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A tube expansion tool that expands an end portion of a
synthetic resin made fluid pipe includes an electric motor
that 1s housed in a main body housing. A screw shaft 1s
located 1n the main body housing and 1s movable 1n a
front-rear direction. A female screw member 1s configured to
move the screw shait in the front-rear direction by engaging
with and rotating around the screw shait. A gear that engages
the female screw member transmits a rotation output of the
output shait of the electric motor to the female screw
member. A wedge extends forward from the screw shatt. A
plurality of jaws are coupled to the main body housing so as
to be openable/closable. When the wedge moves forward
integrally with the screw shaft, the plurality of jaws are
pushed by the wedge so as to be opened radially outward
relative to each other.
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FIG. 2




Patent Application Publication  Jul. 20, 2023 Sheet 3 of 21 US 2023/0226588 Al

N
N
—
F
- *
- N
-— o, T
D
-
™M — ¢ D
- 6. = | .
PR
<t 1 I
-
QO
ﬂ
e
L)

1- I
: . py 31
\III\'- -
- | ..-.-.-
-—
O
- 7
0_ % l_l 1 R | N
= - - \_/ \Z,
= WA
= o~
LL| N
o~



US 2023/0226588 Al

Jul. 20, 2023 Sheet 4 of 21

Patent Application Publication




y—
2
: .
S G 9l4
—
3
= Y 4 38¢¢ €¢ 9l¢
: pLT
m A — o9z eyl |y ues |PEC % i1 07
8/ o1 ®lg ege PEl \ 1 K | i
lqlLg| L€ |9/7 / | . S
n BY¢ /T, - < | 1 ﬁ
I eye esl (I =
p Pzl _
E arg opg \ \-NoA - A AR { B Sy === —"————— |
- umm% _ _ . 112
~ B - _ _ ele
S 82
> J, _ |
> _ eez °1C qig
E SN N SN T e e = qez
9g7
v PYE " - — 107
E oo _ A o6z
~ By
-~ T~ L]
= 9¢ _ pe ¢S ] | | —__u m_w
- ase 7, s 71 €8 zum_mN_awm%m%& 12| Vo g\adr| gy ] \ Jese| el
.m (B9¢€) eC| \n_mm 4! dir 1 m—mvwwwv AwmmNNv Z>>>OQ
S S A—{ VI INOY4=——=¥V
= _ dn
= 0]
=
Qe
=
==



9 Y14

G T pyg 382 €290, 210 pig

e gg \Toya
ey ﬁ?/ PYL | vz UET 12 o7 .
0€ eig |oje PEI \ |

\ ate| €] Jorz| N WA - J
ey

qce
Pél AN

apg opg 7. A A { Sy Ay === e e e ~—————— -

0Ge . —31¢
PSGE—r . —B|7

US 2023/0226588 Al

\§

Jul. 20, 2023 Sheet 6 of 21

A - /]
7 7 7 7 7 7 ~egz 218 q7

57y
ey
_ _ L t~ag7
14 e PYe 507 = _ . 107
age 9 267

L1

9¢ ‘ ¢t # |
2 [z [0z [VE| peg9el/ 12etfod Tej7 |5 oY\ 1% Iy | ¥
9S¢ e7| ce 71 €€ 41z [AL3 L¢| "a/z\ag1] 91| \682| LI

NMOG
v (B6¢
/ mm, 0 INOY4=—=¥v3Y
_ /

0l df]

Patent Application Publication



US 2023/0226588 Al

[ 914

§

eyt

eyz PCl

Jul. 20, 2023 Sheet 7 of 21

8¢

96
PGe
ey

\ Ig ol

— 9[

oY
e o

Pr1

PLC

8¢¢ €¢

PEe

o
It

_.N PLZ

N

s

¥4

\ 06 77

|
i

L.

et N1\

1

48

avg ovg | -] |

egl

o

E¢
9¢

NNm

| |
qél _m

7z [ 9z [oze [ Vel pze

!

|

(B9€)

Patent Application Publication

qG€ ezp ce z| ¢ tmm

Cl
el

/

Ol

e/z |

b Byl egz I

/

G¢

o
/7 vl

9L¢

ast| gy

qri Gl epy
k44 (

4y

of

B6¢)

v |

eil

z%e
INOYd=——dVdd

d(



Patent Application Publication  Jul. 20, 2023 Sheet 8 of 21 US 2023/0226588 Al

I: !
10 v
RIGHT<——>LEFT /




Patent Application Publication  Jul. 20, 2023 Sheet 9 of 21 US 2023/0226588 Al

LEFT
A 32
FRONT<=——REAR /
v
RIGHT
32b 194

FIG. 9



Patent Application Publication  Jul. 20, 2023 Sheet 10 of 21  US 2023/0226588 Al

F16. 10

DOWN (RIGHT)

UAP (LEFT)
FRONT<——=REAR
v



US 2023/0226588 Al

Jul. 20, 2023 Sheet 11 of 21

Patent Application Publication

¢l

q1e

1€

0t

(B¥2) ¥¢
Ol

i

1L Ol14

Abzo_mv23wc

4Vdd=——=1NOy4
v
(L4371 dn




Patent Application Publication  Jul. 20, 2023 Sheet 12 of 21  US 2023/0226588 Al

13

30

F16. 12

e
i

UP (LEFT)

FRONTé+?+?REAR

DOWN (RIGHT)

oD




Patent Application Publication  Jul. 20, 2023 Sheet 13 of 21  US 2023/0226588 Al

FRONT
T TSREAR

F1G. 13



US 2023/0226588 Al

Jul. 20, 2023 Sheet 14 of 21

Patent Application Publication

PL¢

_NL 4OLOW O1¥10313

dOSNS

NOIL193l13a

d34NMN

NOI1VLOd

vl 914

Q—

Ad411véE

o

44 11041NOJ

A

| MOSNIS NOILISOd ONI [z

MOSN3S NOTLISOd WILINI [—L¥

AQOd NIVIN HOLIMS

Ntlmo




US 2023/0226588 Al

Jul. 20, 2023 Sheet 15 of 21

Patent Application Publication

~

-

G1 914

_mAWr\\

291G ¢

0§

9
oz bz mmw [e7] o2
¢ ¢ 3¢ NI TN Y,
: L—1 12 02 5
0 ojc elg ege PEI 47 .\ \
/ Lglel 1S oz AL | , Tz X
B¢
(89¢) 4G¢ ~ 91 N A
pce Ve egl
€¢ ace PCL _
GE VA AV AYAY; : — [TRAZE L L LN _p
qi¢
ope AN —31¢
el¢
A — 0|7
h S 1 £ 7 L
s v ,ﬁ i
8
— . L omwN I
, e
1 TA 4 mwh vamN
GE nwmmm
e|G | . n i
vE | PYE| ¢E1 |- - B
q19 A TAY
qz m/N_ g Emﬁﬁwf dgl =L ammw_bm AS1| o o o_mi qzs Iy NMOG
¢ eg| °r BPL4a8T vI Tqpy 195 %03 g5 S A
_ \ _ INOY4=—1—=4VId
\ G V _
0l dN



US 2023/0226588 Al

Jul. 20, 2023 Sheet 16 of 21

Patent Application Publication

PEC °E¢
tf: HEC g0 | €2] BET
| ] < 1g 02
_ -
0f o1¢ elg ege PEI 7 & e
\ |aie| 1€ |osz e
oV 0l
12 BG|
(29£)058 oee PTI

e¢ | PSS \ape Y AVAN A VAV A A aAYS A — - NN N —
oh¢ —34+14
B¢
( H i I91¢
o — < “ § S - lv_nmw dle

oS NN~y !

; D e 7 e 7 7 ...,,Q%NN 167
— (e
(€) W { mqﬁ 6¢) 62
vt ey — ™\ avG
N VY 70
w7 ve | pye| 28 > s .
7 Y€ ezi ¢l 8¢ ¢¢ PéE G¢l Nmm_, qgl ele N_N m&m— /m_m— [ nmma, f “ NMOd
eg| . qyl 177 (gg) ©7 (99)
1 INOY A<=V
/ G2 v



Patent Application Publication  Jul. 20, 2023 Sheet 17 of 21  US 2023/0226588 Al

FIG. 17

52'4 544

|

56 52b

52'a

>FRONT

UP
A
v
DOWN

REAR<



US 2023/0226588 Al

Jul. 20, 2023 Sheet 18 of 21

Patent Application Publication

’
N Vo —— N
/
. t .
» »
..._,...__ . “ ...,.r“
] | 1
] .
’ r Ty,
.. : ,
= y ~d 7

¢3 4¢S

\. AN 1\ J \ _J

| |
mN@ 07G | BE9 49 egy __ N\@ 4¢d a9 ezg V9 eg z%o

469 _ \ _
_ INOY4<=—=YV¥3Y

/ 9 A

09



US 2023/0226588 Al

Jul. 20, 2023 Sheet 19 of 21

Patent Application Publication

6l DI

HOLIMS NO[1Vddd0

_' AIONJ 105 — eeL

el NOILISOd ON3J
a7/ —| HOLIMS NOILV¥3dO _ HOSN3S "
NOILISOd IVILINI NOILISOd QN3
14¥d NOT1v¥3dO0 e/

NOI1ISOd (N

1L
4OSNIS NOIL93INIA _ ]
PLe wagnn Notvioy [1-] & 1OSINOY L N qoNg 08 ezl

& MOSNIS

NOILISOd WILINI[T —HV

14Vd NOI1vydd0 Al
NOILISOd IVILINI

JO10N 91419373

Q aqaLve
_ AQOS9 NIVW HOLIMS|—re9

\ GV

0L



US 2023/0226588 Al
™
oo

dOSNAS

"7 univyadaal

dOSNAS NOIL1941N4d

2 Ple y3ANON NOILYL0Y
2 ] 010N 01410313
E
9vL 94N )) | y3avay oyl
68
Mvr
epe . g AaaLve

Patent Application Publication

| NOILISOd QN3

1dvd ONI1L1dS
NOI1ISOd 1IVILINI

1dVa
NOILVNINI®OSIA
oVl

44 11041NO9

__ (dION4'10S — el

YOSNIS
NOILISOd QN3 2

14vVd NOI1vddd0 el
NOILISOd QN4

] =18
(IONJ 105 4]

dOSN4S

NOILISOd TVILINI 3/

14Vd NOI1Vddd0
NOILISOd 1VILINI

oL

AQOd NIVAN HOLIMS €9




US 2023/0226588 Al

Jul. 20, 2023 Sheet 21 of 21

Patent Application Publication

¢ 914
£

dOSNIS 18Vd oz_hhmw

NOILISOd (N4

_i AIONJ 105 — eel

4OSNIS
NOTLISOd QN3 ¢V

14Va NOI1vdd4d0 oL
NOILISOd QN4

~—16
1¥vd 9HNIL13S ]
NOILISOd TVILINI AION3T0S eel

4OSN3S
NOILISOd WILINI [T *¥

1dvVd NOI1vddd0 Al

L8 3unLvy3dnal

dOSN4S NOTLOJINAd

Pl MISANN NOTLVLOY

& MOLOW 91¥19373

1HVd
26 INTNI¥NSYIN L
INFHHND Sng

NOILISOd IVILINI

Q AdaLiva o

43 T1041NOY AQO9d NIVN HOLIMS [—®9

14

06



US 2023/0226588 Al

TUBE EXPANSION TOOL

CROSS-REFERENC.

(L]

[0001] This application claims priority to Japanese patent

application serial number 2022-005807, filed on Jan. 18,
2022, to Japanese patent application serial number 2022-
005813, filed on Jan. 18, 2022, and to Japanese patent
application serial number 2022-140599, filed on Sep. 3,
2022, the entire contents of all of which are incorporated
herein by reference.

BACKGROUND

[0002] The present invention generally relates to a tube
expansion tool that expands, for example, an end portion of
a synthetic resin made fluid pipe 1n order for the fluid pipe
to be coupled to a pipe fitting.

[0003] For example, a fluid pipe made of PEX (cross-
linked polyethylene) may be coupled to a metal pipe fitting.
For this purpose, a tube expansion tool has been used for
expanding an iner diameter of an end portion of a PEX
tubing. The end portion of the PEX tubing may be expanded
by the tube expansion tool to allow the PEX tubing to be
coupled to the fitting. The end portion of the PEX tubing
may elastically and gradually recover around the fitting to
form a tight connection. The PEX tubing may be firmly
coupled to the fitting due to this elastic recovery.

[0004] A tube expansion tool that expands a PEX tubing
may be driven by an electric motor. The tube expansion tool
may 1nclude an approximately conical wedge (mandrel) that
moves forward/rearward (advances/retreats) with regard to
an end portion of the PEX tubing positioned at a front
portion of the tool. The tube expansion tool may also include
a plurality of jaws circumierentially arranged around the
wedge. The plurality of jaws may be opened relative to each
other radially outward of the wedge by being pushed by the
wedge as the wedge moves forward. When the plurality of
jaws are imserted mto an opening of an end portion of the
PEX tubing and then the jaws are opened radially outward,
the end portion of the PEX tubing may be expanded.

[0005] A tool main body of the tube expansion tool may
also include an electric motor and a planetary gear reduction
mechanism that reduces an output of an electric motor. The
tube expansion tool may also include an approximately
tubular-shaped grip that extends downward from the tool
main body. A user may hold the tube expansion tool by
holding the grip. For example, the electric motor, which 1s
relatively heavy in weight, may be arranged 1n front of the
orip. Because of this configuration, the center of gravity of
the tool main body may be positioned forward of the center
of the tool. As a result, a user may find 1t diflicult to hold the
tool main body in a stable manner. Furthermore, the plan-
etary gear reduction mechanism, a total diameter of which 1s
relatively large and a length of which 1s relatively large 1n its
axial direction, may be arranged between the grip and the
clectric motor 1n an up-down direction. Because of this
configuration, a length of the tube expansion tool may be
large 1n the up-down direction. As a result, the stability of
holding the tube expansion tool may be furthermore
decreased.

[0006] A contraction (e.g., elastic recovery) speed of the
PEX tubing after 1t has been expanded may change due to an
ambient temperature and/or a temperature of the PEX tub-
ing. For example, when the ambient temperature 1s high, the
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PEX tubing may be more elastically contractible (e.g., 1t
may more quickly shrink/recover). That 1s, a contraction
speed may be high. Because of this property, 1t may be
desired that an end portion of the PEX tubing be expanded
larger. In contrast, when the ambient temperature 1s low, the
PEX tubing may have increased plasticity. In short, a con-
traction speed may be slower. Because of this property, when
an end portion of the PEX tubing 1s expanded more (e.g., to
compensate for the increased recovery speeds), 1t may take
more time than necessary to couple the PEX tubing to the
fitting when the ambient temperature 1s low. Thus, 1n this
case, 1t may be desired that an expansion amount of the jaws
be small. An expansion amount of the jaws may be larger
when an end position (forward end position) of the advanc-
ing wedge 1s shifted forward. In contrast, the expansion
amount of the jaws may be smaller when the end position of
the advancing wedge 1s shifted rearward.

SUMMARY

[0007] As described above, there may be room to improve
a configuration of an tube expansion tool so that a user can
hold it in a more stable manner. It may be required that a user
can hold a tube expansion tool in a stable manner, thereby
improving operability.

[0008] Furthermore, 1n order to shift an 1nitial position and
an end position of the wedge, 1t may be required to detect the
initial position and/or the end position of the wedge. In
addition to this requirement, 1t may be also required to
control a dniving of the electric motor according to the
desired shift 1n position(s). However, a conventional tube
expansion tool has not adopted a configuration in which the
initial position and/or the end position of the wedge can be
detected, let alone shifted. Accordingly, a tube expansion
tool 1n which the initial position and/or the end position of
the wedge can be shifted and detected may be required.
[0009] According to one feature of the present disclosure,
a tube expansion tool that 1s configured to expand an end
portion ol a synthetic resin made fluid pipe comprises an
clectric motor that 1s housed 1n a main body housing. The
tube expansion tool further comprises a screw shaft in the
main body housing that 1s movable 1n a direction parallel to
an output shatt of the electric motor or along an axis line of
the output shatt of the electric motor 1n a front-rear direction.
The tube expansion tool further comprises a female screw
member that moves the screw shaft 1n the front-rear direc-
tion by engagement with the screw shait and rotation around
an axis ol the screw shaft. The tube expansion tool further
comprises a gear that engages the female screw and that
transmits a rotation output of the output shait of the electric
motor. The tube expansion tool further comprises a wedge
extending forward from the screw shaft. Furthermore, the
tube expansion tool further comprises a plurality of jaws that
are coupled to the main body housing so as to be opened/
closed. When the wedge moves forward integrally with the
screw shaft, the plurality of jaws are pushed by the wedge
to be opened radially outward relative to each other.
[0010] As described above, the electric motor 1s arranged
such that the output shait extends parallel to the screw shatt.
Because of this configuration, the electric motor 1s aligned
with the screw shaft 1in the front-rear direction and 1s located
near to the screw shaft. Alternately, the electric motor 1s
arranged such that the output shait extends so as to be
coaxial with the screw shaft. Because of this configuration,
the electric motor 1s arranged close to the screw shalft.
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Accordingly, the electric motor, which 1s heavy 1n weight,
can be positioned close to a center of the main body housing,
in which the screw shaft 1s located. As a result, a good
weilght balance of the tube expansion tool can be obtained
and a user can hold the tube expansion tool 1mn a stable
manner. Accordingly, an operability of the tube expansion
tool can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 1s a perspective view of a tube expansion
tool according to an exemplary embodiment of the present
disclosure.

[0012] FIG. 2 15 a perspective view of a tool main body of
the tube expansion tool, from which a main body housing
has been removed.

[0013] FIG. 3 1s a right side view of the tool main body of

the tube expansion tool, from which the main body housing
has been removed.

[0014] FIG. 4 1s an exploded perspective view of the tool
main body.
[0015] FIG. 5 1s a lateral cross-sectional view of the tool

main body, 1n which a wedge 1s located at an 1nitial position.

[0016] FIG. 6 1s a lateral cross-sectional view of the tool
main body, 1n which rotation of a jaw has been completed.

[0017] FIG. 7 1s a lateral cross-sectional view of the tool
main body, in which the wedge 1s located at an end position.

[0018] FIG. 8 i1s a cross-sectional view taken along line
VIII-VIII of FIG. 8.

[0019] FIG.91s a bottom view of a power conversion ring.

[0020] FIG. 10 1s a jaw rotation mechanism viewed from
a lower left, in which the wedge 1s located at the initial
position.

[0021] FIG. 11 1s the jaw rotation mechanism viewed from
the lower left, in which rotation of the jaw has been
completed.

[0022] FIG. 12 1s the jaw rotation mechanism viewed from
the lower left, in which the wedge 1s located at the end
position.

[0023] FIG. 13 15 a perspective view of a jaw viewed from
a rear side thereof.

[0024] FIG. 14 1s a block diagram of electrical compo-
nents of the tube expansion tool.

[0025] FIG. 15 1s a lateral cross-sectional view of a tool
main body of a tube expansion tool according to a second
embodiment, mm which a wedge 1s located at an 1nitial
position.

[0026] FIG. 16 1s a lateral cross-sectional view of a tool
main body of the tube expansion tool according to the
second embodiment, in which a jaw diflerent from that in
FIG. 15 1s attached to the tool and the wedge 1s located at the
same position as shown in FIG. 15.

[0027] FIG. 17 1s a lateral cross-sectional view of a sensor
positioning mechanism.

[0028] FIG. 18 1s a lateral cross-sectional view of a sensor
positioning mechamsm of a tube expansion tool according to
a third embodiment.

[0029] FIG. 19 1s a block diagram of electrical compo-
nents of a tube expansion tool according to a fourth embodi-
ment.

[0030] FIG. 20 1s a block diagram of electrical compo-
nents of a tube expansion tool according to a fifth embodi-
ment.
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[0031] FIG. 21 1s a block diagram of electrical compo-
nents of a tube expansion tool according to a sixth embodi-
ment.

DETAILED DESCRIPTION

[0032] The detailed description set forth below, when
considered with the appended drawings, 1s intended to be a
description of exemplary embodiments of the present inven-
tion and 1s not intended to be restrictive and/or to represent
the only embodiments in which the present invention can be
practiced. The term “exemplary” used throughout this
description means ‘“‘serving as an example, instance, or
illustration,” and should not necessarily be construed as
preferred or advantageous over other exemplary embodi-
ments. The detailed description includes specific details for
the purpose of providing a thorough understanding of the
exemplary embodiments of the invention. It will be apparent
to those skilled 1n the art that the exemplary embodiments of
the invention may be practiced without these specific details.
In some 1nstances, these specific details refer to well-known
structures, components, and/or devices that are shown 1n
block diagram form in order to avoid obscuring significant
aspects of the exemplary embodiments presented herein.

[0033] According to a feature of the present disclosure, the
tube expansion tool further comprises a grip extending
downward from the main body housing. The grip 1s arranged
between the electric motor and the plurality of jaws 1n the
front-rear direction. Furthermore, the electric motor 1s
arranged below the screw shait. Accordingly, the electric
motor and the plurality of jaws are arranged so as to have a
good weight balance with respect to the grip. As a result,
operability of the tube expansion tool can be improved when
a user holds the grip.

[0034] According to another feature of the present disclo-
sure, at least a part of the screw shait overlaps the grip 1n the
front-rear direction. Accordingly, a length of the tube expan-
sion tool in the front-rear direction can be made short.
Accordingly, a moment around a center of gravity of the
tube expansion tool may be made small, which improves
operability of the tube expansion tool.

[0035] According to another feature of the present disclo-
sure, a planetary gear reduction mechanism that reduces a
rotation output of the output shaft 1s arranged between the
output shaft of the electric motor and the screw shaft.
Accordingly, the planetary gear reduction mechanism 1s
arranged 1n a compact manner 11 a rotation power transmis-
sion path from the electric motor to the screw shait. Also, a
transmission loss of the rotation power can be suppressed by
minimizing the rotation power transmission path from the
clectric motor to the screw shaft.

[0036] According to another feature of the present disclo-
sure, the tube expansion tool further comprises a rotation
drive ring that 1s linked to a rear portion of the plurality of
jaws. Furthermore, the tube expansion tool further com-
prises a jaw rotation mechanism that rotates the plurality of
jaws 1n a circumierential direction by rotation of the rotation
drive ring, which may be caused by the rotation output of the
clectric motor. Furthermore, the rotation drive ring 1is
arranged 1n front of the female screw member. Accordingly,
the female screw member, the rotation drive ring, and the
plurality of jaws are arranged 1n this order in the front-rear
direction, which 1s the direction 1n which the screw shaft
extends. Because of this configuration, a center of gravity of
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the tube expansion tool may be positioned close to the screw
shaft. As a result, the stability of holding the tube expansion
tool can be 1mproved.

[0037] According to another feature of the present disclo-
sure, the tube expansion tool further comprises a cap that
supports the plurality of jaws so as to allow the jaws to be
opened/closed. The cap i1s also structured to restrict the
plurality of jaws from moving in the front-rear direction.
The tube expansion tool further comprises a front side
mechanism housing, a first center mechanism housing, and
a rear side mechanism housing arranged in this order from
a front side to a rear side. These components are positioned
within the main body housing. Furthermore, the tube expan-
s10n tool further comprises a bolt that connects the front side
mechanism housing to the rear side mechanism housing.
Furthermore, the front side mechanism housing 1s made of
iron and supports the cap. The rear side mechanism housing
1s made of 1ron and supports an end portion of the female
screw member. Furthermore, the first center mechanism
housing 1s made of a material that 1s lighter 1n weight than
1ron.

[0038] Because of this configuration, the tube expansion
tool has a structure configured by the front side mechamism
housing, the first center mechanism housing, and the rear
side mechanism housing 1 a divided manner in the front-
rear direction. When the plurality of jaws are opened, the cap
and the front side mechanism housing that supports the cap
may be strongly pushed forward by the plurality of jaws. The
female screw member may be strongly pushed rearward by
a reaction force caused by the screw shait moving forward.
Different from the above configuration, for example, 1n a
case where the front side mechanism housing, the first center
mechanism housing, and the rear side mechanism housing,
are combined to form an integral mechanism housing as a
single component, when the plurality of jaws 1s opened,
strong pulling forces may be generated at an front end and
a rear end of the integral mechanism housing. Because of
this, an entirety of the integral mechanism housing may be
required to have high strength. However, in the present
disclosure, the front mechanism housing, the first center
mechanism housing, and the rear mechamism housing are
arranged 1n the front-rear direction i a divided manner.
Also, of these components, only the front side mechanmism
housing and the rear side mechanism housing are made of
iron. Because of this configuration, the front side mechanism
housing and the rear side mechanism housing, each of which
has high strength, can both receive the pulling force in the
front-rear direction. Also, the tube expansion tool may be
made lighter in weight by the first center mechanism hous-
ing being made of a lighter material.

[0039] According to another feature of the present disclo-
sure, the tube expansion tool further comprises a second
center mechanism housing positioned between the first
center mechanmism housing and the rear side mechanism
housing. Furthermore, each of the front side mechanism
housing, the first center mechanism housing, the second
center mechanism housing, and the rear side mechanism
housing includes an engagement portion at each end portion
thereol, such that adjacent engagement portions are config-
ured to overlap each other in the front-rear direction.
Accordingly, the front side mechanism housing and the first
center mechanism housing can be precisely positioned rela-
tive to each other by overlapping the corresponding engage-
ment portions. Also, the first center mechanism housing and
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the second center mechanism housing can be precisely
positioned relative to each other by overlapping the corre-
sponding engagement portions. Furthermore, the second
center mechanism housing and the rear side mechanism
housing can be precisely positioned relative to each other by
overlapping the corresponding engagement portions.
Because of this configuration, assemblability of each mecha-
nism housing can be improved. Also, rattling of the com-
ponents housed i1n the main body housing, such as, for
example, the female screw member, can be prevented.

[0040] According to another feature of the present disclo-
sure, a spindle that rotates integrally with the gear 1s
arranged 1n front of the output shait of the electric motor.
Furthermore, the first center mechamsm housing and the
second center mechanism housing may each support a
spindle bearing that rotatably supports the spindle and may
also each support a female screw member bearing that
rotatably supports the female screw member. Accordingly,
the spindle bearings and the female screw member bearings
may not substantially receive a direct force 1n the front-rear
direction. Because of this configuration, the spindle and the
female screw member can be supported by the first center
mechanism housing and the second center mechanism hous-
ing, both of which have a weaker strength compared with the
front side mechanism housing and the rear side mechanism
housing. As a result, the tube expansion tool can be made
more light weight, for instance due to having fewer com-
ponents made of iron.

[0041] According to another feature of the present disclo-
sure, the rear side mechanism housing supports a thrust
bearing that contacts a rear end of the female screw member.
When the screw shaft moves forward, the female screw
member may be pushed rearward by a strong force. The rear
side mechanism housing may receive the force by which the
female screw member 1s pushed, via the thrust bearing.
Because of this configuration, the female screw member can
be precisely rotated around an axis of the screw shait. As a
result, the screw shait can move precisely 1n the front-rear
direction.

[0042] According to another feature of the present disclo-
sure, a plurality of balls are placed between and engage with
the screw shait and the female screw member. Accordingly,
the transmission efliciency of a driving force can be
improved by the plurality of balls placed between the screw
shaft and the female screw member. As a result, the rotation
drive power of the female screw member can be efliciently
converted to the movement of the screw shait in the front-
rear direction.

[0043] According to another feature of the present disclo-
sure, the tube expansion tool further comprises a controller
that switches between forward and reverse rotations of the
output shaft of the electric motor. The tube expansion tool
further comprises an i1mitial position sensor and/or an end
position sensor that detect(s) the screw shait at an 1nitial
position and/or an end position, respectively, and transmit(s)
a corresponding signal to the controller. Furthermore, the
screw shalt moves forward and rearward between a rearward
initial position and a forward end position by rotation of the
female screw member. Furthermore, the initial position
sensor, 1i present, 1s arranged so as to be movable in the
front-rear direction such that an 1mitial position of the screw
shaft 1s movable by moving a position of the 1nitial position
sensor. The end position sensor, 1f present, 1s arranged so as
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to be movable 1n the front-rear direction such that an end
position of the screw shatt 1s movable by moving a position
of the end position sensor.

[0044] Because of this configuration, by displacing the
end position sensor forward, an end position of the wedge
moving forward can be set to a more forward position.
Because of this, a pushing force of the wedge to enlarge the
plurality of jaws radially outward can be larger at a newly
positioned end position. Accordingly, an expansion width of
the plurality of jaws opened radially outward relative to each
other may be made larger. For example, 1n a case where a
contraction speed of the fluid pipe 1s high, for example due
to a high ambient temperature, an expansion width of the
end portion of the fluid pipe can be made large. In contrast,
by displacing the end position sensor rearward, an end
position of the wedge moving forward can be set to a more
rearward position. Because of this, a pushing force of the
wedge to enlarge the plurality of jaws radially outward may
be smaller at a newly positioned end position. Accordingly,
an expansion width of the plurality of jaws 4 opened radially
outward relative to each other can be made smaller. For
example, 1n a case where a contraction speed of the flmd
pipe 1s low, for instance due to a low ambient temperature,
an expansion width of the end portion of the fluid pipe may
be made smaller. In this manner, an expansion width of the

jaws can be changed as desired, for mstance in accordance
with an ambient temperature or a temperature of the fluid

pipe.

[0045] Furthermore, because of the above configuration,
one may move the mitial position sensor forward, thereby
allowing an 1mitial position of the wedge to be positioned 1n
a more forward position. Accordingly, a time period from a
time when the wedge starts to move from its initial position
to a time when the wedge reaches the plurality of jaws can
be reduced. As a result, a time taken to open/close the
plurality of jaws per cycle can be reduced, which causes an
overall operation time to be reduced. Furthermore, by mov-
ing the 1nitial position sensor rearward, an itial position of
the wedge may be positioned 1n a more rearward position.
Accordingly, for example, when using a plurality of jaws
having a thick thickness in a radial direction, an initial
position of the wedge can be positioned in a more rearward
position, such that the wedge does not interfere with the
closing of the plurality of jaws.

[0046] According to another feature of the present disclo-
sure, the initial position sensor and/or the end position
sensor include(s) a Hall Effect element, which 1s positioned
in the main body housing. Furthermore, the screw shaft
includes a magnet. Accordingly, a structure for detecting the
initial position sensor and/or the end position of the screw
shaft can be made simple and compact. Accordingly, the
main body housing, including the initial position sensor
and/or the end position sensor, can be made compact.

[0047] According to another feature of the present disclo-
sure, the initial position sensor and/or the end position
sensor 1clude(s) an operation part(s), extending outward of
the main body housing. Accordingly, a user can move a
position of the initial position sensor and/or a position of the
end position sensor by shifting a position of the operation
part(s). The user can move the position of the initial position
sensor and/or the position of the end position sensor from
outside of the main body housing using their finger. Because
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of this configuration, the initial position sensor and/or the
end position sensor can be easily moved to a target position
(8).

[0048] According to another feature of the present disclo-
sure, the tube expansion tool further comprises a grip
extending downward from the main body housing. Further-
more, the operation part(s) project(s) upward from an upper
surface of the main body housing. Accordingly, the opera-
tion part(s) can be arranged on an upper side of the main
body housing, such that the user can more easily view the
operation part(s).

[0049] According to another feature of the present disclo-
sure, the tube expansion tool further comprises a jaw rota-
tion mechanism that rotates the plurality of jaws in a
circumierential direction by a rotation output of the electric
motor. Furthermore, the controller can supply a current to
the electric motor based on a first upper limit value and a
second upper limit value. The first upper limit value 1s
defined as an upper limit of a current flowing to the electric
motor 1 a rotation zone in which the plurality of jaws are
rotated. Also, the second upper limit 1s defined as an upper
limit of a current flowing to the electric motor 1n an
expansion zone in which the plurality of jaws are opened
radially outward relative to each other. That 1s, an upper
limit of a current flowing to the electric motor can be
changed based on whether the operation 1s 1n the rotation
zone or the expansion zone. Because of configuration, for
example, when the jaws become un-rotatable, the electric
motor can be prevented from continuing to be driven. As a
result, an excessive force can be prevented from being
applied to, for example, the jaws, the wedge, and the jaw
rotation mechanism.

[0050] According to another feature of the present disclo-
sure, the tube expansion tool further comprises a rotation
number detection sensor that detects a number of rotations
ol the electric motor and transmits a corresponding signal to
the controller. Furthermore, the controller defines the rota-
tion zone and the expansion zone based on the correspond-
ing signal from the rotation number detection sensor and
detection of the signals relating to the 1nitial position and the
end position of the screw shait. Because of this configura-
tion, when an end position of the screw shaift 1s changed by
moving a position of the end position sensor, the rotation
zone and the expansion zone can be re-defined. As a result,
a rotation operation and an expansion operation of the jaws
can be controlled such that the fluid pipe can be expanded to
a desired expansion width, for instance according to a
contraction speed of the fluid pipe.

[0051] According to another feature of the present disclo-
sure, the first upper limit value 1s set lower than the second
upper limit value. Accordingly, an upper limit of a current
flowing to the electric motor can be set low 1n the rotation
zone, 1n which 1t 1s desired that a small load force 1s applied
to the jaws and the jaw rotation mechanism. As a result, the
clectric motor can be prevented from being excessively
driven 1n the rotation zone. Also, a load force applied to the

jaws and the jaw rotation mechanism may be minimized.

[0052] According to another feature of the present disclo-
sure, the rotation zone 1s a zone 1n which the wedge moves
forward prior to entering the expansion zone. Accordingly,
the plurality of jaws can expand radially outward relative to
cach other after having rotated in the circumierential direc-
tion of the wedge. By clear separation of the rotation
operation and the expansion operation of the jaws, an
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unnecessary and accidental load force can be prevented from
being applied to the jaws and the jaw rotation mechanism.

[0053] According to another feature of the present disclo-
sure, the rotation zone 1s a zone i which the wedge moves
rearward alter having exited the expansion zone. Accord-
ingly, the plurality of jaws can rotate in the circumierential
direction of the wedge after the jaws are closed radially
inward relative to each other. In this case, because the
rotation operation and the expansion operation of the jaws
are clearly separated, an accidental load force can be pre-
vented from being applied to the jaws and the jaw rotation
mechanism.

[0054] According to another feature of the present disclo-
sure, a plurality of balls are placed between the screw shafit
and the female screw member. Accordingly, the transmission
celliciency of a driving force may be improved by the
plurality of balls placed between the screw shaft and the
female screw member. As a result, the rotation drive power
of the female screw member can be efliciently converted to
the movement of the screw shaft in the front-rear direction.

[0055] According to another feature of the present disclo-
sure, a second plurality of jaws, each of which has a different
thickness 1n the radial direction than the plurality of jaws,
are configured to be attached to the tube expansion tool.
Accordingly, fluid pipes having various different nominal
diameters can be expanded using the same tube expansion
tool.

[0056] According to another feature of the present disclo-
sure, the tube expansion tool further comprises one or more
sensor positioning mechanism by which the initial position
sensor and/or the end position sensor 1s/are configured to be
releasably positioned at a plurality of desired positions in the
front-rear direction. Accordingly, the 1nitial position sensor
can be positioned such that an initial position of the wedge
may be positioned at a desired position selected from
predetermined positions. Also, the end position sensor may
be positioned such that an end position of the wedge can be
positioned at a desired position selected from predetermined
positions. Accordingly, a user may not need to fine-adjust an
initial position and/or an end position of the wedge, which
improves usability of the tube expansion tool. Also, the
initial position sensor and/or the end position sensor that
1s/are once positioned can be prevented from inadvertently
being moved.

[0057] Next, one embodiment of the present disclosure
will be described with reference to FIGS. 1 to 14. As shown
in FIG. 1, a tube expansion tool 1 of the present disclosure
may include a tool main body 10 that 1s housed in an
approximately tubular-shaped main body housing 11. The
tube expansion tool 1 may also include a grip 5 that extends
downward from a middle portion of the tool main body 10
in a front-rear direction. In FIG. 1, a user who holds the tube
expansion tool 1 may be situated on a rear side of the tube
expansion tool 1. In the following explanation, the rear side
ol the tube expansion tool 1 may be also referred to as a user
side, and a side opposite to the user side may be referred to
as a front side. Also, a left/right side and an upper/lower side
may be based on a user’s position.

[0058] As shown in FIGS. 1 and 4, a ring-shaped cap 2
may be attached to a front portion of the main body housing,
11 that 1s located forward of the grip 5. An approximately
conical wedge 3 extending 1n a front-rear direction may be
arranged side of an iner circumierential surface of the cap
2. The wedge 3 may be attached to a front end of a
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cylindrical-shaped screw shait 28. The screw shait 28 may
extend 1n the front-rear direction 1n a center of the main body
housing 11. The wedge 3 may be movable 1n the front-rear
direction integrally with the screw shait 28. A plurality of
jaws 4 may be arranged extending in the front-rear direction.
The plurality of jaws 4 may be radially outward of the wedge
3 and radially inward of the cap 2. The plurality of jaws 4
may be arranged 1n a circumierential direction of the wedge
3 at equal intervals. For example, six jaws 4 may be arranged
in the circumierential direction of the wedge 3 at an equal
angular interval of 60 degrees. The plurality of jaws 4 may
be opened/closed 1n a radial direction between a closed state
and an open state. In the closed state, the plurality of jaws
4 may contact each other in the circumierential direction and
cover the wedge 3. In the open state, the plurality of jaws 4
may be opened relative to each other radially outward and
may expose a part of an end portion of the wedge 3.

[0059] As shown in FIG. 1, a trigger-type switch lever 6
may be disposed at a front surface of the grip 5. A user may
pull the switch lever 6 while holding the grip 5. A switch
main body 6a, which may turn on and off the tool 1 in
conjunction with the pulling operation of the switch lever 6,
may be disposed within the grip 5. The switch main body 6a
may be 1n an off state when the switch lever 6 1s not pulled,
and may be 1n an on state when the switch lever 6 1s pulled.
An approximately rectangular box-shaped housing 7 that
extends 1n the front-rear direction and 1n a left-right direc-
tion with respect to the grip 5 may be disposed at a lower end
of the grip 5. The housing 7 may house a controller 45. The
controller 45 may include a shallow rectangular box-shaped
case and a resin-encapsulated control board housed 1n the
case. The controller 45 may be housed 1n the housing 7 such
that a width thereof (a shortest side of the case) extends in
the up-down direction. The controller 45 may mainly control
the driving of an electric motor 21, which will be discussed
later 1n detail.

[0060] As shown in FIG. 1, a battery attachment portion
7a may be provided at a lower surface of the housing 7. A
rectangular box-shaped battery 8 may be removably
attached to the battery attachment portion 7a. The battery 8
may be removed from the battery attachment portion 7a by
sliding the battery 8 in a forward direction with respect to the
battery attachment portion 7a. In contrast, the battery 8 may
be attached to the battery attachment portion 7a by sliding
the battery 8 1n a rearward direction from a front side of the
battery attachment portion 7a. The battery 8 removed from
the battery attachment portion 7a may be repeatedly
recharged for use by a dedicated charger. The battery 8 may
be used for other electric tools. The battery 8 may serve as
a power source for the electric motor 21.

[0061] As shown in FIG. 4, the main body housing 11 may
include a front side mechanism housing 12, a first center
mechanism housing 13, a second center mechanism housing
14, and a rear side mechanism housing 135 1n this order in the
front-rear direction. The front side mechanism housing 12,
the first center mechanism housing 13, and the second center
mechanism housing 14 may be respectively formed to have
substantially a cylindrical shape having an insertion hole at
the center thereof that penetrates 1n the front-rear direction.
The rear side mechanism housing 15 may be formed to have
a plate shape having an insertion hole 1n the same manner as
the other housings. A thickness direction of the rear side
mechanism housing 15 may be aligned in the front-rear
direction. The front side mechanism housing 12, the first
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center mechanism housing 13, the second center mechanism
housing 14, and the rear side mechanism housing 15 may
cooperate to form a mechanism housing that houses a
spindle 24 and a female screw member 27, both of which
will be discussed later in detail. The front side mechanmism
housing 12 and the rear side mechanism housing 15 may be
made of 1ron or other suitably strong material. The first
center mechanism housing 13 and the second center mecha-
nism housing 14 may be made of aluminum or other suitably
light material. In other words, the first center mechanism
housing 13 and the second center mechanism housing 14
may be made of a material having a density less than that of
1ron.

[0062] As shown in FIGS. 2 and 4, a male screw 12a may
be formed on a front outer circumierential surface of the
front side mechanism housing 12. A female screw 24 that
engages the male screw 12a may be formed on an inner
circumierential surface of the cap 2. By engaging the male
screw 12a with the female screw 2b, the cap 2 may be
coupled to a front portion of the front side mechanism
housing 12. A rectangular extension portion 12c¢ that extends
outward 1 a radial direction and has an approximately
rectangular-shaped plate shape may be formed at a rear
portion of the front side mechanism housing 12. A through
hole 12¢ may penetrate the rectangular extension portion
12¢ 1 the front-rear direction at each of the four corners of
the rectangular extension portion 12c.

[0063] As shown in FIGS. 2 and 4, the first center mecha-
nism housing 13, the second center mechanism housing 14,
and the rear side mechanism housing 15 may each include
tour boss portions 13¢, 14¢, 15¢, each of which 1s positioned
radially outward. Each of the boss portions 13c¢, 14¢, 15¢
may be formed 1n an approximately tubular shape extending,
in the front-rear direction. The boss portions 13c¢, 14¢ of the
first center mechanism housing 13 and the second center
mechanism housing 14 may each include central through
holes 13/ 14/, which penetrate in the front-rear direction.
Each of the boss portions 15¢ of the rear side mechanism
housing 15 may include a screw hole 154 that extends 1n the
front-rear direction at the center thereof.

[0064] As shown in FIGS. 2 and 4, when the rectangular
extension portion 12¢ and the boss portions 13¢, 14¢, 15¢ are
aligned 1n the {front-rear direction, the corresponding
through holes 12¢, 13/, 14/ may communicate with the screw
holes 154 1n the front-rear direction. Four bolts 154 may be
inserted through the through holes 12¢, 13/ 14/ 1n the
front-rear direction from the front side and be screw-con-
nected to the screw holes 154. Because of this configuration,
the front side mechanism housing 12 and the rear side
mechanism housing 15 may be linked to one another by the
bolts 16, and such that the first center mechanism housing 13
and the second center mechanism housing 14 are held
between the front side mechanism housing 12 and the rear
side mechanism housing 15 1n the front-rear direction.

[0065] As shown 1n FIGS. 3-5, a rear end of the front side
mechanism housing 12 and a front end of the first center
mechanism housing 13 may include an approximately cylin-
drical-shaped engagement portion 126 and engagement por-
tion 13qa, respectively. An outer circumierential surface of
the engagement portion 126 of the front side mechamism
housing 12 may have approximately the same diameter as an
inner circumierential surface of the engagement portion 13a
of the first center mechanism housing 13. The engagement
portion 126 of the front side mechanism housing 12 may
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overlap the engagement portion 13a of the first center
mechanism housing 13 in the front-rear direction, and the
outer circumierential surface of the engagement portion 125
of the front side mechanism housing 12 may be tightly fitted
with the mmner circumiferential surface of the engagement
portion 13a of the first center mechamism housing 13 by a
sp1got-joint engagement.

[0066] As shownin FIGS. 3-5, a rear end of the first center
mechanism housing 13 and a front end of the second center
mechanism housing 14 may include an approximately cylin-
drical-shaped engagement portion 135 and engagement por-
tion 14a, respectively. An inner circumierential surface of
the engagement portion 135 of the first center mechanism
housing 13 may have approximately the same diameter as an
outer circumierential surface of the engagement portion 14a
of the second center mechanism housing 14. The engage-
ment portion 135 of the first center mechamism housing 13
may overlap the engagement portion 14a of the second
center mechanism housing 14 1n the front-rear direction, and
the inner circumierential surface of the engagement portion
135 of the first center mechanism housing 13 may be tightly
fitted with the outer circumierential surface of the engage-
ment portion 14a of the second center mechanism housing
14 by a spigot-joint engagement.

[0067] As shown in FIGS. 3-5, a rear end of the second
center mechamism housing 14 may include an approximately
cylindrical-shaped engagement portion 14b. A front surface
of the rear side mechanism housing 15 may include an
approximately cylindrical-shaped engagement portion 155
projecting forward. An inner circumierential surface of the
engagement portion 146 of the second center mechanism
housing 14 may have approximately the same diameter as an
outer circumierential surface of the engagement portion 155
of the rear side mechanism housing 15. The engagement
portion 145 of the second center mechanism housing 14 may
overlap the engagement portion 155 of the rear side mecha-
nism housing 15 in the front-rear direction, and the inner
circumierential surface of the engagement portion 145 of the
second center mechanism housing 14 may be tightly fitted
with the outer circumiferential surface of the engagement
portion 1556 of the rear side mechanism housing 15 by a
sp1got-joint engagement.

[0068] As shown i FIGS. 1 and 5, an approximately
tubular-shaped motor housing 20 that houses the electric
motor 21 may be provided at a rear portion of the main body
housing 11. The motor housing 11 may be positioned below
the screw shaft 28 and on an upper rear side of the grip 5.
The electric motor 21 may be, for example, a DC blushless
motor. An output shaft 21a of the electric motor 21 may
extend along a motor shait axis line J in the front-rear
direction, which 1s parallel to a direction 1n which the screw
shaft 28 extends. The output shait 21a may be supported by
bearings 21e, 21/ attached to the motor housing 20 so as to
be rotatable around the motor shait axis line J.

[0069] As shown i FIG. 5, a stator 215 of the electric
motor 21 may be unrotatably supported on an inner circum-
ferential surface of the motor housing 20. A rotor 21¢ of the
clectric motor 21 may be attached to the output shait 21a so
as to be integrally rotatable with the output shaft 214 and on
an mner circumierential side of the stator 215. A rotation
number detection sensor 214 may be disposed 1n front of the
rotor 21c¢. The rotation number detection sensor 214 may be
used to detect the number of rotations of the output shait 21a
by detecting a rotation angle of the rotor 21¢. (The controller




US 2023/0226588 Al

45 may determine the number of rotations based on the
number of times the rotor 21c rotates at a certain angular
position.) A fan 22 for introducing cooling air within the
motor housing 20 may be attached to the output shait 21a
between the rotor 21c¢ and the rear bearing 21/ in the
front-rear direction. When the fan 22 rotates integrally with
the output shaft 21a, cooling air may flow from the front side
toward the rear side of the housing 20.

[0070] As shown in FIG. 3, a planetary gear reduction
mechanism 23 for reducing an output speed of the output
shaft 21a may be positioned 1n front of the electric motor 21.
The planetary gear reduction mechanism 23 may have an
approximately tubular shape and be disposed around the
motor shaft axis line J. The planetary gear reduction mecha-
nism 23 may have approximately the same diameter as the
clectric motor 21. A first sun gear 23¢ may be arranged
integrally with a front end of the output shaft 21a. The first
sun gear 23a may be positioned at a rear end of the planetary
gear reduction mechanism 23. A first internal gear 235 may
be arranged radially outside of the first sun gear 23a. The
first internal gear 23b may be ring-shaped around the motor
shaft axis line J. A plurality of first planetary gears 23¢ may
be engageably arranged between the first sun gear 23a and
the first internal gear 235. The first planetary gears 23¢ may
engage a first carrier 234 1n front of the first sun gear 23a.
A rotation power of the output shaft 21a may be reduced and
transierred to the first carrier 234 via the first sun gear 23a
and the first planetary gears 23c.

[0071] As shown in FIG. 3, the first carrier 234 may be
tformed 1ntegrally with a second sun gear 23¢ and also may
be rotatable integrally with the second sun gear 234 around
the motor shaft axis line J. A second internal gear 23/ may
be arranged radially outside of the second sun gear 23e. The
second internal gear 23/ may be ring-shaped around the
motor shaft axis line J. A plurality of second planetary gears
232 may be engageably arranged between the second sun
gear 23e and the second internal gear 237/ The second
planetary gears 23g may engage a second carrier 23/ 1n front
of the second sun gear 23e. The second carrier 23/ may be
formed integrally with the spindle 24 and may be rotatable
around the motor shaft axis line J. Because of this configu-
ration, a rotation power of the first carrier 234 may be
reduced and transterred to the spindle 24 via the second sun
gear 23e, the second planetary gears 23g, and the second
carrier 2342, As a result, a rotation power of the output shatt
21a may be reduced and transterred to the spindle 24 via the
planetary gear reduction mechanism 23.

[0072] As shown in FIG. 5, the spindle 24 may be sup-
ported by spindle bearings 245, 24¢ so as to be rotatable
around the motor shaft axis line J. The front spindle bearing
24b may be press-fit to a recessed portion 134 formed at a
lower portion of the first center mechanism housing 13. The
rear spindle bearing 24c¢ may be press-fit to a recessed
portion 144 formed at a lower portion of the second center
mechanism housing 14. The spindle bearings 245, 24¢ may
be housed 1n a space formed by the first center mechanmism
housing 13 cooperating with the second center mechanmism
housing 14. The spindle 24 may include a gear 26 that 1s
formed integrally with the spindle 24. The gear 26 may be
configured to transmit a rotation power to the screw shait 28.
The gear 26 may be arranged between the spindle bearings
24b, 24c. A male screw (thread) 24a may be formed on an
outer circumierential surface of the spindle 24 1n front of the
front side spindle bearing 24.
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[0073] As shown in FIGS. 4 and 5, the tool main body 10
may include a feed screw mechanism 25, which may be also
referred to as a ball screw mechanism. The feed screw
mechanism 25 may include the screw shaft 28, the female
screw member 27, and the gear 26. The screw shait 28 may
be arranged along a screw shaift axis line K that extends in
the front-rear direction and at a center of the main body
housing 11. The screw shait 28 may be movable in the
front-rear direction along the screw shait axis line K. The
screw shait 28 may be arranged such that at least a part of
the screw shait 28 overlaps a portion of the grip 5 1n the
front-rear direction within a movable range of the screw
shaft 28 from a rear end position to a front end position.
When the screw shait 28 1s disposed at the end position 1n
the movable range, the screw shait 28 may overlap the
output shaift 21a in the front-rear direction. The female
screw member 27 may be formed in an approximately
cylindrical shape, and may engage the screw shaft 28 and the
gear 26. A female screw 276 may be formed on an inner
circumierential surface of the female screw member 27. The
female screw 27b may engage a male screw 28a of the screw
shaft 28 via a plurality of balls 285 between the male screw
28a and the female screw 275. The female screw member 27
may include a gear 27a that protrudes radially outward and
engages the gear 26. A rotation of the spindle 24 may be
transmitted to the female screw member 27 due to the

engagement of the gear 27a of the female screw member 27
with the gear 26 of the spindle 24.

[0074] As shown in FIGS. 4 and 5, the female screw
member 27 may be rotatably supported around the screw
shaft axis line K by female screw member bearings 27¢, 27d
in the front-rear direction. The female screw member bear-
ing 27¢ on the front side of the gear 27a may be press-fitted
to an 1ner circumierential surface 13e of the first center
mechanism housing 13. The female screw member bearing
27d on the rear side of the gear 27a may be press-fitted to
an mnner circumierential surface 14e of the second center
mechanism housing 14. The female screw member bearings
277c, 277d may be housed 1n a space formed by the first center
mechanism housing 13 cooperating with the second center
mechanism housing 14. A thrust bearing 27e¢ for recerving a
thrust load that pushes the female screw member 27 1n a
rearward direction may be arranged between a rear surface
of the female screw member 27 and a front surface 15a of
the rear side mechanism housing 15. A washer 27f may be
arranged between a front surface of the female screw mem-
ber 27 and a rear surface of the power conversion ring 32.

The power conversion ring 32 will be discussed later 1n
detail.

[0075] As shown in FIGS. 2 and 3, a screw shaft guide 29
may be provided at a rear portion of the screw shait 28. The
screw shaft guide 29 may guide a movement of the screw
shaft 28 1n the front-rear direction with respect to the main
body housing 11. The screw shaft gmide 29 may include a
support member 29a that 1s coupled to the screw shaft 28
and that extends 1 a left-right direction. The screw shatt
guide 29 may also include a roller 2956 that i1s provided on
both left and right ends of the support member 29a. A pair
of rails 29¢ that are each formed 1n a loop shape and extend
in the front-rear direction may be provided on both left and
right sides of the main body housing 11. Each roller 2956 may
engage the corresponding rail 29¢ so as to move 1n the
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front-rear direction along the rail 29¢. The screw shait 28
may be moved in the front-rear direction while being guided

by the rollers 295.

[0076] As shown in FIGS. 4 and 5, the tool main body 10
may include a jaw rotation mechanism 30 that rotates the
plurality of jaws 4. The jaw rotation mechanism 30 may
include a linear movement member 31 and a power conver-
sion ring 32. The linear movement member 31 may be
formed 1n an approximately cylindrical shape having an axis
line 1n the front-rear direction. The linear movement mem-
ber 31 may include a female screw 31a and a cylindrical-
shaped protrusion 315. The female screw 31a may be
formed on an inner circumierential surface of the linear
movement member 31. The cylindrical-shaped protrusion
315 may extend 1n a direction perpendicular to the axis line
of the linear movement member 31. A roller 315 may be
provided on an outer circumierential surface of the protru-
sion 315. The roller 315 may cover the protrusion 315 1n the
circumierential direction and be rotatable around an axis of
the protrusion 31b. The female screw 31a of the linear
movement member 31 may engage the male screw 24a of
the spindle 24. A rotation restriction portion 124 that restricts
a rotation of the linear movement member 31 may be formed
at a lower portion of the front side mechanism housing 12.
The rotation restriction portion 124 may be formed 1n a
groove shape extending lineally in the front-rear direction
and may be formed so as to penetrate the front side mecha-
nism housing 12 in the radial direction.

[0077] As shown in FIGS. 4 and 9, the power conversion
ring 32 may be formed in an approximately cylindrical
shape. The power conversion ring 32 may have an 1nsertion
hole 32d that penetrates 1n the front-rear direction. Grooves
324, 326 may be formed 1n a recessed shape on an outer
circumierential surface of a lower portion of the power
conversion ring 32. One groove 32a may extend in a
circumierential direction of the power conversion ring 32.
For example, the groove 32¢ may extend in a direction
intersecting an axis of the power conversion ring 32 (e.g.,
the front-rear direction) at an inclined angle of 45 degrees.
An inclined direction of the groove 32a may be a counter-
clockwise direction when viewed from a front side of the
power conversion ring 32. The other groove 326 may extend
in a direction parallel to the axis direction of the power
conversion ring 32. The protrusion 315 to which the roller
31c¢ 1s attached may be 1nserted into these grooves 32a, 325.
A front end of the first groove 32a may be connected to a
rear end of the second groove 325, such that the protrusion
315 can be moved smoothly between the first groove 32qa
and the second groove 32b.

[0078] As shown in FIGS. 3-8, the power conversion ring
32 may be housed 1n the front side mechanism housing 12.
The linear movement member 31 may engage the male
screw 24a of the spindle 24 at a position generally located
below the front side mechanism housing 12. The protrusion
31) may extend upward so as to pass through the rotation
restriction portion 124 and may be inserted into one of the
grooves 32a, 32b6. The roller 31¢ may contact both a wall
surface of one of the grooves 32a, 326 and a wall surface of
the rotation restriction portion 124. The linear movement
member 31 may be restricted from rotating around an axis
of the spindle 24 due to the engagement of the protrusion
315 with the rotation restriction portion 12d.

[0079] As shown in FIGS. 10-12, when the spindle 24
rotates around its axis, the linear movement member 31 may
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move 1n the front-rear direction due to the engagement of the
male screw 24a of the spindle 24 with the female screw 31a
of the linear movement member 31 and due to the rotation
restriction of the linear movement member 31 around the
axis of the spindle 24. When the linear movement member
31 1s disposed at the rear end of its movable range, the
protrusion 315 may be disposed at a rear end of the groove
32a. As the linear movement member 31 moves forward
from the rear end of 1ts movable range, the protrusion 315
may move forward within the groove 32a. Because the
linear movement member 31 1s restricted from rotating, the
protrusion 315 may not be significantly moved in the
left-right direction. Because of this configuration, the pro-
trusion 315 moving forward may push against the wall
surface of the groove 32a. Accordingly, the power conver-
sion ring 32 may rotate 1 a clockwise direction around the
screw shaft axis line K when viewed from the front side of
the power conversion ring 32. When the linear movement
member 31 moves further forward, the protrusion 315 may
enter the second groove 326 from the first groove 32a.
Because the second groove 3256 1s not configured to be tilted
in the front-rear direction, the protrusion 315 may not
substantially push against the wall surface of the groove 32b.
Because of this configuration, the power conversion ring 32
may not rotate at this time.

[0080] As shown i FIGS. 10-12, when the linear move-
ment member 31 moves rearward from a front end of its
movable range, the protrusion 315 may firstly move within
the second groove 325b. In this case, because the protrusion
315 does not push against the wall surface of the groove 325,
the power conversion ring 32 may not rotate at this time. In
contrast, when the protrusion 315 moves rearward within the
first groove 32a, the protrusion 315 may push the wall of the
first groove 32a to cause the power conversion ring 32 to
rotate counterclockwise when viewed from the front side of
the power conversion ring 32.

[0081] As shown in FIGS. 4 and 5, a cylindrical-shaped
one way clutch 33 and an approximately cylindrical-shaped
first rotation drive ring 34 may be arranged radially inward
of the power conversion ring 32. The one way clutch 33 may
be mounted on an inner circumierential surface of the power
conversion ring 32. The first rotation drive ring 34 may be
arranged radially mnward of the one way clutch 33 and
radially outward of the screw shaft 28. The one way clutch
33 may allow for rotation of the power conversion ring 32
only 1n a clockwise direction when viewed from the front.
Accordingly, when rotating 1n this direction, rotation of the
power conversion ring 32 may be transmitted to the first
rotation drive ring 34. In contrast, a counterclockwise rota-
tion of the power conversion ring 32 may not be transierred

to the first rotation drive ring 34 through the one way clutch
33.

[0082] As shown in FIGS. 4 and 5, the first rotation drive

ring 34 may have an approximately cylindrical shape. The
first rotation drive ring 34 may have a through hole 34d
passing through its center in the front-rear direction. The
screw shaft 28 may be inserted mnto the mnsertion hole 34d so
as to be moveable in the front-rear direction. The first
rotation drive ring 34 may include a small diameter portion
34a and a large diameter portion 345, both of which have a
cylindrical shape around the screw shait axis line K. The
small diameter portion 34a may be arranged behind the large
diameter portion 345. The small diameter portion 34a may
be press-fitted to an mner circumierential surface of the one
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way clutch 33. A plurality of recess grooves 34c¢ extending
in the front-rear direction may be formed on an outer
circumierential surface of the large diameter portion 345.
The plurality of recess grooves 34¢ may be arranged at equal
intervals 1in the circumiferential direction. For example, the
plurality of recess grooves 34c may be arranged at 90
degrees.

[0083] As shown in FIGS. 4 and 3, a second rotation drive
ring 35 that engages the first rotation drive ring 34 may be
arranged 1n front of the first rotation drive ring 34. The
second rotation drive ring 35 may have an approximately
cylindrical shape. The second rotation drive ring 35 may
have a through hole 35¢ passing through its center in the
front-rear direction. The screw shaft 28 and the first rotation
drive ring 34 may be inserted into the through hole 35e. A
plurality of engaging protrusions 35a extending radially
inward may be provided on an mner circumierential surface
of the second rotation drive ring 35. The plurality of
engaging protrusions 35q may engage the plurality of recess
grooves 34¢ when the first rotation drive ring 34 1s inserted
into the through hole 35e. Because of this configuration, the
second rotation drive ring 35 may be rotatable around the
screw shafit axis line K and may rotate integrally with the
first rotation drive ring 34. Furthermore, the second rotation
drive ring 35 may be configured to be slidable with respect
to the first rotation drive ring 34 1n the front-rear direction,
which will be discussed later.

[0084] As shown in FIGS. 4 and 5, a spring receiving
portion 354 extending radially outward may be formed at a
front portion of the outer circumiferential surface of the
second rotation drive ring 35. A washer 32¢ may be arranged
in front of the front surface of the power conversion ring 32.
A compression spring 35¢ may be placed between the spring,
receiving portion 354 and the washer 32¢. The second
rotation drive ring 35 may be spring-biased in a forward
direction by the compression spring 35c¢. A plurality of
engagement teeth 355 1n a shape of recesses and protrusions
alternately arranged in a circumierential direction may be

formed on a front surface of the second rotation drive ring
35.

[0085] As shown m FIGS. 4 and 5, a third rotation drive
ring 36 may be arranged in front of the second rotation drive
ring 35. The third rotation drive ring 36 may engage the
second rotation drive ring and the plurality of jaws 4. The
third rotation drive ring 36 may have an approximately
cylindrical shape. The third rotation drive ring 36 may have
a through hole 36¢ at i1ts center passing through in the
front-rear direction. The screw shaft 28 may be 1nserted into
the through hole 36¢. A plurality of engagement teeth 36a in
a shape of recesses and protrusions alternately arranged 1n a
circumierential direction may be formed on a rear surface of
the third rotation drive ring 36. The engagement teeth 36a of
the third rotation drive ring 36 may engage the engagement
eeth 3556 of the second rotation drive ring 35. The third
rotation drive ring 36 may be rotatable around the screw
shaft axis line K and may integrally rotate with the second
rotation drive ring 35 due to the engagement teeth 3556 of the
second rotation drive ring 35 engaging with the engagement
teeth 36a of the third rotation drive ring 36. A plurality of
engagement protrusion 365 extending in the forward direc-
tion may be formed on a front end surface of the third
rotation drive ring 36. Each of the plurality of engagement
protrusion 3656 may engage a corresponding engagement
recess 4b that 1s formed on a rear end surface of the
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corresponding jaw 4 (refer to FIG. 13). Because of this
configuration, the plurality of jaws 4 may be rotatable
around the screw shaift axis line K and may rotate integrally
with the third rotation drive ring 36.

[0086] For example, there may be a situation where the
jaws 4 are stuck to an mner circumierential surface of a fluid
pipe. In this situation, the second rotation drive ring 35 may
be moved rearward against the biasing force of the com-
pression spring 35c¢. In other words, the second rotation
drive ring 35 may be moved apart from the third rotation
drive ring 36. Because of this configuration, the engagement
teeth 35 of the second rotation drive ring 35 may disengage
from the engagement teeth 36a of the third rotation drive
ring 36. Furthermore, a rotation power transmission path for
rotating the plurality of jaws 4 around the screw shaft axis
line K may be shut off between the second rotation drive ring
35 and the third rotation drive ring 36. Accordingly, an
excessive rotation power may be prevented from being
applied to the jaws 4 when they are stuck to the fluid pipe.
As a result, components that transmuit rotation power, such as
the linear movement member 31, the power conversion ring
32, and the first, second, and third rotation drive rings 34, 35,
36, may be prevented from being damaged.

[0087] As shown in FIGS. 5-7 and 13, a ring holding
groove 4a, which may have an arc-shaped cross section,
may be formed on an outer circumierential surface of a rear
portion of each jaw 4. Each of the rning holding groove 4a
may be combined to form an annular groove 1n an integrally
continuous manner. The plurality of jaws 4 may be com-
bined 1n a circumierential direction by an elastically extend-
ible ring 4c¢ that 1s 1serted 1nto the ring holding grooves 4a.
A jaw support groove 2a that extends radially outward and
in the circumierential direction may be formed on an 1nner
circumierential surface of the cap 2. The jaw support groove
2a may allow a radial movement of the ring 4c¢ and may
restrict a front-rear movement of the ring 4¢. The plurality
of jaws 4 may open/close 1 a radial direction around the
ring 4¢ that 1s supported by the jaw support groove 2a.

[0088] As shown in FIGS. 5-7, when the wedge 3 moves
torward, the plurality of jaws 4 may open radially outward
relative to each other and may push the cap 2 forward and
radially outward. When the wedge 3 moves forward, the
front side mechanism housing 12, which 1s integrally con-
nected to the cap 2, may receive a strong and forward pulling
force. When the screw shait 28, which 1s integrally con-
nected to the wedge 3, moves forward, the female screw
member 27 may be pushed rearward due to a reaction force
of the forward movement of the screw shaft 28. The rear side
mechanism housing 15 may receive the reaction force via
the thrust bearing 27e. Because of this configuration, when
the wedge 3 and the screw shaft 28 move forward, strong
pulling forces that are opposite to each other in the front-rear
direction may be generated between the front side mecha-
nism housing 12 and the rear side mechanism housing 13.

[0089] As shown i FIGS. 5-7, the first center mechanism
housing 13 and the second center mechanism housing 14,
which may be separated from each other in the front-rear
direction, may be placed between the front side mechanism
housing 12 and the rear side mechanism housing 185.
Because of this configuration, a forward force that the front
side mechanism housing 12 receives may not be transmitted
to the rear side mechanism housing 15. Also, a rearward
force that the rear side mechanism housing 13 receives may
not be transmitted to the front side mechanism housing 12.
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Furthermore, the front side mechanism housing 12 and the
rear side mechanism housing 15 may be made of 1ron.
Because of this configuration, the front side mechanism
housing 12 and the rear side mechanism housing 15 may
have rigidity against pulling forces opposite to each other in
the front-rear direction.

[0090] As shown in FIGS. 5-7, the first center mechanism

housing 13 may house and support the spindle bearing 245
and female screw member bearing 27¢c. The second center
mechanism housing 14 may house and support the other
spindle bearing 24¢ and the other female screw member
bearing 27d. The spindle 24, which 1s rotatably supported by
the spindle bearings 245, 24¢, may receive a reaction force
generated by a front-rear movement of the linear movement
member 31. However, this reaction force may be very small
in comparison with a force that the female screw member 27
receives. Because of this, the spindle bearings 245, 24¢ may
not receive a substantial force 1n the front-rear direction. The
thrust bearing 27¢ may receive a rearward force as 1t 1s
pushed by the female screw member 27, which 1s rotatably
supported by the female screw member bearings 27¢, 274.
Because of this, the female screw member bearings 27¢, 27d
may not receive a substantial force 1n the front-rear direc-
tion. Furthermore, the first center mechanism housing 13
and the second center mechanism housing 14 may be
separated 1n the front-rear direction with regard to the front
side mechanism housing 12 and the rear side mechanism
housing 15. Accordingly, when portions of the tube expan-
sion tool 1 move 1n the front-rear direction, the first center
mechanism housing 13 and the second center mechanism
housing 14 may not substantially receive a force in the
front-rear direction. As a result, the first center mechanism
housing 13 and the second center mechamism housing 14 can

be made of a lightweight material, such as die cast alumi-
num

[0091] Referring to FIGS. 5-7, 10-12, an embodiment of
the feed screw mechanism 25 and the jaw rotation mecha-
nism 30 will be explained below. The output shaft 21a of the
clectric motor 21 may rotate. A rotation speed of the output
shaft 21a may be reduced by the planetary gear reduction
mechanism 23 and may then be transmitted to the spindle
24. When the spindle 24 rotates, the female screw member
2’7 may rotate due to the engagement between the gear 26 of
the spindle 24 and the gear 27a of the female screw member
27. Furthermore, the linear movement member 31 may
move 1n the front-rear direction due to the engagement
between the male screw 24a of the spindle 27 and the female
screw 31a of the linear movement member 31 and due to the
rotation restriction of the linear movement member 31 by
the rotation restriction portion 124. When the female screw
member 27 rotates, the screw shaft 28 may move in the
front-rear direction due to the engagement between the
temale screw 275 of the spindle 27 and the male screw 28a
of the screw shaft 28. When the screw shait 28 moves
torward, the wedge 3, which 1s mounted to the front end of
the screw shait 28, may push the plurality of jaws 4 and the
ring 4¢ so as to move them radially outward toward an open
position. In contrast, when the screw shait 28 moves rear-
ward, a pushing force of the wedge 3 may be eliminated to
cause the ring 4¢ to shrink, thereby returning the plurality of
1aws 4 to a closed position radially mnward.

[0092] When the linear movement member 31 moves
torward such that the protrusion 315 moves forward along
and within the groove 32q, the power conversion ring 32
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may rotate clockwise when viewed from the front side of the
power conversion ring 32. A rotation of the power conver-
s1on ring 32 may be transmitted to the first rotation drive ring
34 via the one way clutch 33. The first rotation drive ring 34,
the second rotation drive ring 35, and the third rotation drive
ring 36 may rotate clockwise when viewed from the front
side of the rings 34, 35, 36. Because of this configuration,
the plurality of jaws 4, which are supported by the third
rotation drive ring 36, may also rotate clockwise when
viewed from the front side of the jaws 4. In contrast, when
the protrusion 3156 moves forward along within the second
groove 32b, the power conversion ring 32 may not rotate. In
this case, the first rotation drive ring 34, the second rotation
drive ring 35, the third rotation drive ring 36, and the
plurality of jaws 4 may not rotate at this time.

[0093] When the linear movement member 31 moves
rearward such that the protrusion 315 moves rearward along
and within the second groove 32b, the power conversion
ring 32 may not rotate. Thus, the first rotation drive ring 34,
the second rotation drive ring 35, the third rotation drive ring,
36, and the plurality of jaws 4 may not rotate at this time.
When the protrusion 315 moves rearward along and within
the first groove 32a, the power conversion ring 32 may
rotate counterclockwise when viewed from the front side of
the power conversion ring 32. Viewed from the front side,
the one way clutch 33 may be configured to transmit only its
clockwise rotation to the first rotation drive ring 34. Because
of this configuration, the first rotation drive ring 34, the
second rotation drive ring 35, the third rotation drive ring 36,
and the plurality of jaws 4 may not rotate at this time.

[0094] Forward and reverse rotations of the electric motor
21 can be controlled by the controller 45 (refer to FIG. 1).
When the electric motor 21 rotates 1n a forward direction,
the plurality of jaws 4 may open radially outward relative to
cach other by being pushed by the wedge 3 moving forward.
Also, when the electric motor 21 rotates in the forward
direction, the plurality of jaws 4 may rotate clockwise when
viewed from the front side owing to the jaw rotation
mechanism 30. When the electric motor 21 rotates 1n a
reverse direction, the plurality of jaws 4 may close radially
inward relative to each other according to the rearward
movement of the wedge 3. Also, when the electric motor 21
rotates 1n the reverse direction, the plurality of jaws 4 may

not rotate owing to a rotation restriction of the one way
clutch 33.

[0095] A rotation timing of the plurality of jaws 4 owing
to the jaw rotation mechanism 30 and an open/close timing
of the plurality of jaws 4 owing to the front-rear movement
of the wedge 3 caused by the feed screw mechanism 25 may
be modified according to a design change of various mecha-
nisms. For example, the operating timings can be changed
by modifying the shapes of the groove 32a, 326 formed 1n
the power conversion ring 32 or by modifying a movable
range of the screw shatt 28 in the front-rear direction. In the
disclosed embodiment, the plurality of jaws 4 may be
configured to open/close just after a rotation of the plurality
of jaws 4 has been completed.

[0096] As shown in FIGS. 3 and 3, an end position sensor
42 may be arranged above and on a rear side of the female
screw member 27. The end position sensor 42 may detect
that the screw shait 28 has moved to an end position, which
1s located at a foremost end of 1ts movable range. Further-
more, an initial position sensor 41 may be arranged behind
the end position sensor 42. The initial position sensor 41
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may detect that the screw shait 28 has moved to an 1nitial
position, which 1s located at a rearmost end of its movable
range. A sensor, such as, for example, a Hall Effect sensor,
which detects a magnetic field, may be used for both the
initial position sensor 41 and the end position sensor 42. The
initial position sensor 41 may be fixed to the main body
housing 11 above the screw shait 28. The end position sensor
42 may be positioned above the screw shait 28 and may be
supported by the main body housing 11 so as to be movable

in the front-rear direction.

[0097] As shown in FIGS. 1 and 5, a position adjustment
mechanism 44 may be provided at an upper portion of the
main body housing 11. The end position sensor 41 can be
moved 1n the front-rear direction by using the position
adjustment mechanism 44. A groove hole 1la may be
formed on an upper surface of the main body housing 11.
The groove hole 11a may pass through the main body
housing 11 1n an up-down direction and may extend linearly
in the front-rear direction. The position adjustment mecha-
nism 44 may include an operation part 44a that passes
through the groove hole 11a and 1s exposed from the upper
surface of the main body housing 11. The end position
sensor 42 may be supported by a lower end of the operation
part 44a, which may be inside of the main body housing 11.
The end position sensor 42 may be integrally slidable with
the operation part 44a when the operation part 44a slides
along the groove hole 1la in the front-rear direction. A
position ol the end position sensor 42 in the front-rear
direction can be changed when a user’s finger slide operates
the operation part 44a.

[0098] As shown in FIGS. 3 and 5, a magnet 43 may be

attached to an upper rear side of the screw shait 28. The
initial position sensor 41 may be positioned such that when
the screw shaft 28, and accordingly the wedge 3, 1s posi-
tioned at its 1mitial position, the 1nitial position sensor 41
overlaps the magnet 43 1n the front-rear direction. The end
position sensor 42 may be positioned such that when the
screw shaft 28, and accordingly the wedge 3, 1s positioned
at 1ts end position, the end position sensor 42 overlaps the
magnet 43 1n the front-rear direction.

[0099] As described above, an tube expansion tool 1,
which 1s configured to expand an end portion of a synthetic
resin made fluid tube, may include an electric motor 21 that
1s housed 1 a main body housing 11, an embodiment of
which 1s shown 1 FIGS. 5-7. The tube expansion tool 1 may
include a screw shaft 28 housed 1n the main body housing
11, such that the screw shatt 28 1s movable 1n a front-rear
direction such that it moves approximately parallel to an
output shait 21a of the electric motor 21. In alternative
embodiments, the screw shaft 28 may be movable along axis
line of the output shait 21a 1n the front-rear direction. The
tube expansion tool 1 may include a female screw member
277 that moves the screw shait 28 in the front-rear direction
due to engagement with the screw shaft 28 and due to 1ts
rotation around an axis of the screw shait 28. Furthermore,

the tube expansion tool 1 may include a gear 26 that engages
the female screw member 27 and that transmits a rotation
power of the output shaft 21a of the electric motor 21 to the
female screw member 27. The tube expansion tool 1 may
include a wedge 3 that extends forward from the screw shatt
28. The tube expansion tool 1 may include a plurality of jaws
4 that are coupled to the main body housing 11 so as to be
opened/closed when the wedge 3 moves integrally with the
screw shaft 28. For instance, the plurality of jaws 4 may be
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pushed by the wedge 3 to be opened radially outward
relative to each other when the wedge 3 moves forward.

[0100] As described above, the electric motor 21 may be
arranged such that the output shaft 21 extends parallel to the
screw shait 28. Because of this configuration, the electric
motor 21 may be arranged nearer to the screw shaft 28 1n the
front-rear direction and nearer to the screw shaft 28. Alter-
nately, the electric motor 21 may be arranged such that the
output shait 21a extends coaxial to the screw shaft 28.
Because of this alternate configuration, the electric motor 21
may be arranged closer to the screw shait 28. Accordingly,
the electric motor 21, which 1s typically heavy in weight,
may be arranged to be closer to a center of the main body
housing 11, 1n which the screw shaft 28 1s located. As a
result, a good weight balance of the tube expansion tool 1
may be obtained and a user can hold the tube expansion tool
1 in a stable manner. Accordingly, an operability of the tube
expansion tool 1 can be improved.

[0101] As shown in FIG. 5, the tube expansion tool 1 may
include the grip 5 extending downward from the main body
housing 11. The majonity of the grip 5 may be arranged
between the electric motor 21 and the plurality of jaws 4 1n
the front-rear direction. The majority of the electric motor 21
may be arranged below the screw shatt 28. Accordingly, the
clectric motor 21 and the plurality of jaws 4 may be arranged
so as to have a good weight balance with respect to the grip
5. As a result, operability of the tube expansion tool 1 can be
improved when a user holds the grip 5.

[0102] As shown in FIG. §, at least a part of the screw
shaft 28 may overlap the grip 5 1n the front-rear direction.
Accordingly, a length of the tube expansion tool 1 1n the
front-rear direction can be made short. Thus, a moment
around a center of gravity of the tube expansion tool 1 may
be small, which improves operability of the tube expansion
tool 1.

[0103] As shown in FIG. 5, a portion of a planetary gear
reduction mechamism 23, which 1s configured to reduce a
rotation output of the output shait 21a, may be arranged
between the output shaft 21a of the electric motor 21 and the
screw shait 28 (e.g., in the up-down direction). Accordingly,
the planetary gear reduction mechanism 23 may be arranged
in a compact manner. Additionally, a rotation power trans-
mission path from the electric motor 21 to the screw shait 28
may also be reduced. Also, a transmission loss of the rotation
power may be suppressed by minimizing the rotation power
transmission path from the electric motor 21 to the screw

shatt 28.

[0104] As shown in FIGS. 4 and 5, the tube expansion tool
1 may include rotation drive rings 34, 35, 36 linked to a rear
portion of the plurality of jaws 4. The tube expansion tool 1
may include a jaw rotation mechanism 30 that rotates the
plurality of jaws 4 1n the circumferential direction by
rotation of the rotation drive rings 34, 35, 36, the rotation of
which 1s caused by the rotation output of the electric motor
21. The rotation drive rings 34, 35, 36 may be arranged 1n
front of the female screw member 27. Accordingly, the
female screw member 27, the rotation drive rings 34, 35, 36,
and the plurality of jaws 4 may be arranged 1n this order 1n
the front-rear direction, which 1s a direction 1n which the
screw shaft 28 extends. Because of this configuration, a
center of gravity of the tube expansion tool 1 may be
positioned closer to the screw shaft 28. As a result, the
stability of holding the tube expansion tool 1 can be
improved.
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[0105] As shown in FIGS. 4 and 5, the tube expansion tool
1 may include a cap 2 that supports the plurality of jaws 4
when they are to be opened/closed. The cap 2 may also be
configured such that it restricts the plurality of jaws 4 from
moving in the font-rear direction. The tube expansion tool 1
may include a front side mechanism housing 12, a first
center mechanism housing 13, and a rear side mechanism
housing 15, which are arranged 1n this order from the front
side to the rear side and are arranged within the main body
housing 11. The tube expansion tool 1 may include bolts 16
that connect the front side mechanism housing 12 to the rear
side mechanism housing 15. The front side mechanism
housing 12 may be made of iron and support the cap 2. The
rear side mechanism housing 15 may be made of 1ron and
support an end portion of the female screw member 27. Also,
the first center mechanism housing 13 may be made of a
material that 1s lighter than iron 1n weight.

[0106] As described above, the tube expansion tool 1 may
have a structure configured by the front side mechamism
housing 12, the first center mechanism housing 13, and the
rear side mechanism housing 15 being positioned 1n a
divided manner in the front-rear direction. When the plu-
rality of jaws 4 are opened, the cap 2 and the front side
mechanism housing 12, which supports the cap 2, may be
strongly pushed forward by the plurality of jaws 4. The
female screw member 27 may be strongly pushed rearward
by a reaction force caused by the screw shait 28 moving
forward. Different from the above configuration, {for
example 1n a case where the front side mechanism housing
12, the first center mechamism housing 13, and the rear side
mechanism housing 15 are combined to form a single
integral mechanism housing, when the plurality of jaws 4 1s
opened, strong pulling forces may be generated at a front
end and a rear end of such an mtegral mechanism housing.
Because of this, the entirety of the integral mechanism
housing may be required to have high strength. However, in
the present disclosure, the front mechanism housing 12, the
first center mechanism housing 13, and the rear mechanism
housing 15 may be arranged 1n the front-rear direction 1n a
divided manner. Also, the front side mechanism housing 12
and the rear side mechanism housing 15 may be made of
iron. Because of this configuration, the front side mechanism
housing 12 and the rear side mechanism housing 15, each of
which has high strength, can respectively recerve the pulling
force 1n the front-rear direction. Also, the tube expansion
tool 1 may be made more light weight by making the first
center mechanism housing 13 of a light material.

[0107] As shown in FIGS. 2 and 5, the tube expansion tool
1 may include a second center mechanism housing 14
between the first center mechamism housing 13 and the rear
side mechanism housing 15. The front side mechanism
housing 12 may include an engagement portion 125 at a rear
end thereol, the first center mechanism housing 13 may
include engagement portions 13a, 135 at a front and rear end
thereot, the second center mechanism housing 14 may
include engagement portions 14a, 145 at a front and rear end
thereol, and the rear side mechanism housing 15 may
include an engagement portion 15 at a front end thereof.
Each of the engagement portions may be configured to
overlap a corresponding adjacent engagement portion.
Accordingly, the front side mechanism housing 12 and the
first center mechanism housing 13 may be precisely posi-
tioned relative to each other by overlapping the engagement
portion 125 of the front side mechanism housing 12 with the
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engagement portion 13a of the first center mechanism
housing 13. Also, the first center mechanism housing 13 and
the second center mechanism housing 14 may be precisely
positioned relative to each other by overlapping the engage-
ment portion 135 of the first center mechamism housing 13
with the engagement portion 14a of the second center
mechanism housing 14. The second center mechanism hous-
ing 14 and the rear side mechanism housing 15 may be
precisely positioned relative to each other by overlapping
the engagement portion 145 of the second center mechanism
housing 14 with the engagement portion 155 of the rear side
mechanism housing 15. Because of this configuration,
assemblability of each mechanism housing can be improved.
Also, rattling of the components, such as, for example, the
female screw member 27, which are housed in the main
body housing 11, can be prevented.

[0108] As shown in FIG. 35, the spindle 24, which 1is
configured to rotate integrally with the gear 26, may be
arranged 1n front of the output shatit 21a of the electric motor
21. The first center mechanism housing 13 and the second
center mechanism housing 14 may support the spindle
bearings 24b, 24¢, which rotatably support the spindle 24.
Also, the first center mechanism housing 13 and the second
center mechanism housing 14 may support the female screw
member bearings 27c¢, 27d, which rotatably support the
female screw member 27. Accordingly, the spindle bearings
24b, 24¢ and the female screw member bearings 27¢, 27d
may not substantially receive a force in the front-rear
direction. Because of this configuration, the spindle 24 and
the female screw member 27 can be supported by the first
center mechanism housing 13 and the second center mecha-
nism housing 14, both of which can have a weaker strength
compared with the front side mechanism housing 12 and the
rear side mechanism housing 15. As a result, the tube
expansion tool 1 can be made more light weight, for instance
by having fewer components made of iron.

[0109] As shown in FIG. 5, the rear side mechanism
housing 15 may support a thrust bearing 27e¢ that 1s config-
ured to make contact with a rear end of the female screw
member 27. When the screw shaft 28 moves forward, the
female screw member 27 may be pushed rearward by a
strong force. The rear side mechanism housing 15 may
receive the force by which the female screw member 27 1s
pushed via the thrust bearing 27e. Because of this configu-
ration, the female screw member 27 can be precisely rotated
around an axis of the screw shaft 28. As a result, the screw
shaft 28 may move more precisely in the front-rear direction.

[0110] As shown in FIG. 5, a plurality of balls 285 may be
placed between and engage with the screw shait 28 and the
female screw member 27. Accordingly, a transmission efli-
ciency of a dniving force may be improved by the plurality
of balls 286 placed between the screw shailt 28 and the
female screw member 27. As a result, a rotation drive power
of the female screw member 27 may be efliciently converted
to movement of the screw shait 28 1n the front-rear direction.

[0111] When the end position sensor 43 1s displaced
forward, an end position of the wedge 3 may be positioned
to a more forward position. As a result, a more rearward
portion of an outer circumierential surface of an approxi-
mately conical wedge 3, which has a larger diameter, may
push the plurality of jaws 4 radially outward. Therefore, the
plurality of jaws 4 may be pushed to have a larger diameter
at the newly positioned end position. A force that pushes the
plurality of jaws 4 radially outward may be large because the
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conical wedge 3 has be mserted further through the plurality
of jaws 4. Accordingly, an expansion width of the plurality
of jaws 4 extending radially outward relative to each other
may be made large. For example, 1n a case where a con-
traction speed of an expanded fluid pipe 1s high owing to a
high ambient temperature or a high pipe temperature, an
expansion width of an end portion of the flud pipe may be
made large by displacing the end position sensor 42 1n a
forward position.

[0112] In contrast, when the end position sensor 42 is
displaced rearward, an end position of the wedge 3 may be
positioned at a more rearward position. As a result, a more
frontward portion of an outer circumierential surface of an
approximately conical wedge 3 may push the plurality of
jaws 4. Thus a portion of the wedge 3 with a relatively
smaller diameter may push the plurality of jaws 4 when the
wedge 3 1s at the newly positioned end position. Accord-
ingly, a force that pushes the plurality of jaws 4 radially
outward may be small because the wedge 3 15 1nserted less
into the plurality of jaws 4. Accordingly, an expansion width
of the plurality of jaws 4 extending radially outward relative
to each other may be made small. For example, 1n a case
where a contraction speed of an expanded fluid pipe 1s low
owing to a low ambient temperature or a low pipe tempera-
ture, an expansion width of an end portion of the fluid pipe
may be made small by displacing the end position sensor 42
in a rearward position.

[0113] When the plurality of jaws 4 shown 1n FIGS. 5-7
are opened radially outward relative to each other, the
plurality of jaws 4 may receive a large load force from the
fluid pipe when expanding an end portion of the fluid pipe.
On the other hand, when the plurality of jaws 4 are rotated
within the fluid pipe 1n a circumierential direction, the
plurality of jaws 4 may receive a small load force, compared
to a case where the end portion of the fluid pipe 1s expanded
radially outward. Because of this configuration, a required
output power of the electric motor 21 when the plurality of
jaws 4 are to be opened radially outward relative to each
other may be larger than that when the plurality of jaws 4 are
to be rotated. In some embodiments, 1t may be assumed that
an upper limit value of a current flowing to the electric motor
21 1s always constant. However, the plurality of jaws 4
sometimes may not be able to be rotated because the jaws 4
are stuck to an mner circumierential surface of the tluid pipe.
In this case, an increasing current may be applied to the
clectric motor 21 until the current reaches the upper limat.
Because of this possibility, there may be a risk that jaws 4
are damaged owing to an excessive force applied to un-
rotatable jaws 4 or that the fluid pipe 1s damaged owing to
the jaws 4 rotating with an excessive force while they are
still binding with the fluid pipe.

[0114] In the present disclosure, 1n a rotation zone, which
1s a portion of the operation 1n which the jaws 4 are to be
rotated, a first upper limit value of a current tlowing to the
clectric motor 21 may be set 1n order to prevent an excessive
force from being applied to the jaws 4. Also, 1n an expansion
zone, which 1s a portion of the operation 1n which the jaws
4 are to be opened radially outward relative to each other, a
second upper limit value of a current flowing to the electric
motor 21 may be set. The first upper limit value may be set
lower than the second upper limit value. For example, the
first upper limit value may be set to less than 70%, less than
50%, or less than 30% of the second upper limit value.
Because of this settings, when the jaws 4 become un-
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rotatable when operating in the rotation zone, driving of the
clectric motor 21 may be stopped at the first upper limait
value, which 1s lower than the second upper limit value. As
a result, an excessive force may be prevented from being
applied to the un-rotatable jaws 4. The controller 45 (refer to
FIG. 1) may detect when the operation 1s 1n the rotation zone
and the expansion zone, based on a rotation number of the
clectric motor 21 and/or the position of the wedge 3 1n the
front-rear direction.

[0115] Referring to FIG. 14, when the controller 45
receives an on signal from the switch main body 64, the
controller 45 may start the electric motor 21 by supplying
power to the electric motor 21 from the battery 8. The
controller 45 may detect a number of rotations of the electric
motor 21 by receiving a phase detection signal of the rotor
21c from the rotation detection sensor 21d provided at the
clectric motor 21. The 1nitial position sensor 41 may trans-
mit a detection signal of the 1nitial position of the screw shaft
28 to the controller 45 when 1t detects the magnet 43 (refer
to FIG. 5). Similarly, the end position sensor 42 may
transmit a detection signal of the end position of the screw
shaft 28 to the controller 45 when 1t detects the magnet 43.

[0116] By the controller 45 shown 1n FIG. 14, a rotation
zone may be set to be a time zone between a time when the
controller 45 receives a detection signal of the initial posi-
tion sensor 41 and a time when the controller 45 detects that
the motor 21 has rotated a predetermined number of rota-
tions. A predetermined rotation number of the electric motor
21 may be determined and stored for use by the controller
45. The predetermined rotation number of the electric motor
21 may be based on, for example, the shapes of the groove
32a, 32) of the power conversion ring 32 (refer to FIG. 9),
a feeding amount of the screw shait 28, the linear movement
member 31 per one rotation of the spindle 24 (refer to FIGS.
5-7), etc. The controller 45 may control a forward/reverse
rotation and a rotation speed of the electric motor 21. As a
result, a movement direction and a movement speed of the
wedge 3, as well as a rotation direction and a rotation speed
of the jaws 4, may be changed.

[0117] As described above, a tube expansion tool 1 con-
figured to expand an end portion of a synthetic resin made
fluid tube may include a controller 45 (refer to FIG. 1) that
switches between forward and reverse rotations of an output
shaft 21a of an electric motor 21, as shown 1n FIG. 5. The
tube expansion tool 1 may include a female screw member
277 that 1s rotated by the electric motor 21. The tube expan-
sion tool 1 may include a screw shait 28 that engages the
female screw member 27 and that moves forward and
rearward between a rearward 1nitial position and a forward
end position due to rotation of the female screw member 27.
The tube expansion tool 1 may include a wedge 3 that
extends forward from the screw shait 28. The tube expan-
s1on tool 1 may include a plurality of jaws 4 that are opened
radially outward by being pushed by the wedge 3 when the
wedge 3 and the screw shaft 28 move forward. The tube
expansion tool 1 may include an end position sensor 42 that
detects the screw shait 28 at the forward end position and
that transmits a corresponding signal to the controller 45.
The end position sensor 42 may be arranged so as to be
movable 1n a front-rear direction. An end position of the
screw shaft 28 may be adjustable by displacing a position of
the end position sensor 42.

[0118] By displacing the end position sensor 42 forward,
an end position of the forward moving wedge 3 may be set
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to a more forward position. Because of this, a pushing force
of the wedge 3 to enlarge the plurality of jaws 4 radially
outward may be larger because of the insertion depth of the
wedge 3 at a newly positioned end position. Accordingly, an
expansion width of the plurality of jaws 4 opened radially
outward relative to each other may be made large. For
example, 1n a case where a contraction speed of the flmd
pipe 1s high at a high ambient temperature, an expansion
width of the end portion of the fluid pipe may be made large.
In contrast, by displacing the end position sensor 42 rear-
ward, an end position of the wedge 3 moving forward may
be set to a more rearward position. Because of this, a
pushing force of the wedge 3 to enlarge the plurality of jaws
4 radially outward may be smaller because the wedge 3 1s
inserted less at a newly positioned end position. Accord-
ingly, an expansion width of the plurality of jaws 4 opened
radially outward relative to each other may be made small.
For example, 1n a case where a contraction speed of the fluid
pipe 1s low at a low ambient temperature, an expansion
width of the end portion of the fluid pipe may be made small.
In this manner, an expansion width of the jaws 4 may be
changed according to an ambient temperature, a temperature
of the fluid pipe, or other parameter.

[0119] As shown in FIGS. 3 and 5, the tube expansion tool
1 may include an initial position sensor 41 that detects
whether the screw shaft 28 i1s at the imitial position. By
detecting the mnitial position and the end position of the
screw shaft 28, a position of the screw shait 28, as well as
a position of the wedge 3, may be precisely detected 1n the
front-rear direction.

[0120] As shownin FIG. 5, the end position sensor 42 may
include a Hall Effect sensor provided in the main body
housing 11. The screw shaft 28 may include a magnet 43.
Accordingly, a structure for detecting the end position of the
screw shaft 28 may be made simple and compact. Accord-
ingly, a main body housing 11 including an end position
sensor 42 may be made compact.

[0121] As shown in FIGS. 1 and 5, the end position sensor
42 may include an operation part 44a extending outward of
the main body housing 11. Accordingly, a user can displace
a position of the end position sensor 42 by shifting a position
of the operation part 44a from outside of the main body
housing 11 using their finger. Because of this configuration,
an end position sensor 42 can be easily moved to a target
position.

[0122] As shown in FIG. 1, the tube expansion tool 1 may
include a grip 5 extending downward from the main body
housing 11. The operation part 44a may project upward from
an upper surtace of the main body housing 11. Accordingly,
the operation part 44a can be arranged on an upper side of
the main body housing 11 such that the user can easily view
the operation part 44a.

[0123] As shown in FIG. 5, the tube expansion tool 1 may
include the jaw rotation mechanism 30 that rotates the
plurality of jaws 4 1n a circumierential direction due to the
rotation output of the electric motor 21. The controller 45
(shown 1n FIG. 1) may supply a current to the electric motor
21 based on the first upper limit value or the second upper
limit value. The first upper limit value may be set as an upper
limit of a current tlowing to the electric motor 21 when the
operation 1s 1n a rotation zone, 1n which the jaws 4 are to be
rotated. The second upper limit value may be set as an upper
limit of a current tlowing to the electric motor 21 when the
operation 1S 11 an expansion zone, in which the jaws 4 are
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to be opened radially outward relative to each other. That 1s,
an upper limit of a current flowing to the electric motor 21
may be changed depending on the intended operation state,
for instance the current may be changed depending on
whether the operation 1s 1n the rotation zone and the expan-
sion zone. Because of this configuration, for example, when
the jaws 4 become un-rotatable or 1t becomes undesirable to
rotate the jaws 4, the electric motor 21 may be prevented
from continuing to be driven during certain portions of the
operation. As a result, an excessive force may be prevented
from being applied to, for example, the jaws 4, the wedge 3,
the fluid pipe, and/or the jaw rotation mechanism 30.

[0124] As shown in FIG. 14, the tube expansion tool 1
may include the rotation number detection sensor 21, which
may be configured to detect a number of rotations of the
electric motor 21 and transmit a corresponding signal to the
controller 45. The controller 45 may define the rotation zone
and the expansion zone based on the corresponding signal
from the rotation number detection sensor 214 and detection
signals relating to a position of the screw shait 28, e.g., the
end position and/or the imitial position of the screw shait 28.
Because of this configuration, when an end position of the
screw shaft 28 1s changed, for instance by moving a position
of the end position sensor 42, the rotation zone and the
expansion zone can be re-defined. As a result, a rotation
operation and an expansion operation of the jaws 4 can be
preferably controlled such that, for example, the fluid pipe
can be expanded to a desired expansion width according to
a contraction speed of the tfluid pipe.

[0125] The first upper limit value of the current tlowing to
the electric motor 21, an example of which 1s shown 1n FIG.
5, may be set lower than the second upper limit value.
Accordingly, an upper limit of a current flowing to the
clectric motor 21 may be set lower when the operation 1s 1n
the rotation zone, which 1s a portion of the operation in
which 1s desirable that a smaller load force 1s applied to the
jaws 4 and the jaw rotation mechamsm 30. As a result, the
clectric motor 21 can be prevented from being excessively
driven when the operation 1s 1n the rotation zone. Also, a
load force applied to the jaws 4 and the jaw rotation
mechanism 30 may be minimized.

[0126] As shown in FIGS. §5-7, the rotation zone may be
a zone 1n which the wedge 3 moves forward and in this
example 15 set to be prior to when the operation enters the
expansion zone. Accordingly, the plurality of jaws 4 may
expand radially outward relative to each other after they
have rotated 1n the circumierential direction of the wedge 3.
By clearly separating the rotation operation and the expan-
s1on operation of the jaws 4, an unnecessary and accidental
load force can be prevented from being applied to the jaws
4 and the jaw rotation mechamism 30.

[0127] Altematively, referring to FIGS. 5-7, the rotation
zone may be a zone 1 which the wedge 3 moves rearward
and after the operation has exited the expansion zone.
Accordingly, the plurality of jaws 4 may rotate 1 the
circumierential direction of the wedge 3 after the jaws 4
have closed radially inward relative to each other. In this
case, because the rotation operation and the expansion
operation of the jaws 4 are clearly separated, an accidental
load force can be prevented from being applied to the jaws
4 and the jaw rotation mechamsm 30.

[0128] As shown in FIG. §, a plurality of balls 285 may be
placed between and engage with the screw shait 28 and the
female screw member 27. Accordingly, the transmission
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ciliciency of a driving force may be improved by the
plurality of balls 286 placed between the screw shaft 28 and
the female screw member 27. As a result, the rotation drive
power ol the female screw member 27 may be efliciently
converted to the movement of the screw shait 28 in the
front-rear direction.

[0129] Next, another embodiment according to the present
disclosure will be explained with reference to FIGS. 15-17.
As shown 1n FIG. 15, a tube expansion tool 50 according to
a second embodiment may include a sensor positioning
mechanism (which 1s an embodiment of a position adjust-
ment mechanism) 53, instead of the configuration of the
position adjustment mechamsm 44 of the tube expansion
tool 1 according to the first embodiment shown in FIG. 5.
The sensor positioning mechanism 53 of the second embodi-
ment may include an 1nitial position operation part 534, which
may be used for shifting a position of the initial position
sensor 41 1n the front-rear direction. Also, the sensor posi-
tioming mechanism 33 may include an end position opera-
tion part 55, which may be used for shifting a position of the
end position sensor 42 the front-rear direction. In the fol-
lowing explanation, components that more substantially
differ from those of the tube expansion tool 1 of the first
embodiment will be explained 1n detail.

[0130] As shown mn FIGS. 15 and 16, instead of the
plurality of jaws 4 of the first embodiment, a second
plurality of jaws 51 may instead be attached to a front
portion of the tube expansion tool 50. The first plurality of
1aws 4 can be used when expanding a fluid pipe having, for
example, a 0.5, 0.75, or 1 inch nominal diameter. In contrast,
the second plurality of jaws 51 may be used when expanding,
a fluid pipe having, for example, a 1.5 inch nominal diam-
cter. When a fluid pipe 1s expanded by either set of the
plurality of jaws 4, 51, the plurality of jaws 4, 51 may
receive a force to push them radially outward from the
wedge 3, thereby allowing them to expand the fluid pipe.
Accordingly, a reaction force radially inward from the fluid
pipe, which i1s derived from expansion of the tluid pipe, will
also be received. Because of this, a bending force may be
applied to each set of the plurality of jaws 4, 51. As a size
of the fluid pipe becomes larger, a bending force may
become larger. Accordingly, a thickness of each of the
plurality of jaws 51 1n a radial direction may be made large
in order to 1improve 1ts durability against the bending force.

[0131] As shown in FIG. 15, a ring holding groove 51a
having an arc shape 1n cross section may be formed on an
outer circumierential surface of a rear portion of each of the
second plurality of jaws 51. Each of the ring holding grooves
51a may be combined to form an annular groove in an
integrally continuous manner. The plurality of jaws 51 may
be combined 1n a circumierential direction by an elastically
extendible ring 515 that 1s inserted into the ring holding
groove Sla. The ring 515 may be allowed to move 1n a radial
direction and be restricted from moving in the front-rear
direction, for instance by the jaw support groove 2a formed
on the mmer circumierential surface of the cap 2. The
plurality of jaws 51 may open/close 1n a radial direction of

the ring 515 as they are supported by the jaw support groove
2a.

[0132] Referring to FIGS. 15 and 16, the cap 2 linked to
the first plurality of jaws 4 may be removed from the male
screw 12a of the front side mechanism housing 12, and then
the cap 2 linked to the second plurality of jaws 31 may
engage the male screw 12a of the front side mechanism
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housing 12. In this manner, the first plurality of jaws 4 can
be replaced with the second plurality of jaws 51.

[0133] Referring to FIG. 15, there may be a situation
where an mitial position of the wedge 3 1s fixed to a position
in which the wedge 3 1s near to an inner circumierential wall
51c of the second plurality jaws 51. However, as shown 1n
FIG. 16, when the first plurality of jaws 4 are attached to the
tool 50 to replace the second plurality of jaws 31, a distance
D may be generated between the wedge 3 and the inner
circumierential wall 44 of the first plurality of jaws 4. In this
case, while the wedge 3 moves within the distance D from
the 1nitial position, the wedge 3 may not contact the plurality
of jaws 4, which results 1n the plurality of jaws 4 not opening
radially outward during such time. Because of this, a time
taken to open/close the plurality of jaws 4 per cycle may be
long, for instance 1n proportion to the distance D. In the tube
expansion tool 50 of the present disclosure however, an
initial position of the wedge 3 and the screw shait 38 can be
changed by shifting the imitial position sensor 44 1n the
front-rear direction. As shown by an imaginary line of FIG.
16, an mitial position of the wedge 3 can be change to a
position in which the wedge 3 1s nearer to an 1ner circum-
terential wall of the jaws 4.

[0134] As shown in FIG. 17, the mitial position operation
part 54 may be slidable along an groove hole 52a of a main
body housing 52 1n the front-rear direction. A sensor holding
portion 545 that holds the 1nitial position sensor 41 may be
provided below the mnitial position operation part 54. An
upper portion of the initial position operation part 54 may be
formed 1n an approximately rectangular plate shape posi-
tioned above an upper side of the groove hole 524 and may
generally extend along the groove hole 52a 1n a left-right
direction. A spring holding groove 54a may be formed on
cach of a front side and a rear side of a lower surface of the
upper portion of the 1mitial position operation part 54. Each
end of a leal spring 56 may be mserted into a corresponding
spring holding groove 34a such that the leaf spring 36 may
be prevented from falling off. The leal spring 56 may be
formed 1n an approximately M shape and may include an
engagement portion 36a projecting downward from a center
of the leal spring 56. A lower portion of the engagement
portion 36a may have an arc shape. The engagement portion
56a of the leafl spring 56 may be movable 1n the up-down
direction by the elasticity of the leaf spring 56 retained by
the mitial position operation part 54.

[0135] As shown in FIG. 17, the end position operation
part 55 may be slidable along the groove hole 52a of the
main body housing 52 in the front-rear direction. The end
position operation part 35 may have approximately the same
shape as the initial position operation part 54. A sensor
holding portion 555 that holds the end position sensor 42
may be provided below the end position operation part 55.
A spring holding groove 554 may be formed on each of a
front side and a rear side of a lower surface ol an upper
portion of the end position operation part 35. Each end of a
leal spring 37 may be imserted mnto a pair of the spring
holding groove 35a such that the leaf spring 37 1s prevented
from falling off. The leal spring 57 may have approximately
the same shape as the other leaf spring 56 and may include
an engagement portion 57a projecting downward from a
center of the leaf spring 57. A lower portion of this engage-
ment portion 37a may have an arc shape. The engagement
portion 37a of the leal spring 57 may be movable 1n the




US 2023/0226588 Al

up-down direction by the elasticity of the leaf spring 57
retained by the end position operation part 55.

[0136] As shown in FIG. 17, a plurality of engagement
recesses 52b, 52¢ may be formed beside the groove hole 524
of the main body housing 52. The engagement recesses 525,
52¢ may be formed 1n a recessed and hemispherical shape
projecting downward from an upper surface and toward a
lower surface of the main body housing 52. The plurality of
engagement recesses 5256 corresponding to the initial posi-
tion operation part 54 may be arranged at predetermined
intervals 1n the front-rear direction nearer a rear portion of
the groove hole 52a. Siumilarly, the plurality of engagement
recesses 52¢ corresponding to the end position operation
part 55 may be arranged at predetermined intervals in the

front-rear direction nearer a front portion of the groove hole
d2a.

[0137] Asshown in FIG. 17, when the engagement portion
56a moves to the a position corresponding to one of the
plurality of the engagement recesses 526 1n the front-rear
direction, the engagement portion 56a may move downward
to elastically engage the one of the plurality of the engage-
ment recesses 52b. In this manner, the i1mtial position
operation part 54 can be positioned at a desired position 1n
the front-rear direction. When a force more than a prede-
termined force 1s applied to the 1mitial position operation part
54 in the front-rear direction, the engagement portion 56a
may disengage from the engagement recess 526, which may
allow the 1nitial position operation part 54 to be slid 1n the
front-rear direction. In this manner, the initial position
operation part 54 can be movably positioned at any one of
the desired position 1n the front-rear direction, with a click
feeling occurring at certain positions. For example, when the
first plurality of jaws 4, each of which has a thinner thickness
in a radial direction, 1s attached to a front portion of the tube
expansion tool 50, the initial position operation part 54 may
be moved to a forward position. In contrast, when the second
plurality of jaws 51, each of which has a thicker thickness
in a radial direction, 1s attached to a front portion of the tube
expansion tool 50, the initial position operation part 34 may
be moved to a rearward position.

[0138] As shown in FIG. 17, similarly to the above
engagement portion 36a, when the engagement portion 57a
corresponding to the end position operation part 35 moves to
a position corresponding to one of the plurality of the
corresponding engagement recesses 52¢ in the front-rear
direction, the engagement portion 37q may move downward
to elastically engage the one of the plurality of the engage-
ment recesses 32¢. In this manner, the end position operation
part 55 can be positioned at a desired position 1 the
front-rear direction. When a suilicient force 1s applied to the
end position operation part 55 in the front-rear direction, the
engagement portion 57a may disengage from the engage-
ment recess 52¢, which may allow the end position operation
part 55 to be shidable 1n the front-rear direction. In this
manner, the end position operation part 55 can be movably
positioned at any one of the desired position 1n the front-rear
direction, with a click feeling occurring at certain positions.
For example, when a contraction speed of the fluid pipe 1s
high at a high ambient temperature, the end position opera-
tion part 55 may be moved to a forward position. In contrast,
when a contraction speed of the fluid pipe 1s low at a low
ambient temperature, the end position operation part 55 may
be moved to a rearward position.
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[0139] As described above, the tube expansion tool 50 that
1s configured to expand an end portion of a synthetic resin
made tluid tube may include a controller 45 (refer to FIG. 1)
that switches the rotation of an output shaft 21a of the
electric motor 21 between a forward and reverse direction,
as shown i FIG. 16. The tube expansion tool 50 may
include a female screw member 27 that 1s rotated by the
clectric motor 21. The tube expansion tool 50 may include
a screw shait 28 that engages with the female screw member
27 and moves forward and rearward between a rearward
initial position and a forward end position due to rotation of
the male screw member 27. The tube expansion tool 50 may
include a wedge 3 that extends forward from the screw shatt
28. The tube expansion tool 50 may include a plurality of
1aws 4 that are opened radially outward by being pushed by
the wedge 3 when the wedge 3 and the screw shait 28 move
forward. The tube expansion tool 50 may include an end
position sensor 42 that detects whether the screw shaft 28 at
the end position and transmits a corresponding signal to the
controller 45. The tube expansion tool 530 may also include
an 1itial position sensor 41 that detects whether the screw
shaft 28 at the 1nitial position and transmits a corresponding,
signal to the controller 45. The end position sensor 42 and
the 1nitial position sensor 41 may be arranged so as to be
movable in the front-rear direction. An end position and an
initial position of the screw shait 28 may be movable by
displacing a position of the end position sensor 42 and a
position of the mnitial position sensor 41, respectively.

[0140] Because of the above configuration, by moving the
initial position sensor 41 forward, an 1nitial position of the
wedge 3 may be positioned in a more forward position.
Accordingly, a time period from a time when the wedge 3
starts from the initial position to a time when the wedge 3
reaches the plurality of jaws 4 may be reduced. As a result,
a time taken to open/close the plurality of jaws 4 per cycle
may be reduced, which i turn causes an overall operation
time to be reduced. Furthermore, by moving the initial
position sensor 41 rearward, an 1nitial position of the wedge
3 may be positioned 1n a more rearward position. Accord-
ingly, for example, when the second plurality of jaws 51,
each of which has a thicker thickness 1n a radial direction,
are used, an 1nitial position of the wedge 3 may be positioned
in a more rearward position such that the wedge 3 does not
interfere with the plurality of jaws 51.

[0141] As shown in FIGS. 15 and 16, the initial position

sensor 41 and the end position sensor 42 may include an
initial position operation part 54 and an end position opera-
tion part 55, respectively, both of which extend outward of
the main body housing 11. Because of this configuration, a
user may shift the initial position sensor 41 and the end
position sensor 42 by operating the 1nitial position operation
part 534 and the end position operation part 35, respectively,
from outside of the main body housing 11. Thus, the user
may easily shift either or both of the 1mitial position sensor
41 and the end position sensor 42 to a desired position.

[0142] As shown in FIGS. 15 and 16, the second plurality
of jaws 51, each of which has a different thickness than the
thickness of each of the first plurality of jaws 4 1n a radial
direction, can be attached to the tube expansion tool 50
instead of the first plurality of jaws 4. Accordingly, various
kinds of tfluid pipes having diflerent nominal diameters can
be expanded using the same tube expansion tool 30.

[0143] As shown in FIG. 17, the tube expansion tool 50
may include a sensor positioming mechanism 33 by which
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the mnitial position sensor 41 and/or the end position sensor
42 can be releasably positioned at a plurality of desired
positions in the front-rear direction. Accordingly, the 1nitial
position sensor 41 can be positioned such that an initial
position of the wedge 3 can be positioned at a desired
position, with an additional 1indication that the 1mitial posi-
tion sensor 41 1s at one of a number of selected predeter-
mined positions. Also, the end position sensor 42 can be
positioned such that an end position of the wedge 3 can be
positioned at a desired position, with an additional indica-
tion that the end position sensor 42 1s at one of a number of
selected predetermined positions. Accordingly, a user may
not need to fine-adjust an 1mitial position and/or an end
position of the wedge 3, which improves usability of the
tube expansion tool 50. Also, once the 1nitial position sensor
41 and/or the end position sensor 42 1s at the desired
positioned, it/they may be prevented from inadvertently
moving.

[0144] Next, another embodiment according to the present
disclosure will be explained below with reference to FIG.
18. A tube expansion tool 60 according to a third embodi-
ment may include a sensor positioning mechanism (which 1s
an embodiment of a position adjustment mechanism) 61,
instead of the sensor positioning mechanism 33 of the tube
expansion tool 50 according to the second embodiment
shown 1n FIG. 16. The sensor positioning mechanism 61 of
the third embodiment may include an 1nitial position opera-
tion part 62 used for shifting a position of the initial position
sensor 41 1n the front-rear direction. Also, the sensor posi-
tioming mechanism 61 may include an end position opera-
tion part 63 used for shifting a position of the end position
sensor 42 1n the front-rear direction. In the following expla-
nation, components that substantially differ from those of the
tube expansion tools 1, 50 according to the first and second
embodiment will be explained 1n detail.

[0145] As shown in FIG. 18, the mitial position operation
part 62 may be slidable along an groove hole 52a of a main
body housing 52 1n the front-rear direction. A sensor holding,
portion 626 that holds the 1nitial position sensor 41 may be
provided at a lower portion the 1nitial position operation part
62. An upper portion of the initial position operation part 62
may be formed in an approximately rectangular plate shape
and may be positioned above an upper side of the groove
hole 52a. The upper portion of the initial operation position
part 62 may generally extend from the groove hole 524 in a
left-right direction. A ball holding groove 62a extending
upward 1n a groove hole shape may be formed on a lower
surface of the upper portion of the mitial position operation
part 62. A ball plunger 64 may be housed in the ball housing
groove 62a such that the ball plunger 64 does not easily fall
out. The ball plunger 64 may include a ball 64a that is
retained so as to be projectable from a lower end of the ball
housing groove 62a. Also, the ball housing groove 62a may

include a compression spring 645 that biases the ball 64a
downward.

[0146] As shown in FIG. 18, the end position operation
part 63 may be slidable along the groove hole 52a of the
main body housing 52 in the front-rear direction. The end
position operation part 63 may be formed 1n approximately
the same shape as the initial position operation part 62. A
sensor holding portion 635 that holds the end position sensor
42 may be provided at a lower portion of the end position
operation part 63. A ball holding groove 63a extending
upward 1n a groove hole shape may be formed on a lower
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surface ol the upper portion of the end position operation
part 63. A ball plunger 65 may be housed 1n the ball housing
groove 63a such that the ball plunger 65 may not easily fall
out. The ball plunger 65 may include a ball 654 that is
retained so as to be projectable from a lower end of the ball
housing groove 63a. Also, the ball housing groove 63a may
include a compression spring 6355 that biases the ball 65q
downward.

[0147] As shown 1n FIG. 18, when the ball 64a of the ball

plunger 64 moves to a position corresponding to one of the
plurality of the engagement recesses 526 1n the front-rear
direction, the ball 64a may move downward to elastically
engage the one of the plurality of the engagement recesses
52b. In this manner, the initial position operation part 62 can
be positioned at a desired position 1n the front-rear direction.
When a force more than a predetermined force 1s applied to
the mitial position operation part 62 1n the front-rear direc-
tion, the ball 64a may disengage from the engagement recess
52b, which allows the 1nitial position operation part 62 to be
slidable 1n the front-rear direction. In this manner, the 1nitial
position operation part 62 can be movably positioned at any
desired position in the front-rear direction, with certain
positions providing a click feeling. For example, the 1nitial
position operation part 62 may be moved based on a kind of
the plurality of jaws (e.g., based on their thickness 1n a radial
direction and/or their size) attached to the tube expansion

tool 60.

[0148] As shown in FIG. 18, when the ball 65a of the ball
plunger 65 moves to a position corresponding to one of the
plurality of the engagement recesses 52¢ in the front-rear
direction, the ball 65a may move downward to elastically
engage the one of the plurality of the engagement recesses
52c¢. In this manner, the end position operation part 63 can
be positioned at a desired position 1n the front-rear direction.
When a force more than a predetermined force 1s applied to
the end position operation part 63 1n the front-rear direction,
the ball 654 may disengage from the engagement recess 52c¢,
which allows the end position operation part 63 to be
slidable 1n the front-rear direction. In this manner, the end
position operation part 63 can be movably positioned at any
desired position 1n the front-rear direction, with certain
positions providing a click feeling. For example, the end
position operation part 63 may be moved based on an
ambient temperature.

[0149] Next, another embodiment according to the present
disclosure will be explained below with reference to FIG.
19. A tube expansion tool 70 according to a fourth embodi-
ment may include a sensor positioning mechanism (which 1s
an embodiment of a position adjustment mechanism) 71 that
automatically moves the mitial position sensor 41 and/or the
end position sensor 42 1n the front-rear direction. The sensor
positioning mechanism 71 may include an imtial position
operation part 72 that holds the 1nitial position sensor 41 so
as to be movable 1n the front-rear direction and may also
include an end position operation part 73 that holds the end
position sensor 42 so as to be movable 1n the front-rear
direction. In the following explanation, some components
that substantially differ from those of the tube expansion tool

1 according to the first embodiment will be explained 1n
detail.

[0150] As shown in FIG. 19, the mitial position operation
part 72 may include a solenoid 72a. The solenoid 72a may
be actuated by operating an 1mitial position operation switch
72b. When the solenoid 72a 1s activated, the 1nitial position
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sensor 41 and the imitial position operation part 72 may
move forward or rearward. The solenoid 72a may be acti-
vated for a predetermined time period, for istance for a
period of time that would allow the 1nitial position sensor 41
to be moved to a predetermined position. After that, the
solenoid 72 may be deactivated. The initial position opera-
tion switch 726 may be, for example, a push button, a toggle
switch, or a dial switch. The 1nitial position operation switch
72b may be arranged on the grip 5 (refer to FIG. 1), although
it could be positioned elsewhere. Information relating to a
plurality of positions to which the initial position sensor 41
could be moved may be previously stored in a memory of
the controller 45 based on, for example, the kinds of jaws
expected to be attached to the tube expansion tool 70.

[0151] As shown in FIG. 19, the end position operation
part 73 may include a solenoid 73a. The solenoid 73a may
be actuated by operating an end position operation switch
73b. When the solenoid 73a 1s activated, the end position
sensor 42 and the end position operation part 73 may move
torward or rearward. The solenoid 73a may be activated for
a predetermined time period, for instance for a period of
time that would allow the end position sensor 42 to be
moved to a predetermined position. After that, the solenoid
73 may be deactivated. The end position operation switch
73b may be structured in substantially a similar manner as
the mmitial position operation switch 7206 and may be
arranged beside the initial position operation switch 72b.
Information relating to a plurality of positions to which the
end position sensor 42 could be moved may be previously
stored 1n the memory of the controller 45 based on, for
example, an expected contraction speed of the tluid pipe at
several different ambient temperatures.

[0152] Next, another embodiment according to the present
disclosure will be explained below with reference to FIG.
20. A tube expansion tool 80 according to a fifth embodi-
ment may include a sensor positioning mechanism (which 1s
an embodiment of a position adjustment mechanism) 81 that
automatically moves the mitial position sensor 41 and/or the
end position sensor 42 1n the front-rear direction. The sensor
positioning mechanism 81 may include an initial position
operation part 72 that holds the 1nitial position sensor 41 so
that the initial position sensor 41 1s movable 1n the front-rear
direction. The sensor positioning mechamsm 81 may also
include an end position operation part 73 that holds the end
position sensor 42 so that the end position sensor 42 1s
movable 1n the front-rear direction. In the following expla-
nation, some components that more substantially differ from
those 1n the tube expansion tools 1, 70 according to the first
and fourth embodiments will be explained 1n detail.

[0153] As shown in FIG. 20, the tube expansion tool 80
may include a tag reader 85. The tag reader 85 may be
provided 1n, for example, a front portion of the tool main
body (refer to FIG. 1), a portion to which the cap 2 holding
a plurality of jaws 84 can be attached. A NFC (Near Field
Communication) tag 84a may be attached to the plurality of
1aws 84 or the cap 2 (refer to FIG. 1). The tag reader 85 can
read information stored in the NFC tag 84a via wireless
communication.

[0154] As shown in FIG. 20, the controller 45 may 1nclude
an 1nitial position setting part 82, an end position setting part
83, and a tag discrimination part 86. The tag discrimination
part 86 may determine features of jaws 84 from the infor-
mation obtained by the tag reader 85, which was stored on
the NFC tag 84a. The 1nitial position setting part 82 may set
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an 1nitial position (refer to FIG. §) of the wedge 3 and the
screw shait 28, based on the kind of jaws that the tag
discrimination part 86 has determined are present and may
also determine the number of rotations (e.g., based on the
rotation angle) of the electric motor 21 that the rotation
number detection sensor 21d should detect. The solenoid
72a of the 1itial position operation part 72 may move the
initial position sensor 41 to the initial position that has been
set by the mitial position setting part 82.

[0155] As shown in FIG. 20, the tube expansion tool 80
may 1nclude a temperature sensor 87 that detects an ambient
temperature. The end position setting part 83 may set an end
position of the wedge 3 and the screw shatt 28, based on the
detected temperature detected by the temperature sensor 87
and may also set the number of rotations (e.g., based on the
rotation angle) of the electric motor 21 that the rotation
number detection sensor 21d should detect. The solenoid
73a of the end position operation part 73 may move the end
position sensor 42 to the end position that has been set by the
end position setting part 82.

[0156] Next, another embodiment according to the present
disclosure will be explained below with reference to FIG.
21. A tube expansion tool 90 according to a sixth embodi-
ment may include a sensor positioning mechanism (which 1s
an embodiment of a position adjustment mechanism) 91 that
automatically moves the mitial position sensor 41 and/or the
end position sensor 42 1n the front-rear direction. The tube
expansion tool 90 may include a bus current measurement
part 92, mnstead of the tag reader 85 and the tag discrimi-
nation part 86 according to the fifth embodiment shown in
FIG. 20. The bus current measurement part 92 may monitor
a bus current (e.g., a drive current) that 1s supplied to the
clectric motor 21.

[0157] As shown in FIG. 21, a certain kind of jaws may be
attached to the tube expansion tool 90 at first, and then the
switch main body 6a may be turned on to drive the electric
motor 21. The bus current measurement part 92 may mea-
sure a bus current. The 1nitial position setting part 82 may
determine what kind of jaws 1s attached to the tube expan-
s10n tool 90 based on, for example, a maximum value of the
bus current and a total bus current power of the bus current,
both of which may be monitored by the bus current mea-
surement part 92. For example, when the plurality of jaws
are opened radially outward, the bus current may increase.
And when the plurality of jaws are opened to a maximum,
a bus current may be at 1ts maximum. In contrast, when the
plurality of jaws are closed radially inward, a bus current
may decrease. The mitial position setting part 82 may
determine the kind of jaws (e.g., relating to their thickness
in a radial direction and/or size), based on variation char-
acteristics of the bus current. For example, a length of time
it takes from when the electric motor 21 has started being
operated (for instance with the screw shaft 28 being posi-
tioned in the rearmost iitial position) to when the bus
current has increased to a certain level, or the rate of the
increase 1ndicating that the wedge 3 1s pressing against the
jaws, may be determined. This vanation characteristic of the
bus current could be different based on the kind of jaws
attached. For example, the length of time would be shorter
for the configuration shown in FIG. 15 compared to that
shown 1 FIG. 16. Other methods may also be used. For
example, the maximum bus current for one operation cycle
may be measured, the measurement of which could indicate
the kind of jaws being used. Also, the initial position setting
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part 82 may set an mnitial position of the wedge 3 and the
screw shatt 28 (refer to FIG. 5) based on the determined kind
of jaws. "

The solenoid 72a may move the initial position
sensor 41 to the initial position set by the mitial position
setting part 82. As long as 1t 1s determined that the same kind
of the plurality of jaws are being used, an 1nitial position of
the wedge 3 and the screw shaft 28 may be maintained at the
position to which the initial position sensor 41 had moved
according to the above procedure.

[0158] The embodiments discussed above may be modi-
fied 1n various ways. In the above embodiment, the tube
expansion tool 1 may include six jaws 4. Instead of this, the
tube expansion tool 1 may include, for example, five or less
jaws 4, or may include seven or more jaws 4. In the above
exemplified embodiment, the electric motor 21 may be
arranged below the screw shait 28 and on a rear upper side
of the grip 5. However, instead of this configuration, the
clectric motor 21 may be arranged above the screw shait 28
and on the rear upper side of the grip 5. Alternatively, the
clectric motor 21 may be located entirely within the grip 5.

[0159] In the above exemplified embodiments, the first
center mechanism housing 13 and the second center mecha-
nism housing 14 may be arranged in the front-rear direction
between the front side mechanism housing 12 and the rear
side mechanism housing 15. However, instead of this con-
figuration, for example, only one center mechanism housing
may be present or more than three center mechanism hous-
ings may be arranged between the front side mechanism
housing 12 and the rear side mechanism housing 15. In the
above exemplified embodiments, the first center mechanism
housing 13 and the second center mechanism housing 14 are
made of die cast aluminum. However, instead of this, the
first center mechanism housing 13 and the second center
mechanism housing 14 may be made of another lightweight
material, such as die cast magnesium.

[0160] In the above exemplified embodiments, the linear
movement member 31 may include a protrusion 315 pro-
jecting radially outward from a side surface of the linear
movement member 31, and the power conversion ring 32
may include grooves 32a, 32b that engage the protrusion
315 on the outer circumierential surface of the power
conversion ring 32. However, mstead of this configuration,
for example, a groove may be provided on a side surface of
the linear movement member 31, and the power conversion
ring 32 may 1nclude a protrusion projecting radially outward
from an outer circumierential surface of the power conver-
sion ring 32.

[0161] In the above exemplified embodiments, the tube
expansion tool 1 may include an operation part 44q that a
user can use to move the end position sensor 42. However,
instead of this configuration, there may be provided a
movement mechanism that automatically moves the end
position sensor 42 based on an ambient temperature detected
by a temperature sensor. Also, a motor or a solenoid may be
used as the movement mechanism. Furthermore, in the
above exemplified embodiment, the main body housing 11
may support the mitial position sensor 41 and the end
position sensor 42, and the magnet 43 may be attached to the
screw shait 28. However, 1nstead of this configuration, the
main body housing 11 may support magnets at positions
corresponding to desired initial and end positions, and the
screw shait may include a Hall Effect sensor for detecting
the position of the screw shatt 28.
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[0162] In the above exemplified embodiments, the expan-
sion zone of the jaws 4 may be defined as a portion of the
operation after the rotation zone. However, instead of this
confliguration, the rotation zone may be defined as a portion
of the operation after the expansion zone. Furthermore, 1n
the above exemplified embodiments, when the controller 45
detects a predetermined number of rotations of the electric
motor 21 that has been previously stored in the memory of
the controller 45, the rotation zone of the jaws 4 may be
determined to have finished. However, instead of this con-
figuration, a sensor (e.g., a Hall Effect sensor) that detects a
position that indicates that the rotation zone of the jaws 4 has
finished may be arranged between the 1nitial position sensor

41 and the end position sensor 42.

[0163] In the above exemplified embodiments, the feed
screw mechanism 235 may move the wedge 3 1n the front-rear
direction. However, istead of this configuration, for
example, a cam that i1s rotated by rotation of the electric
motor 21 may move the wedge 3, and a rotation zone and an
expansion zone may be defined by detecting an 1nitial angle
and a rotation angle of the cam and/or a number of rotations
ol the electric motor 21.

[0164] In the above exemplified embodiments, the feed
screw mechanism 25 may include the plurality of balls 285
placed between the screw shait 28 and the female screw
member 27. However, instead of this configuration, for
example, a feed screw mechanism may be configured such
that the screw shait 28 directly engages the female screw
member 27, without placing the balls 28 therebetween.

[0165] Relating to the engagement recesses 32b, 52¢ that
respectively position the initial position operation part 354
and the end position operation part 535, the number of the
recesses 52b, 52¢ and the positions of the recesses 325, 52¢
in the front-rear direction may be changed as needed without
being limited by the disclosure of the specific embodiments.
Also, m the above exemplified embodiments, the engage-
ment portion 56a of the leaf spring 56 and the ball 64q of the
ball plunger 64 may move 1n the up-down direction. How-
ever, mstead of this configuration, for example, an engage-
ment portion of the leaf spring and a ball of the ball plunger
may move 1n the left-right direction with regard to a side
wall of the groove hole 52a formed in the main body
housing 52.

[0166] In the above exemplified embodiments, a solenoid
72a that moves the 1nitial position sensor 41 in the front-rear
direction may be used. However, instead of the solenoid 724,
for example, an electric motor may be used. Also, instead of
the solenoid 73a that moves the end position sensor 42 1n the
front-rear direction, for example, an electric motor may be
used.

[0167] Furthermore, the sensor positioning mechanism 53,
in which the leal springs 356, 67 are used and the sensor
positioning mechanism 61 1n which the ball plungers 64, 65
are used, may be applied to any of the tube expansion tools
70, 80, 90 1n which the 1nitial position sensor 41 and the end
position sensor 42 are automatically moved in the front-rear
direction.

[0168] Furthermore, mnstead of the momtoring of the bus
current 1n the tube expansion tool 90, a total number of
rotations of the electric motor 21 from a time when the
wedge 3 moves from an 1nitial position until a time when the
plurality of jaws starts to open radially outward may be
detected by the rotation number detection sensor 21d. A
movement amount of the screw shait 28 may be calculated
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by using the total rotation number of the electric motor 21.
A zone in which the wedge 3 does not serve to expand the
plurality of jaws radially outward may be determined from
the movement amount of the screw shatft 28. As a result, an
initial position sensor 41 may be shifted and an 1nitial
position of the wedge 3 may be newly set such that a zone
in which the wedge 3 does not serve to expand the jaws may
be reduced. Alternately, an upper /lower limit of the motor
current based on the type of jaws attached to the PEX
expansion tool can be adjusted. By adjusting a maximum
current of the motor, a thinner walled pipe may not be
damaged or expansion power of the tool may not be unnec-
essary limited when working with the thicker walled pipes.

What 1s claimed 1s:

1. A tube expansion tool for expanding an end portion of
a synthetic resin made fluid pipe, comprising:

an electric motor housed in a main body housing;

a screw shait positioned in the main body housing and
configured to be movable in a front-rear direction,
which 1s a direction coaxial with or parallel to an output
shatt of the electric motor;

a female screw member configured to move the screw
shaft 1n the front-rear direction by engaging with the
screw shaft and rotating around an axis of the screw
shaft;

a gear engaged with the female screw member, the gear
being configured to transmit a rotation output of the
output shaft of the electric motor to the female screw
member;

a wedge extending forward from the screw shaft; and

a plurality of jaws coupled to the main body housing so
as to be openable/closable, wherein when the wedge
moves forward integrally with the screw shaft, the
wedge pushes the plurality of jaws so that each jaw of
the plurality of jaws opens radially outward relative to
cach other.

2. The tube expansion tool according to claim 1, further

comprising;

a grip extending downward from the main body housing,
wherein:

a majority of the grip 1s arranged between the electric
motor and the plurality of jaws 1n the front-rear direc-
tion; and

the electric motor 1s arranged below the screw shatt.

3. The tube expansion tool according to claim 2, wherein
at least a part of the screw shait overlaps the grip in the
front-rear direction.

4. The tube expansion tool according to claim 1, wherein
a portion of a planetary gear reduction mechanism, which 1s
configured to reduce the rotation output of the output shaft,
1s arranged between the output shait of the electric motor
and the screw shatt.

5. The tube expansion tool according to claim 1, further
comprising;

a rotation drive ring linked to a rear portion of the

plurality of jaws; and

a jaw rotation mechanism configured to rotate the plural-
ity of jaws 1n a circumierential direction due to rotation
of the rotation drive ring, which 1s caused by the
rotation output of the electric motor, wherein:

the rotation drive ring 1s positioned 1n front of the female
screw member.

6. The tube expansion tool according to claim 1, further

comprising;
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a cap that supports the plurality of jaws so that the
plurality of jaws can be opened/closed and so that the
plurality of jaws are restricted from moving in the
front-rear direction;

a Tront side mechanism housing, a first center mechanism
housing, and a rear side mechamism housing that are
arranged 1n this order from a front side to a rear side,
cach of the front side mechanism housing, the first
center mechanism housing, and the rear side mecha-
nism housing being positioned within the main body
housing; and

a bolt that connects the front side mechanism housing to
the rear side mechanism housing, wherein:

the front side mechamism housing 1s made of a material
containing 1ron and 1s configured to support the cap;

the rear side mechanism housing 1s made of a material
containing 1ron and 1s configured to support an end
portion of the female screw member; and

the first center mechanism housing 1s made of a material
that 1s lighter 1n weight than iron.

7. The tube expansion tool according to claim 6, further

comprising:

a second center mechamism housing positioned between
the first center mechanism housing and the rear side
mechanism housing, wherein:

cach of the front side mechanism housing, the first center
mechanism housing, the second center mechanism
housing, and the rear side mechanism housing includes
an engagement portion at each end portion thereot, the
engagement portions being positioned such that adja-
cent end portions are configured to overlap each other
in the front-rear direction.

8. The tube expansion tool according to claim 7, further
comprising;
a spindle configured to rotate integrally with the gear, the

spindle being arranged 1n front of the output shait of the
electric motor, wherein:

the first center mechanism housing and the second center
mechanism housing each supports a spindle bearing,
which are configured to rotatably support the spindle;
and

the first center mechanism housing and the second center
mechanism housing each supports a female screw
member bearing, which are configured to rotatably
support the female screw member.

9. The tube expansion tool according to claim 6, wherein
the rear side mechanism housing supports a thrust bearing
that contacts a rear end of the female screw member.

10. The tube expansion tool according to claim 1, wherein
a plurality of balls are placed between and engage with the
screw shaft and the female screw member.

11. The tube expansion tool according to claim 7, wherein
the first center mechanism and the second center mechanism
are made of a material having a density less than that of 1ron.

12. A tube expansion tool for expanding an end portion of
a synthetic resin made tluid pipe, comprising:
an electric motor housed 1n a main body housing;

a screw shaft positioned in the main body housing and
configured to be movable 1n a front-rear direction;

a female screw member configured to move the screw

shaft 1n the front-rear direction by engaging with the
screw shaft and rotating around an axis of the screw

shaft;
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a gear engaged with the female screw member, the gear
being configured to transmit a rotation output of the
output shait of the electric motor to the female screw
member;

a spindle configured to rotate integrally with the gear, the
spindle extending in a direction parallel to the screw
shaft;

a wedge extending forward from the screw shaft; and

a plurality of jaws coupled to the main body housing so
as to be openable/closable, wherein when the wedge
moves forward integrally with the screw shaft, the
wedge pushes the plurality of jaws so that each jaw of
the plurality of jaws opens radially outward relative to
cach other.

13. The tube expansion tool according to claim 12,
wherein at least a portion of the electric motor 1s positioned
rearward of a rearmost portion of the screw shaft in the
front-rear direction.

14. The tube extension tool according to claim 12, further
comprising;

a grip extending downward from the main body housing,

wherein:

at least a part of the screw shaft overlaps the grip in the
front-rear direction.

15. The tube expansion tool according to claim 14,
wherein the electric motor overlaps at least a portion of the
grip in the front-rear direction..

16. The tube expansion tool according to claim 12, further
comprising;

a rotation drive ring linked to a rear portion of the

plurality of jaws; and

a jaw rotation mechanism configured to rotate the plural-
ity of jaws 1n a circumierential direction due to rotation
of the rotation drive ring, which 1s caused by the
rotation output of the electric motor, wherein:
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the rotation drive ring 1s positioned 1n front of the female
screw member in the front-rear direction.

17. The tube expansion tool according to claim 16, further

comprising;

a power conversion ring with a first groove and a second
groove, both of which are formed 1n a recessed shape,
the power conversion ring being disposed behind the
rotation drive ring 1n the front-rear direction; wherein:

the first groove extend in a direction parallel to an axis
direction of the power conversion ring; and

the second groove extends 1n a direction non-parallel to
the axis direction of the power conversion ring.

18. The tube expansion tool according to claim 17, further

comprising;

a linear movement member configured to be movably
linked to the spindle, wherein:

the linear movement member includes a protrusion
extending in a direction perpendicular to an axis line of
the linear movement member; and

the protrusion extends so as to be inserted into one of the
first and second grooves.

19. The tube expansion tool according to claim 14, further

comprising:

a screw shaft guide positioned within the main body
housing, the screw shaft guide being configured to
guide the screw shaft in the {front-rear direction,
wherein:

the screw shaft guide overlaps the grip 1n the front-rear
direction.

20. The tube expansion tool according to claim 19,
wherein a center axis of the grip, which extends through a
center of the grip, traverses the screw shalt guide 1n a
direction perpendicular to the front-rear direction.
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