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MoreTrix 2 way speaker Kit design

MoreTrix is an uncompromising 2 way design oftene 3 enclosure sizes and types using some of Iore
most capable drivers. Knowing that not everyonendowed with advanced mechanical skills, | kept the
enclosures simple to construct, while not comprorgisheir sonic qualities in any way. The crossevare
relatively simple to construct and ample visuakaade provided for circuit board layout. While &lige it is
quite difficult to express the sonic attributesaoly design solely with the written word, | will sehyat | am
guite enamored with the resulting designs. In refar the builder’s time and efforts in cabinet stoction,
most well-turned-out kits or DIY designs will offarapabilities rivaling or in some cases exceeding
commercial designs cost several times more.

‘ I I
= | =T

Knowing from my past designs that builders desiréntividualize their speakers to best suit theiique
applications I've taken the same basic design anldAmiced 3 different enclosure choices. Nonetloé
design enclosure options affect the quality of $peaker. The differences being size, optimal placgm
distance from the front wall, and the low end egien of the speaker.

Designer
Curt Campbell
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The Sealed Bookshelf AP version:

The smallest is an aperiodically damped design.ridgee damping is not
new, and the concept has been utilized in many éighcommercial designs
. over the years. It does have a vent in the reaelpainthe enclosure, bul .
. unlike a conventional vented design utilizing arHlebltz resonator, the ven .
is impeded by damping material so the air can stdwly pass, but the air =
will not resonate at a specific frequency. Its adages are twofold: The
resistive port allows a smaller enclosure to eneutatarger enclosure for ai
optimal configuration in a smaller speaker ‘footpri It also improves the
woofer response around the system resonance, prguetter definition at
bass frequencies, while still providing the 12 diztave response roll off of
a sealed enclosure. For applications that requiseglacement to walls o1~
other boundary, where the rear of the enclosur fisot or less from the
wall, this is the one to build.

Leading Particulars of the Aperiodic design:

Size: 9"w x 14.5"h x 11" deep. Suggested constauct®s” MDF

Designed for placement near or on the wall.

Applications: Home Theater, Office speakers, Compidonitors, or anywhere a small speaker is
appropriate.

Frequency response: 52 Hz to 20 kHz +/- 3 dB umadechoic conditions. With the normal support
from room boundaries, useful bass response exterdts Hz.

Capable of maximum linear SPL’s exceeding 104 dBrleter when the HT receiver high pass filter
is set to 80 Hz.

Sensitivity approximately 82 dB / 2.8 volts / 1 eret

8 ohm nominal impedance

Simple construction and small size makes for mihimtausion into the room.

dBSPL 2.83V/1M

es==mTotal_dBSPL Tweeter_XO_dBSPL
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Figure A- Frequency Response Aperiodic Speaker
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The Vented Bookshelf Version:

A

A little larger than the AP version, the ventedsien uses a traditional 2” flared port to
provide additional bass extension. The crossoveoised for the speaker front baffle to

be approximately 3 feet from the front walls. Thisvides a significant improvement in
soundstage realism and depth. The actual distaaoethe front wall will depend on the

room, and your tastes in bass reproduction. If yaust place it close to the front wall, |
suggest you consider the AP version instead. Re@ded orientation is toed in
towards the listening position, however it is ataebfe to adjust them more towards
orthogonal with the room to adjust the amount of ta an appropriate level in based on &

= the treble absorption of your listening environment

Leading Particulars of the vented design:

Size: 9"w x 21”h x 11” deep. Suggested construrctia” MDF with bracing.

Designed for placement away from wall boundaries&st soundstage depth

Applications: Stereo applications in mid sized rsontiome theater only if appropriate room
placement can be accomplished.

Frequency response: 35 Hz to 20 kHz +/- 3 dB

Rear firing port

Capable of maximum linear SPL’s exceeding 100 dBrieter -Simple construction and small size
makes for minimal intrusion into the room.

Basic sensitivity 82 dB / 2.8 v/ 1 meter.

8 ohm nominal impedance

Recommended stand height 18 inches.

Simple construction similar to the sealed desigth the addition of 2 cross braces.

e Total_dBSPL Woofer_XO_dBSPL Tweeter_XO_dBSPL
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Freq.[Hz]

Figure B -Frequency Response Bookshelf Vented
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The MLTL (Mass Loaded Transmission Line) version.

The largest of the 3 designs, it is actually gsitelte, having the same baffle width

as the other designs, but shaving an inch off #mhd At 427, it is a free standing |
design, giving it a slim unobtrusive appearancapite of being a tower speaker. |
Because of its stature, and low frequency capggslit’'ve added additional bracing .
and recommend construction utilizing of 17 MDF. Whihis may add cost, the '
drivers respond positively to the higher mass ptatt .
Transmission line speakers are similar to ventesigds but having the additional
attribute of the additional low end support dughe quarter wave response of the ‘

‘ ®
‘\ \
’ . line. In a mass loaded transmission line, we alstuwdve 3 factors governing the
~ bass response of the speaker. Like a vented des@mave the parameters of the

driver itself, and the tuning of the Helmholtz reator (port). In addition, we also
have the support of the standing wave propagatidheoline, which in this case is
the enclosure height. Careful attention to the liegth and the position of the
Midwoofer and port position on the line provide adhal low end extension, and
another method to optimize the transfer functiotheflow end roll off.

Leading Particulars of the MLTL design:

e Size: 9"w x 42”h x 10” deep. Suggested constructidiVIDF with bracing.

e Designed for placement away from wall boundaries#st soundstage depth

Applications: Stereo applications in mid sized rsontlome theater only if appropriate room
placement can be accomplished.

Frequency response: 30 Hz to 20 kHz +/- 3 dB

Rear firing port

Capable of maximum linear SPL’s exceeding 100 dBneter

The small footprint makes for minimal intrusionanthe room, yet the height and solidity of the
cabinet make a powerful visual statement.

e Basic sensitivity 82dB / 2.8 v/ 1 meter.

e 8 ohm nominal impedance

e Simple construction similar to the vented desigriotal of 5 braces are recommended.

e===Total_dBSPL Woofer_XO_dBSPL Tweeter_XO_dBSPL

100
=

90
® 80 \—a&*_v/\//—\/\
i 7 <_
a 70
g S
T 60

20 200 2000 20000
Freq.[Hz]

Figure C-Frequency Response MLTL
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Figure D-Woofer Cross Over Network
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Figure E-Tweeter Cross Over Network

designs share the same crossover with one restsioge.

The woofer crossover is effectively ¥ ®rder electrical filter. Additionally it utilizea Cauer elliptic filter
integrated into the LP filter, and a parallel nofitter after it. This results in a smootff 8rder BW acoustic
transfer function. Response peaks in the stop bemdown more than -45 dB from nominal.

The tweeter is also d%order electrical filter followed by a 2 resistdtemuator. An additional capacitor is
paralleled across the series resistor to improgeptiwer response of the system. This series resigtoe
changes depending on the enclosure design chouteif s the only component change required. The
tweeter acoustic transfer function emulates a lol& group delay) %8 order at 1800 Hz. The crossover

exhibits excellent phase tracking between the sive
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Impedance normalization network (optional):

ROO11  16.0 ohm
COD%1 20.00 uF
LOD11  1.000 mH

L

<- source

| o

oo 1o

H—k- .

—

Figure F-Impedance Normalization Network

Most tube power amplifiers will have a high enoumliput impedance to cause response variations when
driving a typical speaker, with its characteridticaon linear impedance. These variations caniaamtly
change the voicing or timber of the sound from ittended response, but are generally ignored by the
speaker manufacturer. To address this issue faethdo prefer this type of amplification, an impeca
normalization network was designed. When addetiéactossover, this provides a significant improveime

in the speaker impedance linearity and likely mlaher linear distortion (and transient distortidayels
when driven by an amplifier incorporating tubes.isTleircuit can be added to the speaker during
construction, or built as a separate external corapbthat merely is attached across the speakédmigin
posts when desired.
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Enclosure designs:

Recognizing that not everyone who desires to biddr own speakers are not master craftsmen, @inodu
myself) the enclosures have been intentionally kspéimple as possible to construct. Access taii@irdor
the driver holes and rebates would be requirecibfetsaw would be advantageous, but the use o€alan
saw with a saw guide could be made to work as wdlicuts are square, and there are no mirror image
panels to be concerned with. I've added cut listthe enclosure drawings. MDF or similar would bg m
recommendation as the material of choice. All tidesigns are fully stuffed, except for immediatedhind
the midwoofers and in front of the ports. I've sified polyfill pillow stuffing as its properties arsufficient
for this purpose.

The amounts of stuffing are specified for each giesin the drawings as well. Stuffing materials with
similar properties are acceptable. As with anyfstliflesign, the actual amount and type of stuffeyyired
will best be determined by the constructor, thedividual tastes, and circumstances. The port kefgt
each design is specified on the drawings, as isdhstruction of the aperiodic vent.

Listening impressions:

These are among the finest drivers | have experantheir ability to resolve fine detail is appahgmonly
limited only by the partnering electronics.

Warning: Those who listen solely to poorly recorded engineered source materials may run the fisk 0
longer being able to tolerate listening to thisenal without the ‘filter’ of a low resolution splear.

For those who are fortunate enough to have andyeqality recordings and the equipment to reproduce
them, | believe will find a suitably capable partirethese speakers.

Bass: Excellent in all three designs. Deep, yetl wehtrolled. Midrange: Detailed, yet delicate. &ile
transients, yet lots of punch when required. (Téasls me to believe I've determined why 3 inch gaioils
on a 6” driver are a such a good thing.) Trebbecdlent transient response and timber. Cymbalonbt
sound like cymbals but the inner tonality is evidddiscerning the sound of the individual brushesiion
the snare head seems readily apparent.
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Bill of Material Per speaker

Drivers Bill of Material

Tweeter — 1 X Morel ET338 ,Elite Tweeter, 110mm H¥FRBQ
Woofer- 1 X Morel TICW638Nd, 6” Bassmid®, Coopersleeve Neoli Motor, Titanium bobbin

Crossover Bill of Materials

Woofer network (Net 1)

L1011 3.0 mH laminated core inductor 15ga.
C1011 0.33 uF Clarity PX or similar

C1021 12.0 uF Clarity PX or similar

C1031 0.47 uF Clarity PX or similar

C1032 0.33 uF Clarity PX or similar

R1033 2.7 ohm 10 watt Mundorf MOX or similar
L1031 0.22 mH air core 16 ga.

Tweeter network (Net 2)

C2011 6.8 uF Clarity SA or ESA or similar

L2021 0.6 mH air core 18 to 20 ga.

C2031 2.7 uF Clarity SA or ESA or similar

R2031 AP sealed 5.1 ohm Mundorf MOX or similar

R2031 VT and MLTL 2.7 ohm 10 watt Mundorf MOX onslar
R2041 3.3 ohm 10 watt Mundorf MOX or similar

Impedance normalization network (Common net)
C0011 20 uF Clarity PX or similar
L0011 1.0 mH air core 18 to 20 ga.

R0011 16 ohm 20 watt (use two 8.2 ohm 10 watt t@sisn series, or two 33 ohm 10 watt resistors in
parallel for R0011) Mundorf MOX or similar

Ports Bill of Material

Sealed Bookshelf AP version- 1.5” dia. x 2” deept filled with foam plug for Aperiodic damping
Vented Book shelf- A flared vent 2" x 8.5” is recoranded , Straight vent 2” x 7.5” is permissible

MLTL- A flared vent 2" x 6.5” is recommended , &ght vent 2" x 5.5” is permissible

Stuffing
Sealed Bookshelf AP version- 4 oz. of polyfill ffitng

Vented Book shelf- 6 oz. of polyfill stuffing ,

MLTL - 12 oz of polyfill stuffing
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Frequently Asked Questions:

Most speakers | see have rounded or beveled baffielges. Why don’t these speakers have them, and
will it help if | add rounded/baffled edges?

Good question. If one would investigate my previdesigns, they would see that | always round over o
bevel my front baffles to partially address thdrdiftion effects caused by the tweeter's acoustitiation
illuminating the baffle edges. Prior to receivifg tactual tweeter samples from Morel, | spent afiof
time modeling the ‘best’ place to put the tweetarghe baffles to minimize the diffraction effecéghen |
actually measured the tweeters on baffles, | fotie) exhibited no diffraction artifacts whatsoevkr.
appears the clever engineers at Morel added a smaadbguide to the front plate of the ET338, subtly
altering their radiation pattern. Consequently, ar@atment of baffle edges in these designs willfdoe
cosmetic purposes only. They simply are not necgssdhe performance of the design.

Isn’t it a good idea to offset the tweeters on theaffle?

Generally, laterally offsetting the tweeter on thegfle will improve the response irregularities doethe
baffle edge diffraction effects. However, doingssnooth’s the on axis response at the expense airsew
response off axis. In addition, the lateral povemponse is no longer symmetrical. With the ET338eter
and its response characteristics, there is no teeeffset the driver, and the lateral power responsgl be
symmetrical.

| want to build these but | want to change the endsure dimensions to accommodate my situation.
Will that affect the design?

| get this question a lot, along with “Can | usfedient drivers and the same crossover and endasuithis
design?” (The answer to this second question ibnthe way.)

Normally | only allow very small changes to frordffle width as it will almost certainly affect thwicing.
However in this instance, with the Morel tweeterah relax this a bit, as the only audible changéisbe
the woofer response due to changes in ‘baffle stepreases in baffle width will tend to exaggertte
male voices, but this can be somewhat compensatedsing large bevels or roundovers to bring the
effective baffle width back towards the indicatedues. Changes in baffle height are less intrusivé the
response of the VT and especially the MLTL reqthe prescribed internal height to be maintained.

Can | put the port (vent) in a different position, like the front baffle?

Yes, but with caveats, and | do not recommend iRomay designs. The port doesn’t just output energy
around its tuning frequency, but is also an ouitetany frequency in the midwoofer's pass band that
happens to find its way to the port. All this ‘extenergy exits the port and sums with the desineergy
from the midwoofer in a rather erratic fashion degieg on the frequency and time of flight delay$. O
course this same extra energy outputs a rear posed, but it is somewhat attenuated and delayet ia
‘aimed’ at the front wall, lessening its impacttte sound emanating from the midwoofer.

The position of the vent with respect to the enaleshas been carefully modeled to provide minimal
response aberrations. Its vertical position on éhelosure should not be altered on either desigis |
permissible to bottom fire the port if the innerfpmouth is at the same vertical position as theertine of

the rear port as indicated on the drawings.

Is it OK to move the position of the woofers on théront baffle?
Sorry, No. Its position on the baffle is the bessifion for it based on extensive modeling in thelesure

design phase. The models suggest that moving efteéviidwoofer or the port, as little as a halfhirean
have detrimental effects to the response.
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| want to build the VT or MLTL version of this design but put them up against the front wall. Can |
just substitute the resistor change for the AP (séed) design into these and expect the same response

Well, it would be better than not changing thestsi but unfortunately that's not saying muchydti want
the look of a larger enclosure, just build the Alelesure inside the larger enclosure and the riishev
dead space. Think of it as a built in stand forAfedesign. This still won’t be optimum, but it Wikely be
acceptable, and some small adjustments to theéaesaue may improve things. If you will be usitigese
with a subwoofer anyway, the AP version is the lbésice.

Is it possible to use different crossover componesithan the ones you have specified?

As long as the component values are kept the samiethe woofer inductor has a similar DCR, it skdag
fine. I will suggest that in my experience theseeats respond well to quality capacitors. Lesselity
capacitors may not provide the level of performathi® design is capable of.

| have a solid state power amplifier. Should | uséhe impedance normalization network?

Because of the low output impedance of most stéite samplifiers, the normalization network will ger
little purpose other than to make the speakerghtlsi easier load for your amplifier. Certainlywill do no
harm to incorporate it, should you choose.

| see the MLTL enclosure is 1” thick but the AP andVT are only %”. Would it be good to make the
AP or VT with 1” instead?

| chose 34" for the AP and VT to keep their sizeatigely small, because their relatively small panel
dimensions, and due to the availability of %" MD&-apposed to 1”. Making them from 1” certainly wion’
hurt anything, and may help them sonically duéntodxtra rigidity. I'll leave it up to you to chamghe
external dimensions to suit the additional thiclesnd$he inside dimensions must not be changed,hoarid
the positions of the drivers and port relativehte inside dimensions. Bevel or roundover of thetftmaffle
to maintain the front baffle size is recommended,rot required.

| can’t find 1" MDF in my area. What do | do?

1” MDF isn’t available in my area either. Howev&r, MDF or HDF is. Also available in my area is ¥4”

plywood with several different wood veneers to d®@rom. | suggest cutting all panels slightly eveed,

then glue the ¥4” panels to the %" MDF. When driyntyour new 1” material to the exact size. Whilé no
recommended, it is acceptable to build the MLTLiréh” material, as the design is well braced.
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Appendixes

Sealed Book Shelf Enclosure Drawing

MNOTE:
1.

)
&
@

DIMEMSIONS ARE IN INMCHES.
DRIVERS CEMTERD ON BAFFLE

PORT FILLED WITH FOAM PLUG FOR APERIODIC DAMPING.

STUFF EMGCLOSURE WITH 4 OF. OF POLYFILL STUFFING

N

- OR LINE WITH EGGCRATE FOAM

o

R

ITER ML PART MUMBER DESCRIFTICHN QTY.
1 Front Boffle " x 148" 1
2 Back Baffle 78" k13" 1
3 Sices 14.5" x 10.25" 2
4 Top & Bottomn 7.5 102587 2
G R — it
T it mr
tore Trix Book Shelf
i ey S
SOGOCHEC00
e icnris s

Figure G-Exploded View 3D Sealed Bookshelf AP
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Vented Book Shelf Enclosure Drawing
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MLTL Enclosure Drawing
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Woofer Crossover Component Layout
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Figure M -Woofer XO Network Components Layout

Tweeter Crossover Component Layout
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Figure N-Tweeter XO Network Components Network
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Common Impedance Component Layout
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Woofer Datasheet TiCW638Nd

morel
TiCW 638Nd

Titanium Advanced Woofer
@ 6", @ 3" voicecoil, 8Q

SPECIFICATIONS

General Data

Overall Dimensions DxH 160mm (6.3") x 69mm (2.71") * Uniflow™ Aluminum diecast chassis

Nominal Power Handling (DIN) P 150W * Hybrid™ Neodymium/Ferrite magnet system
[ Transient Power 10ms 1000W * Coppersleeve NeolM Motor

Sensitivity 2,83V / 1M 87dB * 3" Large Hexatech™ Aluminum voice coll
Frequency Response See graph * Titanium coil bobbin

Cone Material Injected Damped Polymer Composite * High power handling

Net Weight Ka 1.2Kag * High Xmax, Low Qts, Low Fs, High QMS
Electrical Data

Nominal Impedance z 8Q

DC Resistance Re 5.40Q
Voice Coil Inductance @ 1KHz LBM 0.32 mH

Unit Dimentions

Voice Coil and Magnet Parameters | A

Voice Coil Diameter DIA 75 mm (3") [} F 1

Voice Coil Height 15.5 mm (0.62") < L&—ul_ TT1 2 ]

HE Magnetic Gap Height HE 5 mm (0.20") G | T ]

Max. Linear Excursion X + 5.25mm R D

Voice Coil bobbin Titanium l l

Voice Coil Wire Hexatech™ Aluminum

Number Of Layers 2 [

Magnet System Type Hybrid™ Neodymium/Ferrite B

B Flux Density B 0.78T

BL Product BXL 7.5T.m

T-S Parameters Small Signal 1V

Suspension Compliance Cms 0.70 mm/N 1.46 mm/N A - Overall diameter 160mm
Mechanical Q Factor Qms 4.68 2.47 B - Cut out diameter 140mm
Electrical Q Factor Qes 0.47 0.32 C - Flange thickness emm
Total Q Factor Qts 0.42 0.29 D - Overall height 69mm
Mechanical Resistance Rms 1.073 Om 1.339 @m E - Basket + magnet depth 63mm
Moving Mass Mms 16,80 gr 16.80 gr F - Mounting holes location diameter 152mm
Eq. Cas Air Load (liters) VAS 14 Lt 29 Lt. G - 6 Mounting holes, at 602 interval,

Resonant Frequency Fs 45 Hz 33 Hz inner hole diameter @ 4.2mm
Effective Piston Area SD 1i9cm?2 119cm 2

-

1 nee mitude - ochas (cq) - Sen Ultl-lt*vgl - dB SPLrowatt (8 ohm =lrmdl (8.18 oct
i i i i P
T

>umr
ECGE]

30-

mall =

45:

I.‘(l;.u lm’]-ﬂ
log Frequency - Mz

Measured on |EC baffle using Bruel & Kjaer 3144 model microphone.
Morel operate policy of continuous product design improvement, consequently specifications are subject to alteration without prior notice.

Figure P-Woofer Datasheet TICW638Nd
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Tweeter Datasheet ET338

morel

W

ET 338
Elite Tweeter,
@ 110mm, 8Q

SPECIFICATIONS

General Data

Overall Dimensions DxH 110mm(4.33")x66mm(2.59")

Nominal Power Handling (DIN) P 200W
Transient Power 10ms 1000w
Sensitivity 1W/1M 92.5dB SPL

1,800-20,000 Hz
Acuflex™ hand coated soft dome

Frequency Response
Cone/Dome Material

Net Weight Kg 1.08
Nominal Impedance z 8Q
DC Resistance Re 5.2Q

Voice Coil Inductance @ 1KHz LBM 0.09mH
Voice Coil and Magnet Parameters

Voice Coil Diameter DIA 28mm

Voice Coil Height 2.7mm

HE Magnetic Gap Height HE 2.5mm

Max. Linear Excursion X

Voice Coil Former Aluminum

Voice Coil Wire Hexatech™ Aluminum
Number Of Layers 2

Magnet System Type Triple Ferrite

B Flux Density B 195T

BL Product BXL 6.3 N.A

T-S Parameters

Suspension Compliance Cms

Mechanical Q Factor Qms

Electrical Q Factor Qes

Total Q Factor Qts

Mechanical Resistance Rms

Moving Mass Mms 0.44 g

Eq. Cas Air Load (liters) VAS

Resonant Freguency Fs 700 Hz 10%

Effective Piston Area 6.0 cm 2

* 110mm IDR™ Improved Dispersion Recess
* Aluminum Face Plate

* Large Hexatech™ aluminum voice coil

* Replaceable Acuflex™ dome / coil assembly
* Triple magnet system

* High power handling

! Sturdz gold Elated input taﬁs

A - Overall diameter 110mm
B - Magnet/Chamber diameter 76mm
C - Flange thickness 3mm
D - Overall height 66mm
E - Magnet/Chamber depth 63mm
F - Mounting holes location diameter 100mm
G - 6 Mounting holes, at 60° interval,

inner hole diameter @ 3.7mm

pocket himm, @ 7mm

wiore: operale policy of conlinugus procuct gesign improve! conseque

Jupelance Hagnitude — ohes Cord. Sensitivity Mag - dB SPLovatt (8 ohn load) (8.18 oct)

19.0 4 i | : 100.0 Lo i b | | :
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i 8s.04- o
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9.04 o -

-
il 70.0 - 7
il es.0 o
3.01 ao;0d
1.0 o
-1.04 0.0 4§ H

Fixed 1 — ——
300 .0 1000.0 10000 .0

This model replaces former Morel MDT-33 model. Faceplate finish available in either Black or Silver

Mare! operate policy of continuous product design improvement, consequently specifications are subject to alteration without pri

log Frequency - Hz

or notice.

Figure Q- Tweeter Datasheet ET338



