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Our invention relates generally to finishing metals.
More particularly, it concerns imparting a high finish,
substantially free of all scratches and streaking, to tub-
ing, rods, and the like formed of metal, plated surfaces,
plastics or generally similar materials capable of receiving
and retaining a high finish.

An object of our‘invention is to provide a machine
which, itself is simple, rapid, certain and almost foolproof
in operation, displaying long useful life and requiring
only limited stand-by attendance, utilizes parts which
similarly ‘are simple in design and sturdy in construction,
the entire assembly being low in cost-both -as ‘regards
initial outlay and as concerns maintenance during -oper-
ation, which machine provides longitudinal grinding,
sanding, polishing or buffing of tubmg and generally
similar fabricated or molded articles in manner which is
precise and low in cost, giving rise to highly satisfactory
results achieved almost entxrely in the absence of detri-
mental streaking, such microscopic buffing lines as do ap-
pear extending lengthwise of. the work product, whereby
beams of undesired reflected light are suppressed in large
measure.

Another ob]ect is to provide a machine of the general
type described in which high-polish is rapidly 1mparted
in certain and direct manner to the work product, all in
the substantial absence of scratch-line reflection, barber-
pole striping or spiral lines within the polish.

All the foregoing as well as many other highly pracu-
“cal objects and adv antages attend the practice of our in-
vention, which in part will be obvious and in part more
fully pointed out hereinafter during the course of the fol-
fowing disclosure, particularly when construed. i in the light
of the accompanying drawings.

Accordmoly our invention may be con81dered as re31d-
ing in the several component parts, elements, mechanisms
and features of construction, in the several sub-combina-
tions and interrelations therebetween, and in the com-
‘bination of each of the same with one or more of the
wothers, the scope of the application of all of which is
more full set forth in the claims at the end of this spe-

-cification.

In the several views of the drawings Wherem we have
disclosed, illustratively, one embodiment of our mvennon
which we prefer at present,

Fig. 1 is a schematic side elevation depicting a machme

constructed in accordance with our.invention;

Fig. 2 is a perspective view, skeletonized and .frag-

mentary, disclosing certain essential features of our new
machine;

Fig. 3 is a detailed elevation of the motor side of the
rotatable head at one of the drive stations;

Fig. 4 is a fluid circuit diagram disclosing a ﬁrst drive
unit providing rapid initial drive to the work product,
typlcally tubing, and to which a high degree of finish
is to be imparted, to bring it rapidly into work position in
the region of the first buffing station;

Fig. 5 discloses, in diagram, a hydrauhc circuit for
the second drive umit, which latter slows the 1mt1a1 ad-
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vance of the tube, imparted by the high-speed, low-torque
first drive unit, until the advance speed of the tube is re-
duced to a value consistent with the desired relationship
of advance speed to peripheral speed. :

Fig. 6 discloses, in hydraulic circuit diagram, a typ1-
cal example of all subsequent drive units of the machine,
these in reality comprising braking units and serving both.
to brake the tubing as it passes through the machine under.
the driving impetus imparted thereto by the rotating
buffing heads, and to control the linear speed of passage.
of such work stock through the machine; while

Figs. 7 and 8 respectively are fragmentary side and.
end elevations of details of the mounting of the tube
rollers in each of the drive units of Fig. 1.

Throughout the several views of the drawmgs, like
reference characters denote like structural parts.

For more ready and thorough understanding of our
invention it may be noted at this point that in recent years.
consumer preference has strongly favored highly-pol-
ished metal products. And this, in a wide variety of
ornamental uses confined not alone to the household but
as well extending to widespread commercial and indus-
trial applications. Typical among these, are bathroom
and - kitchen fixtures, soda fountain and architectural
trim, stainless steel .and chromium-plated legs of chairs,
tables, ironing boards and the like. - Moreover, such re-
quirements are strongly reflected where highly sterile and
antiseptic conditions must maintain, as in the operating
theater. In common in all these is the presence of highly-
polished metal surfaces. The more highly polished be
the product, the greater is its acceptability to the user.

And high polish of course means the almost total ab-
sence of detrimental scratch lines. From a practical
standpoint, therefore, a high degree of care in the polish-
ing process is indicated. The polishing operation must be
rapid and certain. Simplicity, not only in apparatus but
in operation and quality and quantity of labor required,
is essential to render the polishing operation practical
and competitive. For it is apparent that any notable
complexity, delicacy or uncertainty of operation is at
once accompanied by rapid build-up in production cost
and in price tag of the fabricated product. The inevitable
result would be that both the operation and the product .
would become too expensive, noncompetitive and im-
practical. Moreover, it-is apparent that to be acceptable,
the buffing machine itself must impart no undesired
qualities to the work product. Too, for practical results,
the polishing machine must be readily adapted to the
treatment of a wide variety of lengths and diameters of
work stock.

Now, the art has directed much attentmn to this polish-
ing problem. Acid treatment and electrolytic polishing
techniques have found some favor. In many applica:
tions however such treatment has been replaced by bufi-
ing operations. But right here difficulties, severe and im-
portant in nature, have been encountered. For no matter
how carefully the polishing be carried into practice, some
scratching of the surface is almost certain to be imparted
by the buffing operation itself.

We have found that at least one cause of unsaﬂsfac—
tory mechanical buffing is the creation of laterally-

" extending scratch lines during the course of buffing cross-
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wise of the work stock. For we find that when light
is incident upon and reflected from these laterally ex-
tending lines, such reflected light fully discloses these fine
cross scratches. These are disturbing to the eye since
they interrupt the continuity of the reflected light beam.
They impart discontinuous pattern and disturb the pleas-
ing appearance of smoothness of the polished and buffed
surface of the tubing or other work stock.

" We have found that quite on the contrary, when the

- buffing operation is performed lengthwise of the work
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stock then any light which is incident upon the latter is
not nearly so likely to be reflected from minute longi-
tudinal scratch lines which the buffing operation may
occasion nor to disclose these latter. This phenomenon
is especially important in the production of the highly
polished metal products for which our machine is especial-
ly intended. We have evolved our present finishing ma-
chine to utilize and take advantage of that phenomenon.

.Our investigations further disclose, however, that even
when resort is made to longitudinal buffing, problems arise
which are inherent in such operation. Illustratively, with
longitudinal buffing streaking quite likely will be encount-
ered. Or spiral lines may be observed, these within the
polish itself. Research disclosed that such incomplete
polishing perhaps is due to rotation of the work product
at too low a rate during its passage through the buffing
station, while rotation at too high a rate caused spiral
lines within the polish itself. Our research discloses, how-
ever, that with nice selection of the rate of lateral rota-
tion of the work product such as tubing, rods or the like,
about the longitudinal axis of the latter during its longi-
tudinal feed through the buffing machine, and closely cor-
related with the rate of feed through the machine, highly
satisfactory operation resulted. The relation appears to
be critical.

An important object of our invention, therefore, com-
prises the provision of a finishing machine which, through
a longitudinal finishing operation, imparts a desired sur-
face to a variety of types and dimensions of metal tubing,
rods and the like, all in the substantial absence of ob-
jectionable scratching or longitudinal or spiral streaking
or lines within the finish, which machine finishes uni-
formly the entire extent of the work product, all with
high unit productivity, certainty of operation and with
minimum of rejects, combining basic simplicity both in
the machine. itself and the mode of operating it with
low cost in initial production, attendance, supervision
and maintenance. :

So that the detailed explanation of the parts of our
machine in connection with the several views of the draw-
ings may be more thoroughly understood it should be
‘noted that, in general, this machine comprises an elon-
gated frame of required substantial length, typically about
12 feet. In this frame are provided a number of finishing
stations. Structurally these stations are each largely inde-
"pendent of each other and of the other components of
the machine. They have in common, however, that each
station comprises a grinding, sanding or buffing wheel
rotatable at extremely high speeds, say 3000 revolutions
per minute. They are so correlated that work product
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passing through the machine is subjected to a complete

finishing operation.

Each surface finishing station comprises a separate
powering machine of conventional satisfactory design,
usually an electric motor. The wheel of each station
will have a head of selected material. For example, to
achieve a high final polish and employing three finishing
stations, the finishing wheel of the first finishing station,
which at first encounters the work product undergoing
polishing, is clad with 120 grit. In this typical instance
the wheel of the second finishing station is covered with
240 grit. While at the third station the polishing medium
comprises a polishing cloth. Each finishing wheel is ro-
tated in such direction that it impels the work product
forwardly through the polishing machine, from the inlet
end thereof towards its outlet end. The polishing wheel
works against an anvil or rotatable back plate which is
located beneath the work product as the latter passes un-
der the finishing head. Typically this comprises a rotat-
able idler wheel. Where desired, however, and as an
alternate embodiment, we employ like finishing wheels

"opposite each of the three noted, these serving to back
up the wheels previously mentioned and aid in finishing
the work, as well. -

It is necessary to feed the work product into the ma-
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chine and up to the region of the first finishing station.
For until the work product is introduced to the first
finishing station it is not yet subjected to the impelling
action thereof. Accordingly, our machine comprises a
first driving station as an essential component thereof.
This first driving station imparts high speed, low-torque
linear feed to the work product. This insures that each
piece undergoing finishing is brought rapidly up, either
to position where it comes into the zone of the first sta-
tion, or into contact with that work element immediately
ahead of it within the finishing machine,

It may be noted that the products undergoing surface
finishing treatment have been prefabricated for the par-
ticular purpose for which they are intended, and are
roughly finished to final dimensions. Thus, while each
machine can be pre-set, prior to any run, for work product
of any of a variety of external dimension, it is essential
that this dimension be substantially the same for the
work product undergoing finishing in any particular run.
Moreover, each such element of the work product has a
particular length determined by the fabricated assembly
into which it is to be incorporated following the finishing
operation. And with a product say 12 inches in length
there will be about 12 such elements of work product
within the machine at any one time after steady operating
conditions have been established. )

The high speed of the first station is to bring the work
product rapidly and without delay up to the operating
zone, while the low-torque requirement is to insure that
the work product will not be forced through the machine
after it either comes into contact with the work product
immediately ahead of it in the machine or into the zone
of the first finishing station, as the case may be.

A second drive station, disposed immediately beyond
the first drive station in the ‘direction of travel through
the machine but before the first finishing station, operates
at lower linear speed and with higher degree of torque.
It serves to pull the work product at slower linear speed
than does the first station, through the machine and up
to the first finishing station. Also it serves to brake the
speed of the work product, in controlled and regulated
manner to that rate of speed, say 30 feet per minute, as
is best suited for introducing the work product into the
first finishing zone. This is in contrast with the linear
feed of say 50 feet per minute imparted by the first driv-
ing station. =

The finishing wheel of the first station and as well, of
all subsequent finishing stations, tends to impel the work
product forwardly at high linear rates of speed. And this
tendency is effectively resisted by all subsequent driving
stations, which in reality serve as high torque braking
stations, effectively braking the speed of the linear advance
back to the controlled and regulated speed of approxi-
mately 30 feet per minute. For reasons to be discussed,
the relation between the finishing stations and the sub-
sequent braking stations is such that the driving impetus
imparted to the work product by the finishing wheels
will not in itself overcome the retarding action of the
subsequent braking stations. - This means that it is the
impelling impetus imparted at the first and second drive
stations which forces the work product through the
machine. :

We find that when the work product is passed beneath
the finishing stations in the manner just described and
without more, detrimental streaking results. This is
because a surface finish is imparted to the work product
only along the region of contact with the buffing wheels.
Streak lines result, extending sharply laterally across the
surface. To achieve exact and uniform finish through
the entire surface area of the circular-sectioned work
product we rotate the work product relative to the finish-
ing wheels. And we do this by so disposing the drive
or support rolls which grip the work product as to rotate
this latter during its linear passage through the machine.
We find that a rotational speed about five times the rate
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of linear advance is normally satisfactory, ie., -a rota-
tional surface speed of about 150 feet per minute for a
rate of advance of 30 feet per minute in case of tublng of
1% inch outside diameter. Slower rotational speed, i.e.,
a lower Tatio of rotational speed, gives rise to spiral
streaking. And higher rotational speed results in spiral
streaking within the polish. The relation between rota-
tion and forward advance therefore is critical.

In furtherance of the. foregoing we provide, at each
driving station, a rotatable head. Each head is mounted
for rotation from a common drive source and is driven
at a constant rotational speed. The speed conveniently is
the same for all such rotatable heads. A fixed gear. is
mounted ‘on the frame at each station, concentric with
the rotatable head. It serves as a sun gear. It has a fixed
diameter for each drive station. Planet gears, each of
fixed diameter, are provided, two on each rotatable head
and meshing with the associated sun gear. The drive
rolls for each driving station are mounted for carriage
on the associated rotatable head.

It is the rotation of the driving head which imparts
the revolving action to the associated drive rolls and
causes turning of the work product during its linear ad-
vance through the machine. It is to be kept in mind -that
the rate of linear feed and the degree of torque may vary
from drive station to drive station, in. the manner here-
inbefore pointed out.  While the stationary gear is fixed
as are the diameters of the planet gears at the same time,
the rotatable head revolves at constant speed.  To secure
the required variations in speed in the rotation of the
drive rolls, the tooth ratio between the statlonary gear
and the planet gears in each drive station is mcely
selected.

We find it to be essential that no shppage occur be-
tween the grooved drive wheels at each drive station
and the work product passing therebeneath, For if such
slippage does take place the finish of the work product
becomes marred. It.is for this reason that torque. limita-
tion is placed upon each drive station. To achieve the
aforementioned pre-controlled drives we employ fluid
means, powered from each rotatable head, for rotating the
drive rolls. To this end we provide one or more rotatable
pumps mounted on each rotatable head and powered
from the related planet gears. As will be recalled these
planet gears are powered by their revolving -about the
associated statlonary gear as the rotatable head rotates
about its axis. The pumps, supplied from. a suitable
reservoir through associated filters, serve to power fluid
motors provided one for each drive roll. Exhaust fluid
from these motors returns to the reservoir for renewed
cycle.

With the foregomg general descrlptlon in mind, refer-
ence now is made to the schematic diagram of Fig. 1
and the skeletonized view of Fig. 2. It can readily be
seen that the work product undergoing surface finishing
treatment, for example a tube, rod or the like, passes
from the intake end of the machine, at the left in each
view, to the right through the machine to-the outlet or
exit end, located to the extreme right in each view.

As stated, in all instances the work product must be
suitable in section for finishing in this manner. It may,
however, vary in length within wide limits. - As- well, it
may vary appreciably in size, such as in diameter, from
one series of work products to:another.
prised of stainless steel, chromium-plated material, or
any other suitable material requiring finishing, * It may
be tubular, or it may comprise a rod. ‘The partlcular
material, diameter and other essential characteristics de-
pend of course upon the precise use intended. Usually,
it is nicely tailored for its particular purpose.

A machine of the general type shown in Figs. 1 and 2
has an overall length of some 12 feet or more.  We
provide a single frame which is common for all parts
Since such a frame is conventional in

It may be com-

10

des1gn, for clarity we omit the detaﬂs thereof in. t.he
drawings.

In conventional manner we provide a number of sut-
face finishing stations in the frame. Here we provide
three such stations, indicated generally in Fig, 1 at 10A,
10B and 10C. While we have shown three such stations,
there is no important criticality as to the exact fimber
of stations. - This number may be more or less as required
for the particular work undergoing finishing treatient.
Conveniently, however, we have found three such stations
to be satisfactory for most requirement. Usually, and as

- pointed out later herein, each station performs its char-
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acteristic function. In sum, these separate stations com-
bine in effective manner to impart a high finish to the
work product. This finish is complete, uniform and w1th-
out streaking,

Each surface ﬁmshmg station comprises a compara-
tively large-diameter, high-speed wheel fast on shaft
geared to a heavy-duty driving motor. All this is con-
ventional per se and is shown only schematically in
Figs. 1 and 2. With its high rotational speed and its
comparatively large diameter, the wheel rotates at a very
high linear rate of speed, typically about 8,000 feet per
minute. Usually the motors for driving the finishing
stations. 10A, 10B and 10C are separate both from each
other and from any other source of energy powering other
components of the machine,

As fully disclosed in Fig. 1, support and driving stations
are associated with each finishing station. These stations
are indicated generally at 11A through 11H, respectively.
And they will be discussed in greater detail hereinafter.
It is also disclosed in Fig. 1 that at least to a certain extent
stations 11A and 11B are associated with each other,
as are stations 11C and 11D. This is true also of stations
11E and 11F, and of stations 11G and 11H. Thls will
be discussed at a later point herein.

As perhaps best disclosed in Fig. 2 and as is also evi-
dent from Fig. 1, each driving station comprises a rotat-
able head of comparatively large diameter, say about 14
inches in diameter. As shown in Fig. T with particular
reference to the second or 11B driving station located
just in advance of the first wheel 10A (to the left in Fig.
1), rotatable head 12B, is fast to a correspondmg central -
tubular shaft 13A. At its left end in Fig. 1 shaft 13A is
fast to a first rotatable head 12A.

Similarly, rotatable support heads 12C and 12D (Fig.
1) are directly interconnected . through central hollow
shaft 13B. In like manner, hollow shaft 13C intercon-
nects rotating heads 12E and 12F, while hollow shaft
13D interconnects heads 212G and 12H. Thus each as-
sembly of two adjacent rotatable heads and interconnect-
bollow shaft rotate as a unit, and are powered from a
common power source. We provide four such assem-
blies on the machine disclosed, and each assembly is
driven at the same rotational speed from a single power
source.

We provide driven sprockets 14A through 14D, one on
each hollow shaft 13A through 13D, respectively. Cor-
responding drive sprockets 15A through 15D are carried
on line shaft 16, disposed near the bottom of the frame
of the machine (Figs. 1 and 2). . Chains 17A through
17D extend between like or paired sprockets 14A. through
14D and 15A through 15D.

An electric motor 18 or other suitable power source
turns line shaft 16. To this end motor 18 has power take-
off shaft 18A on which is mounted a drive pulley 18B.
We mount power take-off sheave 20 on line shaft 16.
Belt 19 or other suitable power transmission extends be-
tween pulley 18B and sheave 26, serving to transmlt
power from motor 18 to line shaft 16.

From the foregoing it will be seen that motor 18 oper-
ates at fixed rotational speed. Through drive shaft 18A
it rotates drive pulley 18B at the same constant rotational
speed. Since drive pulley 18B powers belt 19, while
belt 19 rotates powér take-off sheave 20 fast on line shaft
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16, this latter also rotates at constant speed.” So, too; do
the driving sprockets 15A through 15D inclusive, which
are fast on line shaft 16. These sprockets drive chains.
17A through 17D, inclusive. Through the. take-off
sprockets. 14A through 14D, respectively, these chains
rotate the central tubular shafts 13A through 13D, re-
spectively. 'These shafts, made tubular for the passage
centrally therethrough of the work product in manner
hereinafter to be explained, serve to power the support
or driving stations of each associated assembly. As part
of these stations the rotatable heads 1ZA thrm.gh 12B
turn therewith, at constant rotational speed.

Considering any one of the several support and driv-
ing stations 11A through 11H it -will be seen that asso-
ciated with each such driving station, and comprising
part thereof, are paired support rolls for the work prod-
uct. Indicated at 21A’ and 21A” through 21H' and
21H", respectively, these support rolls are paired, one
being disposed above and one below the work stock.
Preferably, but not necessarily, we so dispose the sup-
port rolls on the related -rotatable heads that the work
product is gripped at various points about. its circumfer-
ence as it passes from one drive station to another. These
rolls are grooved at 21’, as best indicated in Fig. 2, for
the ready reception of the work product within the rolls
and for passage therethrough, all in the complete absence
of slippage. - For it is requisite that there be no slippage
between the rolls and the work product, as more fully
disclosed at a later point herein. To that end we form
the rolls of soft rubber or other suitable product capable
of gripping the work product tightly.

The rolls 21A’-21A" through 23H'-21H" are carried
on the associated rotatable heads 12A-12H, respectively,
and revolve therewith. Such revolution is about-the axis
of the associated tubular shafts indicated generally at 13A
through 13D, and through which passes the work: prod-
uct. That is, the revolution of the rolls is about the work
as an axis. In addition to-such revolution, for proper
operation these rolls rotate about their own axes to move
the work forward through the machine with required con-
trolled rate of speed. To that end, they are mounted for
rotation in bearings of conventional type and carried on
the corresponding rotatable head. Paired rolls rotatae
in opposite directions, the top roll underrunning and the
lower overrunning.

Directing attention now particularly to the skeletonized
disclosure of Fig. 2 it will be seen here that we associate
with and dispose alongside rotatable head 12D, a sta-
tionary ring or sun gear 44B about which revolves cor-
responding planet gear 22B. Like construction of sta-
tionary gear with cooperating planetary gear is employed
in connection with all rotatable heads 12A through 12H.
Their ultimate function is to power, in controlled manner,
the rotatable rolls previously referred to.

As stated, the planet gears are mounted for rotation
on their corresponding rotatable head. Each is attached
to an associated hydraulic pump indicated generally at 23
in Fig. 3 and each is fast on the corresponding rotatable
head. Preferably, for each drive station i1A through
11H there are two corresponding pump elements. For
convenience in description, we indicate the. hydraulic
elements, i.c. the pumps, for each station by a corre-
sponding lettered suffix.” Ilustratively, the hydraulic ele-
ments for station B are indicated at 23A’’, 23B”, respec-
tively (see F1g 5).

It will be in order here to give further conmdergt*on to
the details of the hydraulic system at each rotatable
head. This is best disclosed in Fig. 3. There, hydraulic
element 23 comprises a pump, fast to and driven by a
pinion or planet gear 22 (see Fig. 4). This pump is
conveniently mounted for rotation on associated rotatable
head 12. As the planet gear 22 of the-pump 23 revolves
around and in mesh with stationary ring gear 44, it is
caused to rotate about its own axis, .carrying with it for
rotation, its associated hydraulic element 23. Typically,
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this hydranlic' element 23 is of the well known Gerotor’
type, wherein two asymmetrically-toothed elements are
constanily intermeshed and rotate one within the other,
thereby producing constantly varying compression com-
ponents on the fluid medium present therein. Oil or other
hydraulic activating fluid is drawn into pump 23 through
intake oil line 25, from a suitable reservoir 24 fast on-
head 12 and revolving therewith.

From pump 23 the activating fluid is pressure-forced
through supply lines 26A and 26B to fluid motors 27A and’
27B, respectively. These latier, fast on the rotatable head:
12 for turning therewith, typically are generally similar to’
pump 23, d1ffermg therefrom largely in that they are
connected in circuit so as to operate as motors.- Thus,
they have fluid power inlet and mechanical power takeoff.
They power the support and drive rolls 21 (Fig. 3).
From motor 27A and 27B the spent fluid returns through
exhaust lines 28A and 28B and corresponding filters'
29A and 29B to reservoir 24 (Fig. 3). Thence, a con-
tinuous supply of oil is recirculated through renewed
cycle to pump 23 through inlet or suction line 25.

By way of further background, it is to be noted that
the various drive stations A, B, C, etc., impart controlled
driving impetus to the work product during its passage
through the machine. These drive stations operate closely
correlated with the impelling action imparted to the
work ‘at the several finishing stations. It follows that
certain of the drive stations are inclined to operate at
speeds and under torque conditions differing from those
at other drive stations.

Thus, as risk of being repetitive, but for both illustra-
tion and emphasis, we design first drive station A to feed
the work product coming into the machine at substantial
linear speed under low torque conditions, say 50 feet
per minute. This brings the work product to the region
of initial surface finishing as quickly as possible. If
there be no other work product already in the machine,
first drive station A brings the work product rapidly to
the second drive station B, where its speed and torque
is conditioned closely to that required for proper initial
finishing operation. If the work product is already in
the machine, however, interposed somewhere between
the first station 11A and the first drive station 18A, then
this latter brings the work product rapidly into abutting
contact with the rear end of that element of work prod-
uct immediately ahead of it in the finishing machine. It
is there slowed to the speed of steady flow through the
machine, all at required speed for good surface finishing,
say 30 feet per minute. And it is here that the low
torque characteristics of the first drive station are ad-
vantageously displayed. For it does not tend to force
the work product through the machine against the re-
tarding action of the subsequent high-torque drive sta-
tions at B, C, D, etc.

From the foregoing it will be seen that second drive
station B serves to slow to some extent the initial high
linear speed imparted to the work product at drive sta-
tion A and to correlate it properly with the rotational
speed of the finishing wheel at the first station A.

The wheel at station A is capable of rotation at high
rotational speeds, say 8,000 ft. per minute. It contacts
against and brushes the work product in such direction
as to tend to impel it forwardly through the machine.
We have found that with a surface speed of about 8,000
feet per minute, forward advance of the work product
at about 30 feet per minute gives rise to satisfactory
finishing conditions.

Since station A and all subsequent finishing stations
tend to impart substantial speed to the work product,
all subsequent drive stations C, D, E, etc., operate as
controlled retarders, braking the speed of the work
product to required linear progress through the machine.
We defer further discussion of the finishing stations to
a later point herein. Mention is here made of the fin-
ishing stations, only to disclose their place in the machine.
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All drive stations serve to rotate the work product
in order to suppress tendency towards streaking in the
polish. As stated, we accomplish this by revolving the
drive rolls of each driving station along with the associ-
ated rotatable head. At this point it should be recalled
that the central tubular shafts 13A through D which
interconnect the associated drive stations into four unitary
assemblies, all rotate at fixed and constant speed which
is the same for each shaft. Each such assembly com-
prises the rotatable heads of two adjacent drive stations
together with the aforesaid interconnecting tubular shaft
13A through 13D. The working faces of related rotat-
able heads of any such drive assembly are directed away
from each other. Hence they rotate in opposite direc-
tions, carrying with them their related support rolls and
associated hydraulic equipment.,

With reference now to the detailed Fig. 2 disclosure
and recalling that each rotatable head (12D and 12E in
Fig. 2) rotates at the same fixed angular speed along
with tubular shaft (13B and 13C in Fig. 2) which carries
it and through which passes the work product, it is
readily appreciated that since the support rolls 21 are
carried on the related rotatable head in suitable mounts,
they are constrained to revolve along with the rotation
of head 12, and about the same central axis. This axis
is located internally of the support rolis.

As seen in the several views of the drawings the rubber
support rolls 21 are grooved at 21’ so as to receive the
work product nicely between cooperating paired rolls.
- The radius on which these groves 21’ are struck bears
close relationship to the diameter of the work product.
This is required to provide tight gripping contact of
the rolls about the work. For it is essential, for satis-
factory results, that all relative movement between the
work and the support rolls be effectively suppressed;
that is, there must be no slippage. Any such slippage
as might occur conduces to detrimental blemishes in the
polished surface of the work product. As well, inde-
terminent variants can well be introduced through such
slippage, in the mathematical relationship existing be-
tween the component parts of the machine. These strong
reasons require that the support rolls 21 grip the work
firmly. The good geometry of the rolls and the resilient
character of the rubber from which they are formed
cooperate to ensure required good gripping action.

Since support rolls 21 revolve with the corresponding
rotatable head 12 cn which they are mounted, they
rotate the work product as themselves, they are revolved.
At a later point herein further description will be given
concerning the precise manner in which the support rolls
are pre-loaded against and about the work product. It
is sufficient to recall here that typically, and with work
product of, say 134 inch outside diameter to be polished,
for example, we find a rotational speed about five times
that of the inner feed to give satisfactory polishing re-
sults, using speeds at buffing heads of about 8,000 feet
per minute. That is, in such typical instance we rotate
the work product at a surface rate of 150 feet per minute
with forward feed at about 30 feet per minute.

- From the foregoing it is evident that rolls 21 exert
two-fold action on the work product. Firstly and through
their revolution about the work product, they rotate this
latter at predetermined rotational speed. Secondly as
each roll 21 rotates about its own axis, the rolls of each
pair rotating in directions opposite to each other, they
grip, support and feed the work product therebetween.
Such rotation is due to the impelling action of the
associated fluid motors 27A, 27B. :This rotation of the
rolls 21 about their own axes imparts to the work prod-
uct either forward driving impetus or braking action,
as the case may be. Thus the speed of revolution of
the driving rolls about the work product as an axis is
fixed while their rotational speed, about their own axes,
varies from station to station in dependence upon the
gear ratio between the particular assembly of stationary
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gear and associated planet-gears at any selected driving
station. :

It follows from the foregoing that we preferably em-
ploy three basic types of drive stations in our machine.
First station 11A serves only to impart initial drive im-
petus to the work stock and to bring it rapidly into
position to be presented under the first finishing station
19A, all as referred to hereinbefore. To this end, drive
station 11A moves the work stock rapidly, thereby in-
suring both rapid initial operation of the machine and
thereafter, steady flow of work product into the machine
after normal operating conditions have established.

As has been stated before second drive stations 11B,
in contrast with station 11A, provided station-impelled
movement of the work product along with careful con-
trol of jts rate of movement along the assembly line.
This rate of flow is closely correlated to the speed of
the initial finishing station 10A.

Further consideration of all the foregoing will show
that generally speaking, first drive station 11A provides
for judicious combination of high speed with low
torque. On the other hand second drive station 11B
provides controlled speed with torque potential substan-
tially greater than that at station 11A. Thereby and
when required, station 1iB is capable of exerting brak-
ing action on the work product.

All subsequent drive stations 11C, 11D, etc., are lo-
cated following the first finishing station in the direction
of movement of the work product through the polishing
machine. Each subsequent drive station possesses like
structural and operating characteristics. It will be suf-
ficient in the following disclosure to discuss but a single
one of the stations of this third category.

With the foregoing generalized description in mind,
there remains for discussion the details of the surface
finishing stations, the -detailed manner in which the
support rolls are mounted on the rotatable head and are
pressed against the work product, and a detailed descrip-
tion of the fluid circuits employed in each drive station
together with their mode of operation. Attention will
first be directed to the several drive stations, and the
first such detailed description will relate to the initial
drive station 11A. Tt will be recalled that there is only
one such station.

The first drive station serves only for initial feed of the
work stock

First drive station 11A serves only to impart high
speed linear feed to the work product to quickly bring
it up to the first finishing station. While for simplicity
of construction the work product is rotated at the same
rotational speed as is imparted to such product at all
other drive stations in the machine, from an operational
standpoint such rotation is not essential at this particu-
lar station. This is because ‘the work product has not
yet been subjected to the first finishing operation. All
that is required at this first drive station is that the work
product be brought rapidly through the inlet end of the
machine up to the zone of the first surface finishing
station. = At this station, 11A, and as disclosed in Fig. 1,
rotatable head 12A carries thereon its associated fluid
motors 27A and 27B, both disclosed in Fig. 4. These
fluid motors cooperate to drive related support rolls 21A’
and 21A’”. While these motors are driven through
motor shafts 30A and 30B at the same rotational speed,
they are turned in opposite directions. The directions of
rotation of these drive rolls is so selected as to cause
linear feed of the work product (see Fig. 4) at right
angles to and beyond the plane of the paper; that is, the
feed is forwardly through the polishing machine. At the
same time, the rotatable head 12A is rotated in such
direction as to revolve the rolls 21A’ and 21A”, at right
angles to the plane of the paper (Fig. 4) about the cen-
ter of the work product as an axis. This imparts rota-
tion ‘to the work product during its advance through
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the machine. The geometry is such that the work prod-
uct has surface rotational speed five times that of its
linear advance. )

Pump 23A’ is carried on the rotatable head 12A.  Its
corresponding planet gear 22A’ meshes with stationary
ring gear 44. And as the planet gear revolves about gear
44 it is thereby caused to rotate about the axis of its as-
sociated pump, carrying with it the pump itself. Pump
23A’, thus powered, vacuum-draws oil or other motivating
fluid from reservoir 24 through suction line 25 and strain-
er 32.

While each drive station has its own reservoir 24,
there is no requirement that these reservoirs each have
the same capacity. Preferably, the reservoirs are nicely
tailored to the required content at each driving station.

Through power line 26 (Fig. 4) the oil or other fluid
is pumped to junction 33A. Part of the fluid thence passes
through oil line 26B and power motor 27B. Part of the
oil continues through line 26A to motor 27A, thereby
powering the latter. Junction 34A connects the exhaust
lines from the two motors. From junction 34A the spent
oil traverses return line 28 to reservoir 24.

It has been suggested hereinbefore, as we will disclose
in greater detail hereinafter, that the feed rolls are pre-
loaded against the tube stock with predetermined fixed
loading. - This, we disclosed, is required to prevent slip-
page between feed rolls and work product. To enable
such pre-loading we provide, in return line 28, a hydraulic
cylinder 35 which occasions this preloading. As an ad-
junct of cylinder 35 we include an adjustable relief valve
36 (Fig. 4). By adjustment of valve 36 we accurately
fix the amount of pre-load.. Details of the mechanical
construction of this pre-loading assembly will be set forth
in connection with description of the disclosure of Figs.
7 and 8.

As to first drive station 11A, it must be recalled that
planet gear 22A” bears such ratio to the corresponding sta-
tionary gear that it imparts comparatively. high rotation-
al speed to corresponding drive rolls 21A’ apd 21A".
And as has also been stated, this insures that work prod-
uct is. brought rapidly to first finishing station 10A. For
proper operation, however, the advance of this work
product is instantly slowed as soon as it reaches initial
work position, within the zone of influence of the first sur-
face finishing station. There, it is readied for passage
under the first finishing wheel. Thus, from supply line
26 extending between pump 23 and the motors 27A and
27B, and at junction 37 we shunt off excess energizing oil
to a release valve 38 which is series-connected in supply
line 39. This supply line then passes to junction 40 where
it rejoins the return line 28. In effect, then, the valve
38 serves as a torque-limiting and relief means.

Better to understand the operation of relief valve 38§,
consider that pump 23A provides to the two motors 27A
and 27B and through supply line 26, a quantity of oil
sufficient to cause these motors to operate at high rate
of speed under low-load conditions. That is, these motors
rotate associated feed roils rapidly to bring the work
product quickly up to the zone of influence of the first
surface finishing station. And while the motors are so op-
erating, all energizing oil from the pump 23A is channeled
through these motors, returning directly through line 28 to
reservoir 24.

When the work reaches the first surface finishing sta-
tion 10A, however, or comes against that element of work
product which is immediately ahead of it in the machine,
say in advance of or at the second drive station 11B, this
piece of work thereupon encounters resistance to further
advance through the machine as its initial high speed.
Accordingly, when this condition develops, the force ex-
erted by pump 23A is in excess of the requirements of its
corresponding motors 27A and 27B, and this excess must
be bled off before it reaches the motors. We establish
this relationship to insure that the particular work piece
which is momentarily under the influence of drive station
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10A will not jam the advance element, ahead of it,
through the machine. In other words we provide for
bleeding excess encrgizing fluid at the roll-operating mo-
tors at the first drive station. To that end we channel
such excess fluid through check valve 38, pre-set to deter-
mine the maximum pressure exerted by supply fluid on
motors 27A and 27B, ie. the maximum torque which
can be developed.

As a final refinement, we provide a check valve 41.
This is shunted off the main feed line 26 at junction 43.
We provide this check valve 41 in a shunt line 42 which
is directly supplied from the reservoir 24, without passage
through pump 23A. Check valve 41 permits operation
of the fluid motors by hand, as for initial adjustment,
preliminary set-up or the like. Without this construction
we find that hydraulic line becomes locked at 23A. With
shunt 42 provided, however, requisite oil from reservoir
24 is supplied through shunt line 42, past check valve 41
to junction 43, and thence through supply line 26 to the
motors. Check valve 41 effectively prevents the passage
of oil in a reverse direction from supply line 26 at all
times that pump 23A is in operation.

It will be seen from the foregoing that at the first drive
station 11A, disclosed in Fig. 4, the particular element of
work product passing through this station is rotated at
fixed speed by corresponding rotatable head 12A. And
that the two motors 27A, 278, carried on head 12A, are
rotated at comparatively high speeds with fixed low maxi-
mum torque, required energy being supplied from the
single pump 23A. Drive station 11A serves to bring the
work product smartly up either to the first finishing-sta-
tion or into contact with that element of work product
which is immediately ahead of it in the direction of ad-
vance through the machine. When either such condition
is established the torque supplied to the motors from the
pump at this first drive station is incapable of forcing the
work product through the machine against the braking
load exerted by the advance or subsequent drive stations.

As stated, in a typical installation of which that under-
going description is characteristic, the motors at the first
drive station under low-load conditions will advance the
work product at the rate of approximately 50 feet per
minute until this latter is brought into the zone of in-
fluence of the first finishing station. There, and through-
out all subsequent zones of the machine, rate of advance
is typically reduced to about 30 feet per minute.

In other words, the first driving station is solely for
bringing the work product to the first finishing station,
so as to rapidly bring about initial finishing action. The
first driving station operates at high driving speed until
the work product passing therethrough for advance to
the subsequent driving station encounters resistance to
rapid passage due to the influence of the second drive sta-
tion. It thereupon slows to the speed controlled by said
second drive station, and excess drive fluid from pump
23A is by-passed through shunt valve 38, to the reservoir.

The second driving station receives and slows the work
product to a speed correlated with that of the first sur-
face finishing station. It provides for positive advance
of the work along with control of the rate of advance

Drive station. 11B is shown in Fig. 1 as disposed just
to the left of the first surface finishing station 10A.
Viewed in the direction of the advance of the work prod-
uct through the machine, second. driving station 11B is
disposed just in advance of the first surface finishing
station. That is, station 11B is disposed between first
drive station I1A and first finishing station 10A. Tts
function is to feed the work product into the first surface
finishing station 10A, but at reduced and controlled speed,
say about 30 feet per minute in a typical instance. As at
first drive station 11A, the corresponding rotatable head
12B rotates at constant rotational speed. This is.the
same, it will be recalled, for each drive station. More-
over, ring gear 44 is stationary at each station. At sta-
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tion 11B provmon is made for driving pump 23B’ at a
speed which ‘is less than that of pump 23A at first drive
station 11A.- We bring about reduction in speed by in-
creasing the ratio between the gear teeth of the planet
gear 22A’ and the corresponding stationary gear.. It
follows that motors 27A’ and 27B’ at station 11B are
operated at lower rotational speeds.

With particular reference to Fig. 5 it will be seen that
pump 23A" pulls oil from reservoir 24B through strainer
32B up through intake line 25B to pump 23A’”’. The
pump then forces the powering fluid through supply line
B26 to the motors 27A’ and 27B’. Returning, the spent
fluid exhausts through outlet line 28B during travel to
hydraulic element 23B”,

At this point in consideration of the second drive sta-
tion it should be noted that physically the circuit thereof,
together with its component parts, is substantially the
same- at second station 11B as at first ‘station 11A. this
with: the exception of two important additions. One of
these is the provision of the rate control or rotary-flow
control unit 23B" and its corresponding drive pinion or
planet gear 22B”/,-along with relief valve 45 which is ad-
justable and is shunted across the unit 23B”’ to serve as a
limit for braking control or torque over-load. The other
is in the period of adjustment. Where the check valve 41
permits oil to be shunted about pump 23A’ from reser-
voir 24 of the first drive station, the second pump 23A"
is shunted in generally similar manner by opening the ad-
justable valve 45 which serves as a torque over-load
limit relief element. -

Just as in the Flg 4 embodunent where the oil to hy-
draulic unit 23B’ is supplied from reservoir 24B through
filter 32B, pressure developed in pump 23A" is trans-
mitted through supply line B26 to motors 27A’ and 27B’.
Relief valve 38B, shunted across the supply line B26, de-
termines the maximum pressure transmitted from pump
23A" to the motors. The pressure relief line including
relief valve 38B joins return line 28B’ at junction 40A
and returns excess energizing fluid direct from pump
23A” to reservoir 24B. This serves to limit the maxi-
mum pressure of fluid delivered to the motors and hence
limits maximum torque development there.

Now, pump 23B” disposed in the return line of the
energizing motors, serves as a rate control for these fluid
motors 27A’ and 27B’. - This we bring about by series-
connecting the hydraulic element 23B”’ in the main branch
of the return line 28B between the motors and the reser-
voir.  Now, to produce the required hydraulic action and
hence desired tube speed under required torque control
at this second station 11B, we impart to pump 23B’ a
work capacity greater than that required at the corre-
sponding motors.. That is, this pump is capable of pump-
ing more oil than is required for desired tube speed. We
so design hydraulic element 23B”’, however, that it per-
mits-only the proper amount of oil to be delivered from
the motors 27A’ and 27B’, to give the required tube speed
at this station. To understand this it must be kept in
mind that the motors at station 11B will rotate no faster
than the operator permits the oil to flow from them.

Now, at station 11B the feed rolls have the dual func-
tion of firstly, feeding the tubing or other work product
to the buffing station. The power required for this is
low. After the leading end of the tube has passed under
the surface finishing wheel, however, but before it enters
the next driving station and before the trailing end of the
work product has left the second driving station, these
feed rolls also serve as a brake, to resist the intense pulling
action imparted by the adjacent finishing wheel. Greater
torque is required here.

Where braking takes place, however, this is achieved
through the absorption of energy. We accomplish this by
converting the hydraulic energy from the outlet end of
the motors back into mechanical energy through hy-
draulic element 23B”. Thus it will be seen that the ele-
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motor.. The mechanical energy produced therein is iiis
parted fo its rotatable head 12B. This is achieved
through its related planet gear 22B”. This rotates and
thrusts against its related stationary gear 44B. The effect

- is that the planet gear thrusts against the rotatable head

12B. The overall effect of this action is to reduce the
load on the electric motor 18 (Fig. 1) which powers the
rotatable heads.

Consideration discloses the desirability of protecting
the affected ‘parts of our machine from the detrimental
effect. of employing either the wrong grinding, sanding
or finishing wheel or, given a proper wheel, improperly
loading it against the related work product, tending to
produce excessive pull on the latter through the machine.
For without such provision this would occasion pressure
on the controlling hydraulic element 23B””. To avoid
resulting damage from such a condition we relieve ex-~
cess pressure through a relief valve 45. This valve is
series-included in hydraulic line 47, shunted at 46 from
main return line 28B and connected at junction 40A with
return line for relief valve 38B (which limits power
development from pump 23A"), and empties through
branch return line 28B’ to reservoir 24B.

Additionally, relief valve 45 serves to predetermine the
braking effect of the motors by spilling off some of the
spent fluid from these motors which otherwise would -
be returned through hydraulic element 23B”. -Such ex-
cess fluid, if permitted to pass through hydraulic element
23B”, causes additional tendency to slow the speed of
the motors, and hence of the rolls and the work stock.
In short, relicf valve 45 limits the braking effectiveness .
of the hydraulic element 23B".

The third, and all subsequent driving stations, located
- after the first finishing station, serve only as a braking
station. ~ The first pump at these driving stations serves
only to supercharge the motors

In the third embodiment of driving station, only con-
trolled braking action takes place. All drive stations
after the first two, and including stations 11C, 11D, 11E,
11F, 11G and 11H, respectively, are disposed following
the first buffing station. After the work product comes
under the influence of the surface finishing wheel at the
first station all subsequent forward feed of the work
product through the machine is accomplished by nice cor-
relation of the emergy imparted to the work product by
the finishing wheels and that imparted by the second drive
station. The so-called drive stations of this third group
of stations in reality serve only as braking stations. Each
station of this group-differs largely from the second sta-
tion in the omission of the relief valve 38 disposed be-
tween the first pump and the hydraulic motors to by-
pass excess fluid from the motors. This is not required
in this third group of stations, where the motors them-
selves actually serve as pumps, and the first pump serves
only to supercharge, supplying additional fluid to and
supplementing the vacuum draw of these motors from
the reservoir. -

Structurally, all braking stations are much alike. Brak-
ing and motor control is the problem at these stations,
rather than linear feed of the work product. The motors
at these stations, 27A’ and 27B”, etc., actually serve as
pumps, rather than as motors. They receive the mechan-
ical work from the work product and translate this to
pumping action to the second hydraulic element at each
station, which now displays motor action. This action is
brought about through the wheel of the related finishing
station powering the work product passing therethrough.
The product is passed through the related drive rolls of
a subsequent drive station, which rolls are associated
therewith in anti-slip fashion. These drive rolls power
the associated motors. The motors, thus rotated, pull
fluid from the reservoir 24C (see Fig. 6), through filter
32C, and line 25C to first hydraulic element 23C’. Thence

ment 23B” of second station 11B actually serves as a 75 the fluid passes through line C26 to the motors 27A" and
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27B”, respectively. As the motors are rotated, actually
as pumps, by their corresponding drive rolls 21C’, 21C",

respectively, they pull the fluid from the reservoir 24C.

and pump it through return line 28C. The motors are.
aided in this pumping action by pump 23C’. This pump
serves solely as a supercharger to boost the amount of
fluid which is supplied to the motors, and to insure that
at all times, the supply of this fluid is sufficient to insure
proper pumping action at the motors. And similarly, a
check valve is provided. for shunting the motor 23C’ and
drawing requisite oil directly from reservoir 24C to the
motors 27A” and 27B” when setting up or. adjusting
these motors by hand.

1t is apparent from the foregoing that at the third and
all subsequent drive statioms, where no work product is
in the machine the motors of these stations, now serving

as pumps, do not rotate, even though the corresponding.

rotatable head is being powered from line motor 18.
This is because the first pump 23C of each such station
is of such low power rating that it will not of itself, tend
1o rotate the hydraulic elements 27A” and -27B” as mo-
tors, its sole function being that of comparatively low=
power supercharge.

The second drive station and all subsequent drive sta-
tions do have in common, however, that braking and rate
control is provided, this through the provision of a second
hydraulic element 23C”. Hence the second hydraulic
element 23C"* is series-connected in hydraulic return line
28C just as in the second drive station embodiment. ~And
this second hydraulic element spills its exhaust fluid

.through line 28C back to the reservoir 24C. . Similarly
relief valve 45C connected. in line 47C which in turn is
branched off return line 28C at 46C, rejoining the same
at 48C, serves to limit the control action of hydraulic
element 23C” by spilling excess fluid in return line 28C
directly to the reservoir 24C. B

From the foregoing it will be seen that theoretically,
it is possible to dispense with first-pump 23C’ in this Fig,
6 embodiment. But we find that the supercharging ac-
tion of this element gives rise to better performance
than if these pumps were required to vacuum-draw ener-
gizing fluid direcily from the supply reservoir. - More-
over, the pump element 23C’ serves to provide fluid re-
quired for properly energizing the hydrautic cylinder 35C
which pre-loads the feed rolls of each related station
against the corresponding work product passing there-
through.

Certain details of the finishing stations are best
shown in Fig.2

Each surface finishing wheel operates at substantially
constant linear speed. Moreover, each rotates in a direc-
tion of movement of advance of the work product through
the machine. To this end, and as illustrated, the wheels
are undershot and operate counterclockwise in the draw-
ings. These wheels bear heavily against the work prod-
uct. Thus they tend to impart to the work product a
component of high linear speed, in the direction of ad-
vance of the work product through the machine. The
subsequent driving stations are required to retard this
movement in controlled manner.

Consideration discloses the advantages attendmg rota-
tion of the finishing heads counterclockwise, in the direc-
tion of movement of the work stock. For as stated, by
so doing, the wheels not only finish the work, but impel
it through the machine. The only other unpellmg action
imparted to the work while in the machine is through the

first and second drive stations 11A and 11B, both of

which are located in advance of the ﬁrstVsurface finishing
station. No subsequent driving impulse is imparted to the
work product, other than through the wheels themselves.

The drive stations following the first surface finishing
station -exert only a braking action, to slow.the work
product to proper linear advance through- the machine.
Afier the work comes through the-first ﬁmshmg statlon
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all subsequent -driving impulse is imparted to the work
prodiict by the wheels alone. With this in mind it will
be understood that should the wheels be rotated in the
opposite direction, that is, clockwise, surface finishing

- of the work product against its direction of linear move-

ment through the machine, would necessitate providing
gripping heads to pull the work through the machine.
Additionally, the finishing action would be both usncer-
tain and scratchy.

Although as stated the number of surface finishing sta-
tions employed in our particular machine is not neces-
sarily critical we prefer to employ three such stations.
The finishing wheels typically will be different at each
station as previously indicated. It is important to main-
tain control of the rate of feed of the work, whether or
not the same be in the zone of influence of the finishing
station. For should the work suddenly slip while under
the wheel, detrimental marring would inevitably result.

At each surface finishing station a wheel is powered
from-any suitable means, usually an electric motor which
drives only its related wheel, usually through step-up
gearing. A back-up roll 54 serves as an anvil against
which the wheel may work. It is set slightly askew or at
a slight angle, the better to distribute wear on it. And it
is disposed slightly on the advance side of the related
wheel, viewed in the direction of feed through the ma-
chine, so that the drag of this take-up roll on the work
product will be on the unpolished surface of the latter;
that is, the surface which has not yet passed beneath the
related wheel, rather than on the finished surface thereof.

The support rolls at each drzvmg station are pre-loaded
to determined. extent against the related work prod-,
uct, and are linkage-mounted on the associated ro-

. tatable head

Frequent reference has been made here to pre-loading
the drive rolls at each drive station against the work
product. Such construction contributes appreciably to
instire that all slippage is suppressed between rolls and
work product. We find, however, that it is necessary
to proper operation of the rolls that such pre-loading
be limited in value to avoid the possibility of jamming
and attendant detrimental results, either damage to the
machine or marring of the work. Accordingly, we prefér
not-to mount the support rolls directly from the ¢orre-
sponding rotatable head. Rather, we provide a flexible
mounting therebetween, through which the rolls are pre-
loaded to determined and adjustable extent against the
work. Illustratively, this comprises a spring-biased
mounting.

In the embodiment illustrated we dispose the drive
rolls 21’ at each drive station A through H, respectively,
on carrying links 49’ and 49”, respectively (Fig. 7).
These links, hére shown as bell cranks, are pivoted at
50’ and 59", respectively, to the corresponding rotatable
head. Link 49’ is pivotally connected at its end remote
from its related drive wheel 217, at 517, to the piston 35A
of hydraulic cylinder 35. In suitable manner 35 is made
fast at 35B to the related rotatable head 12. This cylin-
der is shown in the circuit diagrams in Figs. 4, 5 and 6.
As the hydraulic system is energized, retracting piston
35A, the right end 51’ of link 49’ is drawn upwardly in
Fig. 7. As the link 49’ pivots about pivot point 50', sup-
port roll 21, is drawn downwardly on the work which
passes therebetween (se¢ 52 in Fig. 8). '

The degree of pre-loading is controlled by the relief
valve 36 for the cylinder 25, as typically shown in Fig.
4. Cross-linkage, comprising connecting -shaff 53, in-
terconnects link 49’ with follower link 49”. And this is
achieved by pinning shaft 53 at 43A to link 49’ at a se-
lected point thereon intermediate drive roll 21’ and pivot
point' 5¢’. The other end of shaft 53, remote from link
49" and adjacent follower link 49, is connected to the
fres end of this follower link 49", remote from its as-
sociatéd drive wheel 217, at 53B. The action brought
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about through this connecting shaft 53 is such that when
roll 21’ is pre-loaded downwardly against the top sur-
face of the work product 52, connecting shaft 53 is like-
wise forced downwardly and rocks follower link 49’
clockwise about pivot point 50, This pre-loads the roll
21" upwardly against the undersurface of the work prod-
uct in direction and in amount exactly opposite to the
underlying feed roll 21””. Controlled gripping of work
product is brought about. One important and highly
advantageous result attending pre-loading is that this firm
contact between rolls and tubing is insured at all times
despite any important wear which may occur during use.

The operation of our surface finishing machine will in
large measure be clear from the foregoing description.

To bring the machine into operation, line motor 18 is
started. .And so too are the motors at the various buffing
stations. The work product is introduced at the left or
inlet end of the machine to the first drive station 11A.
The work product is advanced through the machine at
a comparatively high rate of speed, say 50 feet per min-
ute, under conditions of low torque. Rotation is im-
parted at approximately 150 feet per minute. First drive
station 11A therefore provides only for forward feed at
high speeds and under low-torque conditions. The work
product thus is brought rapidly into the machine.

At the second drive station, 11B, forward advance of
the work'is continued, but at reduced speed and under
controlled higher torque conditions, say 30 feet per min-
ute. This second drive station gives rise to both forward
feed of the work product and regulated advance thereof.

- The speed is reduced to that most compatible with the

rotational speed of the: first surface finishing station to
which the work: is next to be subjected, as noted.

And at the second drive station, and all subsequent
drive stations, the work product is rotated, similarly at
linear speed of approximately 150 feet per minute, in a
ratio of about five times that of the forward advance of
the work product through the finishing stations of the
machine. :

As it comes from the second drive station 11B in the
direction of advance through the machine, the work is
subjected to the first surface finishing station 10A. Here
initial polish or other surface finishing is imparted. It
is carried across a back roll or rotatable anvil (like 54
for the wheel 10B of station B), and is held against the
wheel.

From the first station 10A, the work is subjected to
subsequent drive stations and buffing stations, in alterna-
tion. All forward advance of the work product is in
large measure received from the surface finishing wheels
after it has been subjected to the first finishing operation.
And all subsequent: drive stations serve simply to retard
such forward feed in controlled manner. Additional and
refined surface finishing is imparted to the work product
at each subsequent station. -

It will be recalled that structurally, paired rotatable
heads 12 are joined together by a common shaft for
powering from the line motor 18 while functionally, each
such rotatable head is related to a separate drive station.
Moreover, viewed from a functional standpoint each unit
comprises a surface finishing station with a drive station,
one disposed in advance of and one subsequent thereto,
viewed in the direction of advance of the work through

the machine. Now, the rotatable heads associated with'

and comprising part of each unit are mounted on sep-
arate drive shafts, Accordingly, and for proper opera-
tion, the various heads rotate in opposite directions, as
required. In each drive assembly of two rotatable heads
12 and interconnecting drive shaft 13 the working faces
of the two heads are disposed in opposite directions:
With the heads rotated in the same direction the work-
ing face of one head rotates clockwise, while that of the
other head turns counterclockwise.

Now, in the operation of our machine the surface con-

dition of the tubing to be polished and the particular
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motor employed for the finishing heads in large measure
determine the speed of the entire feed apparatus. The
operator selects this on the basis of his experience. The
ratio between turn and speed is in large measure fixed,
however, regardless of the linear advance through the
machine. To change this ratio means changing the gears
on the rotatable driving heads. While from time to time
this ratio may ‘be changed from one type of work to an-
other, this is not usuvally required. Thus, increase or
decrease in the speed of the main line shaft correspond-
ingly affects the speed of the entire apparatus including
both speed of linear feed and, with fixed ratio, the speed
of rotation of the work product.

Where desired, however, as a preliminary surfacing

operation for example, the ratio of rotation speed to
linear speed may be substantially increased, or substan-
tially decreased. In this manner a cross-surfacing effect
is achieved.  And we contemplate a -substantial increase
of ratio in one surface finishing unit and a substantial
decrease in the next, as in grinding or sanding operations
to quickly remove surface material, followed by further
finishing at proper ratio to give a fine ultimate finish.
- While the number of surface finishing stations is in
large measure determined upon the results to be achieved,
an entirely different criterion controls the selection of the
driving stations. Here the length of the tubing under-
going finishing is controlling. Where small or short
pieces of tubing or the like are undergoing surface finish-
ing, this condition interposes a problem. And a large
number of driving and support stations is required.

As a final point, it should be noted that as the tail
end of the work departs from each surface finishing sta-
tion, and since the pick-up roll or rotatable anvil is dis-
posed rearwardly- of the wheel, this tail end of the work
falls out of contact with the wheel. By consequence, the
wheel does not tear into the hollow end of tubing under-
going finishing or the sharp edge of bar or rod stock.

Each piece of work is pushed through the machine by
the next following piece. And after the first leaves the
feed tolls at the first and second drive stations it stops.
The brake rolls of the opposed head have this effect.
And it is not overcome by the force of the wheel. " Unless
there are additional pieces fed into the machine, the

“ ‘work in the machine stops its advance until:-the supply
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is replenished at the inlet end of the machine.

It is apparent from the foregoing that our new machine
is at once simple, sturdy and substantially foolproof in
operation. High degree of surface finish is imparted in
rapid and certain manner. Operation is predictable and
requires minimum of supervision and attendance.

All the foregoing, as well as many other highly practi-
cal advantages attend the practice of our invention. It is
apparent that once the broad aspects of our invention are

_ disclosed, many embodiments thereof will readily occur to
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those skilled in the art, as well as many modifications of
the embodiment here disclosed. - Accordingly, we intend
the_foregoing disclosure to be construed as purely illus-
trative, and not as limitative.

. We claim as our invention:

1. A work-finishing machine comprising in combina-
tion, a plurality of drive stations and a plurality of finish-
ing stations, each finishing station providing a particular
step in the finishing operation and each such step being
correlated to produce desired end results, the first drive
station in direction of advance of work product through
the machine being disposed between the inlet end of the
machine and the first finishing station and imparting high
speed low-torque advance to the work product, the second
such drive station, also -disposed between the inlet end of
said machine and the first finishing station, operating at
reduced speed with increased torque to correlate the linear-
speed of work product with the surface speed of the first
finishing station, all subsequent drive stations in direction
of advance of work product through the machine, and
following the first finishing station, serving to brake tie
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work product to advance through the machine at con-~
trolled rate against the impelling action of the finishing
stations; and drive means for said drive stations for rotat-
ing the work product at selected rotational speed.

2. In a machine for finishing the surface of tubing or
the like, comprising in combination, a drive station com-
prising a rotatable head; paired support rolls carried on
said head for revolving about the axis thereof; a first
means on said head and connected with said rolls for
rotating the latter about their axes, the said rolls being
capable of tightly gripping, in anti-slip manner, work
product passing through the drive station; power means
carried on said head for imparting controlled power to
said first means; power-limitng means for slipping power
delivered from said power means in excess. of pre-set load
limit for said first means; and means for rotating said
head to impart energy thereto. .

3. In a machine for finishing the surface of tubing or
the like, comprising in combination, a drive station com-
prising a rotatable head; paired support rolls carried on
said head for revolving about the axis thereof; a first
means on said head and connected with said rolls for ro-
tating the latter about their axes, the said rolls being ca-
pable of tightly gripping, in anti-slip manner, work prod-
uct passing through the drive station; a stationary ring
gear mounted adjacent to said rotatable head; power
means carried on said head for imparting controlled
power to said first means, said power means revolving
about and meshing with said ring gear and receiving
energy therefrom as said head is rotated; power-limiting
means for slipping power delivered from said power
means in excess of pre-set load limit for said first means;
and means for rotating said head to impart.energy thereto.

4. In a machine for finishing the surface of tubing or
the like, comprising in combination, a drive station com-
prising a rotatable head; paired support rolls carried on
said head for revolving about the axis thereof; a first
means on said head and connected with said rolls for
rotating the latter about their axes, the said rolls being
capable of tightly gripping, in anti-slip manner, work
product passing through the drive station; a stationary
ring gear mounted adjacent to said rotatable head; power
means carried on said head for imparting controlled power
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and geared ‘to said ring gear, thereby receiving reaction
energy from the ring gear as the head revolves; hydraulic
motors for rotating said support rolls, carried on said head
and suplied from said hydraulic pump means; and torque-
limiting by-pass means disposed between said hydraulic
pump and said hydraulic motors for limiting the unit
amount of energizing fluid delivered by the pump to said
motors. ! ' - -
. 7.- A drive station for a machine for finishing the sur-
face of a work product, comprising in combination, paired
support rolls capable of carrying and advancing the work
product therebetween and mounted both for revolving
about the work product as an axis and for rotating about
their own axes; means for revolving said rolls; hydraulic
motors for rotating said rolls; hydraulic pump means

. fiuid-connected to said hydraulic motors for energizing
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to said first means, said power means revolving about and -

meshing with said ring gear and receiving energy there-
from as said head is rotated, the gear ratio between said

power means and said stationary ring gear being such’

that the support rolls are rotated at such .rate that the
speed of advance of the work product therethrough s
one-fifth the surface speed at which said work -product is
rotated along with said rotatable head and said support
rolls; power-limiting means for slipping power delivered
from said power means in excess of pre-set load limit for
said first means; and means for rotating said head to im-
part energy thereto.

5. A drive station for a machine for finishing the sur-
face of a work product, comprising in combination, a ro-
tatable head; means for rotating said head; a stationary
ring gear associated and cooperating ‘with said head;
paired support rolls mounted on said head for carrying
between them the work product advancing through such
drive station; hydraulic pump means rotatably mounted
on said head and geared to said ring gear, thereby receiving

reaction energy from the ring gear as the head revolves;
and hydraulic motors for rotating said support rolls,. -

carried on said head and supplied from said ‘hydraulic
pump means.

6. A drive station for a machine for finishing the surface
of a work product, comprising in combination, a. rotétable
head; means for rotating said head; a stationary ring gear

associated and cooperating with said head; paired sup-

port rolls mounted on said head for carrying between them
work 'product advancing through such drive station; hy-
draulic pump means rotatably mounted on said head
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the latter; a reservoir in circuit with both said hydraulic
pump and said motors for supplying energizing fluid for
the hydraulic elements; torque-limiting fluid by-pass means
between said pump and motors for limiting the unit
amount of energizing fluid delivered by the pump to said
motors; and valved by-pass means directly connecting said
motors to said reservoir and shunting said pump for facili-
tating hand-setting the support rolls.

8. A drive station for a machine for finishing the sur-
face of a work product and comprising in combination,
paired support rolls capable of carrying and advancing
the work product therebetween and mounted both for
revolving. about the work product as an axis and for

' rotating about their own axes; a rotatable head carrying

said rolls for revolution as it rotates; pre-loading means
for carrying said rolls on said head and serving to pre-
load the rolls against the work product; hydraulic motors
for rotating said rolls; hydraulic pump means fluid-con-
nected to said hydraulic motors for energizing the latter;
a reservoir in circuit with both said hydraulic pump and
said .motors for supplying energizing fluid for the hy-
draulic elements; torque-limiting fluid by-pass means be-
tween said pump and motors for limiting the unit amount
of energizing fluid delivered by the pump to said motors;
valved .by-pass means directly connecting said motors
to said reservoir and shunting said pump for facilitating
hand-setting the support rolls; and a pre-loading cylinder
mounted on said rotatable head and disposed in fluid cir-
cuit somewhere in the hydraulic system between the out-

" let end of said pump and said reservoir and receiving

energizing fluid for biasing said roll-pre-loading means
against said rolls.

9. ‘A drive station for a machine for finishing the sur-
face of a work product and comprising in combination,

* paired support rolls capable of carrying and advancing

70. :
“+ said roll-pre-loading ‘means against-said rolls; and ad-

(

the work product therebetween .and mounted both for re-
volving about the work product as.an axis and for rotating
about their own axes; a rotatable head carrying said rolls

) for revolution as it rotates; pre-loading means for carrying
” said rolls on said head and serving to pre-load the rolls

against the work product; hydraulic motors for rotating
said rolls; hydraulic pump means fluid-connected to said
hydraulic ‘motors for energizing the latter; a reservoir in
circuit with both said hydraulic:pump and said motors for
supplying energizing fluid for the hydraulic elements;
torque-limiting fluid by:-pass means between :said pump
and :motors for limiting the unit amount of energizing

“fluid delivered by the pump to said motors; valved by-pass

means directly connecting said -motors to said ‘reservoir

" and.shunting said pump for facilitating hand-setting the

support ‘rolls; ‘a pre-loading -cylinder mounted on said
rotatable head and disposed in fluid circuit somewhere in
the hydraulic system between the outlet end of said pump
and-said reservoir and receiving energized fluid for biasing

justable valve-controlled by-pass means disposed in said
fluid circuit, shunted about said pre-loading cylinder, and
operably connecting with said-reservoir, for limiting the
extent to which said cylinder is energized. .
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10. In a machine for finishing the surface of metal

tubing and the like, in combination, a drive station com-

prising a rotatable head; paired support rolls carried on
said head for revolving about the axis thereof; a first
means on said head and connected with said rolls for
rotating the latter about their axes, the said rolls being
capable of tightly gripping, in anti-slip manner, work
product passing through the drive station; power means

carried on said head for imparting controlled power to -

said first means; power-limiting means for slipping power

delivered from said power means in excess of pre-set load .

10

limit for said first means; means for rotating said head to -

impart energy thereto; and means carried by said rotata-
ble head for pre-loading the support rolls against the work
product to selected and adjustable extent. =
11. In a machine for finishing the surface of metal tub-
ing and the like having a powering source and wherein
work product is carried between cooperating support rolls
-disposed on opposite sides thereof and themselves carried
from a common frame, and as-part thereof; mechanism
_ for pre-loading said rolls, the said mechanism comprising
a carrier for each ‘said roll, which carrier is pivotally
mounted on and supported by said frame; means for bias-
ing one said carrier in one direction, so as to force its
related roll against the work product to determined pre-
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loading; and a cross-connector bstween said carriers for

employing the energy from said' powering means to pre-
load the supporiroll of the other carrier against the work
product in like amount but in direction opposite to that of
the first-mentioned roll.

30

12. In.a machine for finishing the surface of metal tub-

ing and the like having a powering source wherein work
product is carried between cooperating support rolls dis-
posed on opposite sides thereof -and .themselves carried
from a common frame, and as a part thereof, mechamsm
for pre-loadmg said rolls, the said mechamsm comprising
a carrying link for each said roll, and pivoted intermedi-
ate its length on and supported by said frame, said links

comprising one power link and one idler link; hydraulic.

means operated from and by said powering source and
connected with the free end of the power link for biasing
the related roll against the work product to determined

pre-loading; and a cross link interconnecting said carrying.
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links for transmitting energy from said hydraulic cylinder -

through said power link, to pre-load the support roll of the
idler link against the work product in like amount but in
direction opposite to, that of the first-mentioned roll.

13 A drive station for a work-finishing machine com-
prlsmg in combination, a rotatable head; means for rotat-
ing said head; a stationary ring gear associated and co-
operating with said head; paired support rolls mounted on
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said head for carrying between them work product ad-:
vancing through such drive station; a first and second :

hydraulic pump means rotatably mounted on said head
and geared to'said ring gear, thereby receiving reaction

energy from the ring gear as the head revolves; hydraulic

&5

22 v

motors for rotating said suppert rolls, carried on said head
and supplied from the first said hydraulic means; inlet
means for intreducing fiuid from said first pump means to
said motors; and outlet means for spilling spent hydraulic
fluid from said motors, said second hydraulic pump means
being connected in said return line, for limiting the flow
of liquid through said return line and hence through said
motors.

14, In a machine for finishing the surface of a work
product, a drive assembly for advancing the work product

- therethrough to finishing stations also included in said

machine, comprising paired rotatable drive heads; a hol-
low connecting shaft therebetween; the working faces of
said heads facing outwardly, from opposite ends of said
drive shaft; paired support rolls mounted concentrically
on each head for revolving therewith and for supporting,
advancing and rotating work product as it advances

. through ‘said hollow shaft; and hydraulic means on each

said rotatable head for rotating said support rolls about
their own axes in controlled and torque-limiting manner,
the said machine in which said drive assembly is included
having means for rotating the drive heads of each such
drive assembly. )

15. In a machine for finishing the surface of an elon-
gated cylindrical metal work product, a finishing assembly
comprising a finishing wheel disposed substantially cen-
trally of said assembly; related rotatable heads facing each
other, at right angles to and one on each side of said
wheel, said rotatable heads being empowered to rotate at
the same speed; and generally .like hydraulic means, and
paired and grooved support rolls of resilient material on
each said head, the support rolls gripping the work prod-
uct-and rotating it with rotation of the heads, the first said
head, faced in direction of advance of the work preduct
beneath. the finishing wheel, serving to supply the work
product beneath the wheel in continued and controlled
feed, and the second such rotatable head cooperating with
the wheel to retard the work product against the impelling
action thereto by the finishing wheel itself, thereby to limit
advance of the work product beyond the assembly at con-

‘trolled retarded rate, the action of both said heads bemg

achieved in part by the related hydraulic means powering
the associated support rolls,
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