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PATENT OFFICE

CARL . QLEOH, OF CHICAGY, ILLINOIB, ARSIGNOR TO ILLINOIS TO0L WORESR, OF
CHICAGO, ILLINOIS, A CORPORATION OF ILLINGIS

OB GRINDING MACEING

Appiieation fled Tebrnary 16, 1828. GSerial Hu. BATTE,

This invention relates to material work-
ing machines, and particularly to machines
sach as hob grinders and the like, wherein
the work is recipreeated through the agency

6 of a lead screw., - o
In the manufecture of hobs it is common

practice to employ theé same machine for

grinding hobs of varied diameters, and in
order to employ such a machine in this man-
1¢ ner the pitch of the lead screw thereof which
actuates the work carrier must conform to
the exial pitch of the hob to bs ground.
This will be readily apparent when it is
understeod that the helix angles of hobs
1& vary in sccordance with their dinmeters and
consequently the difference bstween the nor-
mal piteh and the axial pitch correspond-
ingly varies. While the requirement for
_ the normal pitch may be the same for hobs
of different diameters it is mecessary fo
change the axgial pitch in asccordsnce with &
change in the hob diameter, and this axial
pitch of the hob is equal to the pitch of the
lead screw which actuates the work carrier
26 in grinding machines heretofore wused.
Flences, in order to adapt such machines to
cover & wide range of leads, it is necessary
to provide a large number of interchange-
able lead screws, and obviously this repre-
30 sents & large investment, and the inter-
changing of these screws requires the ex-
penditure of considerable time in setting up
the machine for each job. :

An object of my invention is to preclude

36 the necessity of freguently inferchanging
lead screws by providing & compensatin
device which will serve to slter the axia
movement of the work from that of ‘the
movement ordinarily imparted to the work

40 during each revolution of the lead screw,

and thereby enable the use of one lead screw

of a predetermined pitch to preduce an in-
finite number of leads within a certain
range. ' ’

45 Another object of my invention is to pro-
vide = compensating device of economical
and rigid construction which may be readily
superimp@se& upon the lead screw of a
grinding machine, or any other machine of

80 like nature, and which may be easily ad-

justed -te accurately effect o diferential
movement between the head screw and its
compsnion nut within very close limite.

In addition to the sbove mentioned char-
asteristics, it is a further object of my in- &5
vention to provide a machine in which a pair
of oppositely disposed grinding wheels are
employed to simultaneously grind opposite
surfaces of the hob teeth, and this repre-
sents an improvement over the grinding mea- 60
chine disclesed in my copending applica-
tion, Serisl No. 86,208, filed February 5,
1926 wherein a single grinding wheel is
employed which may bs reversed in order
to grind both surfaces of the hob testh.

further object is to arrange the grind-

88

‘ing wheels so that the wheels start stmul-

teneously and likewiss simultaneously com-
plete the grinding operation, thereby ve-
quiring minimum $ime to comploto the effec- 70
tive stroke or movement of the whesls, end
this featuve represents an improvement over
the machine gisclosed in my Patent No.
1,259,770 dated March 19, 1918 wherein &
numbetr of grinding wheels are positioned 78
on the same side of the hob. '

With the foregoing and other objects in
view, which will appear in the following de-
scription, the invention resides in the novel
combinstion and arrangement of paris and 80
in the details of construction hereinafter de-
scribed and claimed. .

In the accompanying drawings: o

Figure 1 is an elevational view of 2 grind-
ing machine which represents one embodi- €5
ment of my invention, & portion of the ma-
chine bed and frame being broken awsy to
disclose structurs otherwise hidden.

Figure 2 is o transverss vertical sectional
view taken on the line 2—2 of Figure 1. 90

Figare 3 is & plan view of the machine
disclosed in Figure 1.

Figure 4 is an enlarged fragmentary view
of the lead screw and asseccisted compensat-
ing device as viewed in Figure 1, & portion 95
of the cooperating parts thereof being bro-
ken away to more clearly disclose the inter-
nsl structure. _ ‘

Figure 5 is & detailed vertical sectional
view taken on the line of 5—5 of Figure 1. 100
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Figure 6 is a vertical section taken on the
Hn§_6—6 of Figure 4.

i
line 7—T7 of Figure 4.

Figure 8 is an enlarged plan view of the
lead screw and associated mechanism dis-
closing the relative position of the various
elements at the beginning of the effective
stroke of the work spindle. -

Figure 9 is a plan view, similar to Figure
8, disclosing the relative position of the ma-
chine elements as the work spindle. ap-
proaches the completion of its operative
stroke.

Figure 10 is a perspective view of the
elements comprising the compensating de-
vice in association with the cam member
carried by the lead screw, and,

Figure 11 is a detailed view of the mech-
anism for imparting a reciprocatory move-
ment to the grinding wheels 2nd this mecha-
nism represents an alternative form of the
mechamism disclosed in Figure 2, which is
employed for the same purpose.

eferring now to the drawings wherein
like numerals have been employed to desig-
nate similar parts throughout the various
figures, it will be observed that a machine
bed 1 supports a frame 2 and rising from
and secure to one end of the frame 2, Fig-
ure 1, is a split bearing 3 which provides a
mounting for a work spindle 4. The work
spindle 4 is formed integral with a lead
screw 6 and supports a gear 7 which engages
an elongated pinion 8. Rotation is impart-
ed to the pinion 8 through the agency of a
chain 10, and it will be observed that the
lead screw 6 is rotatable within a suitable
split nut 11. The split nut 11 is secured to
the upper surface of a block 12, which is
mounted within' guide-ways 14, Figure 10.
formed in the upper portion of one end of
the frame 2. ! From the foregoing it will
be clear that upon the rotation of the lead
screw 6 within the split nut 11 said screw
and the work spindle 4 will be moved axial-
ly and a hob 15 supported at the reduced
outer extremity of the work spindle 4 will
likewise experience the same axial move-
ment. This hob 15 is secured to the spindle
by means of a suitable tightening nut 16
and is adapted to be advanced between a
number of grinding wheels 18.

These grinding wheels 18 are supported
by spindles 19 rotatable within helders 20,
which are mounted upon companion ped-
estals 22. The spindles 19 are rotated by
mesns of suitable belts 28, which extend
between sheaves 24 and driving pulleys or
sheaves 26 carried by a shaft 27, Figures i
and 2, mounted within the lower portion of
bed 1. Each of the pedestals 22 which sup-
port the snindle holders 20 is mounted upon
a piatform 28 which is mounted upon a slide
30 and thus {he holder 20 is adjustable in 2

re 7 is a vertical section taken on the.
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direction parallel with the axis of thé work
spindle 4 by means of a hand wheel 31, Fig-

ares 1 and 2 which rotates a screw 32. The

slide 30 is adjustable horizontally toward
and away from the work by a hand wheel
33 which actuates a screw 84. Each of the
slides 30 is supported by a table 36, Figure
2, which is provided with a depending lug
37 and coil springs 38 operate to urge the
tables 36 outwardly, thereby maintaining
engagement of the depending lugs 37 with a
bell crank arm 40. A cam 41, Figures 1
and 2, is supported at the extremity of a
drive shaft 42 and engages a pivoted finger
44. It is to be understood that upon each
rotation of the cam 41 the finger 44 will
experience a downward movement against a
block 45, which rests within a yoke member
46. Laterally extending portions of the yoke
member 46 engage bell crank arms 48 and
thus during each rotation of the cam 41 the
arms 40 and 48 will be actuated in response
to the movement of the yoke 46 and the
tables 36 will be moved inwardly. The cam
41 is timed to cause the inward movement
of the tables 36 in accordance with the posi-
tion of the relieved surfaces on the table
of the hob 15, the reciprocation of the grind-
ing wheels 18 being similar to the movement
experienced by a tool in a conventional
backing-off machine. The position of the
block 45, which rests upon the yoke 46, may
be adjusted by manipulating a knurled
screw 49 and by varying the position of the
block 45 with respect to the pivoted finger
44 the degree of reciprocating movement ex-
perienced by the grinding wheels 18 may be
accurately adjusted.

Referring to Figure 11, it will be observed
that a modified or alternative mechanism is
disclosed which functions to reciprocate the
grinding wheels 18. This mechanism em-
ploys the cam 41, a pivoted finger 50, an
adjustable block 52, and a yoke 53, all of
these elements cooperating in the manner
just described in connection with similar
parts disclosed in Figure 2. The operatior
of the mechanism disclcsed in Figure 11
differs from the mechanism already de-
scribed in that bell crank arms 54, which
correspond to the bell erank arms 48 in Fig-
ure 2, engage 2 roller 56 carried medially of
the upper portion of the yoke 53. By hav-
ing these arms 54 actuated from a medial
point on the yoke, a similar degree of move-
ment of each of the arms is insured. Com-
panion arms 57 engage rollers 58 secured to
tables 60 which correspond (o the tables 36

diselosed in Figure 2. Coiled sp: 81
surrounding an eve bolt 82 comnstantly urge

taile outwardly and thereby muaintain
went between tho rollers 36 and the

r, 13 will be understond
serew § within
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he split nut 11 will esuse the supported hob

15 to be moved axially between the grinding
wheels 18. - It will slso be clear that the
am 41 and the described elements actuated

3 thereby operate in timed relation to eflect

predetermined movement of the grinding
wheels toward and away from the work.
In the event that the axial pitch of the hob
15 is the same as the pitch of the lead screw

2 8, it will be apparent that for each revolu-
tion of the screw the hob will be moved
axially through a distance equal to said pitch.

However, if the axzial pitch of the hob to
bo ground differs from the pitch of the

3 screw B, means must bs provided to compen-
sate for the veriation in the axisl piteh of
the hob and the pitch of the screw. This
compensating or differentisl effect is accom-
plished by means to be deseribed. ‘

o " A compensating device or sine bar meth-
anism shown in detail in Figures 4 and
8 t6 10 inclusive comprises » cross slide 84
which is movable transversely of the block
19, This cross slide 84 carries & pin 85

5 which. projects upwardly therefrom and

posd g

e o

ol

which is adapted io be engeaged by the angu-
lar surfacs 88 of & cam member 88 support-

ne extremity of ths lead screw 6.

nuds 89, and during the axial
the lead zerew 8 to the right,
and 4, the angulor surface 65,
ves the pin 85, will causs said
ociated cross slide 64 fo be
the left, Migurs 10. The cross
s carried by o mounting plate 70

it remities with arcuate slots
1th adjusting screws
psition on actuating bar T4, which
78, Tigurs 10. When the sc-
4 assumes an angular position

7i the cross slide 64 as shown
in inclusive, said bar, during

"l‘ua
%
=

the movament of the cross slide 64, will be
35 parrd nio engagemant with a2 roller 77
RO 4rame 2 medially of the
gl this will enuse the blotk
12 nus 11 mounted thereon to
kbetes rallel with the axis
of b w7 $0 the right, Figures 8 and
9 sngularity of the aclnating

.

to ths split nut 11 and the
w7 8 assceinted therewith, and ob-
wwhen the bar 74 cccupies & ceniral
position no compensating movemeny
transmitted to the lead screw.

P
o

of the plate 70, Figures 1 and 4, to {facilitate
vick adjustment of the bar 74, Se-

ed to one end of the slidable block 12
iz a depending brackst arm 78, and inter-
possd between the brackst arm 78 and a sur-
Tace of the frame 2 is a coiled spring 80,
Wigures 1 and 4, which encircles a bolt 81

€
&3

£ REAS
ember 88 is secured in position by

3

ug}on which the bracket arm 78 is slidable.
This spring 80 operates to insure contact
petween the roller 77 and the actuating bar
74. Another coiled spring 82, Figures 8 and
9, serves to oppose the outward movement
of the cross slide 64. From the foregoing
description of the compensating device it
will be understood that o -differential or
compensating movement is produced to ob-
tain variations in the sxial travel of the
supported hob with reference to a given
number of revolutions of the lead screw, and
that the motion which is superimposed upon
the lead screw by the ' compensating device
may be veried by a simple 1
actuating bar. By emph)%ing this arrange-
ment, one lead screw is able fo produce an
infinite number of leads within a range of
leads which is reguired in grinding hobs of
different sizes. :

In the operation of the described appara-
tus power 1s supplied {rom an electric motor
84, Wigure 1, or any other suileble means,
to a belt 85, which actuates the shait 27
which supports the sheaves 26. The motor
84 also carvies a gear 86 which causes the
rotation of o shait 88 through a suiteble
train of gears, end this shaft 88 carriss a
gear 89 and o pinion 80. By manipulating
2 hand lever 92 = clutch mechanism 93 con-
nected with the lower end of the lever 92
may be actuated to iransmit rolation fo 2
drive shaft 94. Thus when the cluich 93
is moved to the left, Figurs 1, the shaft 94
will be driven in
the clutch is moved to the right the shafl
will be rotated in the reverse direction. Af-
%er securing the hob 15 upon the work spin-
dle 4 and adj itions of the
grinding wheels hob
testh by means of ¢ 81 and
83, the actuating bar i
mechenism is positioned in sccordancs wibh
the motion, which must necessarily be sup
imposed upon the lead screw to efiect the
proper axzial travel of the heb. The handle
59 is then manipulated $o octuale the cluteh
93 and rotation is imparted to the work
spindle 40 ss hereinbefore described. As
the cam member 88 moves to the right, Fig-
ures 8 to 10 inclusive, the angular surface
88 thereo? will engnge the pin 85 carried
by the eross slide 64 naod the lead screw 681
will experience o decreased or increased
compensating movemens in accordance with
the setting of the actuating bar 74. By
having the grinding wheels arranged in the
described manner each of the wheels will
tegin and finish 2 grinding stroke simul-
tansously with vespect to its companion
wheel, and in this manner minimum time is
expended in simultaneously grinding both
surfaces of the hob testh. The spindles 19
of the grinding units are arranged obliquely
with respect to the axis of the hob and in
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the axial movement of the lead screw to
cause a movement of the nut with respect o
the frame. o

10. In an apparatus of the class described
having & lead screw, a frame, & slide mount-
ed on the frame, o nut on the lead screw
mounsed on the slide, & cross slide mounted
in said slide, an actuating bar atiached to
the cross slide, & roller mounted on the
frame for engagement with seid sctuating
bar to move the first mentioned slide by
causing the cross slide to move transversely
of the Brst slide, and means for causing the
cross stide to move at o predetermined ratio
5 with respect to the axisl movement of the
SCTRYY.

11, In grinding apparatus of the class de-
seribed, heving a lead screw for supporting
threaded work, a nut on the lead screw, a
grinding wheel for grinding weork support-
ed by the lead screw, means for rotating the
lead screw to cause the axial movement
thereo?, and a compensating mechanism for
varying the axisl movement of the lead
screw during the rotation thereof in accord-
ancs with the axial pitch of the threads in
the work. ,

i2. In grinding apparatus of the class de-
scribed having a lsad screw for supporting
threaded work, & nut on the lead screw, a
grinding wheel for grinding work supported
by the lead screw, meens for rotating the
lead screw to cause the axzial movement
thereof, a frame, compensating mechanism
including = cross slide moveble in response
to the axial movement of the lead screw to
cause o maovemsent of the nut with respect to
the frame, and means for adjusting the
movement of the cross slide in accordance
with the axisl pitch of the threads in the
work to be ground. :

18, Tn hob grinding machines having a
eud screw for supporting s hob, & nut on
he lead screw, a grinding wheel for grind-

g the festh of o supported hob, means for
reciprocating the grinding wheel in accord-
anes with the velieved surfaces of the hob
teeth, and means for superimpesing & com-
pensating effect upen the axial movement
of the lead screw im accordance with the
axial pitch of the hob to be ground..

14. In material working appsratus of the
class describsd, a votary work support, a
tool for acting upon o work piece carried
by said supporé, means for imparting rela-
tive mmovement petween the work suppert
and said fool, and 2 sine ber mechanism
adapted to imparé longitudinal movement
to the work support. ‘

15. In material working apparstus of the
class described, a rotary support for a hob,
a grinder positioned in operative relation
with respect to the hob teeth, means for im-
parting relative movement to the hob and
grinder in accordence with the relief on the

hob teeth, and a sine bar mechanism adapt-
od to impart longitudinal movement to the
hob support.

16. In material working apparatus of the
class described, a rotary support for receiv-
ing a hob to be ground, a grinder support,
said grinder support and hob support be-
ing relatively movable in a direction trans-
versely of the hob axis, and a sine bar mech-
anism for imparting movement toc ome of
said supports in a direction parallel with
the hob axis.

17. In a grinding machine of the class
described, a rotary hob support, a grinder
adapted to be positioned in operative rela-
tion with respect to the teeth of a hob on
said support, means for imparting relative
movement to the hob and grinder in accord-
ance with the relief on the hob teeth, and a
sine bar mechanism adspted tfo impart
movement to one of said supports to effect
relative longitudinal movement between the
hob support and the tool support.

18. In material working apparatus of the
class described, a rotary werk suppord, a
tool support, said tool support and work
support being relatively movable, and a
mechanism for imparting movement to one
of said supports, said mechanism including
a slide heving an angularly disposed sur-
facs, o second slide shifteble at an angle
with respect to the first mentioned slide,
means interposed between said slides for
imparting movemen$ from one slide to the
other, and a fixed abutment against which
one of said slides operates during the move-
ment thereof.

19. In material working apparatus of the
cings described, a rotary work support, &
tool support, said tool and work supports
baing relatively movable to effect o cuiting
action along the peripheral surface of a
sapported work piece, and means for im-
perting relative movement ¢o said parts in
am sxial direction with respect to the work
piece including means having an inclined
surface shiffable in predetermined synchro-

nism with the rotation of the work support,,

and sctusting means slidably engaging and
driven by said inclined surface.

20. In 2 hob grinding machine, a rotary
spindle for supporting a hob, a tool support,
& grinder wheel mounted on said tool sup-
port, means for imparting relative move-
ment between the grinder wheel and hob
spindle in accordance with the relief in the
teeth on a supported hob, and means for
imparting relative movement between said
supported hob and grinder axially of the
rotary spindle including 2 member coupled
with and shiftable in synchronism with the
rotation of the spindle, said member having
an inclined surface, and a second member
having means slidably engageable with said

inclined surface, whereby to effect velative
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angular movement between said members in
response te the shifting of the first member.
21. In a hob grinding machine, & rotary

hob supporting spindle, a tool supporﬁ f
6 grinder wheel carried by seid sappors,
means for imparting relative movement ‘be—
tween & supported heb and seid grinder in
gccordance with the relief in the teeth on
said hob, and mechenism for imparting rela-
tive movement between the hob and said
grinder m a direction axially of said hob,
said mechenism including means shift eble
in timed relation with the actustion of the
spindle, an angularly adjustable slide mem
ber movzﬂ‘Te in response to the shif Emff of
said means, d member engageable with
the sur f@cv of said engule r?y adjustabie
slide member.

22. In o hob grinding machine, ¢ rotary
spmd}e for supportl"w 2 hob, & grinder sup-
pert, & grinder wheel on said grinder sup-
130"(: for grinding the eem on & supm)meﬂ
hob, said supports ’mm«r roswmveﬂy movable

axi aily of the sup; ported hob to mainsain
proper position of the grinder wheel within
the tnreua helix of said hob, means for con-
trolling the above "ncntioneu relative azis
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movement between ths supp: T_teca hob ”*c«
said grinder, said mezns inciy ding en actu-
30 atmg dem s s}u: J.h in o dz rection trans-
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slide member and 2 ? 2c
direction hmgztudmaﬂj of the spnn Ee in
response te the movement experienced cuv
said slide member, and mezans for importin,
relative :*J:e.nsve“sw meve:pe’zt betwcgr Uzc
grinder and the supported hob in sceord-
ance vn th the ‘r‘"-?;c‘ on said I
24. In g hob giznamg machine, a Y
spindle for supnorting o hob, & grinder sup-
port, & grinder whee! on said grinder sup-
port for grinding the teeth on a supporied
hob, said supports being re elatively movable
a.xmlly of the Gunyovted haob o maintein
the proper position of the grinder wheel
within the thread helix of seid hob, mesns
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for controlling the above mentioned relative
axial movement between the s supported hob
and £a id grinder, said means mcﬁwmﬂ* an
actuating dmmx emfmma in o direction
tr&mve:se to the spindle axzis and & 0 Q
devvm shdmlj coupled therewith, sa
sing P’sﬂatwely slideble ond o
tive Eg wnmuged with at lenst one OE
men: -co%;nuousﬂ ¥y uwm
teoting dewce in a given dire
4 ng relative ¢rong-
said supporis in
in the hob te oth.
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