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Thisthesis deals with the measurement micrometric accuracyf the forcesthat are
developed during the insertion of an endoscope tool in a material that simulates the male
urethra. For this reason a ball screw system was developed, that it can move with
micrometric accuracy, under the application of IPD control. On the bed of the ball screw
systema 6 DOF sensds attached andn it a steel shaft that simulates the endoscope. The
bed movement inserts fetractsthe endoscope through an elastic tube that simulates the
urethra. At the same time the sensor records the forces applied on the endoscope from the
urethra walls, in correlation with the displacement among the ball screw shiadt.ultimate
goal of these experiments is to determine a model tapproximateshe urethradynamics
for use in virtual surgical simulation environments.




27 ] Ml AlzMmRIyur vy

[ - _h n- <h “h "¢t w<ch Ah 6 ,h > h YA S
h =t vy "“‘_""V" _“‘ toB '<|5I _l. ,h‘s'l
. <" hy Y Thoh ot 7" meetingst @by T T T >B T ESw St Fhoh T
A | ?w/x\h h = h ‘nty\’h_{"‘h"" A L L 1 B > " h 1" o> "‘ |
- Bt _h‘>‘:h" w 7oK Ah O

ovw<. > . Abh T AT whhh AT R @i Y Ty Mo .
fw > h _' ’BB"‘th"yH_"‘B‘ > ' h B 1 h > h “" ‘ h ¢
¢ h h ‘;B‘h‘ *' ¢ h ¢ h* B B‘/\' ' ¢ h B AL " h | w YA h > Y
rh'">|s’hz w, YA _Nh VY ¢ < 7 Bt 7 A AT <Y ! B
h‘_ -y h Ahy! ",‘h B C B’ AB _‘ - - _ 8 > w B [
-7 et 1t h >w A h Y ' e . ‘*B{!h‘>l. ¢ h* ¢
- B h > h e w 7B A h

U ¢ h ‘ h " h A ~h h <8 * h A 1 B A B . h v ¥ h
jvm st oh vz RV S Cht ¢h h v Cogom
[ 1 h ! ""z h‘<<h ¢ ht ,JB/\'(." B~ B - 'S Y AY G
B_V"C>V',{_'¢WI ¢ ht B . h ! _HICD J{‘h’_s h ' ,'Z
rhe "> > ! 1t h YA T Y < St i Y™t Bt h ¢ h* -y
¢ h* T A B vy T o<t s _"‘ B Jh‘_"’v‘z B ' 1 " ¢ h ¢ h A
_' ' - h¢’whlJ ,‘J"y' " et . -y . B’ ., h >80

¢W<, A h B L. h = ° _ "o, _ ¥ /\Zeni‘)n@Am”h’ ’_w' Y, U '_$WA<BB'_hh
Ch_s’Jh"hl . A ‘{"Ch_h‘QB‘h‘>wA,/\ _5>h1’,/\

V/\_"<h_' 1 ' h _'. 4"’",_'¢WII5IA>J‘E'|I5'I‘h7\:"‘_
T Yu hss>h ot st cht CNC VD >S5s8 10 hEws P> L h AL A

t[w<"lz W<, A h [ . h ! " . _"/\ 'h_w’h > Y (I)s
h<<h ¢h* YA ‘877 >~ ps>" " _ T ¢<"y 4+ h A A8
,h'tsl o [ 1 h ’hlcp

N A D B“h “__ ‘>‘. ¢ h ¢ _"‘I , <Y ‘ >"\ 1 ' h
wl B "' vhA | _'/\ h -~ 7 h > Y > B ‘QWI ,"’WI h -

ghAh > n''>""~" <
17 <7 HAnyZX B°"




CArt is never finished, only algsndoned
Leonardo da Yihomo universalis
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Frictional moment - power loss

Every care has been taken to ensure the

accuracy of this calculation but nao liability can be
accepted for any loss or damage whether direct,
indirect or consequential arising out of the use of

the calculation.
Rolling frictional moment

See section "The new SKF model for calculation of the frictional Pish®PrsMpe NMM 0.287
moment" Sliding frictional moment

M.}, Nmm 0.0925
Bearing B2B-ZRIL Frictional moment of seals
d, mm B M, oapr MMM 0
D, mm 19 Frictional moment of drag losses
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R
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Frictional moment - power loss

Every care has been taken to ensure the
accuracy of this calculation but no liability can be
accepted for any loss or damage whether direct,
indirect or conseguential arising out of the use of
the calculation.

See section "The new SKF model for calculation of the frictional

moment”
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d,, mm 12.5
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HEHL 0
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O ail spot

O oil bath

O oil jet

H, mm
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Frictional moment of seals

M_ g NmMm 0
Frictional moment of drag losses
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Total frictional moment
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Mg, W 0.000523
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