected more accurately, and the stiffness factor k1 of the 
gun arm 11 can be calculated more accurately. 

[0051] As shoWn in FIGS. 3 and 4, the stiffness factor k1 
related to pressing force is calculated based on a relationship 
betWeen the pressing forces and the rotating amount of the 
rotating shaft of the motor 18 When the pair of electrodes 12 
and 14 are brought into close to each other and at least tWo 
kinds of pressing forces are generated. 

[0052] In other Words, in the case Where the stiffness 
factor k1 related to pressing force is calculated, an arbitrary 
motor generated force F is previously applied by the motor 
18 of the Welding gun 10, and a pressing force p, Which is 
an output value of the pressing force detector 17 Incorpo 
rated in the gun arm 11 at this time, and a position h of the 
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driving section of the motor 18 in the electrode moving 
direction Which Was detected by the encoder 19 (an axial 
direction feed position corresponding to the rotating position 
of the rotating shaft: hereinafter called as motor position) are 
stored in the storage device 26. At the time of measurement, 
as to Whether or not an inclusion such as the member to be 

Welded 1 is provided betWeen the electrodes 12 and 14 is 
arbitrary. Next, a pressing force P‘, Which is an output value 
of the pressing force detector 17 at the time of applying a 
suitable motor generated force F‘ different from the above 
force, and a motor position h‘ detected by the encoder 19 are 
stored in the storage device 26. In such a manner, data 
composed of pairs of pressing forces and motor positions at 
least tWo or more points are obtained. 

[0053] Here, de?ection of the gun arm 11 due to applica 
tion of pressing force appears as a change in the motor 
position. Therefore, a change amount of the pressing force 
divides a change amount of the motor position at respective 
points of the obtained data composed of the pairs, namely, 
a de?ection amount of the gun arm 11 so that the stiffness 
factor k1 related to pressing force of the gun arm 11 can be 
obtained. 

[0054] This manner has a great advantage that the stiffness 
factor k1 related to pressing force can be obtained easily 
Without adding a neW structure. Further, this manner can be 
applied commonly to various kinds of Welding guns, and the 
stiffness factor k1 related to pressing force can be easily 
checked or corrected suitably. 

[0055] For example, in the case Where the data of the pair 
of pressing force and motor position are at tWo points of 

[0056] As shoWn in FIG. 5, in the case Where data at many 
points are obtained, a regression line A is obtained and its 
inclination can be the factor k1. In the case Where the 
stiffness of the Welding gun is loW, a regression line B With 
large inclination is obtained In FIG. 5, and in the case Where 
the stiffness is high, a regression line C With small inclina 
tion is obtained. 

[0057] Next, there Will be explained beloW a speci?c 
method of detecting an inter-Welding electrode moving 
amount in the Welding apparatus With reference to the ?oW 
charts shoWn in FIGS. 6 and 7. 

[0058] In the present embodiment, before the Welding 
Work is carried out, the stiffness factor k1 of the gun arm 11 
is previously obtained. 

[0059] As shoWn in FIG. 6, the CPU 22 actuates the motor 
18 so as to move the movable electrode 12 to a pressing 
direction, namely, a direction approaching to the electrode 
14 at a loW speed (S11). When the electrode 12 reaches a 
position Where the member to be Welded 1 is pressed (S12), 
one pressing force, Which is arbitrarily determined Within a 
range of a maximum permissible pressing force of the 
Welding gun, is set (S13). The pressing force Which is set 
here is actually managed by a torque value of the motor 18, 
for example. 

[0060] The CPU 22 operates the motor 18 so as to press by 
using the set pressing force as a target (S14). At the time of 
reaching the set pressing force (S15), the CPU 22 stores 
position data of the movable electrode 12 in the axial 
direction detected by the encoder 19 into the storage device 
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26 (S16). Moreover, the CPU 22 stores output data (actual 
generated pressing force) of the pressing force detector 17 
incorporated in the gun arm 11 into the storage device 26 
(S17). 
[0061] The operations S13 through S17 are repeated at 
least tWo or more times, and When the pressing force and the 
motor position, namely, all the data of the pairs of the 
pressing forces and the de?ection amount of the Welding gun 
are completely measured (S18). regression lines of the 
pressing forces and the de?ection amounts of the Welding 
gun are calculated as shoWn in FIG. 5 (S19). The stiffness 
factor k of the gun arm 11 is calculated from inclinations of 
the regression lines. 

[0062] Next, the Welding Work is started. After a robot 
arm, not shoWn, is moved and the Welding gun 10 is moved 
to a Welding portion of the member to be Welded 1, the CPU 
22 operates the motor 18 so as to move the movable 
electrode 12 to the pressing direction, namely, the direction 
approaching to the electrode 14 at a loW speed (S31). When 
the electrode 12 reaches a position Where the member to be 
Welded 1 is pressed (S32), the CPU 22 operates the motor 18 
so as to press using the Welding pressing force Which is 
previously set as the Welding condition as a target. At the 
time of reaching the Welding pressing force (S34), the CPU 
22 stores position data hO of the movable electrode 12 in the 
axial direction detected by the encoder 19 and output data 
p0 of the pressing force detector 17 incorporated in the gun 
arm 11 (actual generated pressing force) into the storage 
device 26 (S35). 

[0063] After n=1 as initial measurement is input (S36), 
electrifying is started by Welding current set as the Welding 
condition (S37). The CPU 22 stores the position data hn of 
the movable electrode 12 in the axial direction detected by 
the encoder 19 into the storage device 26 (S38). The moving 
amount Hnh of the movable electrode 12 from before the 
starting of electrifying is calculated according to an equation 
of Hnh=hn —hO. Moreover, the output data pn of the 
pressing force detector 17 incorporated in the gun arm 11 is 
stored in the storage device 26 (S40). 

[0064] Next, the de?ection amount Hnp of the Welding 
gun from before the starting of electrifying is calculated 
according to an equation of Hnp=(pn—po)><k1 by using the 
stiffness factor k1 related to pressing force of the gun arm 11 
obtained in FIG. 6 (S41). The true inter-Welding electrode 
moving amount Hn is calculated according to Hn=Hnh+Hnp 
(S42). The above-mentioned operation S38 through S42 are 
repeated, and the value of the inter-Welding electrode mov 
ing amount Hn is obtained at predetermined time intervals 
such as n=1, 2 . . . (S45). When a judgment is made that 

previously set electrifying time is completed (S43). the 
electrifying is stopped (S44). 

[0065] FIG. 14 is a diagram shoWing one example of a 
time change of the inter-Welding electrode moving amount 
obtained by the detecting method of FIG. 7. 

[0066] As shoWn in FIG. 14, the true inter-Welding elec 
trode moving amount is not obtained only by the motor 
position h, but it is found that the de?ection amount pkl, 
Which is obtained by multiplying the pressing force p by the 
stiffness factor k1 of the Welding gun, is added to the motor 
position h so that the true inter-Welding electrode moving 
amount H can be obtained for the ?rst time. Aforming state 
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of the nugget is obtained from the maximum value, incli 
nation or a change amount due to contraction in the graph of 
the true inter-Welding electrode moving amount H. As a 
result, good/inferior Welding quality can be judged. 

[0067] According to the present embodiment, an inter 
Welding electrode moving amount during Welding is 
detected accurately so that the forming state of the nugget is 
obtained de?nitely and accuracy of the judgment of good/ 
inferior Welding quality can be improved. 

[0068] Referring noW to FIG. 8 to FIG. 14, a second 
embodiment of an inter-Welding electrode moving amount 
detecting apparatus and method according to the present 
invention Will be described hereinbeloW. 

[0069] FIG. 8 is a block structural diagram schematically 
shoWing a Welding apparatus of a second embodiment 
according to the present invention. In the FIG. 8, the 
pressing force detector 17 shoWn In FIG. 1 is replaced With 
a strain amount detector 7. Like members are designated by 
like reference characters. 

[0070] The Welding gun 10 shoWn in FIG. 8 has a gun arm 
11, a movable side electrode 12, a ?xed side electrode 14, a 
servo motor 18 (hereinafter, motor) as electrode driving 
means, and an encoder 19 as driving section moving amount 
detecting means. This Welding gun 10 is normally mounted 
to a distal end of a robot arm or the like. MeanWhile, the 
Welding gun 10 is electrically connected to the control unit 
20 so that a central processing unit (hereinafter, CPU) 22 
composed In the control unit 20 controls a servo moor 18 
according to Welding programs previously stored in a stor 
age device 26, thereby driving a movable side electrode 12 
to be pressed or to be opened. 

[0071] A rotating shaft, not shoWn, as a driving section of 
the motor 18 is connected to a feed pendulum 15. This feed 
pendulum 15 is ?tted into a supporting member 16 Which 
supports the movable side electrode 12. At the time of 
Welding Work, rotation of the rotating shaft of the motor 18 
is transmitted to the feed pendulum 15. When the feed 
pendulum 15 rotates, the supporting member 16 moves 
doWnWard so that the movable side electrode 12 presses a 
member to be Welded 1 by means of a pressing force. 

[0072] The gun arm 11 mounted With the electrodes is 
provided With a strain amount detector 7 Which detects a 
distortion amount of the Welding gun 10 generated When a 
pressing force is applied to a member to be Welded from the 
electrodes 12 and 14. Speci?cally, as shoWn in FIG. 8, the 
strain amount detector 7 is provided on a supporting member 
16 supporting the movable side electrode 12. 

[0073] Incidentally, the strain amount detector 7 may be 
provided at any place Where a distortion amount occurring 
due to pressing force generated betWeen the electrodes can 
be detected, and it may be provided at the gun arm 11, for 
example, as shoWn With an Imaginary line. Also, for 
example, a strain sensor can be used as the strain amount 
detector 7. Speci?cally, a system Where a strain amount 
obtained by a strain gauge is directly output as electrical 
signals, a system Where a strain amount is detected by 
stacked pieZoelectric elements or the like to be output as 
electrical signals or the like can be employed. Since these 
strain sensors themselves are knoWn, detailed explanation 
thereof Will be omitted. Especially, in the second embodi 
ments, since the strain amount detector 7 is attached to the 
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gun arm 11 or the like to detect a strain amount directly, 
mount easiness thereof is superior to the applied pressure 
detector 17 and structure thereof is simple. 

[0074] Signals from the strain amount detector 7 are 
transmitted to the CPU 22 Where a pressing force applied to 
the member to be Welded 1 is utiliZed to calculate the 
inter-electrode moving amount during Welding. 

[0075] The Welding Work by means of a Welding apparatus 
is carried out schematically as folloWs. At ?rst, the member 
to be Welded 1 is brought in contact With the electrodes 12 
and 14 With pressure from its up-and-doWn direction by 
means of a predetermined Welding pressing force. In a state 
that the member to be Welded 1 is brought in contact With the 
electrodes 12 and 14, a Welding current is supplied from a 
poWer source, not shoWn, to the electrodes 12 and 14 by 
control of the CPU 22 so that Welding is started. When the 
Welding is started, a nugget is started to be formed at a 
Welding point of the member to be Welded 1, and the 
member fuses so as to be thermally expanded. At this time, 
if a force due to expansion of the nugget is stronger than the 
Welding pressing force, this force pushes back the electrode 
12 so that the motor 18 is rotated reversely. Thereafter, When 
electrifying of the electrodes 12 and 14 is stopped, the 
nugget contracts. The expansion and contraction are carried 
out for predetermined time (Welding time), and a suitable 
nugget is formed so that the Welding is completed. Amoving 
amount of the electrode 12 due to expansion and contraction 
of the nugget at the time of Welding is measured as a rotating 
amount of the rotating shaft of the motor 18 by the encoder 
19. 

[0076] When the electrode 12 is brought in contact With 
the member to be Welded 1 With pressure and a torque of the 
motor 18 is increased, the gun arm 11 is de?ected according 
to its stiffness. HoWever, While the electrode 12 is being 
pressed, the gun arm 11 is maintained in a state that the 
pressing force and de?ection are balanced. When the Weld 
ing is started in this state, a de?ection amount of the gun arm 
11 is increased momentarily by thermal expansion of the 
nugget formed on the member to be Welded 1 At this time, 
the pressing force and the de?ection are imbalanced, and the 
electrode 12 is pushed back until the balanced state is 
obtained. A displacement amount of the electrode 12 is 
measured by the encoder 19. 

[0077] Therefore, a value Which is measured by the 
encoder 19 is not expansion and contraction of the nugget 
itself, but only a moving amount of the electrode 12 is 
measured as a rotating amount of the rotating shaft of the 
motor. Therefore, With only this value, an inter-Welding 
electrode moving amount Which is an amount that a pair of 
the electrodes 12 and 14 are moved to a direction separating 
from and/or approaching to each other due to expansion 
and/or contraction of the nugget cannot be detected accu 
rately The present invention provides means for solving this 
problem. 

[0078] FIG. 9 is a schematic diagram for explaining the 
method of detecting an inter-Welding electrode moving 
amount. FIG. 10 is a control block diagram shoWing the 
method of detecting an inter-Welding electrode moving 
amount. FIG. 11 is a schematic diagram for explaining the 
method of obtaining a stiffness factor of the Welding gun. 
FIG. 5 is a diagram shoWing a relationship betWeen a 
pressing force and a de?ection amount of the Welding gun. 
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[0079] As shown in FIGS. 9 and 10, in the present 
embodiment, a moving amount h of the driving section of 
the motor 18 to an electrode moving direction (a feed 
amount of The rotating shaft to an axial direction corre 
sponding to a rotating amount) is added to a de?ection 
amount A><k2 Which is obtained by multiplying a strain 
amount A><generated in the gun arm 11 by a pressing force 
applied from the electrodes 12 and 14 to the member to be 
Welded , by a factor corresponding to stiffness related to 
strain amount (called as stiffness factor related to strain 
amount) k2 corresponding to stiffness related to strain 
amount A><of the gun arm 11, As a result, an inter-Welding 
electrode moving amount H is obtained (H=h+A><k2). The 
stiffness factor k is a de?ection amount of the Welding gun 
to the electrode moving direction When a pressing force is 
applied. As the stiffness is loWer, the factor becomes larger, 
and as the stiffness is higher, the factor becomes smaller. 

[0080] Namely, the encoder 19 Which is a servo motor 
position detector contained in the motor 18 detects a moving 
amount A h of the driving section of the motor 18 to the 
electrode moving direction due to thermal expansion and 
contraction of the nugget 2 during Welding. An de?ection 
amount A><k2 of the gun arm 11 due to thermal expansion 
and contraction of the nugget 2 Which is not output from the 
encoder 19 is obtained. The moving amount A h and the 
de?ection amount A><k2 are added so that a true inter 

Welding electrode moving amount, namely, an amount that 
the pair of electrodes 12 and 14 are moved to the direction 
separating from/approaching to each other due to expansion 
and contraction of the nugget is obtained. 

[0081] The de?ection amount A><k2 of the gun arm 11 can 
be obtained by multiplying an output of the strain amount 
detector 7 by the stiffness factor k2. Here, since the strain 
amount detector 7 is provided to the gun arm 11 to Which the 
electrodes 12 and 14 are fastened. For this reason, in 
comparison With, for example, the case Where an output 
value of the motor 18 as driving means of the electrodes 12 
and 14 is utiliZed, the strain amount detector 7 is not 
in?uenced by mechanical loss Which exists in a transmission 
path of a generated pressing force. Therefore, the pressing 
force Which is applied from the electrodes 12 and 14 to the 
member to be Welded 1 can be detected more accurately, and 
the stiffness factor k2 of the gun arm 11 can be calculated 
more accurately. 

[0082] As shoWn in FIGS. 10 and 11, the stiffness factor 
k2 is calculated based on a relationship betWeen the pressing 
forces and the rotating amount of the rotating shaft of the 
motor 18 When the pair of electrodes 12 and 14 are brought 
into close to each other and at least tWo kinds of pressing 
forces are generated. 

[0083] In other Words, in the case Where the stiffness 
factor k2 related to strain amount is calculated: an arbitrary 
motor generated force F is previously applied by the motor 
18 of the Welding gun 10(at this moment, the pressing force 
applied to the electrodes 12 and 14 is PO); strain amount 
A><0 is output from the strain amount detector 7 mounted to 
the gun arm 11; the output strain amount A><0 and a position 
h of the driving section of the motor 18 in the electrode 
moving direction Which Was detected by the encoder 19 (an 
axial direction feed position corresponding to the rotating 
position of the rotating shaft hereinafter called as motor 
position) are stored in the storage device 26. 
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[0084] At the time of measurement, as to Whether or not 
an inclusion such as the member to be Welded 1 is provided 
betWeen the electrodes 12 and 14 is arbitrary. Next, a 
suitable motor generated force F‘ different from the above 
force is applied (at the time, the pressing force applied to the 
electrodes 12 and 14 is “pn”), and a motor position h‘ 
detected by the encoder 19 and strain amount Axn (Which is 
output from the strain amount detector 7) are further stored 
in the storage device 26. In such a manner, data composed 
of pairs of pressing forces and motor positions at least tWo 
or more points are obtained. 

[0085] Here, de?ection of the gun arm 11 due to applica 
tion of pressing force appears as a change in the motor 
position. Therefore, a change amount of the pressing force 
divides a change amount of the motor position at respective 
points of the obtained data composed of the pairs, namely, 
a de?ection amount of the gun arm 11 so that the stiffness 
factor k2 of the gun arm 11 can be obtained. 

[0086] This manner has a great advantage that the stiffness 
factor k2 can be obtained easily Without adding a neW 
structure. Further, this manner can be applied commonly to 
various kinds of Welding guns, and the stiffness factor k2 can 
be easily checked or corrected suitably. 

[0087] For example, the data of the pair of strain amount 
and motor position Includes tWo points of (AxO, h) and (Axn, 
h‘), k2 (h‘—h)/(A><n-A><0) can be obtained. 

[0088] At this time, When data at many points are cap 
tured, a regression line is obtained by method of least square 
and its inclination can be the factor k2. This regression 
expression is derived in the folloWing manner. First of all, 
application of any pressing force is performed by the motor 
18 of the Welding gun 10, and the output value A><0 of the 
strain amount detector 7 and the position ho of the motor 18 
at this time are stored in the storage device 26. Next, 
application of any pressing force different from the previous 
one is performed, the output value A><1 of the strain amount 
detector 7 and the position hl of the motor 18 are stored in 
the storage device 26. Like the above, the strain amount and 
the motor position are obtained at tWo or more points (AxO 
to A><n, hO to hn), and the regression expression can be 
derived from change amount in strain amount and the 
change amount in position in the electrode moving direction 
at respective points by using method of least square. Since 
the method of least square is knoWn, detailed description 
thereof Will be omitted. 

[0089] Next, there Will be explained beloW a speci?c 
method of detecting an inter-Welding electrode moving 
amount In the Welding apparatus With reference to the ?oW 
charts shoWn in FIGS 12 and 13. 

[0090] In the present embodiment, before the Welding 
Work is carried out, the stiffness factor k2 of the gun arm 11 
is previously obtained. 

[0091] As shoWn in FIG. 12, the CPU 22 actuates the 
motor 18 so as to move the movable electrode 12 to a 

pressing direction, namely, a direction approaching to the 
electrode 14 at a loW speed (S11). When the electrode 12 
reaches a position Where the member to be Welded 1 is 
pressed (S12), one pressing force, Which is arbitrarily deter 
mined Within a range of a maximum permissible pressing 
force of the Welding gun, is set (S13). The pressing force 
Which is set here is actually managed by a torque value of 
the motor 18, for example. 
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[0092] The CPU 22 operates the motor 18 so as to press by 
using the set pressing force as a target (S14). At the time of 
reaching the set pressing force (S15), the CPU 22 stores 
position data of the movable electrode 12 in the axial 
direction detected by the encoder 19 into the storage device 
26 (S16). Moreover, the CPU 22 stores output data (actual 
generated strain amount) of the strain amount detector 7 
incorporated in the gun arm 11 into the storage device 26 
(S17‘). 
[0093] The operations S13 through S17 are repeated at 
least tWo or more times, and When the strain amount and the 
motor position, namely, all the data of the pairs of the strain 
amounts and the de?ection amount of the Welding gun are 
completely measured (S18), regression lines of the pressing 
forces and the de?ection amounts of the Welding gun are 
calculated as shoWn in FIG. 5 (S19‘) The stiffness factor k2 
of the gun arm 11 is calculated from inclinations of the 
regression lines(S20‘). 
[0094] Next, the Welding Work is started after a robot arm 
not shoWn is moved and the Welding gun 10 is moved to a 
Welding portion of the member to be Welded 1, the CPU 22 
operates the motor 18 so as to move the movable electrode 
12 to the pressing direction, namely, the direction approach 
ing to the electrode 14 at a loW speed (S31). When the 
electrode 12 reaches a position Where the member to be 
Welded 1 is pressed (S32), the CPU 22 operates the motor 18 
so as to press using the Welding pressing force Which is 
previously set as the Welding condition as a target. At the 
time of reaching the Welding pressing force (S34), the CPU 
22 stores position data hO of the movable electrode 12 in the 
axial direction detected by the encoder 19 and output data 
xO of the strain amount detector 7 incorporated in the gun 
arm 11 (actual generated strain amount ) into the storage 
device 26 (S35‘). 

[0095] After n=1 as initial measurement is input (S36), 
electrifying is started by Welding current set as the Welding 
condition (S37). The CPU 22 stores the position data hn of 
the movable electrode 12 in the axial direction detected by 
the encoder 19 into the storage device 26 (S38). The moving 
amount Hnh of the movable electrode 12 from before the 
starting of electrifying is calculated according to an equation 
of Hnh= hn-ho. Moreover, the output data xn of the strain 
amount detector 7 incorporated in the gun arm 11 is stored 
in the storage device 26 (S40‘). 

[0096] Next, the de?ection amount Hnp of the Welding 
gun from before the starting of electrifying Is calculated 
according to an equation of Hnx=(xn—xo)><k2 by using the 
stiffness factor k2 of the gun arm 11 obtained in FIG. 12 
(S41‘). The true inter-Welding electrode moving amount Hn 
is calculated according to Hn=Hnh+Hnx (S42‘). The above 
mentioned operation S38 through S42 are repeated, and the 
value of the inter-Welding electrode moving amount Hn is 
obtained at predetermined time intervals such as n=1, 2, . . . 

(S45). When a judgment is made that previously set elec 
trifying time is completed (S43), the electrifying is stopped 
(S44). 
[0097] FIG. 14 Is a diagram shoWing one example of a 
time change of the inter-Welding electrode moving amount 
obtained by the detecting method of FIG. 13. 

[0098] As shoWn in FIG. 14, the true inter-Welding elec 
trode moving amount is not obtained only by the motor 
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position h, but it is found that the de?ection amount Ax k2, 
Which is obtained by multiplying the strain amount Ax by the 
stiffness factor k2 related to strain amount of the Welding 
gun, is added to the motor position h so that the true 
inter-Welding electrode moving amount H can be obtained 
for the ?rst time. A forming state of the nugget is obtained 
from the maximum value, inclination or a change amount 
due to contraction in the graph of the true inter-Welding 
electrode moving amount H. As a result, good/inferior 
Welding quality can be judged. 

[0099] Incidentally, as shoWn in FIG. 8, an example Where 
the strain amount detector 7 is provided at the supporting 
member 16 positioned on the side of the movable side 
electrode 12 has been shoWn, but the strain amount detector 
7 may be provided the gun arm 11 positioned on the side of 
the ?xed side electrode 14, for example, as shoWn With an 
imaginary line. When the strain amount detector 7 is pro 
vided on the gun arm 11 in this manner, the strain amount of 
the gun arm 11 is made large by the pressing force, so that 
larger output value can be obtained and the strain amount 
can be detected more exactly. That is, the above-mentioned 
Welding gun is referred to as C gun type, and the ?xed side 
electrode is provided at the gun arm 11 structured in a largely 
curved manner so as to avoid interference With the member 
to be Welded. For this reason, a large strain amount can be 
obtained With a small pressing force at the largely curved 
gun arm 11 positioned on the side of the ?xed side electrode. 

[0100] In this manner, according to this embodiment, an 
inter-Welding electrode moving amount is detected accu 
rately so that the forming state of the nugget can be obtained 
properly and accuracy of the judgement about goodness/ 
inferiority of Welding quality can be improved. 

[0101] FIGS. 15 and 16 are block diagrams shoWing still 
other embodiments In the ?rst and second embodiments, 
explanation about the C gun type as the type of the Welding 
gun 10 has been made, but embodiments shoWn in FIGS. 15 
and 16 shoW judgement about Which of the pressing force 
detector 17 and the strain amount detector 7 should be 
selected as aspects of other robot Welding guns. 

[0102] Here, FIG. 15 shoWs a stud gun type Where one 
electrode is pressed on to one surface of a member to be 
Welded, and FIG. 16 shoWs a X gun type Where a Work is 
sandWiched by a pair of electrodes. 

[0103] A Welding gun 30 of the stud gun type shoWn in 
FIG. 15 is mounted to a supporting portion 33 provided at 
a joint 31f of a robot With 6 degrees of freedom comprising 
arms 35a to 35d and joints 31a to 31f (incidentally, such a 
structure may be employed that an arm is provided at the 
joint 31f and the supporting portion 33 is mounted to a distal 
end of this arm). A movable side electrode 12 is provided to 
the supporting portion 33 through an electrode holder 36 and 
the supporting portion 33 is provided With a servo motor 18 
(hereinafter, motor) as electrode driving means and an 
encoder 19 as driving portion moving amount detecting 
means. MeanWhile, a ?xed side electrode 14 is provided at 
a portion of a ?xed portion 34 opposed to the movable side 
electrode 12. 

[0104] Incidentally, as the Welding gun 30 is connected to 
a control device 20 (not shoWn) in the same manner as the 
above-mentioned embodiments, explanation Will be omit 
ted. 






