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tected by" detecting the partial insertion of the'piston 
into the cylinder, and then the piston is gradually in 
se'rted into the cylinder while its position is corrected 
by the positioning mechanism. 
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AUTOMATIC ASSEMBLY CONTROL METHOD 
AND DEVICE THEREFOR 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a method and device 

for automatically‘ and sequentially assemblying to 
gether an external part having a bore or hole (hereinaf 
‘ter referred to as a cylinder) and an internal part having 
a projection (hereinafter referred to as a piston) to be 
fitted in the bore or the hole and, more particularly to 
an automatic insertion control system for inserting the 
piston into the cylinder with a precision on the order of 
terms of microns. ' 

2. Description of the Prior Art 
In automatic assembly control systems there have 

been not devised and successfully demonstrated auto 
matic insertion control devices for automatically insert 
ing a piston into a cylinder, except those for providing 
pressure ?ts and shrinkage ?ts. The various ?ts are al 
most provided manually because the automation for 
inserting the piston into the cylinder,‘ with a precision 

, on the order of tens of microns has been almost impos 
sible. ' - 

Moreover, there has been a strong demand for auto 
matic assemblying systems for automatically assem 
bling a piston and a cylinder in view of saving man 
hours, but such systems as described above cannot be 
provided only by improving the accuracy in positioning 
the piston, with respect to the cylinder. The correction 
of the position of the piston with respect to the cylinder 
and the control of the force with which the piston is in 
serted into the cylinder must be adjusted with an ex 
tremely higher degree of accuracy and sensitivity equal 
to that of a human being depending upon the condition 
of engagement‘ of the piston with the cylinder. 

SUMMARY OF THE INVENTION 
One of the objects of the present invention’ is, there 

fore, to provide an automatic assembly control device 
for automatically assembling together a piston and a 
cylinder, to provide precision ?ts. 
One embodiment of the present invention for accom 

plishing this object is characterizedjn that a holding 
mechanism for holding the piston of cylinder is coupled 
to a positioning mechanism through elastic or resilient 
coupling means, such as springs. In the instant inven~ 
tion, the term of a holding mechanism is used to refer 
to various mechanisms for'releaseably holding a part 
for assembly such as arti?cial arms and ?ngers, electro 
magnets, screws, bolts and nuts, and so on. Further 
more, it will be understood that the term resilient or 
elastic coupling means is used to refer not only to 
means for elastically or resiliently coupling the holding 
mechanism with the positioning mechanism but to an 
arrangement in which play, or clearance is provided be 
tween the two mechanisms. The holding mechanism is 
coupled through the resilient or elastic coupling means 
'to the positioning mechanism in such a manner that 
when the resilient or elastic ‘coupling means is not dis 
placed or de?ected, the axis of the piston held by the 
holding mechanism coincides with that of the position 
ing mechanism. ‘ ' 

Briefy stated, according to the automatic assembly 
method of the present invention, ?rst the piston is 
placed into contact with an external part of the cylinder 
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2 
in such a manner that the center axis of ‘the piston is not 
coincident with that of the cylinder, and then ‘the piston I 
is moved toward the center of the cylinder while ‘the 
piston is pressed against the cylinder under a predeter 
mined pressure. 
Another feature of the present invention resides in 

the fact that a control circuit is provided for controlling 
the ‘positioning mechanism in response to the signals 
derived from means for detecting the displacement or 
de?ection of the resilient or elastic coupling means in 
such a manner that the displacement or de?ection may 
be eliminated, thereby correcting ‘the displacement or 
deviation between the center axes of holding mecha 
nism and the positioning mechanism. 
According to the automatic assembly method of the 

present invention, the piston is placed upon the outer 
surface of the cylinder at a position out of the range of 
variation of the center thereof, In this ?rst step, the 
holding mechanism may hold either the piston or cylin~ 
der. In a second step, the positioning mechanism is 
moved toward the center of the cylinder, while the pis 
ton is pressed against the outer surface of the cylinder 
under a predetermined pressure until the piston is par‘ 
tially inserted into the cylinder under the pressure of 
the elastic or resilient coupling means. In a third step, 
the movement toward the center of the cylinder of the 
positioning mechanism is terminated in response to the 
detection of the partial insertion of the piston into the 
cylinder, and the displacement or de?ection of the elas 
tic or resilient coupling means is detected, and thus the 
positioning mechanism may be corrected in position to 
eliminate the de?ection or displacement. 
The above and other objects, features and advan 

tages of the present invention will become more appar 
ent from the following description of some preferred 
embodiments thereof taken in conjunction with the ac 
companying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGS. 1A - 1F are views used for the explanation of 

the underlying principle of the present invention; 
FIGS. 2A - 2C are views used particularly for the ex 

planation of a second step of the automatic assembly 
method in accordance with the present invention; 
FIG. 3 is a schematic perspective view of a ?rst em 

bodiment of the present invention; 
FIG. 4 is a circuit diagram of a control circuit therof; 

FIGS. 5A - 5C are views used for the explanation of 
the characteristics of elastic or resilient coupling or 
supporting means therof; 
FIG. 6 is a perspective view illustrating a variation 

thereof: ’ , 

FIG. 7 is a diagram of a switching circuit included in 
the control circuit shown in FIG. 4; 
FIGS. 8A, 8B, 8C,'9, 10 and 11 are views illustrating 

some variations of elastic or resilient coupling or sup 
porting means of the embodiment shown in FIG. 3; 
FIG. 12 is a graph used for the explanation of the var 

iation shown in FIG. 11; 
FIG. 13 is a circuit diagram of a variation of the con 

trol circuitv shown in FIG. 4; 
FIG. 14 is a graph used for the explanation thereof; 

FIG. 15 is a diagram illustrating a differential ampli 
?er included in the control circuit shown in FIG. 13; 
and , - 
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FIGS. 16 and 17 are views illustrating a second em 
bodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Underlying Principle ~ . 

Referring to FIGS. 1A - IF, the automatic assembly 
control method in accordance with the present inven 
tion will be described; In the instant embodiment, ex 
ternal and internal parts 1 and 2 to be assembled to 
gether are a cylinder having a through bore and a pis 
ton in the form of a rod respectively, but it will be un 
derstood that the present invention may be applied in 
order to ?t an internal part having a projection having 
any cross sectional con?guration into a mating hole or 
bore of an external part. 
A part holding assembly generally indicated by 3 is 

coupled through elastic means 5, such as springs, to a 
part positioning assembly generally indicated by 4 
which includes a drive shaft 4a which, in turn, is driven 
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20 
in the X-, Y- and Z-directions by step motors to be de- ' 
scribed hereinafter. In the instant embodiment the X-, 
Y- and Z-directions correspond to the X-, Y- and Z 
coordinate axes, respectively, of a Cartesian coordinate 
system in which the XY plane is parallel with the upper 
surface 1c of the cylinder 1 and the Z coordinate axis 
is perpendicular to the XY plane.» - 
According to the present invention, first the coarse 

adjustment of the position of the piston 2 relative to the 
cylinder 1 is effected, and then the piston 2 is ?tted into 
the bore 1a of the cylinder 1 while the position of the 
piston 2 is controlled in the three steps to be described 
hereinafter. 

1. FIRST STEP: 

The cylinder 1 is assumed to be delivered to a prede 
termined position by a conveyor (not shown). Then the 
holding assembly 3 holds the cylinder 2 and places it at 
a predetermined position PA out of the range of varia 
tion in position of the center of the bore la as shown 
in FIGS. 1A and 1B. Assume that the center of the bore 
1a is varied in position within a circle 1b (See FIG. 2A) 
when the cylinder 1 is delivered from the conveyor to 
a predetermined assembly position. Then the piston 2 
is placed at the position PA on the left side of the circle 
1b. The positioning of the piston 2-at a predetermined 
position PA according to the present invention has very 
signi?cant features. First of all, the direction in which 
the piston 2 is to be moved so as to be ?tted into the ' 
bore la ‘is uniquely determined. That is, the piston 2 
may be moved toward the center PB of the circle lb or 
the range of variation and, hence, toward the center of 
the bore 1a. 
Thevsecond feature resides in the fact that the step 

for detecting whether the piston 2 is inserted into the 
bore or not may be eliminated because when the piston 
2 is placed at a predetermined position PA, it is clear 
that," the piston 2 is not inserted into the bore 10. 
Therefore, the overall sequential control system may 
be simpli?ed. 

2. SECOND STEP ' 

In the second step, the piston 2 is moved toward the 
center P8 of the bore 1a while some pressure is exerted 
to the piston 2 in the Z-direction. Since the part holding 
assembly 3 is coupled through elastic supporting means 
5 to the positioning assembly 4, when the driving shaft 
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4a is moved in the X-direction, the cylinder 2 is in 
clined as shown in FIG. 1C. When the center of the pis~ 
ton 2 coincides with the center PB of the bore 1a, it is 
forced into the bore _1a under the force of elastic sup 
porting means 5. Thus, the coarse positioning of the 
piston 2 relative to the bore la of thecylinder l is ac 
complished. . ' 

Since the leading edge of the inclined piston 2 is in 
"serte'd into the bore 1a under the force of elastic_sup-_ 
porting means 5, the coarse adjustment may be accom 
plished without fail even when the initial position of the 
piston 2 is slightly displaced from a predetermined po 
sition PA. The greater the force of elastic or resilient 
supporting means 5, the greater the tolerable deviation 
of the initial position of the piston 2 from a predeter 
mined position PA becomes. This will be described in 
more detail hereinafter with reference to FIG. 2C. A 
hatched area lc'denotes a range of tolerable initial po 
sition PA of ,the piston 2 having a width in the Y 
direction, onthe order 10 ~15 mm. Therefore, the pis 
ton 2 may be moved along a linear path as shown in 
FIG. 2A so as to be ?tted into the mating bore la. 
However, when the elasticity of resilience of supporting 
means 5 is not suf?cient, it becomes difficult to insert 
the piston 2 into the bore la. To overcome this prob 
lem, it is preferable to reciprocate the piston 2 in the 
Y-direction with a relatively small constant amplitude 
as shown in FIG. 2B. The movement of the piston 2 ac 
companied with the reciprocation in the direction per 

_ pendicular to the direction of the movement toward the 
bore 1a is included in the method for moving the piston. 
2 toward the bore 121 according to the present inven 
tion. - - 

3. THIRD ‘STEP: 
In the third step, the position of the drive shaft 4a is 

adjusted in the X- and Y-directions so as'to coincide 
with the axis of the piston 2. For this purpose, the devi 
ation of resilient supporting means from the normal po 
sition is detected and fed back to a control circuit in 
cluded in the positioning assembly 4 so that the devia 
tion becomes zero. The pressure is applied to the piston 
2 in the Z-direction while the ?ne adjustment is being 
made in the manner described above so that the piston 
2 may be gradually forced into the bore 1a. However, 
when the piston 2 is positioned as shown in FIG. IF, it 
is locked so that even when the greater ?tting force is 
applied to the piston 2, the latter will not be inserted 
into the bore 1a any longer. In the worst case the pis 
ton 2 and/or the cylinder 1 are broken. To overcome 
this problem, the reaction force of supporting means ,5 
is detected so that when the reaction force becomes in 
excess of a predetermined level, the ?tting force is re 
leased and then the line adjustment for making the axis 
of the piston 2 coincident with that of the bore la is ef 
fected again. The piston 2 may be completely ?tted 
into the bore 1a when the above steps are repeated. 

FIRST EMBODIMENT 

Next, referring to FIG. 3, the ?rst embodiment of a 
?t control device in accordance with the present inven 
tion will be described. The part positioning assembly 4 
includes the step motors 4):, 4y and 42 for driving the 
drive shaft 4a in the X-, Y- and Z-directions. The step 
motors 4x, 4y and 42 are controlled in response to the 
controlv signals from drive circuits 6x, 6y and 6z, 
respectively. In the instant embodiment, the Cartesian 
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coordinate system is employed, but it will be under 
stood that any suitable coordinate system such as a cy 
lindrical coordinate system may be used. The part hold 
ing assembly 3 includes arms 3b for holding a piston 2 
and a support 3a for supporting the arms 3b, and is cou 

' pled to the positioning assembly 4 through crossed-leaf 
springs 5 upon which are bonded strain gauges 7. Four 
rods 9 extending from the four corners at the undersur 
face of a ‘base plate 10 ?xed to the drive shaft 4a are 
?tted into four through bores 3c in the support 3a, and 
coiled springs 8 are ?tted over the rods 9 between the 

‘ base plate 10 and the support plate 3a. Microswitches 
‘ 11 mounted over the undersurface of the support plate 
3a are so arranged as to be actuated by the free ends 

' of the rods 9 extending through the through bores 3c. 

The part holding assembly 3 is suspended by the four 
leaf springs 5 from the drive shaft 4a of the positioning 
assembly 4 when the piston 2 is out of contact with cyl 
inder 1. When the piston 2 is gradually lowered as the 
Z-direction step motor 4zis driven, the leaf springs 5 as 
well as the coiled springs 8 are gradually contracted. In 
this case, the position of the part holding assembly 3 
relative to the positioning assembly 4 as well as the de 
?ections of the leaf springs 5 may be detected from the 
signals from the strain gauges 7. When the drive shaft 
4a is further lowered by the Z-direction step motor 42,, 
the free ends of the rods 9 make contact with the limit 
switches 11, thereby actuating them. In response to the 
signals from the mircroswitches 11, the Z-direction 
step motor 42 is controlled so as to prevent excess pres 
sure from being exerted to the cylinder 1 from the pis 
ton 2. 
Next, referring to FIG. 4, a control circuit for con 

trolling the part holding assembly 3 and the positioning 
assembly 4.will be described. The positive and negative 
pulse trains generated by a pulse generator 22 are ap 
plied to one input terminal of signal switching circuits 
29x, 29y and 29z through a switching circuit 31 com 
prising switches SW-l - SW-10. To the other input ter 
minals 27x, 27y and 271 of the signal switching circuits 
29x, 29y and 291 are applied the external control sig 
nals for controlling the movement of the piston to a 
predetermined supply position or to a predetermined 
initial position from which the control for ?tting of the 
piston into the bore is started. The outputs of the signal 
switching circuits 29x, 29y and 29z are selectively de 
rived in response to the signal g applied to a terminal 
28. For example, when the “on” signal 3 is applied, the 
signal switching circuits 29x, 29y and 292 transmit sig 
nals from the switching circuit 31, whereas when the 
“off” signal g is applied, the signals applied to the other 
input terminals 27x, 27y and 27z are transmitted. The 
outputs of the signal switching circuits 29x, 29y and 
292- are applied to driving circuits 6):, 6y and 62 of the 
step motors 4x, 4y and 4z, respectively. In response to‘ 
the positive pulse train, the drive circuits 6x, 6y and 61 
control the step motors 4x, 4y and 4z so as to effect ro 
tation in the clockwise direction, whereas in response 
to the negative pulse train, they are rotated in the coun 
terclockwise direction. The signals for controlling the 
part holding assembly 3 are applied to a terminal 27” 
and then to a drive circuit 611 for controlling a step 
motor 411 which, in turn, controls the actuation of the 
arms 3b of the part holding assembly 3. (The step 
motor 41-1 is not shown in FIG. 3). 
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The de?ection in the X-direction is detected by the 
strain gauges 7a and 7c whereas the de?ection in the 
Y-direction, by the strain gauges 7b and 7d. The signals 
derived from the strain gauges 7a and 7c are applied a 
comparator 20. When the relative position of the part 
holding assembly 3 with respect to the positioning as 
sembly 4 in the X-direction is in excess‘of a predeter 
mined value X,_ the signal a ‘(See FIG. 5A) is obtained, 
but when the deviation of the part holding assembly 3 
is in excess of a predetermined value -X, the signal b is 
obtained. The signals derived from the strain gauges 7b 
and 7d are applied to a comparator 21 so that when the 
deviation in the Y-direc'tion is in excess of a predeter 
mined value Y1, the signal 0 (See FIG. 5B) is obtained 
but when the deviation is in excess of a predetermined 
value -Y,, the signal d is obtained. The switches SW1 
- SW4 in the switching circuit 31 are actuated in re 
sponse to these signals a, b, c and d. 
The deviation of the drive shaft 4a in the Z-direction 

of the positioning assembly 4 is detected by the micro 
switches 11 which‘outputs the signal e (See FIG. 5C) 
when the deviation is, in excess of a predetermined 
value Z2, but delivers the signal f when the deviation is 
less than a predetermined value Z1. Flip-?ops 23,24 
and 25 are actuated in response to the signals e and f, 
and in response to the outputs of the ?ip-?ops 23, 24 
and 25 the switches SW6 - SW10 are actuated. 
Next, the mode of operation of the device with the 

above construction will be described. In response to the 
control signals applied to the'external terminals 27x, 
27y and 271 the step motors 4x, 4y, 42 and 4H are actu 
ated so that the part holding assembly 3 holds a piston 
2 and brings it to the position shown in FIG. 1A..Next, 
the “on” signal g is applied to the terminal 28 so that 
the signal switching circuits 29x, 29y and 292 are 
switched into the mode for transmitting therethrough 
the output of the switching circuit 31, and the ?ip-?op 
24 is set so that its Q output becomes “1” to close the 
switch SW9. As a result, the positive pulse train is ap 
plied from the pulse generator 22 through the switch 
SW9 and the signal switching circuit 29z to the drive 
circuit 62 so that the step motor 42 is rotated so as to 
cause the drive shaft 4a to move down in the direction 
-Z-direction. When the drive shaft 4a is driven down~ 
wardly further even after the‘piston 2 has made into 
contact with‘ the cylinder 1, the free ends of the rods 9 
actuate the microswitches 11, so that the signal e is ap 
plied to the ?ip-?op 24. As a result, the ?ip-?op 24 is 
resetv whereas the ?ip-?op 23 is set so that the switch 
SW9 is opened, and the switch SW5v closes its contact 
b in response to the Q output of the ?ip-?op 23. The 
input to the step motor 42 is therefore interrrupted so 
that the piston 2 is forced into contact with the cylinder 
1 with a predetermined constant pregsure. ' 
When the ?ip-?op 24 is reset, its Q output becomes 

“1” so that the ?ip-flop 25 is set. In response to the Q 
output of the ?ip-?op 25, the switch SW6 is closed so 
that the positive pulse train from the pulse generator 22 
is applied to the drive circuit 6x of the X-direction step 
motor 4x. The drive shaft 4a of the positioning assem 
bly 4 is caused to move in the X-direction from the po 
sition shown in FIG. IE to the position shown in FIG. 
1C, and the lower end of the piston 2 is partly inserted 
into the bore 1a as shown in FIG. 1D, so that the leaf 
springs 5 and the coiled springs 8 are returned to their 
normal position. As a result, the signal f is derived from 
the microswitch 11 and applied to the ?ip-?op 25 so 
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that the latter is reset. Both 6 outputs of the ?ip-?ops 
2.4 and 25 become “1” so that, in response to the out 
put of the AND gate 26, the switches SW7, SW8 and 
‘SW10 are closed. The Q output of the flip-flop 23 
which is reset in response to the signal f becoming “0” 
fsothat the switch SW5 has its contact a1 closed. The 
actuation of the switches SW1 - SW4 is controlled in 
response to the output signals of the comparators 20 
and 21 which vary in response to the deviation of the 
part holding assembly 3 from the positioning assembly 
4. For example when the deviations in both X- and Y 
directions of the part holding assembly 3 with respect 
to the positioning assembly 4 are in excess of predeter 
mined values X1 and Y1, the comparators 20 and 21 
‘deliver the signals a and c in response to which the 
{switches SW2 and SW4 are closed. As a result, the neg 
._'ative pulse train is applied from the pulse generator 22 
‘to the drive circuits 6x and 6y of the step motors 4x and 
4y so that the positioning assembly 4 is driven in both 
,,-X and -Y directions until the deviations in the X- and 
,_Y-directions are within the ranges between X1 and -X1 
"and between Y1 and -Yl, respectively. The strain 
gauges are generally not sensitive to the de?ections 
within these ranges. The pulse train is applied through 
the switches SW5 and SW10 to the step motor 41 until 
the microswitches 11 deliver the signal e, so that the 
piston 2 is normally pressed against the cylinder 1 
under a constant force. - 
vg Since the constant pressure-is applied to the piston 2 
when the position of the piston 2 is adjusted by the po 
sitioning assembly 4, it is gradually inserted into the 
bore 12. When the piston 2 is inserted to a predeter 
mined depth within the bore 1a, the “off’lsignal g is ap 
plied tothe terminal so that the assembly is completed. 

In the instant embodiment, the drive shaft 4a has 
.been described as being driven in the X-, Y- and Z 
directions by the step motors 4x, 4y and 42, but the 
present invention is not limited to the arrangement. In 
a variation shown in FIG. 6, cylinder 1 is mounted on 
a pallet 12 which may be moved in the X- and Y 
directions by the step motors 4x and 4y, respectively, 
and the movement in the Z-direction of a piston 2 is ac 
complished by the stepv motor 42 mounted in the posi 
tioning assembly 4. The X- and Y-direction step motors 
4x and 4y are controlled in response to the signals from 
the strain gauges (not shown) bonded to the elastic or 
resilient supporting members 5 between the part hold 
ing assembly 3 and the positioning assembly 4. 
The insertion or fitting of a piston 2 into a bore 1a 

may be faciliated by a switching circuit 31 of the type 
shown in FIG. 7. The switch SW7 is interlocked with 
the switch SW11 whereas the switch SW9 is inter 
locked with the switch SW12, and one of the terminals 
or contacts of the switches SW11 and SW12 are con~ 
nected to one of the contacts of the switches SW7 and 

' SW9, whereas the other terminals or contacts are con 
nected to terminals 32 and 33, respectively. To these 

> terminals 32 and 33 are applied the signals with differ 
.ent frequency which swing between the positive and 
' negative polarities so that the step motors 4x and 4y are 

‘ reversed in rotation through a very small angle at a pre 
determined frequency. Consequently, even when the 
signals from the strain gauges 7 are with the non 

Q sensitive ranges as shown in FIGS. v5A and 5B the drive 
shaft 4a of the positioning assembly 4 may be swung 
with an amplitude equal to the width of the non 
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sensitive range so that the controlability of the drive 
shaft 4a may be always ensured.v Furthermore, a gap 
may be provided between the strain gauges 7 and the 
part holding assembly 3 or the positioning assembly 4 
so that they may be swung with an amplituide equal to 
the width of the non-sensitive range of the signal de 
rived from the strain gauges 7. Then, a very small devi 
ation of the piston from the bore due to the pressure ex 
erted to the piston in the Z-direction may be automati 
cally corrected, so that the ?tting of the piston. into the 
bore may be much facilitated. - v ' 

Next, the coupling between the part holding assem 
bly 3 and the positioning assembly 4 will be described 
in more detail. During the precision ?tting, the pressure 
applied to the piston 2-must be sufficient to overcome 
the frictional forces encountered when the piston is ?t 
ted into the bore, but when the pressure is applied to 
the piston when the latter is not coincident with the 
bore, it sticks to the bore wall. As a result, it beomes 
impossible to further insert the piston. into the bore. 
Therefore, it is necessary to detect the magnitude and 
direction of the‘ force exerted to the piston held by the 
part holding assembly. , - 

Referring to FIG. 8A illustrating one embodiment of 
resilient supporting means, a base 15, which is securely 
?xed to the drive shaft 4a, has a cylindrical rocking 
member disposed therein with balls 102 and securely 
connected to the support 3a of the part holding assem 
bly 3. The leaf spring 5 secured to the support 3a with 
a detent 103 is brought into contact with a spacer 101 
which, in turn, is ?xed to the base 15. 
‘In response to the external force exerted on the pis 

ton 2, the rocking member 17 may be resiliently dis 
placed relative to the base 15. That is, the rocking 
member 17 is caused to move in the Z-direction and th ' 
X- and Y-directions perpendicular ,to the Z-direction. 
The leaf‘ spring 5 is provided in order to return the 
rocking'member 17 to its normal position when the ex 
ternal force is released and to provide a resilient dis-Y‘ 

. placement thereof. The size of the balls 102 is suitably 
proportioned so that a predetermined play may be pro 
vided in the X? and Y-directions. ' i 

In order to detect the magnitude and direction, de~ 
tecting means may be interposed between the base 15 
and the rocking member 17 or support 311'. In the in 
stant embodiment in which the leaf spring is used, 
means for detecting the de?ection thereof may be used. 

A variation of the resilient supporting means 5 is 
shown in FIG. 8B. The drive shaft 4a of the positioning 
assembly 4 is securely fixed to the casing 15 having an 
opening 15a, and the arms 3b of the part holding as 
sembly 3 are pivoted to a member 19 which, in turn, is - 
?xed to a supporting plate 17 suspended from the 
upper wall of the casing 15 through springs 16. A wind 
ing 18a of a differential transformer 18 is mounted 
upon the supporting plate 17, and a core 18b of the dif 
ferential transformervl8 is ‘extended from the upper 
wall of the casing 15 and ?tted into the winding 18a. 

In response to the magnitudeof the force acting in 
the Z-direction upon the piston 2, the winding 18b is _ 
displaced in the Z-direction,.so that the signal repre 
senting this displacement may be derived from the dif 
ferential transformer 18. In response to the output sig 
nal derived from the differential transformer 18, the Z 
direction step motor is driven to continuously control 
the relative displacement of the piston 2 in the Z4 
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direction. Of course, the force acting on the piston 12 I 
in the Z-direction may be maintained constant. In addi 
tion to the arrangement for detecting the displacement 
in the Z-direction, means (not shown) are provided for 
detecting the displacement in the X- and Y-directions. 

In another variation shown in FIG. 8C four means 
such as differential transformers are provided in order 
to detect the displacement in the X-, Y- and Z 

, directions. The displacement in the Z'direction may be 
detected from the overall analysis of the outputs of the 
four detecting means. 

‘ The resilient supporting means 5 of the type shown 
in FIGS. 8A,>8B and 8C are provided in order to con 

' tinuously detect the displacement in the X-, Y- and Z 
directions, thereby causing the axis of the piston to co 
incide with the axis of the bore and to exert to the pis 
ton 2 such force which will not cause sticking of the pis 
ton 2 to the bore wall. However, it is not necessary to 
continuously detect the displacement in the ‘X-, Y- and 
Z-directions, as will be described hereinafter. 

In a variation shown in FIG. 9 the displacement in the 
Z-direction is detected in two steps. That is, response 
to the displacement of the supporting member 17 in the 
Z-direction a ?rst limit switch 42 is actuated by a pro 
jection 41 extended upwardly from the upper surface 
of the supporting member 17, and when the displace 
ment is further increased a second limit switch 42b is 
also actuated by the projection 41. Since the support 
ing member 17 is coupled through the springs 16 to the 
casing 15, the displacement in the Z-direction is in pro 
portion to the magnitude of the reaction force acting 
upon the piston 2. Therefore, when both limit switches 
42a and 42b are off the piston 2, is inserted into the 
bore, but when both are on the piston 2 is moved away 
from the bore 1a. When the ?rst switch 42a is on while 
the second switch 42b is off, the position of the piston 
2 in the X- and Y-directions is adjusted. Thus the piston 
2 may be inserted into the bore la without causing 
sticking. The system shown in FIG. 9, in which the dis 
placement or the reaction in the Z-direction is detected 
by the on-off action of the limit switches, is advanta 
geous in that the system is stable in operation and the 
level of the output signals is high as compared with the 
arrangements shown in FIGS. 8A and 8B. The arrange 
ments shown in FIGS. 8A and 88 may be modi?ed so 
that the ”on” and “off” signals may be derived by es 
tablishing a suitable threshold level. 

In the arrangement shown in FIG. 9, the reliable 
operation of the limit switches 42a and 42b cannot be 
ensured when the projection 41 is inclined due to the 
displacement of the supporting member 17 in the X 
and Y-directions. To overcome this problem,‘ there is 
provided an arrangement shown in FIG. 10 in which 
the reaction only in the Z-direction may be detected by 
the ?rst and second limit switches 42a and 42b. When 
the arms 3b of the part holding assembly 3 are dis 
placed in the X- and Y-directions, the supporting mem 
ber 17a is displaced about a ball-and-socket bearing 43 
so that the casings 15a and 15b are not inclined, but the 
casing 15a is displaced in the Z-direction when the re 
action in the Z~direction is acting upon the piston 2, so 
that the limit switches 42a and 42b are sequentially 
closed. The arrangement shown in FIG. 10 is advanta 
geous in that the displacement only in the Z-direction 
may ‘be detected with-a higher degree of accuracy. 
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10 
Next, referring to FIG. 11, illustrating still another 

variation of the resilient supporting or coupling means 
5, the supporting plate 17 of the part holding assembly 
3 is coupled tothe driving plate 10 of the positioning 
assembly 4 through coiled springs 45a and 45b ?tted 
over bolts 44 extending from the driving plate 10 
through thorough bores of the supporting plate 17, so 
that the spacing between the supporting plate 17 and 
the driving plate 10 is variable. Differential transformer 
type detecting means 46a and 46b are mounted in > 
order to detect an angle of inclination of the piston 2. 
Between a pair of spring seats 47 and 48, there is 
loaded a coiled spring whose spring constant is smaller 
than that of the coiled springs 45a and 45b and whose 
free length is shorter than the spacing between the driv 
ing plate 10 and the supporting plate 17. The upper end 
of the coiled spring 50 is normally spaced apart from 
the driving plate 10. When the outputs of the detecting 
means 46a and 46b are not balanced as the pressure is 
exerted to the piston 2 in order to insert it into the bore 
1a, the position of the drive shaft 4a is corrected or ad 
justed. When the supporting plate 17 is further raised, 
so that the coiled spring 50 is compressed, a pin 49 
?xed to the upper spring seat 47 makes contact with a 
microswitch 51, thereby closing it. In other words, the 
sticking of the piston 2 to the bore wall is detected. 
Therefore the drive shaft 4a is raised so as to release 
the sticking, and then lowered again to exert the force 
to the piston 2. 
FIG. 12 shows a graph illustrating the relation be 

tween the displacement of the supporting plate 17 with 
respect to the driving plate 10 and spring tension. 
When the relative displacement’ reaches a predeter 
mined value D, thenv the compression of the coiled 
spring 50 is started, and the relative displacement must 
be further increase by an amount d before the micro 
switch 51 is closed. Because of this non-linear spring 
tension or constant, the deviation of the piston 2 may 
be detected with a relatively higher degree of accuracy 
in the positioning step, because the piston 2 is sup 
ported by the relatively weak springs 45a and 45b. In 
the step in which the piston 2 is forced into the bore la, 
a relatively greater spring tension is applied to the‘pis 
ton 2. When the piston 2 sticks to the bore wall, the 
sticking is detected so that the force in excess of a pre 
determined magnitude will not be exerted to the piston 
2 in a manner substantially similar to that described 
hereinbefore. 
According to, the method of the present invention, 

the positioning of the piston 2 is accomplished-in the. 
second step, and then the ?ne adjustment is made in 
the third step so that the detection of the completion 
of the coarse positioning or the second step is required. 
The partial insertion of the piston 2 into the bore 1a 
may be detected in response to the reaction in the Z 
direction encountered by the piston 2 in the manner 
described hereinbefore, but this detection is very dif? 
cult in practice because only a small portion of the pis 
ton 2 is inserted into the bore. Furthermore, there is a 
problem that when the ?ne positioning is started before 
the completion of the coarse positioning the piston 2 
cannot be inserted into the bore 1a. 

In order to overcome this problem in the control cir 
cuit shown in FIG. 4, when the reaction in the Z 
direction is detected, that is when the microswitch 11 
provides the output signal f, the ?ip-?ops 23 and 25 are 
reset for a relatively short time so that pulses may be 
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supplied to the X- and Y-direction drive circuits for a 
very small time interval, thereby accomplishing the po 
sitioning of the positioning assembly 4; When the pis 
ton 2 is partially inserted into the bore la, it is further 
inserted because of the above operation so that the sig 
‘nal f is derived again. In response to the signal f the ?ip 
?ops 23 and 24 are set and then reset for a predeter 
mined short time, respectively, so that the fine position 
ing is continued. When the signal f is obtained in re 
sponse to the noise even through the piston 2 is not in~ 
serted into the bore 1a, the ?ne positioning is made 
only one timeand then the coarse adjustment or posi 
tioning is continued. ‘ 
However, there is the problem that when the signal 

f is continuously derived for some reason, even when 
the piston 2 is partially inserted into the bore 1a, the 
coarse positioning is carried out to such an extent that 
the piston 2 is completely moved away from the bore 
1a. To overcome this problem, when the difference in 
the output signals between the strain gauges 7a and 7c 
or between 7b and 7d is in excess of a predetermined 
value, that is, when an abnormal inclination of the pis 
ton 2 is detected, the ?ip-?ops 23 and 25 are reset for 
a predetermined short time interval, so that the correc 
tion of the position of the positioning assembly 4 is ef 
fected in the manner described hereinbefore until the 
outputs of the strain gauges 7a - 7d become zero. 
Therefore, the correction is made before the piston 2 
is completely moved away from the bore 1a, so that the 
piston 2 may be positively inserted into the bore 1a. 
Next, referring to FIG. 13, a variation of a control 

circuit willbe described. The outputs a’, b’, c’ and d’ 
of the strain gauges 7a - 7d, bonded on the springs 5, 
are applied to decision circuits'50 and 51, each com 
prising a differential ampli?er and a threshold circuit, 
and the pulse trains are transmitted through. gate cir 
cuits 60x1,-60x2, 60yl, 60y2, 60:1 and 6012 to the 
drive circuits 6x, 6y and 62 of the step motors 4x, 4y 
and 4z from a pulse generator 53. A decision element 
52 is adapted to compare the sum of the outputs a’, b’, 
c’ and d’ with a predetermined threshold value and, in 
response the output signal g from the decision element 
52, a gate control circuit 54 opens or closes-the gate 
circuits 60z1 and 60z2. A gate control circuit 55 is 
adapted to open or close a gate circuit 56 in response 
to the output of the decision element 54. A control cir 
cuit for driving the step motors 4x, 4y and 4z in accor 
dance with a predetermined sequence in addition to the 
driving for position control or correction is not shown. 
The outputs a’, b’, c’ and d’ are not obtained until the 
piston 2 is brought into contact with the cylinder 1 by 
the drive of the Z-direction step motor 4z, and their’ 
magnitudes are increased as the force with which the 
piston 2 is-exerted on the cylinder 1 is increased. 
When the sum of these output signals reaches a pre 

determined value which corresponds to a predeter 
mined force to be applied to the piston 2, the increase 
in the pushing force in the Z-direction is terminated, 
and the X- and/or Y-direction step motors 4x and 4y 
are driven, so that the axis of the piston 2 may be 
moved to be made coincident .with that of the cylinder 
bore 1a. When they are generally coincident with each 
other, the leading end of the piston 2 is inserted into the 
bore 1a as the pressure is exerted to the piston 2. From 
the decision element 52, there is obtained an output 
signal respresenting that the piston 2 is pressed against 
the cylinder 1, but this output signal g is varied-because 
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of the instantaneous change in the sum of the outputs 
a’, b’, c’ and d’. As described hereinabefore when the 
decision ‘circuits 50 and 51 are actuated at this stage, 
the ?ne positioning of the piston 2 can be affected, 
while it is engaged with the bore la. Therefore, the pos 
itive insertion of the piston 2 into the bore la in coop 
eration with the circuitv 54 may be ensured. 
However, the variation in magnitude of the output 

signal g occurs in response to noise, in practice. In the 
instant embodiment the gate control circuit 54'com 
prises a comparator having a hysteresis curve as shown 
in FIG. 14. The magnitude of the output signal g of the 
decision circuit 52 is gradually increased as the Z 
direction step motor is driven to increase the pressure 
exerted to the piston 2. When the magnituide of the 
output signal g is increased in excess of a predeter 
mined value P, the output Q is derived from the control 
circuit 54 to stop increasing the pressure exerted on the 
piston. When the coarse adjustment ‘or positioning is 
carried out by the X- and Y-direction step motors 4x 
and 4y while the piston is pressed against the cylinder 
1, the output signal g varies dueto the surface rough 
ness of the cylinder. However, the output signal g of the 
decision circuit 54 remains constant until the variation 
in the magnitudeof the output signal g will not exceed 
the point R or S. When the piston is dropped into the 
bore, the variation in magnitude of the output signal g 
exceeds the point S so that the output of the decision 
circuit 54 drops from the point S to the point T. There 
fore, the insertion of the end of the piston into the bore 
may be detected. In response to this output drop, the 
control circuit 55 and the gate circuit 56 are actuated, 
so that the correction of the position of the pistonin the 
vX- and Y-directions may be carried out and the pres 
sure applied to the piston is increased again. If the pres 
sure applied to the piston exceeds a predetermined 

. value because of sticking or the like so that the output 
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signal g reaches a point R (See FIG. 14), the Z 
direction step motor 4z is reversed in rotation, thereby 
releasing the pressure exerted on the piston. Thus, the 
piston may be positively inserted into the bore. In this 
embodiment, when, the point R is reached, the limit 
switch 11 (See FIG. 3) is closed. It will be easily under 
stood by those skilled in the art that the comparator 54 
having such a hysteresis may be provided by positive 
feeding back the output of the ?ip-?op 542 which is ac~ 
tuated in response to the output of a differential ampli 
?er 541 to, the input thereof at a suitable level, as 
shown in FIG. 15. 

SECOND EMBODIMENT, FIGS. 16 AND 17 ’ 
Next, the second embodiment of the present inven 

tion will be described with reference to FIGS. 16 and 
17. Parts 151 transported by a conveyor means 150 are 
to be assembled into a jig comprising a shaft l52b ?xed 
to a base 152a and rods 1520. Each part 151 is pro 
vided with holes 151a and l51b into which are fitted 
‘the shaft 152b and the rods 152e, respectively. A part 

' inserting member 155, which is coupled through a resil 
ient means 154 to one end 153 of a‘positioning assem 
bly or mechanism (not shown), is provided with means 
such as a magnet 156 for holding the part 151, which 

vis substantially equal in outer diameter to the shaft 
152b_ and is provided with a tapered lower end in order 
to faciliate the insertion of the inserting member 155 
into the hole 151a of the part 151. The positioning as 
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sembly connected to the end 153 may be displaced in 
the X-, Y- and Z-directions and the end member 153 
may be rotated in either direction, as shown in FIG. 16. 
Means (not shown) for detecting the relative displace 
ment between the two members 153 and 155 are 
mounted on the resilient coupling means 154 in a man 
ner substantially similar to that described hereinbefore. 

As shown in FIG. 16 the positioning mechanism is 
moved in the Z-direction so that the inserting member 
155 is inserted into the hole 151a and the holding 
means 156 holds the part 151 to move it toward the as 
semblying position. Thereafter, according to the ?tting 
control method of the present invention, the assembly 
is carried out. In the instant embodiment, the move 
ment in the 6 direction of the member 153 of the posi 
tioning mechanism must be controlled. This is accom 
plished by the cooperation of the inserting member 155 
with the shaft 152b of the jig. That is, an engaging 'hole 
155a formed in the lower end portion of the inserting 
member 155 is ?tted over a cylindrical projection 152d 
extended from the upper end of the shaft 152b. In other 
words, the two parts are not assembled by one-to-one 
correspondence between them, but assembled by one 
to-one correspondence between one of the parts to be 
assembled and means for holding the other part for as 
sembly. This method is advantageous especially when 
it is dif?cult to establish one-to-one correspondence 
between two parts to be assembled. 
As described hereinbefore, the present invention in 

cludes the method in which one of the two parts to be 
fitted into a hole or bore of the other part, or, as shown 
in FIG. 17, a part having a hole to be ?tted over a mat 
ing part, is held by the resilient coupling or supporting 
means. 

Depending upon the types of the mechanisms or as 
semblies, coupling or supporting means which is not 
provided with a spring or the like and is capable of the 
displacement with respect to the positioning assembly 
or mechanism may be employed. In addition to the de 
tecting means used in the embodiments and variations 
described‘hereinbefore, any suitable mechanical, mag 
netic, electrostatic or optic detecting means may be 
employed, and its output may be continuous or inter~ 
mittent. The continuous output may be converted into 
the intermittent signals such as on-off signals as in the 
case of the embodiment shown inFIG. 4, in order to 
eliminate the adverseeffect of the output drift when 
the displacement is almost zero. It will be understood 
that variations and modi?cations of the positioning as 
sembly or mechanism and its driving system and the ac 
tuators may be effected within the spirit of the present 
invention. Furthermore, it will be understood that the 
assembly control may be achieved in a similar manner 
to those of the embodiments described hereinbefore 
even when a part having a hole or bore into which is ?t 
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ted anotherpart or projection thereof is displaced in r 
the X-, 'Y- and Z-directions while the ends of the 
springs for supporting or suspending a mechanism for 
holding the another part. 
What is claimed is: a 
1. An automatic assembly control device for assem 

bling together ?rst and second members, at vleast a por 
tion of one of which is to be disposed internally of the 
other member in its assembled condition, comprising: 
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?rst means for holding one of said ?rst and second 
members; I 

second means for driving a drive shaft along the re 
spective axes of a selected coordinate system; 

third means for elastically coupling said ?rst means 
to said drive shaft; 

fourth means, responsive to the displacement of said 
third means, relative to said ?rst means, for gener 
ating a signal representative thereof; and 

?fth means, responsive to said signal generated by 
said fourth means, for controlling said second 
means in accordance therewith. 

2. An automatic assembly control device as de?ned 
in claim 1, wherein said third means comprises 
four leaf springs interconnected in the form of a 

cross, and said fourth means comprises . 
respective strain gauge means bonded to the surface 
of each of said four leaf springs'for generating a sig 
nal representative of the de?ection of said leaf 
springs. _ _ _ . 

3. An automatic assembly control device as de?ned 
in claim 1, wherein said fourth means comprises 

?rst detecting means for detecting the relative dis 
placement between said drive shaft of said second 
means and one of said ?rst and second members 
along ?rst and second orthogonal coordinate axes; 
and 

second detecting means for detecting the relative dis 
placement between said drive shaft and one of said 
?rst and second members in the direction of an axis , 
along which said ?rst and second members are as 
sembled together. 

4. An automatic assembly control device as de?ned 
in claim 3, wherein said ?rst detecting means has a pre 
scribed response characteristic so that it provides an 
output signal only when the absolute value of said rela 
tive displacement detected thereby is in excess of a pre 
selected value. 

5. An automatic assembly control device as de?ned 
in claim 3, wherein said second detecting means in 
cludes means for generating a ?rst output signal when 
the relative displacement detected thereby exceeds a 
?rst predetermined value, and for generating a second 
output signal when the relative displacement detected 
thereby is less than a second predetermined value. 

6. An automatic assembly control device as de?ned 
in claim 3, wherein said ?fth means comprises 
a pulse generator for generating respective trains of 

positive and negative pulses; 
?rst and second switching circuits for selectively 

transmitting therethrough one of said positive and 
negative pulse trains in response to the output of 
said ?rst detecting means, 

a third switching circuit for selectively transmitting 
therethrough one of said positive and negative 
pulse trains in response to the output of said second 
detecting means, and 

respective stepping motors adapted to be rotated in 
a direction corresponding to the polarity of said 
positive and negative pulse trains transmitted 
through said ?rst, second and third switching cir 
cuits, thereby effectively moving said drive shaft of 
said second means in the respective directions of 
said axes. - 

7. An automatic assembly control device as defined 
in claim 1, wherein said fourth means comprises a dif 
ferential transformer with one of the core and winding 
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of which is ?xed to said ‘drive shaft while the other is 
?xed to a portion of said ?rst means, whereby a contin 
uous signal representative of the displacement of one 

I of said members in the direction of said axis may be de 
rived. . 

8. An automatic assembly control device as de?ned 
in claim 1, wherein said fourth means includes a pres 
sure sensitive element interposed between said ?rst and 
second means, whereby a continuous signal representa 
tive of the displacement of one of said members in the 
direction of said axis may be derived. ‘ 

9. An automatic assembly control device as de?ned 
in claim 4, further including means for causing said sec 
ond means to oscillate with an amplitude within a range 
of values less than said preselected value. 

10. An automatic assembly control device as de?ned 
in claim 1, wherein said third means has a non-linear 

.characteristic corresponding to the relationship be 
tween the force exerted thereon and the displacement 
thereof. 

1 1. An automatic assembly control device as de?ned 
in claim 1, wherein the output of said fourth means, 
bears a non-linear relationship relative to said relative 
displacement. _ ' ' 

12. An automatic assembly control device as de?ned 
in claim 4, wherein said second detecting means in 
cludes means for generating a ?rst output signal when 
the relative displacement detected thereby exceeds a 
first predetermined value, and for generating a second 
output signal when the relative displacement detected 
thereby is less than a second predetermined value. 

13. An automatic assembly control device as de?ned 
in claim 12, wherein said ?fth means comprises 
a pulse generator for generating respective trains of 

positive and negative pulses; 
?rst and second switching circuits for selectively 

transmitting therethrough one of said positive and 
negative pulse trains in response to the output of 
said detecting means, 

a third switching circuit for selectively transmitting 
therethrough one of said positive and negative 
pulse trains in response to the output of said second 
detecting means, and 

respective stepping motors adapted to be rotated in 
a direction corresponding to the polarity of said 
positive and negative pulse trains transmitted 
through said ?rst, second and third switching cir 
cuits, thereby effectively moving said drive shaft of 
said second means in the respective directions of 
said axes. 
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14. An automatic assembly control device as de?ned ' 
in claim 13, wherein said ?fth means further includes 
a logic control circuit, responsive to the ?rst and sec 
ond output signals of said second detecting means, for 
controlling the delivery of said pulse trains through said 
switching circuits. ' 

15. An automatic assembly control device compris 
mg: ‘ 

?rst means for holding a?rst member to be inserted 
into a mating bore of a second member; 

second means for effecting the displacement of a 
drive shaft in the direction in which said ?rst mem 
ber is inserted into said mating bore of said second 
member, which direction corresponds to the Z axis 
of a three dimensional coordinate system; 

third means for elastically coupling said ?rst means 
to said second means; 
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fourth means for effecting the displacement of a 

stand, upon which said second member is disposed, 
in ?rst and second orthogonal directions corre 
sponding to the‘X and Y axes’ of saidv coordinate 
system; 

?fth means, responsive to the displacement of said 
third means along said X, Y and Z axes, for, gener 
ating a signal representative thereof; and 

sixth means, responsive to the output of said fifth 
means, for controlling said second and fourth 
means in accordance therewith. 

16. An automatic assembly control device for assem 
bling together ?rst and second members, at least a por 
tion of one'of which is to be disposed internally of the 
other member in its assembled condition, comprising: 

?rst means for holding one of said ?rst and second 
members; - ' 

second means for effecting the displacement of a 
drive shaft along the respective axes of a selected 
coordinate system; , , . 

third means for elastically coupling said ?rst means 
to said second means; I - 

fourth means for generating a signal representative of 
the displacement of said third means; and 

?fth means for controlling said second means in re 
sponse to signals from said fourth means. 

17. An automatic assembly control ‘device for assem 
bling together ?rst and second members, at least a por 
tion of one of which is to be disposed internally of the 
other member in its assembled condition, comprising: 

?rst means for holding one of said ?rst and second 
members; 

second means for elastically coupling an end member 
to said ?rst means; 

third means for generating a signal representative of 
the displacement of said second means; 

fourth means for effecting the displacement of one of 
said first and second members along the respective 
axes of a selected coordinatesystem; and 

?fth, means for controlling said fourth means in re 
sponse to the output of said third means. 

18. An apparatus for effecting the insertion of a pro 
jection extending from a ?rst member into a mating 
bore of a second member comprising: , 

?rst means for holding one of said ?rst and second 
members; > 

a positioning mechanism moveable relative to said 
?rst means; . ’ 

second means for holding ‘the other of said ?rst and 
second members; 

third means for elastically coupling said second 
means to said positioning mechanism; ‘ 

fourth means for causing said positioning mechanism 
to move in parallel with said ?rst means, while said 
?rst and second members are brought into contact 
with each other under a predetermined pressure, 
thereby moving said ?rst member along the surface 
of said second member in which said bore is 
formed; 

?fth means for detecting the movement of said third 
means in response to the parallel movement of said 
positioning mechanism; 1 

sixth means for controlling said fourth means, in re 
sponse to the output of said ?fth means, so as to ef 
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fect the restoration of the displacement of said 
third means; 

seventh means for effecting the movement of said po 
sitioning mechanism in a direction perpendicular 
to said first means; 

eighth means for detecting the displacement of said 
third means in response to the perpendicular move 
ment of said positioning mechanism; and 

ninth ‘means for effecting said perpendicular move 
ment only when the output of said eighth means is 
less than a predetermined value and to interrupt 
said perpendicular movementwhen the output of 
said eighth means exceeds said predetermined 
value. . 

19. A method of controlling an automatic assembly 
control device for assembling together ?rst and second 
members, at least a portion of one of which is to be dis 
posed internally of the other member in its assembled 
condition, said device comprising: , 

?rst means for holding one of said ?rst and second 
members; 

second means for driving a drive shaft along the re 
spective axes of a selected coordinate system; 

third means for elastically coupling said ?rst means 
to said drive shaft; 

fourth means, responsive to the displacement of said 
third means, relative to said ?rst means for generat 
ing a signal representative thereof; and 

?fth means, responsive to said signal generated by 
said fourth means, for controlling said second 
means in accordance therewith; 

said method comprising the steps of: 
a. bringing said ?rst member into contact with said 
second member at a position which is out of the 
range of variation in position of the center of that 
internal portion of the one of said members into 
which the other member is to be assembled; 

b. effecting relative movement between said ?rst 
means and said second means, so that said drive 
shaft may be caused to move toward said center 
while said member which is held by said ?rst 
means is pressed against the other member under 
a predetermined pressure, thereby effecting a 
coarse alignment of the axis of each of said mem 
bers; and 

c. moving said drive shaft along prescribed direc 
tions so that the displacement of said third means 
interposed between said ?rst and second means 
may be restored, thereby correcting the position 
of the member held by said ?rst means and as 
sembling said ?rst and second members together. 

20. A method according to claim 19, wherein said 
first and second means are provided with mechanical 
clearance, therebetween with said steps (a) - (c) being 
carried out during oscillation motion caused as a result 
of said mechanical clearance. 

21. A method of controlling an automatic assembly 
control device for assembling together ?rst and second 
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members, at least a portion of one of which is to be dis 
posed internally of the other member in its assembled 
condition, said device comprising: 

?rst means for holding one of said ?rst and second 
members; 

second means for driving a drive shaft along the re 
spective axes of a selected coordinate system; 

third means for elastically coupling said ?rst means 
to said drive shaft; 

fourth means, responsive to the displacement of said 
third means, relative to said ?rst means for generat 
ing a signal representative thereof; and 

?fth means, responsive to said signal generated by 
said fourth ‘means, for controlling said second 
means in accordance therewith, said further means 
including 

?rst detecting means for detecting the relative dis 
placement between said drive shaft of said second 
means and one of said ?rst and second members 
along ?rst and second orthogonal coordinate axes; 
and 

second detecting means for detecting the relative dis 
placement between said drive shaft and one of said 
?rst and second members in the direction of an axis 
along which said ?rst and second members are as 
sembled together, , 

wherein said second detecting means includes means 
for generating a ?rst output signal when the rela 
tive displacement detected thereby exceeds a first 
predetermined value, and for generating a second 
output signal when the relative displacement de 
tected thereby is less than a second predetermined 
value, 

said method comprising the steps of: 
a. bringing said ?rst member into contact with said 
second member at a position which is out of the 
range of variation in position of the center of that 
internal portion of the one of said members into 
which the other member is to be assembled; 

b. effecting relative movement between said first 
means and said second means, so that said drive 
shaft may be caused to move toward said center 
while said member which is held by said ?rst means 
is pressed against the other member under a prede 
termined pressure, thereby effecting a coarse align 
ment of the axis of each of said members; and 

. moving said drive shaft along prescribed directions 
so that the displacement of said third means inter 
posed between said ?rst and second means may be 
restored, thereby correcting the position of the 
member held by said ?rst means and assembling 
said ?rst and second members together, 

wherein said step _(b) is carried out in place of step 
(a) in response to the ?rst output signal of said sec 
ond detecting means, and step (c) is carried out in 
place of step (b) in response to the second output 
signal from said second detecting means. 

* * * * * 
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