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UNITED STATES PATENT of FICE 
2,518,663 - 

TUBE CAL PERING AND RECORDING 
MECHANISM 

Preston E. Chaney and William E. Barnes, Beau 
mont, Tex., assignors to Sun Oil Company, 
Philadelphia, Pa., a corporation of New Jersey 

Application October 26, 1945, Serial No. 624,811 
(C. 33-174) 4 Claims. 

The present invention relates to a calipering 
and recording device for measuring and record 
ing variations in the internal surface wear of 
pipes, tubing and the like conduits. More par 
ticularly this invention relates to a device for 
determining variations of internal surface con 
figurations of extended lengths of conduits, such 
as oil well tubing, that may contain fluids under 
pressure during the recording operation. 

It is a well known fact that oil and gas well 
tubing becomes worn and corroded after periods 
of use, depending upon the operating conditions 
to which it is submitted. Many wells produce, in 
addition to oil and gas, water having a high 
acidic content which actively attacks and cor 
rodes the tubing resulting in the formation of 
pits and depressions on the internal surfaces of 
the tubing. In addition to corrosion, scoring and 
wearing of the internal surfaces of the tubing 
is caused by the passage of well tools through the 
tubing and by the presence of foreign materials 
in the fluid flow. The pits or depressions re 
Sulting from the scoring and corrosion of the 
well tubing are sometimes so severe as to reduce 
the wall thickness of the tubing to such an ex 
tent that it will not withstand the pressure of 
the fluids flowing therethrough. When such 
failure occurs, the tubing becomes ruptured and 
the fluid pressure originally confined there 
within is imposed directly upon the well casing, 
which may or may not be able to withstand 
pressures of this magnitude. To prevent such 
failure of the well tubing it is desirable periodi 
cally to determine the condition of the interior 
of the tube Walls in order that replacements can 
be made and proper precautions taken to prevent 
rupture of the tubing. 

Calipering devices in general, which usually 
involve the application of electrical circuits, are 
now available for measuring the variations in the 
inside diameter of uncased well bores. However, 
devices of this type are not suitable for insertion 
in small diameter well tubing and further are not 
adaptable for measuring and recording variations 
in internal wall surface conditions of well tubing 
under pressure due to the practical difficulties 
of running a multiple strand insulated electrical 
cable into the hole under pressure. 
With the present mechanism a thin wire can 

be used for dropping the device into the well 
tubing and by the use of conventional seal rings 
the inlet end of the tubing can be sealed off and 
the calipering operation carried on with the tub 
ing under high pressure. 

It is a principal object of this invention to 
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provide a calipering device which may be lowered 
or dropped as a unit into a well tubing under 
pressure and effect a continuous recording of 
maximum internal surface wear of the tubing 
in order that the location of maximum corrosion 
and Wear conditions existing along the entire 
length of the tubing can be determined. 
An important object of this invention resides 

in the fact that the calipering and recording de 
vice is completely self-contained and mechani 
cally operated and does not require the use of 
insulated electric cables or the like, it being only 
necessary to lower the calipering device into the 
well and then pull it back to obtain a complete 
and continuous record of the internal surfaces 
of the well tubing. 

It is also an important object of this invention 
to provide a calipering device for measuring and 
recording the exact longitudinal position and the 
depth cf any pit or depression on the internal 
Surface of the well tubing. 

Calipering and recording devices for determin 
ing variations in internal diameters are generally 
old but the results obtained with such known 
instruments indicate, at best, the variation in 
average inside diameter and so do not indicate 
individual depressions on the internal surfaces 
being examined. It is therefore an object of the 
present invention to provide a calipering device 
of the type referred to in which a plurality of 
feelers or indicators are employed to engage with 
the internal surfaces of the tubing being measured 
and the feelers or indicators are so connected 
with the recording mechanism that any one of 
a plurality of feelers may move into a depression 
On the internal Surface and actuate the record 
ing mechanism while the remainder of the feelers 
continue to contact the normal walls within the 
tubing to center the device within the tubing 
and thus enable, when a surface pit is encoun 
tered, a determination of the extent of each in 
dividual pit or depression encountered; and to 
record such determinations or measurements on 
a record chart. 
A particular object of the invention is to pro 

Wide a device or instrument that will record in 
simple and very readable form the depth, longi 
tudinal extension and precise location of pits or 
depressions. The mechanism of the invention, 
accomplishing this object, is operable by wholly 
mechanical means in wells of any depth, whether 
or not under well pressure. Applicants' device can be operated to produce 
a compact record depicting the precise depth 
and precise location of only the deepest pit in 
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the calipered wall surface at any given cross-sec 
tion of the tube during calipering passage of the 
device. Such a record has never before been 
produced. 

It is a further object of this invention to pro 
vide a calipering device of the class described, the 
operation of which is not affected by the presence 
of oil, gases and other fluids under pressure, SO 
that it may be inserted within the tubing string 
of a well under pressure without the need of 
stuffing boxes or heavy friction loadings on the 
bearings of the operating members in the device, 
thus facilitating the operation and increasing 
the accuracy of the calipering and recording 
mechanism. 

It is also an object of the invention to provide 
a calipering and recording device of the class de 
scribed which is completely self-contained and 
mechanically operated, driving mechanism being 
provided in the device for contacting the walls 
of the well tubing and actuating the recording 
mechanism in response to the movement of the 
device into or out of the well tubing, the record 
ing device being So contained as to enable a con 
tinuous record for long lengths of tubing string 
to be made on a minimum of record Space. 
An essential and unique operating character 

istic of the invention is the production of a 
unitary record accurately depicting a precise rep 
resentation of maximum calipered wear at any 
given cross-section of a very long string of tub 
ing; such, for example, as thousands of feet of 
high pressure gas or distillate Well tubing in 
petroleum or gas fields. 

During passage of the calipering and recording 
instrument through Such a string of tubing, each 
cross-section is calipered simultaneously at a piu 
rality of points around its circumference; but 
only a calipered point representing maximum in 
ternal tube wall surface wear is recorded. Such 
recording is in the form of corresponding devia 
tion from a normally smooth line being scribed 
on a record chart. 
In mechanical effect, the instrument records 

an accurate measure of only the maximum radius 
of a plurality of calipered radii, “felt' or “sensed' 
by a plurality of independently operating caliper 
ing feelers at Spaced circumferential points or 
locations at any instant during calipering pas 
Sage. 

Further objects and advantages of this inven 
tion will be apparent by reference to the follow 
ing specification and drawings in which: 
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Figure i is a longitudinal section of the bot 
tom portion of the device. 
Figure 2 is a transverse section on the line 

2-2 of Figure 1. 
Figure 3 is a transverse section on the line 

3-3 of Figure 1. . 
Figure 4 is an enlarged transverse section on 

the line 4-4 of Figure 1. 
Figure 5 is a longitudinal section in continua 

tion of Figure 1 and showing the central portion 
of the device. 
Figure 6 is a transverse section on the line S-6 

of Figure 5. 
Figure 7 is a longitudinal section in continua 

tion of Figure 5 and showing the top portion of 
the device, and 

Figure 8 is a transverse Section on the line 
8-8 of Figure 7. 
The calipering device of this invention is com 

prised of an elongated, housing containing at one 
end, which may be considered the lower portion 
of the device, the driving mechanism as shown 
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4. 
in Figure 1 for actuating the recorder operating 
mechanism which is mounted generally in the 
central portion of the housing as shown in Fig. 5 
and which in turn cooperates with the stylus 
which is actuated by the feeler or indicator 
mechanisms located in the upper portion of the 
housing as shown in Figure 7. The device is 
lowered into the tubing to be examined by se 
curing a wire line of Small diameter such as a 
"Halliburton wire line' at its upper end and 
dropping the assembly into the well tubing by 
such well known apparatus and procedures as 
are used in connection with bottom hole pressure 
and sampling bombs. As the assembly is raised 
or lowered into the well tubing, the driving 
mechanism at the lower portion engages the tub 
ing inner walls and by frictional contact there 
with operates the mechanism for rotating a re 
cording chart while as the feelers or indicators 
engage the walls the recording stylus is actuated 
in reciprocation to effect the record. The co 
operation of the stylus actuating mechanism and 
recording mechanism with each other is such 
that a spiral or helical record from the top to the 
bottom of a cylindrical chart is produced and 
any variations in maximum internal Surface wear 
are indicated by vertical deviations from a true 
spiral or helical line. 
The particular association of the various 

mechanisms of the device is such, as will be ap 
preciated from an understanding of the details 
of the invention, that the recording can be ef 
fective in either direction of movement of the de 
vice through the tubing and either end of the 
device may be used to drop or lower the device 
into the tubing. 

For a more detailed understanding of the in 
vention reference will be made to the drawings 
wherein a housing is shown to be made up of 
sections 0 and which preferably are threaded 
together while section 0 is closed by a threaded 
cap member 2 and section f is closed by a 
threaded plug 3 providing in effect an enclosed 
chamber therebetween. Extending axially from 
cap member 3, as shown in Figure 7, are a plu 
rality of studs f4 to the free ends of which is 
secured a support block 5 which as indicated 
is provided with threads for the reception of a 
“sinker bar' provided with a wire line to permit 
the assembled device to be lowered into the well 
tubing. w 

The support block 5 is provided with a plu 
rality of bracket arms 7 to which are pivotally 
connected by pins 8 (Figures 7 and 8) a plu 
rality of bell crank levers f 9 each of which is 
positioned between two adjacent bracket arms. 
Rollers or indicating feelers 20 are mounted on 
the end of the outer arm of the bell crank levers 
and are adapted to engage the inner walls of 
the tubing to be calipered while the inner arms 
of the levers extend generally radially inwardly. 
Compression coil springs 2 have one end dis 
posed in sockets 22 formed in Support block f3 
while the other end of the Springs are secured 
to the inwardly extending short lever arms to 
independently urge each roller or feeler 20 out 
wardly to its fully extended position, as shown, 
in Figure 7 for constantly contacting the walls 
of the tubing. As depressions are encountered 
by the rollers 20 each of the inwardly extending 
short lever arms will be moved independently 
upwardly or downwardly in accordance with the 
movement of the rollers 20 and through pins 23 
which are secured to the free ends of the short 
lever arms, a collar 24 on a stylus push rod 25 
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will reciprocate the push rod 25 in accordance 
with movements of the rollers 20. 
The stylus push rod 25 is journaled in an elon 

gated bushing 26 which is threaded for adjust 
ment lengthwise of the housing it and is pre: 
vented from rotating but permitted limited axial 
movement by a pin 28 and cooperating slot 2. 
The bushing 26 is threaded through the plug 13 
and has one end positioned exteriorly of the plug 
3 having a weak coil spring 29 which normally 
urges the collar 24 of the push rod 25 into en 
gagement with the pins 23. Thus movement of 
the feelers 29 causes a corresponding axial move 
ment of the stylus push rod 25. In Figure 7 the 
feelers 20 are in their extended position and the 
push rod 25 and collar 24 are at their limit of 
movement. It will be understood of course that 
when the feelers 20 are retracted the spring 29 
will urge the collar 24 and push rod 25 away 
from the end of bushing 26. 
The supporting block 5 is provided with an 

axial bore 35 in which is mounted a compression 
spring 36 and a plunger member 37 held in place 
by a set screw 38. The plunger 37 is provided 
with a collar 39 which engages all of the inwardly 
extending lever arms of the bell crank leverS. 9 
and through the coil spring 36 the rollers 20 are 
each urged outwardly equi-distantly in engage 
ment with the interior walls of the tubing. The 
arrangement of Springs 2 as above discussed 
permits each of the rollers 20 to move independ 
ently and the stylus push rod 25 will be axially 
moved a distance corresponding to the greatest 
outward movement of any one of the feelers 20 
while the spring 36 functions to center the 
calipering device within the tubing. This is an 
important feature of the invention since it pro 
vides for an indication of each individual depres 
Sion in the internal surface of the tubing being 
examined and provides for its transmission to 
the stylus push rod even though the majority of 
the feeler members are at that time sensing the 

... average diameter of the tubing: 
A recording stylus 48 is fixed to the lower end 

of the stylus push rod 25 and is adapted to co 
Operate with a recording chart cylinder 4 to ef 
fect a record. The recording cylinder shown in 
Figure 7 is provided with end wall 43 and receives 
a recording chart (shown in dotted lines) which 
is provided with a spring ring 42 at its lower end 
and which has on its Surface a suitable oil and 
water resistant material of the type disclosed in 
our co-pending application for Cylindrical Re 
cording Chart Construction, Serial No. 624,814, 
filed of even date herewith. The threaded shaft 
45 is fixed centrally to end wall 43 and is threaded 
through a partition 46 which is secured at 47 

20 

2 5 

3) 

50 

to the housing so that rotation of the threaded . 
shaft 45 will cause both a rotary and axial move 
ment of the recording chart 4f with respect to 
the Stylus 49 in order to effect a spiral or helical 60 
record corresponding in pitch to the pitch of . 
the threads on the threaded shaft when the 
Stylus is in contact with the moving chart. 
Attached to the end of the stylus push rod 

bushing 26 nearest the stylus end as shown is an 
arm 48 having its free end bent at 49 and posi 
tioned adjacent the stylus 40 so that upon maxi-v 

65 

mum inward movement of the feelers 20 causing. 
an equivalent upward axial movement of the 
stylus push rod 25, the stylus 40 and the bent 
portion 49 of the arm 48 will contact and the 
stylus will be moved away from the inner sur 
face of the recording chart. This arrangement 
permits the recording chart to be inserted or re 
moved without contacting the stylus by merely 
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urging the outer arms of the bell crank lever 9 
inwardly to allow the push rod 25 to rise the dis 
tance permitted by the length of slot 27 in the 
Shaft 25. 

For an explanation of the manner in which 
the recording chart is actuated, reference is had 
to driving mechanism shown in Figures 1-6 of 
the drawings. Adjacent the closed end of the 
housing ?o, an idler wheel 50 is pivotally mounted 
at 5 to an arm 52 which in turn is pivoted at 53 
to the housing fo. Aspring 54, which may be a 
coil Spring or any other suitable resilient means, 
normally urges the idler wheel 50 outwardly 
through a slot 55 sufficiently to contact the in 
ner walls of tubing to be calipered. A friction 
ally driven wheel 56 extends through an opening 
57 Sufficiently to contact the inner wall of the 
tubing diagonally opposite to that of idler wheel 
50 and is maintained in frictional contact with 
the inner wall of the tubing. Thus movement of 
the calipering device through the tubing which is 
being calipered will cause a rotation of the fric 
tion driven wheel 56. 
As shown in Figures 1 and 3 of the drawings, 

the wheel 56 is mounted on a shaft 58 to which is 
connected at one end a worm 59 which meshes 
with the worm gear 60 secured at one end of the 
vertical shaft 6 shown in Figure 1. If desired 
any Suitable form of ratchet mechanism (not 
shown) may be interposed in the connection be 
tween the worm gear 60 and the shaft 6 to 
cause the shaft to be driven in one direction only 
in response to either an upward or a downward 
movement only of the calipering device through 
the well tubing. At its other end the shaft 6 is 
provided with an overload release assembly, 63 
shown in detail at Figure 4. The assembly is 
comprised of indentations at the end of shaft 
member 6f which are enclosed by a collar mem ber 64, having a pin 65, extending radially 
through the collar 64 for cooperating with the 
indentations and a spring ring 66, is provided for 
normally urging the pin into one of the indenta 
tions. The overload release member C3 functions 
to permit the shaft 6i and friction driven wheel 
6 to rotate even though the recording cylinder 
may be jammed or has reached its limit of nove 
ment without causing an injury to the device. 
A vertical shaft 67 is associated with the over load release assembly 63 and has a pinion gear 68 

mounted thereon to mesh with a spur gear 69, 
Secured to the end of a vertical square shaped 
drive shaft 70. The drive shaft is is journaled. 
at 7 (Figure 5) through a strut or cross arm 12 
Secured to the walls of the housing . . . The 
Square shaft 70 extends into a similarly shaped 
opening 74 in the threaded shaft 45 so that a 
Splined connection is made therebetween which 
imparts rotation from the shaft 78 to the 
threaded shaft 45 while permitting a telescoping 
movement of the two shafts relative to each 
other. Plate member or nut 75 is threadably con 
nected to shaft 45 and guide rods TS extend 
through apertures therein in order to maintain the moving parts in alignment. A spring 44 is 
provided between plate member 75 and partition 
46 and functions to prevent backlash in the 
threaded connection between shaft 45 and the partition, 46. This arrangement it will be seen 
permits the chart to rotate and simultaneously 
therewith to move axially of the housing . . 
; : oper of the well tubing calipering de 

..yi ;this invention shorld now be readily in 
derstood. It will be noted particularly that the 
entire device can be used in the presenre of ril 
or other liquid under pressure without affecting 
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its operation. The mechanism is attached to a 
wire line and lowered by any suitable means into 
the well tubing to be examined. Upon entering 
the tubing, the wheels 50 and 56 contact the 
tubing walls and are caused to rotate and ro 
tation of the wheel 56 will cause a rotation of 
shaft 70 which in turn causes a rotation of the 
recording cylinder 4 together with an axial nove 
ment of the record cylinder corresponding to the 
threads on the threaded shaft 45. Thus a spiral 
or helical record is produced on a suitable oil and 
water resistant recording surface of the record 
ing cylinder 4 by the cooperation of the stylus 
40. The stylus 40 is also moved axially in accord 
ance with the outward movement of the plurality 
of feeler or indicator members 20 which are main 
tained in contact with the tubing walls by the 
springs 2 and 36. The connections between the 
feeler or indicator members 20 and the stylus 
push rod 25 and stylus 40 are such that the stylus 
is axially moved an amount to Correspond with 
the greatest outward movement of any one of the 
plurality of feeler or indicator members which 
it will be observed are movable independently of 
each other. 
Thus the spiral or helical line obtained on the 

recording surface will be broken by angular devi 
ations corresponding to axial movement of the 
stylus which in turn is in accordance with a 
change in maximum calipered internal wear of 
the tubing being examined. 

Since the complete calipering and recording de 
vice is designed particularly for calipering deep 
oil and gas wells as of 10. to 15 thousand feet in 
depth, the mechanism which actuates the stylus 
is arranged to produce on the record an indica 
tion of each tube length that has been calipered. 
This is done by taking advantage of the fact that 
the tubes are usually joined by outside couplings 
and hence a space which is equal to the thickness 
of the tubes will be encountered at intervals cor 
responding to the tubing couplings. Preferably, 
however, bushing 26 is adjusted so as to limit the 
maximum outward travel of the feelers 20 to cor 
respond to a selected known diameter which is 
less than the internal diameter of the tubing coul 
plings. Thus at each tubing coupling an angu 
lar deviation of the recorded line corresponding 
in amplitude to the aforesaid selected known di 
ameter will result. By comparing other smaller 
deviations with this known maximum deviation, 
the depth of other Surface irregularities may be 
determined. 
When the lead of the threaded shaft 45 and its 

speed of rotation are known it is an easy matter 
to calculate from the record obtained the exact 
position of any unsafe conditions which may be 
found to exist in the tubing. Further, with a 
known amount of leverage between the feeler 
members and the stylus, it is possible to calculate 
from the record the actual depth of a depression 
on the inner surfaces of the tubing wall or the 
change in diameter. 
In our co-pending application for Driving and 

Recording Mechanism for Calipering Device, 
Serial No. 624,813, filed of even date herewith, 
certain features of the present invention and 
improvements thereon are disclosed and claimed. 
It is to be understood that details of mechanisms 
disclosed in these applications may be utilized 
with the present apparatus. 

Having described our invention, what we claim 
and desire to protect by Letters Patent is: 

1. In an internal tube wall calipering and re 
cording device adapted to be passaged through an 
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extended length of tubing the combination com 
prising an elongated housing, recording means 
including a recorder member and a single stylus 
member mounted in said housing, a plurality of 
independently movable feelers spaced circumfer 
entially of said housing and adapted for indepen 
dent lateral movement between said housing and 
the tube Wall being calipered, mechanical actu 
ating means for said recording means common 
to all of Said feelers and mounted in said hous 
ing for reciprocal movement therein, means for 
resiliently urging Said common actuating means 
in one direction, and a plurality of movement 
transmitting means, one for each of said feelers, 
Operable independently of each other to transmit 
outward movement of said feelers to said Com 
mon actuating means, each movement transmit 
ting means including means for constantly and 
independently urging the corresponding feeler 
outwardly of said housing and for simultaneously 
urging its movement transmitting means in Op 
position to, and with a force greater than, said 
first-mentioned urging means, whereby said con 
mon actuating means is movable in response to 
any of Said feelers but is moved to an extent COr 
responding to and controlled by only the greatest 
Outward feeler movement at any instance during a 
calipering passage. 

2. In an internal tube wall calipering and re- . 
cording device adapted to be passaged through 
an extended lengtn of tubing the combination 
comprising an elongated housing, recording 
means including a recorder member and a Single 
Stylus member mounted in Said housing, a plu 
railty of independently movable feelers spaced 
circumferentially of said housing and adapted for 
independent lateral movement between said 
housing and the tube Wall being calipered, me 
chanical actuating means for said recording 
means common to all of Sald feelers and mounted 
in Said housing for reciprocal movement therein, 
means for resuliently urging said common actu 
ating means in one direction, and a plurality of 
movement transmitting means, one for each of 
Said feelers, operable independently of each other 
to transmit Outward movement of said feelers to 
Said common actuating means, each movement 
transmitting means including means for constant 
ly and independently urging the corresponding 
feeler outwardly of said housing and for simul 
taneously urging its movement transmitting means 
toward pressure contact with said common actu 
ating means in opposition to, and with a pressure 
force greater than, the first-mentioned urging 
means; whereby Said common actuating means is 
movable in response to any of Said feelers but is 
(moved to an extent corresponding to and con 
trolled by only the greatest outward feeler move 
ment at any instance during a calipering passage. 

3. In an internal tube wall calipering and re 
cording device adapted to be passaged through 
an extended length of tubing the combination 
comprising an elongated housing, recording 
means including a recorder member and a single 
stylus member mounted in said housing, a plu 
rality of independently movable feelers spaced 
circumferentially of said housing and adapted for 
independent lateral movement between said hous 
ing and the tube wall being calipered, mechani 
cal actuating means for said recording means 
common to all of said feelers and mounted in 
Said housing for reciprocal movement therein, 
means for resiliently urging said common actu 
atting means in one direction, and a plurality of 



9 
movement transmitting means, one for each of 
said feelers, operable independently of each other 
to transmit outward movement of said feelers to 
said commo; actuating means, each movement 
transmitting means including a resilient element 
for constantly and independently urging the cor 
responding feeler outwardly of Said housing and 
for simultaneously urging its movement trans 
mitting means toward pressure contact with said 
common actuating means in yieldable opposition 
to, and with a pressure force greater than, the 
first-mentioned urging means; whereby said 
common actuating means is movable in response 
to any of said feelers but is moved to an ex 
tent corresponding to and controlled by only the 
greatest outward feeler movement at any in 
stance during a calipering paSSage. 

4. In an internal tube wall calipering and re 
cording device adapted to be passaged through 
an extended length of tubing the combination 
comprising an elongated housing, recording 
means including a recorder member and a single 
stylus member mounted in Said housing, a plu 
rality of independently movable calipering means 
carried by said housing at circumferentially 2 
spaced locations and adapted for independent 
lateral movement between said housing and the 
tube wall being calipered, mechanical actuating 
means for said recording means common to all 
of said calipering means and mounted in said 
housing for reciprocal movement therein, means 
for resiliently urging said common actuating 
means in one direction, said calipering means 
each having a feeler part movable outwardly of 
said housing toward continuous contact with ad 
jacent tube wall portions during a calipering pas 
sage and a part movable with such feeler part 
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and extending inwardly of said housing toward 
abutment with said common actuating means, 
said calipering means each also inciliiing means 
for constantly and independently urging the cor 
responding feeler part outwardly of said hous 
ing and for simultaneously urging the corre 
sponding inwardly extending part toward abut 
ment with said common actuating means in op 
position to, and with a pressure force greater 
than, said first-mentioned urging means. 

PRESTON E. CHANEY. 
WILLIAM E. BARNES. 
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