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ABSTRACT 

The numbers of pediatrician are less than the newborns in Thailand. 

Therefore, many newborn are treated by a pediatrician or a general physician. The 

operation of the umbilical catheter is a procedure performed in a crisis patient, 

which often not possible to prepare and occurs at the moment. If pediatrician or 

general physicians are able to perform the procedures, they will reduce the risk of 

life and complications of newborn patients in areas where lack of the pediatrician 

and it is very important to let the general physician can do this procedure. Therefore, 

the medical institution needs to turn its attention to train the medical student to 

practice the operation of the umbilical catheter. 

This study presents the use of computer aided design (CAD) for the design 

and construction of the umbilical catheter manikin in newborns. The results clearly 

demonstrate the ability to design and create training exercises for umbilical catheter 

manikin in newborns and to practice the technique to increase the expertise of 

physicians and medical students. 

Keyword: Computer Aided Design, Umbilical Catheter Manikin, Pediatrician 
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Jl1'W'\lli.J7v1~ umbilical cord 
Ct. .c,jq 

Jl1'W Umbilical Cord '1i-:J'VllJ Umbilical Arteries l'U'atl'\J Umbilical Vein 
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vfeJ-:itln.X~rim-a 

bb?l~-:J b 'UibLn'alJb?lije)'U,J~,:J 1 'Ufl1itln ~~~~,:i m::;~n?I::; b 'Wn'Vlnm 'UfltllJ'l'h b~tli 
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'U 

LL?l~-:Jflt\!?llJ'\J~ ZA 8 LT dilution with silicone oil 50 cPs 
' 

'Vl8.f11 c.J'U8 n'll 8~8'U m rutl f1Vl~'Vl1VI ~tl fl1i1?lm E.11.'ll'Ul.'lt~ m'.l''lh m~ n bb if1 Lfl ~ 
' 'U 

ji1'Uitl-:J'Vl e).fl1 EJ'U e)f1 

.fl1'W'\lli.J1v1~ Umbilical Cord 
I .::ii ,:J 

'V18bnr;'IE.11LL'\J'\.J'Vl 1 
I ..:iii d 

'VlmnmrnL'\.J'\.J'Vl 2 
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b ~ e:J-:J "111 m'l 1 b V1 ~ ~ 1-:J 1 b '!l'U 'U t1JV11 f\1 'at:-J ~ \,1 bb '\AIVl t.J11il'<il 1'U 1'\.J 'We:l t.l, fl1'a fl'a~"\11 tJ 'Vl 1-:!1'\.J '!Je)-:J bb '\AIVl t.J1iJ 
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V,tJ'17'1eJ..:J~'U7b 'V7:W7'17fl~7..:J'U";i~b i'll"l , 

";i'U~ 1 m~'v1'W7\,l~ umbilical cord 
" 

";iU~ 2 m~ Umbilical Cord -.;i~..:i~rl Umbilical Arteries 1'U";ieJ'lJ Umbilical Vein 
" 
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~'U~ 3 n11vi'1~~i:1n11 Umbilical Vascular Catheterization 

1u~ 4 mv•n•h.J~1mN!Jn~l111~ Umbilical Catheterization 
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catheter manikin) 

2. t11eiu m ru~1~mL 'U~ LJ'U L vi fJ'Ufl\JbL 1.J1Vl1-:J !J m~:iAile:i~ "vl~elel'U mru!J n~l11Yl1~~(1 n71 
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'llill1li1~ilei LJL 1.Ju1~L viPi1 viv L ~e1~~1.J11 ~ilfl11l.l 1rn~\~v-:inu n11vi'1~~ i:1n11nu~th LJ'1~-:i 1 ~l.l1 n~'1l11 
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1.3 m.1~~hnu .... 
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LL'i'l~ 1 i1u LL uu m1v1'1'1X\91t1m1f fnn LL urn~c.J1nu~vh 1-u~u1 c.J'11-:i~1 c.J1?1~ffi '!Xr111:wf~n 1n i1 Lf1c.J-:i 
'I.J 'I.J , 'I.J 

~th cJ \11-:J\1~'111c.J L ~:Wi'l fl cJ.fll~'Ue)-:J Lb ~Vl cJ1 'LI m1tl ne-l'Ubbl;'I::; b ~:W~'UVl fl~~ 1~ cJ 1M'uu1~ bcJ'lJ'Ll\17 fl fll'J 
" " 

1. brllJ'Ve):Wl;1'\11'U~71;1e)-:Jtlnvh'IX\91tifl711i.'f ?17cJ?l1'UG'l~~e) 1 m~n bb 1rnn~~m -ihrn1 'U'U\I\IU'U 
'I.J , 'U , 

2. e)e)fl bb 'U'U(,)'Ubb 'U'U'Vlel b 'UG'llcJG'l~~el b 'U'v1'Utl flVllV!\91 tlfl11 bi.'f?llcJG'\1'UG'l~~el b 'Ub~fl bb 1rnn~~1cJ 
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flel:W'vl1 b\91eJ{'/l1 cJ L 'Ufl71elelflbb 'U'U 

3. ~'U'JUbbi!'vl:Wv:i'lJeJ-:Jb:Wb~l;'I 3 :n~~1cJ15t'U'JU\,1'Ubb'UU11~b~1 
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5. Vl~G'lel'U 1~cJV17f171?\1'UG'\7cJ?l~&ieJ b 'U'v1'Utlnvh'IX\i1tif171 b?f?l7cJ?l1'U?l~~el 1 'Ub~fl bb 1rnn~ 
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6. ~~'Vl717cJ-:J1'U 

d • 'i 1.6 ~Ul1\.!'Vlbb6'1::-a:m::L 16'11'V11 bfl'a°-:Jn1';i 

1Ji'vtl;11f.JdU bb U'U 
" 

d..:::.1 ,::J 
'Vl:W'a"U bb 'U'lJ'VlV!l;11flV!l;11cJ 

" 
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1.8 bb'Vlci~'Vl'U6'1'U'U6'1'U'\.J 
' ' 

'Vl'LleJ~'Vl'Ll'Ufl111~1'.J '\J1~ bflwiu1.h~mrub~m11:J 11i1 r1ru~ bb 'V'lVl 1'.Jf'17~\?11 11V111vi l'.J7~ mJ1vn 
'\ , , \I 
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\J':U'<ilU'UVl~ n?l\l1':ifl1':ie:l ffeJ'lm.J bb 'V1'VI 8 ~ 1\11 v1 b~:wn fl1':ivt'Ll~-:J'V11 b 'lh bbn':i:W b?li'JeJ'UVl~eJV,'U'<i) 16'1 eN 
' 'U ' 

m n:ff 'Ll L ~eJ b?l1:lJ'<il 1 nn 11?1 eJ'Ll bb uu~-:i b~:w 1v1t1n11e:l n bb uu'<il 7 l;'l eJ-:J'<il t'li1t11 vf ~ fo n11!l nvtvi'Vl n'l'Jt 
'U 

Vl\l1tl n111J\!I n'\1171 'U?ltl1'Llfl1':itlJ~nm1:wnv1~'U~1 1vi ti ~'U1 ti hi(;) eJ-:i-ru m1:w b~ tl-:J bbi;'l t ml nvtv1?17:lJ1':itl 
'U 'U 

b~tl'U,r'<il1 nm1:w ~v1'V1i;'11v1~ bi1v1:ff 'U fleJ'U~'<il t 1 U bflv1f111:W~v1Vm7v1J'U fl'U ~'U1tl'<il1-:l [ 1] bv1 t1n-:l1'U1~ ti 
'U 'U 

?l'W'U?l1i'Ll:l.J1fl:l.J1tl [2, 3, 4, 5, 6, 7, 8] bbl;1t'Vlfl'l'Jt~b1cJ'Ll-r1~J'U?l1:lJ1':itli.111'lJ'lJ'lttln\l11'lifl'U~'lJ1tl 
'U ' 'U 

'<il 1-:J 1~ [9] 'U eJ fl '<il 1 n-d fl1':i !J fl fl'U b U ':i bb fl':i:W b?li'J eJ'UVl~ eJV,'U'<il 11;1 eJ-:J cJ-:J'li1 ti 8 'U':i t tit b'Ji;l 11 'Ll fl1 ':i e:J fl 1,X 
' 

'111'Ll1f;1J (learning curve) [10, 11] bb6'1t'li1t111Xe,rnn11fo'l'J1~'U1t1~:ff'Ll [12] \il1eJ81-:Jb'li'Ll ':i1tl-:l1'Ll 

fl1':il~t1'8'UV!~-:J~bb?lv1-:J 1 ,x b 'i1'Ll11 bb 'V1'Vl8U':it'<il 1'\Jl'Llbbe-J'U flP16'1tim1:wv\'11 u~1~1'U fl1':ie:l fleJ'U':i:lJ ~1\ilv11i 

b~ eJ'U~'1J1Vl'U'U~1'Llfl~ eJ-:l~1 ti b U':i bbn':i:W b ?ti'JeJ'U b~eJ 1 u-r fl'l'J1 ~'lJ1 tl'<il 1-:Jnm 1:W?l7:lJ1':itl 1 'U fl1':i~1\ilv1?1-:J 
'U 'U 

fl 17, m1t bb V11n61JeJ'Ll 1 mtV111-:i~1\l1 v1bbntV1~-:i ~ 1\l1v1ireJ t1fl11 bbi;lt':ittlt nm fl1':i'LleJ'Ll 1 'Ll 11-:iY1 t11u1n 

'1J eJ-:J ~ 'U1 ti J'Ll fl 11 bb 'V1'VI 8U ':it '<il 1'\J 7'Ll bbe-J 'Ll fl Pl 1;1 ti n11:wvf 11 u~e:J n~ 7 \l1 vi 1i b ~ eJ'Ll bb 'U'U b~ t11 fl'Ll ~1 t115 

!JfleJ'U':i:Wbb'U'Ub~:W [12] 

b 'Ll'li1-:l'VI l311':i':i'l'J~~1'U:l.J1'Vl1-:J b~ e)fl b 'Llfl1 ':i!lfl'Vl fl'l'}tV! \l1 tl fl1':i'VI 1-:J e)e) ftuu ~fl?!"l~n b ~:w:ff 'U .Jf-:i 

m1!lfln'U~1-:Jfl1tl:W1i'l'J8 (Cadaveric workshop), mt~n'<il71;1eJ-:J (Synthetic bones), bU':ibbn':i:W 

L?!i'leJ'Ll (Software tools) bbl;1tfl11!lfl~1tlbU':ibbn':i:WAeJ:lJYhb\l1eJ{ (Computerized simulators) 

2.1 Surgical Skills Laboratories 

1 'Ll'li1-:l'Vl\311';i';i'l'}~~1'U:W1 b ':i-:J'V1tl1'U11;1~fo!lmb'V1'Vl8U':it'<il1'\J1'UV!l;11tl 1 bb i-,-:i1 'U?!Vl1~m:w1mn 

A11:W'V1 t11 ti 1:W ?If 1-:J 131'U tl!J flvt \l1 tl fl 1 ':i~ 1 \il v1'1JeJ-:J \il1 beJ-:J:fi'U b ~ eJ 1,X bb 'V1'VI ~U ':it'<il 1'\J1'Ll1~'V11 fl 7 ':i!J fl 
'U 

vt\91 '1fl1':i~mn'Ll1 'Ll?lm'Ll~~hJilr111:wb~t1-:ibbn~m1:wflv1~'U~1 b ~eJ 1 vtbb Y1'Yl8U1t'<il1u1'Ufl'UbA t1nu 
~ ' 

b 'Vlr1-ur1m1~1\ilv1~1-:i 1 neJ'U~'<i11b-u11 uui]u~-:i1'U1'Ll1XeJ-:i~1\ilv1Vl1eJi.111 u1 inu~u1t1'<il1-:i [13J '<i11n 

11t1-:i1'U1~t1'8'U-d'<il~b 'i1'U11vi:wwi~t1i.!1 Lb ~'Yl8UW'<il7'\J7'LlU Lb 1nflci:wV1~-:J'<il 7'U1'U 6 A'U (n=6) ~b -u11u 
'U , 

fl1 ':i!l n 1 'LlVl~ fl?l\91':ivr~'U1'Vlf1'l'Jtf11':i~1\ilv1 b 'U'Llb 1m 30 1'U b U1tl'Ub vi tl'U fl'Ubb ~'VI ~U':it'<il1'\J1'Ll ~ flflci:W 
'U ' 

zj,:ii'J'<iJ1'Ll1'Ll 16 A'Ll (n=16) ~b'U1'r'\Jfl1':i'tJnvfviv(n'l'J~fl1':i~1\ilv1Jl1t115Ufl~bv1tlL'U the Objective 

Structured Assessment of Technical Skills (OSATS) standard checklist and a global 

rating scale (GRS) ~'\J11fleJ'Llfl1':i!JfleJ'\J':i:W 111nm1:Wbb\91fl~1-:leJ87-:JiJ'Wm~7flf;1J'Yl1-:l?I~~ (P = 0.442 

and P = 0.507) bv1tlbb 'V1'Vl~U':i~'<il1'\J1'Llflci:W~L'Ub U':ibbn':i:W!Jne:i'\J'l:Wfol31'l'J1~L'V7fofl11!J n1 'UA~-:J1'U , 
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' ' ' 
nrnr1~B--1~1\il~Vl61JU•~'-e:ru LL6'1::!A~ --11'Uu1 c.J'Vl 1--11'Llvrn nTHb 'W'Vl ~'\J n~ viti'-.:i ,n nri ':l'\J 1 L~ B'Ll'WU17 mh-1 

' 
~1m'lJ':lLLm:1I~nB'\J'JiJfol'1'l'}:Wfl::!bb'U'U~~t'Uuc.Jl-.'.liJ'Llmh01t1j~-.'.I OSATS checklist (P < 0.01) l,b6'1::5 

GRS (P < 0.01) bb~€lc!1-.'.lbn~~1~m zje)11~6'1'Ue)-.'.ln711~c.J'i1ci'-.:i1~?17m':lri?l':l'U6'1-.'.11 'll1Ji'eJc!1-.'.l'li~ b'1'U 
" ' 

c.J11'U1'U 

2.2 Cadaver Models and Synthetic Bones 

n7':ltln~11rnn11nui1-:in1c.Ji1~'l'}U (Cadaveric workshop) b'U'Ll~1'UVl~-.'.l'UeJ-.'.ln7':ltl n~li1"1 n7':l 

~1\11~~-.'.I bb~mr c.Jf'1\i11 'J'J'\.'}~ 16 [14] bb6'1::!b 'U'U'Ue)\J-.'.IA'\J'Ue)-.'.lbb 'W'VlU'U'J::5"111'\Jl'Urim.J~'oJ::!'Ul 1 'll1 -if nu 

~'\J1 cJ'oJ1-.'.I [12] 1~c.J'U'J::! bcJ'lJ'WV!t(n'UeJ-.'.ln71tJn~\i1rln7':lv11cJ15'i1AB 'li1 cJ 1 ~ITTln 1Ji'~iie:f ?ln'\J'U€l-.'.l 'oJ1-.'.I 
" " 

t'U e) c.J nu11 b tli..d1-m 1c.J~ ~l'U m::;rn 'Un71 bfl'\J bb '\JU ?l~V!~e) bb '\JU ~e)--1 bb~iJ'UeJ b~ c.l A e)b~e)-.'.l'U e)-:J rh 1 i ~ 1 c.l 
" 

~rim.Ji1--1?1-:i, rn1~~1tJ1n 1'un11~~bnu, n1':lil1m 1 iJ1 bb6'1::!f117~ b~c.J-.'.l'UeJ-:Jn71bb vdm::;-;;i1c.1'UeJ--1 
" 

L';JA~e)1'1~~~e)1J\' 1'Ll'li1-.'.IA~-:JV!ti'-.'.l'Ue)-.'.l\'1\i111'J'l'}~ 20 ~-.:i1Ji':wn11l11m::;~rn,-:ibA':ll::!~ (Synthetic 

bone) Vt~m'im?l~nm 1i'Vl~ bb Vl'Lli1-:in1c.1~'Ll'l'}U b ~eJ 1 i?11~1w 1iJ11Ji' [13] 1?1~n~ii'i1?11~ 11ri 
' ' ' 

~ ~ bb 'U 6'1-.'.l 1'U i1--1 bb6'1::5 'U'U1 ~ 1il bfl e)'\J Vl n ';J'U bb lJ'\J 1l.li1 A11~ c.11 n~ 1 '\J 1 n 1 'Llb~ e)-:J n 1 ':l~ ~ bfllJ bb6'1::; 1l.l 
" ' " 

'<il7b ti'Ll ~ eJ--1:w n11'll ':l::! b~'Ll'oJ1c.1u11ii-;;i1nr1ru::;m1iin11-;;i1c.1u11ii 1 'Lln11tl1ii1 ti [ 14] :wri11 i~ 1c.11~G'!-:i 
" 

m n bb6'1~G11m1riv11J11Ji' b~eJ c.11 bb~'LJB b~c.1Am!n 1~G11m·rnvh 1 ii1r111~~ n~B-:iv11-.:imc.11f\1r11Ji' 

G'!illJ 1ru bb6'1 ::!'Ul ~A11~ G'!il'oJ ~--11 'Ll b~e)-.'.l'U eJ--1 n1':l ~ii er G'! b ~eJ-.'.1 '11 n b 'U'LllG'! ~~ -:J bA':ll::! v1 [ 15] bb~ bblf '1 ~ i1 
" ' 

'LJe)b~c.Je)c.J bb~1G'!~n~ii'i1nci'-.:i:wr111ii~1ri'ru 1 'Lln11tJmb 'l"JVlU'U1~'<il1'\J1'U zj-.'.j~(,1 rlnl':l~ bb 'l"JVlUeJe)ftuu ~nJ \I 'I 'I llJ 

lJn'oJ~ 1 in11tln bbtJU'i1AeJn~iin11~11i1~b ~Bfil~li1~-.:in1~~n~~n~--1bbG1~--11 'Ll':l'U~ 5 b ~eJ--1-;;i1n:wti'n'l3ru::; 
' " " 
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';iU~ 5 bb?f(,l~ fl1';j~(,l (,)~~ m~\,l fl 1 'LI'v1'U'11"1 eNfn~(,lfl"Mfl~?t11~1il1fl m~(,lfl~~ bm1~V11 'LI~t1~!l fl 
'U 'U , 'U 'U 

'M(,lflfl1';j [16] 

., 
--D7flfl1';iPlfl~1'1Jel~ Leong et al ., [15] lJfl1';itl1fl~lJ~'Jel~1~Vl~Vll.J\,l 21 A'U bbU~elelflb'U'U 3 

millmlJU';i~?f'\Jfl1';jnJ1 'Ufl1';i 1 it1tJmru~\,l(,l~~m~(,lfl L\,IV 1 ~'Vlflrl'UV11'M(,lflfl1';ibb '\J'Ub~ff'J fl'UFlel , , '\J , 

1.1i dynamic compression plate 1'Lim~~fl\>l'U'1J1~m 

2. 1i unreamed tibial intramedullary nail 1'Lim~~fl~~brl';i1~"v1 

3.1i forearm external fixator 1'Lifn~(,lfl~~bm1~"v1 
" 

lil1fl1J'UV11fl1';i1(,le.J"1~1 v OSATS, GRS L\,IVU'Uvifl1~1t1'1Jru~V11m';itJ1~\,IL Ylt11 Lm1~v1 

~'U\,ltl'ULL"1~fl1';iLrl~el'U 1 Vl1£1eJ'1Jel~~cJ1~\,l ~'\J111 'U'M(,lflfl1';i~ 1 e.J"1~1~lJrl11l.JLL\,lfl~1~fl'U(,)1lJ';i~~'U 
" 

~'\J11 hJiJ r111lJ LL(,) fl~ 1~ eJ ~1~i1i1 v ~1 A ru';i~V111~~ cJ1 ~ (,l~lJ r111ll'111'U1 ru LL(,) fl~1~ fl'U LL~~ L ;v 'LI 1 ~ 
tJ '\J u 'V 

rl11l.J b ~'UH 11 fl 1 ';iVl 1 'M(,l fl fl 1 ';i~ 1 1 'LI ?f fl ';i,!'U ij ';i1 rl1 fl flLL '1 ~ij rl11lJLLl]'UEJ11 'LI fl 1 ';i U';i ~ Lil 'U 
' " 

rl11lJ?f1lJ1';ifl'Vl1~'M(,l flfl1';j fl11'M(,lflfl1';j~ 2 bb"1 ~ 3 zj~lJrl11lJ 11Uel Vfl11 ~ ~rl'J';jlj fl1';iP1 fl~1L ~l.J b~l.J 

1'UeJ'U1fl(,l [15] 

2.3 Software tools 



8 

1mr1~t11 L~B,r-il1nm1l.!n11V11.J1'Vl1-:JL'Vlfl t ti fav'lJB-:JflBlJ'W1L(;rnfommTJci1cJm'l"l1 'I.JU'-il~umh1 ~ij 

n11i.l1r1B uvh L(;le)1LL"1~ tu d LLmml1"1e)-:JlJ1'U1 cJ 1 u n11'W\l)..J'I.J7fl17lJ?l1lJ1 'H"'l 1 'I.J n7 d ~1\,l~'Vl1-:Je:Je)TI6U 

&1 n~ 1~ EJ 1 ud LL ml.! ,11"10-:id ?11 m dtl L ~l.J1..h~~'Vlfi m'l"l n7d'Vl1-:i1t1'Vl n.ff t1(;l e:it1'lJ e:i-:i n1d~11,1 ~~,11 L?ltl B 
' 

1t1?1.fl1'1"l?l7l.JlJ~L?ljje:it1'-il~-:J '-il1nn1dPim~1'Ue:i-:i Blyth et al., [17] 1v1V11n1dtlm.Jt1n1d~11,1~, -.5'~LL"1~ 

EJ~(;l~-:Jm~~nr:1d 'l"ln~inv11EJ.fl1'YH?ljje:it1'-il~-:J (Virtual reality) t~EJ t UdLLn1lJ,J1"1e:J-:J'-il~U1~lJ1"1-:J7'1.J 
LI I I V I I 
Q,I c:al -==:ii LI Q.I I O I cA c:t .c:il OJ .c:il I Q.I 

'Vl-:JV!l.J~'Vl LnEJ1'U e),:j(;l,:j LL(;! n1d11-:J(;l1LL Vl'I.J-:J'U e)-:JLflde),:j (-arm, n1d~-:J m~~ n'VlV!n, n1dn1~ LLt;rn e-.11(;1 ~ 
" 

LL"1~n7d-.5'm1-:JLL~t1n~(;l~-:Jm~~n?ld'l"ln~\1n~-:iLL?l~-:J1mu~ 6 '-il1ne:l1?11?1&Jfld,)1'1.J1'1.J 10 flt11~'Vl1 
" " 

~ L 'U7~1l.JA~11ilm1l.J?ll.J'-il~ -:i, e-.1?11t1 num'l"l 1 t1~e:i-:i ~1(;1~ 1vi'~ n 1,10-:i LL"1~'U1 EJtlnie:il.Jn7dLLnu (1JVl1~ 

'\"ltJ1~Vl17-:J~1(;1~ LvlL 'U'I.Je) ~1-:i&i 

(a) 

(b) 



(c) 

iu~ 6 bb?i~-:i t tJ·rnm~L?ii'.lel'U~~-:i1 t.inT.i'~flfi~(,11,:im::::~fl?i:::: 1 vmirl'vi'l -Ufl'm.J~1L(,lel1?1~1-:i:ff'U: (a) 

bL?i~-:J~~~el-:J 1 'U~el-:J~1(,)~' (b) .fl1~~~1(,)~L?i~~ LL~1 LLG'l::::ffU.flTVH -d'm~ mm.J m::::~flelel fl LLG'l:::: (c) 
, 'U 

m~'!lel-:im::::~fl 1 'LI 1 tJ·rnm~L?il1el'U~~-:i~~1(,)~b?i~~LL~1 [16) 
'U 

9 

LL~el ~1-:J 1 ':if1(,11~fl1':iP1fl~1ffi~1~ij fl1':iL U~VUL vitl'Un\J bL \J\J~'U 1 bLG'l::::~G'l'!Jel-:Jfl1':iP1fl~1t'Uel ~ 

nmn1~~~flVl1el'Vlf'1'U::::'!Jel-:J~ b 'U1'h~fl1';i'\ll~G'lel-:J U':i:::: bc.J'!J'UBflel~1-:JVl~-:J'!Jel-:Jbfl~el-:Jl1el 1 'Ufl~~.a-Fl el 
'U 'U ' 

n11,l1mtJ {1.J1 -irl 'Ufl1':i11-:JLL~'Uflel'Ufl1':i~1(,)~ (Preoperative planning) ilfl1':i~~'U11 U':iLLm~ 

'11G'lel-:JL ~el 1-irl 'U fl1':i?i~1-:im~?i1~i1~'!Jel-:im::::~flimL1.J\J61l\J'llel'UL 'li'LI m::::~m 1J1?1:::: 1 ~fl Vl~elm::::~fl 
'U 'U 'U 

L:U-:im1'U ~1fl'Uell,JG'l Computerized tomography (CT) scanner zj,:i~::::'li1v1~LL~'VltltJ1::::'11'U1'U 

Vl1el LL ~'\11 tlel elTI5\J ~fli~iltJ1::::?i\Jfl1':irutJ elV?i1m1t1~ 1(9)~ ~thv~ilrn1~61l\J'llel'U 1~LblJmht'U LLG'l:::: 
'U 

?i1m':im1-:JLL~'Uflel'Ufl1':i~1(,)~1~~~-:it'U [18, 19) ~-:JLL?i~-:J1'U':iU~ 71'U'!Jru::::L~V1n'Um~ilfl1':i'U1m 
'U 

U':i::::Vfl(,11 -un\J~thv~ilfl1':i~1(,)~ L U~V'U'Uel?i:::: 1 ~m viv~, 'Uel L'LJ1L viv~ zj,:i~::::'li1V~'UWV::::nm 1 'Ufl1':i 
' 'U 

rJrnJ'Ufl1':i~1(,)~1~'1l1'U1(1! (learning curve) '!Jel-:JbL~'\lltl~~1(,)~Bfl~1V [20, 21) b'\llflb'UbG'lm'U 

U'1~U'UfJ-:J?i1m1t1'1i1 v 1 ~LL ~'Vltl~~1(,)~?J1m1t1tlrnJtJL 'Vlr1\j1-1fl11~1 (,)~~1'\.J~1-:i., zj,:i-uel~G'l~1fl CT , ,., I ,., 

scan EJ-:J?i1mwiJ11 tJ1i'~1~nrn '\llrl b '\.J fa~m':i:ff '\.JiU1(,lq?J1~i1~LL \J\J';i1~b ~1 (Rapid prototyping) 

1 tJfl1':i~~(,l~'\.J'11~ el-:im::::~flifl LL 1.J1.J~1-:i., ~1mL 1fl'liV1~elU'\.J~m?iL(,lelTI~Bfl~1 v [22) , ,., I ,., 
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(a) 

(b) 

(c) 

(a) .fl1Yl x-ray AP view LLl;'f~,:ifi-:in11ifl'!Jel-:JL'IJ1l;'f~ 1Ylfl'U11~{111 '\Jfi-:i~1'U'V!~-:J, (b) my.iffi U1LLm~ 

?1{1-:itmnn-ue1~'1 CT scan 1~V'1'\Jm~~flv1'U'!J1elelfl LL'1~~~L~v-:ii'Um~~n~irn-u1m11w1'U :w 
" " " 

m1'V!~'Um~~H1L~m'\J~v'U~~~e1-:i1 ~i~L'1'U~-:it'U LL'1~ (c) n1111-:iLL~'UrieJ'U~1"1~~l;'{~'\J1ru :wm1 
, '\J 'I " 

LLEJfl~'Ue1-:ii'U m~~nin~11-:i m.J'W H [ 16] 
" 

2.4 Haptics 

i1 fll'V!1~'11r1 fll'!leN n11'11'1 e1-:i ?l'11'U m1ru"l 'LI m1~ nvhi(,)'1 n111 'LI el~ (,)i1'UAeJ n11'U 1 ~r111~ 

'1~'1~-:J L 'U,rr'U(,)el'Ufl11'Vl1 LL~fl11~~'U1'!Jel-:Jfl11'11'1el-:J'V11-:Jrlel~~1L(,)ffTI 'U1J'1 '1'U'U't1'Uf~11'V!°LJ11 ,Jfi-:i-rr'U , 

'!le1-:in~e1-:i~1"1~ 'V!~eJ n11{~ nfi-:i LL 1-:i v11'U L 1m L '11~~1'U~tT-:im~~n fl11'11'1 e1-:im161~tr?11 ~m1~f~n 
" " " 

(,)eJ'\J?l'Uel-:Jel~1-:J~m ~e)-:J(,)1~fl11Lrl~el'U 1 m'!Jel-:J~mr~1 (,)~ L '!l'U m1~f~nfi-:i LL 1-:Jv11'U'!Jel-:Jt11 L 'U'Uel L 1'11 
" " 
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[23] ci-:ibblJ17m1:w{~n \ilEJU?l'U El wn-:im EJJl1'\"J\lti1m1:w G17f1ru 1 u m1tl rnJmJ El-:! bb '\"JVl tl ~ n bb~n f1-:ihJ 
OJ .., OJ 

.:::,,I cf cf 0..J tj O Q,J -=f l a.., 

bfl tJ:W n7 'i l"1 m:11 rn-a n~rut bb'a t"UeJU b "U\il"UEJ-:1 n7 ';i(il EJU?l'U El-:! V1 b Vl:lJ7 t?l:W ?17Vl ';iU n 7';i e'.J n ~ 'Ue.J 7 (il ~ b'a tJ nl';i 

bn~:ff'U"UeJ-:1 b tl1bbm:Wb?li1EJ'U\l~-:I (Virtual reality) 1 'Un71~7'aeJ-:!?lt17'Un71run7'i~,l7\o1~ b ~El 1 i¼?t7:lJ7';itl 

1i-:i1'U1~~t-:i~'U 1~i1n11'\"JEJ1EJ1:w11m1:w~n~rutn11(ilEJU?l'UEJ-:1~1n-abfl~M"UEJ-:1'1~-:i1--rliXmn~?t~ 1vf 
' 

?l:IJ\J~-:1:lJ7n~?I~ 1'U"Urut~mt~rn\-:ibfl';i7t~, i1-:in1mJ'U~tl Vl~mr(il1 ?17:IJ7';itl1 i¼m1:w·rnn1n-ab~tJ-:I 
'I 'U 'I 'U 

"UeJ-:1'1~ -:i1~m n bb~1 tl1bbmm?ti1EJ'U"1~-:ivh .rnn ~7\ol~~eJ-:in~eJ-:i 1 'U'UeJn1~11u11:wm'l"J?11:wiJ ~ bb-a t m'i 

\ileJU?l'UEJ-:iffin-a b~EJ-:i"U B-:1"1~-:imn~?I~ 1il11\lt b 'U'Um1:w{~ n(ileJ'\.J b "17tmt~n, (il EJ'U 1~'WEJ(il Bm~-:i Ei'-:iii 
' OJ OJ 

U7-:l'i1EJ-:17'Un7';i~n~1~'!hEJ?tilum.~'U [24] Vankipuram et al., [25] 1~'\M(,),J'U7~'U~7'aeJ-:lm,x 

fl17:W {~n~:wer ?I~ b Vli1 eJ'U\l~ -:i1 'U n7 ';ib '17 t mt~ n zj,:i e'.r b; tJ'U bb 'Uttl 711 n7'i1 'li-:i7 'Ui1:W n'U';i tVl17-:I 
OJ OJ OJ 

1 tJ j bbm:W b?!rleJ'U\l~ -:i nu mt ~n~-:i bfl';i7t1ht'!J1 EJ 1,X~ n ~7\ol~{~n b Vlrl e)'U 1~vh n7';i~7 (,)~\]~ -:im nt'U 
" OJ OJ 

'1~-:leJ1'11..J7:W'i~ r111:iJ m mhu1 n 1 'Un71ntfl17:iJbb 'i -:l"UeJ-:ln7'i 1-if Lfl~eJ-:ii1eJ 1 'U n7'i~7\o1~ zj,:im\l~-:ie..i-a 1 i¼ 
" 

Mm1 off nm 1 'Un7'i~7\o1~ L ~:iJ:ff 'U LL mm vmtle'.r~1\o1~MeJ-:i 1i L 1-a11 'Un11tJ-ruM1L~m~EJ'U~LL'U1vi1-:im'i 
OJ OJ 

~7\ol~ Lb uud [26] LL~ LLJ.J\l ~iJVlm EJfl17:iJ L "M'U?lil'U?t'U'U'UeJ~"UeJ-:i m'i1 oif1 tli LLm:iJ L?!rlB'U\l~ -:i 1 'Um 1tln 
' 

bb~ fl EJ -:I bi!iJ n71~ n~7 b tJ~ EJ U b 'Vl tJU~ '11 ~ b \l'U 'i~Vl17-:ln71tJ nbb UU 1 'Ub tJ 'i bb m:iJ b?li1 eJ'U\l ~-:I flU n7 'i bl-!1 '7J 

btl'ibbm:iJ 

'17n Vl-a7 m1 EJ-:17'Un7'i ~ n ~1iJ-:it11 n7'i'W 7n7itJ n~1 EJ eJtJ n 'i tUVl~ eJ?I 117'\.J n 1'i ruffiil1 'll"U El-:! '1 ~ -:I 
' 

ijtJ'i~ 1EJ'll'LI1 'U n1itl n ~'ULL-a ~,M (,),J'\.J7fl17:iJ?f 7:lJ7111"U eJ-:1 Lb '\"JVl tl -X-:i 1 'U b~EJ-:l"U eJ-:1 n11v\'1J1, n11-d1 EJ-a ~ 
m1:iJn~(il'\.J 1 'Un7'itl n bb'a~fl17:lJ?l~m n 1 'Un7'ib(il~tJ:lJM1tln bb~e)~7-:I 1 jfl~n7'itln~'U~1EJ?lm'Un7'iru 

'1~-:1, e'.ru1 tJ'<il ~-:I flEJ-:lfl-:liJfl17:lJ'<il7 b 'U'UeJ~ 
OJ OJ 

2.5 r1eJ~'Vi''H~eJ{"ll-m1'1..!n1'HleJnbb'U'U (Computer Aided Design) 

tli~1~fl17:iJ L 'U'U:lJ7fleJ:iJ~1 b(ileJ1-zi1 tJ 1 'Wm'ieJeJmL urn~:iJ\91'W:ff m~eJtl'i~mrutJ fl.1"1. 19 50 zj,:i 

1~ij n 7 jt)j ~ EJ fl ~1 -if fl e):lJ~1 b(il eJ11'W-:!7'U11"11 n'i j:lJ LL-a~ '!11tJ-:11'U e) (il ?11 Vl n'i'i:lJ 1~ EJ b~:lJ\l 1 n1'i1 'ti 
' ' 

fleJ:iJ~1 L(ileJ1L~eJ'!l1 EJ 1 'W m'ir11-u1ruL 'U'U~1'W1 Vlt1J ~eJ:iJ1 L~eJiJ misK (,),J'U1 Lfl~eJ-:i 1:iJ 1mfleJ:w~1 b(il eJfl i¼i1 

"U'W7~L~ n-a-:iLLm::i1A11:iJ?11:iJ1'it1?1-:i:ff 'W ~-:iiim'itl'i~ EJn(il1 'UfleJ:iJ~1 L(il m1 'W-:11'\.J~ 1-:i 1 n-!1-:i"U11-:i:ff 'Wzj-:i 
" ' 

fle) 1 i¼Ln~misK(,),J'W1-X-:!eJ11~LL 11 bb-a~6lleJVM bb 11L ~e)t)j~~n~1-ii-:i1'U~1-:I 1 L'!l'U fle):lJ~1b(il eJ1m1vJn 
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( Computer Graphic) zj-:JL U'Ll fl71'W7AeJ:!J'W1 Lt,1eJ1m'1i1c.ilun11?1 ~7-:JJ77'\l'I JT111f tNl'UlPnm1:1J n1Ji' 

AeJ:i.Jvh Lt,1eJ1m1Y'lflm'1i1 t.11 'Ll n11?1{1-:i Lb 'IJ'\Jb~t.J fl17 A mJ'Wl bt,i eJ1'1i1 t.11 'Llfl11eJ'Elflbb uu (Computer 

Aided Design) bb(ltv{~mm 1-if A'EJ:!J'Wl b(,1€)1'1)1 m-J~\91Ji'1 t.l hrn 1-if m'IJA:W'El'U mru~Vl1V11.J1~t:-J~ (,1 
' ' 

~'UA1V!~e) t:.J ~(,1~'\.J-:J1'Ll1 'Ll 11-:i-:i1'U 'El\91?11'\l!fl';j';j:Jjzj-:J L 11 b~ t.l fl11 "A'El:W'Wl b\,1'EJ{'li1 t.11 'Ll fll';i~ ~ (,1 
' 

(Computer Aided Manufacturing) 

A'El:W'Vhb\91€l{'1i1t.11'Llfl11'El'Elflbb'IJ'IJ (Computer Aided Design; CAD) 'Ll'Elfl1il1fl'iiltb'U'Llfl111-if 

A'El:wvh b\910i'1i1 t.11 t1m100mb uu LLi1 cr-:i11:w 1tJfi-:im11ir10:w'V11bt,10{1 t1m'i\il\11bb 'lJ6'1-:i, m11 Lm1tv, 

bb6'lt'\1!1V!'U'Vl 1-:J~~~?l\11~1V!f'Uf11'ieJeJflbb 'IJ'U 1\11cJ'it'IJ'IJ CAD 1il t<.if 0-:ii1~-:ici1t1~ b 'Umn{\11bb 1{ bb6'1 t 
' 

LLi1 tJ-:i<.ii'0-:ii11i10m1Y'lrnb6'lt'El'lJmrufo-ir0:w6'1 b'li'Ll Lmi ~~1'Vlb61J'Eli '16'1'1 ci1m1eJ'v1l~bb1{'lJ'El-:J CAD 
' 'IJ 

i!t11iltb'U'U 1 'U'ibbfl';i:W611Vtfu?tf1-:im1Y'lrnb6'lt 1 tJ'ibbfl'i:W'll1t.1\i11-:J 1 b'll'U 11.J'ibbfl'i:WlbA'il~V, 1m-:i?1{1-:i 

b'lJ'U Finite Element Analysis; FEA 1\11t.1eJ11ilb~t.1flci1t1-Q11 AeJ:W'Vhb\91eJ{'1i1t.11m1t111"11fl'i'i:W 

(Computer Aided Engineering) b'VlAfo16'l~'lJeJ-:J61JeJYhfo1i CAD bv1'1flv{~'Ll7b~l.!1il1flf11'ib'U'Ll 
'IJ 

6/JeJvJv'i bb1i'li1 m ;t.l'Ubb 'IJ'IJ 2 ~&i(Drawing) b?liJeJ'Ub 'U'U fl'i~\111'\.Jb ;t.l'Ubb 'IJ'IJB b6'1A 1 'Vl'i'UA zj-:J1il~i11-11?1'-!11 'Ll 

rn11 -ff ~7'Uzj~ eTI i?11mwL ~ t.1 fl 1 -if 1-116"-!! 1\11c1m11 ·il\mi b~ 0 fl~ b:W'U'U'U 1ileJ.f11'V'IV!~eJ m1u eJ'U r11i-!l 1i11 fl 
'IJ 'IJ 

bb 'U'U'W:W'W 61JeJvJ'Vlbb1i CAD i1Vtm t.l fl~:Wf11i-!I 1v1 bbf11-11i~ 1 'Ll f11'i11\110-!lfl'U'it fle)'IJ(,11-!J 1 1v1 bbf1 bi;1'W\91'i-!I 

(Line), ci1'U1A-!! (Arc), 1-!lfl6'1:W (Circle), 1-!I~ (Ellipse), ~'UbV!~t.l:W (Polygon) b'li'Ll ?11:lJbV!~cJ:W, 

~ b Vt~ t.1:w bb6'1 ~ tJ-!l:iJ r1' 1i-!I 1 'Ll f11 'i'll1 t.117\110-!I A'U'i ~ fleJ 'IJb ~m~:w b 'li'Ll f11'i?l~'VleJ'U 1 vf bfl \11.f11'\l'I (Mirror), 

f11'i~1b 'U10-!lfl'U'i~fle)'IJ~ifo~ ( Copy) 'UeJfl'11fl-d'cJ-!!lJl-11i~1 'Uf11'ibbm'lJ~-!l~bv111\11~N 1 'U bbil btil bbf1 

r11i-!!6'l'UeJeJn (Erase), ~\11'1J1-!lci1'U (Trim), bA~eJ'UcJ1t.l (Move), V!l.l'U.f11'\l'I (Rotate), fll'i~\11 
' 

eJ-!I fith t fl eJ'U \i11-!I 1 lil' 1 bb 'U fl eJ ~1 'Ll.ff 'U\i11~ 1 (Layer) b ~ eJ A11:W?I ~m fl 1 'U fl1'i'Vl 1-!l 1'U b?li'.ieJ'UlJ bb 'U'IJ 

V!6'11cJ '1 bb~'Um.ffeJ'UYl'Ufl'UeJ8 r11i-!1\il-:Jfl~11~61leJvJ'Vlbb1{ CAD 2 ~~ffi vfi!'U1ilt'V111 vfmoiJ'?t~mmb6'1~ 
I " " 

tJ1tV!cJ\11~-!I nm bb6'l~fi11 -il'~1t.1A'El b:iit.1mb 'Uu1 V1b?11'11 t1A'El:wvi1 bt,10{ '17fli1'Uf'i'El t.J'V'l6'l'El \91eJ 'Elfl'Vl1-:i bA~eJ-:i 

'\1'16'1 e)(,1 (Plotter) 'V111 Vl'UWV!tJ\11fl'it\111~, 'U'i~V!EJ\11b 16'11~ 1ilt<.ii' e)-!j b; t.l'U bb 'U'U 1 mJVt:W\11V!1 mn\11 

oifeJ~\11'\1'16'11\11, hJ<.if0-!!1m'UiJ\11'lJ\11bb'IJ'Ub~'El6'l'Ubi;1'U~~\11bb\i1v11t.lf11'i1-if61Je:ivJ'Vlbb1{ CAD ~b'U'U 2 ~~-QeTioiJ' 
'IJ 'IJ 

tJ-!IA-!I~ e),:J 1-il'~ 'U\91 'Ul fl1'Hb6'1 t'U 'it ?l'U f11'itU b ~ eJ11\111 Vlbv1 bb 'IJ'U~ '1 fl~ e)-!j b '1)'\.J f11 'i11\11'i'U v11'Uoir1-:J'lJ e) -:i 
'IJ 'IJ 

01r111i-1~0'lJ0~~'Uci1'U~i1r111:w1A-:i:w'U bV!~1dm1i1'Vl11 V!bb 'UU~mrnmi1m1l.l~\11'V'lm\111 tJ 61J0vJvhni 

CAD BflU'i~b.f1'\ll'M~-:Jzj~b'U'U'lJ'iJ'ViVlbb14~1 ib'VIA fofaffi 'Uf11'i~~'U1?1-!lt'U~eJ'lJe)vJVlbb1{ CAD ~:Wf11'i 
'IJ 

Vl1-:J1'U1'U'i~'U'U 3 ~&i zj~1il~lJA'1J?l:W'U1i~'U~1'U AeJ 
' "' " .di ii O QJ "-llt..c::i.Ciil 4Cll QJ !LI 

1. eJeJflbb'U'U'M'ieJ?l'i1~bb'IJ'U'116'l'iJ-:J 6'lfl~ru~ 3 i-.1\91AeJ :W'lJ'Ul\11 'Vl-:JA11l.lfl11~ 1"111:Wt.111 bb6'1~ 

A11l.l?l-:J ('M~eJA11lJ'M'U1) 
'IJ 
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3. 1.'1{1-:JLL'IJ'U (Drawing) 2 ~~vi#l-:i'<iJ1nnTHi.'l~'<ili'We:ie:imLurn~m.11hlt:.J~\?l 

4. LLm'll1~'Vl'Wvi~~e:J-:Jn7'J 

2.6 Silicone 

fnlil ~~Vlt!'Wbb'1t ~il ~i.'l r1i1 tJ fltl?ll tJ?lt~ eJ\l~-:J L ~el b 1'11'V17'IX\?l tln7'J1~?17 tJ?l1'\.J?lt ~el bb Y-!Vl8 mJ n,X~ 
' 'IJ 

'<ilt 1~ftJf'117iJ{~ n~?lil\l~-:J bb'1tb~elbb Y-!Vl 8e:Je:Jfl bb 'J-:Jmmn'W 1-tJ\lt~-:J ~'11 ~?17 tJ?l1'W?lt~ eJVlt'1 eJeJ n'\.JeJ n 
'IJ ' 

rJf 'W LL tltl~'W!J fl'Vl 1'1X\?l t1 n 7'J 1~ tJ~~1r1'W~il 1ii 11 '1ft 'LI n1"J1.'l{1-:i (li''U LL tJtJ~'U!J nV11'1X\?l t1 n1'J L 'U'U 'lJeJ-:J 
' ' 

Zhermack ZA 8 LT 1~vij Technical Data Sheet ~-:ii1 

Description and Main Feature 

ZA 8 LT is a bi-component (base and catalyst) addition RTV silicone rubber 

that vulcanizes at room temperature. Indicated for the duplication of models with 

small recesses. The main property of the product to be vulcanized is its remarkable 

fluidity. The main properties of the vulcanized product are: 

• High chemical resistance to the aggressive components of some types of resin 

• Extremely high tear strength (this feature guarantees high resistance to wear 

and tear) 

• High accuracy in reproducing very small detail 

• High dimensional stability in time and indeformability 

• Remarkable resistance to high temperatures and aging 

• Excellent anti-stick effect 

Main Fields of Application 
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• Mould-making and model-making (for its remarkable reproduction accuracy, 

high dimensional stability and high mechanical strength) 

• Silk-screen printing on ceramic (for its remarkable reproduction accuracy, high 

mechanical strength and the excellent laser incision capacity) 

• Pad printing (for its high mechanical strength and excellent ink transferring 

property) 

In the pad printing field, the product is used by diluting it with oil having a viscosity 

of 50 cps to obtain the desired hardness. 

-s,J~ 8 LL?tvi-:iriru?flJtm ZA 8 LT dilution with silicone oil 50 cPs 
" ' 

Instruction for use 

Take the two bi-component products supplied by Zhermack (base and 

catalyst) and shake before use. Weight an equal amount of catalyst and base (ex. 
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100 grams of catalyst and 100 grams of base; within 5% error range the end result is 

not altered). Once the product is weighed and it is assured that the base and catalyst 

are equal, the two components are inserted in a recipient and mixed thoroughly. It is 

important to check while mixing that no residue remains on the base and sides of 

recipient. Mix energetically until the color of the product is homogeneous. Once the 

product is mixed it is poured, preferably 30 cm above the recipient into the mould. 

The working time is approximately WT (bbt:W1-.:i1iJ~1'i7-.:J~ 1) from the beginning of the 
0 

mixing at 23 c. It is advised to vacuum the mixture to prevent air pockets. If the 

quantity used is less than what is needed to complete the duplication, complete the 

hardening of the silicone and than proceed with the addition of the remaining 

silicone needed. The material attaches to the silicone without altering the final 

result. 

The setting time (time the silicone needs to vulcanize) is about ST at 23° c. 

After the ST is complete, from the start of the mixing, we can separate the model 

from the mold. If necessary use compress air to facilitate this separation. It is 

important not to force this separation with sharp objects that can deform the final 

stamp. The silicone rubber is compatible with all gypsums, coating, polyurethane 

resins and acrylic resins. 

Note: the working time and thus the setting time are reduced if the temperature 

exceeds 23°( (ex. If the temperature is 40°(, the working time is halved and the 

setting time is approximately halved). If the temperature is less than 23°( both the 

working time and setting time increase considerably. (ex. If the temperature is 4°(, 

the working time doubles and the setting time increases three times the minutes 

indicted at 23°C). 

Important Recommendations 

The exact proportions 1:1 must be respected to obtain the correct times and 

not to alter the final characteristics of the product. The surfaces with which the 

material enters in contact must be perfectly clean, free of grease and dry. 

Chemical and Physical Properties 
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Vulcanized product 

Mixing ratio 1 : 1 

Viscosity of pre-catalyzation mixture 900 - 1,100 cP 

Mixing time at 23°( (73°F) 1' 

Working time at 23°( (73°F) WT=15'-18' 

Setting time at 23°( (73°F) ST =120' 

Shore A hardness after 24 hours 8 shA 

Tensile strength 1.4 N/mm 
2 

Elongation at break 280% 

Tear strength 3.0-3.5 N/mm 

Reproduction of details 2 micron 

Dimensional variation after 24 hours -0.05% 

Safety Data Sheets 

The safety data sheets are available at Zhermack SpA. The preparation is not 

to be considered hazardous in accordance with directive 88/379/CEE and subsequent 

amendments. 

Shelf Life 

The ZA 8 LT is guaranteed for a period of 18 months if stored correctly at a 

temperature of between 5° - 27°( (41 °-80°F). Close the bottles after use, do not 

invert the caps or lids between the base and catalyst. 



16 

nl'rnern Lb'\J'U hi b(,1~ ?11:IJ~&i'IJ eMe:J'Umrurl ff\/!(,)Vl7Vl~ rln7d 1~~1 tJ ~1'W~~ ~ e) ~th tJ b~ n bb d n bn (,1 
' 'U 

~1tJ 1 'Udbbff';i:IJ SolidWorks 1v1mbu'-:iim1'We:Je:Jnb'U'W~l'W 1 bb~~nlfin7d~7b'Wm7'W~-:J~
0

e) 1u-d 

b ~t1m1l.l ~~m nmmdri t1v1:a''U-:i1'Wvi1-:i ITT~ tJ~wh md bb u-:ivit1mtJ'W t1 ne:it1rn 'U'W 4 ~1 'W ~-:i bb~ v1-:i 1 'Wd'U 
'U 'U 

~ 10 b~e)-:J'<il7n 1 'Wn7dbVl.a~1f1'W~-:JL tJ1 'WV1e)~7Vltl'Ud~ nu&iv1n'Wb'U'W.;ff 'Wb~tJT<il~bf1\i1bb d-:J b~tlv1Vl7'Ub'U'W 

':il7'W1'W:IJ 1 n 1.dt1v'i1 n 1drit1v1i'W-:J7'W B ni-:i~m1'W~-:in~ 11i1'1J'W7\i1 b~ n ~-:Je:J1'1V111 ~.a~1fl'W~ b vi e:i ~ 
'U 
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j"'\.J~ 10 'VlBJl1c.J'WBf1'VB,rn'\Jmrutlnvf~V11vtv1t1n1j~flmLc.JffvBmU'W 4 ?i1'W 
, '\J 

2. '57'1.Jje)-:]'V]e).fl1c.J'We)f1 b UW57'WYlj-:Jf)j~'LJe) nzj,:ii'.Jje) ~ 4 jb ~e)'r'U fl'U'U'17 c.J'Vle)Jll c.J'We) f)(,1-:J bb~~-:i 1 't.Jj'U 
6.!I ~ '\J \J '\J \J 

~ 11 Li1e)'\Jj~f1'U fl'W~'UWil~'\Je)-:Jfl'W f17j 1 V,~e) e) f)'W e) nbb:WVhJ~'Ve)-:J'8~1ri'W 

j'\J~ 11 '57't.Jje)-:J'V]e).fl1c.J'Ue)f1 
'\J ... 

" ' ' 
'Uvmn ni!'Uvi'57'Uje:J-:J'Ylel.fl1c.J'Uelf1EJ-:Ji'.Jj~f1 2 jb Ylme:i-:ifo'Ylmn~ c.J1 Lb Yl'U Umbilical Arteries Lb~~ 

... '\J '\J 

Umbilical Vein 1'LI~7c.J~~~m~mbjf1bf1~\11-:Jbb~~-:i1'Uj'U~ 12 
" 

j'\.J~ 12 .fl1V'lWU7~~ Umbilical Cord 
" 

3. 'Ylmn~c.J1bbYl'U Umbilical Arteries bb~~ Umbilical Vein 1'LI'17c.J?l~~m~mb1n fac.Jvimn~c.J1 

i-:i f1~71'1~'Uj~ f1 e:J'U ~1 c.J'Yle:J~-:JV,l.J~ 3 'Ylel i'.J'V'U 7~~ b 'Y17 fl'U bb~W c.J~'WYl'll, '17'U'J'Uje:JtJ f17jV,l.J'U L:W , 

b 'Y11 fl'U i-:i bb?l ~-:i 1 'Uj'\J~ 13 bb~ ~ 14 1~ c.J ~1 ~ c.J '17iJ7j m \J ~ c.J'U'V 'U7 ~ \11-:J n ~ 111~ ~-rn hhbb n jiJ 

" " 
SolidWorks 
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iu~ 13 'VleJbf1~E.!1bbUU~ 1 

bde:i 1v1{'L!ci1w·1'ium1Jbb uu~(l)e:J-:Jf11'ifl'1~tl11 u:ff 'Ll'iU(l)'LILL uuJh EJ br11e:i-:iG1{1-:i(l)'Llbb uu'i1~b ~1 '11m!'L! .., 

fl '1~ b vi'8~Lrl'LIG1-:J 1 'Ll'Vle) bd e:ivh f11'itrn~{'Ll-:J1'Lle) e) nm fl\)~ 1vi' e:i,J mrutl f1 ~~vh~(,1 (l f11 'j 1ciG11 E.!'11'LI 
' 



19 

bbl-!Vh.J~ um~ rn15 n'lJ1 "1'lJ rutvh rn1ffeJ "1eHJ n '17 n ul-i~l-l'V1 t:..J"~11'lb tlt1~tl1v'l'E11 '1 mh1A e:iit1-:i1t1 hJ bn"1 

rn15n'lJ7"1 V"1Vl~'U 1~~ bb" tvi1 rn1t1e:i"1e:ie:in '17 flbbl-!~l-l~'11'1~7tl it1-:i1t1~vi1 n11V1~ e:i:fim'll bb?l"1-:i~-:i Tu~ 
• \J \J 

15 bb"t 16 

1'U~ 15 Y1eJ'limfl'Uf117l.Jtl71 30 b'll'U~bl.Jt,11 
\J 

1'U~ 16 vie:i'li~Lfl'U 2 'lJ'U7"1bbVl'U Umbilical Vein (vie:i1Vlf;u) bb"t Umbilical Arteries (vlm~n) 
\J u 

, ~e:iit1-:i1t1V1"1"1eJ-:J rn1V1~e:i b tlt1~il1~ e:i 1'1V11-:i~1 ~t1~-:iv11 rn1V1~e:i:ff t1-:i1t1v11.rn uu'viti~ nvi 1 b \J , 

,Xt,111rn11~"17tl?l1'U?lt~eJ1 'Ub~nbb 1flbf1"1 l"1tl1~it1-:17'U~-:!Lb?l"1-!l~-:J~'U~ 17 b 'U'UY1eJ'lJiJi"11 VI 'l!bb"t~~b~n 1 
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3 iue:i~mc.J1u lvlc.JJ1i~'1J"t.J7vl1'Vlaj 1 iLLVl\J Umbilical Vein LLmiivii1'1J"t.J1vlL~nn11 2 iLLVl\J 

Umbilical Arteries 1vimJ-:i 2 d:i1'1Jmv1L vi1nu ~Wl1\J\il\JLL uuviu1Jnvi1v1(,lt1n111~?11c.J?l1\J?l:Jie:i1 u " . 

,.'!}: ,,.,t>'v>~;v .... ~ •_. I ~ 
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