Synergy Calc V5  Updated by Bl Waslqg March 2014

A calculator for atting dimensions and build instructions ofvooden constantdirectivity rectangular
conicalwaveguides(w/anti -waistbanding second flare)or for DIY Danleystyle Synergy Horns

This document is intended as a detailed guide for use with the spreadSiyeetrgy Calc v5.xla
spreadsheet calculator that runs withMicrosoft Excel F & 2 tthawR ExcaByrergy Calauns
equally weliin the freewarespreadsheeprogramGnumeric

(http://www.gnumeric.org

Gnumeridor Windowscan be downloaded from
(http://people.gnome.org/~mortenw/gnumeric/gnumerit.10.1620110616.exp

About Conical Horns or Waveguides

The main benefit of a conical horn is that it provides a constant directivity pattern over its frequency
range, ® that off-axis response is we similar to oraxis response but reduced in levélhis very nice
characteristic provides exceptional image stability over a range of seating positions, for either high
fidelity or home theater. A benefit for DIYers istthectangular conicalare relativdy easy to make
sincethe inside sufaces are primarilylat sectionssimplifyingconstruction from plywood or MDF.

A conical horn doas (ibvide the same loading to low frequenciessasne other flares like exponentia
or tractrix. Itprimarily controls directivity rather than providing maximum horn loading or efficiency
(though efficiency is still normally higher than low frequency sections it would usually be paired with).
Like most horns, a singtiriver conicahormallyoperatesover a limited frequency range of typically
under 10:1.
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increasesand the pattern becomerarrowernear the low end of the operating freg@acy range. Don

Keele investigated thisffect and found that ithe section neathe mouth of the hornvas widened with

a sharper second flare or large roundover, the waistbanding effect could be mitigaked.second flare

is included in horns desigdewith this spreadsheet.

About Danley Unity or Synergy Horns

Tom Danley invented a way for a single conical horn to be used over much larger bandwidths than could
Y2NXIff&8 0S dzaSRO® 1S 221 | ROl y (& ISNIRER inc®S T O
per unit length)changes continually from throat to mouth. The usdblger frequency of a horn

depends on the flare ratevhich must not be tooapid for lower frequencies Danley found that lower

frequency drivers could couple to the sarhorn as a high frequency driver if they enter the horn

further up from the throat at positions where the flare rates matctieat needed for the intended

frequency If you are designing your own, you should reéfethe Danley US patentnd applicatios

for Unity and Synergy horn6411718US 2002/0106097 Al1Pesigning these from scratch is NOT easy,
though, and will usually take a number of builds to get right.


http://libinst.com/SynergyCalc/Synergy%20Calc%20v5.xls
http://www.gnumeric.org/
http://people.gnome.org/~mortenw/gnumeric/gnumeric-1.10.16-20110616.exe
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be used for lowefrequencies instead of forcirgsmall HF driver to move air at lower frequengiss

wideband SPL capability is higheThis is similar to the reasons for making a rwity cone speaker

system rather than a single drivepeaker. But@rhaps most significawith the Synergys the fact that

the entire horn with all its driversacts as a point souraethe frequency balanc® 2 S & y Q iwitlOK | y 3 S
angleor distancewithin the coverage range or even ifyou listen right athe mouth. This gives a nice
easygoingnd natural effects opposed to howhe usual multwayloudspeakers behawehere

different parts of the spectrum originate at different points in spa¢taving the lower frequency drivers

closer to the moutlcanbe used to achieve linear phase response (with some crossover tricks), so that

the horn acts just like a single wideband driver with a remarkably sleareform-coherent impulse

response. When that is doneaossover points are not audible or even fafide from measuremerdnd

the assembly ds like ahigh SPLhigh efficiency, singldriver speaker with controlled directivityThe

lower frequency drivers fire througbompression chambers which provide a ipass filter, reducing

the radiation of any htortion productsthat might get generatedh the drivers Synergy horns can play

very loud and very cleanith good efficiency, smooth responsand outstanding radi#on

characteristicg about as close to an ideal loudspeaksrcan be achieved at thiime
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churches and concert systemshere the ability to play very loud from point sources with well

controlled patterns is particularly beneficial the very difficult acoustic conditiondVhile thosepro

Synergy speakers can be used in the home, they tend to be ladestrialand not well suited for home

decor. They are rather expensive, thougbt when compared ta@high end hi-fi loudspeakerslt is

hoped that in the future DSL will more directly address the high end audio @mdatkets, for which

the Synergy loudspeaker concept is uniquely seited.

Note, howeverthat the Unity and Synergy inventions are patented by Tom DanleCanNiINOT B

LEGALLSOLDN assembled or kit formwithout express permission from Tom Danbayd his company

Danley Sound LabsTom has kindly provided encouragement for DIYers to make their own renditions of

these speakers, but not teellkits orfinished speakes using the Unity or Synergy principles. Please

respect thissituation if you are makingynergy horng makesome¥ 2 NJ & 2 dzNAtSdl!¥Any 6 dzi R2 y ¢
single driver horngou male with this preadsheet can, however, be sadho patents involved then

About Synergy Calc v5

This spreadsheet is the fifth version, developed from an original calculator used to figure dimensions of

awoodenhorn | buildseveral yearsgo.L i Kl & RS@St 2LISR Fa ySSRSR F2NJ 0«
time. Compared to previos version®f SynergyCalthis type design has the following updates:

f Dimensionsar@owy | YSR gAGK fSaa O2YLIX AOIFIGSR &a&dvozfa ol
a 1 m oThatshabld make the overall build less confusing and intimidating.

1 Board joint desigemodified for easier assembly and to remove need for doingless safe
G @S NIi A Qnlthe fableGdwiiThe boards can be cut with the surface always parallel to the
top surfaceof the table sawwhich is more repeatable arshfer.



1 New methods of attahing panels beforelge-up to avoid using duct tape diot meltglue
during assembly All sections can be assembled before gluing to make sure everything fits or to
make any trim adjustments needechile gluing sections

9 Allows for construction from prgeneered boardsyuidingorientation ofthe wood grain when
cutting panels.That allows you to makeice-lookingwood grained horngrom ply. Doing it this
way requires very caraf and precise cutting thoughMIDFor other materials that can be filed,
ground down, filled with bondo or wocofiller, and then paintedor appearancewould be
much, much easidio do. But wood grain does loakice, if you want to go to the trouble.
Before trying a woodjrained version, trying a less precise build typ&risngly recommended!

1 More detailed instructionssuch aghis document)

As before, the prdilled values in the spreadsheet are for a Synergy Isett designed, dubbed the
dCoSynes 6 6 S Ol dza S thespreakshdet gdek tBrouigtaidulaing them!) Some of the
dimensiongiven by SynergyCadce dependent on details dfe particularhorntype that is being
designed. & thosehorns explicit value$or the CoSynébuild are shown in green colored characters.
For other design® 2 dzQf f det&rinide$or yousef some ofthe dimensions of the#2 panelsby
lookingat the driver arrangement to see how much panel size is needée. cuts for those dimensions
FNBy Qi ONRGAOFE |yR R2 y2i yt®miRetiod@St SR Odziaz

And about the CoSyndesign

My CoSynehornisQ i 0 S A Y &b ary KiidRf gataiiesign or ideal, butyoas a finished design

that worked out pretty wel(after several triesanyway. It is, thoughthe bestoveralld LIS I §eS NJ L Q
head - kudosfor thisareto Danley, not me | onlyfollowed his guidelineand worked out trig details

for cutting and construction|  NRf & | RIFI@ 32Sa o0& GKIFIG LQY y2i
things. A wideband horn is quite different from the usualfhspeaker. You magind yourself spending

a lot moretime listening (thateffect on mehasoften delayedhe writing of this @cument)).

CoSynasa 90 Horizontal x 60 Vertical horn made frorhalf-inchthick boardstock. | aimed for a linear
phase (waveforntoherent) designto operate as a point source.ffieiencywas not a major
consideration (though istill came out to be about 94dBPL@2.84\hot bad at a), the main desire is
for directivity and point source behavioWith a large ported bofor the back waves of the wooferg,
can go as low asround50Hz but will do better if crossed to a subwoofer at ab8dkz In a small 1.5
cubic footsealed box, it should get into the 70dere arethe midbass and highdrequency and phase
response usinga passive crossoveunsmoothed ananeasuredn-room at moderatedistance
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Cdsynewas doneasthree-way design, using a Celestion CE1445 tweeter (HF) driver, four Gento
SM9023Amidranges, and fouAurasound I$62558Awoofers. But the midranges and woofers we
020K &0 dz@ rdmilRartsFErPesdfmdishundor MPJA.COM The prices on theseere almost
absurdlylow (the drivers were apparentipanufacturedfor some big projectthat were carcelled). But

the woofers are no longer available and the supply of the midranges is liniftgdu are luckgnough

to have stockpiled the very nid¢S6 drivers, and can buy some Gento drivers (check eBay), then you can
just follow the given CoSyne pkartb hiKSNBAASET @2dxQff ySSR (2 R2
port optimization (sorry).

LQ@S 0 S S yiindsénielompcially Ztocked, ndauyoutdrivers that will work with this basic
designplan, and have found a few. But so far, ndhat give that kinddf nearlinear phase responsat
leastnot without crazy complicated crossoverBut if you want to tackle designing your own crossover
6y 2i KI NRinsisffon ih@adphake2gyKh O K t believieatyallymakes araudibledifference,
though theoretically attractive or will desigrwith a DSP crossover which gives more variables to tweak,
here are some drivers that appear to be reasonabidthat were mostlymodeled in HornResponse and
testedin this hornwith some smallis changes to ports



Woofers(note: woofer box size should b#esigned anderified usinga boxmodeler such as
WinISD, as these will nekactlymatch the NS6 drivers at low bakss

1 Dayton DC130A8%
M Visaton W13038
1 Not tried but looks likely: FaitalPROEIP0

Midranges

 FaitaPRO3FE2s 0600¢ RNAGSNE yAOS KAIK 2dzliLddzi 0 dzi K
9 Visaton FRS8 (not pro, but easy to mount and inexpensiypeobably most similar to
the Gento3, and seem to work about the same.

A MA L LA
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acoustically bandlimitetdy the horn feed structureg distortion or out-of-bandsignalghat are

generated within the driveare filtered (reducedby the air chambers and wavedei ports(in direct

radiator speakers, the distortiorege radiatedout directlyunimpeded. And the directional

characteristics of thenid and wooferdriversfor this desigrR 2 y Qi NI &t &llf tRose¥re Hadd&dJ

by the waveguide. So the usuabsora F 2 NJ dza A y 3 LINFeWildrdnt RKEBS NRB Y RBY Q
even visible in the completed speakévlore important is that the drivers hawgsable sensitivityyvell-

behaved responswithin their intended band€an mount clos¢ogether, and work wdl as horn drivers.

Since there are nine total driverséachCoSyné& 2 NJ§ & goadithihg that drivers in the $300 each
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Here is theschematic for theriginal CoSynepassive crossover, whietorked quite wellas $iown in

the grapts aboved CKSNBE gla | FTFEANIRRASYAU 0533y yISWNE G 2207
with currently stocked drivers
—
|
s ig; iu
- Celestion CDX1-1445
0.4mH S/ PE# 294-2120
(Ampier 11 PE# 027-432 sn;’ 70'63
I l HH pH Midranges [-]
7 o 1o Lo
18 yF 6 uF 12 pF
GENTO S5P93021A
PE# 289127
o) e i onnecd

ers |-
1 pF 15 pF
- Aura NS6-255-8A
A PE# 299-030
{4 woofers connected

series-parallel)



Designingand BuildingA Hornwith the Spreadsheet

If you are making a CoSyne buiking original driversyou can ski to Step 4.

Step 1: Selecting the Horn Characteristics

FILL IN Values that have GREEN background below (see photo):

(metric equiv):

ThetaW\f = [degrees], horizontal coverage angle (90)
ThetaH = [degrees], vertical coverage angle (60)

[Hz*deg*m], Keele's constant 25306 nom.

[inches] board thickness -- USE MEASURED VALUE.

[Hz], lowest frequency at which horizontal pattern control to be kept (385)
[inches], side of HF throat (square, needs shaping to round. For 1" driver use 0.707")

ratio of final horizontal first expansion width to overall horiz width, 0.6 to 0.7 (0.65)
[inches] synergy port distance from throat (adjust to get vals for HornResp Sim)

0.01796 [meters]

0.0381 [meters]
0.01181 [meters]

Near the top of the spreadsheet is a section like the one shown akgvé. S O (i

characteristics here. The coverage angles ThetaW and ThetaH are illustratedbirgéphoto at top of

GKS &ALINBI RaAKSSiHo® ¢tKS f2¢ FTNBIldsSyode
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2T T AY I DonkedeNdcdmingnddbd inkthe rahde bf0.& to 0.7. Those values
will determine the overall horn size, which can be read from the section just below the selection area:
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Overall Size (inside and outside horn):

width L= 23.961 [inches] 0.6086 [meters]
height J = 15.274 [inches] 0.387T9 [meters]
depth M = 9.211 [inches] 0.2340  [meters]

In most cases, the allowable howidth will be the main limitation, so you
would adjst thepattern controlminimumfrequencyto keep thehornsize
down to something/ou are willing to tolerate in your room (with horns,
bigger is betteh). In theCoSyneadesign(for which the values | used are in
the figures shown above)adjusted for avidth of 24 inches and so found
that would @ntrol horizontalpattern to about 385HzNot bad. The vertical
pattern control frequency will be much higher, however.

That is not the lowest frequency you can play from the hénough The
larger driverdoward the mouth of a Synergy may be camabf going much
lower, though the horn itself no longer hasy gain or pattern control But
the clustering of the larger driversearthe axis othe other driversinside
the horn walls stiltontributes to thepoint-source behaviofor the system
it will sound like onerery gooddriver. The coverage pattern will begin to

becomeomnidirectional below the pattern frequenciesd the efficiency will drop, requiring
equalization in the crossover or elsewhere. ffequencies belowhe range ofabout 200Hz t&00Hz
(value issoom dependentdirectivity will become less relevant becausfenodal behaviorhowever, so
that A & gy problem. | haveCoSynéhorns mounted in large ported boxes whiglth four NS6
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wooferscan providemore thandecentbass down to about 4GHeven though th@coustic boost from
the horn ends belov about 380Hz

The nextvalue inthest SOGA 2y &S OG A 2 jhchks] synerfyipart dikt&naedrbidh thdiah 2 Yy 0 @
on a yellow backgrountb indicate that the value is used for generating other values to be entered into

5 AR a0O28w8a LR y X8c/wwivBofiesh.hetdS). This value will only be

relevant when designing Synergytype horn andsthe distance from théHF throatthat lower

frequency drivesare to be portednto the hornwalls | 2 dzQf f LINRP Ol 6f & FAYR GKI G @
midrangedrivers as close as possibletdK S | C R NXA @S NIhis will be N@ebdfurtiel2i A G A 2 v

the next section.

The last valuéo enter into the calculatord & A Y OKS &6 0621 NR (GKAOlySaaéod
veneered wood, his should be filled with theneasuredvalue (not the nominal value) of the thickness of
the materialyou will be using to build the horn panels.

Step 2: HornResponse

You can skip this section if you are making a horn with a single driver or are building a t@pglafadydesignedCoSynenorn with original
driver types

If working up a custom designrfa Synergy horn, you can use HornResponse to estimate the frequency
response you will get from each type driver mounted on the horn walls. This will depend on a number

of factors that you enter into HornResponse, seven of whichalgitidepend on the viue you entered

F 2 [M&hés] synergy port distance from thrgatb ,2dz oAff YySSR dalie, AydiSNI OO0
generating thoseseven values shown in the yellow section of the spreadsheet each time, éevihgn

those into HornResponder simuldion. Then you will need to chang¢her parameters in

HornResponse to try to reach an acceptable design. For a-thageénorn, you will need to do all of this

at least twice (once for the midrange drivers, once for the woofer drivers).

Probably you shdd makeyour first Synergy horjust functionalrather than pretty, because it will likely
need changes (in otherword§ I y Sy G A NBf & y Slpto getitkofwRat ypuNda. 8 ONJ (0 OK €

First enter the values from the spreadsheet from the yellow regioth® SynergyCalc spreadsheet.

Only some of them wilieed tochangeeach timeA ¥ 2y f & G KS & LJ32 Mdum&havétb y OS¢ A
Ot A01 2y GUKS fFo0Sfa a[muée 6SGO0O®0 G2 3ISH GKSY G2 O
in the bottomrow (S4..S5..L45..F45) or the right column (Fta, F12..F45). The top row should be:

Ang=2.0xPi, Eg=2.83, Rg=0; Fta wilcadtfulate).


http://www.hornresp.net.ms/

52= 55.19 [cmt2) vani? = 3.81 [cm;
s3= 930,14 [en2] Con23= 1517 [cm]
54 = 2361.09 [cr'2] Condd=  4dlfeml |

Wae L] Apl .08 Vie 47 e CALTION.
L z.80 ™ Loz Ale [T E] B » 1 o 54

[P Y T T rep——

4 Bl Cma & 49E-04 et ki Be .56
- 1.%7 LT .31

(31 = 2.53 [cmt2]

Bwices | et P [ Flecend 14 of 10 Cakcuiate

Youneed the Thiele/Small values of the drivers you plan to uBkese will be entered in the fields Sd,

Bl, CmsRms, Mmd, Le, and Rexirst fill out all the values you know for these (usually from a data sheet

or a measuement from a Woofer Tester dewl. The values are generally metric. If you are from the

USA and still chained to the imperial system of measent units, you can click your cursor in the box

F2NJ GKS RFEGF YR GKSY LlzaK Cc G2 3ASG | F2N¥ GKI G
will usually beabout0.5 * (NominalDiametar wH @ ¢CKSYYX FT2NJ 4KS @I indzZS&a @& 2dz
the relevant box and it will prompt you for other values you probably have which it will then use to

calculate the unknown one; pretty slick.

Those values are for a singlgver of course.ridicate how manyf that driveryou plan to usend how
they are wired by the va dzS @& h 5 ¢ Smeanyg sedek an@Kmeans paralléle values below the
driver sectiong

vie Apl Vie 47.00 CAUTION:
Lic Lpt 1.02 Atc 81.03 Cir > 1 for 54

are for controlling the back chamber (Vrc and Lrc), the port area and length (Apl and Lpt) and the
compression chamber (Vtc and Atc) for tiévers. You may have to click on the label that should be

G! LImé dzy GAf @ 2dz ansake suBK A 16k SEYIR (y2 2 thatiB ks diffecent LIE

typehorn! C2NJ | 3A @GSy aSi 2F RNADBSNE | i ,etc., Jaluesh tfiese J2 NI
are what you will mostly work with to try to achieve a usable response. As elsewhere, these values are
metric but you can use F6 to allow you to enter imperial units if needed. When your mouse is over one

of the labels, text will ppear at the bottom of the form briefly describing what the value means.

Watch out for a pitfall here. Tharea and volume dimensional valuessteredare for thesumshared by

all the drivers being modeled for. For instance, if the port ceestional aea for one driver here is 2.25

square centimeters, and you have 4 such drivers, then the value to enter there is 4*2.25. The same is
0NHzS F2NJ £NOI nofir@sSTor the/lddgtis (L0 énd Lpgtinzse arke fo®s&hdriver. If the
GLIANED S¢ £ Sy3adK Ay FTNRYyG 2F SFOK RNAGSNI A& mdnu OS
there.



¢ KS g1 NY Ay 3 CAYTIONER>1 fo@yds@ibindizator that the simulation will not be exact

in some wagp ve beeR ok with thatandjustignored the warning. Itis a bit annoying (it will prompt

@2dz Fo2dzi AG SOHSNE (GAYS @& 2dztdedhdtobé &bigdeal. DMV} S (KS
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Vtc and Atc will usually be the volume and average area inside the cone of the driveask, try first

with the results of mounting the drivers right on the outside surfaces of the bhortieir front volume is

is all that is in the compression chamber (Atc and.Vedherwise you will need to fill in under the cone

with something or rae the driver to adjust thehambervolume. Atc will be somethirigssthan the

sum of the areas at the rim of the driveo estimateNBS Y S Y 6 S Navekajefrda biit thécone is

X O 2-gh8pedp LQ@S FaadzySR GKI G ¢ Adb&velédgdts thaFDabley G NHzY € o f
suggests in his patent application, a shorter effective Lpt va@hsg/be half?ran be assumed to exist
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exactly correct, buit gavea more accurate simulation result than assuming the Lpt ietiize

thickness of the board materia. dza SR A K2 NI @I f dzSa F2NJ [ NDO a2 L ¢2d
chamber (which | have either stuffed or lined in #drtualhorns). Forthe open backed midranges, a

o0 O]l SyoOfz2adiNB gAtf KI@S mdlingaubes®Fniind,daiulcaul8 R | y R dzad S

alternately use pvc pipes or other creative ideas

¢tKS GRAAGIHYOS FTNRBY GKNRBIGE @&2dz Toy disFINEBsning KS a LINB
your own, a little basic trigpnometry (sines, cosines) will be needed to determine where those holes will

lie along the #2 board. Try to keep the holes so that they approximately lie on the corners of an

(imaginary) square when theorn is viewed from the mouth, even if tHisings them in from the

corners; try to keep the distance between the centers any of the midrange holes within ¥ wavelength

(for 1kHz, 3.4 inches; for 2kHz, 1.7 inches) so that all radiate as one driver.

Here ae the simulations used for thaeriginal CoSyne midranges (left) amabofers (right).

7 Homresp - Input Parameters [ocnls=n eS| [[7 Hornresp - Input Parameters [ )
Eile Tools Window Help File Tools Window Help

Ang [2.0 = Pi| Eg | 2.83] Rg | 0.00] Fla [ 66 63] Ang (2.0 = Pi] Eg | 2.83] Rg | 0.00] Fla [ 66.63]
s1 | 2.53] s2 [  55.19] Con | 3.81] F12 | 0.00] s1 | 2.53] s2 [ 347 10] Con [ 11.18] F12 | 0_00]
s2 [ 55.19] 53 [ 930 14] Con [ 15.17] F23 | 0.00] s2 | 347.10] s3 [ 930.14] Con | 7.81] F23 | 0.00]
s3 | 930.14] s4 [ 2361.09] Con | 4.41] F34 | 0.00] s3 [ 930 14| s4 [ 2361 .09] Con | 441 F34 000
s4 | 000 s5 | 0_00] L5 | 0.00 | F45 | 0.00] s4 0.00] s5 | 000 [EL 0.00] Fa5 | 0_00]

13.38 Cms [4 49E-04 Mmd 0.60 Re | 3.56] sd | 126.00] Cms [9_D0E-04]] Mmd | 9.30] Re | 6.00]

I
a

Bl 1.57] Rms | 0.31] Le | 0.11] o0 [ 25 = 2P| Bl 6.10] Ams | 0.30] Le | 0.32] op [ 25 = 2P|
vie | 0_60] Apl | 9.00] vie [ 47 00] CAUTION: vie [ 28.32] Apl | 150.75] Vie CAUTION:
Le | 2.00] Lot | 1.02] ac [ 41.00] Cir > 1 for 54 Le | 1.00] Lpt | 1.02] Ate Cir > 1 for 54

Comment it ‘As Built: 385Hz Synergy using 4 buyout 2* 90x60 28 ‘ Comment t ‘As Built - 385Hz Synergy Bass section with 4 Aura Bs 4.4in from throat ‘

Brevious | Hew | | am | peee | Record 14 of 31 Cocuate | Frovious | Hew | | & | Do | Record 15 of 32 Caouale |




SPL Response [dB) Constant Directivity Masked SPL Response [dB) Constant Directivity Masked

115 110
110 105
105 100
100 a5
93 S0
90 85
85 80
80 75
75 70
70 [“\\ 65
65 60 'InL
10 2 4 6 8 100 2 4 6 § 1000 2 4 6 8 10000 2 10 2 4 6 8 100 2 4 6 8 1000 2 4 6 B8 10000 2
Frequency [hertz) Frequency (hertz]
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Step 3: Figuring the driver mounting areas
The four main parnldypes are called #1, #2, [Outside Surfaces| |+ 11.5 >
#3, and #4, as given within circles on the | of Panels Shown ‘ ‘ [ v5 ]
spreadsheet drawingTwo of each are used |< A 4 (side view)
. . . F == - : Sl W
in each horn.In the designs made from this » e : ) ' P L\E\
. oo . ¢ o :
spreadsheet, all the midranges (and woofer o *7Z ;f . ol x
i rim :
if used) are mounted on the #2 panel$.you excess S @ i .
3 2 o . . . ';I
I NBdaghaating my horn design, yaull 175" ;# - /A 5
need to decide the outer dimensions of this L T b Elw
. ! ) o i
board. The values for E, and the minimum | d RS A1 t?/
. i wEl Y|
widths A gnd G are prealculated for you s required for T _ G Twiie
from previous values you entered. The ?rfv”e”r‘:"g
NBEIA2Y YIN]J SR al a N&X . 17.0° »

R NA @ S dshotaccgnBnddate any midrange or woofers where you mount them, but not be too much
larger than needed for weight and ease of construction. The values shown in green areGoStjee
horn.

The best way to figure is to lay it all out alarge sheet paper, taking into consideration where your

port holes (if used) need to be. Also make sure that your arrangement allows for access to the HF
RNAGSNR& Y2dzyiAy3a o2ftda YR F2NJ GKS YARNIyYy3IS RNRAOD
corner cuts bown at the left and right bottom are to avoid interference whesnel #2 getassembled



with the other panels.They cuts neetb meetright at the points indicated with dimension G on the
inside surface of the panel and be at an angle arotfidegrees fjot critical). The corner cuts at top
left and rightd & (0 NA Y ar® jugbtb digirdize weight and make handling easier.

T t NAYydG 2dzi GKS aLINBFRaKSSdizI FyR gNAGS GK2aS YSt
different than mine). This will als@tbrmine the initial cutting dimensions for the #2 panels.

1 Write those walues in the Initial Boardu®s area of the printout where | have the green CoSyne
values.

For some of the dimensions for the Initial Board Cutyélffoneed to know half the vak whenlater
making cutting and guide lines. Those are-gakeulated for you when possible

Step 4 Initial Board Cutqfor panek 1,2, 3 and 4)

The time consumingart of making these horns is the setup of the jigs and fixtures for thgpoomd

angleO dzii a ® hyOS SIFOK 2F (K2a$S Aa aSa dzaJr AdQa ySI NI

always make enough for at least one extra horn, so | have a spare should a later error ruin one of the

02 NRao® l'YR AF (Kexfta R2SayQ
~ horn for experiments or an added center channel.

Two charts are shown on the spreadshémtthe

Initial Board Cutsone for imperial units and one for

metric. If you want to do your horns in wogdain

and want all the grain to run right to left

horizontally, then the initial dimensions for each

LI ySt INB IAGSY |a alftz2y3 (K
IANI AYyE D L Finsteadpaint-ydliBhorBs2 A y 3§ 2
(which greatly eases constructibn @ 2 dz R2y Qi K1 |
be as precisg then those labels can be ignored

9 Cut your boards to the dimensions shownaking sure all cutgroducesquare corners
Dimensionsare only approximateat this point but R 2 @ any smallethan the dimensions
shown. The boards will be further trimmed latéfhese are best done oa table saw so that
edges remain square, but could also be done with a circulay dampsand guides.Write the
appropriate identifier (1, 2, 3 or 4) aachpanel near the centeion the side that is to ben the
outer surface of the horn.

Step 5 Marking guide lines(for boards 1,2, 3 and 4)

Unless otherwise directedlo all giide lines on the surfaces of the pan#iat will be INSIDE the hornf
you areusingwood veneered boards that you want to keep the grain showingg R2y Qi YIF N)] @G22
assome of theseguide lines willater have to be erased or sanded out.




1 Use a metal rulend/or

caliper,anda very sharp pencil
(or better, a 5mm mechanical
pencil) tomake twomarkson
the ends ofeach boardat the

F LILINR LINA F S a
(both measured from the same eddger & I A G S yitial2 y
0 2 I NRchadzi a ¢

f  Use the metal rule and pencilraw lines O e | g s
(downvery nearthe midde of each pangl o
joining those marksTheselineswould be
vertical on the underside (inside surface) of
the finished panelsif the panels wee
arrangedlike this(this arrangement will be
assumed in future descriptions that mentior],
GG2LX T aftSTFléx SO

q—n.s"—-‘

dimensions in GREEN are for CoSvne desien

1 Drawaline acrossabout0.1 inch (or 2.5mmfrom and
parallel tothe bottom edge(the edge where dimensianC,
G, J or L are shown in theasving)of each board.These
lines are perpendicular to the center lines yoneviously
drew.

1 Then use the ruler and/or caliper to magkch end o newline on each boardparallelto the
line from the previous stemt a distanceB, E, H, or K, as appropriate)m the previoudine.
Connect the marks to draw the new lin€hisneedsbe as parallebs you can make ib the
bottom line.

Sofarii KS & K2 NY A yyour Boards afe dziiied s0rBethinglife
this:

CKS datlySt 5AYSYyaAz2AeR:G, Jodd NI alsa §ives
half dimensions for each (A/2, C/2, etc.) and those are shown in bold prin
because the half values are the ones you will use to mark and draw the n
guide lines.Again,all these marks are on the HORN INSIDE surfaces.

f hy o062FNRa améI RN}Y¢ YIFENJa I
line and on the lineat the top of the board, and C/2 to either side of
the center lineand on the lineat the bottom of the board. Witlthe
metal straightedge, draw lines connecting the pair of marks on the




left side and then connecting thgair of marks at the right side. See sketch:
T {AYAfFINI & R2 GKS aryYS T2N)J o2l NRa auwésx odzi dza s
C2NJ 62 NRAandb% > dza S
f C2NJ o2 NR& dnéx dzi&S DkKkH YR [KHO®

=

T hy 02FNR&a aHéX RNlI¢g fAySa (G2 YIN] GKS 2dzif AyS
builds, with the dimensions as given in green text on the diagram)

Step 6 Making table saw sleds

The trick b making precise cuts at compound angles witommon homegradetable saw is to use a
Gslect. You can do iteatly perfecty with even a cheap table sa®8,@ Sy & & haék 2attadeNdaker
like meand use an old craigslisbtained SkillSawThesled§ & &2dz YI 1S | Odzi & I O
able to aligrand clampyour guide lines to an edge.

A sled is just a board to which yoanclamp the actual work piece, and
which slides along on a wabntrolled path across the tabkaw to make the
cuts. L Q@S somke $telis that just followedlaw fence on the table saw
surface (to use it, just keep the end of the sled pushed against that fence
seepicatright¢ KS af 2@ & SWyYS&ESR3IS Of | YLE
Rockler or Harbor Freighand doing ithat way worked pretty wellButa bit
of distractioncould allow the sled talrift away fromcontact with the fence.

TKS 1 3dSad at SRa LQ@S v
guide slots that are machined into the

top of my table saw (and omost

table saw$. Rockler sells soe pre

YIRS daaAdSNIolFNBRE YIRS
mounted on the bottom othe sled to

ride in the guide slot.My saw has

unusual slot widthsthough,so lhad

to make my own bars to follow them

from some UHMWplastic | had. The

bars couldalso be made fronthin

hardwood, aluminum, or even acrylic

plastic. The bar mounts to the

bottom of the sled board, so that when the board rides down the track it always follows the same path.

If you make your own bar, make sure it fits snugly in the slot but allows smooth tftred sled(hint:

use car wax on the top of the table saw and bottom of the sled)




| makeseparate sled¥ 2 NJ ¢ NA IKi &AARS 27F (K
ofF RS¢ Odzia 2y 1 to8sedepends & the angled
you need to achieveOn mysaw, the blade tilts toward the left.

When setting up the sled for a cut, you set the saw angle (per the c
in the spreadsheet) anthen make your first cutvithout the work

piece butinto the sleditself ¢ KI & &aSidéa GKS fAyS
penciledguide lines to.Then you arrange yaclamps to hold your
work pieces so thathe previouslypenciled cut lines are precisely
matched up to the cut you made into the sled. The saw will cut the
same path as before, this time into the work piedeg following the s

same path and cutting right on your guide lifkccuracyis limited only on how picky you are on lining
up yourLJA S GuRi®Il&eswith the cut edge in the sled. epre-adjusting till you are satisfied with it.

e 2 dzNJ

LT @&2dz R2y Qi engrélydiifereintzledyidr gv&rdifiergnt bevelangle you have to cut you

aK2dzZ R YI 1S @2dzNJ af SRastripéd (i
end piece. Notice in the phott rightthat there is a thin line
in the sled top in parallel with the saw bladelTh Q& ¢ K
YIENNRBG LIASOS 6F 062dzi awidNI o ¢
piece. Tiesepiecesform the top of the sled and are
separatelywood screwed to the main sled board so that whe
the sled needs to bee-cut into fora newanglesetup, you
need only reface the narow sacrificialpieceeachtime. |
used 3/8 inch MDF for the top piecaébe main board is %
inch ply, or MDF will work as well
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The critical dimensions of the cuts are those on the INSIDE of the horn, that is, the ones around the
under surfaces of the pieces shown in the diagrabbove So when you are making your cuts, the work
P pieces will be lying with the surfaces
' shownin the diagram clamped facing
g UPWARIso you can see thearcledID
numbers). Or in other words, the INSIDE
. ﬁ horn sufaces(with pencil guide lines)
i'sacrifM Strip——— _= will be faceDOWNon the sled as those
surfaces have the guidimeswhiché 2 dzQf f

align to the(pre-cut) sacrificialstrip of
WELEELREEIEEE - the sled. Understood?

¢tKS OflYLBA NP OFtfSR ai233tS Jteightdndre ekp@risiefy 0 f S A
FNRY w2O01ftSNI 2NJ222RONF Tl . 2 dzQ thih pidciNG tbdrcb(With K1 @S
a couple of holes for the mounting screws). Two screws seemed to holdhem ok for me.Plan on

movingthe clamps forevery cut setup so they can be iaptimum locations to hold the work pieces

securely Mounting or moving the clamps is just a matter of driving some wood screws with a

drill/driver, pretty quick. You may want to take a file or wood planer to smoothraisgd bumps that

result after screw are removed from one location so that the work pieces lay flat.

Step 7 Cutting the compound angles

2 A0K GKS af SRa odzaAftd o6FryR gAOK LI Syde 2F aLI NB aa
all marled with guide lines, now is the time to do the compound angles. After the prepaiatitve

previous stepsthis is now pretty easy to do. The only even slightly tricky part is making sure you cut the
angles onto the correct sides of the panels, andpgirochoice of right or left side sleds. Just a matter of

double checking before cutting. If you are trying to preserve a wood grain loajjitescareful. If you

are using mdf and/or are painting the panels after building, you caa liitte sloppierif you want

Step 8 Cutting Port Holes

If you are making only a singtigiver horn, you can skip to St&p

The Port Holes for a Synergy horn are easiest cut when the panels are still flat and unassé€ubled.

your port holes for midranges and woofersdrithe #2 panelsvheredetermined previously in step 2 (if

designing your own) or, if you are building a CoSyne tatimoriginal driversas shown in th figure

below. The midrange driver positions shown belsw @S I Hé RAI I aKlofsthee ¢ @2t dzY
bit) to provide clearance for the driver surround. With some other drivers, this may not be necdssary

didn@do that for the woofers on mine, the NS6 surroundsre recessed enough to nadduch (the

horns shown in the photolr illustrationhave a clearance area cut for the woofer surrounds, but those

horns didi@work well enough for some other reasonsjote that the top horizontal line in the figure



below, is the corner of théop outsideedge of board #2No precision is implied in the dimsions
shown, do as close as you reasonably can.

0.562" Dia, 45deg frustrum

2 places
g

2" Dia, ~0.05" deep

2 places

The oval cuts are done by drilling two holes of the diameter shown, then drawing lines between them

with a straightedge and then cutting the connecting lines with a jigsaw, easy tdslag a router (oa

file, the harder wayut more versatilg mill frustrumson the outside edges of the port holes at about a

45 degree anglein areas where they wdcause adak when the driver later gets mountedake sure

@2dz R2y Qi RIYIF3S GKS FNBF ¢gKSNB K& wkhMbodBetE ySSR
you do).

Step 9 Assembly

Youcouldassemble the wall panels for the horn

the way | did on my first several, by using duct tape

to hold things while thevhite or yellowwood glue

RNA Sao dzi GKFGQa LINBGGe Y
neaif @ NN y3ISRI yR R2SayQi
very tighty. Probably not a good technique unless

you are working with mdf or another material that

is conducive tdilling gaps andiling mismatched

edges

hNJ @2dz Oty dzaS ¢2y e {awdod qubliBif togetties witlkd@srof hdt feltiglied R A y 3

in dry spots between the glyavhich is a faster and more stable method, sort of like having a bunch of

little helping hands.This is detter choicethan duct tapeless difficultand needing veryttie tooling,

0K2dZAK Al R2SayQi I{tAGgRPANYNBIER FESR2YKXY 8227DNB2 &\
grained horns


http://www.mathwords.com/f/frustum.htm

LRSIffez 6SQR tA1S | ¢ & ditahdiadjustedas nedesstingfdre 1 KS K2 NJ/
assemblyfollowed by permanengluingof each join. Hence, this new desigriYou may have noticed in

the current version of the spreadshestveralwood pieceqg#5, 6, 7 and 8) in addition to the wall

panels. The #6 pieces provide a way tofttrgnd assemble
panels # and #2.

The #6 pieces are to bigst glued (use a clamp) to the back
of the #1 panels where the #¥slgesmeet up with the
GAYAARSE adzNFI OSH6RINS OKS o 2
the inside ofthe horn, but outside, since thos& pieces are
widS NJ G K I y aitiainside 2VMdBE Sude you have the
proper surfacesnatched toeach panel so that they fit

correctly (notice the angled edge of #8)hen, mark dine
on panel#2 where it meets up witlpanel#6,and use it to position andrill mourting holes through

panel#2 as shown. Then, with 8 wood
/7’/ \‘ 0 . #6 pieces glued to #1 panels, screws both#1 and #2 panels can be fit
. (/)II \ \‘ \/ attach to #2 panels via wood and attached temporarily for
L @ %A \ screws through the #2 panel. . 4 A N ~
o (RPN adjustmentandlater ¥ 0 SNJ € 2 dzZONB K|
o/ S . .
\rul',' \ »’/_’/,#1 panel edge (on other with the fit of all panelg1 through 4)
| \ ¢
A7 v ) sl ohe sl together, permanentlyglued together.
- v The wood screws can beemoved

afterwards, if desired

No extrawood pieces are needed to assemble the #3 and #4 panels to each othexn lexpensive
tool andanother (easyo make fixture are needed to allovior a similar dryfit, adjustment, and final
glue-up.

The tool is the Mini Kreg Jig Pocket Hole Kkit,
http://www.kregtool.com/kregjigregmini-prodview.htmlor

http:// www.rockler.com/minikregjig-pockethole-kit® 52y Qi 32 F2N
fancierpocket screwigsfor this--you wanttheMiniz I & A G R2Say Qi
GFSy 0S¢ SKRabBGtheAefSELBY AR BS o6 62dzil ! { PHr
need a small €lamp or Fstyle damp to hold the Kreg Jig to the work

piecesduring driling | YR &2YS 4l c EmThyoekét L2 O1 S
screwandji@ly o6Said 06S RSAONAOGSR Ay (GKS gl @jushiing & NBO2
022t ¢ LiQa 2y S swel pitulady wheyauhaed toainkpiedis obvaodd]

edge to edgesuch as the strange widetysplayedK 2 Ny g1t £ & 6SQNB YI 1Ay3a FTNRY
this project.

The first thing to make with the Kreg tool is a holdimxgure that will beused to position the #3 and #4
panels when drilling and attaching themext. Take a piece of
two-by-four wood stud (38mm x 89mm outside the US), and
saw it into tworelatively shortpieces with one end cuso that



http://www.kregtool.com/kreg-jigreg-mini-prodview.html
http://www.rockler.com/mini-kreg-jig-pocket-hole-kit

they can attach at an angle as shoatrthe left. The angle needs to be tlenethat will be formed by

the #3 and #4 panels when they medh other wordsone piece okach piece of the stud should be cut

FG Fy3tsS aljé¢ +a RSGSNNYAYSR 6@ (KS.5dehiebforlotlSS G ¢
angle when joined of 143 degréesUse the Kreg jig and pocket scrgyes the instructions included

with them to join up the pieces with a clearell-matchedseam | added some pocket screws to the

sides of thefixturepiecesaswellj 2 a i NByIGKSYy (GKS 22Ay{d FdzNI KS NI
0 S ¥ 2 NBsbonse2wdgXitiey are recommended here!

Next, use this fixture and some clampspimsitionand
hold each joint of the #3 to #4 pandtsyether, then
drill for pocket screvs on thesgsee photo at right)
When you have all the corners temporarily attached, i
will resemble a picture frame as in the photo below.

Then, position this assembly over the one made with the #1
and #2 panels, loosen and readjust any jointany of the
panels as needed for a good overall fit. Glue the #1 panel ta
panel joints one at a time. Do the same for the #3 panel to #
panel, then glue the two assemblies togethdth some weight
on top to keep them tight while the glue dries.

Step 10 Tweeter Plate and Mountingurface

The wood piece #5 is the plate for mounting the tweeter, and the

process for gluing it to the back of the horn should be-self
explanatory just pile on some weight (a jug of water?) to hold it

tight and in placevhile glue dries You may need to file the back

of the horn flat a little first to make a good jojrdlso trimming of

the #5 piece may be needed to assure clearance for the midrange
driversofaSynergy¢t KS RAYSyaiAz2ya aK2gy I NB







