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Chapter 1

Introduction

Scilab code Exa 1.1 Find the economical manufacturing method

1 // Example 1 . 1
2 clc

3 FDCB =33500 // f o r g i n g d i e c o s t f o r b l o c k e r type
4 FSCB =2500 // f o r g i n g d i e s e tup c o s t f o r b l o c k e r type
5 FPCB =160 // f o r g i n g p i e c e c o s t f o r b l o c k e r type
6 MTCB =86240 // machin ing t o o l i n g c o s t f o r b l o c k e r type
7 MSCB =7120 // machin ing s e tup c o s t f o r b l o c k e r type
8 MRCB =1600 // machin ing runn ing c o s t f o r b l o c k e r type
9 FDCCT =65000 // f o r g i n g d i e c o s t f o r c l o s e t o l e r a n c e

10 FSCCT =3600 // f o r g i n g d i e s e tup c o s t f o r c l o s e
t o l e r a n c e

11 FPCCT =220 // f o r g i n g p i e c e c o s t f o r c l o s e t o l e r a n c e
12 MTCCT =10000 // machin ing t o o l i n g c o s t f o r c l o s e

t o l e r a n c e
13 MSCCT =1080 // machin ing s e tup c o s t f o r c l o s e t o l e r a n c e
14 MRCCT =200 // machin ing runn ing c o s t f o r c l o s e

t o l e r a n c e
15 N=1000 // number o f p r o d u c t i o n q u a n t i t i e s
16 FCB=FDCB+FSCB+MTCB+MSCB // f i x e d c o s t f o r b l o c k e r type
17 VCB=FPCB+MRCB // v a r i a b l e c o s t f o r c l o s e t o l e r a n c e
18 FCCT=FDCCT+FSCCT+MTCCT+MSCCT // f i x e d c o s t f o r c l o s e
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t o l e r a n c e
19 VCCT=FPCCT+MRCCT // v a r i a b l e c o s t f o r c l o s e t o l e r a n c e
20 if (FCB >FCCT&&VCB >VCCT)

21 disp(” c l o s e t o l e r a n c e type i s e conomi ca l ”)
22 elseif (FCB <FCCT&&VCB <VCCT)

23 disp(” b l o c k e r type i s e conomi ca l ”)
24 else

25 disp(” e conomi ca l method i s n e i t h e r b l o c k e r type
nor c l o s e t o l e r a n c e type ”)

26 end

Scilab code Exa 1.2 Prepare the break even analysis

1 // Example 1 . 2
2 clc

3 FPC1 =35820 // f o r g i n g p i e c e c o s t f o r open d i e
4 MTC1 =93000 // machin ing t o o l i n g c o s t f o r open d i e
5 MRC1 =53625 // / machin ing runn ing c o s t f o r open d i e
6 FDC2 =93900 // f o r g i n g d i e c o s t f o r b l o c k e r
7 FSC2 =3375 // f o r g i n g s e tup c o s t f o r b l o c k e r
8 FPC2 =18150 // f o r g i n g p i e c e c o s t f o r b l o c k e r
9 MTC2 =93000 // machin ing t o o l i n g c o s t f o r b l o c k e r
10 MRC2 =33450 // machin ing runn ing c o s t f o r b l o c k e r
11 FC1=MTC1 // f i x e d c o s t f o r open d i e
12 VC1=FPC1+MRC1 // v a r i a b l e c o s t f o r open d i e
13 FC2=FDC2+FSC2+MTC2 // f i x e d c o s t f o r b l o c k e r
14 VC2=FPC2+MRC2 // v a r i a b l e c o s t f o r b l o c k e r
15 BEQ=(FC2 -FC1)/(VC1 -VC2)// break even q u a n t i t y
16 printf(” Break−even q u a n t i t y i s %f p i e c e s ”,BEQ)
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Chapter 3

Metal Casting Processes

Scilab code Exa 3.1 Calculate the dimensions of the pattern if the casting is to be made in plain carbon steel

1 // Example 3 . 1
2 clc

3 SA=21.0 // s h r i n k a g e a l l o w a n c e f o r s t e e l i n mm/m
4 D1=200 // d imens ion 1 i n mm
5 D2=150 // d imens ion 2 i n mm
6 D3=100 // d imens ion 3 i n mm
7 D4=80 // d imens ion 4 i n mm
8 A200=D1*SA/1000 // a l l o w a n c e f o r d imens ion 1 i n mm
9 A150=D2*SA/1000 // a l l o w a n c e f o r d imens ion 2 i n mm
10 A100=D3*SA/1000 // a l l o w a n c e f o r d imens ion 3 i n mm
11 A80=D4*SA /1000 // a l l o w a n c e f o r d imens ion 4 i n mm
12 d1=D1+A200 // d imens ion o f the p a t t e r n with r e s p e c t to

d imens ion 1 i n mm
13 d2=D2+A150 // d imens ion o f the p a t t e r n with r e s p e c t to

d imens ion 2 i n mm
14 d3=D3+A100 // d imens ion o f the p a t t e r n with r e s p e c t to

d imens ion 3 i n mm
15 d4=D4+A80 // d imens ion o f the p a t t e r n with r e s p e c t to

d imens ion 4 i n mm
16 printf( ’ A l l owance s o f the p a t t e r n a r e %. 2 f mm,%. 2 f

mm,%. 2 f mm,%. 2 f mm \n ’ ,A200 ,A150 ,A100 ,A80)
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17 printf( ’ Dimens ions o f the p a t t e r n a r e %. 2 f mm,%. 2 f
mm,%. 2 f mm,%. 2 f mm \n ’ ,d1 ,d2,d3,d4)

Scilab code Exa 3.2 Calculate the dimensions of the wooden pattern if the master pattern is to be made of aluminium

1 // Example 3 . 2
2 clc

3 SAal =13.0 // s h r i n k a g e a l l o w a n c e f o r aluminium i n mm/m
4 SAs =21.0 // s h r i n k a g e a l l o w a n c e f o r s t e e l i n mm/m
5 TS=SAal+SAs // t o t a l s h r i n k a g e
6 D1=200 // d imens ion 1 i n mm
7 D2=150 // d imens ion 2 i n mm
8 D3=100 // d imens ion 3 i n mm
9 D4=80 // d imens ion 4 i n mm

10 A200=D1*TS/1000 // a l l o w a n c e f o r d imens ion 1 i n mm
11 A150=D2*TS/1000 // a l l o w a n c e f o r d imens ion 2 i n mm
12 A100=D3*TS/1000 // a l l o w a n c e f o r d imens ion 3 i n mm
13 A80=D4*TS /1000 // a l l o w a n c e f o r d imens ion 4 i n mm
14 d1=D1+A200 // d imens ion o f the p a t t e r n with r e s p e c t to

d imens ion 1 i n mm
15 d2=D2+A150 // d imens ion o f the p a t t e r n with r e s p e c t to

d imens ion 2 i n mm
16 d3=D3+A100 // d imens ion o f the p a t t e r n with r e s p e c t to

d imens ion 3 i n mm
17 d4=D4+A80 // d imens ion o f the p a t t e r n with r e s p e c t to

d imens ion 4 i n mm
18 printf( ’ A l l owance s o f the wooden p a t t e r n a r e %f mm,

%f mm, %f mm, %f mm \n ’ ,A200 ,A150 ,A100 ,A80)
19 printf( ’ Dimens ions o f the wooden p a t t e r n a r e %f mm,

%f mm, %f mm, %f mm \n ’ ,d1 ,d2,d3,d4)

Scilab code Exa 3.3 Calculate the dimensions of the pattern if all the surfaces of the casting are machined
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1 // Example 3 . 3
2 clc

3 MAB=3 // machin ing a l l o w a n c e f o r bore i n mm
4 MAS=3 // machin ing a l l o w a n c e f o r a l l s u r f a c e s i n mm
5 MAC=6 // machin ing a l l o w a n c e f o r cope s i d e i n mm
6 D1=200 // d imens ion 1 i n mm
7 D2=150 // d imens ion 2 i n mm
8 D3=100 // d imens ion 3 i n mm
9 D4=80 // d imens ion 4 i n mm
10 FD1=D1 +(5.5+5.5) // f i n a l d imens ion f o r d imens ion 1 i n

mm
11 FD2=D2+(MAS+MAS)// f i n a l d imens ion f o r d imens ion 2 i n

mm
12 FD3=D3+(MAS+MAC)// f i n a l d imens ion f o r d imens ion 3 i n

mm
13 FD4=D4+(2* MAB)// f i n a l d imens ion f o r d imens ion 4 i n

mm
14 printf( ’ F i n a l d imens i on s o f the p a t t e r n a f t e r

p r o v i d i n g machin ing a l l o w a n c e a r e %f mm, %f mm, %f
mm, %f mm \n ’ ,FD1 ,FD2 ,FD3 ,FD4)

Scilab code Exa 3.4 Provide draft allowance to the pattern

1 // Example 3 . 4
2 clc

3 DAE =0.75* %pi /180 // d r a f t a n g l e f o r e x t e r n a l s u r f a c e
i n d e g r e e s

4 DAI =1*%pi /180 // d r a f t a n g l e f o r i n t e r n a l s u r f a c e i n
d e g r e e s

5 H=109 // h e i g h t o f the s u r f a c e i n mm
6 D=74 // bore d i amete r b e f o r e p r o v i d i n g d r a f t a l l o w a n c e

i n mm
7 L=211 // l e n g t h o f the s u r f a c e i n mm
8 TE=H*tan(DAE)// t a p e r r e q u i r e d f o r e x t e r n a l s u r f a c e

i n mm
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9 TI=H*tan(DAI)// t a p e r r e q u i r e d f o r i n t e r n a l s u r f a c e
i n mm

10 BD=D-(2*TI)// the bore d imens ion i n mm
11 ED=L+(2*TE)// e x t e r n a l d imens ion i n mm
12 printf( ’ A f t e r p r o v i d i n g d r a f t a l l o w a n c e the bore

d imens ion i s %f mm and the e x t e r n a l d imens ion i s
%f mm’ ,BD ,ED)

Scilab code Exa 3.5 Calculate the permeability number

1 // Example 3 . 5
2 clc

3 p=5.0 // a i r p r e s s u r e i n g/cmˆ2
4 T=1+(25/60) // r e q u i r e d t ime i n min
5 P=501.28/(p*T)// s tandard p e r m e a b i l i t y number
6 printf( ’ P e r m e a b i l i t y number o f sand i s %f \n ’ ,P)

Scilab code Exa 3.6 Find the weights that need to be kept to compensate for the forces during the pouring

1 // Example 3 . 6
2 clc

3 od=12.5 // o u t e r d i amete r i n cm
4 id=10 // i n n e r d i amete r i n cm
5 l=180 // l e n g t h i n cm
6 h=20 // meta l head i n cm
7 Vs =200*25*20 // volume o f the sand i n the cope i n cmˆ3
8 d=0.0165 // d e n s i t y o f the c o r e sand i n N/cmˆ3
9 p=0.0771 // l i q u i d meta l d e n s i t y i n N/cmˆ3

10 Vc=%pi*(id^2)*l/4 // volume o f the c o r e i n cmˆ3
11 Fb=Vc*(p-d)// buoyancy f o r c e i n N
12 Ac=l*od // p r o j e c t e d a r ea o f the c a s t i n g i n cmˆ2
13 Fm=Ac*p*h// upward m e t a l l o s t a t i c f o r c e i n N
14 Fu=Fb+Fm // t o t a l upward f o r c e i n N
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15 W=Vs*d// we ight o f the cope i n N
16 Fn=Fu-W// net upward f o r c e i n N
17 printf( ’ Net upward f o r c e i s %f N\n ’ ,Fn)
18 printf( ’ Approx imate ly the foundry has to keep a

t o t a l we ight o f about 3000 N to compensate f o r
t h i s upward t h r u s t e x e r t e d by the c o r e and the
m e t a l l o s t a t i c f o r c e s ’ )
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Chapter 4

Gating Systems for Casting

Scilab code Exa 4.1 Calculate the optimum pouring time for a casting

1 // Example 4 . 1
2 clc

3 W=20 // mass i n kg
4 T=15 // t h i c k n e s s i n mm
5 k=28 // f l u i d i t y o f i r o n i n i n c h e s
6 K=k/40 // f l u i d i t y o f i r o n i n mm
7 t1=K*(1.41+(T/14.59))*(W^(1/2))// pour ing t ime o f

g r ey c a s t i r o n i n s
8 printf( ’ Pour ing t ime o f g r ey c a s t i r o n i s %f s \n ’ ,

t1)

9 t2 =(2.4335 -(0.3953*( log10(W))))*(W^(1/2))// pour ing
t ime o f s t e e l i n s

10 printf( ’ Pour ing t ime o f s t e e l i s %f s ’ ,t2)

Scilab code Exa 4.2 Calculate the optimum pouring time for a casting

1 // Example 4 . 2
2 clc
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3 W=100 // mass i n kg
4 T=25 // t h i c k n e s s i n mm
5 k=32 // f l u i d i t y o f i r o n i n i n c h e s
6 K=k/40 // f l u i d i t y o f i r o n i n mm
7 t1=K*(1.41+(T/14.59))*(W^(1/2))// pour ing t ime o f

g r ey c a s t i r o n i n s
8 printf( ’ Pour ing t ime o f g r ey c a s t i r o n i s %f s \n ’ ,

t1)

9 t2 =(2.4335 -(0.3953*( log10(W))))*(W^(1/2))// pour ing
t ime o f s t e e l i n s

10 printf( ’ Pour ing t ime o f s t e e l i s %f s ’ ,t2)

Scilab code Exa 4.3 Calculate the choke area

1 // Example 4 . 3
2 clc

3 L=500 // l e n g t h i n mm
4 B=250 // breadh i n mm
5 T=50 // t h i c k n e s s i n mm
6 V=L*B*T// volume o f the c a s t i n g i n mmˆ3
7 d=7.86*(10^( -6))// d e n s i t y o f c a s t i n g p a r t i c l e s i n kg

/mmˆ3
8 W=d*V// we ight i n kg
9 k=22 // f l u i d i t y i n i n c h e s

10 K=k/40 // f l u i d i t y i n mm
11 t=K*(1.41+(T/14.59))*(W^(1/2))// pour ing t ime o f c a s t

i r o n i n s
12 printf( ’ Pour ing t ime o f c a s t i r o n i s %f s \n ’ ,t)
13 H=100 // sp rue h e i g h t i n mm
14 C=0.73 // e f f i c i e n c y f a c t o r
15 D=6.90*(10^( -6))// d e n s i t y o f the l i q u i d meta l i n kg /

mmˆ3
16 g=9800 // g r a v i t y i n mm/ s ˆ2
17 A=W/(D*t*C*((2*g*H)^(1/2)))// choke a r ea i n mmˆ2
18 printf( ’ Actua l choke a r ea o f the ga t e system i s %f
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mmˆ2 \n ’ ,A)
19 Ac=360 // approx imate l y choke a r ea o f ga t e system i n

mmˆ2
20 printf( ’ Approx imate ly choke a r ea o f the ga t e system

i s %f mmˆ2 \n ’ ,Ac)
21 printf( ’ Each o f choke a r ea i s %f mmˆ2 \n ’ ,Ac/4)
22 printf( ’ Assuming the r e c t a n g u l a r ga t e d imens ion i s

15∗6 mm’ )
23 // the answer may s l i g h t l y vary due to round ing o f f

v a l u e s

Scilab code Exa 4.4 Calculate the gating requirements for the casting

1 // Example 4 . 4
2 clc

3 roh =68 // o u t e r r a d i u s o f hemi sphere i n mm
4 rih =60 // i n n e r r a d i u s o f hemi sphere i n mm
5 doc =58 // o u t e r d i amete r o f top c y l i n d e r i n mm
6 dic =30 // i n n e r d i amete r o f top c y l i n d e r i n mm
7 lc=42 // l e n g t h o f the top c y l i n d e r i n mm
8 dof =200 // o u t e r d i amete r o f f l a n g e i n mm
9 dif =120 // i n n e r d i amete r o f f l a n g e i n mm

10 tf=10 // t h i c k n e s s o f f l a n g e i n mm
11 d=7.86*(10^( -6))// d e n s i t y o f the c a s t i n g p a r t i c l e s

i n kg /mmˆ3
12 yc=0.60 // c a s t i n g y i e l d f a c t o r
13 Vh =(4/3) *(%pi/2)*(( roh ^3) -(rih ^3))// volume o f

hemisphere i n mmˆ3
14 Vc=(%pi/4) *((doc^2) -(dic^2))*lc // volume o f the top

c y l i n d e r i n mmˆ3
15 Vf=(%pi/4) *((dof^2) -(dif^2))*tf // volume o f the

f l a n g e i n mmˆ3
16 V=Vh+Vc+Vf // t o t a l volume i n mmˆ3
17 m=V*d// mass o f the c a s t i n g i n kg
18 w=2*m// t o t a l we ight o f the c a s t i n g i n the mould i n

15



kg . because , t h e r e a r e two c c a s t i n g s i n the mould
.

19 W=2*m/yc // we ight o f meta l poured i n kg
20 t=(2.4335 -(0.3953*( log10(W))))*(W^(1/2))// pour ing

t ime o f C30 s t e e l i n s
21 r=W/t// pour ing r a t e i n kg / s
22 C=0.73 // e f f i c i e n c y f a c t o r
23 D=7.7*(10^( -6))// d e n s i t y o f the l i q u i d meta l i n kg /

mmˆ3
24 g=9800 // g r a v i t y i n mm/ s ˆ2
25 H=150 // sp rue h e i g h t i n mm
26 Ac=W/(D*t*C*((2*g*H)^(1/2)))// choke a r ea i n mmˆ2
27 dc=(4*Ac/%pi)^(1/2) // choke d i amete r i n mm
28 Ar=2*( %pi /4)*(dc^2) // runner a r ea i n mmˆ2
29 printf( ’ Assuming a r e c t a n g u l a r c r o s s s e c t i o n , the

runner d imens i on s would be approx imate l y 16∗25 mm
\n ’ )

30 Ag=0.5*Ar // each ga t e a r ea i n mmˆ2
31 printf( ’ Each ga t e a r ea i s %f mmˆ2 \n ’ ,Ag)
32 printf( ’ The s i z e o f the ga t e i s approx imate l y 7∗28

mm’ )
33 // the answer may s l i g h t l y vary due to round ing o f f

v a l u e s

Scilab code Exa 4.5 Calculate the size of a cylindrical riser necessary to feed a steel slab casting

1 // Example 4 . 5
2 clc

3 L=25 // l e n g t h i n cm
4 B=25 // breadh i n cm
5 T=5 // t h i c k n e s s i n cm
6 V=L*B*T// volume o f the c a s t i n g i n cmˆ3
7 As=(2*L*B)+(2*B*T)+(2*L*T)// s u r f a c e a r ea o f the

c a s t i n g i n cmˆ2
8 //Vr=%pi ∗ (Dˆ3) /4// volume o f the r i s e r i n cmˆ3
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9 // Asr=(%pi ∗ (Dˆ2) ) +(( %pi ∗ (Dˆ2) ) /4) // s u r f a c e a r ea o f
the r i s e r i n cmˆ2

10 //X=(As/V) /( Asr /Vr ) // f r e e z i n g r a t i o
11 //Y=Vr/V
12 a=0.10 // c o n s t a n t v a l u e f o r s t e e l
13 b=0.03 // c o n s t a n t v a l u e f o r s t e e l
14 c=1.0 // c o n s t a n t v a l u e f o r s t e e l
15 //X=(a /(Y−b ) )+c // ca ine ’ s e q u a t i o n f o r s t e e l
16 // (Dˆ4) − (8 .9286∗ (Dˆ3) ) −(119.52∗D) =2490
17 // Using b i s e c t i o n method to s o l v e t h i s e q u a t i o n
18 deff( ’ y=f (D) ’ , ’ y=(Dˆ4) − (8 .9286∗ (Dˆ3) ) −(119.52∗D)

−2490 ’ )
19 D1=0 // i n t e r v a l . b e caus e o f ze ro , we a r e a v o i d i n g the

n e g a t i v e v a l u e s
20 D2=100 // i n t e r v a l
21 Tol =10^( -3) // t o l e r a n c e
22 i=0 // i t e r a t i o n
23 while abs(D1-D2)>Tol

24 m=(D1+D2)/2

25 if f(m)*f(D1) >0

26 D1=m

27 else

28 D2=m

29 end

30 i=i+1

31 end

32 printf( ’ R i s e r d i amete r i s %f cm \n ’ ,m)

Scilab code Exa 4.6 Calculate the riser size using the modulus method

1 // Example 4 . 6
2 clc

3 L=25 // l e n g t h o f the s l a b i n cm
4 B=25 // breadh o f the s l a b i n cm
5 T=5 // t h i c k n e s s o f the s l a b i n cm
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6 a=25 // breadh o f the l ong bar i n cm
7 H=5 // width o f the l ong bar i n cm
8 c=0

9 Mc=a*H/(2*(a+H-c))// modulus i n cm
10 D=6*Mc // r i s e r d i amete r i n cm
11 printf( ’ R i s e r d i amete r i s %f cm ’ ,D)

Scilab code Exa 4.7 Recalculate the riser dimensions

1 // Example 4 . 7
2 clc

3 L=25 // l e n g t h o f the s l a b i n cm
4 B=25 // breadh o f the s l a b i n cm
5 T=5 // t h i c k n e s s o f the s l a b i n cm
6 Vc=L*B*T// volume o f the c a s t i n g i n cmˆ3
7 sf=(L+B)/T// shape f a c t o r
8 Vr =0.47* Vc // r i s e r volume i n cmˆ3 from the r i s e r

volume s e l e c t i o n c h a r t based on shape f a c t o r
9 //Vr =0.25∗%pi ∗ (Dˆ3) // r i s e r volume i n cmˆ3 f o r

c y l i n d r i c a l r i s e r o f e q u a l d i amete r and h e i g h t
10 D=(Vr /(0.25* %pi))^(1/3)

11 printf( ’ R i s e r d i amete r i s %f cm ’ ,D)

Scilab code Exa 4.8 Calculate the riser requirement for the casting

1 // Example 4 . 8
2 clc

3 L=25 // l e n g t h o f the main p l a t e i n cm
4 B=12.5 // breadh the main p l a t e i n cm
5 T=5 // t h i c k n e s s the main p l a t e i n cm
6 sf=(L+B)/T// shape f a c t o r f o r main p l a t e
7 Vc=L*B*T// volume o f the main p l a t e c a s t i n g i n cmˆ3
8 Vr1 =0.575* Vc // volume o f the r i s e r i n cmˆ3
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9 l=10 // l e n g t h o f the branch i n cm
10 b=2.5 // breadh the branch i n cm
11 t=2.5 // t h i c k n e s s the branch i n cm
12 Vb=l*b*t// volume o f the branch i n cmˆ3
13 Vp=0.3 // I t s a y s the p a r a s i t i c volume as 30%
14 Vr=(Vp*Vb)+Vr1 // f i n a l r i s e r volume i n cmˆ3
15 D=(4*Vr/%pi)^(1/3) // r i s e r d i amete r i n cm
16 printf( ’ R i s e r d i amete r i s %f cm ’ ,D)

Scilab code Exa 4.9 Calculate the riser diameter for an annular cylinder

1 // Example 4 . 9
2 clc

3 od=30 // o u t s i d e d i amete r i n cm
4 id=10 // i n s i d e d i amete r i n cm
5 T=10 // p l a t e t h i c k n e s s i n cm
6 k=1.14 // c o r r e c t i o n f a c t o r
7 L=20* %pi // l e n g t h i n cm
8 W=30 // h e i g h t i n cm
9 sf=(L+W)/(k*T)// shape f a c t o r
10 Vc=(%pi/4) *((od^2) -(id^2))*W// c a s t i n g volume i n cmˆ3
11 Vr =0.48* Vc // r i s e r volume i n cmˆ3
12 D=(4*Vr/%pi)^(1/3) // r i s e r d i amete r i n cm
13 printf( ’ R i s e r d i amete r i s %f cm ’ ,D)
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Chapter 5

Melting and Casting Quality

Scilab code Exa 5.1 Estimate the final composition of the cast iron produced

1 // Example 5 . 1
2 clc

3

4 W=1000 // t o t a l we ight i n kg
5

6 Cp1 =3.50 // carbon c o n t e n t i n p i g i r o n 1
7 Cp2 =3.20 // carbon c o n t e n t i n p i g i r o n 2
8 Cg=3.20 // carbon c o n t e n t i n g rey i r o n s c r a p
9

10 Sip1 =2.50 // s i l i c o n c o n t e n t i n p i g i r o n 1
11 Sip2 =1.50 // s i l i c o n c o n t e n t i n p i g i r o n 2
12 Sig =2.50 // s i l i c o n c o n t e n t i n g rey i r o n s c r a p
13

14 Map1 =0.40 // manganese c o n t e n t i n p i g i r o n 1
15 Map2 =1.00 // manganese c o n t e n t i n p i g i r o n 2
16 Mag =0.50 // manganese c o n t e n t i n g r ey i r o n s c r a p
17

18 Sup1 =0.01 // s u l p h u r c o n t e n t i n p i g i r o n 1
19 Sup2 =0.02 // s u l p h u r c o n t e n t i n p i g i r o n 2
20 Sug =0.10 // s u l p h u r c o n t e n t i n g rey i r o n s c r a p
21
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22 cp1 =40 //% i n the cha rge o f p i g i r o n 1
23 cp2 =35 //% i n the cha rge o f p i g i r o n 2
24 cg=25 //% i n the cha rge o f g r ey i r o n s c r a p
25

26 Wp1=cp1*W/100 // we ight o f p i g i r o n 1 i n kg
27 Wp2=cp2*W/100 // we ight o f p i g i r o n 2 i n kg
28 Wg=cg*W/100 // we ight o f g r ey i r o n s c r a p i n kg
29

30 Ccp1=Cp1*cp1 /100 //% o f carbon i n cha rge o f p i g i r o n
1

31 Ccp2=Cp2*cp2 /100 //% o f carbon i n cha rge o f p i g i r o n
2

32 Ccg=Cg*cg/100 //% o f carbon i n cha rge o f g r ey i r o n
s c r a p

33

34 Sicp1=Sip1*cp1 /100 //% o f s i l i c o n i n cha rge o f p i g
i r o n 1

35 Sicp2=Sip2*cp2 /100 //% o f s i l i c o n i n cha rge o f p i g
i r o n 2

36 Sicg=Sig*cg/100 //% o f s i l i c o n i n cha rge o f g r ey i r o n
s c r a p

37

38 Macp1=Map1*cp1 /100 //% o f manganese i n cha rge o f p i g
i r o n 1

39 Macp2=Map2*cp2 /100 //% o f manganese i n cha rge o f p i g
i r o n 2

40 Macg=Mag*cg/100 //% o f manganese i n cha rge o f g r ey
i r o n s c r a p

41

42 Sucp1=Sup1*cp1 /100 //% o f s u l p h u r i n cha rge o f p i g
i r o n 1

43 Sucp2=Sup2*cp2 /100 //% o f s u l p h u r i n cha rge o f p i g
i r o n 2

44 Sucg=Sug*cg/100 //% o f s u l p h u r i n cha rge o f g r ey i r o n
s c r a p

45

46 Ctc=Ccp1+Ccp2+Ccg //% o f t o t a l i n cha rge o f carbon
47 Sitc=Sicp1+Sicp2+Sicg //% o f t o t a l i n cha rge o f
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s i l i c o n
48 Matc=Macp1+Macp2+Macg //% o f t o t a l i n cha rge o f

manganese
49 Sutc=Sucp1+Sucp2+Sucg //% o f t o t a l i n cha rge o f

s u l p h u r
50

51 Cc=0.15 // change i n cupo l a i n carbon
52 Suc =0.05 // change i n cupo l a i n s u l p h u r
53 Sil =10 //% o f l o s s i n s i l i c o n
54 Mal =20 //% o f l o s s i n manganese
55 Sic=-Sil*Sitc /100 // change i n cupo l a i n s i l i c o n
56 Mac=-Mal*Matc /100 // change i n cupo l a i n manganese
57 CC=Ctc+Cc //% o f e s t i m a t e d c o m p o s i t i o n o f carbon
58

59 printf( ’ Est imated c o m p o s i t i o n o f Carbon i s %f %% \n ’
,CC)

60 SiC=Sitc+Sic //% o f e s t i m a t e d c o m p o s i t i o n o f s i l i c o n
61 printf( ’ Est imated c o m p o s i t i o n o f S i l i c o n i s %f %% \n

’ ,SiC)
62 MaC=Matc+Mac //% o f e s t i m a t e d c o m p o s i t i o n o f

manganese
63 printf( ’ Est imated c o m p o s i t i o n o f Manganese i s %f %%

\n ’ ,MaC)
64 SuC=Sutc+Suc //% o f e s t i m a t e d c o m p o s i t i o n o f s u l p h u r
65 printf( ’ Est imated c o m p o s i t i o n o f Su lphur i s %f %% \n

’ ,SuC)

Scilab code Exa 5.2 Estimate the best charge proportions

1 // Example 5 . 2
2 clc

3

4 W=1000 // t o t a l we ight i n kg
5

6 Cp1 =3.50 // carbon c o n t e n t i n p i g i r o n 1
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7 Cp2 =3.20 // carbon c o n t e n t i n p i g i r o n 2
8 Cp3 =3.50 // carbon c o n t e n t i n p i g i r o n 3
9 Cs1 =3.50 // carbon c o n t e n t i n s c r a p 1
10 Cs2 =3.20 // carbon c o n t e n t i n s c r a p 2
11

12 Sip1 =3.00 // s i l i c o n c o n t e n t i n p i g i r o n 1
13 Sip2 =1.50 // s i l i c o n c o n t e n t i n p i g i r o n 2
14 Sip3 =2.50 // s i l i c o n c o n t e n t i n p i g i r o n 3
15 Sis1 =1.80 // s i l i c o n c o n t e n t i n s c r a p 1
16 Sis2 =1.20 // s i l i c o n c o n t e n t i n s c r a p 2
17 FSi =50.00 // s i l i c o n c o n t e n t i n f e r r o s i l i c o n
18

19 Map1 =1.00 // manganese c o n t e n t i n p i g i r o n 1
20 Map2 =0.50 // manganese c o n t e n t i n p i g i r o n 2
21 Map3 =0.80 // manganese c o n t e n t i n p i g i r o n 3
22 Mas1 =0.60 // manganese c o n t e n t i n s c r a p 1
23 Mas2 =0.60 // manganese c o n t e n t i n s c r a p 2
24

25 Sup1 =0.02 // s u l p h u r c o n t e n t i n p i g i r o n 1
26 Sup2 =0.01 // s u l p h u r c o n t e n t i n p i g i r o n 2
27 Sup3 =0.02 // s u l p h u r c o n t e n t i n p i g i r o n 3
28 Sus1 =0.08 // s u l p h u r c o n t e n t i n s c r a p 1
29 Sus2 =0.10 // s u l p h u r c o n t e n t i n s c r a p 2
30

31 // p i g i r o n 2 and s c r a p 2 has got very low s i l i c o n
and t h e r e f o r e i t shou ld not be used .

32

33 cp1 =30 //% i n the cha rge o f p i g i r o n 1
34 cp3 =30 //% i n the cha rge o f p i g i r o n 3
35 cs1 =40 //% i n the cha rge o f s c r a p 1
36

37 Wp1=cp1*W/100 // we ight o f p i g i r o n 1 i n kg
38 Wp3=cp3*W/100 // we ight o f p i g i r o n 2 i n kg
39 Ws1=cs1*W/100 // we ight o f g r ey i r o n s c r a p i n kg
40

41 Ccp1=Cp1*cp1 /100 //% o f carbon i n cha rge o f p i g i r o n
1

42 Ccp3=Cp3*cp3 /100 //% o f carbon i n cha rge o f p i g i r o n
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3
43 Ccs1=Cs1*cs1 /100 //% o f carbon i n cha rge o f s c r a p 1
44

45 Sicp1=Sip1*cp1 /100 //% o f s i l i c o n i n cha rge o f p i g
i r o n 1

46 Sicp3=Sip3*cp3 /100 //% o f s i l i c o n i n cha rge o f p i g
i r o n 3

47 Sics1=Sis1*cs1 /100 //% o f s i l i c o n i n cha rge o f s c r a p
1

48

49 Macp1=Map1*cp1 /100 //% o f manganese i n cha rge o f p i g
i r o n 1

50 Macp3=Map3*cp3 /100 //% o f manganese i n cha rge o f p i g
i r o n 3

51 Macs1=Mas1*cs1 /100 //% o f manganese i n cha rge o f
s c r a p 1

52

53 Sucp1=Sup1*cp1 /100 //% o f s u l p h u r i n cha rge o f p i g
i r o n 1

54 Sucp3=Sup3*cp3 /100 //% o f s u l p h u r i n cha rge o f p i g
i r o n 3

55 Sucs1=Sus1*cs1 /100 //% o f s u l p h u r i n cha rge o f s c r a p
1

56

57 Ctc=Ccp1+Ccp3+Ccs1 //% o f t o t a l i n cha rge o f carbon
58 Sitc=Sicp1+Sicp3+Sics1 //% o f t o t a l i n cha rge o f

s i l i c o n
59 Matc=Macp1+Macp3+Macs1 //% o f t o t a l i n cha rge o f

manganese
60 Sutc=Sucp1+Sucp3+Sucs1 //% o f t o t a l i n cha rge o f

s u l p h u r
61

62 Cc=0.15 // change i n cupo l a i n carbon
63 Suc =0.05 // change i n cupo l a i n s u l p h u r
64 Sil =10 //% o f l o s s i n s i l i c o n
65 Mal =20 //% o f l o s s i n manganese
66 Sic=-Sil*Sitc /100 // change i n cupo l a i n s i l i c o n
67 Mac=-Mal*Matc /100 // change i n cupo l a i n manganese
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68

69 CC=Ctc+Cc //% o f e s t i m a t e d c o m p o s i t i o n o f carbon
70 printf( ’ Est imated c o m p o s i t i o n o f Carbon i s %f %% \n ’

,CC)

71 // r e q u i r e d c o m p o s i t i o n o f carbon i s 3 . 2 to 3 . 6 %
72 Cl=3.2 //% o f l o w e s t r e q u i r e d c o m p o s i t i o n o f carbon
73 Ch=3.6 //% o f h i g h e s t r e q u i r e d c o m p o s i t i o n o f carbon
74 SiC=Sitc+Sic //% o f e s t i m a t e d c o m p o s i t i o n o f s i l i c o n
75 printf( ’ Est imated c o m p o s i t i o n o f S i l i c o n i s %f %% \n

’ ,SiC)
76 // r e q u i r e d c o m p o s i t i o n o f S i l i c o n i s 2 . 3 to 2 . 6 %
77 MaC=Matc+Mac //% o f e s t i m a t e d c o m p o s i t i o n o f

manganese
78 printf( ’ Est imated c o m p o s i t i o n o f Manganese i s %f %%

\n ’ ,MaC)
79 // r e q u i r e d c o m p o s i t i o n o f manganese i s 0 . 6 to 0 . 8 %
80 SuC=Sutc+Suc //% o f e s t i m a t e d c o m p o s i t i o n o f s u l p h u r
81 printf( ’ Est imated c o m p o s i t i o n o f Su lphur i s %f %% \n

\n ’ ,SuC)
82 // r e q u i r e d c o m p o s i t i o n o f s u l p h u r i s 0 . 0 8 % max
83 Sur =0.08 //% o f maximum r e q u i r e d c o m p o s i t i o n o f

s u l p h u r
84

85 SuR=(Sus1 -Sup2)/100 // r e d u c t i o n i n s u l p h u r i n kg −−>
a d d i t i o n o f 1 kg o f p i g i r o n 2 f o r s c r a p 1

86 CR=(Cs1 -Cp2)/100 // r e d u c t i o n i n carbon i n kg −−>
a d d i t i o n o f 1 kg o f p i g i r o n 2 f o r s c r a p 1

87 SuE=W*(SuC -Sur)/100 // e x c e s s s u l p h u r p r e s e n t i n 1000
kg i n kg

88 CE=W*(CC-Ch)/100 // e x c e s s carbon p r e s e n t i n 1000 kg
i n kg

89 Surd=SuE/SuR // r educe the s u l p h u r to the d e s i r a b l e
l i m i t i n kg

90 Crd=CE/CR // r educe the carbon to the d e s i r a b l e l i m i t
i n kg

91

92 // s u b s t i t u t i o n o f Surd o f p i g i r o n would be
s u f f i c i e n t to g i v e the d e s i r e d a n a l y s i s .
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93

94 Wsn1=W-Wp1 -Wp3 -Surd // we ight o f the new s c r a p 1 i n kg
95 cp2=Surd *100/W//% i n the cha rge o f p i g i r o n 2
96 csn1=Wsn1 *100/W//% i n the cha rge o f new s c r a p 1
97

98 Ccp2=Cp2*cp2 /100 //% o f carbon i n cha rge o f p i g i r o n
2

99 Ccsn1=Cs1*csn1 /100 //% o f carbon i n cha rge o f new
s c r a p 1

100

101 Sicp2=Sip2*cp2 /100 //% o f s i l i c o n i n cha rge o f p i g
i r o n 2

102 Sicsn1=Sis1*csn1 /100 //% o f s i l i c o n i n cha rge o f new
s c r a p 1

103

104 Macp2=Map2*cp2 /100 //% o f manganese i n cha rge o f p i g
i r o n 2

105 Macsn1=Mas1*csn1 /100 //% o f manganese i n cha rge o f
new s c r a p 1

106

107 Sucp2=Sup2*cp2 /100 //% o f s u l p h u r i n cha rge o f p i g
i r o n 2

108 Sucsn1=Sus1*csn1 /100 //% o f s u l p h u r i n cha rge o f new
s c r a p 1

109

110 Cntc=Ccp1+Ccp2+Ccp3+Ccsn1 //% o f new t o t a l i n cha rge
o f carbon

111 Sintc=Sicp1+Sicp2+Sicp3+Sicsn1 //% o f new t o t a l i n
cha rge o f s i l i c o n

112 Mantc=Macp1+Macp2+Macp3+Macsn1 //% o f new t o t a l i n
cha rge o f manganese

113 Suntc=Sucp1+Sucp2+Sucp3+Sucsn1 //% o f new t o t a l i n
cha rge o f s u l p h u r

114

115 Sinc=-Sil*Sintc /100 //new change i n cupo l a i n s i l i c o n
116 Manc=-Mal*Mantc /100 //new change i n cupo l a i n

manganese
117
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118 CnC=Cntc+Cc //% o f new e s t i m a t e d c o m p o s i t i o n o f
carbon

119 printf( ’New e s t i m a t e d c o m p o s i t i o n o f Carbon i s %f %%
\n ’ ,CnC)

120 SinC=Sintc+Sinc //% o f new e s t i m a t e d c o m p o s i t i o n o f
s i l i c o n

121 printf( ’New e s t i m a t e d c o m p o s i t i o n o f S i l i c o n i s %f
%% \n ’ ,SinC)

122 ManC=Mantc+Manc //% o f new e s t i m a t e d c o m p o s i t i o n o f
manganese

123 printf( ’New e s t i m a t e d c o m p o s i t i o n o f Manganese i s %f
%% \n ’ ,ManC)

124 SunC=Suntc+Suc //% o f new e s t i m a t e d c o m p o s i t i o n o f
s u l p h u r

125 printf( ’New e s t i m a t e d c o m p o s i t i o n o f Su lphur i s %f
%% \n\n ’ ,SunC)

126

127 Sia=W*(Sintc -SinC)/100 // amount o f s i l i c o n to be
added f o r 1000 kg i n kg

128 FSia=Sia *100/(FSi -Sis1)// amount o f f e r r o s i l i c o n
r e q u i r e d i n kg by adding s i l i c o n i n p l a c e o f
s c r a p 1

129 FSia1p=FSia *100/W//% o f f e r r o s i l i c o n c o n t e n t
130 Ws1c=Wsn1 -FSia // we ight o f s c r a p 1 c o n t e n t i n kg
131 S1cp=(Wsn1 -FSia)*100/W//% o f s c r a p 1 c o n t e n t
132

133 printf( ’ F i n a l mix o f the cha rge i s \n Pig i r o n 1 =
%f kg ( %f %%) \n Pig i r o n 2 = %f kg ( %f %%) \n
Pig i r o n 3 = %f kg ( %f %%) \n Scrap 1 = %f kg ( %f
%%) \n Fer ro s i l i c o n = %f kg ( %f %%) ’ ,Wp1 ,cp1 ,
Surd ,cp2 ,Wp3 ,cp3 ,Ws1c ,S1cp ,FSia ,FSia1p)

134 // the answer may s l i g h t l y vary due to round ing o f f
v a l u e s
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Chapter 7

Metal Forming Processes

Scilab code Exa 7.1 Determine the stock size required for the air radius arm

1 // Example 7 . 1
2 clc

3 Aaa =1440 //maximum area o f c r o s s s e c t i o n o c c u r s at
s e c t i o n AA i n mmˆ2

4 ds=((4/ %pi)*Aaa)^(1/2) // s t o c k d iamete r i n mm
5 wf=5.3 // f l a s h width i n mm
6 tf=1.0 // f l a s h t h i c k n e s s i n mm
7 Asf=Aaa +(2*wf*tf)// a r ea o f s t o c k with f l a s h i n mmˆ2
8 dsf =((4/ %pi)*Asf)^(1/2) // s t o c k d iamete r with f l a s h

i n mm
9 Vf =73000 // / volume o f the f o r g i n g i n mmˆ3

10 // a c t u a l volume o f the f o r g i n g i s 72870 mmˆ 3 .
11 // but , we a r e t a k i n g the approx imate volume o f the

f o r g i n g o f 73000 mmˆ3
12 Pf=(%pi *30/2) +33+34+24+78+( %pi *30/2) +78+33+34 //

p e r i m e t e r o f f o r g i n g i n mm
13 Vfl=wf*tf*Pf // f l a s h volume i n mmˆ3
14 // This be ing too s m a l l
15 // So c o n s i d e r the f l a s h to be 10% o f f o r g i n g volume
16 Vfn =10*Vf/100 //new f l a s h volume i n mmˆ3
17 Vs=Vf+Vfn // t o t a l s t o c k volume i n mmˆ3
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18 As=(%pi/4)*dsf^2 // c r o s s s e c t i o n a l a r ea o f s t o c k i n
mmˆ2

19 Ls=Vs/As // l e n g t h o f s t o c k i n mm
20 printf( ’ Length o f s t o c k i s %f mm’ ,Ls)
21 // the answer may s l i g h t l y vary due to round ing o f f

v a l u e s

Scilab code Exa 7.2 Design the upsetting die required for the C24 shaft

1 // Example 7 . 2
2 clc

3 ds=35 // d iamete r o f s t o c k i n mm
4 du1 =135 // d iamete r o f ups e t 1 i n mm
5 du2 =70 // d iamete r o f ups e t 2 i n mm
6 lu1 =15 // l e n g t h o f ups e t 1 i n mm
7 lu2 =50 // l e n g t h o f ups e t 2 i n mm
8 As=(%pi/4)*(ds^2) // a r ea o f s t o c k c r o s s s e c t i o n i n mm

ˆ2
9 Vu=(%pi/4) *((( du1^2)*lu1)+((du2 ^2)*lu2))// volume o f

ups e t p o r t i o n i n mmˆ3
10 Ls=Vu/As // s t o c k l e n g t h i n mm
11 rld=Ls/ds // r a t i o between the l e n g t h o f s t o c k to be

upse t to d i amete r o f s t o c k
12 r=int(rld)// approx imated r a t i o
13 Vs=(%pi/4)*(ds^2)*Ls // s t o c k volume i n mmˆ3
14 dp1 =45 // f i r s t pa s s maximum diamete r i n mm
15 Lc=r*Vs/(%pi*((ds^2)+(ds*dp1)+(dp1^2)))// l e n g t h o f

c o n i c a l p o r t i o n i n mm
16 ds2=(ds+dp1)/2 // ave rage s t o c k d iamete r a f t e r pa s s 1

i n mm
17 rld2=Lc/ds2 // r a t i o between the l e n g t h o f s t o c k to be

upse t to d i amete r o f s t o c k a f t e r pa s s 1
18 dp2 =60 // second pas s maximum diamete r i n mm
19 Lc2=r*Vs/(%pi *((ds2^2)+(ds2*dp2)+(dp2^2)))// l e n g t h

o f c o n i c a l p o r t i o n i n second pas s i n mm
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20 ds3=(ds2+dp2)/2 // ave rage s t o c k d iamete r a f t e r pa s s 2
i n mm

21 rld3=Lc2/ds3 // r a t i o between the l e n g t h o f s t o c k to
be upse t to d i amete r o f s t o c k a f t e r pa s s 2

22 c=du1*ds/ds3 // c a v i t y i n mm
23 dp3 =70 // t h i r d pas s maximum diamete r i n mm
24 Lc3=r*Vs/(%pi *((ds3^2)+(ds3*dp3)+(dp3 ^2)))// l e n g t h

o f c o n i c a l p o r t i o n i n t h i r d pa s s i n mm
25 ds4=(ds3+dp3)/2 // ave rage s t o c k d iamete r a f t e r pa s s 3

i n mm
26 rld4=Lc3/ds4 // r a t i o between the l e n g t h o f s t o c k to

be upse t to d i amete r o f s t o c k a f t e r pa s s 3
27 // r a t i o i s l e s s than 3 . So , i t i s s u i t a b l e
28 printf( ’ Length o f the c o n i c a l p o r t i o n i s %f mm’ ,Lc3)
29 // the answer may s l i g h t l y vary due to round ing o f f

v a l u e s

Scilab code Exa 7.3 Design the upsetting tools required for the finished component

1 // Example 7 . 3
2 clc

3 od=60 // o u t e r d i amete r o f s m a l l e s t c r o s s s e c t i o n i n
mm

4 id=35 // i n n e r d i amete r o f s m a l l e s t c r o s s s e c t i o n i n
mm

5 Asm=(%pi/4)*((od^2) -(id^2))// s m a l l e s t c r o s s
s e c t i o n a l a r ea i n mmˆ2

6 ds=sqrt ((4/ %pi)*Asm)// s t o c k s i z e i n mm
7 As=(%pi/4)*(ds^2) // s t o c k a r ea o f c r o s s s e c t i o n i n mm

ˆ2
8 da=65 // d iamete r o f s e c t i o n A i n mm
9 la=20 // l e n g t h o f s e c t i o n A i n mm
10 db=100 // d iamete r o f s e c t i o n B i n mm
11 lb=45 // l e n g t h o f s e c t i o n B i n mm
12 dc=61.5 // d iamete r o f s e c t i o n C i n mm
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13 lc=25 // l e n g t h o f s e c t i o n C i n mm
14 dd=35 // d iamete r o f s e c t i o n D i n mm
15 ld1 =52.5 // l e n g t h o f s e c t i o n D i n mm
16 ld2 =17.5 // l e n g t h o f t r a i n g u l a r o f s e c t i o n D i n mm
17 Va=(%pi/4)*(da^2)*la // volume o f A i n mmˆ3
18 Vb=(%pi/4)*(db^2)*lb // volume o f B i n mmˆ3
19 Vc=(%pi/4)*(dc^2)*lc // volume o f C i n mmˆ3
20 Vd=((%pi /4)*(dd^2)*ld1)+((%pi /3)*(dd^2)*ld2)// volume

o f D i n mmˆ3
21 V=Va+Vb+Vc-Vd // t o t a l volume i n mmˆ3
22 Ls=V/As // s t o c k l e n g t h i n mm
23 Vs=As*Ls // t o t a l s t o c k volume i n mmˆ3
24 r=Ls/ds // l e n g t h to d i amete r r a t i o
25 dh=35 // d iamete r o f the t r a i n g u l a r h o l e i n mm
26 lh=25 // l e n g t h o f the t r a i n g u l a r h o l e i n mm
27 Vh=(%pi/3)*(dh^2)*lh // volume o f the t r a i n g u l a r h o l e

i n mmˆ3
28 dp2 =30 // f i r s t pa s s maximum diamete r i n mm
29 ds2=(id+dp2)/2 // ave rage s t o c k d iamete r a f t e r pa s s 1

i n mm
30 Ls2=(Vs+Vh)/(( %pi/3)*(( ds2^2)+(ds2*dp2)+(dp2 ^2)))//

l e n g t h o f s t o c k a f t e r pa s s 1 i n mm
31 ds3=(ds2+dp2)/2 // ave rage s t o c k d iamete r a f t e r pa s s 2

i n mm
32 r2=Ls2/ds2 // l e n g t h to d i amete r r a t i o
33 //now the l e n g t h to d i amete r r a t i o i s under 3
34 printf( ’ Length o f s t o c k i s %f mm’ ,Ls2)
35 // as b e f o r the l e n g t h i s 6 6 . 2 1 mm
36 // the answer may s l i g h t l y vary due to round ing o f f

v a l u e s
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Chapter 8

Sheet Metal Operations

Scilab code Exa 8.1 Determine the die and punch sizes for blanking

1 // Example 8 . 1
2 clc

3 d=20 // d iamete r o f c i r c u l a r d i s c i n mm
4 t=1.5 // t h i c k n e s s o f d i s c i n mm
5 ss=294 // s h e a r s t r e n g t h o f annea l ed C20 s t e e l i n Mpa
6 C=0.0032*t*sqrt(ss)// c l e a r a n c e i n mm
7 // f o r b l a n k i n g o p e r a t i o n
8 dsb=d// d i e s i z e i s e q u a l to b lank s i z e i n mm
9 printf( ’ Die s i z e f o r b l a n k i n g i s %f mm \n ’ ,dsb)

10 psb=d-(2*C)// punch s i z e f o r b l a n k i n g i n mm
11 printf( ’ Punch s i z e f o r b l a n k i n g i s %f mm \n ’ ,psb)
12 // f o r p i e r c i n g o p e r a t i o n
13 psp=d// punch s i z e i s e q u a l to b lank s i z e i n mm
14 printf( ’ Punch s i z e f o r p i e r c i n g i s %f mm \n ’ ,psp)
15 dsp=d+(2*C)// d i e s i z e f o r p i e r c i n g i n mm
16 printf( ’ Die s i z e f o r p i e r c i n g i s %f mm \n ’ ,dsp)
17 L=%pi*d// p e r i m e t e r i n mm
18 Fp=L*t*ss/1000 // punching f o r c e i n kN
19 printf( ’ Punching f o r c e i s %f kN \n ’ ,Fp)
20 Fs =0.024*L*t// s t r i p p i n g f o r c e i n kN
21 printf( ’ S t r i p p i n g f o r c e i s %f kN ’ ,Fs)
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22 // the answer may s l i g h t l y vary due to round ing o f f
v a l u e s

Scilab code Exa 8.2 Give the suitable diameters for the punch and die and shear angle on the punch

1 // Example 8 . 2
2 clc

3 t=6 // p l a t e t h i c k n e s s i n mm
4 d=100 // h o l e d i amete r i n mm
5 r=d/2 // r a d i u s o f the h o l e i n mm
6 dp=d// punch d iamete r i n mm
7 printf( ’ Punch d iamete r i s %f mm \n ’ ,dp)
8 ss=550 //maximum s h e a r s t r e n g t h f o r C40 s t e e l i n MPa
9 C=0.0032*t*sqrt(ss)// c l e a r a n c e per s i d e i n mm

10 dd=dp+(2*C)// d i e d i amete r i n mm
11 printf( ’ Die d i amete r i s %f mm \n ’ ,dd)
12 L=%pi*dp // p e r i m e t e r i n mm
13 Fp=L*t*ss/1000 //maximum punching l oad i n kN
14 pp=40 //% o f p e n e t r a t i o n o f punch
15 Wp=Fp*t*pp/100 // t o t a l workdone i n punching i n J
16 Fap =200 // a v a i l a b l e punch l oad i n kN
17 p=(Wp -(Fap*t*pp/100))/Fap // p e n e t r a t i o n i n mm
18 r=dp/2 // r a d i u s o f the h o l e i n mm
19 As=atand(p/r)

20 printf( ’ Shear a n g l e i s %f d e g r e e ’ ,As)

Scilab code Exa 8.3 Make the necessary design calculations for preparing the die for the cup

1 // Example 8 . 3
2 clc

3 d=40 // d iamete r o f cup i n mm
4 h=60 // h e i g h t o f cup i n mm
5 r=2 // c o r n e r r a d i u s o f cup i n mm
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6 t=0.6 // t h i c k n e s s o f C20 s t e e l i n mm
7 ss=550 // s h e a r s t r e n g t h f o r C20 s t e e l i n MPa
8 ratio=r/d// c o r n e r r a d i u s to s h e l l d i amete r r a t i o
9 //d=20 r i s proved by the way o f r a t i o
10 db=sqrt((d^2) +(4*d*h))// b lank d iamete r i n mm
11 at=6 // t r im a l l o w a n c e i n mm
12 D=db+at // f i n a l b lank d iamete r i n mm
13 printf( ’ F i n a l b lank d iamete r i s %f mm \n ’ ,D)
14 // f o r f i r s t draw
15 pr=100*(1 -(d/D))// p e r c e n t r e d u c t i o n
16 // t h i s i s more than 45
17 // two draws with the f i r s t one at 40% and the second

one at 25%
18 d1=D*(1 -(40/100))// cup d iamete r a f t e r f i r s t draw i n

mm
19 rcp =6*t// c o r n e r r a d i u s on punch i n mm
20 rdd1 =0.8* %pi*(D-d1)*t// draw r a d i u s on d i e i n mm
21 rdd=int(rdd1)// approx imate draw r a d i u s on d i e i n mm
22 Cd =1.09*t// d i e c l e a r a n c e i n mm
23 // f o r second draw
24 rcp22 =4*t// c o r n e r r a d i u s on punch i n mm
25 rcp2=int(rcp22)// approx imate c o r n e r r a d i u s on punch

i n mm
26 rdd2=6 // draw r a d i u s on d i e i n mm
27 Cd2 =1.11*t// d i e c l e a r a n c e i n mm
28 C=0.6 // c o n s t a n t to c o v e r f r i c t i o n and bending
29 P=%pi*d*t*ss*((D/d)-t)/1000 // drawing f o r c e i n kN
30 printf( ’ Drawing f o r c e i s %f kN ’ ,P)
31 // the answer may s l i g h t l y vary due to round ing o f f

v a l u e s

Scilab code Exa 8.4 Calculate the length of the sheet required for making the component

1 // Example 8 . 4
2 clc
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3 t=3 // s h e e t t h i c k n e s s i n mm
4 h=50 // h e i g h t o f the component i n mm
5 l=100 // l e n g t h o f the component i n mm
6 R1=5 // i n s i d e r a d i u s o f bend i n mm
7 R2=10 // i n s i d e r a d i u s o f bend i n mm
8 a1=90 // bend a n g l e i n d e g r e e
9 a=a1*(2* %pi)/360 // bend a n g l e i n r a d i a n
10 //R1<2t −−−> K1=0.33
11 K1=0.33 // l o c a t i o n o f n e u t r a l a x i s from bottom

s u r f a c e
12 B1=a*(R1+(K1*t))// bend a l l o w a n c e i n mm
13 //R2>2t −−−> K2=0.50
14 K2=0.50 // l o c a t i o n o f n e u t r a l a x i s from bottom

s u r f a c e
15 B2=a*(R2+(K2*t))// bend a l l o w a n c e i n mm
16 L=h-(R1+t)+B1+l-(R2+t)+B2+h-(R1+t)-(R2+t)// t o t a l

l e n g t h o f the s h e e t i n mm
17 printf( ’ Requ i red s h e e t l e n g t h i s %f mm’ ,L)

Scilab code Exa 8.5 Estimate the force required for a 90 degree bending of St 50 steel

1 // Example 8 . 5
2 clc

3 t=2 // s t e e l t h i c k n e s s i n mm
4 l=1 // l e n g t h o f the bend pa r t i n m
5 L=l*1000 // l e n g t h o f the bend pa r t i n mm
6 su=500 // u l t i m a t e t e n s i l e s t r e n g t h o f the St 50 s t e e l

i n MPa
7 W=8*t// d i e open ing i n mm
8 //K=1.33 f o r d i e open ing o f 8 t
9 K=1.33

10 Fb1=K*L*su*(t^2)/W// bending f o r c e i n N
11 Fb=Fb1 /1000 // bending f o r c e i n kN
12 printf( ’ Bending f o r c e i s %f kN ’ ,Fb)
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Scilab code Exa 8.6 Calculate the bending force required for a C50 steel

1 // Example 8 . 6
2 clc

3 t=1.5 // s h e e t t h i c k n e s s i n mm
4 l=1 // width o f the s h e e t i n m
5 L=l*1000 // width o f the s h e e t i n mm
6 r=3 // d i e r a d i u s i n mm
7 su=800 // u l t i m a t e t e n s i l e s t r e n g t h o f the C50 s t e e l

i n MPa
8 //K=0.33 f o r a wip ing d i e
9 K=0.33

10 W=t+r+r// d i e open ing i n mm
11 Fb1=K*L*su*(t^2)/W// bending f o r c e i n N
12 Fb=Fb1 /1000 // bending f o r c e i n kN
13 printf( ’ Bending f o r c e i s %f kN ’ ,Fb)

Scilab code Exa 8.7 Design a die block for blanking

1 // Example 8 . 7
2 clc

3 d=80 // d iamete r o f c i r c l e i n mm
4 t=1 // t h i c k n e s s o f C20 s t e e l i n mm
5 ss=390 // s h e a r s t r e n g t h o f C20 s t e e l i n Mpa
6 Fs1=ss*%pi*d*t// s h e a r i n g l oad i n N
7 Fs=Fs1 /1000 // s h e a r i n g l oad i n kN
8 // c a s e ( 1 )
9 td1 =22 // d i e t h i c k n e s s i n mm

10 dp1 =1.25* td1 // d i e open ing to edge i n mm
11 // hence d i e b l o c k i s to be 140∗140∗22 mm
12 // c a s e ( 2 )
13 p=%pi*d// p e r i m e t e r o f cut i n mm
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14 td2 =30 // d i e t h i c k n e s s i n mm
15 dp2=td2 // d i e open ing to edge i n mm
16 // hence d i e b l o c k i s to be 140∗140∗30 mm
17 // c a s e ( 3 )
18 td3 =0.18* ss // d i e t h i c k n e s s i n mm
19 Fe=1.75 // expans i on f a c t o r
20 td44=Fe*td3 // d i e t h i c k n e s s i n mm
21 td4=td44 +2.15 // d i e t h i c k n e s s i n mm
22 // i t to be p r o p e r l y suppor t ed i n d i e shoe
23 td5 =65 // d i e t h i c k n e s s i n mm
24 // a f t e r adding g r i n d i n g a l l owance , d i e t h i c k n e s s i s

70 mm
25 td=70 // d i e t h i c k n e s s i n mm
26 dcd =30 // d i e c a v i t y to edge d i s t a n c e i n mm
27 pi=Fs1/(dcd*td)// impact p r e s s u r e i n Mpa
28 // p i < 770 Mpa
29 // hence the d i e i s too s a f e
30 // t h e r e f o r e d i e t h i c k n e s s can be reduced to 25 mm
31 t1d =25 // d i e t h i c k n e s s i n mm
32 pi2=Fs1/(dcd*t1d)// impact p r e s s u r e i n Mpa
33 // p i < 770 Mpa
34 // hence the d i e i s too s a f e
35 // d i e b l o c k s i z e i s t h e r e f o r e 140∗140∗25 mm
36 printf( ’ Die b l o c k s i z e i s 140∗140∗25 mm’ )
37 // the answer may s l i g h t l y vary due to round ing o f f

v a l u e s

Scilab code Exa 8.8 Prepare the scrap strip layout for the component

1 // Example 8 . 8
2 clc

3 t=1.6 // s h e e t t h i c k n e s s i n mm
4 ll=25 // l e n g t h o f the h a l f p o r t i o n o f component i n mm
5 or=16.5 // o u t s i d e r a d i u s o f component i n mm
6 dm=ll+or //maximum dimens ion o f the component i n mm
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7 ws =1.25*t// s c r a p web i n mm
8 le=2 // l e a d end i n mm
9 // f o r 1 s t l a y o u t
10 sw=(2*or)+le+le // s t r i p width i n mm
11 da=dm+le // advance d i s t a n c e i n mm
12 A=(ll*or)+(0.75* %pi*(or^2))// a r ea o f the c r o s s

s e c t i o n o f one component i n mmˆ2
13 up1=A*100/( da*sw)// p e r c e n t a g e u t i l i z a t i o n o f s t o c k

i n %
14 printf( ’%% o f u t i l i z a t i o n o f 1 s t l a y o u t i s %f %% \n ’

,up1)

15 // f o r 2nd l a y o u t
16 sw2 =(2*or)+le+le+le // s t r i p width i n mm
17 da2 =(2*or)+le+dm+le // advance d i s t a n c e i n mm
18 up2 =2*A*100/( da2*sw2)// p e r c e n t a g e u t i l i z a t i o n o f

s t o c k i n %
19 printf( ’%% o f u t i l i z a t i o n o f 2nd l a y o u t i s %f %% \n ’

,up2)

20 // f o r 3 rd l a y o u t
21 sw3=dm+le+le // s t r i p width i n mm
22 da3 =(2*or)+le // advance d i s t a n c e i n mm
23 up3=A*100/( da3*sw3)// p e r c e n t a g e u t i l i z a t i o n o f s t o c k

i n %
24 printf( ’%% o f u t i l i z a t i o n o f 3 rd l a y o u t i s %f %% \n ’

,up3)

25 printf( ’ 3 rd l a y o u t g i v e s the h i g h e s t u t i l i z a t i o n
with %f %% u t i l i z a t i o n ’ ,up3)

26 // the answer may s l i g h t l y vary due to round ing o f f
v a l u e s

Scilab code Exa 8.9 Find out the centre of pressure for the die layout

1 // Example 8 . 9
2 clc

3 l1 =15.70 // l e n g t h o f e l ement 1 i n mm
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4 l2 =20.00 // l e n g t h o f e l ement 2 i n mm
5 l3=31.4 // l e n g t h o f e l ement 3 i n mm
6 l4 =10.00 // l e n g t h o f e l ement 4 i n mm
7 l5 =20.00 // l e n g t h o f e l ement 5 i n mm
8 l6=5.00 // l e n g t h o f e l ement 6 i n mm
9 l7=5.00 // l e n g t h o f e l ement 7 i n mm
10 l8 =30.00 // l e n g t h o f e l ement 8 i n mm
11 l9 =15.70 // l e n g t h o f e l ement 9 i n mm
12 l10 =15.70 // l e n g t h o f e l ement 10 i n mm
13 l11 =15.70 // l e n g t h o f e l ement 11 i n mm
14 l12 =10.00 // l e n g t h o f e l ement 12 i n mm
15 l13 =10.00 // l e n g t h o f e l ement 13 i n mm
16 l14 =10.00 // l e n g t h o f e l ement 14 i n mm
17 x1=3.69 //x a x i s d i s t a n c e f o r e l ement 1 i n mm
18 x2=0 //x a x i s d i s t a n c e f o r e l ement 2 i n mm
19 x3 =10.00 //x a x i s d i s t a n c e f o r e l ement 3 i n mm
20 x4 =20.00 //x a x i s d i s t a n c e f o r e l ement 4 i n mm
21 x5 =30.00 //x a x i s d i s t a n c e f o r e l ement 5 i n mm
22 x6 =40.00 //x a x i s d i s t a n c e f o r e l ement 6 i n mm
23 x7 =40.00 //x a x i s d i s t a n c e f o r e l ement 7 i n mm
24 x8 =25.00 //x a x i s d i s t a n c e f o r e l ement 8 i n mm
25 x9 =65.00 //x a x i s d i s t a n c e f o r e l ement 9 i n mm
26 x10 =65.00 //x a x i s d i s t a n c e f o r e l ement 10 i n mm
27 x11 =81.82 //x a x i s d i s t a n c e f o r e l ement 11 i n mm
28 x12 =90.00 //x a x i s d i s t a n c e f o r e l ement 12 i n mm
29 x13 =95.00 //x a x i s d i s t a n c e f o r e l ement 13 i n mm
30 x14 =90.00 //x a x i s d i s t a n c e f o r e l ement 14 i n mm
31 y1=3.69 //y a x i s d i s t a n c e f o r e l ement 1 i n mm
32 y2 =20.00 //y a x i s d i s t a n c e f o r e l ement 2 i n mm
33 y3 =36.37 //y a x i s d i s t a n c e f o r e l ement 3 i n mm
34 y4 =25.00 //y a x i s d i s t a n c e f o r e l ement 4 i n mm
35 y5 =20.00 //y a x i s d i s t a n c e f o r e l ement 5 i n mm
36 y6 =17.50 //y a x i s d i s t a n c e f o r e l ement 6 i n mm
37 y7=2.50 //y a x i s d i s t a n c e f o r e l ement 7 i n mm
38 y8=0 //y a x i s d i s t a n c e f o r e l ement 8 i n mm
39 y9 =10.00 //y a x i s d i s t a n c e f o r e l ement 9 i n mm
40 y10 =30.00 //y a x i s d i s t a n c e f o r e l ement 10 i n mm
41 y11 =10.00 //y a x i s d i s t a n c e f o r e l ement 11 i n mm
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42 y12 =15.00 //y a x i s d i s t a n c e f o r e l ement 12 i n mm
43 y13 =10.00 //y a x i s d i s t a n c e f o r e l ement 13 i n mm
44 y14 =5.00 //y a x i s d i s t a n c e f o r e l ement 14 i n mm
45 l1x1=l1*x1

46 l2x2=l2*x2

47 l3x3=l3*x3

48 l4x4=l4*x4

49 l5x5=l5*x5

50 l6x6=l6*x6

51 l7x7=l7*x7

52 l8x8=l8*x8

53 l9x9=l9*x9

54 l10x10=l10*x10

55 l11x11=l11*x11

56 l12x12=l12*x12

57 l13x13=l13*x13

58 l14x14=l14*x14

59 l1y1=l1*y1

60 l2y2=l2*y2

61 l3y3=l3*y3

62 l4y4=l4*y4

63 l5y5=l5*y5

64 l6y6=l6*y6

65 l7y7=l7*y7

66 l8y8=l8*y8

67 l9y9=l9*y9

68 l10y10=l10*y10

69 l11y11=l11*y11

70 l12y12=l12*y12

71 l13y13=l13*y13

72 l14y14=l14*y14

73 L=l1+l2+l3+l4+l5+l6+l7+l8+l9+l10+l11+l12+l13+l14 //
sum o f a l l e l e m e n t s l e n g t h i n mm

74 LX=l1x1+l2x2+l3x3+l4x4+l5x5+l6x6+l7x7+l8x8+l9x9+

l10x10+l11x11+l12x12+l13x13+l14x14

75 LY=l1y1+l2y2+l3y3+l4y4+l5y5+l6y6+l7y7+l8y8+l9y9+

l10y10+l11y11+l12y12+l13y13+l14y14

76 X=LX/L// c e n t r e o f p r e s s u r e o f x a x i s i n mm
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77 Y=LY/L// c e n t r e o f p r e s s u r e o f y a x i s i n mm
78 printf( ’ Centre o f p r e s s u r e i s ( %f , %f ) mm’ ,X,Y)
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Chapter 9

Welding Processes

Scilab code Exa 9.1 Calculate the melting efficiency in the case of arc welding of steel

1 // Example 9 . 1
2 clc

3 V=20 // p o t e n t i a l i n V
4 I=200 // c u r r e n t i n A
5 v=5 // t r a v e l speed i n mm/ s
6 A=20 // c r o s s s e c t i o n a l a r ea o f the j o i n t i n mmˆ2
7 Q=10 // heat r e q u i r e d to melt s t e e l i n J/mmˆ3
8 e=0.85 // heat t r a n s f e r e f f i c i e n c y
9 Qn=e*V*I// net heat s u p p l i e d i n W

10 V=A*v// volume o f the base meta l mel ted i n mmˆ3/ s
11 Qr=V*Q// heat r e q u i r e d f o r m e l t i n g i n J/ s
12 em=Qr/Qn // m e l t i n g e f f i c i e n c y
13 printf( ’ Me l t ing e f f i c i e n c y as %f ’ ,em)

Scilab code Exa 9.2 Calculate the heat lost to surroundings

1 // Example 9 . 2
2 clc
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3 I=10000 // c u r r e n t i n A
4 t=0.1 // t ime i n s e c f o r which the c u r r e n t i s f l o w i n g

through the j o i n t
5 R1=100 // e f f e c t i v e r e s i s t a n c e o f the j o i n t i n micro

ohms
6 R=R1*(10^( -6))// e f f e c t i v e r e s i s t a n c e o f the j o i n t i n

ohms
7 d=5 // d iamete r o f the j o i n t i n mm
8 l=1.5 // h e i g h t o f the j o i n t i n mm
9 p=0.00786 // d e n s i t y o f s t e e l i n g/mmˆ3
10 Q=10 // heat r e q u i r e d f o r m e l t i n g s t e e l i n J/mmˆ3
11 H=(I^2)*R*t// heat s u p p l i e d i n J
12 V=(%pi/4)*(d^2)*l// volume o f the j o i n t i n mmˆ3
13 Qr=V*Q// heat r e q u i r e d f o r m e l t i n g i n J
14 Ql=H-Qr // heat l o s t to s u r r o u n d i n g s i n J
15 printf( ’ Heat l o s t to s u r r o u n d i n g s i s %f J \n ’ ,Ql)
16 Qlp=Ql*100/H//% o f heat l o s t to s u r r o u n d i n g s
17 printf( ’ Heat l o s t to s u r r o u n d i n g s i s %f %%’ ,Qlp)
18 // the answer may s l i g h t l y vary due to round ing o f f

v a l u e s

Scilab code Exa 9.3 Calculate the heat lost to surroundings

1 // Example 9 . 3
2 clc

3 I=30000 // c u r r e n t i n A
4 t=0.005 // t ime i n s e c f o r which the c u r r e n t i s

f l o w i n g through the j o i n t
5 T=1.0 // t h i c k n e s s o f s t e e l s h e e t i n mm
6 R1=100 // e f f e c t i v e r e s i s t a n c e o f the j o i n t i n micro

ohms
7 R=R1*(10^( -6))// e f f e c t i v e r e s i s t a n c e o f the j o i n t i n

ohms
8 d=5 // d iamete r o f the j o i n t i n mm
9 l=1.5 // h e i g h t o f the j o i n t i n mm
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10 p=0.00786 // d e n s i t y o f s t e e l i n g/mmˆ3
11 Q=10 // heat r e q u i r e d f o r m e l t i n g s t e e l i n J/mmˆ3
12 H=(I^2)*R*t// heat s u p p l i e d i n J
13 V=(%pi/4)*(d^2)*l// volume o f the j o i n t i n mmˆ3
14 Qr=V*Q// heat r e q u i r e d f o r m e l t i n g i n J
15 Ql=H-Qr // heat l o s t to s u r r o u n d i n g s i n J
16 printf( ’ Heat l o s t to s u r r o u n d i n g s i s %f J \n ’ ,Ql)
17 Qlp=Ql*100/H//% o f heat l o s t to s u r r o u n d i n g s
18 printf( ’ Heat l o s t to s u r r o u n d i n g s i s %f %%’ ,Qlp)
19 // h i g h e r e f f i c i e n c y a c h i e v e d
20 // because o f the s h o r t t ime the c u r r e n t i s f l o w i n g
21 // heat l o s s e s a r e minimized
22 // the answer may s l i g h t l y vary due to round ing o f f

v a l u e s

Scilab code Exa 9.4 Find the best welding speed used for the welding

1 // Example 9 . 4
2 clc

3 T0=30 // ambient t empera tu r e i n C
4 k=0.028 // therma l c o n d u c t i v i t y i n J/mm. s . C
5 R=6 // l i m i t i n g c o o l i n g r a t e i n C / s
6 Tc=550 // t empera tu r e at which c o o l i n g r a t e i n C
7 V=25 // v o l t a g e i n V
8 I=300 // c u r r e n t i n A
9 h=6 // t h i c k n e s s o f the base meta l i n mm

10 f1=0.9 // e f f i c i e n c y
11 pc =0.0044 //p as d e n s i t y o f base meta l i n g/mmˆ3 and

c as s p e c i f i c heat o f the base meta l i n J/g . C
12 v=9 // t r a v e l speed i n mm/ s
13 //v = 6 to 9 mm/ s // p o s s i b l e t r a v e l s p e e d s i n mm/ s
14 Hnet=f1*V*I/v// heat input i n J/mm
15 tow=h*sqrt(pc*(Tc -T0)/Hnet)// r e l a t i v e p l a t e

t h i c k n e s s f a c t o r
16 // tow < 0 . 6
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17 // i t i s a t h i n p l a t e
18 R=2*%pi*k*pc*((h/Hnet)^2)*((Tc-T0)^3) // c o o l i n g r a t e

i n C / s
19 printf( ’ Coo l i ng r a t e i s %f C / s \ nThis c o o l i n g r a t e

be ing a l i t t l e h i g h e r . \nSo , we may reduce the
t r a v e l speed to 8 mm/ s and r e c a l c u l a t e . \n\n ’ ,R)

20 v2=8 // t r a v e l speed i n mm/ s
21 Hnet2=f1*V*I/v2 // heat input i n J/mm
22 tow=h*sqrt(pc*(Tc -T0)/Hnet2)// r e l a t i v e p l a t e

t h i c k n e s s f a c t o r
23 // tow < 0 . 6
24 // i t i s a t h i n p l a t e
25 R2=2*%pi*k*pc*((h/Hnet2)^2)*((Tc -T0)^3) // c o o l i n g

r a t e i n C / s
26 printf( ’ S a t i s f a c t o r y c o o l i n g r a t e i s %f C / s \nThe

we ld ing speed can be f i n a l i s e d at %f mm/ s ’ ,R2 ,v2)

Scilab code Exa 9.5 Calculate the heat affected zone

1 // Example 9 . 5
2 clc

3 T0=30 // ambient t empera tu r e i n C
4 k=0.028 // therma l c o n d u c t i v i t y i n J/mm. s . C
5 R=6 // l i m i t i n g c o o l i n g r a t e i n C / s
6 Tc=550 // t empera tu r e at which c o o l i n g r a t e i n C
7 V=25 // v o l t a g e i n V
8 I=300 // c u r r e n t i n A
9 h=6 // t h i c k n e s s o f the base meta l i n mm

10 f1=0.9 // e f f i c i e n c y
11 pc =0.0044 //p as d e n s i t y o f base meta l i n g/mmˆ3 and

c as s p e c i f i c heat o f the base meta l i n J/g . C
12 v=7 // we ld ing speed i n mm/ s
13 Tm=1510 // m e l t i n g t empera tu r e i n C
14 y=1 // i n t e r v a l o f f u s i o n zone i n mm
15 Hnet=f1*V*I/v// heat input i n J/mm
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16 e=2.71821828 // base o f n a t u r a l l o g a r i t h m
17 Tp =(1/((( sqrt (2*%pi*e))*pc*h*y/Hnet)+(1/(Tm -T0))))+

T0 // peak tempera tu r e i n C
18 y2=2 // i n t e r v a l o f f u s i o n zone i n mm
19 Tp2 =(1/((( sqrt (2*%pi*e))*pc*h*y2/Hnet)+(1/(Tm-T0))))

+T0 // peak tempera tu r e i n C
20 y3=3 // i n t e r v a l o f f u s i o n zone i n mm
21 Tp3 =(1/((( sqrt (2*%pi*e))*pc*h*y3/Hnet)+(1/(Tm-T0))))

+T0 // peak tempera tu r e i n C
22 y4=4 // i n t e r v a l o f f u s i o n zone i n mm
23 Tp4 =(1/((( sqrt (2*%pi*e))*pc*h*y4/Hnet)+(1/(Tm-T0))))

+T0 // peak tempera tu r e i n C
24 y5=6 // i n t e r v a l o f f u s i o n zone i n mm
25 Tp5 =(1/((( sqrt (2*%pi*e))*pc*h*y5/Hnet)+(1/(Tm-T0))))

+T0 // peak tempera tu r e i n C
26 y6=8 // i n t e r v a l o f f u s i o n zone i n mm
27 Tp6 =(1/((( sqrt (2*%pi*e))*pc*h*y6/Hnet)+(1/(Tm-T0))))

+T0 // peak tempera tu r e i n C
28 y7=10 // i n t e r v a l o f f u s i o n zone i n mm
29 Tp7 =(1/((( sqrt (2*%pi*e))*pc*h*y7/Hnet)+(1/(Tm-T0))))

+T0 // peak tempera tu r e i n C
30 y8=12 // i n t e r v a l o f f u s i o n zone i n mm
31 Tp8 =(1/((( sqrt (2*%pi*e))*pc*h*y8/Hnet)+(1/(Tm-T0))))

+T0 // peak tempera tu r e i n C
32 y9=14 // i n t e r v a l o f f u s i o n zone i n mm
33 Tp9 =(1/((( sqrt (2*%pi*e))*pc*h*y9/Hnet)+(1/(Tm-T0))))

+T0 // peak tempera tu r e i n C
34 y10 =16 // i n t e r v a l o f f u s i o n zone i n mm
35 Tp10 =(1/((( sqrt (2*%pi*e))*pc*h*y10/Hnet)+(1/(Tm -T0))

))+T0 // peak tempera tu r e i n C
36 v2=8 // we ld ing speed i n mm/ s
37 Hnet2=f1*V*I/v2 // heat input i n J/mm
38 Tp11 =(1/((( sqrt (2*%pi*e))*pc*h*y/Hnet2)+(1/(Tm -T0)))

)+T0 // peak tempera tu r e i n C
39 Tp12 =(1/((( sqrt (2*%pi*e))*pc*h*y2/Hnet2)+(1/(Tm -T0))

))+T0 // peak tempera tu r e i n C
40 Tp13 =(1/((( sqrt (2*%pi*e))*pc*h*y3/Hnet2)+(1/(Tm -T0))

))+T0 // peak tempera tu r e i n C
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41 Tp14 =(1/((( sqrt (2*%pi*e))*pc*h*y4/Hnet2)+(1/(Tm -T0))

))+T0 // peak tempera tu r e i n C
42 Tp15 =(1/((( sqrt (2*%pi*e))*pc*h*y5/Hnet2)+(1/(Tm -T0))

))+T0 // peak tempera tu r e i n C
43 Tp16 =(1/((( sqrt (2*%pi*e))*pc*h*y6/Hnet2)+(1/(Tm -T0))

))+T0 // peak tempera tu r e i n C
44 Tp17 =(1/((( sqrt (2*%pi*e))*pc*h*y7/Hnet2)+(1/(Tm -T0))

))+T0 // peak tempera tu r e i n C
45 Tp18 =(1/((( sqrt (2*%pi*e))*pc*h*y8/Hnet2)+(1/(Tm -T0))

))+T0 // peak tempera tu r e i n C
46 Tp19 =(1/((( sqrt (2*%pi*e))*pc*h*y9/Hnet2)+(1/(Tm -T0))

))+T0 // peak tempera tu r e i n C
47 Tp20 =(1/((( sqrt (2*%pi*e))*pc*h*y10/Hnet2)+(1/(Tm -T0)

)))+T0 // peak tempera tu r e i n C
48 Y1=[y y2 y3 y4 y5 y6 y7 y8 y9 y10]

49 Y2=[y y2 y3 y4 y5 y6 y7 y8 y9]

50 TP1=[Tp Tp2 Tp3 Tp4 Tp5 Tp6 Tp7 Tp8 Tp9 Tp10]

51 TP2=[Tp11 Tp12 Tp13 Tp14 Tp15 Tp16 Tp17 Tp18 Tp19]

52 plot(Y1,TP1 , ’ r ’ )
53 plot(Y2,TP2 , ’ g ’ )
54 y0=0

55 Y0=[y0 y2 y3 y4 y5 y6 y7 y8 y9 y10]

56 TP3 =[768.3 768.3 768.3 768.3 768.3 768.3 768.3 768.3

768.3 768.3]

57 // above TP3 −−−> t r a n s f o r m a t i o n zone
58 TP4 =[432 432 432 432 432 432 432 432 432 432]

59 //TP3 to TP4 −−−> over−tempered zone
60 plot(Y0,TP3 , ’ k−− ’ )
61 plot(Y0,TP4 , ’ k−− ’ )
62 xlabel( ’ D i s t a n c e from f u s i o n boundary , mm’ )
63 ylabel( ’ Peak temperature , C ’ )
64 title( ’ Peak t e m p e r a t u r e s r eached i n the base meta l

as v a r i e d by the we ld ing speed ’ )
65 legend(”7 mm/ s ”,”8 mm/ s ”)
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Figure 9.1: Calculate the heat affected zone
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