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To all ?/??? it ??? ???????: 
Beit known that I, STEPHEN B. GRAY, a 

citizen of the United States, and a resident 
of the city of Jacksonville, in the county of 
Morgan, State of Illinois, have invented cer 
tain new and useful Improvements in Trac 
tion-Engines, of which I do declarë the fol 
lowing to be a full, clear, and exact descrip 
tion, reference being had to the accompany 
ing drawings, forming a part of this specifi 
cation. 
The present invention relates to traction 

engines, an example of such type of engine 
being illustrated in Letters Patent No. 556,346, 
granted to me March 17, 1896. 
The present invention has for its object, 

primarily, to provide improved mechanism 
whereby the traction-wheels of the engine 
may be driven, one main feature of the in 
vention being to provide driving mechanism 
of such character that both the front and rear || 
wheels of the engine may be driven in uni 

35 

45 

son not only when the engine is traveling in 
straight line, but as well also when the en 
gine is traversing curves. 
The invention consists also in various 

other features of invention that will be here 
inafter described, illustrated in the accom 
panying drawings, and particularly pointed 
out in the various claims at the end of this specification. 
Figure 1 is a plan view of a traction-engine 

embodying my invention. Fig. 2 is a view 
in side elevation. Fig. 3 is a rear end view. 
Fig. 4 is a view in vertical cross-section 
through the boiler at the point in the rear of 
the front axle and looking toward the front 
of the machine, the stack of the boiler being 
omitted and the friction-disks being shown 
in elevation. Fig. 5 is a detail view, upon 
an enlarged scale, of the differential mech 
anism for shifting the drive-rolls at the right 
hand side of the engine, this view being 
partly in section and partly in elevation. 
Fig. 5 is a detail view, upon an enlarged 
scale, of the differential mechanism for shift 
ing the friction drive-rolls, this view being 
partly in section and partly in elevation and 
showing the mechanism at the left-hand side 
of the engine. Fig. 6 is a detail view, in 
vertical longitudinal section, through that 
part of the boiler immediately above the front 

axle and through the intermediate turn-table 
whereon the boiler rests; Fig. 7, a detailplan 
view of turn-table, shown in section, Fig. 6; 
Fig. 8, a detail view, in vertical cross-section, 
(along the main drive-shaft,) from center of 
shaft to and through the belt-pulley; Fig. 8, 
a similar view showing the opposite end of 
the shaft. Fig. 9 is a detail view, invertical 
section, through one of the front friction 
disks and adjacent parts, parts also being 
shown in elevation; Fig. 10, a view in hori 
Zontal section on line 10 10 of Fig. 9. Fig. 
11 is a detail view, in vertical cross-section, 
through the front axle on line 11 of Fig. 4. 
Fig. 12 is a plan view showing a modified 
construction of drive mechanism; Fig. 13, a 
view in vertical cross-section on line 14 14 of 
Fig. 12; Figs. 14 and 15, views similar to Figs. 
5 and 5, but showing modified construction 
of shifting mechanism for the drive-rolls. 
A designates the front wheels, and A' the 

rear wheels, whereby the engine is sustained 
and carried, the front wheels A being con 
nected by an axle a, while the rear wheels are 
connected by an axle a'. 
The boiler B is shown as united to the rear 

axle a' (see Fig. 3) by suitable straps or yokes 
a, although any appropriate means may be 
employed for properly connecting the rear of 
the boiler with the rear axle of the machine. 
The front axle a carries at its center (see 
Figs. 4 and 6) a sleeve 15, from which pro 
ject the trunnions 16, that are held within 
bearings 17, that depend from the under side 
of a pedestal 18, this pedestal having its up 
perface formed with a circular inclined track 
to receive the conical rolls 19, that rest upon 
this track and sustain a superposed turn 
table 20, that is bolted to the under side of 
the boiler and furnished with an inclined cir 
cular track corresponding to the track of the 
pedestal 18. The turn-table 20 is provided 
at its center with a stud 21, having a threaded 
portion passing centrally through the pedes 
tal. 18 and held in place with respect thereto 
by a nut. The conical friction-rolls 19 are 
united together by inner and outer rings 22 
and 23, that serve to hold the rolls at proper 
distance apart, while permitting them to freely 
revolve. My purpose in thus sustaining the 
front end of the boiler is to allow not only for 
the inclination of the front axle in vertical 
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direction, but also to permit the axle to turn 
freely with rospect to the boiler in horizontal 
plane. 
In order to allow for more compact arrange 

ment of the machinery above the boiler IB, I 
prefer to form this boiler without the usual 
Steam - donne, and insaSimuclh as tlhis Steam 
dome is dispensed with I provide a jacket, or 
steam-chamber 3 about the smoko-stack 3 
of the boiler, as indicated in Fig. 1. Inas 
much, however, as this forms no part of tho 
present invention I do not deem it necessary 
to fully illustrato or describe the Sanne. 
The valve-chest (3 and cylinder C" of the en 

gine are preferably located immediately above 
the boiler, and the cexhaust-steam from the 
valve-clhest, C will be deli veredat, tho base of 
the smoke-stack 3 by a suitable pipe. 
To the main piston within the cylinder C" 

is connected in usual manner a pitman C, the 
rear end of which is provided with a yoke C, 
(see Figs. 1 and S,) that encircles an eccen 
tric C°, that is key cd to the main drive-shaft, 
l) of the engine, and between the yolke c and 
the eccentric C are interposed the learing 
balls ('', that travelin grooves or ways formed, 
respectively, upon the inner face of the yoko 
( and the periphery of the eccentric C. 
These bearing-balls c' serve not only to re 
dulce to a minimum the ?riction between the 
yoko and the eccentric, but also serve to ac 
curately retain these parts against lateral 
displacement. The main drive-shaft D is 
journaled in suitable bearings (l that the up 
per end of brackets rising from the top of the 
boiler 3, (see Figs. 1 and S,) and to one end 
of the drive-shaft I) is keyed the drive-pulley 
D'. Between the pulley I) and the adjacent, 
bracket, cl and loosely mounted upon the 
drive-shaft, T) is a long sleeve E, (see Fig. S,) 
the ou ter end of which is provided with ra 
dial arms E', adapted to be connected by suit 
able or usual clutch mechanism with the drive 
pulley D'. I have not deemed it necessary to 
illustrate the clutch mechanism, as any of the 
usual forms of clutch mechanism may be em 
ployed. 
The inner end of the sleeve E is provided 

with a bevelod gear-wheel E, that engages 
with oppositely-disposed beveled pinions e 
and ('', (see Fig. T,) that are keyed, respectively, 
to the shaftsfand /*, tle inner ends of theso, 
shafts being journaled in suitable bearings 
formed at the top of the bracket (l, (see Figs. 
1 and S,) that rise from the saddle-plate (l, 
resting on top of the boiler B. The rear end 
of the shaft f is journaled in a bearing 30 on 
top of a saddle plate or bracket 31, that rests 
upon the top of the boiler 3, as clearly shown 
in Fig. 3 of the drawings. Upon the sha?tf 
is mounted a gear or friction drive-roll F, 
1 his friction (live-roll being connected to the 
shaft by a spline or like connection, whereby 
the roll F is caused to revolve with the shaft, 
but is permitted to be shifted lengthwise 
thereof. To the sha?t fis also keyed a pinion 
32, that engages with a pinion 33, keyed to the 

shaft?, this sha?t.fhaving its real' end jour 
nated in a suitable bearing 34 on top of the 
saddle-plate 31, while its front end is jour 
maled in one side of the box 35, (see Figs. 1 
and S',) the opposite side of which box forms 
a journal-bearing for the shaft f. The box 
35 encircles the sleeve IE (see Fig. S) an (l is 
formed of upper and lower Sections bolted 
together. The shaft, f' carries a gear or fric 
tion drive-roll F", that is keyed thereo in 
manner free to move lengthwise of thc shaft. 
The shafts f' and f' are provided, respec 
tively, with the gear or fiction drive-rolls I' 
and F, that are keyed to the shafts in manner 
permitting them to be shifted lengthwise 
thereof. The shafts f' and f' rest in boarings 
formed at the top of brackets 37 and 3S, (see 
Figs. I and 2,) and the front, end of the shaft, 
f' is also journaled in a bearing to be pres 
ently described. 
The gears or friction drive-rolls F F and 

IF and IF are disposed upon opposite sides of 
a wheel or friction-disk G, (see Figs. 1, 3, and 
S, ) this disk ( lbeing revolu bly mountel upon 
the sleevo E. The hul) of the disk ( is pro 
vided with a pinion (f, that meshes with a 
gear-wheel 40, journaled upon an a Xile 41, 
(see Fig. 8,) projecting from bracket 42, at 
tached to the boiler 3, and the hul) of the 
gear-wheel 10 is provided with a pinion 43, 
that meshes with a gear-wheel 44, that is jour 
naled upon an axle 45, projecting from a 
bracket A?i, attached to the boiler, (see Figs. 
2 and 3.) and the hub of the gear-wheel -1 is 
provided with a pinion 47, that meshes with 
a gear-whool 4S, attached to the elongated 
luo -49) of one of tilne l'el' d'ive-willeels A". 
Erom the constriction of ); its as this far 

defined it will be Seen tilk When revolution 
is imparted to tle main drive-shaft D cor 
responding revolution will bo given to the 
drive-wheel D', and if the clutch E' be in en 
gagement with said drive-wheel it will serve 
to impart, revolution to the sleeve E (see Fig. 
S) and to the gear-wheel E. From the gear 
wheel E' motion will be transmitted by the 
bevel-pinions e and (' to the shafts fand f“ 
and through the pinions 32 and 33, and 
through pinions 5() and 5 , (see Fig. 1,) that 
are ?iXed, respectively, to the shifts f“ und 
f', revolution will be imparted to the shaft 
fl. In this way the fiction (live-rolls IF, IF, 
F', and F will be driven, and by means of 
these drive-rolls revolution will be imparted 
to the fiction-disk G, and from this disk 
motion will be transmitted by the pinions (1, 
the ge:ur-Wheel 30, the pinion 4:3, the ge: - 
wheel if, and the pinion 47 and gear-wheel 
-S to the connected traction-wheel A. 
The pinion 32, that is fixed to the shaft?, 

(see Fig. 1) is connected by a train of gear's 
52 and 53 with a pinion 54, that is keyed to a 
shaft le. The rear cind of the shaft, l and the 
stud-shafts that carry the pinions 52 and 53 
are journaled in the boxes 55, 56, and 57 at 
the top of the backet-frame 31, as clearly 
shown by Figs. J. and 3 of the drawings. The 
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shaft h-carries a gear or friction drive-roll H, 
that is keyed thereto in manner permitting 
the roll H to be shifted lengthwise of the shaft 
h, and the front end of the shaft his jour 
maled in one side of the bearing 58, that en 
circles the main drive-shaft D, (see Figs. 1 
and 5,) the opposite side of this bearing 5S 
having journaled therein the rear end of the 

The shaft h' carries, the friction 
drive-roll II", that is connected therewith in 
manner permitting it to be shifted longitudi 
nally of the shaft, and the shaft h' has fixed 
thereto a pinion 60, that meshes with a pin 
ion 61 upon the shaft h°, and the shafts h' and 
l” are mounted in suitable bearings upon the 
tops of the brackets 63 and 64, that rise from 
and are bolted to the sides of the boiler. The 
shafth carries the friction drive-roll H, that 
is mounted in manner free to slide length 
Wise of the shaft, and the rear end of the shaft 
his journaled in a bearing 65 at the top of 
the bracketd, (see Figs. 1 and 8,) and within 
a bearing 66 at the top of the bracket d is 
journaled the front end of the shaft h’, that 
carries the friction drive-roll H, the rear end 
of the shaft hibeing journaled in a bearing 
67 on the top of the saddle plate or bracket 
31. The friction drive-roll His connected 
with the shaft, h in manner free to slide 
thereon, and to the shaft his keyed a pinion 
68, that meshes with a pinion 54. (See Figs. 
1 and 3.) The gears or friction drive-rolls H, 
H', H°, and H engage opposite sides of the 
wheel or friction-disk G', that is mounted in 
manner free to revolve upon the main drive 
shaft D, and this friction-disk G' is provided 
with a pinion g', that meshes with a gear 
wheel 70, that is journaled upon a stud pro 
jecting from a bracket bolted to the side of 
the boiler in manner similar to the bracket 
42, that sustains the gear-wheel 40, as shown 
in Fig. 8. The hub of the gear-wheel 70 is 
provided with a pinion 71, that meshes with 
a gear-wheel 72, journaled upon a stud 73, 
projecting from a bracket 74, (see Fig. 3,) and 
the hub of the gear-wheel 72 is furnished 
with a pinion 75, that engages a gear-wheel 
76, fixed to the sleeve 77 of the rear drive 
wheel A'. 
From the foregoing description it will be 

seen that when motion is imparted to the 
drive-shaft, D in manner hereinbefore de 
scribed and is transmitted from said drive 
shaft to the shaft f (see Fig. 1) and to the 
train of gear-pinions 50, 51, 52, 53, 54, and 68 
revolution will be imparted to the shafts h. 
and h, thus causing the friction drive-rolls 
II and H to impart revolution to the friction 
disk G'. The disk G' being thus revolved 
will, through the pinion g' and gear wheels 
and pinions connected therewith, im part revo 
lution to the rear traction-wheel A" at the 
left-hand side of the machine. It will thus 
be seen that both of the rear drive-wheels A 
A" will be driven in unison. 
The shafts f and fare provided at their 

front ends, respectively, with the gears or 

3. 

friction drive-rolls K and K", arranged upon 
opposite sides of a wheel or friction-disk M, 
and these friction drive-rolls KK are mount 
ed upon their respective shafts in such man 
ner that they can be shifted longitudinally 
of the shafts while revolving therewith. The 
friction-disk M is shown as mounted in a 
manner free to revolve on the hollow arm SO 
of the swivel-block 81, (see Figs. 2, 9, and 10,) 
this hollow arm 80 setting over the end of 
the front shaft P, that is mounted upon brack 
ets p, that rise from a saddle-plate p' on top 
of the boiler. (See Figs. 1, 4, and 9.) Pref 
erably one end of the shaft. P is provided 
with an annular groove p', that receives a pin, 
whereby the swivel-block 81 is connected 
with the shaft. (See Figs. 9 and 10.) The 
swivel-block 81 has projecting arms 82 and 
83, that are formed with sockets to receive 
ivot-pins at the inner ends of screw-bolts 

84, (see Fig. 10,) these screw-bolts passing 
through the front and rear side bars of a frame 
85. (See: Fig. 2.) The top and bottom bars 
of the frame S5 are furnished with bearings, 
through which passes the vertical shaft R, 
that passes also through a hole formed in the 
swivel-block 81, this hole being in line with 
the shaft-holes in the frame S5, as clearly seen 
in Fig. 9 of the drawings. Upon the aim 82 
of the swivel-block 81 is revolubly mounted 
a beveled pinion 87, that meshes with a cor 
responding pinion an on the hub of the fric 
tion-wheel M, and this pinion 87 also en 
gages a pinion 88, that is mounted upon the 
shaft R. The shaft R is shown as formed 

jecting from the pinion 88, and the shaft R is 
free to move in vertical direction through its 
bearings in the frame 85 and through the 
swivel-block 81 and the pinion 88. The pur 
pose in thus mounting the pinions 87 and 88 

ploying the swivel-block 81, about which the 
frame 85 can turn upon the pivot-pins 84, 
and the purpose also in permitting the verti 
cal movement of these parts with respect to 
the shaft R is to allow for the rocking of the 
engine in passing over inequalities in the 
roadway. The lower end of the shaft R. 

and to the lower end of this shaft is keyed a 
inion 92, that meshes with the outer row of 

teeth of a bevel gear-wheel 93. The bevel 
gear-wheel 93 is journaled upon an arm 94, 
projecting forwardly from the sleeve 95, that 
is mounted upon the front axle C of the ma 
chine, (see Fig. 11,) and to the sleeve 95 and 
to both of the ends of the arm 94 the yoke 90 
is connected by means of pins formed in the 
inner ends of the screw-bolts '96. By refer 
ence to Figs. 4 and 11 it will be seen that the 
screw-bolts 96 afford a pivotal connection be 
tween the yoke 90 and the sleeve 95, so that 
upon any lifting of one of the wheels A or a 
canting of the front axle a by reason of ine 
qualities of the roadway the yoke 90 will 

with a groove , that receives a key-pin pro 

within the frame 85 and the purpose in em 
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90 and is stepped in a boss 91 of said yoke, , , 
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turn more or less about the sleeve 95, and 
thus avoid strain upon the shaft IR or the 
parts connected there with. The bevel gear 
wheel 93 is provided with a second set, of 
teeth 97, with which engages the pinion 98, 
(see Fig. 4) carried upon the lower end of a 
shaft that extends through a bracket-sleeve 
99, that rises from the sleeve 95. The upper 
end of this shaft is provided with a pinion 
100, that engages with a bevel gear-wheel 101, 
(shown by full lines in Fig. 2,) that is at 
tached to the hub of the axle of the tr:nction 
wheel A. 
The shafts f' and h' have their forward ends 

journaled in suitable bearings at the top of 
the brackets p, (see Fig. 1) and the forward 
ends of these shafts are provided with pin 
ions 102 and 103, respectively, tlhat are con 
nected by the pinions 104 and 105. Upon the 
shaft, l' is keyed in manner permitting it to be 
shifted longitudinally a gear or friction drive 
roll S, that engages with a wheel or friction 
disk T, and the opposite side of this disk is 
engaged by a gear or friction drive-roll S', 
that is mounted upon the shaft, h° in such 
manner that it can be adjusted lengthwise 
thereof. The friction-disk. Tis mounted upon 
the shaft I’ in the same manner as the fric 
tion-disk MI, herein before described, and at 
the end of the shaft, P, adjacent the friction 
disk T, there is provided a swivel-block, a 
frame S5, and bevel gear wheels and pinions, 
by which motion is transmitted to the front, 
left-landil traction-wheel A; lout as the con 
nections are the same as hereinbefore clo 
scribed for the opposite side of the machine 
they need not be more particularly set forth. 
From the foregoing description it will be 

seen that when revolution is imparted to the 
lmain drive-shaft D in manner above described 
motion will be transmitted therefrom to t?o 
shafts fif', and from the shaft?, through the 
gear-wheels connected there with, motion will 
be transmitted to the shafts h, and I, that 
carry the gear or friction drive-rolls II and II. 
From the shaft f" motion will be transmitted 
to the shaft, f', that carries the drive-rolls IF 
and K", and from the front end of the shaft f" 
motion will be transmitted by the gear mech 
anism shown to the front cend of the shaft, I' 
and from this shaft. It to the shaft 7°. It will 
thus be seen that, the several shafts to which 
the gear or friction drive-rolls are connected 
will be driven in unison from the common 
Source of power, and from these drive-rolls 
rotation will be imparted to the several fric 
tion-disks at the front, and rear of the ma 
Chine. 
With a traction-engine the front and rear 

wheels of which are both positively driven it 
is of vital importance that these wheels should 
be driven in unison, since if the front, wheels 
move faster than the rear whools there will 
be a tendency of the latter to drag, while, on 
the other hand, if the rear wheels move faster 
than the front wheels there will be a tendl 
ency to crowd such front wheels, and a very 

unequal and objectionable working of the en 
gine Will ensue, When running in straight 
course, there is no difficulty in insuring the 
unison movement of the front and rear wheels; 
but when a traction - engine or other four 
wheeled vehicle is turning a curve it is found 
that the arc describod by the front, wheols is 
somewhat larger than that described by the 
rear wheels, and consequently the front 
wheels must travel somewhat faster than the 
rear wheels during the traverse of such curve. 
One of the main objects of my present inven 
tion is to provide means whereby the front 
and rear wheels can be di ?ferentially driven 
in order to compensate for the difference in 
curvature as they turn a corner or like curve 
in the roadway. 

I shall next proceed to describe the means 
whereby I effect the differential driving of 
the front, and rear traction-wheels; but it will 
be understood that the means whereby this 
result, is accomplished may be varied within 
wide limits without departing from the spirit, 
of the invention. 

Each of the friction drive-rolls IF F", &c., 
II d'I', &c., SS', and K K" is provided with a 
hub l, having an annular groove to receive a 
band l', that is connected with the shifting 
arm, whereby the corresponding drive-roll is 
moved lengthwise upon its shaft and radially 
with respect to its corresponding friction 
disk. In Fig. 5 of the drawings is illustrated 
the nechanism whereby the friction drive 
rolls at the right-hand side of the machine 
will be shifted. The shifting-arm T, that, 
is connected to the hub t of the drive-roll F", 
has its opposite end pivotally connected to a 
rocking lever 110, that encircles one end of 
the box 35, (see Fig. S,) wherein the inner 
ends of the shafts f and f' are journaled, 
and the upper arm of this rocking lever 11() 
is pivotally connected to the rear end of a 
shifting-arm T, the forward end of which is 
connected to the ring or bandlt, that encir 
cles the hul) l of the firictiol (rive-roll E. To 
the lower arm of the rocking lover 110 is piv 
otally united a connecting-rod 1 JJ, the front 
end of this rod being pivoted, as at 112, at 
(either one of a series of perforations formed 
in the lower arm of a rocking level 113, (see 
Fig. 5,) that is fixed upon one end of a rock 
shaft V, (see Fig. 1,) that is journaled in suit 
able bearings 114 on the brackets 115, rising 
from the top of the boiler. (Sec Fig. 2.) The 
shaft V is shown as cranked in order to per 
mit it to avoid the pitman C', and upon this 
shaft is ?ixed a worm-wheel W, with which 
engages a worm on the end of a rod U, that 
is mounted in suitable bearings J:20 and 121 
and is provided at its rear end with a hand 
wheel at'. The upper arm of the rocking le 
ver 113 is pivotally connected to the rear cnd 
of a connecting - iod 125, the front, end of 
which rod is pivoted to the upper arm of a 
rocking lever 126, that is mounted upon the 
hollow sleeve of the swivel-box SI, (see Figs. 
5 and 9,) and the lower arm of this rocking 
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lever 126 is provided with a series of holes the lower arm of the rocking lever 145 is con through which passes a pin 127, whereby the 
rocking lever is connected with a shifting 

O 

15 

2 ? 

arm T, the rear end of which is joined to the 
band t upon the hub tof the friction drive 
roll K". It will thus be seen that by the turn 
ing of the shaft B the shifting of the drive 
rolls F, F, and K" can be effected. 
By reference to Figs. 1, 2, 5, 8, and 9 it will 

be seen that the friction drive-roll F is con 
nected by a shifting-rod T to the lower end 
of a rocking lever 130, that is pivotally mount 
ed upon the top of the bracketd, (see Fig. 8,) 
and the upper end of this rocking lever 130 
is pivotally connected to the shifting-arm T, 
that is joined to the band encircling the hub 
of the friction drive-roll F. To the lower 
end of the rocking lever 130 is also pivotally 
joined a connecting-rod 131, the front end of 
which is attached to one of the series of holes 
in the rocking lever 113. (See Fig. 5.) 

By reference to Figs. 1, 2, and 9 of the 
drawings it will be seen that to the band that 
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encircles the hub of the friction drive-roll K 
is connected a shifting-arm T, that is pivot 
ally connected to the lower end of a rocking 
lever 137, that is mounted upon the front 
shaft P, (see Figs. I and 9,) the upper end 
of this lever being united to a connecting-rod 
138, that is joined to the upper end of the 
rocking lever 113. 
The mechanism whereby the friction drive 

rolls at the left-hand side of the machine are 
shifted is similar to that hereinbefore de 
scribed for shifting the drive-rolls at the right 
hand side, but the arrangement of the levers 
and connections is such as to produce a shift 
of the drive-rolls reversely to that imparted 
to the drive-rolls at the opposite side of the 
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machine. Thus by reference more particu 
larly to Figs. 5and 5 of the drawings it will be 
seen that rocking lever 140, that is mounted 
at the left-hand end of the shaft V, has its 
upper arm normally vertical, while the lower 
arm of the rocking lever 113 at the opposite 
side of the machine is normally vertical, and 
the lower arm of the rocking lever 140 is at 
an angle from the vertical corresponding to 
the angle of the upper arim of the rocking le 
ver 113. To the upper arm of the rocking 
lever 140 is pivotally united a connecting-rod 
141, that leads to a rocking lever 142 on the 
main drive-shaft D, (see Fig. 1) and to the 
upper arm of this lever 142 is pivotolly con 
nected a shifting-arm T, that is joined to the 
band that encircles the hub of the friction 
drive-roll H. To the lower arm of the rock 
ing lever 142 is connected a shifting-arm T, 
that is united to the sleeve of the friction 
drive-roll H'. To the upper end of the rock 
ing lever 140 is also pivotally united a con 
necting-rod 144, that is joined to the upper arm 
of the rocking lever 145, mounted upon the 
drive-shaftD, and to the upperarm of this rock 
ing lever 145 is also pivotally connected a shift 
ing-arm T, that is united to the pin encir 
cling the hub of the friction drive-roll H. To 

nected a shifting-arm T, that is united to the 
pin of a friction drive-roll H. The lower 
arm of the rocking lever 140 has pivotally 
joined thereto a connecting-rod 150, the front 
end of which is connected to the lower arm of 
the rocking lever 151, mounted upon the front 
shaft P, and the upper arm of the rocking 
lever 151 is pivotally connected to a shifting 
arm T, that is attached to the band encir 
cling the hub of the friction drive-roll S. To 
the lower arm of the rocking lever 140 is also 
united a connecting-rod 155, the front end of 
which is pivotally joined to the lower end of 
a rocking lever 156, and the upper end of this 
rocking lever is pivotally connected to a shift 
ing-arm T, the rear end of which is attached 
to the band that encircles the hub of the fric 
tion drive-roll S'. 
From the foregoing description it will be 

seen that when the worm-wheel W is turned 
by means of the shaft av and hand-wheel v' 
a corresponding movement will be given to 
the shaft V and to the rocking levers 113 and 
140, that are fixed to this shaft, and a shift 
of the friction drive-rolls with respect to their 
disks will be effected. The purpose of shift 
ing the friction drive-rolls is to increase or 
diminish the speed of the traction-wheels at 
the opposite sides of the machine in order to 
enable the machine to be steered. In my 
Letters Patent hereinbefore referred to the 
broad idea of imparting a variable speed to 
the steering-wheels at opposite sides of the 
machine is fully set forth, and it will be read 
ily understood that as the friction drive-rolls 
are moved toward or away from the centers 
of their respective disks the speed of the cor 
responding traction-wheels will be increased 
or diminished. Thus it will be seen that if 
the machine is to be turned toward the right 
the friction drive-rolls KK' should be shift 
ed toward the periphery of their friction-disk 
M, while the friction drive-rolls S S at the 
left-hand side of the machine should be shift 
ed toward the center of their friction-disk 
T, and in like manner the friction drive-rolls 
F, F, F, and F should be shifted toward the 
periphery of the friction-disk G, while the 
friction drive-rolls H, H', H, and H should 
be shifted toward the center of the friction 
disk G'. In view of the fact, however, that 
in traversing a curve the front traction-wheels 
AA of the engine describe a larger arc of a 
circle than is described by the rear traction 
wheels A' A' it will be understood why I 
have made provision for imparting a differ 
ential movement to the front and rear trac 
tion-wheels of the engine. Thus, for exam 
ple, if it be assumed that when the machine 
is running in a straight line each traction 
wheel is running at the speed of six--e.g., six 
feet per second-and it is desired to turn a 
corner toward the right the speed of the right 
hand traction-wheels must be diminished, 
while the speed of the left-hand traction 
wheels will be increased, and this will be ef 
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fected by shifting the friction drive-rolls at 
the right-hand side of the machine toward 
the periphery of their friction-disks and by 
shifting the fiction dive-rolls at the loft 
hand side of the machine toward the center 
of their friction-disks; but, inasmuch as the 
front traction-wheels will travel upon a some 
what greater curvature than the rear trac 
tion-whools : differential Shift, will be im 
parted to the fiction drive - rolls whereby 
the front, and real wheels are driven. Thus, 
for example, the friction drive-rolls IK IK''' will 
be shifted toward the periphery of their fric 
tion-disk M, so that the speed of the wheel 
A, which was previously six, will become, for 
example, five and one-fourth, and the fric 
tion drive-rolls S S Will beshi?ted to ward the 
center of their friction-disk T, so that the 
speed of the adjacent traction-wheel A will 
be seven and one-fourth. "The friction drive 
rolls IF, F, l, and F will be shifted toward the 
periphery of their friction-disk G, so that the 
speed of the adjacent traction-wheel A" will be 
five and the friction drive-rolls II, II", II, and 
II will be shifted toward the conter of their 
friction-disk G', so that the adjacent, rear 
traction-wheel A will be seven. It will thus le 
Se on that the front, traction-wheels will travel 
at a slightly-greater speed than the rear trac 
tion-wheels proportionate to the greater arc 
that, is traversed by these front, wheels. It 
is to il low for tilhis di ?forontia shift of the 
front, and rear friction drive-rolls that I have 
provided the arrangement of mechanism here 
inbefore described, and lby reference more 
particularly to Figs, 5 and 5 of the drawings 
the operation of this mechanism will be read 
ily understood. Thus if the machine is to 
turn toward the right, the worm-wheel W will 
be shifted so as to bring the rocking lovers 
113 and 140 from the position shown ly full 
lines to the position shown by dotted lines. 
Inasmuch as the lower arm of the rockingle 
Ver 113 is normally in vertical direction while 
the upper arm of this rocking lever is nor 
mally at an angle, it will be seen that, when 
the rocking lever 113 is shifted from the po 
sition shown by the full lines in Fig. 5 to the 
position shown by dotted lines the lower arm 
of the rocking lever will shift the connecting 
rod 111 to a greater extent than the upper 
arm of the rocking lever will shift the con 
necting-rod 1:25, because the end of the lower 
arm 113 is moved more nearly in a horizon 
tal line, and consequently the friction drive 
rolls IF and F will be moved to a greater ex 
tent toward the periphery of their friction 
disk G tilhan the friction dll rive-rolls IK IK' "o 
moved toward the periphery of their friction 
disk MI. II ence in this way the speed of the 
front right-hand traction-wheel A may be de 
creased to about five and one-fourth, for ex 
ample, while the speed of the right rear trac 
tion-wheel A" will be decreased to five. By 
reference to Fig. 5 of the drawings it will be 
See that When the worn-wheel W has been 
thus turned the rocking lever 140 will be shift 

el from the position shown by full lines to 
the position shown by dotted lines, and in 
as much as the upper arm of the rocking le 
ver 110, which is normally vertical, will from 
the beginning of suclu Imo vennent t'a vel down - 
ward in the direction of the arrow, Fig. 5*, 
while the lower arm, which is normally at a 
slight distance from the vertical, will travel 
toward and across the vertical it follows that, 
tho cxtent of movement of the connecting 
rod attached to the upper arm of the rocking 
lovel' will be less than the extent of innove 
mont, imparted to the connecting - rods at 
tached to the lower arm of the rocking lever 
140. Consequently the friction drive-rolls S 
S', which are operated by the connecting-rods 
attaclhed to the lower end of the rock ing le 
ver 110, will be shifted to a greater extent, to 
wird the Conter of theit' frj(tion-(isk T th:1 
the fiction drive-rolls II, II", I, and I' will 
lbe shifted toward the centor of the fiction 
disk (;". Ionce the speed of the left front 
traction-wheel A may be increased to about 
seven and one-fourth, for example, while the 
speed of the rear left traction-wheel will be 
increased to only seven. It will this be see 
that when the traction-engine is moving in 
straight line a uniform movement of the front 
and rear traction - wheels will be had; but, 
when the machine is turning a curve the front 
traction - wheels will lic caused to travel 
slightly faster than the rear wheels, and this 
increase in speedi will be proportionate to tho 
difference in the arcs that will lo described 
by the front and rear wheels. I Lence all dan 
ger of cramping or crowding the gear mech 
anism is avoided. 
So far as I am aware my invention presents 

the first instance of a traction-engine in which 
there is di??erential driving mechanism whero 
by the front, and rear wheels of the engine 
can be caused to travel at different rates of 
speed when passing around curves. While 
I have described in this application, as in my 
prior patent, No. 556,3-1?, friction (live-rolls 
and disks as the most suitable driving mech 
anism for imparting rotation to the traction 
wheels from the engine, I do not wish the in 
Vention to be unde "Stood as restrictedl to 
machine in which friction - gearing is cm 
ployed as the means of con municating mo 
tion from the engine to the traction-wheels, 
except as such friction drive mechanism is 
specifically designated in the claims at the 
end of this specification. I should regard it, 
as clearly within the scope of my invention 
to im part di ?ferential movement to the front 
and rear traction-wheels by any suitable style 
of driving mechanism whereby rotation could 
be transmitted to such traction-whools from 
the drive-shaft of the engine. 

In Figs. 12 and 13 of tho drawings I have 
illustrated a slightly-modified construction of 
driving mechanism for the front, traction or 
steering wheels of the cingine. In this form 
of the invention the main shaft IP has loosely 
mounted upon its ends friction-disks T and 
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M, the disk M being provided with a bevel 
pinion m and the disk T being provided with 
a similar bevel-pinion, these beveled pinions 
being connected with their respective trac 
tion or steering wheels A, as in the construc 
tion herein before described. In this form of 
the invention also the disks MI and T are 
driven by oppositely-disposed friction drive 
rolls KK' and S S'; but in addition to these 
drive-rolls there are also two additional pairs 
of drive-rolls K' and K and Sand S, located 
in front of the front axle and bearing upon 
the friction-disks, as clearly seen in Fig. 13. 
of the drawings. The friction drive-rolls K. 
and Kare mounted upon short shafts k'and 
l, the front ends of which are journaled in 
bearings lic and k upon the top of the stand 
ard 170 at the front of the engine. The rear 
end of the shaft k" is journaled in a bearing 
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k' at the top of the bracket k, projecting up 
wardly and outwardly from the boiler. The 
short shaft lc has its inner end journaled in 
a bearing at the top of the bracket 172, that 
rises from the top of the saddle-plate on the 
top of the boiler, and the forward end of the 
shaft f' is journaled in a similar bearing at 
the top of said bracket. The friction drive 
rolls K' and IK are mounted in manner free 
to slide longitudinally upon their respective 
shafts lic and k and will be connected with 
shifting levers in the same manner as the 
drive-rolls hereinbefore described or in other 
convenient manner. The shaftsk' and kare 
connected together by pinions. 175 and 176, 
and upon the rear end of the shaft his fixed 
a bevel-pinion 178, that engages with a bevel 
gear-wheel 179, with which also engages the 
bevel-pinion 180 on the front end of the shaft 

The bevel gear-wheel 179 is carried at the 
end of a long sleeve 181, that is mounted upon 
the front shaft P, and at the opposite end of 
this sleeve 1 S1 is a similar bevel gear-wheel 
182, with which engages a pinion 183, fixed 
to the front end of the shaft h", and with this 
gear-wheel 182 also engages a pinion 184, 
fixed to the rear end of the shafts, that car 
ries the friction drive-roll S“. The front por 
tion of the shaft S has connected thereto a 
pinion 190, that meshes with a pinion 191 
upon the short shafts, and the front ends of 
the shafts sands are journaled in boxes 192 
and 193 at the top of the bracket 170. The 
rear end of the shaft s is sustained by a 
bearing s at the top of a brackets, project 
ing upwardly and downwardly from the boiler. 
By this construction it will be seen that the 
friction-disks M and T are each driven by two. 
sets of friction drive-rolls from the common 
source of power. 

In Figs. 14 and 15 of the drawings I have 
shown a somewhat modified and simplified 
construction of mechanism for shifting the 
friction drive-rolls. In Fig.14 I have shown 
the shifting mechanism at the right-hand side 
of the engine and in Fig. 15 a corresponding 
mechanism at the left-hand side. IF and E8 
designate the friction drive-rolls for the rear 

right-hand disk, and K" designates one of the 
corresponding friction drive-rolls at the front 
of the machine. The drive-roll F is carried 
upon the shaft f, and the drive-rolls F and 
K' are carried upon the shaft f", as in the 
construction illustrated in Fig. 5. Instead, 
however, of connecting the friction drive-rolls 
with the rocking lever, as hereinbefore de 
scribed, I have shown a modified form of rock 
ing lever 113º, to the upper end of which is 
connected a rod 200, the rear end of which 
engages a ring 201, attached to the forward 
extension of the hub of the friction drive-roll. 
F. The rear side of the hub of this drive 
roll F8 is provided with a ring ti", that is en 
gaged by the arm T, that connects with the 
upper end of the lever 110, as in the construc 
tion shown in Fig. 5, the lower end of the le 
ver 110 being pivotally connected to the arm 
T10, that is united to a ring ti' on the hub of 
the drive-roll F". It will thus be seen that 
when the rocking lever 113 is shifted from 
the position shown in full lines to the position 
shown in dotted lines in Fig. 14 the friction 
drive-rolls F and F will be correspondingly 
moved. The lower end of the rocking lever. 
113 has pivotally connected thereto a rod 
125, the forward end of which connects with 
a ring to, that encircles the hub of the fric 
tion drive-roll K" at its rear. IBy reference 
to the position shown by full lines and dotted 
lines in Fig. 14 it will be seen that when the 
rocking lever is shifted a corresponding shift 
will be given to both the rear drive-rolls F. 
and F8 and to the forward drive-roll K", the 
extent of movement of the rear rolls being 
greater, however, than that of the forward 
roll. By reference to Fig. 15 it will be seen 
that the rocking lever 140 there shown has 
its lower end connected by rod 141* to a ring 
encircling the forwardly-projecting part of 
the hub of the drive-roll H', while the rear 
Wardly-projecting portion of this hubis con 
nected by the arm T with the rocking lever 
142, and the upper arm of the lever 142 has 
connected thereto the arm T, that is united 
to the ring t, that encircles the hub of the 
drive-roll H. The upper arm of the rocking 
lever 140 is connected by a rod 150 with a 
ringencircling the rearwardly-projecting por 
tion of the hub of the drive-roll S. By refer 
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ence to the position of the parts shown by full . 
and dotted lines in Fig.15 it will be seen that 
when the operating-lever 140° is shifted from 
the position shown by full lines to the position. 
shown by dotted lines a corresponding shift of 
the friction drive-rolls toward the centers of 
their respective disks will be effected. By 
reference to Figs. 14 and 15 of the drawings 
it will be seen that the rocking levers 113* and 
140 have their ends slotted, and these slotted. 
ends permit the connecting-rods to be adjust 
ably united thereto, this adjustment permit 
ting the throw of the drive-rolls on the shaft 
of the operating-levers to be varied in order 
that the relative movements of the parts may 
be accurately determined. 
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It will be understood that modifications and 
details of construction may be made within 
wide limits without, departing from the spirit 
of my invention. So, also, while I have de 
scribed my invention as an improvement in 
traction-engines it will be understood that it, 
is applicable in part to other velhicles, and I 
do not wish the term “traction - engine’ as 
herein employed to be understood as a term 
of limitation. 

ITaving thus described my invention, what 
I claim as new, and desire to secure by Letters 
Tatent, is 

1. In a traction-engine, the combination 
with the front axle of a trunnion - sleeve 
mounted thereon, a pedestal pivotally con 
nected to said trunnion-sleeve and having an 
inclined annular track, a turn-table pivotally 
connected to said pedestal and also having 
an inclined annular track and conical rolls 
interposed between the turn-table and the 
pedestal, substantially as described. 

2. In a traction-engine, the combination 
with a pair of steering-wheels, of variable in 
dividual gear mechanism for said wheels and 
whereby said wheels may bc caused to rotato 
at different relative specds, the individual 
gear mechanism for each of said wheels com 
prising a disk or wheel suitably connected 
With its corresponding steering-wheel and a 
pair of rolls or gears located upon opposite 
faces of Said disk or wheel andl suitablo con 
nections between said rolls or gears and the 
Source of power, substantially as described. 

3. In a traction-engine, the combination 
with a pair of steering-wheels, of variable in 
dividual gear mechanism for said wheels, the 
gear mechanism for each of said wheels coin 
prising a friction disk or wheel connected with 
its corresponding drive-wheel and a pair of 
friction drive-rolls located upon opposite sides 
of said friction (lisk or wheel, and suitable 
connections between the pair of friction drive 
rolls at each side of the machine, substan 
tially as described. 

4. In a traction-engine, the combination 
with a pair of steering-wheels, one located on 
each side of the engine and connected in a 
manner permitting their plane of rotation to 
be shifted with respect to the engine, of vari 
able individual gear mechanism for said 
wheels and whereby said wheels may be 
calised to rotate at different relative speeds, 
Said individual gear mechanism for each of the 
steering-wheels comprising a friction - disk 
Suitably connected there with, friction drive 
rolls arranged upon opposite sides of said fric 
tion-disk, shafts whereon said friction drive 
rolls are longitudinally adjustable and suit 
able lever mechanism for shifting said fric 
tion drive-rolls, and suitable connections be 
tween the shafts of said fiction drive-rolls 
and the source of power, substantially as de 
scribed. 

5. In a traction-engine, the combination 
With the front and rear wheels, of differen 
tially-operative driving mechanism and a 
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common source of power who reby both said 
front and real wheels are driven, said di??er 
entially-operative driving mechanism serving 
to impart different relative speeds to the pairs 
of front and rear wheels, whereby the pair of 
front wheels may be caused to travel faster 
than the corresponding rear wheels, substan 
tially as described. 

{3. The combination with the front and rear 
wheels, of variable gear mechanism for each 
of said wheels and whereby the pair of front 
wheels may be caused to travel faster than 
the corresponding rear wheels and a common 
source of power with which said gear mech 
anism is suitably connected, substantially as 
described. 

7. The combination with thc front and real' 
traction-wheels, of variable gear mechanism 
for each of said wheels, and whereby the pair 
of front wheels mayl)e caused to travel faster 
than the corresponding rear wheels, shifting 
mechanism whereby the speed of said gear 
mechanism is varied and a common source of 
power with which said gear mochanism is suit 
ably connected, substantially as described. 

S. The combination with the front, and rear 
traction-wheels, of variable geal mechanism 
for cach of said wheels, and whereby the pair 
of front, wheels may be caused to travel faster 
than the corresponding rear whecls, shifting 
mechanism whereby the specd of the gear 
mechanism of the front and rear wheels may 
be differentially varied and a common source 
of power with which said gear mechanism 
is suitably connected, substantially as de 
Scribedl. 

(). Tlho combination with front and 1'Cel' 
traction-wheels, of variable gear mechanism 
for each of said wheels and whereby the pair 
of front wheels may be caused to travel faster 
than the corresponding rear wheels compris 
ing wheels or disks and drive geal's or rolls 
movable radially with respect to said wheels 
or disks and means for shifting said drive 
gears or rolls radially with respect to said 
wheels or disks, substantially as described. 

10. The combination with the front and rear 
traction-wheels, of variable gear mechanism 
for each of said wheels comprising a fric 
tion-wheel, positively-driven rolls for impart 
ing movement, to each wheel and means for 
shifting said drive-rolls radially with respect 
to said friction-wheels, substantially as de 
Scribed. 

11. The combination with the front and rear 
traction-wheels, of variable gear mechanism 
for each of said wheels, comprising wheels or 
disks and positively-driven gears or rolls for 
imparting movement, thereto and shifting 
mechanism whereby the speed of the indi 
vidual gear mechanism is variod, said shifting 
mechanism comprising suitable rods and lo 
vers and a common shaft, whereby said rods 
and level's may be simultaneously operated, 
substantially as described. 

12. Thc combination with the front, and real 
traction-wheels, of variable gear mechanism 
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for each of said wheels, and whereby the pair 
of front wheels may be caused to travelfaster 
than the corresponding rear wheels, the gear 
mechanism of the front wheels of the ma 
chine being suitably geared together, sub 
stantially as described. 

13. In a traction-engine, the combination 
with the front wheels, of a vertical shaft for 
each of said front wheels and suitably geared 
thereto, a suitable block through which each 
of said vertical shafts passes, a frame con 
nected with said block and carrying gear 
pinions, a common source of power and suit 
able gear mechanism connecting said pinions 
with the source of power, substantially as de 
Scribed. 

14. In a traction-engine, the combination 
with the front traction-wheels, of individual 
vertical shafts for each of said wheels, gear 
mechanism connecting said shafts at their 
lower ends with the traction-wheels, suitable 
blocks through which said individual shafts 

pass, a shaft extending between said blocks, 
suitable frames pivoted to said blocks and 
through which frames the individual vertical 
shafts pass, suitable gear-pinions carried by 
said frame and gear mechanism connecting 
said pinions with the source of power, sub 
stantially as described. 

15. In a traction-engine the combination 
with the front axle, of sleeves swiveled there 
on adjacent the ends of the axle, individual 
yokes pivoted to said sleeves, saidyokes pro 
vided with bearings, and shafts mounted in 
said bearings and connected by suitable gear 
ing with the traction-wheels, said sleeves al 
lowing for the front and rearward movement 
and said yokes allowing for the lateral move 
ment of the parts. 

STEPHEN B. GRAY. 
Witnesses: - 

GEO. P. FISHER, Jr., 
ALBERTA ADAMICK. 
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