| o

F. A FRITZSCH 2,149,013
'SEEED CHANCING MECHANISM. | I

Filed July 22, 1937

6 Sheets~Sheet 1

0= 27 5T
5% || ey [ o
¥ Ol P e
e e 0 2 zes
)
27

< -
INVENT O,

L

. ¥
A SR sy,

J
p -
¥

v
,

"




149,013

’ .

2

F. A. FRITZSCH
SPEED CHANGING MEGHANISM

Feb. 28, 1939.

6 Sheets-Sheet °

Filed July 22, 1937

OZE 10 EWE (62

brr TN

. AN
o7l

/
N[ ol 2
w76z LS

_m.._:nl . Hlf )
| moQ ._-ﬂlle - X %-h& . /r
_ N\ 2222 >
DOEY 205 N
;lllllr . .l" .ﬂulr

ﬂﬂﬂﬂﬂﬂﬂ

' >
i “n
Wrikwa vy B

s

I

iﬁ§§§$ <

ANy

’ — R e
—
"

— N\l
_lm\NmN..IfIHI RN T BEEZE 225 66 B V4%
f Al:azaanzaazzznzzmz:nnaannjnz-nz:m-n-zzlnrjavmmw

- EVE /D€ 9PE OEE o

\

AT LT GBI TN s S )

A

F o

-

K




Feb. 28, 1939. - F. A. FRITZSCH 2,149,013
'  SPEED CHANGING MECHANISM '

Filed July 22 1237 6 Sheets—-Sheet 3

]
\-‘_"‘

IIII

e —

Ny

/

2

Arad

I

N zzzziiswhaJ?

el SN

2 —
Tl

i
1d

hnegeesn

________ ummmnmm un i

IR S

. _
T T || E— '

S .
Syt = |
_ — _ \ 09 'IIIIIIIb .

X




Feb. 28, 1939. F A FRITZSCH 2,149,013
_ SPEED GHANGING MECHANISM |

| F‘iled July 22, 1937 6 Sheets—Shéet 4

AR
2 25 37,59
78)94, 270 \ 272942

NN 4z5
N, a7z

1 Kieeod NELR NS -~
'. ‘:.Ih!kﬂ IUI.&—'—“& "
Tu,
] )

AT NN,
\
I_zzz4=

L

[ ' -
NN

== aeac L i (il 1 < 4co | —
. " -6 s !~ ZE E'E 25
/\ -: TL 11E %' = II: l 11‘\\‘ J_i@l‘ A
é_’;g " - - II'J// / g"r 7
2( E{{ 17 { , % /’ /lﬂ 3/‘6 3/5 | _
| 5' S 4l ] ""W//fm -- 3/3

“ \“
‘\\ w'

// "l

;=- L 1-'4’// AN \\\ﬂl/j \\ﬂl’

i

4; Ijl! _______ /337
ﬂ,:;pEEEET“?EEEEE?;;T?FSKEEEF"'

% N | /09 94’ \(/\(/\

_l l m\\\\\\\\\\

‘ =\
NG :/Z";" %-'@7,

N7 77 AR L L L LD
— &+
|'I-I-r—|||'i/|["'I

. L

Lrﬁu W R

12
%\

nllill. — ]

l "x \“_ﬂ'

-m....-...-; / .W Ii‘;‘!?{é_‘v/ 77,8 7 ma—
\733// Y/ !6’ ?‘ 7 /

/2’3 /268275 f"‘"’ﬁ X RN

o ik

\\\\ \\iv
N t;f.s'y
llil:lln@,}" \\\\\\‘& S5 //

'\.\\‘l\\\ N

N7 /,..

J’ IJJ"J"

gl .-.’

m\v N Zﬁ;/// ; /¢9 /7

", F
o e t ! Y

_ El7 79
//// / 75985

&

/ﬁi?'

z ‘.'f". GRS
s / w
_ ///1/ K /// /52

/5 _'
s\ =
'" .'II;
s 79) 168 165 O

------- i)
\ Ar54
/62




Feb. 28, 1939. ‘ F. A. FRITZSCH 2,149,013
| | SPEED GHANGING MECHANISM ' | |

Filed July 22, 1937 S - Sheet'.s—Sheet 5

—-f—: .29' -.ZZ // 28/°5 76 9 75'577

-¢"'- é

W,
J99 | /. - PR #
I3z Jo£ | N8
397 ) sor (/363 202572 50035/ S8/ N/ Y/
.--. 3;? = | . | Ly \/
. ve .. F 796 ig’- Jé.fj,ga ‘f%r =
. Ll o9z [ 572/ 6]oze]] &
7 N ' AN Amz
/ ﬁ:“;‘iml ?“.\’:{/{IE KL M = ix\'\l{iur“’fml 10

| | /89 2 : _[%E\
/8724785135 /8 tim) LB LET N
NN =17 [FE=N
t I‘\'Nﬁl 5 ﬂ = | == BN
/84 \ : Q&Mr; ﬁ — | -I E! s /03
s 12 et = S ek
213~ NP IE J7 ==\

i u — 1.’ ;

I
TS

’
/,
§ '; Ay

77

NN

AN

4

<

C
I
. 5 f;_.,.“
IR
RN ) O LR
3l |

N

- r.-..\‘ |
2 Y|

AL

%?:@
" =l IX
| 2 (H LA A D oy ‘ :‘_"""] o
243 g’f ' 2 \
225 & 215

' 2/ S
INMVENTOL:

=—=anl (s ™

"\
N
N

P T T I T TN T

\“1\‘\ ' £ 7 /]
240 238 gz 232




v
oy
<
=2
¥
)
o
L
O
0.
N
a
T4
Lo
<
L
N
e,
=
st
N
o)
T
==

3 Sheets—Sheetfe

>PEED CHANGING MECHANISM

25— 7

) & G2 6/
=~/ Nm__Hu

K327

9c 6" @
110N

c

; &
(J S0
5 YH

vl
O L

Q20— 2L 5"

\

N
yméﬁﬁz-

|




Patented Feb. 28, 1939

UNITED STATES

2,149,013

PATENT OFFlCE

| 2,149,013

SPEED CHANGING MECHANISM

Frank A. 'Fritzsch, Cincinnati, Ohio, assignor Ito
The Lodge & Shipley Machine Tool Company,
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33 Claims.

My invention relates to speed changing mecha-

nism, suitable for lathes and other metal work-

- ing machinery, and I have exemplified the same

- as applied at the head end of a lathe, for ex-

5 ample, as located in the headstock of the lathe
and in association therewith.

A desideratum in the metal turning industry
has for a great many years been the removal
of the excess material from the work with as

10 great a speed as possible and with as large cuts
or chips as the character of the work would per-
mit when reducing the work to approxnnate form,
as when roughing out the work or taking rough
cuts, and also when producing the finer. cuts or

15 finishing cuts on the work.

-This has led to improvements in the cutting
tools, originally by hardening the steels first em-
ployed, and later by improving the steels and
producing alloys of material and treating the

o0 alloys in such way as to permit of material in-

crease of speed between the cutting tool and the

work in performing the cutting operation.

It is an object of my invention to take ad-
vantage of the improvements thus provided in
95 the cutting tools and to provide a device in which
" their improved properties may be best and most

economically employed, and to provide an ex-

ceptionally heavy and compact speed transmis-
sion for rotating the work.

30 The latest improvement in tools is along the
line of cemented. tools and hardened alloys of
various kinds. Experience has shown that some
of these alloys designed for increased speed in the
cutting operations are themselves brittle and in-

35 clined to rapidly deteriorate, become dull or have
their cutting edges break or let down on ac-
count of inherent weaknesses or brittleness of the
material of which they are composed.

It is a further object of my invention, there-

40 fore, to provide an improved speed changing
mechanism whereby the speeds of operation be-
tween the work and the tool may be controlled SO
as to obtain the maximum life of the cutting
properties of the tools combined With max:imum

45 speed of operation upon the work.

I have found, further, that it is a matenal ad-
vantage to let the surface speed between the

work and the tool_ control the speeds of rotation;

and it is a further object of my invention to

50 pr-ovide novel means for accomplishing this pur-

pose, and, further, to provide a new and im-
proved speed changing mechanism for imparting
different speeds in small steps or variations in
~ speed, so as to provide a large number-.of -steps
55 of speed throughout a material range in speed

- the tool.

(Cl. 82—29)

and to provide such steps substantially through-
out the entire range, so that a given relation of
surface speed between the work and the tool may
be preserved, dependent on the character of
material and the resistances and brittleness of
the tools which may be employed, having in mind

o |

further that the art of tool manufacture as to

composition, cutting -edge and other factors is
progressive, to all of which my invention is pe-
culiarly applicable in that it provides for varia- 10
tions in surface speed in small steps over an
extremely wide range of speeds.

Exemplifying my invention as employed in a
lathe in which the work is rotated by a spindle,
work of this nature may be of exceedingly small 15
diameter and also of great diameter, and may
be of comparatively soft material or of very hard
material, and include all the gradations of di-
ameter and material employed in. this art within
the capacity of the machine, and that high speed 20
cutting tools of various kmds may be employed
in connection with all of these diameters and
materials.

The diameter of the work and its speed of

rotation determine the surface speed or cutting o5
speed between the work and the tool. Given
g, certain piece of work composed of a given ma-
terial and a cutting tool of a given kind having
a predetermined cutting edge, the surface speed
bhetween the work and the tool is dependent on 30
the resistance of the work to the cufting func-
tion and the ability of the tool to perform the
cutting. Knowing these factors, the desirable sur-
face cutting speed between the work and the
tool may be ascertained,. from which the speed 35
of rotation of the work may be readily calculated.

For exampile, assuming that it is desued to cut

'a piece of work of given material by means of

s, tool having given properties at a given surface

speed, and assuming that the piece of material 40

is one inch in diameter, a substantially high spin-

‘dle speed is obtained by my invention to produce

the requlred surface speed between the work and
Assuming, further, that with work of

the same material. and the same character of 45

tool, but with the work twelve inches in diameter

instead of one inch, I am enabled by my invention
to obtain a spindle speed to produce the same

or approximate surface speed, as in the last ex- 5O

ample, between the work and the tool by de-
creasing the Spindle speed by means of simple
mechanism, so as to reduce it to- appmximately
one-twelfth of its speed in the first example,
in order to produce the same character of action 56




10

2

and speed of surface eperatien between the work
and the tool.

In the first example, & spindle speed may bhe
employed which is among the higher of the spin-
dle speeds exemplified, and in the second exam-
ple a spindle speed may be employed which is
among lower ones of the spindle speeds of my
improved device.

It may be assumed, further, that the tool em-
ployed in each of these instances is one of the

- highest developed high speed cutting tools known
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at the present time, or the tool employed may
be one permitting less amount of cutting speed
between the work and the tool. My improved
device provides simple means for producing the
desired speed of rotation of the spindle in any
of these examples. My improved device is, there-
fore, very elastic throughout 8 wide range of
work.

The same principles of operation and charac-
ters of relation between the diameters of work,
cutting tools and spindle speeds may obtain in
other relations, as when performing finishing
cuts between the work and the tool, In which
usually different characters of tools are em-
ployed for producing a desirably high finish on
the work, and in which the surface speeds be-
tween the work and the tool may vary from those

~of the first two examples mentioned, but my

invention provides means whereby the desirable
surface speeds between the work and the tool
translated into desirable spindle speeds may be
obtained under such different relations, depend-
ent on the relations between the work and the
tool and the desired finish.

I have found that real economy in operation

is provided by delicately adjusting the speed of
rotation of the work, as in a lathe, to the tool
of a given character, so as to preserve the cutting
edge of the tool, it being understood that these
cutting edges are likely to be brittle, in order
that as sustained a length of uninterrupted oper-
ation between the work and the tool, translated
into length of life of cutting edge of the tool, as
possible is provided, for which reason it is g fur-
ther object of my invention to provide sz novel
speed-changing mechanism in which the speeds
are closely associated over g wide range, and the

steps of speed are preferably in geometric pro-.
gression, so that a desiréed speed or & close ap-

proximation thereto may be readily obtained
throughout the entire range of speed. -

My invention consists in novel means for ac-
complishing the various objects stateq, and in
novel means for cbfaining the speeds and rela-
tions of speeds set forth; further, in & novel

“arrangement of gearing including shiftable ele-

ments for producing closely related speed changes
over a wide range of speeds; further, in novel

association of speed changing devices whereby

related speed change resultants -are. obtained;

and, further, in novel means for relating speed
resultants in novel geometric progression. |
My invention consists further, in novel primary,
secondary, tertiary and quaternary-speed chang-
ing mechanisms associated in novel manner for
novel transmissions of power at different speeds;
further, in novel relations of spindle - driving

- means, in novel feeding means, and in - novel

R

mounting relation between. the spind]e and its
gearing. |

My invention consists, further in novel means

. for moving the speed-changing elements; fur-
- ther, in novel means for controlling the same;

75

| further, in novel means for avoiding interference

2,149,018 -

between the same; further, in novel visual means
for positioning the confrols to produce the de-
sired relations of speed-changing members; fur-
ther, in 2 novel index portraying relations orf
controls for effecting speed change in association
with resultant speeds; and, further, in arranging

such resultant speeds in related lines or columns

‘and cross columns having portrayals of control

handles associated therewith to portray the posi-
tions of the respective handles for producing the
speeds in the respective lines or columns or at
the intersections of cross columuns,

My invention consists, further, in novel inter-
locking mechanism in the speed changing mech-
anism between the operating devices for effecting
speed change: and, further, in novel gearing
means for transmission from the spindle and
novel speed-change mechanism therein, and
novel means for mounting the same.

T have further exemplified my invention as

o

10

20

employed in connection with headstock gear-

ing in which twenty-four speeds are obtained,
forward and reverse, by the employment of as
little as twenty-four gears and two clutches, with
the steps of speeds in regular progression In
closely associated steps over a wide range and

eimploying a geometric progression ratio pref-

erably in a range of 1.18 to 1.20.

These ratios of geometric progression are given
as examples, and illustrate the selectivity, ver-
satility, minute steps and extreme range obtain-

~ able by my invention.

My invention will be further readily under-
stood from the following description and claims,
and from the drawings, in which latter:

Fig. 1 is a front elevation of the head end of
a2, metal turning lathe having my invention ap-
piied thereto, and partly broken away.

Fig. 2 is an end elevation of the same, partly

broken away.
Fig. 3 is a vertical section of my. improved de-

vice, taken on the irregular line 3—3 of Fig. 1,

and partly broken away.
Fig. 4 is a rear elevation of a detail *ef the same,

partly broken away.

Fig. 5 is a cross-section of g detail of the same,

taken on the line 5—5 of Fig, 4.

Pig. 6 is a cross-section of a detail of the same,
taken on the line 6—6 of Fig, 4.

Fig. 7 is a plan view of my improved device with
the cover removed, and partly broken away.

Fig. 8 is a sectional view of the gearing laid out

-in plane, and showing one of the power transmit-

ting elements in neutral position in dotted lines.

- Fig. 9 is a horizontal section illustrating a de-

tail of the control mechanism, taken in the plane

- of the line 9—8 of Fig. 10, and partly broken

away.

Fig. 10 is a vertical section of the same, taken
in the plane of the line 10—10 of Fig. 9, and partly
broken away.

Fig. 11 is a vertical cross-section of the same,
taken in the plane of the line {1—[1[ of Fig. 12,

and partly broken away.

Iig. 12 is a front elevation of the same, partly
in section in the plane of the line 12—(2 of

‘Big. 11, and partly broken away.

PFig. 13 is a vertical section illustrating part
of the gearing, taken in the plane of the irregu-
lar line 13—(3 of Fig. 2, and partly broken away.
. Pig. 14 is a cross~sectional detail view of the
same, taken on the line {4-~14 of Fig. 13.

Fig, 15 is a vertical cross-section of a detail
of the control mechanism, taken in the plane of

25
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the line 13—46 of Fig. 10, and partly broken away. 75
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ig. 16 is a front elevation of the same, partly
in section in the plane of the line 16—16 of Fig.
15, and partly broken away.
Fig. 17 is a. vertical section of my improved de-
5 vice, taken on.the line IT--I'I of Fig. 1, and partly
broken away; and,
Pig. 18 is a face view of the index plate for
spindle speeds.
In the present exempllﬂcation of my inventmn
10 there is an electric motor 21 (Figs. 1, 2, 3, 7 and
8), the rotor of which has suitable speed imparted
thereto the rotor shaft 22 having a gear 23 fast
thereon, which meshes with a gear 24 fast on s
‘drive-shaft 25, journaled in bearings 26, 27, re-
18 spectively in the head end wall 28 of the head-

stock and in an inner cross wall 29 in the upper

part of the headstock. The drive shaft is provided
with clutches 31, 32 of suitable construction, the
same being shown as multiple disk clutches hav-
¢p ing a clutch operating collar 33 therebetween.
The clutches are provided with suitable clutch op-
erating levers of usual construction pivoted on a
usual sleeve fixed to the drive shaft, so that upon
¢ompleted movement of the clutch collar endwise
¢s in one direction one of the clutches is placed in
clutching relation and upon combpleted endwise
movement in the opposite direction the other of
said clutches is placed in clutching relation, the
cluteh -collar being normally in midposition for

go unclutched or neutral relation of both clutches.
Alternate disks of the respective clutches have
usual spline connections with the usual sleeve

rotating with the drive-shaft and the remaining

disks thereof have usual spline connections with

are journaled on the drive- shaft or first shaft by
friction reducing bearings 36, 37, and respectively
have transmitting gears 38, 39 thereon. When

either clutch is in clutched relation, the gear

40 thereon rotates with the drive shaft and the
| gear on the other clutch is in idle relation with
the drive shaft. When the clutch collar is in
mid or neutral position between the cluiches,
both clutches are unclutched so that the drive
45 shaft rotates idly in said shells..

A second shaft 41 is journaled in friction re-

ducing bearings 82, 43,respectively in the headend

- wall 28 and the inner cross wall 29 of -the head

stock, and has gears 44, 45 keyed thereto. An in-

50 termediate gear 86 is fixed to an intermediate

shaft 471, journaled in bearings in said head end

wall and cross wall of the main frame, and mesh-

es with the gear 38 and transmits motion to the

' reversing gear 44 Keyed to the shait 41. The

55 sear 45 meshes with the gear 39.. The gears 39

and 45 transmit forward rotation to the second

shaft 41 when the clutch 32 is clutched and the

gears 38, 46 and 44 transmit reverse rotation to

the second shaft 41 when the clutch 3f is in,
éo clutched relation. '

- A pair of compound gears 51, 52 have sphne

connections 53 with the second shaft and are

rotatable therewith and are movable axially on

said shaft. The compound gear -5l includes the

e5 gears 54, 55 and the compound gears 52 includes
the gears 56, 51. The gears of these compound
gears are all of different pitch dlameters for
transmitting different speeds.

A third shaft 61 is journaled in bearings 62 63,

cross wall 29, It has a pair of compound gears
64, 65 keyed thereto for rotating said shaft. 'The

compound gear 64 comprises the gears GG 67 ar-.

ranged to be respectively meshed’ by the gears
"5 54, 55 and the ccmpound gear 69 ccmpnses the

the shells 34, 35 of the respective clutches which

. 103 thereof being arranged

gears 108,

gears 68 69, arra.nged to be respectively meshed
by the gears 56, 57, only one of the gears of the .
compound gears on the second shaft being at any
time arranged to mesh with one of the gears of
the compound gears on the third shaft. The §
gears on the third shaft have different pitch di-
ameters so as to properly receive different speeds
of rotation from the gears of the compound gears
on the second shaft, and form a primary speed
changing mechanism. 10
The third shaft also has a pinion Tl keyed
thereto which meshes with a gear 12 of a com-
bined cluitch and gear element 73, which latter
has thereon one of the clutch faces of a clutch |
14. This combined clutch and gear element is 15
journaled by friction reducing bearings 15 about
a fourth shaft 16, journaled in a friction reducing
pearing 11 in the head end wall of the headstock
and in a friction reducing bearing 18 in an inner
bottom cross wall 19 of the headstock. 'This 20
shaft also has thereon a combined clutch and
gear element 81, which has thereon a mating
face of the cluich T4 and comprises a gear 82.
This combined clutch and gear element 81 has
spline key connection with the shaft 16, so as to 25
rotate said last-named shaft when the coacting
clutch faces of the clutch 14 are in engagement,
effected by endwise movement in one direction
of the combined clutch and gear element 81.
Endwise movement thereon in the opposite direc- 30
tion causes meshing of the gear 82 with the gear
68 of the compound gear 65 for transmitting rota-
tion at a different speed to thc fourth shaft when
sald gears are in meshing relatmn forming a

“secondary speed changing mechanism. - 35

A combined gear and clutch element 81 is a
part of the fourth shaft 76 and comprises a gear
88 which meshes with a gear 89 keyed to a jack-
shaft 90 journaled in friction reducing bearings |
91, 92, the former in the inner wall 79 and the 40
latter in the bottdm cross wall 93 in the head-
stock.

A back-shaft 95 (Figs. 3, 7, 8 and 17) is jour-
naled in a friction reducing bearing 96 in the tail
end wall 97 of the headstock, in a friction reduc~ 45

'ing bearing 98 in the inner wall 93, and in a fric-

tion reducing bearing 99 in the clutch and gear
element 87. | |

A combined clutch and gear element 10f{ has
spline kKey connection on the back-shaft 95, and o
comprises clutch teeth 102 arranged to ehgage
the teeth of the combined clutch and gear ele-
ment 81, when the combined clutch and gear
element 101 is moved to extreme position in one
direction, shown as to the left in Fig. 8, the gear 55
to be meshed with
a gear (04 keyed to the jack-shaft 90 when the
combined clutch and gear element 10f is moved
to full extent in the opposite direction, forming
a tertiary speed changing mechanism which has 60
two legs of power, one direct to the back shaft
and the other through the jack shaft.

An intermediate position of the combined
clutch and gear element 101, as shown in dotted

lines in Fig. 8, places both the clutch face and 65

gear thereof in neutral or ncn—transmitting

_- pcsition

The back-shaft has a compound gear 107

- thereahout, the gears of which are on a sleeve
ngy respectively in the head end wall and in the inner

which has spline key connection with the back- 70

shaft so as to rotate therewith and be moved

endwise thereon.. This.compound gear comprises
109 fast' thereon, arranged to mesh
respectively With gears 110, 1{1 of a compound

. gear {12 fixed to the spindle {14 of the head- 75
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stock. When this compound gear 187 is moved
to full extent in one direction, as shown in Fig.
8, there is speed transmission in one ratio to the
spindle from the back-shaft by meshing the
gears 168, {10, and when the compound gear
167 is moved to full extent in the opposite direc-
tion, the gear (09 theerof is meshed with the gear
i1 on the spindle, forming a guaternary speed
changing mechanism.,

The inner end of the spindle is journaled in

friction reducing bearings 18, {16 in the tail end
wall 87 of the headstock (Figs. 7 and 8), and in &
friction reducing bearing §17 at its head end in
the head end wall 28 of the headstock. Suitable

means are provided for adjusting said bearings.

The bearings $15, {8 hold the inner end of the

spindle fixedly in endwise relation.
The bearing {17 is shown as & ball bearing and

comprises an inner race ({8 on the spindle. One

end of this inner race bears against the outer
end of the hub of a gear 119, the inner end of
which bears against a shoulder {2@ on the spindle.

The inner end of a sleeve 12! akout the reduced.

outer end of the spindle is clamped against the
inner race by g nut {22 threaded about the outer
end of the spindle. A sleeve {23 is slidable end-
wise¥n s recess (24 in the head end wall of the
headstock closed by a cap 125 secured to the
headstock. The last-named sleeve has & seat (26
for the outer race (27 of the bearing (17. This
race is clamped in said seat between an inner
flange 128 in said sleeve (23 and a closing ring
{29 threaded in the inner end of the wall of said

seat.

A spriﬁg 130 is Iocated in the sleeve 123 and_
in an inner seat {3i in the cap 125 and bears in-

wardly upon the inner flange 128. The sleeve
23 is movable endwise in its bearing and is

urged toward & shoulder $32 on the hub of the

gear, from which it is however normally spaced
by an annular space {33. |

If the spindle should become heated during
operation, it may expanc endwise from its inner
end outwardly, its inner end being held stationary
endwise by its bearings {15, {16. Upon such eX-
pansion, the bearing {17, the sleeve 123, the
pinion 119, and the parts about the outer end
of the spindle will yield to such expansion, re-
sisted by the spring (30, which maintains the
parts about the spindle in their related positions.
Rotation of the sleeve {23 is prevented by a pin
i34 in the frame of the headstock located in a
slot {35 extending Ilengthwise in the outer
periphery of the sleeve 123. |

The compound gear 112 about the spindie is

fixed to the spindle by providing the spindle with

a taper portion 141, and providing the compound
gear with a taper bore [42, the spindle having a
threaded portion i43 at the reduced end of the
taper portion. A nut {44 is threaded about said
threaded portion, and is arranged to clamp upon
the inner end of said compound gear, for clamp-
ing the compound gear upon the taper of the
spindle.
plemental grooves respectively in the taper por-
tion of the spindle and In said compound gear.

The spindle has the transmitting pinion {18
keyed thereto so as to rotate therewith.

(Frigs.
3, 8 and 13.) This pinion meshes with a pinion
|48 journsled by friction reducing bearings 148
on a stationary shaft 150, the ends of which are
located in the head end wall of the headstock
and the inner wall 719 thereof. The pinion 148
meshes with a gear 15i journaled by a journal
bushing 162 about a transmitting shatt 168 jour-

- in said shaft.

There is furthermore a key 45 in com-

2,149,013

naled by friction reducing bearings {54 In the
walls of a lower extension 155 of the headstock.
A reversing shaft 158 is journaled by suitable
iriction reducing bearings in the respective walls
of said lower extension and has reversing pinions
(63, 160 Oxed thereon. The pinion {59 meshes

with the pinion {43 and the pinion (60 meshes

with a gear (6¢ journaled by a journal bushing
162 about the shaft (53. This rotates the gears
151, (61 in opposite directions from the spindle.

Transmission between said gears and the shaft
183 is obtalned by means of clutches 163, {64 be-

‘tween sald respective gears and a clutch coller

165, spline keyed by splines {86 to said shaft end
rotating with said shaft and movable endwise
thereon. The clutch collar may be placed in. in-

- termediate or neutral position so that said gears

will rotate loose about said shaft in opposite
directions to interrupt the power feed of the
carriege of the lathe, and the clutch collar may
be shifted endwise on said shaft so as to connect
with either of said gears to rotate said shaft re-
spectively in opposite directions.

The clutch may be shifted by suitable means

- either manually, or automatically by the carriage

in usual manner, manual means for this purpose
being shown as comprising a fork 167 located
in an annular groove {68 in the clutch collar,

the fork having & bearing 169 slidable on g rod.

170 fixed in the headstock. The fork is provided
with a groove {Ti in which a shoe 1712 is located.
The shoe is pivoted to an operating crank {73
journaled in a bearing 1714 in the wall of the
"headstock and having a handle 175, the locating
pin t16 whereof is insertable in holes 177 in the
wall of the headstock for locating the three posi-
tions of the clutch collar. (Figs. 1, 2, 3,8 and 13.)

The shafi 153 has a pinion 18! fa,st thereon at

- 1ts outer end at the outside of the headstock.

(Figs. 2, 13 and 14.). The pinion 184 meshes with
a pinion (82 having a friction reducing bearing
183 about a shaft 184. This shaft has friction
reducing bearings 185, 186 in sleeves 187, (88
fixed in the respective walls (89, {80 of a gear

‘box 91 fixed as by bolts 192 to the headstock and

by bolts 193 to a feed box {98. 'The sleeve 18T
is shown fixed to the gear box by a set screw 195.
The shaft 184 also has a gear 201 thereabout and
havmg spline key connection therewith. This
gear rotates with the shaft and is movable end-
wise thereon, being positioned in its end positions
by a spring-pressed ball 202, engaging notches
The gear 201 is provided with in-
ternal teeth 203, forming a combined clutch and
gear- member, these teeth being arranged to en-
gage the teeth of the pinion 182 to form a clutch
between said pinion and said member.

An intermediate shaft 204 is journaled in sald
walls of the gear box, and has a gear 209 and &
pinion 206 fast. thereon, the gear heing meshed
by the pinion (182, and the pinion 206 ‘being
meshed by the gear 201. When these gears and
pinions are in meshing relation as shown in
Fig. 13, transmission is from the pinion (82 to
the gear 209, simulftaneously rotating the pinion
206, which meshes with the gear 201, having
spline key connection with the shaft 184 for ro-
tating said shaft at a lower speed, representing
a regular feed for the usual feed screw 207 and
usual feed rod 208 for feeding the usual carriage
of the lathe. When the combined clutch and gear
element 201, 203 is moved to the right so as to

‘engage its clutch teeth with the teeth of the

pinion (82, the transmission is direct from said
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ing a coarse feed for the feed screw and feed . rod,

- for example eight times the regular feed. When
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said clutch is in engagement, the gear 281 is out
of mesh with the pinion 206, being located in the
space between the pinion 206 and the gear 209,

the gear 205 and the plnlon 206 then rotating

idly.

in order to move th.e combmed clutch and gear
element 201, 203 endwise, the shaft 184 is pro-
vided with a bore 2{1, with which slofs 2i2 in
the wall of said bore adjacent {0 said combinec

clutch and gear element 20, 203 communicate.

A push and pull rod 213 is operable in said bore
and is provided with an operating knob 2(4.
This rod is provided with a pin 215, which is fast

in the rod, and whose respective ends project

radially in opposite directions through said slots

and are located in holes 216 in the hub of the

combined clutch and gear element 201, 203. The
pin has g threaded head 217 threaded in &
threaded outer end of one of the holes' 2 16. (Figs.

13 and 14.)

The hub- 221 of a change gear 222 is keyed to
the shaft 184 so as to rotate therewith. The

_change gear has spline connection with the hub
-and is arranged to be slipped endwise off of the
same for reception of a change gear of diﬂerent

pitch diameter. A collar 223 is releasable on the

hub so as to hold the change gear to its hub.

The change gear 222 meshes with a change
gear 224 on a stub shaft 225 fixed to a quadrant
226 having a bearing 227 about the journal sleeve
187. The change gear 224 has spline connection
with its hub 224’, which has a friction reducing

hearing 228 about the stub shaft 225. A collar

229 is suitably releasably located on the hub to
hold the change gear 224 to its hub.

The quadrant 226 is arranged to be clamped
in different radial positions by means of a bolt

230 in said quadrant passing through an arcuate

slot 231 in the wall 183 of the gear box, and
clamped in adjusted positions by means of a nut

is shown flat sided and located in a slot 233 of
the quadrant to prevent turning of the bolt.
The change gear 224 is arranged to be placed
in proper meshing relation with a gear 234. This
cear is the initial gear for the speed changing
system in the feed box 194 secured in suitable

‘manner to the bed 235 of the lathe for control- -

ling the speeds of rotation of the feed screw and

the feed rod for the carriage. The outer end of
the gear box 191 and the oufer end of the feed

box (94 are provided with a cavity 236 which ex-
tends across the joint 23T between said gear box
and said feed box, and has therein the quadrant
and the gears thereon and the gears with which
said latter gears mesh, the cavity being provided
with a marginal flange 238. A cover 239 covers
said cavity, and is provided with an oppositely
inwardly extending flange 248, which forms a
joint with said first-named outwardly extending
flange, bolts 24f passing through holes in said
cover and threaded into lugs extending inwardly
from the flange 238 to hold the cover in place.
The cover is provided with inwardly extending
flanges 242, 243 to hold the change gears 222, 224
and their hubs in place.

The means for operating the clutch collar 33
comprise an operating lever 2% (Figs. 1, 2, 3, 4,
5 and 6), secured to a square shaft 252 in a jour-
nal bushing 253 journaled in a bearing 254 in

a lug 299 on the feed box. This shaft extends
lengthwise of the bed to the carriage where it

may be provided with a similar operating lever.

The operating lever 251 is articula.ted at 296 with

a link 257 which has an adjustable articulation
253 with a lever 259 pivoted on a stud 260 fixed
in a lug 261 extending from the headstock. The
Iatter lever has an adjustable articulation 262 p

" with one end of the link 263, the other end of

the link being pivoted by & pivot 264 to.an op-
erating arm 265 fixed to a rock shaft 266 jour-
naled in a bearing 267 in the headstock and hav-
ing keyed thereon an operating fork 268 provided 10
with pivoted connected shoes 269 located in the
annular groove 270 of the clutch collar 33.
Either clutch is engaged by endwise movement of
the clutch collar, accomplished by operation of
the operating handle 271 of the operating lever 1

251 by moving the handle upwardly about the

pivot of the operating lever for engagement of
one of the clutches and moving the handle down-

wardly for engagement of the opposite cluteh.

‘A spring-pressed plunger 215 is movable up 20
and down in a bore 276 in a bracket 216’ of the
headstock and has oppositely fapered engaging
faces 211, 218. The plunger has a slot 2719 in
which the end of a positioning screw 280 thread-
ed into the wall of the bore is received. One end o5
of the bore is threaded at 281 for having a plug
282 threaded into one end of the bore, a spring
283 having one end seated in said plug and the
other end thereof received in a socket 284 in the
plunger and engaging the end of the socket, the 3g

‘spring operating to force the plunger outwardly.

A control arm 285 is fixed to a rock-shaft 286,
journaled in a bhearing 287 in the rear wail of the
headstock, and in a bearing 288 bracketed irom a
bridge 289 mounted in the headstock (Fig. 7). 35
The control arm has opposite contact faces 290,
291 arranged to coact with the opposite contact
faces of the plunger 275, and has an arcuate rid-
ing face 292 between said faces, the curve of
which is described from the center of the rock- 4,
shaft 286. A headed pivot pin 295 is fixed in
the control arm by a set screw 296. A link 297
has an eye 298 about the pivot pin between its
head and the control arm. This link passes
through a pivoted block 301, having a shank 302 45

‘extending therefrom in the form of a shoulder
“bolt pivoted in a bhearing 303 of the arm 265 and

held rockingly in place by a nut 304 threaded
over the threaded reduced end of said shank. A
spring 305 encircles the link 297 between said
block and a nut 306 threaded on said link for
adjusting the tension of the spring. At the other
side of the block an adjusting nut 307 and jam

50

nut 308 are threaded on said link to adjust the

moment of operation of the control arm by ..
means of the operating lever 251. - |
The link 297 and theat portion of the control

‘arm 285 between the pivot pin 295 thereon and

its rock shaft 286 form link extensions of the -
operating arm 265, or toggle links, which are ar- gq
ranged to be extended or collapsed to opera,te the
rock shaft 286.

The rock shaft 286 has a pinion 31! thereon,
(Figs. 7 and 8), which meshes with a rack 312
on an endwise movable stem 313 slidable length- gg
wise in a stationary bearing 3i4 of the head-
stock adjacent to the bearing -288. This stem
is prevented from turning by a key 315 located
in opposite grooves in said stem and said bear-
ing. The stem has the brake 'member 316 of 79
a brake 247 fixed thereon, this brake member he-
ing provided with a tapered brake lining 318 re-
ceived in the cup member 318 of said brake, -

secured to the end of the second shaft 4! of the -_
headstock gearing. . . 76
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ranged that the brake is moved into engaged re-
lation, so as to cause cessation of rotation of the
gearing, as the clutch coliar 33 is moved into
neutral position, and so as to move the brake
into release relation when the clutch collar 33 is
moved into clutching relation for clutching of
either of said clutches for either forward or re-
verse rotation of the headstock gearing.

The parts (Figs. 1, 2, 3, 4, 5,6 and 8) are
shown in normal relation for clutch release and
brake engagement. When the operating handle
271 is moved In either direction, the operating
arm. 265 is either raised or depressed. When the
parts are in normal relation the axes of the rock-
shaft 266, the pivot block 3081 and the pivot pin
295 are in a straight line. Movement of the op-
erating arm 265 out of normal position either up
or down moves the pivot block up or down out
of such line so as to place said arm and the con-
necting link 297 into angular relation, thereby
decreasing the right line distance between the
axes of the rock shaff 266 and the pivot pin 295,

and swinging the control arm 28% and rocking

the rock shaft 286 to operate the brake.

There is normally a slHght space 320 between
the pivot block 30f and the adjusting nut 301,
permitting a desired idle movement between the
operating arm 265 and the link 2871 to permit
an initial movement of the clutch collar 33, pre-

paratory to effecting a transmissive engagement

in the driving clutches, without affecting the
brake., As soon, however, as the block 301 acts
upon the adjusting nut 307 to move the same,
the link 297 is moved endwise and swung on its
pivot 295 for moving the control arm 285 and re-
leasing the brake and also depressing the plung-
er 215, and placing the intermediate face 292
on said control arm opposite the apex of the
plunger for permitting the end of the control
arm to ride upon the plunger while the control
arm is moved to further extent by the operating
handle to place the opposite face 290 of said con-
trol arm into line with the opposite taper face
218 of said plunger, the plunger then moving out-
wardly for resiliently forcing further movement
of the control arm and holding the control arm

in its moved relation, whereby clutch engage-

- ment and brake release are assured.

50

This relation of control parts is obtained when

operating the operating handle 211 in either di-
rection for engagement in either clutch for for-
ward or for reverse rotation of the spindle. When

- the operating handle is operated for release of the
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- second shaft 41
‘multiplied by two by the endwise shifting of the

clutches, the contirol arm is again moved to the
other slde of the plunger and the brake is ap-
plied just in advance of release of the clutch.

The spring 305 avoids chatter of the parts and

it also aids in supplementing the spring 283 to
hold the brake in engaged relation, and the free
space 320 permits full operation of the plunger

for such engaged relation in the brake and for

faking up wear in the parts.

In the speed changing mechanism four speeds
are Imparted to the third shaft 6f by endwise
shifting of the respective compound gears on the
(Fig. 8). These four speeds are

compound clutch and gear element 81, to engage
the clutch 74, or to mesh the gears 82, 68, for im-
parting eight speeds to the fourth shaft 76.

These eight speeds may be transmitted direct
to the back-shaft 95 by engagement of the cluteh

102, in which relation the jack-shaft 90 and the

gears thereon rotate idle. These eight speeds

The operating means for this brake are so ar-

2,149,018

may be multiplied by two by shifting the com-
pound clutch and gear element 181 for meshing of
the gears 103 and 104, in which relation the trans-
mission to the back-shaft is through the gears
88 89, 104 and 103, resulting in sixteen speeds in
the back-shaft. Sixteen speeds may thereby be
transmitted to the spindle when the gear 108 of
the compound gear 107 is in mesh with the gear
110 about the spindle, and sixteen additional
speeds may be transmitted to the spindle by shift-
ing the compound gear 1071 for meshing of the
gear 109 thereof with the gear (11 fixed to the
spindle, transmitting thirty-two speeds to the
spindle.

In practice, however, in the present exemplifi-
cation, the gears 88, 89, {04 and 103 have practi-
cally a one to four ratio in transmitting from
the fourth shaft to the back-shaft, the transmis-
sion from the back-shaft to the spindle through

the gears 108, 1108, which have a one to one ratio,

resulting in a given speed of the spindle.

This spindle speed, with the gear ratios as
exemplified, is substantially the same in its vari-
ous steps as the speed imparted to the spindle
when the clutch 102 is in clutched relation for
rotating the back-shaft at the speed of the fourth
shaft and the gears 109, 111 are in meshing rela-
tion, the latter being at substantially a one to
four ratio. -

I have therefore provided control mechanism
by which such duplication is avoided. By means
of this control mechanism clutching relation in
the clutch 102 with selective gear relation between
the compound gear on the back-shaft and the

spindle gears is employed, and the transmission

through the meshing gears 88, 89, 104, 103 to the
back-shaft plus the meshing of the gears 108,
{10 is eliminated resulting in twenty-four dif-
ferent speeds.

The full thirty-two different speeds may, how- |

ever, be obtained by changing the one to four
ratio in either of the trains recited, and further
spindle speeds may be obtained by adding addi-
tional pairs of mating gears having different pitch

diameters between shafts, or the number of spin--

dle speeds may be decreased by eliminating selec-
tive transmission pairs. The ultimate speeds
obtained may also be multiplied by employing a
multi-speed motor for the initial drive.

I have provided shifting and control means for
arranging the transmission elements for impart-
ing twenty-four different speeds to the spindle,
and the gear and clutch ratios are such in my
improved device that the spindle speeds are ar-
ranged in substantial geometric progression from
the lIowest to the highest, employing a ratio fac-
tor In a range of substantially 1.18 to 1.20, the
ratio factor employed in the present exemplifica-
tion being approximately 1.19, that is to say, each
higher speed substantially equals the next lower
speed multiplied by 1.19. The resultant speeds are
shown on an index plate 325 in Fig. 18, fractions
in the products being disregarded. It is to be
understood, however, that my invention includes
any arrangement of clutch and gear elements
approximating that hereln shown and described,

-and equivalents thereof, within the scope of the

appended claims, and regardless of the ratio or
factor employed. in obtaining resultants, or
whether or not any such ratio factor be employed.

The means for changing the positions of the
speed change elements and of locking the same
in changed relations, where advisable, are ex-
emplified as including a series of levers, one of
the ends of which have connections with the speed
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change elements for moving the latter, and the
other of the ends of which are operated by suif-
able handles some of which are lecked in moved
positmns

Thus the eompeund gears 9, '52 (Figs 3,7, and

8), are respectively provided with annular grooves

326 327 in which shoes 328, 329 are respectively
received. Each of these shoes has a trunnion 330

spectively at the swinging ends of levers 332, 333
respectively pivoted in bearings 334, 339 in the
bridge 289, the respective ends of which respec-
tively have support on the end walls of the head-
stock, being clamped in place by bolts 336. Each
of these pivotal connections comprises a headed
bushing 341 located in its bearing and supported
by its head on the bearing, the bushing extending
below the inner end of sald bearing. The lever
has a recess 342, in which the lower end of the
bushing is located. A bolt 343 is located in said

bushing, the head end of the bolt being sup-

ported on the head end of the bushing, and the
threaded end of the bolt being threaded into the
end wall of the recess 342 in the lever for clamp-

ing the lever, the bushing and the bolt together
endwise, and allowing the bushing to be rocked in

its bearing when the lever is operated to shift
the compound gear.

A lever 345 has a similar pivetal cennection 1n
a bearing 348 In the bridge, the swinging end of
said lever being provided with a pivoted shoe 347.
The shoe is located in an annular groove 348 in

the combined clutch and gear element 81 for

shifting the latter endwise. -

A lever 351 has similar pivotal connection 352
with the bridge, the swinging end of said lever
being provided with a pivoted fork 353 received
about the outer periphery of the gear 103 of the
combined gear and clutch element {01 for shift-
ing the latter axially for engagement either in the
clutch 102 or meshing of the gear (03 with
the gear 108. The fork has pivotal connection
with the swinging end of sald lever similar to the
pivotal connection between the shoes and the
levers 332, 333 and 345. |

A lever 354 (Figs. 7. and 17) ha.s pivotal con-

nection 355 with the bridge, this pivotal connec-

tion being similar to the pivotal connection be-
tween the lever 332 and said bridge. The lever

354 is provided with a fork 356 at its swingineg

end recefved about. the outer periphery of the
gear 108 of the compound gear 107. This fork
has pivotal connection similar to the pivotal

- connection between the fork 353 and its lever 351.

e
!

A series of handles is provided for operating
said levers. (Figs. 1, 2, 3, 9, 10, 15 and 16.)
Thus there is a handle 359 which is fixed to a

- crank-shaft 360, journaled in a bearing 36{ in

60

(3

the front wall of the headstock and having a

crank 362 at its inner end provided with a crank
pin 363 which is Jocated in a slot 364 of an
enlargement 364’ of the front end of the lever-
345. The relation of the parts is such that the

handle may be shifted to project laterally and
horizontally in either direction so that either the

clutch T4 or the gear 82 of the combined clutch
and gear element 81 is in power transmission

relation, and when in such relation the crank pin
363 and the axis of the crank-shaft 360 are in a

plane perpendicular to the pivotal axis of the lever

345, thereby placing said parts on dead centers,
and thereby holding the parts in shifted rela-
tions, with the combined clutch and gear element

at its endwise limits of movement, the resistance

to rotation | of | the rock-shaft being sufficient to

These shoes are re-

- 332, 333 respectively.

cranksha,_fts are respectively provided with pin-
‘ions 405, 4906 and with lock plates 407; 408, the

hold the parts in such actuated locked positions

aided by a spring-pressed ball 360’ resiliently re-

ceived in sockets at opposite sides of said crank-
shaft. A pin 358 across the slot 364 above the
crank pin 363 compels shiftfing of the handle 359
in an upward arc.

There is a hollow shaft or sleeve 365 (Flgs 3,
9, 10, 15 and 16) about the reduced end of the
crank-shaft 360. The sleeve 369 is journaled in
a bearing 366 of a cover 3617, secured to the front
wall of the headstock by screws 368 for enclos-

ing the gearing and lock plates, to be presently

described. This sleeve has a segment gear 369
secured thereto, a lock plate 370 being also secured
to ‘said sleeve, as by means of a key 371 and a
set-screw 372. A hub 3713 of an operating handle

314 is fixed to said sleeve, as by means of a pivot

pin 3715 in a notch 375’ in said sleeve and located
in bearings 376 at its respective ends in a shell
317 at the inner end of said handle, and fixed

in said bearings by a set screw 378 (Fig 16).

- This handle and shell are pivoted by said pivot
pin for coaction with a locating disk 379 fixed
to the bearing 366 by means of pins 3806 and

provided with notches 38! in which a lug 382

secured to the inner end of the shell by a screw

- 383 is arranged to be received to hold the seg-

ment gear 369 and lock plate 370 in moved
positions.

Four of these notches are shown comple-

mentary to the four positions in which the com-
pound gears 951,

on the second shaft 41 for selective meshing with

the gears on the third shaft 16. The positioning
lug is normally urged into latching relation with :

its respective slots by a spring, 384, one end of

‘which is'received in a recess 385 of the hub 3173,
'its other end bearing upon the outer wall of the

shell. The shell is provided with a pointer 386

arranged to register with suitable marks 387 on

the cover about the axis of the sleeve 365, to in-

- dicate the respective positions of the handle for

clutch and gear engagement eﬁected by the
handle. |

Crank shafts 391, 392 are Journa,led respectively

in bearings 393, 394 in the front wall of the head-

stock and at their inner ends are provided with
cranks 399, 396, provided.with crank pins 397, 398
respectwely operable in slots 399, 400 of enlarge-
ments 401, 402 at the forward ends of the levers

The outer ends of these

respective pinions and lock plates bemg rotative-

- ly secured to the crank shaft by keys 409, 410.

The teeth of the segment geéar are arranged to
be brought into mesh selectively with the teeth

of the pinions 405, 406 for selectively rotating
the cranks 395 (396 These teeth are shown ex-

tending throughout substantially one-half of the
pitch circle of the segment 369, and are arranged
to impart a substantially complete rotation tc the
respective pinions 405, 406, the balance of said

segment gear being recessed inwardly beyond the

meshing circle of its teeth and throughout such
portion being free of tooth engagement with said
respective pmions That portion of the lock plate
370 which is located in the angle extended of the

free portion of the segment is extended outward-

ly radially to. substantially: the circle extended

of the teeth of the segment, the balance of said
floek plate being recessed mwardly beyvond sald

tooth circle.

The respective lock plates 401 408 rotating
with the respective crank-shafts 391, 393, are
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respectively provided with arcuate recesses 416,
812, extending throughout given angles of said
respective lock plates 407, 408, into which the
extended portion of the intermediate lock plate

370 is received when the teeth of the segment

pass the teeth of the pinions on said respective
crank-shafts for holding said respective crank-
shafts in operated positions until reengagement
of the teeth of the segment with said respective
pinions by selective positioning of the handle 374.

These angular recesses are so located that when
the extended portion of the lock plate 370 is lo~
cated in the angular recess of one of the lock

plates 407, 408, the crank pin of the crank-shaft
to-which said latter lock plate is secured is in an
intermediate position, for placing the compound
gear on the second shaft with which it is con-

nected, in neutral position, as shown by the right-
hand compound gear 52 and the crank pin 398,
respectively in Figs. 8, 9 and 10.

When either of these crank pins and the axis
of its crank-shaft are in a single plane perpen-
dicular to the axis of the pivot of the lever oper-
ated thereby, either to the right or to the left of
the axis of rotation of the crank, then one of the
gears of the compound gears on the second shaft
is in meshing relation with its coacting gear, the

~ parts being so constructed and arranged, how-

30

43

60

70

'O

ever, that only one of said gears can be placed in
meshing relation at any given time, during which
also the other compound gear on said shaft is in
neutral position.

There Is g cimilar-arrangement for operating
the levers 351, 354 (Figs. 7, 9, 10, 11, 12 and 17),
except that the intermediate crank-shaft 360,
its handle 359 and the operative parts connected
therewith are omitted, the parts being indicated

by similar reference numerals raised to the series

200. In this example the hollow shaft or sleeve
365 has a shaft 565 substituted therefor, this
shaft being journaled in a bearing 566 in the
front wall of the headstock., The crank pins
097, 598 are arranged to be moved into positions
located in a plane perpendicular to the plvotal
axes of the levers 351, 354, in which plane the
axes of thelr crank shafts 59l 592 are located
at opposite sides of said respeétive a.Xes.

Such positions of the crank pin 597. position
the combined clutch and gear element {01 either
in’ clutch engagement or in gear engagement at

‘the respective ends of its movements, and such
-positions of the crank pin 598 position the com-

pound gear 107 either for meshing of the gears
108, 110, or for meshing of the gears 109, {i1.

The pair of handles 358, 374 and the handle
914 are located in separsated relation at the front
of the headstock.
handles may be rotated in either direction for
obtaining different transmitting relations of the
shlftable speed changing elements..

"A cover 415 is provided for the headstock a.nd
1s secured thereto by bolts 416. The cover is pro-
vided with a front angular face 417, which slants
downwardly and forwardly and is presented to-
ward the line of vision of the operator while
simultaneously viewing the handles, so that the

positions of the handles may be changed in .

connection with the observation of an index plate
323 secured to said face. Said index plate has

vertical columns 418, 419 in which the power

transmission positions of the levers or handles
359, 314 are portrayed at 359’, 374°, respectively
at the head ends of Horizontal lines or'columns

4i8’, 419’ of numerals stating spindle speeds, and
with a horizontal line or column or columns 420

(Figs. 1, 3, 7 and 17.) . These

3,140,018

820 in which the power transmitting positions of
the lever or handle 574 are portrayed at 574’, re-

spectively at the head ends of vertical columns -

428’, 421’ of numerals stating spindle speeds.

These lines or columns 4(8°, 41(9’, 429’, 421('
form cross-columns, at the intersections of which
the spindle speed is shown which corresponds to
the connections obtained in the speed changing
mechanism by the placement of the handles in
the positions portrayed at the head ends of said
crossing columns. The train of power transmit-
ting mechanism as shown in the drawings is rep-
resented as in relation for transmitting the high-
est speed to the spindle, namely, 500 revolutions
per minute, as shown in the space at the inter-
section of the last of the cross columns ar9’,
424’

A suitable lubricant pump 425 (Figs. 7 and 8)
has Its casing secured to the inner wall 28 of the
headstock and has an operating shaft 426, which
has operative connection 427 with the drive shaft
25. A feed pipe 428 leads to said pump from g
suitable sump formed by the bottom portion of
the frame of the headstock and a discharge pipe
£#29 leads from said pump and distributes lubri-
cant to the respective gears and bearings of the
headstock and gearing herein shown and de-
scribed. The height of the lubricant in the sump
may be observed through g suitable window 4390.

In the operation of my invention, as exempli-
fied, a desired angular relation between the seg-
ment gear 369 and its pinions 405, 406, and the
lock plate 370 and its coacting lock plates 467,
408, is shown in PFigs. 9 and 10, such relation be-
ing caused by positioning the handle 3714 droop-
ingly to the left as shown in Figs. 1, 2, 3, 7, 15 and
16, and as portrayed at the bottom of column 4(9
in Fig. 18. The meshing relation of the segment
gear 369 with the pinion 405 shows shifting con-
nection with the compound gear 51, and the lock-
ing relation of the lock plate 370 with the lock
plate 408 shows locking of the compound gear
52 in idle relation. |

When the segment gear leaves one of its pin-
ions, the compound gear connected therewith has
been placed in idle relation and the lock plate
370 simultaneously enters the angular recess in
the lock plate rotating with said pinion to lock
said compound gear in such idle relation until
the segment gear again meshes with its pinion,
whereupon the other compound gear is locked in
idle position. When the teeth of the segment
gear leave one of the pinions, the crank pin actu-
ated by that pinion is in the same vertical plane
in which the axis .of its crank shaft is located,

and has placed the compound gear with which-

it connects in idle position.

Referring to Figs, 1, 3, 7, 8, 9, 10, 15 and 18,
the handle 359 is rotated into a position to ex-
tend to the right of its axis, as pictured in the
fourth space of column 419, in which position
its crank pin 363 is at the left of the axis of
its crank shaft, for swinging the lever 345 to
mesh the gear of the combined clutch and gear
element 81 in the secondary speed changing
mechanism.

Referring to Figs. 1, 7, 8, 9, 10, 11, 12 and 17,
the crank pin 591 is in position for clutch en-
gagement of the combined clutch and gear ele-
ment (01 and the crank pin 598 is in position
for meshing of the gear 108 with the gear (IO
for highest spindle speed, the handle 514 being
droopingly positioned to the right as shown in
Fig. 1 and portrayed in the last space in column

421 in Fig. 18. With this relation of the parts,
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the segment gear 569 is in midmeshed relation
with the pinion 506, and the lock plate 510 is
in midlocked relation with the lock plate 501,
so that when the segment gear leaves either of
its meshing pinions, the crank pins operated
thereby respectively are in . position for power
transmission of the elements shifted thereby., In
the relation of the parts stated, the lug 982 on
the handle 574 is in a notch 98ia of the locating
disk 579.

If the handle 574 be moved counter-clockwise
ninety degrees, the lug 582 being placed in the
notch 5816 (Fig. 12), the pinion 505 will remain
stationary, being in locked condition by its lock
plate, for maintenance of clutch engagement of
the combined clutch and gear element 101, and
the pinion 506 will have been rotated one-half
revolution, resulting in shifting ~f the compound
gear 01 for meshing of the gear 109 with the
gear §11, this position of the handle being por-
trayed in the second space of the column #24§
in Fig. 18, for transmitting ultimate spindle

‘speeds shown in the column thérebelow in the

present exemplification by different transmitting
relations in the primary and secondary speed
changing mechanisms.

A further rotation of the handle 574 counter-
clockwise ninety degrees, into the position por-
trayed in the first space in column 421 (Fig. 18),
places the lug 582 into the notch 58fc (Fig. 12),
rotates the pinion 505 one-half revolution, plac-
ing the crank pin 3937 at the left of the axis of
its erank shaft and- thereby shifting the com-
bined clutch and gear element (01 for meshing
of its gear 103 with the gear 104, the compound

gear (0T remaining locked by the lock plates

570, 508 with its gear 109 meshed with the gear
iif.

Twenty-four different speeds are thus trans-
mitted to the spindle.

A further rotation of the ha,ndle 514 counter-
clockwise throughout an angle of sixty-two de-
orees, places the Iug 582 in the notch 58id, and
rotates the pinion 505 and the crank pin %91
accordingly, and thereby shifts the combined
clutch and gear element {01 into idle relation
between the gears 88, 89 and the gear 104, as
shown in dotted lines in Fig. 8, to disconnect
the spindle from the primary, secondary and the
major part of the tertiary speed changing mech-
anisms. This permits ready manual rotation of

" the spindle independent of the major portion

it

60

of its driving train, as when adjusting work
with  relation to the spindle or on a face plate
which may be attached to the spindle so as to
rotate therewith, when fastening the work, and

for other desirable setting up and adjusting pur-

poses, or for attention to the parts.
-The fourth ninety degree. angular position of

the handle 574 is eliminated, as note the ab-

sence of a notch opposite the notch 58 Ib in the

~ locating disk 579 in Fig. 12.

o |
l

By skipping this fouirth ninety degree- a.ngular

" position of the handle 5714, the. simultaneous

meshing relation of the gears 103, 104 and 108,

- {§0 is avoided in the translations of the clutch

and gear element 101 and the compound gear
i0T, as such simultaneous meshing relations
would result in a speed change of one to four
in the tertiary and quaternary speed changing
mechanisms, which is the same as the speed
change obtained by engagement in the cluich

- of the combined clutch and gear element (0f
and meshing relation of the gears 109, 111, in-
duced by the second position of the handle 574

O

above described in which its lug 582 is placed
in the notch 581b, as portrayed in the second
space of the column 421 in Fig. 18.

My improved device presents a gear trans-
mission which. is powerful, and which provides
for a wide range of speeds divided into small
steps to produce a great number of speeds with
a comparatively small number of speed trans-
mission elements, the steps in the present ex-
emplification being in geometric progression from
the lowest to the highest speed and employing
a factor in a range of substantially 1.18 to 1.20,
preferably approximately 1.19, the fractions in

" the products being disregarded.

The index in Fig. 18 discloses that speeds from

nine to five hundred revolutions per minute are

obtained in twenty-four steps, as an example,
providing great flexibility by my Improved device.

If rotation of the spindle at a given speed,
say 206 R. P. M. is desired, the numeral 206 is
found on the index in Fig. 18, shown in the third
space of each of the columns 418°, 420°. The po-
sitions of the handles 359, 374 portrayed in the
third space of the column 418, and the position
of the handle 574 portrayed in the third space

in the third column 428, in sald index, show the

directions in which said handles are to be placed
on the machine to obtain the positions of speed
changing elements for producing the spindle
speed of 206 R. P. M. desired.

The arrangement of the transmitting mecha-
nism into primary, secondary, tertiary and qua-
ternary speed changing mechanisms sequentially
arranged and employed throughout the speed
range, permits the use of simple and powerful
shiftable speed change elements and simple
shifting means for the same operable by simple
handle manipulations readily observed, and
placed according to the portrayals of said handles
on a chart or index on which the selective spindle
speeds are shown columnwise and cross-column-
wise in relation to the handles.

Selective ones of these handles shift a plurality
of shiftable speed change elements, locking selec-
tive ones of such elements in shifted relation to
avoid interference between elements, and insuring
that transmissions by the shiftable elements shall
all be In sequence to produce the selected spindle
speed. |

Instancing the flexibility, convenience and
economy in operation of my improved device, if
an operator is rough cutting a piece of work by
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employment of any of the speeds shown in the .

columns 418’, 420’, and he has finished the rough
cutting and desires to finish cut the piece of work,

all he needs to do is to shift the one handle 359,

shifting it from the left to the right of its axis,
as compare the porirayals of said handle at 359’
in columns 418 and 419, thereby substantially
doubling the speed for finish cutting the piece
of work, as compare the speed at any intersec-
tion of the columns 418, 420’ with the speed at
a correspondmg mtersectmn of the columns 419’
421, in Fig. 18.

- My improved - device prov:ldes for economic
mounting of the parts and for various speeds of
the carriage feeding parts and reversals of the

- same by simple speed changing devices which are

strong, compact and readily shifted.
- I, is obvious that changes in the preferred em-

bodiment of my invention herein shown and de-

scribed and in the various parts thereof and their

relations may be made within the. spirit of my

invention as stated in the following claims.
X cla,1m : | |
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1. In gearing of the character described, the
combination of a driving means, a driven mem-
ber, primary speed changing mechanism, second-
ary speed changing mechanism, tertlary speed
changing mechanism and quaternary speed
changing mechanism serially arranged between

said driving means and said driven member and .'

transmitting power in the same direction
through all said speed changing mechanisms for
all speeds in the same direction of said driven
membper, two of said speed changing mechanisms
transmitting duplicate series of speeds, and con-
trol means neutralizing transmission of one of

sald duplicate series of speeds in one of said

sbeed changing mechanisms while maintaining
such transmission of the other of said series of
speeds to nullify such duplication of speeds, and
constructed and arranged whereby substantial
geometric progression of speeds throughout all
sald speed changing mechanisms is maintained.

2. In gearing of the character described, the
combination of a driving means, a driven mem--
ber, primary speed changing mechanism, sec- -

ondary speed changing mechanism, tertiary speed
changing mechanism and quaternary speed
changing mechanism serially arranged hetween
sald driving means and said driven member, said
tertiary speed changing mechanism including di-
rect driving connections and intermediate driv-
ing connections to said quaternary speed chang-
ing mechanism, and driving connections in said
quaternary speed changing mechanism between
sald tertiary speed changing mechanism and said
driven member being maintained to transmit
power between said driving means and said driv-
en member for all speeds of said driven member
and constructed to obtain substantial geometric
progression throughout said last-named speeds.

3. In gearing of the character described, the
combination of a driving means, a driven mem-
ber, primary speed changing mechanism, sec-

ondary speed changing mechanism, tertiary speed

changing mechanism and quaternary speed
changing mechanism serially arranged between
said driving means and said driven member and
transmitting power from said driving means to
sald driven member at twenty-four selective
speeds during employment of all said speed
changing mechanisms as transmitting elements
for all sald speeds. .

4. In gearing of the chara.cter descnbed the
combination of a driving means, a driven mem-
ber, primary speed changing mechanism, second-
ary speed changing mechanism, tertiary speed
changing mechanism and quaternary speed
changing mechanism serially arranged between
said driving means and said driven member and
transmitting power from said driving means to
said driven member at selective speeds during

employment of all said speed changing mecha-

nisms as transmitting elements as so serially ar-
ranged for all said speeds, and said tertiary speed

changing mechanism including two legs of power

through a plurality of shafts including a jack
shaft to said quaternary speed changing mecha-
nism and all the shafts of said plurality of shafts
rotatable during all said speeds.

b. In combination, gearing comprising a spin-

~ dle to be rotatively driven at different speeds, a

70
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drive shaft, an intermediate driven shaft driven
thereby at selective speeds, a back shaft, a jack
shaft, releasable drive connection between said
intermediate driven shaft and sgid back shaft

and between said intermediate driven shaft, said

Jack shaft and said back shaft to selectively drive
sald back shaft immediately from said intermedi-

_——
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ate driven shaft while sald jack shait is in ro-
tative connection with said intermediate driven
shaft and mediately through sald jack shaft
throughout the speed changes of said spindle,
and speed change gearing between said back
shaft and said spindle to selectively impart dif-
ferent speeds to said spindle from said back shaft.

6. In combination, gearing of the character
described comprising a driven rotatable member,
g drive shaft, an intermediate driven shaft, speed
-changing means between said drive shaft and said
intermediate driven shaft to impart different
speeds of rotation to sald intermediate driven
shaft, a back shaft, a jack shaft, shiftable driv-
ing connections between said intermediate driven
shaft, said back shaft and said jack shaft to

- drive said back shaft throughout all speed changes

of said driven rotatable member selectively direct
from said intermediate driven shaft during idle
drive rotation of said jack shaft and intermedi-
ately from said intermediate driven shaft through
the medium of said jack shaft to impart different
speeds of rotation to said back shaff, and pluri-
speed gearing between said bhack shaft and said
driven rotatable member to impart different
speeds of rotation to said driven rotatable mem-

her.

7. In combination, gearing ( comprising 8
spindle, a drive shaft of highest speed, an inter-
mediate driven shaft, speed changing means
driven serially from said drive shaft and serially

- stepping down the speeds from. said drive shaft

to said intermediate driven shaft, a back shaft,
a Jjack shaft and releasable drive connecting

means including gearing between said intermedi-
~ate driven shaft, said jack shaft and said back
.Shaft to drive said back shaft selectively direct

from sald intermediate driven shaft or immedi-
ately through said jack shaft at different speeds
throughout all power transmissions to said

spindle, and speed change gearing between sald

back shaft and said spindle to selectively impart
different speeds to sald spindle from said back
shaft, said different speeds being serial step
down speeds relative to the speed of said drive
shaft so related as to superpose gear reductions
between sald drive shaft and said spindle upon
sald spindle to rotate said spindle at different
speeds arranged In steps which increase from
their lowest to their highest speeds in substantial

- geometric progression.

8. In combination, head stock gearing com-
prising -a spindle, a drive shaft of ‘highest speed,
an intermediate driven shaft, two sets of speed
changing means driven serially from sald drive
shaft and serially stepping down the speeds from
sald drive shaft to said intermediate driven shaft,
a back shaft, a jack shaft, releasable means to
operatively direct connect sald back shaft with

- said intermediate driven shaft to drive said back

shaft at substantially the speed of sald inter-
mediate driven shaft and releasable gearing be~
tween said intermediate driven shaft, sald jack
shaft and said back shaft to drive said back shaft
from said intermediate driven shaft at reduced
speed, so arranged that said back shaft and said
Jack shaft are rotatable throughout all speed
changes, and speed change gearing between said
back shaft and said spindle to selectively impart
speeds to said spindle substantially equal to and

- less than the speed of rotation of said back shaft,

whereby to Superpose successive gear reductions
between said drive shaft and said spindle upon
said spindle to rotate said spindle at different
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their lowest to their highest speeds in substantial
geometric progression.

3. In combination, head stock gearing compris-
ing a spindle, a drive shaft, an intermediate
driven shafl, two sets of speed changing means
driven serially from said drive shaft and serially
changing the speeds from said drive shaftf to said
intermediate driven shaft, a back shaft, releas-

able means to operatively directly connect said
back shaft with said intermediate driven  shaft
to drive said back shaft at the speed of said
intermediate driven shaft, and a jack shaft and
releasable drive connections including gearing
between said intermediate driven shaft, said jack
shaft and said back shaft to drive said back shaft,
all constructed and arranged whereby from said
intermediate driven shaft throughout all speed
changes of said spindle, and speed change gear-
ing between said back shaft and said spindle to
selectively impart different speeds to said spindle
from sald back shaft throughout all spbeed
changes, in manner to superpose said gear
changes between said drive shaft and said spindle
upon said spindle to rotate said spindle at dif-
ferent speeds.

10. In combination, head stock gearing com-
prising a spindle, o drive shaft, an intermediate
driven shaft, two sets of speed changing means
driven serially from said drive shaft and serially
changing the speeds from said drive shaft to said
intermediate driven shaft; a back shaft, rele«us-
able means to operatively directly connect said
back shaft with said intermediate driven shaft to
drive said back shaft at the speed of said inter-
mediate driven shaft, and a jack:shaft and re-
leasable drive connections including gearing be-
fween said intermediate driven shaft, said jack

shaft and said back shaft, to drive said back

shaft: from said intermediate driven shaft
throughout all speed changes of said spindle:
and speed change gearing between said back
shaft and said spindle to selectively impart dif-

ferent speeds.to said spindle from said back shaft

throughout all speed changes, whereby to super-
pose said gear changes between said drive shaft
and said spindle upon said spindle to rotate said
spindle at different speeds, said different speeds
arranged in steps which increase from their low-
est to their highest speeds in substantial geo-
metric progression having ratio factors in a range
substantially of 1.18 to 1.20.

i1. In a lathe, the combination of g rotatable

- spindle, speed change gearing for, rotating said

55
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spindie at . selective speeds, and feed change
gearing for the carriage operated by said spindle
and comprising a transmitting shaft, a pinion
journaled thereabout, a combined clutch and
gear element rotatable with and slidable along
said shaft for clutchlng engagement bhetween
said Journaled pinion and said. shaft for coarse
feed transmission, and feed reducing gearing
between said journaled pinion and the gear por-
tion of said combined clutch and gear element
with which said combined clutch and gear ele-
ment is arranged te be meshed for ordinary
transmission.

12. In a Iathe, the combmation of a rotatable
spindle, speed change gearing for -rotating said

~spindle at selective speeds, reversing gearing
driven by the spindle, and feed change gearing

driven in opposite directions by the reversing
gearing and having feeding connections with the

.. Teed screw and the feed rod for the-carriage,
- said feed change gearing comprising a trans-

‘mitting shaft/ transmlttmg to said feed screw and’

said feed rod, a pinion journaled thereabout, &
combined clutch and gear rotatively connected
with and slidable lengthwise along said shaft,
and spaced- apart gears meshed respectively by
said journaled pinion and arranged fto be 5
meshed by said combined clutch and gear ele-
ment by such lengthwise sliding along said
shaft in one direction to transmit lower speed to
said feed screw and said feed rod, and endwise
movement of said combined clutch and gear ele- 1p
ment in the opposite direction placing the ciutch
portion thereof in clutching relation with said

journaled pinion and the gear portion thereof in

“idle relation between said spaced apart gears to

transmit higher speed to said feed screw and 15
said feed rTod.

13. In a lathe, the combmatmn of a head stock,
a spindle journaled therein, feed reversing gear-
ing in said head stock having gear connection
with said spindle and provided with a trans- gg
mitting gear ocutside said head stock, a feed box
for-the feed screw and feed rod for the carriage,
sald feed box having a receiving gear at the out-
side thereof, and a gear box between said head
stock and said feed box having a feeding train g5
therein including a coarse feed train and having
gears at the respective ends thereof including

quadrant gearing at one of said ends arranged to

be meshed with said transmitting gear and said
receiving gear respectively, and means to selec- 3¢
tively attach said gear box to said head stock and
said feed box respectively for correct meshing
between said gears.

14. In a lathe, the cnmbma.tmn of a head stock,
a spindle journaled therein, feed reversing gear- 35
Ing in said head stock having gear connection
with said spindle and provided with a transmit-
ting gear outside said head stock, a feed box |
for the feed screw and feed rod for the carriage,
said feed box having a receiving gear at the 40
outside thereof, and a gear box between said head
stock and said feed box having a feeding train
therein including a pinion meshing with said
transmitting. gear and having a cluich forming
extension, a combined clutch and gear element 45
connectible with said clutch forming extension

for coarse feed transmission and reducing gears

in train with said pinion and with which said
combined clutch and gear element is meshed by
shifting the same from said clutch forming ex- 50
tension for ordinary feed f{ransmission, and
quadrant gearing driven thereby and meshable
with said receiving gear, and means to selective-

ly attach said gear box.to said head stock and
said feed box respectively for correct meshing §5
between the pinion and quadrant gearing there-

of with said receiving gear and sald transmlttmg
gear respectively. .

15, In speed change gearing of the character
described, the combination of a reversing speed 60
change shaft, a reversing clutch shaft, a pair of
friction clutches about the latter respectively hav-
ing drive connections in opposite directions with
said reversing speed change shaft, a clutch collar
about said clutch shaft movable in opposite di- 65
rections lengthwise of said clutch shaft for clutch
connections in said respective clutches and for
neutral relation in both said clutches, a brake
having operative connection with said reversing
speed change shaft normally i braking posi- 70
tion, an operating arm for said clutch collar -nor-
mally in position of release of said clutches, and
a shiftable connection between said operatmg arm
and said brake to release said brake upon move-
‘ment of said operating arm in both of opposite 75
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directions for clutch connectmns in sa,ld respec—
tive clutches.

16. In speed change gearing of the character
described, the combination of a drive friction
clutch, speed change gears driven thereby, a brake
for the latter, an operating arm for said clutch
and a multi-link operating connection the links

whereof are'extended in sequence from said arm-

between said operating arm and said brake to

engage said clutch and release said brake by -

movement in one direction of said operating arm,
and to release said clutch and engage said brake
by movement in the opposite direction of said
operating arm.

17. In speed change gearing of the character
- described, the combination of a pair of friction

drive cluitches and' speed change gears driven
thereby in opposite directions, a brake for the
latter, an operating arm operable in opposite di-
rections to clutch said respective clutches, and
2, multi-link operating connection the Ilinks
whereof are extended in sequence from said arm
between said operating arm and said brake to re-
lease said brake by movements in both directions
of said operating arm, and to release said respec-
tive clutches and engage said brake by movements
respectively in opposite directions of said oper-
ating arm. |

18. In speed changing mechanism, a pair of
shiftable power transmission elements for ef-
fecting speed change, and means for shifting said
elements comprising a pair of gears respectively
having operative connections with said respec-

- tive elements for shifting the same, and a seg-

ment gear positioned for selective meshing rela-

tion of its teeth with the teeth of said respective

gears for selective rotations of said gears to posi-
tion said respective shiftable power transmis-
sion elements in selective power transmission
relations.

19. In speed changing mechanism, a pair of
shiftable power transmission elements for ef-
fecting speed change, and means for shifting said
elements comprising a pair of gears respectively
having operative connections with said respective
elements for shifting the same, a segment gear
positioned for selective meshing relation of its

teeth with the teeth of said respective gears for
selective rotations of said gears to position said

respective shiftable power transmission elements
in selective power transmission relations, a lock-
ing part coaxial with said segment gear in the
angle extended of that portion of said segment
gear free of transmitting teeth and rotatable with
said segment gear, and a locking part coaxial
with and rotatable with each of said gears, each
of said last-named locking parts provided with
an angular recess in which said first-named lock-
ing part is located during meshing relation of
the teeth of said segment gear with the gear of

‘said pair of gears coaxial with the other of said

second-named locking parts.

20. In speed changing mechanism shiftable
power transmission members for effecting speed
change, angularly movable control handles for

said respective members to control the positions

of sald respective members by the angular posi-
tions of said respective handles to obtain.various
resultant speeds, and an index on which resultant
speeds and corresponding handle positions in 8,5-

sociation therewith are pictured to show the posi-
-tions said handles must assume to obtam such

respective speeds.

21. In speed changing mechanism 8 shiftable

‘power transmission member for eﬁectmg speed

- 2, 149 018

change, an angularly movable control handle for
sald member to control the positions of said mem-
ber by the angular positions of said handle to
obtain various resultant speeds, and an index on
which resultant speeds of such speed changes are
shown In association with portrayals of said han-
dle in the angular positions to effect such re-
sultant speeds to show the positions said handle
must assume to obtain such respective speeds.

22, In speed changing mechanism, shiftable
power transmission members for effecting speed
change, angularly movable control handles for
said members to control the positions thereof in-
dicated by the angular positions of said handles,
and an index on which resultant speeds of such
speed changes are shown columnwiseinassociation
with portrayals of said handles in the angular
positions to effect such resultant speeds. ,

23. In speed changing mechanism, shiftable
power transmission members for effecting speed
change, angularly movable control handles for
sald members to control the speed transmitting
positions thereof indicated by the angular posi-
tions of said handles, and an index on which re-
sultant speeds of such speed changes are shown

" ¢cross columnwise in associlation with portrayals

of said handles in angular positions to effect such
resultant speeds.

24, In speed changing mechanism, the com-
bination of a plurality of speed changing ele-
ments for changing speeds in the same power
train, and shifting means for said elements com-
prising a pair of handles having concentric axes,
one of said handles having operative connection
with one of said speed changing elements and
another of said handles having operative connec-
tions with a plurality of said speed changing ele-

- ments to change the ultimate speeds of the speed

changing mechanism, said last-named operative
connections including a segment gear and an in-
terlock part in the angle extended of that por-
tion of said segment gear free .of transmitting
teeth rotatable about said axes, and coacting
gears and coacting interlock parts coacting with
sald segment gear and sald first-named inter-
lock part selectively at different angular positions

of said segment gear and said first-named inter-

lock part.

25. In speed changing mechanism, a plura.lli;;sr
of shiftable power transmission elements for ef-
fecting speed change, a plurality of rotatable
operating parts for shifting said elements, a ro-
tatable operating element having selective opera.-

tive connections with said rotatable operating

parts, a locking part about the latter, said rotat-
able operating element including a pivot member,
and 8 handle pivoted to said pivot member and
angularly movable to rotate said rotatable oper-
ating element, said handle provided with a lock-
ing part coacting with said first-named locking
part to angularly position said rotatable operat-
ing element forselective speed changes.

26. In headstock gearing;, the combination of

the spindle, an intermediate driven shaft having
a8 plurality of speeds of rotation, an additional
driven shaft, speed changing means between said
additional driven shaft and the spindle including
a shiftable speed changing member, a shiftable
combined clutch and gear member and coacting
parts therefor between sald driven shafts to
transmit a plurality of speeds to said additional
driven shaft, said last-named shiftable member

placeable in neutral position, a plurality of ro-

tatable operating parts for selectively shifting
said shiftable members, a rotatable operating ele-
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- ment having selective -operative conunections with
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sald rotatable operating parts, and .a handle

angularly movable to rotate said rotatable oper-

ating element, coactive locking parts respective-
ly stationarily positioned about the axis of said
rotatable operating element and positioned on
sald handle coactive in positions to locate each
of said shiftable members in a plurality of speed
transmitting positions and to locate saild shifta-
ble combined clutch and gear member In neutral
position with relation to both of said driven shafts
for severing power transmission to said spindle
to enable manual rotation of said spindle.

27. In speed changing mechanism, the combi-
nation of a plurality of shiffable power trans-
mission elements each shiftable into a plurality
of positions for effecting speed change, and com-
bined means for shifting said respective elements
so related as-to hold said power transmission ele-
ments simultaneously away from one of their
speed change positions to limit the number of
speed changes transmittable by said sh1ftable
power transmission elements.

28. In speed changing mechanism, the combi-
nation of a plurality of shiftable power trans-
mission elements each shiftable into a plurality
of positions for effecting speed change, combined
means for shifting said respective elements so

related as to hold said power transmission ele-
‘ments simultaneously away from one of their
speed change positions to limit the number of.

- speed changes transmittable by said. shiftable

35

40

power fransmission elements, a control handle
for said combined means, and a positioning part

. for said control handle positioning a power trans-

mission element named in neutral position.

29, In speed changing mechanism, the com-
bination of a pair of shiftable power transmis-
sion elements each shiftable into two positions

for effecting speed change, and means for shift-

ing said elements comprising a pair of gears re-

~ spectively having operative connections with said

- segment gear positioned for selective meshing of

. sald segment gear, a positioning part therefor
.and a locating part provided with coacting parts
for said positioning part -arigularly placed about
the axis of rotation of said handle to locate said.

respectwe elements for shifting the same and a

its teeth with the teeth of said respective gears
for rotating the latter, an operating handle for

power transmission elements in selective power

transmission relations and so arranged as to

- eliminate one of said power transmission rela.-

tions.

30. In speed changing mechanism, the combi-.

nation of a pair of shiftable power transmission
elements each shiftable into two positions for
effecting speed change, and means for shifting

said elements comprising a pair of gears respec- -
tively having operative connections with said re-

spective elements for shifting the same and a seg-
ment gear positioned for selective meshing of its

~ teeth with the teeth of said respective gears for

‘mission relation

13
rotating the latter, coacting interlocks rotatable
respectively with said segment gear and said re-
spective gears to relate the meshing relation of
said segment gear with said respective gears of
said pair of gears for controlling said positions for
effecting speed change and to lock said shiftable
power transmission elements from simultaneous
positioning of each of said power transmission
elements in a given power transmitting posi-

‘tion to limit the number of power transmission

relations of said pair of shiftable power trans-
mission elements.

31. In speed changing mechanism for a lathe,

the combination of a spindle, friction reducing
bearings at one end thereof to hold said spindle
in axial direction at said end, speed change gear-
ing fixed to said end of said spindle, a transmit-
iing gear on the other end of said spindle, a
bearing for said spindle at its said other end, a
bushing in which said last-named bearing is lo-

cated, and a bearing for said bushing, said bush-

ing movable in axial direction in said last-named
bearing to compensate for lengthwise heat ex-
pansion and contraction of said spindle.

32. In speed changing mechanism for a lathe,
the combination of a spindle, friction reducing
bearings at one end thereof to hold said spindle
in axial direction at said end, speed change gear-

“ing fixed to said end of said spindle, a transmit-

ting gear on the other end of said spindle, a bear-
ing for said spindle at ifs said other end, a bush-

“ing in which said last-named bearing is located,
-a bearing for said bushing, said bushing mov-.

able in axial direction in said last-named bear-
ing to compensate for lengthwise heat BXpansmn
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and contraction of said spindle, and a spring

between said last-named bearing and said bushing

- to urge said bearing for said spindle at said other

end of saad spindle toward said speed change

gearing. |
33. In speed changmg mechanism for a spin-

40

dle, the combination of a plurality of pairs of

shiftable speed changing elements arranged in

sequence in the transmission, a pair of shifting

“means for the respective elements of each of said
pair of shiftable speed changing elements re-

spectively including a pair of crank pins for shift-

‘ing said respective elements of each pair and a
“pair of locking means for said crank pins of said.

respective pairs, said locking means for each pair
of crank pins locking one of the crank pins when
releasing the other of the crank pins of said pair
of crank pins, and so constructed that said lock-
ing means for one of said pair of crank pins
locks the elements of the pair of shiftable speed
changing elements operated thereby selectively

in idle relation, and said locking means for the
.. other of said pair. of crank pins locks. the ele-
ments of the pair of shiftable speed changing

elements operated thereby selectwely in trans-

- FRANK A. FRITZSCH.
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