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ENDOSCOPE APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation application of 
PCT/JP2006/302380 filed on Feb. 10, 2006 and claims 
benefit of Japanese Application No. 2005-047851 filed in 
Japan on Feb. 23, 2005, the entire contents of which are 
incorporated herein by this reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an endoscope 
apparatus Suited to Smoothly insert a flexible insertion 
portion into a bending body cavity. 
0004 2. Description of the Related Art 
0005 There has been widely available an endoscope 
which can observe organs in a body cavity and perform 
various types of treatments and procedures by inserting a 
flexible insertion portion into the body cavity Such as a large 
intestine. 

0006 Considerable skill is required to smoothly insert an 
insertion portion into a body cavity complexly bending like 
a large intestine. An inexperienced operator may lose track 
of an insertion direction while inserting an insertion portion 
to a deep region, which may cause the operator to confront 
insertion difficulty. Accordingly, various types of proposals 
have been made to improve ease of inserting an insertion 
portion. 
0007 For example, Japanese Patent Laid-Open Publica 
tion No. 10-113396 describes a medical appliance propelling 
device which can guide a medical appliance up to a deep 
region of an organism canal easily and less invasively. The 
medical appliance propelling device has a rotary member 
rotatably disposed immediately before the distal end of a 
medical appliance. An outer-peripheral Surface of the rotary 
member is formed with a rib slanting relative to an axial 
direction. 

0008 Accordingly, rotation of the rotary member permits 
a rotational force of the rotary member to be transformed 
into a propelling force by the rib. Then, the propelling force 
moves the medical appliance connected to the propelling 
device in a direction of the deep region. 

SUMMARY OF THE INVENTION 

0009. An endoscope apparatus according to the present 
invention comprises: an insertion portion having an obser 
vation optical system attached onto the distal end thereof 
having flexibility; a thrust generating portion for generating 
a thrust by rotation, formed beyond a predetermined length 
on an outer-peripheral Surface of the insertion portion in a 
longitudinal-axis direction; a rotation device for rotating the 
thrust generating portion around the longitudinal axis; and a 
control portion for controlling a rotational speed of the thrust 
generating portion in accordance with an insertion length of 
the thrust generating portion inserted into a Subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a view showing an overall configuration 
of an endoscope apparatus in a first embodiment according 
to the present invention; 
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0011 FIG. 2 is a perspective view showing a configura 
tion of a connection portion between an endoscope insertion 
portion and an endoscope rotation device; 
0012 FIG. 3 is a sectional view showing an internal 
configuration of the endoscope insertion portion and that of 
the rotation device; 
0013 FIG. 4 is a longitudinal sectional view showing an 
internal configuration of an insertion guide portion; 
0014 FIG. 5 is a front view including a sectional view 
showing an internal configuration of an insertion guide 
portion; 
0015 FIG. 6 is a view showing a configuration around a 
connection portion between an endoscope insertion portion 
and an endoscope rotation device in a second embodiment 
according to the present invention; 
0016 FIG. 7 is a view showing a configuration of a 
peripheral portion of a circuit for calculating an insertion 
length in a third embodiment according to the present 
invention; 
0017 FIG. 8 is a configurational view showing a main 
portion of an endoscope insertion portion and an endoscope 
rotation device in a variation example according to the 
present invention; 
0018 FIG. 9 is a view showing an endoscope insertion 
portion having a plurality of spiral portions; 

0019 FIG. 10 is a view showing an endoscope insertion 
portion having a spiral portion set to a predetermined length; 
0020 FIG. 11 is a view describing a relationship between 
insertion lengths of the endoscope insertion portion having 
the plurality of spiral portions and rotational speeds; 
0021 FIG. 12 is a view describing a relationship between 
changes in insertion lengths of the endoscope insertion 
portion having the spiral portion set to predetermined 
lengths and rotational speeds continuously decelerated with 
the changes; and 
0022 FIG. 13 is a view describing a relationship between 
changes in insertion lengths of the endoscope insertion 
portion having the spiral portion set to predetermined 
lengths and rotational speeds stepwisely decelerated with the 
changes. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

0023 Embodiment of the present invention will now be 
described in detail with reference to the drawings. 
0024) Referring to FIGS. 1 to 5, a first embodiment of the 
present invention will be described below. FIG. 1 shows an 
overall configuration of an endoscope apparatus in a first 
embodiment according to the present invention, FIG. 2 
shows a configuration of a connection portion between an 
endoscope insertion portion and an endoscope rotation 
device, FIG. 3 shows an internal configuration of the endo 
Scope insertion portion and that of the rotation device 3, and 
FIGS. 4 and 5 show a configuration of an insertion guide 
portion, respectively. 

0025. As shown in FIG. 1, an endoscope apparatus 1 in 
a first embodiment according to the present invention com 
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prises an endoscope insertion portion 2, a rotation device 3. 
a protective tube 4, a video processor 5, a monitor 6, an 
insertion guide portion 9 and an insertion length calculation 
circuit 10. 

0026. The endoscope insertion portion 2 is slender and 
flexible. The rotation device 3 rotates the endoscope inser 
tion portion 2. The protective tube 4 rotatably retains the 
endoscope insertion portion 2. The video processor 5 per 
forms signal processing. The monitor 6 displays an image 
captured by the endoscope insertion portion 2. The insertion 
guide portion 9 is inserted into a body cavity of a patient 8 
as a Subject. The insertion length calculating circuit 10 
calculates, for example, an insertion length of the endoscope 
insertion portion 2. The insertion length calculating circuit 
10 comprises a control portion for controlling rotational 
speeds of the endoscope insertion portion 2 according to 
insertion lengths of the endoscope insertion portion 2. 
0027. The endoscope insertion portion 2 is slender and 
has a rigid distal end portion 11 on the distal end thereof. The 
distal end portion 11 includes a charge coupled device 
(CCD) 12 (refer to FIG. 3) as an image pickup device 
described later and a light emitting diode (abbreviated as 
“LED) 13 (refer to FIG. 3) as illumination means. The 
endoscope insertion portion 2 is inserted into the protective 
tube 4 for preventing touching a floor in an operating room. 
The rear end (proximal end) of the endoscope insertion 
portion 2 is formed with a connector 14 and the connector 
14 is detachably connected to an insertion portion retainer 
16 provided to the rotation device 3. 
0028. An outer-peripheral surface between the distal end 
portion 11 in the endoscope insertion portion 2 and the 
connector 14 is formed with a propelling tube (guide tube) 
15 as a thrust generating portion for generating a thrust force 
by rotation. Rotating a motor 17 (refer to FIG. 3) provided 
inside the rotation device 3 permits rotation of the propelling 
tube 15 provided on an outer-peripheral surface of the 
endoscope insertion portion 2. This enables a propelling 
force to be produced high enough to propel the endoscope 
insertion portion 2 into a body cavity. 
0029. That is to say, in the present embodiment, the 
propelling tube 15 (configured of a spiral shape portion 36 
described later) has a length close to the overall length of the 
slender endoscope insertion portion 2 to form a thrust force 
generating portion. This provides a thrust force high enough 
to propel the endoscope insertion portion 2 even if the 
propelling tube 15 is rotated at a relatively low speed. 
0030. In the present embodiment, the rotation portion 
rotated by the rotation device 3 serves as the endoscope 
insertion portion 2 with which the propelling tube 15 is 
integrally formed (in an endoscope insertion portion 90 
shown in FIG. 8 described later, the rotation portion is 
configured such that only a propelling tube portion 102 on 
the outer-peripheral side rotates). 
0031) The CCD12 and LED13 in the endoscope insertion 
portion 2 are connected to a slip ring 44 (refer to FIG. 3) in 
the rotation device 3 by a signal cable 24 inserted through 
the endoscope insertion portion 2. Furthermore, the CCD12 
and LED13 are connected to the video processor 5 through 
a signal cable 3a from the rotation device 3. 
0032) The video processor 5 includes a CCD drive circuit 
5a, a signal processing circuit 5b and a LED drive circuit 5c. 
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The CCD drive circuit 5a supplies a CCD drive signal. The 
signal processing circuit 5b performs signal processing for 
an image pickup signal output from the CCD12 to produce 
an image signal. The LED drive circuit 5c supplies a drive 
signal for light-emitting of an LED13. 
0033 Image signals produced by the signal processing 
circuit 5b are output to the monitor 6 through the cable 6a. 
This permits an image captured by the CCD12 to be dis 
played on the screen of the monitor 6. 
0034. In inserting the endoscope insertion portion 2 
described later into a body cavity Such as a large intestine, 
the video processor 5 controls so that only still pictures are 
displayed on the screen of the monitor 6 at predetermined 
rotational angles when the endoscope insertion portion 2 is 
rotated. 

0035) In the present embodiment, in inserting the endo 
Scope insertion portion 2 into the body cavity of a patient 8, 
the insertion guide portion 9 is disposed near the patient 8. 
The endoscope insertion portion 2 is inserted into the 
insertion guide portion 9 and then into the body cavity of the 
patient 8, for example, the large intestine. 
0036) The insertion guide portion 9, as described in 
FIGS. 4 and 5 later, includes spheres 25a, 25b rotating in 
contact with an outer-peripheral Surface of the endoscope 
insertion portion 2. For example, the sphere 25b rotating in 
an insertion-axis direction of the endoscope insertion portion 
2 is a traveling-amount detection mechanism, which is 
equipped with a sensor for detecting the rotational amount of 
the sphere 25b (specifically, for example, a rotary encoder 27 
in FIG. 5). The sensor comprises a traveling-amount detec 
tion mechanism and output signals from the sensor are 
inputted into the insertion length calculating circuit 10. The 
insertion length calculating circuit 10 calculates output 
signals from the sensor and determines an insertion length of 
the endoscope insertion portion 2 into a body cavity. 
0037. As shown in FIG. 2, the distal end portion 11 of the 
endoscope insertion portion 2 is formed with a cylindrical 
camera unit (or image pickup unit) storage portion 18. The 
camera unit storage portion 18 stores and fixes a camera unit 
(image pickup unit) 19 including an observation optical 
system and an illumination optical system. 
0038 A rear end surface of the connector 14 provided at 
the rear end of the endoscope insertion portion 2 is formed 
with a projection portion 20 (refer to FIG. 3) in the center 
thereof. The periphery of the projection portion 20 is formed 
with, for example, two projecting pins 21. 
0039 The projection portion 20 in the connector 14 is 
fitted into a recessed portion 16a formed in the center of the 
distal end surface of the insertion portion retainer 16 pro 
jecting from the rotation device 3 in a substantially columnar 
shape. The pin 21 is fitted into a pin hole 16b formed in the 
periphery of the recessed portion 16a. This permits the 
connector 14 to be detachably connected to the insertion 
portion retainer 16 of the rotation device 3. 
0040. In the present embodiment, the outside diameter of 
the connector 14 is almost the same as, for example, that of 
the endoscope insertion portion 2. 

0041. The camera unit 19 mounted on the camera unit 
storage portion 18 at the distal end portion 11 is formed with 
an observation window 22 substantially in the center of the 
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distal end Surface. At a plurality of positions around the 
observation window 22, two points in the present embodi 
ment, respectively, an illumination window 23 is formed. A 
plurality of signal cables 24 are extended from the proximal 
end side of the camera unit 19 and inserted into the endo 
Scope insertion portion 2. The signal cables 24 are connected 
with the video processor 5 through the rotation device 3. 
0042. In the present embodiment, the rotational speed of 
the motor 17 in the rotation device 3 can be controlled so as 
to be automatically set to an appropriate value, based on 
information of an insertion length detected by the insertion 
length calculating circuit 10. 

0.043 Moreover, the rotation device 3 is mounted with, 
for example, a display unit 28 for displaying rotational 
speeds with the motor 17 and insertion lengths. 
0044) The rotation device 3 is mounted with a rotational 
speed control knob 29 as a setter for manually setting, for 
example, rotational speeds with the motor 17. A user such as 
an operator can manually control rotational speeds with the 
motor 17 by operating the rotational speed control knob 29, 
based on a rotational speed or an insertion length to be 
displayed. 

0045 Referring next to FIG. 3, a configuration of the 
endoscope insertion portion 2 and the rotation device 3 will 
be described in detail below. 

0046 FIG. 3 is a longitudinal sectional view of FIG. 2 
and shows an internal configuration. Moreover, a part of the 
propelling tube 15 is shown with a side view. 
0047. As shown in FIG. 3, the observation window 22 
provided in the center of the camera unit 19 fixed on the 
distal end portion 11 is attached with an objective optical 
system (or observation optical system) 31 forming optical 
images of an object and CCD12. The CCD12 is disposed at 
an image-forming position of the objective optical system 
31. 

0.048. The two illumination windows 23 adjacent to the 
observation window 22 is attached with the LED13 and the 
illumination optical system 32. The LED13 produces illu 
mination light. The illumination optical system 32 expands 
the light emitted by the LED13 and outputs the light from 
the illumination window 23. 

0049 Further, from the proximal end of the camera unit 
19, are extended a signal cable connected to the CCD12 and 
transmitting CCD driving and image pickup signals and a 
signal cable 24 connected to the LED 13 and transmitting 
drive signals for driving LED light emitting. 

0050. On the rear end of the distal end portion 11, there 
is fixed one distal end of an insertion portion covering tube 
34 which has flexibility and constitutes the insertion portion 
body, hereinafter referred to as a “covering tube”. The rear 
end of the covering tube 34 is connected to the rigid 
connector 14. The outer-peripheral surface of the covering 
tube 34 is installed with the propelling tube 15. 
0051. The propelling tube 15 is disposed at an outer 
periphery portion of the covering tube 34 between the distal 
end portion 11 of the endoscope insertion portion 2 and the 
connector 14 at the rear end. The propelling tube 15, made 
of for example, stainless is formed so as to have predeter 
mined flexibility by winding a metallic strand 35 of a 
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predetermined diameter into two layers in a spiral manner. 
The propelling tube 15 may be formed by winding the 
metallic strand 35 into more layers (e.g. four layers) in a 
spiral manner. 
0052 For the metallic strand 35 wound in a spiral man 
ner, a degree of tightness between the metallic strands 35 
and spiral angles are variously set. The outer Surface of the 
propelling tube 15 is formed with the spiral shape portion 
(spiral propelling portion) 36 in a spiral shape having 
uneven portions formed by a surface of the metallic strand 
35. 

0053. The spiral shape portion 36 may be formed with 
spiral uneven portions on an outer-peripheral Surface of a 
member constituting the endoscope insertion portion 2, in 
addition to forming a spiral shape with uneven portions by 
winding the metallic strand 35 in a spiral shape. 
0054 The spiral shape portion 36 is formed so as to be 
sufficiently long over almost the overall length of the endo 
Scope insertion portion 2. That is, the spiral forming portion 
is formed so as to be longer than a predetermined length. 
Accordingly, even if the propelling tube 15 is rotated at a 
relatively low speed, the endoscope insertion portion 2 can 
be propelled by a sufficient propelling force. That is, in the 
present embodiment, the thrust generating portion for gen 
erating thrust by rotating the endoscope insertion portion 2 
around the longitudinal axis thereof is configured of the 
spiral shape portion 36. 

0055. In the present embodiment, the propelling tube 15 
is provided on an outer-peripheral Surface on a little more 
backward side than the distal end portion 11. Accordingly, 
the propelling tube 15 will not hinder a view by an obser 
vation optical system provided at the distal end portion 11. 
This permits a user to perform propelling operations while 
observing. 

0056 Preferably, the metallic strand 35 is formed so as to 
be wound in a left-handed spiral shape facing toward the 
proximal end from the distal end. In other words, it is 
preferable that the metallic strand 35 be spirally wound in 
the same direction as a left handed thread groove. In Such a 
configuration, in inserting the endoscope insertion portion 
into a body cavity, especially a large intestine, the insertion 
portion retainer 16 of the rotation device 3 is rotated 
counter-clockwise around the longitudinal axis of the endo 
Scope insertion portion 2. Then, tightness to a intestinal wall 
in the large intestinal becomes higher, thus improving the 
insertability of the endoscope insertion portion 2 into the 
large intestinal. 
0057. A substantially columnar projection portion 20 is 
formed substantially in the center of a rear end surface of the 
connector 14 and, around the projection portion 20, for 
example, two pins 21 are formed. 
0058. The projection portion 20 is fitted into the recessed 
portion 16a in the insertion portion retainer 16. On the other 
hand, the two pins 21 are fitted into the pin holes 16b. This 
permits the connector 14 to be connected to the insertion 
portion retainer 16. Accordingly, when the insertion portion 
retainer 16 is rotated, the connector 14 is rotated. 

0059 Moreover, an end surface of the projection port 20 
is formed with a plurality of contact pin receivers 38. The 
contact pin receivers 38 are connected with a plurality of 
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signal cables 24 respectively. In connecting the connector 14 
with the insertion portion retainer 16, the contact pin receiv 
ers 38 of the connector 14 come into contact with a plurality 
of contact pins 39 provided at the recessed portion 16a in the 
insertion portion retainer 16 each other. This permits the 
CCD12 and LED13 to be electrically connected with the 
contact pins 39 of the rotation device 3. 
0060. The outer-peripheral surface of the insertion por 
tion retainer 16 is rotatably supported by bearings 41 pro 
vided at a casing of the rotation device 3. On the outer 
peripheral surface of the proximal end of the insertion 
portion retainer 16, a gear 42 is provided. The gear 42 is 
located on a more backward side than Such a position that 
the gear is rotatably supported by the bearings 41. 
0061 The gear 42 engages with a cylindrical gear 43 
provided on the distal end of a motor shaft of the motor 17. 
The motor 17 is rotated around the longitudinal axis in a 
predetermined direction, for example, counterclockwise fac 
ing toward the distal end from the proximal end, by which 
the endoscope insertion portion 2 rotates. 
0062 Moreover, the insertion portion retainer 16 is pro 
vided with a slip ring 44. A recessed portion is provided 
around the central axis to be rotated from the rear end 
surface side of the insertion portion retainer 16. The recessed 
portion has a rotor-side contact 45 constituting a slip ring 44 
therein. Furthermore, the recessed portion has a cylindrical 
rotor constituting the slip ring 44 therein. Around the rotor, 
the rotor-side contact 45 is provided to make an electric 
connection with a stator-side contact 46. The contact pin 39 
and the contact 45 are electrically connected with each other 
through a signal line. 
0063. The rotor-side contact 45 rotating, being connected 
with the contact pin 39 by the slip ring 44 and the stator-side 
contact 46 not to be rotated are maintained in a contact state 
for electric conductivity. The stator-side contact 46 is con 
nected with the contact 47 at the rear end through a signal 
line in the slip ring 44. The contact 47 is connected with a 
signal cable 3a. The signal cable 3a is electrically connected 
with the video processor 5. 
0064. The casing of the rotation device 3 is provided with 
a sensor for detecting a predetermined rotational angle 
(rotational position) in the insertion portion retainer 16, for 
example, a photo reflector 49. The photo reflector 49 irra 
diates light onto an outer-peripheral Surface of the insertion 
portion retainer 16 and receives the reflected light. The 
photo reflector 49 is disposed, for example, near such a 
position that the bearing 41 is provided. 
0065. In this case, a light reflection portion 50 with high 
reflectance is disposed at a predetermined position in an 
outer-peripheral surface of the insertion portion retainer 16. 
The light reflectance of other portions is set so as to be lower 
than that of a light reflection portion 50. Location of the light 
reflection portion 50 corresponds to a predetermined direc 
tion, for example, upward direction of the CCD 12. 
0.066 Accordingly, in a case where the endoscope inser 
tion portion 2 connected to the insertion portion retainer 16 
is rotatingly driven by the motor 17, the photo reflector 49 
for detecting reflected light from light reflection portion 50 
detects the timing when the CCD12 reaches a predetermined 
angle. A timing signal detected by the predetermined angle 
is inputted into the signal processing circuit 5b of the video 
processor 5. 
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0067. The signal processing circuit 5b alternately over 
writes images captured by the CCD12 on two frame memo 
ries inside the signal processing circuit 5b in a cycle where 
the insertion portion retainer 16 is once rotated. When a 
timing signal of reaching a predetermined angle is inputted 
from the photo reflector 49, a memory control circuit (not 
shown) for controlling read/write of the frame memory 
prohibits read/write of one frame memory performing over 
writing by the input timing. 
0068 Images written in the frame memory immediately 
before the timing signal are maintained until the next timing. 
0069. At this time, an image read from the one frame 
memory is displayed on the monitor 6 as a still image. In this 
case, the other frame memory is overwritten until the next 
timing. Then, writing is prohibited at the next timing in the 
same way and an image is read as a still image from the 
frame memory. 
0070. In this way, a still image captured at a timing of a 
predetermined angle is continuously displayed on the moni 
tor 6 with the endoscope insertion portion 2 being rotated. 
0071. The number of predetermined positions in an outer 
peripheral surface of the insertion portion retainer 16 is 
taken as one for simplification herein, but a plurality of 
positions may be used. 
0072. In that case, after respective predetermined posi 
tions are detected, captured images are rotated according to 
the rotational angles. At that time, always focusing on a 
direction of one position as a datum, images detected at a 
plurality of positions are displayed. Increasing the number 
of predetermined positions in this way enables the monitor 
6 to display still images in a state nearer to moving pictures. 
0073 For the motor 17 for rotatingly driving the insertion 
portion retainer 16, rotational speeds are controlled by a 
motor control circuit 51. The motor control circuit 51 
constitutes the control portion. 
0074. In the present embodiment, the motor control cir 
cuit 51 permits the rotational speed of the motor 17 to be 
manually controlled by operating the rotational speed con 
trol knob 29, for example, provided on a front panel in the 
rotation device 3. The rotational speed control knob 29 
changes a parameter of a motor control system, for example, 
by changing a value of variable resistance. 
0075. In other words, in inserting the endoscope insertion 
portion 2 into a body cavity, differences may occur in 
appropriate insertion speeds among operators. Accordingly, 
rotational speeds can be adjusted within an allowable rota 
tional speed range by an operator's operating the rotational 
speed control knob. 29. FIG. 2 shows that adjustment can be 
made between V1 and V3. 

0076. In the present embodiment, there is provided the 
insertion guide portion 9 configured as shown in FIGS. 4 and 
5. The insertion guide portion 9 includes a mechanism for 
detecting the rotational amount of a rotation member rotat 
ing in contact with the propelling tube 15 forming an 
outer-peripheral Surface of the endoscope insertion portion 
2. 

0077 More specifically, the rotational amount of the 
sphere 25b as a rotation member per unit time is detected. In 
other words, rotational speeds are detected and the detected 
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rotational speeds are inputted into the insertion length cal 
culating circuit 10 for calculation. This permits calculation 
of an insertion length of the endoscope insertion portion 2 or 
the spiral shape portion 36 and automatic adjustment of the 
rotational speed of the motor 17 through a motor control 
circuit 51 based on information of the calculated insertion 
length. 

0078. In the present embodiment, the spiral shape portion 
36 is formed from around the front end of the endoscope 
insertion portion 2 to around the rear end of the endoscope 
insertion portion 2. Accordingly, in detecting an insertion 
length inserted in a body cavity, detection of an insertion 
length of the endoscope insertion portion 2 may be used in 
place of detection of an insertion length of the spiral shape 
portion 36. 
0079. In other words, the insertion length portion of the 
spiral shape portion 36 actually inserted in the body cavity 
has a function of a propelling force generating portion which 
generates a propelling force by rotating. However, the 
portion may be considered as generating a propelling force 
by rotating the insertion length portion of the endoscope 
insertion portion 2 inserted in the body cavity. 
0080. In a case where the spiral shape portion 36 is 
formed only at a part of an outer-peripheral Surface on the 
distal end side of the endoscope insertion portion 2, it may 
be better to detect an insertion length of the spiral shape 
portion 36, which depends upon an insertion length to be 
inserted into a body cavity. 
0081. The motor control circuit 51 outputs a motor drive 
signal for rotatingly driving the motor 17 and the motor 
drive signal is inputted into the display unit 28. This permits 
a rotational speed of the motor 17 to be displayed on the 
display unit 28. An output signal from the insertion length 
calculating circuit 10 is inputted into the motor control 
circuit 51 and then into the display unit 28. Accordingly, an 
insertion length as well is displayed on the display unit 28. 
0082 Referring next to FIGS. 4 and 5, a configuration of 
an insertion length detection portion 55 provided to the 
insertion guide portion 9 will be described below. FIG. 4 is 
a longitudinal sectional view showing an internal configu 
ration of the insertion guide portion 9 and FIG. 5 is a front 
view including a lateral sectional view showing an internal 
configuration of the insertion guide portion 9. 

0083. On the top and bottom sides of around the center of 
a frame body 56 comprising the insertion guide portion 9, a 
pair of spheres 25a, 25b for rotatably retaining the endo 
Scope insertion portion 2 to be inserted so as to Sandwich the 
endoscope insertion portion 2 between the spheres from the 
vertical direction. Each of the spheres 25i (=a, b) has a 
rotating shaft extended in Such a direction as to be orthogo 
nal to the insertion axis of the endoscope insertion portion 2. 
The each rotating shaft is rotatably supported by bearings 
57i provided on both sides of the each sphere 25i. 
0084. In this case, a stator of the one bearing, specifically, 
the bearing 57b on the lower side in FIG. 4 is fixed on an 
inner wall of the frame body 56. The other bearing 57a is 
retained movably in the vertical direction so as to be forced 
downward by the elastic force of a spring 58a. 
0085) Even if uneven portions exist in the spiral shape 
portion 36 on an outer-peripheral surface of the endoscope 
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insertion portion 2, the spheres 25a, 25b come into contact 
with the outer-peripheral surface. The spheres 25a, 25b, 
when the endoscope insertion portion 2 travels in the direc 
tion of the insertion axis, is rotated by the traveling amount. 
The stator side of the movable bearing 57a is disposed 
between the guide members 59a fixed on the frame body 56, 
which regulates the rotation. A bearing 58c described later is 
disposed between the guide members 59c likewise to regu 
late the rotation. 

0086 As shown in FIG. 5, the rotating axis of the one 
sphere 25b is connected to a rotary encoder 27. The rotary 
encoder 27 detects the rotational amount of the sphere 25b 
or rotational speed and outputs the detected signal to the 
insertion length calculating circuit 10. 

0087. The insertion length calculating circuit 10 calcu 
lates an insertion length of the endoscope insertion portion 
2 inserted in the body cavity of a patient 8 by calculating 
detected signals from the rotary encoder 27 and outputs the 
calculated length into the motor control circuit 51 of the 
rotation device 3. 

0088 As shown in FIG. 3, the motor control circuit 51 is 
connected with a lookup table (abbreviated as LUT) 60. The 
LUT60 previously stores data to set an appropriate rotational 
speed according to an insertion length. The LUT60 is a 
rotational speed information storage portion and constitutes 
the control portion. 

0089. The motor control circuit 51 reads data of an 
appropriate rotational speed from LUT60 according to the 
calculated insertion length and automatically sets rotational 
speed to the appropriate one. The LUT60 comprises, for 
example, an electrically rewritable nonvolatile memory and 
can update data to more appropriate one, for example, 
through the motor control circuit 51. 

0090 Moreover, LUT60 stores data which is set to a fixed 
speed when an insertion length is Smaller than a predeter 
mined value, for example, like the initial state in inserting, 
and which decelerates rotational speed as an insertion length 
is larger (longer). The data can be updated when more 
preferable data is available. 

0.091 As shown in FIG. 5, the two spheres 25c, 25d are 
disposed likewise in the horizontal direction of an area 
where the endoscope insertion portion 2 is inserted, and are 
rotatably retained in contact with an outer-peripheral Surface 
of the endoscope insertion portion 2. 

0092. In this case, the rotating axes of both the spheres 
25c, 25d are extended in a direction parallel to the insertion 
axis, each of which is rotatably retained by the bearings 57c, 
57d. The one bearing 57d is fixed on an inner wall of the 
frame body 56 and the other bearing 57c is forced on the 
central side by an elastic force of the spring 58c. Thus, the 
spheres 25c, 25d are rotatably retained around the insertion 
axis in contact with an outer-peripheral Surface of the 
endoscope insertion portion 2 from the horizontal direction. 

0093. The operation of the present embodiment in such a 
configuration will be described below. 

0094. As shown in FIG. 1, the connector 14 on the 
proximal end side of the endoscope insertion portion 2 is 
connected to the insertion portion retainer 16 of the rotation 
device 3 via the inside of the protective tube 4. 
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0.095. In conducting colon examination, the distal end 
portion of the endoscope insertion portion 2 is inserted from 
the anus as an insert opening into the body cavity of a patient 
8, via the insertion guide portion 9. At this time, by turning 
on of a source of power (not shown), the motor 17 is rotated. 
0096. Then, rotating the motor 17 permits the endoscope 
insertion portion 2 to rotate. On an outer-peripheral Surface 
of the endoscope insertion portion 2, the spiral shape portion 
36 is provided, and rotation of the spiral shape portion 36 
produces a propelling force. Accordingly, an operator can 
Smoothly insert the endoscope insertion portion 2 into a 
body cavity at low boost pressure as compared to a case 
where no propelling force is produced. Images captured by 
the CCD12 during insertion, though still images, can be 
observed without narrowing field of view. Accordingly, an 
operator can insert the endoscope insertion portion 2 while 
observing images. 
0097 When the endoscope insertion portion 2 is inserted 
into a body cavity, an insertion length into the body cavity 
changes. As the insertion length of the endoscope insertion 
portion 2 is larger, a propelling force is apt to become larger. 
In the present embodiment, however, the insertion length 
detection portion 55 provided to the insertion guide portion 
9 detects a traveling speed of the endoscope insertion 
portion 2 in the insertion-axis direction, that is, an insertion 
speed. 
0098. The insertion length calculating circuit 10 calcu 
lates an insertion length based on insertion speed and 
outputs the calculated information into the motor control 
circuit 51 in the rotation device 3. The motor control circuit 
51 reads corresponding information of appropriate rotational 
speeds from the LUT 60 based on the calculated information 
and, even if the insertion length is changed, always performs 
automatic control to appropriate rotational speed. 
0099. Accordingly, the present embodiment enables an 
operator, in inserting the endoscope insertion portion 2 into 
the deep portion in a body cavity, to automatically conduct 
Smooth insertion at an appropriate rotational speed accord 
ing to an insertion length without need of rotational speed 
control. Accordingly, endoscopic examination can be made 
Smoothly in a short time for an area to be inspected. 
0100 Referring next to FIG. 6, a second embodiment of 
the present invention will be described below. FIG. 6 shows 
a configuration around a connection portion between an 
endoscope insertion portion and an endoscope rotation 
device in a second embodiment. 

0101 The first embodiment is configured so that the 
insertion length detection portion 55 provided to the inser 
tion guide portion 9 detects an insertion speed of the 
endoscope insertion portion 2 or the spiral shape portion 36 
(or propelling tube 15) provided at an outer-peripheral 
surface thereof into a body cavity, and so that the insertion 
length calculating circuit 10 calculates an insertion length 
into the body cavity and controls a rotational speed of the 
motor 17. On the other hand, the present embodiment is 
configured so that a motor monitor circuit 61 provided as a 
control portion controls a rotational speed of the motor 17. 
0102) In the present embodiment, the motor monitor 
circuit 61 monitors a motor drive signal Supplied to the 
motor 17 from the motor control circuit 51. According to the 
monitoring result, the motor monitor circuit 61 outputs a 
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rotation control signal into the motor control circuit 51 to 
control a rotational speed of the motor 17. 
0.103 Specifically, the motor monitor circuit 61 monitors 
Voltage value and current values of motor drive signals to be 
applied to the motor 17. Furthermore, the motor monitor 
circuit 61 determines, for example, whether the motor 17 
rotates in an almost no-load State or in a state in which the 
endoscope insertion portion 2 is inserted into a body cavity 
and a current value exceeds a preset value higher than the 
current value at no load. 

0104. When such a state as to be inserted into a body 
cavity is determined, the current values are totalized to 
measure a cumulative amount of rotational speeds of the 
motor 17. According to the cumulative amount of rotational 
speeds, an insertion length of the endoscope insertion por 
tion 2 (or the spiral shape portion 36) into a body cavity is 
calculated (estimated) and the calculated insertion length is 
output into the motor control circuit 51 to control rotational 
speeds of the motor 17. The motor control circuit 51 controls 
the rotational speeds of the motor 17 according to the 
calculated insertion length, for example, information from 
the LUT60 (omitted in FIG. 6) as described in the first 
embodiment. 

0105. In the present embodiment, a maximum load level 
corresponding to the maximum load is set to the motor 17 
with a motor drive current value or the like. When the motor 
monitor circuit 61 monitors a motor drive signal and deter 
mines the monitored motor drive signal is above the maxi 
mum load level, the motor monitor circuit 61 transmits a 
signal to the motor control circuit 51. The motor control 
circuit 51 controls the motor 17 so as to stop the rotation. 
0106 That is, the motor control circuit 51 calculates an 
insertion length by totalizing current values in Such a 
predetermined range in which motor drive signals range 
from no load to a reasonable load or in Some other way and 
sets a rotational speed of the motor 17 to an appropriate 
value based on the calculated insertion length value. 
0.107 The present embodiment provides estimation of an 
insertion length of the spiral shape portion 36 or the endo 
Scope insertion portion 2 into a body cavity with a simple 
configuration. The estimated insertion length can facilitate 
Smooth insertion work of the endoscope insertion portion 2 
into the body cavity by use of rotational movement. Fur 
thermore, the present embodiment can prevent a load from 
being imposed on the motor 17 beyond the allowable value, 
thus preventing the service life from being impaired. 
0108) Referring next to FIG. 7, a third embodiment of the 
present invention will be described below. FIG. 7 shows a 
configuration of a peripheral portion of an insertion length 
calculating circuit for an endoscope insertion portion in an 
endoscope apparatus according to a third embodiment. 
0.109. In an endoscope apparatus 1C, the endoscope 
insertion portion 2 includes source coils 71a. 71b, ..., 71p 
as magnetic field generating elements generating magnetic 
fields arranged at predetermined intervals in the insertion 
axis direction to calculate an insertion portion shape. The 
respective source coils 71k (k=a, b . . . . p) are connected to 
a source coil drive portion 73 in an insertion shape detector 
72 through contacts 47 of the slip ring 44. 
0110. From the source coil drive portion 73, AC drive 
signals of for example, around 10 kHZ are sequentially 
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applied to the respective source coils 71 k or simultaneously 
at different frequencies. Then, the respective source coils 
71k generate magnetic fields therearound. 
0111 Around a patient into which the endoscope inser 
tion portion 2 is inserted, there is arranged a sense coil unit 
75 as a magnetic-field detecting element. The sense coil unit 
75 includes a plurality of sense coils 74 to detect magnetic 
fields generated by the source coil 71 k. 
0112 Signals detected by the respective sense coils 74 
are amplified by an amplifier 76 in the insertion shape 
detector 72, converted into digital signals by an A/D con 
verter 77 and inputted into a fast Fourier transformation 
portion 78 (abbreviated as “FFT in FIG. 7). 
0113. After the signals are transformed into frequency 
components at a high speed by the fast Fourier transforma 
tion portion 78, signal components of the same frequency as 
drive signals of the respective source coils 71 k are separated 
and extracted. The separated and extracted signal compo 
nents are inputted into a position calculation portion 79, so 
that the positions of the respective source coils 71 k are 
calculated. 

0114. The calculated positional data is transmitted to an 
insertion portion shape calculating portion 80. The insertion 
portion shape calculating portion 80 calculates an insertion 
portion shape of the endoscope insertion portion 2 by 
conducting interpolation between positional information of 
the respective source coils 71 k or in a similar means. 
0115 The calculated insertion portion shape, after being 
further Subjected to image display processing by a display 
processing circuit 81, is output to a monitor 82 for insertion 
portion shape display. This permits the insertion portion 
shape to be displayed on a screen of the monitor 82. 
0116 Output signals of the insertion portion shape cal 
culating portion 80 are input into an insertion length calcu 
lating portion 83. The insertion length calculating portion 83 
calculates an insertion length of the endoscope insertion 
portion 2 or the spiral shape portion 36 inserted on the inner 
body cavity side than an insertion opening where the Source 
coil 71a positioned in the distal end portion 11 is inserted in 
the body of a patient, for example, the anus in the case of a 
large intestine and outputs the calculated insertion length 
into the motor control circuit 51. 

0117 The motor control circuit 51 reads out the data of 
a corresponding rotational speed from the LUT60 based on 
the data of an insertion length calculated in the same way as 
for the first embodiment and controls the rotational speed of 
the motor 17 so as to obtain the rotational speed. 
0118. The present embodiment can automatically set the 
rotational speed to an appropriate one according to the 
insertion length of the endoscope insertion portion 2 inserted 
into the body cavity or the spiral shape portion 36 provided 
on the outer-peripheral Surface in the same way as for the 
first embodiment, and provides easy and Smooth insertion of 
the endoscope insertion portion 2 into the body cavity. 

0119) The aforementioned description is made on such a 
configuration that the propelling tube 15 having the spiral 
shape portion 36 is integrally formed on the outer-peripheral 
surface of the endoscope insertion portion 2. However, the 
present invention is not limited to this. For example, there 
may be proposed such a configuration that a propelling tube 
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portion is rotatably provided on an outer-peripheral Surface 
of the endoscope insertion portion 2, by which only the 
propelling tube portion side rotatably provided is rotated and 
the endoscope insertion portion body side inside thereof is 
inhibited from rotating. 
0120 FIG. 8 shows a main portion of an endoscope 
apparatus corresponding to, for example, a variation 
example of the first embodiment. The endoscope insertion 
portion 90 in FIG. 8 is configured so as to rotate only the 
propelling tube portion 102 rotatably disposed on the outer 
peripheral Surface. 
0121 The endoscope insertion portion 90 according to 
the present embodiment mainly comprises an endoscope 
body 101 and a propelling tube portion 102 rotatably dis 
posed on the outer-peripheral Surface. 
0.122 The propelling tube portion 102 comprises a flex 
ible outer tube 103 and a spiral shape portion 36 formed of 
metal line 35. The flexible outer tube 103 is rotatably fitted 
into an annular recessed portion on the distal end portion 11 
of the endoscope body 101. The spiral shape portion 36 is 
formed on an outer-peripheral surface of the flexible outer 
tube 103. Further, rear ends of the flexible outer tube 103 and 
the spiral shape portion 36 are integrally connected to a 
cylindrical connector 104. 
0123. On the rear end of the connector 104, the pin 21 is 
provided. Inserting the pin 21 into a pinhole 16b at the front 
end of a cylindrical propelling tube portion retainer 105 
permits the propelling tube portion 102 to be detachably 
connected to the propelling tube portion retainer 105. 
0.124. The propelling tube portion retainer 105 is rotat 
ably retained onto a rotation retainer 106 through bearings 
107. Moreover, on the outer-peripheral surface of the rear 
end of the propelling tube portion retainer 105, a gears 42 is 
formed. The gear 42 is engaged with a cylindrical gear 43 
formed on a rotating shaft of the motor 17. 
0.125 The propelling tube portion 102 is configured so as 
to rotatingly drive the motor 17 by motor drive signals from 
the motor control circuit 51 provided on a base of the 
rotation retainer 106 constituting the rotation device 91, thus 
driving rotation thereof. 
0.126 The endoscope body 101 is formed with a projec 
tion for insertion from around the rear end of the distal end 
portion 11 toward the inner surface side of the propelling 
tube portion 102. The distal end of the flexible inner tube 
108 is connected to the projection constituting the rear end 
of the distal end portion 11. The rear end of the flexible inner 
tube 108 is secured on a rigid flexible tube fixing member 
109. 

0127. The distal end portion 11 is formed with an obser 
vation window 22 and an illumination window 23 in the 
same way as for the first embodiment. 
0.128 Signal cables 24 connected to the CCD12 and 
LED13 are inserted into the flexible inner tube 108 and 
connected to a contact of the proximal end of the electric 
connector receiver 111 provided on the flexible tube fixing 
member 109. The electric connector receiver 111 is detach 
ably connected to an electric connector 112 from backward 
side. 

0129. The cable 113 provided with the electric connector 
112 is connected with the video processor 5. 
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0130. The endoscope insertion portion 90 is inserted into 
the body cavity of a patient 8, for example, through the 
insertion guide portion 9 according to the first embodiment. 
An output of the insertion length detector 55 of the insertion 
guide portion 9 is input into the motor control circuit 51 as 
insertion length information through the insertion length 
calculating circuit 10. In the same way as for the first 
embodiment, a rotational speed of the motor 17 is controlled 
according to an insertion length. This configuration has 
LUT60 in the motor control circuit 51. 

0131 Rotating the motor 17 in such a configuration 
permits only the propelling tube portion 102 formed with the 
spiral shape portion 36 to rotate. By propelling the propel 
ling tube portion 102 into the body cavity, the distal end of 
the propelling tube portion 102 presses the rear end of the 
distal end portion 11 and propels the inner endoscope body 
101 as well. 

0132 Preferably, bearings are disposed so as to be rotat 
able in the peripheral direction between the distal end of the 
propelling tube portion 102 and rear end of the distal end 
portion 11 opposing thereto. 
0133. In this variation, an image pickup device does not 
rotate. Accordingly, outputting an image captured by the 
CCD 12 permits the monitor 6 to always display a moving 
picture. Others have equivalent advantages to those for the 
first embodiment. 

0134) In the first embodiment, for example, the traveling 
amount of each of the bearings 57a vertically movably 
disposed in the spheres 25a, 25b disposed vertically corre 
sponds to the outside diameter of the endoscope insertion 
portion 2. Accordingly, detecting the traveling amount of the 
bearing 57a can detect the outside diameter of the endoscope 
insertion portion 2. 
0135 Rotational speed using the motor 17 may be auto 
matically set to an appropriate value according to the outside 
diameter. In this case, by use of LUT or the like storing 
information of rotational speeds to be set according to 
outside diameters, rotational speeds may be automatically 
set to appropriate values according to outside diameters. 
0136. In other words, rotational speed may be set to the 
one Suited to an outside diameter of a spiral shape portion 
rotationally driven in the endoscope insertion portion 2 and 
the rotational speed may be adjusted to an appropriate value 
according to an insertion length into a body to be inspected. 

0137 The respective embodiments described above show 
Such a configuration that the spiral shape portion 36 as a 
thrust generating portion is provided over almost the whole 
length of the endoscope insertion portion 2. However, the 
thrust generating portion is not limited to Such a configu 
ration as to be provided over the whole length of the 
endoscope insertion portion. There may be proposed Such a 
configuration that the plurality of spiral shape portions 36a, 
36b are provided at some intervals as shown in FIG. 9, or 
Such a configuration that the spiral shape portion 36 is 
provided on only the distal end side. 
0138. The endoscope insertion portion 2 as shown in 
FIG. 9 has spiral shape portions 36a, 36b of predetermined 
lengths at the distal end portion and midway portion of the 
propelling tube 15. In the endoscope insertion portion 2 of 
Such a configuration as well, rotational speeds of the motor 
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17 are automatically adjusted to appropriate ones through 
the motor control circuit 51 based on information of inser 
tion lengths. At that time, rotational speeds of the propelling 
tube 15 having the spiral shape portions 36a, 36b are 
controlled according to respective insertion lengths of the 
endoscope insertion portion 2 as shown in FIG. 11. Specifi 
cally, for example, when an insertion length of the endo 
Scope insertion portion 2 is a distance A or the distal end of 
the spiral shape portion 36a is inserted into an anus, the 
rotational speed is V1. As the endoscope insertion portion 2 
is further inserted, the rotational speed is continuously 
decelerated at a predetermined rate from V1. When an 
insertion length of the endoscope insertion portion 2 is a 
distance B or the proximal end of the spiral shape portion 
36a is inserted into the anus, the rotational speed is changed 
to V2. Until the insertion length is changed from the distance 
B to a distance C or the distal end of the spiral shape portion 
36b is inserted into the anus, the rotational speed is main 
tained at V2. When an insertion length of the endoscope 
insertion portion 2 is a distance C or the distal end of the 
spiral shape portion 36b is inserted into the anus, the 
rotational speed is continuously decelerated at a predeter 
mined rate from V2 as the endoscope insertion portion 2 is 
inserted. When an insertion length of the endoscope inser 
tion portion 2 is a distance D or the proximal end of the 
spiral shape portion 36b is inserted into the anus, the 
rotational speed is changed to V3. According to this embodi 
ment, similar operation and effect to the above-mentioned 
embodiment can be achieved. 

0.139. A relationship between lengths of the spiral shape 
portion 36a and the spiral shape portion 36b shown in FIG. 
9 may be the same or different. An interval between the 
spiral shape portion 36a and the spiral shape portion 36b 
may be set optionally. Furthermore, the plurality of spiral 
shape portions are not limited to two, but more than two may 
be used. 

0140 For the endoscope insertion portion 2 shown in 
FIG. 10, on the other hand, the spiral shape portion 36 is 
provided by a predetermined length (L) from the distal end 
surface as the distal end side of the propelling tube 15. In the 
endoscope insertion portion 2 of Such a configuration as 
well, rotational speeds of the motor 17 are automatically 
adjusted to appropriate ones through the motor control 
circuit 51 based on information of insertion lengths. At that 
time, rotational speeds of the propelling tube 15 having the 
spiral shape portion 36 are controlled according to respec 
tive insertion lengths of the endoscope insertion portion 2 as 
shown in FIG. 12. Specifically, for example, when an 
insertion length of the endoscope insertion portion 2 is a 
distance E or when the distal end of the spiral shape portion 
36 is inserted into the anus, the rotational speed is V4. As the 
endoscope insertion portion 2 is further inserted, the rota 
tional speed is continuously decelerated at a predetermined 
rate from V4. When an insertion length of the endoscope 
insertion portion 2 is a distance F or when the proximal end 
of the spiral shape portion 36 is inserted into the anus, the 
rotational speed is changed to V5. While the endoscope 
insertion portion 2 is being inserted into the body cavity, the 
rotational speed is maintained at V5. According to this 
embodiment, similar operation and effect to the abovemen 
tioned embodiment can be achieved. 

0.141. A rotational speed may be decelerated in a stepwise 
manner from V4 to V5 as shown in FIG. 13 in place of 
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continuous deceleration of a rotational speed from V4 to V5 
as shown FIG. 12. In this case, deceleration step is not 
limited to four times shown in FIG. 13, but deceleration may 
be performed more than four times or less than four times. 
0142. The present invention includes such embodiments 
comprising combinations of part of the respective embodi 
ments described above. For example, in the first embodi 
ment, means (function) of monitoring a load in the motor 
monitor circuit 61 of the second embodiment may be 
provided. This enables the motor control circuit 51 to control 
so as to stop rotation of the motor 17 if the motor monitor 
circuit 61 determines a motor drive signal of a load level 
exceeding a predetermined load level. 
0143. The present invention is not limited to the above 
described embodiments, and various changes and modifica 
tions can be made without departing from the spirit and 
Scope of the present invention. 
What is claimed is: 

1. An endoscope apparatus comprising: 
an insertion portion having an observation optical system 

attached onto the distal end portion thereof and having 
flexibility: 

a thrust generating portion for generating a thrust by 
rotation, formed beyond a predetermined length on an 
outer-peripheral Surface of the insertion portion in a 
longitudinal-axis direction; 

a rotation device for rotating the thrust generating portion 
around the longitudinal axis; and 

a control portion for controlling a rotational speed of the 
thrust generating portion according to an insertion 
length of the thrust generating portion inserted in a 
Subject. 

2. The endoscope apparatus according to claim 1, wherein 
the endoscope apparatus has an insertion length calculating 
portion for calculating an insertion length of the thrust 
generating portion and the control portion controls a rota 
tional speed of the thrust generating portion according to an 
insertion length calculated by the insertion length calculat 
ing portion. 

3. The endoscope apparatus according to claim 1, wherein 
the control portion controls to reduce the rotational speed as 
an insertion length of the thrust generating portion inserted 
in a Subject is longer. 

4. The endoscope apparatus according to claim 1, wherein 
the thrust generating portion is a spiral shape portion having 
uneven portions formed into a spiral shape. 

5. An endoscope apparatus comprising: 
an insertion portion having an observation optical system 

attached onto the distal end portion thereof and having 
flexibility: 

a thrust generating portion for generating a thrust by 
rotation, formed beyond a predetermined length on an 
outer-peripheral Surface of the insertion portion in a 
longitudinal-axis direction; 

a rotation device for rotating the thrust generating portion 
around the longitudinal axis; and 

a control portion for controlling a rotational speed of the 
thrust generating portion according to an insertion 
length of the insertion portion inserted in a subject. 
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6. The endoscope apparatus according to claim 5, wherein 
the control portion has an insertion length calculating por 
tion for calculating an insertion length of the insertion 
portion and controls a rotational speed of the thrust gener 
ating portion according to an insertion length calculated by 
the insertion length calculating portion. 

7. The endoscope apparatus according to claim 5, wherein 
the control portion controls to reduce the rotational speed as 
an insertion length of the insertion portion inserted in a 
Subject is longer. 

8. The endoscope apparatus according to claim 5, wherein 
the thrust generating portion is a spiral shape portion having 
uneven portions formed into a spiral shape. 

9. The endoscope apparatus according to claim 4, wherein 
the spiral shape portion is integrally formed on an outer 
peripheral Surface of the insertion portion. 

10. The endoscope apparatus according to claim 8. 
wherein the spiral shape portion is integrally formed on an 
outer-peripheral Surface of the insertion portion. 

11. The endoscope apparatus according to claim 4. 
wherein the spiral shape portion is configured so as to be 
rotatably formed on an outer-peripheral surface of the inser 
tion portion and the rotation device rotates the spiral shape 
portion alone. 

12. The endoscope apparatus according to claim 8. 
wherein the spiral shape portion is configured so as to be 
rotatably formed on an outer-peripheral surface of the inser 
tion portion and the rotation device rotates the spiral shape 
portion alone. 

13. The endoscope apparatus according to claim 4. 
wherein the insertion portion is provided detachably and 
reattachably from/on the rotation device. 

14. The endoscope apparatus according to claim 8. 
wherein the insertion portion is provided detachably and 
reattachably from/on the rotation device. 

15. The endoscope apparatus according to claim 3, com 
prising a rotational speed information storage portion storing 
preset information of rotational speeds for setting the rota 
tional speed according to the insertion length. 

16. The endoscope apparatus according to claim 7, com 
prising a rotational speed information storage portion storing 
preset information of rotational speeds for setting the rota 
tional speed according to the insertion length. 

17. The endoscope apparatus according to claim 15, 
wherein the preset information of rotational speeds stored in 
the rotational speed information storage portion is updat 
able. 

18. The endoscope apparatus according to claim 2, further 
comprising a traveling-amount detection mechanism for 
calculating a traveling amount of the endoscope insertion 
portion in an insertion-axis direction in contact with an 
outer-peripheral Surface of the endoscope insertion portion, 
wherein the insertion length calculating portion calculates an 
insertion length based on information obtained from the 
traveling-amount detection mechanism. 

19. The endoscope apparatus according to claim 6, further 
comprising a traveling-amount detection mechanism for 
calculating a traveling amount of the endoscope insertion 
portion in an insertion-axis direction in contact with an 
outer-peripheral Surface of the endoscope insertion portion, 
wherein the insertion length calculating portion calculates an 
insertion length based on information obtained from the 
traveling-amount detection mechanism. 
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20. The endoscope apparatus according to claim 2, further 
comprising a motor monitoring portion for monitoring a 
motor drive signal electrically driving a motor for rotatingly 
driving the thrust generating portion, wherein the insertion 
length calculating portion calculates an insertion length, 
based on a motor drive signal when the motor monitoring 
circuit determines that the motor rotates within a predeter 
mined load range. 

21. The endoscope apparatus according to claim 6, further 
comprising a motor monitoring portion for monitoring a 
motor drive signal electrically driving a motor for rotatingly 
driving the thrust generating portion, wherein the insertion 
length calculating portion calculates an insertion length, 
based on a motor drive signal when the motor monitoring 
circuit determines that the motor rotates within a predeter 
mined load range. 

22. The endoscope apparatus according to claim 2, further 
comprising a traveling-amount detection mechanism which 
includes a magnetic-field generating element disposed along 
the longitudinal direction of the endoscope insertion portion 
and a magnetic-field detecting element mounted on the 
outside of the endoscope insertion portion and which cal 
culates a traveling amount of the endoscope insertion por 
tion in an insertion-axis direction, wherein the insertion 
length calculating portion calculates an insertion length, 
based on positional information obtained from the traveling 
amount calculating mechanism. 

23. The endoscope apparatus according to claim 6, further 
comprising a traveling-amount detection mechanism which 
includes a magnetic-field generating element disposed along 
the longitudinal direction of the endoscope insertion portion 
and a magnetic-field detecting element mounted on the 
outside of the endoscope insertion portion and which cal 
culates a traveling amount of the endoscope insertion por 
tion in an insertion-axis direction, wherein the insertion 
length calculating portion calculates an insertion length, 
based on positional information obtained from the traveling 
amount calculating mechanism. 

24. The endoscope apparatus according to claim 1, 
wherein the control portion controls the rotation device so as 
to stop the rotation if a rotational load of the thrust gener 
ating portion rotated by the rotation device exceeds a 
predetermined value. 

25. The endoscope apparatus according to claim 5, 
wherein the control portion controls the rotation device so as 
to stop the rotation if a rotational load of the thrust gener 
ating portion rotated by the rotation device exceeds a 
predetermined value. 
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26. The endoscope apparatus according to claim 1, 
wherein the rotation device has a setting portion for manu 
ally setting rotational speeds. 

27. The endoscope apparatus according to claim 5, 
wherein the rotation device has a setting portion for manu 
ally setting rotational speeds. 

28. The endoscope apparatus according to claim 2, 
wherein the rotation device has a display portion for dis 
playing an insertion length calculated by the insertion length 
calculating portion. 

29. The endoscope apparatus according to claim 6. 
wherein the rotation device has a display portion for dis 
playing an insertion length calculated by the insertion length 
calculating portion. 

30. The endoscope apparatus according to claim 1, 
wherein the rotation device has a display portion for dis 
playing a rotational speed of the thrust generating portion. 

31. The endoscope apparatus according to claim 5, 
wherein the rotation device has a display portion for dis 
playing a rotational speed of the thrust generating portion. 

32. The endoscope apparatus according to claim 1, 
wherein the control portion sets the rotational speed in 
accordance with information of outer diameters of the thrust 
generating portion. 

33. The endoscope apparatus according to claim 5, 
wherein the control portion sets the rotational speed in 
accordance with information of outer diameters of the thrust 
generating portion. 

34. An endoscope apparatus comprising: 

an insertion portion having an observation optical system 
attached onto the distal end portion thereof and having 
flexibility: 

a thrust generating portion for generating a thrust by 
rotation, formed beyond a predetermined length on an 
outer-peripheral Surface of the insertion portion in a 
longitudinal-axis direction; 

a rotation device for rotating the thrust generating portion 
around the longitudinal axis; and 

a control portion for controlling a rotational speed of the 
thrust generating portion according to an insertion 
length of the insertion portion or the thrust generating 
portion inserted in a Subject. 


