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Chapter IV

Experimentation

T h e  e x p e r im e n ta t io n  c o n d it io n  w il l  b e  d e te r m in e d  b y  th e  p r e lim in a r y  d a ta  

fro m  s a m p lin g  fa c to r ie s . In  o rd er  to  co r r e la te  o f  s o m e  sa n d  p r o p er tie s  w ith  th e  

o c c u r r e n c e  b lo w h o le  an d  p in h o le  d e fe c t .

Details of The Experimentation

C a stin g  ite m  o f  th is  w o r k  w a s  d e s ig n e d  fo l lo w in g  th e  p r o b le m  o f  a  rea l 

p r o d u c t in  th e  fa cto ry . S in c e  th e  C r M o 4 0 L  (0 .3 8 -0 .4 3 % C , 0 .3 0 - 0 .6 0 % S i, 0 .7 0 -

0 .9 0 % M n , 0 .7 0 -0 .9 0 % C r , 0 .1 8 -0 .2 2 % M o , <  0 .0 5 % p  a n d  <  0 .0 5 % S ) part w a s  a  

sa m p lin g  p rod u ct w ith  p in h o le s  o n  b ig  th in  su r fa c e , th u s , th e  s p e c im e n  w a s  

d e s ig n e d  a s  10 c m  X15 c m  xl  c m  p la te  fo r  in v e stig a tio n .

V

R e a l c a s t in g (C r M o 4 0 L ) S im u la te d  c a s t in g (th in  p la te )

Figure 4-1. D r a w in g s  o f  rea l c a s t in g (C r M o 4 0 L  part) in  th e  sa m p lin g  fa c to r y  a n d  

th e  s im u la te d  c a s t in g  fo r  th e  ex p e r im e n ta tio n .
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T h e  d e fe c t  ty p e  to  b e  s tu d ie d  in  th is  w o r k  is  th e  p in h o le  s in c e  it  is  th e  

m o s t  freq u e n tly  o ccu rred  a n d  sh o u ld  b e  ta k e n  ca re  o f  first. S te r e o lo g ic a l  te c h n iq u e  

w a s  u s e d  to  d e te r m in e  g a s  c a v it ie s  b y  c a lc u la t in g  th e  l in e  fr a c tio n  o f  cu t su r fa c e  

a n d  c a v it ie s  o n  g r id  lin e . T h e  m e th o d  is  s h o w n  in  F ig u re  4 -2 .

Design of Experimentation

T h e  o b je c t iv e s  o f  th e  w o r k  are to  s tu d y  a n d  id e n tify  th e  sa n d  p rop erties  

th at in f lu e n c e  p in h o le  a n d  b lo w h o le . T h e  fa c to r s  a n d  th e ir  l e v e l s  are s e t  u p  fro m  

stu d y in g  th e  p re lim in a ry  d a ta  an d  litera tu re  su rv ey , a n d  c o m p a r e d  w ith  th e  th eo ry  

in  th e  p r e v io u s  ch ap ter. B y  s e le c t io n  o f  s o m e  p r o p erties  o f  sa n d , th is  w o r k  s e le c te d  

f iv e  fa c to r s , w h ic h  in f lu e n c e  p in h o le  a n d  b lo w h o le  a c c o r d in g  to  th e  e x p la n a tio n  in  

th e  s c o p e  se c tio n . T h e  f iv e  fa c to r s  an d  tw o  le v e l s  in  th e  e x p e r im e n t  are s h o w n  in  

T a b le  4 -1 .

Table 4-1. F a cto rs an d  le v e ls  o f  th e  ex p e r im e n ta tio n .

F a cto r
L e v e l

1 2

A )  F in e ss  n u m b er  (A F S ) 4 9 4 6
B )  C la y  c o n te n t 4 .5  % 6 .5  %
C ) S tarch  c o n te n t 0 .5  % 1 %
D )  M o is tu r e  c o n te n t 2 .5  % 4 %
E ) P o u r in g  tem p era tu re 1550 °c 1620 °c
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B y  th e  d e s ig n  o f  e x p e r im e n ta t io n  (D O E ), fa c in g  sa n d  is  v a r ie d  a s  tw o  

le v e ls  in  e a c h  fa cto r , th u s , th e  n u m b e r  o f  c o n d it io n s  are  th ir ty -tw o  runs. T h e  th irty- 

tw o  runs c a n  b e  in d ic a te d  b y  f iv e -n u m b e r s  c o d e , w h ic h  s h o w n  in  T a b le  4 -2 .

Table 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  runs.

A B c D E
1 1 1 1 1 1
2 1 1 1 1 2
3 1 1 1 2 1
4 1 1 1 2 2
5 1 1 2 1 1
6 1 1 2 1 2
7 1 1 2 2 1
8 1 1 2 2 2
9 1 2 1 1 1
10 1 2 1 1 2
11 1 2 1 2 1
12 1 2 1 2 2
13 1 2 2 1 1
14 1 2 2 1 2
15 1 2 2 2 1
16 1 2 2 2 2

A B c D E
1 7 2 1 1 1 1
1 8 2 1 1 1 2
19 2 1 1 2 1
2 0 2 1 1 2 2
21 2 1 2 1 1
2 2 2 1 2 1 2
2 3 2 1 2 2 1
2 4 2 1 2 2 2
2 5 2 2 1 1 1
2 6 2 2 1 1 2
2 7 2 2 1 2 1
2 8 2 2 1 2 2
2 9 2 2 2 1 1
3 0 2 2 2 1 2
31 2 2 2 2 1
3 2 2 2 2 2 2

B a c k in g  sa n d  is  u s e d  sa n d , b e c a u s e  b a c k in g  sa n d  in f lu e n c e  v a p o r iz a t io n  o f  

m o is tu r e  th a t w i l l  b e  g a s , a n d  p e r m e a b ility  th at in f lu e n c e  g a s  e sc a p in g . T h u s, 

p e r m e a b ility  an d  m o is tu r e  c o n te n t  o f  b a c k in g  sa n d  are n e e d e d  to  b e  co n tr o lle d . 

P e r m e a b ility  o f  arou n d  1 5 0 -2 0 0  a n d  3 .6  %  m o is tu r e  w e r e  c o n tr o lle d  in  th is

e x p e r im e n t.
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G rain  f in e s s  n u m b er  o f  sa n d  w a s  c o n tr o lle d  b y  s c r e e n in g  dry sa n d  b e fo r e  

sa n d  p reparation . T h e  5 0  k ilo g r a m s  o f  dry sa n d  w a s  sep a ra te d  to  b e  fin er  g ra in  a n d  

c o a r se r  gra in  b y  s ie v e  n u m b er  6 5 . T h e n , e a c h  s c r e e n e d  sa n d  w a s  m ix e d  and  

d iv id e d  in to  tw o  g ro u p s sand . T h e  first g ro u p  is  m ix in g  o f  n o rm a l sa n d  an d  co a rser  

g ra in  sa n d , th e  s e c o n d  gro u p  is  m ix in g  o f  n o rm a l sa n d  an d  f in e r  g ra in  san d . A fte r  

m ix in g , sa n d  w a s  test. T h e  first gro u p  c a l le d  “ n o r m a l” g ra in  s iz e  w ith  g ra in  f in e s s  

n u m b e r  o f  a b o u t 4 5  an d  th e  o th er  c a lle d  “ f in e r ”  g ra in  s iz e  w ith  g ra in  f in e s s  n u m b er  

o f  a b o u t 4 9  (A F S  standard).

E a c h  run o f  3 2  runs w i l l  p r o v id e  5 c a s t in g s . S o , to ta l n u m b e rs  o f  c a s t in g s  

are 1 6 0  p ie c e s .

M o is tu r e  c o n te n t is  s e le c te d  b e c a u s e  it  in f lu e n c e s  p in h o le  b y  in c r e a s in g  o f  

g a s  b y  v a p o r iz a tio n  o f  m o istu re . C la y  a n d  starch  are  th e  m a in  a d d it iv e s  o f  

m o ld in g , w h ic h  a ls o  in f lu e n c e  p in h o le . C la y  is  a d d ed  to  b o n d  sa n d s; th e re fo re ,  

c la y  m ig h t r e d u c e  th e  p e r m e a b ility  o f  san d . S tarch  is  a d d e d  fo r  in c r e a s in g  

to u g h n e ss  o f  sa n d  w h e n  lif t in g  o f f  th e  p a ttern , b u t starch  w i l l  d e c o m p o s e  an d  

b e c o m e  g a se s . A fte r  sa n d  m ix in g  p r o c e ss , p e r m e a b ility , c o m p r e s s iv e  stren g th  and  

% lo ss  o n  ig n it io n  w e r e  te s ted . A fter  th e  fo u n d r y  p r o c e s s , th e  c a s t in g s  w e r e  c u t  fo r

g a s  c a v ity  m ea su re m e n t.
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Stereological Technique for Measuring the Fraction of Cavities

S in c e  p in h o le s  a t th e  s e c t io n  h a v e  v a r io u s  s iz e s ,  th e  m e a su r e m e n t o f  th e  

a m o u n t o f  p in h o le s  sh o u ld  b e  a  m e th o d  w h ic h  c a n  c o m p a r e  a ll a rea  o f  g a se s  o n  th e  

cu t su rfa ce . T h e  c h o s e n  m e th o d  is  th e  s te r e o lo g ic a l  te c h n iq u e , w h ic h  e m p lo y s  

d ia g o n a l l in e  o n  th e  cu t su rfa ce . T h e  le n g th  fr a c tio n  o f  th e  l in e  th at p a ss  p in h o le ’s  

a rea  a n d  sm o o th  area  o n  th e  c u t  su r fa c e  w e r e  m ea su re d . F ig u r e  4 -2  s h o w s  s te p s  o f  

th e  m eth o d .

M a k e  a  s e c t io n , th e n  in v e s t ig a te d  g a s  c a v it ie s  D r a w n  a  d ia g o n a l l in e

h - A H  H H  l— c — 1

1ว E

C a lc u la te d  c a v it ie s  fr a c tio n  b y  (D + E ) /(A + B + C + D + C )

Figure 4-2. D ia g ra m  sh o w in g  th e  s te p s  e m p lo y e d  to  d e te r m in e  th e  area  o f

c a v it ie s .
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Experimental Procedure

F ro m  th e  e x p la n a tio n  in  th e  s c o p e  o f  w o rk , th e  e x p e r im e n ta l p r o c e d u r e s  

w ill  b e  d e s ig n e d  a s  fo llo w s:

1. W o o d  p attern s w e r e  m a d e  w ith  th e  s iz e  o f  1 c m  x i o  c m  X 15 c m  p la te .

2 . T w o  d iffe r e n t gra in  s iz e s  o f  sa n d  w e r e  p rep a red  b y  s c r e e n in g  d ry  san d  

( n e w  c h r o m ite  sa n d ) an d  m ix  e a c h  s c r e e n e d  sa n d  in to  th e  n e w  sa n d  for  

c la s s i f ic a t io n  sa n d s a s  tw o  grou p s; n o rm a l g ra in  f in e s s  n u m b e r  sa n d  a n d  fin er  

g ra in  f in e s s  n u m b er  sand .

3 . P rep are th e  fa c in g  sa n d  a s 16 fo r m u la s  (o n ly  fir st  fo u r  fa c to r s )  b y  

c a lc u la t io n  th e  w e ig h t  ratio  o f  sa n d  m ix in g . T h e n , m ill  sa n d  w ith  a ll o f  p rep ared  

a d d it iv e s  in  th e  m ill in g  m a ch in e . D u r in g  m il l in g  p r o c e s s , s a m p lin g  m ix e d  sa n d  to  

te s t  th e  m o is tu r e  co n ten t. I f  th e  m o is tu r e  c o n te n t  is  le s s  th a n  th e  c o n tr o lle d  le v e l ,  

a d d  m o r e  w a te r  in  th e  m ill in g  an d  m ill  a g a in . T h e  m il l in g  t im e  w e r e  a b o u t 3 

m in u tes . A fte r  m ill in g , k e e p  e a c h  fo r m u la s  o f  fa c in g  sa n d  in  p la s t ic  b a g s  to  

p r e se r v e  m o is tu r e  b e fo r e  u sin g .

4 . P rep are b a c k in g  san d  b y  m il l in g  u s e d  sa n d  w ith  c o n tr o ll in g  o f  th e  

m o is tu r e  c o n te n t  o f  arou n d  3 .6  % (b e tw e e n  3 .4  %  an d  3 .8  % ). T h e  m il l in g  t im e  o f  

b a c k in g  sa n d  w e r e  arou n d  2  to  3 m in u tes .

5. A fte r  sa n d  p rep aration , p e r m e a b ility , c o m p r e s s iv e  s tren g th  a n d  % lo ss  

o n  ig n it io n  o f  e v e r y  fo rm u la  o f  fa c in g  sa n d  w e r e  te s te d  a n d  rec o r d ed .

6 . In m o ld in g  p r o c e ss , c o v e r  th e  p attern  b y  fa c in g  sa n d  arou n d  2  c m  

th ic k n e ss  b e fo r e  p u ttin g  in  b a c k in g  sand . B o th  fa c in g  a n d  b a c k in g  sa n d  w e r e
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ra m m ed  b y  h a n d  an d  m a d e  h o le s  fo r  g a s  v e n t in g  arou n d  15 h o le s  p e r  c a s t in g  o n  th e  

u p p er  m o ld .

7. In  m e ta l p rep ara tion , c h a r g e d  C r M o 4 0 L  (0 .3 8 -0 .4 3 % C , 0 .3 0 -0 .6 0 % S i,

0 .7 0 -0 .9 0 % M n , 0 .7 0 -0 .9 0 % C r , 0 .1 8 -0 .2 2 % M o , <  0 .0 5 % p  an d  <  0 .0 5 % S ) scra p  in  

th e  in d u c tio n  fu rn a ce  (m e ta l ch a r g e  is  arou n d  2 7  k ilo g r a m s  p er  ch a r g e ). A fte r  

m e lt in g , f lu x  w a s  u se d  fo r  s la g  r e m o v in g  b e fo r e  tap p in g .

8. S tr ic tly  c h e c k  p o u r in g  tem p era tu re  b y  th e r m o c o u p le  fo r  c o n tr o ll in g  

p o u r in g  tem p era tu re  in  e v e r y  tap p in g . B e c a u s e  th e  p o u r in g  tem p era tu r e  w i l l  b e  

1 0 -1 5  ° c  lo w e r  th an  ta p p in g  tem p era tu re , th u s  tem p era tu r e  n e e d e d  b e  c h e c k e d  

a g a in  b e fo r e  pou rin g .

9 . D u r in g  ta p p in g , p u t a lu m in u m  (d e o x id iz e r )  in  th e  la d le  fo r  d e g a s  in  

m e ta l d u r in g  p o u r in g (a lu m in u m  w a s  u se d  arou n d  1 .5  %  b y  w e ig h t) .

10 . R u n  th e  th ir ty -tw o  e x p e r im e n ts  w ith  5 c a s t in g s  p e r  e x p e r im e n t  ( a l l  are  

1 6 0  c a s t in g s ) . A fte r  th e  c a s t in g  w a s  r a m m e d  o f f ,  c le a n  a n d  cu t o f f  th e  g a tin g  

s y s te m  ( fe t t lin g ) . T h en , cu t th e  c a s t in g  a n d  m e a su r e d  th e  fr a c tio n  o f  c a v it ie s  o n  cu t  

su r fa c e s . T h e  r esu lts  w i l l  b e  c a lc u la te d  b y  s te r e o lo g ic a l  te c h n iq u e .

11. A n a ly z e  th e  resu lts  b y  u s in g  s ta tis t ic a l a n a ly s is  (a n a ly s is  o f  v a r ia n ce:  

A N O V A )  fo r  in v e s t ig a t in g  s ig n if ic a n c e  le v e l  o f  e a c h  fa c to r  o n  sa n d  te s t  r e su lts  an d  

s te r e o lo g ic a l  resu lts .

12. C o n c lu d e  th e  a n a ly z e d  resu lt.
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Flow Chart of Work Procedure

Figure 4-3. Flow chart o f work procedure.
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