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UNITED STATES PATENT OFFICE 
2,478,447 

HYDRAULCALLY OPERATED EXPANDING 
MANDREL 

Ewald A. Arp, Minneapolis, Minn., assignor to 
Tobin-Arp Manufacturing Company, Minneap 
olis, Minn., a corporation of Minnesota, 
Application July 1, 1948, Serial No. 36,527 

(Cl. 279–2) i8 Claims. 

This invention has relation to an hydraulically 
operated expanding mandrel. 
An object of the invention is to provide an ex 

panding mandrel, devised to be more especially 
useful to position a member, such for example, 
as a connecting rod, to be bored or rebored, which 
Will be of new and improved construction. 
A further object is to provide an expanding 

mandrel wherein Will be incorporated Warious 
desirable and improved features and character 
istics of construction novel both as individual 
entities of the expanding mandrel and in com 
bination with each other. 
And a further object is to provide an expand 

ing mandrel which will be operative in a novel 
and improved manner to the accomplishment of 
its intended service or function. 
With the above objects in view, as well as others 

which will appear as the Specification proceeds, 
the invention comprises the construction, ar 
rangement and combination of parts as now to 
be fully described and as hereinafter to be spe 
cifically claimed, it being understood that the 
disclosure herein is merely illustrative and in 
tended in no Way in a limiting sense, changes 
in details of construction and arrangement of 
parts being permissible as long as within the 
Spirit of the invention and the scope of the 
claims Which follow. 
In the accompanying drawings forming a part 

of this specification, 
Fig. 1 is a side elevational view of an expand 

ing mandrel made according to the invention; 
Fig. 2 is an enlarged fragmentary longitudinal 

Sectional view disclosing the right end portion 
of the expanding mandrel of Fig. 1; 

Fig. 3 is a fragmentary longitudinal Sectional 
view, on the scale of Fig. 2, disclosing the left 
end portion of the expanding mandrel of Fig. 1; 

Fig. 4 is a further enlarged fragmentary ion 
gitudinal sectional view disclosing the right end 
portion of the part of the expanding mandrel 
shown in Fig. 2; i 

Fig. 5 is a fragmentary longitudinal sectional 
View, on the scale of Fig. 4, disclosing the left 
end portion of the part of the expanding man 
drel shown in Fig. 2 and the right end portion 
of the part of Said expanding mandrel shown in 
Fig. 3; 

Fig. 6 is a fragmentary longitudinal sectional 
View, on the scale of Figs. 4 and 5, disclosing an 
intermediate portion of the part of the expanding 
mandrel shown in Fig. 3; 

Fig. 7 is an enlarged transverse sectional view, 
taken as on line 7-7 in Fig. 6; 
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Fig. 8 is an enlarged transverse sectional view, 

taken as on line 8-8 in Fig. 6; 
Fig. 9 is an enlarged transverse sectional view, 

taken as on line 9-9 in Fig. 3; 
Fig. 10 is an enlarged transverse Sectional 

view, taken on line 9-0 in Fig. 1; and 
Fig. 11 is an enlarged transverse sectional 

view, taken as on line - in Fig. 3. 
With respect to the drawings and the numerals 

of reference thereon, 5 denotes an elongated 
Cylinder of the expanding mandrel which the 
invention presents, and i8 indicates an elongated 
holloW member in alined relation to and con 
centric relation with said elongated cylinder 5. 
The elongated cylinder 5 and the elongated 

hollow member 6 are rigidly connected to each 
other through the instrumentality of a hollow 
fitting 7 between and alined with said elongated 
Cylinder and hollow member. A reduced thread 
ed end portion 8 of the hollow fitting engages 
an internal thread provided by the inner, adja 
cent end portion of the hollow member 6, an 
enlarged threaded end portion 9 of said hollow 
fitting engages an internal thread provided by 
the inner, adjacent end portion of the cylinder 
5, and an intermediate portion of the hollow 
fitting is cut away, as at 20. The reduced 
threaded end portion 8 is turned into the hol 
low member 6 to extent causing the inner, ad 
jacent end of said hollow member to be engaged 
against the body of said hollow fitting, and a 
locking ring 2, upon the enlarged threaded end 
portion 9 and against the inner, adjacent end 
of the cylinder 5, retains the hollow fitting and 
Said cylinder in fixed relation to each other. 
The hollow fitting 7 provides a cylindrical pas 
Sageway between the cylinder 5 and the hollow 
member 6 contiguous at its opposite ends with 
interior Spaces of Said cylinder and hollow mem 
ber, respectively. 
The outer end of the elongated cylinder 5, 

Opposite the elongated hollow member 6, is 
closed by a head constituted as a valve casing 
22. An enlarged threaded end portion 23 of said 
closure head or valve casing 22 engages an in 
ternal thread provided by the outer, adjacent 
end portion of the cylinder 5, and a reduced 
threaded end portion 24 of the closure head or 
valve casing is for receiving a tubular connection 
25 leading from a source (not shown) of fiuid, 
Such as air, under pressure. The enlarged 
threaded end portion 23 is turned into the cylin 
der 5 to extent causing the outer, adjacent end 
of said cylinder to be engaged against the body 
of the closure head or valve casing, and the re 
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duced threaded end portion 24 is turned into the 
tubular connection 25 to extent causing the inner, 
adjacent end of said tubular connection to be 
engaged against the body of Said closure head 
or valve casing. 
A longitudinally extending passageway 26 

through the closure head or valve casing 22, situ 
ated at a side of the cylinder 5, snugly receives 
a slide valve 27, a port 28 leads from the tubu 
lar connection 25 through said closure head or 
valve casing to an outer part of the passageway 
26, and a port 29 leads from an inner part of said 
passageway 26 through the closure head or valve 
casing to the interior of the adjacent end portion 
of the cylinder E5. The slide valve 27 includes an 
outer circumferential groove 30 adapted selec 
tively to be alined with and situated inwardly 
of the port 28, an inner circumferential groove 3 
adapted selectively to be alined with and situated 
inwardly of the port 23, and a chamber 32 dis 
posed interiorly of said slide valve and contiguous at its outer and inner ends with said outer and i??er circumferential grooves 39 and 3, respec 
tively. "The construction and arrangement are 
sugh that the slide valve 2 can be situated out widly of the closure head or valve easing 22 
to gause the port 28 and the circumferential 
groove 39, ånd the circumferential groove 3 and 
the port 29, to be in alinement, thus to cause 
hè interior of the tubulair connection 25 to be 
contiguous with the interior of the cylinder 5, 
prinwardly of said closure head or valve casing 
to cause said port 28 to be situated inwardly of 
and out of 'alinement with said circumferential g 

ferential groove 3 t, thus to cause the inte 
f said tubular connection to be shut off from he interior of said cylinder. 

"A valve stem 33, rigid with the inner end 
of the slide valve 27, is slidably situated in a 
longitudinally extending guide member 34 itself 
suitably ahd conveniently supported upon the 
elongated cylinderf5, and an attachment piece 
35, rigid with the end of said valve stem 33 opposite said slide valve 27, projects to position 
beyond the inner, end of said guide member 34. 
"A"control lever 36 for the valve stem 33 is constituted as a U-member having spaced apart 
O 

sides of said hollow fitting, a base 38 thereof dis posed in spaced relation to the hollow fitting, 
and parallel extension portions 39, 39, thereof, upon the spaced apart arms 37, 37, disposed at 
pposite sides of and pivotally connected, as at 40, 

to the inner end of the attachment piece 35. In 
termediate portions of opposite side edge margins 
of the spaced apart arms 37, 37 are of curvilinear 
configuration and of width to span the distance 
between surfaces 4, 4 of the hollow fitting fT 
at opposite sides or ends of the cut-away por 
tion 20, and the construction and arrangement 
are such that the Spaced apart arms 37, 37 can 
be rocked on the surfaces 4 ?, 4 between their 
positions as in Figs. 1 and 5, where the control 
lever 36 is disclosed situated to cause the inte 
rior of the tubular connection 25 to be contiguous 
with the interior of the cylinder 5, and as in 
Fig. 2, where said control lever is disclosed situ 
ated to cause the interiors of said tubular con 
nection and said cylinder to be disconnected. 
"Th? port 29, between the lo - - tending passageway 26 and the 

elongated Cylinder '5, is conti 

groove 30, and said port 29 to be situated in 
wardly of and out of alinement with said cir 

37.37 thereof arranged in the cut-away 
on 20 of the hollow fitting 7 at opposite 
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cavity 42 in the closure head or valve casing 22 
and itself open to atmosphere. A ball valve 43 
in said concavity is 2 normally is held in closing 
relation to Said port 29 by a compression coil 
Spring 34 itself retained in said concavity by a 
rut 45, and said nut 45 is adjustable for relief 
of pressure of fluid in the cylinder 5 should pres 
sure of fluid in said cylinder rise above a prede 
termined pressure. Stated otherwise, the clo 
sure head or valve casing 22 incorporates a safety 
valve constituted as the nut 45, the compression 
coil spring 44 and the ball valve 43. 
An exterior piston 46 of the expanding man 

drel, snugly, slidably situated in the outer end portion of the elongated cylinder 5 adjacent the 
closure head or valve casing 22, is constituted as 

30 
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a hollow cylindrical body integrally or rigidly 
supporting a neck 47 upon its outer end, adja 
cent said closure head or valve casing. An open 
ing 48 through the neck 4 renders the interior 
space 49 of the hollow cylindrical body of the exterior piston'86 contiguous with the portion of 

space of the elongated cylinder 5 
head or valve casing end of said 

??? ston. Packing surrounding the neck 
(and engaged against the hollow cylindrical 
body of the exterior piston, as well as against the 
interior wall of the elongated cylinder 5, is rep 
re?ented 50. AAS S S S S S SSSSS S S 

’ An interior piston. 5f of s?id expanding m?n 
drel, snugly, slidably situated in the interior 
space 49 of the hollow cylindical body of the 
exterior piston 46, is constituted as a solid cylin drical body integrally or rigidly supporting a 
neck 62 upón its outer end, adjacent the neck 47 
upon said exterior piston 46. Packing surround 
ing the neck 52 and engaged against the solid 
cylindrical body of the interior piston, as well 
iš again?t the interior wall of th? hollow cyliin 
drical body of the exterior piston 46, is indicated 
The construction and arrangement will be such 

that the loyerall aréa. of the outer sürface of the exterior piston 46, including the packing 50, 
to be enga fluid under, pressure in the 
Outer end portion, of the interior space of the 
elongated cylinder 5 and the overall arca of the 
uter surface of the interiol piston 5i, including the packing 53, to be engaged by fluid under 

pressure conveyed to said interior piston by way 
of the opening 8 will be substantially equai, 
thus to insure that said, exterior and interior pistons will be urged in direction away from the 
closure head or valve casing 22, toward the left 
in Figs, 2 and 4, under substantially the same force in response to pressure of fluid conveyed. 
to said elongated cylinder by way of said closure 
head or valve easing. Stated otherwise, the 
opening 48, through, the neck 37 of the exterior 
piston 46 will be of size to insure. that the force exerted by pressure against said exterior piston 

65 

70 

* casing. 

to urge it away from the closure head or valve 
casing 22 will be substantially equal to the force 
exerted by pressure against the interior piston 5 
to urge it away from said closure head or valve 
The exterior piston 46, rigidly supports, through 

the instrumentality, of a connector. 54, a first longitidinally extending actuator constituted as 
a h9llow tube, 55. having its inner, end. pprtion, 

from the connector. 54, slidably arranged 
ting 7 and projecting into, the inner, adjacent 
end portion of the elongated hollow, member 16. 
The connector 54 is constituted as a hollow, nut, 
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threaded, as at 56, in the hollow cylindrical body 
of said exterior piston at the side of the interior 
piston 5 opposite the closure head or valve cas 
ing 22, and the outer end portion of the first lon 
gitudinally extending actuator or hollow tube 55 
is rigidly secured, as at 5, in the hollow portion 
of said connector or nut 54. 
The interior piston 5 rigidly supports a sec 

ond longitudinally extending actuator consti 
tuted as a rod 58 slidably arranged in the first 
longitudinally extending actuator or hollow tube 
55 and terminating in adjacent relation to the 
inner end of said first actuator or hollow tube. 
The end portion of the second longitudinally ex 
tending actuator or rod 58 adjacent the interior 
piston 5 is secured to said interior piston 
through the instrumentality of an external 
thread 59 on said second actuator or rod fitted 
in an internally threaded opening in the solid 
cylindrical body of the interior piston. 
The elongated hollow member 6 supports 

elongated blades, designated 60, 60 and 6 f, 6, 
respectively, which extend longitudinally of said 
elongated hollow member and are mounted 
thereon for sliding movement toward and away 
from the elongated cylinder 5. As disclosed, 
there are four elongated blades upon the elon 
gated hollow member disposed at 90 degrees 
apart. The elongated blades 66, 60 are disposed 
in a single plane passed longitudinally and di 
ametrically through said eongated hollow mem 
ber 6, as are also the elongated blades 6, 6. 
The elongated hollow member 6 includes lon 

gitudinally extending slots 62 disposed at 90 de 
grees apart, and there is an elongated blade in 
each of Said longitudinal slots. The elongated 
blades are of duplicate construction. Each in 
cludes Spaced apart camming surfaces 63 upon 
its interior edge engaged against spaced apart, 
complemental camming surfaces 64 provided by 
Said elongated hollow member 6, and said elon 
gated blades are keyed, as at 65, to the elongated 
hollow member. The construction and arrange 
ment will be such that the elongated blades will 
each be moved exteriorly, all to equal extent, in 
response to sliding movement of said elongated 
blades in outward direction, or direction away 
from the elongated cylinder 5, and interiorly in 
response to sliding movement of the elongated 
blades in inward direction, or direction toward 
Said elongated cylinder. Each elongated blade 
includes a straight exterior edge 66, and the 
Construction and arrangement will be such that 
the straight exterior edges of all of the elon 
gated blades constantly will be maintained in 
parallel relation regardless of the set positions 
of said elongated blades relative to the elongated 
hollow member 6. Said elongated hollow men 
ber is of general cylindrical configuration and its 
outer end portion 67 is curvilinear to the end 
that it can be readily inserted into bearings (not 
shown) provided, for instance, by spaced apart 
Support members 68, 68 disclosed in Fig. 1 and 
by a connecting rod 9. 
Movement of the exterior piston 46 in direc 

tion away from the closure head or valve casing 
22, toward the left in Figs. 2 and 4, is adapted to 
actuate the elongated blades 69, 60 in corre 
Sponding direction, and movement of the interior 
piston 5 in direction away from said closure head 
or valve casing, toward the left in said Figs. 2 and 
4, is adapted to actuate the elongated blades 6, 
6 in corresponding direction. 
The elongated hollow member 6 slidably sup 

ports a first actuator element 69 adapted to be 
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operated by the first longitudinally extending ac 
tuator or hollow tube 55 to cause the elongated 
blades 60, 60 to be moved outwardly, in direction 
away from the elongated cylinder 5, and said 
elongated hollow member also slidably supports 
a second actuator element To adapted to be op 
erated by the Second longitudinally extending ac 
tuator or rod 58 to cause the elongated blades 
6, 6 to be moved outwardly. 
The first actuator element 69 is constituted as 

a hollow cylindrical body having thereon spaced 
apart finger pieces 7 extending outwardly from 
said hollow cylindrical body and having there 
through a central passageway 72 extending lon 
gitudinally of the elongated hollow member 6. 
The hollow cylindrical body of said first actua 
tor element is situated adjacent the Outer end of 
the first longitudinally extending actuator or hol 
low tube 55 and is fixed against turning move 
ment in the elongated hollow member 6 through 
the instrumentality of a lug 73 in said elongated 
hollow member disposed in a longitudinal slot 74 
in the hollow cylindrical body of said first actu 
ator element. 
The Second actuator element 70 is constituted 

as a plug of rectilinear configuration having its 
opposite side edges rounded and a plunger 75 
upon and extending inwardly from said plug and 
slidably disposed in the central passageway 72. 
A portion of said plunger 75 projects beyond the 
inner end of the first actuator element 69 and 
lies in adjacent relation to the Second actuator 
or rod 58. The plug of said second actuator 
element 70 is disposed between the finger pieces 

of the first actuator element 69, and an elon 
gated slot 6 across said plug slidably receives a 
cross pin 77 the Opposite ends of which are 
mounted in the first actuator element 69, or in its 
inger pieces. 
The construction and arrangement will be such 

that the first longitudinally extending actuator 
or hollow tube 55 can be operated to cause the 
elongated blades 60, 60 to be slid outwardly, 
through the medium of the first actuator element 
69, independently of actuation of the second 
longitudinally extending actuator, the second ac 
tuator element T0 and the elongated blades 6, 
6, and also such that the second longitudinally 
extending actuator or rod 58 can be operated to 
cause Said elongated blades 6, 6 to be slid out 
Wardly, through the medium of the second ac 
tuator element 70, independently of actuation of 
Said first longitudinally extending actuator, said 
first actuator element 69 and said elongated 
blades 60, 60. The first longitudinally extending 
actuator or hollow tube 55 when forced outwardly 
engages the hollow cylindrical body of the first 
actuator element 69 and forces this outwardly, 
and the finger pieces 1 Í of said first actuator ele 
ment engage interior portions of the adjacent 
ends of the elongated blades 60, 60 and force these 
outwardly. The second longitudinally extending 
actuator or rod 58 when forced outwardly en 
gages the plunger 75 of the second actuator elle 
ment 70 and forces this OutWardly, and the plug 
of said second actuator element engages interior 
portions of the adjacent ends of the elongated 
blades 6, 6 and forces these outwardly. 
The new and improved expanding mandrel can 

be advantageously employed to accurately posi 
tion a member having a bearing to be bored or 
rebored. The four elongated blades, disposed at 
90 degrees apart, Will engage and support the 
bearing at two different sets of diametrically op 

75 positely disposed locations of the bearing under 
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pressure at the location where each elongated 
blade engages the bearing which is the same for 
all of the elongated blades, and the locations 
where the elongated blades 60, 60 engage and 
support a bearing to be positioned will be Spaced 
90 degrees from the locations where the elongated 
blades Gil, 6 engage and Support the bearing. 
Supposing the exterior piston. 46 to be actuated to 
cause the elongated blades 60, 60 to be first en 
gaged against a bearing in which the expanding 
mandrel is situated, the interior piston 5 will be 
later actuated to cause the elongated blades 6, 
6 to be engaged against the bearing, and both 
said exterior and interior pistons Will in coopera 
tion eventually cause all of the elongated blades to 
engage the bearing under Substantially the Same 
pressure, Supposing the interior piston 5 to be 
actuated to cause the elongated blades 6, 6 to 
be first engaged against a bearing, the exterior 
piston 46 will be later actuated to cause the 
elongated blades 60, 6) to be engaged against the 
bearing, and the exterior and interior pistons 
will, in cooperation, cause all of the elongated 
blades to engage the bearing with equal pressure. 
In the illustrated embodiment of the invention, 

the fluid under pressure employed is air. When 
the control lever 36 is situated, as in Fig. 2, to 
cause the port 28 to be shut off from the port 
29, the outer circumferential groove 30 is con 
tiguous with said port 29 and the inner circum- : 
ferential groove 3 is in clearing relation to the 
closure head or valve casing 22. Thus the in 
terior space of the elongated cylinder 5 and the 
interior space 49 of the hollow cylindrical body 
of the exterior piston 46 are open to atmosphere. 
A compression coil spring 8, Within said elon 
gated cylinder 5 and between the connector or 
nut 54 and the hollow fitting i7, is for urging 
the exterior piston 46 inwardly, toward the clo 
sure head or valve casing 22, upon relief of pres 
sure in the elongated cylinder. 
What is claimed is: 
1. In an expanding mandrel, in combination, 

first and second blades, a member Supporting 
said first and second blades for movement longi 
tudinally thereaf in opposite directions, means for 
causing said first and Second blades to be moved 
exteriorly of said Supporting member in response 
to movement of the first and second blades in 
one direction longitudinally of the Supporting : 
member and interiorly of Said Supporting member 
in response to movement of said first and second 
blades in an opposite direction longitudinally of 
the supporting member, first means for causing 
said first blade to be moved in direction longis 
tudinally of said supporting member, independ 
ently of Said Second blade, adapted to cause 
the first blade to be moved exteriorly of the Sup 
porting member, and Second means for causing 
the second blade to be moved in direction longi 
tudinally of Said Supporting member, independ 
ently of said first blade, adapted to cause said 
second blade to be moved exteriorly of the Sup 
porting member. 

2. In an expanding mandrel, in combination, 
first and Second sets of oppositely disposed blades, 
a neinker supporting the blades of Said first and 
second sets for movement longitudinally of said 
Supporting member in opposite directions, means 
fog causing the blades of Said first and second 
sets to be moved exteriorly of the supporting 
member in response to movement of said blades 
in one direction longitudinally of said supporting 
nnenber and interiorly of said supporting mem 
her in response to movement of the blades, in an 
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opposite direction longitudinally of the Support 
ing member, first means for causing the oppositely 
disposed blades of said first set to be moved in 
direction longitudinally of the Supporting mem 
ber, independently of the oppositely disposed 
blades of said second set, adapted to cause Said 
oppositely disposed blades of the first set to be 
moved exteriorly of said supporting member, and 
second means for causing said oppositely disposed 
blades of the second set to be moved in direction 
longitudinally of the Supporting member, inde 
pendently of the oppositely disposed blades of 
said first set, adapted to cause the oppositely dis 
posed blades of said Second set to be moved ex 
teriorly of said supporting member. 

3. In an expanding mandrel, in combination, 
first and Second blades, a member Supporting 
said first and second blades for movement longi 
tudinally thereof, means for causing said first 
and second blades to be moved exteriorly of Said 
Supporting member in response to movement of 
the first and second blades longitudinally of the 
Supporting member, first means for moving said 
first blade longitudinally of said supporting mem 
ber independently of said second blade thus to 
cause the first blade to be moved exteriorly of 
the Supporting member, and second means for 
Inoving the second blade longitudinally of said 
supporting member independently of said first 
blade thus to cause said second blade to be moved 
exteriorly of the supporting member. 

4. In an expanding mandrel, in combination, 
first and second sets of oppositely disposed blades, 
a member supporting the blades of said first and 
Second sets for movement longitudinally of said 
Supporting member, means for causing the blades 
of Said first and second sets to be moved exteri 
OFly of the supporting member in response to 
moyement of said blades, longitudinally of said 

; : Supporting member, first means for moving the 
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oppositely disposed blades of said first set longi 
tudinally of the supporting member independ 
ently of the oppositely disposed blades of said 
Second set, thus to cause said oppositely disposed 

5 blades of the first set to be moved exteriorly of 
Said supporting member, and second means for 
moving said oppositely disposed blades of the 
Second set longitudinally of the supporting mem 
ber independently of the oppositely disposed 
blades of said first set thus to cause the opposite 
ly disposed blades of said second set to be moved 
exteriorly of said supporting member. 

5. In an expanding mandrel, in combination, 
first and second blades, a member supporting 
Said first and Second blades for movement lon 
gitudinally thereof, means for causing said first 
and second blades to be moved exteriorly of said 
supporting member in response to movement of 
the first and second blades longitudinally of the 
Supporting member, first means for moving said 
first blade in direction longitudinally of said sup 
porting member independently of said second 
blade thus to cause the first blade to be moved 
exteriorly of the Supporting member, second 
means for moving the second blade longitudi 
nally of Said Supporting member independently 
of Said first blade thus to cause said second blade 
to be moved exteriorly of the supporting mem 
ber, and means for forcibly actuating said first 
and Second means to equal extent. 

6. In an expanding mandrel, in combination, 
first and Second sets of oppositely disposed 
blades, a member Supporting the blades of said 
first and second sets for movement longitudinally 
of Said Supporting member, means for causing 
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the blades of said first and second sets to be 
moved exteriorly of the supporting member in 
response to movement of said blades longitudi 
nally of said supporting member, a first device 
for moving the oppositely disposed blades of said 
first set longitudinally of the supporting member 
independently of the oppositely disposed blades 
of Said second set thus to cause said Oppositely 
disposed blades of the first set to be moved ex 
teriorly of said supporting member, a second de 
vice for moving said oppositely disposed blades 
of the second set longitudinally of the support 
ing member independently of the oppositely dis 
posed blades of said first set thus to cause the 
oppositely disposed blades of Said second set to 
be moved exteriorly of said supporting member, 
and means for forcibly actuating said first and 
second devices to equal extent. 

7. In an expanding mandrel, in combination, 
first and second blades, a member supporting 
said first and second blades for movement longi 
tudinally thereof, means for causing said first 
and second blades to be moved exteriorly of said 
supporting member in response to movement of 
the first and second blades longitudinally of the 
supporting member, a cylinder rigid with Said 
supporting member, first and second pistons in said cylinder adapted to be independently moved 
toward said supporting member in response to 
fluid under pressure, a first element adapted to 
be actuated in response to movement of said first 
piston toward the supporting member to cause 
said first blade to be moved longitudinally and 
exteriorly of said supporting member, and a sec 
Önd element adapted to be actuated in response 
to movement of said second piston toward the 
supporting member to cause said second blade 
to be moved longitudinally and exteriorly of said 
supporting member. 8. În an expanding mandrel, in combination, 
first and second sets of oppositely disposed 
blades, a member supporting the blades of said 
first and second sets for movement longitudinally 
of said supporting member, means for causing 
the blades of said first and second sets to be 
moved exteriorly of the supporting member in 
response to movement of said blades longitudi 
nally of said supporting member, a cylinder rigid 
with said supporting member, first and second 
pistons in said cylinder adapted to be independ 
ently moved toward said supporting member in 
response to fluid under pressure, a first element 
adapted to be actuated in response to movement 
of said first piston toward the supporting men 
ber to cause the oppositely disposed blades of 
said first set to be moved longitudinally and ex 
teriorly of the supporting member, and a second 
element adapted to be actuated in response to 
movement of said second piston toward the Sup 
porting member to cause the oppositely disposed 
blades of said second set to be moved longitudi 
nally and exteriorly of said supporting member. 

9. In an expanding mandrel, in combination, 
first and second blades, a member supporting said 
first and second blades for movement longitu 
dinally thereof, means for causing said first and 
second blades to be moved exteriorly of said 
supporting member in response to movement of 
the first and second blades longitudinally of the 
supporting member, a cylinder rigid with Said 
supporting member, first and second pistons in 
said cylinder adapted to be independently moved 
toward said supporting member in response to 
fluid under pressure, a first element adapted to 
be actuated in response to movement of said first 
piston toward the supporting member to cause 
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said first blade to be moved longitudinally and 
exteriorly of said supporting member, a second 
element adapted to be actuated in response to 
movement of said second piston toward the sup 
porting member to cause said second blade to be 
moved longitudinally and exteriorly of said sup 
porting member, and means for causing preSSure 
applied against said first and second pistons to 
move them toward said supporting member to 
be exerted in equal amount against the first and 
Second pistons. 

10. In an expanding mandrel, in combination, 
first and second sets of oppositely disposed blades, 
a member supporting the blades of said first and 
second sets for movement longitudinally of said 
supporting member, means for causing the blades 
of said first, and second sets to be moved exteriorly 
of the supporting member in response to move 
Inent of said blades longitudinally of said Sup 
porting member, a cylinder rigid with said Sup 
porting member, first and Second pistons in Said 
cylinder adapted to be independently moved to 
Ward said supporting member in response to fluid 
under pressure, a first element adapted to be 
actuated in response to movement of said first 
piston toward the supporting member to cause 
the oppositely disposed blades of said first set to 
be moved longitudinally and exteriorly of the 
supporting member, a second element adapted to 
be actuated in response to movement of Said Sec 
ond piston toward the supporting member to 
cause the oppositely disposed blades of Said Sec 
ond set to be moved longitudinally and exteriorly 
of said supporting member, and means for caus 
ing pressure applied against said first and Second 
pistons to move them toward said supporting 
member to be exerted in equal amount against 
the first and second pistons. 

11. In an expanding mandrel, in combination, 
first, and second blades, a member supporting said 
first and second blades for movement longitudi 
nally thereof, means for causing said first and 
second blades to be moved exteriorly of said Sup 
porting member in response to movement of the 
first and second blades longitudinally of the Sup 
porting member, a cylinder rigid with said Sup 
porting member, first and second pistons in said 
cylinder adapted to be independently moved 
under substantially equal pressure toward said 
supporting member in response to fluid under 
pressure, a first element adapted to be actuated 
in response to movement of said first piston tO 
ward the supporting member to cause said first 
blade to be moved longitudinally and exteriorly 
of said supporting member, and a second element 
adapted to be actuated in response to movement 
of said second piston toward the supporting mem 
ber to cause said second blade to be moved 1gn 
gitudinally and exteriorly of said supporting 
member. 

12. In an expanding mandrel, in combination, 
first and second sets of oppositely disposed bladeS, 
a member supporting the blades of said first and 
second sets for movement longitudinally of said 
supporting member, means for causing the blades 
of said first and second sets to be moved ex 
teriorly of the supporting member in response to 
movement of said blades longitudinally of said 
supporting member, a cylinder rigid with said 
supporting member, first and second pistons in 
said cylinder adapted to be independently moved 
under substantially equal pressure toward said 
supporting member in response to fluid under 
pressure, a first element adapted to be actuated 
in response to movement of Said first piston to 
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-ward the supporting member to cause the oppo 
sitely disposed blades of said first set to be moved 
longitudinally and exteriorly of the Supporting 
member, and a second element adapted to be 
actuated in response to movement of said second 
piston toward the supporting member to cause 
the oppositely disposed blades of said second set 
to be moved longitudinally and exteriorly of said 
supporting member. 

13. In an expanding mandrel, in combination, 
first and second blades, a member supporting said 
first and second blades for movement longitudi 
nally thereof, means for causing said first and 
second blades to be moved exteriorly of said Sup 
porting member in response to movement of the 
first and second blades longitudinally of the Sup 
porting member, a cylinder rigid with Said Sup 
porting member, external and internal pistons in 
said cylinder adapted to be independently moved 
toward said supporting member in response to 
fluid under pressure, a hollow tube adapted to be 
actuated in response to movement of Said exter 
nal piston toward the supporting member to 
cause said first blade to be moved longitudinally 
and exteriorly of said supporting member, and a 
rod within said hollow tube adapted to be actu 
ated in response to movement of Said interior 
piston toward the supporting member to cause 
said second blade to be moved longitudinally and 
exteriorly of said supporting member. 

14. In an expanding mandrel, in combination, 
first and second sets of oppositely disposed blades, 
a member supporting the blades of said first and 
second sets for movement longitudinally of Said 
supporting member, means for causing the blades 8. 
of said first and second sets to be moved exterior 
ly of the Supporting member in response to move 
ment of said blades longitudinally of said sup 
porting member, a cylinder rigid with said Sup 
porting member, exterior and interior pistOnS in 
said cylinder adapted to be independently moved 
toward said supporting member in response to 
fluid under pressure, a hollow tube adapted to be 
actuated in response to movement of Said first 
piston toward the supporting member to cause 
the oppositely disposed blades of said first set 
to be moved longitudinally and exteriorly of the 
supporting member, and a rod within said hollow 
tube adapted to be actuated in response to move 
ment of said interior piston toward the Support 
ing member to cause the oppositely disposed 
blades of said second set to be moved longitudi 
nally and exteriorly of said supporting member. 

15. In an expanding mandrel, in combination, 
first and second blades, a member supporting said 
first and second blades for movement longitudi 
nally thereof, means for causing said first and 
second blades to be moved exteriorly of said sup 
porting member in response to movement of the 
first and second blades longitudinally of the sup 
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porting member, a cylinder rigid with said Sup 
porting member, external and internal pistons in 
said cylinder adapted to be independently moved 
under substantially equal pressure toward said 
supporting member in response to fluid under 
pressure, a hollow tube adapted to be actuated in 
response to movement of said external piston to 
ward the supporting member to cause said first 
blade to be moved longitudinally and exteriorly 
of said supporting member, and a rod Within said 
hollow tube adapted to be actuated in response to 
movement of said interior piston toward the sup 
porting member to cause said Second blade to be 
moved longitudinally and exteriorly of said Sup 
porting member. 

16. In an expanding mandrel, in combination, 
first and second sets of oppositely disposed blades, 
a member supporting the blades of said first and 
Second sets for movement longitudinally of said 
supporting member, means for causing the blades 
of said first and second sets to be moved exte 
riorly of the Supporting member in response to 
movement of said blades longitudinally of said 
Supporting member, a cylinder rigid With said 
supporting meinber, exterior and interior pistons 
in Said cylinder adapted to be independently 
moved under substantially equal pressure toward 
said Supporting member in response to fluid un 
der pressure, a hollow tube adapted to be actu 
ated in response to movement of said first piston 
toward the Supporting member to cause the op 
positely disposed blades of Said first set to be 
moved longitudinally and exteriorly of the Sup 
porting member, and a rod within said hollow 
tube adapted to be actuated in response to move 
ment of said interior piston toward the Support 
ing member to cause the oppositely disposed 
blades of said second set to be moved longitudi 
nally and exteriorly of said supporting member. 

17. The combination as specified in claim 13, 
a first actuator element between said hollow tube 
and said first blade, and a second actuator ele 
ment between said rod and Said Second blade. 

18. The combination as Specified in claim 14, a 
first actuator element between said hollow tube 
and the oppositely disposed blades of said first 
Set, and a second actuator element between Said 
rod and the oppositely disposed blades of said 
second set. 

EWALD A. AREP. 
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