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1o all whonm it may concern.: ,

Be it known that I, James O. Mack, a
citizen of the United States, residing at
Alexandria, in the parish of Rapides and
state of Louisiana, have invented certain
new and useful Improvements in Tunmnel-
ing Apparatus, of which the following is a
specification. _

The present invention represents a de-
velopment of that type of tunnel excavating
apparatus disclosed in my co-pending ap-
plication Serial Number 221,703, filed
March 11th, 1918, these improvements hav-
ng as their object the combination with the
excavating instrumentalitiés of means for
applying a lining to the excavation as the
operation proceeds. Involved in this ar-
rangement is the further combination of
means for conveying the lining elements
continnously to the machine and to the ap-
plying means aforesaid so that the tunnel
1g driven and lined automatically at a high
rate of speed.

Fore specifically my invention consists in
the combination with excavating instru-
mentalities driven from a suitable source of
power, of conveying means for removing
the material to the exterior of the tunnel
as’it 1s excavated, and including means ‘for
conveying into the tunnel a series of lining
members, and mechanism normally inactive
but designed to be brought into play inter-
mittently by these lining member them-
selves as they reach the approximate point
of application, said mechanism being
tripped to establish operating connection
with the power to thereby elevate the par-
ticular lining member from the conveying
mneans into wall engaging position.

A not unimportant object of my present’

device is to provide novel excavating means
which are so constructed as to very mate-
rially aid in facilitating the rapidity of cut-
ting action of the cutfers by utilizing pe-
culiay ribboning knives which act upon the
earth previous to the removal by the shovels.
A still further object lies in the provision
for quickly detaching the main cutter head
from the apparatus so that the latter may
rin rearwardly out of the tunnel if need be,
without displacing the lining.

Among other objects may also be men-
tioned the provision of special conveying
means for the lining elements so constructed
as to retain the lining members in slightly

contracted form: until they are separated
from the conveying means by the applying
mechanism heretofore referred to and al-
lowed to expand, and in so expanding auto-
matically attach themselves to the wall of
the excavation.

These and such other objects as may here-
inafter appear are attained by the novel
construction, combination and arrange-
ment of parts to be hereinafter specifically
described and claimed. Reference will now
be had to the accompanying drawings form-
ing -a part of this specification, wherein :—

Ifigure 1 is a longitudinal sectional view
through the forward portion of an excavat-
ing machine constructed in accordance with
the present invention;

Fig: 2 shows an elevation of the rear por-
tion of the apparatus and the forward end
of a conveyer unit attached to the machine;

Fig. 3 is also a side elevation showing a
further portion of the trailing conveyer
used with this device;

Ifig. 4 is a top plan view of that portion
of the apparatus shown in Fig. 1;

Fig. 5 1s a top plan view of that portion
of the apparatus which is shown in Fig. 2,
certain. parts being omitted for the pur-
poses of clearness;

Iig. 6 is a front elevation of the cutting
instrumentalities; .

Fig. 7 is a vertical sectional view taken
about on the line indicated by the line 7—7
ot I'ig. 1, one of the cutting elements being
omitted ; )

Tig. 8 is a perspective view of a carrier
block for the liners;

Fig. 9 is a diagrammatic view in per-
spective of contiguous end- portions of the

conveyer showing more clearly how the

liners are transferred from one conveyer
unit to the next; »
Tfig. 10 is a side elevation of one of the

‘ribboning knives for the excavators;

Fig. 11 is o front elevation of one of said
knives. - . :

Throughout the following detail -descrip-
tion and on the several figures of the draw-
ings, similar parts are referred to by like
reference characters.

It will be understood that the apparatus
which forms the subject matter of this in-
vention is especially designed for excavating
beneath the surface of the ground and has
a wide range of utility in work of this
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character. It should be stated, however,
that my object is more especially to provide
a machine which is useful in war opera-

tions along lines which have been specified

in my previous application hereinbefore re-
ferred to. It further possesses advantages
for providing for communication with the
first line trenches, with dugouts, with am-
munition dumps access to which over the
surface is practically impossible under pres-
ent methods of warfare owing to the ex-
posure incident to bringing up of the sup-
plies to the points referred to. Owing to the
fact that the present machine is capable of
excavating a relatively small bore at a con-
siderable speed, its value in this type of
operation will be apparent to those skilled
in the art to which the invention appertains.

With this explanation and referring par-
ticularly to Fig. 1, it will be observed that
the machine proper is carried by a suitable
frame mounted upon caterpillar members 1,
the frame supporting a shiftable beam 2 by
means of which the direction of excavation
either upwardly, downwardly, or lateraliy,
is controlled by devices hereafter more spe-
cifically pointed out. The apparatus car-
ries a high power motor 8 which is supplied
with current from a suitable source of
power preferably arranged at the entrance
to the excavation. - The power is taken off
from - said motor at its rear extremity
through the worm 4 and the jack shaft 5
which transmits motion to longitudinal

‘shafts 6 one at either side of the machine,
“and in turn to the vertical shafts 7 at the

forward portion of the apparatus. These
latter shafts are so constructed as to permit
of relative movement of the beam with re-
gard to the supporting frame. Tor the pur-
poses of convenience 1 provide main clutches
designated 8 for the shafts 6 which are op-
erated by the rod 9 from a point convenient
to the seat 10 for the operator. In addition
to said main clutches by means of which
drive to the caterpillar is entirely discon-
nected from the motor, I provide auxiliary
clutehes 11 which- permit of independent
control of the caterpiliar elements for re-
versal or forward drive of both or each.
Directional changes of the apparatus may
be effected somewhat after the manner of
the apparatus in my previous application.
the beam being pivotally mounted upon the
axis 12 at the forward end of the frame for
vertical movement and being pivotally con-
nected by the king bolt 13 (see Fig. 7) for
Jateral shifting. Vertical movement is im-
parted to this hbeam by any suitable lifting
jack arrangement through the instrumental-
ity of the clutch control 14 operated by the
manual shifting means 15 so as to operate
the rack and pinion 16 through the shaft 17
from the motor drive. '
Passing now to the excavating instrumen-
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talities, I employ two distinct excavators—
the inner cutter 18 and the cuter or annular
cutter head 19. The first mentioned cutter
comprises preferably three shovels desig-
nated 20, each of which at its cutting edge
is provided with a series of peculiarly
shaped ribboning knives 21, shown most
clearly in Figs. 10 and 11. The object. of
these knives is to cut the earth into strips
so that the shovel following will scrape the
loosened earth and carry the same about the
axis of the cutter for dumping it upon the
conveyer to be mentioned hereinafter.

The construction of this cutter is such that

when the rearmost shovel is in the position
shown in Fig. 1 it receives the earth irom
the uppermost shovel upon its bottom and
thus each shovel in its turn acts to transfer
the excavated material into the conveyer.
This excavator operates about the trans-
verse axis 22 which is actuated through the
instrumentality of the inclined shafts 23
through worm and gear connection indicated
24, power being furnished by the motor 3
and taken off at the forward end of the same
through the worm 25 and transverse shaft
26. This excavator, it should be further-
more noted, is designed to excavate a rela-
tively small bore while said bore is enlarged
by the outer annular cutter 19 now to be

“more specifically described.

The said last mentioned cutter is likewise
at its cutting edges provided with ribboning
knives 217 and said cutter is mounted upon
an annular frame piece 27 which is pro-
vided with suitable anti-friction rollers 28
operating in the chanunel 29, said cutter head
being detachably connected through the in-

strumentality of the levers 30, a suitable

number of these being provided, each hav-
ing a pin 81 which passes through and into
the channel piece 29 which piece, it will be
observed, is iuternally toothed as indicated
at 82 to provide a rack by means of which
the cutter head is operated from the motor 3
through the shafts 33 having driving con-
nection with the worm 25 through the lower
transverse shaft 34. :
Mounted upon the frame 27 at the top
thereof is a segmental cam 35, best seen .in
Tig. 7. This cam is pivotally mounted upon
the shaft 36 and has connected to its lower
end an actuating rod 37 connected with
the hand lever 88 so that whenever it is de-
sived to disconnect the cutter head from the
apparatus this segmental cam is shifted
until it lies in the path of the levers 30 above
described. The free ends of these levers ride
upen the cam and pull their respective pins
31 out of the channel piece 29 allowing the
eutter head to fall froin its place when the
machine is rearwardly moved with respect
to said cutter head. '
The dirt or excavated material from these
excavators is deposited upon the flight con-
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veyer, indicated generally at 39, where it is
removed to the rear portion of the appa-
ratus and domped upon the trailing con-
veyer the forward portion of which is
seen in Fig. 2 and indicated 40. At this
point it may be desirable to mention that a
guard plate 41 is arranged at the forward
extremity of the main conveyer 39, mounted
upon the beam 2 so as to codperate with the
excavator 18. This plate is suitably notched
ag indicated at 42 so as to permit the passage
of the ribboning knives 21 therethrough
during the rotation of the excavator. This
plate therefore constitutes a cleaner- for
these mives and insures that the excavated
material will be transferred onto the con-
vever 39 as described.

Ag in my previous application, the trail-
ing conveyer consists of a series of units
having pivotal connection one with the other
and at the forward extremity of the com-
plete conveyer it is also pivoted to the rear
portion of the excavating apparatus itself.
The conveyer is actuated through operative
connection with the motor 8. In the partic-
ular disclosure this drive is obtained indi-
rectly from the caterpillar drive by means
of the worm and gear connection indi-
cated at 43 (see I'ig. 2), and the longitudi-
nal shaft or shafts 44 mounted upon the re-
spective trailer units. The drive from the
main motor is preferably utilized for a cer-
tain number of these units, after which the
subsequent units may be supplied with a
motor -drive of their own which operates
synchronously with the main drive.

The trailing conveyer performs two func-
tions. It is provided with the conveyer belt,
gpeaking with reference to a single unit, 45
by means of which the dirt is moved toward
the rear to the entrance of the tunnel. Tt
is further provided with conveyer belts 46
for the purpose of carrying in the opposite
direction certain lining elements by means
of which the bore of the tunnel is provided
with a lining in the manner hereinafter
specified. The drive for these respective
conveyer belts is obtained from the main
conveyer drive shafts 44, each shaft car-
rying a gear 47, see Iig. 3, driving
a shaft 48 from which motion is imparted
to the chain or belt 49. At the opposite end
the drive from this dirt conveyer 1s impart-
ed to the liner conveyer through the worm
shaft 50 or any other suitable operative con-
nection. _

The frame of the conveyer units carries at
each side a channel rail 51 (see Fig. 9) and
said rails constitute the supporting means
for the liner elements one of which is dis-
tinctly seen in Iig. 2 and designated 52.
It will De observed that each liner is semi-
civeular in form and the ends of the same,
as seen in Fig. 7, are flanged laterally as in-
dicated at 53. T employ this particular type

8

of liner eclement because it is designed to
be self attaching, the flanges 53 being uti-
lized as the means for holding the linev
plates in position upon the wall of the tun-
nel. Tach of these plates is preferably car-
ried inte the tunnel by the conveyer by
means of special anti-friction devices one of
which is particularly shown in Fig. 8 and
designated 55. At one side this carrier
is provided with suitable rollers 56, and at
the other side is formed a groove 57 to re-
ceive the flange of the liner plate upon
which said carrier block is disposed. - These
blocks operate in the channel rails and have
in addition to the foregoing a laterally pro-
jecting finger 58 which is designed to ex-
tend 1nto the path of fingers 59 upon the
conveyer chains 46.

When the liner plate is mounted in posi-
tion upon the conveyer it is slightly con-
tracted and it will pass from one unit of
the conveyer to the other until it reaches
the main portion of the machine which is
also provided with side channel- rails 517.
However, these channel rails at the forward
portion of the machine are. slightly cut
away as indicated at 60 in Fig. 4 for the
purpose of readily separating the plates
from the conveyer by mechanism now to be
described. :

Mounted upon the excavator at a suitable
place, in this instance upon the top of the
motor casing, is a lifting lever 61 pivoted
at 62. This lever is curved and lies in the
path of travel of the liner plates, the nor-
mal inoperative position of the lever being
indicated in dotted lines in Fig. 1. The
free or forward end of the lever 61 is con-
nected to a pitman 63 thich is mounted
upon’ the crank shaft 64 driven from the
motor 3 by a train of gearing generally in-
dicated by the numeral 65, a clutch 66 being
Interposed in order to interrupt the drive
in the manner hereinafter described. Piv-
otally mounted upon the lever 61 is a trip
lever or trigger 67, the lower end of which
contacts with the clutch lever 68 and holds
the clutch in disengaged position. The up-
per end of this lever 67 projects above the
upper surface of the elevating lever 61 so
that when the liner plate advances over this
lever 61 it will impinge the upper extremity
of Jever 67 and disengage the same from the
clutch lever 68. This latter being spring-
actuated throws in the clutch 66, whereupon
the crank shaft is rotated and the lever 61
through the instrumentality of the pitman
63 is elevated, carrying with it the liner
plate which has by this time reached the
proper position for being disengaged from
the channel rails 517 at the cut-away por-
tion 60. Immediately the liner plate has
been pressed against the top of the tunmnel
the ends springing from their rail support
engage with the wall and fasten themselves
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‘matically applying said lining members

4

in position. This permits the lever 67 to as-
sume a vertical position as the crank shaft
turng over and the continuation of the op-
eration of the crank shaft for the lever 61
lowers the said lever 61 until the clutch
lever 68 is again impinged by the lever 67,
esulting in a throwing out of the clutch 66,
Shortly Lhueaitﬂr, and at the proper time,
the succeeding liner element again 1mplnges
the lever 67 and the operation 3ust described
ig repeated, so that we have an intermittent
actuation of this mechanism which results
in an automatic application of a liner plate
to the tunnel bore as the machine progresses
wﬁ b the tunneling operation.

By such arraz ocmcﬂt the dirt 18 prevented
from caving in Fro m the ceiling and sides
ot the Uunnd feaving the bore clear for
access and for removai of the apparatus at
the proper time. Of course when the ma-
chine moves rearwardly for the purpose of
lecedmg from the excavated tunnel the cut-

r head 19 is detached in the mauner here-
mouora described, said cutter head being
subsequently 1'ecover(auk if desired wl‘“
the machine has been remo ved, the head be-
ing made of bolted sections cwpab‘e of being

pamtvd to facil Ltatc removal. Imight also
statc at this point that in the appﬁcation
of the lining elements to the tunnel wall in
car-
rier blod.., 55 detach themselves from the
flanges of the liner plate and may aiso be
subsequently recoversd if uwn‘ud.

T do not wish, however, to be restricted
to this specific method of transmission of
the lining units to the point of application
as other methods may readily be adopted to
perform the operation, as will be apparent
to those skilled in the art of this apparatus.
Many of the other details may a also be modi-
fied without in any way departing from the
spirit of the invention and within the scope
of the claims hereto appended.

Having thus described my invention,
what I claim as new is:

1. In excavating apparatus of the class
described, the combination with excavating
means, a support therefor adapted to ca Tr‘y
tunnel lining members and means for mov-
ing the support, of mechanism for auto-
to
the wall of excavation during the excavat-
ing operation.

2. In excavating apparatus of the class
described, the combination with excavating
means, a support therefor adapted to carry
tunnel lining members and means for mov-
ing the support, of intermittently operated
mechanism on the support for apply ing said
lining members to the wall of the excavation
from the support during the operation of the
excavating means.

3. In excavating apparatus of the class
described, the combination with excavating

1,338,237

means, a support therefor adapted to receive
tunnel lining members and means for mov-
ing the suppolt of mechanism for apolj} ing
sald lining members to the wall of the ex-
cavation hom said support, and eans
forming a part of said apparatus and op-
erable therewith for conveying the lining
imembers into position for application by
said last mentioned means.

4. In tunnel

ratis of the class descujcd the combination
\\'1th excavating means, and a support there-
for adapted to sustain lining members, of
mechani st rendered operative b said hmnn
members for applying the same ’50 the wall of
the excavation.

5. In exczwating appara‘cus of the class
deseribed, the combination with excava
means, & support therefor adapted to convey
lining members for the excavation and
means for operating the excavating means

and moving the support, of mechanism

adapted to “be operatcd by the actoating
means aforesaid and to be rendered cpera-
tive by said lining members for applying
the same to the wall of the excavation.

6. In excavating aj )p‘uf\tus ‘of
described, the combination with excavating
means, a support therefor adapted to convey
Jining members for the excavation and
means for operating the excavating means,
of mechanism a mptcl to be opera ated by thc
actuating means aforesaid and to be ren-
dered operative by said lining members for
applying the same to the wall cf the excava-
tion, and means for conveying said hnlno
members to the applying mechanism afore-
said. »

7. In excavating apparatus of the class
described, the combination with excavating

_means, a suppor Lhor sfor adapted to convey

lining’ members for the ex cavamon and
means for operating the support, of means
for successively and fmtomatmally applying
the lining members from the support to the
wall of the excavation as the excavating
means advances.

8. In a tunnel excavating and lining ma
chine of the class described, adapted to em-
place lining members on the wall of the ex-
cavation, the combination with excavating
1nstrumnnt<uht1ng means for operating the
same and for advancmo the meChl‘flb, and
means forming a part of said machine and
operable therewith for conveying the lining
members thereto during the op(\ratlon of
the machine.

9. In a tunnel e\cavatmo and lining ma-
chine of the class descrlbed. adapted to em-
prce lining members on the wall of the
excavation, “the combination with excavat-
ing instrt 1mﬂ11baht1es, means for operating
the same and for adv rancing the machine,
of means operable with the machine for
conveying the lining members to the ma-

excavating and lining appa-
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chine during the operation thereof, and
means for %tuatmo gaid lining members
to thereby shift them from the conveying
means into wall engaging position.

10. In a tunnel excavatmo and lining ma-
chine, the combination of excavating in-
5t1umentahtles means for opemtmo the
game and for adva ineing the machine, and
conveying means for removing the material
excavated out of the tunnel, said conveyer
also constituting means for glmlﬂt'm ously
conveying hnmcr material into the tunnel.

11. In tunnei excavating and Jining ap-
paratus of the class described adwpted to
emplace lining material during excavation
operation, the cembination of excavating
mechanis m mechanism for applying said
lining material comprising = lifting member,
means for actuating said bwro nember
when the lining material is in oper atlve po-
sition with respect thereto, and trip means
for holding said actuating means inopera-
tive until the material ig in the posmon
aforesaid.

12. In tunnel excavating and hmng ap-
paratus of the class described adapted to
emplace lining material during excavation
operation, the combination of excavating
mechanism, mechanism for applying said
lining material comprising a lifting member,
means for actuating said lifting member
when the lining material is in operltwe po-
sition with 1'espect thereto, means for hold-
ing said actuatln‘v means moperatlv e until
the mmernl is-in the position aforesaid,
and means for conveying the material into
said position to thereby render operative
the actuating means aforesaid.

13. In tunnel excavating and lining ap-

i paratus of the class described adapted to

emplace lining mfl'terial in the excavation,
the combination of excavating mech%ms‘n
mechanism for applying said hnmo material
comprising a lifting member, means for
actuating said lifting member when the lin-
ing material is in operative position with

respect thereto, means for holding said actu-

ating means mopentlve until the material
is in the position aforesaid, and means for
directing said material into the operative
position to be acted upon by the lifting
means aforesaid, said material effecting re-
lease of the holding means.

14. In tunnel excavating and lining ap-
paratus of the class- described adapted to
emplace lining material in the excavation,
the combination of excavating mechanism,
mechanism for applying said lining material
comprising a lifting member, actuating
means therefor, a tripping member for hold-
ing said actuating means inoperative until
the material is in operative position and
operable by the lining material to effect re-
lease of said lifting member for applying
said material to the wall.

instrumentalities

Jlishing

o

15. In tunnel excavating and lining ap-
paratus of the class described admted to

"emplace lining m fLLe*'ml in the excwntwn

the combination of exe avating mechams'n
mechanism for applying said 1 lining ma’
terial compule a lifting member, power
with which the Lifting
member is operatively connected and nor-
mally inactive until the material i's brought
into applying Uosmon, and means for estab-
operating connection - between the

power instrumentalities and the lifting
member whereby -to apply the lining ma-

-terial to the wall of the ex '&\7&u10n

16. In tunnel excavating -and lining ap-
paratus of the class deseribed ad&pted to
emplace lining mm erial in the excavation,
the combination of excay ating mech&msm
mechanism for applying said 11n11* material
comprising a pivotally mounted lifting
member, a crank shaft connected to said
[ifting munber, and means for actuating
said crank shaft to effect Lifting oper ation
of the lifting member and apphcatmﬂ of
the hmnc material to the wall.

In tunnel excavating and lining ap-
pamtus of the class deseribed adaptgd to
emplace lining material in the excavation,
the combination of excavating mechanism,
meohamsm for applying said lining mat N

ial comprising a pivotally mounted lifting
membu7 a crank shaft connected to said
lifting member, driving means for said shaft
normally dlsengaoed “With res spect to the
shaft, and means for establishing connection
between the driving means and the shaft by
the hining material.

18. In tunnel excavating and lining ap-
paratus of the class described adapted to
emplace lining material in the excavation,
the combination of excavating mechanism,
mechanism for applying said lining mate-
rial comprising a pivotally mounted lifting
member, a crank shaft connected to said
lifting member driving means for
shaft nmmmlly dlsen(raoed with respect to
the shaft, and means for establishing con-
nection between the- driving means and the
shaft through the lnnng material,
means being operative to interrupt the driv-
ing connection when the material has been
lifted into wall engaging position.

19. In tunnel excavating and lining ap-
paratus of the class described adapted to
emplace lining material in the excavation,
the combination of excavating mechanism,
mechanism for applying said lining mate-
rial comprising a hfbln arm_arranged in

the path of movement of the lining material,‘

means for directing said material into posi-
tion to be engaged by said arm, and means
for actuating said arm including a clutch
and a trip member for controlling the clutch
and operable by the lining material as the
latter is moved into engaging position with

said
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respect to said arm whereby to cstablish
connection between the actuating means and
the arm. .

20. In tunnel excavating appavatus, the
combination of excavating mechanism,
mechanism for applying lining material to
the tunnel wall without interruption of the
excavating means, power instrumentalities
common to said excavating and lining mech-
anisms, and means for establishing operative
connection between the power instrumentali-
ties and the applving mechanism at a pre-
determined time. :

21, In tunnel excavating apparatus, the
combination of exeavating mechanisin, in-
cluding a support arranged to carry lining
plates adapted to be applied to the wall of
the excavation as the excavating operation
proceeds, means for conveying said plates t¢
wall applying position, and means for dis-
engaging said plates successively from the
conveying means when the plates reach a
predetermined point in their travel to per-
mit them to spring into engagement with
the wall.

22. In tunnel excavating apparatus, the

“combination of excavating mechanism, in-

cluding a support arranged to carry lining
plates adapted to be applied to the wall of
the excavation composed of spring material,
means for conveying said plates into wall
applying position in contracted condition,
and means for disengaging the plates from
the conveying means and applying them to
the wall, said plates having wall engaging
elements for holding them in their engaged
position. v '

23, In tunneling apparatus of the class
described, the combination of mechanism
for applying lining material to the wall
of the tunnel, supporting means therefor,
and means for moving the support simul-
taneously with the lining operation.

1,338,237

24. Apparatus for lining tunnels com-
prising a support adapted to carry lining
material into an excavation, means for mov-
ing said support through the tunnel, mov-
able means Tor carrying said material on the
support, and means for applying said mate-
rial to the wall of the tunnel when said ma-
terial reaches a predetermined point in its
movement upon the support. :

25. In apparatus of the class described for
excavating and lining tunnels, the combina-

tion of a cutter head, means detachably con-

necting said cutter head in operative posi-
tion, a support therefor movable as the ex-
cavation proceeds, mechanism carried by the
support for lining the tunnel, and means
for disconnecting the cutter head when it is
desired to permit movement of the support
from the tunnel.. '
26. In a tunnel lining machine of the class
described, a conveyer for conveying lining
material to the point of application of the
tunnel and having means for engaging and
holding lining plates in contracted bowed

form to permit of movement of the same

into the tunnel for releasing said plates to
permit the same to spring into engagement
with the wall of the tunmnel. ‘

27. In a tunnel lining machine of the class
described, a conveyer for conveying lining
material to the point of application and
comprising means for holding bowed lining
plates in slightly contracted form to permit
of movement of the same into the tunnel,
carrier devices upon which said lining ma-
terial is mounted for movement on the
holding means aforesaid, and means for
disengaging the lining material from the
carrying and holding means aforesaid to
apply the same to the tunnel wall.

In testimony whereof I affix my signature.

JAMES O. MACK.
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