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TRACK SURVEYING METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for determining 
physical conditions of a railroad track by means of a vehicle 
continuously moving on and along the track in the direction of 
track elongation. 

Surveying cars are known to determine the grade, lining, 
gage, superelevation and skew of a track, as well as the condi~ 
tion of the rails and rail fastenings, by means of sensors con 
tacting the track rails and indicating the position in relation to 
an elongated vehicle frame serving as reference. However, it is 
not possible with known systems to determine a “charac 
teristic value” of the track condition. 

BACKGROUND AND SUMMARY OF THE INVENTION 

The present invention relates to a method for determining 
physical conditions of a railroad track by means of a vehicle 
continuously moving on and along the track in the direction of 
track elongation. 

Surveying cars are known to determine the grade, lining, 
gage, superelevation and skew of a track, as well as the condi 
tion of the rails and rail fastenings, by means of sensors con 
tacting the track rails and indicating the position in relation to 
an elongated vehicle frame sewing as reference. However, it is 
not possible with known systems to determine a “charac 
teristic value” of the track condition. 

It it the primary object of this invention to produce a survey 
ing system which makes it possible to determine all essential 
characteristic values indicative of the physical condition of a 
track while continuously moving along the track without 
stopping at track points whose conditions are to be deter 
mined. 

This and other objects are accomplished in accordance with 
the invention by continuously moving a surveying vehicle on 
and along the track in the direction of track elongation, and 
subjecting the track to preferably a plurality of mechanical 
forces, loads or pressures from the continuously moving vehi 
cle. The magnitudes of the changes in the track, such as 
changes in the shape or position of the track, are measured, 
and the measured values are used to indicate condition of the 
track. One or more measuring devices are used for measuring 
such changes in any suitable manner. 
The condition of a track or track part can be determined by 

the effect a test load or force applied to the track or track part 
has thereon. For instance, the sti?'ness of a track rail or the 
resilience or yield of a ballast bed, as well as other charac 
teristics of the track, may be determined by obtaining a value 
characteristic of the changes in the shape or position of the 
track under a controlled mechanical force applied thereto. 
This fact is used in the present invention in a continuously ad 
vancing surveying operation along a track. 

BRIEF DESCRIPTION OF DRAWING 

The above and other objects, advantages and features of the 
present invention will be better understood by reference to the 
following detailed description of certain now preferred em 
bodiments of apparatus capable of carrying out the method of 
this invention, taken in conjunction with the accompanying 
schematic drawing wherein. - 

FIG. I is a top view of the running gears of one embodiment 
of an apparatus useful for the invention; 

FIGS. 2 to 9 are side views of vehicles incorporating dif 
ferent embodiments of the invention; and 

FIG. 10 is a top view of the running gears of the vehicle of 
F IG. 9. 

DETAILED DESCRIPTION 

The vehicle of FIG. 1 has three running gears I, 2 and II’ 
with wheels running on rails G of a railroad track. An axle l0 
interconnects the two main running gears 1, ll’ and the inter 
mediate running gear 2 is connected to the axle by means of 
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2 
hydraulic motors 2' which, upon operation, exert a predeter 
mined, variable, horizontal force or pressure upon a selected 
one of the track rails, i.e., laterally move the track and thus 
change its shape or position. A suitable measuring device of 
any desired type (not shown) measures the thus produced 
track changes to produce a signal characteristic of local physi~ 
cal conditions of the track, such as the ballast bed condition, 
the condition of the track ties, the condition of the rail fasten 
ing, etc. I 

In this and all other embodiments of the invention, th 
means on the vehicle for subjecting the track to mechanical 
forces has the purpose of changing the track, particularly to 
change the shape or position thereof, and signals indicating 
measured values of these changes are used to determine physi 
cal conditions of the track or track parts. More particularly, 
different changes in the track produced by mechanical forces 
of different magnitudes may be used to produce signals 
characteristic of certain track conditions and derived from a 
comparison of the different forces. 

FIGS. 2 and 3 illustrate track surveying vehicles with means 
for subjecting the track G to mechanical forces of predeter 
mined and different sizes at points of the track spaced from 
each other in the direction of track elongation. The vehicles 
are mounted on pairs of swivel trucks. 

In the embodiments of FIG. 2, loads 3' and 4' of different 
sizes exert different vertical forces upon swivel trucks 3 and 4 
of the vehicle, each truck having the :same number of axles, 
i.e., three. In the embodiment of FIG. 3, the swivel trucks 3a 
and 4la have different numbers of axles, i.e., the truck 3a has 
three axles and the truck 4a has two axles. The loads 5 and 6 
may be of the same size or of different sizes, the vertical forces 
exerted thereby on the trucks being distributed over a dif 
ferent number of axles, thus producing a different downward 
pressure on the axles of the front and rear trucks. 

In this manner, the track is simultaneously subjected to 
mechanical forces at points spaced from each other in the 
direction of track elongation, and as the vehicle shown in FIG. 
3 moves continuously along and on the track, it is subjected to 
successive mechanical forces of different size at the same 
point, the resultant characteristic signals being measured and 
compared to determine physical conditions of the track. 
The embodiment of FIG. 4 is substantially identical with 

that of FIG. 2, except that each swivel truck 3b, 4b has four 
axles so that the loads 5’, 6' are distributed thereover at suc~ 
cessive track points simultaneously. 
The embodiments of FIGS. 5 to 8 assure more accurate con 

trol of the mechanical forces to which the track is subjected, 
thus producing more reliable signals characteristic of the mea~ 
sured changes and corresponding conditions of the track. In 
these embodiments, a surveying vehicle runs on track G on 
front and rear axles or running gears, and a satellite carriage is 
mounted on the vehicle and moves on the track with the vehi 
cle. Means is provided for exerting a predetermined force or 
pressure on the satellite carriage. 

In the embodiment of FIG. 5, the vehicle A runs on axles 8 
and carries satellite carriage B intermediate the axles. The 
satellite carriage, in turn, has two axles 7 also running on 
Track G intermediate axles 8 of vehicle A. A hydraulic motor 
9 is mounted on the vehicle and connected to the satellite car 
riage to exert thereon (and on its axles 7) a carefully control 
lable vertical pressure. Obviously, the hydraulic motor may be 
mounted for exerting a horizontal pressure on the satellite car 
riage. 

In the embodiment of FIG. 6, two satellite carriages B‘, B2 
are mounted on the surveying vehicle A, each at the axles 8, 8 
of the vehicle, with the axles 7', 7' of the satellite carriages on 
either side of the vehicle axles. This produces four successive 
track points at which a controlled and measurable mechanical 
force is exerted upon the track by the satellite carriage axles. 
The embodiment of FIG. 7 differs from that of FIG. 5 only 

in that the axles 7", 7 " of the satellite carriage B3 are arranged 
outside the vehicle axles 8, 8, instead of therebetween, so that 
the satellite carriage axles exert a force on the track at or near 
the two ends of the vehicle. 
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Further variation of the applied mechanical forces is possi 
ble with the embodiment of FIG. 8 wherein the downward 
force exerted by the axles 8', 8' of the surveying vehicle A’ 
also differs. In the illustrated embodiment, this is accom 
plished by making the surveying vehicle asymmetric so that 
the one axle 8' carries a heavier load than the other axle 8’. Of 
course, the same result would be accomplished by placing dif 
ferent loads upon the respective axles, such as shown in FIG. 
2, for example. Additional, relatively small downward pres 
sure is exerted upon the track by satellite carriages B,, B2 
mounted in the same manner as shown in FIG. 6. 
The embodiment of FIGS. 9 and 10 differs from that of FIG. 

6 in the special mounting of the satellite carriages B4 and B5 on 
the surveying vehicle A, enabling the apparatus not only to 
subject the track to mechanical forces in a vertical and/or 
horizontal direction but also to determine, measure and com 
pare changes of position of the satellite carriages in relation to 
each other and to the surveying vehicle, using the correspond 
ing signals to measure the changes in the track shape or posi 
tion caused by the mechanical forces to which the track has 
been subjected. 

For instance, these signals may be produced by measuring 
angle in a vertical plane and/or angle in a horizontal plane 
between lines extending in the direction of track elongation 
and constituted, for instance, by rods on the satellite carriages, 
the angles being defined between associated lines of the two 
carriages, one line extending in a direction determined by the 
position of the one carriage B4 and the other line extending in 
a direction determined by the position of the other carriage B5_ 

FIG. 10 also shows that axles 7", 7" of the satellite car 
riages may be subjected to lateral forces K while the carriages 
themselves serve as a reference or datum line in relation to 
which characteristic values may be measured. As shown in this 
?gure, when the surveying vehicle moves in a track curve, one 
of the wheels of the front axles 7', 7’ of the satellite carriages 
automatically is pressed with its rim against the head of the 
grade rail while the rear carriage axles 7", 7” has an indeter 
minate position. Therefore, it is sufficient to limit the lateral 
force to the rear axles. 
As is well known in track surveying, surfacing and lining 

operations, an additional an preferably longer reference line 
may be established and maintained independently of, and 
separately from, the satellite carriages, such reference systems 
usually including a plurality of measuring bogies at spaced 
points along the track elongation and a reference line, such as 
a beam of electromagnetic radiation or tensioned wire, 
established between the measuring bogies. 
As shown in FIG. 10, the satellite carriages have frames 

constituted by linked rods which are freely movable in relation 
to each other so that all wheels may engage the rails with their 
rims and thus follow the course of the track rails G even when 
the same are skew, for instance in a superelevated track sec 
tion, such as a curve. Such satellite carriages may then be used 
to measure the twist in the track rails by using the relative 
position of the axles of each carriage and of the axles of 
neighboring carriages. FIG. 10 shows the satellite carriages B, 
and B5 laterally pressed by forces K against the grade rail 
whose position is to be surveyed, these carriages or parts 
thereof serving as reference in relation to which, for instance 
by measuring angle B, the characteristic values are deter~ 
mined. 
While not illustrated, the surveying vehicle may also carry 

means for producing vibrations in at least one track rail, an 
means for measuring the rail vibrations. Such measurements 
may be used to produce signals characteristic of certain track 
conditions. For instance, the vibration producing means may 
be an impact tool or a ?attened wheel or pair of wheels to 
produce successive impacts on the track rails as the vehicle 
moves therealong. As is known, the vibrations may be mea 
sured by conventional electroacoustical vibration meters. 
As will be appreciated, the schematically illustrated em 

bodiments of surveying apparatus are merely illustrative of the 
concepts underlying the present invention and may be used to 
carry out the method according thereto in a great variety of 
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4 
ways. For instance, the mechanical forces, to which the track 
is subjected from the continuously moving surveying vehicle, 
may be so controlled from track point to track point as to vary 
as a function of the physical conditions at each point to 
produce a predetermined, constant value of measured 
changes of these conditions, for instance changes in the shape 
or position of the track or track part which has been subjected 
to the mechanical force. The varying sizes of the mechanical 
forces give a signal characteristic of the local conditions of the 
track. On the other hand, the size of the mechanical forces 
may be kept constant to produce varying values as a function 
of the measured changes of the track conditions, and the vary 
ing values of the measured changes give signals characteristic 
of the local condition of the track. 

It is particularly advantageous if the track is subjected to 
mechanical forces of different sizes at points of the track 
spaced from each other in the direction of track elongation as 
the surveying vehicle continuously moves on and along the 
track. The resultant track changes, i.e., reshaping or reposi 
tioning of the track, are measured and compared to use the 
measured differences as a characteristic of a given track con 
dition. Such continuously produced signals are particularly 
useful in an automated operation which permits the signals to 
be continuously received, recorded and evaluated, for in 
stance in a computer. 

Variations within this preferred method are possible. Thus, 
the mechanical forces of different sizes may be successively 
exerted upon the same track point. For instance, with the 
vehicle shown in FIG. 8, the different pressures of the front 
and rear vehicle axles will be exerted upon the same track 
point successively as the vehicle moves along the track, the 
differences in the track shape or position being measured at 
each axle, and then compared. In this case, the track is simul 
taneously subjected to mechanical forces of different sizes at 
spaced points. Thus, while the changed track condition 
produced by a relatively small mechanical force is measured 
at one point, the changed track condition produced by a larger 
mechanical force is simultaneously measured at a point 
spaced therefrom. 

In the illustrated embodiments, the mechanical forces are 
loads or pressures in a horizontal and/or vertical direction ex 
erted directly or indirectly upon one or both track rails. 
The type and the direction of the mechanical forces will de 

pend on the characteristic of the track which is to be deter 
mined. For instance, the condition of the rails and the ballast 
bed is determined by exerting vertical pressures on the track. 
The condition of the rail fastenings and the track tie positions, 
which are largely determined by the ballast density at the ends 
of the ties, can be determined on the basis of track shape or 
position changes produced by horizontal or lateral pressures 
on the track. For instance, if the two track rails are pressed in 
opposite lateral directions at the same or at least about the 
same track point, the resultant changes in the shape or posi 
tion of the track rails can be used to generate signals charac 
teristic of the condition of the tie position or the rail fastening 
at this point. 

Similar results are produced if the mechanical force consists 
of rail vibration-producing means, rather than vertical and/or 
horizontal pressure means, the resultant vibrations in the rail 
or rails being preferably measured electroacoustically for ob 
taining signals characteristic of track conditions, such as the 
condition of the rails and rail fastenings but also the position 
of the track ties and the condition of the ballast bed. 
The more types and/or sizes of mechanical forces are ex 

erted upon the same track point, the more accurate and clear 
will be the determination of the track condition at this point 
obtained by the signals resulting from the measured changes in 
the track produced by these varying forces. A composite pic 
ture of the track condition may then the produced by feeding 
these varying signals to punch cards or directly to a computer 
for evaluation Each combination of signals produces a com 
posite picture which tells the track maintenance expert the 
condition of the track and its parts at each track point, the ac 
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curacy of this picture depending primarily on the number of 
measured values at each point. This shows the importance and 
considerable advantage of subjecting each track point succes 
sively to different mechanical stresses, particularly stresses of 
different magnitudes. 
We claim: 
l. A method of determining the physical condition of a 

track, comprising the steps of 
l. continuously moving a vehicle on and along the track in 
the direction of the track elongation; 

2. subjecting the track to substantially constant mechanical 
forces of di?erent magnitude from the continuously mov 
ing vehicle at points of the track spaced from each other 
in the direction of track elongation, the mechanical 
forces being sufficient to change the physical condition of 
the track at the points of application only while the forces 
are applied thereto; 

3. measuring the changes in the track condition produced at 
said points by the different mechanical forces; and 

4. determining the differences in the values of the measured 
changes. 

2. The method of claim 1, wherein the track is simultane 
ously subjected to said mechanical forces at said points. 

3. A method of determining the physical condition of a 
track, comprising the steps of 

l. continuously moving a vehicle on and along the track in 
the direction of the track elongation; 

2. subjecting the track to successive substantially constant 
mechanical forces of different magnitudes at the same 
point from the continuously moving vehicle, the mechani 
cal forces being sufficient to change the physical condi 
tion of the track at the points of application only while the 
forces are applied thereto; and 

3. measuring the changes in the track condition produced at 
each of said points by said mechanical forces to indicate 
the condition of the track. 

4. A method of determining the physical condition of a 
track, comprising the steps of 

l. continuously moving a vehicle on and along the track in 
the direction of the track elongation; 

2. subjecting the two rails of the track to horizontal loads 
from the continuously moving vehicle to press the rails in 
opposite lateral directions and thus to produce a change 
in the shape or position of the rails at the same point of 
the track; and 

3. measuring the change in the shape or position of the rails 
produced by the horizontal loads, 
a. the measured changes indicating the condition of the 

track. 
5. A method of determining the physical condition of a 

track, comprising the steps of 
l. continuously moving a vehicle on and along the track in 
the direction of the track elongation; 
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a 
2. subjecting the track to mechanical forces from the con 

tinuously moving vehicle, said forces including causing at 
least one of the track rails to vibrate; and 

3. electroacoustically measuring the vibrations produced by 
said mechanical forces, 
a. the measured vibrations indicating the condition of the 

track. 
6. A method of determining the physical condition of a 

track, comprising the steps of 
l. continuously moving a vehicle on. and along the track in 
the direction of track elongation; 

2. applying substantially constant mechanical forces to the 
track from the continuously moving vehicle, 
a. the mechanical forces being sufficient to change the 

physical condition of the track at the points of applica 
tion only while the forces are applied thereto; 

3. measuring the changes in the track condition produced 
by the applied mechanical forces at said points; and 

4. producing signals corresponding to the measured changes 
to determine the condition of the track over which the 
vehicle moves. _ _ _ _ 

7. The method of claim 6, wherein the mechanical forces In 
clude pressure exerted upon a selected part of the track to 
produce a change in the shape or position of the selected track 
part. 

d. The method of claim 6, wherein the mechanical forces in 
clude vertical loads imposed upon at least one of the track 
rails to produce a change in the shape or position of the rails. 

9. The method of claim 6, wherein the mechanical forces in 
clude horizontal loads imposed upon at least one of the track 
rails to produce a change in the shape or position of the rails. 

lit). The method of claim 6, wherein successive mechanical 
forces of different magnitudes are applied at the same point of 
the track from the continuously moving vehicle, each applied 
force corresponding to a predetermined norm causing a given 
change in the physical track condition of a normal track, 
whereby the measured changes indicate deviations from the 
norm. 

llll. The method of claim 6, wherein a constant mechanical 
force is applied to a succession of points along the track from 
the continuously moving vehicle, the applied force cor 
responding to a predetermined norm causing a given change 
in the physical track condition of a normal track, whereby the 
measured changes indicate deviations from the norm. 

12 The method of claim 6, wherein mechanical forces of 
different magnitude are applied from the continuously moving 
vehicle at points of the track spaced from each other in the 
direction of track elongation, the changes in the track condi 
tion produced at said points by the different mechanical forces 
are measured, and the differences in the values of the mea— 
sured changes are determined to indicate the condition of the 
track over which the vehicle moves. 


