
Aug. 16, 1932. J. P. CROWLEY 1,872,415 
GRINDING SHEET GLASS 

Filed Sept. 23, 1921 5 Sheets-Sheet 

2 2272%PPrize NSN 4 1. 

A Lity 
82 

t 

W 

SS 
Na S. 

(SXN SN ER (2) SNSE A/YRN 

SS S. a . Š EN N 

a 22 
SSSSSSSSS2 E. TTE2 s SS SSSN22 

SSS 
27 NSR s 

S 

se 

i E 

//v/al-Y7 toe 
Jeseaa / Coeuey 

Asy- ová12-2. 
177 oase May 

  

  

  

    

  

  

  

  

  

    

  

  

  

  

  

  

  



Aug. 16, 1932. J. P. CROWLEY . 1872,415 
GRINDING SEEET GLASS 

Filed Sept. 23, 1921 5 Sheets-Sheet 2 

as? 942. 
Y 

2. 
A7 

4. 

46 

4. a. 

40 II it -- 

34 fire 36 BHH lasg); 
E. a-mo re- - - 

2 Sis 2 

s 

. 

ar 

(()) ul 
A742 22y2. 

t/ada - oeu/e 2- 372.2% 277 be M2Y 

  

  

  

    

  



Aug. 16, 1932. J. P. CROWLEY 1,872,415 
GRINDING SHEET GLASS - 

Filed Sept. 23, 1921 5 Sheets-Sheet 3 

% (3. 

2 
2: 22 I 

- 

2 2 

se 

27 a. 

SZZ2%22z722 

ZZZZZZ 22222 

% % 
Sy s (2. 

2 Z%22%2Z. 
/7/A 

/2-y/2M/Z oMe 
J72sea/, /tooeuéey 

as Y orf7r-2 
1777 to a Mae Y 

  

  

  

  

  

    

    

  

  

    

  

  

  

  

  

  

  

  



Aug. 16, 1932. J. P. CROWLEY 1,872,415 
GRENDING SHEET GLASS 

Filled Sept. 23, 1921 5 Sheets-Sheet 4 

  



Aug. 16, 1932. J. P. CROWLEY 1,872,415 
GRINDING SHEET GLASS 
Filed Sept. 23, 1921 5 Sheets-Sheet 5 

ty2% 
aza S. 26 ZSSS e/ Niae 

3. 4a a /24 

7%Wva M7 oa 
7esea/, / C-clues/ 

a- Ov/12-24 
1277 OMS2 May1 

  

  

  

    

  



Patented Aug. 16, 1932 

UNITED STATES 

1,872,415 

PATENT OFFICE 
JOSEPH. P. CROWLEY, OF TOLEDO, OBIO, ASSIGNOR TO LIBBEY-OWENS-FORD GIAss 

COMPANY, OF TOLEDO, OBIO, A CORPORATION OF OHIO 

GRINDING SEET GLASS 

Application filed September 23, 1921. Serial No. 502,855. 

This invention relates to a method of 
grinding sheet glass, to provide smooth, ab 
solutely flat surfaces on the sheets. 
In the usual sheet glass grinding system, 

a series of sheets are cemented to the top of 
a large rotary table, and over the top of this 
table a series of grinding tools are continu 
ously moved which eventually smooth down 
the exposed faces of the sheets. It is then 

0 necessary to remove the sheets from the table 
turn them over, and repeat the operation to 
grind the other faces. This is necessarily a 
long and tedious process. s 
The principal aim of the present invention 

15 is to greatly shorten and simplify this grind 
ing operation. In the system here disclosed, 
a pair of similar glass sheets, or a plurality 
of similar pairs, are ground one against the 
other, suitable abrasive being used between 

20 the two sheets. In this way the output of the 
machine is doubled, since each grinding op 
eration produces two ground surfaces instead 
of one. - 
The machine for accomplishing this grind 

25 ing process, comprises a pair of opposed sheet 
supporting tables, to which the glass sheets 
are held by suction. In this way the sheets 
are quickly inserted and held within the ap 
paratus, and are easily removed. Further 

80 more, a sheet may be transferred from the 
lower to the upper table, or vice-versa, with 
out removing the sheet from the machine. 
A further object is to provide a mechanism 

for imparting to one of the sheets a lateral 
shifting movement in its own plane, whereby 
continually different surfaces of the two 
sheets will be brought in grinding contact. 
A further object is to provide an automati 

cally operable mechanism to separate the 
sheets at intervals, during which the ground 
glass may be washed off and the abrasive re 
newed, and again bring the sheets into grind 
sing contact. - sts W 

Another object is to provide an electric con 
trol system for the apparatus, whereby the 
parts may be stopped and started at the de 
sired times and in the proper relative posi 
tions. v 

50 Other objects and advantages of the inven 

mobile wind-shields. 

tion will become apparent as the following 
detailed description proceeds. 
In the accompanying drawings: 
Fig.1 is a central longitudinal vertical sec 

tion through the machine, taken substan 
tially on the line 1-1 of Fig. 2, some of the 
parts however being shown in elevation. 
This is true of a portion of the left-hand side : 
of the frame, on which the valves for control 
ling the vacuum are located. O 

Fig. 2 is an end elevation of the appara 
tus, looking from the right of Fig. 1. 

Fig. 3 is a horizontal section, on an en 
larged scale, taken substantially on the line 
33 of Fig. 1. This view shows the slides 
which compel the sheet supporting table to 
remain parallel with fixed axes. . 

Fig. 4 is a vertical section through these 
slides, the section being taken substantially 
on the line 4-4 of Fig. 3. 

Fig. 5 is a detail section through one of 
the spring supports for the upper table. 

Fig. 6 is a horizontal section, on a still 
larger scale, taken substantially on the line 
6-6 of Fig. 1. t 

Fig. is a plan view of one of the sheet 
supporting tables. The glass sheet is partly 
broken away to reveal the holding platen 
therebelow. 

Fig. 8 is a view similar to Fig. 7, of a 
modified form of table adapted to simultane 
ously hold a plurality of separate sheets. 

Fig. 9 is a diagram to illustrate the shift 
ing or grinding movement imparted to the 
up sheet holding table. ig. 10 is a wiring diagram, certain por 
tions of the machine being included rather 
conventionally in perspective. 
The apparatus here shown and about to be 

described, is designed more particularly to 90 
grind comparatively small sheets, or lights, 
such as those used for small windows, or auto 

The apparatus is more. 
especially adapted for grinding drawn sheet 
glass, which is already comparatively flat 
and Smooth, and does not require the removal 
of very much material. However, the princi 
ples illustrated are entirely applicable to 
a larger machine, and rolled or pressed sheet 
glass of any size could be ground in this way. 100 
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The supporting frame 1 may be of any 
suitable form to rigidly sustain the operat 
ing parts, and still permit as free access 
as possible to the grinding tables. As here 
shown it comprises a pair of similar end 
castings 2 and 3, sustained at their lower 
ends by a suitable floor support, and joined 
at their upper ends by a horizontal casting 
4, which carries the grinding motor, and in 

10 which are journaled the various parts of the 
shifting mechanism for the upper table. 
Approximately midway their ends, the two 
castings 2 and 3 are joined by a second hori 
zontal casting 5, which serves not only as a 
support for the lower table, but also acts as 
a drain-pan to catch the water and waste 
materials washed off from the tables and glass 
sheets during the grinding process. 
The sheet holding tables 6 and 7 are mount 

20 ed horizontally within this framework at 
such a height that they are easily accessible 
to a workman standing beside the machine. 
Each of these tables is a rigid metallic struc 
ture, having a flat plane sheet holding sur 
face in which are a series of small holes 8, 
communicating with a chamber 9 within the 
table body. Flexible air-pipes 10 and 11, 
connect the tables 6 and 7 respectively with 
a main conduit 12 leading to a vacuum tank, 

89 in which a suitable vacuum is constantly 
maintained. Hand-operated valves 13 and 
14, mounted in an accessible position on the 
frame 3, control the connections to the 
vacuum tank, whereby the air may be par 
tially exhausted at will from either or both 
of the tables 6 and 7. The sheet holding 
faces of the two tables 6 and 7 are substan 
tially identical, and each is provided, (Fig. 
7), with a cover or platen 15 of rubber or 
similar material. This platen is provided 
with a series of holes 16, registering with the 
holes 8 in the table, and the suction through 
these holes 8 and 16, serves to securely hold 
the glass sheet 17 against the table face dur 
ing the grinding operation, or as long as the 
vacuum connection with the table is main 
tained. The rubber platen 15 will give suffi 
ciently to allow uneven or “wavy glass to 
be held thereagainst withoutbreakage, and 
at the same time aids in establishing an air. 
tight connection with the glass sheet. The 
tables 6 and 7 are provided with relief-valves 
or pet-cocks 18 and 19, the valve 19 also serv 
ing as a drain for the water that may work 
into the lower table through the holes in the 
sheet supporting surface. 
The tables 6 and 7 may be constructed as in Fig. 7, where only a single pair of sheets 

are to be ground, or may be of the form shown in Fig. 8, which is designed to simultaneously 
grind four pairs of sheets 20. In this case, 
separate platens 21 for each sheet may be 
used, or a single large platen, such as i5 in 
Fig., may be used, the transverse rows of 
holes lying between the several pairs of sheets 
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being omitted or plugged up. In any case 
it is to be understood that the shape of the 
table top here shown is merely illustrative. 
These tables might be made larger, smaller, 
longer or wider, or designed to hold any 
number of sheets of any size or shape, with 
out necessitating any variation in the oper 
ating mechanism now to be described. 
When the holding tables are designed to 

carry a plurality of sheets as in Fig. 8, the 
distance a between any two sheets is always 
greater than the extreme amplitude of the 
shifting movement of the movable table (as 
hereafter described), so that each sheet on 
the movable table grinds against and contacts 
with only its companion sheet on the fixed 
table, and never touches any other sheet. 
The upper, shifting, or grinding table 6 is 

suspended from a plate 21, by a series (here 
shown as four) of bolts or pins 22, (see Fig. 
5), there being compression springs 23 sur 
rounding the bolts between the table and the 
supporting plate. The upper ends of bolts 
22 slide freely through the plate 21, so that 
the table 6 may always adjust its lower flat 
face to the corresponding upper surface of 
table 7. When table 7 is elevated to operat 
ing position, as later described, table 6 rests 
thereon by its own weight together with the 
added pressure of springs 23. 
The table-carrying plate 21 is rigidly se 

cured to, as by screw-bolts 24, and travels 
with, a slide-plate 25, which is mounted to 
reciprocate in slideways 26 in a second plate 
27, which in turn reciprocates at right-angles 
to plate 25, in slide-ways 28 in the frame 
member 4. The slide 25 allows a movement 
of translation of the table 6 along its longer 
axis, whereas slide 27 allows a movement of 
translation along the shorter or transverse 
axis of the table 6. Since the two slides may 
operate simultaneously at the same or differ 
ent speeds, a combined movement of transla 
tion in its own plane in both directions may 
be imparted to the table, thus giving it a 
bodily shifting movement through any curved 
path, within the limits allowed by the travel 
of the slides. 
prevent any turning or twisting movement 
of the table, its respective edges always re 
maining parallel with their initial position, in 
which they are parallel with, and coincide as 
E; as possible with, the edges of the lower 
table 7. w 
As one approved means of shifting this ta 

ble 6 through a closed curved path, which will 
bring constantly changing portions of the 
two glass sheets into grinding engagement, 
the following system of planetary gearing 
has been provided. Mounted centrally of 
the machine in a vertical bearing 29 in frame 
member 4, is a partially tubular sleeve-mem 

At the same time these slides 

78 

75 

80 

85 

0 

95 

100 

05 

10 

5 

20 

25 

ber or hollow column 30. Secured to the up- . 
per end of sleeve 30, beyond the bearing 29, is 
a driving worm-gear 31. Carried by an out 30 



O 

5 

20 

25 

30 

35 

40 

45 

5. 

55 

30 

65 

stub-shaft 38. 
stub-shaft 38 is a gear 39 which meshes with 
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wardly flaring flange 32, at the bottom of the 
sleeve 30, below bearing 29, is an annular or 
ring gear 33, having an outer set of teeth 34, 
as well as a set of internal teeth 35. This 
annular gear 33 is held in position around 
the flange 32, by the annular flange-ring 36, as 
showninPigs.1 and 6. Journaledin an eccen 
tric boss 37, within the sleeve 30, is a vertical 

Secured to the lower end of 

the internal teeth 35 of annular gear 33. This 
gear 39 has an eccentric driving pin or pro 
jection 40, which is journaled in and imparts 
motion to the slide 25, already described. 
Preferably, for reasons later set forth the ec 
centricity of pin 40 with respect to gear 39 
is just equal to the eccentricity of stub-shaft 
38 with respect to sleeve 30. In this way, 
once during each revolution of pin 40, it will 
be centered with the sleeve 30. When pin 40 
is in this centered position, the edges of tables 
6 and 7 are in vertical alignment, that is the 
faces of the two tables, and hence of the glass 
sheets carried thereby, practically coincide. 

Motion is imparted to the gearing just de 
scribed from an electric motor 41, preferably 
mounted on frame 4, and connected by belt 
42 with drive shaft 43. This shaft 43 carries 
a worm 44, meshing with and driving the 
worm-wheel 31 on sleeve-member 30. Shaft 
43 also carries a spur-gear 45, driving a sim 
ilar gear 46, on horizontal shaft 47, which 
carries bevel-gear 48, driving bevel-gear 49 
on the vertical shaft 50. Shaft 50 carries a 
spur-gear 51, meshing with and driving the 
external teeth 34 on annular gear 33. In this 
way, shaft 38, and pin 40, are each caused to 
revolve through different orbits and at differ 
ent speeds but in the same direction. Shaft 
38, being eccentrically mounted in sleeve 30, 
revolves about the axis of the sleeve. Pin 40 
revolves in a circle of similar radius, about 
the axis of shaft 38. The worm drive 44 and 
31 for sleeve 30, has such a speed relation to 
the train of gears 45,46, 48,49, 51, 33 and 35, 
which rotate gear 39, that, in the example here 
shown, the pin 40 will make seven revolu 
tions about the axis of shaft 38, while shaft 
38 is making one revolution about the axis 
of sleeve 30. This ratio of speeds is only ill 
lustrative, the only requisite being that the 
E;s revolves considerably slower than the 
pln 4U. 

Since pin 40 revolves about the axis of 
shaft 38, while shaft 38 is also revolving 
about a different fixed center, it will be ap 
parent that a compound rotative movement is 
imparted to the pin 40, and hence to all points 
on the shifting table 6. The curved path fol 
lowed by this pin 40 is indicated in the dia 
gram shown in Fig. 9. The outline of table 
6 is also indicated in this diagram, although 
it must be understood that the motion curve 
is enlarged out of proportion to the table 6, 
as here shown. In this Fig. 9, the solid line 

y 

outline indicates the position of table 6 when 
it is centered and in vertical ali ent with 
the lower table 7. Let us assume first that 
the table 6 and associate parts are in the rel 
ative positions indicated in Figs. 1, 3 and 6. 
The shaft 38 and pin 40 are now at the ex 
treme left-hand limit of their movement, as 
seen in Fig. 1, and the centers of pin 40 and 
shaft 38 lie along the longitudinal center line 
of the tables. The longitudinal edges of 
tables 6 and 7 are now invertical alignment, 
but table 6 projects beyond table 7, to the left, 
a distance equal to the combined eccentrici 
ties of pin 40 and shaft 38. In Fig. 9, the 
position of the axis of pin 40 is indicated at 
a, the outline of the left-hand end of table 
6 is indicated in dotted lines at a', and the 
axis of shaft 38 will be located at a. As the 
parts move in the direction of the arrows, 
pin 40 will pass through the successive posi 
tions a, b, c, d, e and f, while the correspond-- 
ing positions of table 6 are indicated at a', 
b, c, d, e', and f', respectively. When the 
pin 40 reaches the position f, it is centered 
with the axis of sleeve 30, and the outlines 
of tables 6 and 7 now coincide, as indicated 
at f. While this movement of pin 40 has 
been taking place, shaft 38 has moved from 
the position a to the position y. Consequent 
ly the next revolution of pin 40 will take it 
along a different path from the preceding 
revolution as the center about which it re 
volves is also advancing along a circular path. 
As the edges, or axes, of the table 6 always 
remain parallel to their initial position, it 
will be apparent that each and every point 
on the table 6, has the same and equal move 
ment through space, along parallel paths, the 
path of each point being that indicated for 
the pin 40. In this way continually chang 
ing portions of the glass sheets carried by the 
tables 6 and 7 are brought into grinding con 
tact. It will here be noted that once during 
each revolution or loop of pin 40, its axis co 
incides with that of sleeve 30, and hence the 
tables 6 and 7 are lined up once during each 
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loop, although this is the only point or posi 
tion that the successive loops have in common. 
It is desirable, although not absolutely neces 
sary, that the two tables be in vertical align 
ment whenever the operating or moving parts 
are stopped, and mechanism is provided, 
which will be described later, for compellin 
the table 6 to stop when the power is shut off, 
at the next succeeding time when pin 40 
reaches that point in the loop when it lies in 
the axis of sleeve 30. At this time the tables 
will be in alignment. 

Before describing the control mechanism. 
just referred to, the mechanism for automati 
cally raising and lowering the lower table 7, 
will be described. As here shown, the table 7 
is supported on a rather large column 52, 
which slides vertically in bearings in the 
frame member 5. Fingers 53 at the ends of 
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the table, also have sliding bearing on the 
vertical tracks or flanges 54, on end frame 
members 2 and 3. These fingers prevent ro 
tative movement of the lower table 7, and 
also assist in holding the table rigid and pre 
venting tilting thereof. Mounted in suitable 
horizontal bearings 55 and 56 projecting up 
from the floor support for the machine, is a 
shaft 57 carrying at one end a crank-disc 58. 
The crank-pin 59 on this disc is connected 
with the column 52, by a pitman 60, whose 
length is adjustable by means of turnbuckle 
connection 61. The pitman has bearing at 
its upper end on a wristpin 62, within the col 
umn. At the other end of shaft 57 is keyed 
a worm-wheel 63, meshing with and driven 
by a worm 64 on a horizontal shaft 65, which 
is driven from electric motor 66, through belt 
67. When the crank and pitman are at their 
upper dead-center, the table 7 will be raised 
to its extreme upper portion so that the glass 
sheet thereon will be held in grinding contact 
with the sheet on upper table 6. When the 
crank and pitman are at the lower dead-cen 
ter, the table 7 will be lowered away from 
table 6, so that free access may be obtained to 
both sheets of glass. By means of motor 66 
and the train of gears last described the table 
7 may be moved to or from operative position 
at any time. Counterweights 68, for bal 
ancing the weight of the table 7 and column 
52, are suspended by cables 69 passing over 
pulleys 70 and 71, and connected to the plate 
72 at the lower end of column 52. 

It is desirable that, after the grinding op 
eration has continued for a short time, the 
glass sheets be separated for an interval while 
the ground glass and worn abrasive is washed 
away and new abrasive, of perhaps a differ 
ent grade, applied. Automatic stopping and 
starting mechanism for the motor 66, con 
trolled from the shifting mechanism for up 
per table 6, is provided, whereby this separa 
ration, and return to grinding position, will 
be accomplished at fixed intervals. Refer 
ring to Figs. 1, 2 and 10, a normally closed 
switch 73, is located adjacent the disc 58. 
This switch comprises a fixed contact point 
74, and a movable contact 75, carried by a 
lever 76, the contacts normally being held to 
gether by spring 77, connecting one end of 
lever 76 with a fixed portion of the switch. 
A projecting portion 78 at the other end of 
lever 76, lies in the path of either of two cams 
79 and 80 carried by disc 58. Whenever 
either of cams 79 or 80 snaps past the pro 
jection 78, the circuit passing through con 
tacts 74 and 75 will be momentarily broken. 
At the top of the machine, above the hous 

ing 81, which encloses the shifting gearing 
for the upper table, is rotatably mounted a 
disc or gear 82, which is driven at a quite slow 
speed, from the table shifting mechanism. 
Preferably it is driven from the sleeve 30, through appropriate reducing gearing 83. 
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Mounted adjacent this disc is a normally open 
switch 84, comprising fixed contact 85 and 
movable contact 86 carried by the switch 
lever 87. One end of lever 87 is normally 
held down by spring 88, and a projection 89 
at the same end of the lever lies in the path 
of a pair of cams 90 and 91, which are ad 
justably fixed to the upper surface of disc 82. 
Whenever either cam 90 or 91 comes under 
the end 89 of lever 87, the switch will be 
closed by bringing together contacts 85 and 
86, but this connection will be broken again 
by spring 88 as soon as the cam passes from 
beneath the projection 89. 
In the wiring diagram shown in Fig. 10, 

only the main features of the wiring connec 
tions have been indicated, some of the start 
ing rheostats and resistances having been 
omitted for the sake of clearness. At 66 is 
indicated the motor already described for 
rotating the crank-disc 58 to raise and lower 
table 7. The shunt-field of motor 66 is indi 
cated at 114, and 160 is the resistance coil of 
a dynamic brake for this motor. Let us as 
sume that table 7 is held up against table 6, 
and that the table 6 is being given its shift 
ing grinding movement in its own plane. 
The disc 82 will now be slowly rotating in the 
direction of the arrow and cam 90 will even 
tually come under the projecting end 89 
of switch-lever 87 and close the switch con 
tacts 85, 86. A control circuit will now be 
established as follows: from the positive 
main through wire 92, wire 93, wire 94, con 
tacts 86, 85 of switch 84, wires 95, 96 and 97, 
normally closed push-button switch98, wire 
99, contacts 74 and 75 of the normally closed 
switch 73, wire 100, coil 101 of the switch-op 
erating solenoid, and wire 102 to the nega 
tive main. Now that magnet-coil 101 is 
energized, the core of the solenoid will be ele 
vated (against the action of a spring not 
shown, which assists the weight of the core 
to maintain it in lowered position when the 
magnet coil is deenergized), and by means of 
contact plate 103 bridges the two contacts 
points 104 and 105, and also independently 
closes by means of plate 106. the circuit 
through contacts 107 and 108. The main mo 
tor circuit is now completed as follows: from 
the positive main through wire 109, contact 
104, plate 103, contact 105, wires 110 and 111, 
motor 66, wires 112 and 113 to the negative 
main. Since the shifting mechanism for the 
upper table 6 is running continuously, the 
cam 90 will almost immediately pass out from 
under the projection 89, and the operating 
control circuit will be broken at 85, 86. This 
would allow the solenoid to drop and cut off 
the supply current to the motor 66. To pre 
went this a shunt circuit through the mag 
net coil 101 of the solenoid is established as 
follows: from the positive main, through 
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fore through '98, 99, 74, 75, 100,101, 102 to 
the negative main. By means of this paral 
lel circuit the solenoid will be maintained in 
its upper operative position after the first es 
tablished circuit is broken at 85, 86. Crank 
disc 58 will now be rotated in the direction 
of the arrow, by motor 66, and the table 7 will 
be lowered away from table 6. As shown in 
Fig. 10 the table 7 is thus being lowered. At 
the time that pitman 60 reaches its lower 
dead-center on crank-disc 58, and table 7 is in 
its lowermost position, the cam 79 on disc 58 
will pass momentarily under projecting end 
78 of switch-lever 76 and break the circuit. 
last described at 74, 75. Coil 101 being de 
energized, the solenoid will now drop break 
ing both the control circuit and the main mo 
tor circuit at the points 107,108 and 104,105. 
At the same time the contact plate 117, at the 
lower end of the solenoid core will bridge the 
contacts 118 and 119, thus short circuiting 
the motor armature through the resistance 
160 as follows: from motor 66, through wires 
111, 110, 120, contact 119, plate 117, contact 
118, wire 121, resistance 160, wires 122, 113 
and 112 back to motor 66. As is well-known 
in the action of dynamic brakes, this throws 
an electrical load on the motor 66 (now act 
ing as a dynamo), and this load almost in 
stantly overcomes the momentum of the mov 
ing parts and stops the motor. 

Table 7 will now remain in lowered posi 
tion for an interval of time sufficient to wash 
off the ground glass and abrasive and apply 
new abrasive. The length of this period may 
be regulated by adjusting the distance be 
tween the cams 90 and 91 on the disc 82. 
When cam 91 comes under the end 89 of 
switch lever 87, the contacts will be again 
closed at 85 and 86. It should be noted that 
before the table 7 was stopped in its lowered 
position, the cam 79 has passed completely 
under the lever-end 78, and switch 73 was 
again in its normally closed condition. The 
first described control circuit is now again 
completed, the motor 66 is again supplied 
with current, and the table 7 will be raised to 
its operative position. Just before it reaches 
this upper position the control circuit is 
again broken by cam 80 Snapping under 
switch-lever end 78, and opening the contacts 
74, 75. This again allows the solenoid to 
drop, opens the control circuit and the main 
motor circuit, and applies the dynamic brake. 
Since the pitman 60 is now at its upper dead 
center position the table 7 will be held up 
against the table 6 for a grinding period de 
termined by the length of the long arc be 
tween cams 91 and 90 on disc 82, and also by 
the ratio of the reduction gearing used be 
tween the sleeve 30 and the disc 82. Both of 
these may be varied to give the desired dura 
tion to the grinding period. 

Conveniently placed on and adjacent to 

S 

and 124. The contact 123 on the disc may 
Snap under the spring contact 124, and the 
parts are so placed that this contact will 
take place a few seconds before cam 91 en 
gages switch lever 87 to close the control 70 
circuit and raise table 7 to its upper posi 
tion. A circuit from a battery 125 passes 
through a buzzer 126, or other suitable de 
vice, and through the contacts 123 and 124, 
the two ends of the battery circuit being 
grounded on portions of the machine, all as 
indicated near the top of Fig. 10. This buzzer 
acts as a warning signal to the operator, that 
the tables 6 and 7 are about to be brought 
into grinding contact, so that the operator's 
hands, and any tools that may be used, can 
be removed, and accidents avoided. 

In order that the raising and lowering 
motor 66 may be started or stopped at any 
time, regardless of the automatically operat 
ing circuits just described, the manually 
operated switches 127 and 98 are provided. 
The switch 127 is normally open but may be 
momentarily closed by means of a push 
button. The switch 98 is normally closed 
but may be momentarily broken or opened by 
means of a push-button. When switch 127 
is closed, a circuit is established from the 
positive main, through wires 92, 128, switch 
127, wire 97, switch 98, and thence through 
99,74, 75, 100, 101,102 and the negative 
main, as before. This will start the motor, 
in the same way that switch 84 starts the 
motor. It will be noted that the control cir 
cuit in all cases passes through the switch 
98, so that whenever this switch is opened 
the control circuit is broken. In this way the 
motor may be stopped at any time regardless 
of the position of the parts. 
A somewhat similar operating circuit is 

provided for the motor 41, which drives the 
shifting mechanism for the upper table 6. 
This motor is started by closing the hand 
switch 129. A control circuit is then estab 
lished from the positive main through wire 
130, starting-solenoid coil 131, wire 132, 
switch 129, wire 133 to the negative main. 
The starting solenoid now being energized 
will be raised and will bridge the contacts 
134 and 135 by means of plate 136. The 
motor circuit will now be established from 
the positive main through wire 137, contacts 
134,135 and plate 136, wire 138, motor 41 
(also shunt field 140 of this motor), and wire 
139 to the negative main. 
As already stated, it is desirable that when 

ever the table 6 is stopped in its shifting 
or grinding movement, it should be cens red, 
or be in vertical alignment with the lower 
table 7. At the upper end of stub-shaft 38 
is secured a disc 140, carrying a circular con 
tact plate 141, which is broken away at one 
point as at 142, this break being in line with 
the pin 40. A pair of brushes 143 and 144 
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141, the brushes being carried by the sleeve 
or column 30. Brush 143 is continuously in 
contact with the plate 141, but brush 144 
passes out of contact every time the break 
142 comes under this brush, which is posi 
tioned further from the center of shaft 38 
than brush 143. A pair of annular contact 
rings 145 and 146 are embedded in suitable 
insulation in the outer surface of sleeve 30, 
and a pair of brushes 147 and 148, carried by 
journal-bearing 29, continuously bear on 
these rings. Ring 145 is joined to brush 143 
by lead 149, whereas ring 146 is joined to 
brush 144 by lead 150. Wire 151 connects 
brush 147 with wire 132, while wire 152 con 
nects brush 148 with wire 133. It will be 
seen that a shunt is formed around hand 
switch 129, through wire 151, brush 147, ring 
145, wire 149, brush 143, contact plate 141, 
brush 144, wire 150, ring 146, brush 148 and 
wire 152. Although this shunt circuit is 
broken every time break 142 in plate 141 
comes under brush 144, this will have no 
effect on the control circuit as long as switch 
129 is closed. Suppose now that at any time 
it is desired to stop the table 6. Switch 129 
is opened. This will not immediately break 
the control circuit, unless break 142 happens 
at this time to be under brush 144. Other 
wise the control circuit will be maintained 
through this shunt until the break 142 comes 
under brush 144. At this time, pin 40 is on 
the axis of sleeve 30 and the tables 6 and 7 
are in vertical alignment. Now, since both 
shunt circuits are broken, the control circuit 
through solenoid coil 131 will be broken and 
the solenoid will drop, breaking the main 
motor circuit. At the same time, contact 
plate 153 at the bottom of the solenoid core 
will bridge the contacts 154 and 155. The 
motor 41, now running as a dynamo due to 
the momentum of the moving parts will be 
short-circuited across the following load: 
contact 154, bridge 153, contact 155, resistance 
157 of the dynamic brake, wire 139 back to 
the motor 41. This load will almost instantly 
stop the motor. Of course, the motor may be 
started again by closing switch 129, regard 
less of the fact that the shunt circuit through 
plate 141 is now broken. As shown in the 
diagram of Fig. 10 the motor 41 has been 
stopped and the table 6 is in centered posi 
tion. 
When the grinding operation is to be start 

ed, the machine being stopped with the tables 
separated, a pair of similar sheets of glass are 
inserted, one against each table face, and are 
secured in place by turning on the vacuum, 
by means of valves 13 and 14. Suitable abra 
sive mixture is now applied to the surface of 
one or both of the sheets, and the switch 129 
is closed to start the motor 41, which gives 
the grinding motion to upper table 6 and the 
sheet of glass carried thereby. When cam 9 
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closes switch 84, the lower motor 66 will 
bring table 7 and the glass sheet carried 
thereby, up into grinding engagement 
with the upper sheet. The grinding opera 
tion will continue for a predetermined inter 
val, when the sheets will be automatically. 
separated for a short period, during which 
they can be washed off if desired and new 
abrasive applied, and then they are automati 
cally returned to grinding position and the 
grinding operation is renewed. This cycle 
of events is repeated automatically until 
the sheets have been ground down to the re 
quired fineness, when the operation is stopped 
by opening switch 129, preferably just after 
the table 7 has been lowered. One of the 
sheets, for example the upper one, is now re 
moved after the vacuum has been released 
by opening valve 13, (or pet-cock 18). By 
pressing button 127, the tables are now brought together, and by manipulating the 
vacuum-control levers 14 and 13, the vacuum 
is cut off from the lower table 7 and supplied 
to the upper table 6, this operation transfer 
ring the remaining sheet from the lower 
table to the upper table. A pressure on 
switch-button 127 will now lower table 7 
again, so that a new unground sheet may be 
applied to the lower table. We now have a 
sheet on the upper table whose upper sur 
face has been ground and whose lower ex 
posed surface is still unground. The lower 
sheet is unground on both sides. The grind 
ing operation is renewed by closing switch 
129, and after another series of grinding cy 
cles have been accomplished we will have 
a completely ground sheet (that is, ground 
on both sides), on the upper table, and a sheet ground on its upper side only on the lower 
table. The completely groundsheetis now re 
moved and the lower sheet transferred to the 
upper table as already described, and a new 
unground sheet inserted therebeneath. This 

from the motor through wires 138 and 156, series of operations may be continued indefi 
nitely, and it will be noted that each time an 
unground sheet is inserted, a finished sheet 
ground on both sides, is removed. The proc 
ess of removing and transferring the sheets 
may be accomplished very rapidly, and the 
complete grinding operation for a pair of 
sheets of drawn sheet-glass will require but 
a few minutes. If the tables are of the form shown in Fig. 8, for simultaneously grinding 
a plurality of pairs of sheets, the cycle of op 
erations will be the same, except that each 
time a change of sheets is made, the upper 
sheet of each pair is removed, the remaining 
sheets are then simultaneously transferred to 
the upper table, and a series of new sheets in 
serted upon the lower table. Of course, it is 
obvious that this operation could be re 
versed, and the finished sheets removed from 
the lower table and the new sheets applied 
to the upper table. Or, if only a single pair 
of sheets are required, these sheets may be 
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ground on one side, both removed and re 
versed, and their other sides ground, thus 
simultaneously completing the two sheets. 
By means of this system and apparatus, 

sheet-glass, and especially drawn sheet-glass, 
which already has fairly flat surfaces, may be 
tly and easily ground down till both sur 
aces are smooth and absolutely flat. Very 

little polishing is afterwards necessary to 
produce excellent plate-glass. 

It should be understood that the specific 
form of apparatus here shown is merely one 
good example of a mechanism for carrying 
out the principles of this invention, and that 

is many changes in the form and proportion of 
the various parts may be made without de 
parting from the scope of the invention as 
set forth in the following claims. As an il 
lustration, the motor-brakes need not be of 
the “dynamic type, (although these have 
proven very efficient), but any form of elec 
trically controlled brake could be used. For 
example, spring-applied brakes could be used 
on the armature-shaft, the brakes being held 

25 off when the motorisin operation by magnets 
or solenoids in series with the motor circuit. 
Such a brake is well-known and needs no fur 
ther disclosure. 
I claim: 

30 The continuous method of grinding glass 
sheets in a mechanism wherein two sheets 
are held in grinding contact by a pair of 
opposed sheet supporting tables, each table 
removably holding one of the sheets, con 

as sisting in separating the tables, removing the 
completely ground sheet, bringing the tables 
together, transferring the sheet between the 
tables from one table to the other, so that its 
unground face is now unattached, separat 
ing the tables, inserting an unground sheet on 
the unoccupied table, bringing the tables to 
gether, and imparting grinding movement to 
one of the tables, and again separating the 
tables, whereby one sheet is now completely 

as ground and ready for removal, and the other 
sheet is ground on one side and ready for 
transfer to the other table. - 

Signed at Toledo, in the county of Lucas, 
and State of Ohio, this 21st day of Septem 

50 ber, 1921. 
JOSEPH P. CROWLEY. 
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