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57) ABSTRACT 
The object of the invention is a system for automati 
cally setting the angles of the guide seating structure 
of a rock drilling machine or the rammer of a pile 
driver, or a similar tool arranged for a reciprocating 
movement on said structure carried by a movable sup 
port and for moving the structure parallel to itself so 
that the angle of the structure is maintained. The 
structure is pivotally mounted in two substantially ver 
tical orthogonal planes and is connected to the mov 
able support by a movable intermediate arm provided 
with drive means such as jacks for pivoting move 
ments of the structure in said two planes. Transducers 
are mechanically coupled to the drive means to trans 
mit electrical signals representing angles to a compar 
ator in response to the attitude of the guide seating 
structure, the intermediate arm and the seating struc 
ture to adjust the seating structure to a specific bear 
ing and a specific angle, in said two planes, in relation 
to the vertical, the bearing and the specific angle 
being automatically maintained when said movable 
support carrying the guide seating structure is moved 
to another place even on a terrain of varying slope so 
that a further hole may be drilled or a further pile may 
be driven exactly parallel to a preceding one. 

21 Claims, 8 Drawing Figures 
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SYSTEM FOR AUTOMATICALLY ALIGNING 
AND/OR MOVING IN A PARALLEL MOVEMENT 
PATH A GUIDE SEATING STRUCTURE ADAPTED 
FOR GUIDING THE MOVEMENT OF A TOOL 

MOUNTED THEREON 
This is a continuation of application Ser. No. 206,480 

filed Dec. 9, 1971 and now abandoned, 
The present invention relates to a system for auto 

matically aligning and/or moving in a parallel move 
ment path a guide seating structure adapted for guiding 
the movement of a tool mounted thereon, the guide 
seating structure being pivotally mounted in two planes 
located at angles relative to each other on elements 
which are arranged to support the seating structure and 
connected between the structure and a movable sup 
port unit and provided with drive means for effecting 
the pivoting movements of the guide seating structure 
in the aforementioned planes. 
Guide seating structures of the type envisaged are 

used, inter alia, in the form of feed beams or runners 
for rock drilling machines which are arranged for recip 
rocating movement along the beams, although such 
seating structures may also be used in other connec 
tions, for example in the form of guide structures along 
which working tools such as drop weights are arranged 
to move. 
When using such guide seating structures it is impor 

tant that they can be aligned to point in the desired di 
rection as simply and as accurately as possible and that 
they can be moved in a parallel path of movement from 
one working site to another, so that the tools arranged 
thereon retain the same position in relation to the verti 
cal and to the horizontal. This is the case, for example, 
with guide seating structures having the form of runner 
beams for rock drilling machines, in which cases it is 
often desired to change both the angle at which the 
beams are inclined to the horizontal and the direction 
in which the seating structures are pointed, i.e. their di 
rectional bearing, a task which has hitherto been rela 
tively time consuming and which requires a high degree 
of precision in order to obtain sufficient accuracy, and 
wherein with tunnelling and bench blasting it is of great 
importance that adjacently situated drill holes extend 
parallel to one another. For these purposes, the guide 
seating structures of rock drilling machines are ar 
ranged for pivotal movement in the aforementioned 
two planes, the guide seating structures being guided 
manually and moved by means of their respective drive 
means in a manner such as to enable them to be 
brought into desired positions and when moved from 
one working site to another the seating structures can 
be adjusted so that parallellism is obtained between the 
settings of the seating structures at the different work 
ing sites. This, however, is a method which must be car 
ried out with great accuracy and which is consequently 
highly time consuming particularly if a sufficiently ac 
curate degree of parallellism is to be obtained when 
bench blasting, with which it is often difficult in prac 
tise to check the bearing of the guide seating structures. 
Although certain suggestions have been made for 

varying degrees of mechanized alignment and parallel 
movement of the feed beams of rock drilling machines, 
none of these proposals have paid sufficient attention 
to the influence of the widely varying contours of the 
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surface to be drilled in bench blasting operations, or to : 
the bearing of the beams, the word bearing being used 

2 
here to indicate the direction in which the beams point 
in the horizontal plane. 
The object of the present invention is to eliminate the 

disadvantages associated with the aforementioned pro 
posals and to provide a system of the type described in 
the introduction which in addition to the fact that it can 
be mounted directly to the elements forming the con 
necting means between the support unit and the seating 
structures, irrespective of the design of the elements, 
also provides the desired setting of the seating structure 
both subsequent to a change in slope and to a change 
in direction of the supporting unit, without it being nec 
essary for the operator to make a new setting on the 
system. In other words, the system according to the in 
vention shall be capable of providing a setting and par 
allel movement of the guide seating structures or the 
feed beams which is substantially independent of the 
machine construction, the contours of the ground and 
the bearing. 

Practical tests carried out on embodiments of a sys 
tem according to the invention show that the aforemen 
tioned objects are satisfactorily achieved and that by 
means of said system it is possible to align and adjust 
automatically the guide seating structure with respect 
to its bearing and inclination to the vertical and to 
move the guide seating structures automatically in a 
parallel pattern of movement. The system of the pres 
ent invention thus affords a solution to a problem 
which was difficultly resolved and time consuming and 
enables the desired inclination and bearing of the seat 
ing structures to be obtained easily and precisely, sim 
ply by making certain settings on an instrument panel. 
The system of the present invention is mainly charac 

terized in that interconnected transducers and compar 
ison units are coupled to the drive means of the guide 
seating structure and are arranged to transmit signals in 
response to the attitude of the supporting unit, the 
means connected between the guide seating structure 
and the supporting unit and/or the seating structure to 
adjust the seating structure to a specific bearing and a 
specific angle in relation to the vertical. 
The invention will now be described with reference 

to the accompanying drawings, further features of the 
invention being disclosed in connection therewith. 

In the drawings, FIG. 1 illustrates diagrammatically 
a side view of a mobile rock drilling unit provided with 
guide seating structures in the form of feed beams ar 
ranged to guide thereon tools in the form of rock dril 
ling machines arranged for reciprocal movement along 
the beams, 
FIGS. 2 and 3 are simplified, diagrammatic views of 

the rock drilling unit seen in top plan view and from the 
rear, 
FIG. 4 is a block diagram of an embodiment of the 

system according to the invention responsible for ad 
justing the positions of the feed beams and moving the 
same in a parallel pattern of movement, 
FIG. 5 is a view corresponding to the view of FIG. 2 

and illustrates a rock drilling unit provided with a sys 
tem according to the invention intended for adjusting 
the positions of the feed beams and moving them in a 
parallel pattern of movement, 
FIG. 6 is a block diagram of the embodiment illus 

trated in FIG. 5, and 
FIGS. 7 and 8 each show an example of calculating 

means for controlling the feed beams of a drilling unit 
according to FIG. 5. 



3,896,885 
3 

The rock drilling machine illustrated in FIGS. 1-3 
and FIG. 5 is of purely conventional construction. The 
machine is supported on a body member or support 
unit 2 mounted on tracks 1, which enable the unit to be 
moved on the working site. In the illustrated embodi 
ment, the body member 2 pivotally supports two fold 
ing jibs 3 which can be raised and lowered relative to 
the body member. The folding jibs are attached at one 
end to the body member and each of the jibs carries at 
its free end a feed beam 4. The feed beams comprise 
guide seating structures for guiding a rock drill unit 5 
arranged thereon, each of the drill units being arranged 
for reciprocating movement along its associated beam 
thereby to move a drill 6 to the desired working posi 
tion. 
The two feed beams or seating structures 4 are 

mounted on the jibs 3 in a manner which enables them 
to be pivoted in two planes at right angles to each other 
so that the seating structures can be tilted and turned 
relative to a vertical line through their pivoting axes. 
The tilting and turning movements effected by the seat 
ing structures in planes perpendicular to each other are 
illustrated in FIGS. 1 and 3, in which the tilting angles 
and the turning angles are shown by the reference 
yttr and yTvry respectively, these angles thus lying 

in their respective one of the two planes. The pivoting 
movements of the seating structures 4 in the aforemen 
tioned planes are effected by means of drive units in the 
form of hydraulic mechanisms 7 and 8. The hydraulic 
mechanism 7 is responsible for movement of the seat 
ing structure in the tilting plane, while the hydraulic 
mechanism 8 is responisble for movement of the seat 
ing structure in the turning plane. The hydraulic mech 
anisms 7,8 cooperate with hydraulic mechanisms (not 
shown) for manoevring the folding jibs 3 by means of 
oil pressure obtained from one or more pumps 
mounted on the body member 2. 

In as much as a system according to the invention is 
intended both for adjusting the position of a seating 
structure for guiding a tool arranged thereon and for 
moving the seating structure in parallel movement pat 
terns and since the illustrated embodiment is provided 
with two such seating structures, namely the feed 
beams 4 supporting the rock drilling units 5, which 
beams can both be adjusted and moved in parallel 
movement paths individually between their different 
operation positions, two co-acting devices must be ar 
ranged in the two illustrated embodiments. In accor 
dance with the invention, the co-acting devices com 
prise interconnected transducer and comparison units 
coupled to the drive means 7,8 of each seating struc 
ture or feed beam 4, the transducer and comparison 
units being arranged to transmit signals for automati 
cally adjusting each of the seating structures to a spe 
cific bearing and to a specific angle relative to the verti 
cal in response to the attitude of the body member 2, 
the means in the form of folding jibs 3 coupled between 
the body member and the seating structures and/or the 
individual attitudes of the seating structures or feed 
beams. 

In view of the fact that a system according to the in 
vention in addition to determining the attitude of the 
seating structures also determines the attitude of the 
body member 2 and the associated folding jibs 3, FIGS. 
2 and 5 have been drawn to show the angles which de 
cide the bearing of each of the feed beams 4 of the first 
and the second embodiments according to the inven 
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4 
tion so as to facilitate understanding of the invention. 
With respect to the first embodiment, FIG. 2 also illus 
trates how a signiting device co-acting with a direction 
or course indicator 9 mounted on the body member 2 
is adjusted to the desired course or bearing for the feed 
beams 4. In respect of the second embodiment, FIG. 5 
illustrates in a corresponding manner how the sighting 
device co-acting with course indicators mounted on the 
body member 2 and corresponding to at least one of 
the course indicators 12 mounted on the feed means is 
adjusted to the desired course or bearing for the feed 
beams 4. 
For the sake of simplification, the block diagram il 

lustrateed in FIG. 4 for the rock drilling unit illustrated 
in FIGS. 1-3 and relating to the first embodiment of the 
system according to the invention, in addition to the 
circuits for the bearing of the body member 2, only 
shows the operating circuits for effecting movements in 
the turning and tilting planes for one of the two feed 
beams 4 associated with the unit in question. 
As will be evident from FIG.4, in principle the opera 

tion of the system is similar to that of a fire control sys 
tem for naval artillery. The course indicator 9, which 
is the all important unit for determining the bearing of 
the feed beams, may be constructed in different ways 
and, for example, may comprise a compass provided 
with a compass indicator housing rotatably mounted in 
an operating box and provided with a course follower 
capable of being actuated from without by means of 
gears via a transmission having a gear ratio of 1:(-1). 
The course follower is connected through the transmis 
sion with the knob of a resolver 10 in a manner such 
that rotation of the resolver knob in a clockwise direc 
tion results in anitclockwise rotation of the course fol 
lower and vice versa. As will be seen from the reference 
disclosed in FIG. 2, the references for both the resolver 
knob and the course follower in the longitudinal direc 
tion of the drill unit is straight forwards. To facilitate 
work connected with adjusting the bearing of the feed 
beams which, inter alia, may be given in relation to 
sighting marks on the ground, the indicator housing of 
the course indicator 9 is suitably provided with an at 
tachment means for a sighting telescope or the like. 
The sighting telescope should be connected to the indi 
cator housing by means of the attachment means such 
as to be stationary with respect to the housing but ar 
ranged for rotation with the housing in the operating 
box and have a reference position pointing straight for 
wards in the longitudinal direction of the drilling unit, 
i.e. that a special designation, e.g. N, on the scale of the 
indicator housing points straight forwards in the longi 
tudinal direction of the unit. 
With respect to the angles ar', 6 and it, illustrated in 

FIG. 2, a transmitter portion of the course indicator 9 
transmits signal voltages to the resolver 10 which con 
stitute a measurement of the angle (6--th). When the 
course indicator needle lies on the designation N on the 
scale of the indicator housing the angle (6--ty) is 0, 
while the bearing of the drilling unit is also 0. 
To obtain behind the resolver 10 a signal which is 

representative of a measurement on only the angle , 
which indicates the desired angular deviation in the 
feed beam bearing relative to the longitudinal direction 
of the unit pointing straight forwards, it is necessary 
with the system of the embodiment illustrated in FIG. 
4 to direct the sighting telescope, and as a result thereof 
also the indicator housing for the course indicator 9, to 
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the desired bearing and locked therein. Thereafter, the 
knob on the resolver 10 is turned so that the course fol 
lower of the course indicator is moved in a direction 
coinciding with the direction of the indicator needle, 
whereupon the resolver knob is locked. Subsequent to 
these measures. being taken, the setting of the system 
provides reference values for all future changes in di 
rection of the drilling unit provided that the adjusted 
desired bearing is to be maintained, i.e. the signal be 
hind the resolver 10 is always a measurement on the 
angle irrespective of how the drilling unit is turned on 
its tracks 1. 

Setting of the feed beam bearing by means of a sys 
tem according to FIG. 4 can be explained simplest by 
assuming that the sight with the indicator of the course 
indicator 9 and the course follower and therewith also 
the knob of the resolver 10 all point straight forwards 
in the longitudinal direction of the drilling unit. The 
needle of the course indicator will then take a position 
corresponding to the angle (g--ti) in relation to the lon 
gitudinal direction of the unit and therewith also in re 
lation to the course follower. If the sight is now turned 
together with the course indicator to the angle ( -l) so 
that the sight points in the desired direction for the feed 
beams 4, the course indicator needle will still show the 
angle (g--th) relative to the scale on the course indica 
tor, but will itself take the angle g relative to the course 
follower and the straight forward direction in the longi 
tudinal direction of the unit. If the knob of the resolver 
10 is now set so that the direction in which the course 
follower extends coincides with the direction of the in 
dicator needle, i.e. with the angle (-3), while the 
course follower turns anti-clockwise when the resolver 
knob is turned clockwise, the resolver subtracts the 
angle g from the course indicator reading, whereby the 
output signal from the resolver 10 is a measurement of 
the angle it unit a new setting is made, irrespective of 
how the drilling unit is turned. 

If the sight is not required for use in adjusting the 
feed beams to the desired bearing, but that the number 
of degrees through which the feed beams must be 
moved in order to reach the bearing are known, the 
requisite number of degrees can instead be set directly 
on the knob of the resolver 10, since the course fol 
lower connected thereto is also rotated to the desired 
position on the course indicator scale. Thus, in this in 
stance use of the sight is obviated, the sight being 
mainly intended to obtain bearing settings for which 
only reference objects in the surrounding territory are 
found. 
With the system shown in the block diagram of FIG. 

4, attached to the pivot by which a folding jib 3 is con 
nected to the body member 2 of the drilling unit is the 
resolver 1 which senses the swinging movements of 
the jib in the plane of the ground and relative to the 
body member. The resolver 11 is not illustrated in 
FIGS. 1-3, but is shown graphically in FIG. 4. 
Moreover, or is added in the resolver 11 to the signal 

arriving from the resolver 10 and the sine and cosine of 
the sum is formed, whereby the relations K sine (cy 
--li) and K cosine (or +) are obtained as output sig 
nals to the two operating: circuit 15 and 16 for a feed 
beam 4, the signals comprising references for rotation 
and tilting, respectively, of the feed beam setting. 
Incorporated in the operating circuits 15 and 16 is an 

inclination selector 17, which may be either of the so 
called continuous type or so-called indexing type and 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
is intended for adjusting the slope of the feed beam rel 
ative to the vertical. The signals arriving from the re 
solver 11 and combined subsequent to being demodu 
lated and filtered in the two operating circuits 15 and 
16 with the signal arriving from the inclination selector 
17, which is common for the two circuits, and is then 
transmitted in the form of a set-point signal for the 
slope of the feed beam in its plane of rotation and a set 
point signal for the slope of the beam in its tilting plane 
to each of the comparison means 18 and 19 incorpo 
rated in the two operating circuits. A control signal is 
then transmitted from the comparison means 18 in the 
operating circuit 15 for movement of the feed beam 4 
in the rotation plane, which actuates a solenoid valve 
of the hydraulic mechanism 8, the hydraulic mecha 
nism moving the feed beam in its plane of rotation until 
the desired position is obtained. Arrival at the desired 
position is decided by a signal transmitted from an ap 
propriate pendulum transducer 20 mounted on the 
beam in its plane of rotation and arranged to detect the 
angular position thereof, which signal, subsequent to 
being suitably processed, is returned to the comparison 
unit 18. 
As will be evident from the aforegoing, the trans 

ducer means provided in the system according to the 
invention comprises, inter alia, means which sense an 
gles in the plane of the ground. 

In the described embodiment, the transducer means 
comprise the means co-acting with the course indicator 
9 mounted on the body member 2 and thus primarily 
the resolver 10 and the resolver 11 which is mounted 
on the attachment pivots of the folding jibs 3 to the 
body member 2 and senses the mutual angle between 
respective folding jibs and the body member. Further 
more, the transducer means comprises means which 
sense angles in the vertical plane, which means in the 
described embodiment comprise two vertical sensing 
instruments or pendulum transducers 20 and 21, which 
are mounted on the feed beam or on the seating struc 
ture 4, or which in principle may be mounted on the 
rock drilling machine 5 in their respective ones of the 
two vertical planes in which the seating structure or 
beam 4 is capable of moving. 
The acutal setting of the angle of the feed beam or 

seating structure 4 in relation to the vertical and the 
bearing of the feed beam or the seating structure is ef 
fected, as previously disclosed, by means of the inclina 
tion selector 17 with respect to the angle and a selector 
means, for example in the form of a resolver 10, with 
respect to the bearing, coacting with the instrument 
disclosing the direction, in the present case the course 
indicator 9. 
The embodiment of the system according to the in 

vention illustrated in FIG. 4 can be applied in such in 
stances when the body member 2 is in a substantially 
horizontal position and will adjust the position of the 
feed beams 4 with sufficient accuracy to satisfy the ma 
jority of requirements in practice when the slope of the 
ground varies to a moderate extent. The most impor 
tant advantage with this embodiment is that one single 
course indicator is able to serve several seating struc 
tures or feed beams 4 and that in certain case it has 
been found more suitable to position the course indica 
tor on the body member. On the other hand, the em 
bodiment disclosed in the block diagram of FIGS. 6 and 
5 can be used when no requirements are placed on a 
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substantial horizontal attitude of the body member, i.e. 
irrespective of variations in ground slope. 
With the embodiment of FIGS. 5 and 6, a course indi 

cator 12 is used for each separate feed beam 4 so that 
information concerning the two vertical planes in 
which respective feed beams are turned and tipped can 
be obtained directly from the course indicators (see 
FIG. 5). This is achieved, for example, by the fact that 
the course indicator 12 (FIGS. 5 and 6) is mounted ei 
ther on the actual feed beam 4 or on an extension 
thereof, where it is oriented so that it discloses directly 
the direction of the vertical plane in which the beam or 
the seating structure 4 is tilted. The course indicator 12 
may also be mounted on the actual tool, i.e. in the illus 
trated embodiment on the drilling machine 5, since the 
tool is unable to rotate around an axis in the longitudi 
nal direction of the seating structure or the feed beam 
4. 
When initially aligning the feed beams on marks in 

the surrounding countryside while using the second 
embodiment of the system according to the invention, 
the body member 2 shall be positioned horizontally and 
at least one folding jib 3 should be directed straight for 
wards in the longitudinal direction of the rock drilling 
unit, see FIg. 5. The procedure when adjusting the posi 
tion of the different members is then similar to that un 
dertaken with the first embodiment of the system ac 
cording to the invention. It should be mentioned, how 
ever, that the resolver knob is common to the two feed 
beams 4 and is therefore connected to the resolver 10 
cooperating with each of the beams. In this way, the 
angle g can be subtracted simultaneously for the two 
feed beams, which means that the outgoing signal from 
each of the two resolvers 10 is a direct measurement of 
tlioia and botto, respectively. As will be seen from FIG. 
5, it discloses the angular deviation between the verti 
cal planes in which the beams are tipped and the de 
sired course direction or bearing. 
When the direction in which the feed beams are di 

rected is adjusted according to information obtained 
from the course indicator, the procedure is the same as 
that taken with the previously described embodiment 
of the system according to the invention, i.e. the re 
quirement of a horizontal position and forward direc 
tion of a folding jib is obviated. 
The block diagram illustrated in FIG. 6 also discloses 

only one of the feed beams 4 embodied in the appara 
tus. The system illustrated in FIG. 6 also operates in a 
manner approximately similar to a fire control system 
for naval artillery. 
The course indicators 12 of the illustrated embodi 

ments are combined transducer devices arranged to 
transmit signal indicative of the direction in which the 
feed beams are pointed and their indication and are im 
movably connected with their respective feed beam 4 
or other type of seating structure or the working tool 
and will always move together with the tool. Thus, with 
the exemplary embodiment it is not necessary to pro 
vide universal joints or other forms of pendulating sus 
pension means or corresponding stabilized platforms. 
The coordinate system of the aforementioned trans 
ducers is thus established in relation to the seating 
structure and movable relative to the vertical and to the 
gravitational and magnetic field of the earth, and con 
sequently it is necessary to make corresponding calcu 
lations for obtaining signals for adjusting the seating 
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8 
structure to a determined bearing and to a determined 
angle relative to the vertical. 
The following advantages are gained by mounting the 

transducers stationarily with respect to the seating 
structures 4: 

a. attachment of the indicators to the seating struc 
tures and the attachment members necessary 
therefor can be effected with comparative ease; 

b. the transducers need not be constructed to contain 
movable components or to cooperate with such 
movable components as inclination indicating pen 
dulum transducers or the like, 

c. Since the transducers are not fitted with movable 
components and since no mechanical damping 
means for pendulating systems and universal joint 
suspensions etc, are required, the transducers will 
operate more rapidly. 

d. The risk of damage to the transducers and compo 
nents cooperating there with is less which is of great 
importance in the case of rock drilling units and 
similar machines operating under difficult working 
conditions. 

Although a system employing course indicators hav 
ing a magnetic compass and universal joint suspension 
together with pendulum transducers necessary there 
with and optionally damping means and the like is at 
present less expensive than a system employing trans 
ducer means which by means of immovable elements 
determine the components of the earth's magnetic 
field, even when taking into account the costs involved 
for the necessary automatic calculating means, the 
aforementioned advantages afforded by the latter sys 
tem more than offset the extra costs involved. It should 
also be mentioned that a transducer which has no mov 
able components and which is mounted directly onto 
the seating structures 4 is subjected to much harder vi 
bration than a transducer mounted on the body mem 
ber and possibly resiliently suspended by universal joint 
means, but modern devices for measuring the compo 
nents of the earth's magnetic field (in in the present in 
stance it is only the angles of these components or their 
relative magnitude in relation to each other which need 
be determined) are very small and insensitive and can 
be readily mounted in position, optionally on shock ab 
sorbers or the like, and are of very inexpensive con 
struction. Examples of such modern field component 
measuring devices are semi-conducting devices provid 
ing with so-called magnistors, magnetodiodes or flux 
gate magnetometers. Hall-transducers and so-called 
field plates are less suitable for use at the present time. 
FIGS. 7 and 8 each show an embodiment of a calcu 

lating means which transmits signals for controlling the 
desired tilting and rotation of the feed beams or seating 
structures 4, the tilting and rotation of the seating 
structure being effected by means of the hydraulic units 
7 and 8. 
To enable the purpose and mode of operation of the 

devices illustrated in FIGS. 7 and 8 to be understood, 
a description will be given of the calculations which 
must be carried out by the devices. For the sake of sim 
plicity, the description will be given solely with refer 
ence to the case when the rock drilling unit is provided 
with only one feed beam 4 having attached thereto a 
combined inclination and course indicator 12. In the 
case of two or more feed beams which can be rotated 
and tilted independently of each other, one indicating 
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means and one calculating device must be provided for 
each beam. 
The coordinate system of the combined indicator 12 

is a right-angle right-hand system and is independent of 
the vertical or the coordinate system of the magnetic 
and gravitational field, the coordinate axes of the indi 
cator being x, y and Z. The vertical and the coordinate 
axis Z of the indicator will only coincide when the feed 
beam 4 is vertically, i.e. when the axis z extends verti 
cally downwardly, while x coincides with the straight 
forward direction of the interconnected member 3 and 
y is directed horizontally to the right in the transverse 
direction perpendicular to both the vertical and to the 
axis x. 
The horizontal projection of the coordinate axis x 

forms the angle lio with the desired bearing 6. The co 
ordinate axis Z forms the angle y with the vertical. The 
desired inclination of the feed beam is y . The pre 
vailing tilt and rotation angles of the seating structure 
4 (the control - point values) are y and y. The hori 
zontal and vertical components of the earth's magnetic 
field are B and B, respectively. The earth field com 
ponents measured by the transducer in the transducer 
coordinate system x, y, z is B, B, and B, respectively. 
If the inclination angle of the earth's magnetic field is 
designated j, the inclination I F tg is B/B. 
The signal representing the difference between the 

control-point value and the set-point value of the tilt is 
designated S and the corresponding signal for rotation 
is designated S, these two signals being so-called error 
signals which control the tipping and rotating hydraulic 
unit 7 and 8 by means of servo control means. 
The following relationships are applicable for con 

trolling the seating structure by means of the last men 
tioned signals: 
S = tgy - ge cost (1) 

S = siny - sing cost (2) 

It is now assumed that there is used a transducer of 
known design which generates electric signals, each of 
which represent one of the three magnetic components 
B, B and B. suitably so that the signals are propor 
tional to these components. Electrical signals are pro 
duced by the aforementioned signals in, for example, 
matching amplifiers (not shown) representing Br/Bh, 
B/B and B/B, representively. The ratio I = B/B, i.e. 
the value I of the inclination, which is equal to the tan 
gent of the inclination angle, can also be formed in a 
similar manner. It should be observed that the vertical 
and horizontal components B and B of the earth's 
magnetic field can normally be considered constant, 
and hence it is only necessary to set these values once, 
although possibilities of adjusting the same should be 
found; setting of the values being effected by adjusting 
the amplification factor of the aforementioned match 
ing amplifiers in a corresponding way. Thus, the two 
earth's magnetic components need not be constantly 
measured by a special transducer or the like. 
The calculating means illustrated in FIGS. 7 and 8 

make calculations on the basis of the following: 
B = B cos (g--tu) cos yt - B sin yt (3) 

B = B sin (£3--th) cos yv -- B sin yv (4) 

B - B cos (g-l) sin y-- B, cos y (5) 

10 
cos y F cos yv cos yt (6) 

The variable y in the equations (3)-(5) is then elimi 
nated by means of the equation (6), whereafter the 

5 three values yt, yy and to are calculated from these 
three equations. 
The following relationships are obtained when insert 

ing the inclination I = tgji= B/B: 
Br/B = cos (6-il) cosyt - I sin yt (3.a) 

10 

B/B = sin (6--) cosyv -- I sin yv (4a) 

B/B F cos (g-bo) (1-cosyt) + 1 cos yv cosy 
(5) 

In a manner similar to that when inserting the two, 
normally constant values B and B in amplifiers which 
directly or by means of subsequent stages generate sig 
nals corresponding to Br/Bn, B/B and B/B, the ratio 
I = B/B can determine the amplification factor in am 
plifiers referred to more below. It should be mentioned 
here that the values I, B and Bn are natural values and, 
as is well known, may vary slowly with time and may be 
slightly different in different geographical areas. Infor 
mation on such values is published annually by relevant 
authorities. In the following description it is assumed 
that the exemplary devices are provided with adjusting 
means to permit corrections to be made to the afore 
mentioned values. 

In connection with the following description it should 
be held in mind what has previously been said with re 
spect to the three natural values and, furthermore, that 
cos yt cos y use cos y and that with respect to the incli 
nation angle y , the approximation can be made that 
the tangent thereof is approximately equal to its sine, 
since it is often unnecessary to calculate on large de 
grees of slope and to assume a greater degree of accu 
racy than this approximation affords, in order to sim 
plify the calculating means. 
The devices illustrated in FIGS. 7 and 8 are the same 

with respect to the connecting means and mechanical, 
normally manually operated adjustment means embod 
ied therein although, as previously mentioned, the ad 
justment means for the values B, B and I = B/B, have 
not been shown. 
Each device is provided with a suitably manually ad 

justment 31 for the desired angle of inclination y 
and a similar means 32 for the desired bearing angle (3, 
the adjustment means being in the form, for example, 
of wheels or small levers for rotating a resolver (R) 
which forms trigonometrical functions from these an 
gles. Furthermore, each device is provided with three 
inputs X, Y and Z adapted for connection to the trans 
ducer, which transmits to said inputs the measured rel 
ative values Br/Bh, BB and B/B, respectively, ob 
tained from the transducer, said values being the con 
trol-point values and will be compared with the set 
point values in the calculating device. 

In FIGS. 7 and 8, the three concentric double rings 
marked X, Y and Z indicate the inputs, as aforemen 
tioned. The devices are also provided with outputs A 
and B, the output A sending the error signal to the tilt 
servo-mechanism in accordance with the equation (1), 
i.e. the output A applies the signal S on the servo 
means of the tilt hydraulic unit 7, while the output B 
sends the signal S to the servo-means of the hydraulic 
unit 8, which effects rotation of the feed beam, in ac 
cordance with the equation (2). 
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The single line between the units indicates the elec 
trical connections, while mechanical adjustment shafts 
are indicated by a double line and a curved arrow. 
The output identified by the reference numeral 1 is 

connected to an electric signal, e.g. a fixed voltage, the 
signal representing the value 1 1 forming in a subtrac 
tion stage, SUB, the value l-cos'y by applying to the 
subtract input of the circuit a signal corresponding to 
cos'y. 

In other respects the devices include: resolvers R, 
servomotors M for the resolvers, comparators in the 
form of arithmetical stages such as subtraction, addi 
tion and multiplication stages SUB, ADD, DIV and 
MULT, respectively, and a square root forming stage 
ROT and operation amplifiers F. The element identi 
fied with the reference -I is also an amplifier having ad 
justed therein an amplification factor in accordance 
with the inclination I. 
The triangles which identify amplifiers F and - are 

placed so as to disclose the amplification direction, i.e. 
the apex of the triangle is the input and the base is the 
output. The arrows show the directions of propagation 
of the electrical signals. It should be observed that, in 
the absence of special standards, a triangular symbol 
for an amplifier is often shown inversely drawn. On the 
majority of the lines in FIGS. 7 and 8 have been shown 
the values representing the signals transmitted over the 
lines, while the values and directions of the signals 
transmitted on the remaining lines can be readily per 
ceived, and hence a detailed description of the two Fig 
ures is unnecessary. 

In those instances when the two inputs of a multipli 
cation stop MULT are connected with each other and 
with a single input line, the stage will naturally operate 
as a squaring stage. 

In those instances where two or three resolvers R are 
shown in the form of a double or a treble block, the 
angle value is transmitted mechanically between the 
resolvers and can be read directly from the values given 
on the inputs and outputs. For example, there is shown 
at the top of FIG.7 a double block comprising two re 
solvers R., one resolver being supplied electrically with 
trigonometrical values of the inclination angle B and 
mechanically from the lower of the two resolvers with 
the angle J. The latter resolver is fed electrically with 
trigonometrical values of the set desired bearing angle 
g and mechanically with the angle to between the hori 
zontal projection of the coordinate x and the bearing 9. 
The angle b is thus passed from the lower of the two 
resolvers to the upper resolver and, moreover, the 
lower resolver forms the values 
-sin (g-hull) by means of its input signals. 
The calculating device illustrated in FIG. 8 differs 

from the device illustrated in FIG. 7 by the fact that a 
plurality of multiplication stages MULT of the device 
of FIG. 7 are omitted, while a larger number of resolv 
ers R are used in the device of FIG. 8 than that of FIG. 
7. The device illustrated in FIG. 8 employs only one 
multiplication step MULT designed or connected as a 
squaring stage. When signals representing the same val 
ues are applied to the two inputs of such a stage, the 
stage will naturally operate as a squaring stage. 
The block diagrams illustrated in FIGS. 7 and 8 pri 

marily relate to analogue computing devices, although 
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the devices may be constructed to operate either par 
tially or optionally totally as digital computing devices 
in accordance with the illustrated principle, thereby 

2 
providing for a greater degree of accuracy, and may 
employ comparators in the form of arithmetical calcu 
lating stages and registers (storage elements) and also 
optionally trigonometrical stages (which completely or 
partially replace conventional resolvers) which are well 
known and tested in data technique and relatively inex 
pensive. 

Resolvers exist in a variety of constructions and need 
not be described here. By way of example it can be 
mentioned that the resolver R provided with the adjust 
ing member 31 and intended to convert (3 to tg g may 
simply comprise a preferably non-linear, e.g. logarith 
mic, potentiometer, the angular scale for adjustment of 
the member 31 being so graded that the potentiometer 
discloses a voltage proportional to tgg when S is ad 
justed in accordance with the scale. 
The practical measures taken are restricted to those 

of manually setting the desired bearing B and inclina 
tion B whereafter the outputs A and B transmit 
error signals according to equation (l) and (2) to the 
servo-control mechanisms of the tilt and turn hydraulic 
units, whereby the feed beam is set to the desired posi 
tion so that the bearing and inclination remain un 
changed irrespective of movements of the working ma 
chine (the rock drilling unit), i.e. irrespective of the di 
rection in which the machine is driven and the slope of 
the ground. 
What we claim is: 
1. A system for automatically aligning at least one 

guide seating structure for parallel positions at different 
locations, said structure being adapted for guiding the 
movement of a tool mounted thereon as a feed beam 
for rock drilling machines and the like, said system 
comprising a movable support unit, jib means sup 
ported on said support unit, a seating structure pivot 
ally mounted on said jib means, for movement in two 
planes disposed at an angle to each other, means for 
pivoting said seating structure in each of said two 
planes, means for predetermination of the desired 
angle of said seating structure with respect to the verti 
cal and the desired bearing of said structure with re 
spect to the coordinates of the earth, means for emit 
ting signals responsive to the actual bearing and angle 
of said seating structure to the vertical when said sup 
port unit is moved to a different location, comparator 
means for comparing the departure of said signals from 
the predetermined desired bearing and angle of said 
seating structure and means responsive to the depar 
ture of said signals for pivoting means in said two 
planes for aligning said at least one seating structure to 
a position parallel to the desired bearing and angle. 

2. A system according to claim 1 wherein said com 
parator means includes transducer means having 
means for sensing the actual bearing in the horizontal 
plane and means for sensing the actual angle in relation 
to the vertical. 

3. A system according to the claim 2 wherein the 
means for sensing the actual bearing in the horizontal 
plane includes a course indicator mounted on said sup 
port unit and responsive to bearing directions, said 
course indicator providing a preset desired bearing 
from which all other bearings in the horizontal plane 
may be determined, and further comprising a second 
indicator mounted between said support unit and said 
jib means, said second indicator resistering the angle 
between said support unit and said jib means. 



3 
4. A system according to claim 3 wherein the means 

for predetermination of the desired angle to the vertical 
and the desired bearing includes a first selector means 
for selecting the desired angle and a second selector 
means cooperating with said course indicator for se 
lecting the desired bearing. . . . 

5. A system according to claim 2 wherein the means 
for sensing the actual bearing in the horizontal plane 
includes a course indicator mounted on said at least 
one seating structure and responsive to bearing direc 
tions. 

6. A system according to claim 2 wherein the means 
for sensing the actual angles in the planes includes at 
least one pendulum means mounted on said seating 
structure and being active in the two planes disposed at 
an angle to each other. 

7. A system according to claim 1 wherein the means 
for emitting signals responsive to the actual bearing and 
angle of said seating structure comprises a course and 
inclination transducer mounted for movement with 
said seating structure for producing three magnetic 
field signals, each of which represents three coordinate 
values of a coordinate system which is immovable in 
relation to the transducer, and corresponding to three 
earth field components of said coordinate system rela 
tive to a substantially fixed component of the earth's 
magnetic field, and said comparator means compares 
the actual values represented by the said magnetic field 
signals with the values for the desired bearing and angle 
and transmits control signals representing departures 
between the actual and the desired values to drive said 
pivoting means for obtaining the desired bearing and 
angle of said seating structure. 

8. A system according to claim 7 wherein said trans 
ducer contains three field component transducers, 
each comprising elements which are immovable with 
respect to each other and are immovable in relation to 
the seating structure and each of which produces com 
ponent signals which are set in relation, to the said 
fixed components of the earth's magnetic field so that 
each of said signals constitutes one of said three mag 
netic field signals. 

9. A system according to claim 8 wherein the desired 
angle and bearing of said seating structure can be man 
ually adjusted and the system determines, with the as 
sistance of said values, the inclination of the earth's 
field, and the three said magnetic field signals, the two 
control signals each representing one of the values: 

S = t gyt - tg 6 'cos to 
Sv = sinyy - sinyg 'cos to 

for controlling said pivoting means for the seating 
structure to obtain the desired movement in said two 
planes relative to the vertical, yt and yv constituting the 
actual angle of said seating structure, yg being the de 
sired angle of the seating structure, and to being the 
angle between the desired bearing g and the horizontal 
projection of the coordinate axis in said coordinate sys 
tem which extends forward in the direction of said jib 

2S. 

10. A system according to claim 9 wherein the de 
sired values for the angle y(3, the bearing 6, the said 
substantially fixed component of the earth's magnetic 
field and the inclination of the earth's magnetic field 
are capable of being adjusted manually, the two last 
mentioned values being capable of being preset, and 
the inclination being adjustable by adjustment of the 
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4. 
vertical component of the earth's magnetic field and 
the horizontal component to form a ratio of these two 
components. 
1. A system for automatically aligning at least one 

guide seating structure for parallel positions at different 
locations, said structure being adapted for guiding the 
movement of a tool mounted thereon as a feed beam 
for rock drilling machines and the like, said system 
comprising a movable support unit, jib means sup 
ported on said support unit, a seating structure pivot 
ally mounted on said jib means, for movement in two 
planes disposed at an angle to each other, means for 
pivoting said seating structure in each of said: two 
planes, means for predetermination of the desired 
angle of said seating structure with respect to the de 
sired bearing of said structure with respect to the coor 
dinates of the earth, means for emitting signals respon 
sive to the actual bearing when said support unit or said 
jib means is moved to a different location, comparator 
means for comparing the departure of said signals from 
the predetermined desired bearing of said seating struc 
ture and means responsive to the departure of said sig 
nals for actuating said pivoting means in said two 
planes for aligning said at least one seating structure to 
a position parallel to the desired bearing, the means for 
sensing the actual bearing in the horizontal plane in 
cluding a course indicator mountd on said at least one 
seating structure aand responsive to bearing directions. 

12. A system for automatically aligning at least one 
guide seating structure for parallel positions at different 
locations, said structure being adapted for guiding the 
movement of a tool mounted thereon as a feed beam 
for rock drilling machines and the like, said system 
comprising a movable support unit, jib means sup 
ported on said support unit, a seating structure pivot 
ally mounted on said jib means for movement in two 
planes disposed at an angle to each other, means for 
pivoting said seating structure in each of said two 
planes, means for predetermination of the desired 
angle of said seating structure with respect to the verti 
cal, means for emitting signals responsive to the angle 
of said seating structure to the vertical when said sup 
port unit or said jib means is moved to a different loca 
tion, comparator means for comparing the departure of 
said signals from the predetermined desired angle of 
said seating structure and means responsive to the de 
parture of said signals for actuating said pivoting means 
in said two planes for aligning said at least one seating 
structure to a position parallel to the desired angle, the 
means for sensing the actual angles in the planes in 
cluding at least one pendulum transducer mounted on 
said seating structure and being active in the two planes 
disposed at an angle to each other. 

13. A system for automatically aligning at least one 
guide seating structure for parallel positions at different 
locations, said structure being adapted for guiding the 
movement of a tool mounted thereon as a feed beam 
for rock drilling machines and the like, said system 
comprising a movable support unit, jib means sup 
ported on said support unit, a seating structure pivot 
ally mounted on said jib means for movement in two 
planes disposed at an angle to each other, means for 
pivoting said seating structure in each of said two 
planes, means for predetermination of the desired 
angle of said seating structure with respect to the verti 
cal and the desired bearing of said structure with re 
spect to the coordinates of the earth, means for emit 
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ting signals responsive to the actual bearing and angle 
of said seating structure to the vertical when said sup 
port unit is moved to a different location, comparator 
means for comparing the departure of said signals from 
the predetermined desired bearing and angle of said 
seating structure and means responsive to the depar 
ture of said signals for actuating said pivoting means in 
said two planes for aligning said at least one seating 
structure to a position parallel to the desired bearing 
and angle, the means for emitting signals responsive to 
the actual bearing and angle of said seating structure 
comprising a course and inclination transducer 
mounted for movement with said seating structure for 
producing three magnetic field signals, each of which 
represents three coordinate values of a coordinate sys 
tem which is immovable in relation to the transducer, 
and corresponding to three earth field components of 
said coordinate system relative to a substantially fixed 
component of the earth's magnetic field, and said com 
parator means compares the actual values represented 
by the said magnetic field signals with the values for the 
desired bearing and angle and transmits control signals 
representing departures between the actual and the de 
sired values to drive said pivoting means for obtaining 
the desired bearing and angle of said seating structure. 

14. A system for automatically aligning at least one 
guide seating structure for parallel positions at different 
locations, said structure being adapted for guiding the 
movement of a tool mounted thereon as a feed beam 
for rock drilling machines and the like, said system 
comprising a movable support unit, jib means sup 
ported on said support unit, a seating structure pivot 
ally mounted on said jib means for movement in two 
planes disposed at an angle to each other, means for 
pivoting said seating structure in each of said two 
planes, means for predetermination of the desired 
angle of said seating structure with respect to the verti 
cal and the desired bearing of said structure with re 
spect to the coordinates of the earth, means for emit 
ting signals responsive to the actual bearing and angle 
of said seating structure to the vertical when said sup 
port unit is moved to a different location, comparator 
means for comparing the departure of said signals from 
the predetermined desired bearing and angle of said 
seating structure and means responsive to the depar 
ture of said signals for actuating said pivoting means in 
said two planes for aligning said at least one seating 
structure to a position parallel to the desired bearing 
and angle, the means for predetermination of the de 
sired angle to the vertical and the desired bearing in 
cluding a first selector means for selecting the desired 
angle and a second selector means cooperating with 
said course indicator for selecting the desired bearing, 
the means for emitting signals responsive to the actual 
bearing and angle of said seating structure comprising 
a course and inclination transducer mounted for move 
ment with said seating structure for producing three 
magnetic field signals, each of which represents three 
coordinate values of a coordinate system which is im 
movable in relation to the transducer, and correspond 
ing to three earth field components of said coordinate 
system relative to a substantially fixed component of 
the earth's magnetic field, and said comparator means 
compares the actual values represented by the said 
magnetic field signals with the values for the desired 
bearing and angle and transmits control signals repre 
senting departures between the actual and the desired 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
values to drive said pivoting means for obtaining the 
desired bearing and angle of said seating structure. 

15. A system according to claim 14 wherein said 
transducer contains three field component transducers, 
each comprising elements which are immovable with 
respect to each other and are immovable in relation to 
the seating structure and each of which produces com 
ponent signals which are set in relation to the said fixed 
component of the earth's magnetic field so that each of 
said signals constitutes one of said three magnetic field 
signals. 

16. A system according to claim 15 wherein the de 
sired angle and bearing of said seating structure can be 
manually adjusted and the system determines, with the 
assistance of said values, the inclination of the earth's 
field, and the three said magnetic field signals, the two 
control signals each representing one of the values: 

S = tg yt - tg 3 'cos to 
Sv = sin y v - sin yg costly 

for controlling said pivoting means for the seating 
structure to obtain the desired movement in said two 
planes relative to the vertical, yt and yv constituting the 
actual angle of said seating structure, yg being the de 
sired angle of the seating structure, and the being the 
angle between the desired bearing 9 and the horizontal 
projection of the coordinate axis in said coordinate sys 
tem which extends forward in the direction of said jib 
ea S. 

17. A system according to claim 16 wherein the de 
sired values for the angle y(3, the bearing g, the said 
substantially fixed component of the earth's magnetic 
field and the inclination of the earth's magnetic field 
are capable of being adjusted manually, the two last 
mentioned values being capable of being preset, and 
the inclination being adjustable by adjustment of the 
vertical component of the earth's magnetic field and 
the horizontal component to form a ratio of these two 
components. 

18. A rock drilling apparatus comprising a movable 
support unit, an elongated jib means pivotally mounted 
on said support unit, a guide seating structure, pivot 
means between said seating structure and said jib 
means providing for movement of said seating structure 
with respect to said jib means about first and second 
axes, a feed beam mounted on said seating structure, a 
rock drilling machine mounted for powered reciprocat 
ing movement on said feed beam, hydraulically actu 
ated power units operably connected to said jib means 
and said seating structure for moving said seating struc 
ture with respect to said jib means about said first and 
Second axes; control means including angle sensing 
means mounted on said seating structure for movement 
therewith and including gravity responsive means in 
corporated in said sensing means for movement with 
respect to said seating structure in response to gravita 
tional forces acting on said means, signal producing 
means for producing signals in response to the move 
ment of said gravity responsive means with respect to 
said seating structure, and a control circuit including 
control valves interposed therein and responsive to the 
signals from said signal producing means for valving hy 
draulic fluid to said power units to move said seating 
structure about said first and second axes to maintain 
said feedbeam and rock drilling machine in a predeter 
mined angular direction in relation to the vertical. 
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19. A rock drilling apparatus according to claim 18 
and further comprising means for maintaining the de 
sired bearing of said seating structure with respect to 
said support. 
20. A rock drilling apparatus according to claim 18 

and further comprising means for maintaining the de 
sired bearing of said seating structure with respect to 
the coordinates of the earth. 
21. A rock drilling apparatus according to claim 18 

and further comprising means for predetermination of 10 
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18 
the desired angle of said seating structure with respect 
to the vertical, comparator means for comparing the 
departure of said signals from the predetermined de 
sired angle of said seating structure, and means respon 
sive to said departure of said signals for valving hydrau 
lic fluid to said power units for moving said seating 
structure with respect to said jib means about said first 
and second axes. 
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