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ABSTRACT OF THE DISSERTATION

The Manufacture of Tuned Percussion Instruments in
Indonesia and Africa - a selective study

by

Jamie Linwood
Doctor of Philosophy
London Guildhall University, 1995

This dissertation is divided into three parts. The first examines the

manufacture of Javanese gamelan percussion instruments, the second
examines the manufacture of xylophones in Central African Republic,

Ghana and Zambia, and the third examines the acoustics of xylophones.
Part I

Gamelan is a generic term for a set of instruments consisting primarily
of tuned gongs and metallophones. Two distinct forms of gamelan exist:
those made of bronze which are forged, and those made of steel and/or
brass which are usually cold-hammered. The manufacture of bronze
gamelan is a highly specialised ancient tradition, whereas the making of

steel/brass instruments is a more recent practice resulting from the
availability of metal alloys in sheet form this century.

Central Java has been the centre of the bronze gamelan industry for
centuries, supplying the royal courts, as well as producing gongs for
export. The main source of published information on Javanese gong
making is De Gong-Fabricatie te Semarang written in 1907 by Jacobson
and van Hasselt. However, their study does not cover the tuning and
voicing of gongs.

This dissertation documents the manufacturing techniques of bronze
Instruments with regard to the material, the workforce, workpractices and

techniques and the tuning/voicing of gongs. The techniques of making

steel/brass instruments are examined, which have so far remained
undocumented.

Instrument makers subcontract frame building to specialist

Viil




woodworkers. This work, concentrating on carving, is examined. Folk
instruments, made from locally available materials, are popular
throughout Indonesia. The manufacture of the instruments from one such
tradition, the bamboo calung ensemble from Central Java, is studied.

Part 11

This part examines the role, significance and construction of a selected
group of xylophones in Africa.

The LoDagaa and Sisaala peoples of northern Ghana use xylophones as
their main means of musical expression. The xylophones are used for
recreation, but more significantly, they provide the music for a number of
cults and events, the most important of which is the funeral ceremony. Within
recent years the Sisaala xylophone tradition has declined, whereas the
LoDagaa tradition is still very strong: the reasons for this are discussed.

The Lozi and Nkoya peoples in western Zambia have two distinct
xylophone traditions: royal court music, which is serious in nature with a
rigid adherence to custom, and folk music which is used for entertainment
and for cults. The court tradition and its instruments are examined and
compared to the folk tradition.

At the end of the nineteenth century the xylophone traditions of the
Azande and Nzakara peoples of eastern Central African Republic were
flourishing. Today, the tradition has almost completely died out. Chapter
X1 documents what remains, and examines the reasons for its decline.
Part 111

This part examines the acoustics of xylophones. An introduction
mentions notable publications on the subject, and examines present
acoustic theory of bars and air columns. Experimental work examines

modes of vibrations of bars of uniform thickness but of different shapes,
the effect of undercutting bars and the method for tuning second and
third partials.

Published acoustic theory on bar idiophones deals only with western
orchestral instruments. The rest of Part III examines the acoustics of
African xylophones. Bars have been made by the author of forms

representing the main xylophone types found in Africa. Sympathetically
tuned resonators of various forms and materials have been made and
tested with different bars. A study has also been made on the use of
mirlitons and their effect on tone. The tone of these bars and resonators
has been studied using digital analysis to obtain objective results.

IX




CHAPTER 1

INTRODUCTION

The first two parts of this study (Indonesia and Africa respectively) documents
instrument making traditions and examines their social context. They are the
product of a three-year research fellowship funded by the Leverhulme Trust. As a
maker of tuned percussion I chose a wide area of study, reflecting the range of
instruments I make. The third part examines the acoustics of xylophones.

The Indonesian study is based on Javanese gamelan, an orchestra composed
primarily of tuned metallophones and gongs. My involvement with gamelan
started as a result of a fascination with the bronze gongs and their construction.

Previous to the research fellowship I had made a number of bronze metallophones,
sand casting the bars. At that time, I was buying the bronze from the Whitechapel
Bell Foundry (established in 1562) who have a specialist knowledge of bronze
alloys, their workability and sonority. I knew that Javanese bronze gamelan were
forged, but according to the bell foundry manager, it was not possible, in their
experience to forge bronze without it cracking or suffering tin sweat. Two years
later I found myself sitting in a Javanese gamelan forge being amazed at seeing a
gong take shape. Chapter III explains in detail the processes of manufacturing
bronze gamelan that I witnessed in Solo (or Surakarta), Central Java.

The cost of the raw materials, copper and tin, has always put bronze
gamelan beyond the reach of all but the very wealthy in Javanese society.
However, much cheaper gamelan instruments are now made from sheet steel
(usually spent oil drums). These instruments have led to the wider use of
gamelan in Java. Many schools and music centres in Britain have been able to
buy iron gamelan. Chapter IV examines the manufacture of these instruments.

Apart from the more formal gamelan orchestras, there are also many folk
ensembles 1n Java, using instruments made from locally available materials,
such as bamboo. A study of making the bamboo calung ensemble from

central Java 1s given in Chapter VII. In conclusion to Part I, Chapter VIII
assesses the vitality of the gamelan industry in central Java.

The second part of the dissertation examines the xylophone making
traditions in Central African Republic, Ghana and Zambia. These studies aim
to document manufacturing techniques, the role of the xylophone, and its
cultural importance. These chapters have their own introductions, giving brief
historic and geographic backgrounds to the cultures examined.



Chapter IX examines the Sisaala and LoDagaba (a subgroup of the LoDagaa)
xylophone traditions in north-west Ghana. In these two xylophone cultures the
most important role of the instruments is to provide the music for the funeral
ceremony. With the xylophones’ inextricable link with death and the after-life,

and the pagan structure of LoDagaba and Sisaala society, much mysticism
surrounds the instruments’ manufacture; this is documented. The Sisaala tradition
is in serious decline, whereas the LoDagaba tradition is flourishing: the reasons
for this are examined in Chapter IX

The royal xylophone ensembles of the Lozi and Nkoya peoples in western
Zambia are examined in Chapter X. These ensembles are a prominent and
important feature of the royal establishments: four performances are given every
day in the Lozi capital, and the xylophone must play at every public appearance
of the king. The role and significance of the royal instruments are examined, and

compared to the folk xylophone tradition. In keeping with tradition, the present
Lozi king takes part in the making of the royal instruments, and this role is
examined in Chapter X.

The two most useful sources of information I found on xylophone construction
were Hugh Tracey’s study of the Chopi xylophone tradition in Mozambique' and
Olga Boone’s analytical notes on the collection of xylophones in the Musée de
I’Afrique Centrale.” During 1987 I made a study of that museum’s collection, and
was captured by the finely made Azande xylophones (manza) from north-east
Zaire. These xylophones featured prominently in Azande culture, being used
exclusively by court musicians, chiefs and kings. Unfortunately, the tradition is in
serious decline. The xylophone traditions of the Azande and Nzakara peoples are
examined in Chapter XI.

Chapter XII, is a conclusion of Part II, comparing the traditions, and discussing
their vitality.

The acoustics of bar idiophones are examined in Part III, Chapter XIII. The
first part of this chapter, Acoustic Principles of the Xylophone, gives a brief
account of the publication of advances in the field, and a study of vibration in
bars, air colums and spheres, and the effect of beater hardness.

The second part of Chapter XIII, Experimental Work, includes a series of tests on
xylophones bars and resonators made by the author. This work examines modes of
vibrations of bars of uniform thickness but of different shapes, the effect of
undercutting bars and the method for tuning second and third partials, tone

characteristics of African-type xylophone bars coupled with resonators of different
types, and the effect of mirltons on tone, paying regard to membrane material and size.



PART 1
CHAPTER 11

JAVANESE GAMELAN

Gamelan is a generic term for a set of instruments consisting primarily
of tuned gongs and metallophones. Ensembles may consist of thirty or
more instruments, as in the Central Javanese Court gamelan, or as few as
four or five in village ensembles. Indonesia’s geographical position, lying
on major trade routes for at least two thousand years, has resulted in its
history and culture being heavily influenced by mainland S.E.Asia and

India. Successive waves of migration have brought Hindu-Buddhist,
Islamic and, to some extent, Western culture to Indonesia.

Today three distinct forms of gamelan exist: Central Javanese,
Sundanese (West Java), and Balinese. For all these traditions, Central

Java emerged as the centre of instrument making, supplying the others
with the most difficult instruments to make: the large gongs.

THE TUNING

Javanese gamelan uses two tuning systems : slendro and pelog. Slendro
consists of five pitches, generally conforming to a roughly equitonal
pentatonic scale. The pitches are numbered 1, 2, 3, 5, and 6, where 1 is the
lowest. The pelog system divides the octave into seven un-equal intervals.
From these seven pitches (1, 2, 3, 4, 5, 6, 7) just five notes are used to build
up different pentatonic scales. In the tumbuk nem gamelan, pitches
slendro 6 and pelog 6 are the same, facilitating change from the pelog to
the slendro system (and vice-versa) in the same piece. In the tumbuk lima
(five) gamelan, pitch 5 is the same.

There is no absolute standard of pitch for gamelan scales; each
individual gamelan has its own characteristic sound or ‘voice’. However,

many school gamelan are tuned to the standard used on the national radio
station.

THE INSTRUMENTS

The layout of the instruments (ricikan) generally follows the pattern of the large
hanging gongs, kempul and kenong positioned in the back row, with the sarons and



slenthem in the centre row, and the bonang, gender, gambang, suling and rebab in
the front row. The metal percussion instruments in gamelan are divided into two
types, wilah (or bilah) and pencon. Wilah refers to the bar or plate instruments
which include the saron and gender instruments, and pencon refers to the gong-pot
instruments. There are two types of rictkan pencon, distinguished by the method of
support; gandhul (hanging) and pangkon (cradled). Pencon gandhul include gong,
gong suwukan and kempul. Pencon pangkon include bonang, kenong, and
kempyang and kethuk.

Gong type instruments
These instruments all have onomatopoeic names, the final syllable imitating the
sound:

gong

kempul
kenong
kethuk

kempyang
bonang

Gong ageng

The vertically hanging gongs positioned at the back define the metrical
structure and form of the music. The largest of these, the gong ageng, is
used to signal the end of the largest musical cycle. Gong ageng are tuned
to produce two slightly different pitches that ‘beat’ to produce the
characteristic slow throbbing, known as ombak. The Javanese gong almost
always has ombak. Some large royal ensembles have two gong ageng, in
which case one is tuned to pitch 6 and the other to pitch 5. When there is
only one gong ageng it is almost always tuned to pitch 5. Although the
gong ageng has a definable pitch, it plays in both the pelog and the
slendro tuning system, so it is the tone of the instrument which is more
important.

The medium size hanging gong is called gong suwukan. It is tuned
between one and two octaves higher than the gong ageng, and so has a
very definite pitch. If there is only one gong suwukan it is tuned to pitch
2. Large ensembles may have two gong suwukan; in slendro they are
tuned to pitches 1 and 2, and in pelog to pitches 7 and 2. All gongs are
played with large, soft padded beaters to develop the deep, mellow tone.




Kempul

Kempul are very similar in shape to the gongs, but since they are tuned to
produce a single note, with no ombak, the Javanese word ‘gong’ is not associated
with them. They are hung vertically, alongside the gong ageng and gong suwukan.
Kempul are used to subdivide the melodic flow of the balungan (fixed melody,

literally skeleton) into musical phrases. They are played at the points of secondary

importance of the balungan, whereas kenong are played at the points of primary
Importance.

A complete gamelan set usually has eight kempul. Slendro kempul are 3, 5, 6, 1
and pelog kempul are 3, 5, 6, 7, 1. In the tumbuk nem (6) gamelan, kempul 6 slendro
1s interchangeable with kempul 6 pelog, and kempul 5 slendro can be used as
kempul 4 pelog. In the tumbuk lima (5) gamelan kempul 5 slendro is
interchangeable with kempul 5 pelog, and kempul 6 slendro can be used as kempul
1 pelog. In a less complete gamelan set, kempul may be tuned to slendro 5, 6, 1 and
pelog 5, 6, 7.

Kempul are played with beaters similar to those used for the gong ageng and gong

suwukan, but slightly smaller and less softly padded. During fast moving kempul
parts, damping is used in between each successive note.

Kenong

Kenong are large, horizontally suspended gong pots. Played with cord-wound sticks,
they produce a ringing ‘nong’ sound. A complete gamelan set has as many as ten or
eleven kenong. Slendro kenong are 2, 3, 5, 6, 1 and pelog kenong are 2, 3, (4), 5,6, 7, 1. A
less complete set may have slendro kenong 5, 6, 1 and pelog kenong 5, 6, 7. The same
system of interchanging between pelog and slendro is used as with the kempul. The
kenong are also in the back row of instruments reflecting their metrical function.

Kethuk and Kempyang

These two small, horizontally mounted gong pots are usually placed in
the back row, between the gong stand and the kenong. Their function is

also metrical, the kethuk often interlocking with the balungan on the off
beat.

Bonang

‘"There are two types of bonang: bonang barung and bonang penerus,
the latter being tuned an octave higher, so that the two overlap each
other by one octave and together encompass three octaves. In addition to



these bonang, some very large gamelan from Yogyakarta have a bonang
penembung, which is tuned one octave below the barung. Bonang have
two rows of gong pots, supported horizontally on string over a
rectangular wooden frame. Slendro bonang have twelve gong pots, while
pelog bonang have fourteen. The pots are arranged as follows : (from the
player’s viewpoint)
slendro 6 5 3 2 1'2" pelog 46 53 2.1 7
1.2.3.5.:6.1 7 1,2,3,5.6 .4

Bonang are played with cord wound sticks. These instruments
elaborate the balungan, and lead the gamelan in the loud style. As such
they are placed at one side at the front of the gamelan.

Bar type instruments

These metallophones fall into two categories; those with thick heavy
bars, played with wooden or horn mallets, and those with thin bars played
with soft padded beaters. In addition to these there is a xylophone,
gambang.

Saron

There are three types of saron : saron demung, saron barang (normally
just called saron), and saron penerus or more commonly known as peking.
Together they span three octaves, the demung being the lowest and the
peking the highest. The layout of the bars on the saron from the players
viewpoint are:

slendro 6 1 2 3561 pelog 1234567

All these instruments have very heavy bars, supported over a shallow
trough resonator frame. The demung and saron are played with wooden
mallets, while the peking is played with a horn mallet. Often grouped with
the saron family is the slenthem. Together, all these metallophones are
known as balungan instruments, and play the fixed melody or balungan
(except for the peking which plays at two, four, or eight times the tempo
of the saron beat). The slenthem differs from the saron family by having
thin bars suspended over tube resonators, the instrument being played
with one padded beater. It has the lowest pitch of the balungan
instruments, being set one octave below the demung. This group of
instruments stretches across the middle area of the gamelan.

The balungan instruments are played with one beater, held in the right




hand. Due to the long decay of these instruments it is necessary to damp
each key at the same time as the next key is struck. This damping is done
with the forefinger and thumb of the left hand.

Gender

The gender barung and gender penerus belong to the soft style group of
instruments and are placed at the front of the gamelan opposite the

bonang. Both instruments have fourteen thin metal bars suspended over

tube resonators. The gender penerus is tuned an octave higher than the
barung. A full gamelan has one slendro gender barung, one slendro gender
penerus, two pelog gender barung, and two pelog gender penerus. The

tunings of slendro gender barung and pelog gender barung are given
below:

slendro gender w6.1,2,356 12356123

pelog bem gender 6,1,2,3,50,6123561'2'3
pelog barang gender .6.7.2,3,5.6 72 3 56 7'2'3’

The gender is one of the most technically difficult instruments to play,

- requiring a high degree of musicianship. Two padded disc beaters are
used, one in each hand. Damping of notes is done with both hands using
either the heel of the hand or the thumb. The gender barung is accepted as

a particularly important instrument in the ensemble; without it, a
gamelan is said to lack sonority:.

Gambang

The gambang is the only xylophone used in the gamelan. It is a member
of the soft-style, embellishing on the balungan. The gambang has as many
as twenty-one wooden bars, giving four octaves, the largest range in the
ensemble. The bars are supported either on coiled string covered in
material or twisted string alone, resting over a trough resonator. The
gambang is played using two padded disc beaters, with long flexible horn
handles, making possible the very fast (but soft) playing style. The

gambang plays mostly in parallel octaves, though at times other intervals
are used.

Kendhang

The kendhang is a double-headed, barrel-shaped drum with one head
smaller than the other. The two heads (normally of cow hide) are laced



together using raw hide or raffia, and are tensioned by moving hoops
through which the lacing passes. Most kendhang are mounted on a
horizontal stand, and played with the hands. There are many types of

kendhang in Java, especially if one looks at folk instruments, but the four
most common types are listed below:

a) kendhang gendhing (or kendhang ageng) is the largest
drum and is played in peaceful passages of music,

b) kendhang ketipung is the smallest drum and is played with
the kendhang gendhing,

c) kendhang wayangan is a medium sized drum used to
accompany the wayang show,

d) kendhang ciblon is a small to medium sized drum used to
accompany dance. It 1s also used in concert music.

The kendhang player is placed in the middle of the ensemble,
and 1is the rhythmic leader. The kendhang guides the players
through tempo changes and the various transitions in a piece.

Rebab

The rebab is a two-stringed bowed fiddle, and is the melodic
leader of the soft style. It has a heart-shaped body made of light
timber, over which a very thin skin (rabbit) or cow’s bladder is
stretched. A long wooden ‘spike’ passes through the body which
supports the brass strings at the top. The strings pass over a
bridge resting on the thin membrane covering the body. A shorter
‘spike’ at the bottom of the body supports the instrument on the
ground.

The playing technique of the rebab is particularly difficult to

master, requiring years of training to produce a clear sound with
correct intonation.

Celempung and siter

The celempung is a plucked zither set on four legs, the front two being
shorter so the instrument is angled towards the player. Thirteen pairs of
strings are stretched between the tuning pegs at the top of the instrument
and hitchpins at the bottom. The strings pass over an angled metal bridge.

The siter is similar to the celempung but has simple folding legs usually
made of sheet metal. It is also much smaller and less grand. Both zithers
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are plucked with the thumbs, using the fingers to damp the strings.
Suling

The suling is an external-duct flute made of bamboo. The slendro suling has four
finger holes, while the pelog suling has five. The suling encompasses a range of
almost three octaves, although the lowest octave is very rarely played.

Kemanak

The kemanak is a banana shaped bell, made of bronze and played with
a cord wound stick. The kemanak has a slit running along its length, with a
handle at one end. It is played by holding the instrument in the left hand,
striking the bell part using the right hand, and then rapidly closing the slit
with the left thumb so the bell rings for a short time and is then damped.
This technique makes a ‘whooping’ sound.

Kemanak are always played in pairs, the two instruments playing an
interlocking pattern. There are two kemanak for slendro and two for pelog.
Kemanak are used to accompany the bedhaya (sacred dance) and form part
of the santiswaran ensemble consisting of kemanak, kendhang, terbang

(tambourine), and chorus. Kemanak are quite rare, usually only found in
the royal courts.

Kecer

Kecer is a pair of cymbals, with one permanently attached to a wooden
frame. The other cymbal is held in the hand and strikes the stationary one.
Kecer are used to accompany wayang (puppet) performances.

Keprak

The keprak is a wooden slit drum used to accompany dance.
Occasionally, as in Solo, metal plates (kepyak) are hung from the keprak.
In this case the plates and keprak are played with a wooden mallet.

Kepyak

Kepyak consists of two or three square metal plates held loosely
together with cord and hung over the side of the wooden puppet box.
Kepyak are played during wayang performances by the puppeteer
(dhalang) by either kicking them with his toes or with a small wooden

mallet (cempala) held between his toes. They are used to emphasise
tension and drama during the play



CHAPTER III

THE MANUFACTURE OF JAVANESE BRONZE GAMELAN BY BAPAK
TENTREM, SOLO, CENTRAL JAVA

SOURCES OF INFORMATION AND THEIR IMPACT ON GONG
MANUFACTURE

In recent years, reflecting the explosion of interest in both Europe and
America, many books have been published on gamelan, most
concentrating on theory, instrumentation, and history. The eminent
musicologist Jaap Kunst spent many years studying gamelan in Java, and
produced what is still considered the most comprehensive and
authoritative study of Javanese music.?

Publications dealing specifically with the manufacture of Javanese
musical instruments are more scarce. For over seventy years the main
source of published information on Javanese gong making was De Gong-
Fabricatie te Semarang.? This still remains the definitive study of gong
making published in Europe, but during the 1980s a number of studies
were written in Java.

The most notable of these was commissioned by the Javanese
Department of Education and Culture: Drs. Soeroso, Pembuatan Gong
Besar Oleh Empu Resowiguno, 1986. This study concentrates solely on the
manufacture of gong ageng made in Wirun, Surakarta, by the gamelan
maker, Bapak (Pak) Resowiguno.?

The School of Performing Arts (Akademi Seni Karawitan Indonesia,
ASKI) in Surakarta published a study by Rustopo, Pengetahuan Membuat

Gamelan in 1981. This study, also based on the maker Resowiguno, deals

with the manufacture of all the bronze gamelan instruments, but is less
detailed than the study by Soeroso.

Jacobson and van Hasselt’s study was based on the work of gong
smiths in Semarang, which was the main centre for gong making until the
middle of this century. Semarang has been an important trading port for
centuries, and since much of the gong smiths’ work was traditionally
exported (mainly to Chinese traders in Singapore), it is understandable
that this northern port should have been the centre of gong making in
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Java. During the 1930s and 1940s the demand for the great gong ageng
declined severely, to the extent that Kunst, in a discussion on the

manufacture of gong ageng in the second edition of Music in Java, 1343,
wrote:

It is indeed a great pity that this industry, which, although
carried on in an incomparably primitive manner, achieves the
highest results in its own fields, i1s now on the verge of ruin. The
demand for good instruments is getting steadily smaller. The
principal - ie. the Semarang - gongsmithies, for example, which
in 1907, still numbered seven, and at present only two, hardly, if
at all, train any pupils now, so that it is probable that this
beautiful craft, so full of ancient tradition, will die with the

present generation, unless, in some way or other, a helping hand
is offered in the nick of time.*

As an addendum to this passage, bound as an extra page at the end of
Volume 1, Kunst continues:

The sad news has reached me - too late for its inclusion in the
main text - that there is not now a single gongsmithy left in
Semarang. As a result, owners of gamelans in both Java and
Bali, knowing the replacement of their gongs to have become
impossible, are giving greater care than ever to their
maintenance. This information was given me orally bgr His

Excellency Anak Agung, Prime Minister of the Republic of East
Indonesia. Thus, an unrivalled craft was lost before our very
eyes 1n a single generation. For shame!®

The composer and ethnomusicologist Mantle Hood read this sad news
as a student in 1950, and upon his arrival in Java in 1957 set out to

discover whether this information from Anak Agung was in fact true. In
The Ethnomusicologist, Hood writes:

For the first month I received conflicting answers. Finally, in an
audience with the sultan of Djogjakarta (Yogyakarta) I had
confirmation that the last family of gong makers capable of
fabricating the gong ageng had disappeared from Semarang
some time during World War II. He informed me that small

gongs, up to 75cm. in diameter, were still manufactured; but the
art of making the large ones had vanished.®

After this confirmation, Mantle Hood endeavoured to find men who
had assisted in the making of a large gong, as well as smiths currently
making gongs of 75cm. It was his intention that if these men could be
brought together on a special project, it may well be possible, with

practice, to again forge the gong ageng. Mantle Hood voiced this idea to
representatives from various government ministries, all of whom agreed
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that the loss of the art of forging gong ageng was tragic, but none could
give any assurance that something would be done to address the problem.
Mantle Hood was frustrated by the apparent unwillingness of any
gongsmiths to commit themselves to the project, and also by the negative

response of dignitaries (who might help fund the project) to the feasibility
of the plan. Mantle Hood became aware that the almost universal

condemnation of the project was due to something other than objective
feasibility:

I was troubled by one subtle reservation in my otherwise
resolute determination to launch a gong project. It had to do

with the peculiar aura of mystery and the mystical that had
always surrounded the manufacture of gong ageng.

Traditionally, the smith who made the large gong was in effect
entrusted with a dangerous resg}onsibilit ., He was a man of

great spiritual development; and he fasted tor three days before
beginning his sacred task.’

A year later, 1958, the Asia Foundation provided the money to fund the
project, and so the search to find a willing and competent gongsmith
continued. On the day of Mantle Hood’s departure from Central Java, the

news of a gongsmith working in a small village near Solo came to light.®
The gongsmith was willing to take part in the project, and so, over the
following year gongs were forged until the magic 90cm diameter had been
reached. Mantle Hood did not return to Solo until 1967, where he found

that the foundry had been idle for eight months, and the workers had
returned to work the rice fields. This was due to the difficult economic

years during the violent suppression of the communist uprising, and the
ensuing witch-hunt. However, the country gradually regained political
stability, and the economic climate improved, resulting (among other
things) in the renewed demand for gong ageng.

So it can be seen that during the 1950s Solo took on the role of the
centre of gong ageng making in Java. In addition to the successful foundry
run by Bapak Resowiguno , a gamelan factory was set up in Solo in the
1960s. Although urged to join the ‘industry’ in Solo, Bapak Resowiguno
preferred to remain independent.

It is difficult to assess the state of the gamelan industry in Solo at the
beginning of this century; I have been unable to find any information

claiming that large gongs were made in Solo during this period. According

to the information given to Jacobson and van Hasselt, the gong smiths
working in Solo were less skilled:
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According to the present gongsmith’s knowledge ot his
colleagues in Solo, Banjarnegara and elsewhere, where wilah
(bars) and bonang are made, the art of preparing gangsa

(bronze) is no longer known, and old broken instruments are
instead melted down.?

I am unable to refute this, but believe it to be unlikely since these
Semarang smiths made other dubious claims as to the inadequacies of
Solonese smiths (see note 22). The works written by the Javanese authors
mentioned earlier are both based on studies at Wirun with Pak
Resowiguno. It was suggested to me by Aloysius Suwardi, a lecturer at
ASKI, that I should conduct my study with Pak Tentrem'’ who runs a
bronze gamelan foundry in the south of Solo, and who currently supplies
ASKI "' Al. Suwardi introduced me to Pak Tentrem, who offered me the
chance of studying with him, and spending as much time as I wanted 1n
the foundry. During my field studies in Java, March to June 1989, and
November to December 1990, I was able to see the manufacture of almost
every bronze gamelan instrument at Pak Tentrem’s foundry. Unfortunately
I was unable to witness the making of a gong ageng since no orders for the
large gong were taken during my stay, and my own budget did not make
possible the commissioning of such an instrument. Pak Tentrem was
always very welcoming, freely explaining work practices, techniques, and
terminology. I spent most time with the gongsmiths in the foundry, who
were also very friendly and helpful, explaining everything clearly. I am

indebted to everyone at Pak Tentrem’s foundry for making the present
study possible.
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The workplace is described, and the specialist jobs allotted to members
of the workforce explained. A stage by stage detailed account is then
given of the processes involved in the making of a gong suwukan. The

other instruments made in the forge (kenong, bonang, metallophones, and
kemanak) are described later.

THE FORGE

The workshop where all the bronze instruments of the gamelan are

forged is known as besalen. The besalen was traditionally built using a
timber frame and tiled roof. Non-structural walls made of woven, split

bamboo were used to provide some cover and protection from the
elements and, more importantly, to keep the workshop dark so that the

temperature of the workpiece can be judged more accurately by its colour.
Pak Tentrem has, however, a modern brick workshop with steel roofing
beams and a corrugated roof. This was built in 1990 to replace the old
forge which burnt down in 1989. The high roof is in two halves, with a gap
between the upper and lower-parts to enable the smoke, sparks, and ash
to escape. The top-part of the roof overhangs the lower-part in the style of
the traditional pendopo.’? The inside of the old forge had to be sprayed

every half hour with water to prevent the wooden roofing beams burning,

such is the intense heat produced by three working hearths. Figure 1
shows the layout of Pak Tentrem’s smithy.

The hearth (prapen), which is used both to melt the raw material and
heat the workpiece during forging, is a shallow pit dug into the floor of
the workshop and filled with charcoal. When not in use (when cold) the
hearth is known as dongo. A metal pipe runs underground from the centre
of the hearth to another pit three metres away. At this end of the pipe a
cloth-bag is attached to form the bellows. The bag has a slit in one side
over which the forearm of the bellows operator rests. The slit is allowed to
open when the bag is pulled up to fill it with air and then covered over
with the forearm when both arms are used to compress it thus forcing the
air through the pipe into the hearth. A surprising amount of dexterity is
needed to operate these bellows (lamus) efficiently; I found it rather
difficult to avoid sucking some of the burning charcoal into the pipe when
filling the bag with air!

There are three hearths in Pak Tentrem’s workshop, one being
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heavy instruments such as kempul or gongs. The large instruments are
moved about within the hearth by two, long wooden-handled pokers,
called penyukat. The penyukat are operated from another pit three metres
from the hearth. The worker sits on a board placed across the pit with the
penyukat lying almost horizontal on a long metal tool rest (angell).

g
l considerably larger than the others which is used for making the large,
E

Key
1 panji. |
2 pengider water basin main
3 pemalu ngarep bellows
4 pemalu tengah
5 pemalu apit
6 pemalu tepong
g pgf'gﬁ’as main hearth et
pengaiap ez stone
F—- anvil
bellows
\

hearth 3
hearth 2 for wilah
for bonang
and
kemanak

Fig. 1 Floor plan of the smithy.

There are two main anvils used in the forging of gongs: the ladok
tandes is an iron plate set into the ground whilst the ladok mendan 1s a
stone anvil which is also laid into the ground. The two other hearths also

have anvils located near them, where smaller instruments such as bonang
and the bronze keys of the metallophones are made.

A large concrete water basin (planden) is situated behind the main
hearth. After forging, the instrument is plunged into this to cool it.
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THE WORKFORCE

Gongsmiths have held a position of respect within Javanese society for
many centuries. The art of forging gong ageng, above all other
instruments, was traditionally regarded as a mystical and dangerous task,
as Jaap Kunst noted:

Just as was the case in mediaeval Europe, the Javanese
smiths are not mere craftsmen like the others: an atmosphere of
mystery surrounds their labours - more especially of the
gamelan smiths - and their activities can flourish only under the
special patronage of the higher powers. More than all other
mortals they are exposed, during their work, to the cunning
artifices of evil spirits.

In order to ward off any disasters the gamelan smiths,
therefore, adopt other names during their labour than those
they bear in daily life. These names they borrow from various
personages from the ‘Panji-stories’. In regard to this, Rassers
arrived at some remarkable conclusions. He discovered, in fact,
that the identification of the prince or tribal hero (for that is
what Panji, after all, appears to be) with the smith has been
carried to such an extent that the two are, at times, almost

indistinguishable. The art of gong-forging is thereby elevated to

a sacred act, heavily charged with magic, on the part of the
king-priest.’

I was unaware of this practice amongst the gongsmiths at Pak
Tentrem’s foundry. Pak Tentrem informed me that ceremonies are more

commonly performed when making gong ageng, since this is the most
sacred task. |

Javanese gongs are recognised throughout south-east Asia as being the
culmination of the highest level of bronze forging techniques developed

over the last millennium. Chinese gongs which were probably introduced
to Java around 1000 years ago!* have been developed by the Javanese into
a gong with a central knob or boss which facilitates complete control over
considerations such as pitch, timbre, and the beating of two notes to
produce the characteristic sound of the Javanese gong (ombak). Arab and
Chinese traders continued a lucrative business up until the beginning of
this century exporting gongs throughout south-east Asia. Against this
background it 1s easy to understand why gongsmiths hold a position of
importance and respect in Javanese society.

Pak Tentrem employs three teams of workers, each one specialising in
making instruments of a particular type:

1) large 1nstruments (such as gong, gong suwukan, kempul and
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kenong) made in the principle forge.

2) bar instruments (such as gender and saron) made 1n one of the
two smaller forges.
3) bonang and kemanak made in the other smaller forge.

Gamelan-smiths spend many years learning their trade. All smiths
start their apprenticeship in their youth, usually by the age of fifteen.
They start as helpers and move onto jobs such as carrying the workpiece

from the forge to the anvil, and operating the bellows. During their work

as helpers in the forge, the apprentices observe the processes and

techniques of forging. After a period of about two years the apprentices
join a team as a junior smith.

The team making gong, gong suwukan, kempul, and kenong consists of
six true smiths, each with a different level of knowledge, experience and

skill. One more smith is needed when making the very large gong ageng.
In addition to the smiths, the team also has a bellows operator and a

worker whose job is to carry the workpiece to the anvil from the forge.

The team is based on a strict hierarchy, headed by the panjt or master
smith:

1) panys,

2) pengider,

3) pemalu ngarep (pemalu=hammerer),®
4) pemalu tengah,

0) pemalu apit,

6) pemalu tepong,

1) pelamus (bellows operator),
8) pengalap.

Panji

The panji directs all the important aspects of instrument manufacture.
It is a heavy task since he alone is responsible for the quality and
successful completion of instruments (the smiths are paid piecemeal and
get nothing for failures). Ultimately it is the skill of the panji that decides

the quality of the instruments and the ensuing prosperity of the forge. The
panji assays the quality of the bronze alloy to be used. During the forging
the panji uses the penyukat to move the workpiece within the hearth
determining which areas of it are to be heated and to what temperature.
He gives directions to the bellows operator (pelamus) during the reheating
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of the workpiece in between the hammering.

The panji must also be capable of tuning and voicing gong and kempul
which is regarded as the most difficult task in the making process. There
are currently three panji working at Pak Tentrem’s smithy; one working
with each of the three workgangs mentioned above. Pak Tentrem, himself
also a panji, does most of the voicing and tuning of gongs and kempul.
This skill is regarded as a gift that only very few people have and cannot
be wholly taught, but rather is built upon the individual’s innate ability
and understanding by practice. Furthermore, as will be explained later,
although general principles can be laid down for voicing and tuning, a
certain amount of the ability is said to rely on ‘feeling’ (see Voicing, page

45 and Tuning, page 48.

In the following description of the pengider’s job there may
appear to be little distinction between his role and the role of the
panji. The main difference is the level of knowledge and experience.
If there is no pengider in the workshop the panji will also perform
his duties.

Pengider

The pengider controls the reheating of the workpiece in the forge if the
panji is occupied with some other task. The pengider’s main job is to turn
the workpiece (lakaran) on the anvil whilst it is being pounded by the four
hammerers (pemalu). He uses two small clasping tongs (supit cocor) to
grasp and turn the lakaran in between the blows of the hammers. This job
involves giving orders to the pemalu where the lakaran must be hit, with
how much force, and when to start and stop each individual round of
pounding.

The pengider may also help the processes of melting (mbesot), casting
the lakaran, and the quenching of the gong in water at the end of forging
(ngelem).

Pemalu

Up to four pemalu may work in the making of kempul, kenong, and
gong at any one time. The first of these is the palu ngarep (literally first
hammer). He is the most experienced and skilled smith besides the

pengider and panji. The need for accuracy of the hammer blows must be
stressed since if a heavy blow falls on an already thin part of the
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workpiece it may well tear it. Consequently great concentration must be
maintained at all times during the forging.

Pengalap and pelamus

The other workers in the smithy are not true gongsmiths, but they may
be apprentices. The pengalap'® has the task of carrying the workpiece to
and from the hearth and the anvil, between forging and reheating. He uses
tongs known as supit klowong for this purpose. The worker who operates
the bellows is known as pelamus.!” Other helpers or apprentices have the
tasks of collecting charcoal, water etc. and protecting the pemalu from the
intense heat from the workpiece with a screen (aling-aling), and other
general duties.

Each workgang will usually work as an integral group, each man
having a specific task. In 1907 Jacobson and van Hasselt noted that “if
one member of the group is absent due to sickness, and so forth, usually
the entire group stops work”.!® This is not the case with Pak Tentrem’s
workforce. Although each man has a specific job, workers will sometimes

take it in turn to do the more exhausting jobs like wielding the 15kg
hammers during forging.

THE MANUFACTURE OF KEMPUL AND GONGS

There are four distinct processes of manufacture:
1) Casting.
2) Forging.
3) Cold shaping with hammers (includes initial tuning and voicing).
4) Finishing (filing, turning, polishing and final tuning and voicing).

The casting

The casting of the plate (lakaran) that will be forged into the gong is
usually done in the afternoon, at the end of the days’ work, so that it is ready
the following morning. Since the correct method of casting is important the
panji oversees the procedure. The bronze alloy is called gangsa - this term is
formed from GA and SA of tembaga (copper) and rejasa (tin). The best alloy
for making gamelan is ten parts copper to three parts tin, or, expressed as a

percentage, 77% copper and 23% tin. This alloy has been developed through
the centuries to produce a bronze with the optimum characteristics for
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sonority, workability, longevity, and appearance. It i1s no surprise, therefore,
that we find exactly the same alloy used in the manufacture of large church
bells in Europe. The Whitechapel Bell Foundry, London has been making
bells at the present site since 1572, and currently uses a 77% copper to 23%
tin mix.

The exact formula of the alloy used in gamelan used to be a closely
guarded secret kept by the pande (owner, master smith) of each foundry.
Small quantities of precious metals such as silver and even gold used to be
added with the intention of increasing the workability and sonority of the
bronze, with a certain amount of credence paid to the spiritual purity of the
ensuing instrument. Today such refinements are lost to the economic
pressures of running a foundry on a competitive basis.

It is important that the tin and copper used is of a known high purity, since
metallurgic tests are not possible in the gamelan foundry. Some foundries
melt down old broken instruments (kreweng) to make new ones, but this is
not good practice if the foundry owner is unaware of the origins of the
kreweng; on the other hand if the kreweng originated from his own foundry
there is no question of impurity.

The very high cost of tin and copper bought at world market prices has
undoubtedly led to the lack of demand within Indonesia for bronze gamelan,
especially the large gongs. Indeed, the art of forging gongs of over one metre
diameter was almost lost, and it is only recently that such sizeable
instruments are being made again.’ The new demand has been helped by the
growing interest in gamelan internationally. Pak Tentrem made a gong of
105cm diameter in 1990 for a Japanese order, this being the largest
instrument that he has made to date. He intends to make a gong of 110cm
diameter that will fall just ten centimetres short of the largest gong in Solo
made more than three hundred years ago. This instrument is in the royal
collection at the Mangkunegaran Palace, Solo.

The process of melting the metals is known as mbesot. This is done in a
large crucible (kowi) made at the foundry by a few of the craftsmen trained in
this work. The crucibles are sculpted from a mixture of burnt, crushed
charcoal (abu), clay (lempung), and rice husks (padi). The crucible is then put
out into the sun to dry for three days. It can then be fired in the hearth
without risk of cracking.

The crucible is placed in the charcoal in the forge and heated using the lamus
(see fig.2) Some charcoal is placed in the crucible in order to heat it more evenly.
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Fig. 2 Operation of the bellows (lamus).

After this initial heating the crucible is covered with charcoal and an
overhead bellows (congklok) is used (see fig. 3).

Fig. 3 Operation of congklok.

The congklok operates on a similar principle to the lamus. Formerly the
congklok was made from a bamboo pipe,*’ but nowadays is made of a two or

three metre long metal pipe of about ten centimetres diameter. At one end
the bag is attached and at the other end an extension of the pipe is welded on
through ninety degrees. A nozzle is sculpted around the blowing-end of the
pipe to reduce the diameter to 25mm, thus increasing the blowing force. Like
the crucible, this nozzle is made from a mixture of clay, crushed charcoal and
rice husks. This mixture must be replaced every day since it is subject to the
intense heat of the forge and tends to contract and crack. Should some of the
mixture fall into the crucible it would spoil the metal since the clay will not

burn off like the charcoal. It is possible to see the result of this in instruments
made with less care than Pak Tentrem uses - some bars of the saron or

especially those of the gender tend to buzz, and upon inspection of the

under-side of the bar pockets of grit (from the mixture) may be noticed. The
congklok is supported on a stand called cekeh.
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The metal required to make the particular size of gong is weighed. A

loss of metal during the melting process of roughly six percent has to be
accounted for, this being due to oxidation and slag.

Once the crucible is heated to a glowing red, the copper is put in along
with some burning charcoal. The whole crucible is then covered with
charcoal and heated with the congklok. All the charcoal used in the forge

is made exclusively from kayu jati (teak - tectona grandis). Teak charcoal
is used since it produces an even heat. Although charcoal made from a
more dense timber would burn hotter and longer, and be much cheaper,
the heat produced would be too intense and would fluctuate too much.

This intense heat could produce tin sweat (due its low melting point, the
tin can ooze out of the alloy in a similar way to sweating cheese) and the
uneven heating could cause the gong to crack or the metal to oxidise
during forging. Up to eight sacks of charcoal can be needed to make a one
metre diameter gong ; the total cost of the charcoal can be 300,000 rupiah

(£90). The forge owner must get permission from the Ministry of Forestry
to buy this increasingly rare commodity.

Depending on the quantity of metal in the crucible the melting process
of the copper may take between thirty and forty-five minutes. The mound
of red hot charcoal covering the crucible is removed with the wooden
handled iron rods (penyukat). The state of the copper is inspected by
moving the penyukat around inside the crucible - if the mixture still feels
heavy it is not yet ready. Any slag from the copper is removed and the tin
is added. The tin is added last since it melts at 232 degrees centigrade
whereas copper melts at 1083 degrees centigrade. Charcoal is then piled
over the crucible again and heated with the congklok to mix the metals.

Whilst the smelting is taking place the moulds (penyingen) are
inspected for cracks and if any exist these are filled with soot from the
roof. The mould which will be used to make the bronze casting or plate

(lakaran) from which the gong is to be forged is placed on the edge of the
hearth. The mould is heated by {filling it with burning charcoal; this helps
retard the cooling of the molten metal once poured.

The alloy is analysed by making two test-castings known as njujut. The
tools required for this are a small crucible the size of a cup (kowi cowek)
and a mould the size of a brick with two round, shallow depressions in the
top of it known as penyingen njujutan (see fig 4). The mound of burning
charcoal is once more removed from the top of the crucible and the slag

22




—— N Frr £l Bl . "

drawn off. The small kowi cowek is dipped into the crucible and some of
the molten alloy scooped out. The panji then pours this into the penyingen

njujut which has previously been coated with bees wax (malam). The wax
ignites, and rice husks are thrown over the molten alloy in order to retard

cooling. Of these test castings, one will be used for a hot test (jujutan) and
the other for a cold test (gecakan).

@2 [

Fig. 4 Moulds for test castings (penyingen njujutan).

The small cast disc for the jujutan is knocked out of the mould whilst
still red hot. It is then pounded with an iron club hammer (geblog) onto a

thick steel plate to produce a thin tongue, which is then hammered over to
form a tight curve. If this tongue of metal breaks or cracks, there is

insufficient tin in the alloy. The other disc is taken out of the mould and
moved about on the smithy floor in a pile of damp charcoal dust. It must
not be quenched in water as this would not make the bronze brittle. It is
then broken by pounding with a hammer so that the structure of the
bronze may be assayed. Great experience is required to judge the quality
of the bronze, so it is the panji who carries out this test. Once they have
judged the broken pieces of bronze, they are passed around the forge for
the other workers and apprentices to study. If the break is smooth and
shiny, the bronze contains too much tin. This can be corrected by adding
copper or simply heating the alloy longer so that more tin is burnt off in
the form of oxides. The term for adding more copper is nyolok. If, on the
other hand, the break is rough and a little dull, too much copper has been

added. The only way to correct this is to add more tin; this process is
known as nyangoni.

If both of these tests are satisfactory the bronze may be poured into the
mould to produce the lakaran. This mould is called penyingen bunderan

(see fig. 5). Before the casting takes place wax is melted onto the surface
of the hot mould which has been made level on the smithy floor.
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Fig. 5 Mould for lakaran (penyingen bunderan).

The mound of burning charcoal covering the crucible is removed. The
crucible is taken out of the hearth, the slag drawn off, and then the metal
poured by the panji. During pouring the face of the panji is protected from
the intense heat of the molten bronze by a screen made of split bamboo
lattice work, known as aling-aling. Rice husks are thrown on the molten
metal which ignite and retard cooling (see fig. 6). A fragile crust of slag is
allowed to form which, is then drawn off with an iron rod and the surface
is again covered with rice husks. The lakaran is allowed to cool in the
mould for twenty minutes and then removed and set aside for the
following morning. The mould is placed at the edge of the hearth to

prevent rapid cooling which might cause it to crack.

Fig. 6 Throwing rice husks on the molten bronze to retard cooling.
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The forging |
There are eight distinct processes in the forging of gong and kempul.

They are:

a) ngucik - making the lambe,

b) njereng - making the uceng,

c) njebler - making the jleberan,

d) ndekung - making the bahu,

e) mencu - making the pencu,

f) membuat widengan - making the widengan,

g) mapak - smoothing the raz,

h) menda - smoothing the bahu,

i) membuat pasu - forming the pasu.

The various parts of gong and kempul are named in figure 7

_ pencu
widengan
pasu /

dudu X ’”‘i

alﬁulw- .
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lambe
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Fig. 7T Showing various parts of gong.

The days work starts with the heating of the lakaran made the day
before. The lakaran for an 80cm diameter gong at this stage has a

diameter of about 35cm, and thickness of 2.5c¢cm. The lakaran 1s not
perfectly round since no retaining hoop is used during casting.?* The
lakaran is heated to a glowing red colour, taken from the hearth and

placed upright on its edge on the large flat iron anvil (ladok tandes) by the

pengalap. A large mattock (jugil) is used to trim uneven edges to make the
plate round.

The forging may now begin. There are five distinct types of iron
hammers used during forging, each with a specific function. There are also
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four wooden hammers, most of these having the same name as their iron
counterpart. The surface area of the striking part of the wooden hammers
is very large, and they are used to smooth out any irregularities made by
the metal tools. The hammers are listed below, starting with the one most
frequently used known as palu best (iron hammer). This is the only
hammer that does not have a specific name, since it is used for many
operations.

Fig. 8 Palu besi - These large hammers weigh between 10 and 15 kilograms
and are used by the four pemalu during the stages of heavy forging.

Fig. 9 Palu ucikan - There are two sizes of this hammer. The striking point

of the larger one is quite small and is used to make the lambe. The smaller
one (not pictured here) is the same shape and size as a builder’s club
hammer and is used in the forging of bar-type instruments.

Fig. 10 Palu mendan metal version on left, wooden on right.
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There are both metal and wooden versions of this tool. They are used to
make the bahu (side-wall). The head of the metal version is not set square
on to the handle but at an angle so that it may be used to hammer the

bahu in a vertical plane, against the side of a large stone anvil set into the
ground. The head of the wooden version is set squarely onto the handle

but the striking end is cut off at an angle so that it can be used like the
3 metal version.

Fig. 11 Palu alang, metal version on left, wooden on right.

The palu alang is used for making the pasu (the ring separating the rai

from the recep). Its.head.is also set at an angle, like the palu mendan for
ease of use.

Fig. 12 Palu penunjut, metal version on left, wooden on right. The palu
penunjut is used for making the pencu (boss).

Fig. 13 Palu laga.
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The palu laga is the largest of the wooden hammers. With the large
diameter of the striking end it is used to even out any troughs and high
points in the rai and recep made by the forging with the palu besi.

Ngucik - making the lambe
The lambe is the thick rim at the base of the bahu. The lambe is

structurally very important; without it the gong would not retain its shape
and the thin wall of the bahu would probably crack. It is also important

during the actual forging since this rim allows the gong to be picked up
securely with tongs.

The lakaran is heated in the hearth to red hot. The besalen is
intentionally kept quite dark, with only two or three small windows at the
top of the workshop, allowing very little light in. It is thus easier to assay
by colouration the temperature to which the workpiece is heated. Metal
which would appear red in low light conditions would appear grey in
natural sunlight. Hence flash photography in the smithy makes the

workpiece grey when it was actually red hot when the photograph was
taken. The temperature to which the workpiece is heated before each bout

of forging is quite critical. If it is too hot, the tin will start to sweat,
altering the composition of the alloy.

The lakaran is taken from the hearth by the pengalap and placed on its
edge on the ladok tandes. It is held upright with a pair of tongs (supit

cocor) by the pengider whilst the palu ngarep pounds the edge of the
lakaran with the smaller of the two palu ucikan. During this pounding the

pengider rotates the lakaran with the supit cocor so that the whole
circumference is hit in this way. The lakaran may only be pounded for
twenty-five seconds or so before it must be returned to the fire to be
reheated.

The red hot lakaran is now placed flat on the ladok tandes and
hammered about three centimetres from its edge with the special palu
ucikan, whilst being turned in between each blow by the pengider. The
angle at which the hammer head 1s set into the handle has the effect not
only of compressing but also of pulling or spreading the metal towards the
edge thus making the lambe thicker. This operation is repeated a number
of times until the lambe is of equal thickness around the circumference.

During the lambe making process a layer of moist clay ??is laid on the
ladok tandes so as to support the lakaran at the desired angle. This clay is
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kept moist and thus malleable by splashing with water between each
round of pounding. The part of the lakaran that is being pounded 1is

always directly in contact with the large, flat iron anvil (ladok tandes).
The clay support is known as ganjel.

C:B \ _; -

—FenGesaentt U iron plate
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Fig. 14 showing the two stages of making the lambe.

Njereng - making the uceng

The uceng is the central part of the lakaran which is left at almost the
original thickness of the cast plate. The uceng is an area of about ten
centimetres diameter, which will later be forged into the boss (pencu).

The glowing lakaran is taken out of the fire and placed on the ladok

tandes. The palu ngarep and palu tengah now start pounding the lakaran
about ten centimetres from its centre with the large palu besi. The two

smiths alternate hammering in quick succession, whilst the pengider who
holds the lakaran flat on the anvil with his tongs, turns the workpiece in

between each blow in a clockwise direction. It is turned just a little so that
the hammer blows, which fall on the same place on the anvil, just overlap
each other on the lakaran. Because the lakaran is at this stage quite thick,
1t retains heat better and can thus be forged for about thirty seconds
before it has to be returned to the prapen to be reheated. This process of
forging and reheating is repeated perhaps six or seven times until the area
surrounding the uceng is made to the required uniform thickness.

Njleber - making the jleberan

Making the jleberan can be seen as a continuation of forming the
uceng, where the forging extends to the lambe. The jleberan is the form
that the lakaran assumes after its diameter has been increased by the

forging. During the njleber process all four smiths may pound at the same
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time (see fig. 15). The palu ngarep, who starts the pounding, stands next to
the pengider. The other smiths, namely the palu tengah, the palu apit, and
the palu tepong stand in order to the palu ngarep’s right. All the smiths
apart from the palu tepong wield their hammers right-handed. The fourth
smith must wield his hammer left-handed because all the hammer blows
must hit the same spot on the anvil; if he was using his tool right-handed
he would have to stand further away from the lakaran, and stretch to hit
the exact point.

Fig. 15 The four smiths pounding the workpiece

Upon the command of the pengider the palu ngarep strikes the lakaran
with his palu besi and is followed in order by the other smiths so that the

palu ngarep follows the palu tepong to start the next round of pounding.
The metal can be hammered for about twenty-five seconds before it must

be reheated, and within that time about thirty-five hammer blows are
made. During the pounding the pengider turns the lakaran after each
blow of a hammer. At the end of each round the lakaran is marked with
chalk before returning to the fire so that the smiths know from where to

start again. The smiths work gradually towards the lambe so that a spiral
of hammer blows emerges (see fig. 16).

uceng
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Fig. 16 Making the jleberan.
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Once the edge of the lakaran has been reached, the palu ucikan is again
used to maintain the lambe. After this the large wooden laga hammer 1is

used to smooth out any irregularities in the thickness of the metal caused
by the use of the palu besi. Attention is paid to the shape of the lakaran
for roundness. This checking is done only by eye, yet remarkable accuracy
is gained through years of experience. The area needing attention is
marked with chalk, returned to the fire and then corrected by pounding
with the smaller palu ucikan, which has a large head to avoid denting and
making thin spots. The whole process is then started again, working from
the centre using the four palu besi. This work is continued until the
jleberan is at the required diameter; this may take four or five complete
rounds for a small gong, and many more for a large gong ageng.

As in making the uceng, half the plate is slightly raised by placing a
layer of clay beneath it. More and more clay is added as the plate becomes
larger and more dish-like. As the lakaran gradually becomes thinner the
blows of the palu besi must be lighter. It should also be noted that as the

metal becomes thinner its capacity to retain the heat diminishes, so the
rounds of forging are successively shorter.

Ndekung - making the bahu

The bahu is the side wall of the gong, and the process of making it is
called ndekung. The jleberan is now quite dish-shaped, and the outer-part

of the jleberan (the area that will form the bahu) must be turned up to
stand perpendicular to the central, flat portion of the jleberan.

A large mound of clay is placed on the ladok tandes (fig. 17) which will
support the jleberan at roughly forty-five degrees to the ladok tandes. The
red hot jleberan is placed on the ladok tandes and pounded with the large
wooden laga about two-thirds from the centre of the workpiece. One of
the helpers prevents the mound of clay moving by placing his foot against
it. At the beginning of this process the pengider turns the jleberan through
thirty degrees between each blow of the laga. This initial forging has the
effect of creasing the side wall. Once the whole disc has been pounded in

this way the pengider turns the workpiece through smaller rotations so
that the creases are evened out

The workpiece is now bowl-shaped, the bahu being about twenty
centimetres high; the term used by the gong smiths for the workpiece is
now changed to klontong. The clay is removed from the ladok tandes and
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the red hot klontong is placed flat on the anvil for the next stage of
forging. One of the smiths now uses the palu ucikan to pound at the
internal corner of the klontong. This i1s done to increase the diameter of
the flat part of the workpiece (see fig. 18). The head of the hammer is off-
set in such a way as to pull the bahu back and down, thus reducing the
height of the bahu. This process is continued by just one of the smiths
until the height of the bahu is reduced to five centimetres or so.

Fig. 17 Forming the bahu.

5 /; direction of blow

Fig. 18 Process to reduce the height of the bahu.

The bahu is checked for uniformity in height and thickness. The bahu
is quite creased, as a result of forging. This is evened out by hammering

the bahu against the stone anvil (ladok mendan) with the palu mendan i

(see fig.19). The workpiece is supported on two lengths of bamboo. A
section of fresh (wet) split banana trunk is placed on the bamboo so that
the gong rests directly on the soft, fibrous material. This allows the gong

to be turned easily by the pengider or panji during forging. After each

bout of pounding the banana trunk support must be renewed since it is
dried out very quickly by the red hot gong.
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Fig. 19 Working bahu on the ladok mendan.

Once the circumference of the bahu has been hammered smooth, the
workpiece is reheated and returned to the ladok tandes. It is laid tlat on

the anvil and the lambe is hit so as to make the height of the bahu uniform
(see fig. 20).

Fig. 20.

The process of expanding the gong is started again. It shall be seen that
once the bahu has been made higher it is again made smaller thus
increasing the diameter of the whole workpiece; these processes are

continued until the gong has the correct diameter and the bahu is the
correct height.
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Fig. 21.. Fig. 22.

The forging is started again, using the large iron hammers (see fig. 21)
On a medium-sized gong or large kempul three smiths work a1; th‘
pounding, in the manner described for the jleberan. A layer of cla 'e
placed on the ladok tandes to support the workpiece at an angle ')17‘;8
interlocking pounding is started this time at the centre and follow's the
spiral pattern to the edge (fig. 21). From starting at the centre to reachi :
the side wall, the gong will have to be reheated about six or seven ti B
Once the sidewall of the gong has been reached it is necessary to evenmes‘
the sidewall by hammering with both the wooden and iron versions of (1?1:“:
palu mendan (see fig. 22). The sidewall of the gong 1s kept at the corr .
angle to the stone anvil by supporting the gong on two lengths of barnbect
(fig. 22). Figure 23 shows the forms the workpiece passes through d ‘00
this process. This process makes the bahu higher, but if the diameter ;fm;g
gong is not yet large enough the height of the bahu must again be redut s
by using the palu ucikan in the manner previously described (see fi ;:
These two processes have to be repeated about eight times for ags. :
gong, and many more for a large gong ageng. As the gong reachersn'all
required size the diameter is checked with a large pair of measu 'lts
dividers known as jongko. The jongko are also used to make sure the gr(l)ii
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is perfectly round. Areas to be hammered are marked with chalk before
returning the workpiece to the forge.

Fig. 23.

Mencu - making the pencu

Once the gong has reached the required size the boss (pencu) is
hammered out. This process is referred to by the smiths as mencu.
Jacobson states that the boss “which the Javanese layman calls pencu, is
known to the gongmaker as endas (head)”.?* The ladok tandes is prepared
by making the clay floor level with the sunken iron plate (see fig. 24). A
hole is then made in the clay on one side of the plate for the boss. Sections
of banana trunk are laid on the plate and on the clay floor; the gong lies
directly on these when it is turned and pounded.

Fig. 24 Ladok tandes.

L . §
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The glowing gong is placed on the ladok tandes with its centre directly
over the hole in the ground. One smith now pounds the centre of the gong
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with the palu penunjut, a metal hammer specially made for this purpose
(fig 25). While the smith stands, legs apart, directly over the workpiece,
commands are given to him by the panji on the strength of the pounding
and when to start and stop. Exactness is required here, so the interior of
the gong is illuminated with a length of burning wire which is dipped in
paraffin. This torch is known as colok. The face of the smith who bends
directly over the glowing workpiece is protected from the intense heat by

a large fan known as aling-aling. The colok and aling-aling are held by
one of the helpers.

Fig. 25 Hammering the boss out squarely.

Once the boss has been partly pounded out at its centre, the hammer
blows are placed so as to strike the base of the boss where it meets the rai
(pok pencu), against the edge of the iron plate (see fig. 26). This process is
called kamilan. All this time the gong is turned by the pengider between
blows of the palu penunjut. This is done to make the foot of the boss
smooth, round and symmetrical, against which the rest of the partly
shaped boss may be judged.

Fig. 26 Shaping the boss.
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During this critical stage the gong is only pounded for very short
periods, whereupon it must be turned over and inspected. Chalk is used to
mark areas where more hammering is required, and the gong is reheated.
With the pounding and turning of the gong, the hole in the clay assumes
the shape of the boss so that the boss is actually being hammered against
the clay. The final shaping of the boss is done with the wooden palu
penunjut which will smooth out any irregularities in the pencu.

Membuat widengan - making the widengan

The widengan is a groove at the base of the pencu, the outer ridge of
which is called tikel. The widengan is made on all but the largest of gongs
and is said to produce a fuller tone. There appears to be some confusion
regarding its origins and significance: Pak Tentrem told me it was

introduced by a Solonese gongsmith, Kjai Guno Pawiro, and the tradition
continued as a hallmark of “instruments of quality from Solo”. It 1s true

that Solo is one of the few places where such instruments exist but not the
only place where where they are made; Jacobson?t notes the use of the
term ‘widengan’ for the groove and instruments employing it “are 1in
demand principally in Solo”. He also writes “according to the
gongmakers, this feature was adopted during the Majapahit.empire from
gongs made in Siam”.

The widengan is made by placing a bent piece of wire on the edge of
the ladok tandes, placing the red hot instrument on the anvil so that the

wire 1s in contact with the foot of the pencu and then pounding this area
with a large wooden hammer (see fig. 27).

b) bent piece

. : 1 :.'. :l " ' */
Of wire \'::u;"-"'-
> 14 ';
" i'i. “‘

hollow for 7.
penCU . ‘ '.-‘ - )
' BRI /
a) j L 1: /

clay iron_plate
anvil

Fig. 27 Making the widengan, a) elevation, and b) plan of anvil.
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Mapak - smoothing the rai

Mapak is the process of smoothing out and correcting any irregularities
in the thickness of the rai. The instrument is placed upside down with the
rai resting on the ladok tandes. The rai is pounded from the inside using
the large-headed wooden laga. This stage is very important since it is the
rai that is the main ‘voice’ of the gong and consequently the forging is
either carried out by, or supervised by, the panji. A high degree of
concentration and skill is needed to avoid piercing the thin rai; any
mistake at this stage could easily cause irreparable damage. The longer
the time spent hammering during mapak to ensure uniform thickness, the
better the voice of the gong will be.

Once the whole of the rai has been treated in this way, the internal
corner of the dudu is also shaped with the rounded tip of the wooden palu
mendan. This is to ensure that the dudu has the same shape about its
whole circumference.

Menda

Menda is essentially the same process as mapak, but is carried out on
the bahu. The gong must be supported so that the bahu rests against the
ladok mendan. This is achieved by supporting the gong on the rai on two
pieces of bamboo (see fig. 28). The bamboo can be pivoted at the base of
the ladok mendan, enabling the helper who is holding the other ends of
the bamboo to change the angle at which the gong is supported. The
curved bahu can thus be kept in contact with the stone anvil at any point
of its curvature by raising or lowering the height of the bamboo. Segments
from the trunk of the banana tree are placed in between the bamboo and
the gong so that the instrument may easily be turned, without damage,

during the forging. The forging is done with the wooden palu mendan, the
head of which is cut at roughly forty-five degrees to the handle.

bamboo support

\

stone anvil

- s

Fig. 28 Menda.
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Membuat pasu - making the pasu

The pasu 1s the circle which separates the ra: from the recep. The pasu
is formed by pounding from the inside of the gong, whilst it rests on the
ladok tandes (see fig. 29). A thin layer of clay is placed on the flat iron
plate so that the gong is not in contact with the iron. The part of the gong
that is not supported on the anvil rests on strips of banana trunk.

Through experience the panji knows the correct position of the pasu,
although he may also check this by reference to an existing instrument.
The pasu 1s marked with chalk on the inside of the instrument before
being reheated. At first the wooden palu alang is used to define the circle
where the rat and recep meet, and once the gong has been turned over to
inspect the pasu the metal version of this pointed hammer is used. Having

completed the pasu, the gong is inspected for any damage done to the boss
and other areas which are corrected at this point.

clay — g
AR AT s N X
mlm’ m ' :,:';'Jt :l': ‘.l ;‘; ""J\“
Fig. 29 Making the pasu.
Ngelem

The gong must now be heated to red hot and then quenched in water, a
process known as ngelem. Great care must be taken to ensure that all of
the gong is heated to the same temperature. This is done by keeping the
gong moving within the forge so that one area is not over heated. The
Instrument is then taken out of the fire and an iron hoop (klowong) of the

required diameter is placed over the side wall of the gong very close to the
lambe. If the side wall is slightly out of round, a hammer is used to gently
correct it so that it assumes the shape of the klowong. The gong is picked
up by two or three men using their sapit klowong and carried to the pool

of water (planden). It is then plunged into the water and two other men,
using lengths of bamboo, push it under so as to immerse it completely.
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This rapid cooling, or tempering, hardens the metal and also makes it
elastic, enabling it to be hammered when cold without risk of breaking.

The klowong prevents the gong from distorting out of shape while it
rapidly cools. The hot processes of making the gong are now finished
unless there is a hole or crack in the skin of the instrument.

klowong
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Fig. 30 Ngelem process using klowong hoop.

Di nyingeni

Small holes or cracks may appear in the gong during the latter stages
of forging. These usually occur around the dudu and on the upper-part of
the bahu, where it is thinner. Holes in these areas can be repaired
satisfactorily using a lost wax casting process, known as di nyingeni.
Holes and cracks in the rai and recep are much more difficult to repair
because these are the main sound producing parts of the gong and the
levels of vibration tend to loosen the cast plug. It is rare for holes to occur
in the rai, recep, and pencu. During all the time I spent at Pak Tentrem’s
forge this never occurred, but I am told that should a hole develop in one
of these areas the gong is abandoned and melted down.

The area to be repaired is first cleaned with a file to expose the vellow
bronze beneath the black surface resulting from forging. Beeswax (lilin or
malam) is melted onto the area surrounding the hole using the heated end
of a small penyukat known as lakarwo (refer to fig. 31). The wax is built
up on both the outer and inner walls of the gong so that the hole ig
completely filled. Two small rolls of wax are made, one to form the
entrance channel and the other the exit. These are stuck onto the wax

plug, one either side of the hole, the uppermost one being the entrance
channel.
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Fig. 31 Showing method of lost wax casting, in this case, on the bahu.

An equal mixture of sand, clay and crushed charcoal is made up and 1s
then sieved to produce a fine black powder. Water is added to create a

soggy paste, which is carefully placed over the wax plug and also built up
around the entrance and exit channels. The paste forms the wall of a

cavity to be filled with molten metal. A kind of loam (a mixture of sand
and clay used by traditional Javanese bricklayers) is then placed over the
paste and built up in thickness so as to add strength to the mould. The
gong is placed near the fire so that the gentle heat melts the wax
gradually, thus forming a cavity. Rapid heating at this stage would result
in the layers of clay, charcoal and sand cracking. This process takes up to
twenty minutes, after which the instrument is placed directly on the fire
and heated using the bellows. During this whole process other workers
have been preparing bronze alloy to pour in and fill the cavity. The tests
for the bronze alloy described earlier are used so as to ensure that the
bronze plug is of the same quality as the rest of the instrument. Some

makers cut corners during this process by omitting the test, but this 1s not
the case with Pak Tentrem.

The area of the instrument to be repaired is heated to red hot and then
the molten bronze is poured from the smallest crucible used for the test
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(kowi cowek). The liquid mass is poured into the funnel-shaped entrance
channel, until an excess drains through the exit channel. All the air is

expelled and the hole completely filled with metal. A lump of wet clay
attached to a stick is placed over the exit channel. This stopper is known
as sumpet.

The cast bronze is allowed to cool and then the hard sand and clay
mould is removed with a hammer and subsequently by scraping. The
overflow plugs are sawn off and then the whole instrument is reheated to
red hot and the ngelem process repeated.

Although this process of repairing is not ideal, a perfectly adequate
result may be obtained as long as a) the area of repair is heated '“-

sufficiently prior to pouring so that the metals can truly fuse, and b) that
the test of the bronze alloy is carried out. The utmost care must be taken

during the making of the mould to prevent it breaking apart during the

pouring. If this method is not adhered to, the plug may in time come loose
and vibrate.

Cold hammering

After the gong has been tempered by immersing it in the planden the
instrument’s surface is black, rough, and not completely level. The
roughness is due to the pounding during forging producing many visible
hammer marks. Some distortion of the instrument’s shape takes place as a
result of the tempering process. Before the tuning may begin it is
necessary to attend to these two problems, firstly dealing with the gongs d
shape, a process known as metak. :

At this stage the recep is almost flat (level with the rai) and the shaping y
of it to produce its characteristic curvature is done during the metak
process. Metak involves applying considerable pressure via a stout piece
of wood to the gong, and then hammering the area surrounding the piece
of wood. The pressure is applied by a long beam of timber pivoted at one
end. At the other end up to four workers sit on the beam to provide the

downward force (refer to figs. 32 and 33). There are three stages of the

metak process; firstly levelling the rai, secondly shaping the recep and
finally smoothing the dudu. These are described in order.

To flatten the rai the gong is laid upside down on a square steel plate
anvil known as ladok. The ladok has a hole in its centre to accommodate

the pencu so that the rait may lie flat. The member between the beam
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(entol) and the gong 1s known as umbul. Various sizes of umbul are used
for different parts ot the gong. Kayu best (iron wood) is used for making

the umbul which must be capable of withstanding immense force (the
same timber is used in pile drivers).

%)%(j \\\ e”i‘?’ pagolan
\
VA e =
ladok =~ =

Fig. 33 Metak process.

Pak Tentrem supervises the entire metak process which, at worst, can
easlily result in breaking the gong, if the instrument is not examined
thoroughly with an expert eye before and during the work.

The gong is laid on the ladok with the umbul in position and then two
smiths strike either side of the umbul in rapid succession using small iron
hammers (refer to fig. 34 - levelling the rai). After pounding in one
position the gong is examined and then turned; or the umbul is moved to a

different position so that another part of the rai can be treated in the same
manner until the whole of the raz has been hammered flat.
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Fig. 34 Levelling the rai.

For the next stage of metak, that of making the recep, the gong is
turned so that the boss is uppermost. A shorter umbul is placed between
the beam and the recep. A helper stands on the gong to stop it moving.
Once the pressure is applied the same method of hammering is used as for
flattening the rai (refer to fig. 35). Making the recep, known as membuat
kirih, is a very skilled art, since the shape and size of the curvature
dictates the sound and quality of the instrument. The recep must be the
same shape around its entire circumference so that the central plate (the
rai and pencu) is held in position with equal tension. For example, if one
area of the recep has a deeper curvature, the pressure exerted on the rai at
this position will be greater, and with such unequal tensions the rai will

not vibrate evenly. The gong is rotated and the same process carried out
around the whole circumference.

'*
77 S/,

Fig. 35 Making the recep.
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For the final stage of metak the gong is turned over again so that the
inner rim of the dudu can be shaped. A long hammer with a rounded
striking end is used to smooth the curve (refer to fig. 36).

Y
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)

Fig. 36 Shaping the dudu.

Voicing

After the cold shaping processes of metak, the sound of the gong is
assayed. The instrument is hung from a beam using a hook-shaped piece
of wood (see fig. 48), and then struck with the soft beater. At this stage it
is very unlikely that the instrument will produce a smooth, ringing tone.
The sound is more likely to be a series of fast repeating pulses of short
duration (deg-deg-deg-deg-deg). This sound is caused by uneven stresses

and tension in the gong which prevents it vibrating freely; these stresses
are normally due to rai not being level, or the rai having thick spots

(areas). Voicing is the process by which the gong is made to produce a
ringing tone. Javanese gongsmiths use the term kempel for this sound. It
is only possible to tune the gong to a specific pitch after it has been
voiced.

The voicing and tuning of gongs is the most difficult aspect of gong
making, and consequently this work is done by the master smith, Pak
Tentrem. Voicing is done by hammering various parts of the gong
(normally the rai). The difficulty is knowing where to hammer, and by how
much. This is found out by sticking clay onto the gong, experimenting
with varying amounts on different areas, until the voice ‘sings’ out. Once
the tuner is satisfied with the sound achieved, he will begin the process of
losing (membuang) or throwing the clay (menghilangkan lempung).
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Pak Tentrem will usually start by adding clay to the inside of the
pencu. If this action results in an audible tone, more clay will be added
until the optimum voice 1s reached. From experience Pak Tentrem knows
roughly how much hammering is necessary to ‘lose’ any amount of clay.
For losing clay from inside the pencu there are two methods of
hammering:

1) Kentheng - the gong is hammered from inside at a part of the rai
near the pasu. A thick part of the rai is chosen (refer to fig. 37).

2) Endak - the gong is hammered from outside at a part of the raz
close to the pencu. A thin part of the rai is chosen (refer to fig. 38).

'

Fig. 37 Kentheng. Fig. 38 Endak.

A

It should be noted that it is important to know which parts of the rai
are still thick, and which are thin. Therefore, before any hammering is
started, a considerable amount of time is spent checking this by placing
the palm of one hand inside the instrument on the rai, and then, with the
other hand, tapping with the finger nails from the outside, at the same
position. By this method the differences in thickness can be both heard
and felt: a thick area will ring, and feel hard (hurting the nails), and a thin

part will sound dull, and feel soft. The thickness of areas is marked out
with chalk.

The gong is placed on the wooden stake (pagol) as shown in the
diagrams. Before any hammering is started, it is necessary to make sure

that the gong is sitting square on the stake, and that the stake is directly
underneath where the hammer will strike. If this positioning is not carried

out accurately, there is a risk that the instrument could crack. The
hammering is always done with great care, little by little, checking the
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sound of the gong after every couple of blows, and temporarily adding
clay to ensure the hammering has not gone too far (if it had, the addition
of a small amount of clay would deteriorate the sound).

During the initial experimentation, if placing a small amount of clay
inside the pencu makes the sound worse, this indicates that the clay needs
to be placed on the outer surface of the rai close to the pasu. The term
often used for this is lempung bagian muka, literally meaning ‘clay part
face’.The tuner will look for places on the rai which, when the clay is
positioned, give the best possible voice. It is usually necessary to find two
i or more such places. Two methods are used to lose clay from the rai:

:

1) Impes - the gong is hammered from the outside, on the rai close
to the pasu. A thin area is chosen (refer to fig. 39).

2) Juluk - the gong is hammered from inside, on the rai close to the
pencu. A thin area is chosen (refer to fig. 40).

Fig. 39 Impes. Fig. 40 Juluk.

Like kentheng and endak, the hammering for impes and juluk must be
done with great care, constantly checking the sound of the gong. Even
atter having experimented with all these hammering processes it may still

not be possible to get the gong to sound well. When more than one area is
found on the rai to place the clay, and these areas are very close to, or on
the pasu itself, this may be because the pasu is not perfectly round. This

can be corrected by hammering from the outside, close to pasu, with the

direction of the blows aimed towards the recep. This process is known as
kancing (see fig. 41).

The bahu still has many undulations in it, so after the voicing has been
done, the gong is placed on its side on a flat metal anvil and hammered
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repeatedly to smooth out the surface. This process, known as selet or
sometimes kentheng, is an arduous task taking a good couple of hours for
a large instrument, and, for this reason it is delegated to one of the other

smiths (refer to fig. 42).

Fig. 41 Kancing.

Fig. 42 Selet.

The next task is to drill the holes in the bahu that locate the supporting
rope. The measurement between these holes should be the same as the

diameter of the loloan.

Tuning

There are two ways of tuning pencon gandhul; by filing or hammering.
In practice the two are often combined. Most gong ageng are left in the
hammered state, the only part which is filed and polished being the pencu,
and even this is sometimes left unpolished. The only options in tuning this
type, known as gong cemengan, are hammering alone or, in addition, filing
the pencu.

Gong voicing and tuning has for many years remained a secret art,
little understood in the West. This knowledge, gained through centuries of
initial experimentation, and then kept alive through tradition by a very
small guild of master craftsmen, has recently been opened up. Pak
Tentrem enthusiastically explained detailed processes which were
previously kept hidden. Although general principles can be laid down for
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voicing and tuning, these alone are not enough; the art is learnt over many
years by watching, listening, and doing. The ‘feeling’ that many people
refer to is the years of experience built upon a natural ability.

After voicing, the gong must be within one pitch (higher or lower) of
the intended final note of the instrument; if it isn’t, the gong must be

returned to the forge. Usually the pitch is only one half of a slendro tone
out, ie. plus or minus 120 cents. This accuracy comes from set
measurements of all parts of the gong, and from supreme craftsmanship in
the forging.

To understand how a gong vibrates and creates a certain pitch it may
be useful to compare it to the working of a simple plate, held taut around
its circumference (ie. the bahu). If the plate is made thinner, thereby
lessening the stiffness, the effect is to slow the vibrations and flatten the
pitch. This holds true for a plate of uniform thickness. However, by adding
mass to the centre of the plate, this also slows the vibrations, thus
lowering the pitch.?® The vibration patterns of a gong are, however, very
complex and more factors than just mass act upon the instrument. Thus it
is not possible to merely file the recep, rai, or dudu to lower the pitch, or
to file the pencu to raise the pitch. By just doing either of these processes
alone, the voice of the gong will be lost. This is because during the
voicing, the shape of the rai is made to vibrate sympathetically with the

pencu, thus bringing the two pitches together (or slightly apart to produce
ombak).*

The Voicing and Tuning sections have stressed the importance of
making the rai ‘level’, or ‘flat’. This does not mean that the rai must be in
a parallel plane to the loloan, but rather that there are no undulations or
thick spots within the rai. The rai may be inclined slightly upwards
(towards the pencu with the gong placed on the ground). During the
volcing process, in order to lose clay from the pencu (ie. to lower the pitch)
one performs either kentheng or endak, which very slightly lowers this
incline (see fig. 43). Likewise, to lose clay from the muka or face, (1e. to
raise pitch) one performs either impes or juluk, which very slightly raises
the incline (see fig. 44).

The pitch of a gong is sharpened by raising the level of the whole of the
rat. This will result in the voice deteriorating, and clay must then be

placed near the pasu on the rai, and impes and/or juluk performed to
retrieve it. To lower the pitch, the whole of the rai must be lowered by
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hammering, causing the need to place clay in the pencu, and performing
kentheng and/or endak to lose it.

endak endak

L~ T~ 1T

! !

kentheng kentheng Juluk  juluk

Fig. 43 Kentheng and endak. Fig. 44 Impes and juluk.

The pitch of a gong with a polished pencu is raised by filing the pencu,
followed by impes and/or juluk. The pitch of a gong can also be raised by
hammering from inside at the part of the recep near the pasu. This process
is known as pancal (see fig. 45). This method is rather risky since it is very
difficult to support the recep accurately on the stake so that the metal is
sufficiently backed by the timber support to prevent cracking. When
tuning and voicing gongs it is necessary to have a helper supporting and
holding the instrument to prevent it moving during hammering. Gong
suwukan and kempul can be held satisfactorily by the tuner alone.

Fig. 45 Pancal.

Tuning the gong ageng is always a risky, time-consuming job. The
investigations carried out with the clay require much more experimenting
than for a kempul. If the tuner incorrectly identifies the area/s to be hit,
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this compounds the problems of voicing/tuning. It is also extremely
important to ensure that the gong is well supported on the pagol before
hammering commences. This is checked with the gong in position on the

stake, and very lightly tapping the metal surface with the hammer and
listening for the metallic sound of the hammer; if the gong is not backed

sufficiently by the anvil, the impact of the blow will travel past the gong
to the space between the gong and the anvil, but if good contact is made

with the anvil the impact of the hammer blow will be reflected back from
the anvil, into the hammer, resulting in it ringing.

The initial tuning of the gong suwukan and kempul is done by Pak
Tentrem. This involves filing the thick spots on the rai and recep, but

leaving the pitch of the instrument between half and one pitch (slendro)
higher than the final intention. This is because during the finishing

process of filing and polishing it is necessary to remove a lot of metal from
the dudu, recep, and rat, which lowers the pitch considerably. Attempting
to retrieve the pitch purely by filing the pencu is not possible.

Finishing - filing, polishing and tuning

All of the bronze gamelan instruments, apart from the gong ageng, are
highly polished. When the instruments come out of the forge they have a
rough, dark brown finish, so the whole surface must be filed to reveal the
bright metal underneath. Since filing the instrument changes the pitch,
the minimum amount of metal needed to produce a smooth surface is

removed first; paying little regard to the pitch. The instrument is then
tuned by further filing. The worker in charge of the finishing is called
tukang kikir, (kikir = file). Since the filing and tuning are one and the
same thing, the tukang kikir is also called penglaras (tuner). He always
assumes this title when working outside the foundry retuning gamelan.
There are four tuners and one polisher (sander) working at Pak Tentrem'’s
smithy. An apprentice starts working on the bar metallophones (saron,
slenthem, gender) and then progresses to the more difficult gong type

Instruments as he gains experience. The finishing and tuning of kempul

are described here (the tuning of the bar metallophones is included in the
section on making saron and gender bars).

The tuner uses two types of file: kikir patar, and kikir besi. A tuner
always has his own set of files, and will usually have five kikir patar, and

two kikir besi. The kikir patar is a purpose made, wide set file made from

o1




car leaf springs. The set and curved profile of the teeth is similar to the
British ‘dreadnought’ file, allowing fast stock removal without clogging.
The kikir patar is curved through its length making it easy to use on both
large, flat surfaces and concave surfaces. The {file is held by its wooden
handle with one hand, while the other hand applies downward pressure at
the curved end. A set of kikir patar (see fig. 46) usually includes one
roughing tool with three teeth per 25mm, two medium files with four
teeth per 25mm, and two fine files with five or six teeth per 25mm. At the
end of each working day the kikir patar need to be sharpened; the files are
softened by placing them in one of the forges, heating them to red hot and
then letting them cool slowly. The next morning the teeth are filed sharp

with an ordinary steel file and then tempered by heating to red hot and
immersing them in cold water.

Fig. 46 Types of kikir patar.

The kikir besi is a standard, flat metal file. It is used on the convex
surfaces of the instrument after the roughness has been removed with the

patar. The patar tends to leave ripples on convex surfaces, hence the neeq
for the kikir besi.

To produce a very fine finish prior to sanding, a scraping tool calleq
kesik is used (see fig. 47). This tool has a curved blade mounted in 5
wooden handle. The blade, like the kikir patar, is made from a vehicle leaf
spring for its hardness. The kesik is held in both hands at an angle of 45
degrees to the workpiece. With the blade in front of the handle, the tool is
pushed away from the body to produce fine shavings.

The various parts of the kempul are always filed in the same order:
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1) recep, 2), pencu, 3) rai, 4) dudu, 5) bahu. Filing the ra: and recep lowers
the pitch considerably, filing the dudu lowers the pitch only slightly,
whilst filing the pencu raises the pitch. As mentioned earlier, the whole
instrument is filed in the above order to achieve the smooth finish. At this
stage the instrument should be slightly sharp of the intended pitch. It will

probably also be necessary to add clay to the inside of the pencu, or to the
face of the rai to voice the instrument and hear the pitch.

A piece of sacking is placed under the instrument during filing to
collect all the fine bronze shavings.?” When filing the pencu, rai, and

recep, the instrument is placed on the ground. The tukang kikir sits in

front of it, holding it firm by wedging a piece of split bamboo between his
thigh and the dudu. For filing the dudu and bahu, the instrument is

placed upright in a pit whose depth is half the diameter of the workpiece
(smaller kempul are raised up by blocks of wood).

The filing of an average size kempul takes three days, and during this
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time Pak Tentrem oversees most of the work and 1s consulted by the tuner o
should any problem arise (see fig 48) 3

The final tuning takes a further day During this stage most of the work
concentrates on the rai, with much tap testing to find the thick parts
which can be safely filed. It is difficult to find the thick areas of the dudu
by tapping, but it is possible to ‘feel’ thickness on the dudu by filing: the
easier the file glides over the dudu the thicker the metal During the |
tuning process the instrument will periodically require revoicing by

adding clay and carrying out the necessary subsequent hammering process 4
to lose 1it.

The final stage of tuning is to clean up the the widengan, using a
simple hand operated-lathe, known as cakrak bubutan (see fig. 49). A "‘
small indentation, called ancer, i1s made at the centre of the pencu using a [ |
punch. The instrument is then placed in the machine so that the tailstock
locates the centre of the pencu, and the pressure plate is screwed in. The
pressure plate has four metal arms extending from its centre; these being 3
used to rotate the workpiece. The front bar of the lathe is used as a tool
rest. A scraper chisel (wegang) is used to cut the bronze This tool is made 4
from an old steel file with a sharpened, rounded tapered end. Smoothing .{
the widengan in this manner lowers the pitch. The voice of the instrument

is checked, and adjusted if necessary to produce a single tone in the case
of a kempul, or an ombak for a gong suwukan (method as described

earlier). Finally, the instrument is sanded all over using emery cloth, and ;
then buffed up with polish. 1

instrument
clamped here

Fig. 49 Cakrak bubutan.
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THE MANUFACTURE OF BONANG AND KENONG

At Pak Tentrem’s smithy, in addition to the principle forge, which 1s
reserved for making the larger instruments such as gong, kempul, and
kenong, there are two smaller forges for bonang, wilah (bars of the
metallophones), kemanak, and kecer. Four workers are usually involved 1n
forging bonang:

1) panjs,

2) palu ngarep,
3) palu tengah,
4) pelamus.

The panjt directs all the crucial aspects of making; mbesot (melting),
njujut (testing), casting, and the entire forging process. He controls the
reheating of the workpiece, and also does the job of the pengider; turning
the instrument on the anvil and directing the pounding. The palu ngarep
(the most experienced smith after the panji) carries out most of the
forging. During the initial forging (lambe and uceng), two smiths may be
employed in the pounding. The second of these can be called palu tengah,
but since this term is used when three or four smiths are working together
on large instruments where ‘tengah’ relates to the ‘middle’ position, it is
common to call the palu tengah merely pemalu (hammer(er)). The
pemalus, as well as operating the bellows, will do the job of the pengalap
(carrying the workpiece from the forge to the anvil).

Enough metal to make up to four bonang is melted at one time. Bonang
penyingen (moulds) are about 20cm in diameter, big enough to make a
15cm casting. The forging process is almost the same as for kempul,
differing only in making the recep. Whereas the kempul recep is made
during the cold hammering metak process, the bonang recep is made
during the forging, after membuat pasu. There are two different types of
bonang: bonang wadon (female) and bonang lanang (male). The shape of
the recep of the wadon type is fairly flat, like kempul and gong, whereas
the lanang recep rises sharply like the kenong (see fig. 50). On the bonang,
the lower pitched six or seven pencon (collective name for all types of
gong pots) are the female shape, and the six or seven higher pitched
pencon are the male shape. The change in shape from wadon to lanang is
not gradual as one might expect. When asked why not, the smiths said
this is how they’ve always been made. Each style of pencon produces a
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different tone, and it may well be that since the bonang is usually played
in parallel octaves, the tonal difference 1s appreclated because it gives a
rich sound. The shape of the bonang lanang 1s necessary to produce the
higher pitch whilst keeping the basic size, and therefore loudness. of the
two pencon the same.

Bonang wadon Bonang lanang

Fig. 50.

The pounding is started with two smiths wielding palu besi to expand
the lakaran. After a few rounds of hammering, the lambe is formed by one
smith (see fig. 51). The task of expanding the workpiece (njleber) is
carried out by one man, wielding a smaller palu bes: than used for kempul
manufacture. The panji turns the jebleran in between each blow of the
hammer. Each bout of pounding can only last about fifteen seconds before

the metal becomes too cold to continue. The njebler process is repeated
until the correct diameter is reached.

Fig. 51 Forging the lambe.
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The bahu is then made using the ndekung process as described for the
kempul. However, for the bonang, ndekung is carried out until the bahu is
high enough, and is then continued starting from the uceng, working
outwards and stopping at the pasu. This process raises the rai so that it is
higher than the dudu. For the bonang wadon this process is repeated only
a couple of times so that the rai is 12mm higher than the dudu. However,
for the bonang lanang, the process is repeated five times or so, until the
rat 1s about Scm higher than the dudu, and assumes the shape known as
welon shown in fig. 52. It should be noted here that the width of the rai is
different for each pitch; the narrower the rai, the higher the resultant
pitch. The smiths use a steel rule marked with chalk to measure this
distance. During all of the work described above, the pencon is constantly
checked for symmetry and shape after each bout of hammering. Before

returning the instrument to the forge, any areas that need more work are
marked with chalk.

' l b L
,-
J/llmllﬂ OO
anvil clay support
Bonang wadon Bonang lanang

Fig. 52 Welon.

The smiths at Pak Tentrem’s foundry make the whole series of pots
before making the pencu and recep. This is done so that it is easier to
make all the pencu the same size. The pencu is forged using a special stone
anvil (dodogkan) with a half-spherical hole. The workpiece is heated to
red hot and then placed centrally over the hole, and hit with a palu
penunjut. The pencon is turned over and the shape of the pencu examined
before the pencon is returned to the forge for reheating (see fig. 53). The

depression around the pencu (widengan) is then made in the same manner
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as for a kempul.

The process of making the recep, known as munuk, 1s different f
both the lanang and wadon style. The recep of the lanang pencon is ma((i)r
by placing the instrument at an angle on the iron blutv ilnv;l a ;
hammering from inside with a large-headed iron hammer The pen c:o n‘
supported at the required angle by a clay support with a cutaway .
pencu (see fig. 54). " cutaway for

Fig. 53 Examining the pencu, note the stone anvil for forging the pencu i
S 1ILE NCu
the foreground. 3

clay

Fig. 54 Making lanang recep.
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The shape of the pasu is checked and marked on the inside with chalk.
Once again the pencon is reheated, and returned to the ladok tandes,
where the wooden palu alang is used to clarify the pasu. Before using the
metal palu alang, the pasu is checked for position and roundness. At this

stage the recep may be slightly convex, so this is corrected by gently

slapping the recep with a 5cm wide steel bar, with the bonang in the
upright position on the flat ladok tandes.

The recep of the bonang wadon is made by first hammering the line of
the pasu, as detailed above. A narrow piece of timber roughly 2.5cm wide
and 6mm thick is then placed on the ladok tandes, and covered with a thin
layer of clay. The pencon is heated and placed on the anvil in the position

shown in figure 55. The action of pounding the rai forces the recep to rise
and take shape.

Fig. 55 Forming the bonang wadon recep.

The processes of mapak (smoothing the rai) and menda (smoothing the
bahu) are carried out in a similar way as for kempul. Due to the problems

of working on a small pencon, the smith usually turns the instrument with
the tongs himself at the same time as hammering.

During these final stages, the pitch of each bonang is tested whilst still
hot by striking the pencu with a thin metal rod. When hot, the tone of the
bonang is dull, with a quick decay, making the pitch difficult to judge
accurately. The hot bonang produces a pitch about one slendro tone lower
than when cold. Since the bonang are made one slendro tone higher (when
cold) than the final intention to allow for the amount of filing, the hot
pitch is made the same as the tone the bonang will be tuned to.

Finally the bonang is heated evenly to red hot, the klowong hoop
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placed around the lambe, and then both are immersed in cold water. 1t is
still possible to hammer the pencon when cold to shape and tune. The

pitch of the cold pencon, before any f{iling is done, should be one pitch
higher than the tone intended.

To raise the pitch the bonang is placed on the pagol and hammered
from inside on the rai. This process is known as juluk. To lower the pitch,

the pencon is turned over and hammered on the rai from outside. This
process is known as endak. However, if the pencon is more than half a
tone out, it must be returned to the forge. Any unevenness in the ra: and
bahu is hammered out from inside, with the part of the instrument being
pounded resting against a flat metal anvil. During this stage it is
important to make the surface of the rai level; if it is not, the tone of the
instrument will not ring clearly, and produce a ‘deg-deg-deg’ sound.

The filing of the different parts of the pencon follow the same order as
for kempul; 1) rai, 2) pencu, 3) recep, 4) dudu, 5) bahu. The filing and
tuning process takes one day for one bonang. The final tuning is done
whilst cleaning up the widengan on the lathe (cakrak bubutan)

periodically removing the pencon from the machine to check the pitch.
Finally, the bonang are sanded and polished.

The process of making kenong is very similar to bonang lanang.
Kenong are always made in the principal forge due to their large size. The
first stages of forging are the same as for kempul; using four smiths
during the heavy pounding. The smiths consider kenong more difficult to
forge than kempul, especially as the instrument gains shape, because the
height of the bahu coupled with the relatively small loloan calls for
extremely accurate hammering to avoid hitting the lambe and ruining the
instrument. Due to this difficulty, kenong can take longer to forge than

kempul, although they are still usually completed in one day. The tuning
and finishing is done in the same manner as for bonang lanang.

THE MANUFACTURE OF METALLOPHONE BARS.

Three different types of bar shape (bentuk) are used for the bar (wilgh
or sometimes bilah) metallophones in gamelan:

1) bentuk blimbingan,
2) bentuk polos,

3) bentuk pencon.
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The blimbingan bar shown in figure 56 is used for the gender barung,
gender penerus and slenthem. The polos bar shown in figure 57 has a
smooth rounded surface, and is used for the saron family of instruments.
Within the saron family, three different bentuk polos exist, each
distinguished by the cross-section of the end of the bar:

a) bentuk nyigar penjalin has an almost semi-circular cross-section,
and is used for the very thick, narrow bars of the saron penerus,

b) bentuk nggeger sapi has a half-elliptical cross-section, and is
used for the saron,

c) bentuk nyirah lele has a soft-curved cross-section, and is used for
the relatively thin, wide bars of the saron demung.

lambung

blimbingan

J‘_“\
.

Fig. 56 Bilah blimbingan.

paesan

A 2 \=—=

a b c
Fig. 57 Bilah polos.

The third kind of bar, bilah pencon, is a thin, gently curved bar with a
central boss (see fig. 58). This type of bar is most frequently found on the
gong kemodhong. This gong consists of two bilah pencon, suspended over
either one or two large resonators (made of clay or zinc sheet). The bars
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are tuned slightly apart to produce ombak. Although the loudness of the
gong kemodhong is not as great as a bronze gong, the length of decay is
just as long. Although quite rare, bars with bosses are sometimes used on
the slenthem, in which case it is known as slento. A kenong substitute
instrument, known as kenong renteng, uses wide bars with a central boss.
These latter bilah pencon are more often found made in brass.

S

Fig. 58 Bilah pencon.

The forging of the bronze metallophone bars is considered the easiest
job in the foundry. However, making a good set of bars requires a lot of
work. The longevity of any bronze gamelan instrument is dependant on
the amount of pounding during forging. Hammering the red hot bronze
changes the molecular structure of the alloy from the cast state by
compressing the structure, and expelling any gases. Pak Tentrem
explained this by saying that the alloy of a bar that was insufficiently
forged would oxidise, causing it to become brittle with age and
consequently break. When such bars break it is possible to see the green
oxidisation within the structure of the alloy.

At Pak Tentrem’s forge, there are two workers who specialise in bar
making: one panjt who also performs the pengider’s duties, and one
pemalu who also works the bellows. The processes of mbesot (melting),
njujut (testing), and casting, are all performed in the manner described
previously.

Two moulds are used in the casting of a set of saron bars, one being
slightly larger than the other. It is important to ensure that the moulds are
perfectly level. This is done by heating the mould, melting wax into it, and
adjusting the level if necessary. The wax, which remains liquid, is
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displaced and burnt off by the molten alloy. Usually all the bars are cast

together.
The largest and smallest bars are forged first, with reference to

already finished examples paying regard to pitch as well as size. The
other bars are then forged to fit in between these first two. The first task
of forging is to hammer the bars narrower than the original cast state in
order to form the lambe and compress the bronze. Much time is then
spent pounding the middle of the bar along its length. Again the width is
reduced, and then the two sides of the bar are hammered whilst it is
resting flat on a metal plate anvil. This has the effect of bending the bar
quite considerably. Once the bar has been hammered along its entire
length on one side (this will involve the bar being reheated
approximately five times), the same process is performed along the other
side to straighten it. The whole process of pounding the edges, middle
and sides are repeated until the bar is the same shape as the referent bar.
Attention is paid throughout to the pitch of the bar. A saron bar should
be one slendro pitch higher than the final intention to allow for the filing
necessary to produce the polished finish. This means that the bar must
come out of the forge very accurately shaped so that the minimum of
filing is required. Finally, the bar is bent along its length by holding the
bar at one end with a pair of tongs, and lightly hammering the other end
onto an iron plate anvil (refer to fig. 59). After bending the bar, it 1s
reheated and laid flat, playing surface uppermost, on a large steel plate.
If all four corners of the bar do not touch the plate, pressure is applied at
the centre of the bar to ensure no twists are present along its length. All
the bars of the gamelan metallophones are made élightly curved. This

curved shape, known as luk, is said to produce a more even sound by
strengthening the fundamental (especially in the thin, low pitch gender

and saron demung bars).

Fig. 59 Producing the curved, luk shape.
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The forging of gender and slenthem bars is slightly more difficult due
to the blimbingan shape. After the initial forging to reduce the size of the
bar and compress the metal, the pounding is then continued on a 7omm
square iron stake anvil which is securely held in a large baulk of timber
implanted in the floor of the smithy (refer to fig. 60)
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Fig. 60 Iron stake anvil.

The two ridges running the length of the bar, known as odo odo or
njodo (refer to fig. 56 bilah blimbingan), are formed by hammering flat the
centre of the bar first, and then pounding at an angle the sides of the bar
(refer to fig. 61). Using a flat hammer (ie. non-rounded) enables the ridges
to be accurately formed. The odo odo must be parallel. Pak Tentrem called
the central part of the bar blimbingan, and the two sides lambung.
However, some other makers refer to these parts as rai and recep

respectively.
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Fig. 61 Forming odo odo.
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The blimbingan and lambung are forged flat, rather than concave, this
shape being formed during the filing. The luk shape is formed in the same
way as described earlier. Gender and slenthem bars are made at least two
slendro tones higher than the final intention due to the amount of filing

needed to produce the concave areas, and the lowering in pitch this
produces.

All the bars are placed in order on the ground, and a straight line is
drawn between the ends of the largest and smallest bars, so as to produce
an even trapezoid shape. The ends of the bars (usually only 6mm or less)
are then sawn off using a hack saw. The length and shape of the thick

saron and peking bars are usually forged accurately enough to avoid using
a saw.

Before the bars are handed over to the tukang gilap for filing and
tuning, the holes through which the supporting cords pass are drilled at

the nodal points. The nodal points (0.224 of the length from each end for a
bar of uniform thickness) are found on the largest and smallest bars, and

then all the bars are laid out in order. A straight edge is laid across the

bars so that the nodal points of the largest and smallest bars line up. A
line is then drawn across all the other bars to mark their nodes. The holes

are then drilled with a hand-operated pillar drill.
The filing and tuning is carried out entirely on the top surface and ends

of the bar. Any retuning that may be necessary at a later stage is generally
done on the underside to retain the finish. The polos type bar of the saron

family is first filed all over to produce a smooth surface and reveal the
shiny bronze alloy. The pitch of the bar should now be close to the
required note, and preferably slightly sharp since it is more difficult to
raise the pitch than lower it. Filing between the two nodes lowers the
pitch, and filing at the ends of the bar beyond the nodes raises the pitch.
The tuners at Pak Tentrem’s smithy have a set of tuned iron bars to hand.
Once the pitch of the workpiece gets very close to the required note so

that beating occurs between the two, clay is often used to help work out
whether the workpiece is flat or sharp.

Filing the blimbingan type bar of the gender and slenthem is slightly
more difficult. The blimbingan and lambung areas of the bar are flat when
they come out of the forge and these need to be filed using the patar to

make the concave troughs. Making these troughs parallel is very difficult
and requires much concentration and skill. Following this, the ends of the
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bar, paesan, are shaped. The paesan should be rounded off smoothly since
the heel of the player’s hand (and thumb) touch this part of the bar to
dampen the sound. Shaping the paesan is done now because this raises the
pitch, and further shaping of the blimbingan and lambung can then be
done to lower the pitch to the required note.

The bilah pencon, as used for the gong kemodhong, follows the same
processes of manufacture as the polos type bar. Bilah pencon are the most
difficult to forge. This is due to the large size of the bar, its relative
thinness, and the problems inherent in forging a boss in a large bar.
Forging the pencu is the last stage in the process. In order to successfully
forge the pencu, the centre of the bar must be left slightly thicker than the
surrounding area. The pencu is forged using a purpose made stone anvil,
similar to that used for forging bonang pencu, but larger with a bigger
depression for hammering out the boss. The same principles apply to
tuning bilah pencon as for the other types of bars.

Kemanak

Pak Tentrem is one of the few gamelan smiths in Java still capable of
producing good quality bronze kemanak. Kemanak are said to be one of the
most difficult instruments to voice and tune, ranking, surprisingly, alongside
the large gongs. All the other instruments in the smithy are forged by Pak
Tentrem’s workforce with him overseeing, but during the latter stages of
forging kemanak Pak Tentrem takes over. . The testing of the alloy, jujutan, is
very important for kemanak since the bronze has to be hammered very thin
and then bent over, without cracking to form a tight curved tube. The
kemanak lakaran is cast in a special mould shown in figure 62.

Fig. 62 Penyingen kemanak.

The casting is hammered to an almost uniform thickness, leaving the
centre slightly thicker. This initial forging, enlarging the workpiece anqg
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compressing the alloy, is usually done by other smiths. From here, Pak
Tentrem takes over. The workpiece, which now resembles a vanity mirror

1n shape, is immersed in cold water and closely examined for differences
in thickness; any areas that require further pounding are marked with
chalk. The required width of the workpiece is checked by measuring the
circumference of an existing kemanak. The workpiece is then returned to
the forge and the areas requiring more hammering are attended to. Once
the required size is reached, much time is spent smoothing the surface of
the metal by hammering it against a large flat iron anvil, turning the
workpiece periodically until all undulations and thick spots have been
smoothed out. Achieving a uniform thickness in both sides enables the flat

mirror-shaped object to be bent evenly to produce a smooth curve. The

extra pounding involved in making kemanak helps prevent the alloy
cracking during the bending operation.

The kemanak is now placed on a wooden former, and the instrument
hammered to bend up both sides (see fig. 63).

>
3

Fig. 63 Kemanak former.

Once the kemanak has taken the curved shape of the wooden former,
the two sides are hammered to bring them closer together (see fig. 64 -
stages of kemanak). From this stage tongs are used to gently squeeze the
sides together. Bending the sides together in this manner is extremely
risky; the kemanak must only be worked on when red hot to prevent
cracking. The hammer and tongs are now used alternately, until the sides
are bent over and almost touch, leaving a 6mm gap. Finally the sides are
hammered together further from the top until the gap is closed down to
about 3mm.

The final stage of forging is to shape the handle. The end of the handle
is bent round a steel rod to produce a hook, and then the whole handle is
forged to a gentle curve using the head of a large wooden hammer as a
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former. The kemanak is then reheated to red hot and immersed in the cool -

water of the planden. At this stage the instrument sounds completely
dead.

Fig. 64 Stages of making kemanak.

The initial stage of filing is done by one of the filer/tuners. Once the
shiny bronze has been revealed all over, Pak Tentrem takes over to voice
the instrument. The kemanak is tapped all over to check for differences in
thickness that stifle the voice. Each side of the kemanak will have a
different pitch at this stage, and so it is necessary to equalise the two. The
side with the lower pitch is worked on first, by tapping, listening and then
filing. Filing the sides lowers the pitch, and this is continued until Pak
Tentrem is satisfied that an even voice has been achieved all over the one

side. The other side is then worked on in a similar way until the two
pitches are made the same (refer to fig. 65).

Fig. 65 Kemanak.
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Having equalised these two sides, it is now possible to improve the
voice of the instrument by filing the back of the kemanak. This involves
much tapping and listening to work out where thinning is necessary. The
thin areas sound slightly hollow. However, it is very difficult to hear these
differences because the back of the instrument is quite thick, and the
variations are very small. Gradually the voice gets stronger until the
optimum is reached. During this voicing, the pitches of the two sides will
change slightly. The kemanak should still be sharp of the required pitch

because raising the pitch is difficult and only possible by widening the
gap. The two sides are filed down until the desired pitch is reached.
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CHAPTER IV

THE MANUFACTURE OF IRON AND BRASS GAMELAN BY BAPAK
MULYADI IN SOLO, CENTRAL JAVA

The field work for this study was carried out in Solo during March,
1989. A number of instruments, including brass bonang barung, 1ron
saron, and gambang were commissioned from the iron/brass gamelan
maker, Pak Mulyadi. The manufacturing techniques of these and other
instruments were studied.

Pak Mulyadi has a small home workshop in the Lojiwetan district of
Solo, where he employs five workers. The open-fronted workshop is
situated at the front of the family home, looking onto the small side street.
The front room of the house 1s used as a reception, entertainment, and
instrument display/store area. Customers and friends are welcomed in
true Javanese fashion with glasses of hot, sweet tea.

Pak Mulyadi carried out his apprenticeship with Pak Tentrem, after
which he continued to work as a gong smith before starting his own
workshop. Pak Mulyadi now employs four apprentices, most of whom are
relations from his home village outside of Solo.
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Fig. 66 Pak Mulyadi with a brass bonang made by himself.
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The main part of the following text details the making of brass bonang
(see fig. 66). The same basic techniques are used for the other pencon

instruments; kenong, kempul, and gong. Manufacturing techniques of the
bar metallophones are described later.

MATERIALS

The alloy, steel, made from iron and carbon, is the main material used.
Instruments are either made from reclaimed sheet steel in the form of old

oil drums, or from new sheet material bought from the local metal
merchants. The reclaimed metal is much cheaper, but is rather thin, and

does not produce the resonance of the thicker, new sheet steel. A common
compromise is to use both the new and old materials for different parts of
the same pencon. In such a case the new steel is used for the rai or
‘sounding’ part of the pencon, and the reclaimed steel for the bahu.

All pencon are made with a brass boss, hammered out from sheet
material. Brass is a soft alloy made from copper and zinc. Most of the
brass Pak Mulyadi uses has to be bought new, at a high cost, from the

local supplier. A pencon made entirely from brass produces a superior
sound to a steel instrument, but the cost of a brass instrument can be six
times that of a steel equivalent.

Saron bars are generally made from either new, thick sheet steel, or from
reclaimed vehicle leaf springs. The high tensile steel of leaf springs produces
a better sound than the mild steel plate. Leaf springs are in high demand,
not only from instrument makers, but also from tool makers who value the
superior quality, high carbon metal. Consequently, this reclaimed material
commands a higher price than new mild steel. Brass is sometimes used for
saron keys, but this is quite unusual due to its high cost (more than leaf
springs) and the often superior sound quality of instruments made from leaf

springs. Brass saron are often bought for aesthetic reasons where a steel
instrument would not fit in with a gamelan made entirely of brass.

On the other hand, brass is the preferred material for the gender family
of instruments, producing a quality of sound bettered only by bronze.

Generally speaking, an instrument made from reclaimed oil drum steel
costs about one twelfth of the bronze equivalent, an instrument made from

new sheet steel is about one sixth the cost of bronze, and a brass instrument
1s roughly half the cost of the bronze equivalent.
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THE MANUFACTURE OF PENCON FROM SHEET METAL

This section details the making of a brass bonang barung. Bonang
pencon are either of the wadon (female), or lanang (male) shape. The two
styles require slightly different manufacturing techniques. However, the
techniques used to make bonang wadon are the same as those used to

make the other wadon pencon ie. gong, suwukan, kempul, kempyang, and

kethuk. Likewise, the same techniques are used in making bonang lanang
and kenong.

Sheet metal pencon are made up from three separate parts which are |
cold-hammered and then riveted together. These parts are the boss

(pencu), the top (rai and recep), and the sides (bahu) as shown in figure 67.

top-pl\ate m _o— boss

Fig. 67 Separate parts of pencon.

The first task is to cut out all the separate parts. Pak Mulyadi has a set
of metal templates including one for each part of every instrument made
in the workshop. Having marked the shape using the appropriate
template, the sheet metal is cut out using a hammer and cold chisel. This
is a laborious job, especially if one considers that it is necessary to cut out
forty-eight parts to make a slendro bonang (the bahu are usually made up
using two pieces to save on material). Consequently, this job is normally
done by the apprentices.

All the twelve or fourteen pencon of a bonang barung use the same
dimensions for the top-plates and bahu. Those of the bonang penerus are
slightly smaller, but again, all start off the same size and it is the position
of the pasu and height of the ra: that determine the pitch. As mentioneq
earlier, a slightly different technique is used to make the top-part of the
wadon style and lanang style. The top-parts are made before the bghy for
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both styles because the circumference of the bahu is determined by the
circumference of the top-plate.

%

Bonang wadon

A circle is scored with a pair of dividers 10mm from the edge of every
top-piece. This line marks the position of the lip. An inner circle is then
scored to mark the position of the pasu. The lip is formed first by
hammering on the outer scored line using a wedge shaped hammer (see
fig. 68). The plate is hammered onto a tree stump which is used both for
forming the lip, and the bowl shape required for the lanang style pencon.
The top of the stump is hollowed out for forming the bowl shape, and a
groove cut for making the lip. The plate is first of all held almost flat, and
as the lip begins to form the plate is raised gradually until it is eventually
held vertically. Once the lip has been bent over in this way it is necessary
to smooth, or uncurl all the creases. This is done with a ball hammer using
the flat end, and hammering the lip onto a flat metal anvil.
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