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Blow hole, pin hole and shnnkage cavities are most common defect found in cast steel 
factories ill Thailand. Various factors contributed to these defects in CrMo40L low alloy steel were 
investigated. Sand properties and pouring temperatures were considered to be two major factors. Sand 
properties and pouring temperature data recorded during actual casting operation in a factor}, w ere analyzed 
with respect to the defects found in cast products. Experimental design was applied to determine the 
number of experiments to simulate actual casting condition. Appropriate levels of sand mixing were 
chosen to vary permeability, compressive strength, and % loss on ignition The levels of sand mixing w ere 
controlled by clay content as 4.5 and 6.5 %. moisture as 2.5 and 4 %. starch content as 0.5 and 1 %. AFS 
grain fmess number of sand as 46 and 49. and pouring temperature of 1550 °c and 1620 °c. The cavities 
occurrence was measured by stereological measurement. The result of measurement led to comparisons of 
each factor on tile cavities occurrence using statistical analysis. The best condition that minimizes gas 
cavity is grain fmess number of 46. clay content of 4.5 %. starch of 0.5 %. moisture of 2.5 % and pouring 
temperature of 1620 üc. This same sand formula can also be used in accompanied with pouring 
temperature of 1550 °c. in order to save cost. However the low pouring temperature is not recommended 
for pouring to a lot of molds by single ladle because of the effect of temperature drop and the greater 
chance of blow hole.

«  M ETALLURGICAL ENGINEERINGภาควชา...... .........โโ...โ   ...โ...:...
«  METALLURGICAL ENGINEERINGสาขาวชา  ........โ.โ  .โ ....โ ......โ โ.......

ฟิเ__ 1998จ การศกษา......โโ......................................

ลายมือชื่อนิสิต
ลายมือชื่ออาจารย์ที่ปรึกษา.

อชื่ออาจารย์ที่ปรึกษาร่วม   ]โ t .  ลายม
^ . ร . . . . ฐ ^  ร >

J T  ฝ " Ü C ./L X



VI

ACKNOWLEDGEMENT

F ir st ly , th e  au th or w o u ld  lik e  to  e x p r e ss  h is  s in c e r e  g ra titu d e  to  h is  

a d v iso r s , A s s o c ia te  P r o fe sso r  D r. P aritu d  B h u n d h u b u n y o n g  a n d  D r. J o h n  T . H . 

P ea rce . A c k n o w le d g m e n ts  a lso  e x te n d e d  to  th e  o th er  m e m b e r s  o f  c o m m itte e ,  

A s s o c ia te  P r o fe sso r  D r. C h a tch a i S o m sir i fo r  h is  s t im u la t in g  c r it ic ism s  an d  

s u g g e s t io n s  an d  D r. S a w a i D a m c h a iw ic h it  fo r  h e lp fu l d is c u ss io n s .

T h e  au th o r  is  g ra tefu l to  th e  D ep a r tm en t o f  M e ta llu r g ic a l E n g in e e r in g  

a n d  th e  N a tio n a l S c ie n c e  an d  T e c h n o lo g y  D e v e lo p m e n t  A g e n c y  (N S T D A )  fo r  th e  

f in a n c ia l sup port.

T h e  au th or  w o u ld  lik e  to  th an k  th e  S ia m  N a w a lo h a  F o u n d ry  C o ., Ltd. 

a n d  th e  S ia m  N is s a n  C a stin g  C o ., Ltd. fo r  su p p ly in g  n e c e s s a r y  data.

T h e  au th or  is  p le a se d  to  a c k n o w le d g e  M r. Isa m u  T a k i fo r  s u g g e s t io n s  o f  

c a s t in g  d e fe c ts . T h a n k s are a ls o  d u e  to  M r. W ich a i S a ith o n g , M r. S a y n e e  

M a n e e p e tc h , a n d  M r. A k arat W a iy a n it  at fo u n d ry  w o r k sh o p  fo r  e x p e r im e n ta l  

w o rk s.

F in a lly , s p e c ia l  th an k s to  D r. B u n c h a  T a n a b o o n so m b u t o f  th e  N a tio n a l  

M eta l an d  M a ter ia ls  T e c h n o lo g y  C en ter  (M T E C ) for  g u id a n c e  a n d  p r o v is io n  o f

th e  research .



TABLE OF CONTENTS

P a g e

A b stra c t (T h a i) ....................................................................................................................................................iv

A b str a c t ( E n g l is h ) ..............................................................................................................................................V

A c k n o w le d g e m e n t ...........................................................................................................................................v i

T a b le  o f  C o n te n ts .............................................................................................................................................v i i

L is t  o f  F ig u r e s .................................................................................................................................................. v i i i

L is t  o f  T a b le s ..........................................................................................................................................................X

C h a p ter

I. In tr o d u c tio n ................................................................................................................................ 1

IL L iteratu re  s u r v e y .....................................................................................................................3

n i .  F u n d a m en ta l d a ta .................................................................................................................11

IV . E x p e r im e n ta t io n .................................................................................................................. 15

V . R e su lts  a n d  D is c u s s io n ..................................................................................................23

V I. C o n c lu s io n s ............................................................................................................................6 5

R e fe r e n c e s .............................................................................................................................................................6 8

A p p e n d ix ............................................................................................................................................................... 7 0

B io g r a p h y .............................................................................................................................................................. 71

vu



vm

F ig u re  P a g e

2 -1  S o u r c e s  o f  g a se s  in  m e ta l ................................................................................................................... 4

2 -2  E f fe c t  o f  g ra in  s iz e ,  c la y  co n te n t a n d  gra in  sh a p e  o n  p e r m e a b ility  o f

m o ld in g  s a n d ..............................................................................................................................................6

2 -3  P lo t  o f  in ter a c tio n s  b e tw e e n  p e r m e a b ility  an d  lo s s  o n  ig n it io n ..................................8

2 -4  B lis te r  (a  ty p e  o f  g a s  d e fe c ts )  re je c ts  b y  m o ld  p o u r in g  t im e ....................................... 9

2 -  5 I n f lu e n c e  o f  m o ld  se q u e n c e  an d  lo w e r  p o u r in g  tem p era tu re  o n  g a s

v e n t ila t io n  d u rin g  s o l id if ic a t io n ....................................................................................................10

3 -  1 P lo t  o f  re la tiv e  a m o u n t o f  c a s t in g  d e fe c ts , rep orted  b y  s a m p lin g  fa c to r ie s

n u m b er  an d  h e a t r e s is t in g  s t e e l .................................................................................................. 11

3 -  2  F ish b o n e  d ia g ra m  o f  p in h o le  an d  b lo w h o le .........................................................................13

4 -  1 D r a w in g s  o f  rea l c a s t in g  and  s im u la te d  c a s t in g ............................................................ 15

4 -2  D ia g r a m  s h o w in g  th e  s te p s  e m p lo y e d  to  d e term in e  th e  a m o u n t o f  c a v it ie s . . .  19

4 -  3 F lo w  ch art o f  w o r k  p r o c e d u r e ...................................................................................................2 2

5 -  1 C u t su r fa c e s  o f  s te r e o lo g ic a l m e a su r e m e n t.......................................................................2 5

5 -2  D is tr ib u tio n  d ia g ra m  o f  tw o  v a lu e s  o f  g ra in  f in e s s  n u m b e r ....................................... 2 6

5 -3  R o u n d  sa n d  in  th e  e x p e r im e n ta l................................................................................................... 2 7

5 -4  E f fe c t  o f  g ra in  f in e s s  n u m b er  o n  p e rm ea b ility  o f  m o ld in g  s a n d ............................. 33

5 -5  E f fe c t  o f  c la y  c o n te n t  o n  p e rm ea b ility  o f  m o ld in g  s a n d ...............................................3 4

5 -6  E f fe c t  o f  starch  c o n te n t o n  p e r m e a b ility  o f  m o ld in g  sa n d .......................................... 3 5

5 -7  E f fe c t  o f  m o is tu re  c o n te n t o n  p e r m e a b ility  o f  m o ld in g  s a n d .................................... 3 6

LIST O F FIG U R E S



LIST O F FIG U R E S (C O N T IN U E D )

F ig u re  P a g e

5 -8  E f fe c t  o f  c la y  c o n te n t  o n  c o m p r e s s iv e  stren g th  o f  m o ld in g  sa n d ...................... 3 7

5 -9  E f fe c t  o f  g ra in  f in e s s  n u m b e r  o n  % lo ss  o n  ig n it io n  o f  m o ld in g  s a n d ........... 3 8

5 -1 0  E f fe c t  o f  starch  c o n te n t  o n  % lo ss  o n  ig n it io n  o f  m o ld in g  sa n d ......................... 3 9

5 -1 1  E f fe c t  o f  m o is tu r e  o n  % lo ss  o n  ig n it io n  o f  m o ld in g  s a n d ......................................4 0

5 -1 2  C o rre la tio n  b e tw e e n  p e rm ea b ility , b lo w h o le  a n d  p o u r in g  te m p e r a tu r e ........ 4 3

5 -1 3  C o rre la tio n  b e tw e e n  % lo ss  o n  ig n it io n , b lo w h o le  a n d  p o u r in g

T e m p era tu re ...........................................................................................................................................4 3



LIST  O F T A B L E S

T a b le  P a g e

3 -1  D a ta  o f  fa c in g  sa n d s, c o l le c te d  in  th e  fa c to r y .....................................................................12

3 -2  D a ta  o f  b a c k in g  sa n d s, c o l le c te d  in  th e  fa c to r y ................................................................ 12

3 -3  S p e c if ic a t io n  o f  c h r o m ite  sa n d ................................................................................................... 13

3 -4  S p e c if ic a t io n  o f  b a c k in g  s a n d ........................................................................................................13

3 -  5 C a u s e s -e f fe c ts  o f  s o m e  d e f e c t s .................................................................................................14

4 -  1 F a cto rs an d  le v e ls  o f  th e  e x p e r im e n ta t io n .........................................................................16

4 -  2  T h e  fiv e -n u m b e r s  c o d e s  o f  e a c h  c o n d it io n  in  th e  th ir ty -tw o  r u n s .....................17

5 -  1 S u m m a ry  o f  sa n d  te s t  r e s u lts .....................................................................................................2 3

5 -2  S u m m a ry  o f  s te r e o lo g ic a l  m e a su r e m e n t r e s u lt s ............................................................... 2 4

5 -2  S u m m a ry  o f  s te r e o lo g ic a l  m e a su r e m e n t r e s u lt (c o n t in u e d ) ....................................... 2 5

5 -3  S ie v e  a n a ly s is  r e s u lts ..........................................................................................................................2 6

5 -4  E f fe c t  o f  gra in  f in e s s  n u m b er  o n  p e r m e a b ility  (d a ta  fro m  T a b le  5 - 1 ) ............... 2 8

5 -5  E f fe c t  o f  c la y  c o n te n t  o n  p e rm ea b ility (d a ta  fro m  T a b le  5 - 1 ) ...................................2 9

5 -6  E f fe c t  o f  starch  c o n te n t o n  p e r m e a b ility (d a ta  fro m  T a b le  5 - 1 ) .............................. 2 9

5 -7  E f fe c t  o f  m o is tu re  co n te n t o n  p e rm ea b ility (d a ta  fro m  T a b le  5 - 1 ) .........................3 0

5 -8  E f fe c t  o f  c la y  c o n te n t  o n  c o m p r e s s iv e  s tr e n g th ................................................................ 3 0

5 -9  E f fe c t  o f  gra in  f in e s s  n u m b er  o n  % lo ss  o n  ig n i t io n ....................................................... 31

5 -1 0 E ffe c t  o f  starch  c o n te n t o n  % lo ss  o n  ig n i t io n ....................................................................31

5-1  lE f t e c t  o f  m o is tu r e  c o n te n t o n  % lo ss  o n  ig n i t io n ............................................................. 3 2

5 -1 2 R e la t io n  b e tw e e n  sa n d  p rop erties  a n d  p r e se n c e  o f  b lo w h o le  a s  d e te r m in e d

b y  s te r e o lo g ic a l  m e th o d .................................................................................................................... 4 2



XI

T a b le  P a g e

5 -1 3 E f fe c t  o f  g ra in  s iz e ,  c la y , starch  a n d  m o is tu r e  o n  p e r m e a b ility  t e s t ...................4 6

5 -1 4 E f fe c t  o f  g ra in  s iz e ,  c la y , starch  an d  m o is tu r e  o n  c o m p r e s s iv e  s tren g th  te s t .4 9

5 -1 5 E ffe c t  o f  g ra in  s iz e ,  c la y , starch  an d  m o is tu r e  o n  % lo ss  o n  ig n it io n  t e s t ......... 5 2

5 -1 6 D a ta  fro m  ta b le  5 -2  fo r  s ta tis tic a l a n a ly s is  o f  b lo w h o le  o c c u r r e n c e .....................5 2

5 -1 7 T h e  15 z e r o  d e fe c t  c o n d it io n s  fro m  T a b le  5 - 2 ...................................................................6 0

5 -1 8  S u m m a ry  o f  th e  b e s t  c o n d it io n  z e r o  d e f e c t ........................................................................ 6 2

5 -1 9 T h e  fo u r  z e r o  d e fe c t  c o n d it io n s  w ith  lo w  p o u r in g  te m p e r a tu r e ..............................6 3

LIST O F T A B L E S (C O N T IN U E D )


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


