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UNITED STATES PATENT office 
GRINDING MACHINE 

Carl A. Carlson, Worcester, Mass, assignor to 
Norton Company, Worcester, Mass., a corpora 
tion of Massachusetts 
Application June 5, 1944, serial No. 538,816 

This invention relates to an apparatus for 
grinding a non-rotatable work piece and espe 
cially for grinding billets and other shapes sub 
stantially automatically. w 
After an ingot has been rolled into billets and 

the latter heated in a soaking pit, it is found that 
the billet has a decarburized surface layer which 
may have other defects, such as cracks. This 
layer must be removed before various types of 
products can be made therefrom; and one aspect 
of this present invention relates to its removal by 

19 Claims. (C. 51-33) 

10 wheels, the figures are as follows: - 

a grinding operation. It is customary to grind off 
the surface portion of a billet by means of a Swing 
frame grinder operated manually. This opera 
tion has involved back-breaking labor and the 
waste of considerable time and expense. 
The primary object of this invention is to pro 

vide an apparatus for grinding off the surface 
layer of billets and the like by means of a grinding. 
wheel which is so arranged and Operated that the 
layer may be removed almost automatically and 
with a minimum of attention and effort On the 
part of the operator. Another object is to provide a grinding appa 
ratus in which a grinding wheel carried on a 
movable frame is held automatically under pres sure, and especially a yielding pressure, against 
a work surface of irregular contour. 

15 

20 

Another object is to provide an apparatus of 
this type in which the grinding wheel may be os 
cillated to improve the grinding action. 
Another object is to provide a grinder for billets 

and the like in which the work is subjected to the 
action of a series of relatively stationary wheels 
so arranged as to remove the entire work surface. Other objects are to provide adjustments and 
compensating features which make machines of 
this type capable of satisfying many requirements. 
Further objects will be pointed out or made ap 
parent in the following disclosure. 

In accordance with one aspect of this invention, 
I propose to grind off the surface layer of a lon 
gitudinally movable but non-rotatable work 
piece by means of a grinding wheel mounted with 
its axis parallel with the direction of work travel. 
For a wide work piece, a plurality of wheels may 
be arranged to cut parallel paths; and the wheels 
may be offset so that they do not interfere with 
one another and the work is introduced into each 
grinding zone progressively. Each wheel is held 
against the work under pressure which may be 
varied. Also, for grinding billets, it is preferred 
to oscillate each wheel through an angle which 
apexes at the work surface. It is also preferred 
that the work be passed progressively through the 

40 

2 
machine by driving mechanism which permits or 
provides for several passes of the work through 
the grinding Zone, and preferably which automat. 
ically turns the work over after each pass to bring 
a new Surface into contact with the wheel or 
Wheels, Referring to the drawings which illustrate a 
preferred embodiment of the machine as applied 
to grinding billets by a succession of abrasive 

Fig. 1 is a diagrammatic plan view illustrating 
the method of procedure; Fig. 2 is a diagrammatic front elevation supple 
menting Fig. ; 

Fig. 3 is an exaggerated elevation of the work, 
showing the grinding wheel paths; Fig. 4 is a diagrammatic showing of the work 
travel in a modified procedure; Fig. 5 is a diagrammatic showing of another 
procedure wherein the workstarts its travel at the 
reversing end of the machine; Fig. 6 is a plan view of the right hand end of . 
the machine; Fig. 7 is a plan view of right hand intermediate 

5 portion of the machine which joins onto the left 
end of Fig. 6; Fig. 8 is a plan view of the next portion of the 
machine joining onto the left end of Fig. 7; 

Fig. 9 is a plan view of the left hand end of the 
machine, joining onto the left end of Fig. 8: 

Fig. 10 is a fragmentary front elevation of the 
machine, showing the parts between the lines 
0-fo of Figs. 6 and 7; Fig. 11 is an elevation, partly in section, taken 
On the lines il-fi of Fig. 7 and 10; - 

Fig. 12 is a plan view, partly in section, of the 
swing frame grinder of Fig. 11; Fig. 13 is a fragmentary sectional view taken on 
the line 3-3 of Fig.11 showing the flanged roll 
ers which serve as a guide; 

Fig. 14 is a sectional view taken on the line 
f4-4 of Fig. 11 showing the mounting of the 
s plate which is on the first grinding unit 
Only; 

Fig. 15 is a sectional view taken on the line . 
5-15 of Fig. 10 showing the means whereby the 

50 
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spring support is held non-rotatable; 
. Fig. 16 is a sectional view taken on the line 
6-6 of Fig. 11 showing the sideway for vertical 
movement of the grinding wheel; 

Fig. 17 is a sectional view taken on the line 
7-7 of Fig. 11 showing the motor slide and its 

Supporting guide member; Fig. 18 is a fragmentary plan view, partly in 
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section, on the line 8-8 of Fig. 11 showing the 
positioning roller 0 and its adjustments; 

Fig. 19 is a sectional view taken on the line 
f 9-9 of Figs. 11 and 18 showing the slideways 
and the vertical adjustment of the positioning 
roller; 

Fig. 20 is a sectional view taken on the line 
20-20 of Figs, i.1 and 19 showing the guideway 
and clamping bolts; 

Fig. 21 is a sectional view taken on the line 
2-2 of Fig. 11 showing the universal ball joint 
and its trolley and Support; 
Fig.22 is a sectional view taken on the line. 

22-22 of Fig. 11 showing the adjustable rollers 
and their mounting which prevents the trolley from lifting; 

Fig. 23 is a sectional view taken on the lin 
23-23 of Fig. 11 showing' the flanged trolley 
wheels and their plate supports and controlling 
members; . . 

Fig. 24 is a sectional view taken on the line 
24-24 of Fig. 11 showing the support for the 
plunger which controls the trolley; 

O 
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Fig.25 is a sectional view taken on the line . 
25-25 of Fig. 11 showing the mounting for the 
stops which position the trolley; 

Fig. 26 is an elevation view partly in section 
taken on the line 26-26 of Fig. 8, which shows 
the swing frame grinder that grinds the corner 
of the work; 

25 

80 Fig. 27 is a fragmentary sectional view taken . 
on the line 27-27 of Fig. 26, showing the mount 
ing for the spring pressed plunger which prevents 
the work from skewing; 

Fig. 28 is a fragmentary plan view taken on 
the line 28-28 of Fig. 26 showing the positioning. 
roller and its mounting; 

Fig. 29 is a sectional view taken on the line 
29-29 of Figs. 26 and 28 showing the sideway 
for adjusting the positioning roller; 

Fig. 30, is a sectional view taken on the line 
30-30 of Fig. 26 showing the slideway for posi 
tioning the grinding wheel; 

Fig. 3i is a sectional view of the grinding wheel 
and its mounting taken on the line 3-3 of Fig. 12; 
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Fig. 32 is a sectional view taken on the line 
32-32 of Fig. 10 showing the lever arrangement 
for tilting the grinding wheel; 

Fig. 33 is a fragmentary sectional view, taken 
on the line 33-33 of Fig. 6 showing the crank 
for tilting the grinding wheel; 

Figs. 34 and 35 are diagrammatic views show 
ing the effect of the tilting motion 
Wheel as it wears away; - 

Fig. 36 is a similar view for the wheel which grinds the corner; 
Fig. 37 is a diagrammatic showing of the posi 

tions of the grinding wheel and pivot support as 
the wheel wears away; 

Fig. 38 is a diagrammatic showing of the rela 
tionship of the positions of the swing frame pivot 
to the wheel which maintains a straight wheel 
path as the wheel Wears away; 

Fig. 39 is a sectional view of a work driving 
unit, taken on the line 39-39 of Figs, 7 and 10; 

Fig. 40 is a sectional view taken on the line 40-40 of Fig. 39 showing the mounting of the 
two horizontal rollers of the work driving unit; 

Fig. 41 is a fragmentary rear elevation, partly 
in section, viewed on the line 4-4 of Fig. 40, 
showing the rear side roller of the work driving unit; 

Fig. 42 is a fragmentary sectional view taken 
on the line 42-42 of Fig. 39 showing the slide 

of the grinding . 

50 

4. 
way for the slide block carrying the upper roller 
of the work driving unit; 

Fig. 43 is a fragmentary sectional view, taken 
on the line 43-43 of Fig. 10 showing the mount 
ing of the free conveyor rollers; 

Fig. 44 is an end elevation of the right hand 
elevator end of the machine; . 

Fig. 45 is a sectional view taken on the line 45-45 of Fig. 9 showing the adjustable work 
deflector, chute and support for the gravity con veyor; 

Fig. 46 is a fragmentary front elevation of that 
part of the machine which is indicated by the 
arrowed lines 46 of Fig. 9 showing the manual 
control lever, and its stops which position the 
work deflector; and 

Fig. 47 is a fragmentary sectional view of the 
adjustable deflector for the billet taken on the 
line 47-47 of Fig. 9. 

Referring first to Figs. 1 to 5 inclusive, I have 
there illustrated my method diagrammatically. 
As shown in Figs. 1 and 2, billets 2 are succes 
sively transferred from a loading platform 3 
onto a set of freely rotatable supporting con 
Weyor rolls f4 and then moved onto a set of 
power driven rollers 5 which carry the billets 
endwise beneath a set of grinding wheels 6. 
These wheels have their axes parallel with the 
direction of travel of the work and so grind a 
narrow grooved path along the work. A set of 
pressure rolls beneath the billet serve to hold 
the grinding wheels in grinding contact with the 
work. According to a primary feature of this 
invention, the grinding wheels 6 are not in axial 
alignment; but they are offset in a diagonal rela 
tionship relative to the line of travel of the work. 
That is, the first grinding wheel of position 
(Fig. 1) will grind an elongated, transversely 
arcuate path indicated by the numeral fin Fig. 3; 
while the wheel of position 2 (Fig. 1) is offset so 
that it grinds the path 2 of Fig. 3. Each grind 
ing wheel grinds a path contiguous to and pref 
erably overlapping the path of the adjacent 
wheels; and the wheels in positions to 9 cover 
the entire surface, except the corner portions. 
The grinding wheel in position 0 is offset from 
the other wheels 6 (Fig. 1) and so positioned 
that it grinds one corner of the billet as indi 
cated at 0 in Fig. 3. This grinding operation is 
accomplished by abrasive wheels which are axial 
ly stationary, except as they may be oscillated 
through a suitable angle as diagrammatically 

55 
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shown by the dotted lines in Fig. 2 and later de 
Scribed. When the billet f2 has passed the last 
wheel fo, it is deflected by suitable mechanism 
at the left hand end of the machine to the posi 
tion 8 where it is transferred to the position 9 
(Fig. 1) and it is then returned by a succession 
of rolls 20, preferably arranged as an inclined 
gravity conveyor system, to the position 2 where 
it may be either manually or mechanically moved 
back, such as by an elevator system, to the first grinding position for passing again through the 
machine. At this time, the billet is turned over, preferably through a quarter turn, to present a 
second face for grinding. Thus the billet is car 
ried on through the grinding zone four times for 
a four faced work piece; and after the final 
grinding operation, the work deflector is ren- . 
dered inoperative and the work 2 is caused to . . 
pass from the machine. 
The procedure may be widely varied. As in 

dicated by the arrows in Fig. 4, the work piece 
2 may be started at position 24 and traversed in 

grinding contact with the entire set of grinding 



5 
wheels to the position is turned over through a quarter turn. Then, by 

25 where the work piece 

reversing the power driven supporting rolls f S, 
it is traversed back through the same succession 
of abrasive whaels to the starting position 26 
where the work is again turned over. Thus, it is 
ground during each traverse as it goes from posi 
tions 24 to 28 and completed at the normal load- . 
ing end of the machine. In the arrangement 
shown in Fig. 5, the work is traversed and quarter 
turned as shown by the arrows. In this proce 
dure, it starts at position 29 and is finished in 
position 30 at the same end of the machine. 
This process may be carried out by various 

types and arrangements of mechanisms, but I 
prefer to employ the procedure of Figs. 1 and 2 
and the construction illustrated in the remaining 
figures of the drawings. The entire assembly 
of the machine is shown in Figs, 6, 7, 8 and 9 
which are to be viewed in an end to end relation 
ship in the order of the figure numbers starting 
at the right hand end of the machine. In this 
machine, the billet 2 loaded onto the platform 
f3 (Fig. 6). is suitably moved Onto the freely now 
able rollers 4 and then manually or mechani cally conveyed endwise along these rollers to 
wards the left where it is brought onto the power 
driven rollers 5 (Figs, 10 and 39) located in the 
two intermediate sections of the machine, shown 
in Figs. 7 and 8. There, the billet 2 is moved 
longitudinally while its top face is subjected to 
the abrading action of the grinding wheels 6 in 
the positions to fo of Figs. 1, 2 and 3. Ulti 
mately, the billet. 2 is traversed by the roller 
driving mechanism on its final pass to the left 
hand end of the machine where it is diverted into 
the position 8 (Figs. 1 and 2) by an adjustable 
deflector 34 (Fig. 9). The billet 2 slides down 
an inclined chute 35 (Fig. 45) which may be pro 
vided with free rollers. The rolls 20 then serve to return the billet under the influence of gravity 
to the position 2 (Fig. 1) where it strikes a 
lengthwise adjustable deflector plate 36 (Fig. 6) 
and is thrust into engagement with prongs on 
an elevator conveyor chain 37 (Figs. 6 and 44) 
which thus returns the billet 2 to the starting 
position and at the same time turns it over for 
a second griding operation. 
The work driving mechanism at each of the 

stations f to 9 inclusive, not including station 0, 
is illustrated in Figs. 10, 11 and associated figures, 
As shown in Fig. 10, the billet 2 passes from the 
first set of free rolls 4 into engagement with 
the first power driven roller 5, thence over a 
free roll 39 (Fig. 43) which is similar to the roll 
4, and then over the pressure roller beneath 
the grinding wheel 6. The pressure roller f7 is 
vertically movable in such a manner that the 
weight of the billet serves to hold the abrasive 
wheel down in grinding contact with the top Sur 
face of the billet. The billet 2 travels then onto 
another power driven roll 5 and so on along 
this succession of rollers through the grinding 
stations to ?o. Although various types of grinding apparatus 
may be employed within the scope of this inven 
tion, a construction of the general type known as 
a swing frame grinder may be utilized because 
of the flexibility of adjustment and the ease with 
which the grinding wheel may be OScillated or 
tilted through a desired arc. As illustrated in 
Figs. 11 and 12, the grinding wheel. 6 is remov 
ably mounted on suitable roller bearings (Fig. 31) 
carried in a hood 40 having a demountable part 

O 
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hood is mounted on the end of a tube 4. The bels pivoted on a universal ball joint (Fig. 11) journalled on a trolley support, arranged 
to tary the swing frame grinder. To the right 
9 the ball joint 42 is mounted an extension frame sporting and clamping a motor side is 9.g. 1) carrying a constant speed electric moto 

... The grinding-wheel 6 is driven by the moto 
by means of two V belts 47 running overav 

pulley 8 on the grinding wheel mount (Fig. 31) 
and a two-stepped reversible pulley 49 (Fig. 11) keyed on the shaft of the motors. They pulley 

is reversible so as to take up for grinding wheel 
S 

20 

30 

35 

Wea and to provide a higher R. P. M. for the . 
Smaller sized wheel. The motor slide 4 (figs, 11 and 17) has an integral depending threade 
lug 50 engaging a flanged screw 5 which is tatably mounted in a slotted stationary integral 
lug on the extension frame 44 and arrange to 
move the motor 46 rearwardly and hold the v 
belts tight. Each of the electric motors 4s 
for the different grinding stations have individual 
push button switches 52 (Fig. 10) conveniently 
mounted near the other electrical rontrol a 
paratus. It is desirable to prevent the forward end of the 
billet 2 from striking the side of the grindin Wheel 6. This is accomplished by a spring sing 
sure mechanism shown particularly in Figs. 
and 11, Which holds the wheel out of the way and permits the Weight of the billet to pull the wheel gown into grinding contact. The pressure roller is normally positioned by a springs (Fig.15 
So that the high point of its periphery is some 
What above the plane of travel of the bottom face 
of the billet 2. When the billet 2 strikes the 

- Periphery of the roller 7, it forces the roller 

40 

downwardly against the pressure of the spring. 
The roller support 55 carries the sleeve bearings 
Supporting the pressed on journal shaft so of the 
pressure roller f7. The support 55 is connected 
to cause a compression spring 56 to move down 
Wardly a vertical slide frame 57. The frame is 
connected through a pivot pin 58 with a tilting or rocking frame 59 which pivotally supports an ex 
tension of the hood 40. The Support 55 is fixed on a depending tube 6 
of Square cross section (Figs. 11 and 13) which 

: is positioned by means of two pairs of fianged. 
50 
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rollers 62. Each roller 62 is journalled on a shaft 
63 carried between a pair of brackets 64 secured 
on the inner sides of I beams 65 of the frame 
Work. The Ibeams 65 are attached to plates 66 . 
Which are secured to the concrete foundation for 
the machine. The pressure of the spring 54 is ad 
justed by means of a flanged screw 67threaded 
into a square plate 68 sliding within the square 
tube 6 and engaging the top of the spring 54. 
The flange of the screw 67 supports the member 
55. It is adjusted by an integral extension hav 
ing a square top for a wrench. An adjustable 
screw 69 secured to the support 55 and freely 
movable through an opening in the top of the 
front I-beam 65 serves to limit the upward mo 
tion of the support 55. A screw 70 is adjustably 
carried in the top of the support 55 and engages 
the underside of the mount 7 which carries the 

70 

pivot pin 58, and which is integral with the ver 
tical slide frame 57. This serves to limit the 
downward movement of the slide frame 57 and 
the grinding wheel 6. The pressure of the spring 
56 in the slide frame 57 may be also adjusted to 
obtain proper grinding action by means of a 
screw 72 actuated by a sleeve nut 73 suitably se 

arranged for installing the driving belts. The is cured in a bottom plate of the slide 57. The 



7 
screw 72 has an integral square shaped head 
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which slides in the frame 57 and supports the bottom of the spring 56. w 
Although the method of grinding and the ap 

paratus may be employed without oscillating or 
tilting the wheel 6, I preferably oscillate the 
wheel through a suitable angle such as 15', and 
this is permitted by the pivot pin 58 connecting 
the frame parts 57 and 59. The axis of the pivot 
pin 58 is substantially aligned with the top face 
of the billet during grinding. The rocking frame 
59 is a U shaped member having side slide straps 
74 (Figs. 11, and 12) which form guides for the 
vertically movable two piece slide is that pivot 
ally mounts a swivel guide 76 (Fig. 12) having an 
aperture which slidably but non-rotatably en 
gages, by means of a fixed key, a guide barse 

5 

O 

5 

cured onto the hood 40, so that the grinding 
wheel 6 will tilt with the rocking frame 59. 
The wheel 6 is fed towards the work as it 

wears away by means of a handwheel 85 oper ating a screw 86 passing through the threaded 
top plate 87 (Fig.11) suitably connected to the 
slide75 which carries the swivel guide T6. The 
latter (Fig. 12) allows the guide bar to tele 
scope therethrough as the grinding wheel 6 be 
comes smaller in diameter, or when its grinding station is changed. 
The rocking frame 59 is oscillated by means of 

a pin 88 carried by the plate 87 (Fig.11); and ent 
gaging a vertical slot in a slide bar 89 connected 
to a lever 90 (Fig. 10) fulcrumed to a bracket 9 
and connected by a link 92 to the slide bar 89. 
The lever 90 is oscillated by a link 93 connected 
to an eccentric 94 mounted on the shaft of an 
electric motor 95. This driving mechanism may 
be of suitable construction, such as a double re 
duction direct current gear motor which drives 
at a constant or adjustable speed. The motor 
is controlled by a push button switch 96 (Fig. 10) 
and a suitable rheostat 97 which thus controls the 
rate at which the grinding wheels are oscillated. 
The degree of oscillation may be controlled by 
using an adjustable variable throw eccentric. 
By this construction, the rocking frame 59 that 

guides the grinding wheel 6 may oscillate for tilting the wheel as required without affecting the 
vertical movement of the slide frame 57 and the 
support 55 or the pressure roller?. Before the 
grinding wheel comes into contact with the pes sure roller, the spring 56 positions the grinding 
wheel above the normal plane of contact with the 

20 

25 

8 
are guided and ride on the rails of of the Ibeam. 
Two rollers 06 (Figs. 11 and 22) suitably pivot 
ally carried by the plates 04 are adjustably posi 
tioned against the under side of the trolley rails 
O and prevent lifting of the support 43 under the pressure of grinding. 
The position of the grinding wheel relative to 

the billet is controlled by a roller 0 (Figs. 11 
and 18) mounted to ride against the rear side 
of the billet. The roller O is carried by an 
inverted L-shaped roller mount adjustably 
secured on an integral depending projection on 
a slide 2 so that, as shown in Fig. 19, it may 
be moved vertically in relation to the side of the 
billet 2. A projection on the slide 2 is bolted 
to the roller mount by means of two bolts 
mounted in elongated slots. The slide 2 is slid 
ably mounted by means of a gibbed slideway on 
the intermediate slide 3 and there locked in 
position by suitable set screws. The slide 3 
has an integral top slide is also mounted within 
a gibbed slideway 6 which is integral with a . 
forwardly extending arm fixed to the lower 
half of the support 43 carrying the ball joint 
42. By this mechanism, the roller O may be 
adjusted to cause the grinding wheel to grind in 

30 

any of the positions to 0, and since the roller 
10 is positioned by the side of the billet, these paths will have a definite relationship. 
The adjustment of the grinding wheel across 

the face of the work 2 to these various posi 
tions is made first by crudely adjusting the posi 

35 
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billet 2, and the wheel continues to oscillate in that position. When the billet pushes down the 
pressure roller T, this forces the rocking frame 
59, downwardly and brings the wheel into contact 
with the top of the work and causes it. to grind an 
arcuate path on its top face as the billet pro 
gresses through each grinding 20te. The con 
act of the wheel with the work is under the re 
silient pressure of the spring 56 so that the wheel 

55 

60 
scannot be forced into the Work at too rapid . 

a rate. 
The grinding wheel is secured in one of the 

positions to 10 by mechanism. shown par 
ticularly in Fig.11. The support 43 which jour 
als the ball joint 42 of the Swing frame grinder 

is constructed like a trolley and is carried on the 
trolley rails of formed by the two bottom 
flanges of a trolley I beam 102 suitably carried 
on the framework over the rear of the machine. 
As shown particularly in Figs. 11, 21, 22 and 23, 

tion of slide 2 relative to its supporting slide 
3. The fine adjustment is made by a screw 

20 (Fig. 11). This screw is rotatably mounted 
in a slotted portion of the plate attached to the slideway 6 and engages a threaded integral con 
nection between the slide 3 and the top slide 
5 which is thereby adjusted relative to the 

slideway 6. The support 43 is moved toward 
the-left by means of two compression springs 25 
carried in two separate housings 26 which are : 
secured by set screws 127 to the trolley rails 
Of of the I beam. The trolley plates 04 (Fig. 

23) engage two separate plungers 28 slidably 
urged toward the left by the springs 25. The 
tension of the springs 25 is governed by the 
positions of the plungers 28 which project. 
through two separate rear plates 29. of the hous 
ings 26, and are held by means of the two sep 
arate lock sleeves and nuts f30. The springs 25 
push the plungers 128 and support 43 towards the 
left and thereby maintain the roller 0 against the billet f2. 
Two separate stops 33 (Figs. 11, 23 and 25) are 

adjustably positioned on the trolley rails of and 
thus limit the movement of the trolley plates 
f4 toward the left. If there is no billet beneath 
the grinding wheel, then the support 43 and 
grinding wheel 6 will move toward the left until 
the trolley plates. 04 abut the stops 33. When 
a new billet 2 passes through and contacts the 
roll fo, it moves the grinding wheel 6 back 
into the correct position to grind according to 
the adjustments, and the springs 25 will hold 
the grinding wheel 6. in its proper path. If it 

70 

is desired to increase the tension of the springs 
25, the lock sleeve 30 is moved forward by 

its adjusting nut until it touches the rear plates 
f 29, then by further adjustment the springs 25 
are compressed to increase their pressure. By 
loosening the clamping screws 27 the plungers the trolley comprises two separate plates 0 

integral with the support 43. These plates 104 
carry the four flanged trolley wheels 05 which 75 plished, the clamping screws 

f 28 may be moved forward into contact with the 
trolley plates 04. When this has been accom 

are tightened   
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rophosphate and the remainder of the ethyl cel 
lulose solution are added and agitation is con 
tinued until a uniform mixture results. 
upon the product is dried under vacuum at about 
170 F. to remove the ethyl cellulose solvent va 
pors. The material is screened through a 20 
mesh sieve to form a granulation and stored 
until used. 
The observations relative to the action taking 

place at the various stages and the ingredients 
and amounts noted previously in connection with 
aScorbic acid are similarly applicable here. 

In an alternative method, all of the ingredients 
of the B complex formulation above noted, except 
the ethyl cellulose, are ground to a uniform mix 
ture and stored for use. In this alternative 
method the B vitamins are not coated and in 
'Some embodiments of the invention this is not 
necessary if the other means of achieving isola 
tion and protection are utilized. 

Iron coating and granulation 
KOS 

Sodium iron pyrophosphate------------- 21,333 
Ethyl cellulose dissolved in ethyl alcohol to . . . 
make a 5% solution-------- ----------- 907 

Calcium pyrophosphate----------------- 27:216 
The Sodium iron pyrophosphate is added to a 

mixer and coated with the ethyl cellulose solu 
tion as described above in connection with the 
foregoing granulations. 
the calcium pyrophosphate is added gradually, 
and agitation is continued until mixing is com 
plete. The resulting moist material is subse 
quently passed through an oscillating granulator 
and dried at 160°F. in air. The material may be 
sieved through a 60-mesh screen and stored for 
use. The observations as to the actions taking place 
at the various stages, as well as the ingredients 
used on their amounts noted above in connection 
with the B and C granulations are also applicable 
to the iron granulation, 

Iron-Calcium-gelatin granulation 
KOS 

Calcium pyrophosphate---------------- 1843 
Coated iron granulation (described A 

above) ---------------------------- 49.456 
Water-soluble binder dissolved in water 

to make 24 gallons------------------ 20 

The calcium pyrophosphate and coated iron 
granulations are added gradually with the binder 
solution to a mixer until all of the materials have 
been added. The final product is a caky and 
cohesive mass, and may be passed through an 
oscillating granulator and dried in an Oven at 
160 F. In the final step the material is passed 
through a 20-mesh sieve and thereupon is stored 
for processing. 
The binder is included so that the tablet will 

hold together during the stamping and coating . 
operations. The amount used and the amount of 
water used are not critical as long as the desired 
result is obtained. 
The amount of calcium pyrophosphate is that 

necessary, in addition to that used in the previ 
Ously described granulations or mixtures, to 
achieve the desired amount of calcium in the 
complete mixture. 

If desired, the iron may not be included in this 
granulation in which event only ... the calcium 
pyrophosphate and the binder would be granu 
lated. The preferred method described, however, 

There 

After thorough coating, 

10 
has several advantages from 
Standpoint. All of the above ingredients, granulations or 
mixtures, depending on exact method selected for 

5 processing the various ingredients, are placed in 
a mixer from which the air may be evacuated. 
All of the materials are thoroughly mixed. After 
initial mixing and during continued mixing, the 
oil-soluble vitamins, such as A and D, in the form 
of a concentrate or in an oil, are sprayed over 
the granulation. If desired, the concentrate may 
be applied to one or a mixture of two or more 
granulations and the remaining materials then 
added. The addition of the concentrate in the 
preferred manner, however, has the advantage 
of obtaining a thorough mixture during the addi 
tion. Flavoring material may also be added, before, 
after, dr during the addition of the concentrate. 
The complete mixture is then ready for stamp 

ing into tablets. In the specific illustrative exam 
ple, the amount in each tablet would be adjusted 
so as to make a million tablets. 
The completed tablets are given a series of pro 

tective coatings. The first of these coatings may 
comprise a Solution of a cellulose ester or ether, 
such as ethyl cellulose or collodion. If the tablet 
has any voids into which air may penetrate, the 
coating penetrates into Such voids thereby elimi 
nating and excluding air. 
Although this material resists air and moisture, 

as has been pointed out heretofore, X-ray analy 
sis shows that the coating is sufficiently pene 
trated under conditions prevailing in the alimen 
tary canal to permit disintegration of the tablet 
and the release of all of its constituents for uti 
lization by the body. The second coating may 
consist of a cellulosic solution with which a vege 
table shellac has been mixed. This second coat 
ing may be repeated any number of desired times, 
for example four additional coats have been 
found to be desirable. The substitution of a part 
of the cellulosic material by shellac is desirable 
from the dietary point of view, but either may be 

45 used. It is desirable to dust each of the coatings 
with a calcium salt in order to facilitate the coat 
ing. This also permits the inclusion of a larger 
amount of calcium in the tablet, 
If desired, one or more of the coatings may be 

50 dusted with an acidic material or with a calcium 
compound containing the Sane, such as for ex 
ample, citric acid. 

Following the coatings with cellulosic material 
and shellac, it may be desirable to coat the tablets 

55 with a gelatin and sugar solution as is conven 
tional in the tablet coating art. w 

Following this treatment the tablets may be 
waxed with a solution of wax in a suitable vola 
tile solvent to provide a polished surface, as is 

60 conventional in the tablet coating art. 
Although the use of antioxidants and other 

additional agents is not necessary in forming the 
tablets of the present invention, it is to be under 
stood that, the use of such materials is not ex 

65 cluded. . . . As illustrative of the effectiveness of the pro 
tection against loss of potency afforded by the 
coating of ethyl cellulose, vitamin tablets were 
prepared following the general technique de 

70 scribed above, including the application of a final 
sugar coating. Immediately upon their comple 
tion the vitamin tablets were analyzed by con 
ventional quantitative analysis techniques to de 
termine the vitamin A content as expressed in 

75 U. S. P. units, and the vitamin B1, vitamin C, 

the procedural 
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S1 (Fig. 10) to regulate the speed of traverse 

of the billets 2 to obtain the desired grinding 
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results. The motor 65 drives a spur gear. To 
meshing with a spur gear 7 mounted on a shaft 
72 which mounts at its forward end a bevel gear 
73 arranged to drive a bevel gear 74 keyed to 

a two piece shaft f 15. (Fig. 7) coupled together 
and which is suitably mounted in bearing brack 
ets 16 (Fig.11) arranged lengthwise of the ma 
chine on the rear I beam 65. The shaft 75 car 
ries a set of bevel gears 77 which, with the bevel 
gear 74 drive the bevel gears 78 (Fig. 39) on 
the short shaft 79 suitably mounted in sleeve 
bushings in the unit. Each shaft 79 has a power 
driven roller 5 pressed into position for feeding the billet 2 endwise. . 
A pair of rollers f80 and 8 (Figs. 39 and 40) 

are also mounted in suitable bearings to rotate 
freely about vertical axes and engage the vertical 
sides of the billet f2. The right hand roller 80 
is preferably mounted in fixed bracket, while the 
left hand roller 8 f is preferably carried in a 
movable slide f82 (Fig. 40) to compensate for 
variations in the width and shape of the billet. 
The roller 8 is held under the pressure of an 

5 

12 . 
dotted line position of Fig. 9, it engages a slotted 
lug 206. Then the deflector arm 34 lies out of . 
the path of the billet and the latter passes onto 
a further set of free rollers 206 outside of the 
machine. By lifting the lever 202 (Fig. 47) whose 
position is limited by the upper corner which 
strikes the mounting for the pin 200, it may be 
moved from engagement with the right hand an 
gularly adjustable lug 204 and the deflector arm 0. 34 is then thrown to an inoperative position when 
the lever 202 engages the slot in the lug 206. The 
outer sides of the slots in the lugs 204 and 206 
are much higher than the inner bevelled sides, 
thereby limiting the swing of the lever 202. This 
permits the billet to be moved endwise from the 
machine onto the free rollers 206 which carry it 

20 

to the next operation. Before the billet reaches 
the deflector arm 34, it is supported on the freely 
rotatable rollers 208, some of which may be pow 
er driven, which are mounted on the I beam 65 
and have the same construction as shown in Fig. 
43. An angle iron 207 is mounted near the roll 
ers 208 (Fig. 45) to serve as a guide for the billet 

25 adjustable spring 83 to counteract the thrust of 
the springs 25. The spring is suitably mounted 
in the slide 82 and tightened by a suitable ad 
justable screw supported by a two part bracket 
84. The rolls 80 and 8 position the billetrel ative to the grinding wheel. , 
A pressure roller f35 engaging the top of the 

billet (Figs. 39 and 42) is pressed on a shaft 86. 
having a horizontal axis which is rotatable in 
sleeve bushings in a slide block 87 which is freely 
movable vertically in a sideway formed by the 
two separate upright frames B8. A spring 89, 
which counteracts the upward pressure of the 
Spring 54, presses against the slide block 87, 
and its tension may be suitably adjusted by a 
check nutted screw 90 threaded in a top plate 
that connects the frames f88. It will thus be 
seen that these four rolls located in the upright 
frames 88 position, the billet as it moves through 
the machine. This construction as above de 

30 

2 before it strikes the deflector arm. 34. 
When the billet has slid down the chute 35 (Fig. 45) it comes to rest againstan angle iron 

20 which extends to the adjustable deflector 36. 
The billet is now in position on the rollers 20 to 
be moved back toward the starting end of the 
machine. Likewise, an angle iron, 2 which 
guides the billet f2 extends from the first roller 
20 under the framework (Fig. 8) at the left end 
to just beyond the electric motor 46 for the third 

35 

40 

45 scribed is duplicated at each side of the grinding stations. 
When the billet has passed the last grinding 

wheel and reaches the final position of Fig. 9, 
the leading end of the billet 2 strikes the de 
flector arm 34 (Figs. 45, 46 and 47) which is ar. 
ranged it such an angle as to shove the billet to 
the position 18 (Fig. 1) where it slides down the 
incline chute 35 (Fig. 45). The deflector arm 34 
is shown at the maximum adjustment, at which 
position the billet 2 still has a slight clearance 
in the opening formed by the upright frames 88 
(Fig. 40) as it is skewed and fed by the power 
driven roller 5 and fulcrumed on the fixed roller 
f80 in the last work feeding station. The deflec 
tor arm 34 may be made movable to and from an operative position by pivoting, it on a pin 200 
suitably carried on a fixed bracket 20 mounted 
on the front. I beam 65. A lever 202 is pivotally 
connected at right angles to the deflector arm 
34 by means of a pivot pin 203. The lever 202 
is held in a slotted pivotally mounted lug 204 
(Figs. 9 and 47) on a movable bracket 205 which 

i is adjustably mounted by means of an elongated 
slot (Fig. 9) and two bolts engaging the support 
ing front I beam 65 to vary the angle of the 
deflector arm 34. When the deflector arm is in 
the full line position of Fig. 9, the billet is de 
flected onto the chute 35, but when the deflector 
arm 34 is moved so that the lever 202 is in the 

50 

grinding station (Fig. 7). Thereafter a flat plate 
22 is used to allow the billet f 2 to swing when 
it engages the deflector 36. These rollers may 
have certain ones power driven or they may be 
arranged in an inclined position, as indicated in 
Fig. 2, so as to act as a gravity conveyor system 
with a horizontal section beyond the right hand end of the guide 2 (Fig. 6). . . . 
When the billet reaches the starting end of the 

machine, it is deflected by the arcuate and ad 
justable deflector plate 36 (Fig. 6) into a posi 
tion where it may be seized by the prongs 25 of 
the endless conveyor chains 37, shown particu 
larly in Figs. 6 and 44. The conveyor chains 37 
are mounted on Sprockets 26 and 27 carried on 
two suitably mounted parallel shafts 2 8 and 29. 
The shaft 218 is adjustably mounted to take up 
the Slack of the conveyor chains 37, and it is 
driven by a double reduction direct current gear 
notor 220 adapted for a constant or an adjustable 
Speed. The motor. may be controlled by a push 

55. 

60 

65 
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button Switch 22 and an adjustable rheostat 222 
(Fig. 44) to regulate the speed of the conveyor 
chains 37 to lift the billet 2. The electric motor 
220 drives a Sprocket 223 which drives a link 
chain. 224 which runs on a sprocket 225 keyed on 
the shaft 28 (Fig. 44). Various other features 
of construction and adjustment may be employed 
in connection with this elevator mechanism as 
well as the motor drives of the machine, as will 
be readily apparent to one skilled in the art. 
The upper chain Sprockets 27 mounted on the 

shaft 29 of the lifting conveyor are elevated 
Somewhat above the working level of the grinding 
Wheel, and the parts are so arranged that when 
the billet is discharged from the pronged elevator 
chains it will be turned through a quarter turn so 

- as to present a new face to the grinding wheels. 
The billet is pushed by the prongs 25 of the con 
veyor chains. 37 along the receiving chute toward 

5 the face rollers 4 (Figs, 6 and 44). At this point the operator may manually pull the billet onto 
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the rollers 4 and finally beneath the grinding 
wheel. It may be fed automatically by means of 
power driven rolls to the first grinding station if 
desired. This sequence of operations goes on 
until the four sides of the billet have been ground, 
and then the operator causes the billet to be dis 
charged from the machine by swinging the de 
flector arm 34. 

It will now be appreciated, in view of the de 
scription of a billet grinding machine, that vari 
ous aspects of this invention may be, employed in 
simplified types of grinding machines. For ex 
ample, a single swing frame grinder may be 
used for grinding or snagging the surface of a 

i casting, and wherein the grinding wheel is forced 
under a controlled pressure against the work 
surface without the operator having to apply ef 
fort on his part. This is accomplished by using 
a construction of the type shown primarily in 
Figs. 11 and 26, wherein the wheel is mounted for 
a reciprocating or a universal movement Over a 
stationary or a movable work piece. The Work 
may be reciprocated by the mechanism indicated 
in the drawings, and the wheel may be recipro 
cated crosswise of the work by suitable power 
connections to the trolley or manually by means 
of the rod 45 of Fig. 26. 

Also, in such a simplified construction, the 
grinding wheel may be oscillated through an an 
gle which apexes on the work surface, so that one 
may accomplish automatically the present day 
practice in which a workman swings manually a 
swing frame grinder in such a way as to give a 
tilting and sweeping action of the Wheel acroSS 
the work. Furthermore, a work piece having an 
irregular contour, such as a billet or a casting, 

10 
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to grind transversely of its travel of the work; 
but for some types of work it is entirely feasible 
to have the grinding wheel axis arranged at right 
angles to the direction of work travel and thus 
grind flat plane paths of the work surface. 
The operations of these various parts of the 

mechanisms have been fully set forth above and 
'need not be repeated. It will be understood that 
the machine operator may vary the operation 
of the machine widely in accordance with the 
Yous adjustments permitted in this construc 
O. 
It will also be appreciated that various me 

chanical equivalents may be substituted for the 
mechanisms above described, and that one may 
add other automatic features or eliminate some 
of those herein described without departing from 
the broad principles of this invention. Hence 
the above disclosure is to be interpreted as setting 
forth those principles and as describing a pre 
ferred embodiment of this machine and not as 
imposing limitations on the claims appended 
hereto, 
I claim: 
1. A grinding machine comprising power 

driven resiliently mounted rollers for supporting 
a non-rotatable long workpiece and traversing it 

30 

through a plurality of grinding zones, and power 
-driven grinding wheels having their axes parallel 
With the direction of work travel which are ar 
ranged offset relative to each other in said zones 

may be safely ground without applying undue 
pressure on the grinding wheel, since the verti 
cally movable and pivotal frame 57, 74 which con 
trols the oscillation and up and down movement 
of the grinding wheel is so constructed that the 
grinding wheel may move in accordance with the 
work contour as permitted by the springs which 
control its position and so will not be forced 
too deeply into the work. 
A further important feature in such machines 

wherein the grinding wheel axis is parallel to the 
direction of travel of the work lies in the fact that 
the work is not permitted to strike the grinding 
wheel as it approaches the same, An abrasive 
wheel is especially vulnerable to a blow on its 
side. 
is held away from the path of the work until the 
work itself causes the wheel to move forward into 
grinding contact. When a heavy work piece is 
being ground, I use the weight of the work itself 
to hold the wheel in that contact, although re 
silient means such as springs are provided which 
compensate for irregularities in contour of the 
work surface. In this way, I have provided a 
construction involving one or several swing frame 
grinders in which the highly difficult and objec 
tionable operational features of that type of ap 
paratus are eliminated, and the operator of the 
machine is required to do no more than minor 
operations and to control the various adjustments 
of the machine. Accordingly, this invention applies both to a 
simplified type of machine involving one or a 
small number of wheels as well as a complex ma 
chine having a large number of wheels arranged 
to grind the entire path of a very wide piece of 
work in a single pass of the work through several 
grinding zones. For removing the surface layers 
of billets, these wheels are preferably arranged 

4) 
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for grinding simultaneously a plurality of paral 
lel arcuate contiguous paths on one side of the 
traversing workpiece. 

2. A grinding machine comprising means for 
supporting a non-rotatable long work piece and 
traversing it progressively into a plurality of 
grinding 2Ones, an independent power driven 
grinding wheel arranged in each of said zones for 
grinding One side of the work simultaneously, 
said Wheels having their axes parallel with the 
direction of work travel and arranged offset rela 
tive to each other to grind parallel contiguous ar 
cuate paths on one work surface during a single 
work traverse, means for holding each wheel re 
siliently against the work under a predetermined 
adjustable pressure, and means for Oscillating the 
wheel through an angle apexed at the work sur 

50 

In my preferred construction, the wheel 
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face which maintains the path of 'grindirig sub 
stantially straight. 

3. A machine for grinding the surfaces of non 
rotatable long discontinuous work pieces com 
prising means for traversing a succession of said 
Work pieces in one direction, a set of power 
driven grinding wheels arranged offset relative 
to each other and with their axes substantially 
parallel with the direction of travel of the work 
So as to grind simultaneously a plurality of paral 
lel contiguous arcuate paths on one side of each 
work piece, and means for selectively removing 
any workpiece or alternatively returning it in the 
Opposite direction and again presenting it to the 
wheels for another grinding operation. . . . 

4. A grinding machine comprising power 
driven mechanism for traversing a long non-ro 
tatable work piece endwise in one direction 
through a grinding Zone, a series of grinding 
wheels arranged offset relative to one another 
for grinding simultaneously one face of the trav 
ersing work piece, mechanism for returning the 
work piece to its initial starting position and 
mechanism for turning the work piece to present 
another face to said wheels for a further grind 
ing action. 

5. A machine for grinding the surface of a 



ing the grinding zone which causes the wheel to 
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billet comprising mechanism for moving the billet 
endwise, a series of grinding wheels arranged 
with their axes substantially parallel with the 
direction of billet movement and offset relative to each other for grinding simultaneously a plu 
rality of parallel arcuate paths, means for selec 
tively removing the billet from the machine, or alternatively returning it for another grinding 
operation and means for automatically turning 
the billet and presenting a new face for grinding 
during a second pass through the grinding Zone. 

6. A grinding machine comprising mechanism 
for traversing a work piece into and through a 
grinding zone, a grinding wheel arranged with its 
axis substantially parallel with the direction of 
travel of the workpiece, and automatically actu 
ated means which normally holds the side of the 
grinding wheel out of the path of the advancing 
work piece and which relatively moves the wheel 
and work into contact for the grinding operation 
as the leading edge of the work passes the side 
face of the wheel. 

7. A grinding machine comprising means for 
traversing a workpiece into and through a grind 
ing zone, a power driven grinding wheel mounted 
to rotate about an axis which is substantially par 
allel with the direction of the movement of the 
work, means which normally holds the wheel out 
of the path of movement of the work as the lat 
ter enters the grinding zone and thereby prevents 
the work from striking the side of the wheel and 
means operated by the weight of the work enter 
move into grinding contact therewith. 

8. A grinding machine comprising a grinding 
wheel arranged to grind an arcuate path on a 
work piece, means for traversing an elongated 
work piece parallel with the wheel axis, mecha 
nism yieldingly urging the wheel away from its 
normal grinding position and means actuated by 
the forward end of the moving work piece which 
forces the grinding wheel forward and holds it in 
a resilient grinding contact with the work while 
the latter is traversing through the grinding Zone. 

9. A grinding machine comprising means for 
supporting a non-rotatable work piece and trav 
ersing it through a grinding zone, a power driven 
grinding wheel arranged with its axis substan 
tially parallel with the direction of travel of the 
workpiece, and means for oscillating the grinding 
wheel through an angle apexed at the work Sur 
stantially straight. 

16 
automatically actuated means for Oscillating the 
wheel during the grinding Operation. 

12. A grinding machine comprising a pivotally 
mounted frame, a grinding wheel rotatably 
mounted thereon and arranged for tilting through 
an angle apexed on the work surface, means for 
traversing a work piece parallel with the wheel 
axis so that the wheel grinds an elongated arcuate 
path, means for adjusting the frame to vary the O wheel path, a swinging lever pivoted in substan 
tial alignment with the work surface, means for 
adjustably connecting the frame to the lever so 
that swinging the lever tilts the wheel for any 
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grinding position thereof and means for swinging 
the lever and Oscillating the wheel through said angle. . 

13. A grinding machine comprising a pivotally 
mounted frame, a grinding wheel thereon ar ranged for tilting through an angle apexed at the 
work surface, means for traversing a work piece 
parallel with the wheel axis so that the wheel 
grinds an arcuate path, a lever pivoted on an axis 
passing substantially through the work surface, 
an adjustable connection between the frame and 
lever arranged to tilt the wheel through said 
angle for different sizes and paths of the wheel, 
means for oscillating the lever and said wheel, 
a resiliently mounted support for the pivot of the 
lever, and means actuated by entry of the work 
into the grinding zone which moves the lever 
Support and causes the wheel to be held against 
the work under a yielding pressure. 

14. A grinding machine comprising a swing 
frame grinder having a pivotal support, a motor 
and a driven grinding wheel mounted on oppo 
site sides of the pivot, means for traversing a 
Work piece in grinding contact with the wheel 
and Substantially parallel with the wheel axis so 
that the wheel will grind an elongated arcuate 
path, means whereby the wheel may be moved 
transversely of the direction of work travel, and 
pressure means for holding the work and the 
wheel in grinding contact. 

15. A grinding machine comprising a swing 
frame grinder having a pivotal support and a 
motor and a grinding wheel driven thereby 
mounted on opposite sides of the pivot, means 
for traversing a work piece in grinding contact 

50 

face and maintaining its path of grinding sub 
10. A grinding machine comprising a power 

driven grinding wheel, means for traversing a 
work piece in a direction parallel with the wheel 
axis so as to form an arcuate grinding path on 
the work surface, a pivotally mounted support 
arranged for oscillating the wheel about an axis 
passing substantially through the line of grind 
ing contact and at right angles to the path of 
travel of the work, means for adjusting the wheel 
so that it will grind a pre-determined path, and 
automatically actuated means for Oscillating the 
wheel during the grinding operation. 

11. A grinding machine comprising a power. 
driven grinding wheel, means for traversing a 
work piece in a direction parallel with the wheel 
axis so as to form an arcuate grinding path on 
the work surface, a pivotally mounted support 
arranged for oscillating the wheel about an axis 
passing substantially through the line of grind 
ing contact and at right angles to the path of 
travel of the work, resilient means for holding 
the wheel under pressure against the work, and 

with the wheel and substantially parallel with 
the wheel axis so that the wheel will grind an 
elongated arcuate path, means whereby the wheel 
may be moved transversely of the direction of 
Work travel to adjust its path of grinding, means 
to adjust the position of the wheel to compensate 
for wheel wear, and means which holds the 
grinding wheel under yielding pressure against 
the work. - 

16. A machine of the type covered by claim 14 
comprising a series of power driven rolls which 

70 

move the work arranged alternately with resil 
iently mounted pressure rolls and means asso 
ciated with the pressure rolls which holds the 
wheel in grinding contact with the work. 

17. A grinding machine comprising mechanism 
for traversing a work piece in one direction, a 
trolley rail and a trolley movable thereon trans 
versely of the direction of work travel, a frame 
universally pivoted on the trolley, a power driven 
grinding wheel carried by the frame with its 
axis substantially parallel with the direction of 
work travel and arranged to grind an arcuate 
path on the work, means associated with the 

s 

trolley for moving the wheel and locating the 
wheel path, and means for oscillating the wheel 
through an angle apexed on the work surface. 
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18. A grinding machine according to claim 17 

comprising means for adjusting the wheel posi 
tion to compensate for wheel wear. 

19. A grinding machine comprising mechanism 
for traversing a work piece into and through a 
plurality of grinding Zones, a Set of movable 
frames carrying independent power driven grind 
ing wheels arranged in a series for grinding the 
work progressively, in said zones, the wheels be 
ing substantially parallel axially with the direc 10 
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tion of work travel and so arranged as to grind 
parallel, adjacent, arcuate paths along the trav 
ersing work, resilient acting pressure means con 
trolled by the work for holding each wheel under 
a yielding pressure against the work and which 
compensates for variations in work contour, and 
adjustable means for varying the path of each 
wheel. CART. A. CARLSON. 


