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The present invention relates generally to sewer clean 
ing machines and has particular reference to that type of 
sewer cleaning machine which is commonly referred to 
as a “sewer rodder” and embodies reversible power 
actuated means for feeding a continuous elongated ?exi 
ble steel sewer cleaning rod into a sewer pipe and then 
retracting it from the pipe after cleaning of the latter. 
Such a sewer cleaning rod, although it may not exhibit 
marked ?exibility when a short length thereof is consid 
ered, is, as a whole, of such ?exibility that it will not only 
follow the contour of a sewer pipe but also may be coiled 
or reeled for storage either in or out of the machine with 
which it is associated and utilized. The rod is put to use 
by pushing it into or pulling it from a sewer pipe to be 
cleaned while at the same time effecting rotation of the 
rod so that a boring or other sewer-penetrating tool which 
is ai?xed to the leading end of the rod may become effec 
tive within the sewer pipe to loosen the accumulated sewer 
material and thus pave the way for further sewer clean 
ing operations. 

Sewer cleaning machines of this general type are fairly 
well standardized and there is currently upon the market 
a machine in the form of a wheel-equipped vehicle in 
which a comparatively great length of continuous sewer 
cleaning rod is normally stored in a coiled condition with 
in a rotatable basket-like cage. The rod is capable of being 
fed from or returned to the cage while the latter is rotated 
and the rotation of the cage is relied upon to effect the 
necessary rod rotation during sewer cleaning operations 
while the rod is either being pushed into or pulled from 
the sewer pipe undergoing cleaning. A reversible drive 
unit is employed to effect longitudinal movement of the 
sewer cleaning rod and this drive unit embodies one or 
more pairs of mating grooved traction feed wheels which 
engage the rod therebetween for rod-impelling purposes 
in either direction and which not only rotate about their 
own respective axes, but also rotate or orbit bodily about 
the axis of the sewer rod undergoing feeding. 
Sewer cleaning machines which are constructed upon 

the principles brie?y set forth above are possessed of 
numerous limitations, both of design and of operation. 
For example, considerable difficulty is encountered in 
constructing a machine in which the controlled rotation of 
the feed rollers about their respective axes of rotation 
for sewer rod-driving purposes, and also controlled rota 
tion or orbital movement of these feed rollers about the 
longitudinal axis of the sewer rod can be effected e?i 
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ciently. Heretofore, structures have been devised wherein _ 
separate drive motors have been employed for these pur 
poses, the motor which drives the feed rolls being mount 
ed on the feed roll head and thus being rotatable bodily 
therewith. This has necessitated the use of rotary slip 
couplings and the like for supplying power to the motor. 
The present invention is designed to overcome many of 

the limitations that are attendant upon the construction 
and operation of present-day sewer cleaning machines, 
and toward this end, the invention contemplates the pro 
vision of a novel hydraulically-operable machine which 
employs stationary hydraulic components which serve 
selectively or in a controlled manner to actuate a novel 
compound differential mechanism by means of which the 
rate of rotation of the rod-storage cage and the rate of 

60 

65 

70 

1 3,394,422 
Patented July 30, 1968 

2 
linear feed of the sewer cleaning rod are capable of being 
correlated with in?nite differential adjustment as between 
conditions of maximum rod feed in either direction and 
no rod feed; and conditions of maximum basket rota 
tional speed in either direction and no basket rotation, 
each adjustment for rod feed being independent of the 
rate of basket rotation and vice versa. Still further, the 
invention contemplates the provision of novel hydraulic 
control facilities for such differential mechanism whereby 
the operator, by manipulating a single operating lever, is 
enabled to e?’ect the desired differential adjustments. 
The provision of a sewer cleaning machine of the char~ 

acter brie?y outlined above constitutes the principal object 
of the present invention. Other ancillary objects and many 
advantages of the present invention cannot be stated at 
this time with su?‘icient clarity for a full appreciation 
thereof until the speci?c nature of the invention is better 
understood. However, a few of the novel features of the 
present invention upon which such objects or advantages 
are based reside in the provision of a differential mech 
anism which is so designed that one of the rotatable input 
elements thereof may be employed for power take-off 
purposes in such a manner that it may be caused to oper 
ate a stationary mechanical counter which is calibrated 
for footage readings to indicate the precise linear extent 
of rod feed at any given movement during feeding of the 
sewer cleaning rod into or out of the sewer pipe. 

With these and other objects and advantages in view, 
which will become more readily apparent as the follow 
ing description ensues, the invention consists in the novel 
constructions, combinations, and arrangements of parts 
shown in the accompanying six sheets of drawings form 
ing a part of this speci?cation. 

In these drawings: 
FIG. 1 is a fragmentary side perspective view of a 

sewer cleaning machine embodying the particular by 
draulically-operated control mechanism of the present 
invention; 

FIG. 2 is a fragmentary rear perspective view of the 
structure of FIG. 1; 

FIG. 3 is an enlarged fragmentary side ele-vationa'l view 
of a portion of the structure of FIGS. 1 and 2, the view 
being taken in the vicinity of a rotatable rod drive dif 
ferential mechanism or unit that is employed in connection 
with the present invention; 

FIG. 4 is a vertical sectional view taken on the line 
4—4 of FIG. 3; > 

FIG. 5 is a horizontal sectional view taken on the line 
5——5 of FIG. 3; 

FIG. 6 is a fragmentary front elevational view of the 
structure of FIG. 1; 

FIG. 7 is a schematic view illustrating certain me 
chanical power trains and their associated differential 
mechanisms and by means of which selective and reversi 
ble rod-feeding operations may be accomplished; 
FIG. 8 is a hydraulic circuit diagram illustrating the 

hydraulic control mechanism by means of which the 
power trains and differential mechanisms of FIG. 7 are 
selectively operated; and 

FIG. 9 is a schematic diagram showing the possible 
positions of the operating lever that is employed in con 
nection ‘with the present invention and indicating the ma 
chine functions resulting from such positions. 

GENERAL CONSIDERATIONS 
Referring now to the drawings in detail and in particular 

to FIGS. 1 and 2, the hydraulically-operable control 
mechanism of the present invention is shown as being 
operatively installed in a sewer cleaning machine of the 
general type which is shown and described in my co 
pending United States patent application Ser. No. 524,383, 
?led on Feb. 2, 1966, and now Patent No. 3,293,681, and 
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entitled “Sewer Cleaning Machine,” and resembles the 
same, both in outward appearance and in chassis frame 
structure. Furthermore, the herein illustrated machine 
is intended for the same purpose and functions in the 
?eld to clean sewers in the same general manner, i.e., by 
thrusting an elongated sewer cleaning rod with the usual 
bullet-nosed boring tool attached to its forward end for 
wardly by a pushing action through a sewer pipe thereof, 
and thereafter, retracting the rod by a pulling action with 
the usual cutter or drag tool attached thereto. The present 
sewer cleaning machine differs, however, from the ma 
chine of said patent application in that it operates upon a 
continuous unjointed sewer cleaning rod instead of upon 
a sectional rod in which the rod sections are connected 
together in end-to-end fashion by intervening coupling 
members. Both machines are in the form of a trailer 
vehicle having a power-driven, basket-like storage reel or 
cage from which a comparatively great length of ?exible 
sewer cleaning rod may be payed out to a sewer pipe 
undergoing cleaning or retracted back into the cage, means 
being provided whereby the cage may be rotated if desired 
during feeding or retraction of the rod so that the latter 
may rotate within the sewer pipe undergoing treatment. 
The function of the present hydraulically-operable control 
mechanism is to effect axial shifting of the rod in either 
direction, with or without rotation as desired, while at 
the same time allowing for rotation of the rod. As pre 
viously pointed out, a machine of this type is commonly 
referred to as a “sewer rodder.” Although the invention 
is speci?cally illustrated and described in connection with 
a sewer rodder of the trailer vehicle type, the present hy 
draulically-operable control mechanism is equally applica 
ble to other types of sewer rodders, such, for example, as 
sewer rodders which are embodied in self-propelled or 
tractor-type vehicles. Irrespective, however, of the par 
ticular environment with which the present hydraulically 
operable control mechanism may be associated, the essen 
tial features of the invention are at all times preserved. 

Brie?y, the trailer vehicle with which the present con 
trol mechanism is associated involves in its general or 
ganization a chassis or framework 10, the rear end of 
which is supported by means of wheels 12 and the front 
end of which is provided with the usual attaching means 
or hitch (not shown) whereby the vehicle as a whole may 
be attached to and drawn by a tractor or other propelling 
vehicle. The trailer vehicle is fragmentarily shown herein, 
only such details as bear a relationship to the rod storing 
and driving mechanism and its associated hydraulic con 
trol instrumentalities being illustrated. At the rear end of 
the vehicle framework 10, there is disposed a relatively 
large and generally frustoconical storage reel or cage 
14, the large base of which faces rearwardly. The small 
base or forward end of the cage 14 carries a funnel 16 
which serves as a support for such end of the cage, the 
funnel being rotatably carried in bearings (not shown) at 
the upper end of a ?xed or rigid standard 18 on the frame 
work 10. 
The cage 14 is adapted to receive therein in coiled 

fashion the sewer cleaning rod R which is associated with 
the machine, the rod being of comparatively great extent 
and consisting of a continuous length of flexible steel rod 
stock. The term “flexible” is applicable to the sewer clean 
ing rod R only when an appreciable length thereof is con 
sidered. Short lengths or sections of the rod are relatively 
rigid but they are capable of such limited ?exing that the 
rod as a whole is sufficiently ?exible to enable it to become 
coiled in both helical and involute fashion within the rear 
region of the cage 14. Such coiling of the rod R takes 
place automatically and progressively as the sewer rod is 
‘fed backwards by the hereinafter described rod feeding 
mechanism of the machine and into the cage through the 
funnel 16. When the coiled rod R is fed forwardly, the 
sewer cleaning rod R becomes progressively uncoiled as it 
is payed out for introduction into the particular sewer 
pipe undergoing cleaning or other treatment. 
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As is customary in connection with sewer cleaning ma 

chines of the type or character under consideration, a 
suitable boring or reaming tool is applied to the leading 
end of the sewer rod for entry into the sewer piper under 
going treatment. This tool, together with the portion of 
the rod which has been payed out from the cage 14 is 
adapted to be rotated about its axis such rotation being 
accomplished by effecting continuous rotation of the cage 
16 in one direction. Axial impelling of the rod R for for 
ward feeding and rearward retraction thereof is accom 
plished by means of a differential traction head assembly 
20 through which the rod passes and which is rotatable 
in unison with the rod R and cage 14. This assembly in 
cludes two pairs of opposed peripherally grooved traction 
feed wheels 22 (see FIG. 3) which engage the rod there 
between and draw the same directly from the funnel 16, 
while at the same time impelling the rod forwardly so as 
to eject the same through a throat piece 24 during pay 
ing-out operations. During rod retracting operations, the 
feed wheels 22 reverse their rotation and tractionally im 
pel the rod R rearwardly so as to feed the same back 
through the funnel 16 and into the cage where it becomes 
automatically coiled for storage within the rear region 
of the cage. 

MECHANICAL POWER APPLICATION 

Cage and rod rotation 

Cage rotation in either direction is effected through a 
power train which is schematically portrayed in FIG. 7 
of the drawings in a simpli?ed arrangement wherein an 
hydraulic cage motor CM is connected by a chain and 
sprocket connection 30 to a horizontal jack shaft 32 which, 
in turn, is connected to the cage 14 and traction head as 
sembly 20 by a chain and sprocket connection 34. The 
last mentioned chain and sprocket connection includes a 
relatively large sprocket 36 which constitutes, in effect, 
the small base of the frusto-conical cage 14 and is here 
inafter referred to as the cage sprocket. The hydraulic 
cage motor CM is of the reversible type and, thus, it will 
be appreciated that, upon rotation of this motor in one 
direction or the other, the cage 14 will rotate in a corre 
sponding direction and at a materially reduced rate of 
speed. 

Sewer rod feed 
Still referring to FIG. 7, sewer rod feed in either direc 

tion for paying-out or pulling-in operations, as the case 
may be, is a function of the differential rotational move 
ments between the aforementioned large cage sprocket 36 
and a second large sprocket 38 which is hereinafter re 
ferred to as the feed sprocket. Two differential mechanisms 
are involved, and these are, namely, the aforementioned 
rotatable differential traction head assembly 20 and a sec 
ondary differential unit 40. As will become clear presently, 
when the two sprockets 36 and 38 rotate in the same direc 
tion in unison and at the same rate of speed, no sewer rod 
feed in either direction will occur. When the feed sprocket 
38 rotates with a counterclockwise differential with re 
spect to the cage sprocket 36 (as viewed when looking 
directly at the machine from the forward end thereof, i.e., 
as seen in FIG. 6), forward rod feed will obtain at a rate 
commensurate with the amount of the involved effective 
differential action. Conversely, when the feed sprocket 38 
rotates with a clockwise differential with respect to the 
cage sprocket 36, reverse rod feed will obtain. 
The involved differential movements resolve themselves 

into a direct function of the speed of rotation of a second 
or feed motor PM (see FIG. 7). Such motor is of the re 
versible hydraulic type and is connected to a second hori 
zontal jack shaft 42 by a chain and sprocket connection 
44. As will be ‘described in greater detail presently, the 
second jack shaft 42 is positioned in coaxial relation with 
the jack shaft 32 and it constitutes one input element of 
the secondary ‘differential unit 40 while said jack shaft 32 
constitutes the other input element thereof. 
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The differential traction head assembly 20, includes a 
rotary, horizontally elongated, box-like housing 50 (see 
FIGS. 3, 4 and 5) within which the aforementioned two 
pairs of feed ‘Wheels 22 are rotatable. The feed wheels of 
each pair are geared together for rotation in opposite direc 
tion by means of respective pairs of mating gears 52. Each 
feed wheel is provided with a continuous peripheral groove 
54 within which the sewer rod R seats, the spacing between 
the grooves of each pair being such that an adequate de 
gree of tractional pressure is exerted upon the rod to 
impel the same without slipping when the wheels are 
rotated. The feed wheels 22 and the gears 52 are mounted 
on common paired shafts 56 (see FIGS. 5 and 7), one 
shaft of each pair carrying a large bevel ‘gear 58 which 
meshes with a smaller bevel gear 60 on a horizontal shaft 
62, the latter being journalled in the housing 50. Said 
shaft 62 is operatively connected by a chain and sprocket 
connection 64 to the feed sprocket 38. 

Still referring to FIG. 7, the secondary differential unit 
40 includes a rotatable housing 70 in which the adjacent 
ends of the jack shafts 32 and 42 project are rotatably 
journalled. The jack shaft 42 carries a bevel gear 72, while 
the jack shaft 32 carries a bevel gear 74. The two bevel 
gears 72 and 74 are interconnected by way of two opposed 
oppositely rotatable idler bevel gears 76 which move bodily 
with the rotatable housing 70 and extend at right angles 
to the bevel gears 72 and 74. The housing 70 is connected 
by a chain and sprocket connection 78 to the large feed 
sprocket 38. 
From the above description, it will be seen that regard 

less of whether the cage motor CM is in a static con 
dition or whether it is rotating in one direction or the 
other at any selected speed, if the feed motor is in a 
static condition there will be no axial movement of 
the sewer rod R in either direction. Similarly, regardless 
of whether the feed motor is in a static condition or 
whether it is rotating in one direction or the other at 
any selected speed, if the cage motor is in a static con 
dition, there will be no cage rotation. Thus, at all times 
during the operation of the sewer cleaning machine, 
the speed of rotation of the cage is a direct function of 
the speed of rotation of the cage motor CM while the 
rate of feed of the sewer rod is a direct function of the 
rate of rotation of the feed motor FM. To illustrate this, 
if it is assumed that the feed motor FM is in a static 
condition while the cage motor CM is rotating in one 
direction or the other, such motion of the cage motor 
CM will drive the cage directly through the two inter 
connected chain and sprocket connections 30‘ and 34 
while the consequent rotation of the jack shaft 32 will 
dissipate itself without function in the secondary differ 
ential unit 40 by reason of the fact that the input bevel 
gear 72 is stationary so that the housing 70‘ of the 
secondary differential- unit 40 will rotate and transmit 
its motion through the chain and sprocket connection 
78 to the large feed sprocket 38. The diameters of the 
various sprockets and the number of teeth thereon are 
so designed according to engineering expediencies that, 
with the bevel gear 72 held stationary by reason of the 
static condition of the feed motor FM, the power train 
in the form of the chain and sprocket connections 30 
and 34 and the power train in the form of the elements 
30, 32, 74, 76, 72, 42 and 78 will drive the two sprockets 
36 and 38, respectively, at precisely the same rate of 
speed and in the same direction so that no feed of the 
rod R will take place. 

Considering now the differential effect of an added 
rotation of the feed motor FM, while the cage motor 
CM is rotating in one direction or the other as described 
above, such added rotation of the feed motor will cause 
rotation of the differential gear 72 in a corresponding 
direction. Such rotation of the gear 72 will not affect 
or alter the direct drive between the cage motor CM 
and the large cage sprocket 36 which at all times is 
prevalent through the aforementioned power train in 
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the form of the chain and sprocket assemblies 30‘ and 
34, but it will affect the rate of rotation of the large 
feed sprocket 38 relative to the cage sprocket 36. The 
sprocket 38 now will operate under the in?uence of a 
differential power train passing through the secondary 
differential unit 40. This power train extends from the 
motor FM and includes the chain and sprocket con 
nection 44, the jack shaft 42, the gears 72, 76, the 
housing 70, and the chain and sprocket connection 78. 
The arrangement is such that rotation of the sprocket 
36 will be proportional to the algebraic sum of the rota 
tional rates of the shafts 32 and 42. 
An important feature of the present invention resides 

in the fact that the compound differential arrangement 
just described enables a conventional decimal counter 
unit such as is shown at 80 in FIGS. 1 and 7 to be con 
nected to the jack shaft 42 so that it will indicate in 
feet or other unit of measurement the precise distance 
which the rod R has been projected forwardly from the 
throat 24 at any given moment during the operation 
of the machine. It is merely necessary to select appropri 
ate diameters for the input bevel gear 72, the sprockets 
0f the chain and sprocket connections 78 and 64, the 
gears 58 and 60, and the feed wheels 22 so that each 
rotation of the jack shaft will represent one-tenth of 
a foot of travel of the rod R in either direction. 

Summary 
Returning now momentarily to a discussion of cage 

rotation, it has previously been pointed out how the rate 
of cage rotation is at all times a function of the rate 
of rotation of the cage motor CM. If the feed motor 
FM is stationary, rotation of the jack shaft 32 incident 
to cage rotation is dissipated in the secondary differential 
unit 40 without function, the rotating housing 70 serving 
to drive the large feed gear 38 at the same rate of speed 
as the rate of speed of the large cage gear 36. If the 
feed motor FM is rotating in either direction, the previ 
ously described differential power train extends to the 
large feed sprocket 38 from the motor FM to change 
its relative rate of rotation with respect to the rate of 
rotation of the large cage gear 36 but this in no way 
affects dissipation of the motor of the jack shaft 32 in 
the differential unit 46 and the cage 14 continues to be 
driven at whatever rate of speed is dictated by the cage 
motor CM. ' 

To summarize the compound differential action of 
the differential traction head assembly 20‘ and the second 
ary differential unit 40, a straight or direct drive exists 
at all times between the cage motor CM and the cage 
14. The rotational movements of the cage 14 are fed 
into the differential fraction head assembly 20 through 
the housing 50 thereof and they also are fed into the 
secondary differential unit 40 through the jack shaft 32. 
Rotational movements of the feed motor are fed into 
said secondary differential unit through the jack shaft 42 
and the output of the secondary differential unit 40 is 
represented by the rotation of the housing 70. This out 
put is fed into the differential traction head assembly 
20 by the large feed sprocket 38. The output of the dif 
ferential traction head assembly 20 is represented by 
the feed wheels 22 which drive the sewer rod R. When 
the two inputs to the differential traction head assem 
bly are of equal magnitude and in the same direction, 
both are dissipated in said differential traction head 
assembly and the output thereof is zero so that there 
will be no rod feed. A change in speed of either input 
with respect to the other will effect a movement of the 
sewer rod R in either direction, depending upon the 
direction of relative rotation. A change in cage speed, 
unaccompanied by a corresponding change in the speed 
of the feed motor PM will not affect the rate of feed 
of the rod R by reason of the fact that such change in 
cage speed is also delivered through the secondary dif 
ferential unit 40 to the primary differential traction head 
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assembly 20 as an input to the latter. Whatever may 
be the speed of rotation of the cage 14 and its large 
sprocket 36, the same will be the speed of rotation of 
the large feed sprocket 38 provided that the feed motor 
FM is not in operation. Similarly, whatever may be 
the rate of relative rotation between the cage and the 
large feed sprocket 38, this rate will remain constant 
providing the rate of rotation of the feed motor FM is 
not altered. Thus, since the rate of relative rotation be 
tween the cage 14 and the feed sprocket 38 determines 
the rate of linear feed of the sewer rod R, a speed con 
trol for each of the two motors FM and CM is all 
that is necessary to enable an operator to alter the rate 
of feed of the rod and its rate of rotation, each inde 
pendently of the other. Such a control in the form of 
novel hydraulic mechanism, subsequently to be described, 
is provided according to the present invention. 

HYDRAULIC CONTROL MECHANISM 

The hydraulic control mechanism for selectively regu 
lating the speed of rotation of the two hydraulic motors 
F M and CM is schematically illustrated in FIG. 8 wherein 
the feed motor FM is shown as being operatively connect 
ed for ?uid actuation to .a feed pump FP through a feed 
control valve FCV, while the cage motor CM is similarly 
shown as being connected for ?uid actuation to a cage 
pump CP through a cage control valve CCV. The two 
pumps CP and PP are driven in common from an internal 
combustion engine 100 having a drive shaft 102 to ‘which 
the pump rotors are connected. A sump S which is com 
mon to the two pumps CP and PP also services the two 
valves CCV and FCV. The feed control valve FCV is as’ 
sociated with and constitutes an element of a set of hy 
draulic feed control instrumentalities which, in FIG. 8, 
are indicated in their entirety by a dotted line enclosure 
104. The cage control valve CCV is associated with and 
constitutes an element of a set of hydraulic cage control 
instrumentalities which, similarly, are enclosed by a dotted 
line rectangle 106. The two valves FCV and CCV are 
jointly operable under the control of a dual Scotch yoke 
arrangement 108 including a single operating lever 110 
(see FIG. 2) which, when moved or swung in a vertical 
plane, i.e., raised or lowered, actuates a control stem 112 
for the cage control valve CCV, and when moved or 
swung in a horizontal plane, i.e., shifted from side to side, 
actuates a control stem 114 for the feed control valve 
FCV, all in a manner and for a purpose that will be made 
clear presently. The operating lever 110 is capable of being 
disposed in an in?nite number of positions embodying 
various increments of either vertical or horizontal dis 
placement from its normal central position and, as pre 
viously indicated, such increments of displacement as 
involve a forward or rearward motion of the sewer rod R 
will in no way a?ect the increments of lateral or horizontal 
displacement of the lever which involve the rate of rota 
tion of the cage 14. The reverse also is true and, there 
fore, any given position of the operating lever 110 which 
causes the same to lie in a plane other than either the 
vertical plane or the horizontal plane indicated by the in 
tersecting dotted lines of FIG. 9 will involve both feed 
and rotation, however slight, of the sewer rod R. 

Cage and rod rotation 

Still referring to FIG. 8, the cage control valve CCV 
has associated therewith an adjustable pressure relief valve 
120 which may be set for ?uid bypass of the valve CCV 
when the pressure of ?uid in the circuit for the pump CP 
exceeds .a predetermined maximum, thus avoiding damage 
to the equipment in the event that the cage, during rota 
tion there-of, encounters an obstruction. 

Considering now that the operating lever 110 is at its 
neutral or inoperative position as shown in FIG. 8, and 
that the engine 100 is running at an optimum operating 
speed, both pumps CP and PP will be energized and a 
continuous ?uid circuit will extend from the pump CP, 
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8 
through lines 11 and 13, the valve CCV, and lines 15 
and 17 back to the sump S. No ?uid will ?ow to the motor 
CM and, therefore, this motor will remain stationary and 
no power will be supplied to the large cage sprocket 36 
through the power trains in the form of the chain and 
sprocket connections 30 and 34 (FIG. 7). 

In order to cause cage rotation in a clockwise direction 
as viewed from the rear of the cage, i.e., in a direction 
looking forwardly and directly into the sewer piper under 
going treatment, it is merely necessary for the operator 
to raise the operating lever 110 to a height calculated to 
attain the desired rate of cage rotation, at which time the 
valve stem 112 will be extended from the valve CCV and a 
continuous ?uid circuit will be established leading from 
the pump CP, through the lines 11 and 13, the valve CCV, 
lines 19, 21 and 23, the cage motor CM, lines 25, 27 and 
29, the valve CCV, and the lines 15 and 17 back to the 
sump S. Rotation of the motor CM will cause rotation of 
the cage 14 through the previously described chain and 
sprocket connections 30 and 34 (see FIG. 6). Since there 
is no lateral displacement of the operating lever 110, the 
valve stem 114 of the valve FCV will remain undisturbed 
and the feed motor FM will remain stationary so that 
there will be no forward or reverse sewer rod feed. How 
ever, if, on the other hand, there should be a lateral dis 
placement of the operating lever 110 at the time it is 
raised, the chain and sprocket connections 30 and 34 
from the cage motor CM to the cage sprocket 36 will not 
be a?ected and the cage will continue to be rotated at a 
rate of speed commensurate with the component of vertical 
displacement that is involved in the particular position of 
the operating lever 110. 

Reverse rotation of the cage 14 is effected by lowering 
the operating lever 110 below the neutral horizontal plane 
thereof, the control circuit for reverse rotation of the 
cage motor CM extending from the pump CP, through 
the lines 11 and 13, the valve CCV, the lines 29‘, 27 and 25, 
‘the motor CM, the lines 23, 2.1 and 19, the valve CCV and 
the lines 15 and 17 back to the sump S. 

Sewer rod feed 

The feed control valve FCV has associated therewith 
a ?xed pressure relief valve 130 and also an adjustable 
pressure relief valve 132. The valve 130 is a safety valve 
‘and determines the overload pressure in the feed pump 
line, while the valve 132 is capable of being manually 
set in order to accommodate different optimum maximum 
pressures which are to be employed, for example, when 
feeding the sewer rod R forwardly during paying out op 
erations or when pulling the rod back under tension during 
actual sewer cleaning operations. In actual practice for 
forward rod-feeding operations with a boring tool on the 
leading end of the rod, the valve 132 may be set for a 
pressure of about 500 pounds in order to prevent buckling 
of the rod when an obstruction is encountered. During rod 
pulling operations, the valve 132 may be set for about 
1,500 pounds. A control knob 134 (see FIG. 2) may be 
provided to facilitate setting of the valve 132 and a pres 
sure gauge 136 and surge stabilizer 138 may be employed 
to give a visual reading of the pressure of ?uid in the 
feed pump circuit. 

‘Considering again that the operating lever 110 is at 
its neutral or inoperative position with the engine running 
at a normal operating speed so that the feed pump FF is 
in operation, a continuous ?uid circuit will extend from 
the pump FP through lines 41, 43 and 45, the valve FCV, 
and lines 47, 49‘ and 51 back to the sump S. No ?uid will 
flow to the motor FM and, as a consequence, the jack 
shaft 42 will remain stationary so that there will be no 
input feed into the secondary differential unit 40 (see 
FIG. 7). With the cage motor CM also stationary, the 
entire chain and sprocket system, and consequently, the 
entire differential gear system will remain motionless 
and there will be neither cage rotation nor rod feed. On 
the other hand, if the operating lever 110 is vertically 
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displaced from its normal horizontal plane, there will be 
a corresponding rotation of the cage motor CM. How 
ever, with the operating lever lying in its normal vertical 
plane, there will be no displacement of the valve stem 
114 and no rotation of the feed motor FM so that the 
jack shaft 42 will remain stationary and there will be 
no input feed into the secondary differential unit 40 (see 
FIG. 7) to destroy the normal and previously described 
rotation-in-unison of the cage sprocket 36 and the feed 
sprocket 38. Thus, there will be no feed of the sewer rod 
R inv either direction. 

In order to cause forward rod feed, it is merely neces 
sary for the operator to displace the operating lever 110 
to the left as viewed in FIGS. 8 and 9 in order to shift 
the valve stem 114 correspondingly, the degree of displace 
ment being a function of the desired rate of travel of the 
rod R. A continuous ?uid circuit will then be established 
from the feed pump FP through the lines 41, 43 and 45, 
the valve FCV, line 53, the feed motor FM, line 55, the 
valve FCV, and the lines 47, 49 and 51 back to the sump 
S. Rotation of the feed motor PM will cause rotation of 
the jack shaft 42 (see FIG. 7) and a consequent input will 
be applied to the secondary differential ‘unit 40'. This 
differential input will be re?ected by a corresponding rota 
tion of the housing 70 of the secondary differential unit 
40 and a consequent turning movement of the large feed 
sprocket 38‘. If the cage motor CM is stationary, the dif 
ferential input will be transmitted solely to the large feed 
sprocket 38 since the jack shaft 32, and consequently, the 
cage sprocket 36, are stationary. On the other hand, if 
the cage is rotating and the operating lever 110 is vertical 
ly displaced from its normal horizontal plane at the time 
it is shifted laterally as previously described for rod-feed 
ing purposes, the differential input that is occasioned by 
rotation of the jack shaft 42 will be fed into the sec 
ondary differential unit 40, which, at that time, is func 
tioning to maintain the two large sprockets 36 and 38 
rotating in unison. The added di?erential input will then 
change the rate of rotation of the housing 70 and increase 
the rate of speed of the large feed sprocket 38 with respect 
to the cage sprocket ‘36, such increase being a direct func 
tion of the rate of turning movement of the jack shaft 42. 
At this time, the rate of forward movement of the sewer 
rod R will be accurately re?ected by the rate of rotation 
of the counter 80. - 

Rearward feeding movement of the sewer rod R is at 
tained by shifting the operating lever 110 to the right as 
viewed in FIGS. 8 and 9 whereupon a continuous ?uid cir 
cuit will extend from the feed pump FP through the lines 
41, 43 and 45, the valve FCV, the line 55', the feed motor 
FM, the line ‘53, the valve FCV, and the 'lines 47, 49 and 
51 back to the sump S. Without describing the speci?c 
differential action that is involved, it is apparent that 
reverse rotation of the feed motor PM will op'erate to 
apply a reverse input into the secondary differential unit 
40 from the jack shaft 42, this input having the effect of 
decreasing the relative rate of speed of the feed sprocket 
38 with respect to the cage sprocket 36, and thus, destroy 
ing the unitary rotation or lack of rotation of these two 
sprockets which otherwise exists at all times regardless of 
the extent of vertical displacement or lack of displace 
ment of the operating lever 110 from its normal hori 
zontal plane. In any situation, the rate of travel of the 
sewer rod R is a direct function of the rate of rotation of 
the jack shaft 42 so that the decimally calibrated counter 
80 will at all times indicate the position of the forward 
end of the rod with respect to the throat piece 24. 
A further advantageous feature of the present inven 

tion resides in the provision of an hydraulic dynamic 
brake mechanism for the cage motor 1CM. This braking 
mechanism comprises a pair of spring-loaded pressure 
relief brake valves 160 and 162 (see FIG. 8) which are 
arranged in opposite by-pass relationship with respect to 
the motor CM and in the immediate vicinity thereof. 
These valves are set for a pressure somewhat higher than 
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the maximum pressure for which the pressure relief valve 
130 is set. Thus, at such time as it is desired to terminate 
rotation of the cage 14, movement of the valve stem 112 
to its normal position will close the ports of the valve 
CCV and the momentum of the relatively heavy rotating 
cage and its contents will cause the motor OM to operate 
in the manner of a pump to force ?uid through either the 
brake valve 160 or the brake valve 162, depending upon 
the direction of rotation of the cage, thus causing rapid 
deceleration of the motor OM and consequent decelera 
tion of the cage 14. 

STRUCTURAL MACHINE ASSEMBLY 

The compound differential mechanism which is sche 
matically shown in FIG. 7 and the hydraulic control 
mechanism therefor as shown in FIG. 8 have been oper 
atively embodied in a commercial sewer cleaning ma 
chine, the essential details of which are illustrated in 
FIGS. 1 to 6, inclusive. All of the mechanical and hy 
draulic instrumentalities and their component elements 
which appear schematically in FIGS. 7 and 8 also appear 
in FIGS. 1 to 6, inclusive, in su?icient detail so that, when 
considered in the light of the foregoing and following 
description, a person skilled in the art to which the pres 
ent invention pertains may readily construct and use a 
sewer cleaning machine embodying the invention. In the 
light of what has been previously set forth in connection 
with the differential traction head assembly 20 and the 
secondary differential unit 40 wherein all of the essential 
elements of these two mechanisms were described in de 
tail, no further detailed description thereof is required 
to support their disclosures in FIGS. 1 to 6, inclusive. 
Considerable piping appears in FIGS. 1 to 6, inclusive, 
but the speci?c disclosed piping arrangement is not es 
sential to the invention and other piping arrangements 
may readily be devised. Since the ?uid lines that are iden 
ti?ed by reference numerals and description in connec 
tion with FIG. 8 clearly reveal the ?uid connections be 
tween the pumps CP and PP, the hydraulic motors CM 
and FM, the valves CCV and FCV and their accessory 
pressure relief devices, no description of the speci?c pip 
ing of FIGS. 1 and 6, inclusive, has been undertaken 
herein. The operating lever 110 appears in FIG. 9 and 
its possible movements and functions have been schemati 
cally shown in this view by appropriate labelling so that 
further description of this control phase of the present 
invention is not believed to be necessary. In the interest 
of further clarity, however, a description of certain por 
tions of the machine framework and of certain other il 
lustrated ancillary details will be made herein. 
The machine framework 10 involves a generally trape 

zoidal chassis 200 which tapers at a small angle forwardly 
and within the con?nes of which the sump S is supported 
on the angle pieces 201. Three generally triangular stand 
ards 202, 204 and 206 project upwardly above the chassis 
200 and, by means of suitable crossbars 208, serve ro 
tatably to support the frusto-conical cage 14, the differ 
ential traction head assembly 20, the two aligned jack 
shafts 32 and 42, and certain auxiliary instrumentalities, 
such for example, as the counter 80. The chassis 200 is 
supported by springs (not shown) within an axle housing 
210, and a cross member 212 carries a mounting bracket 
214 for the pumps PP and OF. A breather cap 216 is 
provided for the sump S. A side plate 218 extends be 
tween the standards 202 and 204 and serves to support 
the cage control valve CCV. The pressure indicating 
gauge 136 may be mounted on any appropriate and ac 
cessible portion of the machine framework 10 but in the 
illustrated form of the machine it is shown in FIG. 2 
as being carried on a bracket 220 on the standard 206. 
A vertical oil ?lter tube 222 extends upwardly from the 
sump S and appears in FIG. 1. 

OPERATION OF THE MACHINE 
In the operation of the herein described sewer cleaning 

machine, due to the many different sizes of sewer pipes 
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and the variety of stoppages which may occur therein, 
the exigencies of the situations which may arise in con 
nection with such operation will demand different oper 
ating procedures. In cleaning a sewer pipe of unknown 
characteristics, the operator may initially attach a suit 
able boring head to the forward or leading end of the 
sewer rod R and then feed the rod forwardly into the 
sewer pipe with a slow forward movement and a slow 
rotational movement. This is accomplished by initially 
starting the engine 100, allowing the same to warm up, 
and then adjusting the engine to a desirable operating 
speed, after which the operating lever 110 will be raised 
slightly and shifted forwardly to a slight extent so that 
both valves CCV and FCV will admit operating ?uid to 
their respective motors CM and FM in order to initiate 
the previously described direct drive through the chain 
and sprocket connections 30 and 34 for rotating the cage 
14 in a clockwise direction and also to initiate the previ 
ously described compound differential drive through the 
secondary differential unit 40 so as to increase the speed 
of rotation of the feed sprocket 38 over that of the cage 
sprocket 36 and thus establish the desired slow forward 
feed of the rod R. By thus employing a slow forward 
speed for the rod R, the operator may become acquainted 
with the condition of the sewer line and by observing the 
footage counter 80, he may log the footage at places 
where difficult stoppages may be expected in future oper 
ations on the same sewer line. During such paying-out 
of the sewer rod R, the adjustable by-pass valve 132 will 
be set for a relatively low pressure in the feed pump cir 
cuit so that a condition of feed motor stall will obtain 
when a particularly di?icult obstruction is encountered. 
This will enable the operator to manipulate the operating 
lever to a position wherein the rod R is retracted a slight 
distance after which it may again be fed forwardly for 
a second attack on the obstruction. 

Reverse rotation of the cage 14 and the rod R will sel 
dom be required but it is made possible by lowering the 
operating lever 110 to remedy a condition where the bor 
ing tool at the forward or leading end of the rod stalls 
within the obstruction so that the maximum pressure safe 
ty valve 120 becomes effective to by-pass the valve CCV. 
Reverse rotation of the cage 14 and its rod R will serve 
to unthread the boring tool from the obstruction, so to 
speak, so that the rod may be retracted and hen again 
advanced for a second attack on the obstruction. 

After all obstructions have been cleared and the for 
ward end of the rod R becomes accessible through a re 
mote manhole or other sewer line opening, the boring 
tool may be removed and a cutter, a brush, or other 
cleaning tool may be attached thereto, after which the ' 
operating lever may be manipulated to a position wherein 
the direction of rod feed is reversed so that the rod will 
be fed rearwardly, and thus, progressively returned to 
the cage 14. During this reverse feed of the rod, a de 
sired rate of clockwise rotation of the cage 14 may be 
maintained. At this time, the adjustable by-pass valve 132 
will be set for a relatively high by-pass pressure inasmuch 
as the rod R is much stronger in tension than it is in 
compression and will withstand a pulling force which is 
several times greater than the maximum pushing force 
of which it is capable of withstanding. 

Occasionally it will be found desirable to feed the rod 
R rearwardly without rotating the cage 14, as, for ex 
ample, when a bucket dredge is to be pulled through the 
sewer line. To accomplish reverse rod feed without rod 
rotation, the operating lever 110 will be moved to a 
horizontal position wherein the valve CCV will pass no 
?uid and then the lever will be shifted rearwardly to an 
extent commensurate with the desired rate of reverse rod 
feed. No ?uid will then be fed to the hydraulic motor 
CM, but the valve FCV will admit fluid to the feed motor 
FM for passage therethrough in a direction to cause the 
desired reverse rod feed. 

Stoppage of both rod feed and rod rotation is ac 
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complished at any time during the operation of the 
machine without stopping the engine 100. Such termina 
tion of all rod movement is accomplished by restoring the 
operating lever 110 to its neutral position wherein it 
coincides with the intersection of the vertical and hori 
zontal planes which pass through its point of universal 
swinging movement. If desired, the operating lever 110 
may be spring-biased to such neutral position. Such 
positioning of the operating lever will cause both valves 
CCV and FCV to block the fluid lines leading to and 
from their respective motors CM and PM so that termina 
tion of all moving power train sprockets and differential 
gearing results. Upon such movement of the operating 
lever 110 to its neutral position, the momentum of the 
cage 14 actuates the motor CM in the manner of a pump. 
Thus, with the ?uid circuit for the motor CM blocked by 
the valve CCV, one or the other of the brake valves 160 
and 162 becomes effective to establish a powerful re 
tardation of ?uid ?ow in the local circuit passing through 
the brake valve and the motor CM. The rotation of the 
cage 14 is thus rapidly terminated. 
The invention is not to be limited to the exact arrange 

ment of parts shown in the accompanying drawings or 
described in this speci?cation as various changes in the 
details of construction and in the location of parts may be 
resorted to without departing from the spirit or scope of 
the invention. For example, whereas the present hydrauli 
cally-operable machine has been illustrated and described 
as being applicable to the reversible feed of a sewer rod, 
it is within the scope of the invention to employ the same, 
with such modi?cations of structure as may be required, 
for propelling a wire-laying rod, such as is used by tele 
phone and other public utility companies, through a 
conduit. 

Having thus described the invention what I claim as 
new and desire to secure by Letters Patent is: 

1. In a sewer cleaning machine for selectively feeding 
a continuous elongated sewer rod in opposite directions to 
and from a sewer pipe or the like, in combination, a rod 
storage cage adapted to receive the rod in a coiled condi 
tion, having a forward feed aperture for the rod, and 
rotatable about a horizontal axis passing through the 
feed aperture, a dual-input differential traction drive unit 
positioned forwardly of the basket and including a pair 
of cooperating oppositely rotatable feed wheels the 
peripheries of which are engageable under pressure with 
the rod on opposite sides thereof for impelling the rod 
horizontally and axially to and from the feed aperture, 
said drive unit being mounted for side-over-side rotation 
bodily about the horizontal axis of movement of the 
rod whereby the feed wheels are constrained to revolve 
in orbital fashion about the rod, said feed wheels con 
stituting the differential output of said drive unit, a cage 
motor for effecting rotation of said cage, a feed motor 
for effecting fore-and-aft feeding movements of the sewer 
rod, said cage constituting a ?rst differential input for 
said drive unit, a rotatable element constituting the second 
differential input for said drive unit, a secondary dual-in 
put differential unit including ?rst and second differential 
inputs and a differential output, a ?rst power train opera 
tively connecting said cage motor and cage, a second 
power train operatively connecting said cage motor and 
?rst differential input of the secondary differential unit, 
a third power train operatively connecting said feed motor 
and second differential input of the secondary differential 
unit, and a third power train operatively connecting the 
differential output of the secondary differential unit and 
the rotatable element which constitutes the second differ 
ential input of the drive unit. 

2. A sewer cleaning machine according to claim 1 and 
wherein at least one of said motors is reversible. 

3. A sewer cleaning machine according to claim 1 and 
wherein each of said motors is reversible. 

4. A sewer cleaning machine as set forth in claim 3 
and wherein the differential effect of said drive unit is 
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such that when the input speed of said cage and rotatable 
element are equal and unidirectional, said feed wheels 
remain motionless with respect to the cage so that they 
are devoid of impelling force. 

5. A sewer cleaning machine as set forth in claim 4 
and including, additionally, a counter for measuring and 
indicating the linear extent of projection of the sewer rod 
from said feed aperture and operatively connected to the 
second di?’erential input of the secondary differential 
unit. 

6. A sewer cleaning machine according to claim 1 and 
wherein each of said motors is in the form of a hy 
draulic motor, and including, additionally, a pump for 
each motor for supplying motive ?uid thereto, an engine 
connected in driving relationship to said pumps, a feed 
control valve for regulating the ?ow of ?uid from each 
pump to its respective motor. 

7. A sewer cleaning machine as set forth in claim 6 
and including, additionally, a single operating lever com 
mon to said valves and eifective when moved in one di 
rection to increase the ?ow of ?uid from one of said 
pumps to its associated motor, and effective when ,moved 
in a different direction to increase the ?ow of ?uid from 
the other pump to its associated motor. 

8. A sewer cleaning machine as set forth in claim 6 
and wherein each of said motors is reversible, and in 
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cluding, additionally, a single operating lever common 
to said valves and e?ective when moved in a ?rst path 
and in opposite directions to progressively increase the 
?ow of fluid from one of said pumps to its associated 
motor in opposite directions respectively, and when ,moved 
in a second path in opposite directions to progressively 
increase the ?ow of ?uid from the other pump to its as 
sociated motor in opposite directions respectively. 

9. A sewer cleaning machine as set forth in claim 8 
and including, additionally, an adjustable pressure relief 
valve disposed in -by-pass relationship with respect to said 
feed control valve. 

10. A sewer cleaning machine as set forth in claim 9 
and including, additionally, a pair of spring-loaded pres 
sure relief braking valves disposed in by-pass relation 
ship with respect to said cage motor, said braking valves 
being spring-loaded in opposite directions. 
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