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ABSTRACT 
An apparatus and process are described for finishing a 
surface on a workpiece. At least one workpiece is ro 
tatably supported by a chuck assembly provided on a 
turntable. The turntable can be indexed to advance 
the workpieces through one or more treatment Zones. 
The workpieces on each chuck assembly are prefera 
bly engaged by a corresponding lapping disc that is re 
leasably and floatingly supported by the main turnta 
ble. A pushrod assembly is provided for reciprocally 
moving each lapping disc in a direction radially of the 
rotatable turntable. This reciprocal movement com 
bines with rotational movement of the lapping disc as 
derived from the floating mounting and frictional 
contact with the rotating workpiece, enabling wear of 
the surfaces in contact to be very uniformly distrib 
uted. Extreme smoothness and flatness of the work 
piece surface being treated can be obtained. Each 
zone is provided with a recirculating conveyor for the 
lapping discs and a transfer mechanism that moves 
such discs at a predetermined time from one of the 
chuck assemblies to the recirculating conveyor, and 
vice versa. The treatment zones are independent of 
one another. By initial treatment in the first lapping 
zone followed by final finishing in the second zone, 
surface flatness can be obtained to within one-half of 
a lightwave band width of monochromatic light, for 
example, obtained from a sodium source. 

8 Claims, 19 Drawing Figures 
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APPARATUS FORTREATING ASURFACE 

This invention relates to an apparatus and process for 
treating a surface on a workpiece to provide an ex 
tremely smooth and flat finish of the same. More par 
ticularly, the invention relates to a lapping machine 
having at least one lapping zone a workpiece being ro 
tatably supported is advanced through such zones auto 
matically by timed indexing motion of that machine. 

BACKGROUND OF THE INVENTION 

It is well known in the machine-tool art that the pur 
pose of a lapping machine and lapping operation is not 
to remove metal, but rather to finish the same to some 
size or surface finish. The lapping operation normally 
involves the use of loose-grain abrasive flours mixed 
with oil or other such lubricant. Such a mixture is ap 
plied to the workpiece whose surface is to be treated, 
by means of a lap which might be a disc, or the like. 
The lap is often made of a metal softer than the work 
piece to be lapped, and can be made of soft cast iron, 
brass, copper, lead or soft steel. It will be recognized 
that the harder the lap, the slower the cut, the duller 
the finish, and the faster the wear on the lap. The faces 
of laps, say on a lapping disc, are usually serrated to 
enable the working surface to remain clean and free of 
accumulations of abrasives or dirt. 
U.S. Pat. No. 2,469,563 which issued May 10, 1949 

to R. K. Kinard describes one type of lapping machine. 
That machine includes an element which is formed 
with a plurality of lapping surfaces surrounded by a re 
taining element and co-operating with a relatively mov 
able lapping plate to lap objects positioned on the lap 
ping surface. The lapping plate is supported loosely 
upon the objects to be lapped, the workpieces, and is 
oscillated relative to the lapping members. In that par 
ticular patent, the lapping machine is especially 
adapted to enable two parallel surfaces on opposite 
sides of a workpiece to be lapped. 
Problems that have existed in this art arise, for exam 

ple, when a person attempts to lap many small work 
piece surfaces simultaneously and to a high degree of 
accuracy. To our knowledge, conventional lapping 
machines using discs have not been able to acieve accu 
racy on a production basis better than one lightwave 
band width in flatness. This difficulty has persisted in 
some instances because of the problems associated 
with uneven or irregular wear of the surfaces in 
contact, and in others due to an accumulation of grit 
and the like upon the working surface of the lapping 
disc. It will be seen, for example, that in the above Ki 
nard patent, a retaining element is provided for main 
taining the workpieces to be lapped in place. An upper 
lapping plate is rotatably mounted and is moved recip 
rocally by an eccentrically mounted pin. Means are 
also provided to rotate the upper lapping plate periodi 
cally so as to reduce the possibility of continuous wear 
on limited parts of the gritted face of the lapping plate. 
It will be recognized, however, that because of the sig 
nificantly large size of the upper lapping plate, as well 
as of the lower workpiece retaining element, consider 
able difficulty could be experienced in maintaining the 
working surfaces in proper alignment, i.e. as close to 
being absolutely parallel to one another as possible. 
Uneven wear on the mounting surfaces and bearings, 
thermal distortion, and the like can nevertheless dis 
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2 
able extreme flatness from being obtained of the work 
piece surfaces being treated. Furthermore, it will be 
recognized that despite the kind of lapping compound 
used in the machine shown in this Kinard patent, 
whether it be coarse or fine in texture, a major cleanup 
of the working surfaces on the upper lapping plate and 
on the retaining element would be required to effect 
more than one stage of treatment to the workpiece sur 
faces on this one machine. In other words, the Kinard 
patent is wholly unsuited for the concept of more than 
one lapping zone in the same machine. 

SUMMARY OF THE INVENTION 

In decided contrast to the problems encountered in 
prior art lapping machines such as that noted above, 
the present invention provides very significant im 
provements both in the quality and accuracy of finish 
ing a workpiece surface especially by lapping. A lap 
ping machine is described herein which can lap a 
workpiece surface to within one-half a lightwave band 
width of flatness (measured using monochromatic 

light). In one aspect of the invention, there is afforded 
a technique by which a multiplicity of workpiece sur 
faces which are each quite small in-size can be finished 
to extreme smoothness and a higher degree of flatness 
than had previously been possible. In that embodi 
ment, individual workpieces of which a small surface is 
to be treated and finished are supported in a work 
piece holder, such surfaces being positioned to lie in 
a common plane. A lap in the form of a disc is float 
ingly supported in contact with the surfaces to be 
treated. This disc is subjected to both positive recipro 
cal and "induced" rotational movement so as to un 
dergo compound motion relative to the workpieces. 
The lapping disc is preferably made of a very hard steel 
that is extremely flat on its working surface. When sub 
jected to the compound motion just mentioned, the 
lapping disc and workpiece surface in contact there 
with wear uniformly, resulting in a surface finished to 
a higher order of flatness than had previously been possible. 
A preferred embodiment of this invention provides 

two stages of lapping in two independent lapping or 
5 treatment zones, so as to enable a smooth finish to be 
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obtained as well as one which is very flat. The lapping 
discs are floatingly supported in contact with the work 
piece surfaces during passage of the workpieces 
through the particular treatment zone. The discs are 
then removed from contact with the workpieces and 
recirculated back to a starting position or point at 
which they are brought back into contact with new 
workpieces being advanced into that treatment zone. 
Different textures of lapping compound can therefore 
be used simultaneously in the separate and indepen 
dent treatment zones on the one lapping machine. The 
first stage of treatment in finishing the workpiece sur 
face can, for instance, be a lapping operation. This can 
subsequently be followed in the next treatment zone 
by, say, a burnishing procedure. An idle position is 
preferably provided intermediate the two treatment 
zones so as to enable inspection and/or cleaning of the 
workpiece surfaces prior to further treatment in the 
next treatment Zone, 
According to one aspect of the present invention, 

therefore, there is provided apparatus for treating a 
surface on a workpiece that can be placed from a load 
station onto a rotatable turntable and removed there 
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from to an unload station, comprising: support means 
rotatably mounted on the turntable for carrying at 
least one workpiece; drive means for selectively rotat 
ing said support means, disc means for engaging the 
workpiece and effecting said surface treatment 
thereof, the disc means being floatingly supported on 
a support assembly provided on the turntable; actuat 
ing means operatively connected to the support assem 
bly for reciprocally moving said disc means to cause 
compound relative motion between the disc means and 
said workpiece, this compound relative motion causing 
wear of the workpiece and disc means to be uniformly 
distributed so that maximum flatness is obtained of the 
surface being treated; and, driving means operative for 
periodically indexing said turntable and advancing the 
workpiece through at least one treatment zone pro 
vided intermediate the load and unload stations. Con 
trary to earlier machines, loading and unloading herein 
is performed without stopping our machine. A transfer 
assembly is preferably provided in operative relation 
to each treatment zone for transferring the disc means 
to and from the support assembly on the turntable 
which carries the disc means in operative relation to 
the workpieces. It is also preferable that a recirculating 
conveyor be provided in operative relation to these 

transfer assemblies for receiving and carrying the disc 
means from one position at which they have been 
transferred from the turntable support assembly to an 
other position from which said disc means is trans 
ferred to the turntable support assembly, movement of 
the recirculating conveyor being in synchronism to the 
indexing motion of the turntable. 

It is therefore an object of this invention to provide 
an improved apparatus by the operation of which a 
surface on a workpiece can be finished to a degree of 
smoothness and extreme flatness of an order not possi 
ble with similar devices of the prior art. 

It is an object of a preferred embodiment herein to 
provide more than one finishing operation in a single 
apparatus by providing two treatment zones in which 
finishing steps or procedures are effected separately of 
one another. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of this invention 
will become apparent from the detailed description be 
low, as read with reference to the accompanying draw 
ings which illustrate only one preferred form of the 
present apparatus, and in which: 
FIG. 1 is a plan view showing schematically a pre 

ferred form of apparatus according to this invention; 

FIG. 2 is an elevation view taken in cross section 
along line 2-2 of FIG. 1 and showing the main turnta 
ble of that apparatus; 
FIG. 2A is a side elevation view taken in central sec 

tion to show detail of a disc-supporting and reciprocat 
ing assembly such as that illustrated at approximately 
the eight o'clock position in FIG. 1; 
FIG. 3 is an electrical control circuit illustrating one 

circuit which can be used to effect automatic control 
and operation of a preferred embodiment of the pres 
ent invention; - . 

FIG. 4 is a graphical representation showing the tim 
ing of various steps involved in the operation of the ap 
paratus of FIG. 1; 
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4. 
FIG. 5 is an elevation view taken partly in section to 

show detail of a chuck assembly that is rotatably 
mounted on the main turntable of the apparatus in 
FIG. 1, on which one or more workpieces are sup 
ported; 
FIG. 6 is a top plan view taken partly in section show 

ing details of one mechanism for automatically activat 
ing and deactivating the chuck assembly of FIG. 5; 
FIG. 7 is an elevation view taken in cross-section 

along 7-7 of FIG. 6; 
FIG. 8 is an elevation view taken in cross-section 

along line 8-8 of FIG. 9 to show details of a slipping 
clutch arrangement for driving the chuck assembly 
shown in FIG. 5, at the load and unload stations of the 
system illustrated in FIG. 1; 
FIG. 9 is a top plan view partly in section and taken 

along line 9-9 of FIG. 2, to show the arrangement by 
which the chuck assemblies are rotated in the treat 
ment zones of the system illustrated in FIG. 1; 
FIG, 10 is a top plan view partly in section and taken 

along line 10-10 of FIG. 2 to show the drive means 
for periodically indexing the main turntable shown in 
FIGS. 1 and 2; 
FIG. 11 is a plan view showing schematically the op 

erative relationship of a disc-recirculating conveyor 
and transfer assemblies associated therewith, in opera 
tive relation to each of the treatment zones of the sys 
tem illustrated in F.G. 1; - 
FIG. 12 is an end elevation view partly in section and 

showing a stand for supporting the recirculating con 
veyor illustrated in FIGS. 1 and 11; 
FIG. 13 is also an end elevation view taken partly in 

section to show details of the disc-recirculating con 
veyor and one associated transfer assembly shown at 
the unload station of FIG. 11; 
FIG. 14 is a side elevation view taken partly in sec 

tion to show an arrangement for providing swivelling 
motion of the transfer assembly illustrated in FIG. 1 1, 
it being noted that FIGS. 12 13 and 14 are taken along 
section lines 12-12, 13-13; and 14-14 of FIG. 11; 

FIG. 15 is a top plan view taken partly in section to 
show detail of a swivel arm forming part of the transfer 
assembly of FIG. 14; 
FIG. 16 is an elevation view showing detail of a grip 

ping mechanism supported by the swivel arm of FIG. 
15; 
FIG. 17 is an end elevation view taken partly in sec 

tion and showing additional detail of the gripping 
mechanism of FIG.16; and 
FIG. 18 is a side elevation view taken in section along 

line 18-18 of FIG. 11 and showing an idler sprocket 
wheel in the disc-recirculating conveyor drive system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning now to a detailed description of the pre 
ferred embodiments of this invention, reference should 
be made initially to FIGS. 1 and 2 of the accompanying 
illustrative drawings. In those drawings a preferred 
form of the present invention is embodied in a lapping 
machine shown overall at 10. In brief, this lapping ma 
chine 10 comprises a circular turntable 50 that is rotat 
ably supported on a pedestal-like base assembly 104. 
A multiplicity of chuck assemblies shown overall at 150 
and in greater detail in FIG. 5, are rotatably supported 
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at intervals spaced equally apart near the outer periph 
ery of the turntable 50. Each of the chuck assemblies 
150 is adapted to receive workpieces 152 either by 
themselves or in workholders 154. These workpieces 
152 are supplied, for example from a loading conveyor 
illustrated schematically by the numeral 153 that is lo 
cated at an "input' or "load' station 2. The work 
pieces 152 are subsequently advanced by a periodic 
indexing motion of the turntable 50 through finishing 
or treatment zones shown at 1 and 3 in FIG. I. The 
workpieces 152 are moved either manually or auto 
matically from the chuck assemblies 150 for removal 
by a discharge or delivery conveyor 155 that is posi 
tioned in operative relation to the turntable 50 at an 
exit or unload station shown at 4. As noted earlier, 
loading and unloading of workpieces 152 is performed 
without stopping the lapping or other finishing opera 
tions taking place in treatment zones 1 and/or 3. Prior 
art lapping machines have either to be stopped or run 
idle during load-unload operations. In the embodiment 
illustrated in FIG. , there are four index positions of 
the turntable 50 within treatment zone 1 where lapping 
of the workpieces 152 will take place. Treatment zone 
3 contains three such index positions where a second 
stage of lapping, or alternatively, some other finishing 
procedure such as burnishing can take place. One idle 
position shown at 6 is provided intermediate the treat 
ment zones 1 and 3 for purposes to be discussed below. 
A further neutral or idle index position 8 is shown at 
approximately the six o'clock position in FIG. 1. The 
input or load index position is shown at approximately 
six thirty; and the output or unload index position is 
shown at approximately the five-thirty position, again 
in FIG. 1. 
As seen schematically in FIG. 1, each of the treat 

ment Zones 1 and 3 has a disc-recirculating conveyor 
300 in operative relation to the rotatable turntable 50. 
Each of these recirculating conveyors 300 has an up 
stream end and a downstream end, taken relative to the 
clockwise indexing motion shown by arrow 51 of the 
turntable 50. At each of the upstream ends, there is 
provided a disc transfer mechanism which is illustrated 
schematically at 394 in FIG. 11, these upstream trans 
fer mechanisms functioning to transfer lapping discs 
shown at 12 from the recirculating conveyors 300 to 
the turntable 50. In an analogous manner, downstream 
transfer mechanisms. 394 function to remove lapping 
discs 12 one at a time from the turntable 50 and place 
the same onto the recirculating conveyor 300. A more 
detailed description of both the recirculating convey 
ors 300 and the disc transfer mechanisms 394 is set 
forth below in connection with FIGS. 1-6. It will suf 
fice at this time to indicate that in a timed operation, 
upstream transfer mechanisms 394 will pick up and 
transfer lapping discs 12 one at a time from the recircu 
lating conveyor 300 and bring such discs 2 into en 
gagement with a disc-supporting head 142 of a disc 
supporting and reciprocating assembly 132 of which 
only one is shown in top plan view at approximately the 
eight o'clock position in FIG. 1. 
These disc-supporting and reciprocating assemblies 

132 are described in detail below, with particular ref 
erence to FIG. 2A. It will be adequate for present pur 
poses to indicate that each of the heads 142 will float 
ingly support a lapping disc 12, and by a method of ac 
tuation to be described below, cause reciprocation of 
the same within the treatment zones 1 and 3. The lap 
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6 
ping disc 12 is floatingly supported by the disc 
supporting head 142 in each instance, and the friction 
is generated by the weight of the same contacting the 
surface of workpiece 152 being treated as the latter is 
supported and rotated by chuck assemblies 150. This 
frictional contact induces rotary motion of the lapping 
disc 12. The "induced" rotary motion of the lapping 
discs 12 combines with the positive linear reciprocating 
motion derived from disc-supporting and reciprocating 
assemblies 132 to effect compound motion of the lap 
ping discs 12 relative to the workpiece surfaces. This 
compound relative motion enables wear of either the 
surface of workpieces 152 or of lapping discs 12 to be 
distributed uniformly, thereby enabling extremely 
smooth and flat surface finishes to be obtained. It is 
also important to note here that the laps involved have 
a relatively small surface area. This, coupled with 
being floatingly supported means that alignment prob 
lems arising from uneven wear of bearing surfaces, of 
thermal distortion, or the like which could arise in the 
above-mentioned Kinard patent, do not present major 
problems in our apparatus. Indeed, it is expected that 
because of the floating mounting of the lapping discs 
12 when in use, combined with their relatively light 
weight and lack of any biasing forces other than that of 
gravity, means sufficiently accurate alignment can be 
obtained simply by following normal engineering toler 
ances in manufacturing and constructing the present 
apparatus. With such an arrangement, we have consis 
tently obtained significantly improved results in the 
smoothness and flatness of a workpiece surface being 
finished. Indeed, as previously mentioned surface flat 
ness in the order of one-half a lightwave band width 
has been obtained, as measured by using monochro 
matic sodium light. 

It will become apparent below that the present inven 
tion is readily capable of being modified for highly au 
tomated operation, as illustrated by the preferred em 
bodiment described here. On the other hand, the prin 
ciples encompassed in that preferred embodiment can 
also be used successfully in an apparatus involving 
manual operations to a much greater extent than in 
this particular instance. To the extent that the lapping 
machine 10 is a highly automated machine, FIGS. 3 
and 4 illustrate, respectively, a control circuit and tim 
ing diagram which enable such automated operations 
to be obtained. A more detailed description and fur 
ther reference will be made to the control circuit of 
FIG. 3, below. 
At this point, however, reference should be made in 

particular to FIGS. 2 and 5 which illustrate construc 
tion details of the turntable 50 of lapping machine 10, 
and of the chuck assemblies 150. The turntable S0 is 
made of structural steel and is shown in FIG. 2 as com 
prising a top 52 to which a dependent skirt 54 is 
welded. The top 52 of turntable S0 is centrally aper 
tured at 53 in order to enable the same to be received 
and positioned on an upwardly facing shoulder 55 of 
a tubular support housing 56. The top 52 of turntable 
50 will normally be welded in place upon shoulder 55. 
The support housing S6 has upper and lower ends 57 
and 59 with the inner surface adjacent these ends serv 
ing to mount the outer race of a pair of ball bearings 
58 and 60, say, by an interference fit. The inner race 
of each of these bearings 58 and 60 is in turn closely 
received over the exterior surface of a fixed column 62 
that is itself welded to a reinforcing plate 64. The latter 
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is bolted or otherwise secured to a top plate 105 of the 
pedestal-like base assembly 104, (See FIG.. 10 also). 
The inner race of bearing 58 abuts against the up 
wardly facing end of a spacer sleeve 65. The inner race 
of bearing 60 also abuts that spacer sleeve 65, and is 
maintained in place by a retaining ring 6 that is seated 
on an upwardly facing shoulder 63 provided on the 
lower portion of the fixed column 62. It will be noted 
that such an arrangement enables the main turntable 
50 to rotated about an axis that is coaxial with a cen 
tral drive shaft 66 mounted interiorly of the fixed col 
umn 62. To enable the main turntable 50 to be rotated 
with a periodic indexing motion, the end 59 of tubular 
support housing 56 is provided with a main sprocket 
wheel 68 having teeth 69 thereon and being screw 
fastened or otherwise fixedly secured to the end of this 
supporting housing. The teeth 69 of sprocket wheel 68 
are engaged by a chain 70 (FIG. 10). that is driven by 
a driving sprocket wheel 72. The sprocket wheel 72 is 
secured by a key and keyway arrangement to the up 
wardly extending end portion of an output shaft 74 of 
a gear-reducing unit 76. This gear-reducing unit 76 is 
operatively coupled by a 400:1 gear ratio to a main 
drive motor 78. The coupling together of the main 
drive motor 78 and the gear-reducing unit 76 is, in this 
instance, accomplished by means of a belt and pulley 
arrangement 79 and another drive shaft 80 which is 
connected by the intermediary of gears not shown to 
the output drive shaft 74. 
The downwardly extending end 81 of shaft 66 is ro 

tatably supported by bearings 82 and a retaining plate 
84 which serves to support such bearings on the lower 
end 85 of the fixed tubular column 62. Retaining plate 
84 is connected to the end of column 62 by means of 
suitable screw fasteners 85 or the like. As seen in FIG. 
2, the lower end of shaft 66 is provided with a stub por 
tion 86 to which a collar 88 is fixedly secured by means 
of a key and keyway arrangement. The collar 88 is in 
turn provided with a radially outwardly extending 
flange on which teeth 89 are provided. Teeth 89 are 
engaged by a drive chain 90 (see FIG. 10) which is 
driven through the intermediary of sprocket wheel and 
intermediate shaft 91 from a second drive motor 92. 
It should also be noted that the drive motor 92 drives 
a second sprocket wheel and chain 93 which, through 
a further sprocket wheel 94 fixedly secured to a gener 
ally vertically extending drive shaft 95, ultimately ef. 
fects rotation of the chuck assemblies 150 within treat 
ment zone 3 (of FIG. 1). A third drive motor 96 (seen 
in FIG. 10) functions through the intermediary of con 
tinuous belts 97 and 99 and associated pulleys to drive 
shafts 100 and 102. See FIGS. 5 and 9 also. It will be 
seen from the control circuit of FIG. 3 that for conve 
nience, each of the driving motors 78, 92 and 96 is 
electrically driven from one common source of electri 
cal power. Other alternative arrangements would, of 
course, also be possible. Returning to FIG. 2, it will be 
seen that a coverplate 112 is screw-fastened to the end 
57 of support housing 56. This coverplate 112 is of 
course provided with a large central aperture so that it 
can be closely received over the tubular column 62. 
The coverplate 112 is further apertured in order to en 
able adequate lubrication to be introduced by conduit 
means 113 to the main bearings 58 and 60. 
The upper end portion of the fixed tubular column 62 

is contained within a cylindrical enclosure or top hous 
ing 110. This housing 110 is welded to a retaining ring 
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8 
109 which is itself fixedly secured by screw fasteners 
111 or the like to the top 52 of the main turntable 50. 
If necessary, or desired, a re-inforcing ring 109' can 
also be provided, being welded to the top plate 52. 

It will be seen from FIGS. 2 and 2A, in particular, 
that the top end of shaft 66 also has a stub portion 
shown at 14 and a two-stage reduction in cross 
sectional area. The first stage of reduction forms a seat 
and shoulder 5 over which the inner race of ball 
bearings 16 is closely received. The outer race of 
bearing 116 is in an interference fit with the interior 
surface of a positioning collar 18 that is screw 
fastened or otherwise secured to the top end of the tu 
bular fixed column 62. The upper face of positioning 
collar 118 is provided with a shoulder 119 that enables 
a fixed can 120 to be secured thereto. As seen in FIG. 
1, the shape of the fixed cam 120 is approximately that 
of an elongated, double headed keyhole. The reason 
for the shape of the fixed cam 120 will become appar 
ent shortly. The outermost part of the stub portion 14 
has a retaining collar 122 fixedly, secured thereto by 
means of a set screw and Woodruffe key and keyway 
arrangement 123. The inwardly facing end of this col 
lar 122 is provided with a shoulder 124 on which a 
"moving' or driven cam 126 is secured, as by welding. 
Since the driven cam 126 is fixedly secured to the shaft 
66, driving that shaft with rotary motion will cause cor 
responding rotary motion of the driven cam 126. It is 
to be noted from FIGS. 1, 2, and 2A that the driven 
can 126 is approximately circular in shape, and is ec 
centrically mounted upon the retaining collar 122. It 
should also be noted that the maximum radius of the 
fixed cam 120 slightly exceeds the maximum radius of 
the driven cam 126. This is a feature whose value will 
be described below. It will suffice at this stage to state 
that rotation of the driven cam 126 does, through the 
intermediary of the disc-supporting and reciprocating 
assembly 132 cause linear reciprocal motion of the lap 
ping discs 12 radially of the main turntable 50, and 
only within the lapping zones and 3. That is to say, 
at those index positions of the turntable 50 intermedi 
ate lapping zones 2 and 3, no reciprocal motion of the 
assemblies 132 of discs 12 occurs. In the first place, 
such motion is not required since those locations are 
idle positions. Secondly, it is also desirable that no re 
ciprocating motion of the assemblies 32 occurs inter 
mediate the lapping zones 1 and 3 since placement or 
removal of workpieces onto the chuck assemblies 150 
is taking place. Alternatively, inspection and/or clean 
ing of the workpieces prior to the second stage of treat 
ment in zone 3 is to be performed. It would therefore 
be difficult and hazardous to carry out those operations 
if the assemblies 132 were reciprocating at the same 
time that other work was to occur. 

It will be seen from FIGS. 2 and 2A that the cylindri 
cal top housing 10 is provided with a series of open 
ings 128 spaced uniformly apart circumferentially of 
the upper portion of this housing. A support sleeve 130 
is welded into each of the openings 128 and serves in 
each instance to mount one of the disc-reciprocating 
assemblies 132 in proper alignemnt. A tubular and cy 
lindrical housing 34 is force-fitted into each support 
sleeve 30 and locked in place by means of a set screw 
135. A push rod 136 is mounted interiorly of the hous 
ing 134 by means of bearings 137 mounted at either 
end of that housing, it will be seen from FIG, 2A that 
each end of the housing 34 is recessed in order to re 
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ceive the bearings 137. It will also be seen that the 
bearings 137 at the outer end of housing 134 are re 
tained in position abutting against a sleeve bushing 139 
on one side that is biased by a compression spring 138, 
and on the other side abutting against a retaining ring 
139'. One end of the compression spring 138 is seated 
over the sleeve bushing 139, while the other end of the 
spring is received within the recessed end of a cup-like 
bushing 138'. The bushing 138' abuts against a stop 
member 140 which is screw-fastened to the push rod 
136 and is slideably guided within a slot 140' provided 
in the upwardly facing surface of the tubular housing 
134. It will be recognized, therefore, that the radially 
innermost and outermost ends of the slot 140' serve as 
positive limits for the linear reciprocal travel of the 
push rods 136. In reality, the length of the slot 140' 
will be sufficient to allow compression spring 138 to 
provide a degree of spring loading of the push rod 136 
relative to the driving cam 126. An L-shaped stop 
member is screw-fastened to the free end of the cylin 
drical housing 134 and is operatively associated with 
a spring-loaded tensioning pin assembly shown at 141. 
This 
housed within an axial borehole provided in the outer 
most end of each push rod 136. More will be said on 
this shortly. The disc-supporting heads 142 are in the 
form of a yoke that is screw-fastened to the free end 
of each push rod 136. Each yoke-like disc-supporting 
head 142 has an upper and lower arm 143 and 143' in 
which there is respectively provided keyhole-shaped 
slots 144 and 144'. It will be recognized that because 
each lapping disc 12 is floatingly supported within the 
keyhole slots of each disc-supporting head 142, there 

is a relatively loose fit of the lapping disc seated in each 
of the slots 144 and 144'. FIG. 2A shows that the ten 
sioning pin assembly 141 is axially movable a slight dis 
tance relative to each push rod 136. Hence, this ten 
sioning pin assembly 141 can project outwardly and by 
virtue of the small compression spring provided in the 
blind end of the borehole, engage the enlarged portion 
15 of the stem of the lapping disc 12 and cause the lat 
ter to be seated in position by virtue of the force of the 
small compression spring. 
The inner end of each push rod 136 is of a reduced 

diameter and has an L-shaped supporting bracket 145 

spring-loaded tensioning pin assembly 141 is 
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fixedly secured thereto by a Woodruffe key and set 
screw arrangement or the like. Each of the brackets 
145 functions to rotatably support a roller follower 146 
which is in rolling contact, depending upon the index 
position, with one of the cams 120 or 126. In order to 
provide for adequate lubrication of these roller follow 
ers 146, as well as the bearings 137 a number of grease 
nipples 147 are provided on each push rod assembly 
132. 

It will be seen, therefore, that indexing motion of the 
main turntable 50 will cause relative movement be 
tween the roller followers 146 and the fixed cam 120, 
at least so far as the roller, followers 146 are positioned 
in one of the index positions where no reciprocal 
movement of the lapping disc is to take place. In other 
words, so long as a particular disc-reciprocating assem 
bly 132 is located at an index position outside of either 
the lapping zone 1 or 3, the roller follower 146 pro 
vided therein will engage the periphery of the fixed 
cam 120. The lapping disc 12 thereon will hence be re 
ciprocally driven. In each of the index positions within 
lapping zones 1 and 3, however, the roller followers 
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146 will be in engagement with the periphery of the 
driven cam 126. This can also be seen by referring to 
FIG. 1. As stated earlier, the maximum radial distance 
of the fixed cam 120 is slightly larger than the maxi 
mum radial distance of the driven cam 126. Conse 
quently, in those positions outside of the lapping zones 
1 and 3, the fixed cam 120 will override the potential 
effect of the driven cam 126. 

It will be recognized that the axis about which the 
main turntable 50 rotates (with periodic indexing mo 
tion of the same) is coaxial with shaft 66. It will also 
be seen that pushrods 136 will have their axes disposed 
generally in a common plane that is at about 90° to the 
axis of shaft 66. As previously mentioned, each lapping 
disc 12 is floatingly supported by the heads 142 in re 
spective ones of the disc-supporting and reciprocating 
assemblies 132. That floating mounting subsequently 

allows a degree of pivotal movement of the lapping 
discs 12 relative to heads 142. Also, as seen in the left 
side of FIG. 13, the disc element 16 is loosely con 
nected to stem 13 so as to allow for pivotal motion 
therebetween. The floating condition of each disc 16 
is based especially on this pivotal motion being possi 
ble. Hence, absolute parallelism of the stem 13 of the 
lapping discs to the axis of shaft 66 is not essential. 
Moreover, it is not absolutely essential to have the sur 
face of the workpieces on different chuck assemblies 
150 exactly coplanar and perpendicular to the axis of 
shaft 66. Some misalignment can readily be compen 
sated by the floating mounting of the lapping discs 12. 
It is necessary only that, in the case of a plurality of 
workpieces being supported, say, in one or a pair of 
workholders 54 as shown in FIGS. 1, 2 and 2A, that 
the workpiece surfaces engaged by any one lapping 
disc 12 be themselves in a common plane. That is to 
say, the workpiece surfaces being treated at say the 
eight o'clock position shown in FIG. I will each be in 
a common plane, but not necessarily in the same plane 
as other workpieces supported upon chuck assembly 
150 in the nine o'clock position. Each lapping disc 12 
has a disc 16 which is manufactured of hardened steel, 
for instance, and is extremely flat on its working sur 
face. The disc 16 is pivotally connected to stem 13, as 
described above. Those features coupled with the 

floating mounting in each head 142 enable the lapping 
discs 12 to finish the workpiece surfaces to the ex 
tremely high order of flatness mentioned earlier. 

It has been noted above that the main turntable 50 is 
provided at equally spaced apart intervals with a series 
of rotatable chuck assemblies. 150. These chuck as 
semblies 150 are preferably magnetically operated and 
serve to fixedly support a workpiece with or without a 
workpiece holder in operative relation to the lapping 
discs 12. Referring now to FIGS. 2 and 5, it will be seen 
that the top 52 of the turntable 50 is provided with 
openings 156, such openings being spaced equally 
apart and slightly radially inwardly of the skirt 54. The 
area surrounding openings 156 is provided with a rein 
forcing ring 157 that is welded to the top plate. A bear 
ing sleeve 158 is subsequently mounted in the opening 
156. This bearing sleeve 158 is provided with a radially 
outwardly extending flange 160 which is apertured in 
order to fixedly secure the sleeve to the re-inforcing 
ring 157 and top plate 52 by means of bolts or screw 
fasteners 159, or the like. A radially inwardly extend 
ing shoulder or seat 161 is formed interiorly of the 
sleeve 158, opposite the flange 160. One ball bearing 
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162 is seated against the shoulder 161 and spaced from 
a second bearing 164 by means of a spacer sleeve 163. 
A retaining ring 166 serves to secure both bearings 162 
and 164 
sleeve 158. 
A chuck drive shaft 168 is rotatably supported interi 

orly of the bearings 162 and 164. The upper end of the 
drive shaft 168 is fixedly secured to a disc-like plate 
170 which serves to support thereon a magnetic chuck 
172. The lower end of the drive shaft 168 is housed 
within a spacer sleeve 171, and a support collar 174 is 
fixed to the shaft. A locking pin 173 and set screw 175 
serve this purpose. A rubber drive wheel 176 is carried 
by the support collar 174, being fixed against any rota 
tional movement relative to that collar. It will there 
fore be seen that rotation of the rubber drive wheel 
176 will transmit rotary motion through the support 
collar 174 into drive shaft 168 which in its turn causes 
rotation of the chuck assembly 50. Each of the chuck 
assemblies 150 is mounted upon the main turntable 50 
in the same way, and is constructed identically. The 
various chuck assemblies 150 are not, however, each 
driven and rotated in exactly the same way as will be 
apparent from the description below. 
With reference still to FIGS. 2 and 5, and also to 

FIGS. 9 and 10, it will be seen that the rubber drive 
wheels 176 of those chuck assemblies 150 which are 
positioned at any given time within lapping zones 1 and 
3, will be in driven engagement with a driving belt 
shown at 178. With respect to lapping zone 1, the belt 
178 is entrained around a pulley 180 that is carried on 
the drive shaft 100, against a backing surface or shoe 
192 and around idling and tensioning pulleys 196 and 
197. With respect to lapping zone 3, a continuous 
drive belt 195 is similarly entrained around a drive pull 
ley 194 that is fixedly secured to the drive shaft 95. 
The drive belt 195 is also in contact with a backing sur 
face or shoe 198 and idling and tensioning pulleys 196' 
and 197". It will be recognized that the backing sur 
faces or shoes 192 and 198 are fixedly secured to an 
annular plate 186 that is supported by three upstand 
ing columns 106 made from steel channels having C 
shaped cross sections. These can be seen in FIGS. 2, 
9 and 10. The columns 106 are, of course, part of the 
base assembly 104. - 

It is to be noted from FIG. 5 in particular that drive 
pulleys 180 and 194 that are, respectively, carried by 
drive shafts 100 and 95 have a stub or pulley shaft 181 
supported by suitable bearings within those pulleys. In 
each case, the pulley shaft 181 is connected by splined 
coupling element 189 to its respective drive shaft, 100 
or 95. It will be seen from FIG. 10 that drive shaft 100 
is driven from the drive motor 96 while drive shaft 95 
is driven from the drive motor 92. It will also be seen 
that drive motor 96 effects rotation of the drive shaft 
102 which, in FIG.9, carries lower and upper sprocket 
wheels 199 and 200. The top end of shaft 102 is sup 
ported in journal bearings that are anchored on the un 
derside of the annular plate 186. Furthermore, as seen 
from FIGS. 8 and 9 upper sprocket wheel 200 engages 
a chain 202 and through the intermediary of a further 
sprocket wheel and slipping clutch 204 (illustrated in 
FIG. 8) drives a clutch shaft 204. It should be noted 
that the view seen in FIG. 8 is taken along section line 
8-8 of FIG. 9, and is identical to the drive arrange 
ment at the unload station of FIG. 9. In either instance 
the clutch shaft 207 is welded to a supporting plate 208 

in position within the interior of bearing . 
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2 
that serves to carry a drive pulley 210. This pulley 210 
is supported for rotation on bearings 209 carried on a 
stub shaft 213. The end of stub shaft 213 exteriorly of 
the pulley 210 is supported by alignment bearings 211 
and bushings 212 from the annular plate 186. The 
drive pulley 210 can be seen (in FIG. 8) to engage the 
rubber drive wheel 176 provided on the chuck assem 
bly 150 when the latter is positioned at either the load 
or unload station. In a similar manner, the lower 
sprocket wheel 199 drives chain 201 which engages 
sprocket wheel 203 and through the intermediary of 
the slipping clutch previously mentioned drives the 
corresponding shaft 207 at unload station 4. 

It might be noted at this time that there is some initial 
rotation of the chuck assemblies 150 in both the load 
and unload stations. That initial rotation continues 
until such time as the chuck activate and deactivate 
mechanism illustrated in FIG. 6 engages the two chucks 
172 preventing them from rotating any further. In that 
condition, the slipping clutch 204 comes into opera 
tion enabling the pulley 210 to remain stationary. The 
slipping clutch 204 simultaneously allows rotational 
movement of the sprocket wheels being driven through 
chains 201 and 202 from the main drive shaft 102 for 
the load-unload stations 2 and 4. 
We have described thus far how the main turntable 

50 is rotatably supported from the pedestal base as 
sembly 104, how the chuck assemblies 150 are both 
supported in the main turntable 50 and how they are 
rotatably driven either in the two lapping zones 1 and 
3, or at the load and unload stations 2 and 4. We have, 
moreover, described how rotation of the central drive 
shaft 66 and driving cam 126 activate the disc 
supporting and reciprocating assemblies 132, thereby 
providing positive reciprocating motion to the lapping 
discs 12, within lapping zones 1 and 3. 

It is also to be noted that when a chuck assembly 150 
passes beyond the lapping zone 3 and is brought by in 
dexing motion of the turntable 50 into unload station 
4, that same chuck assembly is deactivated by a mech 
anism shown overall at 243 and a technique to be de 
scribed shortly. Deactivation of the chuck assembly 
50 in unload station 4 enables an operator to take any 

workpieces supported thereon for subsequent removal 
to some other work area, for instance, final inspection. 
As the main turntable 50 is further indexed, that deac 
tivated chuck assembly 150 will advance in a clock 
wise direction as shown by arrow 51 in FIG. 1, to the 
load station 2. Here, the operator places fresh work 
pieces upon that chuck assembly. In a timed sequence 
which will also be described below, that same chuck 
assembly is now activated causing the magnetic chuck 
to securely hold the workpieces in place. In summary, 
therefore, the chuck assemblies 150 are in an activated 
condition securely holding workpieces properly in 
place when passing through lapping zone 1, idle posi 
tion 6 and through lapping zone 3. The chuck assem 
blies are deactivated at unload station 4 and remain so 
until activated again when they reach load station 2. 

In order to see how the chuck assemblies 50 are ac 
tivated and deactivated, let us now refer to FIGS. 5, 6 
and 7. With reference initially to FIG. 5, the magnetic 
chuck 172 which is preferably used herein, comprises 
two body portions 220 and 222. These two parts 220 
and 222 are operatively interconnected by means of a 
gear element 223. As stated previously, parts. 220 and 
222 are supported upon a plate 170, and are retained 
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by a collar 224. This collar 224 is provided with a re 
cess 225 extending circumferentially thereof, this re 
cess serving to contain and support a strip 226 of mate 
rial such as tetrafluoroethylene which has very low 
frictional characteristics. It will also be seen from FIG. 
5 that the retaining collar 224 is provided at one posi 
tion with a borehole 227 that is internally threaded to 
receive a mating and externally threaded sleeve or 
bushing 228. The bushing 228 in turn carries with it a 
cylindrical sleeve insert 230 that has a larger "diame 
ter' recess at one end that is hexagonal in cross 
section. The other end of insert 230 is provided with 
a connecting pin 232 secured thereto by means of a 
Woodruffe key and keyway arrangement 231. The pin 
232 is also fixed to the gear element 223 by means of 
the same key and keyway arrangement 231. 
The hexagonal recess in insert 230 is adapted to re 

ceive an Allen key 236 that is operatively coupled to 
a rotary cylinder 242 by means of a coupling arrange 
ment 240. More particularly, coupling device 240 
comprises two parts 238 and 239. Part 238 receives key 
236 while the part 239 is connected to an output shaft 
241 of the cylinder 242. The rota-cylinder 242 is 
screw-fastened at 245 (FIG. 5) to a lever arm 244. A 
reinforcing bar 246 is welded to arm 244 which is itself 
welded to the free end of a pivotally mounted bracket 
248 (FIG. 6). Bracket 248 is pivotally mounted on a 
main pivot pin shown at 250 which is itself journalled 
in bushings 251 that are seated in the recessed ends of 
a borehole in mounting bracket 252. The bracket 252 
is a block of steel or similar metal which is bolted at 
253 to an upstanding channel member 254 itself con 
nected to the main base assembly 104. The mounting 
bracket 248 and pivot pin 25u are locked together by 
means of a shear or locking pin 255. A first crank arm 
259 is welded to a connecting collar 258 that is fixedly 
secured to the lower end of pivot pin 250 by means of 
a pair of set screws 256. The free end of crank arm 259 
is pivotally connected at 261 to a second crank arm 
260 which is itself pivotally connected to a clevis 262 
that is fixed to the free end of a piston rod 264 of a 
pneumatic cylinder 266. A support bracket 268 is also 
fixedly secured to the upstanding channel 254 and has 
welded to its free end a pair of support members 269 
that are square in cross section. Welded to the free end 
of each support member 269 is a vertically-extending 
plate 270, on each of which there is screw-fastened a 
pair of limit switches 280 and 282. Each of these limit 
switches 280 and 282 has an associated sensing ele 
ment or actuator 281 and 283 respectively, connected 
thereto. The actuator 281 or 283 is contacted by the 
support arm 244. Actuation of the limit switch 280 by 
contact between support arm 244 and actuator 281 in 
dicates that the Allen key 236 has been fully seated in 
the insert 230 of the magnetic chuck assembly 150. 
When that has happened, a solenoid switch is ener 
gized to actuate rotary cylinder 242 and thereby rotate 
the Allen key, and with it, the gear element 223. When 
that happens, relative rotary motion of the parts 220 
and 222 of the magnetic chuck takes place causing 
magnetic elements therein to be coupled together 
thereby generating a magnetic force which holds the 
workpieces securely on the chuck 172. 
In a corresponding manner, contact between the Sup 

port arm 244 and sensing element 283 of the limit 
switch 282 causes the latter to be "tripped' thus indi 
cating that the Allen key 236 has been fully extracted 
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from contact with the magnetic chuck assembly 150. It 
should be noted here that actuation of the activate 
deactivate mechanism shown overall at 243 is effected 
by operation of the pneumatic cylinder 266. Inward 
motion of cylinder piston rod 264 causes the Allen keys 
236 to be biased into contact with the low friction strip 
of material 266 on the chuck assemblies 150 which are 
located in either the load station 2 or the unload station 
4 (referring to FIG. 1). In order to extract the Allen 
keys 236 from inserts 230 and deactivate the mecha 
nism 243, the return spring shown at 287 is provided. 
This spring 287 is supported in place in a recess in the 
mounting bracket 248 by means of an L-shaped sup 
porting bracket 284 and pin means 286 carried by the 
latter. Compression spring 287 is seated to surround 
the pin 286 and is in operative engagement with a 
threaded adjusting screw 288 which is operative the 
tension in the return spring 287. Since deactivation of 
the mechanism 243 takes place by the operation of the 
mechanical compression spring 287 which overrides 
the effect of the pneumatic cylinder 266 when the lat 
ter is de-energized, this extraction operation takes 
place automatically. Moreover, as will be explained 
further, below, the limit switches 282 which sense the 
extracted condition of the Allen keys 236 must be acti 
vated before indexing motion of the main turntable 50 
can take place. Lastly, FIG. 6 also shows a limit switch 
290 associated with the main turntable 250. This limit 
switch 290 is operative for sensing the correct position 
ing of the turntable 50. When actuated, the limit 
switches 290 290' (seen also in FIG.9) will indicate to 
the main control circuit of FIG. 3, that main turntable 
50 is adequately indexed and in a position wherein 
other operations such as that of the activate-deactivate 
mechanism 243, or transferring of a lapping disc 2 
onto workpieces about to enter lapping zones 1 or 3 
can be allowed to take place. . 
FIG. 6 shows primarily one half of the chuck acti 

vate-deactivate mechanism 243, the other half being a 
mirror image of structure shown to the left of, say, a 
longitudinal plane taken through the axis of the penu 
matic cylinder 266. It will also be noted that rotation 
of the pneumatic rotary cylinder 242 will be in one di 
rection to activate or energize the magnetic chuck 172, 
in the load station 2, while the corresponding rotary 
cylinder in the unload station 4 will necessarily rotate 
in the opposite direction, thereby deactivating the mag 
netic chuck positioned there. 
As noted previously, whenever a new workpiece has 

been placed by an operator onto the chuck assembly 
150 then at load station 2, the chuck assembly is turned 
ON. This magnetically secures that workpiece to the 
magnetic chuck. Subsequently the main turntable 50 
can be indexed with rotary motion in accordance with 
a timed sequence. In so moving, the fresh workpiece is 
now moved into the position shown at approximately 
seven-thirty in FIG. 1, where, a fresh lapping disc 12 
can be transferred from the recirculating conveyor 300 
to the turntable 50. It should also be noted that the re 
circulating conveyor 300 moves with a periodic index 
ing motion, in synchronism with indexing of the turnta 
ble 50, as seen from FIG. 11. 

65 
Let us now turn to a description of the structure and 

operation of the recirculating conveyor shown overall 
at 300 in FIG. and now more particularly with refer 
ence to FIGS. 11 through 18, where, the disc 
transferring assembly is also illustrated. The indexing 
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motion for each recirculating conveyor 300 associated 
with the lapping zones and 3 is derived from the main 
motor 78, shown in FIG. 10. As noted earlier, there is 
a gear-reducing unit 76 associated with the drive motor 
78 and this unit has an output drive shaft 74. As seen 
in FIG. 10, the upper end of drive shaft 74 provides the 
torque needed to index the main turntable 50. The 
lower end of that drive shaft 74 provides the torque 
used to rotate recirculating conveyors 300 periodically 
and in synchronism with indexing motion of the main 
turntable 50. To achieve that, the lower or bottom end 
of the drive shaft 74 is provided with a collar 302 se 
cured thereto by a Woodruffe key and set screw ar 
rangement 303. A sprocket wheel with teeth 304 is 
welded or otherwise secured to this mounting collar 
302 and drives a chain 306. The drive chain 306 is itself 
entrained about a driven sprocket wheel 307 provided 
on the lower end of a vertically extending drive shaft 
308 seen best in FIGS. 11 and 12. The drive shaft 308 
is connected through a coupling 309 to a stub shaft 
310. The lower end of drive shaft 308 is rotatably sup 
ported in thrust bearings 311 which are fixedly secured 
to a horizontal frame member 312 that forms part of 
the base assembly 104. The stub shaft 310 is supported 
in a pair of trunnion bearings 313 and 314 which are 
fixedly supported on a generally vertically positioned 
end plate 315 of sheet metal. Gusset plates 315' aid in 
securing the end plates 315 to a horizontally extending 
frame member 316 as a rigid structure. The frame 
member 316 is itself welded at each end to vertically 
extending frame members 317 that are supported from 
the lower horizontal members 312. Upper and lower 
driving sprocket wheels 318 are provided on the stub 
shaft 310, intermediate the bearing 313 and coupling 
309. Corresponding upper and lower idler sprocket 
wheels 318' are provided on the stub shaft 310 at the 
opposite end of the recirculating conveyor assembly 
300, and a conveyor chain 320 is entrained about the 
sprocket wheels 318 and 318'. A plurality of disc 
supporting cradles 322 are secured to the conveyor 
chains 320 by screw-fastened bracket retaining means 
323. A bracket arm 324 extends horizontally from the 
frame member 316 and functions to rotatably support 
a pair of idler sprocket wheels 325 which can be seen 
in FIG. 11. The outermost sprocket wheel 325 is slide 
ably adjustable in the slotted free end of the bracket 
arm 324 in order to vary the tension in conveyor chains 
320. 
As noted previously, the drive chain 306 which ef 

fects indexing movement of the conveyor chain 320 is 
itself driven from the output shaft 74 of the main gear 
reducing unit 76. The drive chain 306 is, as seen in FIG. 
11, entrained about a number of idler sprocket wheels 
which are supported from rotation as shown in FIG. 18. 
There, a generally horizontally extending support bar 
326 is shown welded to one of the channels 104 that 
forms part of the main base assembly 104. A pair of 
idler sprocket wheels shown at 327 and 328 in FIG. 11 
are mounted on the support bar 326. As seen in FIG. 
18, the outermost end of support bar 326 is slotted at 
329 in order to allow for adjustably positioning the 
sprocket wheel 327 and hence vary the tension in the 
drive chain 306. A mounting bolt 330 extends through 
the slot 329, and through a mounting collar 332. This 
bolt 330 is secured in place by a lock nut 331. A ball 
bearing 333 is provided on the collar 332 in order to 
rotatably mount the sprocket wheel 327. These ball 
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6 
bearings 333 are secured in place by retaining rings 334 
provided interiorly of the centrally apertured sprocket 
wheel 327. 
Turning now to FIGS. 13 and 14 in particular, the 

end plates 315 can be seen as being provided with nose 
or forward portions 336 to which a pair of apertured 
mounting blocks 338 are welded. The mounting blocks 
338 are so positioned as to receive oil-bronze bushings 
340 to rotatably support a generally vertically oriented 
swivel shaft 342. The top end 343 of the swivel shaft 
342 is provided with a driving collar 344 which is se 
cured thereto by a fastening set screw 345. A recess or 
channel way 346 is provided exteriorly and circumfer 
entially of the collar 344 and is adapted to receive a rol 
ler follower 348. The follower 348 is rotatably mounted 
by a pin 349 in the free end of a crank 350. The other 
end of this crank 350 is fixedly secured to the stub end 
352 of an actuator shaft 354. The actuator shaft 354 is 
rotatably supported at either end in sleeve bushings 
356 that are provided in mounting brackets 358. These 
mounting brackets 358 are themselves welded to the 
forward portion 336 of the end plates 315. With refer 
ence to FIG. 14, the actuator shaft 354 is provided with 
a piston crank arm 360. This crank arm 360 is secured 
to the actuator shaft 354 closer to the end adjacent the 
idler sprocket wheels 318 (of FIG. 11). Moreover, the 
crank arm 360 is pin-connected to a cleavis 362 pro 
vided on the free end of a piston rod 364. The piston 
rod 364 is moved reciprocally by the operation of a 
pneumatic cylinder 366. The cylinder 366 is pivotally 
supported by a mounting bracket 368 that is screw 
fastened or otherwise secured to the horizontally ex 
tending frame element 316. It will be recognized that 
operation of the pneumatic cylinder 366 will cause ro 
tary motion of the actuator shaft 354 to be translated 
into linear reciprocating motion of the swivel shaft 342. 
This vertical reciprocating movement is required in 
order to enable the lapping discs 12 to be picked up 
from cradles 322 in the recirculating conveyor assem 
blies 300 and transferred to the disc-supporting head 
142 of the disc-reciprocating assemblies 132 and vice 
versa. As noted earlier, each of the stems 13 on the lap 
ping discs 12 has a pair of diametrically enlarged por 
tions 14 and 15. Hence, these lapping discs must be 
moved up and down in order to either seat or remove 
a disc 12 from one of the cradles 233 of supporting 
heads 42. 
The other and lower end 370 of the swivel shaft 342 

has a pinion gear 372 fixedly secured thereto by means 
of a set screw or the like. Pinion gear 372 is adapted to 
operatively engage a rack 374 which is carried by one 
end of a piston rod 376 of a pneumatic cylinder 378. 
The cylinder 378 is secured by suitable mounting 
brackets to the horizontally extending frame element 
316. For smoothness of operation in effecting recipro 
cal movement of the rack 374 and the consequent 
smooth rotation of swivel shaft 342, the pneumatic cyl 
inder 378 is augmented by a hydraulic cylinder (not 
shown). It will be recognized that a hydraulic cylinder 
involves the use of a basically incompressible fluid as 
compared to air, and hence, any tendency for erratic 
movement of the rack will be reduced and possibly 
eliminated entirely. 
Beyond the pinion gear 372, there is a first collar 380 

fixedly secured to the swivel shaft 342 which rests upon 
oil-bronze bushing 383 carried upon a tubular support 
sleeve 382. At the lower end of the support sleeve 382 
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there is a further bushing 383 which abuts against a re 
taining collar 384. A swivel arm 390 is welded to the 
tubular sleeve 382, with an over-travel spring 392 being 
fixed at one end to the collar 380 and at its other end 
slideably retained by mounting pins 393 in the swivel 
arm 390. A disc-gripping mechanism shown overall at 
394 is supported by the free end of swivel arm 390. Ac 
cordingly, a borehole 395 is provided at the free end of 
swivel arm 390, this borehole being adapted to receive 
a support pin 400. The ends of support pin 400 are 
mounted in bushings 396 and 397 that are carried by 
support brackets 398 and 399. A spacer sleeve 401 is 
seated on the top surface of swivel arm 390 and func 
tions to transfer part of the load generated by the 
weight of the assembly 394 through bracket arm 399 to 
the swivel arm 390. 
As best seen in FIGS. 16 and 17 the support brackets 

398 and 399 are welded to the back face of a support 
ing plate 402. A pair of spring loaded pin assemblies 
403 are mounted in the free end of arm 380, on oppo 
site sides of the borehole 395. Pin assemblies 403 allow 
for some pivoting of gripping assembly 394 as it is being 
moved, and for some misalignment of the stems 13 of 
disc assemblies 12 when the latter are being picked up. 
A fixed gripper arm 404 including a gripper pad 405 
and a pivotally movable gripper arm 406 including 
notched gripper pad 407 are supported from the front 
face of the plate 402. A notch 408 is provided in grip 
per pad 407 in order to accommodate the smaller di 
ameter stem 13 of each lapping disc 12, with a loose fit 
having slight play. This is desirable to avoid any exces 
sive bending stresses in the stem of the lapping discs 12 
as the latter are moved rather quickly from the recircu 
lating conveyor 300 to the main truntable 50 or vice 
versa. It will be recognized that most of the weight of 
each lapping disc 12 is in the actual disc element 16 
and not in the stem 13. Hence, it is desirable to allow 
some slight play or pivotal movement of the disc assem 
bly 12 when gripped between pads 405 and 407. 
The movable gripper arm 406 includes a crank arm 

410 which is pivotally mounted at 412 on the plate 402. 
A cleavis connector 414 is connected to the "free' end 
of the crank arm 410 and is in turn securely attached 
to the free end of a piston rod 416. The latter is actu 
ated for reciprocal motion by operation of a pneumatic 
cylinder 418. The pneumatic cylinder 418 is itself piv 
otally mounted as shown at 420 on the plate 402. As 
see in FIG. 16, an adjustable stop 422 is provided for 
positively limiting the amount of clockwise travel of 
crank arm 410. It will be noted that the movable grip 
per arm 406 in some instances swings in a direction 
outwardly, i.e., away from the main turntable 50; while 
in other instances, such swinging motion is towards the 
turntable. This can be picked up from FIG. 11 by keep 
ing in mind the fact that the notched pad 407 is on the 
movable gripper arm 406 and is the one which swings 
away from the other gripper pad 405. The moving grip 
per arm 406 is beveled as shown at 424 in order to en 
able contact with an actuator 425 associated with a mi 
croswitch 426. It is to be noted that microswitch 426 
must be actuated in order to signal a condition to the 
control circuit of FIG. 3 that will allow indexing motion 
of the turntable 50 to take place. The microswitch 426 
is one of a number of similar "condition-sensing' mi 
croswitches which all must be actuated before indexing 
motion can occur. The normally open position of the 
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moving grippper arms 406 and pad 407 thereon are 
shown in ghosted lines in FIG. 14. 
The lapping machine 10 constructed according to the 

present invention is, in its preferred form, highly auto 
mated. As a result, turning of the magnetic chuck as 
semblies 150 on or off will be done in a timed se 
quence, as will the picking up of lapping discs 12 from 
recirculating conveyor assembly 300 transferring the 
same in a generally horizontal plane across to subse 
quently be lowered for engagement with and support 
by heads 142 of disc-supporting and reciprocating as 
semblies 132. Furthermore, it will be apparent that 
once a lapping disc 2 has been transferred from the 
conveyor assembly 300 onto the lapping machine 10, 
(and vice versa) the control circuit shown in FIG. 3 will 
operate to energize the main driving motor 78 which 
causes indexing motion of the turntable 50. Such index 
ing motion will, however, only occur when certain mi 
croswitches are closed. These microswitches are asso 
ciated, for example, with a sensed indication of the 
complete retraction of the key element which turns 
magnetic chucks 172 on and off, a return of the swivel 
arms 390 with gripping mechanisms 394 to their nor 
mal rest positions; and the return of each gripping 
mechanism 394 to its normally open position, sensed 
by microswitch 426 shown in FIG. 14. It should be 
noted that relative to the direction of indexing motion 
of the turntable 50, the "upstream' transfer assembly 
will be in the normal rest position when its swivel arm 
390 is retracted to a position ready to pick up a lapping 
disc from the recirculating conveyor 300. In contrast to 
that, the downstream transfer assembly is in a normal 
rest position when its swivel arm 390 is in its extended 
position with gripping mechanism 394 positioned over 
one of the chuck assemblies 150 and ready to pick up 
and remove lapping disc 2 from the lapping machine 
10. 

The electrical control circuit which governs the oper 
ation of a preferred form of the present invention as de 
scribed herein, is illustrated in FIG. 3. In addition, the 
following tabulation of items designated in FIG. 3 fol 
lows below with a brief reference to the description of 
each item. 

LEGEND FOR FIGURE 3 
Item Description 
Li, L2, L3 power lines 3 s, 460 v, 60 cps 
H1, H2 high voltage transformer contacts 

X1, X2 low voltage transformer contacts 
OL1, OL2, OL3 overload relay coils - part of 

manual motor starter with 
thermal overload trip 

overload relay contacts n.o. . 
electric motors 
Motor contacts n.o. 
motor terminals from power 
supply L1 to L3 

motor relays 
MRC motor 1 relay contact n.c. 
M1 RC2 motor 1 relay contact n.c. 
MRC3 motor 1 relay contact no. 
M2RC1 motor 2 relay contact no. 
M3RC1 motor 3 relay contact n.c. R1, R2, R3, R4 relays to be energized 
RC relay 1 contact no. 
R2C1 relay 2 contact n.o. 
R3C relay 3 contact n.o. 
R4C1 relay 4 contact no. 
R4C2 relay 4 contact.o. 
SM starting magnet for timer 
SMC starting magnet contact n.c. 
SMC2 starting magnet contact n.o. 
S1 to S8 solenoids to be actuated 
LS9 to LS19 limit switches 
PL, PL2 pilot lights 
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A alarm bell 
T1, T2 timers, T1 is adjustable 
T1C1 timer 1 contacts 
T2C1 to T2C6 timer 2 contacts 
PC photo cell 

It should be noted that the electric drive motor desig 
nated M1 in FIG. 3 is the main drive motor which ef 
fects indexing motion of the main turntable 50, and is 
shown at 78 in FIG. 10. There, the motors designated 
by M2 and M3 in FIG. 3 are shown at 92 and 96, re 
spectively. 
Returning now to FIGS. 3 and 4, it should be noted 

that timer T1 is adjustable and governs the time allow 
able between indexing motions. Timer T2 comprises a 
number of rotationally driven cam wheels which close 
timer contacts T2C1 to T2C6 in a predetermined se 
quence. This will become apparent from the descrip 
tion below. With reference then to FIG. 3, operation of 
the lapping machine 10 as controlled by the circuit of 
FIG. 3 will be as follows. 

It should initially be assumed that any previous oper 
ation of the lapping machine 10 was completed and 
that the portion of the electrical control circuit involv 
ing the photo cell PC in series with limit switches LS14 
through LS19 is completed through the relay R3. Relay 
R3 is therefore energized and consequently the nor 
mally open relay contact R3C1 is closed. Conse 
quently, pressing the start button will effect energiza 
tion of the relay R1, and that circuit remains open be 
cause of closing of the normally open relay contact 
R1C1. At this point in time, various electrical functions 
are taking place together. These are as follows: energi 
zation of timer T1 through the normally closed 
contacts of LS13 (which have to be in actuated posi 
tion) causes the normally open timer contact T1C1 to 
be closed. This in turn allows motor relay M1R to be 
energized through the normally closed starting magnet 
contact SMC1 and the normally closed limit switches 
LS9 and LS 12. Operation of motor M1 causes index 
ing of turntable 50 while energization of relay M1R 
prevents operation of motors M2 and M3 through 
opening of the relay contact M1 RC2 (n.c.). Upon com 
pletion of the indexing motion, motor relay M2R is en 
ergized through terminal point 10 (adjacent limit 
switch LS12 in FIG. 3) and the normally closed motor 
relay contact M1 RC2. Energization of the motor relay 
M2R subsequently allows the normally open motor 
relay contact M2RC1 to be closed and motor relay 
M3R to be energized. Since motor relay M1R has been 
energized, it will be seen from the bottom of FIG. 3 that 
closing the normally open motor relay contact M1RC3 
will allow relay R4 to be energized, and normally open 
relay contact R4C2 to close, and be held in. Energiza 
tion of the relay R4 also pulls in and closes relay 
contact R4C1, thereby allowing the starting magnet 
SM to be energized through the normally closed motor 
relay contact M3RC1, through to the return line termi 
nal point 9. Energization of the timer T1 has pulled in 
and closed the normally open timer contact T1C1. 
Pilot light PL1 detects if either of limit switches LS9 or 
LS12 is open prior to indexing. Motor relay contact 
M1RC1 (n.c.) is opened by energization of motor relay 
M1R. If either LS9 or LS12 is open relay contact 
M1RC1 is closed and light PL1 comes on. Energization 
of the starting magnet SM will subsequently allow the 
normally open starting magnet contact SMC2 to be 
closed and timer T2 which is a cam timer to be ener 
gized. 
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All of the operations just mentioned occur more or 

less together although it will, of course, be seen that 
certain relays and contacts must be closed before some 
other part of the circuit can be completed. These vari 
ous functions will occur virtually immediately after 
pressing the start button. The left-hand vertical line 
shown in FIG. 4 represents the starting point in time 
when the start button is pushed. Some time will elapse 
before timer T2 is energized, as shown by the next ver 
tical line in FIG. 4. It will also be realized that energiza 
tion of the motor relays M1R, M2R, and M3R will in 
turn effect closing of the normally open motor contacts 
M1C1, M2C1 and M3C1. 
Following pushing of the start button, if the photo 

cell PC and limit switches LS14 through LS19 are 
closed relay R3 can be energized, (and this is subse 
quently held energized by pulling in of the relay contact 
R2C1 which follows energization of relay R2 caused by 
closing of timer contact T2C2) the first motion which 
takes place is that of indexing of the main turntable 50 
by means of motor M1 shown at 78 in FIG. 10. This in 
dexing motion of the main turntable 50 will cause actu 
ation of the limit switch shown at 290 in FIG. 6. Since 
motor relays M2R and M3R have been energized at 
about the same time as energization of the cam timer 
T2, those motor relays will cause driving motors M2 
and M3 (92 and 96 in FIG. 10) to cause rotation of the 
drive shafts 95, 100 and 102 (also shown in FIG. 10). 
When that happens, the chuck assemblies 150 which 
are now positioned within lapping zones 1 and 3 of FIG. 
1 will begin to rotate, as will those chuck assemblies 
150 which are located at the index positions at load sta 
tion 2 and unload station 4. Starting of the cam timer 
T2 will, after a predetermined interval of time, cause 
timer contact T2C1 to be closed. This causes solenoid 
S1 to be actuated which will in turn operate pneumatic 
cylinder 266 of FIG. 6, causing the Allen keys 236 to 
be brought into engagement with the (nylon) strip 226 
on the retaining collar 201 of each of the chuck assem 
blies 150 currently occupying the index position at load 
station 2 and unload station 4. These two chuck assem 
blies 150 will continue to rotate until such time as the 
recess 234 in insert 230 comes into alignment with the 
Allen key 236. When that happens, the biasing pressure 
causes the Allen keys to be inserted into the recesses 
234 until such time as they are fully seated. The fully 
seated condition is sensed by contact of the support 
arms 244 with sensor 281 on limit switches LS10 and 
LS11 shown at 280 in FIG. 6. Rotation of the cams in 
cam timer T2 will subsequently allow timer contact 
T2C2 to be closed, hence energizing solenoid S3 which 
in turn will cause actuation of the rotary cylinders 242 
which turn Allen keys 236. Such motion of the Allen 
keys 236 will cause the magnetic chucks 172 at load 
station 2 and unload station 4 to be turned OFF. Pilot 
light PL2 will also be illuminated to indicate that turn 
ing of the Allen keys 236 has taken place, and that the 
chucks 172 are in a "safe', i.e., non-magnetized condi 
tion. Both chucks 172 will subsequently be turned ON 
before retraction of keys 236. As noted also from the 
control circuit of FIG. 3, following closing of the timer 
contact T2C2 onto terminal point 13 the relay R2 will 
subsequently be energized. When that happens, the 
normally open relay contact R2C1 is closed and relay 
R3 can be maintained energized despite, for instance, 
interruption of the photo cell beam and circuit as 
caused by the presence of an operator close to the ma 
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chine such as when moving a workpiece from the 
chuck assembly 150 at the unload station 4. On the 
other hand, when timer contact T2C2 switches back to 
terminal point 14, relay R3 is controlled only by the 
photo cell PC and limit switches LS14 through LS19. 
Relay R3 must remain energized in order to allow the 
normally open relay contact R3C1 in thee upper left 
hand portion of FIG.3 to remain closed and allow mo 
tors M2 and M3 to continue operating because of the 
energization of motor relays M2R and M3R. 
Next in the timing sequence, timer contact R2C3 is 

closed causing solenoid S5 to be energized and this in 
turn will actuate the pneumatic cylinders 4:8 asso 
ciated with each of the disc-gripping mechanisms 
shown overall at 394 in FIG. 14. Next, timer contact 
T2C4 is closed with energization of solenoid S6 causing 
actuation of pneumatic cylinders 366 which in turn will 
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cause vertical lifting movement of the swivel shafts 
342, and with it, picking up of a lapping disc 12 from 
a cradle 322 on the conveyor chain 320, and support 
ing head 142 on lapping machine 10. Subsequently, 
timer contact T2C5 is closed and with it, solenoid S7 
is energized. That causes actuation of the pneumatic 
cylinders 378 which will effect linear movement of the 
racks 374 and with it rotation of pinion gears 372 and 
swivel shafts 342. That rotation of swivel shafts 342 
will, in the case of the upstream transfer assemblies 
cause swivel arms 390 to swing the lapping disc 12 
which has just been picked up from the recirculating 
conveyor assembly 300 to be transferred across to the 
lapping machine 10. That swiveling motion continues 
until the lapping discs 12 at the upstream stations (rela 
tive to indexing movement of the turntable 50) has 
been fully seated within disc-supporting heads 142 of 
the disc-reciprocating assemblies 132. There will be a 
mechanical stop provided to limit the extent of swing 
ing travel possible by the swivel arm 390. The over 
travel spring 392 is provided to absorb some of the 
shock loads generated by contact of the transfer mech 
anism and swivel arm carrying the same with such me 
chanical stops. Simultaneously with the transfer of lap 
ping discs 12 to the lapping machine 10, of the up 
stream station, there will also be a simultaneous pickup 
and transfer of a lapping disc 12 from a downstream 
index position of the turntable 50 back to be seated in 
the disc-supporting cradle 322 being carried by con 
veyor chain 320. It should again be noted that since in 
dexing motion of the turntable 50 and driving motion 
of the conveyor chains 320 in recirculating conveyor 
assemblies 300 are derived from a common drive shaft, 
output shaft 74 of the main gear-reducing unit 76, 
those movements will be in complete synchronism. 
This is of course necessary in order to ensure that a 
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disc-supporting cradle 322 which has previously been 55 
empty is advanced to such a position that it can accept 
a disc 12 being transferred from the lapping machine 
back to the recirculating conveyor assembly 300. THe 
same holds true at the upstream position as well, where. 
a lapping disc being carried forward in one of the cra 
dles 322 must be so positioned as to enable retrieval of 
that lapping disc 12 by the disc-gripping mechanism 
394 and subsequent transfer to the lapping machine 10. 
The last cam in cam timer T2 effects closing of the 

timer contact T2C6 and causes an alarm, usually in the 
form of a bell or buzzer, to sound. This alarm sounds 
a few seconds before timer contact T2C2 switches back 
to terminal point 14, and indicates that in a few seconds 
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the chucks 72 at stations 2 and 4 will be turned ON 
(therefore in an "unsafe' condition). Following sound 
ing of the alarm, lapping of the discs carried by chuck 
assemblies 150 located within lapping zones 1 and 3 
will continue for a time period which represents the dif 
ference in setting of the fixed timer T2 relative to the 
adjustable timer T. 
The foregoing description has disclosed one particu 

lar form of a lapping machine, and has suggested some 
modifications thereto. Other modifications and alterna 
tive structures will also be possible within the scope of 
this invention. It is contemplated, therefore, that all 
such changes and alternatives are to be comprehended 
within the spirit of the invention, as defined by the ap 
pended claims. 

I claim: 
1. In apparatus for treating a surface on a workpiece 

movable from a load station onto a rotatable turntable 
and removable therefrom to an unload station, includ 
ing support means rotatably mounted on the turntable 
for carrying at least one workpiece, the improvement 
comprising; disc means engageable with the workpiece 
to cause said surface treatment thereof, the disc means 
having a stem portion; a support assembly provided on 
and movable with said turntable, being adapted to 
floatingly support said disc means by arranging the 
stem portion of the disc means to be pivotable in said 
support assembly. 

2. Apparatus as defined in claim 1 wherein said disc 
means comprises a lapping disc that has a substantially 
flat working surface, the stem portion of the disc means 
being pivotally connected by one end thereof to the 
lapping disc, and also being provided with shoulder 
means at another end thereof, floatingly engageable by 
said support assembly on the turntable. 

3. Apparatus as defined in claim 2, wherein said sup 
port assembly causes reciprocal movement of the disc 
means in a direction radially of the turntable. 
4. Apparatus for treating a surface on a workpiece 

movable from a load station onto a rotatable turntable 
and removable therefrom to an unload station, includ 
ing support means rotatably mounted on the turntable 
for carrying at least one workpiece, the improvement 
comprising: disc means; a plurality of support assem 
blies on the turntable, operable to support the disc 
means for engaging the workpiece and effecting said 
surface treatment thereof, a plurality of treatment 
zones in said apparatus; means for periodically and au 
tomatically placing fresh workpieces onto said support 
means, and means for correspondingly removing 
treated workpieces from the support means automati 
cally; and a conveyor and transfer system operable for 
recirculating said disc means from each of the support 
assemblies at a disc-releasing position in each treat 
ment zone back to another of the support assemblies at 
a disc pick-up position in said treatment zone on the 
turntable. . 

5. Apparatus as defined in claim 4, wherein said con 
veyor and transfer system comprises the combination 
of disc transfer means and recirculating conveyor 
meanspositioned adjacent the turntable, said conveyor 
means including a conveyor chain on which there is 
carried a plurality of disc-engaging cradles, said disc 
transfer means having disc-supporting fingers thereon 
operable for transferring said disc means from the disc 
supporting cradles to the support assemblies, and vice 
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versa; said disc-supporting cradles being adapted for 
receiving and releasably supporting said disc means. 

6. In apparatus for treating a surface on a workpiece 
movable from a load station onto a rotatable turntable 
and removable therefrom to an unload station, the im- 5 
provement comprising the combination of a base as 
sembly for rotatably supporting the turntable; support 
means in the form of a plurality of chuck assemblies ro 
tatably mounted on the turntable for carrying a plural 
ity of workpieces, the workpieces carried by a chuck 10 
assembly having surfaces to be treated disposed in a 
common plane; a plurality of treatment zones, drive 
means in the base assembly for selectively causing inde 
pendent rotation of the chuck assemblies in each of the 
treatment zones; a support assembly on the turntable 15 
and movable therewith, having a disc-supporting head 
and a tubular body section, the body section housing a 
push rod connected to said dis-supporting head and 
adapted to the reciprocally movable to cause a corre 
sponding reciprocal movement of the disc-supporting 20 
head; disc means engageable with the workpiece sur 
faces and causing said finishing treatment thereof; the 
disc means being adapted to be floatingly supported by 
said disc-supporting head in contact with the surfaces 
of the workpieces supported on each chuck assembly; 25 
actuating means causing reciprocal movement of the 
push rod and disc-supporting head, such reciprocal 
movement combining with rotational movement of 
each chuck assembly to cause compound rotation of 
the disc means relative to the workpiece surface being 30 
treated by engagement therewith, thereby uniformly 
distributing wear of the disc means and workpiece sur 
face to obtain maximum flatness of said surface; and 
driving means in the base assembly actuatable in a 
timed sequence for indexing the turntable and advanc- 35 
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ing the workpieces through the treatment zones pro 
vided between the load and unload stations. 

7. In apparatus for treating a surface on a workpiece 
movable from a load station onto a rotatable turntable, 
and removable therefrom from an unload station, in 
cluding support means mounted on the turntable for 
carrying at least one workpiece; the improvement com 
prising: 
a plurality of treatment zones through which the 
workpiece is advanced by rotation of the turntable; 
disc means arranged in each treatment Zone for en 
gaging the workpiece to cause said surface treat 
ment thereof, a plurality of support assemblies 
mounted on the turntable and movable therewith, 
each support assembly being operable to support 
the disc means in engagement with said surface to 
be treated, each of said support assemblies being 
constructed to provide reciprocal movement to 
disc means supported thereon, redially of the turn 
table during passage of the workpiece through one 
of the treatment zones; the arrangement of said 
treatment zones and support assemblies which 
carry disc means being such that lapping, burnish 
ing or other such treatments can take place in one 
of said zones independently of any such treatment 
taking place in another zone. 

8. The apparatus defined in claim 7, wherein each 
support assembly comprises a head section for pivotally 
supporting the disc means, and a body section includ 
ing shaft means movably mounted therein and con 
nected to said body section; and wherein cam means 
are provided on said turntable to generate period recip 
rocation of the shaft means and said head section. 
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