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APPARATUS FOR EXPANDING TUBES IN
‘ TUBE SEATS

Walter B. Carlson, Lond
The Babcock & Wilc

N.J., a corporation of

11 Olaims. (CI 153—82)

This invention relates to a method of and ap-
paratus for expanding tubes in tube seats by
means of roller expanders. Usually determina-
tion of the degree of expansion considered proper
for a joint has depended upon observation of the
joint or a part thereof, such as observation of
the degree of longitudinal tube extrusion or the
degree of yielding of the tube seat. In practice
such methods tend to lead to inconsistencies and
considerable time is taken to make the observa-
tions.

An object of the invention is to enable joints
between tubes and tube seats to be formed with g
substantial degree of uniformity. Another ob-
Ject is to expedite the formation of such joints,

The present invention comprises the method of
expanding a tube in a tube seat which includes
applying a roller tube expander to the expansion
of the tube with the expander mandrel rotated
by means of a power device, detecting an in-
crease in the power required occurring when the
tube is expanded to nip the seat in the resistance
to rotation of the mandrel, and thereafter com-
pleting the expanding operation by operating the
expander so that the mandrel moves axially rela-
tively to the body or the expander through a
predetermined or substantially predetermined
distance.

The invention also includes tube expanding ap-
paratus comprising a power device adapted to
drive a roller tube expander, means for measuring
mandrel movement axially relatively to the body
of the expander, and means adapted to be actu-
ated as a result of an increase in the power re-
quired occurring when a tube is expanded to nip
2 seat in the resistance to rotation of the man-
drel and thereby automatically to bring into op-
eration means to measure subsequent mandrel
movement, the means for measuring mandrel
movement being so arranged that when 3, prede-
termined extent of mandrel movement has been
completed the expanding operation is stopped.

In the case of propulsive roller tube expanders,
there are sufficiently constant relations between
the rate at which the mandrel moves axially rela-
tively to the body of the expander, the rate of
rotation of the body of the expander, and the rate
of rotation of the mandrel, and such movement
of the mandrel may be measured by counting the
turns made by the mandrel.

The invention also involves the method of ex-
panding a tube in a tube seat which includes the
application of a propulsive roller tube expander
to the expansion of the tube with the expander

mandrel rotated by means of a power device, de- -
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tecting an increase in the power required occur-
ring when the tube is expanded to nip the seat
in the resistance to rotation of the mandre], and
thereafter completing the expanding operation
by rotating the mandrel through a predetermined
or substantially predétermined number of turns.

The invention also involves tube expanding ap-
paratus including a power device adapted to drive
a propulsive roller tube expander, a mandrel rev-
olution counter arranged to be driven by the
power device, and means adapted to be actuated
as a result of an increase in the power required
occurring when the tube is expanded to nip the
seat in the resistance to rotation of the mandrel
and thereby automatically to bring into opera-
tion means to count subsequent revolutions, the
revolution counter being arranged to stop rota-
tion of the mandrel when a predetermined num-
ber of such subsequent revolutions has been
counted,

The Invention will now be described, by way
of example, with reference to the accompanying
diagrammatic drawings, in which:

Fig. 1 illustrates a layout of equipment for use
in automatically expanding a tube end in a head-
er by means of a propulsive roller tube expander;

Fig. 2 illustrates to a larger scale elements of
a mandrel revolution counter included in the
equinment iltustrated in Fig. 1;

Fig. 3 illustrates an arrangement of relays and
control circuits for the operation of the equip-
ment illustrated in Fig. 1;

Fig. 4 illustrates a modified layout of equip-
ment for use in automatically expanding a tube
end in a header by means of a roller tube ex-
pander in which the rollers have no lead angle;
and

Fig. 5 illustrates an arrangement of relays and
control conduits for the operation of the equip-
ment illustrated in Fig. 4.

Referring to PFigs. 1 to 3, and particularly to
Fig. 1 of the drawings, equipment for automati-
cally expanding the end of a tube ( in a header 2
comnorises a propulsive roller tube expander of
known form with a cage 3 carrying inclined ex-
panding rollers 4, which durine expansion are
forced against the inner wall of the tube end by
a tapered mandrel 5 which is incerted axially
within the cage and to effect expansion is ro-
tated in a direction such that the cage tends to
advance into the tube. A fixed cape 45 on the
cage limits axial movement of the cage by abut-
ting against the tube end surface. For driving
the mandrel, a suitable three-phase electric driv-
ing motor § is provided. Power for the driving
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motor is supplied by cable 7 from a switch unit 8.

The switch unit 8 is supplied with power for
‘the driving motor from a power-measuring and
control device 8 to which power is led from a
supply cable 10 via a switch 1. -

Upon the shaft of the driving motor is arranged
a small single phase electric generator | 2 con-
nected by cable i3 to a mandrel revolution con-
trol unit (4. The mandrel revolution control unit
is electrically connected to the switch unit 8, and
is electrically connected also with the power-
measuring and control device 9.

The power measuring and control device 8 and
the mandrel revolution control unit 14 are pro-
vided with adfusting means to be described. and
with the switch unit 8, on which is mounted a
reversing-control switch {5 to be described, and
the switch 11, are mounted within a cubicle 16
which is located in some convenient position and
provided with a door having a lock. Control of
the operation of the driving motor can be exer-
cised by means of a mobile control panel IT con-
nected with the switch unit 8 within the cubicle
by cable 18, and having a normally open “start”
push button switch 19, a normally closed “stop”
puskbutton switch 20, and a normally open “re-
verse” push button switch 21. o

The power measuring and control device 9 in-
cludes a watt-meter having an indicator n:zedle
30 movable over a scale 31 and arranged to com-
plete an electric circuit should it touch a con-
tact 32, the position of which may be adjusted
by means of an adjustment 33. The watt-meter
needle is damped in a known manner by a metal
disc arranged to rotate between the poles of a
magnet and the amount of damving is adjvstable
by displacing the magnet axially of the disc by
means of the knob 34.

Referring to Fies. 1 and 2, the mandrel revolu-
tion control unit 14 includes a small self-starting
electric motor 35 of a kind adavted to rotate in
synchronism with the generator {2 to which it is
connected by the cable {3, generator 12 and
motor 35 forming a self synchronous system.
The rotation of the motor is transmitted through
a reduction gear train 36 to one plate of a mag-
netic clutch 31, the other plate of which is con-
nected to a spindle 38 carrying a pointer 38 which
moves in front of a dial 40 upon which mandrel
revolutions are indicated. The spindle 38 is
biased by a hair spring 4{ so that when the
clutch is disengaged the pointer moves until it
reaches an abutment 42 on an adjusting knob
43. A fixed contact 44 is provided and by mak-
ing contact with contact 44, the pointer is ar-
ranged to close an electric eircuit.

For expanding the end of the tube | in the
header 2 with the equipment illustrated, the
damping of the watt-meter nesdle is suitably ad-
justed by means of the knob 34, the position of
the contact 32 is suitably adjusted by the adjust-
ment 33, the adjusting knob 43 is turned until
the pointer 39 indicates a suitable number of
mandrel turns, if desired the reversing control
switch {5 is closed, and the power is applied by
operation of the switch {1. The expanding
operation is now controlled by operation of the
mobile control panel 11. When the “start” push
button switch 19 is closed a circuit is completed,
between suitably energized conductors 50 (Fig. 3),
through a normally closed relay contact bf,
another normally closed relay contact 52, the
“start” push button switch 19, relay coils 53 and
54 arranged in parallel, and push button switch
20. The relay coil 53 when thus energized closes
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a normally open relay contact 58 in parallel with
the “start” switch, enabling the “start” switch to
be released without breaking the circuit, and
opens a normally closed relay contact 56.. The
relay coil 64 when energized is arranged to con-
nect the driving motor 6 to the power supply for
driving the mandrel in the forward direction,
this action is schematically indicated in Fig. 3
by the closing of the normally open relay con-
tact 57.

The driving of the mandrel requires electric

" power which is indicated by a movement of the
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watt-meter indicator needle 80 but such move-
ment is insufficient to bring the needle into con-
tact with the contact 32 before the tube has been
expanded to nip the tube seat. After the tube
has been expanded to nip the tube seat, the power
taken by.the motor in continuing the expansion
rises above a predetermined value at which the
watt-meter needle, after a delay depending upon
the damping thereof, comes into contact with the
contact 32. The damping is adapted so that in
the event of the power rising for a short while
to the predetermined value for any reason, e. g.
possibly scale in the tube, and before the tube is
expanded to nip the tube seat the possibility of
the watt-meter needle moving sufficiently to
contact 32 prematurely is avoided or reduced.

Contact between the watt-meter needle 80 and
the contact 32 encrgizes a relay coil §9, in parallel
with the relay coils 53 and 54, and thereby effects
clbsure of a normally open relay contact 60 so
connected as to enable the watt-meter needle to
return to a zero position without breaking the
circuit through the reley coil 59; disconnection
(as represented by the opening of the relay con-
tact 610 of the watt-meter from circuit; and
closure of a relay contact 62 which energizes coils
(represented by 63) of the magnetic clutch 31
which thereupon engages.

With the magnetic ¢luteh in the engaged posi-
tion the synchronous motor 35 drives the spindle
38 so that the pointer 38 moves away from the
abutment 42 and over the dial 40 towards the
contact 44. After a predetermined number of
mandrel turns, depending upon the position to
which the abutment 42 was adjusted, the pointer
39 contacts the contact 44, closing an electric
circuit which is arranged to energize a relay coil
64. Energization of the relay coil 64 is arranged
to open the aforementioned -normally closed re-
lay contact 51, whereby de-energization takes
place of the relay coil 53, resulting in opening of
the relay contact 55 and closing of the relay -
contact 56, of the relay coil 54, resulting in the
cutting-off of power for forward drive of the
mandrel, of the relay coil 58, and of the relay 63,
resulting in disengagement of the magnetic
clutch 37 allowing the pointer 39 to move back
under the influence of the hair spring 41 to de-
energize the relay coil 64 and to contact the abut-
ment 42. The energization of the relay 64 also
closes a relay contact 6§ in a circuit controlled
by the reversing-control switch {5.

Should the reversing-control switch 15 have
been placed in the open position, the relay 64
after de-energization recloses the switch 51
without having initiated automatically any fresh
operation. In order to drive the mandrel in the
reverse direction, the “reverse” push button
switch 2! may be closed, as a result of which a
cireuit is closed through the relay contact 5i,
the switch 21, two relay coils 66 and 67 in paral-
lel, relay contact 58 and the push button switch
20. Energization of the relay coil 66 opens the
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normally closed relay contact 82 and closes a
normally open relay contact 68 which is ar-
ranged in parallel with the switch 21 and allows
the switch 21 to be opened without de-energizing
the relay coils 86 and 61. Energization of the
relay coll 87 is arranged to connect electric power
to the driving motor § for driving the mandrel
in the reverse direction; this action of the relay
coll 61 may be schematically indicated by the
closing of the normally open relay contact 68.
When desired, after the expander is free in the
tube, the motor is stopped by operating the
“stop” push button switch 20, whereupon the
relay coils 66 and 871 will be de-energized, the
power to the motor will be cut off, and the relay
contacts 68 and 52 will return to their normal
positions. The control circuits and relays are
then in their original conditions,

Should on the other hand the reversing-con-
trol switch {5 be in the closed position when the
relay coil 64 is energized by the contact of the
pointer 39 with the contact 44 at the end of the
predetermined number of mandrel turns after
the nipping of the tube seat, a circuit will be
completed through the relay contact 85, a relay
coil 10, the reversing control switch 15 and the
push button switch 20. The energization of the
relay coil 10 is arranged to close a normally open
switch 71 in parallel with the relay contact 65,
enabling relay contact 65 to be opened, when the
relay coil 64 becomes de-energized, without
breaking the circuilt through the relay coil 10,
Energization of the relay coil 10 also closes g
normally open relay contact 72 through which
current may flow to energize the relay coil 67,
thereby causing the application of power to the
driving motor for reverse drive of the mandrel,
and to energize the relay coil 66. The motor is
stopped when desired after the expander is free
in the tube by operation of the “stop” push but-
ton switch 20, whereby the relay coils 66, 67, and
70 are de-energized.

Operation of the “stop” push button switch
20 at any time during the forward or reverse
movement of the mandrel will always stop the
motor. Operation of the “reverse” push button
switch 21 during the mandre} forward drive will
have no effect because the relay contact 56 re-
mains open to prevent the energization of the
relay coils 66 and 61. Operation of the “start”
push button switch 19 during the reverse move-
ment of the mandrel will have no effect because
the relay contact 52 remains open to prevent
the energizecion of the relay coils 53 and 54.

Usually a number of similar tubes have to be
expanded in respective similar tube seats and the
values to which the various adjusting means in
the cubicle are set are appropriate for the ex-
pansion of all the said tubes. Thus, after the
expansion of one of the said tubes, and with the
expander free in the tube, the mandrel and cage
may be withdrawn by hand from the header
axially of the tube and the motor moved, e. g. by
traversal along a supporting bénch, unti]l the
mandrel is in line with the axis of another simi-
lar tube seat within which lies or is brought to
lie a tube end to be expanded therein. The cage
is suitably inserted in the tube end and the
mandrel advanced axially by hand until the
rollers bear suitably firmly both against the
inner surface of the tube and the mandrel, and
the “start” push button is operated to initiate
the automatic expansion of the said tube with
the same setting of the adjusting means as pre-
viously.
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The expanding operation is expeditiously per-
formed since the necessity of observing the
progress of the expanding operation at the joint
is obviated,

The various adjustments enable the apparatus
to be used in the expansion of widely diverse
sizes of tube in various designs of expanded tube
Joints. The desired uniformity of expansion is
obtained notwithstanding Inconsistencies of a
practical order in the tube or tube seat dimern-
sions or in the characteristics of the materials
of the tube or tube seat or-in the voltage of the
power supply. The cessation of the expanding
operation is brought about by the completion of
8 predetermined number of mandrel turns after
the tube nips the seat and not by measurement
of a predetermined maximum power input to the
driving motor, which might result in frequently
under- or over-expanding tubes. Moreover, in-
consistencies due to faulty control are reduced
or eliminated since normally the expanding op-
eration once started is continued under auto-
matic control until the completion of the opera-
tion.

Referring to Fig. 4 of the drawings. equipment
for automatically expanding the end of a tube
81 in a header 82 comprises a roller tube expand-
er of a kind in which the rollers 84 are arranged
in the cage 83 without & lead angle and are forced
radially outwerdly by a tapered mandrel 85 which
is inserted axially into the cage and, to effect
expansion, is rotated by an electric driving motor
86 at the same time as it is subjected to an axial
thrust, imposed by any suitable means repre-
sented by the compression spring 120, directed
inwardly of the tube. A fixed cape 125 on the
cage limits axial movement of the cage by abut-
ting against the tube end surface. Power for
the driving motor is supplied by cable 87 from a
switch unit 88, which is supplied with power for
the driving motor from a power measuring and
control device 89, which is similar to the power
measuring and control device 9 described with
reference to Figs. 1 to 3, and to which power is
led from a supply cable 90 via a switch 91.

The mandrel driving motor 86 is mounted ina
fixed position relatively to the header 82 for the
expansion of a tube end while the mandrel 85
Is mounted so as to be movable on its own axis
to be able to advance into the tube under the
influence of the said imposed thrust. Axial
movement of the mandrel 85 into the tube is ar-
ranged to drive a small electric generator 92
connected by cable 93 to a mandrel travel con-
trol unit 94 which is similar to the mandrel
revolution control unit 14 described with refer-
ence to Figs. 1 to 3 except that mandrel travel
distances instead of mandrel revolutions are
marked upon its dial. The mandrel travel con-
trel unit is electrically connected to the switch
unit 88, and is electrically connected also to the
power measuring and control device 89. The
electric generator 92 is provided with gearing so
as to be actuable at suitable rates of rotation by
an arm {2{ an end of which is arranged to pro-
ject between two collars 122 fixed at a suitable
position on the mandrel driving shaft.

The power measuring and control device and
the mandrel travel control unit, which are pro-
vided with adjusting means of the correspond-
ing m2mbers 9 and {4 described with reference
tn Fizs. 1 to 3, are, together with the switch unit
88 and the switch 91, mounted within a cubicle
96 which is located in some convenient position
and provided with a door having a lock, Control
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of the operation of the driving motor can be ex-
ercised by a mobile control panel 99 connected
with the switch unit 88 within the cubicle by
cable 88, and having a normally open “start”
push button switch 99 and a normally closed
“stop” push button switch 100.

For the automatic expansion of a tube, an ar-
rangement, shown in Fig. 5, of relay coils and
control circuits is provided which is similar to the
arrangement described with reference to Fig. 3,
but circuits, concerned with reverse operation,
including the relay coils 66, 67, and 10, relay con-
tacts 56, 65, 68, 171, and 712, push button switch
21, and reversing control switch 15, are omitted,
while the circuits of the relay coils 53, 54, 59, and
63 are not interruptible by a relay contact 52.

. In order to carry out an expanding operation, the
expander cage and rollers and the mandrel are
inserted in the tube end, the adjustments in the
power measuring and control device and the
mandrel - travel control unit are suitably set,
the power is applied by closing the switch 91,
and the “start” push button switch (9 is oper-
ated. Closure of switch {9 picks up relays 53 and
54. Relay 53 completes its holding circuit around
switch 19 by closure of contact 55. Relay 54 con-
nects driving motor 86 to the power supply by
closing contact 57. The mandrel is then rotated
by the driving motor and, as the tube end is en-
larged, moves inwardly of the tube and actuates
the small electric generator. When the tube is
expanded to nip the seat, the power taken by
driving motor 86 rises and the needle 30 of the
power measuring and confrol device is thus
moved to engage the pre-set needle 32." Engage-
ment of these two needle contacts picks up relay
59 which closes its own holding circuit through
contacts 60. Relay 59 also opens contacts 61 dis-
connecting the watt-meter from the circuit and
closes contact 62 to energize the coils (repre-
sented by 63) of the magnetic clutch to engage
the latter.

The synchronous motor energized from gener-
ator 92 thereby is connected to drive spindle 38
so that pointer 39 moves away from abutment 42
and over dial 40 toward contact 44. When the
predetermined axial travel of the mandrel after
the movement when the tube nips the seat has
been carried out, pointer 3% engages contact 44
to energize relay 64. This opens the normally
closed relay contact 51, breaking the holding cir-
cuits of relay coils 53 and 54. Tripping of relay
54 breaks the motor circuit. Relay 58 is also de-
energized which breaks the circuits for clutch coil
63 to disengage the magnetic clutch. Pointer 39
moves back under the hair spring 41, breaking
the circuit for relay 64, and again contacts abut-
ment 42. The mandrel operation is thus auto-
matically interrupted after a pre-set axial travel.

The operation may be stopped at any previous
moment by operating the “stop” push button
switch 100.

The drive of the electric generator includes &
pawl and ratchet wheel arrangement (not shown)
so that the arm 12f may be moved by the collars
122 without rotating the moving par's of the
generator 92 when the mandrel is withdrawn from
the tube by any suitable means after the ex-
panding operation.

‘While in accordance with the provisions of the
statutes I have illustrated and described herein
the best form of my. invention now known to me,
those skilled in the art will understand that
changes may be made in the form of the appa-
ratus disclosed without departing from the spirit
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of the invention covered by my claims, and that
certain features of my invention may sometimes
be used to advantage without a corresponding use
of other features.

What is claimed is:

1. Tube expanding apparatus comprising a
power device adapted to drive a roller tube ex-
pander; means measuring mandrel movement
axially relative to the body of the expander and
adapted to control energization of said power de-
vice; and power measuring means associated with
said power device and including means operable,
responsive to an increase in power requirements
of said device occurring when the tube has been
expanded to nip the seat, to activate said mandrel-
movement measuring means to control energiza-
tion of sald power device; said mandrel move-
ment measuring means- being arranged to deen-
ergize said device after a predetermined mandrel
movement under the control of said mandrel
movement measuring means. .

2. Tube expanding apparatus comprising a
power device adapted to drive a roller tube ex-
pander; means measuring mandrel movement
axiaily relative to the body of the expander and
adapted to control energization of said power de-
vice; and power measuring means associated with
said power device and including means operable,
responsive to a sustained predetermined increase
in power requirements of said device occurring
when the tube has been expanded to nip the seat,
to activate said mandrel movement measuring
means to control energization of said power de-
vice; said mandrel movement measuring means
being arranged to deenergize said device after a
predetermined mandrel movement under the con-
trol of said mandrel movement measuring means.

3. Tube expanding apparatus comprising a
power device adapted to drive a roller tube ex-
pander; means measuring mandrel movement
axially relative to the body of the expander and
adapted to control energization of said power de-
vice; power measuring means associated with said
power device and including means operable, re-
sponsive to an increase in power requirements
of said device occurring when the tube has been
expanded to nip the seat, to activate said mandrel
movement measuring means to control energiza-
tion of said power device; said mandrel move-
ment measuring means being arranged to deen-
ergize said device after a predetermined mandrel
movement under the control of said mandrel
movemen: measuring means; and a time delay
means associated with said power measuring
means whereby the latter is effective to activate
said mandrel movement measuring means only
upon a sustained predetermined increase in power
requirements of said device.

4. Tube expanding apparatus comprising an
electric motor adapted to drive a roller tube ex-
pander; means measuring mandrel movement
axially relative to the body of the expander and
adapted to control energization of said motor; a
wattmeter associated with said power device; and
means con‘rolled by said wattmeter and operable,
responsive to an increase in power requirements
of said device occurring when the tube has been
expanded to nip the seat, to activate said mandrel
movement measuring means to control energiza~
tion of said power device; said mandrel movement
measuring means being arranged to deenergize
said device after a predetermined mandrel move-
ment under the control of said mandrel move-
ment measuring means. :

5. Tube expanding apparatus comprising a
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power device adapted to drive a roller tube ex-
pander; means measuring mandrel movement
axially relative to the body of the expander and
adapted to contro] energization of said power de-
vice; and power measuring means associated with
said power device and including means operable,

. Tesponsive to an increase in power requirements

of said device occurring when the tube hag been
expanded to nip the seat, to activate said mandre}
movement measuring means to control energiza-
tion of said power device ; said mandrel movement
measuring meang being arranged to deenergize
sald device after a predetermined mandrel move-
ment under the control of said mandrel move-
ment measuring means ; said mandrel movement
measuring meang being driven by a synchronous
motor energized from an alternating current gen-
erator driven in dependence upon mandre] move-
ment.

6. Tube expanding apparatus comprising g
power device adapted to drive a roller tube ex-
pander; means measuring mandre] movement
axially relative to the body of the expander and
adapted to contro] energization of said power de-
vice; power measuring means associated with said
power device and intluding meang operable, re-
Sponsive to an increase in power requirements of
said device oceurring when the tube has been ex-
panded to nip the seat, to activate said mandrel
movement measuring means to control energiza-
tion of said power device; said mandrel move~
ment measuring meang being arranged to deen-

ergize said device after a predetermined mandre]

movement under the control of said mandrel

mandrel movement: and means operable auto-
matically, responsive to completion of a man-

- drel movement, {o reset saiq mandrel movement

measuring means.
7. Tube expanding apparatus comprising g
Dower device adapted to drive a bropulsive roller

measuring means associated with said power de-
vice including means operable, responsive to a
sustained increase in Power requirements of said
device occurring when the tube has been ex-
panded to nip the seat, to activate said revolu-
tion counter to control energization of said power
device; said revolution counter being arranged
to deenergize saiq device after a Predetermined
number of mandre] revolutions under the control
of said counter,

8. Tube expanding apparatus comprising g
power device adapted to drive a propulsive roller
tube expander; s mandrel revolution counter
driven by said power device and adapted to con-
trol energization of said power device ; bower
measuring means associated with said power de-
vice Including means operable, responsive to a
sustained increase in Power requirements of said
device occurring when the tube has been ex-
panded to nip the seat, to activate said revolution
counter to control energization of said power de-
vice; said revolution counter being arranged to
deenergize said device after a pPredetermined
number of mandrel revolutions under the control
of said counter; and g time delay means a350-
clated with said bower measuring means whereby
the latter is effective to activate said revolution
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counter only upon a sustained predetermined in-
crease in power requirements of said device,

energize said device after a predetermined num-
ber of mandrel revolutions under the controi of
said counter,

10. Tuke expanding apparatus comprising g
bower device adapted to drive a propulsive roller
tube €xpander; a mandre] revolution counter
driven by said power device and adapted to con-
trol energization of said power device; power
measuring means associated with said power de-
vice including meang operable, responsive to a
sustained increase in bower requirements of said
device oceurring when the tube has been expand-
ed to nip the seat, to activate said revolution
counter to control energization of said power de-
vice; said revolution counter being arranged to
deenergize said device after a predetermined
number of mandre] revolutions under the con-
trol of said counter; and means controlled by
said counter to reverse rotation of said mandrel
after completion of such predetermined number
of revolutions,

11, Tube expanding apparatus comprising a
bower device adapted to drive a propulsive roller
tube expander; a mandre] revolution counter
driven by said bower device and adapted to con-
trol energization of said power device; power
measuring means associated with said power de-
vice including means operable, responsive to a
sustained increase in bower requirements of said
device occurring when the tube has been ex-
panded to nip the seat, to activate said revolution
counter to control energization of said power de-
vice; said revolution counter being arranged to
deenergize said device after a predetermined num-
ber of mandrel revolutions under the control of

tion, and synchronized transmission Ineans inter-
connecting said transmitter and receiver,
WALTER B. CARLSON.
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