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[5 7 ] A B S TR A C T
A  m ethod fo r m a ltin g  a h o llo w  shaped b o d y  fro m  a 
th e rm o p la s tic  re s in  b y  in je c tio n  m o ld in g , w h ic h  
m ethod com prises in je c tin g  an am oun t o f m o lte n  resin  
su ffic ie n t fo r  th e  p re pa ra tio n  o f  th e  h o llo w  shaped b o d y  
fro m  an in je c tio n  nozz le  in to  a m o ld  th ro u g h  an in je c 
tio n  ape rtu re  in  sa id m o ld , in je c tin g  gas unde r pressure  
th ro u g h  said in je c tio n  n o zz le  and ape rtu re  to  expand  
and d is trib u te  th e  m o lte n  ream  o v e r th e  in te rio r surfaces  
o f the  m o ld , w he reb y sa id h o llo w  shaped b o d y  is 
fo rm ed  w ith in  sa id m o ld  w ith  a gas-en try open ing  in  
said h o llo w  shaped bo d y , c o o lin g  th e  h o llo w  shaped 
re s in  b o d y  so fo rm ed  to  a tem pe ra tu re  beneath th e  s o ft
en ing  pom t o f the  re s in , open ing  th e  in te r io r o f the  
h o llo w  shaped b o d y  to  equa lize  th e  pressure the re in  
w ith  am b icü t pressure, and then  open ing  sa id m o ld  to  
rem ove said h o llo w  shaped body.

8  C la im s, 3  D raw ing  F igures
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M E T H O D  FO R  IN JE C T IO N  M O L D IN G  O F  

H O L L O W  S H A P E D  B O D IE S  FR O M  
T H E R M O P L A S T IC  R ES IN S

T he  present in ve n tio n  re la tes to  I  m e thod fo r m aking  
h o llo w  shaped bodies b y  a m od ifie d  in je c tio n  m o ld in g  
process.

I t  b  know n  in  the  a rt to  p repa re  h o llo w  bodies from  
th e rm op la s tic  resins b y  adhe ring  o r w e ld in g  to ge the r 
tw o  ha lves, w h ich  ha lves a re  usua lly m irro r-s ym m e tric  
and are fo rm ed , fo r exam ple , b y  in je c tio n  m o ld in g .

A c c o rd in g  to  so -ca lled  " in je c tio n  b lo w in g ”  m ethods, 
h o llo w  bodies o f the  typ e  in  question are made by pre
p a rin g  a p re -m o lded o b je c t b y  in je c tio n  m o ld in g , i.e . 
w ith  the  resin  in  its  th e rm op la s tic  co n d itio n . A t th is  
p o in t, the  appara tus is  opened and the p re -m o lded ob 
je c t, in c lu d in g  its  co re , is inse rted  in to  a second h o llo w  
m o ld  su itab le  fo r  b lo w in g . In  th is  m o ld , the h o llo w  
body is  g ive n  its  fu rn l shape by th e  in tro d u c tio n  o f  gas. 
T h is  process is w id e ly  used, p a rtic u la rly  fo r the prepa
ra tio n  o f bo ttle s  and o th e r re la tiv e ly  sm a ll h o llo w  bod
ies.

T he  o b je c t o f the present in ve n tio n  is to  prepare  
h o llo w  bodies o f la rge  size, fo r exam ple double-paned  
w indow s, h o llo w  glass b ric ks , doub le -w a ited  lig h tin g  
fix tu re s  o f la rg e  a rt» , and d oub le -w a lle d  sk y lig h ts , fro m  
th e rm op la s tic  resins in  one step and in  a s ing le  m o ld  
using an in je c tio n  m o ld in g  p rocedu re . In  th is  w ay , the

w h ich  the  m o ld  w ill be separa ted, since an open ing in  
th is  lo ca tio n  is in  genera l no t v is ib le  cm la te r use o f the  
h o llo w  body, fo r exam ple as a doub le  paned w in dow . 

A  b e tte r understand ing o f the  in ve n tio n  w ill be had 
ร b y  re fe rrin g  to  the  accom panying d raw ings , เท w h ich  

F IG . 1 ร ุ a fro n t e le va tio n , p a rtly  in  se ction , o f an 
apparatus, in c lu d in g  a m o ld  and an in je c tio n  nozzle , fo r 
ca rry in g  o u t th e  process o f th e  presen t in ve n tio n ; and 

F IG S . 2 and 3  are fro n t e leva tions , p a rtly  in  section , 
10 show ing  tw o  successive stages in  c a rry in g  ou t the  

m ethod o f the  present in ve n tio n  em p lo y ing  a m o ld  
em bod im ent ha v in g  m ale and fem ale po rtton s- 

F IG . 1 shows a m o ld  com p ris in g  uppe r m o ld  p o rtio n  
10 and lo w e r m o ld  p o rtio n  11. b o th  su ita b ly  o f m eta l, 

15 d e fin in g  m o ld  c a v ity  12 therebe tw een . M o ld  c a v ity  12 
has a fo rm  co rre spond ing  to  th a t o f th e  h o llo w  resin  
body to  be p roduced acco rd in g  to  the  in ve n tio n .

In je c tio n  nozz le  13, a lso su ita b ly  o f m e ta l and a t
tached a t one end to  o u tle t 14 o f an in je c tio n  m o ld in g  

20 m achine , is m ated w ith  lo w e r m o ld  p o rtio n  11 a t its  
o th e r end th ro ugh  in je c tio n  ape rtu re  15 (b e tte r seen in  
F IG S . 2 and 3 w h ic h  o m it in je c tio n  nozz le  13). In je c 
tio n  nozz le  13 has the re in  co re  p o rtio n  16 p ro v id e d  in  its  
in te rio r p o rtio n s  w ith  com pressed gas channe l 17 in  

25 com m un ica tion  th ro u g h  gas in le t tube 18 w ith  a source  
o f com pressed gas. Lo ca ted  w ith in  channe l 17 ๒  co re  
p o rtio n  16 o f in je c tio n  nozz le  13 is pressn re -activa ted  
va lve  I t .  V a lve  I t  is  s lid a b ly  m ovab le  w ith in  channel 
17 unde r the a c tio n  o f com pressed gas a lte rn a te ly  in tro -

new  p rocedu re  d iffe rs  fro m  the  in je c tio n -b lo w in g  te ch - 30 duccd th ro u g h  gas lin e s 20 and 21 th ro u g h  th re e -w ay
n ique  m entioned above, w h ich  la tte r in vo lve s  a t least 
tw o  processing steps

T he  new  m ethod is cha rac te rized  b y  the  fo llo w in g  
features, illu s tra te d  by re fe rence to  th e  p repa ra tio n  o f a 
h o llo w  “ glass b r ic k " o f po lym e th y lm e th a cry la te . T he  
m o ld in g  m a te ria l, w h ic h  has been rendered p la s tic  in  
th e  in je c tio n  c y lin d e r o f an a u tom a tic in je c tio n  m o ld in g  
m achine, is  in je c te d  a t a tem pera tu re  o f 260* G  in to  th e  
m o ld  c a v ity  o f  the appara tus th ro u g h  an in je c tio n  noz
zle . In  kn ow n  fash ion , the in je c tio n  ape rtu re  o f  th e  m o ld  
is su ita b ly  lo ca ted  ๒  the  m idd le  o f the  m o ld  surface  
su rro und in g  th e  ape rtu re . In  genera l, the to ta l am ount 
o f the  fo rm in g  m a te ria l w h ic h  is to  fo rm  the  h o llo w  
body is in je c te d  w ith  one s tro ke . Im m ed ia te ly  a fte r the  
in je c tio n  process, o r even superim posed on th is  process, 
gas is in tro du ced  in to  the m o ld  th ro ugh  the in je c tio n  
ape rtu re  under such a pressure th a t the m o ld -fillin g  
process takes p lace com p le te ly . A ir ,  ca rbon  d io x ide , o r 
n itro ge n , fo r exam ple, can be em ployed as the p ressu r
ized  gas. In  the m o ld , the  desired h o llo w  body is  fo rm ed  
and. because o f the  th e rm o p la s tic ity  o f the re s in , is  he ld  
in  its  fin d  fo rm  b y  gas pressure.

A fte r c o o lin g  erf the  fin ish ed  h o llo w  body be low  the  
so ften ing  p o in t o f the  resin , b u t be fo re  open ing  the  
m o ld , a pressure equa liza tio n  w ith  the am b ien t a tm o
sphere is ca rrie d  o u t T he  pressure w ith in  the  coo led  
shaped body can be equa lized w ith  am bient pressure  
S im p ly by separa ting  the  m o ld  and the in je c tio n  nozzle , 
causing the resin  to  break a round th e  th in  neck o f resin  
su rro und ing  th e  in je c tio n  ape rtu re .

A lte rn a tiv e ly , an am oun t o f m o lte n  fo rm in g  m a te ria l 
su ffic ie n t to  close th e  gas e n try  open ing  in  the  shaped 
body can be in je c te d  under pressure in to  the in je c tio n  
apertu re  a fte r a  su ffic ie n t am ount o f com pressed gas has 
been in tro du ced . In  th is  case, equa liza tio n  o f the pres
sure in  the  closed h o llo w  body is  e ffe cted  a fte r co o lin g  
by bo rin g  in to  o r p ie rc in g  a w a ll o f the  body. I t  is  rec
om m ended th a t th is  open ing be m ade in  the p lane a long

va lves 22 and 23.
A t th e  beg inn ing  o f the  process o f  the  presen t in ven 

tio n , m o lten  the rm op la s tic  resin  24 is in tro d u ce d  in to  
m o ld  c a v ity  12 fro m  o u tle t 14 o f an in je c tio n  m o ld in g  

35 m ach ine th ro ugh  in je c tio n  nozzle  13. D u rin g  the resin  
in je c tio n  stage, pressu re -activa ted va lve  19 is in  a posi
tio n  (n o t show n in  F IG . 1) w h ic h  b locks gas in le t tube  
18. T h is  is ach ieved b y  in tro d u c in g  com pressed gas 
th ro u g h  lin e  21 and va lve  23 w h ite  p e rm ittin g  gas to  

40 escape from  th e  in te rio r o f co re  p o rtio n  16 th ro u g h  lin e  
20 and va lve  22. A fte r m o ld  c a v ity  12 is p a rtia lly  fille d  
w ith  resin , gas lin e  20 is  pressurized th ro u g h  va lve  22 
w h ile  gas »  b led  from  the in te r io r o f co re  p o rtio n  16 
th ro u g h  lin e  21 and va lve  23. T h is  causes va lve  19 to  

45 assume the  p o s itio n  show n in  F IG . L  Gas in le t tube 18 
is  thus opened, p e rm ittin g  com pressed gas to  flo w  
th e re th ro u gh  in to  com pressed gas channe l 17, in  tu rn  in  
com m un ica tion  w ith  m o ld  c a v ity  12 th ro u g h  in je c tio n  
apertu re  15. In  consequence, re s in  bnbh le  25 is fo rm ed  

50 w ith in  m o ld  c a v ity  12, Com pressed gas con tinues to  
(lo w  th ro u g h  in le t tube  18 causing ra in  bubb le  25 <0 
expand in  the d ire c tio n  show n b y  the a rrow s  u n til the  
e x te rio r w a lls  o f the  bubb le are pressed com p le te ly  
against the  in n e r w a ll o f m o ld  c a v ity  12 de fined  by 

55 upper and lo w e r m o ld  p o rtio n s  10 and 11 V a lve  19 is 
thën again actua ted b y  a p p rop ria te  m an ipu la tio n  o f 
va lves 22 and 23 to  in tro d u ce  gas th ro u g h  lin e  21 and 
rem ove i t  fro m  Une 20. th e reby m ov ing  va lve  19 in  
com pressed gas channe l 17 in to  a p o s itio n  w h ich  again  

60 b locks the e n try  o f com pressed gas th ro u g h  in le t tube  
18. A s  soon as the  h o llo w  shaped body thus fo rm ed  
w ith in  m o ld  c a v ity  12 has co a le d  be low  th e  so ften ing  
tem pera tu re  o f the the rm op la s tic  resin , jo in e d  upper 
and lo w e r m o ld  po rtio n s  10 and 11 are separated as a 

65 com b ina tion  fro m  in je c tio n  nozz le  13 b y  means 26, fo r  
exam ple h y d ra u lic  m ov ing  means. T h is  m ovem ent 
breaks the  th in  neck o f ream su rro und ing  th e  w a lls  o f 
in je c tio n  ape rtu re  15 and the pressurized gas con ta ined
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w ith in  c a v ity  27 o f th e  h o llo w  shaped body fo rm ed  
w ith in  th e  m o ld  p o rtio n  escapes to  the  am b ien t a tm o 
sphere th ro u g h  th e  op en ing  p ro du ced  th e re b y . U ppe r 
and lo w e r m o ld  p o rtio n s  10 and 11 a rc then  separa ted  
and th e  shaped « s in  b o d y  is rem oved fro m  th e  sepa
ra te d  m o ld  p o rtio n s .

F IG S . 2 and 3 show  tw o  successive stages o f c a rry in g  
o u t the  m e thod  o f  th e  p resen t in v e n tio n  e m p lo y in g  a 
d iffe re n t m o ld  em bod im en t c o m p ris in g  fem ale m o ld  
p o rtio n  30, s u ita b ly  o f m e ta l, h a v in g  th e re in  shaped  
depression 31 in to  w h ic h  m a tch in g  m a le  m o ld  p o rtio n  
32, a lso  s u ita b ly  o f  m e ta l, is  fitte d . M a le  m o ld  p o rtio n  32 
and fem a le  m o ld  p o rtio n  30 a re  b ro u g h t in to  sea ling  
re la tio n s h ip  b y  p e rip h e ra l sca ling  gasket 33. Fem ale  
m o ld  p o rtio n  30 co n ta in s  th e re in  in je c tio n  a p e rtu re  15 
w h ic h , as fo r  th e  m o ld  em bod im en t show n in  F IG . 1, is  
b ro u g h t in to  ร m a tin g  re la tio n s h ip  w ith  an in je c tio n  
no zz le  such as n o zz le  13 show n in  F IG . 1. (F o r p u r
poses o f  c la r ity , th e  in je c tio n  nozz le  has been o m itte d  
fro m  F IG S . 2 and 3 .)

A t th e  be g in n in g  o f  th e  re s in  in je c tio n  process show n  
in  F IG . 2, th e rm o p la s tic  re s in  24 is in tro d u ce d  in to  a 
c a v ity  d e fin ed  be tw een fem a le  m o ld  p o rtio n  30 and  
m ale m o ld  p o rtio n  32. T he n , p ro ceed ing  as described  
e a rlie r he re in  w ith  re fe ren ce  to  F IG . 1, com pressed gas 
is  in tro d u ce d  th ro u g h  an in je c tio n  nozz le  in to  th e  m o l
ten  th e rm o p la s tic  re s in  w h ile , s im u ltan eous ly , m ale  
m o ld  p o rtio n  32 is m oved u p w a rd ly  by m eans 34, fo r  
exam p le h y d ra u lic a lly  ope ra ted  m o v in g  means, con 
nected  th e re to - In  th is  m anner, the  re s in  mass 24 o f F IG .
2 is  fo rm ed  in to  a h o llo w  shaped b o d y  (show n  as 35 in  
F IG . 3).

Just as in  the  process described  w ith  re fe ren ce  to  
F IG . 1, a fte r th e  re s in  co m p ris in g  h o llo w  shaped body  
35 has coo le d  beneath its  so fte n in g  tem pe ra tu re , jo in e d  33 
m o ld  p o rtio n s  30, 32 a rc  separated in  co m b in a tio n  fro m  
th e  in je c tio n  no zz le  so th a t p ressu rized gas co n ta in ed  
w ith in  c a v ity  36 o f  th e  re su lta n t shaped b o d y  can escape 
and e q u a liz a tio n  w ith  am b ien t pressu re o ccu rs . O n re 
m ova l o f m ale m o ld  p o rtio n  32 c o m p le te ly  fro m  shaped 40 
depression 31 de fin ed  w ith in  fem a le  m o ld  p o rtio n  30, 
shaped re s in  b o d y  35 can be rem oved  fro m  th e  m o ld .

In  a d d itio n  to  th e  m e thod  em bod im en t s p e c ific a lly  
described  w ith  re fe ren ce  to  F IG S . 2 and 3 , num erous  
o th e r em bod im en ts fo r c a rry in g  o u t the  process o f th e  45 
in v e n tio n  a rc  possib le . T hu s, fo r exam ple , a t th e  beg in 
n in g  o f  th e  re s in  in jc c lio n  process, th e  c a v ity  p resen t in  
m o ld  30, 32 can be o n ly  p a rtia lly  fille d  w ith  re s in . M a le  
m o ld  p o rtio n  32 can be m oved u p w a rd ly  even d u rin g  
the  in je c tio n  o f re s in , a lth o u g h  i t  พ m ore  advantageous 30 
to  e ffe c t th is  m ovem en t s im u lta n eou s ly  w ith  th e  in je c 
tio n  o f com pressed gas o r even to  p e rm it the  m ovem en t 
o f m ale m o ld  p o rtio n  32 w ith in  fem a le  m o ld  30 to  be  
e ffe c te d  s o le ly  b y  means o f  th e  fo rces exe rted  o n  m ale  
m o ld  p o rtio n  32 b y  th e  com pressed gas in tro d u ce d  in to  55 
the  c a v ity  the rebenca th .

In  m any cases, i t  is  n o t desired th a t th e  shaped b o d y  
fo rm ed  a cco rd in g  to  th e  process o f the  in v e n tio n  have  
an open ing  th e re in  a t th e  lo cu s  o f  th e  in je c tio n  a p e rtu re  
15 in  lo w e r m o ld  p o rtio n  11 o f F IG . 1 o r fem a le  m o ld  60 
p o rtio n  30 o f  F IG S . 2 and 3 . In  th is  case, the  gas e n try  
open ing  in  th e  fin a l shaped bo d y can be sealed w ith  a 
re s in  p lu g  such as re s in  p lu g  37 p a rtic u la rly  show n  in  
F IG . 3. T o  fo rm  such a ream  p lu g , an am oun t o f  m o lte n  
re s in  s u ffic ie n t to  fo rm  th e  p lu g  a  in tro d u ce d  th ro u g h  65 
th e  in je c tio n  nozz le  a fte r th e  in je c tio n  o f com pressed  
gas in to  the  re s in  b o d y  is  com p le ted . In  th is  case, th e  gas 
w ith in  th e  h o llo w  shaped b o d y  (c f. c a v ity  27 o f  F IG . 1

o r c a v ity  36  o f  F IG . 3 ) rem a ins a t supe ra tm osphe ric  
pressure" A fte r c o o lin g  o f th e  th e rm o p la s tic  re s in  be
nea th  its  so fte n in g  p o in t, bu t b e fo re  th e  re su lta n t h o llo w  
shaped b o d y  can be rem oved  fro m  th e  m o ld , th e  gas 
pressu re th e re in  m ust be equa lized  w ith  th e  am b ien t 
pressu re to  a vo id  a possib le  exp lo s ion  o f  th e  h o llo w  
body on  rem ova l fro m  th e  m o ld . A s show n  in  F IG S . 2 
and 3, to  equa lize  in te r io r pressure w ith  am b ien t p res
su re , an a p e rtu re  can be d r ille d  w ith in  h o llo w  shaped  
bo d y  35 b y  d r ill 38 ro ta te d  and p ro p e lle d  fo rw a rd  b y  
means 39. T he  p ressu rized  gas w ith in  th e  h o llo w  shaped 
bo d y  can thus escape in to  th e  a tm osphere th ro u g h  the  
open ing  so p roduced . I f  a s u ffic ie n tly  to u g h  re s in  b o d y  
is  em p loyed  fo r  fo rm a tio n  o f th e  h o llo w  shaped body, 
th e  b o d y can be p ie rced  w ith  a sha rp  in s trum en t (n o t 
sh ow n ), in  a m anner ana logous to  th a t show n in  F IG S . 
2 and 3 , instead  o f  e m p lo y in g  d r ill 26. S u ita b ly , the  
p ie rc in g  in s trum en t is fo rm ed  as a cannu la  h a v in g  an 
in te r io r passage th e re in  so th a t th e  p ressu rized  gas can 
escape d ire c tly  to  th e  a tm osphere th ro u g h  th e  m te rio r 
passâge.

T he  b o rin g  te chn iq ue  and  th e  ana logous p ie rc in g  
te chn iq ue  described  im m e d ia te ly  above w ith  re fe rence  
to  th e  m o ld  o f F IG S . 2 and 3 can, o f cou rse , a lso be 

25 adapted to  th e  m o ld  show n in  F IG . 1 b y  a p p ro p ria te  
m o d ific a tio n  th e re o f.

A s s y n th e tic  resins w h ic h  can be em p loyed  a cco rd in g  
to th e  fo re g o in g  process, p o ly s ty re n e , p o lye th y le n e , 
p o ly v in y l c h lo rid e , and a c c to b u ty ra tc  can be g ive n  as 
exam ples, in  a d d itio n  to  th e  p o lym e th y lm e th a c ry la te  
a lre ad y m en tio ned .

H o llo w  bod ies h a v in g  a re la tiv e ly  sm a ll sepa ra tion  o f  
the  p a ra lle l w a lls  th e re o f fro m  one an o th e r, fo r exam ple  
o f 5 m illim e te rs , can be prepared in  any o f th e  above- 
described m anners w ith o u t e ffo rt. H o w e ve r, in  th e  
p re p a ra tio n  o f  bod ies snch as th e  a fo rem en tio ned  glass 
b ric k s , w hose p rin c ip a l surfaces m ay be spaced abou t so 
mm  fro m  one ano th e r, i t  is  p re fe ra b le  to  use expandable  
m o lds lik e  the  m o ld  show n in  FTG S. 2 and 3.

T h e  h o llo w  bod ies p repa red  a c co rd in g  to  the  process 
o f th e  p resen t in v e n tio n  ha ve  an e x te rio r su rface  w h ich  
co rre sponds to  th e  q u a lity  o f th e  su rface o f  the  m o ld  
c a v ity  in  th e  appara tus. I f  th e  re q u ire d  tem pe ra tu re  fo r  
w h ic h e ve r re s in  is  be ing  used is m a in ta ined  and o th e r 
in je c tio n  re qu irem en ts a re  m et. th e  in n e r su rface  o f the  
h o llo w  b o d y  is  sh in y . E ve n  in  the  p rocess ing  o f  opales
ce n t m a te ria ls , th e  q u a lity  o f th e  in n e r and o u te r su r
faces o f th e  shaped b o d y  fo rm ed  th e re fro m  m eets a ll 
requ irem en ts .

I t  sh ou ld  a lso be m en tioned  th a t th e  new  process can  
be ca rrie d  o u t o n  c o m m e rc ia lly -a va ila b lc  m achines to  
th e  e x te n t th a t these can be m o d ifie d  in  a s im p le  m anner 
to  p e rm it th e  c o n tro lle d  in tro d u c tio n  o f  gas u n de r pres
sure, In  e v a lu a tin g  th e  new  process, it  sh ou ld  n o t re 
m ain unm cn tioned  th a t the  process p e rm its  th e  p repa ra 
tio n  o f  c losed  h o llo w  bod ies w hose in te r io r p o rtio n s  a rc  
co m p le te ly  d u s t-fie e . In  th e  p re p a ra tio n  o f  h o llo w  bod 
ies b y  th e  jo in in g  o f tw o  ha lve s, freedom  fro m  dust can  
o n ly  be a ch ie ved  w ith  a c o m p a ra tiv e ly  g re a t e ffo rt. 

W ha t is  c la im ed  is :
1. A  m e thod  fo r m ak ing  a h o llo w  shaped b o d y  fro m  

a th e rm o p la s tic  resin  b y  in je c tio n  m o ld in g , w h ic h  
m ethod  com prises in je c tin g  an am oun t o f  m o lte n  resin  
s u ffic ie n t fo r  th e  p re p a ra tio n  o f  th e  h o llo w  shaped bo d y  
fro m  an in je c tio n  n o zz le  in to  a m o ld  th ro u g h  an in je c 
tio n  a p e rtu re  in  sa id m o ld , in je c tin g  gas unde r pressure  
th ro u g h  sa id in je c tio n  n o zz le  and a p e rtu re  to  expand  
and d is trib u te  th e  m o lte n  re s in  o v e r th e  in te r io r su rfaces
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4.101.6175
o f the mold, w hereby said hollow  shaped body IS 
form ed w ithin said m old w ith  a gas en try  opening in 
said hollow  shaped body, cooling the hollow  shaped 
resin body so form ed to  a  tem perature beneath the soft
ening point o f  the resin, separating said mold and said 
injection nozzle after said resin has cooled  beneath its 
softening point, w hereby the interior o f  said hollow  
shaped body is opened to  the atm osphere th rough  said 
injection apertu re and gas-entry opening to  equalize the 
pressure w ithin said body w ith  ambient pressure, and 
then opening said m old to  rem ove said hollow shaped 
body.

2 A m ethod as in claim  I  wherein said mold defines 
therein a m old cavity  o f fixed volume having the form 
o f the hollow  shaped body to  be form ed therein, and 
w herein the molten resin injected into said m old ini
tially only partially fills said mold cavity.

3. A m ethod as in claim  1 w herein said m old com 
prises a  female m old portion and a male mold portion 
movable w ithin said female mold portion to  define 
therein a m old cavity o f  variable volume, w herein the 
molten resin injected in to  said mold initially fills said 
mold cavity, and wherein the volume o f  said mold cav
ity is increased on injection thereinto o f  gas under pres
sure.

A A  m ethod for making a hollow shaped body from 
a thermoplastic resin by injection molding, which 
m ethod com prises injecting an am ount o f  molten resin 
sufficient for the preparation o f  the hollow  shaped body 
from an injection nozzle into a m old th rough an in jec
tion aperture in said mold, injecting gas under pressure 
th rough said injection nozzle and aperture to  expand 
and distribute the molten resin o ver the in terior surfaces

6
o f the mold, w hereby said hollow  shaped body  is 
form ed w ithin said m old w ith  a gas entry  opening m 
s a d  hollow shaped body, injecting an am ount o f resin 
sufficient to  close said gas-entry opening in s a d  hollow 

5 shaped body through said injection nozzle into said 
injection aperture, cooling the hollow  shaped resin 
body so formed to  a  tem perature beneath the softening 
point o f  the resin, opening the interior o f  the hollow  
shaped body to  equalize the pressure therein with ambi- 10 ent pressure, and then opening said mold to rem ove said 
hollow shaped body.

5. A m ethod as in c la m  4 wherein the interior o f  the 
hollow  shaped body is opened to  the ambient atm o
sphere after cooling o f the resin by boring an apertn re in 
said body.

6 . A  m ethod as in claim 4 wherein said hollow  shaped 
body is opened to the ambient atm osphere a lte r cooling 
o f  the resin by piercing said body.20 7. A m ethod as in claim 4 w herein said mold defines
therein a mold cavity o f  fixed volum e having th e  form 
o f the hollow  shaped body to  be formed therein, and 
wherein the molten resin injected into s a d  mold ini
tially only partially fins said m old cavity.

2 3  8. A  m ethod as in claim 4  wherein said mold com 
prises a female m old portion and a male m old portion 
movable within said female m old portion to define 
therein a m old cavity o f  variable volume, wherein the 
molten resin injected into said mold initially fills said 

30 m old cavity, and wherein the volum e o f said mold cav 
ity is increased on injection thereinto o f  gas under p res
sure.
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ตาราง ข .1 แสดงค ุณ สมบ ัต ิของเทอร ์โมหลาสต ิก

HMC POLYMERS 
COMPANY LIMITED

M o p l e n  H P 5 0 0 N
General Purpose Polypropylene I-OTIC poly m e '  Resin
Features ะ Typical Applications :
*  ร:•ะ-3 r f l r »  SS
-  Good "e s t - age life
-  Low oac r afro taste transfer
*  = xc * ent resistance to e n v Iw -B P a l  
stress - cracking

•  Fooo conta ners
- Housewares 
■ Toys
• Closures
• Hospital 3 rd  -s tru t pnsi wares
-  Muléfilament fiber

Res -  properties i a } Moplen HP500N ASTM METHOD(b)

Melt flow rare, dg'imin. 12 D 1233

Denary, g 'c rrr C.9D D 7929

~enslie s tre rg t- at y « d . M 3a 3A D633

E onga ion  a* yield, % 10 DG33

Flexural meet Jus , Maa 1430 D 790A

Notched 1200 irr.pac: strength a t 25=c .  J-'m 25 D 256A

Deflection :e rp e ra U re, at 455 kFa. : c 37 D64-8

lal Value* «Ka-n a*c ะ รา:;■ น ว-a ว«ร rw ts tee รว-ฟวร-'ะร ะ.» «ccc-ratenjIte ASPU trBt rrrdtDCB inc thr bte*t -rarr Scc ะ-̂  ■ Surrc-t CTOCC ว.rca. Al mciaco «oc-ะ—c-J 3«T p"*cca-=a c,- 1-(CC: e-
FDA รไaterwrr
Moplen HP5Q0N rrests PDA in the Code ะf Fe3era Rsg-ilaticr-s ท 2" CFF. 177 1522 for' a I food
contact Ali ingneoiers  ๆMod en hP503N meet, me cnencal regstration neau renerss ๙  TSCÂ |U.Ê I anc 
D£- {Canada1)
Note Due tn n e  "art nat drfferer:régiatonfi in each country cet arffe*e*tt deta Is rf corrpla"ce, Jters of 
t/rpen HP5GDN are recornerdeo to undertake m«r own ท'.estigaîor ๙ the neou renerts and scrap y Wïp» 
each -eguaton set ท์วm,fo"ircta"ire า apDicacle Iccal F*QA reqj'ere'rts. ü tiraîeK'the users must make 
their 07*n deterrraîen that the "use of Moplen HF5Q3NS £ safe, b«*Ail aro xchrvcaiy suable nmer 
iroended apoicatons.

HMC Polymère c cerf «•ว i : ะo -o i:  1= SC s o r  a"d 14031 Issued Za-Acf-OSThe purçcse ๙ tKs document is arly far technical support cf the J se of the p-odact
H-MC c irrc t 3f»tc p3*sc วแ ca*db:m  urdc- wHiieh d*2B :nfe-rr3t:an snd SJ* &าวd u ra  cr ■ ส์ๆÆ p-33'ucta roo-vcr msnv-sctuncB -nsemis -3t zr v%fth ะน'ร-ะ 3-131> —3/ tec น•รว. -’*c sescct ns -c ic :r»  b it, ‘ะ" * : i j3  ะร-.:'■ ะ 3 C;, ms :c c  ะะ*.ะ'* ร ํ!ๆ เ.•ท*ว-matt»-. «P1ร-ง: aafsf,- 3rd Bi-rtaet it, CP euf e-saueta. e d*er SSPC ar .ท ะร-ร PJÏะล w è  «<#■ ««■  c-ed-st». J•ะ-» arc ad- asdte ma Le thc:r o.At- tcBTtm te dcac-mrc the »an=% ana » J tab 1*5,’ ว* ะวะ»» pradurt ว- praauระ ะว"lürafcsn *3-thc • curasse»Lr-iea* ร»ทร-,.'■ ร ะ9"ระ3 i" witting, we TCI ร ใ#-« ว-วว».cta พ d*«ut v.ar-antj’ 3rd ร๗1-ร*» 3rd wter» ะแน"'ะ ai -C»C="B tel b,' a->a
i sbiff,- fs- SI B ร- c±3—sgs ว-dins fner- the hanai rg  3>“d  .■ •ะ cf Sur p-cauetm. พทรรทร- -■ ะว่ ว ere er in ะวทาB fa ïs i .-an « rc -prsducta
Cfhce
Plart

; Sahara Dty Tower 2Ç* Ftocr, ไ 75 SgysniSathorn Road. รุ่2ไไ:ท, Bangkok ‘0122, Ttialarvd 'ฟ: (66-5 BTÿSïésTôô Fop: ;55-2'57๙5746 Scofrt, E T S I iliD o S ttcPetrocheirica Comdex vtac "a Pnut ndistr's Estate Muang, Rayong 2115C Thala’vd ฟ: (66-38Ï 622-361 Fax 60-53i 563-033 henepage: rtWพ nrrc.com

(D  basell HvC Pci y ire's IS ธ mer* ce*๙ îne Basell fanty cf po-yp~op-/tere,
polyethylere aro oovar.ced polyolefins compar es
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ตาราง ฃ.1 แสดงสภาวะต่างๆ ในการตังค่าเคร่ืองฉีด

Program Param eters Values Program Param eters Values

1 Clam ping Force (bar) 30 9 Ejector forw ard speed 1 (mm /sec) 15

M old close (m m ) 16.1 Ejector forw ard stroke 1 (m m ) 50

M old safety stroke (mm) 40 Ejector forw ard pressure (bar) 20

2 N ozzle touching point (mm) 38.8 Ejector forw ard speed 2 (mm /sec) 15

3 M ax injection speed (m m /sec) 1 ๓ Ejector forw ard stroke 2 (m m ) 1 ๓

M ax injection pressure (bar) 140 Ejector shuttle stroke (m m ) 100

M etering stroke (mm) 75 M elt tem perature zone 0 (°C) 230

Injection speed 1 (m m /sec) 30 M elt tem perature zone 1 (°c) 230

Injection stroke 1 (mm) 0 M elt tem perature zone 2 (°C) 230

Injection speed 2 (m m /sec) 0 M elt tem perature zone 3 (°c) 230

Injection stroke 2 (mm) 0 M elt cushion (m m ) 230

Injection speed 3 (m m /sec) 0

M onom odu leInjection stroke 3 (mm) 0

Injection speed 4 (m m /sec) 0 Program Param eters Values

Injection stroke 4 (m m ) 0 Delay tim e (sec)

Injection speed 5 (m m /sec) 0 G as pressure (bar)

4 Follow -up pressure stroke-dependent 1 Gas hold tim e (sec)

Follow -up pressure stroke (mm) 5

Follow -up pressure tim e-dependent 0

Follow -up pressure tim e (sec) 20

5 Follow -up pressure 1 (m m /sec) 0

Follow -up pressure 1 tim e (sec) 0

Follow -up pressure 2 (m m /sec) 0
Follow -up pressure 2 tim e (sec) 0

Cooling tim e (sec) 80

6 M etering delay (sec) 18

B ack pressure 1 (bar) 5

Back pressure stroke 1 (mm) 5

Back pressure 2 (bar) 5

B ack pressure stroke 2 (m m ) 5



132

ตาราง 'ข.1 (ต่อ) แสดงสภาวะต่างๆ ในการต้ังค่าเคร่ืองฉีด
Program Param eters V alues

M etering speed 1 (m m /sec) 60

M etering stroke 1 (mm) 10

M etering speed 2 (mm /sec) 60

M etering stroke 2 (mm) 75

7 N ozzle back delay (sec) 20

N ozzle back speed (m m /sec) 30

N ozzle back pressure (bar) 40

N ozzle back stroke (mm) 240
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12
65

3
3

15
100

35
80

7
230

12
70

3
3

15
100

35
80

8
230

12
75

3
3

15
100

35
80

9
230

12
80

3
3

15
100

35
80

10
230

12
65

1
3

15
100

35
80

11
230

12
65

5
3

15
100

35
80

12
230

12
65

7
3

15
100

35
80

13
230

12
65

9
3

15
100

35
80

14
230

12
65

3
1

15
100

35
80

15
230

12
65

3
5

15
100

35
80

16
230

12
65

3
7

15
100

35
80

17
230

12
65

3
9

15
100

35
80

ตาราง ฆ.2 แสดงสภาวะของการขึ้นเปขึ้นงานสำหรับการทดลอง
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 (sec
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as tim
e (se

c)
Gas 

hold
 time

 (sec
)

Gas 
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(bar)

Mold
 tem
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ture 

( c)
Coo

ling 
time

18
230

12
65

3
3

0
100

35
80

19
230

12
65

3
3

0
150

35
80

20
230

12
65

3
3

30
100

35
80

21
230

12
65

3
3

30
150

35
80

22
230

12
65

3
3

50
100

35
80

23
230

12
65

3
3

50
150

35
80

24
230

12
65

3
3

70
100

35
100

25
230

12
65

3
3

70
150

35
100

26
230

12
65

3
3

15
50

35
80

27
230

12
65

3
3

15
150

35
80

28
230

12
65

3
3

15
200

35
80

29
230

12
65

3
3

15
100

45
80

30
230

12
65

3
3

15
100

55
80

31
230

12
65

3
3

15
100

65
80

32
230

12
65

3
3

15
100

75
80
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ข ้อ p y l ไ ด ้จ า ก ก า ร ท ด ล อ ง
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ตาราง ค.1 แสดงค่าปริมาตรของแก๊สท่ีไก๊จากการทดลอง

C o n d itio n N o . V o lu m e A v e ra g e M in M ax C o n d itio n N o . V o lu m e A v e ra g e M in M ax

1 1 4 7 .6 3 4 .2 3 2 .7 3 5 .7 6 1 2 8 .9 2 8 .9 28.5 2 9 .4

2 4 7 .7 2 2 9 .6

3 2 7 .4 3 28.5

4 2 7 .7 4 2 9 .3

5 2 7 .6 5 2 8 .9

6 2 7 .4 6 2 8 .3

2 1 17.4 18.6 16.8 2 0 .5 7 1 3 0 .0 3 0 .2 3 0 .0 3 0 .5

2 19.2 2 3 0 .6

3 16.8 3 3 0 .6

4 17.0 4 30.1

5 19.9 5 30.1

6 2 1 .4 6 30.1

3 1 9.3 9 .5 8.2 10.9 8 1 2 2 .2 2 1 .4 2 0 .6 22.2

2 8 .9 2 19.8

3 11.8 3 2 1 .6

4 9 .3 4 2 1 .9

5 8.3 5 2 1 .6

6 9 .0 6 2 1 .2

4 1 9 1 3 2 .5 3 2 .9 3 2 .5 3 3 .4

2 2 3 3 .6

3 3 3 3 .2

4 4 3 3 .0

5 5 33.1

6 6 3 2 .4

5 1 32.1 3 2 .4 3 2 .2 3 2 .6 10 1 2 8 .9 2 8 .9 2 8 .6 29.2

2 3 2 .5 2 2 9 .3

3 3 2 .4 3 2 8 .5

4 3 2 .7 4 2 8 .6

5 3 2 .3 5 2 9 .0

6 3 2 .4 6 2 9 .2
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ต า ร า ง  ค . 1 ( ต ่อ )  แ ส ด ง ค ่า ป ร ิม า ต ร ข อ ง แ ก ๊ส ท ี่ไ ด จ า ก ก า ร ท ด ล อ ง

C o n d itio n N o . V o lu m e A v e ra g e M in M ax C o n d itio n N o . V o lu m e A v e ra g e M in M ax

11 1 3 3 .2 3 2 .6 32.1 3 3 .2 16 1 33.1 3 3 .0 3 2 .6 3 3 .4

2 3 2 .8 2 33.1

3 3 2 .7 3 3 3 .0

4 3 2 .4 4 3 3 .4

5 3 1 .7 5 3 2 .9

6 33.1 6 3 2 .2

12 1 30.1 30.1 2 9 .8 3 0 .4 17 1 3 2 .6 3 2 .6 32.1 3 3 .0

2 2 9 .7 2 32.1

3 2 9 .9 3 3 3 .2

4 30.1 4 3 2 .6

5 3 0 .4 5 32.1

6 3 0 .4 6 3 3 .0

13 1 2 8 .9 3 7 .8 3 7 .4 3 8 .2 18 1 34.1 3 2 .6 32.1 3 3 .0

2 28.5 2 3 3 .6

3 2 8 .4 3 3 3 .6

4 2 9 .5 4 3 3 .8

5 2 8 .5 5 3 3 .5

6 29.1 6 3 4 .0

14 1 2 7 .0 2 6 .2 2 5 .2 27.1 19 1 3 2 .3 3 5 .3 3 3 .8 3 6 .8

2 2 5 .0 2 3 6 .0

3 2 5 .4 3 3 5 .7

4 2 5 .9 4 3 6 .2

5 2 7 .4 5 3 5 .6

6 2 6 .2 6 36.1

15 1 2 1 .7 2 1 .9 20.3 2 3 .5 2 0 1 3 1 .0 3 0 .5 30.1 3 0 .8

2 2 1 .8 2 3 0 .5

3 2 2 .2 3 2 9 .8

4 20.1 4 3 0 .5

5 2 4 .8 5 3 0 .7

6 2 0 .9 6 3 0 .4
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ต า ร า ง  ค . 1 ( ต ่อ )  แ ส ด ง ค ่า ป ร ิม า ต ร ข อ ง แ ก ๊ส ท ี่ไ ต ่,จ า ก ก า ร ท ด ล อ ง

C o n d itio n N o . V o lu m e A v e ra g e M in M a x C o n d itio n N o . V o lu m e A v e ra g e M in M ax

21 1 3 3 .3 3 5 .8 3 5 .5 36.1 2 6 1 3 3 .3 3 1 .9 31.1 3 2 .6

2 3 0 .3 2 3 1 .4

3 3 0 .6 3 3 1 .6

4 31.1 4 3 1 .7

5 3 0 .9 5 3 1 .5

6 3 1 .0 6 3 1 .7

22 1 37.1 3 7 .5 3 6 .9 3 8 .2 27 1 3 1 .8 3 2 .0 3 1 .6 3 2 .4

2 3 7 .0 2 3 2 .0

3 3 7 .2 3 3 1 .8

4 3 7 .7 4 3 2 .7

5 3 7 .4 5 3 1 .8

6 3 8 .8 6 -4 5 .0

23 1 11.4 5 .9 4 .9 7 .0 28 1 3 0 .5 3 0 .9 30.1 3 1 .7

2 5 .6 2 3 0 .3

3 7.8 3 3 0 .6

4 5.4 4 3 0 .7

5 5 .4 5 3 0 .5

6 5.5 6 3 2 .5

24 1 0 .0 3 1 .9 3 1 .5 3 2 .4 29 1 27.1 2 7 .2 2 6 .8 27.5

2 3 1 .2 2 2 6 .6

3 3 2 .3 3 2 9 .6

4 3 2 .3 4 2 7 .4

5 3 1 .9 5 27.1

6 3 2 .0 6 2 7 .6

25 1 3 2 .2 3 2 .4 3 2 .2 3 2 .6 3 0 1 3 0 .6 3 0 .0 2 9 .6 3 0 .4

2 3 2 .5 2 3 0 .0

3 3 2 .4 3 3 0 .0

4 3 2 .4 4 2 9 .7

5 3 2 .6 5 3 0 .3

6 3 2 .3 6 2 9 .4



ต า ร า ง  ค . 1 ( ต ่อ )  แ ส ด ง ค ่า ป ร ิม า ต ร ข อ ง แ ก ๊ส ท ี่ไ ต ่’จ า ก ก า ร ท ด ล อ ง

C o n d itio n N o . V o lu m e A v e ra g e M in M ax

31 1 3 2 .4 3 2 .5 3 2 .0 3 2 .9

2 3 1 .9

3 3 3 .2

4 3 2 .2

5 3 2 .6

6 3 2 .4

32 1 3 1 .2 3 1 .8 3 1 .4 3 2 .2

2 3 2 .2

3 3 1 .5

4 3 1 .8

5 32.1

6 3 2 .0



1 4 0

ต า ร า ง  ค .2  แ ส ด ง ค ่า ค ว า ม ห น า ต ก ค ้า ง  (R W T ) ท ี่ไ ด ้จ า ก ก า ร ท ด ล อ ง

Cond. Sect. Up L eft Down R ight Cond. Sect. Up Left Down Right

1 1 2.9 6.5 5.9 5.6 7 1 2.9 5.4 5.5 4.9

2 3.5 6.5 3.8 3.4 2 3.7 6.4 3.8 3.5

3 3.4 5.1 3.3 3.8 3 3.5 5.3 3.4 3.9

4 5.2 10.7 7.0 7.0 4 5.2 9.1 5.9 4.6

5 10.4 16.0 10.7 16.4 5 11.1 15.9 11.6 16.2

2 1 3.4 5.8 5.2 5.5 8 1 3.0 5.3 4.9 4.8

2 3.5 6.6 3.6 3.5 2 3.5 6.9 3.8 3.5

3 2.9 6.4 3.0 4.6 3 3.4 5.6 3.3 3.9

4 9.6 16.1 9.7 16.1 4 7.2 14.2 5.5 12.4

5 10.1 16.0 9.8 16.3 5 8.8 15.7 7.7 16.0

3 1 3.9 11.3 7.5 10.8 9 1 2.9 6.3 6.3 5.5

2 3.3 6.6 3.9 4.1 2 3.7 6.4 3.9 3.6

3 6.7 10.8 4.4 11.9 3 3.1 3.8 3.3 3.9
4 9.8 15.7 10.2 15.9 4 5.0 8.6 4.7 4.2

5 10.3 16.0 10.2 16.3 5 12.0 16.0 12.2 16.0
4 1 10 1 2.9 5.2 4.7 4.9

2 2 3.7 6.3 4.0 3.6

3 3 3.5 5.4 3.5 4.0
4 4 4.7 9.1 6.0 4.4

5 \ 5 10.5 15.9 11.1 16.2

5 1 3.9 6.6 6.5 5.1 11 1 3.1 6.5 5.6 5.0

2 4.1 6.6 4.1 3.7 2 3.6 6.3 4.0 3.8

3 3.7 5.5 2.2 4.1 3 3.5 5.3 3.4 3.8

4 3.7 6.7 3.4 3.1 4 5.1 9.6 5.7 4.3
5 11.0 15.9 11.4 16.1 5 11.1 16.0 11.4 16.1

6 1 3.0 5.4 5.4 4.8 12 1 2.8 5.7 4.6 5.3

2 3.7 6.4 3.9 3.4 2 3.7 7.2 3.9 3.4

3 3.4 5.3 3.4 3.9 3 3.7 8.2 3.3 5.0

4 5.0 9.5 6.2 4.7 4 5.2 11.5 7.6 10.3

5 10.6 15.9 11.0 16.3 5 10.0 15.8 10.4 16.2
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ต า ร า ง  ค .2  (ต ่อ )  แ ส ด ง ค ่า ค ว า ม ห น า ต ก ค ้า ง  (R W T ) ท ี่ไ ค ้จ า ก ก า ร ท ด ล อ ง

C o n d . S ec t. U p L eft D o w n R ig h t C o n d . S ec t. U p L eft D o w n R ig h t

13 1 2 .5 5.5 4 .9 5 .0 19 1 2 .6 3 .6 3.5 3 .4

2 3.5 6.6 3 .6 3.3 2 2 .9 4 .8 3.1 2 .8

3 3.3 5.2 3 .2 3 .7 3 2 .7 3 .8 2.7 3.1

4 6.1 9 .4 6 .8 3 .2 4 3.5 5 .7 3 .4 2 .9

5 11.3 16.0 11.7 16.2 5 12.5 16.2 12.6 16.2

14 1 2 .9 5.7 4 .7 5 .7 20 1 3 .0 5 .4 4.3 5.1

2 3 .7 6.5 3 .8 3 .6 2 3.8 6 .6 4 .0 3.5

3 3 .6 5.5 3 .4 3 .9 3 3.6 6 .0 3.4 4 .0

4 5 .7 11.0 6 .4 8 .9 4 4 .9 9 .8 5.4 8.1

5 9 .9 15.9 9 .9 16.2 5 11.0 15.7 11.8 15.9

15 1 3 .0 5.5 4 .6 5 .7 21 1 3 .5 4 .3 3.4 4 .3

2 3 .6 6.7 3 .7 3 .5 2 3 .8 7 .7 4 .0 2 .9

3 3 .8 5.7 3 .2 3 .9 3 3 .5 5 .7 3.3 3 .6

4 7.1 13.7 5.1 11.6 4 4 .8 10.1 4 .8 5 .4

5 9 .3 15.9 8.8 15.8 5 10.8 16.0 11.3 16.2

16 1 2 .3 4.5 4 .0 4 .4 22 1 3 .0 5 .4 4 .0 5 .2

2 2 .8 4 .4 2 .9 2.8 2 3 .8 6 .7 3 .8 3.5

3 2 .7 3.7 2 .8 3 .0 3 3 .4 5 .4 3.1 3.8

4 5.5 8.1 4 .9 4 .9 4 3 .7 6 .7 3.1 2 .9

5 12.4 16.1 12.5 16.1 5 3 .9 7.8 3.3 2.8

17 1 2 .2 4 .4 3 .7 3 .9 23 1 4.1 10.7 8 .9 11.1

2 2 .8 4 .7 2 .9 2 .7 2 4 .7 13.3 9 .4 13.5

3 2.5 3 .7 2.5 2 .8 3 6 .0 10.9 5 .7 10.0

4 3 .4 6 .4 3.3 3 .0 4 10.6 15.9 11.3 16.3

5 12.3 16.2 12.4 16.1 5 10.8 15.8 11.1 15.7

18 1 2.3 4 .6 3 .7 4 .3 24 1 4.1 5.4 4 .2 5.1

2 3 .0 4 .7 3.1 2 .9 2 4 .4 6 .8 4.3 3 .9

3 2.8 4.1 2 .9 3 .0 3 4 .0 5 .8 3.7 4 .7

4 4 .4 7 .4 3 .9 3 .5 4 3.8 6 .6 3.3 3 .2

5 12.4 16.1 12.6 16.2 5 7.9 11.7 8.6 8 .0



14 2

ต า ร า ง  ค .2  (ต ่อ )  แ ส ด ง ค ่า ค ว า ม ห น า ต ก ค ้า ง  (R W T ) ท ี่ไ ด ้จ า ก ก า ร ท ด ล อ ง

C o n d . S ect. U p L eft D o w n R ig h t C o n d . S ec t. U p L eft D o w n R ig h t

25 1 4.3 5.5 4 .3 5.1 2 9 1 2 .9 5 .7 4 .3 5.3

2 4 .6 6 .9 4 .4 4 .2 2 3.6 6.5 3 .9 3.5

3 4 .2 6 .0 4 .0 4 .6 3 3.6 5.3 3.3 3.8

4 3 .7 6.3 3.3 3 .2 4 5 .6 11.6 7 .2 6.6

5 6 .6 10.9 8 .4 5.9 5 10.1 16.0 10.6 16.1

26 1 3 .0 5 .6 4.1 4 .9 3 0 1 3 .0 5 .8 4 .5 5.2

2 3 .7 6 .4 3 .8 3.5 2 3.7 6.3 3 .9 3 .6

3 3 .4 5 .4 3 .3 3 .9 3 3.6 5 .4 3 .3 3.9

4 4 .9 7 .9 4 .6 4 .0 4 5.3 8.3 5.5 4.3

5 12.0 16.4 12.2 14.1 5 11.9 15.3 12.0 15.7

27 1 2 .9 6.5 5 .2 5.3 31 1 2 .4 6 .2 4 .8 4 .0

2 3 .6 6.5 3 .9 3.3 2 2 .9 7.1 2 .9 2 .7

3 2 .9 4 .0 2 .6 3.2 3 2 .7 3 .5 2 .6 2.9

4 5.1 9 .0 4 .6 4 .0 4 4 .8 8.7 4 .4 3.3

5 12.0 15.8 12.3 15.9 5 12.0 16.4 12.3 14.6

28 1 2 .9 5.5 4 .2 5 .2 32 1 2 .8 5 .6 4 .2 5 .0

2 3 .7 6 .4 3 .9 3 .5 2 3 .7 6 .4 3.8 3 .5

3 3 .6 5.3 3.3 3 .9 3 3 .5 5 .5 3.3 4.1

4 5.1 8.3 5.2 4 .2 4 4 .9 8 .0 4.5 3 .9

5 11.6 15.7 12.1 15.9 5 12.0 17.0 12.3 12.5
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ต า ร า ง  ค .3 แ ส ด ง ค ่า ก า ร ย ุบ ต ัว  (S in k  M ark) ท ี่ไ ด ้จ า ก ก า ร ท ด ล อ ง

C o n d . S ec t. U p L eft D o w n R ig h t C o n d . S ec t. U p L eft D o w n R ig h t

1 1 0 .5 0.5 0 .4 0.3 7 1 0.3 0 .5 -0 .3 0.3

2 0 .7 0 .4 0.3 0 .0 2 0 .2 0 .5 0 .0 0 .2

3 0 .9 0 .4 -0.1 0 .0 3 0.5 0 .4 -0.1 0 .3

4 2 .6 0 .2 1.9 -0.1 4 1.3 0 .4 0.6 -0.1

5 2 .5 0 .2 2.1 -0.1 5 1.7 0 .2 1.3 0.1

2 1 0 .9 0 .4 1.4 0 .2 8 1 1.6 0 .6 2.2 0 .3

2 2.1 0 .2 1.5 -0 .2 2 3.8 0 .0 2 .4 -0 .5

3 2 .7 -0 .7 2.5 -0 .3 3 3.3 -0 .4 2.3 0 .0

4 3 .3 0 .0 2 .7 -0 .3 4 5 .0 -0 .2 4 .4 -0 .3

5 2 .8 0.1 3 .0 -0.1 5 3 .9 0 .3 4 .2 -0.1

3 1 1.6 0 .5 2 .7 0 .5 9 1 0.3 0 .3 0 .0 0 .3

2 1.9 -0 .6 1.7 -0.1 2 0.1 0 .3 0 .0 0.1

3 3 .5 -0 .7 3.3 -0 .2 3 0.1 0 .3 0 .0 0 .2

4 3 .0 0 .2 2.3 -0 .3 4 0 .4 0 .3 0.2 0.1

5 2 .6 0.1 2 .6 -0.1 5 0.9 0 .2 0 .6 0 .2

4 1 10 1 0.5 0 .6 0 .0 0 .5

2 2 0 .9 0 .6 0.2 0 .3

3 3 1.0 0 .4 0.3 0 .4

4 4 2 .0 0 .3 1.2 -0 .2

5 5 2.3 0 .2 1.7 -0.1

5 1 0 .5 0 .4 0 .0 0 .3 11 1 0 .3 0 .7 -0.1 0 .4

2 0 .4 0.5 -0.1 0 .0 2 0 .7 0.5 0 .0 0.2

3 0 .5 0.3 0.5 0 .5 3 0 .4 0 .4 -0 .2 0 .4

4 0 .5 0 .6 0 .0 0.1 4 1.3 0 .4 0 .6 0 .0

5 1.8 0.3 1.5 0.1 5 1.7 0 .2 1.4 0 .0

6 1 0.5 0 .4 0.0 0 .3 12 1 0 .4 0.3 -0.1 0.2

2 0 .6 0 .5 0 .0 0.1 2 0 .2 0 .4 0 .0 0 .0

3 0 .8 0 .4 -0 .2 0 .4 3 0.5 0.3 -0.1 0 .2

4 2 .0 0 .4 1.1 -0.1 4 1.3 0 .3 0 .7 0.1

5 2.3 0 .2 1.9 -0.1 5 1.4 0 .2 1.2 0.1
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ต า ร า ง  ค .3 แ ส ด ง ค ่า ก า ร ย ุบ ต ัว  (S in k  M ark ) ท ี่ไ ด ้จ า ก ก า ร ท ด ล อ ง

C o n d . S ect. U p L eft D o w n R ig h t C o n d . S ec t. U p L eft D o w n R ig h t

13 1 0.5 0 .7 -0 .2 0 .6 19 1 0 .3 0.1 0 .0 0 .0

2 0 .9 0 .4 0 .2 -0.1 2 0 .2 0.1 0 .0 0 .0

3 1.1 0 .5 -0 .3 0 .4 3 0 .2 0.1 0.1 0 .2

4 2 .6 0 .4 1.2 -0 .3 4 0.2 0.1 0.1 0 .0

5 2 .7 0 .3 2 .4 0 .0 5 0.5 0.1 0 .2 0.2

14 1 0.5 0 .7 0 .3 0 .4 20 1 0.5 0 .3 -0.1 0.1

2 2.3 0 .3 0 .8 -0.1 2 0 .6 0 .5 0.1 -0 .4

3 1.8 -0.1 0 .6 0.2 3 0.7 0 .4 -0 .2 0.2

4 3.3 0.1 2 .6 -0 .2 4 1.6 0 .4 0 .6 -0.1

5 2 .8 0.1 2 .8 -0.1 5 2.1 0 .3 1.5 0 .0

15 1 1.4 0 .6 1.0 0.7 21 1 0.2 0 .5 -0 .2 0.5

2 2 .4 0.1 2.1 -0.1 2 0 .7 0 .6 0.1 0.1

3 3.1 -0 .7 2 .5 0.0 3 0 .9 0 .5 0 .4 0.5

4 4 .6 -0 .2 4.1 -0.1 4 2 .3 0 .6 1.5 0.1

5 3.3 0 .2 3 .2 0.1 5 2 .6 0 .4 2 .4 0.2

16 1 0.2 0 .2 0 .0 0.1 22 1 0.3 0 .6 -0 .2 0 .4

2 0.1 0 .2 0.1 0.1 2 0.1 0 .6 0 .0 0.1

3 0.1 0.1 0 .0 0.1 3 0 .5 0 .4 -0 .2 0 .3

4 0 .2 0 .2 0 .0 0 .0 4 0 .2 0.6 0.1 0.1

5 0.5 0 .2 0.5 0 .2 5 1.0 0.5 0.3 0 .2

17 1 0 .3 0.1 0 .0 0.1 23 1 1.8 0.3 2 .2 0.3

2 0 .2 0 .2 0 .0 0 .0 2 2 .7 0.2 2.1 -0 .2

3 0 .2 0.1 0.1 0 .2 3 3 .2 -0 .5 3 .0 -0 .2

4 0 .2 0.1 0.1 0 .0 4 2.3 0 .3 1.9 -0 .2

5 0 .6 0.1 0 .5 0.3 5 2 .6 0 .4 2 .4 0 .0

18 1 0.3 0.1 0 .0 0.2 24 1 0.1 0.5 -0 .2 0.3

2 0 .2 0.2 0 .0 -0.1 2 0.1 0 .5 -0.1 0 .2

3 0 .3 0.1 0.1 0 .0 3 0 .0 0 .3 -0 .3 0 .4

4 0 .2 0.1 0 .0 0.1 4 0 .0 0 .5 -0.1 0.1

5 0 .5 0.2 0 .4 0.1 5 0 .9 0 .4 0 .6 0.3
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ตาราง ค.3 แสดงค่าการยุบตัว (Sink Mark) ที่ได้จากการทดลอง

C o n d .

26

27

28

S ec t.

1
2
3

4

5 

1 
2
3

4

5 

1 
2
3

4

5 

1
2
3

4

5

Up
0.1
0.1
0.0
0.1
0 .9

0.2
0.1
0.1
0 .4

0 .9

0.2
0.1
0.1
0 .4

0 .9

0.2
0.1
1.1
2.0
2 .3

L eft

0 .4

0 .4

0.2
0.5

0.3

0.5

0.5

0 .4

0 .4

0.3

0 .4

0.5

0.3

0.5

0 .4

0.6
0.5

0.5

0.5

0 .4

D o w n

-0.2
-0.2
-0 .3

-0.1
0.6
-0.1
-0.1
-0.2
0.1
0.6
-0.1
-0.1
-0.1
0.0
0.6
-0.2
-0.1
0.6
1.8
2.2

R ig h t

0 .3

0.1

0 .3

0.1
0 .4

0 .4

0.1
0.2
0.1
0 .3

0 .3

0.2
0.2
0.0
0 .3

0 .4

0.1
0 .4

0.1
0.2

C o n d . S ec t. U p L eft D o w n R ig h t

29 1 0.3 0 .8 -0.1 0 .7

2 1.3 0 .3 1.0 -0.1

3 1.5 0 .8 1.1 0 .2

4 2 .8 0.1 1.8 -0.1

5 2 .6 0 .2 2 .2 0.1

30 1 0 .2 0 .6 -0 .3 0 .5

2 -0.1 0 .7 -0 .2 0.1

3 0 .8 0.1 0 .3 0 .5

4 2 .2 0 .7 1.8 0.1

5 2.5 0 .8 2 .2 0.3

31 1 0 .2 0 .3 -0.1 0 .2

2 0.1 0 .4 -0.1 0.1

3 0 .0 0 .3 -0.1 0 .2

4 0.3 0 .4 0.1 0.1

5 0 .8 0 .2 0.5 0.3

32 1 0 .2 0 .4 -0.1 0.3

2 0.1 0 .4 -0.1 0.1

3 0.1 0 .4 -0 .2 -0 .3

4 0 .4 0 .4 0.1 0 .2

5 0 .7 0 .3 0 .7 0 .4
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ตาราง ค.4 แสดงค่าการโก่งตัว (Warpage) ที่ได้จากการทดลอง

Condition No. Volume Average M in Max Condition No. Volume Average M in Max

1 1

2

2.630

2.622

2.000 1.775 2.225 6 1

2

2.048

2.043

1.951 1.735 2.167

3 2.626 3 2.126

4 2.220 4 1.720

5 2.214 5 1.637

6 2.212 6 2.131

2 1 3.866 3.329 2.730 3.928 7 1 1.644 1.643 1.584 1.702

2 2.977 2

3 2.314 3 1.643

4 3.874 4 1.727

5 3.556 5 1.643

6 3.384 6 1.560

3 1 1.728 1.830 1.289 2.372 8 1 0.231 0.290 0.127 0.453

2 2.151 2 0.475

3 2.152 3 0.323

4 1.483 4 0.155

5 0.989 5 0.474

6 2.479 6 0.083

4 1 \ 9 1 1.878 1.715 1.490 1.940

2 \ 2 1.800

3

4

3

4

1.470

1.878

5 5 1.877

6 6 1.387

5 1 1.641 1.515 1.329 1.701 10 1 1.149 1.119 0.934 1.304

2 1.557 2 1.474

3 1.552 3 0.983

4 1.552 4 0.979

5 1.146 5 1.065

6 1.642 6 1.066
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ตาราง ค.4 (ต่อ) แสดงค่าการโก่งตัว (Warpage) ที่ไดจากการทดลอง

C ondition No. V olum e A verage M in M ax

11 1 1.537 1.362 1.155 1.570

2 1.231

3 1.557

4 1.148

5 1.146

6 1.555

12 1 2.935 2.806 2.400 3.212

2 3.291

3 2.056

4 2.799

5 2.878

6 2.874

13 1 1.966 1.867 1.679 2.056

2 2.128

3 1.874

4 1.557

5 1.875

6 1.803

14 1 2.129 2.397 2.184 2.610

2 2.768

3 2.373

4 2.284

5 2.452

6 2.373

15 1 2.524 2.129 1.851 2.408

2 2.193

3 1.952

4

5 2.187

6 1.791

Condition No. V olum e A verage Min M ax

16 1 2.525 2.332 2.136 2.527

2 2.128

3 2.372

4 2.458

5 2.458

6 2.051

17 1 2.615 2.426 2.198 2.655

2 2.369

3 2.537

4 2.125

5 2.697

6 2.214

18 1 2.212 2.624 2.415 2.834

2 2.712

3 2.618

4 2.703

5 2.791

6 2.709

19 1 2.786 2.643 2.341 2.945

2 2.796

3 2.218

4 3.071

5 2.453

6 2.536

20 1 1.547 1.412 1.311 1.513

2 1.299

3 1.456

4 1.412

5 1.467

6 1.289
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ตาราง ค.4 (ต่อ) แสดงค่าการโก่งตัว (Warpage) ที่ได้จากการทดลอง

C o n d itio n N o . V o lu m e A v e ra g e M in M ax

21 1 2 .8 6 5 3 .0 0 6 2 .7 5 7 3 .2 5 5

2 3 .1 9 5

3 3 .2 9 0

4 2 .7 9 4

5 3 .1 9 3

6 2 .6 9 9

22 1 1 .8 84 2 .1 1 9 1 .892 2 .3 4 7

2 2 .3 6 8

3 1 .968

4 2 .3 0 2

5 2 .3 0 2

6 1.891

23 1 0 .7 2 7 1 .087 0 .6 8 9 1 .485

2 1 .237

3 0 .5 4 8

4 1 .315

5 1 .065

6 1.631

2 4 1 0 .8 9 4 0 .4 6 2 0 .0 7 8 0 .8 4 6

2 0 .0 0 0

3 0 .0 8 3

4 0 .4 0 8

5 0 .4 8 9

6 0 .8 9 7

25 1 0 .6 5 5 0 .4 3 5 0 .2 5 9 0 .6 1 2

2 0 .1 6 7

3 0 .4 91

4 0 .3 2 2

5 0 .4 0 5

6 0 .5 7 3

C o n d itio n N o . V o lu m e A v e ra g e M in M ax

26 1 1 .387 1 .449 1.243 1 .656

2 1 .709

3 1 .2 14

4 1 .697

5 1 .299

6 1.391

27 1 0 .9 7 9 1.211 0 .9 8 3 1 .439

2 1 .393

3 1 .224

4 0 .9 0 0

5 1 .476

6 1 .292

28 1 1 .387 1 .180 0 .9 6 9 1 .3 90

2 1 .384

3 1 .132

4 1 .300

5 0 .8 9 6

6 0 .9 7 9

29 1 1 .536 1 .315 1 .056 1 .574

2 1 .635

3 1 .140

4 1 .462

5 1 .057

6 1 .060

3 0 1 1 .546 1.341 1 .109 1 .572

2 1 .049

3 1 .140

4 1 .217

5 1 .546

6 1 .545
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ตาราง ค .4 (ต ่อ ) แ ส ด งค ่าก าร โก ่งต ัว  (W a rpage ) ท ี่ได ้จ ากการท ด ลอ ง

C o n d it io n N o . V o lum e A ve rage M in M ax

31 1 1.469 1.776 1.460 2.093

2 2.186

3 1.468

4 1.553

5 1.958

6 2.022

32 1 1.788 1.792 1.615 1.969

2 2.031

3 1.879

4 1.781

5 1.787

6 1.489
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ภาคผนวก ค

ภาพตัดขวางที่ตำแหน่งต่างๆ ของชิ้นงานที่สภาวะเปลี่ยนแปลงไป
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ภาคผนวก ฆ

วิธีการใชโปรแกรมการวัดค่าต่างๆ

ฆ.!) การวัดค่าการโก่งตัวของช้ินงาน (Warpage!

มีข ันตอนต่างๆ ด ังต ่อไปน ี
1. ) นำช ิ้นงานมาต ัดส ่วนท ี่เป ึนช ่องลำเล ียง (Runner) พ ลาสต ิกหลอมออก
2. ) จากน ันนำช ิน งานไปสแกน (Scan) แสดงตังรูป ฆ .1

ร ูป ฆ .1 แสดงภาพจากการสแกนช ินงาน

3. ) เป ิดโปรแกรมการว ัดค ่าและเป ิดภาพจากการสแกน
4. ) ทำการสร ้างแกนอ้างอ ิงของช ิ้นงาน จากทางด ้านท ิศทางการไหลเข ้าของพ ลาสต ิกหลอมและแก ๊ส  

แสดงด ังร ูป ฆ.2



153

รูป ฆ.2 แสดงการสร้างเค้นอ้างอิง

5.) วัดค่าการโก่งงอของชินงานจากทางด้านปลายของชินงานอีกทางด้านหน่ึง

รูป ฆ.3 แสดงตำแหน่งการวัดการโก่งตัวของชินงาน

ฆ.2) การว ัดค ่าความหนาตกค ้างของช ิ้นงาน (RW T) และการย ุบต ัวของช ิ้นงาน (Sink M ark)

มีข้ันตอนต่างๆ ตังต่อไปนี้
1. ) ภายหลังตัดชินงานตามตำแหน่งต่างๆ ท่ีต้องการ
2. ) ทำการสแกน (Scan) ภาพตัดขวางของช้ินงานท่ีตำแหน่งน้ันๆ
3. ) เปิดโปรแกรมการวัดค่าและภาพจากการสแกน (Scan) แสดงตังรูป ฆ.4
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รูป ฆ.4 แสดงภาพสแกนจากการตัดชนงาน

4.) เร่ิมทำการสร้างเสันอ้างอิง โดยเสันอ้างอิงน้ีจะเป็นเสันแบ่งคร่ึงของช้ินงานท้ังแกน X และแกน Y 
แสดงตังรูป ฆ.5

รูป ฆ.5 แสดงเสันอ้างอิงในการวัดค่า

5.) วัดค่าความหนาตกอ้างของช้ินงาน (RWT) ท่ีตำแหน่งต่าง  ๆบนเสันอ้างอิง แสดงตังรูป ฆ.6
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รูป ฆ.6 แสดงตำแหน ่งการว ัดค ่าความหนาตกค ้างและการย ุบต ัว

6.) จากค ่าตำแหน ่งของจ ุดค ้างอ ิงช ิ้นงานและจ ุดว ัดค ่าความหนาของช ิ้นงานต ่างๆ สามารถนำมาคำนวณ  
ค ่าการหดต ัวของช ิ้นงาน (Sink Mark) และค ่าความหนาตกค ้างของช ิ้นงาน (RWT) ในแต ่ละค ้านของช ิ้นงาน

'ม.3 ) การแปลงหน่วย

เน ื่องจากหน ่วยในการว ัดขนาดท ี่ไค ้จากคอมพ ิวเตอร ์จะเป ็นหน ่วยพ ิกเชล (Pixel) ซ ึ่งต ้องทำการแปลง  
หน่วยเป ็นม ิลล ิเมตร (mm.) โดยสามารถท ำไค ้ต ังน ี้ 1 2

1. ) ทำการสแกน (Scan) ไม ้บรรท ัดเหล ็กท ี่ม ีขนาดท ี่แน ่นอน
2. ) ทำการเปร ียบเท ียบหน ่วยโดยการว ัดขนาดของไม ้บรรท ัดท ี่ 10 ม ิลลิเมตร ว่าเท ่าก ับก ี่พ ิกเซล (Pixel)
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ประวัติผู้เขียนวิทยานิพนธ์

นาย ต่อ ฉวานนท ์ เก ิดเม ื่อว ันท ี่ 27 เมษายน พ.ศ. 2518 จังหวัด กรุงเทพมหานคร สำเร็จการศึกษา 
ปริญญาวิศวกรรมศาสตรบ ัณฑ ิต ภาควิชาวิศวกรรมเคมี คณ ะว ิศวกรรมศาสตร์ มหาว ิทยาล ัยเทคโนโลย ีพระจอม  
เกล ้าธนบ ุร ี ในป ีการศ ึกษา 2540 และเข ้าศ ึกษาต ่อในหล ักส ูตรว ิศวกรรมศาสตรมหาบ ัณ ฑ ิต ท ี่จ ุฬาลงกรณ ์ 
มหาวิทยาลัยเม ื่อ พ.ศ. 2545

ป ิจธ ุบ ันทำงานในหน ่วยงานวิจ ัยและพ ัฒ นา ช ิ้นส ่วนยานยนต ์ท ี่เป ็นพลาสต ิก บริษ ัท ไทย1ซ ัมม ิทโอโต  
พาร์ท อ ินด ัสตรี จำกัด
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