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device is mounted on a spike positioning mechanism 
that is in turn mounted for movement by hydraulic cyl 
inders. In use‘, the electro-optical device controls a 
servo system which operates the hydraulic cylinders. 
The cylinders in turn move the locating device and the 
spike positioning mechanism into alignment with a 
spike receiving hole. 
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SPIKE POSITIONING SYSTEM 

REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of the ear 
lier ?led co-pending application of John F. Bryan, Jr., 
Ser. No. 839,l42, Filed July 2, 1969, now abandoned. 

BACKGROUND OF THE INVENTION 

The rails of railroad and similar trackways are tradi 
tionally positioned on metal tie plates that are in turn 
positioned on wooden ties. The rails are secured to the 
ties by large metal spikes which are driven into the ties 
through holes formed in the tie plates. The use of the 
holes in the tie plates to guide the insertion of the 
spikes into the ties assures proper positioning of the 
spikes relative to the rails. 

In the past, railroad spikes have been driven into ties 
either by means of sledge hammers or by means of 
power driven spike inserting devices. I-Ieretofore, how 
ever, the insertion of railraod spikes has been semiauto 
matic at best because no system had been provided for 
automatically aligning a power driven spike inserting 
device. That is, it has not previously been possible to 
automatically align a spike to be driven with a spike re 
ceiving hole in a tie plate so that the spike could be au 
tomatically driven into a tie by a power driven spike in 
serting device. 
This invention relates to a system for automatically 

aligning a spike positioning mechanism with a spike re 
ceiving hole. The system includes an electro-optical 
spike receiving hole locating device and a servo system 
for guiding the positioning of a spike receiving mecha 
nism in accordance with the output of the electro 
optical device. Use of the system renders the insertion 
of railroad spikes fully automatic. 

SUMMARY OF THE INVENTION 

In the preferred embodiment, this invention com 
prises a spike positioning system including a spike posi 
tioning mechanism and an electro-optical system for 
locating spike receiving holes. Preferably, the system 
includes a servo system responsive to the electro 
optical system for moving the positioning mechanism 
into alignment with a spike receiving hole. 

DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the invention may 
be had by referring to the following detailed descrip 
tion when taken. in conjunction with the drawings, 
wherein: , 

FIG. 1 is a side view of a spike positioning system em 
ploying the invention in which certain parts have been 
broken away more clearly to illustrate certain features 
of the invention; 
FIG. 2 is a rear view of the device shown in FIG. 1; 
FIG. 3 is a schematic illustration of a servo system 

employed in conjunction with the device illustrated in 
FIGS. I and 2; 
FIG. 4 is a schematic illustration of an alternative em 

bodiment of the system illustrated in FIG. 3; 
FIG. 5 is a schematic illustration of another embodi 

ment of the system illustrated in FIG. 3; and 
FIG. 6 is a graph illustrating the operation of the sys 

tem shown in FIG. 5. 

DETAILED DESCRIPTION 

Referring now to the Drawings and particularly to 
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2 
FIG. 1 thereof, there is shown a rail 10 of the type typi 
cally employed in constructing railroads and similar 
trackways. The rail 10 is mounted on a metal tie plate 
12 which is in turn mounted on a wooden rail 14. The 
tie plate 12 has a plurality of spike receiving holes 16 
formed through it. 
The rail 10 is secured to the tie 14 by large metal 

spikes that are driven into the tie 14 through the holes 
16 in the tie plate 12. Consequently, during the con~ 
struction of a trackway it is necessary to align each 
spike with a spike receiving hole before the spike can 
be driven into the tie. This invention relates to a system 
for automatically aligning spikes with spike receiving 
holes. 
Referring now to FIG. 2, a spike positioning and in 

serting mechanism 18 is shown. The mechanism in 
cludes a pair of side plates 20 which are secured to a 
vehicle (not shown) similar to the small, motor driven 
vehicles typically employed in railroad maintenance 
and repair operations. The vehicle is operated to trans 
port the spike positioning and inserting mechanism 18 
to a site at which spikes are to be inserted. At the site, 
a mechanism on the vehicle (not shown) aligns the 
spike positioning and inserting mechanism 18 with a 
spike receiving hole , in a direction extending trans 
versely of the rails. Thereafter, the spike positioning 
and inserting mechanism 18 operates automatically to 
precisely align a spike with the spike receiving hole 16 
in a direction extending longitudinally of the rails, 
whereupon the spike is driven through the hole into a 
tie 14. 
The spike positioning and inserting mechanism 18 

further includes a pair of piston rods 22 and 24, both 
of which extend between the side plates 20. The piston 
rods 22 and 24 are mounted in a pair of retaining mem 
bers 26 which are in turn secured to the side plates 20 
by a plurality of bolts 28. A pair of hydraulic cylinders 
32 and 34 are mounted on the piston rods 22 and 24, 
respectively. Each of the cylinders 32 and 34 houses a 
piston (not shown) which is secured to its respective 
piston rod. In use, the cylinders 32 and 34 are moved 
back and forth along the piston rods 22 and 24 by sup 
plying hydraulic fluid to and removing hydraulic ?uid 
from their opposite ends. 
The hydraulic cylinders 32 and 34 support a spike in 

serting hydraulic cylinder 36 and a spike positioning 
guideway 38. The cylinder 36 is of standard construc 
tion and operates to move a piston rod 40 upwardly and 
downwardly relative to the spike positioning and insert 
ing mechanism 18. As is most clearly shown in FIG. 1, 
the piston rod 40 is normally enclosed in a guide sleeve 
42 which extends downwardly from the hydraulic cylin 
der 36. 
The spike positioning guideway 38 extends first par 

allel to and then beneath the hydraulic cylinder 36. 
Spikes are inserted into the upper portion of the guide 
way 38 either manually or by an automatic mechanism 
and fall through the guideway under the action of grav 
ity. The lower portion of the guideway 38 is positioned 
directly beneath the piston rod 40 of the cylinder 36 
and includes a pair of spike positioning springs 44 and 
a pair of spring loaded spike-retaining rollers 46-..As a 
spike falls through the guideway 38 it is brought into 
alignment with the piston rod 40 of the cylinder 36 by 
the springs 44 which operate to restrict the main por 
tion of the spike to movement through the rear of the 
guideway 38. The rollers 46 engage the spike as it 
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reaches the bottom of the guideway 38 and prevent it 
from falling out of the guideway 38 until it is driven 
therefrom by the operation of the cylinder 36. 

In use, the hydraulic cylinders 32 and 34 are oper~ 
ated to position the guideway 38 in direct alignment 
with a spike receiving hole in a tie plate. Thereafter, the 
cylinder 36 is operated to drive a spike from the guide 
way 38 through the spike receiving hole 16 and into a 
tie. 

It might at ?rst appear that the use of the cylinders 
32 and 34 is unnecessary since the guideway 38 could 
be aligned with a spike receiving hole by simply manip 
ulating the vehicle upon which the spike positioning 
and inserting mechanism 18 is supported. However, in 
actual practice, four spike positioning and inserting 
mechanisms 18 are mounted on the vehicle, one on 
each side of each rail of the trackway. Often a particu 
lar tie may be positioned at a skewed angle relative to 
the longitudinal axis of the trackway. Also, the two tie 
plates that are supported on a particular tie are often 
slightly misaligned relative to each other. Thus, if all 
four of the positioning and inserting mechanisms on a 
vehicle were rigidly mounted, it would be frequently 
impossible to bring them all into alignment with four 
spike receiving holes at the same time. To this end, the 
spike positioning and inserting mechanism 18 is 
equipped with an automatic system for aligning the 
guideway 38 with a spike receiving hole. 
As is most clearly shown in FIG. 1, the aligning sys 

tem of the positioning and inserting mechanism 18 in 
cludes a spike receiving hole locating device 48 which 
is secured to and moved with the guideway 38. The 
hole locating device 48 may be a vidicon, an image or— 
thicon, or any similar photoconductive image resolving 
device. Alternatively, the hole locating device‘48 may 
be comprised of a laser or other source of intense radia 
tion and a photocell or other radiation sensitive device. 
In either event, the hole locating device 48 serves to 
operate a servo system which in turn controls the oper 
ation of the cylinders 32 and 34 to bring the hole locat 
ing device 48, and therefore the guideway 38 to which 
it is attached, into alignment with a ‘spike receiving 
hole. ' t‘ ' 

The operation of the electro-optical spike receiving 
hole locating device 48 to control the operation of the 
cylinders 32 and 34 in positioning the guideway 38 can 
be best understood by referring to FIGS. 3 and 4. Re 
ferring first to FIG. 3, a photoconductive image resolv 
ing device type hole locating device 48 is coupled 
through an amplifier 50 to a logic circuit 52. The logic 
circuit 52 produces an output whenever a spike receiv 
ing hole is positioned anywhere within the range of the 
photoconductive image resolving device. The logic cir 
cuit 52 is connected to a hole locating circuit 54. 
Whenever the logic circuit 52 produces an output, the 
hole location circuit 54 produces an output propor 
tional to the amount of misalignment between the spike 
receiving hole and the center of the photoconductive 
image resolving device. This output is either positive or 
negative depending on the direction of misalignment. 
The output of the hole location circuit 54 is directed 
through a servo ampli?er $6 to a servo motor 58. The 
servo motor 58 is in turn mechanically coupled to a 
three position, four way valve 60. 
The valve 60 operates to control the ?ow of hydrau 

lic ?uid between four ports 62. Two of the ports 62 are 
coupled to a hydraulic ?uid supply line 64 and to a hy 
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4 
draulic ?uid return line 66, respectively. The remaining 
ports 62 are coupled to a pair of lines 68 and 70 which 
extend to the opposite ends of the cylinders 32 and 34, 
respectively. 

In use, the servo motor 58 operates under control of 
the circuit 54 to control the position of the valve 60 rel 
ative to the ports 62. The valve 60 in turn couples the 
lines 64 and 66 ‘to the appropriate ends of the cylinders 
34 and 32 to cause movement of the cylinders in a cen 
tering direction. This action continues until the circuit 
54 determines that the spike receiving hole locating de 
vice 48 is positioned in alignment with the spike receiv 
ing hole 16. When this occurs, the circuit 54 actuates 
the valve 60 through the servoamplifier 56 and the 
servo motor 58 to discontinue movement of the hy 
draulic cylinders 32 and 34. Since the spike receiving 
hole locating device 48 is coupled directly to the guide 
way 38, this positions the guideway 38 in alignment 
with the spike receiving hole. 

Referring now to FIG. 4, a laser type electrooptical 
spike receiving hole locating device 48 and a second 
servo system are illustrated. The device 48 includes a 
laser 72 which produces ahigh energy output. The re 
?ection of the output of the laser 72 is directed through 
a lens 74 to a photocell 76. The output of the photocell 
76 is directed through an ampli?er 78 to a logic circuit 
80. 
The logic circuit 80 is coupled to a centering circuit 

82 which cooperates with the logic circuit 80 to control 
the operation of a servo motor 84. In addition to receiv 
ing an input from the ampli?er 78, the logic circuit 80 
receives an input from a flow meter 86 positioned in 
the hydraulic ?uid supply line 64. , 

In use, the logic circuit 80is programmed to operate 
the valve 60 through the servo motor 84in such a way 
that the cylinders 32 and 34 initially move in a prede 
termined direction. During this action, the electro 
optical spike receiving hole locating device 48 scans for 
a hole having the size of a spike receiving hole. When 
ever the logic circuit 80 determines that the device 48 
has traveled over such a-hole, it actuates the centering 
circuit 82. The circuit 82 in turn causes the servo motor 
84 to reverse the travel of the cylinders 32 and 34. Dur 
ing this action, the ?ow meter 86 produces an output 
indicative of the distance traveled in the reverse direc 
tion. ‘ . ‘ 

When the logic circuit 80 determines that the cylin 
ders 32 and 34 have traveled exactly half the width of 
a spike receiving hole 16 in the reverse direction, it dis 
continues the operation of both the centering circuit 82 
and the servo motor 84. This action stops the move 
ment of the cylinders 32 and 34. At this time, the spike 
receiving hole locating device 48 is positioned exactly 
in the center of the spike receiving hole 16. Since the 
guideway 38 is coupled directly to the device 48, the 
guideway 38 is therefore positioned in alignment with 
the spike receiving hole 16. 
Referring now to FIG. 5, a third servo system is 

shown. The third servo system is actuated by a spike re 
ceiving hole locating device 48 comprising a vidicon, 
an image orthicon, or the like. The output of the spike 
receiving hole locating device 48 is coupled to an am 
pli?er 90, and the output of the amplifier 90 is coupled 
to a hole locating logic circuit 92 through a pulse dura 
tion circuit 94 and a pulse count circuit 96 and through 
a start ‘of pulse detection circuit 98. The hole location 
logic circuit 92 functions to produce an output indica 
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tive of the direction of misalignment of the spike re 
ceiving hole locating device 48 relative to a spike re 
ceiving hole. This output is coupled to a servo motor 
100 through a servo ampli?er 102. The servo motor 
100 in turn controls the positioning of the three posi 
tion, four way valve 60 to actuate the hydraulic cylin 
ders 32 and 34. By this means, the spike receiving hole 
locating device 48, and therefore the guideway 38, are 
moved into alignment with the spike receiving hole. 
The operation of the third servo system shown in 

FIG. 5 will be better understood by referring to FIG. 6 
which comprises a trace of the output of the ampli?er 
90. Each vertical subdivision of FIG. 6 comprises one 
horizontal sweep of the spike receiving hole locating 
device 48. Any spike receiving hole lying within the 
sweep of the spike receiving hole locating device 48 ap 
pears as a square wave in the trace. The time T, is the 
time from the initiation of the sweep to the start of any 
particular pulse, and is therefore indicative of the di 
rection of misalignment of the spike receiving hole lo 
cating device 48 from a spike receiving hole. The time 
period T4 is the duration of a particular pulse and is 
therefore indicative of the width of a spike receiving 
hole that is detected by the spike receiving hole locat 
ing device 48. 

In the operation of the servo system shown in FIG. 5, 
the output of the ampli?er 90 is sampled by the pulse 
duration circuit 94. Each pulse is monitored by the cir 
cuit 94 to determine whether the period Ta is equal in 
duration to a predetermined duration corresponding to 
a spike receiving hole. If this test is passed, the number 
of horizontal sweeps of the spike receiving hole locat 
ing device 48 in which the pulse occurs is counted by 
the pulse count circuit 96. The number of horizontal 
sweeps in whch the pulse occurs is indicative of the 
length of a spike receiving hole. Thus, if the count 
reached by the circuit 96 corresponds to a predeter 
mined count corresponding to a spike receiving hole, 
it is known that a hole corresponding in length and 
width to a spike receiving hole has been located by the 
spike receiving hole locating device 48. 
Whenever a spike receiving hole is identi?ed by the 

pulse duration circuit 94 and the pulse count circuit 96, 
the hole location logic circuit 92 is actuated. The hole 
location logic circuit 92 is responsive to the time period 
T, as determined by the start of pulse detection circuit 
98 to determine the direction of misalignment of the 
spike receiving hole locating device 48 from the spike 
receiving hole. That is, the output of the hole location 
logic circuit 92 is either positive or negative or nil de 
pending on the positioning of the spike receiving hole 
locating device 48 to the left, or to the right, or in align 
ment with the spike receiving hole. The output of the 
hole location logic circuit 92 is ampli?ed by the servo 
amplifier 102 whereupon the servo motor 100 positions 
either the left hand side, or the right hand side, or the 
center of the three position, four way valve 60 in align 
ment with the ports 62. By this means the hydraulic cyl 
inders 32 and 34 are actuated to align the spike receiv 
ing hole locating device 48 with the spike receiving 
hole. 
Those skilled in the art will realize that the servo sys 

tem shown in FIG. 5 is capable of numerous modes of 
operation. For example, the rate of hydraulic flow 
through the lines 64 and 66 may be controlled at such 
a low rate that there is no possibility of "overshoot" of 
the hydraulic cylinders 32 and 34 as the hole locating 
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6 
device 48 comes into alignment with a spike receiving 
hole. In another mode, the cylinders 32 and 34 are 
caused to traverse very rapidly until the hole location 
logic circuit 92 notes that the spike receiving hole 10 
cating device 48 is within a predetermined range of the 
spike receiving hole. At that time, the hole location 
logic circuit 92 actuates a ?ow control device 104, 
whereby the rate of ?ow of hydraulic ?uid through the 
lines 64 and 66 is substantially reduced. That is, the 
rate of traverse of the cylinders 32 and 34 is reduced 
to the point that there is no possibility of overshoot 
when the spike receiving hole locating device 48 comes 
into alignment with the spike receiving hole. In accor 
dance with still another mode of operation, the spike 
receiving hole locating device 48 is initially positioned 
to a particular side of a spike receiving hole, for exam~ 
ple, the left side. In such a case, the rate flow of hydrau 
lic ?uid to the hydraulic cylinders 32 and 34 during 
leftward movement is very high, so that some overshoot 
is virtually certain. As soon as the hole location logic 
circuit 92 notes that the spike receiving hole locating 
device is positioned to the right of a spike receiving 
hole, the flow control device 104 is actuated to materi 
ally reduce the rate of hydraulic ?uid ?ow to the cylin 
ders 32 and 34. By this means the rate of return move 
ment of the cylinders 32 and 34 is reduced to such a 
low level that no overshoot occurs. Other modes of op 
eration of a servo system of the type shown in FIG. 5 
will readily suggest themselves to those skilled in the 
art. 

It should be understood that the servo systems illus 
trated in FIGS. 3, 4, and 5 are exemplary only in that 
mamy other types of servo systems can be employed in 
the practice of the invention. It should be further un 
derstood that whereas the embodiment of the invention 
illustrated in the Drawings operates to align a spike po 
sitioning mechanism in a direction extending parallel to 
the track, the invention can be employed to provide 
alignment in any direction and in two directions at 
once. 

In the use of the invention, the vehicle which sup 
ports the side plates 20 is operated to roughly position 
the spike positioning and inserting mechanism 18 at a 
spike insertion location. A spike is then inserted into 
the guideway 38 whereupon it falls through the guide 
way into position beneath the piston of the hydraulic 
cylinder 36. During this action the springs 44 guide the 
spike into proper alignment with the piston 40 and the 
spring loaded rollers 46 restrain the spike from falling 
out of the guideway 38. 
Before the cylinder 36 is actuated to insert the spike, 

the spike receiving hole locating device 48 is operated 
to precisely align the guideway 38 with a spike receiv 
ing hole. The device 48 operates through a servo sys 
tem to actuate the cylinders 32 and 34 to move the 
guideway 38 into alignment with the spike receiving 
hole. As soon as the guideway 38 is aligned. the cylin 
der 36 is actuated to drive the spike through the rollers 
36 and through the spike receiving hole into a tie, 
whereupon the spike secures a rail to the tie. 
Although specific embodiments of the invention are 

illustrated in the Drawings and described herein, it will 
be understood that the invention is not limited to the 
embodiments disclosed but is capable of rearrange 
ment, modi?cation, and substitution of parts and ele 
ments without departing from the spirit of the inven 
tion. 
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What is claimed is: 
l. A spike positioning system comprising: 
a spike positioning mechanism; 
a frame for supporting the spike positioning mecha 
nism at a spike insertion location; 

means for moving the spike positioning mechanism 
relative to the frame; 

a photoconductive image resolving device secured to 
the spike positioning mechanism for movement 
therewith to scan the surface of a tie plate; 

logic means for identifying an image detected by the 
photoconductive image resolving device as a spike 
receiving hole; 

servo means responsive to the detection of a spike re 
ceiving hole by the photoconductive image resolv 
ing device for actuating the moving means to cen 
ter the spike positioning mechanism and the photo 
conductive image resolving device on the spike re 
ceiving hole; and 

means for thereafter driving a spike from the spike 
positioning mechanism and into the spike receiving 
hole. 

2. The spike positioning system according to claim 1 
wherein the spike positioning mechanism moving 
means comprises a pair of hydraulic cylinders for sup 
porting the spike positioning mechanism on the frame 
and for moving the spike positioning mechanism rela 
tive to the frame under the control of the servo means. 

3. The spike positioning system according to claim 1 
wherein the actuating means includes circuitry coupled 
to the output of the photoconductive image resolving 
device for generating an output proportional to the dis 
tance between a spike receiving hole and the spike po 
sitioning mechanism. 

4. The spike positioning system according to claim 1 
wherein the actuating means includes circuitry coupled 
to the output of the photoconductive image resolving 
device for generating an output indicative of the direc 
tion of displacement between a spike receiving hole 
and the spike positioning mechanism. 

5. The spike positioning system according to claim 1 
wherein the spike positioning mechanism comprises 
means for orienting the spike in an insertion orienta 
tion, and wherein the spike driving means comprises a 
hydraulic cylinder for actuation after the spike posi 
tioning mechanism is aligned with the spike receiving 
hole to drive the spike into the spike receiving hole. 

6. A spike positioning system comprising: 
means for positioning a spike in an insertion orienta 

tion; 
means for moving the spike positioning means along 

a line extending longitudinally of a rail and above 
a tie plate having a spike receiving hole formed 
therein; 

a photoconductive image resolving device mounted 
for movement with the spike positioning means and 
oriented to scan along the line and hence across the 
tie plate; 

logic means actuated by the photoconductive image 
resolving device for determining the scanning 
thereby of a spike receiving hole; 

circuitry coupled to the output of the photoconduc 
tive image resolving device for generating an out 
put indicative of misalignment between a spike re 
ceiving hole scanned by the photoconductive 
image resolving device and the spike positioning 
means; and 

5 

10 

15 

25 

35 

45 

50 

8 
servo means responsive to the circuitry for actuating 

the moving means to align the spike positioning 
means with the spike receiving hole. 

7. The spike positioning system according to claim 6 
wherein the spike positioning moving means comprises 
a frame for supporting the spike positioning means at 
a spike insertion location and at least one hydraulic cyl 
inder for moving the spike positioning means relative 
to the frame under the control of the servo means' 

8. The spike positioning system according to claim 6 
wherein the circuitry coupled to the output of the pho 
toconductive image resolving device comprises a logic 
circuit for generating an output whenever a spike re 
ceiving hole is scanned by the photoconductive image 
resolving device and a hole location circuit for generat 
ing an output indicative of the direction of displace 
ment between a spike receiving hole and the spike posi~ 
tioning means. 

9. The spike positioning system according to claim 8 
wherein the circuitry coupled to the output of the pho~ 
toconductive image resolving device is further charac 
terized by means for generating an output proportional 
to the distance between a spike receiving hole and the 
spike positioning means. 

10. The spike positioning system according to claim 
6 further including means operable after the spike posi 
tioning means has been aligned with the spike receiving 
hole for driving the spike’into the spike receiving hole. 

11. A spike positioning system comprising: 
means for positioning a spike in an insertion orienta 

tion; 
a frame for supporting the spike positioning means at 
a spike insertion location; 

at least one hydraulic cylinder connected between 
the frame and the spike positioning means for mov~ 
ing the spike positioning means relative to the 
frame and along a line extending parallel to a rail 
and above the surface of a tie plate supporting the 
rail; 

a photoconductive image resolving device secured to 
the spike positioning means for movement there 
with along the line and oriented to scan along the 
line and across the upper surface of the tie plate; 

logic means for identifying a portion of the scanned 
area as a spike receiving hole in the tie plate; 

servo means coupled to the output of the photocon 
ductive image resolving device for actuating the 
hydraulic cylinder to align the spike positioning 
means with a spike receiving hole scanned by the 
photoconductive image resolving device; and 

a hydraulic cylinder for driving the spike out of the 
‘ spike positioning means and into the spike receiv 
ing hole. 

12. The spike positioning system according to claim 
11 further characterized by a pair of hydraulic cylin 
ders each for supporting the spike positioning means on 
the frame and each responsive to the servo means for 
moving the spike positioning means relative to the 
frame and along the line. 

13. The spike positioning system according to claim 
11 wherein the servo means includes circuitry for gen 
erating an output proportional to the distance between 
a spike receiving hole scanned by the vidicon tube and 
the spike positioning means. 

14. The spike positioning system according to claim 
13 wherein the servo means further includes valving 
means for controlling the flow of hydraulic fluid to the 
hydraulic cylinders and thereby controlling the opera 
tion of the cylinders to move the spike positioning 
means relative to the frame. 
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