
April 13, 1943. E. F. KLENKE, JR 2,316,518 
RUB-OU MACHINE 

Filed May 8, 1940 3 Sheets-Sheet l 

2a Za 

s ex NN N 'N 

waWWN 
-- i. 

INVENTOR 
fauard Kerzee/h 

BY s f V 

At TORKE 

  



April 13, 1943. E. F. KLENKE, JR 2,316,518 
RUB-OU MACHINE 

Filed May 8, 1940 3. Sheets-Sheet 2 

2) 

zé 

Avalasa A.V. 

se 

NVENTOR 
Adzuard federzee, ?p? 

6.7f. enezuv 
ATTORNEY 

  

  

  

  

  

  

  

  

  



April 13, 1943. E. F. KLENKE, JR 2,316,518 
RUB-OU MACHINE 

Filed May 8, 1940 3. Sheets-Sheet 3 

NYS 
te IIIllyu 

TN 

W. 
2's ES 3. 21 
Z % 

INVENTOR A-5 42a. A.agg AACZeyzee/a 
... a. atri?, is Er? 

  



Patented Apr. 13, 1943 2,316,518 

UNITED STATES PATENT OFFICE 
2,316,518 

RUB-OUT MACENE 

Edward F. Klenke, Jr., East Orange, N. J. 
Application May 8, 1940, Serial No. 333,930 

(C. 3-51) 9 Claims. 

This invention relates to grinding apparatus 
and, more particularly, to devices of this kind for 
mulling pigments or other solids into oil and other 
vehicles. 
Dry pigment colors are generally purchased on . 

physical rather than chemical tests. While it is 
true that the exact chemical composition of a 
color may be desirable for certain uses, neverthe 
less, the value and suitability of colors for most 
purposes can be quickly evaluated by standard 
tests which comprise grinding the dry pigment 
into oil or other liquid vehicles and comparing 
them with standards prepared in a similar man 
ner. Various methods of performing this grind 
ing Operation have been employed. When rela 
tively large samples are to be tested, Small scale 
mills of the commercial type may be used. How 
ever, a much more rapid method of testing, one 
requiring Only a relatively Small sample-the so 
called "mulling' or 'rub-out' test-in which a 
predetermined quantity of pigment is mixed 
Superficially with a definite amount of oil or other 
suitable liquids and spread out on a glass slab 
for further treatment, is almost universally em 
ployed. In this testing procedure, the operator 
"mulls' the mixture of pigment and oil with a 
"hand muller' or other suitable implement by 
rubbing it back and forth over the glass slab on 
which the samplc has been spread. The degree 
of mulling depends-on a number of variable fac 
tors such, for example, as the amount of pres 
Sure exerted by the operator, the number of 
strokes, and the area covered. Furthermore, in 
order to get a uniformly mixed sample of ap 
proximately the same particle size, it is necessary 
to pickup the paste from the glass slab and spread 
it out for further mulling. In extreme cases, 
this operation must be repeated several times 
before a uniformly fine product is obtained. It 
is obvious that the personal element plays an 
important role in these tests, and the results are 
at best only empirical, even in those instances 
where a great deal of skill has been acquired by 
the operator. Identical operating conditions are, 
therefore, seldom, if ever, attained and exact, 
duplication of results extremely unlikely. 
Various mechanical means for eliminating the 

personal equation have been proposed. The usual 
devices of this kind have made use of a rotary 
plate of relatively large size on which the sample 
to be tested is placed. The grinding action may 
be obtained by placing thereon another flat plate 
which may act in a variety of ways. For instance, 
in U. S. Patent 2,150,603, dated March 14, 1939, 
and entitled "Apparatus for mulling pigment,” 
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the pigment and oil to be tested are placed on a 
stationary lower plate, and an upper plate of 
substantially the same size is made to rotate 
thereover at a constant speed. In another mod 
fication of the prior art mulling devices, a second 
plate of relatively smaller diameter is free to 
rotate about a fixed point offset from the center 
of a larger lower rotating plate, the rotation of 
said upper plate being provided by means of fric 
tion between the two mulling surfaces. In still 
another modification, a small grinding plate off 
center from a larger lower rotating plate is driven 
in a circular motion at a constant speed. 

All of these devices have certain elements of 
value and are capable of successful operation. 
Nevertheless, they have disadvantages which re 
sult in inefficient Operation or make exact dupli 
cation of results impossible. For instance, in the 
device disclosed in U. S. Patent 2,150,603, herein-, 
before referred to, little or no mixing is obtained, 
and uneven grinding of the particles results. 
Those particles at or near the center receive little 
if any grinding action, while those at or near 
the periphery of the plates are ground exceeding 
ly fine. Furthermore, those particles placed at 
or near the center tend to remain in their rela 
tive positions during the grinding operation, 
While those at or near the periphery maintain 
their relative positions throughout the entire 
grinding cycle. In order to overcome this ob 
jection, it is necessary to pick up the pigment, 
redistribute it on the plate, and repeat the mull 
ing Operation. In cases where extreme particle 
flneness is desired, it is necessary to repeat this 
Operation several times. 

In those devices employing a small off-center 
plate which either rotates by friction or by posi 
tive driving means, a limited amount of mixing 
as well as a grinding action is obtained. However, 
in all of these devices, there is a serious tendency 
to force the pigments or inks being milled out 
from under the off-center plate where it is picked 
up on the edges of this plate and permanently 
removed from the field of grinding. This tend 
ency to pull the ink away from the edges of the 
plate is due partly to the type of motion imparted 
to the plates and their relative speeds. While 
beveling the edges of the off-center plate tends 
to reduce the amount of pick-up somewhat, this 
objectionable feature cannot entirely be elimi 
nated thereby. 

It is an object of this invention to provide an 
improved mulling machine for grinding pigments 
or other solids into oil or other vehicles so that 
duplication of results may be readily obtainable. 
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A further object is the provision of means for 
mulling these solids to a uniformly fine particle 
size. A still further object is the provision of 
means for permanently retaining the pigments or 
inks in the field of grinding. Other objects will 
be apparent from the description of the inven 
tion hereinafter given. 
The above objects are accomplished according 

to the present invention by an apparatus con 
prising two rotatable plates having co-operating 
Smooth grinding surfaces between Which the Ina 
terials may be placed for grinding and adapted 
to be moved into and out of contact with each 
other, means for positively rotating one of said 
plates, means for reciprocating the Smooth sur 
face of the other plate over the smooth Surface 
of the positively rotating plate, and means for 
maintaining said smooth grinding surfaces in 
contact with each other under a predetermined 
constant preSSure. 

More specifically, the invention provided in ac 
cordance with a preferred embodiment of the 
present invention comprises a horizontally dis 
posed lower mulling plate of circular cross-sec 
tion, the upper surface of which has been ground 
Smooth, mounted at the end of a rotatable shaft; 
means for imparting rotary motion to said shaft; 
a smaller upper flat plate of circular Cross-section 
with beveled edges, the lower surface of which 
has been ground smooth, disposed at the end of a 
reciprocating shaft and adapted to be moved in 
to and Out of contact with the Smooth. Surface of 
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conveniently constructed of any material such as 
netal or Wood, so long as a substantially rigid 
structure is provided. Supported by the base O 
and the upright 2 by any convenient means are 
bearings 4, 4, and journaled and free to rotate 
therein is shaft 5. 
A lower mulling plate support 6 having a cir 

cular recess cut therein is suitably supported 
in position at the upper end of the rotatable shaft 
5, and a removably mounted lower mulling plate 
8, upon which the pigment and oil are placed for 

testing, is fitted into recess 7 in such a manner 
that Substantially no sliding movement takes 
place between the plate and the support. The 
plate 8 is conveniently circular in cross-section 
and Substantially thicker than the recess into 
which it is fitted, thus projecting somewhat above 
the outside edge of the lower mulling plate sup 
port f6. The upper surface of the plate is flat 
and ground uniformly smooth. The mulling plate 
may be made of glass, metal, lithographer's stone, 
or other Suitable materials. The plate is sub 
stantially in a horizontal position and centrally 
disposed with respect to the rotating shaft 5. 
Attached to the underside of the supporting 

arm 3 by any convenient means are reciprocat 

30 

the said larger plate, said smaller plate, when in 
contact with the mulling surface of the larger 
plate, being free to simultaneously rotate and re 35 
ciprocate thereover; means for imparting recip- . 
rocating motion to said Smaller plate; means for 
stopping the relative movement between the 
plates after a predetermined number of move 
ments of said plates, and means for maintaining 
said smooth grinding Surface of each plate in 
contact with each other under a predetermined 
constant pressure. 
In the drawings, which show the preferred en 

bodiments of the invention: W 
Figure i is a top plan view of one embodiment 

of my novel mulling machine; 
Figure 2 is a front elevation of the machine 

shown in Figure 1, partly in section; 
Figure 3 is a top plan view of an alternative 

embodiment of an especially preferred nulling 
machine wherein the upper Inuing plate OScil 
lates over the Snooth Surface of the lower mull 
ing plate in a straight path; 

Figure 4 is a front elevation of the embodi 
ment shown in Figure 3, partly in section; 

Figure 5 is a side elevation of the embodiment 
shown in Figure 3; 

Figure 6 is a top plan view of an alternative em 
bodiment of the mulling machine wherein the up 
per mulling plate oscillates over the smooth sur 
face of the lower mulling plate in an arc of a 
circle; 

Figure 7 is a front elevation of the machine 
shown in Figure 6, partly in section; and 

Figure 8 is an enlarged detail of the OScillating 
mechanism for oscillating the upper mulling plate 
over the lower mulling plate. 

Figs. 1 and 2, in which like reference charac 
ters denote similar and like parts, a base 0, 
right hand upright or standard , and left hand 
upright or standard 2 rigidly connected to the 
base, and a supporting arm f3, pivotally connect 
ed to the upright if constitute the main frame 
work of the machine. The framework may be 
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ing rod Supports 9, 9, having an opening 20 cut 
therein and into which is fitted a horizontally 
slidable reciprocating rod 2. Attached to the re 
ciprocating rod in any convenient manner is col 
lar 22 which fits over pin 23 with sufficient clear 
ance to allow the pin to rotate within the collar 
but which prevents substantial vertical movement 
of the supporting arm 3 with respect to the pin 
23. The collar likewise provides a fixed center 
about which the pin is free to rotate. 
An upper nulling plate support 24 with a cir 

cular recess 24 cut therein is suitably connected 
to the lower end of the pin. 23. Mounted in the 
recess of the upper mulling plate support is an 
upper nulling plate 27 having a smaller diameter 
than the lower mulling plate but similarly con 
structed, except that the edges thereof should be 
beveled at an angle of substantially 45°, although 
if desired, both plates may be beveled as shown. 

In the present embodiment of the invention, 
the lower surface of the upper mulling plate 27 
is vertically and horizontally adjustable into and 
out of contact with the upper surface of the 
lower mulling plate 8 so as to completely expose 
the nulling Surfaces of the mulling plates. This 
adjustment is provided to permit easy access to 
the nulling surfaces for placing the sample there 
On and for removing same therefrom after the 
grinding action is completed. The supporting 
arm 3 is pivotally connected to a pivot pin 28 
which is fastened rigidly to the top of the up 
right if substantially in the center thereof. The 
Supporting arm 3 is free to oscillate about the 
pin 28 in a horizontal plane, but vertical move 
ment of said member about said pin is prohibited 
by any convenient means, such, for example, as 
by pin. 29. Upward vertical adjustment of the 
Supporting arm 3 is provided about pin 30 as 
a pivot. As a result of these adjustments, the 
lower surface of the upper mulling plate 27 is 
free to move into and out of contact with the 
upper surface of the lower mulling plate. 

For centering the supporting arm 3 when in 
its operable position, a centering pin support 31, 
disposed near the top of the standard 2 having 
a bore 32 cut therein, is provided. The Support 
ing arm 3 with centering pin 328 attached there 
to at one end is free to engage in the bore 32, 
thus assuring the proper positioning of the upper 
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mulling plate. It will be observed that the top 
surface of the centering pin support 3 is sub 
stantially lower than the bottom surface of the 
supporting arm when the mulling surfaces of 
the mulling plates are in contact with each other 

In the embodiment of the invention herein de 
scribed, a Constant load on the mulling plates is 
applied by means of a weight 33 slidably mounted 
for adjustment on a beam 3 attached to the 
upper end of the standard 2 by means of a hook 
or loop 35. The beam rests on a fulcrum point 
SS which is suitably fastened to the top of the 
supporting arm 3. The load on the beam is 
transmitted to the top surface of the upper mull 
ing plate 2 through wheels 38, 38 positioned On 
shafts 49, journaled in supports 4, 4 attached 
to the underside of the supporting arm 3. The 
magnitude of the pressure can be varied depend 
ing on the position of the weight 33 on the beam 
34. The arm 3 and its associated parts are 
conveniently horizontally adjustable in order that 
collar 22 may be placed over pin. 23. The entire 
arm 3 pivots about pin 39 and horizontally about 
pin. 28. The hook 38 is adapted to engage beam 
36, the weight 33 upon the arm 3 being in ad 
justed position, to thereby secure its action 
through the fulcrum point 38. 
Rotary motion of the lower nulling plate, and 

reciprocating notion of the upper mulling plate 
may be obtained by any convenient raneans known 
to those skilled in the art. Rotary motion of the 
lower nulling plate in the embodiment herein 
disclosed is provided through miter gear. 32 on 
shaft is through a niter gear 68 secured to the 
end of jack shaft 64 supported by any convenient 
reans such as bearings 45, 35, said shaft being 
driven from a source of power not shown in the 
drawing. Reciprocating motion to the upper 
nulling plate may be obtained from the same 
or a separate source of power, Reciprocating 
notion of the upper mulling plate over the lower 
plate in the exibodiment herein described is ob 
tained by miter gear 36 attached to jack shaft 
83 through a Emitter gear 4 on the lower end of 
a shaft (38 journaled in bearing 56 which is at 
tached to the framework in any convenient man 
ner, Wheel 5 with crank pin 32 rigidly se 
cured to the upper side of the wheel substantially 
at its periphery is suitably secured to the upper 
end of the shaft 48. Reciprocating motion to the 
reciprocating rod is provided by means of pin 52 
which engages in a dog on yoke 53 of the re 
ciprocating rod 3. Rotary notion of the upper 
mulling plate about the pin 28 is obtained by 
means of friction between the surfaces of the 
mulling members, and the relative rotary move 
ment depends on the slippage. 

Figs. 3, 4, and 5 show an alternative embodi 
ment of a mulling machine coming within the 
present invention. A base 86 and supporting 
arm 6 pivotally connected to the frame in any 
convenient manner constitutes the main frame 
work of the machine. A rotatable shaft 32 jour 
naled in bearings 63, 63 cast integrally with the 
frame 69 has suitably mounted at its upper end 

' s lower mulling plate support S4 into which is 
fitted a lower mulling plate 65. 
An upper mulling plate 66 is suitably mounted 

in an upper mulling plate support 8 attached 
to the lower end of an upper mulling plate shaft 
68 journaled in bearings 70, 70 cast in a recipro 
cating housing f. Vertical movement of the 
shaft 68 in the housing 7 is prevented by any 
suitable means such, for example, as by a nut 
T2 positioned on the upper end of said shaft, 

3 
he reciprocating housing is provided with 

grooved: wheels , , which fit on a runner or 
guide attached securely to the under side of 
the adjustable arm support in any convenient 
manner, such as by bolts 76, 76 (Fig. 3). The 
guide or runner extends the entire width of the 
arm support and is suitably shaped, as shown, 
to conform to the running surfaces of the grooved 
wheels 74 in order to prevent the wheels from 

10 becoming deralled from the runner. The con 
struction provides a relatively simple means for 
reciprocating the upper mulling plate over the 
upper surface of the lower mulling plate. The 
upper nulling plate is vertically adjustable into 
and out of contact with the upper surface of 
the lower mulling plate, said adjustment being 
obtained by raising or lowering the supporting 
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arm , which is pivotally connected to the base 
60 by shaft, journaled in bearings 78, 7.8, sup 
ported in bearing support 83, cast to base 3e. 
The shaft is substantially of smaller diameter 
than the opening in the supporting arm, thus 
leaving clearance between the shaft and the arm. 
The means for applying pressure to the mulling 
members is accomplished in a novel manner. 
The supporting arm 3G, which also acts as a 
bean, is provided with a handle 8 and 8 notch 
3 which is free to engage 8 locking bar 83 sup 
ported by Supporting members 38, 34 cast inte 
grally with the frame (39. The handle as a pivots 
about a fulcrum point 38' located in the center 
of the supporting arm whereby the notch 82 can 
be caused to engage the bar 33 in a locking man 
ner when the mulling plates are locked into posi 
tion. This action of the engaging notch and 
pin shifts the arm 6 about its fulcrum 8g so 
that it no longer is in contact with the shaft 

, thereby locking the nulling plates in position. 
By applying weight 89 to the weight support 86 
attached to the lower end of the supporting arm 
88, a pressure of any given magnitude may be 
applied to the grinding surfaces of the mulling 
plates, 
Rotation of the lower nulling plate may be 

accomplished by any known means such, for 
eBnple, as by Sprocket 8 attached to shaft 
62 which is connected to sprocket 87a mounted 
on the vertical shaft of a reduction gear 88 by 
Sprocket chain 96. The reduction gear unit may 
be driven by any suttable means such, for exam. 
ple, by motor 99. Reciprocating motion to the 
upper mulling plate can be produced either from 
the same Source of power or by a separate driv 
ing mechanism. In the embodiment of the in 

55 vention herein disclosed, the same source of power 
is employed. Shaft 96 journaled in bearings 
92.92, cast integrally with the base 60, has suit. 

60 

O 

ahlv mounted nn its upper end a wheel 9 with 
crank pin 98 rigidly attached thereto at its pe 
riphery. Connecting rod 98 is vertically adjust 
able about the pin 97 wh'ch is fitted onto men 
ber 98 fastened to the reciprocating housing 7 
in any convenient manner. The opposite end of 
the connecting rod is provided with an opening 
which fits over the crank pin 95. Reciprocating 
motion of the upper mulling plate may be pro 
vided by Sprocket wheel OO attached to shaft 
9 which is connected to sprocket of mounted 
at the end of a vertical shaft of a gear reduction 
unit 88 by sprocket chain 02. 

Figs. 6, 7, and 8 show still another modification 
coning within the present invention, wherein the 
upper plate, instead of reciprocating in a straight 
line motion over the lower mulling plate, oscil 
lates through an arc of a circle, 
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The base if 0, the vertically adjustable member 
f, and the oscillating member 2, constitute 

the main framework of the machine. A lower 
mulling plate 3 is removably mounted in a 
lower mulling plate support 4 disposed at the 
upper end of a vertical shaft 5 of a gear re 
duction unit 6 mounted conveniently on a gear 
reduction support of the base 0. 
An upper mulling plate 8 positioned in an 

upper mulling plate support 20 secured to a 
universal joint 2 mounted at the lower end of 
a rotating and oscillating shaft 22 journaled 
in a bearing 23 is provided, the bearing element 
423 being fitted into the lower arm ? 24, to which 
the vertically adjustable member is secured 
by means of Supports 30 and pin 3. Wertical 
movement of the shaft 22 within the bearing 
f23 relative to the lower arm 24, may be pre 
vented by any convenient means such, for exam 
ple, by nut 26. The universal joint 2 pro 
vides a means for maintaining the Surfaces of 
the mulling plates in perfect alignment. 

Wertical adjustment of the upper mulling plate 
is provided in the embodiment of the invention 
herein shown. The shaft 22 is attached to the 
lower arm 28 which carries the vertically ad 
justable member and is secured for verti 
cally rotatable movement to the oscillating mem 
ber 2 at one end by pin 27 which is jour 
naled in bearings 28, 28 of the oscillating mem 
ber 2. The lower arm 24 is likewise provided 
with supports 30, 30 in which is journaled pin 
3, the latter securing the member to the 
arm 24. Mounted on the opposite end of the 
member is handle f32 by means of which 
member is rotated vertically about pin 3, 
and likewise Vertically rotatable about pin 33 
which is journaled in bearings 34, 34 of an 
upper arm 35 of the vertically adjustable mem 
ber i? . The opposite end of the upper arm 
35 is pivotally connected to pin 36 which is 
journaled in bearings 37, 37 at the apper end 
of the oscillating member f2. 
This construction provides the necessary ver 

tical adjustment to the Surfaces of the mulling 
plates. A vertical force applied to the handle 
32 causes the opposite end of the handle to take 
up a lower position, swinging about pin 36, as 
shown by the dotted lines in Fig. 7. Simulta 
neously, as the handle is raised, the lower arm 24 
likewise raises, being-rotated about pin. 27. The 
raising of the lower arm positions the mulling 
Surface of the upper plate out of contact with 
the mulling surface of the lower plate. When 
the upper mulling plate is in its extreme vertical 
position, as shown by the dotted lines, it has 
passed through an arc of substantially 90, and 
in this position may, if desired, be locked in place 
by any convenient means. When the upper 
mulling plate is in this position, the bottom edge 
of the oscillating member f2 rests on the top 
edge of the base 0. 
The oscillating member 2 is disposed at the 

upper end of a rotatable shaft 39 which is jour 
nailed in bearing 38 cast into the base O. The 
shaft 39 not only rotates but is free to move ver 
tically in the bearing. Attached to the lower end 
of the shaft, substantially in the center thereof, 
by any convenient means is pin fi, and mounted 
on the pin through opening 42d. is adjustable 
weight beam f42 which is supported about fula. 
crum point 43 in the base O. Suitably disposed 
on One end of the weight beam is a slidable and 
adjustable Weight 49 adapted to be freely moved 
horizontally along the beam, 
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Disposed at the lower end of the shaft 39 

is a roller bearing 44 which is rigidly held in 
place by nut 45. The lower race of the bearing is 
tightly fitted to the shaft and rotates therewith, 
while the upper race is free from the shaft and 
remains substantially stationary. When the 
nulling surfaces are in contact with each other, 
the shaft 33 is in its raised position, and the 
upper surface of the upper race of the ball bear 
ing rests on the lower surface of the weight beam. 
The weight 49 is transmitted to the surface of 
the multing plate through the bearing on the 
E. race of the ball bearing and the fulcrum 
point. 

Oscillating motion of the oscillating arm 2 
is provided through an oscillating finger 46 
rigidly attached to the shaft 39 which is actu 
ated by a crank pin 47 positioned at the periph 
ery of a gear 48 attached to shaft SO journaled 
in bearing 5 cast in the base fe. The gear 68 
meshes with the teeth of gear 52 which is 
mounted on shaft 5. 

It will be obvious to those skilled in the art 
that other modifications may be employed, and 
the present invention is not limited to the specific 
embodiments herein shown. 
The design of the mulling plates for use in 

grinding the pigments or inks in oil or other ve 
hicles may be altered. While circular plates have 
been employed, any conveniently shaped plates 
may be used. While glass is preferred, it is not 
essential that this material be used for the suc 
cessful operation of this invention. With regard 
to the nulling surfaces, it is absolutely necessary 
that they be uniformly smooth and even, other 
Wise small particles will become lodged on the 
rough or uneven Surfaces of the mulling plates 
and produce particles of non-uniform size. The 
nulling plates, preferably, should be readily ad 
justable on the mulling plate supports. Under 
Some conditions of operation, it might be advan 
tageous to employ different mulling plates for 
each grinding operation, so that, during the mull 
ing of the next sample, the operator can remove 
the pigment and make the necessary tests on the 
sample previously ground. w 
The Speed of rotation of the lower mulling 

plate and the reciprocating and rotary motion of 
the upper plate has not been found to be critical, 
and it is not intended to place any limitation 
thereon. In one machine, constructed ac 
cording to the embodiment of the invention 
shown in Figs. 1 and 2, the lower plate 
rotates at a speed of 110 R. P. M. while the upper 
mulling plate reciprocates over the grinding sur 
face of the lower mulling plate through a 2' 
stroke (one inch on each side of the center line) 
and With a frequency of one complete oscillation 
for approximately every 1% revolutions of the 
larger plate. The average speed of rotation of 
the upper mulling plate is dependent primarily on 
the length of the reciprocating stroke. The in 
stant the upper and lower mulling plates are ex 
actly centered, these plates will rotate at ap 
proximately the same speed. As the upper mull 
ing plate travels from its central position, either 
to the right or left, its rotary speed decreases and 
reaches a minimum at the end of the stroke. 
The actual relative variation in speed between the 
mulling plates is, therefore, not a constant, but 
varies between the maximum speed, which occurs 
When the plates are centered, and a minimum 
Speed Which is the Speed obtained at the end of 
the stroke. Other factors such as the preSSure be 
tween the plates and the viscosity of the materials 
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to be ground affect the rotating speed of the upper 
plate, but these factors are of relatively minor 
importance. Under the above-mentioned Operat 
ing conditions, the upper mulling plate rotates at 
an average speed of approximately 100 R.P. M. 
Various means for applying the pressure to the 

plates have been shown in the embodiments here 
in disclosed. Other means will be readily appar 
ent to those skilled in the art. 

It will likewise be apparent to those skilled in 
the art that certain factors will have a bearing on 
the final product. These factors comprise the 
travel of the reciprocatory plate, the time of mull 
ing, the pressure on the mulling plates, the pig 
ment or vehicle being tested, etc. The Specific 
conditions for an optimum treatment will have 
to be determined on the basis of a few relatively 
simple trials, but this will be merely a routine 
matter to one skilled in the art of color testing. 

It has been discovered, according to the present 
invention, that the pigments or inks being mulled 
are under no conditions of operation permanently 
removed from the field of grinding. In those 
mulling devices hereinbefore referred to where the 
upper mulling plate was off center with respect 
to the lower mulling plate, there is a serious 
tendency for the particles to become permanently 
removed from the field of grinding by their being 
picked up on the edges of the off-center plate. 
This disadvantage is entirely eliminated by the 
present invention, and pigments and inks once 
placed in the field of grinding remain perma 
nently therein during the entire mulling opera 
tion. This outstanding advantage results from 
the particular motion imparted to the nulling 
plates and the relative speeds thereof. In the op 
eration of the mulling plates herein disclosed, 
there is a pronounced tendency to pull the ink or 
pigment away from the edges of the upper mull 
ing plate as fast as it gathérs. With other types 
of mulling machines not constructed according to 
this principle, the tendency to pull the particles 
away from the edges of the plate is not so great 
and, consequently, the particles are picked up on 
the edges of the plate and permanently removed 
from the field of grinding. While beveling the 
edges of the upper mulling plate reduces Some 
what the tendency to pick up the materials on 
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machine, said automatic stop either operating on 
the rotary motion of the lower or upper mulling 
plates or on the reciprocating motion of the 
upper plate. Devices of this kind are commer 
cially available and can be conveniently added 
to the hereindescribed mulling machine. One 
such device is described and claimed in U. S. 
Patent 2,040,026 dated May 5, 1936, and entitled 
'Counter.' 
While the machine will have its primary use 

in the grinding of pigments and inks into oils 
or other vehicles, it is capable of many other 
uses, all of which will be readily apparent to 
those skilled in the art such, for example, as in 
the preparation of drugs and like n.aterials which 
must necessarily be ground or mixed in small 
quantities. 
The present invention provides an improved 

apparatus for grinding pigments and inks into 
oils, which was not known to the prior art. Due 
to the combination rotary and reciprocating no 
tion, a product of uniformly fine particle size is 
obtained and can be readily duplicated. It is not 
necessary to employ skilled workmen to carry 
out the mulling Operation. A grinding and mix 
ing action as well as the permanent retention 
of the particles in the field of grinding is pro 
vided by the present invention, the combination 
of which, to my knowledge, has never before been 
obtained in prior art rub-out machines. The 
grinding and mixing action effectively eliminates 
the dead spot and gives a relatively uniformly 
ground product. 
A constant pressure is at all times assured for 

any given set of conditions. Adjustments may. 
be readily made to the machine to meet other 
requirements of operation. A further advantage 
of the device herein disclosed is that the ink or 
pigment need not be picked up and redistributed 
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the edges of the plate, this modification alone 
does not effectively eliminate this objectionable 
feature. Prior art devices having off-center mull 
ing plates with beveled edges still exhibit this 
tendency to permanently remove the materials 
from the field of grinding. Correspondingly, the 
pick up of materials on the upper mulling plate 
of milling machines constructed according to the 
present invention is relatively slight even with a 
mulling plate having sharp edges. 
In the embodiments of the invention herein 

disclosed, all of the adjustments have been made 
in the upper mulling plate. While this is usually 
convenient, it is not an essential limitation, and 
the adjustments may be obtained in the lower 
plate either through vertical or horizontal move 
ment. It is likewise not essential that the plate 
be horizontal, as vertical or inclined plates may 
be used. Various arrangements of equipment have been 
shown for driving the mulling plates. Others 
will be readily apparent to those skilled in the 
art. The mechanism may be either electrically 
or hand driven. Furthermore, the use of auto 
matic devices for stopping the machine after a 
designated predetermined number of movements 
has taken place may be readily adapted to the 
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over the plates and subjected to further grinding 
action, but fine particles can be obtained in one 
grinding cycle. In fact, the preliminary super 
ficial mixing with the oil and pigments is neces 
sary only to prevent the partially wetted powder 
from caking and sticking to one or both of the 
mulling plates. 
As many apparently widely different embodi 

ments of this invention may be made without 
departing from the spirit and scope thereof; it 
is to be understood that the invention is not 
limited to the specific embodiments thereof ex 
cept as defined in the appended claims. 
I claim: 
1. A grinding apparatus for mulling materials 

into oil or other vehicles, comprising two rotat 
able grinding plates having co-operating Smooth 
grinding surfaces between which the materials 
may be placed for grinding and adapted to be 
moved into and out of contact with each other, 
means for positively rotating one of said plates, 
means for reciprocating, the smooth surface of 
the other plate Over the Smooth surface of the 
positively rotating plate, means for maintaining 
said other plate in operatively-disposed relation 
ship continuously over the substantial center of 
said positively rotating plate, and means for 
maintaining, throughout rotation of said posi 
tively rotating plate, said Smooth grinding sur 
faces in continuous contact with each other 
under a predetermined constant pressure. 

2. A grinding apparatus for mulling materials 
into oil or other vehicles, comprising two plates 
having co-operating smooth grinding surfaces 
between which the materials may be placed for 
grinding and adapted to be moved into and out 
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of contact with each other, means for rotating 
one of said plates, means for reciprocating 
the smooth surface of the other plate over the 
smooth surface of the rotating plate, means 
for maintaining said other plate in opera 
tively-disposed relationship continuously over 
the substantial center of said rotating plate and 
means for maintaining said Smooth grinding sur 
faces in continuous contact with each other 
under a predetermined cpnstant pressure during 
the rotation of said positively rotating plate. 

3. A grinding apparatus for nulling materials 
into oil or other vehicles comprising two flat 
rotatable grinding plates having co-operating 
Smooth grinding 'Surfaces between which the 
materials may be placed for grinding and adapted 
to be moved into and out of contact with each 
other, means for positively rotating one of said 
plates, means for reciprocating the Smooth sur 
face of the other plate over the smooth surface 
of the said positively rotating plate, means for 
maintaining said other plate in operatively-dis 
posed relationship continuously Over the substan 
tial center of Said positively rotating plate, and 
means for maintaining said Smooth grinding 
surfaces in continuous contact with each other 
under a predetermined constant pressure during 
the rotation of said positively-rotating plate. 

4. A grinding apparatus for mulling materials 
into oil and other vehicles, comprising two rotat 
able flat grinding plates of unequal size having 
co-operating Smooth grinding Surfaces between 
which the materials may be placed for grinding 
and adapted to be moved into and out of contact 
with each other, means for positively rotating 
the larger of said plates, means for reciprocating 
the Smooth surface of the Smaller of said plates 
over the Smooth surface of the said larger ro 
tating plate, means for maintaining said other 
plate in operatively-disposed relationship contin 
uously over the substantial center of said posi 
tively rotating plate, and means for maintaining 
said Smooth grinding Surfaces in continuous cone 
tact with each other under a predetermined con 
stant pressure during the rotation of Said posi 
tively-rotating plate. 

5. A grinding apparatus for mulling materials 
into oil or other vehicles, comprising two rotat 
able flat grinding plates of unequal size having 
co-operating Smooth grinding surfaces between 
which the materials may be placed for grinding 
and adapted to be moved into and out of contact 
with each other, means for rotating the larger 
of said plates, means for reciprocating the smooth 
surface of the Smaller of said plates over the 
Smooth surface of the said larger plate, means 
for maintaining said Smaller plate in operatively 
disposed relationship continuously over the sub 
stantial center of Said larger plate, and means 
for maintaining said Smooth grinding surfaces 
in continuous contact with each other under a 
predetermined constant pressure during the ro 
tation of said positively-rotating plate. 

6. A grinding apparatus for mulling materials 
into oil or other vehicles, comprising two hori 
zontally positioned flat rotatable grinding plates 
of unequal size and circular in cross-section hav 
ing co-operating Smooth grinding surfaces be-, 
tween which the materials may be placed for 
grinding, and adapted to be moved into and out 
of contact with each other, the Smaller of said 
plates having beveled edges, means for rotating 
the larger of said plates, means for reciprocating 
the smooth surface of the Smaller of said plates 
over the Smooth surface of the larger plate, 
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2,816,518 
means for maintaining said smaller plate in 
operatively-disposed relationship continuously 
over the substantial center of said larger plate, 
and means for maintaining said smooth grind 
ing surface into continuous contact with each 
other under a predetermined constant pressure 
during the rotation of said larger plate. 

7. A grinding apparatus of the class described, 
comprising a horizontally disposed lower mulling 
plate circular in cross-section, the upper surface 
of which has been ground smooth, mounted at 
the end of a rotatable shaft, means for impart 
ing rotary motion to said shaft, a smaller upper 
flat plate of circular cross-section with beveled 
edges, the lower surface of which has been 
ground Smooth, disposed at the end of a recipro 
cating shaft, and adapted to be moved into and 
Out Of contact with the smooth surface of the 
Said larger plate, said smaller plate, when in 
contact with the mulling surface of the larger 
plate, being free to simultaneously rotate and 
reciprocate thereover, means for imparting re 
ciprocating motion to said smaller plate, means 
for maintaining said Smaller plate in operatively 
disposed relationship continuously over a central 
point of said lower plate, and means for main 
taining said Smooth grinding surface of said 
plates in continuous contact with each other 
under a predetermined constant pressure during 
the rotation of said larger plate. 

8. A grinding apparatus of the class described, 
comprising a horizontally disposed lower mulling 
plate circular in cross-section, the upper surface 
of which has been ground smooth, mounted at 
the end of a rotatable shaft, means for impart 
ing rotary motion to said shaft, a smaller upper 
flat plate of circular cross-section with beveled 
edges, the lower surface of which has been 
ground smooth, disposed at the end of a rotat 
able and reciprocating shaft, and adapted to be 
I noved into and out of direct contact with the 
Smooth surface of the said larger plate, said 
Smaller plate, when in contact with the mulling 
Surface of the larger plate, being free to si 
multaneously rotate and reciprocate thereover, 
means for imparting reciprocating motion to said 
Smaller plate, means for maintaining said smaller 
plate in operatively-disposed relationship con 
tinuously over a point central of said lower plate, 
and means for maintaining said smooth grind 
ing Surface of Said plates in continuous contact 
with each other under a predetermined constant 
pressure during the rotation of said larger plate. 

9. A mulling device for incorporating materials 
into oils and other vehicles comprising, in com 
bination, oppositely-disposed mulling plates in 
Substantially concentric relationship with each 
other and each provided with cooperating smooth 
grinding surfaces between which the material to 
be ground or mulled is placed, means for moving 
the grinding surfaces of said plates into and out 
of direct contact with each other, means for pos 
itively rotating one of said plates, means for 
applying a reciprocating motion to an oppositely 
disposed rotatable plate over the smooth surface 
of Said positively rotating plate, means for main 
taing said latter plate in operatively-disposed 
relationship continuously over the substantial 
center of said positively rotating plate, and 
means for maintaining, throughout rotation of 
said positively rotating plate, the smooth mulling 
surfaces of said oppositely-disposed plates in 
substantially continuous contact with each other 
under a predetermined, constant pressure. 
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