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57 ) ABSTRACT 

in a tube cleaning system, a pair of long, straight, 
small diameter, thin wall lances extend in parallel 
from a common cleaning fluid manifold to a pair of 
spray discharge heads. The lances are automatically 
moved into, through, and out of a pair of heat ex 
changer tubes by a lance drive system. The lance drive 
system comprises structure for moving the lances 
through the tubes for simultaneously applying straight 
ening forces thereto, apparatus for controlling both 
the extent of movement of the lances und the flow of 
cleaning fluid through the lances, and circuitry for uu 
tomatically reversing and re-reversing the direction of 
movement of the lances upon engagement of either 
lance with an obstruction in its respective tube. The 
lance drive system is mounted on a frame which in 
cludes structure for aligning the lances with a pair of 
heat exchanger tubes prior to each operating cycle of 
the tube cleaning system. 

4 Claims, 7 Drawing Figures 
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TUBE CLEANING SYSTEM 
This is a division of application Ser. No. 073, 130 filed 

Sep. 17, 1970, now U.S. Pat. No. 3,794,051 
BACKGROUND AND SUMMARY OF THE 

INVENTION 

Heat exchangers are used throughout industry to 
transfer heat from one fluid to another. One type of 
heat exchanger includes a cylindrical outer shell and a 
tube bundle positioned within the shell. In the use of 10 
this type of heat exchanger, one fluid is passed through 
the tubes from one end of the shell to another. Another 
fluid is passed through the central portion of the shell 
around the tubes to achieve heat transfer between the 
fluids. 
The fluids flowing through the tubes of a heat ex 

changer are often corrosive in nature, and often con 
tain dissolved solids, dirt, grease, etc. Any of these con 
ditions can cause tubes of a heat exchanger to become 
clogged with solid materials. Any significant accumula 
tion of solid materials in the tubes of a heat exchanger 
reduces the operating efficiency of the heat exchanger, 
and therefore necessitates the cleaning of the interiors 
of the tubes. 
Heretofore, the cleaning of the interiors of heat ex 

changer tubes has been manual in nature. For example, 
in accordance with a tube cleaning process that is cur 
rently in use, a small diameter, this walled length of 
pipe known as a lance is manipulated manually through so 
the interior of heat exchanger tube. As the lance is 
moved through the tube, water is forced through the 
lance and out of the distal end thereof to clean the inte 
rior of the tube. If an obstruction is encountered, the 
lance is manuevered back and forth in the tube until 
the obstruction has been cleared from the tube. After 
the tube is clean, the lance is removed from the tube 
and is manually aligned with an adjacent tube for ma 
nipulation therethrough. 
Manual heat exchanger tube cleaning systems are un- 40 

satisfactory for a number of reasons. For example, 
manual systems are generally slow in operation. Man 
ual systems are also inefficient because the manual po 
sitioning of a tube cleaning lance in alignment with a 
heat exchanger tube typically requires the use of at 
least three workmen. Finally, due to their small diame 
ter, thin wall nature, tube cleaning lances are easily 
bent, especially upon contact with an obstruction in a 
tube. When this occurs, it is often necessary to 
straighten the lance before proceeding with a cleaning 50 
operation. 
The present invention relates to an automatic system 

for cleaning the interiors of heat exchanger tubes. In 
accordance with the preferred embodiment of the in 
vention, a pair of lances are aligned with a pair of heat 55 
exchanger tubes, and are then advanced into the tubes. 
As the lances enter the tubes, a cleaning fluid is forced 
through the lances from a common cleaning fluid mani 
fold. The lances are advanced the entire length of the 
tubes and are thereafter automatically retracted out of 
the tubes unless an obstruction is encountered in one 
of the tubes, in which event the direction of movement 
of the lances is automatically reversed and re-reversed 
until the obstruction is cleared. Preferably, the lances 
are driven by a mechanism that applies straightening 
forces to the lances during their movement into and out 
of the tubes. 
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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 accompanying 
drawings, wherein: 
FIG. 1 is a perspective view of a tube cleaning system 

employing the invention; 
FIG. 2 is an exploded view of the lance drive mecha 

nism of the tube cleaning system shown in FIG. 1; 
FIG. 3 is an end view of the lance drive mechanism, 
FIG. 4a is a schematic illustration of a portion of an 

electrical circuit employed in the tube cleaning system 
shown in FIG. 1; 

FIG. 4b is a schematic illustration of the remainder 
of the electrical circuit; 
FIG. 4c is a schematic illustration of a relay that is 

employed in the electrical circuit, and 
FIG. 5 is a schematic illustration of a hydraulic cir 

O cuit employed in the tube cleaning system. 
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DETALED DESCRIPTION 

Referring now to the drawings, and particularly to 
FIG. 1 thereof, a tube cleaning system 10 employing 
the present invention is shown positioned adjacent a 
heat exchanger HE. The heat exchanger HE is conven 
tional in design in that it is comprised of an outer cylin 
drical shell C and a plurality of tubes T which extend 
axially through the shell C. The function of the tube 
cleaning system 10 is to clean the interiors of the tubes 
T, that is to remove accumulations of solid materials 
that may be present within the interiors of the tubes. 
The tube cleaning system 10 includes a pair of lances 

12 which extend in parallel from a common cleaning 
fluid manifold 14 to a pair of conventional discharge 
nozzels (not shown). Typically, the lances 12 are about 
twenty feet in length and are about three-eighths inches 
in diameter. In order to provide maximum cleaning 
fluid flow into the interiors of the heat exchanger tubes, 
the lances 12 are preferably fabricated from thin wall 
pipe. This long, small diameter, thin wall lance con 
struction has been found to be highly advantageous for 
heat exchanger cleaning purposes, however, it also ren 
ders the lances 12 extremely liable to bending and 
other damage. Thus, it is necessary to protect the 
lances 12 against bending, etc. during the operation of 
the tube cleaning system 10. 
To this end, the tube cleaning system 10 includes a 

lance drive assembly 16 which functions to move the 
lances 12 into and out of the heat exchanger tubes, and 
also to protect the lances 12 against damage. The lance 
drive system 16 includes an I-beam 18 which is prefera 
bly somewhat longer than the lances 12. The lances 12 
are supported for movement along the I-beam 18 by a 
rear lance support mechanism 20, a pair of intermedi 
ate lance support mechanisms 22 and 24, and a lance 
drive mechanism 26. 
The rear lance support mechanism 20 includes a plu 

rality of rollers which engage the upper and lower sides 
of the upper flange of the I-beam 18, and serves to sup 
port the common cleaning fluid manifold 14 and the 
ends of the lances 12 extending therefrom. The inter 
mediate lance support mechanisms 22 and 24 also 
comprise rollers which engage the upper flange of the 
I-beam 18, and serve to support the intermediate por 
tions of the lances 12. During movement of the lances 
12 in the direction of the lance drive mechanism 26, 



3,903,912 
3 

the rear lance support mechansim 20 moves with the 
lances 12 until a plate 28 on the mechanism 20 engages 
a magnet 30 on the mechanism 22, whereupon both the 
mechanism 20 and the mechanism 22 move with the 
lances 12. This movement continues until a magnet 32 
on the forward end of the mechanism 22 engages a 
plate 34 on the mechanism 24, whereupon all three 
support mechanisms move forwardly with the lances 
12. 
During movement of the lances 12 toward the end of 

the I-beam 18 remote from the lance drive mechansim 
26, the rear lance support mechanism 20 is moved rear 
wardly with the lances 12, and the magnets 30 and 32 
on the intermediate lance supporting mechanism 22 
connect the intermediate lance supporting mechanisms 
22 and 24 to the rear lance supporting mechansim 20 
for movement there with. This movement continues 
until the mechanism 24 engages a first fixed stop (not 
shown). Engagement of the mechanism 24 with the 
first stop breaks the magnetic connection between the 
magnet 32 and the plate 34, whereupon the mechanism 
24 remains stationary and the mechanism 22 continues 
to move with the mechanism 20. Subsequentially, the 
mechansim 22 engages a sccond fixed stop (also not 
shown). Engagement of the mechanism 22 with the 
second stop breaks the magnetic connection between 
the magnet 30 and the plate 28 whereupon only the 
mechanism 20 moves with the lances 12. It will be un 
derstood that the fixed stops are so located on the 1 
beam 18 that the portions of the lances 12 located be 
tween the lance drive mechanism 26 and the rear lance 
support mechanism 24 are adequately supported at all 
times. 
The structural details of the lance drive mechanism 

26 of the lance drive assembly 16 are illustrated in 
FIGS. 2 and 3. Referring first to FIG. 2, the mechanism 
26 comprises four rollers 36 each comprising a pair of 
lance receiving grooves 38 and a gear 40. As is best 
shown in Flo. 3, the rollers 36 are so arranged that the 
grooves 38 combine to form a pair of circular lance re 
ceiving channels 42. The gears 40 of the rollers 36 are 
mounted in meshing interengagement and one of the 
rolles is driven by a hydraulic motor 44 through a speed 
reducer 46. By this means, the rollers 36 drive the 
lances 12 into and out of the tubes of a heat exchanger. 
As is best shown in FIG. 2, the rollers 36 arc posi 

tioned at spaced points axially of the lances 12, and al 
ternate rollers 36 are positioned on opposite sides of 
the lances 12. The upper two rollers 36 are mounted on 
a pair of slides 48, and a pair of adjusting mechanisms 
50 (only one of which is shown) are provided for con 
trolling the pressure that is applied to the lances 12 by 
the rollers 36. Due to the foregoing construction. the 
drive mechanism 26 applies straightening forces to the 
lances 12 during the movement thereof. By this means, 
any tendency of the lances to bend under the action of 
gravity or otherwise during the use of the tube cleaning 
system 10 is continuously corrected by the drive mech 
anism 26, and the lances 12 are therefore maintained 
prefectly straight. 
Referring again to FIG. 1, the lance drive assembly 

16 is supported in a frame 52. The frame 52 includes 
a rectangular main frame 54 comprising four intercon 
nected box beams 56 that are supported on four hy 
draulic cylinders 58. The main frame 54 supports an 
operator's station 60 which is mounted on a pair of 
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4. 
beams 62 for horizontal movement relative to the 
frame S4. 

The main frame 54 also supports a pair of horizontal 
locating assemblies 64. Each horizontal locating assem 
bly 64 includes a pair of lead screws 66 and a platform 
68 mounted on the lead screw 66 for horizontal move 
ment relative to the frame 54. The lead screws 66 are 
selectively rotated by an electric motor 70 and are in 
terconnected by a plurality of chains 72. Thus, upon 
operation of the motor 70, the platforms 68 of the hori 
Zontal locating assemblies 64 are moved in sychronism 
to position the lances 12 horizontally relative to the 
frame 54. 
The platforms 68 of the horizontal locating assembly 

64 support a pair of vertical locating assemblies 74. 
The vertical locating assemblies 74 each include a 
beam 76 which extends upwardly from one of the plat 
forms 68 and which supports a lead screw 78. The lead 
screws 78 are selectively rotated by an electric motor 
80 and are interconnected by a chain 82. The I-beam 
18 of the lance drive assembly 16 is supported on the 
lead screws 78 for vertical movement upon rotation 
thereof. Thus, upon actuation of the motor 80, the 
lances 12 are positioned vertically relative to the tubes 
of a heat exchanger. 

In the use of the tube cleaning system 10, the axes of 
the lances 12 are brought into alignment with the axes 
of the tubes of a heat exchanger, preferably by operat 
ing the hydraulic cylinders 58 to level the main frame 
54. Thereafter, the horizontal locating assemblies 64 
and the vertical locating assemblies 74 of the frame 52 
are actuated to bring the lances 12 into alignment with 
a particular pair of tubes T in the heat exchanger. The 
tube cleaning system 10 is equipped with a plurality of 
limit switches 84 which prevent actuation of the hori 
Zontal positioning mechanism 64 and the vertical posi 
tioning mechanisms 74 beyond the limits imposed by 
the size of the frame 52. 
When the lances 12 are properly positioned, the 

lance drive assembly 16 is actuated to move the lances 
12 into, through, and out of the selected pair of tubes 
in the heat exchanger. The lance drive assembly 16 is 
provided with three limit switches 86, 88 and 90 which 
control the flow of cleaning fluid through the lances 12. 
the extent of inward movement of the lances 12, and 
the extent of outward movement of the lances 12, re 
spectively. The limit switches 86, 88 and 90 are prefer 
ably mounted for selective positioning on the I-beam 
18 of the lance drive system 16 in accordance with the 
physical size of a particular heat exchanger and in ac 
cordance with the location of the heat exchanger rela 
tive to the tube cleaning system 10. 
The operation of the lance drive assembly 16 in mov 

ing the lances 12 into and out of a pair of heat ex 
changer tubes is controlled by clectric and hydraulic 
circuits of the type illustrated in FIGS. 4 and 5, respec 
tively. Referring first to FIG. 5, a hydraulic circuit 98 
for operating the motor 44 of the lance drive mecha 
nism 26 in forward and reverse directions and at high 
and low speeds is schematically shown. The circuit 98 
includes a pump 100 which draws hydraulic fluid from 
a Sump 102 through a filter 104. A relief valve 106 con 
trols the pressure of the circuit 98, and a needle valve 
108 provides adjustment of the high speed operation of 
the motor 44. A pair of normally open, solenoid oper 
ated valves 110 and 1 12 are selectively closed for low 
Speed operation and high pressure operation, respec 
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tively. A needle valve 114 provides adjustment of the 
low speed operation of the motor 44. 
The hydraulic circuit 98 further includes a three posi 

tion, four way, solenoid operated valve 1 16 which is ac 
tuated by the electrical circuit of the tube cleaning sys 
tem 10 to control the direction of flow of hydraulic 
fluid from the pump 100 to the motor 44. A pressure 
responsive switch 118 is located in the return line from 
the motor 44 and is responsive to a predetermined de 
crease in the return line pressure to generate an electri 
cal signal. Since the return line pressure from the motor 
44 tends to decrease as the motor stalls, a signal from 
the switch 118 indicates interference with the move 
ment of at least one of the lances 12. 
Referring now to FIGS. 4a, 4h and 4c, an electrical 

circuit 120 that is employed to control various func 
tions of the lance drive assembly 16 is schematically il 
lustrated. The circuit 120 comprises a plurality of iden 
tical relays, one of which is shown in Flig. 4c. That is, 
each relay in the circuit 120 comprises two normally 
closed contact pairs which are opened upon energiza 
tion of the relay, two normally open contact pairs 
which are closed upon energization of the relay, and a 
relay coil, and the various components of each relay 
are connected to terminal pins in the manner illustrated 
in FIG. 4c. 
Referring now to FIGS. 4a and 4b, conventional 115 

Volt, 60 Hertz line current is directed to the circuit 120 
through a power cord 122. A pair of three position 
switches 124 and 126 provide main power control and 
pump power control, respectively. A pushbutton 128 is 
selectively actuated to begin automatic operation of 
the tube cleaning system 10. 
A pair of switches 130 and 132 are mounted for man 

ual operation from the operator's station 60 of the tube 
cleaning system 10. The switch 130 cooperates with the 
limit switches 84, the limit switch 90, and a plurality of 
relays 134 to control the operation of the motors 70 
and 80. That is, upon operation of the switch 130, the 
horizontal and vertical locating assemblies are selec 
tively actuated to adjust the horizontal and vertical po 
sitioning of the lances 12. The switch 130 and the limit 
switch 90 are preferably interconnected in such a way 
that the horizontal and vertical positioning assemblies 
64 and 74 cannot be actuated except when the lances 
12 are fully retracted. 
The switch 132 cooperates with the limit switches 88 

and 90 and with a plurality of relays 136 to control the 
direction and speed of operation of the motor 44 of the 
lance drive mechanism 26. Also, the switch 132 oper 
ates through the solenoid operated valve 130 of the hy 
draulic circuit 98 to sclectively apply high pressure to 
the motor 4-4. The latter function is preferably inter 
connected with the direction control function of the 
switch 132 in such a way that high pressure call only be 
applied to retract the lances 12. It should be noted that 
the application of high pressure to the motor 44 is not 
required in the normal operation of the tube cleaning 
system 10, and is only required in the event the lances 
12 become stuck in the tubes of a heat exchanger. 
The electrical circuit 120 further includes a subcir 

cuit 140 including the pressure sensitive switch 118 of 
the hydraulic circuit 98, a relay 142 that is cncrgized 
in response to closure of the switch 1 18, a plurality of 
time delay switches 144 that are sequentially operated 
in response to energization of the relay 142, and a relay 
146 that is actuated in response to operation of one of 
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the switches 144. Upon engagement of either of the 
lances 12 with an obstruction or other interference in 
one of the tubes of a heat exchanger, the subcircuit 140 
immediately reverses the direction of movement of the 
lances 12. When the lances have moved a short dis 
tance in the reverse direction, lance movement is 
stopped for a brief period of time so that cleaning fluid 
flowing through the lances can remove the obstruction, 
etc. Then, the direction of movement of the lances is 
re-reversed, that is, movement of the lances 12 through 
the tubes is re-initiated. If the tubes have been cleared 
of all obstructions, the lances continue to move 
through the tubes without further operation of the sub 
circuit 140. If however, the same or another obstruc 
tion is encountered, the subcircuit 140 again operates 
to reverse and the re-reverse the direction of move 
ment of the lances until all obstructions are cleared 
from the tubes. 

Operation 
Initially, the tube cleaning system 10 is positioned ad 

jacent a heat exchanger to be cleaned. It has been 
found that if the major structural components of a tube 
cleaning system employing the invention are fabricated 
from aluminum, the system is casily manipulated by 
four workmen. The tube cleaning system is then con 
nected to the heat exchanger, preferably by rods con 
nected between the heat cxchanger and the frame 52 
of the tube cleaning system. As previously indicated, 
the lances are then aligned with the axes of the tubes 
of the heat exchanger by operating the hydraulic cylin 
ders S8 of the frame 52. Next, the horizontal and verti 
cal locating assemblies 64 and 74 are operated under 
the control of the switch 130 to position the lances 12 
in alignment with a particular pair of tubes in the heat 
exchanger. A final check on the alignment of the lances 
12 is achieved by operating the switch 132 to advance 
the lances 12 very slowly toward the selected pair of 
tubes. 
When the lances 12 are properly aligned, the push 

button 128 is actuated to begin operation of the tube 
cleaning system 10. Thereafter, the lance drive assem 
bly 116 operates under control of the limit switches 88 
and 90 to advance the lances 12 into and through the 
selected pair of tubes, and to thereafter retract the 
lances 12 out of the tubes. During this action, the limit 
switch 86 initiates the flow of cleaning fluid through the 
lances 12 upon entry of the lances 12 into the tubes, 
and terminates the flow of cleaning fluid through the 
lances 12 upon withdrawal of the lances from the tubes. 
As is shown in Flo. 4a, the latter function is accom 
plished by means of a solenoid controlled device 148 
that controls the flow of cleaning fluid through the 
common cleaning fluid manifold 14 and into the lances 
12. 

If either lances 12 cncounters any obstruction or 
other interference in a tube of the heat exhanger, the 
switch 18 closes, whereupon the subcircuit 140 imme 
diately terminates lance movement. This is very impor 
tant in that it prevents bending of the lances due to ap 
plication of excessive compressive forces. Thereafter, 
the subscircuit 140 actuates the lance drive mechanism 
26 to withdraw the lances 12 a short distance in order 
to permit the cleaning fluid flowing through the lances 
to dislodge the interfering matter from the interior of 
the tube. Finally, lance movement in the original direc 
tion is re-initated by the subcircuit 140, and is contin 
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ued subject to termination by the subcircuit 140 in the 
event either lance encounters interference. 

it will be understood that due to the extremely long, 
small diameter, thin wall construction of the lances 12, 
the lances are subjected to bending forces throughout 
the operation of the tube cleaning system 10. To this 
end, the portions of the lances 12 extending between 
the rear lance support mechanism 20 and the lance 
drive mechansim 26 are supported by the intermediate 
lance support mechanism 22 and 24. Also, the lance 
drive mechanism 26 applies straightening forces to the 
lances 12 throughout the movement of the lances 12 
into and out of the tubes of a heat exchanger. The latter 
function is very important in that it assures the straight 
ness of the lances 12 throughout the operation of the 
tube cleaning system 10. 
Upon completion of the movement of the lances 12 

into and out of the sclected pair of tubes, the horizontal 
and vertical locating assemblies 64 and 74 are actuated 
to position the lances 12 in alignment with a second 
pair of tubes in the heat exchanger. Then, another au 
tomatic cycle of the tube cleaning system 10 is initiated 
by depressing the pushbutton 128. When all of the 
tubes of the heat exchanger have been cleaned, the 
tube cleaning system 10 is moved into alignment with 
another heat exchanger, and the foregoing process is 
repeated. 

It will be understood that various substitutions and 
modifications can be made in the structure of the tube 
cleaning system shown in the drawings. For example, 
an internal combustion engine can be employed as the 
basic prime mover in the system. Similarly, the hydrau 
lic motor 44 of the lance drive system 26 can be re 
placed with an electric motor, and the elecrtic motors 
70 and 80 of the horizontal and vertical locating assem 
blies 64 and 74 can be replaced with hydraulic motors. 
Other substitutions that will be readily apparent to 
those skilled in the art include the use of equivalent flu 
idic, pneumatic or electronic control circuits in place 
of the electrical and hydraulic control circuits that have 
been disclosed. 
Perhaps more importantly, there are several mecha 

nisms that can be employed in lieu of the pressure sen 
sitive switch 1 18 detect interference with the move 
ment of the lances 12 through the tubes of a heat ex 
changer. One such alternative mechanism comprises a 
tachometer or other speed responsive apparatus posi 
tioned to sense either the rotational speed of the rollers 
136 or the speed of advance of the lances 12. Another 
alternative mechanism comprises strain gauges posi 
tioned to detect the magnitude of the compressive 
forces that are applied to the lances 2 by the lance 
drive mechanism 26. Still another alternative mecha 
nism comprises : torque meter responsive to the torque 
that is imposed on the rollers 36 by the motor 44. Other 
mechanisms for detecting resistance to the movement 
of the lances through the tubes of a heat exchanger will 
occur to those skilled in the art, any of the alternative 
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8 
mechanisms may be employed in the tube cleaning sys 
tem 10 instead of or in addition to the pressure sensi 
tive switch 1 18, if desired. 
From the foregoing, it will be understood that the 

present invention relates to a tube cleaning system in 
which a pair of lances are automatically moved into, 
through, and out of a heat exchanger tubes. Preferably, 
straightening forces are applied to the lances as they 
are moved, and the movement of the lances is automat 
ically reversed and then re-reversed whenever either 
lances encounters interference. The use of the inven 
tion is advantageous over the use of manual tube clean 
ing systems in that it cleans the tubes of a heat ex 
changer considerably more rapidly than is possible with 
manual systems, and in that after a tube cleaning sys 
tem employing the invention has been positioned adja 
cent a heat exchanger, the system can be operated by 
a single workman. Also, the features of the present in 
vention relating to the application of straightening 
forces to the lances and to the termination of lance 
movement whenever either lance encounters interfer 
ence combine to completely eliminate the problem of 
lance bending. 
Although the preferred embodiment of the invention 

has been illustrated in the drawings and described in 
the foregoing specification, it will be understood that 
the invention is not limited to the embodiment dis 
closed, but is capable of rearrangement, modification 
and substitution of parts and elements without depart 
ing from the spirit of the invention. 
What is claimed is: 
1. The tube cleaning system comprising: an elongate, 

Straight, tube cleaning lance, and means for reciprocat 
ing the lance into and out of tubes to be cleaned and 
for simultaneously maintaining the straightness of the 
lance wherein the lance reciprocating and straightness 
maintaining means including a pair of rollers which en 
gage the lance at spaced points on one side thereof, and 
a third roller that engages the lance on the opposite 
side thereof at a point positioned between the first two 
points axially of the lance. 

2. The tube cleaning system according to claim 1 fur 
ther characterized by a fourth roller positioned on the 
same side of the lance as the third roller and at a point 
spaced axially from both of the first two rollers. 

3. The tube cleaning system according to claim 1 
wherein the lance reciprocating and straightness main 
taining means is further characterized by means for ro 
tating all of the rollers and thereby reciprocating the 
lance. 

4. The tube cleaning system according to claim 3 
wherein each of the rollers includes a gear portion, 
wherein the gear portions of the respective rollers are 
mounted in meshing interengagement, and further in 
cluding means for rotating one of the rollers and 
thereby rotating all of the rollers through the gear por 
tions. 
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Column 8, line 7, after "of" delete -a-. 
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