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e

r fo
rg

in
g
 m

a
c
h
in

e
 is

 e
x
p

e
c
te

d
 to

 fa
c
ilita

te
, lig

h
te

n
 a

n
d
 s

h
o

rte
n

 th
e

 tim
e
 

re
q

u
ire

d
 in

 th
e
 p

ro
c
e
s
s
 o

f fo
rg

in
g

 th
e
 g

a
m

e
la

n
 to

 p
ro

d
u

c
e

 a
 g

o
o

d
 fo

rg
in

g
 a

n
d

 c
o

n
s
ta

n
t w

ro
u
g

h
t lo

a
d
s
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T
h

e
 m

a
te

ria
l u

s
e

d
 is

 a
 b

ro
n

z
e

 c
a

s
tin

g
 m

a
te

ria
l th

a
t is

 a
 m

ix
tu

re
 o

f C
u

- S
n

. T
h

e
 c

o
m

p
o
s
itio

n
 o

f th
e

 a
llo

y
 u

s
e

d
 is

 th
e

 ra
tio

 o
f b

ro
n

z
e
 

c
o

m
p

o
s
itio

n
 

w
ith

 
w

h
ite

 
tin

: 
1
0

 
C

u
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3

 
S

n
. 
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ta

k
e

 
o

f 
h
a

rd
n

e
s
s
 

d
a

ta
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te

s
te

d
 

u
s
in

g
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ic

k
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e
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o
d
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2

) 
a

n
d
 

m
ic

ro
s
tru

c
tu

re
 s

h
o
o

tin
g

 w
ith

 a
n

 o
p

tic
a
l m

ic
ro

s
c
o

p
e

. T
h

e
 re

s
u

lts
 s

h
o

w
e

d
 th

e
 e

v
e

n
n

e
s
s
 o

f h
a

rd
n

e
s
s
 in

 e
a
c
h

 s
e
c
tio

n
 o

f th
e

 s
la

ts
 

fo
u

n
d

 in
 th

e
 h

a
m

m
e

r fo
rg

in
g
 m

a
c
h
in

e
. T

h
e

 re
s
u
lts

 o
f h

a
rd

n
e

s
s
 v

a
lu

e
s
 o

b
ta

in
e

d
 in

 th
e
 p

ro
c
e

s
s
 o

f h
a
m

m
e

r fo
rg

in
g

 m
a

c
h

in
e
 

a
m

o
u
n

te
d
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 2
1

2
 k

g
 / m

m
2 a

n
d

 in
 th

e
 tra

d
itio

n
a

l fo
rg

in
g
 p

ro
c
e

s
s
 o

f 2
1

3
 k

g
 / m

m
2. In

 th
e

 m
ic

ro
s
tru

c
tu

ra
l im

a
g

e
, w

e
 g

e
t α

 (C
u

) a
n

d
 

α
 +

 f p
h

a
s
e

s
. B

a
s
e

d
 o

n
 th

e
 re

s
u

lt o
f h

a
rd

n
e
s
s
 s

tu
d

y
 a

n
d
 o

b
s
e

rv
a

tio
n
 o

f m
ic

ro
s
tru

c
tu

re
, it is

 k
n
o

w
n

 th
a

t tra
d

itio
n

a
l fo

rg
in

g
 p

ro
c
e
s
s
 

h
a

s
 a

 g
o
o

d
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u
a

lity
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p
e

c
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a
tio

n
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e
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u

a
lity
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e
 fo

rg
in

g
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d

e
 a

s
 c

o
m

p
a

re
d

 to
 h

a
m

m
e
r fo

rg
in

g
 m

a
c
h

in
e

 p
ro

c
e

s
s
 in

 B
a

lin
e
s
e

 
g

a
m

e
la

n
 m

a
k
in
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 K
e

y
w

o
rd
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a
rd

n
e

s
s
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ic
ro

s
tru

c
tu

re
, tra

d
itio

n
a
l fo

rg
in

g
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a
m

m
e

r fo
rg

in
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 m
a

c
h
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. 

P
e
n
d
a
h
u
lu

a
n
 

G
a
m

e
la

n
 
m

e
ru

p
a
k
a
n
 
s
e
p
e

ra
n
g
k
a
t 

a
la

t 
m

u
s
ik

 
y
a

n
g
 

te
rb

u
a
t 

d
a
ri 

b
a

h
a
n
 

lo
g
a
m

 
y
a

n
g
 

m
e
n
ja

d
i 

p
e
ra

n
g
k
a
t 

p
e
n
tin

g
 

d
a

la
m

 
m

u
s
ik

 
k
a
ra

w
ita

n
. 

K
e
te

rta
rik

a
n
 

m
u
s
ik

 
g
a
m

e
la

n
 

in
i 

d
is

e
b

a
b
k
a
n
 

o
le

h
 

b
e
b
e
ra

p
a
 

k
e
is

tim
e
w

a
a

n
 

p
a
d
a
 

a
s
p

e
k
 

a
u
d
io

 
d

a
n
 

v
is

u
a
ln

y
a

. K
e

is
tim

e
w

a
a
n
 p

a
d
a
 a

u
d

io
 m

e
lip

u
ti : w

a
rn

a
 

b
u
n

y
i 

(to
n
e
 
c
o
lo
u
r), 

la
ra

s
 

(s
c
a
le
 
s
y
s
te
m

), 
e
m

b
a
t 

(in
te

rv
a
l) 

d
a
n
 

p
e
la

y
a

n
g

a
n

 
(s
o
u
n
d
 
w
a
v
e

), 
s
e
d
a

n
g
k
a
n
 

k
e
is

tim
e
w

a
a
n
 

p
a
d
a

 
v
is

u
a
ln

y
a
 

m
e
lip

u
ti 

: 
B

e
n
tu

k
, 

k
o
n
s
tru

k
s
i, 

k
e
in

d
a
h

a
n

 
m

a
te

ria
l 

y
a

n
g
 

d
ip

a
k
a
i, 

o
rn

a
m

e
n
n

y
a
 [1

]. 

B
a
h
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n
 

b
a
k
u
 

p
a
d
a
 

p
e
m

b
u
a
ta

n
 

g
a
m

e
la

n
 

in
i 

a
d
a

la
h

 
p
e
ru

n
g
g

u
 

y
a

n
g
 

m
e
ru

p
a
k
a
n
 

p
a
d

u
a
n

 
a
n

ta
ra

 
te

m
b
a
g
a
 

d
a
n
 

tim
a
h
 

(C
u
-Z

n
), 

m
a
trik

 
te

m
b
a
g
a
 

m
e
m

p
u
n

y
a

i 
b
e
b

e
ra

p
a
 

k
e
u
n
g
g
u

la
n
 

y
a

itu
 

m
e
m

p
u
n

y
a

i 
k
e
u
le

ta
n
 y

a
n

g
 tin

g
g
i d

a
n
 ta

h
a
n
 k

o
ro

s
i. P

a
d
u
a

n
 lo

g
a
m

 
n
o
n
 
fe
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p
e
ru

n
g
g
u

 
m

e
m

ilik
i 

s
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t-s
ifa

t 
a
n
ta
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la
in

 
m

a
m

p
u
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ib
e
n
tu

k
 d

e
n
g
a

n
 b

a
ik

, p
e
n
g
h

a
n
ta

r p
a
n
a
s
 d

a
n
 

lis
trik

 
y
a

n
g
 

b
a

ik
, 

m
e
m

p
u
n

y
a

i 
w

a
rn

a
 

y
a

n
g
 

m
e
n
a
rik

, 

ta
h
a

n
 k

a
ra

t, k
e
k
u
a
ta

n
 d

a
n

 k
e
k
a
k
u
a
n
n

y
a
 le

b
ih

 re
n
d

a
h
 

d
a
ri fe

rro
. P

a
d
u

a
n
 u
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m

a
 te

m
b
a
g
a
 d

e
n

g
a
n
 tim

a
h
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a
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g
a
m

 
p
e
ru

n
g
g
u
 

m
e
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p
a
k
a
n
 

p
a
d

u
a
n
 

y
a
n

g
 

b
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s
a

n
y
a
 

d
ig

u
n
a
k
a
n
 u

n
tu

k
 p

e
ra

la
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n
 d

a
p

u
r, a

la
t-a

la
t m

u
s
ik

 d
a

n
 

b
a
ra

n
g
 k

e
ra

jin
a
n
 la

in
n

y
a
 [2

]. 
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a
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p
e
m

b
u
a
ta
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g
a
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a
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s
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p

e
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y
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n
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k
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n
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e
c
a
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m
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 d
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d
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 d
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g
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y
e
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a
b
k
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n
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e
b
e
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p
a
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a
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m
e
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d
a
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s
e
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e
n
g
e
c
o
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a
d
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g
a
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d
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n
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P
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p
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p
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n
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d
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h
 

p
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s
e
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d
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n
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g

 
y
a
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g
 

m
a
s
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b
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m
p
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p
a
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k
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p
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n
a
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e
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y
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k
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e
le

m
a
h
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a
d
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m

p
a
a
n
 

d
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n
g
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p
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s
e
s
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d
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n
a
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s
a
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h
 
s
a
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n
y
a
 

a
d
a
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p
e
m

a
d
a
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n
 

a
n
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m
a
te
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l 

s
a
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d
e

n
g

a
n
 

m
a
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y
a
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a
k
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e
ra
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 s

e
h
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g
g
a
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e
n
g
a
k
ib

a
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te
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d
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y
a
 

c
a
c
a
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re
ta

k
 

p
a
d
a
 

b
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h
 

g
a
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e
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n
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u
p
u
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p
e
n
u
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m

e
k
a
n
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d
a
ri 

m
a
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y
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n
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a
k
a
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b
e
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e
n
g
a
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h
 te
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a
d
a

p
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u
a
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u
a
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 d
a
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a
m

e
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n
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]. 

C
a
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e
n
g
a
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i 

b
e

b
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te

m
p
a
 

y
a
n

g
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a
k
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o
n
s
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 d

a
n
 u

n
tu

k
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e
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p
e
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e
c
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d
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y
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 c

a
c
a

t m
a
k
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d
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e
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k
a
n
 
s
u
a
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a
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g
 
m
a
c
h
in
e
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M

e
s
in

 
te

m
p
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a
m
m
e
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fo
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in
g
 
m
a
c
h
in
e
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y
a
n
g
 

d
ig

u
n
a
k
a
n
 

o
le

h
 

p
e
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jin
 

m
e
n
g
g
u
n

a
k
a
n
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a
g
a
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o
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n
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k
 

ro
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o
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a
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d
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g
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s
i 

u
n
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m
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n
e
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p
a
 
b
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g
a
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e
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y
a
n

g
 

d
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p
k
a
n
 

d
a
p

a
t 

m
e
m

p
e
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u
d
a
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m
e
m

p
e
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g
a
n

, 
m

e
n
g
e
fis
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n
k
a
n
 w

a
k
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a

n
g
 d
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u
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h
k
a
n
 d
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s
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p
e
n
e
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a
a
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g
a
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a

n
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a
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n
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k
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n
g
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a
s
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p
e
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e
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y
a

n
g
 

b
a
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a
n
 

b
e
b

a
n
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m

p
a
 

y
a
n
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d
i 
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b
u
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a
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k
o
n
s
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p
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p
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p
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p
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e
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p
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d
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k
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a
d
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s
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 tra

d
is

io
n
a
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in
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a

n
 

h
a
m
m
e
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m
a
c
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p
a
d
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p
e
m

b
u
a
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g
a
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e
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B
a
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M
e
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d
e
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e
n
e
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e
rs

ia
p
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p
e
s
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e
n
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ji 

M
a
te

ria
l 

y
a

n
g
 

d
ig

u
n
a
k
a
n
 

a
d
a
la

h
 

m
a
te

ria
l 

p
e
ru

n
g
g
u
 
h

a
s
il 

c
o
ra

n
 
y
a

itu
 
c
a
m

p
u
ra

n
 
a
n
ta

ra
 
C

u
-S

n
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K
o
m

p
o
s
is

i 
p
a

d
u
a

n
 

y
a
n
g
 

d
ig

u
n

a
k
a
n
 

a
d
a

la
h
 

p
e
rb

a
n
d
in

g
a

n
 k

o
m

p
o
s
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i p
e
ru

n
g

g
u
 d

e
n

g
a
n
 tim

a
h
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u
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y
a
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1
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C
u
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o
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o
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y
a
n
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b
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y
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d
ig

u
n
a
k
a
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o
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p
e
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d
e
n
g
a
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b
e
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1
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k
g
 

y
a

n
g
 

s
e
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n
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y
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a
k
a
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d
ila

k
u
k
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n
 

p
ro
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e
s
 

p
e

le
b
u
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d
a

n
 

p
e
n
g

e
c
o
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n
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h
 

h
a
s
il 

d
a
ri 

p
e
n

g
e
c
o
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k
e
m

u
d
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n
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k
a
n
 d

i te
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p
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 d

e
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g
a
n
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s
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s
 tra

d
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n
a
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in
g
 d

a
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h
a
m
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e
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rg
in
g
 
m
a
c
h
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e
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P
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e
s
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d
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n
a

l 
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g
 

y
a
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d
e

n
g
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n
g
g
u
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 p
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s
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y
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 b
e
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 d
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r p
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 d
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a
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m
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p
e
ra

jin
. 
H
a
m
m
e
r 
fo
rg
in
g
 
m
a
c
h
in
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p
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b
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