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TUNNELING-MACHINE.

Na. 810,5600.

Specification of Letters Patent.

Patented Jan. 26, 1909,

Application filed January 13, 1908, Serial No. 410,689,

o .all whom H -may concern:
Be it ‘known -that I, CHARLES A. CASE, &

«itizen of the United States, and-a resident of
the 'borough of Manhattan, in the city and

8 countyof New York and State of New York,
~ heave invented a certain new anduseful Tun-
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neling-Magchine, .of -which -the following 1s a

sapectfioation.

Thisinvention relates to means for disinte-
arating rock and other materials, by sud-

denly changing ‘their temperature and then
by concussion, hammering or rasping e:fect-

ing itheir disintegration. | .
To carry.out the invention means are pro-

vided for heating and suddenly cooling or

chilling the material to be operated.upon and
subjecting it to the force of blows.

'The invention is.exemplified in a tunneling
machine, which may be constructed to dig

tunnels of various cross-sections.

Figure 1 represents a longitudinal section

of a tunnel with a side elevation. of a tunnel-

ing machine exemplifying the invention, Fig.
2 gshows a plan view of Fig. 1, Fig. 31s.an end

view of Fig. 1, I'ig. 4 represents an enlarged

portion of Fig. 1, Fig. 5.shows an.enlarged
partial section of ‘Fig.:1 on theline 5, 5, Kig..6
1s a partial section of Fig. 4 on the line 6, 6,
Fig. 7 is a partial section of Fig. 6 on the line

7,7, Fig. 8 represents a partial section of Iig.
4 on the line 8, 8, Iig. 9 shows a partiial sec-

tion of Iig. 4 on the line 9, 9, Kig. 10 repre-
sents a view similar-to Fig. 4 with a modifi-
cation, Fig. 11 is a partial section simiiar to
Fig. 5 showing the modification of ¥ig. 10,
and Fig. 12 is a partial top view of Ing. 11
partly in section.

Referring to the drawings a tunneling ma-
chine with the invention i1s represented 1n a
tunnel 20, and consists essentially of a power
truck 21, a hammer truck 1356 and appurte-
nances connectine the same. Means are
shown for heatine and cooling the rock or
other material to be disintegrated with the

Dblows of the hammers of the hinmmnmer truek.

Carbons{or electric ares are shown ez heating
mmeans, but petrolewm lamps, sas jets or
other hesting appurtenanees may he used.
Streams of water are described for cooling
imeans, but refrigerated air, liquid air orother
refrigerants may-be emploved.

The power truck 21 comprises the paivs of

-

the tracks 30. Flooring 25 covers the sills
22 and vertical parts 26, 27 as also the in-
clined braces 28 extend up from said sills.
The post and said braces support thepairs.of
upper side sills 29. To the pests 27 are
journaled the upper guide rollers 35, 36 and
the lower guide rollers 37, 38. The guide
rollers 36 .and 38 have grooves 39 .an their
cylindrical surfaces. In the posts 26 are
journaled the upper guide rollers 40, upper

' Teeding pinions 41, the lower guide rollers 42

and lower feeding pinions 43. DBetween the
upper guide rollers 35, 36 the upper guide
rollers 40 and upper {eeding pinions 41 are
supported the hollow feed arins 34, 44, and

feed arms 45, 46 are supported between the

lower guide rollers 37, 38, lower guide rollers
42 and the lower feeding pinons 43. A pawr
of conductors 53 extend from main feed
wires 54 for conducting an électric current-to
the motor 47. The motor47 is supported on
the platform 25, its armature shaftsupport-
ing a pulley 48, which by means of the belt
49 is connected -to the pulley 50, fpstened on
the shaft 51, which latter 1s journaled in
journal brackets 52:secured to-the inner upper
gills 29. :0On the shaft 51 .18 fastened the
pinion 55 the feeth of which mesh with -the
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teeth of the spur gear 50 fastened to.the

shaft 57 journaled in journal brackets 58
that are supported on the inner upper sills

29. .On the shaft 57 are journaled the verti-

cal bevel gears 59, 60 that each mesh with
the horizontal bevel gear 1. fastened to the
worm shaft 62.
on the shaft 57 and 1s connected to a lever 64
that is fulerumed on a pin 65 extending Irom

a bracket 66 fastened to one of the.sills 29.

The worm saaft 62 carries the upper wormn
67 and lower wornm 68, which respectively
mesh with the upper worin wheel 69 fasteiied
to the shaft 70 and the lower worm wheel 71
fastened to the shaft 72. On the shaft 57

are fastenaed the bevel gears 75 each ol which

agears with a bevel gear 76, fastened to the
horizontal shafis 77, journaled in the journal
brackets 78, 79 earried by the upper sills 29.
The horizontal shafts 77 areprovided with the
gplines 80 that enzace the bevel pears 81, the
teeth of -whiclhy mesh wath the teeth of the
bevel cears 82, Qne of the bevel gedars 82 1s
secured to the short vertical shaft 84, and the

Jower side sills 22 mountoed with the fruck | other is fastened to long vertical shaft 85.

whedls 23:that haverthe axles 24 and run on | Lo-the shafts 84, 85 are vespectively [astened

A cluteh 63 ellgages a spline
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a cross brace 140 to be explained.

gears 86, 87. In the
feed arms 34, 44 are journaled the shalts
90, 91 and the feed arms 34, 44, 45, 46
have racks 88 formed with their outer sui-
faces which mesh with the teeth of feeding
pinions 41,-43.

The shaft 90 carrics the bevel gear 92 that |

gears with the bevel gear 86, and the  {t 91
carries the bevel gear 93 that gears with the
bevel gear 87. Journal brackets 95, 96 arc

carried resgectively on the feed arms 34 and
44. 'The

racket 95 supports one of the
gears 81, the shafts 84 and 90, and the
bracket 96 supports the other bevol rear 81,
the vertical shaft 85 and the horizontal shaft
91. At the lower end of the vertical shaft &5
is fastened the spur gear 100, which gears
with the spur gear 101 journaled on a shaft

102, supported i the bracket 103 fastened to
the end of the feed arms 46 1he hracket

103 aise supports the lower end of the ver- |

tical shaft 85, and one end of 4 supporting
bar 105 in which latter are Journaled spin-
dles 106 that carry the overlapping circular
conveyel disks 107 - 1he spim!}ﬂs 106G carry
sprocket chain wheels 108 that are engaded
by the sprocket chain 109. The lutter is
driven by a sprocket chain wheel 110 [as-
tened to the shaft 102. The other end of the
supporting bar 105 is fastened to lugs 136 of
Scrapers
126 {astened to the bar 105 are located over
the disks 107 and disks 173 to be described.

On the shaft 51 is fastened a pulley 115,
which by means of the belt 116 is connected
to the pulley 117 fastened to the upper ele-
vator sﬁaft 118. 'The clevator shaft 118 is
journaled in the journal brackets 119 sup-
ported on the inner upper sills 290, To the
inner lower sills 22 are fastened brackets 120
in which is journaled the lower elevator shaft
121. 'lhe shafts 118 and 121, carry the elo-
vator wheels 122 for the elevator with the
buckets 123. A hopper 125 is fastencd to
one of the braces 28 and is located to receive
the discharge from the said elevator. On
each pair of upper sills 29 are located cross-
sills 13u that support serew jacks 131, which
bear up against the ceiling of the tunnel 20
and keop the driving truck in place whon op-
erating with the hammer truck.

The hammer truck 135 comprises the cross-
brace 140 with split bearings having the
jaws 141 and lugs 136. Axle pins 142 ox-

; tend from the cross brace 140 for tho truck

wheels 143, Colurans 144 are supported on
tho bearings of the cross brace 140, and are
connected by the horizontal eross braces 145,
146, 147, 148, 149, 150 and 151, and have
clamped thereto by means of tha holts 132
the brackets 133 that support the feed arms
o4, 24, 43, 48. 1ihe cross bars 145 to 151
have each formed therowith journal bearings
with the caps 152. The cross hraces 145,

146 support in their bearings hevinig she caps |

1 152 the hollow bearings 153 of the hammer |

r

179

1 149 and the bracket 201.

910,500

frame 160. A hammer frame 161 hgs the
hollow hearings 162, 163 which lattor are
supported in the bearings having the caps
152 of the cross-braces 147, 148.

A hammer frame 164 has the hollow bear-
ings 165, 166 which are supported in the
bearings having the caps 152 of the cross-
brace 149, 150, A hamuner frame 167 has
the hollow bearings 168, 169 which are ro
S{)ecti'm]y supported in the hearines having
the caps 152 of the cross-beaces 151 and 140

70

75

A vertical cam shaft 170 is supported i the

hollow bearings of the said hanuner {1 Hes
and Is held from vertical displacement. by
means of the collar 171, ‘Tle shaft 170 cap-
res the cams 172 and large convever disk
173, In the hammer framoes 160, 161, 161,
167 arc supported the hammoer spindles 175
cach of which have formed therewiih a loop
176 to allow the eam shaft 170 to pass there-
through. Eaci hammer spindle 175 has
[nstened thereon a collar 177, and a sSpring
78 bears between said collar 177 and a hoss
formed  with cacli of said hamer
[rames. Mo the hammer spindles 175 are
lastened the hammer supports 180 to whicly
are fastened the hamniers 181, { he Lamn.
mer [rames are connected by the brackets
182.

Between the cross-braces 148,149 there is

located around the shaft 1 7 the hollow bosg |

185 with the jaws 186, that engage with the
sinlar jaws formed with the hollow bearing
163 and 165 of the hammer frames 161, 161.
With the hollow boss 185 is formed the worm-
wheel sector 187 having the stops 188, 189
extending from its upper face.

On the shaft 91 is fastened the sprocket
chain  wheel 190 that catries the sprocket
chain 191, and the latter engages sproclket
chain wheel 192 carried on = spindle 193
journaled in a journal bracket 194 extend-
Ing up from the cross-brace 149. Journal
brackets 200, 201, 202 are formed with the
cross - brace 149 and support the horizon-
tal worm shaft 203.  On the latter shaft are
journaled the bevel gears 204, 205 which
gear with the bevel gear 206 fastened to (he
spindle 193. A worm 207 is formed on the
worm shaft 203 and meshes with the worm
wheel sector 187, Secondary brackets 208,
200 oxtend respectively from the cross-brace
_ A shifter rod 210
Is supported in the said secondary brackets,
and has the ¢nds 211, 212 at richt ancles to
the body thereof.
of the stops 188, 189, and to the end 212 1s

| secured a jaw clutch 214 that can Inove on
& spline connected to the worm shaft 203.

On the shaft 90 is fastened a enrocket

| chain wheel 220 which is connected to. a

second sprocket chain wheel 221 by means
of the sprocket chain 222, The cross-brace
147 has formed therewith a journal bracket

The end 211 is in the path
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223 in which is journaled the spindle 224,
that carries the sprocket chain wheel 291,
and also the bevel gear 225. The gear 225
gears with a bevel gear 226 fastened to the
shaft 170. A spur gear 227 fastened to the
shaft 170 gears with the spur gear 228

Journaled on a pin 229 extending from a

10

oss 230 formed with the hamer frame

161.  From the boss 230 extend the j ournal
brackets 231, 232 which carry the spindle
- 233.  A-bevel gear 238 on the spindle 233

15

290
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meshes with the bevel gear 239 that is fas-
temed to the spur gear 228,
233 are {astencd the disks 240, 241, from
which latter extend pins 242, 243 that carry
the links 244, 245. The lower ends of said
hnks are pinned to the arms 246, 247 which
are fulcrumed on pins 248 extending from
the hammer frame 161. The outer ends of
the arms 246, 247 are pinned to the links
250, 251 which in turn are pinned to the
¢ross-heads 252, and to the latter are fastened
the receptacles 254 for holding the heateis
with carbons 255. Conductors 520 conduet
electric current from the main conductors 53
to the carbons 255. The cross-heads 252
move on the vertical guide rods 256 that are
fastened to the brackets 257 extending from
the hammer frames. The cross heads 252
are connected by links 258, To the hammer
frame 160 is secured the bracket 260 which
supports the nozzle end 261 of a hose 262
and which is adjacent to upper most ham-
mer. | |

“To operate the invention and referring
first to Fig. 1the apparatus is shown in POSI-
tion alter the hammer truck 135 has moved
to the end of its forward stroke. Next the
screw Jacks 131 are lowered and the driving
truck 21 is moved {orward or to the richt on
the tracks 30, after which the said screw
Jacks are again placed in position to sceurely
hold the driving truck 21 in place. The
motor 47 1s then started and rotates the pul-

ley 48 which communicates its rotation to :

the pulley 50 on the shaft 51. The pinion
85 rotates with the shaft 51 and its teoth
meshing with the teeth of the gear 56 votates
the shaft 57, which loosely supportine the
bevel gears 59, 60 cominunicates rotation to
etther one, depending upon the location of

the cluteh 63, the latter being moved to en- -

gage either one of said bevel gears 59 and 60

by means of the handle 64, Either of the

bevel cears 59 and 60 can communicate
its rotations to the horizenta! Devel oear
61 which is fastened to the worm shalft (2,
s0 as to rotate the latier, |

When the driving fruck 21 and Lammer
truck 135 are adjacent o oach other, the

wormm shaft 62 9s rofated to push forwnrd |

Lhe soid heunower truck, wlich is aeeom-

pherhed by the worms 67, C8 potatine thoe |

wortn wheels €6 and 71, When the latter

> wheels rotate the feeding pasrgns 41 and 43

On the spindle-

——

- meshing with the racks 88 on the feed arms 34

to 46 push forward the hammer truck with its
appurtenances. ‘Lhe rotations of the shaft
57 by means of the bevel gears 75, 76 are
communicated to the shafts 77, which latter
rotate the bevel gears 81 and therewith the
vertical shafts 84, 85. 'l he shaft 84 thirough
the bevel gears 86 and 92 rotates the hori-
zontal shaft 90. The shaft 85 through the
bevel mears 87 and 93 rotates the hornzontal
shaft 91.. The vertical shaft 85 through the
spur gears 100, 101 rotates the vertical shaft

102 having the sprocket chain wheel 110,

and the latter by means of the sprocket
chain 109 rotates the sprocket wleels 108 on
the snindles 106 of the conveyer disks 107.
The shaft 51 by means of the pulley 115 and
belt 116 rotates tl.e upper elevator shaft 118,

and thereby the upper elevator wleel 122 and

consequently the elevator with tle buckets
123.  Thehor zontal shaft 90 by means of the
sprocket wheel 220, sprocket chain 222 and
sprocket chain wheel 221 rotates the spindle
224.  The Iatter carries the bevel gear 225
that rotates the horizontal bevel gear 226

with the vertical shaft 170. Cams 172 on the

shaft 170 bear against the collars 177 during a
portion of each rotation of tle vertical shaft
170, and thereby compress the springs 178.

During the intervals that the cams 172 are
free from the collars 177 the springs 178

again assume their normal lengtls. Tle
compression of tle springs axially moves the
hammer spindles 175 in one direction, and
when they are again extended move the said
spindles 1n an opposite direction, by virtue
of which the hammers 181 are reciprocated.
The hammers strike against the rock or other
material operated upon. The shaft 170 alsd
rotates the large conveyer disk 173,

The horizontal shaft 91 with the sprocket
chain wheel 190, sprocket chain 191 and
sprocket chain wheel 192 rotates the spindle
193, which latter through the bevel gear 206
communicates rotation to both tle bevel
gears 204 and 205. The jaw cluteh 214 on
the worm shaft 203 can be locked with either
one of the latter bevel gears, rotating the
worm shaft in opposite directiors.
worm shaft 203 cscillates the worm sector
187 1 one direction until the end 211 or-
rages with one of the stops 188 or 189,  In
Fie. 9 the stop 188 will first come in contact
with the end 211 and throw the cluteh 214
into encagement with the cluteh on the bevel
gear 205, which will reverse the rotation of
the worm shaft 203 until t]e stop 189 comes
Into contact with the seid end 211, The
reversals of the worm secetor 187 are {rans-
mitted to the hollow FBearinges 13, 165 of
the hammer frames 161 and 164, and the
[atter being i connection with all 1] @ other
hammer frames, are conseauently swung and
reversed  ngainst the rock while they are
striking blows.

The
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The shaft 170 by means of the spur gear
227 gearing with the spur gear 228 rotates
the bevel gear 239 and consequently the
bevel gear 238 with the spindle 233 and the
latter rotates the disks 240, 241. The roia-
trons of the digk 241 move the link 245 which
oscillates the arm 247, which latter by means

ol the link 251 reciprocates the link 258 that
s connected with one hne of cross-head 252,

The disk 210 moves the link 244 which oscil-

fates the arm 246 which with the link 250
reciprocates the other link 238 aund conse-
quently the other hine of cross-heads 252,
The cross-heads 252 bemne m connection
with the receptucles 254 holding the heating
appurtenances, 1 tids case carbons, :iare
vertically reciprocated against the rock while
the hammers are in operation. D
The alternate heating and cooling of the
rock makes 1t brittle, and the blows of the
hammers distntegrate the brittle portions of
sakd rock which fall on the large conveyer
disk 173 of the hamiwer truek rom which
they are taken by the convever disks 107,
and from the latter are elevated by the
clevator and discharced mto the hopper
125, and from which latter they are londed

it any form of receptacle 1o bhe taken away,

In Figs. 10 to 12 wiich represeift a ol
cation of the upper portion of the hanimer
truck there = shown a ercss-hrace 300, Lav-
ing the split siceves 301 that areclamped o
the eolimns T by means of holts 302 pmeh-
ing the fugs 303, Wit the cross-brace 300
are formed the Jonrnal hrackets 304 havine
the bearings 305 [or the spindies 506, In
one of the brackets 304 13 formed the boar-
e 307 for the spimdale 308, The eross-hrace
300 slso earries the journal bearmgs 309 for
the shiaft 310, On one of the spinales 306 13
journeled thespur gear3s1h the teethol s luch
mesh with the tecth of the spur gear 516 sup-
ported on the :-;]l)illi“ﬂ 308, 1he spur gear
316 pears with the spur gear 317 Tastened to
the shaft 310. A hevel pear 318 fastened to
the shaft 310 gears with the bevel gear 319
that is journaled on the pin 320 secured
the bracket 321 fastened to the cross-hraee
300. A sprocket chain wheel 522 05 Tastened
to the bevel genr S19, and by means ol the
sprocket chan 32 connected with »
sprocket chnin wheel 524 fastened to the hori-
zontal shaft 91,

A bammer frame 330 has the eonneeting
sidde cheeks 331, bygmeans of whichat s sup-
ported on the spindles 3060 4 bevel cear
332 1s fastened to the spur gear 315, nd [ e
teeth thercof mesho witho the teethi of tiwe hevel
rear 333 journaled onoa pin 351 extending
from the top member of the hmmmer Drame
330.
bevel cear 333 and gears with aspue gear 334G
fastened to the eam spindle 557, joumaled
the hammer feame 330, Onthe pinss4isful-
crumed the bracket 340 Lo whach s bolted the

'H’.h_..-.d-

q'i b

A spur gear 335 15 {ostewed to the
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316 and 310 votales the bevel gear
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receptacle 341 that carries the heating means.

In the bracket 340 is formed an elongated

slot 342 which engages with a pin 343, ex-
tending from the top face of the spur gear
356, In the frame 330 is supported a ham-
ner spindle 350 sumilar to the hammer spin-

cde 1750 On the enm spindle 337 there are

Pastened the cams 301 sinlar to 172, and on

the ena of the hammer spindle 350 1s fastened
nosegmental huimnmer support 352 to which
latter arg fustened the secmental hammers

Ly |-—‘r v
t)!)l, "

- To the teed arm 34 1s elamped the bracket
133 which supports the bracket 458 that car-
1tes the pin 459 engaging with an elongated
opening 460 in the lever 461, A link 470
connects the other end of the lever 461 with
the hammer {rame 330,  On the said bracket
15 also bolted the journal bracket 462 for the
spindle 463 carvying the sprocket chain
wheel 464 with wluch is engaged the sprocket,
chain 465, aud the latter engages with a
sprocket cham-wheel 466 on the horizontal
shaft 90, In the lever 461 is formed an
clongated slot 467 wlinch engages with a pin
168 extending from a disk 469 supported on
the spmadle 463,

The objeet of the deseribed modification

13 to form an arched-roofed tunnel, and its

mode of operation is as follows: To give mo-
tion to the hammers 353 and their appurte-
natces the sprocket chain 323 transmits ro-
tation from the horizontal <haft 91 to the
spinele 320, the rotation of which Iatter is
cominunicated  to the spmdie 310, The
spindie 310 throush tne tram ol cears 317,

337 the
(eeth of the Intrer mesting with the teeth of
the bevel cear 3553, rotates the spar gear 335,
whiteh Intter by means of the spur gear 336
rotates the cam spindle 337, and there is

thereby operated or reciprocated the hame

mer spindle 330 with the seemental ham-
mers 353, While the hmmmers are recipro-
cating the receptocle 341, with the heating
nicans 1s osetllated or swung by the action of
the pin 343 with the braeket 340, " The ham-
mer irame 350 with the hammers aml appur-
tenancees 13 swune on the spiodles 306, by
virtue of the hovizontal shaft 00 through the
sprocket cham wheel 466, chamm 165 and

clstin wheol 4640 rotadine the 5}}5:1:!1@ 463,

The Iatter spnulle rotates the dhizk 469 the
pin 468 of which enangme the elongated slog
167 osciliates the dever 461, and which
throueh the link 170 swings or oscillates the
hampier frame 330 o vertieal plane.

[t is evident that wilh slight modificg-
tions tunnels can be due with the hammaers
of the machime vscithitin™ in either horizon-
tul, verticad or inclined piames,

Having deservibed my invention I claim:

1. In s machine the combination of means
{o heat a matertnl, means to chill said ma-
terinl, the heating and chilling alternating
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with each other and means to strike blows |

against said material to disintegrate the
same. |

2. In a machine the combination of mov-
able means to heat a material, means to chill
the material, the heating and chillimy alter-
pating with cach other, and movable means
to strike idows against said material to dis-
mtegrate the same.

3. In a machine the combimation of meaus
to heat a materiad, means to chill the ma-
teriad, the heatimg and chilling alternating
with each other, & hammer truck m the ma- .
chine, a hammer o =aud truck, means to
move sald hammer over the surface of said
material, means to reciprocate 1he hammer
to strike blows against said material to dis-
integrate the same. |
4. In a machine the combination of mov-
able means to heat a material, means to chiil
the material, the heating and chilling alter-
nating with cach other, a hammer truck m
the machine, o hammer on said truck, means .
to move said hammer over the surface of the |
said material, and means to reciprocate the
hanuner to strike blows deainst sald material
to disintegrate the same. |

- 5. In a machine the combination of means -
o heat a material, means to chill the ma- |
terial, the heating and chilling aliernating
with each other, a hammer truzck m the ma-
chine, a hammer frame on the truck, means
to swing said frame, a hammer supporied by
means of sakl frame, and means to recipro-
cate the haminer to strike blows agamst the
material to disinfograte the same.

6. In a machine the combination of recip-
rocating means to heat aomaterial, means to
chill the material, the heating and chilling
alternating with esch othor, a hammer trucl
in the machine, hammer frames on the traek,
means o swing said {rames, o hawmer sup-
ported by cach {rame, and means o reeip-
rocate each hammor to sirike blows against
said material to disintegrate the same.

el ek s el T— ke — | —— —

7. In a tunneling machine the coimbina-
tion of reciprocating menns to heéat a -

terial, means to chill the ymaderial, the heat-
ing and chillive aliernating with eaciv oiher,
4 hammer truek o e maciune, hammer
[Fates on the triuck, connections hetween the
[rames, means fo swing sald frames, o ban-
mer spindle supported on each hammer
frame, a hammer connectod  withe each
spindle, and means to reciproeate vach lam-
mer spindle and thereby strike blows agminst
the material with the hammers to deante-
orate the material. |

8. In a tunneling machine the combin-
tion of a hammer truck, reciproeating means
on the truck to heat the surfuce of rock
operated upon, means to chill the rock, the
heating and chilling alternating with ecach
other, means to move the truck, a plurality
of hammer frames supported on said truck,

connections between satd franes, a hammer
spindle supported on each hammer fraine, a

hammer connected with caciv spindle, means

to swing the hammer [ranies with thoir ap-
mirtenances, and other means Lo reciprocate

the huummer spindles with their hammers to

«trilo Biows against the roek to dismtegrate
fiie Name,
9. In o tuuneling machine the combina-~

tion of means to heat the material operated

upon, means to chill saxd maternal, the heat-
e and chilling alternating with each other,
a hammer truck in the machine, hammer

frames on the truck, means to swing said

frames, reciprocating hammer spindles car-
ried on the frames, hammers on said spindles
to strike blows against the sald material to
disintegrate the same, and means to take

way the material after having been disin-
tograted.

10. The combination in & tunneling ma-
chine of means to heat the material operated
upon, means to chill said material, the heat-
ing and chilling alternating With each other,

' a hammer truck in the machine, hammer

frames on the truck, means to swing said
frames, reciprocating haminer spindles car-
ried by the frames, hammers on said spindles
to strike blows against the material to Jdisin-
tecrate the same, a rotary shaft supported
in the truck and a conveyer connected with

| said shaft.

11. In a tunneling machine the combina-
tion of a power truck and a hammer truek,
fee ] arms connecting the power truck and
banuner truck, racks extending from some of
the feed arms, and feeding pinons ournaled
on the power truck gearing with said racks,
reciproratine hammers on the hnmmer truck,
reciprocating  heating  means agjacent fo
the hanimers, eooling means on the ham-
ner troek, rotary shafts  connecting the

powar triek and hesmer truck, conneetions

hotween sald rotary shafts and satd hanuners
aiud heating means.

1. In a tunneling macliine the combina-
tion of a power truck and a hammer truck,
‘oed arms extending from the hammer traek
Lo the power truek, racks extending from the
foed arims, feeding pintons on (he power fruek
meshine with said racks, o plurndity of ham-
mer franmes fulemmed in the fsonmer truck,

Ceonnections between the brumes, g rotary

shaft extending from the power truck to the
Lanimer truek, o worm shalt on the latter
ek, connections between the rotary shaft
aned (he worm shaft, means to reverse the
direetion of rotation of the worm shaft, a
worm wheel sector fulerumed i the hamimer

el meshing with the worm shalt, o recip-

rocating hamimer supported on each hammer
[rame, and movable heating means adjacent
to each hammer frame.

13. In a tunneling machine the combina-
tion of a power truck and a hammer truck,
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feed arms extending from the hammer truck 1 )
' fastened to the hammer truck and guided
- on the power truck, connections between the

to move the hammer

to the power truc
from the

truck, a rotary shaf., extendin
ower truck to the hammer truc :
amimer frames on the hammer truck, a re-
ciprocating hammer on each hammer frame,
ruide rods connected with the
rames, cross-heads on the guide rods, heat-
Ing means connected with tie cross-hieads, a
spindle journaled on one of the hammer
frames, connections between said spindie and
sald rotary shaft, a disk on said spindle and
hnked connections between said disk and one
of sald cross-lieads to reciprocate the latter.
14, In a tunneling machine the combina-
tion of a power truck and a hammer truck,
reciprocating swinging hammers and recipro-
cating swinging lieating means on the ham-
mer truck, chilling means connected with {he
hamuier truck, a conveyer extending be-
tween the trucks and means to operate the
conveyer.

tion of a power truck and a hanmer truck,
leed arms fastened to the hammer truck and
guided on the power truck, a source of
ower carried by the power truck, means
Letween sald source of power and the feed
AIms 1o move the same relatively to the
power truek, a pair of rotary shidably sup-

ported shafts on the power truck, Swinging

reciprocating hammers on the hamunier truck
actuated by one of said rotary shafts, SWINg-

ing reciprocating heating means on the ham- |
mer truck actuated by the other of said |

rotary shafts, and connections between said
rotary saafts and said source of power.

16. In a tunneling machine the combina-
tion«of a power truck and a hammer truck, a
pair of hollow feed arms fastened to the ham-
mer truck and guided in the power truck, a
rotary shaft supported in each feed arm. s

motor on the power truck, connections be- |

tween said motor and each feed arm to move
the hammer truck, connections lietween said

motor and each of said rotary shalfts, swing- |

Ing reciprocating hammers on the haminer

truck, connections between the hammer s ald

one of the said rotary shafts, swinging re-
ciprocating heating means on the hammer

truck, and connections hetween said means

and the other rotary shaft. |
17. In a tunneling machine the comhina-

tion of a power truck and a hammer truck, |

swinging .

-means to hold the power
hammer frames on’
‘the hammer truek, norizontally reciprocat
- 1ing hammers in the hammer frames, con-
- nections between the hammer frames and
the reciprocating hammers with the said mo-

haminer

- relatively
5. In a tunneling machine the combina- |

810,800

& motor on the power truck, feed aring

feed arms and said motor to move the ham-
mer truck relatively to the power truck,
truck in place,
horizontally swinging

tor, vertically reciprocating heating means

on the hammer truck, and connections be-

tween the latter means and the said motor.
18. In a tunneling machine the combing-

' tion of a hammer truck, a hammer frame

fulerumed on said truck, means to oscillate
the hammer frame about a verticul axis, g
reciprocating hammer on the said hammer
frame, heating means on the hammer frame
and means to oscillate said heating means
to said hammer frame.

19. In a tunneling machine the combina-
tion of a power truck and a hammer truck,

 feed arms fastened to the hammer truck and
guided on the power truck, a source of power

on the power truck, connections hetween the

. source of power and the feed arms to move

thie hammer truck relatively to the power
truck, rotating conveyer disks and scrapers
extending from the hammer tiuck to the

power truck, and connections between the

source of power and said disks.

20. In a tunneling machine the combina-
tion of a power truck and a hajnmer truck,
means to move the hammer truck relatively

' to the power truck, a rotary vertical shait

journaled on the hammer truck, a large con-
veyer disk secured to the vertical shaft be-

- low the hammer truck, a scraper above said

large conveyer disk, a plurality of overlap-
g conveyer disks below and extending
Letween the said trucks, scrapers over the
sald overlapping disks and one of the latter
under the large conveyer disk, reciprocating
hammers carried on the hammer truck, and
heating means carried on the hammer truck.

Signed at the borough of Manhattan, in
the county of New York and Stute of New
York -this 8th day of January, A. D. 1905,

_ CHARLES A. (CASE.
Witnesses:
ARTHUR Mariox,

M. H. Cooxk.
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