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5 Claims.

This invention relates to apparatus for in-
dicating and recording the contour of the in-
terior surfaces of tubes, and concerns particu-
larly an apparatus adapted to indicate and re-

5 produce, in cross section, the exact contour of
the interior surfaces of a tube or similar article
at a point located at any distance from ‘the ends
thereof. The apparatus of the ihvention is par-
ticularly useful for detei'mming the contour of
the interior surfaces of tubes used in tube stills
for cracking oil. '

As is known in the oil reﬂmng art, the oil to_
be processed is introduced into a series of rela-
tively long tubes suitably joined together to form
a tortuous condult of relatively great length.
 Throughout & substantial portion of this con-
duit the oil is subjected, under considerable pres-
sure, to relatively intense heat from a furnace.
Under the working conditions, with the high tem-
peratures on one side of the tube and the pres-
sure of the oil on the other side, together-with the
reacting components contained in the oil, the
tubes are subjected to what is generally conceded
to be relatively severe service. In practice the
tubes have a tendency to swell or to be pitted and .
eaten away at certain points due to-erosion,
chemical action or for ‘other reasons. - It is of
course readily appreciated that the failure, under
operating conditions, of & tube -with the conse-
30 quent releasing of the pressure and of the con-

tained oil into the furnace is a serious matter.
Accordingly, all precautions are usually exercised
which are possible to avoid such an occurrence
and, in this connection, the furnaces are shut
down periodically and the tubes examined. Here-
tofore the inspector has been compelled to confine
his observations substantially to those tubes which
could be visually inspected from the outside inas-
much as there has been no known instrument
available for measuring and recording the con-
. tour.of the interior surfaces of the tubes through-
- out their length. In this connection it is to be
pointed out that the tubes are usually several
feet in length, in some instances extending for
lerigths of from 5 to 30 feet.

While I shall describe the apparatus of the
invention in connection with its use for determin-
ing the contour of the interior surfaces of tubes
used in tube stills for cracking oil, it will be
understood that the apparatus may be used also
for many other purposes.

In the oil flelds the device can be used for
calipering slush pump liners, as a reading can be
obtained which can not be obtained by hand
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calipering with any reasonable expendxture of
time.

The device can be used to caliper oil well liner
pump barrels to determine whether they should
be reworked or not. It can also be used on the
plunger barrel to determine what repairs are
necessary.

Tubular goods used in drilling, such as kellys,
drill collars and drill pipe, can be checked by this
device to, determine whether any large amount
of fluid cutting has occurred either during regu-
lar drilling or during a short blow-out.

The device can be used in internal upset drill
pipe, for checking up on the condition of the pipe
just below the upset. No satisfactory means for
doing this has been available heretofore.

In .accordance with the invention the ap-
paratus includes a detecting and transmitting de-
vice adapted to be inserted in the tube to be
measured and an indicating and recording device
which ordinarily is situated outside the tube.

The detecting device is adapted to be rotated with?

in the tube and includes a tracing unit which is
adapted to engage and trace the contour of the
interior surface of the tube as the detecting de-
vice is rotated. It also includes the transmitting
motor of a pair of Selsyn motors. The tracing
device actuates the shaft of the motor so that
the shaft is deflected slightly by any irregularities
in the contour of the interior surfaces of the
tube.

The recording device includes the receiving or
indicating motor of the pair of Selsyn motors.
The Selsyn motors operate on the- principle of
magnetic linkage, & deflection of the rotor of one
motor producing an exact deflection in the rotor
of the connecting motor both as to degree and
direction. Thus, any deflectioris in the shaft of
the transmitting motor are communicated to the
shaft of the receiving motor, which is corre-
‘spondingly deflected: The shaft of the receiv-
ing motor actuates a pen arm and any deflections
in that shaft are recorded on & chart by means
of the pen arm. The chart is rotated auto-
matically at the same speed as the detecting de-
vice is rotated, so that the record on the chart
corresponds exactly to the contour of the interior
surfaces of the tube being examined.

The invention will be better understood from
the following description and the accompanying
drawings. Referring to the drawings:

Figure 1 is a view in elevation, partly in sec-
tion, of apparatus embodying this invention. -

Figure 2 is a view on an enlarged scale of the

10




",

10

15

20

30

50

60

2 2,143,983

apparatus shown in the upper portion of Fig-
ure 1.

Figure 3 is a view on an enlarged scale of
the apparatus shown in the lower portion of
Figure 1.

Figure 4 is a view on a still larger scale of

the tracing apparatus shown in the lower portion
of Figure 3.

Figure 5 is a plan view taken on the line 5—5%
of Figure 4.

Figure 6 is a plan view taken on the line 6—6 -

of Figure 2.

Figure 7 is a tracing of an actual recording.

showing the contour of a heating tube, which
tracing was made with apparatus substantla,lly
as described herein.

Figure 8 is a chart which may be used as a
guide for comparing the contour of the tube ex-
amined with that of a tube having the desired
dimensions.

Referring to Figure 1 the apparatus is shown
fully assembled and in posn:ion for recordihg the
contour of the interior surfaces of a heating tube.
A portion of a heating tube {0 is shown, this tube
being represented as situated in a heater in which
the heating tubes thereof are positioned ver-
tically. A return bend fitting i1,
narily is used for securing the end of the tube
i@ to a U-bend, rests upon and is supported
by a tube sheet §2. The return bend fitting {1
is provided with an insert or collar {4 in which
the end of the tube 10 is secured by upsetting the
tube as at 15, and which is tapered as at (6 to
engage the tapered portion of a U-bend. ‘

A detecting and transmitting unit indicated

_generally as at {7 is shown inserted in the fube

t0, this unit being rigidly secured to a pipe (8,
which in turn is supported by a clamping device
{9. The clamping device {9 is secured to the up-
per portion of the return bend fitting {{ and will
be described more in detail hereinafter. A re-
cording device shown generally as at 20 is sup-
ported by the clamping device {9. The detecting
unit 17 is additionally supported in the tube {8

by a centering-device 21 which engages the walls’

of the tube 10 and provides a bearing for the pipe
18. The clamping device (9 permits the unit {7
and the pipe 18 to be advanced within the tube (0
so that additional examinations may be made.
The arrangement is such that the unit (T may
be rotated in the tube 18, by rotating the pipe 18
to which it is secured. A chart holder 22 is con-
nected by means of gears to the pipe {8, so that
it will be correspondingly rotated upon rota-
tion of the pipe {8. The defecting unit 17 in-
cludes a tracing device 23 which is adapted fo
trace the contour of the interior surfaces of the
tube [0 as the unit (7 is rotated. 'The unit 17
also includes the transmitting motor 24 of a pair
of Selsyn motors and the tracing device 23 ac-
tuates the shaft of the motor so that said shaft is

- deflected or rotated slightly by any irregulari-
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ties in the contour of the tube 10. The recording
device 20 includes the receiving motor 25 of said
pair of Selsyn motors. The stators of the two
motors 24 and 25 are connected together electri-
cally and the rotors are energized by an alter-
nating current voltage in 2 manner well known
to those familiar with self-synchronous motors.
Any deflections in the shaft of the transmitting
motor 24 are thus communicated to. the shaft of
the receiving motor 25 which is deflected in ex-
actly the same way. The shaft of the receiving
motor 25 actuates a pen arm 26 and any deflec-
tions in the shaft of the motor 25 are recorded

which ordi- -

by the pen arm on & chart whmh is held by the
chart holder 22.
Referring to Figures 4 and 5, a bracket 27,

-which is rigidly secured to the lower end of the

transmitting motor 24, supports the tracing de-
vice 23, The latter device includes a tracing
arm 28 which is secured to the bracket 21 by

means of 2 pin 29, the pin 29 forming a pivot -

about which the tracing arm 28 may be rotated.

A spring 30 shown in Figure 4 attached to the
bracket 27 and arm 28 forces the tracing arm

10

outwardly, or upwardly as viewed in Figure 5, .

against the walls of the tube 10.
arm 28 is shown as generally triangular in shape
and the side thereof opposite the pin 29 is pref-

The tracing -

erably curved and provided with a groove 31.°

A slot 3la is also formed in the arm 28. A guide
32 is rigidly secured to the bracket 21, this guide
having a curved side adjacent the tracing arm 28,
and being provided with a tongue 33 which en-
gages the groove 3! in the tracing arm 28. The
guide 32 thus assists in supporting the tracing
arm 28 during rotation thereof. A contact mem-
ber 34, whieh is adapted to engage the walls of

" the tube {0, is secured to one edge or corner of

the tracing arm 28. The contact member 34 is
shown as a small plate pivotally mounted on the
arm 28 and having two points 34a and 34b. In
case one point becomes worn, the plate can be
turned by means of a thumb nut 34¢ so as to
bring the other point into proper position. A
gear segment 39 is secured to or formed on the
tracing arm 28 on the side of the slot 3{a oppo-
site the pin 29. The gear segment 35 engages a
pinion gear 36 which is secured to the shaft of
the transmitting motor 24 and which projects
into the slot 31a.

In operation, the detecting and transmitting

unit {7, including the transmitting motor 24 and.

the tracing device 23, are slowly rotated by hand
through 360 degrees in the tube 10. The point
34c on the tracing arm 28 follows the contour
of the interior surfaces of the tube during the
rotation of the unit 7. Since the gear segment
35, which is secured to the tracing arm 28, en-
gages the pinion gear 36, the shaft of the trans-
mitting motor 24 which is secured to the pinion
gear 36 is thereby deflected slightly according to
any irregularities in the contour of the tube {0.

Referring now to Figure 3, a ring-shaped mem-
ber or bracket 37 is rigidly secured to the upper
side of the transmitting motor 24, this bracket
being rigidly secured also to a pipe 38 which is
an extension of the pipe 18. The pipe 38 is rela-
tively short and is connected to.the pipe 18 by a
pipe coupling 39.

The centering device 21 includes a sleeve 40
which surrounds the pipe 38. The sleeve 40 is
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threaded at the lower end thereof to receive 3 -

. collar'and, as shown in the drawings, the collar

41 abuts the ring-shaped bracket 31. The sleeve
40 is provided with an annular extension 42, and
slots are formed in this extension adapted to
receive . the ends of a plurality of fingers. 43
which are spaced radially about the member 42
and pivoted upon pins which are 'disposed hori-
zontally in said slots. :

A spring 44 surrounds the sleeve 40 and is re-
tained by the collar 41 and: exerts pressure

" against a collar 45 which likewise surrounds the

sleeve 40 but is longitudinally movable thereon.
The collar 45 engages cams 46 which form s
part of the fingers 43, thereby forcing said fingers
outwardly against the walls of the tube 10. The

5
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fingers 43 are provided with rollers 4T which 75
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engage the walls of the tube {0, these fingers
thus serving to maintain the detecting device
centered in the tube, the contour of which is to
be recorded.

Referring to Figures 2 and 6, the clamping
device {9 includes a lower disc-shaped member
48 in which a plurality of radially disposed
channels 49 are formed. The channels 49 are
adapted to receive clamping dogs §0. The clamp.
ing dogs are provided with shoulders 5f which
engage the walls of the channels 49 so that said
dogs are slidable in said channels, and depending
portions 52 which are adapted to engage the

upper portion of the return bend fitting 1{ -when -

said dogs are expanded outwardly in said chan-
nels, The clamping device 19 also includes an
upper disc-shaped member §3, this member being
provided with curved slots 54 adapted to receive
pins 85 secured to the clamping dogs 50. Upon
rotation of the disc-shaped meémber 53 the slots
54 expand the dogs 50 outwardly in the channels
49, into engagement with the upper portion of
the return bend fitting 1.
member 83 is provided with a handle 56 which
may be used for rotating it.

An upwardly extending nipple 57 is secured
to the disc-shaped member 48, this nipple being
threaded at 58 to receive a collar 59. A hori-
zonta] extension 60, which is used to support
the recording device 20, is secured to the collar
§9. A ring-shaped bearing member 6!, which
is-used to support the pipe 18 so that it may be
rotated, also is secured to the collar 59.

A palr of clamping members 62, shown more
clearly in Pigure 6, which may be quickly fas-
tened around the pipe 18 and easily disengaged
therefrom, are used to support the pipe 18 so
that said pipe may be advanced into the tube 10.
The clamping members 62 are pivoted at one
side to bolts which secure them to.-an annular
member 63. The member 63- is adapted to be
rotated in the bearing miember 61 and a hinged
bolt 64 is used to fasten the clamping members
62 around the pipe (8.

A gear 68 is secured to or formed on the .

annular member 83. The gear 65 is used, to-
gether with a second gear 668 which is secured to
the chart holder 22, to rotate said chart holder
when the pipe 18 is rotated. The chart holder
22 and the gear 68 are secured to opposite ends
of a sleeve 61, this sleeve 61 surrounding and
adapted to be rotated upon a vertical pin 68.
The pin 68 is secured to the horizontal exten-
sion 80 and has a shoulder which provides a
bearing for the lower end of the sleeve §1. The
pin 68 is threaded to receive & nut 69 which
secures the sleeu& 871 against removal from said
pin.

A bracket 10 which is in the form of an in-
verted U and which straddles the chart holder
22 is supported upon extension 68 and in turn
supports the recording unit 28. The recording
unit 20 is in many respects similar to the de-
tecting and transmitting unit {7, above described.
The receiving motor 28 is supported directly upon
the bracket 78 and is connected to the trans-
mitting motor 24 by a flexible cable 7{ which
passes through the pipe I18. A branch Tia of the
cable T{ may be connected to a suitable source
of alternating current to energize the rotor wind-
ings of the motors 24 and 25. The receiving
motor 25 is: provided at the lower end thereof
with a pinion gear (not shown) which is similar
to the pinion gear 36 of the detecting unit. The
pinion gear engages a gear segment which is

" tion.

The disc-shaped

3

similar to the gear segment 35 of the detecting

unit, thereby actuatinig a member 12 which cor-
responds to the tracing arm 28 of the detecting
and transmitting device. The member 12 is rig-
idly secured to a pin 713, and travels in a guide

The pin 13 extends downwardly through a bear-
ing 15 which is formed in the bracket 70 and is

rigidly secured at its lower end to the pen arm 26.

It is believed that the operation of the appa-
ratus will be clear from the foregoing descrip-
However, in summarizing, the detecting

- T4, the guide being secured to the bracket 710, .

10

and transmitting unit (7T is placed in the tube, . -

the inner contour of which is to be recorded, and
the clamping device {9 is adjusted so that the
tracing arm 28 will be at the proper distance
from the end of the tube. A blank chart such
as is shown at 76 in Figure 7 is secured to the
chart holder 22 and the pen arm. 26 adjusted to
make contact with the chart. The unit 17 is
then rotated slowly by turning the pipe (8
through 360 degrees. The tracer point 34a will
follow the interior surface- of the tube and
through the arm 28 and the gearing 35 and 36

‘will cause the rotor of the mctor 24 to be de-

flected or rotated slightly in accordance with any
irregularities in the contour of the tube surface
being - examined. Due to the magnetic linkage
between the motors 24 and 25, the pen arm 26
will move on the chart at the same time and
to the same extent as the tracer arm 28 is moved.
Because of the gearing connection 65 and 66
the chart holder 22 will revolve simultaneously
with the detecting unit and the tracing 11 of
the pen on the chart will therefore coincide ex-
actly with the Interior surface of the tube being
examined.

Figure 7 represents an actual tracing showing
the cross-section of a tube which has undergone
spotty corrosion. The chart 76 on which the
section of the tube calipered is recorded may be
made of transparent paper, thus making it pos-
sible to superimpose the contour 1T of the tube
on the master chart for that particular size tube
such as is shown in Figure 8, thus by comparison
the extent of pitting or corrosion of the interior
tube surface will be clearly indicated.

As has been stated hereinbefore, it is to be un-
derstood that this apparatus is not limited to use
in examining the interior surfaces of still tubes.
The interiors of various kinds of holes may be
readily studied in a similar manner since it is
merely necessary to clamp the shaft supporting
the detecting and transmitting unit in proper po-
sit‘on within the hole to be examined.

Obviously many modifications and variations
of the invention nmiay be made without departing
from the spirit and scope thereof, and therefore
only such limitations should be imposed as are

-indicated by the appended claims,

I claim: .

1. An apparatus for indicating the contour of
the interior surface of a tube, comprising a de-
tecting unit adapted to be positioned and rotated
within the tube, said detecting unit including one
of a pair of electrical self-synchronous motors,
a tracer arm connected to the rotor shaft of said
motor and adapted to engage and follow the in-
terior surface of said tube as the motor is rotated

‘in the tube, an indicating unit including the sec-

ond of a pair of self-synchronous motors, sald
second motor being rigidly mounted exteriorly of
said tube, and an indicating arm secured to the
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rotor of sald second motor, said” pair of motors 75
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being electrically interconnected so that as said
detecting device is rotated within the tube, de-
flection of said tracer arm will produce corre-
sponding deflections of said indicating arm.

2. An apparatus for indicating the contour of
the interior surface of a tube, comprising a de-
tecting unit adapted to be positioned and rotated
within the tube, said detecting unit including one
of a pair of electrical self-synchronous motors,
a.tracer arm connected to the rotor shaft of said
motor and adapted to contact with and follow the
interior surface of said tube as the motor is ro-
tated.in the tube, an indicating unit including the
second of the pair of self-synchronous motors, said
second motor being rigidly mounted exteriorly of
said tube, a chart holder having a ‘chart affixed
thereto, gearing between said chart holder and
said detecting unit for rotating said chart holder
in synchronism with the rotation of said detect-
ing unit, a pen arm secured to the rotor of said
second motor and in contact with said chart, said
pair of motors being electrically. interconnected
so that as said detecting device is rotated within
the tube, deflection of said tracer arm will pro-
duce corresponding deflections of said pen arm so
as to trace on said chart the mtemor contour of
said tube.

3. An apparatus for mdlcatmg the contour of
the interior surface of a tube, comprising a de-
tecting and transmitting unit adapted to be posi-
tioned and rotated within the tube, said detect-
ing and transmitting unit comprising one of a
pair of electrical self-synchronous motors, a pipe
member secured to said motor and adapted to
support said jnotor in operative position within
the tube, means for clamping said pipe member
to said tube so that the:pipe and motor may be
rotated with respect to.said tube, means cooper-
ating with said clamping means for maintaining
said pipe and motor concentric with respect to
said tube, a tracer arm connected to the rotor
shaft of said motor and adapted to engage 'and
follow the interior surface of said tube as the
motor is rotated in the tube, an indicating unit
including the second of a pair of self-synchronous
motors-and an indicating arm secured o the rotor
of said second motor, said pair of motors being
electrically interconnected so that as said detect-
ing and transmitting device is rotated within the
tube, deflection of said tracer arm will produce

2,148,238

corresponding deflections of said indicating arm.

4. An apparatus for indicating the contour of
the interior surface of a tube comprising a pair
of electrical self-synchronous motors, electrical
connections between said motors so that as the
rotor of one motor is rotated, the rotor of the
other motor will be correspondingly rotated, a
tracer arm secured to the rotor of the first motor
and an indicating arm secured to the rotor of
the second motor, means for supporting said first
motor within and concentrically of the tube with
said tracer arm engaging the interior surface of
the tube, and means for rotating said first motor

“within the tube while said tracer arm follows the

interior contour of the tube, the arrangement
being such that as said first motor is rotated
movements of said tracer arm caused by irregu-
larities of the interior surface of the tube will
cause deflections of the rotor of said first motor
and said rotor deflections will cause correspond-
ing deflections of the rotor and indicating arm of
the second motor.

5. An apparatus for indicating the contour of
the interior surface of a tube comprising a pair
of electrical self-synchronous motors, electrical
connections between said motors so that as the
rotor of one motor is rotated, the rotor of the
other motor will be correspondingly rotated, a
tracer arm secured to the rotor of the first motor

-and an indicating arm secured to the rotor of

the second motor, means for supporting said first
motor within and concentrically of the tube with
said tracer arm engaging the interior surface of
the tube, and means for rotating said first motor
within the tube while said tracer arm follows the..
interior contour of the tube, means for rigidly
supporting said second motor exteriorly of said
tube, a marking device secured to said indicating
arm, a chart holder having a chart affixed there-
to and adapted to be contacted by said marking

‘device, gearing between said chart holder and the

suppoerting means for the first motor so that said
chart holder and chart will be rotated in syn-
chronism with said first motor whereéby move-
ments of said tracer arm caused by irregularities
in the inner surface of said tube will be trans-
mitted to the indicating arm. of said second mo-
tor to cause said marking device to trace on said

. chart the interior contour of said tube.

FRANK L. WALLACE.




