So You Want to build a Sreet Organ
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Thisproject started out asan exerciseto makeviolin pipesand reed pipes. Construction of the organ
chest closaly followsthat of the calliope. The pipeshowever, areadifferent story, being open flutes,
stringsand reeds.

The Pipe Chest

The chest dimensionsarelarger than the calliope and measure 700 by 1100 by 150 millimetres (27 1/2
by 45 by 6inchesapprox). Thisgivesplenty of room for expansion later on, if desired. The chest was
madethissize sincethe organ wasexperimental and provision wasmadefor changing the specification
by adding more piperanks. Matreriasfor the chest are sides: 700X 150X 40mm, bottom: 6mm MDF
crossbraced by 45X 19mm strutsand top 12 or 16 mm M DF( Medium Density Fibreboard) (see
below)
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The Regulator

A regulator valveisfitted on the base of the chest to spill excessair andis adjustableto set there-
quired pressure. The cone shaped design wasfound to be better than atrap-door type becausethe
high air volumetended to draw it closed dueto the Bernoulli effect.
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The Manometer

Thisisafancy namefor the pressure measuring device. It consistsof abackboard on whichismounted
aU-tube ( piece of plastic tubing) with some coloured water in the bottom. Inthe centreisaruler
marked ininches, that didesup an down to measure the column displacement. Oneend of thetubeis
plugged into apipe holein the chest and the val ve opened. Water will risein onearm of thetubeand
lower inthe pressurised arm. Slidetheruler sothat the zero isaligned with the pressure end and then
read off the displacement in the other arm.
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Thetopishinged at the back with apiano hingeto alow thetop to belifted with pipesattached for
maintenance and/or repair

The Cabinet

Theframefor the cabinetismadefrom 25mm (1inch) square a uminium tubewith plasticjoinersat the
corners. Theframewas covered in 6mm M DF which makesit quite heavy, plywood would belighter.
Doorswere madefor therear from 6mm MDF with a45X 19 mm frame

Thedimensionsof the cabinet are 1104mm wide, 1600mm tall and 800mm deep plusthe doors of
25mm. Stripsof Aluminium angle were attached insidethe sidesto provide support for the pipe chest

and alow thewhole chest to bedid in from the back. Becausethe organ isexperimenal, thisfeature
alowschestsof varying configurationsto befitted ins dethe same cabinet. It a so allowseasy remova
for repairs or maintenance Wheelswere attached under the front and castors at the back.

The Blower

Theblower isan old vacuum cleaner motor housed in abox and surrounded by sound absorbant plastic
foam. Thefoamisfairly expensive but worth it asthe sound of the unmuffled motor isquiteloud .
Muffled, itwill till not be silent but whentheorganisplayingit drownsit out



The Solenoid Valves

Thereareseveral suppliersof suitablevalves, or you can makeyour own. The easiest isto purchase
them and thevaveillustrated below isfrom the Peterson organ Supply Co of Chicargo, USA

Chest Top Valve L
]
-~ /
& Solenoid Coil [/
/ Return
Spring

Solenoid Valve

| believethat these are availablefor about $5 each
Theoutline of the operation appearsabove. Thevaveisattached to thearmaturewhichispulled down
whenthecoil isenergised dlowing air to enter the pipe. The return spring closestheva ve when the coil

is disconnected

Below isthe pipearrangement of the organ, Thefront rank containsviolinsand flutes, the next rank
back isflutes, behind that are bourdonsand clarinetsand finally basstrombonesat the back. The back
view showsthetrombones, blower, computer and control electronics
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Specification

Theorgan isbased on 48 notesfrom tenor C (an octave below middle C) but later | added bassreeds
totakeit down another octave but thisoctaveisnot chromatic, it only containsC,D,E.FF# GA A#
and B making it 57 notesinall. | also added astring section from G abovemiddle C for 18 notes.

String (violin) pipes

Thesestring or violin pipesagain wereexperimental but seemed towork OK, dthough they take some
delicate adjustment to get them to speak properly.

Generally speaking, violin pipesare half thewidth and depth of open flute pipes. Thefeature of these
pipesisthat they overblow by screeching at an octave above and have to be bought back by the
addition of an harmonic bridge or Harmonic frein applied to the mouth to modify theair flow (see
diagrams)

String (violin) pipemouthsshowing theharmonicfrein

Reed Pipes

Reed pipes, astheir name suggests, rely on avibrating reed to producethe sound, asinaclarinet. The
reedisusually madeof hardened brass. Shim brass of 0.005 inches (about 0.2mm) thick isusually OK
but you might need thicker for the bassreeds, about 0.5mm. You can usually get such thicknessesfrom
hobby shops, shim brassfrom engineer’ s supplies, otherwisetongue brassfrom organ suppliersisbest
but expensivel

reed clamp LIINE WIrg
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Thereed block isturned from Australian hardwood. The cylinder long enough to accept thereed -
about 3 or 4 incheslong plusthe shoulder and should fit snugly inside aplastic pipe 1U4inchesindiam-
eter. Theblock carrying thereedis call ed the eschal ot and the covering plastic pipe, the boot. The boot
should be about twicethelength of the eschalot. At the base of the boot isawooden plug carryingal/
2inch pieceof copper pipeabout 1” long for theinlet. The reed needsto be dightly curved in order that
itwill spek properly. Thisisusualy doneby burnishing, that is, thereedisheld on aflat or dightly
curved surface and vigoroudy stroked lengthwisewith abright steel rod about 6 or 9mmin diameter.
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Thereed, when fixed to the bl ock should haveagap at thetip and display adight curvefrom the base.
Thetuning wire consistsof a2mm brassrod or lighter piano wirebent into aT- shapewith thetop bent
under to bear acrossthe reed to keep it pressed on to the eschalot. The wire protrudesthrough aholein
thetop of thereed block and isbent at right anglesto provide ameanswhereby thewire can beraised
or lowered by tapping to changethevibrating length of thereed for tuning. Youwill probably haveto
experiment with burnishing to get theright amount of curvature so that the pipewill speak cleanly and
promptly. Only experience can determinethe”right “ amount of curvature.

Theresonators are made from plastic pipe and thelengthisthe same asthat for stopped pipes. You
might need to modify the volume of sound by plugging thetop by cutting ad ot at thetop of the pipe
about 3/4” wideand 1” to 2" long then cover with adeeve cut from plastic pipe, dit lengthwiseand
dipped over thetop to modify the size of the opening.(see below)

resonalog

St
adjustable clarinet resonator Variousmethods of Mitring bassreed pipes

Thebassreedsaretapered to giveatrombone sound. Thetaper isabout 1” to every 2 ft (25mm
every 600mm). Theywill need to bemitredin order tofit them insidethe organ case (seeabove). The
volume of sound may need to be reduced and this can be accomplished by plugging theendsand
cutting adot inthe end at thetop that can be covered by an adjustable metal plate

Reed Eschd ot showing reed tongue deflection



Open Flutesand Violins

Thesewere madefrom 6mm MDF and giveasatisfactory tone. Thedimensionsfor thepipesaregiven
inTables1 & 2. Stopped flutesfollow the same basic plan but differ inthat thereisno tuning dide at
thetop but amoveable plug The baseismadefrom Australian hardwood - jarrah or red gum. | have
found theseto be avery stabletimbersand give good results. Theblock is45mm long, of square
section and dimensioned for the particular inside measurementsfor the pipebeing made. A v-notchis
cut near theend, leaving alip of about Immwide. Theinlet holeisbored from the oppositeendto
intersect the notch (see photo)

pipe base block

thesidesare cut to thelength giveninthetable and exactly the same width asthe base block. The back
and sidesare cut 12mmwider than the sides.

Assembly:

Gluethe back of the base block to the pipe back then apply glueto the sides of the block and runa
bead of gluea ong either side of the back for the sides. Place ablock of the samedimensionsasthe
base block at thetop and placethe sidesin position, rubbing back and forth to spread theglue. Thentie
all together with rubber bandsensuring that everthingissgquare. Thetop isleft for themoment and the
capiscut fromit the samelength asthe base block and an end squared off and sanded smooth at the
endfor thelip. Set theassembly asidefor theglueto set. It isoften agoodideato lightly clamp the
centre of the sidesto the back, ablock of the same dimensions asthe base block in the centrewould
suffice, fastened with rubber bands.Alternatively, diding wedges can beused.Simpl;y insert thewedges
with therampstogether and dide against one another th achieve the desired thickness.
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The pipetop needsto havethetuning dot cut (seetable), makeit dightly narrower than theinsidewidth
of the pipe, and the bevel or rampiscut with asharp chisel, the samewidth astheinside of the pipe.
Thesidesof theramp can beincised with ahacksaw blade asare the tuning didegrooves.

Thecut-up or mouthismadeasinthetable. A ruleof thumbis40% of the pipewidth but thiscan vary
according to the pressure used(see bel ow). The edge need not be absol utely sharp but needsto bevery
thin. Oncetheglueisdry, paint theinside of the pipewith shellac or varnishto sedl it. Also paint the
underside of thetop totheinsidewidth. The gasketsfor the cap are now cut. For these, | used 3layers
of plasterer’s paper tapeto giveagasket of 1/32nd inch thick or 0.6mm. Any paper type gasket of the
right thicknesswill do (blotting paper isgood). The gasketsare U-shaped and cover the sidesand base
of the block .

Thetuning dideismadefromthin metal sheet, galvanisedironisOK. Stainlesssteel or a uminium about
1/32nd or 0.6 mmor dightly thicker isgood. Thetab at thetop isbent forward to providefor moving
thedideup or downfor tuning. Thecapisgluedin position over the gasket and the edge set dightly
back from the edge of the block, lessthan 1mm. Thetop can now be positioned and fixed with rubber
bands. Now test blow, making surethat thereare no gapsinthejoin. If agood toneisachieved, thetop
can now beglued on. After theglueisset, bevel the edgesof the mouth towardsthe cap.Finish off by

sanding smooth and cover with clear laguer or shellac.| madetheinlet (foot) from copper tubeof 1/2
inchdiafor thelarger pipesand 3/8inchfor the smaller ones( thetop octave).

A word about Pipe Scales _ _ _
For fairground and small organs, the scalerefersto therange of pipesused and isusually not chromatic

but for larger pipeorgans, the scale of an organ piperefersto theratio of thewidth to length. A short fat
pipewill produce the same note asamore slender and longer pipe but the harmonic structurewill be
quitedifferent. Thuswe havevariousnamesfor pipesof different scalee.g. Digpason, Clarabella,
Waldflute etc etc. A wide pipewill produce amore hollow sound and will be poorer in harmonics,
producing more odd harmonics. A narrower pipewill bericher in harmonicsand will sound“ stringier”
theultimate being violin pipesthat need roller bridges or harmonic freinsto makethem sound properly.
A stopped flutewill produce only the odd harmonics, the hollow sounding thestre organ Tibiaisagood
example. Pipeorgan builders soon found that pipes producing higher notesbecameimpossibly narrow
and didn’t sound “right”, thefurther up the diatoni c scal e they went so they devised pipe scalesthat
halved the width about every 16th, 20th or 22nd pipe so that pipes could moreeasily bemadeto
produce therequired note (see below)

The pipemouth a so hasarelationship to thewidth of the pipe. Thelower thewind pressure, the
narrower the mouth and several rulesof thumb have been produced for the mouth at 30, 40 or 50% of
the pipeinsdewidth. Thereisamathemeatical relationship and formulasfor thisand awedlth of other
information can befound ontheWorld Wide Web, particularly at the Mechanical Music Digest web site
at http//mmd.foxtail.com/tech/index.html. So thereisno reason why you cannot deviseyour own scale
to produce pipeswith adistinctive sound - Thefollowing ispart of atable of pipeshalving at the 16th
going frommiddle Cto E an octave above. Thetables 1 and 2 give dimensionsfor two different scales

but either will work quitewel |
Note Equal Quad Equal Quad Note Equa Quad  Equal Quad

Square(ins) (ins)  Square (mm) (mm) Square(ins) (ins)  Square (mm) (mm)

G# 2.16 1.91 54.9 485
C 3.06 2.71 7.7 68.8 A 2.06 1.83 52.3 46.5
CH 2.93 2.39 744 60.7 A 1.95 1.73 495 43.9
D 28 248 711 630 B 1.9 1.68 48.3 427
D# 2.68 2.38 68.1 605 @ 1.82 1.61 46.2 40.9
E 2.57 2.28 65.3 579 cm 1.74 1.54 44.2 39.1
F 2.46 218 62.5 54 D1 1.66 1.47 422 37.3
F# 2.36 2.09 59.9 531 D#1 1.59 1.41 40.4 35.8
G 2.26 2.00 574 508  E1 1.53 1.35 38.9 343



dimensionsin millimetres
Note frequency C-C len

C
Ci#
D
D#
E
F
F#
G
G

130.8
138.6
146.8
155.6
164.8
174.6
185
196
207.7
220
233.1
246.9
261.6
277.2
293.7
3111
329.6
349.2
370
392
415.3
440
466.2
493.9
523.3
554.4
587.3
622.3
659.3
698.5
740
784
830.6
880
0932.3
987.8
1046.5
1108.7
1174.7
1244.5
13185
1396.9
1480
1568
1661.2
1760
1864.7
1975.5
2093

1248.9
11773
1109.7
1046.2
986.0
9294
876.0
8255
778.0
733.3
690.9
651.3
613.7
578.1
544.8
513.3
483.6
4554
429.0
404.1
380.7
358.6
337.8
318.0
299.7
282.2
265.7
250.2
2355
221.7
208.8
196.6
184.9
174.0
163.8
154.2
145.0
136.4
128.5
120.9
1135
106.9
100.6
94.5
88.9
83.6
785
73.9
69.3

Tablel
Pipe Dimensionsfor open flutesHalving on the 20th note

actual len width Tuner dot

1283.0
1210.3
11417
1077.0
1015.7
958.1
903.7
852.4
803.9
758.2
715.0
674.4
636.0
599.9
565.7
5334
503.2
4745
447.3
4219
397.8
375.2
353.8
3335
314.5
296.4
2794
263.4
2484
234.2
220.7
208.0
196.1
184.9
174.2
164.3
154.9
146.1
137.7
129.5
122.2
1151
108.5
102.1
96.3
90.7
85.6
80.5
75.9

68.2
65.9
63.7
61.5
59.4
57.4
554
535
51.7
499
48.2
46.6
45.0
435
42.0
40.6
39.2
37.8
36.6
35.3
341
32.9
31.8
30.7
29.7
28.7
27.7
26.8
259
250
24.1
23.3
22.5
21.7
21.0
20.3
19.6
189
183
17.7
17.0
16.5
15.9
154
14.9
144
13.8
134
129

341
32.9
318
30.7
29.7
28.7
277
26.8
259
250
24.1
23.3
22.5
217
210
20.3
19.6
18.9
183
17.7
17.0
16.5
15.9
154
14.9
144
138
134
129
125
121
n7
1.3
10.9
10.5
10.1
9.8

9.5

91

8.8

85

82

8.0

7.7

74

7.2

6.9

6.7

6.5

cut up
11.3
10.9
105
10.1
9.8
9.5
9.1
8.8
85
8.2
8.0
7.7
7.4MidC
7.2
6.9
6.7
6.5
6.2
6.0
58
5.6
54
53
51
49
47
4.6
44
4.3
4.1
40
38
3.7
3.6
35
34
3.2
31
3.0
29
2.8
2.7
2.6
25
24
24
2.3
2.2
2.1
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36
37
38
39

41

SERES

47

49
50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83

85
86
87
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PipeDimensionsin Millimetres

Halving on the 24th note
Width

Freq

65

69

73

78

82

87

92

98

104
110
117
123
131
139
147
156
165
175
185
196
208
220
233
247
262
277
294
311
330
349
370
392
415

466
494
523
554
587
622
659
698
740
784
831
880
932
988
1047
1109
1175
1245
1319
1397
1480
1568
1661
1760
1865
1976

84.3
81.9
79.6
77.3
75.1
73.0
70.9
68.9
66.9
65.0
63.2
61.4
59.6
57.9
56.3
54.7
531
51.6
50.1
48.7
47.3
46.0
4.7
434
42.2
41.0
39.8
38.7
37.6
36.5
355
344
335
325
31.6
30.7
29.8
29.0
281
273
26.6
258
251
244
237
230
223
217
211
205
19.9
19.3
18.8
18.2
17.7
17.2
16.7
16.3
15.8
153

149

Length
Open
2640.9
2491.6
2350.7
2217.8
2092.4
1974.2
1862.6
1757.3
1658.0
1564.3
1476.0
1392.6
1314.0
1239.8
1169.9
1103.9
1041.7
983.0
927.6
875.4
826.1
779.7
735.9
694.6
655.7
618.9
584.3
551.6
520.8
491.8
464.4
438.6
414.3
391.3
369.7
349.3
330.1
3120
294.9
278.8
263.6
249.3
2359
2232
211.2
199.9
189.3
179.3
169.9
161.0
152.6
144.7
137.3
130.3
123.7
1175
111.7
106.2
101.0
9%.2

916
Table?2

Length
Closed
14711
1392.1
1317.4
1246.9
1180.3
11174
1057.9
1001.7
948.7
898.5
851.1
806.3
764.0
724.0
686.2
650.5
616.7
584.8
554.7
526.1
499.2
473.7
449.6
426.9
405.3
385.0
365.8
347.6
3304
314.1
298.7
284.2
270.4
257.4
245.1
2334
222.4
212.0
202.1
192.8
184.0
175.6
167.7
160.2
153.1
146.4
140.1
134.1
128.4
123.0
117.9
1131
108.5
104.1
100.0
96.2
925
89.0
85.7
825

796

Mouth
(cut up)
94.3
91.9
89.6
87.3
85.1
83.0
80.9
789
76.9
75.0
73.2
714
69.6
67.9
66.3
64.7
63.1
61.6
60.1
58.7
57.3
56.0
54.7
53.4
52.2
51.0
498
487
47.6
46.5
455
44.4
435
425
41.6
40.7
39.8
39.0
38.1
37.3
36.6
35.8
35.1
344
33.7
33.0
323
31.7
311
305
29.9
29.3
28.8
28.2
277
27.2
26.7
26.3
258
253

249



Configuration

So much for pipe design. Wenow need to look at pipelayout and configuration. | have arranged the
pipes so that thelongest isinthe centre. The smallest pipesgoinfront and thelarger onesbehind. |
placed the 18 violin pipesin thefront centre, thelongest is G abovemiddle C. the pipesascending are
placed dternating either side. Thuswe have Ginthe centre, totherightof GisG#, ththeleft of GisA
totheright of G#isA#and so on. Theviolin pipe solenoidsarewired in tandem with the flute pipes of
the samenote. The next row back isof flutesgoing downto middle C, behind them are bourdons
(stopped flutes) and clarinets going down to tenor C and behind them are the bassreeds. Thegraphic
below illustratestherel ationship of the piano keyboard to the organ compass
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Relationship of piano keyboard to MIDI notes and the organ compass
Wiring
Besureto leave enough room between the rows so that the solenoids and associated wiring can be
fitted in underneath. The solenouds need enough room so that any wiring doesnot foul theaction. The
solenoids (usualy referred to as” magnets' in organ parlance) arewired with one connection asthe
positive common. | used thick plain copper wirefor thisand insulated telephonewirefor the other
connection. Thewiring islaced and the ends soldered to brass escutcheon pinsdriven through the chest

top. Theother endsof the pinson thetop of the chest have wires soldered to them and connected to
50-way computer (SCUZZI) cable connectors.

Power Supply

You will need apower supply that suppliesat least 3ampsat 12 voltsDC. It consistsof atransformer,
bridgerectifier andfilter capacitor and can bebuilt for about $30 . Thefollowingisatypical circuitto
providethevoltage and current required. You should not need avoltage regulator sincethe
jw-electronicsboard can handle up to 37volts DC. However, if you feel the need for one, the second
circuit below will providethe current required.

' CURRENT BODSTING
: TIP 2955 etc.
240V ac 1 e Vin V out
2500uF | 78XX |
. 25V 33hw |+ +
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Midifying the Organ

Inorder to MIDIfytheorgan, or makeit play music automatically, youwill needaMIDI interfaceand a
computer with aSoundblaster card with aJoystick/MIDI output socket. Thecomputer | usedisa
laptop with adocking station that providesthe MIDI output - laptops don’t usually have such an out put
ontheir ownAlternatively, you can usean old 486 or later computer with asoundblaster card. You can
pick these up second hand for about $50 or |ess. The softwareyou’ Il needisaMIDI player which will
play themidi filesthrough the MIDI output, | used AudioRack, which camewith the soundblaster card.
It allowsyouto createaplay list for the output, but thereare others, e.g. the mediaplayer that comes
with Microsoft Windows. The second piece of equipment isaMIDI interfaceboard. Thereare severa
of theseavailable but the most satisfactory oneisa64-note controller board manufactured in England
by jw electronicswho can befound onthe Internet at:- http://www.j-omega.co.uk/mtp6.htm or by
e-mail at:- john@j-omega.co.uk. The boards cost $US142 or 86 English Pounds. (about $Aust246
depending on the exchangerate) The pi cture above showsthe controller board onachipboard base,
wired to a50-way connector together with the power connections.

Selecting MIDI Files

Thereisalarge number of MIDI filesavailable ontheinternet. Most of them are multi-channe since
MIDI canrespond to 16 channels. However, the MIDI controller board can only respond to one of 16
channelswhichissalected by onboard dip switches. Thismeansthat unmodified MIDI fileswill only
play one channel on the organ so we need to combine the channelsto the one channel the organ can
respond to. Thismeanswe haveto sdect music which hasfew channelssince combining several
channelscan lead to unpredictable and confusing results.

Thesmplest MIDI filesto selectispiano sinceit usualy only consistsof two channels, channel onefor
themelody and channel 2 for the accompaniment. The problem now becomes combining thetwo
channelsto one. Thisisdone by mapping both channelsto the one channel and saving it asatypeO
MIDI file. Thereare severa piecesof softwarethat will do thisincluding Cakewa k and Noteworthy
composer but thereare many others. Theseallow you to modify the MIDI filesto map several channels
tooneand aso alowsyouto edit themusicitself.



Thefollowing tableliststheMI DI note numbers needed for configuring theboard. You will need to
supply theseto the manufacturer in order that the e-prom on the board can be programmed for the
organ notes. The connecor pinsrefer to the 50-way connector. The Output No refersto the controller
board outputs. The bassreeds are connected direct to the controller board.

MIDI Controller Board Connection

ouput No Midi Note Connector ouput No. Midi Note Connector

No Pin Note Pin
1 32 ot 3 64 e 17
2 3 a A 65 f 18
3 A a# 3H5 66 f# 19
4 3H5 b 36 67 g 20
5 36 c direct 37 68 ot 21
6 37 c# not connected 3 69 a 22
7 33 d direct 39 70 a# 23
8 39 d# not connected 40 71 b 24
9 40 e direct 4 72 c 25
10 41 f direct 42 73 c# 26
u 42 f# direct 43 74 d 27
12 43 g direct 44 16 d# 28
13 4 o# not connected 45 76 e 29
14 45 a direct 46 7 f 30
15 46 a# direct 47 78 f# 31
16 47 b direct 48 7 g 32
17 48 c 1 49 80 ot 33
18 49 c# 2 50 81 a A
19 50 d 3 51 82 a# 3b5
20 51 d# 4 52 83 b 36
21 52 e 5 53 &4 c 37
2 53 f 6 54 85 c# 33
23 54 f# 7 55 86 d 39
24 55 g 8 56 87 d# 40
25 56 ot 9 57 83 e 41
26 57 a 10 58 89 f 42
27 58 a# n 59 0 f# 43
28 59 b 12 60 91 g 44
29 60 c 13 61 R ot 45
30 61 c# 14 62 93 a 46
31 62 d 15 63 A a# 47
32 63 d# 16 64 9% b 48
A Final Word

| hopeyou have asmuch fun building the organ as| have. It hasbeen achallenging and rewarding
experienceand | havelearned so muchinthe process. If you have any problemspleaselet meknow via
e-mail. lwould wel come commentsand criticism (constructive of course!)



