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This invention relates to lubrication, and, With 
regard to certain features thereof, to lubrication 
in which the film of lubricant is automatically 
maintained, 
One of the objects of this invention is to pro 

vide practical apparatus for the above purpose 
of simple construction and efficient and depend 
able action. Another object is to provide lubri 
cating anaratus adapted to maintain effective 
action under varying conditions of use. Another 
object is to provide apparatus of the above nature 
adapted to maintain a lubricant film On various 
forms and types of bearing Surfaces. Other ob 
jects will be in part obvious and in part pointed 
out hereinafter. 
The invention accordingly consists in the fea 

tures of construction, combinations of elements, 
arrangements of parts, and in the several steps 
and relation and Order of each of the same to 
One or more of the others, all as Will be illus 
tratively described herein, and the scope of the 
application of which will be indicated in the foll 
lowing claims. 

In the accompanying drawings in which is 
shown one of the various possible embodiments 
of the mechanical features of this invention: 

Figure 1 is a top plan of a grinding machine; 
Figure 2 is a diagrammatic plan showing the 

relation of various parts for handling the lubri 
Cant; 

Figure 3 is a sectional elevation taken along 
the line 3-3 of Figure 2 showing the parts struc 
turally rather than in diagrammatic form; 

Figure 4 is a similar section taken along the 
line 4-4 of Figure 2; and, 

Figure 5 is a similar section taken along the 
line 5-5 of Figure 2. 
Similar reference characters refer to similar 

parts throughout the several views of the draw. 
lingS. 

Referring now to Figure 1 of the drawings, the 
invention is shown embodied in a grinding ma 
chine in which the main bed is indicated at 0, 
this bed being broken away as indicated at 
and being of such total length as to permit any 
desired travel of the table 2 mounted thereon. 
The bed or support for the grinding head is 

indicated at 3, extending, as usual, at right 
angles to the main table and having the head 
4 mounted to reciprocate, as indicated by the 
double arrow, traveling in this direction under 
either manual or automatic control in the usual 
manner. This head supports the grinding wheel 
5 driven in the usual manner by a suitable elec 

tric motor on the grinding head. 
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Referring to the table 2, it is provided with 

the headstock 6 mounted on one end thereof and 
at the opposite end with the tailstock or foot 
stock which is adjustable length Wise of the 
table by the usual mechanism. Headstock and 
footstock are respectively provided with the cen 
ters 8 and 9, and the work, indicated at 20, 
is rotated by the motor 2 geared to drive any 
suitable form of connection from its face plate 
22. 
The main table f2 travels or reciprocates along 

the bed under either automatic or manual drive 
connected by mechanism of any of the Well 
known Suitable types. 
The table 2 rests, as shown in Figure 3 of 

the drawings, on the V-shaped way having the 
surfaces 23 and 24 between which the down 
Wardly projecting portion 25 of the table fits. 
These parts extend lengthwise of the machine 
throughout the length of the table and through 
out such portion of the length of the bed as 
Will afford to the table the maximum desired 
travel. On the other side of the machine, Com 
monly called the front side, the bed is provided 
with a fiat horizontal Surface 26 on Which the 
bearing portion 27 of the table rests. These 
coacting surfaces also extend throughout the 
length of the table and substantially throughout 
the length of the bed. 
The supporting bed for the grinding head 4 is 

provided with ways forming the flat bearing sur 
face 28 and the Surfaces 29 disposed to form an 
inverted W. Respectively coacting with these 
bearing surfaces are those at the botton of the 
parts 30 and 3 f through which the grinding 
head is carried, all as shown in Figure 5 of the 
diraWingS. 
As casting light on the features about to be 

described, it is to be noted that the load distribu 
tion along a member such as table 2 is inherently 
irregular; that is, the weight imposed on the 
bearings at one part, as, for example, the head 
stock, is quite different from that imposed at 
another longitudinally spaced location as under 
the unsupported center of the work. This lack 
of uniformity, moreover, varies widely under dif 
ferent conditions and the resultant load, further 
more, varies in direction, these variables depend 
ing, for example, on the connection and distribu 
tion of the Work, the position of the footstock, 
and the side thrust of the grinding Wheel Or 
other tool. If it were attempted merely to use 
a lubricating System of high preSSure in Order 
to reduce friction, Such pressure, if adequate 
at, for example, the headstock, would tend to 
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be excessive at certain other parts and even tend 
to bend the table. This bending action gives 
rise, among other objectionable features, to a 
tendency of the ends of the table to settle, and, 
by offering heavy pressure on extremely Small 
Surfaces, break through the lubricant film and 
Scrape metal-to-metal along the Surface of the 
bed. 

It is also to be noted that in many lubricating 
arrangements of the Ordinary type the effort to 
meet the problems presented places restrictions 
on the materials to be used in order to avoid Scor 
ing the galing of the Surfaces. Furthermore, the 
power requirementS in Such arrangementS, both 
for working and idle movements, are consider 
able and often special auxiliary devices are re 
quired in connection with the manual actuation 
of heavily loaded slides. 
One other point to be noted is that, with a 

reciprocating part such as the table 2, it must, 
of course, come to a standstill at each end of its 
travel or stroke and to start its return trip must 
overcome Static friction as well as inertia, the 
static friction being normally Substantially in ex 
ceSS of the kinetic friction encountered during 
movement. There is, accordingly, a tendency to 
deviation from a Smooth reversal due to this ac 
tion and a problem introduced which is not 
found in a bearing in which the parts are in con 
tinuous relative movement. 
Turning to the means whereby the problems 

thus introduced are solved herein, reference is 
made to Figure 2 which might be termed a hy 
draulic diagram. It will be understood that the 
term “hydraulic' is broadly used, and it may also 
be noted that the term “reciprocating' is used 
throughout in a broad Sense to denote any non 
rotary travel and to include movement which 
might technically be called Oscillating. There 
is indicated at 32 an electric motor driving a 
lubricant pump 33 which draws lubricant as by 
the pipe 3i from a Sump which extends through 
out the lower portion of the bed f. The dis 
charge from this pump is of relatively high pres 
Sure and of a Volume ample for the purposes 
hereinafter described. 
At 35 is indicated a form of pressure regulator 

which is an adjustable relief valve having a 
Spring-preSSed part 36 controlling a by-pass 3 
Which returns to the Sump. This relief valve 
having been Set at a Suitable pressure, as, for ex 
ample, 100 lbs. to the Square inch, Will maintain 
that as a maximum pressure of its output, and its 
volume is Such that there is normally a con 
tinuous overflow through the by-pass 3. At the 
diSchai'ge end of this preSSure regulator a con 
duit 38 is provided with a brainch 39 which Sup 
plies a lubricating unit 40 hereinafter described 
in detail. 
The main fioW from the pump, after passing 

the branch 39, travels through an adjustable 
reducing valve 4 by which the pressure is sub 
Stantially reduced. From this valve conduit 42 is 
branched at 43 to lead to two discharge openings 
44 and 5 in the bed. These discharge ports are 
both arranged opposite a groove 46 formed in the 
under Surface of the table as shown in Figure 3. 
This groove extends Substantially throughout the 
length of the table, as indicated in Figure 2, and 
is connectei, preferably at a plurality of longi 
tudinally spaced points, by the short pipes 47, 48, 
and i8 with a conduit 50 connected to a conduit 
50d, leading to a high pressure pump 5 driven 
by a motor 5’ preferably mounted on the end of 
the table. The high pressure lubricant from the 
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4. 
pump 5 is carried by a conduit 52 throughout the 
length of the table substantially parallel with the 
conduit 53, as shown in Figure 2 of the drawings. 
A relief valve 88 having a spring pressed part 8 
is connected to the high pressure conduit 52 by 
a conduit, 82; the discharge from the relief valve 
is carried to the sump by way of line 83. 
Spaced along the table are a number of lubri 

cating units, here shown as Six, on the main table. 
As these are substantially idenical in construc 
tion and action, one only will be described. From 
pipe 52 three branches lead through preSSure re 
ducing devices 53, 54, and 55. These devices may 
be considered as coils of any desired length and 
each having a passage therethrough of very Sninall 
cross section. Preferably the physical construc 
tion of these pressure reducing devices, as shown 
in Figure 3, take the form of a plug having a 
spiral thread throughout the entire outer Surface 
through which the lubricant flows, 
The discharge from pipe 52 travels through 

One of these devices and its pressure with a nor 
mal rate of flow is thereby reduced. The lubri 
cant of reduced pressure flows through an outlet 
56 and a passage 57 into a pocket or receSS 58 
formed in the under surface of the bearing por 
tion 27. This recess or pocket is preferably elon 
gated in the direction of the length of the table, 
as indicated in Figure 2, and the Sole discharge of 
lubricant therefrom escapes through the films 
formed between the bearing Surfaces of the adja 
cent portion of the bearing, as Will be later ex 
plained. 
The escaping lubricant travels at one side 

over the edge of the bearing surface of the bed 
into a trough 59 (see Figure 3) from which it is 
discharged as through the pipe 6G down into 
the sump formed by the bottom of the bed or 
frame of the nachine. The lubricant escaping 
toward the opposite side is picked up by a groove 
6i formed in the table and extending parallel 
to and substantially coextensive in length with 
the groove 46. This Crainage groove 6 is con 
nected by any suitable passage or conduit (dia 
grammatically indicated at 612) with the groove 
62 on the opposite side of the inlet groove 46, and 
these drainage grooves serve to collect lubricant 
flowing in their direction from the adjacent films 
and discharge it into the Sump as through the 
pipe 63. Any excess lubricant flowing toward the 
inner or right-hand edge of the bearing as viewed 
in Figure 3 is gathered by the trough 64 and dis 
charged into the Sump by the drain pipe 65. 

Considering the action of the lubricating parts 
thus far described, assuming that the lubricating 
system is first started up with the bearing Sur 
faces in metal-to-metal contact, the lubricant 
flows into the various recesses, such as pocket 
58. The escape from the pocket being at this 
stage cut off, the pressure therein naturally rises 
until it reaches a point sufficient to raise the 
table and cause a slight separation of the adja 
cent bearing surfaces on the table and bed. This 
separation affords an escape of the lubricant from 
the pocket, and, due to its restricted cross sec 
tion, this crevice forms what may be considered 
a hydraulic resistance, just as is the constricted 
passage through the device 53. This crevice be 
tween the bearing surfaces increases in width 
due to the lift of the lubricant on the upper sur 
face of the pocket and, acting through the film, 
On the under Surface of the table. Whsen the 
hydraulic literistance of the outflowing lubricant 
through the films equals that of the correspond 
ing device 53 at the inlet to the pocket, then the 
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the table, and said table having lubricant-re 
ceiving recesses in its bearing surface on the 
bed, means adapted to supply lubricant to Said 
recesses from said groove through conduits of 
restricted cross section, the sole escape from said 
recesses being through lubricant films between 
the adjacent bearing Surfaces, and means Con 
prising grooves extending longitudinally along 
the bed spaced from said recesses and adapted to 
collect lubricant as it is discharged from the 
bearing through Said films. 

3. In a lubricating System, in combination, a 
machine tool including a bed and a table, said 
table being movable along said bed on way bear 
ing Surfaces, means to supply liquid at relatively 
low pressure, said table and bed having a con 
nection connprising a groove in one of the same 
in the direction of in ovement of the table and a 
paSSage in the other communicating with said 
groove in all positions of the table, a liquid pump 
mounted on said table, means leading said low 
pressure liquid through said connection to Said 
pimp, Ineans forming a plurality of recesses in 
Said way bearing surfaces, and means connecting 
Said pump to said recesses, said pump constantly 
Supplying liquid to each of said recesses under 
Sufficient pressure to lift the portion of the table 
positions d above each recess. 

4. In a lubricating System, in combination, a 
Supporting member, an elongated slide member, 
Said members having opposed load-supporting 
bearing surfaces and said slide member being 
mounted for movement with respect to said Sup 
porting member on said bearing surfaces, at 
least One of said bearing Surfaces having a plun 
rality of recesses formed therein and spaced from 
the edges of said surface, said recesses being 
longitudinally Spaced from each other in the di 
rection of Said movement, and a separate conduit 
for each recess containing a flow restriction 
through which fluid is pumped continuously to 
each recess under table lifting pressure controlled 
by the Separation of said surfaces to create and 
maintain a table supporting film between said 
Surfaces under sufficient pressure to separate said 
bearing Surfaces, whereby there is a continuous 
flow of fluid between said bearing Surfaces. 

5. In a lubricating system, in combination, a 
Supporting member having a flat load-supporting 
bealing Surface, a work supporting member hav 
ing a flat load-supporting bearing surface, said 
Work Supporting inenber being nounted for 
movement with respect to said first-mentioned 
member on Said bearing surfaces, said Work Sup 
porting member having a plurality of recesses 
formined in its bearing Surface and Spaced from 
the edges of said surface, said recesses being 
longitudinally Spaced from each other in the di 
rection of said movement, and separate conduits 
for each recess, each conduit containing a flow 
restriction and being connected at one end to a 
recess and to a source of fluid under pressure at 
the other end, said source of fluid under pressure 
being operable to continuously supply fluid to 
each recess through said conduits under Work 
supporting pressure controlled by the separation 
of said surfaces to create and maintain a work 
supporting film under pressure to separate said 
bearing surfaces, whereby there is a continuous 
flow of fluid between said bearing Surfaces. 

6. In a lubricating system, in combination, a 
supporting member having a flat load-support 
ing bearing surface, a work supporting member 
having a fiat load-supporting bearing surface, 

s 

O 

5 

20 

25 

30 

35 

40 

50 

65 

5 

8 
said work supporting member being mounted for 
movement with respect to said first-mentioned 
member on said bearing surfaces, said work Sup 
porting member having a plurality of recesses 
formed in its bearing surface and Spaced from 
the edges of said surface, said recesses being 
Spaced from each other in the direction of Said 
movement, a pump, and a separate conduit for 
each recess containing a floW resistance and con 
necting the pressure side of said pump to each 
recess, said pump being operable to continuously 
supply fluid through said conduits to each recess 
under work supporting pressure controlled by 
the separation of said surfaces to create and 
maintain a work supporting film under pressure 
to separate said bearing surfaces, whereby there 
is a continuous flow of fluid between said bear 
ing Surfaces. 

7. In a lubricating system for a machine tool, 
in combination, a bed, a table, said bed and table 
having opposed load-Supporting way bearing Sur 
faces, said table being mounted for longitudinal 
movement with respect to said bed on Said way 
bearing surfaces, at least one of said bearing 
surfaces having a plurality of recesses formed 
therein, said recesses being spaced from the edges 
of the bearing surfaces in which they are formed 
and being longitudinally spaced with respect to 
each other in the direction of said movement, 
the principal path for escape of fluid from each 
recess being between said bearing Surfaces, and 
a separate conduit for each recess containing a 
flow restriction through which fluid is pumped 
continuously to each recess under table lifting 
pressure controlled by the separation of said sur 
faces to create and maintain a table Supporting 
film between said surfaces under Sufficient pres 
sure to separate said bearing surfaces, whereby 
there is a continuous flow of fluid between said 
bearing Surfaces. 

8. In a lubricating system, in combination, a 
supporting member, an elongated slide member, 
said members having opposed load-supporting 
bearing Surfaces and said slide member being 
mounted for movement with respect to Said Sup 
porting member on said bearing surfaces, at 
least one of said bearing surfaces having a plu 
rality of recesses formed therein and Spaced 
from the edges of said bearing surface, said re 
cesses being longitudinally spaced from each 
other in the direction of said movement, and a 
Separate conduit for each recess containing a 
hydraulic resistance and each connecting a re 
cess to a source of liquid under preSSure, the 
sole path of escape of said liquid from each re 
cess being between said bearing surfaces there 
by forming a hydraulic resistance to flow out of 
each recess, said source of liquid under pressure 
being operable to continuously supply liquid 
through said conduits to each recess under slide 
lifting pressure controlled by said Second-men 
tioned hydraulic resistances to create and main 
tain a slide supporting film under preSSu'e to 
separate said bearing surfaces, whereby there is 
a continuous flow of fluid between Said bearing 
surfaces. 

9. In a lubricating system for a machine tool, 
in coinbination, a bed, a table, Said bed and 
tabie having opposed load-Supporting way bear 
ing surfaces, said table being iiiolinted for lon 
gitudinal movement with respect to said bed on 
said way bearing surfaces, at least one of said 
bearing surfaces having a plurality of recesses 
formed therein and spaced from the edges of 
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Said Surface, said recesses being longitudinally 
spaced from each other in the direction of said 
movement, and a Separate conduit for each re. 
ceSS containing a hydraulic resistance and each 
connecting a receSS to a Source of liquid undeir 
preSSure, the Sole path for escape of said liquid 
from each recess being between said bearing Sur 
faces and forming a hydraulic resistance to flow 
Out of each receSS, Said Source of liquid under 
preSSure being operable to continuously Supply 
liquid through Said conduits to each recess under 
table ifting pressure controlled by the separation 
of Said Surfaces to create and maintain a table 
Supporting film under pressure to separate said 
Way bearing Surfaces, whereby there is a con 
tinuous flow of fiuid between said bearing sur 
faces. 

10. In a lubricating System for a machine tool, 
in combination, a bed, a table, said bed and 
table having opposed pairs of load-Supporting 
Way bearing Surfaces, Said table being mounted 
for longitudinal movement with respect to said 
bed. On Said way bearing Surfaces, said table being 
of uneven weight throughout its length and being 
long in comparison. With its thickness with a 
tendency to bendi vertically, said table way bear 
ing Surfaces each having a plurality of recesses 
formed therein, Said recesses being spaced fron 
the edges of Said table way bearing Surfaces 
and being longitudinally Spaced with respect to 
each other in the direction of said movement of 
Said table, the Sole path for escape of fiuid from 
each receSS being between said bearing surfaces, 
2nd a separate conduit for each recess contain. 
ing a flow restriction and connecting the pres 
Sure side of a pump to each recess, said pump 
being operable to continuously supply fluid 
through Said conduits to each recess under table 
lifting pressure controlled by the separation of 
Said Surfaces to create and maintain a table sup 
porting film under pressure to separate said bear 
ing Surfaces at all points, said pressure lifting 
the weight of any portion of the table plus any 
additional load that might be placed thereon 
when the machine is in use, whereby there is 
a continuous fiow of fiuid between said bearing 
Surfaces. 
1. In a lubricating System for a machine tool, 

in combination, a bed, a table, said bed and 
table having opposed load-supporting flat way 5 
and W Way bearing surfaces, said table being 
nounted for longitudinal novement with re 
Spect to said bed on said way bearing Eurfaces, 
the Way bearing surface and both W Way 
bearing surfaces on said table having a plurality 
of recesses formed therein, said recesses being 
Spaced from the edges of the bearing surfaces 
in which they are positioned and being longi 
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10 
tudinally spaced with respect to each other in 
the direction of movement of Said table, the sole 
patin for escape of liquid from each recess being 
between Said bearing Surfaces and forming a 
hydraulic resistance to flow of liquid from each 
i"eceSS, and a separate conduit for each recess 
containing a hydraulic resistance through which 
fiuid is pumped continuously to each recess under 
tabile ilifting pressure controlied by the separa 
ti Cn. Of Said Surfaces to create and maintain a 
tacle Supporting film between said bearing sur 
ia Ces li?ader pieSSure to Separate Said bearing 
Surfaces, whereby there is a continuous flow of 
fluid between said bearing Surfaces. 

i2. In a lubricating System, in combination, 
a Supporting member, an elongated slide mem 

ser, Said members having opposed load-support 
iing bearing Surfaces and said slide member being 
inounted for novement with respect to said sup 
porting member on Said bearing surfaces, at least 
One of Said bearing surfaces having a plurality 
of receSSes formed therein and spaced from the 
eiges Of Said Surface, Said recesses being lon 
gitt dinally Spaced from each cter in the di 
3ction of Said movement, a pump, a relief valve 
connected to the pressure side of said pump, and 
& Separate conduit connecting each recess to 
t?ic pr?SSuite Side of Said pump, a hydraulic re 
Sistance positioned in each conduit, said pump 
being operable to continuously supply liquid 
through said conduits to each recess under side 
lifting preSSure controlled by the separation of 

d Surfaces to create and maintain a slide 
poiting film under pressure to separate said 

bearing Surfaces, whereby there is a continuous 
flow of fluid between said bearing surfaces. 

ALBERT H. DALL. 
MARIO MARTELLO. 
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