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(54) NON‑BLASTING TUNNEL BORING MACHINE AND BORING METHOD

(57) The disclosure relates to the technical field of
tunnel excavation, in particular to a non-blasting tunnel
boring machine and a tunneling method. The tunneling
machine comprises a vehicle-mounted device (1), a ro-
tational driving device (2), a translation device (40), a
working disc (3), a foundation trench excavation device
(4), a drilling and splitting device (5), a hazard removal
device (50), a dust suppression device (6) and amaterial
feeding device (7). The rotational driving device (2) is
arranged on the vehicle-mounted device (1), the working
disc (3) is connectedwith the rotational driving device (2),
the rotational drivingdevice (2) drives theworkingdisc (3)
to rotate around a center of the working disc, the founda-
tion trench excavation device (4) is arranged on the
working disc (3), the drilling and splitting device (5) com-
prises a drilling machine (51) and a rock splitter (52) both
arrangedon theworkingdisc (3), thedrillingmachine (51)
is suitable for drilling a hole in a tunnel face in an annular
crack arrest groove, the rock splitter (52) is suitable for
splitting the tunnel face, thehazard removal device (50) is

arranged on the working disc (3), the dust suppression
device (6) is arranged on the vehicle-mounted device (1),
and the material feeding device (7) is used for receiving
and conveying materials dropped during excavation.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of tunnel excavation, and particularly relates to a
non-blasting tunnel boringmachineandaboringmethod.

BACKGROUND

[0002] In the construction field of tunnel excavation,
blasting excavation is mostly used for hardrock tunnel
construction, but under complex environments, particu-
larly when the hardrock tunnel passes through a city, a
plurality of buildings (structures) needing to be protected
are usually arranged above the tunnel. In this case,
blasting vibration generated by tunnel construction can
generate adverse effects on surrounding buildings
(structures), and noise caused by blasting is also very
large.
[0003] Asanon-blasting tunnel boringmethod that has
been applied now, TBM has high device purchasing and
use fees, high requirements for access roads and tunnel
geology, and limited application scope. The present dis-
closure innovatively provides a low-cost non-blasting
tunnel boring machine and a tunneling method. The
present disclosure can not only efficiently complete the
tunneling construction of tunnels, open cut and other
occasions, but also has the characteristics of simplicity,
convenience, economy and high efficiency, is very in line
with the requirements of diversified tunneling construc-
tion, has very wide application prospect, and is worthy of
further popularization and application.

SUMMARY

[0004] Therefore, a technical problem to be solved by
the present disclosure is to overcome the defects in the
prior art that blasting vibration generated by tunnel con-
struction causes adverse effects on surrounding build-
ings (structures), and noise caused by blasting is also
very large at the same time, so as to provide a non-
blasting tunnel tunneling machine and a tunneling meth-
od without needing blasting construction and having low
noise, high cost performance, strong adaptability and
flexibility.
[0005] In order to solve the above problem, the present
disclosure provides a non-blasting tunnel boring ma-
chine, including: a vehicle-mounted device; a rotational
drivingdevicearrangedon thevehicle-mounteddevice; a
translation device arranged on the vehicle-mounted de-
vice and connected with the rotational driving device,
wherein the translation device drives the rotational driv-
ing device tomove away from or towards a tunnel face; a
working disc in transmission connection with the rota-
tional drivingdevice,wherein the rotational drivingdevice
drives the working dis to rotate around a center of the
working disc; a foundation trench excavation device ar-

ranged on the working disc, wherein the foundation
trench excavation device is suitable for being matched
with the tunnel face, and the working disc drives the
foundation trenchexcavationdevice to rotate to excavate
anannular crackarrestgroove in the tunnel face; adrilling
and splitting device including a drilling machine and a
rock splitter both arranged on the working disc, wherein
the drilling machine is suitable for drilling a hole in the
tunnel face in the annular crack arrest groove, and the
rock splitter is suitable for being matched with the drilled
hole to split the tunnel face; a hazard removal device
arranged on the vehicle-mounted device and suitable for
spalling crushed stones split on the tunnel face; a dust
suppression device arranged on the vehicle-mounted
device and suitable for suppressing generated dust;
and a material feeding device arranged on the vehicle-
mounted device, wherein the material feeding device is
locatedbelow theworkingdiscandused for receivingand
conveying materials dropped during excavation.
[0006] Alternatively, the foundation trench excavation
device includes: a grooving cutter hole arranged on the
working disc; a cutterhead assembly connected with the
working disc; and a grooving cutter suitable for being
matched with the tunnel face, wherein the cutterhead
assembly is in transmission connectionwith the grooving
cutter to drive the grooving cutter to extend out of or
retract into the grooving cutter hole.
[0007] Alternatively, the cutterhead assembly in-
cludes: a reversible motor fixedly arranged on the work-
ing disc;
a screw gear connected with the reversible motor; a
cutterhead screw arranged in the grooving cutter hole
and connected with the grooving cutter, wherein the
cutterhead screw is engaged with the screw gear; and
a threaded sleeve fixedly arranged in the grooving cutter
hole,wherein the cutterhead screw is in threaded fit in the
threaded sleeve.
[0008] Alternatively, the grooving cutter is set as an
arc-shaped tool, and a convex arc surface of the arc-
shaped tool is arranged deviating from the center of the
working disc.
[0009] Alternatively, a plurality of foundation trench
excavation devices are provided at intervals along a
circumferential direction of the working disc.
[0010] Alternatively, the working disc includes: a front
plate an edge of which is provided with the foundation
trench excavation device; a rear plate located behind the
front plate, wherein the drilling and splitting device is
arranged on the rear plate, and the drilling and splitting
device extends to the front of the front plate tomatch with
the tunnel face; a central shaft in disk one end of which is
connected with both a center of the front plate and a
center of the rear plate, and the other end of which is in
transmission connection with the rotational driving de-
vice; and a support boom one end of which is connected
with the translation device and the other end of which is
connected to the rotational driving device.
[0011] Alternatively, the rear plate includes: an annular
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sleeve sleeved on a periphery of the central shaft in disk;
and connecting rods connected with both the central
shaft in disk and the annular sleeve, wherein a plurality
of connecting rods are provided and are arranged at
intervals along a circumferential direction of the central
shaft in disk, and the drilling and splitting device is ar-
ranged on the connecting rod.
[0012] Alternatively, the drilling and splitting device
further includes a splitting frame, one side of the splitting
frame is providedwith the drillingmachine, the other side
of the splitting frame is providedwith the rock splitter, and
the splitting frame ismovably arrangedon the connecting
rod.
[0013] Alternatively, the non-blasting tunnel boring
machine further includes: a shifting device connected
with the splitting frame to drive the splitting frame tomove
along a length direction of the connecting rod; and/or a
sliding mechanism arranged on the splitting frame,
wherein the sliding mechanism is connected with the
drillingmachineand/or the rock splitter to drive thedrilling
machine and/or the rock splitter to slide along the splitting
frame.
[0014] Alternatively, the shiftingdevice includes: a rack
arrangedalong the length direction of the connecting rod;
a travel motor arranged on the splitting frame; and a
traveling gear mechanism in transmission connection
with the travel motor, wherein the traveling gearmechan-
ism is engaged with the rack, and the travel motor drives
the traveling gear mechanism to rotate to drive the split-
ting frame to move along the length direction of the
connecting rod.
[0015] Alternatively, the connecting rod includes two I-
shaped plates arranged relatively at intervals, a front
surface and a back surface of the I-shaped plate are both
providedwith the rack, and the traveling gearmechanism
includes: a synchronous driving shaft arranged between
the two I-shaped plates relatively arranged at intervals,
wherein the synchronous driving shaft is connected with
the travel motor, and the synchronous driving shaft is
provided with a first synchronizing gear and a second
synchronizing gear arranged at intervals; traveling
screws including an inner traveling screw arranged on
the back surface of the I-shaped plate and an outer
traveling screw arranged on the front surface of the I-
shaped plate, wherein the inner traveling screw is en-
gaged with the first synchronizing gear and the outer
traveling screw is engaged with the second synchroniz-
ing gear; and the inner traveling screw is rotatably ar-
ranged on the splitting frame, two ends of the inner
traveling screw are provided with inner traverse gears,
the inner traverse gears are engaged with the racks on
the back surfaces of the two I-shaped plates, two ends of
the outer traveling screware providedwith outer traverse
gears, and the outer traverse gears are engagedwith the
racks on the front surfaces of the two I-shaped plates.
[0016] Alternatively, the traveling gear mechanism
further includes a synchronous bushing in loose fit with
a periphery of the synchronous driving shaft, wherein the

synchronous bushing is located between the first syn-
chronizing gear and the second synchronizing gear; and
a guide support beam fixedly connected with the syn-
chronousbushingatan includedangle,wherein twoends
of the guide support beam are both provided with a guide
support wheel, the guide support wheel at one end is in
rolling contact with a vertical plate of one I-shaped plate,
and the guide support wheel at the other end is in rolling
contact with a vertical plate of the other I-shaped plate.
[0017] Alternatively, the drilling and splitting device
further includes a first lateral frame and a second lateral
frame, the first lateral frame and the second lateral frame
are respectively connected to two sides of the splitting
frame, the drilling machine is movably arranged on the
first lateral frame, the rock splitter ismovably arrangedon
the second lateral frame, and the sliding mechanism is
connected with both the drilling machine and the rock
splitter to drive the drilling machine to slide along the first
lateral frame and drive the rock splitter to slide along the
second lateral frame.
[0018] Alternatively, the first lateral frame and the sec-
ond lateral frame are both hingedwith the splitting frame,
and one sides of the first lateral frame, the second lateral
frame and the splitting frame far away from the central
shaft in disk are all provided with an opening, the sliding
mechanism includes a first double-piston actuator ar-
ranged at the opening of the splitting frame, one piston
rod of the first double-piston actuator penetrates through
theopening of the first lateral frameand is hingedwith the
drilling machine, and the other piston rod of the first
double-piston actuator penetrates through the opening
of the second lateral frame and is hinged with the rock
splitter; and the drilling and splitting device further in-
cludes a first locking mechanism and a second locking
mechanism, the first locking mechanism is suitable for
locking thefirst lateral frameand thedrillingmachine, and
the second locking mechanism is suitable for locking the
second lateral frame and the rock splitter, and the first
double-piston actuator drives both the first lateral frame
and the second lateral frame to rotate away from the
center of the working disc around a hinge point relative to
the splitting frame to fold the drilling and splitting device.
[0019] Alternatively, the first lateral frame is provided
with a first limit slide hole in a direction far away from the
splitting frame, a drill bit of the drilling machine passes
through the first limit slide hole, and thedrillingmachine is
drivenby thefirst double-pistonactuator to slidealong the
first limit slide hole; and/or, the second lateral frame is
provided with a second limit slide hole in the direction far
away from the splitting frame, a splitting head of the rock
splitter passes through the second limit slide hole, and
the rock splitter is driven by the second double-piston
actuator to slide along the second limit slide hole.
[0020] Alternatively, the first locking mechanism and
the second locking mechanism are both arranged in an
electromagnetic attraction type locking structure.
[0021] Alternatively, the dust suppression device in-
cludes: a water tank arranged on the vehicle-mounted
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device; awater spray pipe connectedwith thewater tank;
and an atomizing nozzle connected with the water spray
pipe, wherein the atomizing nozzle is arranged towards
the tunnel face.
[0022] Alternatively, the non-blasting tunnel boring
machine further includes a dust detection device, and
the dust detection device is suitable for detecting a dust
index to turn on the dust suppression device when the
dust index reaches a preset value.
[0023] Alternatively, the material feeding device in-
cludes: a hopper arranged below the working disc; a
mucking machine arranged in the hopper to drive a
material to be transmitted in the hopper; and a belt con-
veyor arranged on the vehicle-mounted device, wherein
the belt conveyor is connected with the hopper.
[0024] Alternatively, thematerial feedingdevice further
includes an luffing driving cylinder, the luffing driving
cylinder is arranged on the vehicle-mounted device,
one end of the belt conveyor close to the mucking ma-
chine is rotatably connected with the vehicle-mounted
device, and the luffing driving cylinder is hinged with one
end of the belt conveyor far away from the mucking
machine to drive one end of the belt conveyor far away
from the mucking machine to ascend and descend.
[0025] Alternatively, the mucking machine includes at
least two material scraping gears arranged at intervals,
the material scraping gear is rotatably arranged in the
hopper, and a grinding gap is formed between the ad-
jacent material scraping gears to crush the material.
[0026] Alternatively, the support boom includes: a
longitudinal arm vertically arranged on the translation
device; and a transverse arm arranged transversely,
wherein one end of the transverse arm is connected with
the longitudinal arm, and the other end of the transverse
arm is connected with the rotational driving device.
[0027] Alternatively, thesupport boomfurther includes:
a longitudinal arm telescopic cylinder vertically arranged
on the translation device, wherein the longitudinal arm
telescopic cylinder is connectedwith the longitudinal arm
to drive the longitudinal arm to move vertically; and/or, a
transversearm telescopic cylinder arrangedbetween the
transverse arm and the longitudinal arm to drive the
transverse arm to move transversely.
[0028] Alternatively, the transverse arm telescopic cy-
linder is hinged with the longitudinal arm, the support
boom further includes a boom luffing cylinder, one end of
theboom luffingcylinder is hingedwithanouterwall of the
longitudinal arm telescopic cylinder, the other end of the
boom luffing cylinder is hinged with an outer wall of the
transverse arm telescopic cylinder, and the boom luffing
cylinder drives the transverse arm telescopic cylinder
and the transverse arm to entirely rotate up and down
around a hinge point relative to the longitudinal arm.
[0029] Alternatively, the support boom further includes
a regulating turntable, the regulating turntable is rotatably
arranged on the vehicle-mounted device, the translation
device is arranged on the regulating turntable, and the
regulating turntable drives the translation device to rotate

around a center of the translation device.
[0030] Alternatively, the vehicle-mounted device is
further provided with a boom support, wherein the boom
support is suitable for supporting the transverse arm.
[0031] Alternatively, the non-blasting tunnel boring
machine further includes a main cab and an secondary
cab oppositely arranged at two ends of the vehicle-
mounted device respectively, and the boom support is
arranged at a top of the secondary cab and a side edge of
the vehicle-mounted device.
[0032] Alternatively, the vehicle-mounted device in-
cludes: a vehicle-mounted platform, wherein the vehi-
cle-mounted platform is provided with a support boom
and the material feeding device; and wheels arranged at
a bottom of the vehicle-mounted platform.
[0033] Alternatively, the vehicle-mounted device
further includes storable support legs, wherein the sup-
port legs are arranged at the bottom of the vehicle-
mounted platform and suitable for supporting the vehi-
cle-mounted platform.
[0034] Alternatively, the translation device includes: a
translation mount arranged at a bottom of the support
boom;
translation rails arranged on the regulating turntable
along a length direction of the vehicle-mounted platform,
wherein the translation mount is movably connected to
the translation rails; and a translation driving unit in
transmission connection with the translation mount to
drive the translation mount to move along the translation
rail.
[0035] Alternatively, two translation rails are arranged
at intervals in parallel, a bottomof the translationmount is
provided with two rows of traveling wheels at intervals,
the two rows of traveling wheels are respectively
matched on the two translation rails, and the traveling
wheel is in transmission connection with the translation
driving unit.
[0036] Alternatively, the non-blasting tunnel boring
machine further includes an anti-roll rod, wherein the
anti-roll rod is connected between the two rows of travel-
ing wheels.
[0037] Alternatively, the hazard removal device in-
cludes: a hazard removal bucket suitable for being
matched with the tunnel face; a driving cylinder hinged
to the vehicle-mounted platform, wherein the driving
cylinder is hingedwith the hazard removal bucket to drive
the hazard removal bucket to swing; and a folding arm
hinged to the vehicle-mounted platform, wherein the
folding arm is hinged with both the driving cylinder and
the hazard removal bucket, and the driving cylinder
drives the folding arm to be folded or unfolded to drive
the hazard removal bucket to be accommodated or ex-
tended.
[0038] Alternatively, the driving cylinder includes a
main cylinder, an secondary cylinder and a hopper cy-
linder, the folding arm includes amain hopper armandan
secondary hopper arm, one end of the main cylinder is
hinged to the vehicle-mounted platform, the other end of
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themain cylinder is hinged to amiddle of themain hopper
arm, one end of the secondary cylinder is hinged to the
middle of the main hopper arm, the other end of the
secondary cylinder is hinged to the secondary hopper
arm, the bottom of the main hopper arm is hinged to the
vehicle-mountedplatform,a topof themainhopperarm is
hinged to amiddle of the secondary hopper arm, one end
of the hopper cylinder is hinged with one end of the
secondary hopper arm close to the main hopper arm,
the other end of the hopper cylinder is hinged with both
one end of the secondary hopper arm far away from the
main hopper arm and the hazard removal bucket, and
one end of the secondary hopper arm far away from the
hopper cylinder is hinged with the hazard removal buck-
et.
[0039] Alternatively, the hazard removal device further
includes a rotating hopper rotatably arranged on the
vehicle-mounted platform, wherein a bottom of the main
hopper arm is hinged to the rotating hopper, a bottom of
the main cylinder is connected to the vehicle-mounted
platform by ball hinge and/or a top of the main cylinder is
connected to the main hopper arm by ball hinge, and the
rotating hopper drives the main hopper arm and a struc-
ture thereon to rotate together.
[0040] Alternatively, the non-blasting tunnel boring
machine further includes a camera, a laser generator
and a sweeping structure which are all arranged on the
working disc, wherein the laser generator is suitable for
emitting a laser beam to the tunnel face, and the laser
beam is aligned with a pre-calibrated point on the tunnel
face through the camera to position the working disc, the
sweeping structure includes an oscillating brush motor
and a dust brush, and an oscillating hinge of the oscillat-
ing brush motor is connected with the dust brush to drive
the dust brush to oscillate and sweep the camera and the
laser generator.
[0041] The present disclosure further provides a tun-
neling method using the non-blasting tunnel boring ma-
chine according to the present disclosure, including the
following steps of: using a vehicle-mounted device to
drive a rotational driving device, a translation device
and a working disc to move to a tunnel face; using the
translation device to drive the rotational driving device
and theworkingdisc to synchronouslymove to regulate a
distance between the working disc and the tunnel face;
using the rotational driving device to drive the working
disc to rotatearoundacenter of theworkingdisc to further
drive a foundation trench excavation device on the work-
ing disc to rotate and enable the foundation trench ex-
cavation device to excavate an annular crack arrest
groove on the tunnel face; starting a drilling machine
on the working disc to drill a hole on the tunnel face in
the annular crack arrest groove; using a rock splitter to be
matchedwith thedrilled hole to split the tunnel face; using
a hazard removal device matched with the tunnel face to
peel off crushed stones split on the tunnel face; using a
material feeding device to receive and convey materials
dropped during excavation; and starting a dust suppres-

sion device to suppress dust generated by excavation.
[0042] Alternatively, before using the rotational driving
device to drive the working disc to rotate around the
center of the working disc, the method further includes
the steps of: using a longitudinal arm telescopic cylinder
to regulate a height of the working disc; and using a
transverse arm telescopic cylinder to regulate a distance
between the working disc and the tunnel face to keep the
working disc in contact with the tunnel face.
[0043] Alternatively, the tunneling method further in-
cludes the steps of: using a boom luffing cylinder to
regulate an up-and-down inclination angle of the working
disc; and using a regulating turntable and the translation
device to together regulate a left-and-right inclination
angle of theworking disc to keep theworking disc parallel
to the tunnel face.
[0044] The present disclosure has the following ad-
vantages.

1. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the rotational driving
device drives the working disc to rotate around the
center of the working disc, and then drives the foun-
dation trench excavation device on the working disc
to rotate, so that the foundation trench excavation
device excavates the annular crack arrest groove on
the tunnel face, the drillingmachine drills the hole on
the tunnel face in theannular crackarrest groove, the
rock splitter matches with the drilled hole to split the
tunnel face, the hazard removal device vibrates with
the tunnel face to shakeoff the crushedstoneson the
tunnel face, thematerial feedingdevice receivesand
conveys the materials dropped during excavation,
and the dust suppression device suppresses the
dust generated by excavation.
Therefore, the non-blasting tunnel boringmachine of
the present disclosure realizes the drilling and split-
ting construction of the tunnel face through the
matching of the foundation trench excavation de-
vice, the drilling machine, the rock splitter and the
hazard removal device, so as to realize the non-
blasting tunnel boring construction, which requires
no bursting during the whole construction process,
has low noise, and will not generate vibration influ-
ence on buildings (structures) around the tunnel.
Moreover, the material feeding device can convey
the materials generated by excavation in time, so
that material accumulation is reduced, construction
continuity and efficiency are improved, and the dust
suppression device can suppress the generated
dust, improve a construction environment and re-
duce environmental pollution.
2. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the foundation
trench excavation device includes the grooving cut-
ter hole, the cutterhead assembly and the grooving
cutter, wherein the grooving cutter hole is arranged
on the working disc, the cutterhead assembly is ar-
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ranged on a back surface of the working disc, the
grooving cutter is arranged in the grooving cutter
hole, and the cutterhead assembly is in transmission
connection with the grooving cutter to drive the
grooving cutter to extend out of or retract into the
grooving cutter hole. With such arrangement, the
cutterhead assembly can drive the grooving cutter
to extend out of the grooving cutter hole, so that the
grooving cutter abuts against the tunnel face. In this
case, the rotation of the working disc drives the
grooving cutter to rotate, so that the grooving cutter
can be opened with the annular crack arrest groove
on the tunnel face. After the annular crack arrest
groove is opened, the cutterhead assembly drives
the grooving cutter to retract into the grooving cutter
hole, so that thegrooving cutter is separated from the
tunnel face. A length of the grooving cutter extending
out of the grooving cutter hole is controlled by the
cutterhead assembly, and an opening depth of the
annular crack arrest groove can also be controlled to
satisfy different construction requirements.
3. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the grooving cutter is
set as an arc-shaped tool, and the convex arc sur-
face of the arc-shaped tool is arranged deviating
from the center of the working disc, so that the
arc-shaped tool can sweep away interference such
as protruding rocks on a side surface of a holewall of
the annular crack arrest groove while cutting the
tunnel face.
4. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the cutterhead as-
sembly includes the reversible motor, the screw
gear, the cutterhead screw and the threaded sleeve,
wherein the reversible motor is arranged on the
working disc, the screw gear is connected with the
reversiblemotor, the cutterhead screw is arranged in
the grooving cutter hole and connected with the
grooving cutter, the cutterhead screw is engaged
with the screw gear, the threaded sleeve is fixedly
arranged in the grooving cutter hole, and the cutter-
head screw is in threaded fit in the threaded sleeve.
With the arrangement above, when the reversible
motor rotates forward, the screw gear is driven to
rotate forward. Because the screw gear is engaged
with the cutterhead screw, the cutterhead screw is
driven to rotate forward, while the cutterhead screw
is in threaded fit in the threaded sleeve, and the
threaded sleeve is fixed, so that the cutterhead
screw rotates forward and moves along an axial
direction of the threaded sleeve, and finally the
grooving cutter is driven to rotate out of the grooving
cutter hole andmatchwith the tunnel face, so that the
tunnel face is opened with the annular crack arrest
groove with sufficient depth. When the reversible
motor rotates backward, the screw gear is driven
to rotatebackward, thusdriving thecutterheadscrew
to rotate backward, and meanwhile, the cutterhead

screw moves along the axial direction of the
threaded sleeve, driving the grooving cutter on the
cutterhead screw to retract into the grooving cutter
hole and separate from the tunnel face. Therefore,
through the above arrangement, the grooving cutter
can be driven to extend out of or retract into the
grooving cutter hole through the cutterhead screw,
and the grooving cutter can also be driven to rotate
around itself through the cutterhead screw, so as to
open the annular crack arrest groove with sufficient
depth on the tunnel face.
5. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the plurality of foun-
dation trench excavation devices are provided at
intervals along the circumferential direction of the
working disc. According to this arrangement, the
plurality of foundation trench excavation devices
provided can improve an excavation rate of the
annular crack arrest groove on one hand. On the
other hand, because the plurality of foundation
trench excavation devices are arranged at intervals
along the circumferential direction of the working
disc, even if a part of the foundation trench excava-
tion devices cannot abut against the tunnel face
because theworkingdisc is not completely in parallel
contact with the tunnel face, another part (one or
more) of the foundation trench excavation devices
can always abut against the tunnel face to carry out
the grooving construction of the annular crack arrest
groove. Therefore, requirements on a matching ac-
curacy between theworking disc and the tunnel face
can be reduced.
6. According to the non-blasting tunnel boring ma-
chine of the present disclosure, both the drilling
machine and the rock splitter may move along the
length direction of the connecting rod through the
splitting frame. With such arrangement, when the
working disc rotates, the drilling machine and the
rock splitter are driven to rotate annularly, so that the
drilling machine is opened with a plurality of drilled
holesalong the circumferential directionof the tunnel
face, and at the same time, the drilling machine can
be opened with a plurality of drilled holes along a
radial direction of theworking disc through themove-
ment of the drilling machine along the length direc-
tion of the connecting rod, and the rock splitter can
split different positions of the tunnel face following
opened positions of the drilled holes. Therefore, this
arrangement can realize all-round drilling and split-
ting construction of the tunnel face in the circumfer-
ential direction and the radial direction.
7. The non-blasting tunnel boring machine of the
present disclosure further includes the shifting de-
vice and/or the sliding mechanism. The shifting de-
vice is connected with the splitting frame to drive the
splitting frame to move along the length direction of
the connecting rod. The sliding mechanism is ar-
ranged on the splitting frame, and the sliding me-
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chanism is connected with the drilling machine an-
d/or the rock splitter to drive the drilling machine
and/or the rock splitter to slide along the splitting
frame. Therefore, when the drilling machine and/or
the rock splitter needs to move along the length
direction of the connecting rod, it is realized by the
driving of the shifting device, and when the drilling
machine and/or the rock splitter needs to slide along
the splitting frame, it is realized by the driving of the
slidingmechanism, so as to realize flexible control of
the movement of the drilling machine and the rock
splitter, and realize flexible drilling and splitting con-
struction.
8. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the shifting device
includes the rack arranged in the length direction of
the connecting rod, the travelmotor and the traveling
gearmechanism.The travelmotor is arrangedon the
splitting frame, the traveling gear mechanism is in
transmission connection with the travel motor, the
traveling gear mechanism is engaged with the rack,
and the travel motor can drive the traveling gear
mechanism to rotate to drive the splitting frame to
move along the length direction of the connecting
rod.With such arrangement, the travel motor rotates
to drive the traveling gear mechanism to rotate. As
the traveling crack arrest groove is engaged with the
rack, the traveling gearmechanismmoves along the
rack, thereby driving the splitting frame and the dril-
ling machine and the rock splitter thereon to move
along the lengthdirectionof theconnecting rod, soas
to realize drilling and splitting operations on different
positions in the radial direction of the tunnel face.
9. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the traveling gear
mechanism includes the synchronous driving shaft
and the traveling screw, wherein the synchronous
driving shaft is arranged between two I-shaped plate
arranged relatively at intervals, the synchronous
driving shaft is connected with the travel motor,
and the synchronous driving shaft is provided with
the first synchronizing gear and the second synchro-
nizing gear arranged at intervals. The traveling
screw includes the inner traveling screw arranged
on the back surface of the I-shaped plate and the
outer traveling screwarrangedon the front surfaceof
the I-shaped plate. The inner traveling screw is en-
gaged with the first synchronizing gear, the outer
traveling screw is engagedwith the second synchro-
nizing gear, and the inner traveling screw is rotatably
arranged on the drilling machine or the rock splitter.
The two ends of the inner traveling screw are pro-
vided with the inner traverse gears, and the inner
traverse gears are engaged with the racks on the
back surfaces of the two I-shaped plates. The two
ends of the outer traveling screw are provided with
the outer traverse gears, and the outer traverse
gears are engaged with the racks on the front sur-

faces of the I-shaped plates.
According to the arrangement above, when the dril-
lingmachine or the rock splitter needs tomove along
the length direction of the connecting rod, the travel
motor drives the synchronous driving shaft to rotate,
so as to drive the first synchronizing gear and the
second synchronizing gear on the synchronous driv-
ing shaft to rotate synchronously. Because the first
synchronizing gear is engaged with the inner travel-
ingscrew, thesecondsynchronizinggear isengaged
with the outer traveling screw, the inner traveling
screw and the outer traveling screw are driven to
rotate synchronously. As the inner traverse gears at
the two ends of the inner traveling screw are en-
gaged with the racks on the back surfaces of the I-
shaped plates, and the outer traverse gears at the
two ends of the outer traveling screw are engaged
with the racks on the front surfaces of the I-shaped
plates, the inner traversegearmovesalong the racks
on the back surfaces of the I-shaped plates and the
outer traverse gear moves along the racks on the
front surfaces of the I-shapedplates. Since the travel
motor and the inner traveling screw are both ar-
ranged on the drilling machine or the rock splitter,
the movement of the inner traverse gear and the
outer traverse gear along the racks can synchro-
nously drive the drilling machine or the rock splitter
to move along the racks (i.e., consistent with the
length direction of the connecting rod), so as to
realize drilling and splitting operations on different
positions of the tunnel face.
10. The non-blasting tunnel boring machine of the
present disclosure further includes the synchronous
bushing and the guide support beam, the synchro-
nous bushing is in loose fit with the periphery of the
synchronous driving shaft, and the synchronous
bushing is located between the first synchronizing
gear and the second synchronizing gear. The guide
support beam is fixedly connected with the synchro-
nous bushing at an included angle, and the two ends
of the guide support beamare both providedwith the
guide support wheel, wherein the guide support
wheel at one end is in rolling contact with the vertical
plate of one I-shaped plate, and the guide support
wheel at the other end is in rolling contact with the
vertical plate of the other I-shaped plate.
According to the arrangement above, the synchro-
nous bushing is in loose fit with the periphery of the
synchronous driving shaft, so that the rotation of the
synchronous driving shaft is not affected. Mean-
while, the synchronous bushing and the guide sup-
port beam can be kept not to rotate integrally, so that
the stability is good. Meanwhile, when the guide
support beammoves together with the synchronous
bushing, the guide support wheels at the two ends of
the guide support beam roll on the I-shaped plates at
the two sides, which further supports the whole
traveling gear mechanism, and the guide support
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wheels can also reduce a moving resistance. In
addition, the guide support wheels at the two ends
of the guide support beam play a balanced role in
supporting the whole traveling gear mechanism,
which means that, when the working disc rotates
(i.e., when the connecting rod rotates along the
circumferential direction), stable matching between
the traveling gear mechanism and the rack can be
ensured, and a situation that the traveling gear me-
chanism is separated from the rack because the
working disc rotates to one side can be avoided,
thus ensuring normal and reliable operation of the
whole mechanism.
11. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the dust suppression
device may include the water tank, the water spray
pipe and the atomizing nozzle, wherein the water
tank is arranged on the vehicle-mounted device, the
water spray pipe is connected with the water tank,
the atomizing nozzle is connected with the water
spray pipe, and the atomizing nozzle is arranged
towards the tunnel face. The water in the water tank
flows to theatomizingnozzle through thewater spray
pipe, and is atomized and sprayed by the atomizing
nozzle, so as to suppress the dust generated by
excavation and prevent safety of construction per-
sonnel and device from being affected after the dust
diffuses in the tunnel or closed space.
12. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the material feeding
device includes the hopper, the mucking machine
and the belt conveyor. The hopper is arranged below
theworkingdisc, themuckingmachine is arranged in
the hopper to drive the materials to be transmitted in
the hopper, the belt conveyor is arranged on the
vehicle-mounted device, and the belt conveyor is
connected with the hopper. The material generated
by excavation falls into the hopper, and the mucking
machine drives thematerials to be transmitted to the
belt conveyor along the hopper, and then conveyed
out by the belt conveyor, thus avoiding material
accumulation.
13. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the mucking ma-
chine includes at least two material scraping gears
arranged at intervals, the material scraping gear is
rotatably arranged in the hopper, and the grinding
gap is formed between the adjacent material scrap-
ing gears to crush the materials. The rotation of the
material scraping gear drives the transmission of the
materials in thehopper, andmeanwhile, theadjacent
material scraping gears can squeeze and crush the
materials entering the grinding gap and further crush
the larger rocks and other materials, which is con-
venient for the transmission of materials with small
particles and does not occupy a transmission space.
14. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the material feeding

device further includes the luffingdrivingcylinder, the
luffing driving cylinder is arranged on the vehicle-
mounted device, one end of the belt conveyor close
to the mucking machine is rotatably connected with
the vehicle-mounted device, and the luffing driving
cylinder is hinged with one end of the belt conveyor
far away from themuckingmachine to drive one end
of the belt conveyor far away from the mucking
machine to ascend and descend. With the arrange-
ment of the luffing driving cylinder, the luffing driving
cylinder can drive one end of the belt conveyor far
away from the mucking machine to ascend or des-
cend, so as to adapt to the use of transport carts with
different heights and enhance applicability of the belt
conveyor.
15. The non-blasting tunnel boring machine of the
present disclosure further includes the support
boom, the support boom includes the longitudinal
arm and the transverse arm, the longitudinal arm is
vertically arranged on the translation device, and the
transverse arm is arranged transversely, wherein
one end of the transverse arm is connected with
the longitudinal arm, and the other end of the trans-
verse arm is connected with the rotational driving
device. The support boom is suitable for supporting
the working disc, and the support boom is arranged
in the formof connecting the longitudinal armand the
transverse arm, wherein the longitudinal arm facil-
itates to open a vertical distance between the work-
ing disc and the vehicle-mounted device, while the
transverse arm facilitates to open a horizontal dis-
tance between the working disc and the vehicle-
mounted device, so as to arrange the working disc
in a proper position.
16. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the support boom
further includes the longitudinal arm telescopic cy-
linder and/or the transverse arm telescopic cylinder,
wherein the longitudinal arm telescopic cylinder is
vertically arranged on the translation device, the
longitudinal arm telescopic cylinder is connected
with the longitudinal arm to drive the longitudinal
arm to move vertically, and the transverse arm tele-
scopic cylinder is arranged between the transverse
arm and the longitudinal arm to drive the transverse
arm to move transversely. The telescoping of the
longitudinal arm telescopic cylinder drives the long-
itudinal arm to move vertically, so as to regulate the
height of the working disc and meet the construction
requirements of different heights; the telescoping of
the transverse arm telescopic cylinder drives the
transverse arm to move transversely, so as to drive
theworking disc to regulate a lateral position tomeet
the requirements of different use scenarios.
17. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the transverse arm
telescopic cylinder is hinged with the longitudinal
arm, the support boom further includes the boom
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luffingcylinder, oneendof theboom luffingcylinder is
hinged with the outer wall of the longitudinal arm
telescopic cylinder, the other end of the boom luffing
cylinder ishingedwith theouterwall of the transverse
arm telescopic cylinder, and theboom luffingcylinder
can drive the transverse arm telescopic cylinder and
the transverse arm to entirely rotate up and down
around the hinge point relative to the longitudinal
arm. With the arrangement of the boom luffing cy-
linder, the extension of the piston rod of the boom
luffing cylinder can push the transverse arm tele-
scopic cylinder and the transverse arm to entirely
rotate upward around the hinge point relative to the
longitudinal arm, so as to drive the whole working
disc to swingupward; the shorteningof thepiston rod
of the boom luffing cylinder can pull the transverse
arm telescopic cylinder and the transverse arm to
entirely rotate downward around the hinge point
relative to the longitudinal arm, so as to drive the
whole working disc to swing downward, thus regu-
lating the up-and-down inclination angle of the work-
ing disc and improve parallelism of matching be-
tween the working disc and the tunnel face.
18. According to the non-blasting tunnel boring ma-
chine of the present disclosure, the support boom
further includes the regulating turntable, the regulat-
ing turntable is rotatably arranged on the vehicle-
mounted device, the translation device is arranged
on the regulating turntable, and the regulating turn-
table drives the translation device to rotate around
the center of the translation device. The movement
of the translation device can drive the regulating
turntable and the components on the regulating turn-
table to move together to regulate the distance be-
tween the working disc and the tunnel face, and the
rotation of the regulating turntable can drive the
longitudinal arm telescopic cylinder and the struc-
tures such as the longitudinal arm connected there-
on, the transverse arm and the working disc to rotate
integrally, so as to further regulate the left-and-right
inclination angle of the working disc and improve the
parallelism of matching between the working disc
and the tunnel face. Therefore, the up-and-down
inclination angle of the working disc is regulated
by using the boom luffing cylinder, and the left-
and-right inclination angle of the working disc is
regulated by using the regulating turntable, so that
the working disc can be kept parallel to the tunnel
face, and then the working disc can be driven to
move transversely towards theworking disc by using
an expansion rod of the transverse arm, so that the
working disc canbe in parallel contactwith the tunnel
face to facilitate construction operation.
19. The tunneling method using the non-blasting
tunnel boring machine of the present disclosure in-
cludes the following steps of: using the vehicle-
mounteddevice to drive the rotational driving device,
the translation device and the working disc to move

to the tunnel face; using the translation device to
drive the rotational driving device and the working
disc to synchronously move to regulate the distance
between the working disc and the tunnel face; using
the rotational driving device to drive the working disc
to rotate around the center of the working disc to
further drive the foundation trenchexcavation device
on the working disc to rotate and enable the founda-
tion trench excavation device to excavate the annu-
lar crackarrest grooveon the tunnel face; starting the
drilling machine on the working disc to drill the hole
on the tunnel face in the annular crack arrest groove;
using the rock splitter to be matched with the drilled
hole to split the tunnel face; using thehazard removal
device matched with the tunnel face to peel off the
crushed stones split on the tunnel face; using the
material feeding device to receive and convey the
materials dropped during excavation; and starting
the dust suppression device to suppress the dust
generated by excavation. As the tunneling method
using the non-blasting tunnel boring machine of the
present disclosure has the same technical effects as
these of the non-blasting tunnel boring machine of
the present disclosure, the details will not be re-
peated here.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] In order to illustrate the technical solutions in the
specific embodiments of the present disclosure or in the
related artmore clearly, the drawings used in the descrip-
tion of the specific embodiments or the prior art will be
briefly described below. Obviously, the drawings in the
following description are merely some embodiments re-
corded in the present disclosure. For those of ordinary
skills in the art, other drawings may also be obtained
based on these drawings without going through any
creative work.

FIG. 1 illustrates a side view of a non-blasting tunnel
boringmachine according to the embodiments of the
present disclosure;
FIG. 2 illustrates a three-dimensional schematic dia-
gram of a non-blasting tunnel boring machine ac-
cording to the embodiments of the present disclo-
sure;
FIG. 3 illustrates a front view of the non-blasting
tunnel boring machine according to the embodi-
ments of the present disclosure;
FIG. 4 illustrates a top viewof the non-blasting tunnel
boringmachine according to the embodiments of the
present disclosure;
FIG. 5 illustrates a schematic structural diagram of
direction A-A in FIG. 3;
FIG. 6 illustrates a schematic structural diagram of
direction B-B in FIG. 5;
FIG. 7 illustrates a schematic structural diagram of
direction C-C in FIG. 5;
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FIG. 8 illustrates a schematic structural diagram of
direction D-D in FIG. 5;
FIG.9 isanenlargedstructural diagramofaportionE
in FIG. 1;
FIG. 10 illustrates a schematic structural diagram of
a translation device of the non-blasting tunnel boring
machine according to the embodiments of the pre-
sent disclosure; and
FIG.11 illustratesaschematic structural diagramofa
hazard removal device of the non-blasting tunnel
boring machine according to the embodiments of
the present disclosure.

Reference numerals:

[0046] 1 - vehicle-mounted device; 11 - vehicle-
mounted platform; 12 - wheel; 13 - support leg; 2 -
rotational driving device; 3 - working disc; 31 - front plate;
311 - grooving cutter hole; 32 - rear plate; 321 - central
shaft in disk; 322 - annular sleeve; 33 - connecting rod;
331 - rack; 4 - foundation trench excavation device; 41 -
cutterhead assembly; 411 - screw gear; 412 - cutterhead
screw; 413 - threaded sleeve; 42 - grooving cutter; 5 -
drilling and splitting device; 51 - drilling machine; 511 -
splitting frame; 512 - first lateral frame; 5121 - first limit
slide hole; 514 - first locking mechanism; 5141 - suction
cup; 5142 - electromagnetic clamping device; 515 - first
double-piston actuator; 52 - rock splitter; 6 - dust sup-
pression device; 61 -water tank; 62 -water spray pipe; 63
- atomizing nozzle; 64 - dust detection device; 7 -material
feeding device; 71 - hopper; 72 - mucking machine; 73 -
belt conveyor; 74 - luffing driving cylinder; 8 - shifting
device; 81 - travel motor; 82 - traveling gear mechanism;
821 - synchronousdrivingshaft; 8211 -first synchronizing
gear; 8212 - second synchronizing gear; 8213 - locking
nut; 822 - inner traveling screw; 8221 - inner traverse
gear; 823 - outer traveling screw; 8231 - outer traverse
gear; 83 -guidesupport beam;831 -guidesupportwheel;
9 - support boom; 91 - longitudinal arm; 92 - transverse
arm; 93 - longitudinal arm telescopic cylinder; 94 - trans-
verse arm telescopic cylinder; 95 - boom luffing cylinder;
96 - regulating turntable; 10 - main cab; 20 - secondary
cab; 30 - boom support; 40 - translation device; 401 -
translation mount; 4011 - traveling wheel; 402 - transla-
tion rail; 403 - translationdrivingunit; 404 - anti-roll rod; 50
- hazard removal device; 501 - hazard removal bucket;
502 - driving cylinder; 503 - folding arm; and504 - rotating
hopper.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0047] The following clearly and completely describes
the technical solutions of the present disclosure with
reference to the drawings. Apparently, the described
embodiments are merely some but not all of the embodi-
ments of the present disclosure. Based on the embodi-
ments of the present disclosure, all other embodiments
obtainedby thoseof ordinary skills in theartwithout going

through any creative work shall fall within the protection
scope of the present disclosure.
[0048] In the description of the present disclosure, it
should be noted that, the orientation or positional rela-
tionship indicated by the terms "upper", "lower", "left",
"right", "vertical", "horizontal", "inner", "outer" and the like
is based on the orientation or positional relationship
shown in the drawings, only for the convenience of de-
scribing the present disclosure and simplifying the de-
scription, and does and not indicate or imply that the
indicated device or elementmust have a specific orienta-
tion, or be constructed and operated in a specific orienta-
tion. Therefore, the terms should not be construed as
limiting the present disclosure. Moreover, the terms
"first", "second" and "third" are used for descriptive pur-
poses only and cannot be understood as indicating or
implying relative importance.
[0049] In the description of the present disclosure, it
should be noted that terms such as "installation", "con-
nected" and "connection", etc., should be understood
broadly, for example, the connection may be fixed con-
nection, or detachable connection or integral connection;
may be mechanical connection, and may also be elec-
trical connection; andmaybedirect connection,mayalso
be indirect connection through an intermediate medium,
andmayalsobe internal communicationof twoelements.
The specific meaning of the above terms the present
disclosure, can be understood in a specific case by those
of ordinary skills in the art.
[0050] In addition, the technical features involved in
different embodiments of the present disclosure de-
scribed below can be combined with each other as long
as they do not constitute conflicts with each other.
[0051] As shown in FIG. 1 to FIG. 11, this embodiment
discloses a non-blasting tunnel boring machine, includ-
ing a vehicle-mounted device 1, a rotational driving de-
vice 2, a translation device 40, a working disc 3, a
foundation trench excavation device 4, a hazard removal
device 50, a positioning device, a drilling and splitting
device 5, a dust suppression device 6 and a material
feeding device 7. The rotational driving device 2 is ar-
ranged on the vehicle-mounted device 1. The translation
device 40 is arranged on the vehicle-mounted device 1
and is connected with the rotational driving device 2. The
translation device 40 can drive the rotational driving
device 2 to move away from or towards a tunnel face.
The working disc 3 is in transmission connection with the
rotational driving device 2. The rotational driving device 2
can drive the working disc 3 to rotate around a center of
the working disc. The foundation trench excavation de-
vice 4 is arranged on the working disc 3, and the founda-
tion trench excavation device 4 is suitable for coordinat-
ing with the tunnel face. The working disc 3 can drive the
foundation trench excavation device 4 to rotate to ex-
cavate an annular crack arrest groove in the tunnel face.
The drilling and splitting device 5 includes a drilling
machine 51 and a rock splitter 52 both arranged on the
working disc 3, the drilling machine 51 is suitable for
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drilling a hole in the tunnel face in the annular crack arrest
groove, and the rock splitter 52 is suitable for being
matched with the drilled hole to split the tunnel face.
The hazard removal device 50 is arranged on the vehi-
cle-mounted device 1, suitable for spalling crushed
stones split on the tunnel face to the ground, and carrying
out hazard removal operation at the same time. The dust
suppressiondevice6 isarrangedon thevehicle-mounted
device 1 and suitable for suppressing generated dust.
Thematerial feeding device 7 is arranged on the vehicle-
mounted device 1, and the material feeding device 7 is
located below the working disc 3 and used for receiving
and conveying materials dropped during excavation.
[0052] According to the non-blasting tunnel boring
machine of the present disclosure, the rotational driving
device 2 drives the working disc 3 to rotate around the
center of theworking disc, and then drives the foundation
trenchexcavationdevice4on theworkingdisc3 to rotate,
and thereby the foundation trench excavation device 4
excavates the annular crack arrest groove on the tunnel
face, the drilling machine 51 drills the hole on the tunnel
face in the annular crack arrest groove, the rock splitter
52 matches with the drilled hole to split the tunnel face,
the hazard removal device 50 vibrates with the tunnel
face to peel off the crushed stones on the tunnel face, the
material feeding device 7 receives and conveys the
materials dropped during excavation, and the dust sup-
pression device 6 suppresses the dust generated by
excavation.
[0053] Therefore, the non-blasting tunnel boring ma-
chine of the present disclosure according to the embodi-
ment realizes the drilling and splitting construction of the
tunnel face through the coordinating of the foundation
trench excavation device 4, the drilling machine 51, the
rock splitter 52 and the hazard removal device 50, there-
by realizing the non-blasting tunnel boring construction.
throughout the construction process, there is no need to
blast, resulting in low noise and no vibration influence on
buildings (structures) around the tunnel, and it is flexible,
economical, and efficient.Moreover, thematerial feeding
device 7 can convey the materials generated by excava-
tion in time, thereby reducing material accumulation and
improving construction continuity and efficiency. The
dust suppression device 6 can suppress the generated
dust, thereby improving a construction environment and
reducing environmental pollution.
[0054] The non-blasting tunnel boring machine is de-
scribed in detail below with reference to the drawings in
the specification.
[0055] The vehicle-mounted device 1 may specifically
be a trolley. It can drive the whole non-blasting tunnel
boring machine to move by the traveling of the trolley,
thereby realizing continuous tunnel construction, which
is very convenient. The trolleymaybewheeled or crawler
type. the wheeled type is preferred in the present dis-
closure.
[0056] in some embodiments, as shown in FIG. 1 to
FIG. 3, the vehicle-mounted device 1 includes a vehicle-

mounted platform11andwheels 12, wherein the vehicle-
mounted platform 11 is provided with a support boom 9,
the hazard removal device 50 and the material feeding
device 7, and the wheels 12 are arranged at a bottom of
the vehicle-mounted platform 11. The vehicle-mounted
platform 11 and the structure on the vehicle-mounted
platform are driven to move by the rotation of the wheels
12, thereby realizing the traveling of the whole non-blast-
ing tunnel boring machine and continuous tunnel con-
struction.
[0057] Specifically, the vehicle-mounted platform 11
may be a supporting plate arranged transversely, and
a plurality of wheels 12 are arranged around a bottom of
the supporting plate, and each wheel 12 may be driven
independently. Thus, when the working disc 3 is aligned
with the tunnel face, slight forward and backward move-
ments can be made by the wheels 12 on one side, while
the wheels 12 at the other side remain stationary, which
may realize better regulation and alignment of the tunnel
face by combining with other adjustment method de-
scribed in the present disclosure, thereby improving sta-
bility of supporting the vehicle-mounted platform 11.
[0058] Further, the vehicle-mounted device 1 further
includes storable support legs 13, wherein the support
legs 13 are arranged at the bottom of the vehicle-
mounted platform 11 and suitable for supporting the
vehicle-mountedplatform11.When the vehicle-mounted
platform 11 moves, the support legs 13 are in a storage
state to avoid interference to the movement of the vehi-
cle-mounted platform 11. When the vehicle-mounted
platform 11 stops moving, before the construction com-
mences, the support legs 13 are extended outward to
support thevehicle-mountedplatform11, ensuring stable
stress on the vehicle-mounted platform and smooth con-
struction.
[0059] For example, the storable support leg13maybe
a rotary supporting rod, which means that the supporting
rod is rotatably connected with the bottom of the vehicle-
mounted platform 11, and the supporting rod can be
stored or unfolded through rotation. Alternatively, the
storable support leg 13may also be a telescopic support-
ing rod, which means that the supporting rod can be
stored or unfolded through the telescoping of the sup-
porting rod, which is not particularly limited in some
embodiments.
[0060] The rotational driving device 2 may be in a form
of matching a rotating motor, a reduction box and a
rotating shaft, and the rotating shaft is connected with
the center of the working disc 3 to drive the rotating shaft
to rotate through the rotation of the rotating motor, there-
by driving theworkingdisc 3 to rotate around the center of
the working disc.
[0061] in some embodiments, the working disc 3 in-
cludes a front plate 31, a rear plate 32, a central shaft in
disk 321 and a support boom 9. An edge of the front plate
31 is provided with the foundation trench excavation
device 4, the rear plate 32 is located behind the front
plate 31, and the drilling and splitting device 5 is arranged
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on the rear plate 32. The drilling and splitting device 5 can
extend to the front of the front plate 31 to cooperate with
the tunnel face. One end of the central shaft in disk 321 is
bothconnectedwithacenter of both the front plate31and
the rear plate 32,while the other endof the central shaft in
disk is in transmission connection with the rotational
driving device 2. One end of the support boom 9 is
connected with the translation device 40, while the other
end of the support boom is connected to the rotational
driving device 2. This arrangement is necessary because
that the drilling machine 51 and the rock splitter 52 of the
drilling and splitting device 5 are relatively long, and in
ordernot toaffectagroovingoperationof theworkingdisc
3, it is necessary tomount the drilling and splitting device
5 on rear of the rear plate 32. The central shaft in disk 321
is in transmission connection with the rotational driving
device 2.
[0062] The rear plate 32 includes an annular sleeve
3222and connecting rods 33. Theannular sleeve 3222 is
sleeved on a outer circumference of the central shaft in
disk 321, and the connecting rods 33 are connected with
both the central shaft in disk 321 and the annular sleeve
3222, wherein there are a plurality of connecting rods 33
and the connecting rods 33 are arranged at intervals
along a circumferential direction of the central shaft in
disk321, and thedrillingandsplittingdevice5 is arranged
on the connecting rod 33. With such arrangement, the
central shaft in disk 321 and the annular sleeve 3222 are
integrated through the connecting rod 33, which ensures
a structural strength of theentire rear plate 32.Compared
with a fully solid working disc 3, the arrangement can
reduce a weight of the working disc 3 and a load of the
vehicle-mounted device 1. Specifically, after the drilling
machine 51 completes drilling, the working disc 3 can be
aligned and cooperatedwith thedrilled hole by thedrilling
and splitting device 5 arranged on the connecting rod 33
without rotating.
[0063] Specifically, the central shaft in disk 321 and the
rotating shaft of the rotational driving device 2 may be
connected by various ways, such as key connection,
internal and external geers, and the like. The annular
sleeve 322 is annular, and there is a gap between the
annular sleeve and the central shaft in disk 321. The
connecting rod 33 is arranged in the gap, and one end of
the connecting rod 33 is connected with an outer wall of
the central shaft in disk 321 by variousways such as keys
or internal and external gears, and the other end of the
connecting rod is fixedly connected with an inner wall of
the annular sleeve 322.
[0064] in some embodiments, the drilling and splitting
device5 further includesasplitting frame511.Onesideof
the splitting frame 511 is provided with the drilling ma-
chine 51, the other side of the splitting frame is provided
with the rock splitter 52, and the splitting frame 511 is
movably arranged on the connecting rod 33. Both the
drilling machine 51 and the rock splitter 52 can be ar-
ranged on the splitting frame 511 synchronously for that
the drilling machine 51 and the rock splitter 52 can co-

ordinate and work together efficiently. The movement of
the splitting frame 511 along the connecting rod 33 can
enable synchrounous movement of both the drilling ma-
chine 51 and the rock splitter 52.With such arrangement,
when the working disc 3 rotates, it drives the drilling
machine 51 to rotate annularly, thereby creating a plur-
ality of drilled holes along the circumferential direction of
the tunnel face.Meanwhile, thedrillingmachine51on the
drilling and splitting device 5 can drill a plurality of drilled
holes along a radial direction of the working disc 3
through simultaneous zoned operation of multiple the
drilling and splitting device 5 or movement along the
length direction of the connecting rod 33, and the rock
splitter 52 can split different positions of the tunnel face
following positions of the drilled holes. Thus the arrange-
ment can achieve the overall drilling and splitting con-
struction of the tunnel face along the circumferential
direction and the radial direction.
[0065] In some embodiments, it is also possible to
arrange two drilling machines 51 on left and right sides
of the same splitting frame 511 as required, and similarly,
two rock splitters 52may be arranged on the left and right
sides of the same splitting frame 511 as required.
[0066] A rack 331 is arranged on the connecting rod 33
along the length direction of the connecting rod 33.
Specifically, the connecting rod 33 includes two I-shaped
plates relatively arranged at intervals, and a front surface
and a back surface of the I-shaped plate are both pro-
vided with the rack 331.
[0067] It should be noted that the front surface of the I-
shaped plate is one surface of the I-shaped plate deviat-
ing from the vehicle-mounted device 1, and the back
surface of the I-shaped plate is one surface of the I-
shaped plate towards the vehicle-mounted device 1.
[0068] The foundation trench excavation device 4 is
suitable for abutting against the tunnel face, and the
rotation of theworking disc 3 drives the foundation trench
excavation device 4 to rotate by 360 degrees with the
center of the working disc 3 (i.e. around the central shaft
in disk 321) as a base point, thereby opening the annular
crack arrest groove on the tunnel face, and the annular
crack arrest groove delineates an excavation area on the
tunnel face for improving accuracy of construction.
[0069] It should be noted that the tunnel face is a
section of a tunnel to be excavated, and the tunnel
excavation construction can be realized by drilling, split-
ting and other construction operations on the section.
[0070] For a specific structure, as shown inFIG. 1, FIG.
4 and FIG. 5, in some embodiments, the foundation
trench excavation device 4 includes a grooving cutter
hole 311, a cutterheadassembly 41andagrooving cutter
42, wherein the grooving cutter hole 311 is arranged on
the working disc 3, the cutterhead assembly 41 is ar-
ranged on a back surface of the working disc 3, the
grooving cutter 42 is arranged in the grooving cutter hole
311, and the cutterhead assembly 41 is in transmission
connection with the grooving cutter 42 to drive the groov-
ing cutter 42 to extend out of or retract into the grooving
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cutter hole 311. With such arrangement, the cutterhead
assembly 41 can drive the grooving cutter 42 to extend
out of the grooving cutter hole 311, thereby enabling the
grooving cutter 42abutting against the tunnel face.When
the working disc 3 rotates, it drives the grooving cutter 42
to rotate, thereby opening the annular crack arrest
groove on the tunnel face by the grooving cutter 42. After
theannular crackarrest groove is opened, the cutterhead
assembly 41 drives the grooving cutter 42 to retract into
the grooving cutter hole 311, thereby separating the
grooving cutter 42 from the tunnel face. Additionally, by
controlling a length of the grooving cutter 42 extending
out of the grooving cutter hole 311 by the cutterhead
assembly 41, an depth of the annular crack arrest groove
can also be controlled to satisfy various construction
requirements.
[0071] The grooving cutter hole 311 is arranged on the
annular sleeve 322 of the working disc 3, and it is an
annular hole. Arranging the grooving cutter 42 within the
grooving cutter hole 311 can not only limit and guide the
grooving cutter 42, but also protect the grooving cutter 42
retracted into the grooving cutter hole 311, reducing
collision withs other components.
[0072] In some embodiments, the grooving cutter 42 is
configured as an arc-shaped blade, with a convex arc
surface of the arc-shaped blade away from the center of
the working disc 3. The arrangement allows the arc-
shaped blade to sweep away interference such as pro-
truding rocks on a sidewall of the annular crack arrest
groove while cutting the tunnel face.
[0073] In some embodiments, the cutterhead assem-
bly 41 includes a reversible motor, a screw gear 411, a
cutterhead screw 412 and a threaded sleeve 413. The
reversible motor is arranged on the working disc 3, and
the screw gear 411 is connected to the reversible motor.
The cutterhead screw 412 is arranged in the grooving
cutter hole 311 and connected to the grooving cutter 42.
The cutterhead screw 412 engages with the screw gear
411, while the threaded sleeve 413 is fixedly arranged in
the grooving cutter hole 311. The cutterhead screw412 is
threadly engaged with the threaded sleeve 413, allowing
for vertical movement through screw rotation.
[0074] With the arrangement above, when the rever-
siblemotor rotates forward, it drives the screwgear 411 to
rotate forward. Because the screw gear 411 is engaged
with the cutterhead screw 412, it causes the cutterhead
screw412 to rotate forward. As the cutterhead screw412
is threadedly engaged with the threaded sleeve 413 and
the threaded sleeve 413 is fixed, the rotation of the
cutterhead screw 412 results in its axial movement along
the threadedsleeve413. and finally, it drives thegrooving
cutter 42 to rotate and extend out of the grooving cutter
hole 311 and engage with the tunnel face for creating the
annular crack arrest groove with sufficient depth in the
tunnel face.When the reversiblemotor rotates in reverse,
it drives the screw gear 411 to rotate in reverse direction,
thus causing the cutterhead screw 412 to rotate in re-
verseand the cutterheadscrew412 tomoveaxially along

the threaded sleeve 413. This retracts the grooving cutter
42 on the cutterhead screw 412 back into the grooving
cutter hole 311, separating it from the tunnel face. There-
fore, the abovearrangement cannot only drive thegroov-
ing cutter 42 to extend out of or retract into the grooving
cutter hole 311 through the cutterheadscrew412but also
enable the grooving cutter 42 to rotate around itself
through the cutterhead screw 412, facilitating the crea-
tion of the annular crack arrest groove with sufficient
depth on the tunnel face.
[0075] Specifically, the reversible motor can rotate for-
ward and backward to change a moving direction of the
grooving cutter 42, which can enable the grooving cutter
42 to extend out of or retract into the grooving cutter hole
311. Since the reversible motor is a prior art, the details
are not repeated here.
[0076] The screw gear 411 is connected to an output
shaft of the reversiblemotor in a reliable way such as key
or interference fit to synchronously rotate forward or
backward along with the reversible motor.
[0077] An end part of the cutterhead screw 412 is
reliably connected to the grooving cutter 42 through
methods such as threading, pin-key coupling, etc. Spe-
cifically, the cutterhead screw412 is a cylindrical rod, and
a periphery of the cylindrical rod is provided with a spiral
groove which is engaged with the screw gear 411.
[0078] The threaded sleeve 413 is a hollow cylindrical
sleeve, and an inner wall of the cylindrical sleeve is
provided with a spiral line that matches the spiral groove
on the cutterhead screw 412.
[0079] In some embodiments, in terms of quantity, a
plurality of foundation trench excavation devices 4 are
provided and arranged at intervals along the circumfer-
ential direction of the working disc 3. With the arrange-
ment, the plurality of foundation trench excavation de-
vices 4 can, on one hand, improve an excavation rate of
the annular crack arrest groove.On the other hand, since
the plurality of foundation trench excavation devices are
arranged at intervals along the circumferential direction
of the working disc 3, even if a part of the foundation
trench excavation devices 4 cannot abut against the
tunnel face since the working disc 3 is not completely
in parallel contact with the tunnel face, another part (one
or more) of the foundation trench excavation devices 4
can always abut against the tunnel face to carry out the
grooving construction of the annular crack arrest groove.
Therefore, it reduces requirement for precise alignment
accuracy between theworking disc 3 and the tunnel face.
[0080] It is further explained that there are a plurality of
foundation trench excavation devices 4 at intervals along
the circumferential direction of the working disc 3. When
the working disc 3 is not completely in parallel contact
with the tunnel face, the foundation trench excavation
devices 4 on the working disc 3 far away from an inclined
side of the tunnel face cannot abut against the tunnel
face,while the foundation trenchexcavation devices 4on
the working disk 3 towards the inclined side of the tunnel
face abut against the tunnel face to carry out excavation
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construction of the annular crack arrest groove.
[0081] The present disclosure incorporates various
structural components (such as, the vehicle-mounted
device 1, the translation device 40 and the rotational
driving device 2) that work in coordination to ensure that
the working disc 3 can be regulated to be parallel to the
tunnel face. It can be understood that even when the
working disc 3 is not completely parallel to the tunnel
face, the rotation of theworking disc 3 driving the founda-
tion trench excavation device 4 to rotate can still achieve
opening of part of the annular crack arrest groove with a
groove edge of the annular crack arrest groove being not
vertical. However, it does not affect an overall working
effect of drilling and splitting.
[0082] Thedrillingmachine 51 is used for drilling a hole
in the tunnel face, and the rock splitter 52 is used for being
inserted into the drilled hole to split the tunnel face, so as
to realize drilling and cracking construction of the tunnel
face.
[0083] In order to realize the movement of the drilling
machine 51 and the rock splitter 52 along the length
direction of the connecting rod 33, the embodiment
further includes a shifting device 8. The shifting device
8 is connected to the splitting frame 511 to drive the
splitting frame 511 to move along the length direction
of the connecting rod 33. Therefore, when each drilling
and splitting device 5 needs to move along the length
direction of the connecting rod33, thedrillingand splitting
device 5 can be driven to move through the shifting
device 8, thereby achieving controlling of the movement
of the drilling machine 51 and the rock splitter 52 on the
drilling and splitting device 5.
[0084] A sliding mechanism is further included, which
is arranged on the splitting frame 511. The sliding me-
chanism is connected to the drilling machine 51 and/or
the rock splitter 52 to drive the drilling machine 51 and/or
the rock splitter 52 to slide along the splitting frame 511.
[0085] In terms of a specific structural arrangement,
the shifting device 8 includes a travel motor 81 and a
traveling gear mechanism 82, wherein the travel motor
81 is arranged on the splitting frame 511, the traveling
gear mechanism 82 is in transmission connection with
the travel motor 81. The traveling gear mechanism 82 is
engaged with the rack 331, and the travel motor 81 can
drive the traveling gear mechanism 82 to rotate to drive
the splitting frame 511 to move along the length direction
of the connecting rod 33. With such arrangement, the
travel motor 81 rotates to drive the traveling gear me-
chanism82 to rotate.As the travelinggearmechanism82
is engaged with the rack 331, the traveling gear mechan-
ism 82 moves along the rack 331, thereby driving the
splitting frame 511 and the drilling machine 51 and the
rock splitter 52 thereof to move along the length direction
of the connecting rod 33, which can realize drilling and
splitting operations on different positions in the radial
direction of the tunnel face.
[0086] Specifically, the travel motor 81 may also rotate
forward and backward. The forward and backward rota-

tion of the travel motor 81 can drive the traveling gear
mechanism 82 to rotate clockwise or counterclockwise,
therebycausing thedrillingmachine51or the rocksplitter
52moving back and forth along the length direction of the
connecting rod 33, which can realize continuous drilling
or splitting operation on the tunnel face.
[0087] In some embodiments, the traveling gear me-
chanism82 includesa synchronousdriving shaft 821and
a traveling screw, wherein the synchronous driving shaft
821 is arranged between two I-shaped plate arranged
relatively at intervals. The synchronous driving shaft 821
is connected to the travel motor 81, and the synchronous
driving shaft 821 is provided with a first synchronizing
gear 8211 and a second synchronizing gear 8212 ar-
ranged at intervals. The traveling screw includes an inner
traveling screw822arrangedon theback surface of the I-
shaped plate and an outer traveling screw 823 arranged
on the front surface of the I-shaped plate. The inner
traveling screw 822 is engaged with the first synchroniz-
ing gear 8211, the outer traveling screw 823 is engaged
with the second synchronizing gear 8212. The inner
traveling screw 822 is rotatebly arranged on the splitting
frame 511. Two ends of the inner traveling screw 822 are
providedwith the inner traversegears8221,and the inner
traverse gears 8221 are engaged with the racks 331 on
the back surfaces of the two I-shaped plates. Two ends of
the outer traveling screw 823 are provided with the outer
traverse gears 8231, and the outer traverse gears 8231
are engaged with the racks 331 on the front surfaces of
the I-shaped plates.
[0088] According to the arrangement above, when the
drilling machine 51 or the rock splitter 52 needs to move
along the length direction of the connecting rod 33, the
travel motor 81 drives the synchronous driving shaft 821
to rotate to drive the first synchronizing gear 8211 and the
second synchronizing gear 8212 on the synchronous
driving shaft 821 to rotate synchronously. Because the
first synchronizing gear 8211 is engaged with the inner
traveling screw 822 and the second synchronizing gear
8212 is engaged with the outer traveling screw 823, the
inner traveling screw 822 and the outer traveling screw
823 are driven to rotate synchronously. As the inner
traverse gears 8221 at the two ends of the inner traveling
screw 822 are engaged with the racks 331 on the back
surfaces of the I-shaped plates, and the outer traverse
gears 8231 at the two ends of the outer traveling screw
823 are engaged with the racks 331 on the front surfaces
of the I-shaped plates, the inner traverse gear 8221
moves along the racks 331 on the back surfaces of the
I-shaped plates and the outer traverse gear 8231 moves
along the racks 331 on the front surfaces of the I-shaped
plates. Since the travel motor 81 and the inner traveling
screw 822 are both arranged on the splitting frame 511,
the movement of the inner traverse gear 8221 and the
outer traverse gear 8231 along the racks 331 can syn-
chronously drive the splitting frame 511 and the drilling
machine 51 or the rock splitter 52 thereon to move along
the racks 331 (i.e., consistent with the length direction of

5

10

15

20

25

30

35

40

45

50

55



16

27 EP 4 497 911 A1 28

the connecting rod 33), which can realize drilling and
splitting operations on different positions of the tunnel
face.
[0089] Specifically, the synchronous driving shaft 821
is connected to an output shaft of the travel motor 81 in a
reliablewaysuchas keyor inner andouter gears, thereby
ensuring synchronous rotation of the two. The synchro-
nous driving shaft 821 penetrates through the gap be-
tween the I-shaped plates, and the two ends of the
synchronous driving shaft extend out of the gap between
the I-shaped plates.
[0090] The first synchronizing gear 8211 and the sec-
ond synchronizing gear 8212 are both helical teeth. The
inner traveling screw 822 and the outer traveling screw
823 are provided with spiral grooves in the circumferen-
tial direction, and the helical teeth are matched with the
spiral grooves. It canbeunderstood that the engagement
between the second synchronizing gear 8212 and the
outer traveling screw 823 can also improve engagement
tightness between the outer traverse gear 8231 and the
rack 331, and prevent the outer traverse gear 8231 from
disengaging from the rack 331.
[0091] In some embodiments, in order to improve
matching reliability of the first synchronizing gear 8211
and the second synchronizing gear 8212 with the inner
travelingscrew822and theouter travelingscrew823, the
synchronous driving shaft 821 is further provided with a
locking nut 8213, and the locking nut 8213 abuts against
the second synchronizing gear 8212, causing the second
synchronizing gear 8212 being tightly engaged with the
outer traveling screw 823, thereby ensuring the tight
matching reliability of the whole traveling gear mechan-
ism 82 with the rack 331.
[0092] Further, in some embodiments the traveling
gear mechanism 82 further includes a synchronous
bushing and a guide support beam 83, wherein the
synchronous bushing is coordinated and connected with
the synchronous driving shaft 821 through a bearing.
Moreover, the synchronous bushing and the bearing
are located at fixed positions between the first synchro-
nizing gear 8211 and the second synchronizing gear
8212. By arranging a bearing mounting groove on the
synchronous driving shaft 821, it can ensure that the
synchronous bushing and the bearing cannot slide up
and down on the synchronous driving shaft 821, but can
only rotate and connect at the fixed position of the syn-
chronousdriving shaft 821.Theguide support beam83 is
fixedly connected to the synchronous bushing at an in-
cluded angle, and two ends of the guide support beam83
are provided with guide support wheels 831, wherein the
guide support wheel 831 at one end is in rolling contact
with a vertical plate of one I-shaped plate, and the guide
support wheel 831 at the other end is in rolling contact
with a vertical plate of the other I-shaped plate.
[0093] The arrangement above enables the synchro-
nousbushing to fit snuglyaround theouter circumference
of the synchronous driving shaft 821, not impending the
rotation of the synchronous driving shaft 821 while main-

taining the overall non-rotation and excellent stability of
the synchronous bushing and the guide support beam
83. Meanwhile, when the guide support beam 83 moves
together with the synchronous bushing, the guide sup-
port wheels 831 at the two ends of the guide support
beam 83 roll on the I-shaped plates at either sides,
providing further support to the whole traveling gear
mechanism 82. And the guide support wheels 831 can
also reduce a moving resistance. In addition, the guide
support wheels 831 at the two ends of the guide support
beam 83 play a balanced role in supporting the whole
traveling gear mechanism 82, ensuring stable engage-
ment between the traveling gear mechanism 82 and the
rack 331 when the working disc 3 rotates (i.e., when the
connecting rod33 rotates along the circumferential direc-
tion). It canprevent the travelinggearmechanism82 from
deviating to one side and separating from the rack 331
due to the rotation of theworking disc 3, thereby ensuring
normal and reliable operation of the whole mechanism.
[0094] The synchronous bushing is a hollow cylinder,
the bearing is arranged between the synchronous bush-
ing and the synchronous driving shaft 821, an inside of
the synchronous bushing is tightly coordinated and con-
nectedwith an outer ring of the bearing, and the synchro-
nous driving shaft 821 is tightly coordinated and con-
nected with an inner ring of the bearing, allowing the
synchronous driving shaft 821 to rotate inside the syn-
chronous bushing under the drive of the travel motor 81,
while the synchronous bushing remains stationary.
[0095] The guide support beam 83 is arranged per-
pendicularly intersecting with the synchronous bushing,
and the two can be reliably fixed together by welding,
bolts, etc. The guide support wheels 831 are rotatably
arranged at the two ends of the guide support beam 83.
When the guide support beam 83 moves with the syn-
chronous bushing, it drives the guide support wheels 831
at the two ends to roll along an inner wall of the I-shaped
plate.
[0096] The drilling and splitting device 5 further in-
cludes a first lateral frame 512 and a second lateral
frame. The first lateral frame 512 and the second lateral
frame are respectively connected to two sides of the
splitting frame 511, the drilling machine 51 is movably
arranged on the first lateral frame512, the rock splitter 52
is movably arranged on the second lateral frame. The
sliding mechanism is connected to both the drilling ma-
chine 51 and the rock splitter 52 to drive the drilling
machine 51 to slide along the first lateral frame 512
and drive the rock splitter 52 to slide along the second
lateral frame. The arrangement can drive the drilling
machine 51 and the rock splitter 52 on the two sides to
slide along the first lateral frame 512 and the second
lateral frame through the sliding mechanism, thereby
driving the drilling machine 51 on the first lateral frame
512 or the rock splitter 52 on the second lateral frame to
move. It is convenient for synchronous drilling and split-
ting of the tunnel face and improves drilling or splitting
operation efficiency.
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[0097] The splitting frame 511, the first lateral frame
512, and thesecond lateral frameareall three-sidedsteel
structures with one side open. The first lateral frame 512
and the second lateral frame are respectively connected
with thedrillingmachine 51and the rock splitter 52,which
means that thepreferredway is that oneend isconnected
with the drilling machine 51 and the other end is con-
nected with the rock splitter 52. The arrangement facil-
itates better procedural integration of the drilling opera-
tion and the splitting operation.
[0098] Thefirst lateral frame512and thesecond lateral
frame are both hinged with the splitting frame 511, and
one sides of the first lateral frame 512, the second lateral
frame and the splitting frame 511 far away from the
central shaft in disk 321 are all provided with an opening.
The sliding mechanism includes a first double-piston
actuator 515 arranged at the opening of the splitting
frame 511. One piston rod of the first double-piston
actuator 515 penetrates through the opening of the first
lateral frame 512 and is hinged with the drilling machine
51, while the other piston rod of the first double-piston
actuator penetrates through the opening of the second
lateral frame and is hinged with the rock splitter 52. The
drilling and splitting device 5 further includes a first lock-
ing mechanism 514 and a second locking mechanism.
Thefirst lockingmechanism514 is suitable for locking the
first lateral frame512and the drillingmachine 51, and the
second locking mechanism is suitable for locking the
second lateral frame and the rock splitter 52. The first
double-piston actuator 515 can drive both the first lateral
frame 512 and the second lateral frame to rotate relative
to the splitting frame 511 around a hinge point, away from
the center of the working disc 3, thereby achieving the
folding of the drilling and splitting device 5. The first
double-pistonactuator515maydrive thedrillingmachine
51and thesplitting frame511 to slidealong thefirst lateral
frame 512 and the second lateral frame as required to
regulate working positions of the drilling machine 51 and
the rock splitter 52. Thus, it can achieve the folding of of
the drilling and splitting device 5and facilitate unhindered
movement of the drilling and splitting device 5 along the
connecting rod 33 by locking the first lateral frame 512 to
the drilling machine 51 through the first locking mechan-
ism 514, locking the second lateral frame to the rock
splitter 52 through the second locking mechanism, and
driving both the first lateral frame 512 and the second
lateral frame to rotate relative to the splitting frame 511
around a hinge point, away from the center of theworking
disc 3 through the first double-piston actuator 515.
[0099] Preferably, both the first locking mechanism
514 and the second locking mechanism are designed
asanelectromagneticattraction-based lockingstructure.
It can lock or release the first lateral frame 512 from the
drilling machine 51, as well as the second lateral frame
from the rock splitter 52 through the electromagnetic
attraction type locking structure, which provide conveni-
ent control and excellent stability.
[0100] For example, the electromagnetic attraction

type locking structure may specifically include a suction
cup 5141 and an electromagnetic clamping device 5142.
One of the suction cup 5141 and the electromagnetic
clamping device 5142 is arranged on the drillingmachine
51 and the other is arranged on the first lateral frame512.
Alternatively, one of the suction cup 5141 and the elec-
tromagnetic clamping device 5142 is arranged on the
rock splitter 52 and the other is arranged on the second
lateral frame. The arrangement can control electromag-
netic suction and fixation between the first lateral frame
512 and the drilling machine 51 or between the second
lateral frame and the rock splitter 52 by simply switching
the power supply on or off for the electromagnetic clamp-
ing device 5142.
[0101] Specifically, tracks are laid on the inner lower
bottom plates of both the first lateral frame 512 and the
second lateral frame. A trolley at the bottoms of the
drilling machine 51 and the rock splitter 52 is provided
with traveling wheels 4011, which can move along the
tracks under the drive of the first double-piston actuator
515. The trolley penetrates through the piston rod and is
fixedly connected to a base. The suction cup 5141 is
arranged on the base near a baffle plate of the lateral
frame, and correspondingly, the electromagnetic suction
assemblies 5142 are continuously arranged inside of the
lateral frame, thereby causing the drilling machine 51 or
the rock splitter 52 to be positionally fixed by sucking with
the suction cup 5141 when necessary. Additionally, a
sliding sleeve is also arranged above the sliding sleeve
by penetrating the axis, and the sliding sleeve is rotatably
connected to a vertical axis. The sliding sleeve is con-
nected to the piston rod of the first double-piston actuator
515 through the hinge point. As the first double-piston
actuator 515 extends or retracts, and the first lateral
frame 512 or the second lateral frame rotates around
the first double-piston actuator 515 through the hinge
point, the sliding sleevewill rotate around the vertical axis
under the drive of the piston rod to accommodate change
in angle. An upper part of the splitting frame 511 or a
secondmiddle frame isprovidedwithafirst limit slidehole
5121. The vertical axis of the drilling machine 51 or the
rock splitter 52 is sleeved with the upper guide traveling
wheel 4011, which can slide along the first limit slide hole
5121 under the drive of the first double-piston actuator
515 in the first limit slide hole 5121 via the upper guide
traveling wheel 4011. Simultaneously, the traveling
wheel 4011 connected with a lower part of the vertical
axis slides synchronously on the tracks, realizing the
entire movement of the shifting device 8, and conse-
quently driving the entire movement of the drilling ma-
chine 51 or the rock splitter 52.
[0102] A sliding rail device is further included, wherein
the sliding rail device is a set of devices that drive the
drillingmachine51or the rock splitter 52 to slide backand
forth along the sliding rails. The sliding rail device is
connected to the shifting device 8 through an upper
mounting arm and a lower mounting arm. Specifically,
the upper mounting arm is connected to a vertical axis of

5

10

15

20

25

30

35

40

45

50

55



18

31 EP 4 497 911 A1 32

the shifting device 8, the lower mounting arm is fixedly
connected to a side edge of the trolley through a long
groove hole on a back side structure of the first lateral
frame 512 or the second lateral frame. The upper mount-
ing arm and the lower mounting arm are respectively
fixedly connected to one side of a cylinder body of the
sliding cylinder, the other side of the cylinder body of the
sliding cylinder is connected to a fixed guide groove
through a fixed bracket, and the fixed guide groove
and a sliding guide groove embedded in the fixed guide
groove can move relative to each other. One end of the
sliding guide groove is connected to a piston rod of the
sliding cylinder, enabling the sliding guide groove to slide
back and forth on the fixed guide groove when driven by
the sliding cylinder.
[0103] A driving device is further included, wherein the
drivingdevice is used for driving thedrillingmachine51or
the rock splitter 52 to perform drilling or splitting opera-
tions. On the other side of the sliding guide groove, a
motor for driving thedrillingmachine51or the rocksplitter
52 to move is arranged, and the motor drives a turbine to
rotate through amotor shaft. Both the drillingmachine 51
and the rock splitter 52 adopt a driving screw structure at
theupper portion.When themotor drives the turbine tobe
engaged with the driving screw to move, the motor can
facilitate the driving screw to rotate rapidly while moving
forward or backward. The drilling machine 51 or the rock
splitter 52 is connected to the sliding guide groove
through a guide sleeve and double pivots of the guide
sleeve, which enable the sliding guide groove to not only
supportweight andworking impact of thedrillingmachine
or the rock splitter but also the entiremove backward and
forward. The guide sleeves are different in structure. The
guide sleeve is preferably in a form of a groove structure
with a big-half circumference enclosure and a small-half
circumference opening. An inside of the groove structure
is provided with an internal thread in threaded matching
with the driving screw for engaging movement. A lower
part of the guide sleeve is fixedly connected with a motor
housing through a bracket, and an opening part of the
guide sleeve is engaged with a thread on the driving
screw by the turbine. The guide sleeve is in a form of a
fully enclosed hollow cylinder structure, and an outside of
the guide sleeve is connected with the sliding cylinder
through a bracket. Through the supporting and driving of
the guide sleeve and the double pivots of the guide
sleeve, stable support and operation of the drilling ma-
chine51or the rock splitter 52 during theworkingprocess
canbewell ensured.Structuresof upper sliding screwsof
the drilling machine 51 and the rock splitter 52 are basi-
cally the same, but lower structures of the drilling ma-
chine 51 and the rock splitter 52 are different due to
different functions to be realized. The lower part of the
drilling machine 51 is a drilling rod structure, one end of
the drilling rod connected with the driving screw is a
sleeve structure embedded with a thread, and a lower
end part of the driving screw is an external thread struc-
ture. A width and a pitch of the thread are matched with

that of an internal thread at an end part of the drilling rod,
so that the driving screw can be screwed with the thread
at the end part of the drilling rod to realize reliable con-
nection. A screwing direction of a connecting thread
between the driving screw and the drilling rod is consis-
tent with a forward engaging direction of the turbine and
the driving screw, so that the threaded connection be-
tween the driving screw and the drilling rod can be en-
sured to be tighter and tighter during the continuous
drilling of the driving screw and the drilling rod driven
by the turbine, and the drilling rod and the driving screw
will not be loosened. The lower structure of the rock
splitter 52 consists of a wedge cylinder, an air inlet, an
air outlet, a wedge and a female rod, or the like. A top of
the wedge cylinder is in a form of an internal thread
connecting sleeve which is sealed and separated from
a cylinder body. Threaded connection methods and prin-
ciples of the rock splitter 52 and the upper and lower parts
of the drilling machine 51 are the same. The wedge
cylinder can be in a form of an air cylinder, a hydraulic
cylinder, or the like. The air inlet and the air outlet are
respectively connected with air inlet and outlet pipes or
liquid inlet and outlet pipes to drive a piston of the wedge
cylinder to move in the cylinder body. The piston rod is
connectedwith thewedge.Anendpart of a loweropening
of the wedge cylinder is fixedly connected with two half-
edge female rodswith gaps in amiddle. Thegapbetween
the two half-edge female rods is larger at the end close to
the wedge cylinder and smaller at the end far away from
thewedge cylinder. As awidth of thewedge is larger than
a gap at a front end of the female rod, when the wedge
cylinder drives the piston rod to push the wedge cylinder
to move forward, the two half-edge female rods are
propped open by the wedge, and the two half-edge
female rods are squeezed outward. If the wedge cylinder
is driven in a hole, an effect of hole wall cracking will be
presented, and an effect of static crushing operation will
be realized.
[0104] Furthermore, since the gap between adjacent
connecting rods33gradually decreases from theannular
sleeve 322 to the central shaft in disk 321, when the
drilling and splitting device 5 moves along the length
direction of the connecting rod 33 and moves to the
vicinity of the central shaft in disk 321, the gap between
adjacent connecting rods 33 becomes smaller, which
easily leads to interference between the drilling and
splitting device 5 and the adjacent connecting rod 33,
thus affecting the normal use of the drilling machine 51
and the rock splitter 52. Therefore, the drilling and split-
ting device 5 of the embodiment can be folded, and the
drilling and splitting device 5 can adapt to a reduced
working space when being folded, so as to meet multi-
scenario use requirements.
[0105] It can be understood that when the first locking
mechanism 514 is released, the first double-piston ac-
tuator 515 can not only drive the drilling machine 51 and
the rock splitter 52 on the two sides to move linearly, but
also only drive the drilling machine 51 or the rock splitter
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52 on one side to move unilaterally, so as to regulate the
working position of the drilling machine 51 or the rock
splitter 52. After moving to a new position, the drilling
machine or the rock splitter can be fixed in a new position
through theelectromagnetic clampingdevice5142, soas
to ensure the stability and reliability of the construction
process and realize drilling or splitting operations on
different positions of the tunnel face.
[0106] A cylinder body of the first double-piston actua-
tor 515 is provided with baffles, and each baffle cavity is
provided with an independent air (liquid) inlet, so that the
single cylinder can move independently. Since the struc-
ture and the principle of the first double-piston actuator
515belong to theprior art, theywill not bedescribedhere.
[0107] Further, the first lateral frame 512 is provided
with a first limit slide hole 5121 in adirection far away from
the splitting frame 511, and the drilling machine 51
passes through the first limit slide hole 5121. The drilling
machine 51 can slide along the first limit slide hole 5121
driven by the first double-piston actuator 515. The ar-
rangement of the first limit slide hole 5121 can guide and
limit themovement of thedrillingmachine51and improve
movement stability and accuracy of the drilling machine
51.
[0108] The first limit slide hole 5121 is set as a long
hole, and a rotating rod of the drilling machine 51 pene-
trates through the longhole inaslidingway.When thefirst
double-piston actuator 515 drives the drillingmachine 51
to move linearly, the drilling rod of the drilling machine
slides along the long hole.
[0109] It can be understood that when the second
locking mechanism is released, the second double-pis-
ton actuator can also drive the rock splitter 52 to move
linearly, so as to regulate the working position of the rock
splitter 52 and realize the splitting operation on different
positions of the tunnel face.
[0110] Accordingly, the second lateral frame is pro-
vided with a second limit slide hole in the direction far
away from the splitting frame 511, the rock splitter 52
penetrates through the second limit slide hole, and the
rock splitter 52canbedrivenby theseconddouble-piston
actuator 515 toslidealong thesecond limit slidehole.The
arrangement of the second limit slide hole can guide and
limit the movement of the rock splitter 52 and improve
movement stability and accuracy of the rock splitter 52.
[0111] The second limit slide hole is also set as a long
hole, and a splitting rod of the rock splitter 52 penetrates
through the long hole in a sliding way. When the first
double-piston actuator 515 drives the rock splitter 52 to
move linearly, the splitting rod of the rock splitter slides
along the long hole.
[0112] This embodiment further includes a control sys-
tem, wherein corresponding programs are built in the
control system. Parameters such as size, lithology and
single-cycle footage of the tunnel face to be excavated
are input into the programs of the control system, and the
parameters such as distribution, aperture and depth of
the drilled hole to be split are reasonably designed after

program calculation, so that the drilling machine 51 and
the rock splitter 52 can perform corresponding drilling
and splitting operations according to the set parameters,
with high control precision and high degree of automa-
tion. As the parameter acquisition and calculation of the
control system belong to prior art in the field, the details
will not be repeated in some embodiments.
[0113] Meanwhile, a camera may further be arranged,
wherein the camera is arranged towards the tunnel face
to monitor a construction situation of the tunnel face and
position an actual opening position of the drilled hole.
[0114] After drilling, the splitting operation can be car-
ried out. According to the distribution of the drilled holes
designed by the control system, the preorder drilling
machine 51 has completed the drilling work. The rock
splitter 52 should realize rapid positioning of the drilled
hole. On one hand, positioning is carried out through the
preset parameters of the control system. On the other
hand, through an identification function of the arranged
camera and in combination with program control, hole
finding and positioning of the rock splitter 52 are auto-
matically carried, and the control accuracy is high.
[0115] After finding the drilled hole accurately, the split-
ting operation is carried out from an outer ring to an inner
ring in general. Before the splitting operation, the groov-
ing cutter 42 should be retracted into the grooving cutter
hole 311 to avoid interference between the grooving
cutter 42 and the rock splitter 52 and other devices.
[0116] After the splitting of each drilled hole is com-
pleted, a lot of fractured rockblocks fall off, andsome rock
blocks that havenot fallenoffare stuckon the tunnel face.
Based on this, the hazard removal device 50 in some
embodiments is abutted against the tunnel face, and the
remaining rock blocks can be ensured to fall off by a
vibration force of the hazard removal device 50, and
subsequent new cycle excavation work can be carried
out after all the rock blocks fall off.
[0117] In some embodiments, the hazard removal de-
vice 50 is preferably a multi-section short arm structure
arranged at a front end of the vehicle-mounted platform
11, so that the multi-section short arm can achieve effec-
tive extension working length and height after being fully
unfolded on one hand, and on the other hand, the multi-
section short arm can be fully folded to reduce the occu-
pation of space and avoid affecting the use of other
devices. Specifically, the hazard removal device 50 in-
cludes: a hazard removal bucket 501, a driving cylinder
502 and a folding arm 503. The hazard removal bucket
501 is suitable for being matched with the tunnel face.
The driving cylinder 502 is hinged to the vehicle-mounted
platform11, and thedrivingcylinder 502 ishingedwith the
hazard removal bucket 501 to drive the hazard removal
bucket 501 to swing. The folding arm 503 is hinged to the
vehicle-mounted platform 11, the folding arm 503 is
hinged with both the driving cylinder 502 and the hazard
removal bucket 501, and the driving cylinder 502 can
drive the folding arm 503 to be folded or unfolded to drive
the hazard removal bucket 501 to be accommodated or

5

10

15

20

25

30

35

40

45

50

55



20

35 EP 4 497 911 A1 36

extended. The hazard removal bucket 501 may be a
bucket similar to a backacting shovel, or a finger grab
similar to a handwith a gap at fingertips. After completing
the drilling operation of the working disc 3 is completed,
the working disc 3 is brought as close as possible to the
vehicle-mounted platform 11 through the contraction of
the longitudinal arm 91 and the transverse arm 92, so as
to regulate position after rotation. Then, the working disc
3 is transformed from a vertical state facing the tunnel
face to a horizontal state toward the top through the
extension of the amplitude-variable cylinder, and then
the regulating turntable 96 is driven to rotate by about 90
degrees, so that the entire working disc 3 is toward a side
surface, making sufficient working space for the hazard
removal device 50. The hazard removal bucket 501 is
operated to scrape off the rocks from the tunnel face, so
that the rocks fall from the tunnel face. Meanwhile, a
hazard removal operation is carried out on the tunnel
face to prevent the rocks from falling and injuring people
in thesubsequentwork.After the large rocks fallingon the
groundarepartially crushedby thepressingof thehazard
removal bucket 501, the rocks are scraped onto the
hopper 71 and the mucking machine 72, and conveyed
to the cart by the belt conveyor 73.
[0118] The driving cylinder 502 includes a main cylin-
der, an secondary cylinder and a hopper cylinder. The
folding arm 503 includes a main hopper arm and an
secondary hopper arm. One end of the main cylinder is
hinged to the vehicle-mounted platform 11, and the other
end of the main cylinder is hinged to a middle of the main
hopper arm. One end of the secondary cylinder is hinged
to themiddle of themain hopper arm, and theother endof
the secondary cylinder is hinged to the secondary hopper
arm. The bottom of the main hopper arm is hinged to the
vehicle-mounted platform 11, and a top of the main
hopper arm is hinged toamiddle of the secondary hopper
arm. One end of the hopper cylinder is hinged with one
end of the secondary hopper arm close to the main
hopper arm, and the other end of the hopper cylinder
is hinged with both one end of the secondary hopper arm
far away from the main hopper arm and the hazard
removal bucket 501. One end of the secondary hopper
arm far away from the hopper cylinder is hinged with the
hazard removal bucket 501.
[0119] Thehazard removal device50 further includesa
rotating hopper 504 rotatably arranged on the vehicle-
mounted platform 11, wherein a bottom of the main
hopper arm is hinged to the rotating hopper 504, a bottom
of the main cylinder is connected to the vehicle-mounted
platform 11 by ball hinge and/or a top of themain cylinder
is connected to the main hopper arm by ball hinge, and
the rotating hopper 504 drives themain hopper armanda
structure thereon to rotate together so as to regulate a
working position of the hazard removal bucket 501.
[0120] The non-blasting tunnel boring machine further
includes a camera device and a control center, wherein
the camera device is suitable for monitoring working
conditions of the tunnel face and transmitting information

to the control center, and the control center controls the
starting of the rotational driving device 2, the translation
device 40, the foundation trench excavation device 4, the
drilling and splitting device 5 and the hazard removal
device 50 according to the information.
[0121] in some embodiments, the dust suppression
device 6 may include a water tank 61, a water spray pipe
62andanatomizing nozzle 63,wherein thewater tank61
is arranged on the vehicle-mounted device 1, the water
spray pipe 62 is connected with the water tank 61, the
atomizing nozzle 63 is connected with the water spray
pipe 62, and the atomizing nozzle 63 is arranged towards
the tunnel face.Thewater in thewater tank61flows to the
atomizing nozzle 63 through thewater spray pipe 62, and
is atomized and sprayed by the atomizing nozzle 63, so
that the dust generated by excavation is suppressed and
the safety of construction workers and devices are pre-
vented from being affected after the dust diffuses in a
tunnel or closed space. The water spray pipe 62 prefer-
ably adopts an elastic semi-hose structure, whichmeans
that, when other devices or structures need to tempora-
rily occupy the position of the water spray pipe 62 due to
limited space, thewater spray pipe 62 can be temporarily
pushed and deformed to make room for work. When the
structure occupying theposition of thewater spray pipe is
withdrawn, thewater spray pipe 62 can be restored to the
original position thereof because of the elasticity thereof
so as to facilitate spraying and dust suppression thereof.
[0122] Specifically, thewater tank61 isarrangedon the
vehicle-mounted platform 11, and a water pump is ar-
ranged in thewater tank 61. Thewater is pumped into the
water spray pipe 62 by the water pump at a certain water
pressure, and then atomized and sprayed by the atomiz-
ing nozzle 63.
[0123] There are a plurality of atomizing nozzles 63
arranged annularly along the working disc 3 to spray
water around the tunnel face to suppress the dust. Be-
cause the atomizing nozzle 63 rotates with the working
disc 3, correspondingly, the water spray pipe 62 of this
embodiment is preferably a hose to adapt to the rotation
of the atomizing nozzle 63.
[0124] Further, in order to facilitate detection of a dust
index, this embodiment further includes a dust detection
device 64, and the dust detection device 64 is suitable for
detecting the dust index to turn on the dust suppression
device 6 when the dust index reaches a preset value.
Therefore, the dust index is detected by the dust detec-
tion device 64, and the dust suppression device 6 is
turned on only when the dust index reaches the preset
value to realizedust suppression,while thedust suppres-
sion device 6 is kept off when the dust index does not
reach the preset value, which means that, when the dust
does not pose a safety threat, thus playing an energy-
saving role.
[0125] Since the structure and the principle of the dust
detection device 64 belong to the prior art, theywill not be
described in some embodiments. It can be understood
that the preset value of the dust index heremay be set as
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needed, which is not specifically limited in some embodi-
ments.
[0126] Materials such as rocks and sandy soil that fall
after splittingare loaded toa transport vehicle through the
material feeding device 7, and then transported away for
reuse or abandoned, so as to avoid material accumula-
tion and realize continuous construction operation.
[0127] in some embodiments, the material feeding
device 7 includes the hopper 71, the mucking machine
72 and the belt conveyor 73, wherein the hopper 71 is
arranged below theworking disc 3, themuckingmachine
72 isarranged in thehopper71 todrive thematerials tobe
conveyed in the hopper 71, the belt conveyor 73 is ar-
ranged on the vehicle-mounted device 1 and the belt
conveyor 73 is connected with the hopper 71. The ma-
terials generated by excavation fall into the hopper 71,
and the mucking machine 72 drives the materials to be
transported along the hopper 71 to the belt conveyor 73,
and then the materials are transported out by the belt
conveyor 73, so as to avoid material accumulation.
[0128] The hopper 71 is a conical hopper, a big end of
which is convenient for receiving materials, and a small
end of which is connected with the belt conveyor 73.
[0129] The mucking machine 72 includes at least two
material scraping gears arranged at intervals, the mate-
rial scraping gear is rotatably arranged in the hopper 71,
and a grinding gap is formed between the adjacent
material scraping gears to crush the material. The rota-
tion of thematerial scraping gear drives thematerial to be
transported in the hopper 71, and meanwhile, the adja-
cent material scraping gears can squeeze and crush the
material entering the grinding gap, and further crush the
larger rocks and other materials, which is convenient for
the transportation of the material with small particles and
does not occupy the transportation space.
[0130] The belt conveyor 73 includes structures such
as a belt conveyor and belt pulleys at two sides, so as to
drive thebelt conveyor tomove through the rotationof the
belt pulleys, and further drive the material to move and
transport along the belt conveyor. Since the specific
structure and the principle of the belt conveyor 73 both
belong to the prior art, they will not be described here.
[0131] Specifically, a tail transmission end of the belt
conveyor 73 is butted with the transport cart, so that the
material is transported to the transport cart and trans-
ported to a stockyard by the transport cart.
in some embodiments, the material feeding device 7
further includes a rear luffing driving cylinder 74. The
rear luffing driving cylinder 74 is arranged on the vehi-
cle-mounted device 1. One end of the belt conveyor 73
close to the mucking machine 72 is connected with the
vehicle-mounted device 1 through a front amplitude-vari-
able cylinder. Before the vehicle-mounted device 1 is
transported in transit, the mucking machine 72 is ex-
tended out through the front amplitude-variable cylinder
to lift the mucking machine 72 off the ground, so as to
avoid scratching damage with the ground due to bumps
during transportation. The rear luffing driving cylinder 74

is hinged with one end of the belt conveyor 73 far away
from themuckingmachine 72 to drive one end of the belt
conveyor 73 far away from the mucking machine 72 to
ascend and descend. By setting the rear luffing driving
cylinder 74, the rear luffing driving cylinder 74 can drive
one end of the belt conveyor 73 far away from the
mucking machine 72 to ascend or descend, so as to
adapt to the use of transport carts with different heights
and enhance the applicability of the belt conveyor 73.
[0132] In addition to the above arrangement, the non-
blasting tunnel boring machine of this embodiment
further includes a support boom 9. The support boom
9 includes a longitudinal arm91 and a transverse arm92,
wherein the longitudinal arm 91 is vertically arranged on
the vehicle-mounted device 1, the transverse arm 92 is
transversely arranged and hinged with the longitudinal
arm 91 through a hinge point, and the working disc 3 is
connected with the transverse arm 92 through the rota-
tional driving device 2. The support boom 9 is suitable for
supporting the working disc 3, and the support boom 9 is
arranged in a form of a connection of the longitudinal arm
91 and the transverse arm 92, wherein the longitudinal
arm91 facilitates a vertical distance between theworking
disc 3 and the vehicle-mounted device 1, and the trans-
verse arm 92 facilitates a transverse distance between
the working disc 3 and the vehicle-mounted device 1, so
as to set the working disc 3 in a proper position.
[0133] Further, the support boom 9 further includes a
longitudinal arm telescopic cylinder 93. The longitudinal
arm telescopic cylinder 93 is vertically arranged inside
the longitudinal arm 91 and connected with an internal
supporting structureof the longitudinal arm91 todrive the
longitudinal arm 91 to move vertically. An outside of the
longitudinal arm 91 adopts a sleeved steel structure.
When the longitudinal arm telescopic cylinder 93 is tele-
scopic, the steel structure sleeved outside the longitudi-
nal arm 91 is also telescopic synchronously. Through the
expansion and contraction of the longitudinal arm tele-
scopic cylinder 93, the longitudinal arm 91 is driven to
move vertically, so as to regulate a height of the working
disc3andmeet theconstruction requirementsofdifferent
heights.
[0134] Further, the support boom 9 of this embodiment
further includes a transverse arm telescopic cylinder 94.
The transverse arm telescopic cylinder 94 is arranged
inside the transverse arm 92 and connected with an
internal supporting structure of the transverse arm 92
to drive the transverse arm 92 to move transversely. An
outside of the transverse arm 92 adopts a sleeved steel
structure. When the transverse arm telescopic cylinder
94 is telescopic, the steel structure sleeved outside the
transverse arm 92 is also telescopic synchronously. The
telescoping of the transverse arm telescopic cylinder 94
drives the transverse arm 92 to move transversely, thus
driving the working disc 3 to realize transverse position
regulating to satisfy different use scenario requirements.
[0135] The transverse arm telescopic cylinder 94 is
hinged with the longitudinal arm 91 through a main
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arm hinge point. The support boom 9 further includes a
boom luffing cylinder 95, one end of the boom luffing
cylinder 95 is hinged with an outer wall of the longitudinal
arm telescopic cylinder 93, the other end of the boom
luffing cylinder 95 is hinged with an outer wall of the
transverse arm telescopic cylinder 94, and the boom
luffing cylinder 95 drives the transverse arm telescopic
cylinder 94and the transversearm92 toentirely rotateup
and down around a hinge point relative to the longitudinal
arm91.With thearrangement of the boom luffingcylinder
95, the extension of a piston rod of the boom luffing
cylinder 95 can push the transverse arm telescopic cy-
linder 94 and the transverse arm 92 to entirely rotate
upward relative to the longitudinal arm 91 around the
hingepoint, thusdriving thewholeworkingdisc 3 to swing
upward.With the shortening of the piston rod of the boom
luffing cylinder 95, the transverse arm telescopic cylinder
94 and the transverse arm 92 can be entirely pulled
downward relative to the longitudinal arm 91 around
the hinge point, thus driving the whole working disc 3
to swing downward, thus realizing the regulating of the
up-and-down inclination angle of the working disc 3, and
improving parallelism of matching between the working
disc 3 and the tunnel face.
[0136] The support boom 9 further includes a regulat-
ing turntable 96. The regulating turntable 96 is rotatably
arranged on the vehicle-mounted device 1 and is con-
nected with the vehicle-mounted platform 11 through a
bearing. The regulating turntable 96 is connectedwith an
inner ring of the bearing, and an outer ring of the bearing
is fixedly connected with the vehicle-mounted platform
11, so that the regulating turntable 96 can rotate around
the vehicle-mounted platform 11. The inner ring of the
bearing is provided with a large gear ring arranged an-
nularly along the inner ring, and the outer ring of the
bearing or the vehicle-mounted platform 11 is provided
with a star gear driven by a star gear motor through a
bracket, and the star gear is engaged with the large gear
ring to drive the large gear ring to drive the regulating
turntable 96 to rotate.
[0137] The translation device 40 includes a translation
mount 401, translation rails 402 and a translation driving
unit 403. The translation mount 401 is arranged at a
bottom of the support boom 9. The translation rails 402
arearrangedon the regulating turntable 96alonga length
direction of the vehicle-mounted platform 11, and the
translationmount 401 is movably connected to the trans-
lation rails 402. The translation driving unit 403 is in
transmission connection with the translation mount 401
to drive the translation mount 401 to move along the
translation rails 402. The translation driving unit 403
drives the translation mount 401 to move along the
translation rails 402, and then drives the support boom
9 and the components thereon to move along the trans-
lation rails 402.
[0138] Two translation rails 402 are arranged at inter-
vals in parallel, a bottom of the translation mount 401 is
provided with two rows of traveling wheels 4011 at inter-

vals, the two rows of traveling wheels 4011 are respec-
tively matched on the two translation rails 402, and the
traveling wheel 4011 is in transmission connection with
the translation driving unit 403. The traveling wheel 4011
supports the translation mount 401 while reducing a
moving friction.
[0139] The translation device 40 further includes an
anti-roll rod 404, and the anti-roll rod is connected be-
tween the two rows of traveling wheels 4011 to improve
movement synchronization of the two rows of traveling
wheels 4011 and prevent the translation mount 401 from
turning out of the translation rails 402.
[0140] Specifically, the traveling wheels 4011 drive the
longitudinal arm 91 to reciprocate linearly on the transla-
tion rails 402, and a traveling motor of the translation
driving unit 403 drives a traveling star gear of the transla-
tion driving unit 403 to engage with gears of the traveling
wheels 4011 arranged on the traveling wheels 4011 for
movement. The anti-roll rod 404 is lower than a height of
the translation rail 402. When the working disc 3, the
longitudinal arm91and the transversearm92are likely to
overturn, the anti-roll rod 404 can be stuck in inner edges
of the translation rails 402 to avoid danger. Two ends of
the translation rails 402 are also provided with terminal
limit stops to prevent the translation mount 401 from
running out of the rails.
[0141] The rotation of the regulating turntable 96 can
drive the longitudinal arm telescopic cylinder 93 and the
longitudinal arm 91, the transverse arm 92, the working
disc3andother structuresconnected thereon to rotateas
a whole, thereby further regulating the left-and-right in-
clination angle of the working disc 3 and improving the
parallelism of matching between the working disc 3 and
the tunnel face. Similarly, the translation mount 401 can
move left and right along the translation rails 402, which
can drive the longitudinal arm telescopic cylinder 93 and
the longitudinal arm 91, the transverse arm 92, the work-
ing disc 3 and other structures connected thereon to
move transversely as a whole, so that the working disc
3 can be aligned left and right with the tunnel face.
[0142] An end part of the central shaft in disk 321 is a
steel cylinder cavity structure, and a sweeping structure,
a laser generator, a camera and other devices are in-
stalled onanend cover and in the cavity. A camera lens of
the camera device, a laser hole of the laser generator and
the sweeping structure are respectively extended from
threeholesonaendcover surface.The laser generator is
suitable for emitting a laser beam to the tunnel face, and
the laser beam is aligned with a pre-calibrated point on
the tunnel face through the camera to position the work-
ing disc 3. The sweeping structure includes an oscillating
brush motor and a dust brush. An oscillating hinge of the
oscillating brush motor is connected with the dust brush
to drive the dust brush to oscillate and sweep the camera
and the laser generator, so as to sweep the dust and
moisture on the laser hole and the camera lens. A center
point is calibrated in advance on the excavated tunnel
face, and the working disc 3 is aligned before working.
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The laser generator emits a laser beam from the laser
hole, and the center point calibrated in advance on the
tunnel face is subjected to point alignment and position
alignment by the camera lens. The point alignment and
position alignment can be completed manually by an
operator, and can also be automatically corrected, or
the point alignment andposition alignment can be carried
out under program control. If it is found that the working
disc 3 is not accurately aligned, it can be accurately
aligned and aligned after three-dimensional regulation
by the above method.
[0143] Therefore, in the non-blasting tunnel tunneling
machine of this embodiment, the up-and-down inclina-
tion angle of the working disc 3 is regulated by the boom
luffing cylinder 95, the left-and-right inclination angle of
theworking disc 3 is regulated by the regulating turntable
96, and the horizontal alignment of the working disc 3 is
regulated by the transverse movement of the trolley on
the rails, so that the working disc 3 can be kept parallel to
the tunnel face, and then theworking disc 3 can be driven
to move transversely toward the tunnel face by an ex-
pansion rod of the transverse arm 92, so that the working
disc 3 can be in parallel contact with the tunnel face,
which is convenient for construction.
[0144] It should be noted that the up-and-down inclina-
tion angle of the working disc 3may be understood as an
angle formed by the upward or downward rotation of the
working disc 3 around the central shaft in disk 321 in FIG.
3, and the left-and-right inclination angle of the working
disc 3 may be understood as an angle formed by the left
or right rotation of the working disc 3 around the regulat-
ing turntable 96 in FIG. 4.
[0145] Further, the vehicle-mounted device 1 is further
provided with a boom support 30, and the boom support
30 is suitable for supporting the transverse arm92.When
the construction is completed, the regulating turntable 96
drives the longitudinal arm telescopic cylinder 93 to ro-
tate, which drives the transverse arm 92 and the working
disc 3 thereon to rotate integrally until the transverse arm
92 rotates above the boom support 30, and then the
longitudinal arm telescopic cylinder 93 drives the trans-
verse arm 92 to descend integrally until the transverse
arm 92 abuts against the boom support 30, thus com-
pleting the storage of the whole non-blasting tunnel bor-
ing machine and reducing the occupied space.
[0146] Specifically, the boom support 30may be set as
anarc-shapedbase, anda radian of the arc-shapedbase
is matched with a radian of the cylindrical transverse arm
92, so that the transverse arm 92 can be clamped in the
arc-shaped base to realize stable support.
[0147] Thisembodiment further includesamaincab10
and an secondary cab 20 oppositely arranged at two
ends of the vehicle-mounted device 1 respectively, and
theboomsupport 30 is arrangedat a topof the secondary
cab 20 and a side edge of the vehicle-mounted device 1,
so as to support the transverse arm 92 in various direc-
tions. The arrangement of the main cab 10 and the
secondary cab 20 can ensure that the vehicle-mounted

device 1 can run in two directions without turning around,
thus improving working flexibility.
[0148] In addition to the above arrangement, the ve-
hicle-mounted device 1 of this embodiment is further
provided with a counterweight. The counterweight and
the regulating turntable 96 are respectively arranged at
two ends of the vehicle-mounted device 1, and the coun-
terweight is used for balancing a stress of the vehicle-
mounted device 1when theworking disc 3 is in aworking
state, so as to avoid rollover of the vehicle-mounted
device 1 caused by unbalanced stress.
[0149] The present disclosure is provided with a multi-
systemcontrol device,which canundertake the functions
of local control or remote control. The local controlmainly
includes a local electric cabinet, and the remote control
device mainly includes a remote control system. The
electric cabinet is used for electrical and signal transmis-
sion and control of the whole machine. A power device
and a power control box are used for providing power for
the whole machine and controlling the power.
[0150] This embodiment further provides a tunneling
method using the non-blasting tunnel boring machine
according to this embodiment, including the following
steps.
[0151] Both a longitudinal arm91anda transverse arm
92 of a working disc 3 are contracted to a shortest state,
and theworking disc 3 needs to be oriented to one side of
a vehicle-mounted device 1by the rotation of a regulating
turntable 96, so as to facilitate transportation in transit
and avoid interference with a structure in a hole to a
greatest extent.
[0152] A vehicle-mounted device 1 drives a rotational
driving device 2 and a working disc 3 to move to a tunnel
face. Specifically, a structure of the vehicle-mounted
device 1 is described above. A vehicle-mounted platform
11 is driven tomoveby the rotation ofwheels 12, and then
asupport boom9on thevehicle-mountedplatform11, the
rotational driving device 2 on the vehicle-mounted plat-
form and the working disc 3 are driven to move together
until the whole non-blasting tunnel tunneling machine
moves to the tunnel face to be excavated. Then, the
regulating turntable 96 is rotated to rotate the transverse
arm 92 on the boom support 30 and the working disc 3
towards the tunnel face until the working disc 3 corre-
sponds to the tunnel face.
[0153] The vehicle-mounted device 1 should try to
dockwith a central axis of the tunnel face, so as to realize
initial alignment. Then, the regulating turntable 96 is
rotated to turn the working disc 3 towards the tunnel face
to perform further accurate positioning. First, laser
emitted by an laser generator at an end part of a central
shaft in disk 321 is aligned with a positioning point on the
tunnel face, and observed by a camera lens. If there is
any deviation, accurate regulating is carried out, wherein
the accurate regulating method includes: rotating the
regulating turntable 96, driving a trolley of a base of
the longitudinal arm 91 to move transversely on rails,
extending and retracting the longitudinal arm 91 or the

5

10

15

20

25

30

35

40

45

50

55



24

43 EP 4 497 911 A1 44

transverse arm 92, regulating an angle of a main arm
hinge point, driving a certain traveling wheel 4011 inde-
pendently, or the like, so that preparation work before
excavation can be completed.
[0154] The rotational driving device 2 drives the work-
ing disc 3 to rotate around a center of the working disc to
further drive a foundation trench excavation device 4 on
the working disc 3 to rotate and enable the foundation
trench excavation device 4 to excavate an annular crack
arrest groove on the tunnel face.
[0155] Specifically, a reversible motor rotates forward,
driving a screw gear 411 to rotate forward, thus driving a
cutterhead screw412 to rotate forward, so that the cutter-
headscrew412 rotates forwardandmovesalonganaxial
direction of a threaded sleeve 413, and finally drives a
grooving cutter 42 to rotate out of a grooving cutter hole
311 andmatchwith the tunnel face. The rotational driving
device 2 drives the working disc 3 to rotate around the
center of the working disc, and then drives the grooving
cutter 42 to rotate circularly on the tunnel face, thus
opening an annular crack arrest groove. The grooving
cutter 42 installed on theworking disc 3maybeof various
styles, such as deep slotting, sweeping away rocks pro-
truding from a periphery of the tunnel face, properly
expanding a width of the periphery of the tunnel face,
or the like. A depth of the annular crack arrest groove can
be controlled by controlling a length of the grooving cutter
42 extending out of the grooving cutter hole 311 through
the cutterhead assembly 41. When the annular crack
arrest groove is opened, the reversible motor rotates
backward, driving the screwgear 411 to rotate backward,
and driving the cutterhead screw 412 to rotate backward.
Meanwhile, the cutterhead screw 412 moves along the
axial direction of the threaded sleeve 413, driving the
grooving cutter 42 on the cutterhead screw 412 to retract
into the grooving cutter hole 311 and separate from the
tunnel face.
[0156] When the working disc 3 is in the process of
excavating the annular crack arrest groove, a drilling and
splitting device 5ona splitting frame511 retracts adrilling
rod and a splitting rod through the movement of a sliding
cylinder and a turbine, whichmeans that, end parts of the
drilling rod and the splitting rod do not exceed a front end
surface of the working disc 3.
[0157] Corresponding programs are built into a control
system of the machine. Parameters such as size, lithol-
ogy and single-cycle footage of the tunnel face to be
excavated are input into the programs of the control
system, and the parameters such as distribution, aper-
ture and depth of the drilled holes to be split are reason-
ably designed after program calculation, so that corre-
sponding drilling and splitting operations may be per-
formed automatically or manually according to the set-
tings.
[0158] Interference self-avoidance system of the split-
ting frame 511 is also provided: a guide rail of each
splitting frame 511 is mounted with one or more drilling
and splitting devices 5. In order to avoid interference

between the drilling and splitting devices 5, an avoidance
system in the control program is designed. Each drilling
andsplittingdevice5on theguide rail canbepositioned in
real time throughanattachedposition encoder.When the
drilling and splitting devices 5 on two adjacent guide rails
can be automatically controlled by the program in ad-
vance according to trajectory prediction analysis and an
avoidance principle set in advance, it can enable one or
several drilling and splitting devices 5 to fold one side or
two side of the first lateral frames.
[0159] A drilling machine 51 on the working disc 3 is
started to drill a hole on the tunnel face in the annular
crack arrest groove.
[0160] Specifically, the drilling machine 51 rotates with
the working disc 3 to drill a plurality of holes in a circum-
ferential direction of the tunnel face, and meanwhile, a
shifting device 8 drives the drilling machine 51 to move
alonga lengthdirection of a connecting rod33, so that the
drillingmachine51also drills a plurality of holes in a radial
direction of the tunnel face, and further, through the
matching of the rotation of the working disc 3 and the
linear driveof theshiftingdevice8, thedrillingmachine51
drills a plurality of holes in the circumferential direction
and the radial direction of the tunnel face, which means
that, drills a plurality of holes which are evenly distributed
on the tunnel face.
[0161] A rock splitter is matched with the drilled hole to
split the tunnel face.
[0162] Specifically, in principle, the first lateral frames
512 on left and right sides of each drilling and splitting
device 5 should be providedwith a drillingmachine 51 on
one side and a rock splitter 52 on the other side, and the
samesettingprinciple shouldbemaintainedon thewhole
working disc 3, which means that, if the drilling and
splitting device 5 is provided with a drilling machine 51
on the left and a rock splitter 52 on the right, it should be
set on thewholeworkingdisc3according to thisprinciple.
Certainly, the drilling machine 51 and the rock splitter 52
may also be exchanged, but it is still necessary to keep
the same position on the working disc 3 without confu-
sion. The same drilling machine 51 or rock splitter 52
cannot be arranged on two sides of the drilling and
splitting device 5, which can improve drilling and blasting
efficiency on the premise of minimizing the movement of
the working disc 3. More specifically, in a fan-shaped
working area surrounded by the guide rails of two adja-
cent splitting frames 511, if the rock splitter 52 on the right
side of the drilling and splitting device 5 on the left guide
rail falls into this fan-shaped working area, then the left
drillingmachine51on the right guide rail falls into this fan-
shaped working area, so that one or more left drilling
machines 51 on the right guide rail can drill holes in this
fan-shaped working area first, and then the rock splitter
52 on the right side of one or more drilling and splitting
devices on the left guide rail performs the splitting opera-
tion in this fan-shaped working area without rotating the
working disc 3, so that the working efficiency can be
greatly improved.
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[0163] Specifically, the rock splitter 52 splits the drilled
hole along a position of each drilled hole. The rock splitter
52 rotates along with the working disc 3 to split the drilled
holes in the circumferential direction of the tunnel face,
and meanwhile, a second movement driving unit drives
the rock splitter 52 to move along the length direction of
theconnecting rod33, so that the rocksplitter 52splits the
drilled holes in the radial direction of the tunnel face,
thereby realizing the splitting operation of a plurality of
drilled holes in the tunnel face.
[0164] The hazard removal device 50 peels off the split
rocks on the tunnel face to the ground after the working
disc 3 rotates to keep clear the working position, cleans
up the rocks that may fall off at the same time, and then
crushes the big rocks that fall to the ground and gathers
the rocks in front of the hopper 71 and the mucking
machine 72, from which the rocks are delivered to the
belt conveyor 73. A material feeding device 7 receives
and conveys materials dropped during excavation. Spe-
cifically, the materials generated by excavation fall into
the hopper 71 of the material feeding device 7, and the
mucking machine 72 of the material feeding device 7
drives the materials to be transported along the hopper
71 to the belt conveyor 73 of the material feeding device
7, and then the materials are transported out by the belt
conveyor 73, so as to avoid material accumulation.
[0165] The above steps are repeated in this way, and
continuous excavation operations such as tunnel and
open cut can be realized.
[0166] It should be noted that before the construction,
construction preparations should be made: according to
a size of a tunnel section (tunnel face) to be excavated, a
working disc 3 with an appropriate diameter is selected
first, and then corresponding accessories are as-
sembled. The working disc 3, the transverse arm 92
and the longitudinal arm 91 are assembled into a whole,
and then a rotational driving device 2 with an appropriate
power is matched.
[0167] A dust suppression device 6 is started to sup-
press dust generated by excavation.
[0168] Specifically, the dust suppression device 6 in-
cludes a water tank 61, a water spray pipe 62 and an
atomizing nozzle 63. Thewater in thewater tank 61 flows
to the atomizing nozzle 63 through the water spray pipe
62, and is atomized and sprayed by the atomizing nozzle
63, so that the dust generated by excavation is sup-
pressed and the safety of construction workers and de-
vices are prevented from being affected after the dust
diffuses in a tunnel or closed space.
[0169] The method of this embodiment realizes the
drilling and splitting construction of the tunnel face
through thematchingof the foundation trenchexcavation
device 4, the drilling machine 52, the rock splitter 52 and
the hazard removal device 50, so as to realize the non-
blasting tunnel boring construction, which requires no
bursting during the whole construction process, has low
noise, and will not generate vibration influence on build-
ings (structures) around the tunnel. Moreover, the mate-

rial feeding device 7 can convey the materials generated
by excavation in time, so that material accumulation is
reduced, construction continuity and efficiency are im-
proved, and the dust suppression device 6 can suppress
the generated dust, improve a construction environment
and reduce environmental pollution.
[0170] Further, before the rotational driving device 2
drives theworkingdisc3 to rotatearound thecenter of the
working disc, the method further includes the following
steps.
[0171] A longitudinal arm telescopic cylinder 93 is used
to regulate a height of the working disc 3.
[0172] Specifically, when the longitudinal arm tele-
scopic cylinder 93 is extended, the longitudinal arm 91
can be driven to move upward to increase a working
height of the working disc 3. When the longitudinal arm
telescopic cylinder 93 is shortened, the longitudinal arm
91 can be driven to move downward to reduce the work-
ing height of theworking disc 3, so that theworking height
of the working disc 3 is convenient to regulate and the
working disc has strong usability.
[0173] A transverse arm telescopic cylinder 94 is used
to regulate a distance between theworking disc 3 and the
tunnel face to keep the working disc 3 in contact with the
tunnel face.
[0174] When the transverse arm telescopic cylinder 94
is extended, the transversearm92and theworkingdisc 3
thereon can be driven to move towards the tunnel face,
thus reducing the distance between the working disk 3
and the tunnel face, and keeping the working disc 3 in
contact with the tunnel face. When the transverse arm
telescopic cylinder 94 is shortened, the transverse arm
telescopic cylinder 94 and theworking disc 3 thereon can
be driven to move far away from the tunnel face, thereby
increasing the distance between the working disc 3 and
the tunnel faceandseparating theworkingdisc3 from the
tunnel face.
[0175] In addition, the tunneling method of this embo-
diment further includes the following steps.
[0176] Aboom luffing cylinder 95 is used to regulate an
up-and-down inclination angle of the working disc 3. A
regulation angle of the working disc 3 from two sides of a
vertical plane exceeds 90 degrees in principle. In this
way, not only the drilling and splitting construction of the
vertical tunnel face can be realized, but also the drilling
andsplittingconstructionofa toparchand thegroundcan
be realized, so that the application scope of the device
according to the present disclosure is further improved.
[0177] Specifically, the extension of a piston rod of the
boom luffing cylinder 95 can push the transverse arm
telescopic cylinder 94 and the transverse arm 92 to
entirely rotate upward relative to the longitudinal arm
91 around the hinge point, thus driving thewholeworking
disc 3 to swing upward. With the shortening of the piston
rod of the boom luffing cylinder 95, the transverse arm
telescopic cylinder 94 and the transverse arm 92 can be
entirely pulled downward relative to the longitudinal arm
91 around the hinge point, thus driving thewholeworking
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disc 3 to swing downward, thus realizing the regulating of
the up-and-down inclination angle of the working disc 3,
and improving parallelismofmatchingbetween thework-
ing disc 3 and the tunnel face.
[0178] A regulating turntable 96 is used to regulate a
left-and-right inclination angle of the working disc 3 to
keep the working disc 3 parallel to the tunnel face.
[0179] Specifically, the rotation of the regulating turn-
table 96 candrive the longitudinal arm telescopic cylinder
93and the longitudinal arm91, the transversearm92, the
working disc 3 and other structures connected thereon to
rotate as a whole, thereby further regulating the left-and-
right inclination angle of theworking disc 3 and improving
the parallelism of matching between the working disc 3
and the tunnel face.
[0180] Therefore, the up-and-down inclination angle of
the working disc 3 is regulated by the boom luffing cylin-
der 95, and the left-and-right inclination angle of the
working disc 3 is regulated by the regulating turntable
96 and the translation device 40 together, so that the
working disc 3 can be kept parallel to the tunnel face, and
then the working disc 3 can be driven to move transver-
sely toward the tunnel face by an expansion rod of the
transverse arm 92, so that the working disc 3 can be in
parallel contact with the tunnel face, which is convenient
for construction.
[0181] Certainly, the above description is only the op-
timal technical solution of this embodiment. In addition:
[0182] In someembodiments, astructureof theshifting
device 8 may also be set in a form of a linear driving
cylinder or amotor matched with a lead screw, which can
also drive the drilling machine 51 or the rock splitter 52 to
move along the length direction of the connecting rod 33.
Since the structure of the linear driving cylinder or the
motor matched with the lead screw belongs to the prior
art, the details are not repeated here.
[0183] In some embodiments, the cutterhead assem-
bly 41 may also be set as a tool feed cylinder or other
linear driving structure, and the grooving cutter 42 can
also be driven to extend out of or retract into the grooving
cutter hole 311.
[0184] In some embodiments, the dust suppression
device 6 may also be set as a dust absorption structure,
which absorbs the dust generated by excavation via
negative pressure, and also plays a role in dust suppres-
sion.
[0185] The present disclosure has the advantages
that:

(I) The working method is novel and efficient. The
present disclosure adopts the method of slotting at
the edge while drilling and splitting in the middle
without using explosives, so that the impact on a
surrounding environment is small, the requirements
on construction conditions are low, the working
method is simple and feasible, and the working
efficiency is high.
(II) The application range is wide. The present dis-

closure can be used in various occasions requiring
rock excavation, both in open cut and in tunnel ex-
cavation, has good applicability and low require-
ments on the conditions required for a use place,
and can be quickly popularized.
(III) Integrated construction is realized. The present
disclosure carries out integrated research on exca-
vation and shipment, can realize full-flow operation,
has high device integration degree, does not need
more devices for matching, and well embodies an
effect of integral integrated construction.

[0186] Obviously, the above-mentioned embodiments
are merely examples for clarity of illustration and are not
intended to limit the modes of execution. For those of
ordinary skills in the art, other different forms of changes
or variations can be made on the basis of the above
description. It is not necessary or possible to exhaust
all the implementations here. Obvious changes or varia-
tions derived therefrom are still within the scope of pro-
tection of the present disclosure.

Claims

1. A non-blasting tunnel boring machine, character-
ized in that, comprising:

a vehicle-mounted device (1);
a rotational driving device (2) arranged on the
vehicle-mounted device (1);
a translation device (40) arranged on the vehi-
cle-mounted device (1) and connected to the
rotational driving device (2), wherein the trans-
lation device (40) drives the rotational driving
device (2) to move away from or towards a
tunnel face;
a working disc (3) in transmission connection
with the rotational driving device (2),wherein the
rotational driving device (2) drives the working
disc (3) to rotate around a center of the working
disc (3);
a foundation trench excavation device (4) ar-
ranged on the working disc (3), wherein the
foundation trench excavation device (4) is sui-
table for coordinating with the tunnel face, and
theworking disc (3) drives the foundation trench
excavation device (4) to rotate to excavate an
annular crack arrest groove in the tunnel face;
a drilling and splitting device (5) comprising a
drillingmachine (51) and a rock splitter (52) both
arranged on the working disc (3), wherein the
drillingmachine (51) is suitable for drilling a hole
in the tunnel face in the annular crack arrest
groove, and the rock splitter (52) is suitable for
coordinating with the drilled hole to split the
tunnel face;
a hazard removal device (50) arranged on the
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vehicle-mounted device (1) and suitable for
spalling crushed stones split on the tunnel face;
a dust suppression device (6) arranged on the
vehicle-mounteddevice (1) and suitable for sup-
pressing generated dust; and
a material feeding device (7) arranged on the
vehicle-mounted device (1), wherein the mate-
rial feeding device (7) is located below the work-
ing disc (3) and used for receiving and convey-
ing materials dropped during excavation.

2. Thenon-blasting tunnel boringmachineaccording to
claim 1, characterized in that, a plurality of founda-
tion trench excavation devices (4) are provided at
intervals along a circumferential direction of the
working disc (3), wherein the foundation trench ex-
cavation device (4) comprises:

grooving cutter hole (311) arranged on thework-
ing disc (3);
a cutterhead assembly (41) connected with the
working disc (3), wherein the cutterhead assem-
bly (41) comprises:

a reversible motor fixedly arranged on the
working disc (3);
a screw gear (411) connected with the re-
versible motor;
a cutterhead screw (412) arranged in the
grooving cutter hole (311) and connected
with a grooving cutter (42), wherein the
cutterhead screw (412) is engaged with
the screw gear (411); and
a threaded sleeve (413) fixedly arranged in
the grooving cutter hole (311), wherein the
cutterhead screw (412) is in threadly fit in
the threaded sleeve (413); and
the grooving cutter (42) suitable for coordi-
nating with the tunnel face, wherein the
cutterhead assembly (41) is in transmission
connection with the grooving cutter (42) to
drive the grooving cutter (42) to extend out
of or retract into the grooving cutter hole
(311), wherein the grooving cutter (42) is
set as an arc-shaped tool, and a convex arc
surface of the arc-shaped tool is arranged
deviating from the center of theworking disc
(3).

3. Thenon-blasting tunnel boringmachineaccording to
any one of claims 1 to 2, characterized in that, the
working disc (3) comprises:

a front plate (31), an edge of which is provided
with the foundation trench excavation device
(4);
a rear plate (32) located behind the front plate
(31), wherein the drilling and splitting device (5)

is arrangedon the rear plate (32), and thedrilling
and splitting device (5) extends to the front of the
front plate (31) to coordinate the tunnel face,
wherein the rear plate (32) comprises:

anannular sleeve (322) sleevedonanouter
circumference of a central shaft in disk
(321);
connecting rods (33) connected to both the
central shaft in disk (321) and the annular
sleeve (322), wherein a plurality of connect-
ing rods (33) are provided and are arranged
at intervals along a circumferential direction
of the central shaft in disk (321), and the
drilling and splitting device (5) is arranged
on the connecting rod (33), wherein the
drilling and splitting device (5) further com-
prises a splitting frame (511), one side of the
splitting frame (511) is provided with the
drilling machine (51), the other side of the
splitting frame is provided with the rock
splitter (52), and the splitting frame (511)
is movably arranged on the connecting rod
(33);
the central shaft in disk (321), one end of
which is connected to both a center of the
front plate (31) and a center of the rear plate
(32), and the other end of which is in trans-
mission connection with the rotational driv-
ing device (2); and
a support boom (9), one end of which is
connected to the translation device (40)
and the other end of which is connected
to the rotational driving device (2).

4. Thenon-blasting tunnel boringmachineaccording to
claim 3, characterized in that, further comprising:
a shifting device (8) connected with the splitting
frame (511) to drive the splitting frame (511) to move
along a length direction of the connecting rod (33),
wherein the shifting device (8) comprises:

a rack (331) arranged along the length direction
of the connecting rod (33);
a travel motor (81) arranged on the splitting
frame (511);
a traveling gearmechanism (82) in transmission
connection with the travel motor (81), wherein
the traveling gear mechanism (82) is engaged
with the rack (331), and the travel motor (81)
drives the traveling gear mechanism (82) to
rotate to drive the splitting frame (511) to move
along the length direction of the connecting rod
(33);
and/or
a sliding mechanism arranged on the splitting
frame (511), wherein the sliding mechanism is
connected with the drilling machine (51) and/or
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the rock splitter (52) to drive the drilling machine
(51)and/or the rocksplitter (52) toslidealong the
splitting frame (511).

5. Thenon-blasting tunnel boringmachineaccording to
claim 4, characterized in that, the connecting rod
(33) comprises two I-shaped plates relatively ar-
ranged at intervals, both a front surface and a back
surface of the I-shaped plate are provided with the
rack (331), and the traveling gear mechanism (82)
comprises:

a synchronous driving shaft (821) arranged be-
tween the two I-shaped plates relatively ar-
ranged at intervals, wherein the synchronous
driving shaft (821) is connected with the travel
motor (81), and the synchronous driving shaft
(821) is provided with a first synchronizing gear
(8211) and a second synchronizing gear (8212)
arranged at intervals;
traveling screws, comprising an inner traveling
screw (822) arranged on the back surface of the
I-shaped plate and an outer traveling screw
(823) arranged on the front surface of the I-
shaped plate, wherein the inner traveling screw
(822) is engaged with the first synchronizing
gear (8211) and the outer traveling screw
(823) is engaged with the second synchronizing
gear (8212);
the inner traveling screw (822) is rotatably ar-
ranged on the splitting frame (511), two ends of
the inner traveling screw (822) are providedwith
inner traverse gears (8221), the inner traverse
gears (8221) are engaged with the racks (331)
on the back surfaces of the two I-shaped plates,
two ends of the outer traveling screw (823) are
provided with outer traverse gears (8231), and
the outer traverse gears (8231) are engaged
with the racks (331) on the front surfaces of
the two I-shaped plates; and/or
the traveling gear mechanism (82) further com-
prises:

a synchronous bushing matched with an
outer circumference of the synchronous
driving shaft (821), wherein the synchro-
nous bushing is located between the first
synchronizing gear (8211) and the second
synchronizing gear (8212); and
a guide support beam (83) fixedly con-
nected with the synchronous bushing at
an included angle, wherein two ends of
the guide support beam (83) are both pro-
vided with a guide support wheel (831), the
guide support wheel (831) at one end is in
rolling contact with a vertical plate of one I-
shaped plate, and the guide support wheel
(831) at the other end is in rolling contact

with a vertical plate of the other I-shaped
plate.

6. Thenon-blasting tunnel boringmachineaccording to
claim 4, characterized in that, the drilling and split-
ting device (5) further comprises a first lateral frame
(512) and a second lateral frame, wherein:

the first lateral frame (512) and the second lat-
eral frame are respectively connected to two
sides of the splitting frame (511), the drilling
machine (51) is movably arranged on the first
lateral frame (512), the rock splitter (52) is mo-
vably arranged on the second lateral frame, and
the sliding mechanism is connected with both
thedrillingmachine (51)and the rocksplitter (52)
to drive the drilling machine (51) to slide along
the first lateral frame (512) and drive the rock
splitter (52) to slide along the second lateral
frame; and/or
both the first lateral frame (512) and the second
lateral frame are hinged with the splitting frame
(511), and one sides of the first lateral frame
(512), the second lateral frame and the splitting
frame (511) far away from the central shaft in
disk (321) are all provided with an opening, the
sliding mechanism comprises a first double-pis-
ton actuator (515) arrangedat the opening of the
splitting frame (511), one piston rod of the first
double-pistonactuator (515)penetrates through
the opening of the first lateral frame (512) and is
hinged with the drilling machine (51), and the
other piston rod of the first double-piston actua-
tor penetrates through the opening of the sec-
ond lateral frame and is hinged with the rock
splitter (52);
the first lateral frame (512) is providedwith a first
limit slidehole (5121) in adirection far away from
the splitting frame (511), a drill bit of the drilling
machine (51) passes through the first limit slide
hole (5121), and the drilling machine (51) is
driven by the first double-piston actuator (515)
to slide along the first limit slide hole (5121);
and/or
the second lateral frame is provided with a sec-
ond limit slide hole in the direction far away from
the splitting frame (511), a splitting head of the
rock splitter (52) passes through the second limit
slide hole, and the rock splitter (52) is driven by
the second double-piston actuator to slide along
the second limit slide hole; and
the drilling and splitting device (5) further com-
prises a first locking mechanism (514) and a
second locking mechanism, the first locking
mechanism (514) is suitable for locking the first
lateral frame (512) and the drillingmachine (51),
and the second locking mechanism is suitable
for locking the second lateral frame and the rock
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splitter (52), the first double-piston actuator
(515) drives both the first lateral frame (512)
and the second lateral frame to rotate relative
to the splitting frame (511) around a hinge point
away from the center of the working disc (3) to
achieve folding of the drilling and splitting device
(5), wherein the first locking mechanism (514)
and the second locking mechanism are both
arranged in an electromagnetic attraction type
locking structure.

7. Thenon-blasting tunnel boringmachineaccording to
any one of claims 1 to 2, characterized in that, the
dust suppression device (6) comprises:

a water tank (61) arranged on the vehicle-
mounted device (1);
awater spraypipe (62) connectedwith thewater
tank (61); and
an atomizing nozzle (63) connected with the
water spray pipe (62), wherein the atomizing
nozzle (63) is arranged towards the tunnel face;
and/or
the dust suppression device (6) further com-
prises a dust detection device (64), and the dust
detection device (64) is suitable for detecting a
dust index to turn on the dust suppression de-
vice (6) when the dust index reaches a preset
value.

8. Thenon-blasting tunnel boringmachineaccording to
any one of claims 1 to 2, characterized in that, the
material feeding device (7) comprises:

a hopper (71) arranged below the working disc
(3);
a mucking machine (72) arranged in the hopper
(71) to drive a material to be transmitted in the
hopper (71), wherein the mucking machine (72)
comprises at least two material scraping gears
arranged at intervals, thematerial scraping gear
is rotatably arranged in the hopper (71), and a
grinding gap is formed between the adjacent
material scraping gears to crush the material;
a belt conveyor (73) arranged on the vehicle-
mounted device (1), wherein the belt conveyor
(73) is connected with the hopper (71); and
an luffing driving cylinder (74), wherein the luff-
ing driving cylinder (74) is arranged on the ve-
hicle-mounted device (1), one end of the belt
conveyor (73) close to the mucking machine
(72) is rotatably connected with the vehicle-
mounted device (1), and the luffing driving cy-
linder (74) is hinged with one end of the belt
conveyor (73) far away from the mucking ma-
chine (72) to drive one end of the belt conveyor
(73) far away from the mucking machine (72) to
ascend and descend.

9. Thenon-blasting tunnel boringmachineaccording to
claim 3, characterized in that, the support boom (9)
comprises:

a longitudinal arm (91) vertically arrangedon the
translation device (40);
a transverse arm (92) arranged transversely,
wherein one end of the transverse arm (92) is
connected with the longitudinal arm (91), and
the other end of the transverse arm is connected
with the rotational driving device (2);
a longitudinal arm telescopic cylinder (93) verti-
cally arranged on the translation device (40),
wherein the longitudinal arm telescopic cylinder
(93) is connected with the longitudinal arm (91)
to drive the longitudinal arm (91) to move verti-
cally; and/or
a transverse arm telescopic cylinder (94) ar-
ranged between the transverse arm (92) and
the longitudinal arm (91) to drive the transverse
arm (92) to move transversely;
wherein, the transverse arm telescopic cylinder
(94) is hinged with the longitudinal arm (91), the
support boom (9) further comprises a boom
luffing cylinder (95), one end of the boom luffing
cylinder (95) is hinged with an outer wall of the
longitudinal arm telescopic cylinder (93), the
other end of the boom luffing cylinder (95) is
hinged with an outer wall of the transverse
arm telescopic cylinder (94), and the boom luff-
ing cylinder (95) drives the transverse arm tele-
scopic cylinder (94) and the transverse arm (92)
to entirely rotate up and down around a hinge
point relative to the longitudinal arm (91);
and/or
the support boom (9) further comprises a reg-
ulating turntable (96), the regulating turntable
(96) is rotatably arranged on the vehicle-
mounted device (1), the translation device
(40) is arranged on the regulating turntable
(96), and the regulating turntable (96) drives
the translation device (40) to rotate around a
center of the translation device.

10. Thenon-blasting tunnel boringmachineaccording to
claim 9, characterized in that, the vehicle-mounted
device (1) is further provided with a boom support
(30), a main cab (10) and an secondary cab (20),
wherein the boom support (30) is suitable for sup-
porting the transverse arm (92), the main cab (10)
and the secondary cab (20) are oppositely arranged
at two ends of the vehicle-mounted device (1) re-
spectively, and the boom support (30) is arranged at
a topof the secondary cab (20) andasideedgeof the
vehicle-mounted device (1).

11. Thenon-blasting tunnel boringmachineaccording to
claim 8, characterized in that, the vehicle-mounted
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device (1) comprises:

a vehicle-mounted platform (11), wherein the
vehicle-mounted platform (11) is provided with
a support boom (9) and the material feeding
device (7);
wheels (12) arranged at a bottom of the vehicle-
mounted platform (11); and
storable support legs (13), wherein the support
legs (13) are arranged at the bottom of the
vehicle-mounted platform (11) and suitable for
supporting the vehicle-mounted platform (11).

12. Thenon-blasting tunnel boringmachineaccording to
claim 9, wherein the translation device (40) com-
prises:

a translation mount (401) arranged at a bottom
of the support boom (9);
translation rails (402) arrangedon the regulating
turntable (96) along a length direction of the
vehicle-mounted platform (11), wherein the
translation mount (401) is movably connected
to the translation rails (402), wherein two trans-
lation rails (402) are arranged at intervals in
parallel, a bottom of the translation mount
(401) is provided with two rows of traveling
wheels (4011) at intervals, and the two rows of
traveling wheels (4011) are respectively
matched on the two translation rails (402);
a translation driving unit (403) in transmission
connection with the translation mount (401) to
drive the translation mount (401) to move along
the translation rail (402) and in transmission
connection with the traveling wheel (4011); and
an anti-roll rod (404), wherein the anti-roll rod
(404) is connected between the two rows of
traveling wheels (4011).

13. Thenon-blasting tunnel boringmachineaccording to
any one of claims 1 to 2, wherein the hazard removal
device (50) comprises:

a hazard removal bucket (501) suitable for co-
ordinating with the tunnel face;
a driving cylinder (502) hinged to the vehicle-
mounted platform (11), wherein the driving cy-
linder (502) is hinged with the hazard removal
bucket (501) to drive the hazard removal bucket
(501) to swing,wherein thedrivingcylinder (502)
comprises a main cylinder, an secondary cylin-
der and a hopper cylinder;
a folding arm (503) hinged to the vehicle-
mounted platform (11), wherein the folding
arm (503) is hingedwith both the driving cylinder
(502) and the hazard removal bucket (501), and
the driving cylinder (502) drives the folding arm
(503) to be foldedor unfolded to drive the hazard

removal bucket (501) to be accommodated or
extended, wherein the folding arm (503) com-
prises a main hopper arm and an secondary
hopper arm; and
a rotating hopper (504) rotatably arranged on
the vehicle-mounted platform (11), wherein a
bottom of the main hopper arm is hinged to
the rotating hopper (504), a bottom of the main
cylinder is connected to the vehicle-mounted
platform (11) by ball hinge and/or a top of the
main cylinder is connected to the main hopper
arm by ball hinge, and the rotating hopper (504)
drives the main hopper arm and a structure
thereon to rotate together;
wherein, one end of the main cylinder is hinged
to the vehicle-mounted platform (11), the other
end of the main cylinder is hinged to a middle of
the main hopper arm, one end of the secondary
cylinder is hinged to the middle of the main
hopper arm, the other end of the secondary
cylinder is hinged to the secondary hopper
arm, the bottom of the main hopper arm is
hinged to the vehicle-mounted platform (11), a
top of themain hopper arm is hinged to amiddle
of the secondary hopper arm, one end of the
hopper cylinder is hinged with one end of the
secondary hopper arm close to themain hopper
arm, the other end of the hopper cylinder is
hinged with both one end of the secondary hop-
per arm far away from the main hopper arm and
thehazard removal bucket (501), andoneendof
the secondary hopper arm far away from the
hopper cylinder is hinged with the hazard re-
moval bucket (501).

14. Thenon-blasting tunnel boringmachineaccording to
anyoneof claims1 to2, further comprisingacamera,
a lasergenerator andasweepingstructurewhichare
all arranged on the working disc (3), wherein the
laser generator is suitable for emitting a laser beam
to the tunnel face, and the laser beam is aligned with
a pre-calibrated point on the tunnel face through the
camera toposition theworkingdisc (3), thesweeping
structure comprises an oscillating brushmotor and a
dust brush, and an oscillating hinge of the oscillating
brushmotor is connectedwith the dust brush to drive
thedust brush tooscillateandsweep thecameraand
the laser generator.

15. A tunneling method using the non-blasting tunnel
boring machine according to any one of claims 1 to
14, comprising:

using a vehicle-mounted device (1) to drive a
rotational driving device (2), a translation device
(40) and a working disc (3) to move to a tunnel
face;
using the translation device (40) to drive the
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rotational driving device (2) and theworking disc
(3) to synchronouslymove to regulateadistance
between the working disc (3) and the tunnel
face;
using a longitudinal arm telescopic cylinder (93)
to regulate a height of the working disc (3);
using a transverse arm telescopic cylinder (94)
to regulate a distance between the working disc
(3) and the tunnel face to keep the working disc
(3) in contact with the tunnel face;
using a boom luffing cylinder (95) to regulate an
up-and-down inclination angle of the working
disc (3);
using a regulating turntable (96) and the transla-
tion device (40) to together regulate a left-and-
right inclination angle of the working disc (3) to
keep the working disc (3) parallel to the tunnel
face;
using the rotational driving device (2) to drive the
working disc (3) to rotate around a center of the
working disc to further drive a foundation trench
excavation device (4) on the working disc (3) to
rotate and enable the foundation trench excava-
tion device (4) to excavate an annular crack
arrest groove on the tunnel face;
starting a drilling machine (51) on the working
disc (3) to drill a hole on the tunnel face in the
annular crack arrest groove;
using a rock splitter (52) to be matched with the
drilled hole to split the tunnel face;
using a hazard removal device (50) matched
with the tunnel face to peel off crushed stones
split on the tunnel face;
using a material feeding device (7) to receive
and convey materials dropped during excava-
tion; and
starting a dust suppression device (6) to sup-
press dust generated by excavation.
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