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3,321,248 
TUNNELING MACHINE GUIDANCE BY IMPINGE 
MENT 0F LASER BEAM 0N PAIR OF MACHlNE 
CARRIED TARGETS 

Thomas N. Williamson and John M. Mullins, Houston, 
and Calvin D. Sholtess, Dallas, Tex., assignors to 
Hughes Tool Company, Houston, Tex., a corporation 
of Delaware 

Filed Mar. 9, 1965, Ser. No. 438,280 
10 Claims. (Cl. 299-—1) 

ABSTRACT OF THE DISCLOSURE 

A guidance system in which the pair of targets ?xed 
on the tunneling machine are mounted parallel to and 
offset from the axis of the rotary drilling head of the 
machine. The images of the beam on the two targets are 
simultaneously visible to the operator, enabling him to de 
tect all types of errors in machine orientation——twist, off 
set, skew and roll. 

The complete system includes a telescope mounted with 
the laser beam projector as a unit. Typically, the optical 
axis of the telescope is made parallel to the beam axis 
and the unit is supported from the tunnel wall with the 
telescope trained on alignment markers to de?ne the de 
sired tunnel direction. The well known coherence of a 
laser beam makes it possible to mount the unit at a con 
siderable distance from the tunneling machine. 

This invention relates to the formation of a hole on a 
prescribed course through the earth and more particularly 
to an improved guidaince system for maintenance of pre 
determined drive direction of a tunneling machine. 

Large tunnels are often dug in mountainous regions by 
a rotary drilling machine locked against the tunnel wall 
by a number of radially disposed hydraulic rams which 
center the machine and its drill stern on the longitudinal 
axis of the tunnel and, as the rotating drill head cuts away 
the earth, the head is pushed forward by the machine. At 
the end of each cutting stroke, the machine is advanced 
toward the projected head and reset for a succeeding cut. 

Roll of the machine about its longitudinal axis is some 
times caused by the supporting rams slipping on the tunnel 
wall with torque reaction. Other displacements, such as 
angular inclination or lateral shift of the machine from 
its intended drilling direction, may result from a number of 
causes, including uneven hardness of tunnel wall surface, 
variations in load resistance in different zones of the tun 
nel face being penetrated, or operator error. Machine 
position displacement needs prompt correction and the 
machine operator must be constantly alert to change. 
Heretofore, course guidance was directed by a surveyor 
sighting from a rearward station or was controlled by the 
operator sighting back along a long and tensioned gauge 
wire strung longitudinally from the tunnel wall on the 
predetermined line of tunnel direction. Upon noting 
deviations, the operator effected relative adjustment of 
the hydraulic rams for repositioning the tunneling ma 
chine. It is an object of this invention to provide an im 
proved tunnel machine guidance system for a more posi 
tive and reliable indication of cutting direction at all times, 
whereby cutting operations can be better controlled and 
kept on proper course by prompt realignment of the ma 
chine whenever position deviations develop. ' 
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Another object is to provide a guidance system utilizing 

a laser device ?xedly supported in trailing relation to a 
forwardly advancing boring machine to project a narrow 
beam forwardly on a line parallel with and radially spaced 
from the axis of the rotary cutting head and which beam 
is for reception by and impingement on a pair of machine 
carried fore and aft targets whose comparative readings 
accurately signal machine position. 
A further object of the invention is to provide an ar 

rangement for presetting the ?xed position of the beam 
projector by sighting on a properly located reference 
marker and through a rearwardly directed scope on an 
axis in predetermined relation with the axis of the pro 
jected beam. 
A still further object of the invention is to provide for 

projecting a signal beam on a plate vtarget protectively 
surrounded within a dirt shield with which there prefer 
ably is associated an arrangement to direct clean air under 
pressure both to sweep dust from the face of the plate and 
to blow outwardly from the shield and thereby resist entry 
of tunnel dust. 

Additional objects and advantages will become ap 
parent upon reference to the accompanying drawings, 
wherein: 

FIG. 1 is a somewhat schematic view illustrating the ap 
plication of the guidance system to a tunnelling machine 
in operative relation within the earth; 

FIG. 2 is a view similar to FIG. 1 on a larger scale, 
and shows an alternate alignment marker; 
FIG. 3 is a horizontal section on line 3-3 of FIG. 2', 
FIG. 4 is an end section of a fragment of a tunnel bore 

showing the mounting therein of a telescope-laser unit; 
FIG. 5 is a vertical section of a target unit, and 
FIG.’ 6 is an elevation of the target unit with a portion 

in section. 
Application of the invention to various conventional 

excavators and other equipment is contemplated. For 
illustration, the tunnelling machine 10 in FIG. 1 includes 
a rotatable drilling head 11 mounting any suitable kind 
of bit or cutters for working on the face of the earth 
to be excavated. The drill head 11 is carried on the front 
end of a longitudinally shiftable drive shaft 12 having 
bearing support within a cylindrical housing 13 which en 
closes power transmission mechanism. Axially spaced 
apart sets of two or more hydraulic rams 14-14 project 
radially from the cylindrical housing 13 and terminate in 
arcuate pads for seating against the tunnel wall and posi 
tioning the machine centrally of the tunnel. Such seating 
engagement also is a friction brake to resist drive torque 
reaction. 
The power transmission mechanism in response to ac 

tuation of manual controls at an operator’s station or con 
sole (not shown) located on one side of the machine 
comprises, by way of example, electric motor drive equip 
ment for rotating the drilling head 11 about the longi 
tudinal center line of the machine and for operating hy 
draulic pumps for the ‘application of substantially constant 
forward thrust on the drill head during drilling. The hy 
draulic power is also for actuation of the locating rams 
14 and for advancing the machine to the extended drill 
head at the end of its forward stroke in preparation for 
a repositioning of the machine. Machine location relative 
to the desired course and grade of the tunnel is dependent 
on relative length settings of the several rams and proper 
control of such settings enables maintenance of, and cor 
rections in, positions both initially as well as during drill 
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ing operations without interruption of the drilling opera— 
tion. 
To provide the operator with easy and continuous read 

ings of machine positions, in one preferred embodiment 
of the invention there are mounted on the machine in 
radially spaced relation with its center line, a pair of 
axially spaced apart targets 15 and 16 for comparative 
observation of light spots on target regions and which 
spots result from impingement on the target faces of a 
narrow light beam projected forwardly on a path parallel 
with the desired axial direction of the tunnel. Ideally, 
the light beam projector is a gas laser 17, such as 
Perkin-Elmer Model 5200, which is capable of generating 
a coherent beam of small diameter on the order of one 
fourth to one-half of an inch for an effective range of 
several hundred feet with a small divergence. 
Each target, as best seen in FIGS. 5 and 6, consists of 

a plate or disc 18 of either transparent or translucent 
material such as ground or frosted glass or plastic, pref 
erably having measurement lines; for example, grid 
marks etched therein and being mounted within a hood 
or tubular housing 19. The housing 19 has a mounting 
bracket 20 to be bolted on the outside of the machine 
10 with or without intervening spacer shims for enabling 
adjustment as needed. In the case of the rearward target 
15, there are placed adjacent the front and rear faces of 
the target plate 18 a pair of circular tubes 21, each 
having a succession of small jetting ports or nozzles 
directed toward its adjacent plate face and also having 
a pipe coupling with a manifold 22 (see FIG. 1) leading 
from a suitable source of ?ltered air such as a com 
pressor indicated at 23. The air, after being ?ltered at 
the intake to the compressor, is jetted under pressure 
across the opposite faces of the target plate 18 and ex 
hausts through the front and rear openings of the tubular 
housing 19 whereby to rid the same of dirt and dust which 
is frequently quite heavy in the area of a tunnelling ma 
chine. It may be pointed out here that while the fore 
most target 16 may be identical in structure to the rear 
most target 15, it can also be simpli?ed by using a per 
forated air jetting ring at only the rear face of the target 
plate. The laser beam will strike and present a signal 
image on the plate 18 of the rearward target 15 and 
pass on to and impinge on the plate of the forward target 
16 as a second readable signal. 
The previously referred to adjustable mounting con 

templates either a hinge or a slide connection for the 
rearward target 15 to enable the target to be shifted 
out of the beam path for unimpeded beam passage to the 
forward target 16. This arrangement will insure selective 
and independent readings on either target plate of similarly 
pronounced images. Optionally, both longitudinally 
spaced apart target plates may be shielded within an 
elongated tubular housing whose length can be extended 
to terminate rearwardly beyond the zone of high dust 
concentration. A transparent closure for the tube end 
will exclude dust and pass the beam and other transparent 
closures over windows adjacent both targets and will 
permit image observation. Conveniently, such closures 
can be cleaned if needed by jetting pressure air thereon 
or by mechanical wipers. 

Identical beam image positions centered on both targets 
will indicate that the machine is on course. Should beam 
positions on both targets be offset from center within 
the same circumferential direction about the machine lon 
gitudinal axis, the operator will know to check for roll 
of the machine and correct if necessary. In the ab 
sence of roll, any relative displacements of the beam 
image from target centers represents actual deviation from 
course. For some installations, use is contemplated of 
a television camera for reading beam images and trans 
mitting the readings to a viewer in the operator’s station. 
For presetting laser position, the laser, as here shown, 

is secured as one component of an assembly unit having 
as another component a transit telescope 24 in closely 
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spaced parallel relation with the laser, and the assembly 
also includes an adjustable mounting by which the laser 
telescope unit can be shifted to a setting as in?uenced by 
training the scope rearwardly toward a suitable reference 
point or alignment marker means. The problems here 
concerned will be made clearer by mention of exemplary 
work conditions. Thus, when a tunnel is drilled to seventy 
two inches or larger diameter, the working distance be 
tween the target and the laser can range between ten 
feet and several hundred feet, while the distance between 
the telescope and the reference point or points can be 
over an even greater range. 
As seen in FIG. 1, accuracy is attainable by hanging 

two plumb lines 25——25 from stationary positioning means 
or holder spads preset in the tunnel wall in predetermined 
course alignment and at points spaced from one another 
approximately one hundred feet. Such plumb lines give 
a vertical plane reference. Beyond the farther plumb 
line there can be set up a vertical scale or levelling rod 
26 for cooperation with the telescope in presetting course 
direction with reference to the horizontal. 
The arrangement of FIG. 2 differs from FIG. 1 in 

that one plumb line 25a is disposed rearwardly of the 
telescope-laser unit and a second plumb line 25a hangs 
from directly above and in locating cooperation with a 
centering mark or point 25b carried by and on the vertical 
center line of the telescoping-laser unit. This forward 
plumb line 25a will have a pre-established location on 
the tunnel course and the height of its bob will be pre 
set to proper grade. After the telescope-laser unit has 
been mounted below and has been adjustably positioned 
to present the centering mark 25b in proper height and 
vertical alignment with the forward plumb bob and line 
25a, the vertical cross hair of the transit will be lined up 
on the rearward plumb line, usually the one installed at 
the previous station. If a change in either course or grade 
is called for at this stage of tunnelling, suitable adjustment 
can be made on appropriate horizontal and vertical trans 
it scales. Following each advance of the machine, either 
to the range limit of the laser or to a distance at which 
a course or grade change has been speci?ed, the transit 
will be turned about its vertical axis through a speci?ed 
angle such as 180° when the course is to remain 
unchanged, to enable a forward sighting for locating 
a plumb line 25a at a new advance station. The transit 
laser unit is then brought forward and set up at the new 
station in accordance with the precedure previously de 
scribed. 
The rearwardly directed telescope 24 and the forward 

ly directed laser 17 are bound together by encircling straps 
as at 27 so that the axis of the laser is parallel with the 
optical axis of the telescope and the combined unit, like 
the usual surveyor transit, has a transverse pivotal axis 
with the vertical circle 28 and two threaded adjusters for 
?ne alignment in horizontal and vertical planes. In addi 
tion, a supporting pedestal for the laser-telescope unit 
includes a horizontal adjuster 29, a vertical adjuster 30, 
a swivel connection 31 and a rack and pinion jack 32 
for set up adjustment. A base ?ange 33 on the pedestal 
column contains diametrically opposite parallel elon 
gated slots 34-34 to receive fastening bolts 35, each ex 
tending through a transverse slot 36 in a platform 37. 
The cooperating slots accommodate lateral adjustment 
of the pedestal toward vertical plane alignment setting 
whereupon the bolts are drawn tight. The platform 37 
has dependent convergent legs 38 and, as illustrated in 
FIG. 4, the platform unit is rock bolted to one wall of 
the tunnel so as to be centrally offset with generous pas 
sage clearance above the floor of the tunnel for person 
nel and equipment, including mine cars and conveyors for 
carrying out excavated material. 
Upon energization of the laser, its light beam is pro 

jected forward and coincides with or de?nes the course 
and the grade to be followed. On-target images of the 
signal beam are indicative of machine positions and the 
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hydraulic rams 14 of the two sets can be individually 
shortened or lengthened as needed to shift the machine for 
centering the targets in relation to the light beam. When 
both targets are centered, the machine longitudinal cen 
ter line is parallel or coaxial with the desired drilling di 
rection. Any subsequent displacement of the beam im 
age from target center indicates deviation from the 
selected course. As the drilling operation proceeds, con 
tinuous comparison of relative off-center images in any 
quadrant of the two targets affords ready observance 
of a deviation and the relative lengths of the several 
rams 14 can be promptly readjusted for steering the 
tunnel cutting operation on course. Roll displacement 
about the longitudinal axis of the machine will also be 
made known and enable proper steps to be taken in re 
storing machine attitude. Identical off-center beam image 
positions on both targets correspond with the extent that 
the machine center line is in parallel misalignment 
with the course. If the beam image is in other than 
identical positions on the two targets, the machine cen 
ter line is out of parallel with or inclined from the given 
course. When the boring operation has progressed to 
the forward limit of the drill head stroke, the machine 
again is advanced bodily and reset to laser beam align 
ment. With an effective laser beam range greater than 
the distance to which the cutter head can berprojected, 
laser setting need not be disturbed with each advance of 
the machine. Upon machine advance toward the limit 
of the beam range, the telescope-laser instrument will be 
moved ‘forward to a new position adjacent the machine. 
In the manner previously described, the tunnelling ma 
chine can again go forward under proper guidance. 
The guidance system as herein disclosed will ?nd uses 

for travel guidance of other than tunnel equipment. For 
some work it will be feasible to mount the laser on the 
machine so as to direct its beam toward either a for 
wardly or a rearwardly spaced target and on an estab 
lished line and grade setting. 

While the foregoing sepci?cation has detailed only a 
preferred embodiment of the invention, it is to be under 
stood that various modi?cations and rearrangements may 
be made as come within the scope of the appended claims. 
What is claimed is: 
1. ‘In a guidance system for a machine whose work 

travel direction is to be controlled, a pair of targets 
arranged to be carried by the machine in spaced apart 
alignment with one another on an axis parallel with the 
line of machine working travel, a signal directing device 
located rearwardly of the targets and arranged to pro 
ject a target impinging signal beam on a forward line 
and of a transverse dimension which is smaller than the 
target area exposed thereto, preset alignment marker 
means ?xed in rearwardly spaced relation with said ma 
chine and a direction-setting member ?xedly secured 
with the signal directing device as a unit therewith for 
alignment ‘co-action with the alignment marker means 
so as to aim the beam projection path of said device 
in selected relation with the alignment marker means for 
the indication by comparative locations of beam im 
pingement on the two targets of machine position rela 
tive to said alignment marker means. 

2. In a guidance system as in claim 1, an adjustable 
mounting for said unit enabling the unit to be shifted 
into position in which the direction-setting member is 
focused on the alignment marker means. 

3. In a guidance system for a tunnelling machine, 
alignment marker means preset rearwardly of the ma 
chine in longitudinally spaced relation therewith and in 
longitudinal alignment with the given tunnelling direc 
tion, a beam projecting device located fonwardly of the 
alignment marker means, an adjustable mounting posi 
tioning said device for forward projection of its beam, 
a marker sighting member ?xed with said device for 
sighting rearwardly on said marker means and shiftable 
upon adjustment of said mounting into longitudinal 
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6 
sighting alignment with the marker means for thereby 
setting the path of beam projection from said device to 
that of given tunnelling direction, a pair of longitudinally 
spaced targets mounted on the machine in axial align 
ment with the beam path when the tunnelling machine is 
in a predetermined operating positionv whereby machine 
position displacement is indicated by displacement of the 
target means in relation to the axis of said beam. 

4. In a guidance system for a tunnelling machine, a 
?rst pair of cooperating components comprising a signal 
beam projector and pair of axially spaced targets for 
alignment with the beam axis, a second pair of cooperat 
ing components comprising a viewing scope and an align 
ment marker with which the scope is to be aligned, means 
joining the scope and the projector as a unit, mounting 
means positioning said unit rearwardly spaced from said 
targets, other mounting means positioning the targets on 
the machine, additional mounting means positioning said 
alignment marker rearwardly spaced from the tunneling 
machine, at least one of said mounting means being ad 
justable for setting said components in operating relation 
in which the projector and the targets are initially in 1on 
gitudinal alignment with one another and the scope and 
the marker are in longitudinal alignment with one another. 

5. In a guidance system for a tunnelling machine, di 
rection alignment marker means having a preset position 
rearwardly spaced from the tunnelling machine and ?xed 
in relation to a predetermined course to be tunnelled, a 
rearwardly directed sighting scope to be focused on said 
direction alignment marker means, a support movably 
mounting the sighting scope for adjustment thereof to 
set the scope in sighting alignment longitudinally with 
the marker means, a signal beam projector ?xed relative 
to the sighting scope and arranged to project a signal 
beam forwardly without appreciable beam spread and a 
pair of targets in longitudinally spaced apart relation on 
the machine and operatively positioned to be in the path 
of signal beam projection for a comparative reading of 
beam reception by the two targets as an indication of 
machine tunnelling direction. 

6. In a guidance system as in claim 5, wherein said 
signal beam projector comprises a laser device to project 
on the target area a relatively narrow output light beam. 

7. In a guidance system as in claim 5, together with 
means adjustably positioning said targets relative one to 
the other and accommodating displacement from the pro 
jected beam of that target which is closer to the projector. 

8. The method for maintaining a tunnelling machine 
on a prescribed course comprising presetting the location 
of marker means to coincide with a prescribed direction 
training the telescope of a combined telescope and beam 
projector unit toward the marker means, adjusting the 
position of the unit into alignment with the marker means 
as the latter is viewed by the telescope, then observing 
on a pair of longitudinally spaced apart and machine 
carried targets, the beam images thereon as projected by 
the projector, adjusting machine position until beam im 
ages are centered on both targets, then operating the 
tunnelling machine while comparing beam images on the 
targets for determining machine positioning readjustments 
needed to steer the machine in the prescribed direction. 

9. The method for maintaining a tunnelling machine 
on a predetermined direction of travel comprising preposi 
tioning a beam projector for emission of its beam on an 
axis parallel with the predetermined direction of the tun 
nel, initially adjusting the position of a tunnelling ma 
chine to center a pair of axially spaced apart targets in 
coaxial alignment with the beam, maintaining Watch of 
comparative beam images on the two targets during tunnel 
machine operation for indications of off-center machine 
displacements and readjusting machine position as needed 
to restore the position of the machine on its intended 
direction. 

10. In a guidance system of the character described, 
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machine means to be maintained on a predetermined lon 
gitudinal direction of travel, stationary positioning means 
spaced longitudinally from the machine means, a telescope 
and a beam projector arranged on parallel axes Within 
the space between the machine means and said position 
ing means and oppositely disposed with reference to the 
viewing direction of the telescope and the beam project 
ing direction of the projector, a pair of longitudinally 
spaced apart beam-receiving targets ?xed on one of the 
aforesaid means, marker equipment ?xedly attached to 
the other of the aforesaid means and an adjustable mount 
ing of the telescope and the projector accommodating 
their adjustment as a unit into a setting in which the axis 
of the telescope aligns longitudinally with the marker 
equipment and the axis of the beam projector aligns with 
the targets and presents centered images on both targets 
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when the machine is on the predetermined direction of 
travel. 
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